
RCA 
Integrated 
Circuits . 
This DATABOOK contains com
plete technical information on the 
full line of RCA monolithic inte
grated circuits: linear types, MOS 
field-effect (MOS/FET) types, COS/ 
MOS digital types, memory types, 
microprocessor types, and high-reli
ability types. 

General operating considerations 
for RCA integrated circuits and a 
listing of symbols and special terms 
used in the data are given in the 
following pages. The book is then 
divided into six major sections, one 
for each of the various types of de
vices. General information such as 
dimensional outlines and ordering 
information is included in an Ap
pendix at the back of the book. The 
Appendix also includes abstracts of 
relevant RCA Application Notes. 
The final pages can tain a com plete 
index to individual type numbers.' 

To facilitate type selection, com
prehensive product selection charts 
are included at the beginning of each 
major section. In many cases, indus
try cross-reference or replacement 
guides are also included. Data pages 
for individual devices are then in
cluded as nearly as possible in alpha
numerical sequence of type numbers. 
Because some devices are grouped 
together to show similarity of func
tion and/or data, individual type 
numbers may be out of sequence. 
If you don't find the type number 
you're looking for where you expect 
it to be, check the index to devices. 
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Operating Considerations 
Solid state devices are being designed into an increasing 

variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen
dations and precautions which should be followed ih the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply
voltage variation, equipment component variation, equip
ment control adjustment, load variation, signal variation, 
~nvironmental conditions, and variations in device charac
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 
The design flexibility provided by these devices makes 

possible their use in a broad range of applications and under 
many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 
occurrence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. 

Devices should not be connected into or disconnected 
circuits with the power on because high transient 

may cause permanent damage to the devices. 

TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 

MOUNTING 

Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications 'requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar leads. * It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard "sandwich pack" employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lcad and 16-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

A wide variety of solvents is available for de greasing and 
flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 
reliability stand pOint it is extremely important that the 
solvent, together with other chemicals in the solder-cleaning 
system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and molded-plastic components. 

It is. of course. impractical to evaluate the effect on 
long-term device life of all cleaning solvents, which are 
marketed with numerous additives under a variety of brand 
names. These solvents can, however, be classified with 
respect to their. component parts as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos
phere unreliable. Gasoline and other hydrocarbons cause the 



inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of specific, acceptable 
alchols are isopropanol, methanol, and special denatured 
alcohols, such as SDAl; SDA30, SDA34, and SDA44. 

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin \fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 
1. Alpha Reliaros No. 320-33 
2. Alpha Reliaros No. 346 
3. Alpha Reliaros No. 711 
4. Alpha Reliafoam No. 807 
5. Alpha Reliafoam No. 809 
6. Alpha Reliafoam No. 811-13 
7. Alpha Reliafoam No. 815-35 
8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 
both a chemical and a physical standpoint. 

MOS FIELD-EFFECT TRANSISTORS 
Insulated-Gate Metal Oxide-Semiconductor Field-Effect 

Transistors (MaS FETs), like bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electrlJ~:~::: ,1;<" .narge of energy through the devices. 
Electrostatic discharges can occur in an MaS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler's body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MaS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica

tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MaS FETs, diodes are electrically connected 
between each insulated gate and the transistor's source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MaS FETs which do not include gate
protection diodes can be handled safely if the following basic 
precautions are taken: 

1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as "ECCOSORB* 
LD26" or equivalent. 
(NOTE: Polystyrene insulating "SNOW" is not suffi
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 
4. Devices should never be inserted into or removed from 

circuits with power on. 

*Trade Mark: Emerson and Cumming, Inc. 

COS/MOS INTEGRATED CIRCUITS 
Handing 

All COS/MaS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect COS/MaS devices from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low-temperature, low-humidity environments, 
improper handling may result in device damage. See 
ICAN-6000, "Handling and Operating Considerations for 
MaS Integrated Circuits", for proper handling procedures. 

Operating 

Unused Inputs 
All unused input leads must be connected to either VSS 

or VDD, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
CD4049 or CD4050, not only can result in faulty logic 
operation, but can cause the maximum power dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that may temporarily become 
unterminated, should have a pull-up resistor to VSS or VDD. 
A useful range of values for such resistors is from 10 kilohms 
to 1 megohm. 

Input Signals 
Signals shall not be applied to the inputs while the device 

power supply is off unless the input current is limited to a 
steady state value of less than 10 milliamperes. Input 
currents of less than 10 milliamperes prevent device damage; 
however, proper operation may be impaired as a result of 
current flow through structural diode junctions. 

Output Short Circuits 
Shorting of outputs to VSS or VDD can damage many of 

the higher-out put-current COS/MaS types, such as the 
CD4007, CD4041, CD4049, and CD4050. In general, these 
types can all be safely shorted for supplies up to 5 volts, but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load, such as the 
base of a p-n-p or an n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MaS IC operating and handling 
considerations, refer to Application Note ICAN-6000 
"Handling and Operating ConsideJations for MOS Integrated 
Circuits". 

SOLID STATE CHIPS 

Solid state chips, unlike packaged devices, are non
hermetic devices, normally fragile and small in physical size, 

*Mil-M-38510A, paragraph 3.5.6.1 (a), lead material. 
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and therefore, require special handling considerations as 
foIIows: 

1. Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 

A. Storage temperature, 400 C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 
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3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec
trical, thermal, and mechanical pe!formance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that· these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 



Terms and SYmbols 
A closed-loop voltage gain hFE static forward-current transfer IGT gate trigger current; gate 

AAF audio amplifier gain ratio (beta) terminal current 

AOIFF differential voltage gain hfe small-signal forward-current II input current 
ACC automatic chroma control transfer ratio liB input bias current 
AFC automatic frequency control 1+ dc supply current IIBC internal bias current 
AFT automatic fine tuning 1- dc supply current IIH input leakage current, high 
AGC automatic gain control IA amplifier supply current level; the current flowing into 
AMR am rejection IABC amplifier bias current an input when the input is set 

AOl open-loop voltage gain IAGC AGC source current at the high logic state. 

AV amplifier voltage gain IB base current III input leakage current, low level; 

bfs small-signal, common-source, IC collector current the current flowing into an 
forward transfer susceptance ICBO collector cutoff current input when the input is set at 
(imaginary part of corresponding ICEO collector cutoff current the low logic state. 
admittance; see Yfs) ICEJOFF) output leakage current 110 input offset current 

b is small-signal, common-source, ICSH chip-select input current - high aiiO average temperature coefficient 
input· susceptance (imaginary level of input offset current 
part of corresponding admittance; ICSl chip-select input current - low L'.IIOIL'.T temperature coefficient of input 

see Yis) level offset current (drift) 

bos small-signal, common-source, 10 drain current ILiM short-circuit limiting current 
output susceptance (imaginary 10(ON) dc on-state drain current IMTR current-mirror transfer ratio 
part of corresponding admittance, 10ARK dark current IN I/F noise current 
see Yos) 10F diode forward current iN equivalent open-circuit noise 

brs small-signal, common-source, ION output drive current, current (pAl JHz) 
reverse transfer susceptance n-channel (sink); the output 10 output current 
(imaginary part of corresponding drive current flowing into the 10(0IFF) differential output current 
admittance, see Yrs) output terminal at a specified (sink) 

BW bandwidth (unity gain) output voltage level. 
100 output offset current 

BWOl open-loop bandwidth lOP output drive current, p-channel 
10l output leakage current, low 

CAD address capacitance (source); the output drive level; the current flowing out 
CBI base-to-substrate capacitance current flowing out of the out- of a three-state device when the 
CCB collector-to-base capacitance put terminal at a specified out- device is the off state and the 
CCE chip-enable capacitance put voltage level. output is forced to a low level. 
CCS chip-select capacitance 1000 supply current for drain supply 

10M peak output current 
COl data input capacitance voltage (V DO) 

"oMI magnitude of peak output 
COO .data output capacitance lOS zero-gate (bias) drain current current 
CEB emitter-to-base capacitance (dual-gate types) 

10M 
+ maximum output current 

CEXT e~ternal capacitan ce lOSS zero-gate (bias) drain current (source) 
CFB feedback capacitance (single-gate types) 10M- maximum output current 
CI input capacitance IF forward current (sink) 
Cios small-signal output capacitance IG channel (input) gate lead Ip photo current 
Cis small-signal input capacitance current Ip_p peak-to-peak output current 
Ciss small-signal, common-source IGR channel (input) gate reverse 10 total quiescent current 

short-circuit input capacitance current 10Pl charge-pump input current 
CI_O input-to-output capacitance; IGS gate terminal current (single- IR dc reverse (leakage) current 

data in/out capacitance gate types) IREFO supply current for refe~ence 
CMMR common-mode rejection ratio IG1S gate-No.1 terminal current supply voltage 
Co output capacitance dual-gate types IS strobe load current 
Cos feedthrough capacitance IG2S gate-No.2 terminal current ISR strobe reverse current 
Coss small-signal, common-source dual-gate types ISSO supply current for source 

short-circuit output capacitance IGSSF gate-to-source forward leakage voltage (VSS) 
Cap charge-pump capacitance current, all other terminals ISXO supply current for supply 
Crss small-signal, common-source shorted to source (dual-gate voltage 

short-circuit, reverse transfer types). ITH threshold current 
capacitance 

IG1SSF gate-No.1 source forward leakage ITOTAl total supply current 
CWE read/write input capacitance current, all other terminals kN normalized factor (kN = k/kr ) 
ei input sensitivity 

shorted to source (dual-gate MAG maximum available power gain 
EN I/F noise voltage types). MUG maximum useable power gain 
eN low-frequency noise voltage; 

IG2SSF gate-NO. 2-to-source forward (unneutralized) equivalent short-circuit input leakage current, all other NF noise factor noise voltage (/oIV /'Hi) terminals shorted to source Po power output 
eNltotal) wideband noise voltage (dual-gate types), Po device dissipation referenced to' input 

e01 /e02 channel separation 
IGSSR gate-to-source reverse leakage PSRR power supply rejection ratio 

current, all other terminals r ds(off) small:signal drain-to-source 
EON broadband output noise voltage shorted to source (single-gate off-state resistance 
fCl clock input frequency types). r ds(on) st.nic drain-to-source on-state fmax maximum operating frequency 

IG1SSR gate-No. 1-to-source reverse resistance 
fp charge-pump input-pulse fre-

leakage current, all other RGS gate leakage-current resistance quency 
terminals shorted to source RO output resistance ft unity-gain crossover frequency; (dual-gate types). Ro low-frequency output resist gain-bandwidth product 

IG2SSR gate-No.2,to-source reverse ro small-signal output resis' 
~ input-pulse frequency 

leakage current, all other small-signal, short-cir power gain ross 
GP forward transconductance 

terminals shorted to source common-source o' m (dual-gate types). resistance (large-signal) 



Terms and Symbols (cont'd) 
ROOFF data output off resistance tRq, input-pulse rise ti me VOO drain supply voltage (the most 
RI differential input resistance t ROH read hold time positive supply vo Itage; 
ri sma"-signal input resistance tROW read width effective time 
riss sma"-signal, short-circuit, 

always referenced to ground) 

common-source input resistance 
t RFC refresh cycle ti me VOG drai n-to-gate voltage (single-

Ri low-frequency input resistance tRFR refresh period ti me gate types) 

RON ON resistance; the ON-state trr reve rse recovery time VOG1 drain-to-gate-No.l voltage 

resistance of an analog switch tRwc read/ modify /write cycle (dual-gate types) 

at specified input and load time 
VOG2 drain-to-gate-No.2 voltage 

conditions. ts setup time 
(single-gate types) 

6 RON 60N resistance; the difference tSTG storage ti me VOIO diode-to-substrate voltage 

in ON-state resistance between tTHL transition time (high-to-Iow VOR diode reverse voltage 

any 2 analog switches at speci-
level) VOS drain-to-source voltage 

fied input and load conditions. tTLH transition time (low-to-high VEE source voltage (the most 

SIN signal-to-noise ratio 
level) negative supply voltage in a 

SR slew rate tw pulse width 3-supply voltage system) 

TA ambient temperature twc write cycle time V F dc forward voltage 

t AA, t AOA access time from address tWRH write hold time 6V F/6T temperature J::oefficient of 

tAC access time from chip select tWRW write width time forward voltage drop 

tAH' tAOH address hold ti me t WRS write setup time VGH channel gate input voltage, 

tAM output active from MRO t'ffN write pulse width high level 

tAs, tAOS address setu p time V OC positive supply voltage VGL channel gate input voltage, 

tCE chip-enable active time V- OC negative supply .voltage low level 

tEE chip-enable non-active time VABC amplifier bias voltage VGS gate-to-source voltage 

tCEA address time from chip VBB substrate voltage VGS(TH) gate-to-source threshold 

enable V BE base-to-emitter voltage 
voltage 

tcs chip-select setup time VBE(sat) base-to-emitter saturation VGS(Off) gate-to-source cutoff voltage 

tcsv chip-select valid time 
voltage 

VG1S 
(single-gate types) 

td delay time V(BR)CBO collector-to-base breakdown gate-No.l-to-source voltage 
voltage (dual-gate type) 

tO~A data-out active time V(BR)CES co"ector-to-emitter break- VG1S(Off) gate-No.l-to-source cutoff 

tOOH data-out hold time down voltage voltage (dual-gate types) 

tOH' tDl H data-in hold time, data hold V(BR)OI dc breakdown voltage be- VG2S gate-No.2-to-source voltage 

time tween diode and substrate (dual-gate types) 

tos' t01S data-in setup time, data V(BR)R dc reverse breakdown voltage VG2S (0ff) gate-No.2-to-source cutoff 

setup time V(BR)EBO emitter-to-base breakdown voltage (dual-gate types) 

tD1W data width effective time voltage VI input voltage 

tDR differential recovery time V(BR)GSSF dc gate-to-source forward VI(Lim) input limiting voltage 

t f fa" time 
breakdown voltage, a" other VICR common-mode input voltage 

terminals shorted to source range 

tfq, input-pulse rise time (single-gate types) Vil input-voltage, low level 

tfCE: chip select input fa" time V(BR)G1SSF dc gate-No.l-to-source V IH input-voltage, high level 

tfCl. clock fall ti me forward breakdown voltage, VIO input offset voltage 

tH data hold time; data-to-clock a" other terminals shorted to IVIOI magnitude of input offset 

hold time; clock-to-write source (dual-gate types) voltage 

enable hold time V(BR)G2SSF dc gate No.2-to-source forward 6V IO/6T temperature coefficient of 

THO total harmonic distortion 
breakdown VOltage, a" other magnitude of input offset 
terminals shorted to source voltage 

toff turn-off ti me 

ton turn-on time 
(dual-gate types) "v IO/6T temperature coefficient of 

tpOH previous data hold time 
V(BR)GSSR dc gate-to-source reverse input offset voltage drift 

breakdown voltage, all 6V IO/6V+ positive input-offset-voltage 

tpHL propagation delay time other terminals shorted to sensitivity 

(high-to-Iow-Ievel) source (si ngle-gate types) 6 VIO/6V- negative input-offset-voltage 

tplH propagation delay time V(BR)G2SSR dc gate-No.2-to-source sensitivity 

(low-to-high-Ievel) reverse breakdown voltage, aV IO average temperature 

tpHZ 3-state propagation delay a" other terminals shorted coefficient of input-offset 

(output high-to-high to source (dual-gate types) voltage 

impedance) VCBO co"ector-to-base voltage Vi(Lim) input limiting voltage (knee) 

tpZH 3-state propagation delay VCC drain supply voltage Vknee protective diode knee 

(high impedance-to-ouput 
used as a second positive voltage (protected gate types) 

high) 
supply voltage. It is ~ VOO VN output noise voltage 

tpLZ 3-state propagation delay VCEL 
and referenced to V SS VNL noise voltage, inputs low; 
chip-enable input voltage, the low-level dc in put noise 

(output low-to-high low level voltage. It is specified for 
impedance) VCEH chip-enable input voltage, the full range of voltage 

tpZl 3-state propagation delay high level above V SS for wh ich the 

(high impedance-to-output VCO voltage controlled oscillator output logic does not change 

low) 
VCEO collector-to-emitter voltage state. 

rise time VCEO(sus) collector-to-emitter VNH noise voltage, inputs high; 
sustaining voltage the high level dc input noise 

read access time 
read cycle time 

VCIO collector-to-substrate voltage voltage. It is specified for 

VCP charge pump voltage the full range of voltage 
chip-slect input rise time VCSL chip-select VOltage, low level below V 00 for which the 

clock rise time VCSH chip-select voltage, high level output logic level does not 
change state. 

~ 



Terms and Symbols (cont'd) 
noise margin; the noise voltage 
that may be added between any 
output and input in a 
COS/MaS logic system. 
noise margin, inputs low; 
the noise voltage that may 
be added between any 
output and input in the 
low-logic state so that the 
resulting voltage (VOH min) 
will be within the noise 
margin specifications. 

VOO ~ voo V NMH 

VOL(MAX) - - 5 
10 

VNMH Voo 15 

VOL(MAX) 

0.5 
I 
1·5 

VIN 
92CS - 21796 

noise margin, inputs high; 
the noise voltage that may 
be added between any 
input and output in the 
high logic state so that the 
resulting output voltage 
(Val max) will be within 
the noise margin speci
fications shown below 

VOM+ 
VOM-

VOP 
VOPl 

VOPH 

V REF 
V REG 
VRR 

VTH . 
Vz 
Yfs 

output voltage, low level; 
the voltage level at an output 
when the input logic 
conditions have been set to 
establish logic lOW output. 
output offset voltage 
output voltage, high level; 
the voltage level at an output 
when the input logic conditions 
have been set to establish a 
logic HIGH output. 
maximum output voltage 
maximum output voltage 
charge pump voltage 
charge pump input voltage, 
low level 
charge-pump input voltage, 
high level 
reference voltage 
regulated supply voltage 
supply voltage rejection 
ratio 
input threshold voltage 
zener voltage 
magnitude of small-signal, 
common-source, short-
circuit forward transfer 
admittance !transadmittance) 
small-signal, common-source, 
short-circuit, input-admittance 
(conductance, rea I part of 
admittance; susceptance, 
imaginary part of admittance) 
small-signal, common-source, 
short-circuit, output 
admittance 
magnitude of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
phase angle of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
angle of reverse trans
admittance, common-source 
circuit 
input impedance 
output impedance 
zener impedance 
phase angle 
phase margin 
efficiency 
open-loop phase lag 
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Operational Amplifiers 
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~aJ ~~ 0 0 00 0 coco M ,..,.. :; Ii ~ U U 0 00 0 
f8 co ~I!f 

CQ ~~ M ~~ 0l0l ... ... ... ,.. ,.. ,.. ... ... co ~ ~ MM .... ........ 0 0 0 00 
I~ 00 0 0 0 0 .... .... .... ...... .... .... ... 

M M MI~ M MM M MM MM :;::;: NN M .... NM ,.. ,.. ,..,.. MM MM MM 
~ ~ C31c,; ~ ~~ ~ ~ ~~ ~~ ~ ~ Ii ~~ 

C3C3 
~~ ~ ~ ~~ C3C3 ~~ ~~ U U uu u uu uu U IJU UU UU U U uu uu uu I Page 0 8:8 :8 CQCQ CQ M M M M..-.~ :~ ~I ~ 00 00 0 .... ........ 0 0 00 00 

~ ~ ~~ ~ CQOl Ol N N N NM NN NN NN NN In In In In ~~ No. N..- ... ... ... ... .... .... ... .... N 

Sample and Hold • • • • • • • • • 
Switching • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Schmitt Trigger • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Multivibrator • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Modulator • • • • • • • • • • • 
Mixer • • • • • • • • • • • 
Detector • • • • • • • • • • • 
Comparator • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
DC Amplifier • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Timer • • • • • • • • • • • • • • • • • • • • • • • • • 
Wide band Large Signal • • • 
Multiple Unit • • • 
AGC Capability • • • • • • • • 
Balanced Input • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Short-Circuit Protection • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Internal Frequency Compensation • • • • • • • • • 
Offset Adjustment • • • • • • • • • • • • • • • • • • • • 
Negative VICR near V- • • • • • • • • • • • • • • • • • 
Low Power Supply Current «1 mAl • • • • • • • • • • • 
Ultra-Low liB • • • • • • • • • • • • • • • • • 
Very Low VIO & 110 

TYPE DESIGNATION UFFIX ET ;ee Ncte l 
Flat Pack Ceramic 
Dual In-Line Ceramic (DIC) D D D • • 
Hermetic Gold CHIP (DIP) G G G G G G G G G G 
Dual In-Line Plastic (DIP) E E • • E 

E* E E E* E* E* E 
TO-5 Style Straight Lead • • T T T T T T T T T T T T T T T T T T T T T T T T 
TO-5 Style Dual-In-Line (DIL-CAN) S S S S S S S S S S S S S S S S S S S S S S S S S S S 
Frit Seal Dual·ln·Line Ceramic 
Beam Lead L 
Chip H H H H H H H H H 
Gold Chip GH GH GH GH 

Note 1: The indicated suffix letter identifies the package for the device type number having a suffix letterja black square is sl]own for a type number with 
no suffix letter. 

• Operational Transconductance Amplifier • Micropower Type * 8·lead DIP (MINI·DIP) package . 

k--------



Switching 
Schmitt Trigger 

I Page 
No. 

Operational Amplifiers 

General,Purpose Wideband 

Multiple Unit 

Dual Quad 

• • • • • • • • 
----- ---

LINEAR INTEGRATED CIRCUITS 

Precision 

---- --------2 Multivibrator -- - ---- ------ - ---------- ------o Modulator 
.~ Mixer 

8: Detector 
~ ~C~o~m~p~a~r-at-o-r------------------4--_~_4-_~_~_~_-+-_4-_ _ _ _ _ _ _ _ 

DC Amplifier - - - - - - - - - - - - - - - - - - - - - - - _ - - - _ _ _ Timer _____ _ 

Wideband Large Signal -Multiple Unit • • • • • • • • 
AGC Capability 
Balanced Input ---------------------- -- ------E ~S~h~o~n~·C~ir~cu~i~t~P~ro~t~e~ct~i~o~n ________ ~-=--F-~-~-~-~~-~-~--r~~~-+~r-~r-t-+-4-~-r-r-+~~~~-~-~-~~-~-~-~ 

'" Internal Frequency Compensation - - - - - - - - - - - - - -i ~O~f~fs~e~t~A-d~'u~s~t~m~e~n~t~~~~~~~--_~_4-~-r~-r-+~r_~_~_-r-_+-_~_-r_~_-r_-+-_4-_4-_-r_-r_-+-_4-4-~~~-+-+~~ 
~ ~~~~~~~~------------4-~~--t-t-t-+-+--F~~~=f~~~~~+=~~~~~=4~~~r-t-+-+-4-~ 

8. 
co 

.:I. 
u 
If 

Negative VICR near V- - - - -
Low Power Supplv Current « 1 mAl -------Ultra-Low liB - ------Very Low VIO & 110 - - -TYPE DESIGNATION SUFFIX LETTER (See Note 1) 
Flat Pack Ceramic -- --Dual In-Line Ceramic (DIC) ----Hermetic Gold CHIP (DIP) G G G G G G G G 
Dual In-Line Plastic (DIP) E E E* . E E E E ----TO-5 Style Straight Lead T T T T --. • T T T T T T T 
TO-5 Style Dual In-Line (DIL-CAN) S S S S S S S S S 
Frit Seal Dual In-Line Ceramic 
Beam Lead L 
Chip H H H H H H 

Gold Chip GH GH GH 

NOTE 1: The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is shown for a 
type number with no suffix letter_ 

• a·lead DIP (MINI-DIP) 



LINEAR INTEGRATED CIRCUITS 

Arrays 

Transistor Arrays Amplifier Arrays 

1 n-p-n & 
Super {J 1 p-n-p/n-p-n 

Ditt. transistors, COS/MOS 
Differentially Amp. 1 zener diode, Array 
Connected Plus 1 PUP 3 n-channel High- Dual 
Pair Plus Three 3 n-p-n 1 SeRA & 3 p-channel Freq. Independent Three Four 
Individual Trans. '. (Thyristor) transistors n-p-n ( Differential). Amp!. Ampl. 

<I: 
It) to to to to It) ,... 8 ,... to en ~ ~ 

It) g ~~ ~ ~ ~ ~ en N N ~ ~ M 
00 .- .- 0 to .- 0 .- 0 
MM M M M M M M M M I'? I'? I'? M M 
<1:<1: <1:<1: <I: <I: <I: <I: <I: <I: <I: () <I: <I: <I: uu uu u u u u u u u u u u I Page 
It) It) MO 0 It) 

~ en to ~ Lei Lei ~ ,... co 
~~ .- toto M ~ 

,... .- .- N ~ 

No. .- .- N NN N N N .- .- .- .- .- .-

Comparator • • 
Detector • • • • • • • • • • • 
Differential Amplifier • • • • • • • • • 
Limiter • • 
Mixer • • • • • • • .. Modulator • • • • c 

0 Multivibrator • • • • • • • -;; 

.~ Oscillator • • I • • • • • 
C. Schmitt Trigger • • Q. 

<I: ~se Amplifier • , • • • 
Switching .i • • • • • -
Th.Yristor & SCR Control • • • 
Timer • • 
VHF , • • 
Regulator • 
High Input Resistance i • 
Balanced Input • • • • • • • • • .. 
Balanced Output • • • • f • • • • • 

'" ~ Low Noise • • • • ., 
LL AGC Capability • • • • 

Multiple Un it • • • • • • • • • • • • • 
Wide Band • • • • • • • • • • 

TYPE DESIGNATION SUFFIX LETTER (SEE NOTE 1) 
Flat Pack Ceramic 
Dual In-Line Ceramic • 

., Dual In-Line Plastic • • E E E E E E E • • 
i6' TO-5 Style Straight Lead • • • 1S TO-5 Style Formed Lead VI co 
0-

Frit Seal Dual-In-Line Ceramic F F F 
Chip H 

.-
-~ H H H H H H H H 

Beam-Lead L L L 

• Programmable Unijunction Transistor A Sil icon Controlled Rectifier 

~2 __________________________________________ _ 



____________________________________ LINEAR INTEGRATED CIRCUITS 

.. c 
_Ii! .. .. 
.!:! 
a. 
Q. « 

.. 
2! 
:::I .. .. .. 

u... 

8. .. 
~ 

~ a.. 

Arrays 

Diode Arrays Transistor Arrays 

General-Purpose 

~nan- Dual Darlington 

istors Darling- Connected 

Quad p-n-p fl Zener ton Pair 

Plus Individ- 5- n-p-n p-n-p & piodes, Con- Plus Two 

Two ual Pair n-p-n Diode nected Individual 

I')~ « 

I ~ 0'1 0'1 .- '-N I') v 10 v CD CD I') CD Q ... co co ... I') v l!!! !~ co N N ~ 8l 8l 8l 3 
:g:g ~ 

... ... 
Q Q ... ... l:; 

,.... ... 
~ I') I') I') 1')1') 1')1') I') I') M I') I') I') 1')1') 3 « « « «« 55 5 « « « « « 5 55 5 u u u uu u u u u u u 

r PagE 10 0'1 co 
~~ ~~ ~ 

v v ,.... 
! 0 co co 1010 S ~ 'Ii I Q N ~ ... ... ~ v !::I N 1010 

No_ ... ... M I') N ... ... ... ... ... N 

Comparator .. • • • 
Detector • • • l- • • • • • • • • • • 
Differential Amplifier l- • • • • • • • • • • • • 
Limiter • • • • • • • • • • • 
Mixer • • • • • • • • • • • 
Modulator • • • • • • • • • • • 
Multivibrator • • • • • • • • • • • 
Oscillator • • • • • • • • • • 
Schmitt Trigger • • • • • 
Sense Amplifier • • • • • 
Switching • • • • • • • • • • • 
Thyristor & SCR Control • • • • • • • • • • • • • • 
Timer 
VHF 
Regulator • 
Core Memory Driver (High Speed) • • 
High Current Driver • • 
High Input Resistance 
Balanced Input • • • • • • • • • • • • • 
Balanced Output • • • • • • • • • • • 
Low Noise • • • 
AGC Capability • • • • 
Multiple Unit • • • • • • • 
Wide Band • • • • 

TYPE DESIGNATION SUFFIX L TTER (See Note 1) 

Flat Pack Ceramic 
Dual In·Line Ceramic • 
Hermetic Gold CHIP (DIP) G G 

Dual In-Line Plastic • • • E E • E E E • 
TO·5 Style Straight Lead • • • • • T T 
TO·5 Style Formed Lead 
Frit Seal Dual-ln·Line Ceramic F F F 

Chip H H H HIH IH H ~ ""H 

Gold Chip GH m 
Beam-Lead L L L L 

.. NOTE 1: The Indicated suffix letter Identifies the package type for the deVice type number havtng a suffix letter, 
a black square is shown for a type number with no suffix letter. 
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LINEAR INTEGRATED CIRCUITS 

Broadband (Video) and Differential Amplifiers, and 
AM/FM Communications Circuits 

Broadband (Video) 
Amplifiers 

Differential Amplifiers AM/FM Communications Circuits 

Voltage Regulator 
Comparator 

I Page 
No. 

Comparator - High Current Output 
Control - Relays, Heaters, LED's 

Lamps, etc. 
Detector 
Differential Amplifier 

Sense Amplifier 
Switching 
Thyristor & SCR Control 
Freq. Doubler, Mult., Divide, 

Sq. Root, Squarer 
Display Decoder·Driver 
Timer 
Balanced Input 
Balanced Output 
Low Noise (1 If) 

• • • 
• • 

••••• • • • • • 

• • • • • I • • • • • • • 
• • • • • • • • I • • • • • • • • • 

• • • • I • • • • • • • • • 
• • • • • I • 
• • • • • • • • I • • • • 
• • • • • • • • • 
• • • • • • • • • • • 
• • • • • •• • 

• • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • 

M~R~e~Qlu~la~te~d~P~ow~e~r~S~u~p~pl2-y--------~~~~.~.~_f_4--~~+_+_4_4_~~_+_f_4_4_4--~~+_t_~4_~_+~.~.~.~.~.~=._f~.~ 
~ Class B Output • • 
~ AGe Capability 
.f Multiple Unit 

Wide Band 
Micropower 
Decimal Pt. Output 
Ripple Blanking 

Flat Pack (FP) 
Dual·ln-line Ceramic (DIC) ., 
Dual-In-line Plastic (DIP) '" co 

~ TO-5 u .. 
Chio Q. 

Beam Lead 
Frit Seal 
TO·5 Style Dual-In-Line (01 L-CAN) 

• • • • • • • • • • • 

• • • •• •••• 
• 

• • 
• ••• 
• • • • 

T pe Designation Suffix Letter (See Note 1 

• 
E • 

• • • • • • • • • • • • • • • • T 
H H H H H H H H H 

L 
F F 
S S 

• •• 
• • 
• • • • • • • •• •• 

• E • E E E,Q 

• • • • • • • 
H H H H H H 
L 

F F 

S 

NOTE 1: The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is shown for a 
type number with no suffix letter. 

• CA3001 is also useful as a Broadband (Video) Amplifier. 
CA3040 is also useful as a Differential Amplifier. 
In quad-in·line package (Q) 

• 

E 
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~ 

c 
0 ... 
'" .!:! 
i5. 
c. 

<t: 

~ :; 
iii ., 
u-

., 
i6' 

.>< 

" rf. 

LINEAR INTEGRATED CIRCUITS 

Power-Control and Voltage-Regulator Circuits, 
Analog Multiplier, and Computer-I nterface Circuits 

Computer Inter-
Power Control face Circuits General Purpose 

Power Program- ... ~ Voltage Comparator ., 
.!!! Control mabie ~ 0 iVoltage ,g'].., li; 0 i5. Thyristor Switch/ Compar- E 0 ~egula- m !:: ~ E Decoder 

i= ~ 
c ::J ., 

Control Ampl. ator ~ ors «::2!en « Drivers Single Quad. 

<t: a:l <t: a:l UJ UJ UJ UJ 
<t: 00 en en " '<I' '<I' '<I' 00 en u N In In In ... ; 0 0 N M <t: 

Ll') Ll') " en en en en en en In Ll') CD 00 ~~ en 0 0 0 ... ... ... en en en en 0 0 0 0 0 0 0 0 0 In In 0 0 0 Ll') U') U') Ll') In ... ... M M M M M 
M M MM MMM M M U') U') M M MM M ... NN NN ... N ...... N N' 
« « «<t: «<t:<t: « « <t: « <t:<t: <t:<t: <t: <t: 00 00 «« <t: <t:<t: <t:<t: u u uu uuu u u u u uu uu u u uu uu uu u uu uu 

« en en 
M M 
M M 
<t: <t: u u 

I Page 10 10 ... '<I' ...... ... 0 '<I' N N N 00 0 N en co co co co 00 0 ~I~ ~~ ~~ CD '<I' MM M In U') '<I' '<I' " ...... ... N CD M ... ... M MM M 
N !'IN N N N NNN N M M No. ... ... ... ... 

Voltage Regulator • • • • • • 
Comparator • • • • • • • • • • • • • • • • • 
Comparator - Hiqh Current Output • • • • • • • • • • • 
Control - Relays, Heaters. 

LED's, Lamps, Etc. • • • • • • • • • 
Detector • • • • • 
Differential Amplifier • • • • • • • • ~ ., 
Limiter ~ 

c. 
Mixer • • • • E 
Modulator • • • • • • • • <t: 

ill Multivibrator • • • • • • • c • • • • • • • • <II 
Oscillator • • • • • • • • • • • en 
Schmitt Trigger • • • • • • • • • • • • • • 
Sense Amplifier 
Switching • • • • • • • • • 
Thyristor & SCR Control • • • • • • • • • • • • 
Freq. Doubler. Mult., Divide, 

Sq. Root, Squarer • 
Display Decoder-Driver • • • • 
Timer • • • • • • • • • • • 
Balanced Input • • • • • • • • • • • • • 
Balanced Output • 
Low Noise (1 If) • • • • • • 
Regulated Power Supply • • • • 
Class B Output 
AGe Capability • • • 
Multiple Unit • • • • • 
Wide Band 
Micropower • • • • • 
Deci ma I Pt. Output • • 
Ripple Blanking • • 

Type De ignation Suffix Letter (See Note 1) 
Flat Pack (FP) 
Dual-In-Line Ceramic (DIC) • 0 D 
Hermetic Gold CHIP (DIP) G G G G G G G G G G 
Dual-In-Line Plastic (DIP) • • E E E E E* E* E E E E E* E E E E E 
TO-5 T T T T T • • • • T T T 
Chip H H H H H H H H H H H 
Gold Chip G~ GH GH 
Beam Lead L 
Frit Seal 
TO-5 Style Dual-In-Line (OIL-CAN) S S S S S S S S S S 

NOTE 1: The indicated suffiX letter identifies the package type for the device type number having a suffix letter; a black square is shown for a 
type number with no suffix letter. 

* 8-lead DIP (MINI-DIP) package_ 

• 

• 

• 

• 

• 

G 
E 



LINEAR INTEGRATED CIRCUITS 

Audio Driver 
Audio Preamplifier 
ACC 
AFC/AFT 
AFPC 
AGC 
Chroma Amplifier 
Chroma Demodulator 
Chroma Processor: 

'" PAL Systems 
.; Luminance Processor 

~ Converter 
.r Detector 
.~ Video.Amplifier 
~ Sync Processor 

i:3 IF Amplifier 

Limiter 
Oscillator 
Audio Power Amplifier 
Tint Control 
Hor. Oscillator 
Hor. Driver 
Noise Gate 
Vert. Sync. Output 

Dual-In-Line Plastic 
fb Ouad In-Line Plastic 

~ TO-5 Standard Lead 
TO-5 Formed Lead 

I Page 
No_ 

I' 
N ... 

• 

• 
VI 

Consumer Circuits 

TV Receiver Circuits 

IF Systems Chroma Systems 

Automatic 
Fine
Tuning(AFT) Sound Pix 2 Package 3 Package 

N 
'<I' ... 

• • • 

• • • 
• ••• 

• 
• • • 

• • • • • • • • • 

• • • • 

• • •• •• • 
• • • •• 

• 

• 
• 

• 

• 

• • 

• • 
• 

• 

• • •• • 
• • 

• • •• • • 
• ••• 

• 

• 

• • 

• 

• 

• • 

TYPE DESI NATION SUFFIX LETTER (See Note 1)) 

E E E,EM E E • E 
a OM ••• OW. •• 

• 
VI • 

• • • • 
• 

• • 
• • • 

• • • • • • 

• • • 

E E 
• a a 

• 

• 

• 
• 

• 

• 

• 

• • 

• 

• • • 
• • • 

• • 
• • 
• • 

• 
E tEE E 

Note 1: Where a code letter is shown (E, EM, 0, T, VI), add the code letter as a suffiX to the type number to Identify the package (and lead configura
tion) option. A black square indicates no suffix code is added to the type number for that package option. 

OM ; Ouad-in-line plastic with heat sink 
EM ; Dual-in-line plastic with heat sink 

W ; Modified Ouad-in-line plastic 



" c 
0 
.~ 

c 
" u.. ... .; 
l:! 
(3 

.. 
en .. 

...: 
CJ .. 

Q. 

LINEAR INTEGRATED CIRCUITS 

Consumer Circuits 

Audio Multiplex AM FM Receiver 
Circuits Decoders Rcvr. Circuits 

Ckts. 

FM IF 
Power FM IF Gain 

Pre·Amp. Drivers Amplifiers Subsystems Blocks 

N ~ 
M .... 
M 0 

M 
!Xl <t <t 
<i (.) (.) 

ID ..... <C <C M N ~ C1; 0 0 00 M .... en LCl M .... N cg 
M LCl en 0 M 00 .... en ~ N .... 00 I' ~ :; .... .... B 0 0 0 0 0; M LCl M 0 M .... 0 0 0 0 0 
M M M M I' :;;: M M N M M M M M M M 
<C <C <C <C <C <C <C <C <C <C <C <C <C <C <C <t <C <C 
(.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) 

I Page 00 00 .... 
~ 

I' I' ~ .... 0 LCl .... N I' N ~ en ,... 
" ~ 

N LCl M LCl 00 LCl cg N N ~ 
,... 

N en en en en O'J 
No. .... .... N N N .... .... .... 

Audio Driver • • 
Audio Preamplifier • • • • • • • • • 
ACC 
AFC/AFT • 
AFPC ... 
AGC • • ., • • 
Chroma Amplifier "8 

CJ ., 
Chroma Demodulator 0 

x Chroma Signal ., 
c. 

Processor .;; 

Converter :; • • :i: 
Detector 

~ • • • • • • 
Video Amplifier ., • • • 
Sync Processor Vi 
IF Amplifier • • • • • • • • • • 
limiter • • • • • • • • 
Oscillator • 
Audio Power Amplifier • • 
Tint Control 

TYPE DESIGNATION SUFFIX LETTER (See Note 1) 

Dual-In-Line Plastic • EM E E E E E F 
Ouad·ln-Line Plastic OOM 0 n • 
TO-5 Standard Lead • T T • I. I. • • 
TO-5 Formed Lead 

Note:l: Where a code letter is shown (E, EM, 0, T, Vl), add the code letter as a suffix to the type number to identify the package 
(and lead configuration) option. A black square indicates no suffix code is added to the type number for that package 

option. 

OM =Ouad-in-line plastic with heat sink 
EM =Dual-in-line plastic with heat sink 
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Linear Ie Replacement Guide 

Advanced 
Micro Devices 
Type No. 
AM101AT 
AM10lT 
AM201T 
AM301AT 
AM307T 
AM741CT 
AM74lT 
AM747CT 
AM747T 
AM748CT 
AM748T 

Analog 
Devices 
Type No. 
AD101AH 
AD201H 
AD301AH 
AD741 
AD741C 

Fairchild 
Sem iconductor 
Type No. 
LM101AD 
LM101AH 
LM10l H 
LM107H 
LM108AH 
LM108H 
LMlllH 
LM139D 
LM201AD 
LM201AH 
LM201H 
LM207H 
LM208AH 
LM208H 
LM301AD 
LM301AH 

LM301AN 

LM307H 

LM307N 

LM308AH 
LM308H 
LM3llH 
LM339D 

LM339N 

/oLA723HC 
/oLA723HM 

741DC 

741DM 

741HC 
741HM 

74lTC 

747DC 

RCA 
Direct 
Replacement 
CA101AT 
CA10lT 
CA201T 
CA301AT 
CA307T 
CA741CT 
CA74lT 
CA747CT 
CA747T 
CA748CT 
CA748T 

RCA 
Direct 
Replacement 
CA101AT 
CA20lT 
CA301AT 
CA74lT 
CA741CT 

RCA 

Fairchild 
Semiconductor 
Type No. 

747DM 

747HC 
747HM 
748DC 
748DM 
748HC 
748HM 

748TC 

/oLA758 
MC1458Pl 
MC3401 P 
FPQ3724P 
FPQ3725P 
U587748312 
U587748393 
U5R7723312 
U5R7723393 
U6A7723393 
U9T7558393 

Direct Intersil 
Replacement Type No. 
CA101AG ICL·l01·TY 
CA101AT 
CA10lT 
CA107T 
CA108AT 
CA108T 
CAlllT 
CA139G 
CA201AG 
CA201AT 
CA201T 
CA207T 
CA208AT 
CA208T 
CA301AG 
CA301AT 
CA301AG 
CA301AE 
CA307T 
CA307G 
CA307E 
CA308AT 
CA308T 
CA3llT 
CA339G 
CA339G 
CA339E 
CA723CT 
CA723T 
CA741CG8 

CA741CE
CA741G8 

CA741 E
CA741CT 
CA74lT 
CA741CG 
CA741CE 
CA747CG 
CA747CE 

ICL·l0l A-TY 
ICL·l08·TY 
ICL-l0SA-TY 
ICL-20l-TY 
ICL-20l A-TY 
ICL·208-TY 
ICL·208A-TY 

ICL-30l A-PA 

ICL-301A-TY 
ICL-308·TY 
ICL·308A-TY 
ICL·723-TZ 
ICL-723C·TZ 
ICL·74l-TY 
ICL-741C-TY 

ICL-74l-LNC 

ICL-748-TY 
ICL-748C·TY 

ICL-874l-PA 

ICL-8741C·PA 

ICL-8748-PA 

ICL-8748C-PA 

Motorola 
Semiconductor 
Type No. 
MLM101AG 
MLM107G 
MLMll1G 
MLM201AG 
MLM207G 
MLM211G 

RCA 
Direct 
Replacement 

CA747G 
CA747E 
CA747CT 
CA747T 
CA748CG* 
CA748CG* 
CA748CT 
CA748T 
CA748CG 
CA748CE 
CA758E 
CA1458G 
CA3401G 
CA3724G 
CA3725G 
CA748T 
CA748CT 
CA723T 
CA723CT 
CA723CE 
CA1458G 

RCA Direct 
Replacement 
CA10lT 
CA101AT 
CA108T 
CA108AT 
CA201T 
CA201AT 
CA208T 
CA208AT 
CA301AG
CA301AE
CA301AT 
CA308T 
CA"308AT 
CA723T 
CA723CT 
CA741T 
CA741CT 
CA741CG 
CA741CE 
CA748T 
CA748CT 
CA741G 
CA741E 
CA741CG 
CA741CE 
CA748G 
CA748E 
CA748CG
CA748CE-

RCA 
Direct 
Replacemen1 
CA101AT 
CA107T 
CA111T 
CA201AT 
CA207T 
CA2l1T 

Motorola 
Semiconductor 
Type No. 

MC1310P 
MC1311P 
MC1352P 
MC1357P 
MC1398P 
MC1441L 
MC1458G 
MC1458Cl 

MC1458CPl 

MC154l L 
MC1558G 
MC1558L 
MCl723CG 
MC1723CH 
MC1723G 
MC1741G 
MC1741CG 
MC1741CL 

MC1741CPl 

MC1741L 
MC1741P2 
MC1741CP2 
MC1747CL 
MC1747CP2 
MC1747L 
MC1748G 
MC1748CG 
MC1748CPl 
MC3302P 
MC3401P 
MPQ3724P 
MPQ3725P 

National 
Semiconductor 
Type No. 
LM101AD 
LM101AH 
LM101H 
LM107D 
LM107H 
LM108AH 
LM10SH 
LMlllH 
LM124D 
LM139AD 
LM139D 
LM201AH 
LM201AD 
LM201H 
LM207D 
LM207H 
LM20SAH 
LM20SH 
LM2ll H 
LM224D 
LM239AD 
LM239D 
LM301AH 

LM301AN 

LM307D 

RCA 
Direct 
Replacement 

CA13:10E 
CA758E 
CA1352E 
CA2lllAE 
CA1398E 
CA1541D 
CA1458T 
CA1458G 
CA1458G 
CA1458E 
CA1541D 
CA1558T 
CA1558G 
CA723CT 
CA723CH 
CA723T 
CA74lT 
CA741CT 
CA741CG 
CA741CG 
CA741CE 
CA741G 
CA741E8 
CA741CE
CA747CG 
CA747CG 
CA747G 
CA74ST 
CA748CT 
CA74SCG 
CA339AE 
CA3401E 
CA3724G 
CA3725G 

RCA 
Direct 
Replacement 
CA101AG
CA101AT 
CA10lT 
CA107G
CA107T 
CA108AT 
CA108T 
CAll1T 
CA124G 
CA139AG 
CA139G 
CA201AT 
CA201AG
CA20lT 
CA207G
CA207T 
CA20SAT 
CA208T 
CA2l1T 
CA224G 
CA239AG 
CA239G 
CA301AT 
CA301AG 
CA301AE 
CA307G-

National 
Semiconductor 
Type No. 

LM307H 

LM307N 

LM308AH 
LM308H 
LM311H 

LM324D 

LM324N 

LM339AD 

LM339AN 

LM339D 

LM339N 

LM723CH 
LM723H 
LM741CD 
LM741CH 

LM741CN 

LM741D 
LM741H 
LM747CD 
LM747CH 

LM747CN 

LM747D 
LM747H 
LM74SH 
LM748CH 

LM74SCN 

LM13l0N 
LM1458H 

LM145SN 

LM1558H 
LM1S00N 
LM2l1l 
LM2901N 
DH3724CD 
DH3724CN 
DH3725CD 
DH3725CN 
LM3900N 

Precision 
Monolithic 
Type No. 
SSS10SAJ 
SSS108J 
SSS20SAJ 
SSS20SJ 
SSS30SAJ 
SSS30SJ 

Raytheon 
Type No. 
LM101AH 
LM101H 
LM107H 
LM108AH 

RCA 
Direct 
Replacement 

CA307T 
CA307G 
CA307E 
CA30SAT 
CA308T 
CA3llT 

CA324G 
CA324G 
CA324E 
CA339AG 
CA339AG 
CA339AE 
CA339G 
CA339G 
CA339E 
CA723CT 
CA723T 
CA741CG
CA741CT 
CA741CG
CA741CE
CA741G 
CA741T 
CA747CG
CA747CT 
CA747CG
CA747CE
CA747G 
CA747T 
CA748T 
CA748CT 
CA748CG 
CA74SCE 
CA13l0E 
CA1458T 
CA1458G 
CA1458E 
CA155ST 
CA75SE 
CA2lllAE 
CA339G 
CA3724G 
CA3724G 
CA3725G 
CA3725G 
CA3401 G* 

RCA 
Direct 
Replacement 
CA108AT 
CA10ST 
CA208AT 
CA208T 
CA30SAT 
CA308T 

RCA Direct 
Replacement 
CA101AT 
CA10lT 
CA107T 
CA108AT 
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Linear IC Replacement Guide (Con't) 

Raytheon RCA Direct Silicon RCA Texas RCA Texas RCA 
Type No. Replacement General Direct Instruments Diract Instruments Direct 

LM10SH CA100T Type No. Replacement Type No. Replacement Type No. Replacement 

LM111H CA111T SG741CT CA741CT SN52101AJ CA101AG-
SN72741P 

CA741C~ 

LM201AH CA201AT SG741M 
CA741Ge SN52101AJA CA101AG- CA741CE-

LM201H CA201T CA741E- SN52101AJP CA101AG SN72747 CA747CT 

LM207H CA207T SG741T CA741T SN52101AL CA101AT SN72747J CA747CG 

LM211H CA211T SG747CT CA747CT SN52101AN CM01AG- SN72747JA CA747CG 

LM301AH CA301AT SG747T CA747T SN52101AP CA101AG SN72747N CA747CG 

LM301AN 
CA301AG SG74SCM 

CA74SCG- SN52101 L CA101T SN72748J CA74SCG-

CA301AE CA74SCE- SN52107JA CA107G- SN7274SJA CA74SCG-

LM307H CA307T SG74SCT CA74S~T SN52107JP CA107G SN7274SJP CA74SCG 

LM307N 
CA307G SG74SM 

CA74SG SN52107L CA107T SN72748L CA74SCG 

CA307E CA74SE SN52107N CA107G- SN72748N CA74SCG-

LM30SAH CA30SAT SG74ST CA748T SN52107P CA107G 
SN7274SP 

CA74SCG 

LM30SH CA30ST SG145SM 
CA1458G SN5210Sl CA10ST CA74SCE 

liVI311 H CA311T CA145SE SN52100AL CA10SAT SN76115N CA13·10E 

RC723T CA723CT SN5255SL CA1558T SN76116N CA75SE 

RM723T CA723T SN52558JP CA1558G SN76650N CA1352E 

CA741CG-
Signetics RCA Direct CA155SG 

RC741ON 
CA741CE-

Type No. Replacement SN5255SP CA155SS 

RC741TE CA741CT 
LM101AH CA101AT CA155SE 

RM741TE CA741T 
LM101H CA101T SN52741J CA741G-

CA74SCG 
LM107H CA107T SN52741JA CA741G-

RC74SDN 
CA74SCE 

LM201AH CA201AT SN52741JP CA741G 
LM201H 

*Can be selected to replace LM3900N 
RC74STE CA74SCT 

CA201T SN52741 L CA741T 

RM74STE CA74ST 
lM301AH CA301AT SN52741N CA741G- -Terminals 9 and 13 must be externally 

CA1458G lM301AN 1 
CA301AG CA741G 

RC145S0N 
CA1458E 

CA301AE SN52741P CA741S ·Can be substituted for the correspondi 

RC145S7 CA145ST 
LM307H CA307T CA741E 

14-lead dual-in-line type by inserting d 

SP3724QO CA3724G lM307N 
CA307G SN52747J CA747G 

vice into 14iJin socket (or board) so tt-

SP3725QO CA3725G 
CA307E SN52747JA CA747G 

terminal No.1 of the 8-lead RCA type 

RM455STE CA155ST IlA723CL CA723CT SN52747l CA747T 
coincides with socket (or board) termil 

",A723l CA723T SN52747N CA747G 
No.3 of the 14-lead type to be replace 

Silicon RCA N5558T CA1458T SN5274SL CA74ST 
General Direct N555SV 

CA1458G SN52748J CA748G-
Type No. Replacement CA1458E SN52748JA CA74SG-
SG101 AT CA101AT N5741T CA741CT SN52748JP CA748G 
SG101M CA101S CA741CG· SN52748N CA748G-

2 
N5741V 

SG101T CA101T CA741CE· CA748G 3 12 

SG107T CA107T N5747A 
CA747CG- SN52748P CA748S-
CA747CE-

4 II 

SG108AT CA10SAT CA748E-
SG10ST CA10ST N5748T CA74SCT SN72301AJ CA301AG· 

5 10 

SG1111 CA111T N5748V 
CA748CG SN72301AJA CA301AG· & 9 

SG201AT CA201AT CA748CE SN72301AJP CA301AG 
S555ST CA1558T 7 

SG201T CA201T SN72301AL CA301AT 

SG207T CA207T S5741T CA741T 
SN72301AN CA301AG· 12CS-Z7474 

SG208AT CA20SAT S5748T CA748T CA301AG 
SG208T CA200T 

SN72301AP 
CA301AE 14-Lead Terminal Arrangement 

SG211T CA211T SN72307JA CA307G· For Type to be Replaced 

SG301AM 
CA301AG- Solitron RCA Direct SN72307JP CA307G 
CA301AE· Type No. Replacement SN72307L CA307T 

SG301AT CA301AT UC4741 CA741T SN72307N CA307G-
CA307G· UC4741C CA741CT CA307G Note: 

SG307M 
CA307E· SN72307P CA307S RCA types in TO-5 packages are also su 

SG307T CA307T CA307E plied with dual-in-line formed leads ("0 

SG308AT CA30SAT Sprap,ie RCA Direct SN72308AL CA308AT CAN" package) and are designated with 

SG308T CA30ST Type No. Replacement SN72308L CA308T suffix letter (S). These types are both pi 

SG311T .CA311T ULN2111A CA2111AE SN72558JP CA1458G and electrical direct replacements for th 

SG339AN 
CA339AG ULN2125A CA3120E SN72558L CA1458T corresponding S-Iead "Mini-Oip" dual-ir 

CA339AE ULN2269A CA3121E CA1458G line types. 

CA339G ULN27410 CA741T 
SN72558P 

CA1458E 
SG339N 

CA339E 
UlN2747A 

CA747CG- SN72741J CA741CG 

SG723CT CAl23CT CA747CE· SN72741JA CA741CGe 

SG723T CA723T ULS27410 CA741CT SN72741JP CA741CG 

SG741CM 
CA741CG ULX2210 CA1310E SN72741 L CA741CT 

CA741CE ULX2244 CA758E SN72741N CA741CG-
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LINEARINTEGRATEDCIRCUITS ________________________________________________________________________ __ 

CA 101, CA201, CA301 Types 

Operational Amplifiers 
For Commercial, Industrial, and Military Applications 

RCA-CA10l, CA101A, CA201, CA201A, 
and CA301 A are general-purpose, high-gain 
operational amplifiers for use in military, 
industrial, and commercial applications_ 

These types, whi ch are externally phase 
compensated, permit a choice of operation 
for optimum high-frequency performance at 
a selected gain; unity-gain compensation can 
be obtained with a single 30-pF capacitor_ 
Types CA101A and CA201A have all the 
desi rable features and characteristics of the 

CA 101 and CA201, respectively, plus superi6r 
input-offset characteristics, and improved 
noise performance_ 
All types are available in hermetic gold-CH IP 
dual-in-line plastic packages (G suffix), 8-lead 
TO-5 style packages with standard leads (T 
suffix), and with dual-in-line formed leads 
("OIL-CAN", S suffix). The CA301A is also 
available in the 8-lead dual-in-line plastic 
package ("MINI-DIP", E suffix), and in chip 
form (H suffix). 

Maximum Ratings, Absolute-Maximum Values at T A = 2SOC 

DC SUPPL Y VOLTAGE (between V+ and V- terminals): 

CA10l, CA101A, CA201, CA201A. 

CA301A 

DC INPUT VOLTAGE _ 

(For supply voltage less than ± 15 V, the 
Input Voltage rating is equal to the DC Supply Voltage) 

DIFFERENTIAL INPUT VOLTAGE 

OUTPUT SHORT-CIRCUIT DURATION 

DEVICE DISSIPATION: 

Up to T A = 75°C . 

Above T A = 75°C. 

AMBIENT TEMPERATURE RANGE: 

Operating -

CA10l, CA101A 

CA201A. 

CA201, CA301 A 

Storage IAII types) 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 
from case for 10 seconds max_ . 

* At T A <; 70°C and TC <; 125°C (CA101l; 
T A <; 75°C and TC <; 125°C (CA10l A, CA201A); 
T A <; 55°C and T C <; 70°C (CA201, CA301 A). 

CAIOI, CAIOlA 
CA20l, CA20lA 
CA30lA 

PHASE 
COMPENSATION I 

a OF FSET NULL 

., 
IOkfi 

Fig_I - Schematic diagram_ 

44 V 

36 V 

±15 V 

±30 V 

_ Indefinite* 

500 mW 

derate linearly at 6.67 mW/oC 

-55 to +125 °c 

-25 to +85 °c 

o to +70 °c 

-65 to +150 °c 

.s 
6!)On 

+265 0 C 

"G" Suffix Types-Hermetic Gold-CHIP 
Dual-in-Line Plastic Package 

"E" Suffix Types-Standard Dual-In-Line 
Plastic Package 

"T" and "S" Suffix Types-TO-S Style Package 

Features: 
• Short-circuit protection and latch-free 

operation 

• Unity-gain phase compensation with a 
single 30-pF capacitor 

• Replacement for industry types 101, 
101A,201,201A,301A 

Applications: 
• Long-interval integrator 

• Timers 
• Sample and hold circuits 
• Summing amplifiers 
• Multivibrators 
• Comparators 
• Instrumentation 
• AC/DC converters 
• Inverting amplifiers 
• Sine- & square-wave generators 
• Capacitance multipliers & 

simulated inductors 

v-
NOTE, PIN 4 IS CONNECTED TO CASE 

TOP VIEW 
92CS-23998 

a - TO-5 style package for all types 

T-Suffix 

PHASE 
COMPENSATION 

8 
OFFSET NULL 

INV 
INPUT 

S-Suffix 

TOP VIEW 

5 OFFSET 
NULL.. 

92C5- Z 3~99 

b - Plastic package for CA301A 

G-Suffix 
E-Suffix 

Fig.2 - Functional diagrams_ 
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LINEAR INTEGRATED CIRCUITS 

CA101, CA201, CA301 Types 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONsA LIMITS LIMITS 

CHARACTERISTICS Supply Voltage (V±) 
= 5 to 15 V 

CA101 CA201 UNITS 
CA101A 
CA201A CA301A UNITS 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage T A =250C l RS';;;l OkU - 1 5 - 2 7.5 - - - - - -
VIO I RS";;SOkU - - - - - - - 0.7 2 - 2 7.5 

RS";;10kn 6 10 
mV mV 

- - - - - - - - - -
RS";;SOkn - - - - - - - - 3 - - 10 

Average Temperature RS";;lOkn - 6 - - 10 - - - - - - -
Coefficient of Input RS";;50n - 3 - - 6 - IN/oC - - - - - - /lV/oC 
Offset Voltage aVIO - - - - - - - 3 15 - 6 30 

Average Temperature -550C to +250 C - - - - - - - 0.02 0.2 - - -
Coefficient of Input OOC to +250 C - - - - - - nA/oC 

- - - - 0.02 0.6 nA/oC Offset Current +250C to + 70°C - - - - - - - - - - 0.01 0.3 
aliO +250C to +1250 C - - - - - - - 0.01 0.1 - - -

I nput Offset Current TA=OoC - - - - 150 750 - - - - - -
TA=250 C - 40 200 - 100 500 - 1.5 10 - 3 50 

110 TA=700 C - - - - 50 400 - - - - - -
nA nA 

TA=1250C - 10 200 - - - - - - - - -
- - - - - ~ - - 20 - - 70 

TA=-550C - 100 500 - - - - - - - - --
Input Bias Current TA=-550C - 0.28 1.5 - - - - - - - - -

lIB 
TA=OoC - - - - 0.32 2 - - - - - -

/lA /lA 
TA=250C - 0.12 0.5 - 0.25 1.S - 0.03 0:075 - 0.07 0.25 

- - - - - - - - 0.1 - - 0.3 

Supply Current T A=250C I V±=15V - - - - - - - - - - 1.8 3 

I± I V±=20V - 1.8 3 - 1.8 3 mA - 1.8 3 - - - mA 

T A=1250C V±=20V - 1.2 2.5 - - - - 1.2 2.5 - - -
Open-Loop Differen- TA=250C V±=15V 
tial Voltage Gain VO=±lOV 

50 160 - 20 150 - 50 160 - 25 160 -
RL;;:'>-2kn 

AOL V±=15V 
V/mV VlmV 

25 - - 15 - - 25 - - 15 - -
VO=±lOV RL;;:'>-2kn 

Input Resistance RI TA=250C 0.3 0.8 - 0.1 0.4 - Mn 1.5 4 - 0.5 2 - Mn 

Output Voltage V±=15V RL=10kn ±12 ±14 - ±12 ±14 - ±12 ±14 - ±12 ±14 -
Swing VOPP 

V V 
V±=15V RL =2kH ±10 ±13 - ±10 ±13 - ±10 ±13 - ±10 ±13 -

Common-Mode V±=15V ±12 - - ±12 - - - - - ±12 - -
Input-Voltage V±=20V 

V V 
- - - - - - t15 - - - - -

Range VICR 

Common-Mode RS";;10kn 70 90 - 65 90 - - - - - - -
Rejection Ratio dB dB 

CMRR RS";;50kn - - - - - - 80 96 - 70 90 -

Supply-Voltage RS";;lOkn 70 90 - 70 90 - - - - - - -
Rejection Ratio dB dB 

PSRR RS";;50kn - - - - - - 80 96 - 70 90 -

... Characteristics applicable over operating temperature range IT A) as shown below, unless otherwise specified: 
CA10l, CA101A: -55 to +1250C; CA201A: -25 to +850C; CA201, CA301A: Oto 70°C 

CA101 CA201 CA101A CA201A CA301A 

M" VIO 1 5 7.5 2 2 7.5 mV 

Max. '10 
TA= 

25°C 200 500 10 10 50 nA 

Min. AOL 50 20 50 50 25 V/mV 

TA Range -55 to o to -55 to -25 to o to °c 
(Operating) +125 +70 +125 +85 +70 

Slew Rate 
(Summing amp!.) - - 10 10 10 V//Js 
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LINEAR INTEGRATED CIRCUITS 

CA101, CA201, CA301 Types 

Type CA10l 

;i; Hit SUPPLY VOLTAGE (Vi, 
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Fig.3 - Input current (1,0. "B) vs. temperature. 
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Fig.6 - Voltage gain vs. supplV voltage. 

Type CA301A 

:!:15 
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, 
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OUTPUT CURRENT (Io)-mA 
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Fig. 9 - Output characteristics. 
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TYPICAL STATIC CHARACTERISTICS 
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FigA - Input bias current vs. supplv voltage. 
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Fig.7 - SupplV characteristics. 
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TYPICAL DYNAMIC CHARACTERISTICS 
AND TEST CIRCUITS FOR TYPES 
CA101A AND CA201A 

iii 
~ 

Single-Pole Compensation 
o. 

AI Cs 
el !RI+ RZ 
C$-30pF 

92CS·2·UI09 

Fig. 10 - Test circuit employing single·pole 
compensation. 

,~ VOLTAGE SUPPLY I vt I-I, v 
~ AMIIENT TEMPERATURE ITA j-2$-C 

000 
SINGLE-POLE COMPENSATION .2. 

~~ ~ eo ~, 180; 
~ ~~ I~~ ~HASE I .... 
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~ 1 60 O~ .. ". ~ ~-"", "'''' ) 
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1':' 20 
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FREQuENCy 1'1- Hz 

Fig. 12 -Closed·loop output impedance vs. frequency. Fig. 13 - Voltage gain and phase lag vs. frequency. 
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Types CA10l, CA101A, and CA201A 
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CA 101, CA201, CA301 Types 
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Fig. 15 - Supply voltage rejection ratio vs. frequency. 
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Fig. 18 - Voltage gain and phase lag vs. frequency. 
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LINEAR INTEGRATED CIRCUITS 

CA107, CA207, CA307 Types 

Operational Amplifiers 

For Military, Industrial, and Commercial Applications 

RCA-CAl 07, CA207, CA307 are general
purpose operational amplifiers intended for 
use in military, industrial, and ·commer
cial applications. A 30-pF on-chip capacitor 
provides internal frequency compensation. 
Low input current over temperature range 
(100 nA max.) for the .CA107 and CA207 
make these types especially well suited for 
applications such as long interval timers and 
sample-and-hold circuits. 

All types are available in hermetic gold-CH IP 
dual-in-line plastic packages (G suffix), 8-lead 

~ Max_ VIO Max. 110 
Type (mV) (nA) 

CA107 3 20 

CA207 3 20 

CA307 10 70 

TO-S style packages with standard leads (T 

suffix), and with dual-in-line formed leads 

("01 L-CAN", S suffix). The CA307 is also 

available in the 8-lead dual-in-line plastic 

package ("MINI-DIP", E suffix), and in chip 
form (H suffix). 

The CA107, CA207, and CA307 are direct 
replacements for industry types 107, 207, 

and 307 in packages with similar terminal 
arra ngements. 

Temp. Package 

Max. liB Range (TA) (Suffix) 
(nA) °c 

100 -55to +125 G,S, T 

100 -25to +85* G,S, T 

300 o to +7OA G, E, S, T 

*Types CA207G, S, and T can be operated over the temperature range of -55 to +125°C, although the 
published Ii mits fOr certain electrical specifications apply only over the temp. range of -25 to +85°C. 

"'Types CA307G, E, S, and T can be operated over the temperature range of -55 to +1250 C, although the 
published limits for certain electrical specifications apply only over the temp. range of 0 to 700 e. 

Fig. 1 - Schematic diagram of CA 107, CA207, and CA307. 
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"G" Suffix Types-Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

"E" Suffix Types-Standard Dual-In-Line 
Plastic Package 

"T" and "s" Suffix Types-TO-S Style Package 

Applications: 

• Long-interval integrators 
• Timers 

• Sample-and-hold circuits 

• Summing amplifiers 

• Multivibrators 

INV 
INPUT 

NON-INV. 3 
INPUT 

TOP VIEW 
92(5-23981 

Functional diagram for plastic package. 

V· 
NOTE: PIN 4 IS CONNECT Eo TO CASE 

TOP VIEW 92CS-B982 

Functional diagram for TO-5 style packages. 
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CA107, CA207, CA307 Types 

Maximum Ratings, Absolute-Maximum Values at TA = 25'C: 

DC SUPPLY VOLTAGE (Between V+ and V- Terminals): 

CA107. CA207 . 
CA307 

DC INPUT VOLTAGE 

44 
36 

±15 

V 
V 
V 

(For supply voltages less than ±15 V. the absolute maximum input voltage is equal 
to the supply voltage) 

DIFFERENTIAL INPUT VOLTAGE. 
OUTPUT SHORT-CIRCUIT DURATION* 
DEVICE DISSIPA110N UP TO T A ~ 70°C 

Above T A ~ 70 C Derate linearly at 
AMBIENT TEMPERATURE RANGE: 

Operating - CA 107 . 

CA207. 

CA307. 

Storage - All Types. 

LEAD TEMPERATURE (During Soldering): 

±30 V 
Indefinite 

500 mW 
6.67 mWtC 

_55°C to +125°C 

_25°C to +B5°C'" 

OOC to +70°Ct 

_65°C to +150oC 

At distance 1/16± 1/32 inch (1.59 ±0.79 mm) from case for 10 seconds max .. 

*For type CA307 continuous short circuit is allowed for Case Temperature to +700 C and ambient temperature 
to +55°C. 

"'Types CA207G. S. and T can be operated over the temperature range of -55 to +125° C. although the published 
limits for certain electrical specifications apply only over the temperature range of -25to +85°C. 

tTypes CA307G. E. S. and T can be operated over the temperature range of -55 to +1250 C. although the pub
° lished limits for certain electrical specifications apply only over the temperature range of 0 to 70 C. 
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Fig. 6 - 1 If noise current vs. frequency. 
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LINEAR INTEGRATED CIRCUITS 

CA107, CA207, CA307 Types 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONsA LIMITS 

Supply Voltage (V±) = CA107 
CA307 

CA207 CHARACTE R ISTI C 5Vto15V(CA307) 
5 V to 20 V (CA107,CA207) Min. TyP.. Max. Min. 

Input Offset Voltage, T A = 25°C, RS ";;;50 kil - 0.7 2 -

VIO RS";;; 50 kil - - 3 -
Average Temperature 

Coefficient of Input 
3 15 Offset Voltage, 

- -

~VIO 

-
Input Offset Current, - 20 -

110 TA = 25°C - 1.5 10 -

Average Temperature 
Coefficient of Input 
Offset Current, See Note 1 - 0.01 0.1 -

~IIO See Note 2 - 0.02 0.2 -

Input Bias Current, - - 100 -

liB TA~25°C - 30 75 -

Supply Current, 
TA =t125°C, V± ~ 20V - 1.2 2.5 -

I± T A = 25°C, V± ~ 20 V, 
1.8 3 (CA307 V±~ 15 V) 

- -

Open- Loop Different ial V± = 15 V, 
25 15 

VO~±10V,RL;:"2kn 
- -

Voltage Gain, 

AOL V±= 15V,VO~±10V 
50 160 - 25 RL;:"2 kil, TA ~ 25°C 

Input Resistance, 
TA ~ 25°C 1.5 4 0.5 

RI 
-

Output Voltage Swing, V±~ 15 V, R[=10kil ±12 ±14 - ±12 
VOPP V±= 15 V, RL ~ 2kil ±10 ±13 - ±10 

Input Voltage Range, V±=20V, 
±15 ±12 (CA307 V± ~ 15 V) 

- -
VICR 

Common-Mode 
Rejection Ratio, RS";;; 50 kil 80 96 - 70 

CMRR 

S~pply-Voltage 

Rejection Ratio, RS";;; 50 kil 80 96 - .70 
PSRR 

Note 1: Fo( CA 107, +25, to +125°C; For CA207, +25 to +85°C: For CA307, +25 to 70°C. 

Note 2: For CA107, -55 to +25°C; For CA207, -25 to +25°C: For CA307, 0 to +25°C. 

Typ. Max. 

2 7.5 

- 10 

6 30 

- 70 

3 50 

0.01 0.3 

0.02 0.6 

- 300 

70 250 

- -

1.8 3 

- -

160 -

2 -

±14 -
±13 -

- -

90 -

96 -

• Characteristics applicable over operating temperature range as shown below unless otherwise specified. 
CA107 - TA ~ -55 to +125°C 

CA207 - T A ~ -25 to +85°C 

CA307 - T A ~ 0 to 70°C 

UNITS 

mV 

JJ.vtc 

nA 
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nA 
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V/mV 
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dB 
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Fig_ 12 - llf noise voltage vs. frequency. 
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LINEAR INTEGRATED CIRCUITS 

CA108, CA208, CA308 Types 

Precision Operational Amplifiers Applications: 

• I n.trumentation • Multivibrators 

For Military, Industrial, and Commercial Applications • Summing amplifier 

• Comparator 

• aand-peu filtars 

• Semple and hold 

RCA-CA10BT, CA10BAT, CA10BS, CA1OBAS, CA2OBT, 
CA2OBAT, CA20BS, CA20BAS, CA30BT, CA30BAT, CA30BS, 
and CA30BAS are uncompensated precision operational ampli
fiers using super-beta transistors and feature very low offset 
para mete .. , high input impedance, and defined drift rates with 
temperature change. 

In addition to low drift, these super-beta op-amps have 
input currents sU.fficiently low to insure low drift, even when 
using hid> source resistances, e_g_, 10 megohms_ 

These devices have sufficient supply rejection to operate from 
unregulated power supplies within a range of ±2 V to ±20 V, 
and the input bias current is specifically controlled for use in 
sample-and-hold applications_ 

The "A" versions have all the desirable features and charac
teristics of their prototypes plus exceptionally low input 

offset voltage characteristics_ The CA1OB, CA1OBA, CA208, 
CA208A, CA3OB, and CA308A are direct replacements for 
industry types 108,1 OBA,2DB,2OBA,3OB,3OBA, and they are 
supplied in either standard B-Iead TO-5 packages or in B-Iead 
TO-5 packages with dual-in-line formed leads ("01 L-CAN"'_ 

+ • ., 
2" 

Features: 

• Maximum input bi .. ourrent - 2 nA for CA108 It CA208 series 
7 nA for CA308 .ri •• 

• Maximum input offset current - 0.2 nA for CA108 It CA208 .ries 
1 nA for CA308 seri •• v-

• Supply current of only 300 /lA, even in .aturation 
NOTE; PIN 415 CONNECTED TO CASE 

TOP VIEW 
9l!CSwi!2020 

• Maximum input offset voltage of 0.5 mV for "AU suffix types 
FUNCTIONAL DIAGRAM 

ELECTRICAL CHARACTERISTICS, 
MAXIMUM VALUES AT TA = mOc 
Input Offset Voltage (ViOl 

Input Offset Current (1101 

Input aias Current (lial 

A •• rage Temperature Coefficient 
of Input Offset Voltage (~VIO/~TI 

Ambient Operetint-
Temperature Range 

.,. 
820A 

CA108T CA108AT CA208T CA208AT CA308T CA308AT 
CA108S CA108AS CA208S CA208AS CA308S CA308AS 

2mV O,5mV 2mV 0.5 mV 7.5mV O.5mV 

0.2nA 1 nA 

2nA 7nA 

15p.VI"C 5 iNI"c 15p.VI"C &p.VI"c 3Op.VI"c 5p.VI"C 

-85 to +12&0(: -2&to+850C Oto+700C 

Maximum Ratings, Absolute-Maximum Values at TA = 2!JDC: 
DC Supply Voltage (Between V+ and V- Terminalsl: 

CA108,CA1OBA,CA208,CA2OBA _ 40 'II 
CA308,CA3l8A _ _ _ _ _ _ _ _ _ _ _ 36 \i 

DC Input Voltage _ _ _ _ _ _ _ _ _ _ _ :t15 \i 

(For supply voltages less than ± 15 V, the absolute 
maximum input voltage is equal to the supply voltagel 

Differential Input Current _ _ . ±10 mA 
Output Short-Circuit Duration. 
Device Dissipation _ _ _ _ _ 

Ambient TemPerature Range: . 
Operating - CA10B,CA1OBA . 

CA208,CA20BA. 
CA3OB,CA30BA. 

Storage - All Types _ _ _ . 
Lead Temperature (During Solderingl: 

Indefinite 
500 mW 

-550 C to +1250 C 
-250 C to +850 C 

OOc to +700C 
-650 C to + 1500 C 

At distance 1/16 ± 1/32 inch (1_59 ± 0.79 mml from case 
for 10 seconds max. _ . _ . ______ . __ +300 oC 

., 

CF 92CS-21130RI 

Fi,. 2-8Mnt*rd frequency-compllnlllt;on. 

I~NO~ I g29 

I ~~!~r::~~~A R" RI7 RI& 
I I '--'IJ.\i.''''K~-+---AJ.1I00''1l-:--'''-''''-'\'''''''''''.-'''''-+---'''----+4 v-
L __ ...l 

Fig. 1 - Schematic diagram. 

., R2 

CAI08 v. 

THIS CIRCUIT IMPROVES 
POWER-SUPPLY NOISE 
REJECTION BY A FACTOR 
OF TEN OVER STANDARD 
CIRCUIT, 

"iCS- 21131"1 

".PUT' 

Fig. 4 - Samp!, ... nd-hold circuir. 

C4 

* POWER BANDWIDTH-Z!iOICHI 
SMALL- SIGNAL BANDWIDTH-)., MHI 

SLEW RATE.,OYl". 

tC!5.~-· 
RF 

Fig. 5 - Fur'" summing .mp!ifillr cin:uir. 
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LINEAR INTEGRATED CIRCUITS 

CA108, CA208, CA30S Types 
ELECTRICAL CHARACTERISTICS 

r---

CHARACTERISTICS SYMBOL FIG. 
No. 

Inp"' Ofl1et Voltlgll VIO 6,7 

AvtrIIIfI Temperature "VIO 
Coeffi,ien' of tnpu 
OlfoetV.II ... "T 

Input Offset Current 110 8,9 

AverIgt Temperature 
~ Cotfficient of Input 

Offseteu",nt "T 

Input Bill Current liB 10, 
II 

12, Supply Current IQ 
13 

torp.Signol Voillge AV 2.14 
Gain IS 

Input R_imnee RI 

O .... tV.ltIgII Vo 16. 
17 

Input Volhge Range VI 

Common-Mode Re-
CMRR iection Ratio 

Supply·VoItege R .. 
ileaon Ratio VRR 

No .. 1: Ambient Tempet.ture (T Ahvar 
.pplicable operating temperature ran,,_s 
lhailln below unll. oth"wist specified. 

CA1D8 CAZ08 CA308 

TEST CONDITIONS 

Supply Voillg. IVI " i5 V 
10 ±15 V 

TA" 25°C 

No •• 1 

NOlel 

Note 1 

TA - 25°C 

Note 1 

Not. 1 

TA"250C 

TA" +1250C 
TA"250C 

V'±15V.TA"250C 
VO" ±IO V. RL >10 k!! 

V· ±15 V. VO' ±10 V 

RL?IOkn.Notel 

TA"250C 

V- <IS V. RL -IOHI. 
Note 1 

V:: ±15 v. Note 1 

Note 1 

Not. 1 

CA I08A CA208A CA30BA 
-55'0 +125oC -25 to +85·C 0.0 +700C 

SUPPLY ~ClL.TAGE CV t 1-15V 

~ 
'0.05 

i 

c 

1 
~ .. 

.. 75 -SO -25 25 50 15 100 125 

AMBIENT T£IIPERATURE(Ta1-ec 
9ZCS-Zlln 

FI,. B - Input offNt cu"."t ... tsmpero",," for CA 708, 
CA708A. CA208. and CA208A. 

.. . 
i 
1: .. .. 
ii 

i 
OK) zoSC) 40 5060 

AM81ENT TEMPERATURE (TA1-·C 

70 80 

92CS-ZU39 

Nfl. " - Input'" CUrrtltlt w. r.m".,.ture for CA308 end 
CA3OBA. 

Min. 

-

-

-

-
-

-

-
-

-

50 

25 

30 

±13 

±13.5 

85 

80 

i+ 

LIMITS 

CAl OS CAI08A CA3D8 CA3D8A 
CA20S CA20BA 

UNITS 

Typ. MI)(. Min. Typ. Max. Min. Typ. MIx. Min. Typ. M ••. 

0.7 

-

3 

-
0.05 

0.5 

-
0.8 

0.15 

0.3 

300 

-
70 

114 

-

100 

96 

2 - 0.3 0.5 - 2 7.5 - 0.3 0.5 
3 - - 1 - - 10 - - 0.73 

mV 

15 - 1 5 - 6 30 - 1 5 /iVI"C 

0.4 - - 0.4 - - 1.5 - - 1.5 
0.2 - 0.05 0.2 0.2 1 - 0.2 1 

nA -

2.5 - 0.5 2.5 - 2 10 - 2 10 pAI"C 

3 - - 3 - - 10 - - 10 
2 - 0.8 2 - 1.5 7 - 1.5 7 

nA 

0.4 - 0.15 0.4 - - - - - -
0.6 - 0.3 0.6 - 0.3 0.8 - 0.3 0.8 mA 

- 80 300 - 25 300 - 80 300 -

V/mV 
- 40 - - 15 - - 60 - -

- 30 70 - 10 40 - 10 40 - MSl 

±13 ±14 - ±13 ±14 - ±13 ±14 -
V 

- ±13.5 - - ±14 - - ±14 - -

- 96 110 - 80 100 - 96 110 -
dB 

- 96 110 - 80 96 - 9~ 110 -

SUPPLY VOI..TAGE tv·I-IS v 

;0.20 

t: 
°O_I~ 
!; 

~_O-IO 

1020304050607'080 

AMBIENT TEMPERATURE (TA1-eC 
SZcs-zlI:n 

Fig. 9 - Inpur offret cur"",t no ftlmptll'BWI'e for CA308 
andCA308A. 
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Fig. '2 - Supply current vs. suppfy voltage for CAI08. 
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CA108, CA208, CA308 Types 

;~~gUENCY In -'00 Hz :: Ittt·- --H--
FOR TEST CIRCUIT, SEE FIG.2 
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Fig. 14 - Voltage gain vs. supply voltage for CA 708, CA 10BA. 
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120 

40 

'0 

SUPPLY VOLTAGE: V·&.15V, V-~-15'v' 
AMBIENT TEMPERATURE (TA)' 25-C 
VOLTAGE GAIN (A vi '1 
FOR TEST TCUITS, 5]:' a , 

POSITIVE SUPPLY 

---C,"IQOpF 
-20 

10' 10' IO~ 105 10' 

FREQUENCY (f)-Hz 

Fig 21 - Power-supply rejection for all types. 

la's AMBIENT TEMPERATURE 
6 

(TAI·O· TO 70·C · , V 
,./ 

10' 

" ,,:J.\w.Il~ 6 

· ~ 
,./ , 

10 
'iO'~V 

" , 
· , 
, 
10 
, , . , , . , . , " to 10 

, , . 6 8 

INPUT RESISTANCE {I~II- n 
'nCS-2115~ 

10' 

Fig. 24 - DrifterrQr 11$. inputres;$tance for CA108. CAI08A. 
CA208, and CA208A. 

> 
I 

~ 
w 

~ g 

LINEAR INTEGRATED CIRCUITS 
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LINEAR INTEGRATED CIRCUITS 

CA111, CA211, CA311 Types 

Voltage Comparators 
For Commercial and Industrial Applications 
"G" Suffix Types-Hermetic Gold-CHIP in 

Dual-In-Line Plastic Package 
"E" Suffix Types-Standard Dual-In-Line 

Plastic Package 
"T" and "s" Suffix Types-TO-5 Style Package 

Applications 

• Multivibrators 
• Positive and negative peak detectors 
• Crystal oscillators 
• Zero-crossing detectors 
• Solenoid, relay, and lamp drivers 

Features 

• Single- or dual-supply operation 
• Power consumption - 135 mW at ±15 V 
• Strobe capability 
• Low input-offset current: 

CA111, CA211 - 4 nA(typJ 
CA311 - 6 nA(typJ 

• Differential input-voltage range· - ±30 V 
• Directly interchangeable with National 

Semiconductor LM111, LM211, and 
LM311 Series types 

The RCA-CA 111, CA211, and CA311 are 
monolithic voltage comparators that operate 
from dual supplies up to ±15 V, or from 
single supplies down to 5 V. This single
supply capability makes the outputs of these 
devices compatible with RTL, OTL, TTL, 
and MOS circuits. In addition, they can drive 
lamps or relays, and switch voltages up to 
50 V (CA311, 40 V) at currents as high as 
50mA. 
The inputs and the outputs of the CA 111, 
CA211, and CA311 can be isolated from 
system ground, allowing the output to 
drive loads referred to ground, V+, or V-. 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8-
lead TO-5 style packages with standard leads 
(T suffix), and with dual-in-line formed leads 
("OIL-CAN", S suffix). The CA311 is also 
available in the 8-lead dual-in-line plastic 
package ("MINI· OIP",E suffix), and in chip 
form (H suffix). 

30 

v+ 

IN pur \£.x------, 

v-
NOTE: PIN 4 IS CONNECTED TO CASE 92CS-Z4319 

Functional diagram for TO·5 style package. 

~ Max,VIO Max. 110 

Type (mV) (nA) 

CA111 3 10 
CA211 3 10 
CA311 7.5 50 

GNO I 

TOP VIEW 

7 OUTPUT 

6 INPUT OffSETI 
STROBE 

5 INPUT OFFSET 

92C$-27473 

Functional diagram for plastic package. 

Max. liB Temp. Package 
Range (TA) 

(nA) °c (Suffix) 

100 -55 to +125 G,S,T 
100 -25 to +85& G,S,T 

250 o to +70t G,E,S,T 

MAXIMUM RATINGS, Absolute Maximum Values at TA = 25°C 

DC SUPPLY VOLTAGE (between V+ and V- termlnalsl ............•..•.......... 38 V 

DC INPUT VOL TAGE* .•.•......••.........••••...•.......•.•..••. ±l5 V 

DIFFERENTIAL INPUT VOLTAGE .••.•...•.......•.....•...•......... ±:30 V 
OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V741: 

CA111.CA211 ............•...•..•...............•....... " •.• 50V 
CA311 ...................................................... 40 V 

GROUND TO NEGATIVE SUPPLY VOLTAGE (V141. .........•.......•..•....• 30 V 
OUTPUT SHORT-CIRCUIT DURATION ...••...........•..•....•.......•.. 10 s 
DEVICE DISSIPATION: 

Up to T A = 25°C ...........•.•.............................•. 500 mW 

Above T A = 25°C ...........••................... derate linearly at 6.67 mW/oC 

AMBIENT TEMPERATURE RANGE: 

Operating: 

CA111 ................•.........................•... -55 to +1250C 
CA211 ................•....•........................ -25 to +85°0& 
CA311 ................•................•............. Oto +70oC t 

Storage, all types .•.•.......•....•.•....•.•.......•....••• -65 to +l50oC 

LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mml 

from case for 10 seconds max ....•........•..................... " +2650C 

"This rating applies for ±15 V supplies. Tha positive input-voltage limit is 30 V above the negative supply. 
The negative input·voltage limit is equal to the negative supply voltage or 30 V below the positive supply. 

The negative input-voltage limit is equal to the negative supply voltage or 30 V below the positive supply, 

whichever is less. 

... Types CA211G,S, and T can be operated over the temperature range of -55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper
ature range of -25 to +85°C. 

t Types CA311G,E,S and T can be operated over the temperature range of -55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper
ature range of 0 to 70oe. 



CA111, CA211, CA311 Types 

TYPICAL CHARACTERISTICS - ALL TYPES 

TIME (t)-".. 
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Fig. 1- RlI$ponse time for various input 
overdrive voltages-positive input. 
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Fig. 2 - Response time for various input 
overdrive voltaps-negative input. 

TIME (f)-,... 
Fig. 4 - Response time for various input 

overdrive voltages-positive input. 
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Fig. 3 - Schematic diagram for CA 111, CA211, and CA3". 
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Fig. 5 - Response time for various input 
overdrive voltages-negative input. 
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TYPICAL CHARACTERISTCS -CA111, CA211 

SUPPLY \OI,.TAGEIY*)flI5Y 
TEIIMlNALS 0.6. AND. SHORTEO 

c 

i a 
!:! 

5 20 

I 

SUPPLY VOLTAGE IV )-r5V 
TERMINALS 5, 6, ANO • SHORTED 

.. 200 

i 
NORMAL 

o 
_ ~ _ 0 H 50 7& ~ ~ 

AMBIENT TEMPERATURE (TAl--t; 
92CS-24381' 

Fig. 8 - Input bias current VI. embient 
IIImpefllture. 

o _ _ ~ 0 " 50 n ~ ~ 

A .. BIENT TEMPERATURE ITal--C 
MeS-Z4.J,. 

Fig. 9 - Input offset current VI. amb;"'t 
IIImperature. 

31 



LINEAR INTEGRATED CIRCUITS 

CA111, CA211, CA311 Types 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SUPPLY VOLTAGE (V±) ~ 15 V CA111 CA311 UNITS 
CA211 

UNLESS OTHERWISE SPECIFIED TYP. MAX. TYP. MAX. 

I nput Offset 
Rs ...; 5 k n , Note 2 

'TA=250C 0.7 3 2 7.5 
mV Voltage, V 10 Note 1 - 4 - 10 

VI = -5 mV,lo = 50mA 
TA=250C 0.75 1.5 - -

(For CA311, VI "';-10 mV) 
V 

Saturation Voltage V+ ~4.5 V, V-eO. VI"'; -6 mV, 

ISINK "';8 mA Note 1 0.23 0.4 - -
(ForCA311,VI "';-10mV) 

Input Voltage 
Note 1 ±14 - ±14 - V Range, VIPP 

I nput Offset TA = 25°C 4 10 6 50 
nA 

Current, 110 Note 2 Note 1 - 20 - 70 

Input Bias TA=25OC 60 100 100 250 
Current, liB Note 2 nA 

Note 1 - 150 - 300 
Positive Supply 
Current, 1+ TA = 25°C 5.1 6 5.1 7.5 mA 

Negative Supply TA=25OC 4.1 5 4.1 5 mA Current 1-

Output Leakage VI~5mV,Vo=35V TA=25°C 0.2 10 - - nA 
Current (For CA311, VI ~ -10 mY) 

Note 1 0.1 0.5 - - pA 

Strobe On Current TA=25uC 3 - 3 - mA 

Voltage Gain, A TA=25OC 200 - 200 - V/mV 

Response Time 100 mV Input Step with 
TA=25OC 200 200 5 mV overdrive voltage - - ns 

Note 1: Ambient temperature (TAl over applicable operating temperature range as shown 
below. 

CAlll 
-55 to +125°C 

CA211 
-25 to +85°C 

CA311 
Oto +70oC 

Note 2: The input offset characteristics given are the values required to drive the output to 
within 1 V of either supply with a l·mA load. These characteristics define an error 
band which takes into account the worst·case effects of voltage gain and input 
impedance. The input offset voltage, input offset current, and input bias current 
specifications apply for any supply voltage from a 5 V single supply up to a ±15 V 
dual supply. 

32 

OUTPUT CURRENT tIO)-MAo 
neS-M5IZ 

Fig. 73 - Output saturation voltage vs. 
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CA111, CA211, CA311 Types 
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LINEAR INTEGRATED CIRCUITS 

TYPICAL CHARACTERISTICS - CA311 
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LINEAR INTEGRATED CIRCUITS 

CA124, CA224, CA324 Types 

Quad Operational Amplifiers 

For Commercial, Industrial, and Military Applications 

The RCA-CA124, -CA224, and -CA324 con
sist of four independent, high-gain opera
tional amplifiers on a single monolithic 
substrate. An on-chip capacitor in each of the 
amplifiers provides frequency compensation 
for unity gain. These devices are designed 
specifically to operate from either single or 
dual supplies, and the differential voltage 
range is equal to the power-supply voltage. 
Low power drain and an input common
mode voltage range of from 0 V to V+ -1.5 V 

(single-supply operation) make the CA 124, 
CA224, and CA324 suitable for battery 
operation. 

The CA124, CA224, and CA324 are supplied 
in a 14-leaddual-in-line plastic package (E 
suffix), or in a hermetic gold-chip 14-lead 
dual-in-line plastic package (G suffix) to pro
vide true hermetic performance. The CA324 
is also available in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). 

MAXIMUM RATI NGS, Absolute-Maximum Values at T A = 2fiOC 

SUPPLY VOLTAGE 32 Vor ±16V 
±32V 

-0.3 V to +32 V 
50mA 

DIFFERENTIAL INPUT VOLTAGE. 
INPUT VOLTAGE ....•. 
INPUTCURRENT(V,<-O.3V)t . 

OUTPUT SHORT CIRCUIT TO GROUND 
(V+";;15 V)* 

DEVICE DISSIPATION: 
Up to T A = 550 C 

Above TA = 550 C . 

AMBIENT TEMPERATURE RANGE: 
Operating. 
Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ±O.79 mm) 
from case for 10 seconds max. 

Continuous 

750mW 

derate linearly at 6.67 mW/oC 

-55 to +1250 C 
-65 to +1500 C 

*The maximum output current is approximately 40 mA independent of the magnitude of V+. Continuous 
short circuits at V+ > 15 V can cause excessive power dissipation and eventual destruction. Short circu its 
from the output to V+ can cause overheating and eventual destruction of the device. 

tThis input current will qnly exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitiC transistor 
action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the 
V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. 
This transistor action is not destructive and normal output states will re-establish when the input voltage, 
which was negative, again returns to a value greater than -0.3 V dc. 
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Fig. 2-Schematic diagram-one of four operational amplifiers. 

HE" Suffix Types: Standard Dual-In-Line 
Plastic Package 

"G" Suffix Types: Hermetic GOld-Chip 
Dual-In-Line Plastic Package 

Features: 
• Operation from single or dual supplies 
• Unity-gain bandwidth. . . . . . 1 MHz (typ.) 
• DC voltage gain ...... 100 dB (typ.) 
• InplJt bias current. 45 nA (typ.) 
• Input offset voltage 2 mV (typ.) 
• Input offset current 5 nA (typ.) 

for CA224, CA324 
3 nA (typ.) for CA124 

• Replacement for industry types 124,224,324 

Applications 

• Summing amplifiers 

• Multivibrators 

• Oscillators 

• Transducer amplifiers 

• DC gain blocks 

OUTPUT I I )--t~~-, 

NEG 
INPUT I 

pos 
INPuT I 

POS 
INPUT 2 

" GROUNQ 

f'I,f;UT 2 6 9 r:.~tT 3 
OUPUT 2 7}-1-_~ 
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Fig. t - Functional diagram. 
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LINEAR INTEGRATED CIRCUITS 

CA124, CA224, CA324 Types 

ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 

TEST CONDITIONS CA124 CA224, CA324 
LIMITS LIMITS 

CHARACTERISTIC Supply Voltage (V+) = 5 V UNITS 
Unless Otherwise Specified Min. Typ. Max. Min. Typ. Max. 

TA = 2SoC 

Input Offset Voltage. V 10 Note 3 - 2 5 - 2 7 mV 

Output Voltage Swing, VOpp RL =2kil 0 - V+ -1.5 0 - V+-1.5 V 

Input Common-Mode Note 2, V+=30 V 0 - V+ -1.5 0 - V+-1.5 V Voltage Range, V ICR 

Input Offset Current, 1'0 11+-1,- - 3 30 - 5 50 nA 
Input Bias Current, liB 'I + or '1-' Note 1 - 45 150 - 45 250 nA 

Output Current (Source). '0 
V I+=+l V, VI-=O V, 

20 40 20 40 - mA 
V+=15 V -

VI+=O V,V,-=l V,V+=15 V 10 20 - 10 20 - mA 
Output Current (Sink), '0 

"'1+=0 V,VI-=l V, 
VO=200 mV 12 50 - 12 50 - pA 

Large-Signal Voltage Gain, A RL;;;'2 kil,v+=15 V 94 100 - 88 100 - dB 
(For large Vo swing) 

Common-Mode Rejection Ratio, 
DC 70 85 - 65 70 - dB CMRR 

Power Supply Rejection Ratio, 
DC 65 100 - 65 100 - dB 

PSRR 

Amplifier-to-Amplifier f=l to 20 kHz (Input re-
- -120 - - -120 - dB Coupling ferred) 

T A = -55 to +12SoC 
T A = -40 to +8SoC (CA2241. 

T A = 0 to 70°C (CA324) 

Input Offset Voltage, V'O Note 3 - - 7 -

Temperature Coefficient of 
Rs = 0 - 7 - -

Input Offset Voltage,a:VIO 

Input Offset Current, 110 11+ -1,- - - 100 -

Temperature Coefficient of 
- 10 - -

Input Offset Current, a:110 

Input Bias Current, liB I, + or 'I - - 300 -

Supply Current, 1+ RL = 00 On All Amp!. - 0_8 2 -

Input Common-Mode V+ = 30 V 0 - V+-2 0 
Voltage Range, V ICR 

Large-Signal Voltage Gain, A RL;;;'2 kil,v+=15 V 88 - - 83 
(For large Vo swing) 

Output Voltage Swing: 
RL =2 kil,v+=30 V 26 26 - -

High-Level, VOH 
RL=10kil 27 28 - 27 

Low-Level, VOL RL=10 kil ~ 5 20 --

Output Current: 
V I+=l VDC,VI-=O, 

Source, 10 V+=15 V 10 20 - 10 

Sink,lO 
V, =1 VDC,VI+=O, 

5 8 - 5 V+=15 V 

Differential Input Voltage Note 2 - - V+ -

NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the IC. No loading 
change exists on the input lines because this current is essentiallv constant, independent of 
the state of the output. . 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go 
negative by more than 0.3 V. The positive limit of the common·mode voltage range is 
V+ - 1.5 V, but either or both inputs can go to +32 V without damage. 

NOTE 3: V 0 = 1.4 V DC' Rs = 0 n with V+ from 5 V to 30 V: and over the full input common
mode voltage range (0 V to V+ - 1_5 VI_ 

- 9 mV 

7 - IN/oC 

- 150 nA 

10 - pA/oC 

- 500 nA 

0.8 2 mA 

- V+-2 V 

- - dB 

- -
V 

28 -

5 20 mV 

20 - mA 

8 - mA 

- V+ V-'J 
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LINEAR INTEGRATED CIRCUITS 

CA124, CA224, CA324 Types 

1 
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AMBIENT TEMPERATURE (TA)-OC 
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Fig. 3-lnput current vs. ambient temperature. 
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Fig. 6-0utput current vs. ambient temperature. 
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Fig. 9-Open·loop frequency response. 

TYPICAL CHARACTERISTICS CURVES 
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CA139, CA239, CA339 Types 

Quad Voltage Comparators 

For Industrial, Commercial, and Military Applications 

The RCA-CA 139, -CA239, -CA339, -CA 139A, 
-CA239A, and -CA339A types consist of four 
independent single- or dual-supply voltage 
comparators on a single monolithic substrate. 
The common-mode input voltage range in
cludes ground even when operated from a 
single supply, and the low power supply cur
rent drain makes these comparators suitable 
for battery operation. These types were de" 
signed to directly interface with TTL and 
and CMOS. 

Types CA139A, CA239A, and CA339A 
have all the features and characteristics of 
thei r prototype counter parts CA 139, CA239, 
and CA339 plus an even lower input-offset
voltage characteristic. These devices are sup
plied in a 14-lead dual-in-line plastic package 
(E suffix), or in a 14-lead dual-in-line plastic 
package with a hermetic chiJ:. (G suffix), to 
provide true hermetic performance. The 
CA339 is also available in chip form (H 
suffix), and as a hermetic chip (HG suffix). 

MAXIMUM RATI NGS, Absolute-Maximum Values at T A = 2!PC: 

DC SUPPLY VOLTAGE .......... _ ..... _ ............ . 
DC DIFFERENTIAL INPUT VOLTAGE ... _ ............ . 
INPUT VOLTAGE .............. _ .................. . 
INPUT CURRENT (VI < -0.3 V)* ........ _ ............ . 
OUTPUT SHORT CIRCUITTO GROUN~ 

(Single Supply) .................... _ ............. . 
DEVICE DISSIPATION: 

Up to T A = 550 C ............................... . 

36 Vor ±18 V 
±36V 

-0.3 V to +36 V 
50mA 

Continuous 

750mW 
Above T A = 550 C ................................ derate linearly at 6.67 mW;oC 

AMBIENT TEMPERATURE RANGE: 
Operating ...................................... . -55 to +1250 C 
Storage ........................................ . -65 to +1500 C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 seconds max. 

* Inputs must not go more negative than -0.3 V. 

"Short circuits from the output to V+ can c~use excessive heating and eventual destruction. 
The maximum output current independent of V+ is approximately 20 mAo 

t----~--_---_-----TO 2,3,4 

-INPUT 
4,}---4--~-----+--~~ 

t--------4>---~--~-~---< .. TO 2,3,4 

\~---------------'I------------~I 
.COMPARATOR NO. I 

Fig_ 1 -SChematic diagram. 

~+ 2 I 

6 -

~I+ 4 13 

I -

~+ 3 14 

8 -

92CM-241S0RI 

LINEAR INTEGRATED CIRCUITS 

"E" Suffix Types: Standard Dual-In-Line 
Plastic Package 

uG" Suffix Types: Hermetic Gold-Chip 
Dual-In-Line Plastic Package 

Features: 
• Operation from single or dual supplies 
• Common-mode input-voltage range to ground 
• Output voltage compatible with TTL, DTl, 

ECl, MOS, and CMOS 

• Differential input-voltage range equal to the 
supply voltage 

• Maximum input-offset voltage (VIO); 
CA139A, CA239A, CA339A - 2 mV 
CA139, CA239, CA339 - 5 mV 

• R ......... tf9/' industry types 139,239 
339, 139A, 239A, and 339A 

Applications: 
• Square-wave generators 
• Time-delay generators 
• Pulse generators 
• Multivibrators 
• High-voltage digital logic gates 
• AID converters 
• MOS clock timers 

OUTPUT 2 I ).......!--~ 

NEG. INPUT I 4 II pos. INPUT 4 

NEG. INPUT 2 6 

POS. INPUT 2 7).......!---' 

9 POS. INPUT 3 

'---+-{i8 NEG. INPUT 3 

TOP VIEW 

92CS-24 149 

Fig. 2 -Functional diagram. 

TYPICAL CHARACTERISTICS 

SUPPLY VOLTAGE IV+ I-V 
92CS-141!5IRI 

Fig. 3-Supply cur"nt VS. supply voltage. 
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LINEAR INTEGRATED CIRCUITS 

CA139, CA239, CA339 Types 

38 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

V+·SV CA13t CA139A 
CHARACTE RISTIC 

Unl ... otherwise 
indie.ted Min. Typ. MIlK. Min. Typ. ~x. 

Input Offset 2SoC - 2 5 - 1 2 
Voltage (Vlpl VREF = 
At Output SWitch 1.4 V,RS=O Note 1 - - 9 - - 4 
Point V 2! 1.4 V 

Differential Input 
Keep all inputs ;;.0 V 

Voltage (V ID I 
for V- (If usedl, - - 36 - - 36 
Notes 1,2 

VI = 1 V. 
2SoC 2S0 500 250 SOO Saturation Voltage VI+=OV, 

- -

(Vsatl ISINK .;; 
4mA 

Note 1 - - 700 - - 700 

Common·Mode 
2SoC 0 V+ -1.S V+-l.5 

Input Voltage Note 3 
- 0 -

Note 1 0 V+-2 V+-2 
Range (VICRI 

- 0 -

Input Offset 
Current (1101 

CAl39, CAl39A - 3 25 - 3 25 

CA239, CA239A 
25°C 

11+ - 11- - 5 SO - 5 50 
CA339, CAJ39A 

CAl39, CAl39A - - 100 - - 100 

CA239. CA239A Note 1 

CAJ39, CA339A 
- - 150 - - 150 

Input Bias Current 

(lIBI 

CAl39.CAI39A 
25°C - 25 100 - 25 100 

CA239, CA239A 
11+ or 1,-

CAJ39, CA339A 
with Output - 25 250 - 25 250 
in linear 

CAl39. CAl39A Range - - 300 - - 300 

CA239, CA239A Note 1 400 400 
CA339, CA339A - - - -

Supply Current (1+1 
RL = 00 on all com- - 0.8 2 - 0.8 2 
para tors, T A = 25°C 

VI+;;'l V. 
VI- =0, 250 C - 0.1 - - 0.1 -

Output Leakage Vo = 5 V 

Current VI+;;'l V. 
VI- =0. Note 1 - - 1 - - 1 
Vo = 30V 

VI ;;'1 V. 
Output Sink VI+ = 0, 

6 16 16 
Current Vo 0;;;+1.5 V, - 6 -

TA = 25°C 

Voltage Gain (AOLI 
RL ;;'15 kUY+=15 V, - 200 - 50 200 -
TA = 25°C 

VI = TTL Logic 

Large Signal Swing, VREF = 

Response Time 
+1.4 V,VRL = 50 V, - 300 - - 300 -
RL = 5.1 kU, 

TA = 25°C 

Response Time 
VRL=5V, 
RL = 5.1 kn, - 1.3 - - 1.3 -

See Figs. 5 & 6 
TA = 25°C 

Note 1: Ambient Temper.ture (TAt applicable over operating temperature range as .... own below. 

CA 139 1-55'0 +l25oC) I CA239 1-25'0 +85oC) I CA339 10'0 '70oC) 
CAI39A CA239A CA339A 

UNITS 

mV 

V 

mV 

V 

nA 

nA 

rnA 

nA 

IlA 

rnA 

V/rnV 

ns 

1'5 

NOI,2: The comparator will provide a proper output "ate even: if the positive lINing of the inputllxceedl 

Notel: 

thl power supply volt ... level, if Ihe other inpul remainl Within the common·mode volt", renge. 
The low inpul volt ... II.t. mUll nOI be I .. then -0.3 V (or 0.3 V below the lNgI'Iitude of me 
negative power IUpply, if u_). 
The upper Ind of the common-mode volt .... r .... il (V+) - 1.5 V, bul either or both inputl c.n 
go to +30 V wi.hout <10_. 

TYPICAL CHARACTERISTICS (Cont'd) 

1 
1. 
:: 
... z 
w 

" " :> 
u ... 
:> .. 
! 

COMMON-MODE tNPUT VOLTAGE IYJc)'O V t 
COMMON-MODE INPUT RESISTANCE 1RIC"lo9n l 

60 

!IO 

40 

30 

2 

'0 

o 

~M8IENT TEMPERATURE',TA)'O'C 
25·C 

'0 20 30 

SUPPLY VOLTAGE IV+)-V 

40 

Fig. 4-lnput current vs. supplV voltage. 

TIME (t1-,..5 
92CS-Z4'U 

Fig. 5-Response time for various input 
overdrives-negative transition. 

TI_III-,.. 

Fig. 6-Response time for various input 
overdrives-positive transition. 

OUTPUT SINk CURRENT (I 0) - mA 

92CS-24155 

Fig. 7-0utput saturation voltage vs. output sink 
current. 



LINEAR INTEGRATED CIRCUITS 

CA270 Types 

TV Synchronous Demodulators Features: 
• Synchronous detector with single tuned coil 

For Color and Black-and White TV Systems 

The RCA-CA270AW, CA270BW, anp CA-
270CW are integrated circuits which perform 
the functions of synchronous detection of 
the TV if, video amplification and buffering, 
and noise inversion on dual-polarity wave
forms_ These devices also offer agc and afc 
facilities for use with n-p-n transistor if .ampli
fiers and tuners. Both positive and negative 
polarities of video output are available. This 
feature provides great flexibility by permitting 
the designer to use either output for' deriviflg 
the video and sound channels. . 

The RCA-CA270 series is pin-compatible and 
electrically similar to the industry series 
TCA270, but incorporates several improved 
features. In particular, improved white noise 

I 
I 
I 
I 
I 
L- __ 16 

DETECTOR 
TUNING 

QUADRATURE 
TUNING 

AFC 
OUTPUT 
(CA270AW AND 
CA270BW 
ONLY) 

inversion and sync inversion systems force 
overshoots in the video waveform to be 
returned to accuriltely defined potentials. 
This design effectively removes dependence 
on both the degree of overshoot and tempera
ture variations. In addition, reduced current 
consumption assures lower over-all power 
dissipation, thereby improving reliability. 

The three types are electrically identical in 
most parameters. The CA27QB has the most 
stringent limits on white level, videp in
version, and afc dc offset. The CA270C has 
the least stringent limits on white leve'l and 
video inversion, and no afc limits. 

The CA270 series is supplied in a 16-lead 
staggered quad-in-line plastic package ("W" 
suffix). 

AGC 
FILTER 

92CM-26927 

• Provides rf and if age (forward) 
• Tuner afc available with single quadrature coil 
• Dual-polarity noise inverters 
• Video amplifier 
• Positive- and negative-polarity buffered video 
• Differential if input 
• Optional use of gating pulse 
• Low-voltage, single-polarity power supply 

IF IN 16 V-(GNDI 

IF IN 2 15 DEMOD. COIL 
V+{SUPPLY) 3 14 DEMOD. COIL 
AGC (TUNERI 4 13 AFC COIL 
AGC (lFI 5 12 AFC COIL 

AGC (FILT"Rl 6 II AFC OUTPUT 

GATE (NEG.) 7 10 -VIDEO OUTPUT 
OR + SYNC 

N.C. 8 9 + VIDEO OUTPUT 

TOP VIEW 92CS-26935 

Terminal assignment. 

TUNER R F STAGE 

Vc 
20V 

2 
kA 

92CS-26928 

Fig. 2-Supply-current test circuit. 

Fig. '-Functional block diagram of CA270AW, CA270BW, and CA270CW 
TV synchronous demodulator. 

MAXIMUM RATINGS, 
Absolute-Maximum Values at TA=2!PC: 
DC SUPPLY VOL TAGE(Between Terminals 3 
and 16 for 10 s max., with current limited 
to 100 mAl .....•...••..... : . . . . . .. 18 V 

DEVICE DISSIPATION: 
Up to T A = 55°C .••.•........... 750 mW 
Above T A = 55°C ... derate linearly 7.9 mW/oC 

OPERATING TEMPERATURE RANGE 
........................... , -40 to +550 C 
STORAGE TEMPERATURE RANGE 
.............••.....•....... -66 to +150oC 
LEAD TEMPERATURE (During Soldering) 
At distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 
from case for 10 s max. . .....•..... +266oC 

+12V 

180 
A 

10kA 

IF CONTROL STAGE 

330 A 

V 
,...... __ '--_-'-_-'-_--' __ '--_.J. -_ -_ -_ --L..,-_nOPTIONAL L~ING ~~:: 

DEMOD. 
TANK 

CIRCUIT 

*L 1 • L2 • 7 turns 28 twa tne wire 
"0.3 uh; Q (u"I_1 • 125 

Coil 0.0 .• 0.220" (5.6 mml 
Freq. - 38.9 MH. 

"'cA27OCW il not specified for AFC. 

AFC 
QUAD. 

CIRCUIT 

o OFF 

VIDEO OUTPUTS 

- ~--"'}"i;.,-- - -:-9V 
.v:.---V-6V 

+ 28 V STABILIZED 

~ ~U~~;~~~~ETERS 
.--------... I I 

r---I- .. --~., I 

~~~~~~~~I~~ ~~~~ 
:X I I 

TUNING 
VOLTAGE 

I I * ? 
92CL-2692' 

Fig. 3-Typical application circuit for CA279.AWand CA270BW. 
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LINEAR INTEGRATED CIRCUITS 

CA270 Types 
V+ 
12V I kn 

loF 

100l'F 

V+ 

12 V 

50kO 

IBon 
10 kO 

I,.F 

(CA270fJIN AND 
CA270BW ONLY) 

AFC 

IkO 
AGC TO 
RF AMPL. 

~~~-+--------------o 

1.2 kn AGC TO 
IF AMPL. 

Fig. 4-Test circuit for CA270AW, CA270BW, and CA270CW. 

9:?CS ?6930 

ELECTRICAL CHARACTERISTICS at TA = 250 C, Supply Voltage (V+) = 12 V, 
and Referenced to Test Circuit (Fig. 4). 

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. 

Supply Voltage, V+ V+=12 V 10.2 12 13.8 

Supply Current, 1+ V+=12 V 22 40 56 
(See Fig. 2) 

Video O1aracteristics: 
DC Output Voltage, CA270AW 5.7 6 6.3 
Term.9 (See Fig. 5) Zero Signal CA270BW 5.8 6 6.2 

CA270CW 5.5 6 6.5 

DC Output Voltage, CA270AW 5.6 6 6.4 
Term.l0 (See Fig. 5) Zero Signal CA270BW 5.'7 6 6.3 

CA270CW 5.5 6 6.5 

Sync Tip Output Output=AGC thres- - 3 -

Voltage, Term.9 hold (non-gated) 

AC Input Voltage, Input for output= 50 70 100 
Terms.l,2 AGC threshold 

Input Res.,Term.l - 3.3 -
Input Res., Term.2 - 3.3 -

Video Bandwidth, At output = -3 dB - 5 -
Term.9 

Differential Gain See Note 1 - - 10 

Differential Phase See Note 1 - - 10 

Intermod. Products: 
Beat Freq.,1.6 MHz See Note 1 (95% sat. - - -60 
Beat Freq.,2.8 MHz blue colour bar) - - -67 

Rejection at Carrier F=Video Carrier;VIN -40 - -

Freq., Terms.9,10,11 for Term.9(dc)=3.7V 

Rejection,Twice Carrier F=2X Video Carrier; -40 - -
Freq.,Terms.9, 10, 11 VIN for Term.9(dc) 

=3.7 V 

AGC Characteristics: 
Sat.Voltage, Term.4 Zero Sig.; 14 = 10 mA - - 0.3 

Sat. Voltage, Term.5 Zero Sig.; 15 = 10 mA 0.7 - 1.2 

40 

UNITS 

V 

mA 

V 

V 

V 

mV 

Kn 
Kn 
MHz 

% 

deg 

dB 
dB 

dB 

dB 

V 

V 

> 
I .... 
:J 
n. .... 
a 
o 
'" o 

9 

:;: 3 

VIO 

V9 

OL-----------------~H~O~R.~SC=AN 
TlME-,.. 

92C$-26$3t 

Fig. 5-Typical waveforms for video outputs. 
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Fig. 6-Typical AFC characteristic. 
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Fig. 7-Typical AGCcharacteristics. 
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Fig. 8-Typical transfer characteristics. 



CA270 Types 

ELECTRICAL CHARACTERISTICS at T A = 250 C, Supply Voltage (V+) = 12 V. (Cont'd) 
and Referenced to Test Circuit (Fig. 4). 

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS 

Breakdown Voltage. 14 or 15=1 mA (sink) 14 - - V 
Terms. 4,5 

Control Current, 10 - - mA 
Terms. 4,5 

Current Ratio 14115 15 = 1 mA 6 - -

Input Signal Increase AGC from threshold - - 0.5 dB 
with resp. to AGC to max. 
Threshold (See Fig.7) 

AGC Gating Pulse Input, Pulse voltage=V+to 0; 2 - V+ V 
Term. 7 (optional) See Note 2 

Input Res.,Term.7 - 1.8 - Kil 

AFC Characteristics: 
(See Fig. 6) CA270AW 10 - -
Output Voltage, f = fo ± 0.2 MHz CA270BW 10 - - Vp_p 
Term. 11 CA270CW - - -

Output Voltage, CA270AW 10 - -
Term. 11 f = fo ± 1.2 MHz CA270BW 10 - - Vp_p 

CA270CW - - -

DC Offset Voltage, Zero Sig.;measured CA270AW -1.7 - 1.7 
Term. 11 across RL = CA270BW -1 - 1 V 

50 Kilto +6 V CA270CW - - -
Noise Inverter 
Character istics: 

Inversion Threshold, Positive noise pulses - 6.6 - V 
Term. 9 

Inversion Threshold, Negative noise pulses - 2.2 - V 
Term. 9 

Noise Inversion Signal inversion threshold - 10 - mV 
Sensitivity,Term.9 for complete inversion 

Video Inversion 
Characteristics: 

Video Inversion, Carrier increase CA270AW - - 0.2 
Term. 9 (at from 0 to 5 mV CA270BW - - 0.1 V 
low carrier levels) (appx.8% carrier) CA270CW - - 0.3 

Note 1: CCIR modulation system, peak white = 10% carrier. 
Note 2: Maximum pulse amplitude must never exceed the supply voltage (V+)' 

APPLICATIONS 

The diagram shown in Fig. 3 is typical of the 
type of circuit used in a practical application 
of the CA270 series devices. 

Video Detector 

The if input signal may be applied push-pull 
to terminals 1 and 2, or single-ended to either 
terminal 1 as shown, or to terminal 2. These 
input terminals are internally biased. 

The detector tank circuit can be tuned by 
applying a 50 mV cw signal of video if fre· 
quency to the input and adjusting the in
ductor L 1 for maximum differential output 
between terminals 9 and 10. The input sig
nal is then reduced to 25 mV and L 1 is re
adjusted for maximum output. 

AFC Detector 

The afc quadrature tank circuit should be 
tuned only after the detector adjustment has 
been made. Using the same input signal, in
ductor L2 should be adjusted for 6 V dc 
output at terminal 11. The 0.5-pF= quadrature 
phase-shift coupl ing capacitors can affect 
symmetry and actual values will depend on 
the layout used. When L 1 and L2 are properly 
tuned, the output swing at terminal 11 will 
be 10 volts minimum for frequencies of 
±0.2 MHz to ±1.2 MHz about the if carrier 
frequency. 

LINEAR INTEGRATED CIRCUITS 

AGC Detector 

The agc threshold, corresponding to sync tip 
level, is approximately 3 volts at terminal 9. 
Full agc potential will be developed if the 
input signal increases by 0.5 dB maximum 
with respect to the threshold value. The agc 
control at terminal 4 is intended for tuner 
control. The agc control at terminal 5 is for 
forward agc control of n-p-n transistors in the 
if amplifier. When sinking 10 mA, the zero
signal agc voltage at terminal 4 is 0.3 volt 
maxi mum; at terminal 5, it is 1.2 volts maxi
mum. 

The design of the device is such that the sink 
current at terminal 4 is a minimum of 6 times 
that at terminal 5. The rf agc sink current be
gins to decrease when the if sink current is 
about one-sixth of that required to saturate 
the rf agc output at terminal 4. The rf age 
delay may be adjusted by means of a variable 
resistor between terminalS and ground. This 
adjustment modifies the if system gain, thus 
affecting the rf delay threshold. At maximum 
gain the current into terminalS is large com
pared to the current in the variable resistor 
and adjustment is ineffective. As the signal 
increases and rf agc is applied, the terminal 5 
sink current approaches zero and the if agc is 
determined by the value of the variable re
sistor. 

A horizontal gating pulse may be applied to 
terminal 7 to gate the agc detector. The 
agc threshold (sync tip) decreases' approxi
mately 0.3 volt at terminal 9 when gating is 
used. The gating pulses must be negative
going with a recommended minimum ampli
tude of 3 volts. They may be ac or dc coupled, 
but the maximum peak value must not ex
ceed the dc supply voltage at terminal 3. If 
dc coupling is used, the potential during fly
back should be 'less than 0.5 volt and during 
scan, greater than 1.5 volts. 

Noise Inverter 

Noise pulses in excess of 6.6 volts at terminal 
9, which would result in "white spots", are 
processed in the device by inverting and 
clamping them to near black level (approx. 
3.6 V). Noise pulses at levels of less than 2.2 
volts at terminal 9 which would result in 
sync noise interference, are inverted and 
returned to black level. 

Complete inversion occurs for signals TO mV 
above the inversion threshold. 
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LINEAR INTEGRATED CIRCUITS 

CA555, CA555C Types 

nmers 

For Timing Delays & Oscillator Applications in 
Commerciai, Industrial, and Military Equipment 

The ~CA-CA555 and CA555C are highly 
stable timer~ for use in precision timing and 
oscillator applications. As timers, these 
monolithic integrated circuits are capable of 
producing accurate time c;telays for periods 
ranging from microseconds through hours. 
These devices are also useful for astable oscil
lator operation and can maintain an accurate
ly controlled free-running frequency and 
duty cycle with only two external resistors 
and one capacitor. 

The circuits of the CA555 and CA555C may 
be triggered by the falling edge of the wave
form signal, and the output of these circuits 
can source or sink up to a 200-milliampere 
current or drive TTL circuits. 

MAXIMUM RATINGS,Absolute·Maximum Values; 

DC SUPPLY VOLTAGE 18 V 
DEVICE DISSIPATION: 

Up to T A = 55°C . 600 mW 
Above T A = 55°C Derate linearly 5 mWf'C 

AMBIENT TEMPERATURE RANGE (All Types): 
Operating 
CA555 -55 to +125 °c 
CA555C 0 to 70 °C& 
Storage -65 to +150 °c 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16":!: 1-/32" 

(1.59 ± 0.79 mm) from case 
for 10 seconds max. . +265 

The CA555 and CA555C are supplied in 
hermetic IC Gold-CHIP 8-lead dual-in-line 
plastic packages (G Suffix), standard a-lead 
TO-5 style packages (T suffix). 8-lead TO-5 
style packages with dual-in-line formed leads 
(DIL-CAN, S suffix). 8-lead dual-in-line plas
tic packages (MINI-DIP, E suffix), and in 
chip form (H suffix). These types are direct 
replacements for industry types in packages 
with similar terminal arrangements e.g.SE555 
and NE555, MC1555 and MC1455, respec
tively. The CA555 type circuits are intended 
for applications requiring premium electrical 
performance. The CA555C type circuits are 
intended for applications requiring less strin
gent electrical characteristics. 

I GROUND (SUBSTRATE! 

Fig. 1 - Functional diagram of the CA555 
series. 
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Fig. 2 - Schematic diagram of the CA555 and CA555C. 

&The CA555E. S, J, and T can be operated over the temperature range of _55°C to +125°C 
although the published limits foor certain electrical specifications apply only over the 
temperature range of 0 to + 70 C. 
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CA555G, CA555CG: 

Hermetic Gold-CHIP 8-Lead Dual-In-Line 
Plastic Package (MINI-DIP) 

CA555T, CA555CT: 

Standard 8-Lead TO-5 ~tyle Package 

CA555S. CA555CS: 

Standard 8-Lead TO-5 Style Package 
With Formed Leads (01 L-CAN) 

CA555E. CA555CE: 

8-Lead Dual-I n-Line Plastic Package 
(MINI-DIP) 

Features: 
• Accurate timing from microseconds 

through hours 
• Astable and monostable operation 
• Adjustable duty cycle 
• Output capable of sourcing or sinking 

up to 200 mA 
• Output capable of driving TTL devices 
• Normally ON and OFF outputs 
• High-temperature stability -0.OO5%/oC 
• Directly interchangeable with SE555, 

NE555,MC1555, and MC1455 

Applications: 
• Precision timing 
• Sequential timing 
• Time-delay generation 
• Pulse generation 
• Pulse-width and position modulation 
• Pulse detector 

:::::[]' : :,:CHARG' 
OUTPUT :3 6 THRESHOLD 

RESET 4 5 ~'b~+:g~ 

TOP VIEW 

•. MINI-DIP plastic package 
TO-6 style packaa. with formed leads 

v+ TAB 

RESET 

TOP VIEW 

9ZCS-Z4951 

b. T0-6 style package 

Fig. 3 - Terminal assignment diagrams. 



CA555, CA555C Types 
ELECTRICAL CHARACTERISTICS, At TA = 2fiOC, v+ = 5 to 15 V unless otherwise specified 

LIMITS 

CHARACTERISTIC TEST CONDITIONS CA555 CA555C UNITS 

Min. Typ. Max. Min. Typ. Max. 

DC Supply Voltage, 
V+ 4.5 - 18 4.5 - 16 V 

V+ = 5 V, 

DC Supply Current RL = 00 - 3 5 - 3 6 rnA 

(LowState)*,I+ V+ = 15 V, 

RL = 00 - 10 12 - 10 15 rnA 

Threshold Voltage, 
VTH - (2/3)V+ - - (2/3)V+ - V 

Trigger Voltage 
V+ = 5 V 1.45 1.67 1.9 - 1.67 -
V+ = 15 V 4.8 5 5.2 5 

V 
- -

Trigger Current - 0.5 - - 0.5 - J.J.A 

Threshold Current., 

'TH - 0.1 0.25 - 0.1 0.25 /lA 

Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V 

Reset Current - 0.1 - - 0.1 - rnA 

Control Voltage V+ = 5 V 2.9 3.33 3.8 2.6 3.33 4 V 

Level V+ = 15 V 9.6 10 10.4 9 10 11 V 

V+ = 5 V 
0.25 0.35 

ISINK = 5 rnA 
- - - -

V 
ISINK = 8 rnA - 0.1 0.25 - - -

Output Voltage V+ = 15 V 
0.1 0.15 0.1 0.25 Drop: ISINK = 10 rnA 

- -
Low State, VOL 

ISINK = 50 rnA - 0.4 0.5 - 0.4 0.75 

ISINK = 100 rnA - 2.0 2.2 
V 

- 2.0 2.5 

ISINK = 200 rnA - 2.5 - - 2.5 -

V+ = 5 V 
3.0 

'SOURCE = 100 rnA 
3.3 - 2.75 3.3 -

High State, VOH V+ = 15 V V 

'SOURCE = 100 rnA 13.0 13.3 - 12.75 13.3 -

'SOURCE = 200 rnA - 12.5 - - 12.5 -

Timing Error 
Rl, R2 (Monostable) : - 0.5 2 - 1 - % 

Initial Accuracy = 1 to 100 kn 
Frequency C = 0.1 /IF 

Drift with, Tested at 30 100 50 
p/m/ 

- - - °C 
Temperature V+ = 5 V, 

Drift with Supply V+ = 15 V - 0.05 0.2 - 0.1 - %/V 
Voltage 

Output Rise Time, tr - 100 - - 100 - ns 

Output Fall Time, tf - 100 - - 100 - ns 

* When the output is in a high state, the dc supply current is typically 1 rnA less than the 
low·state value . 

• The threshold current will determine the sum of the values of Rl and R2 to be used in 
Fig. 16 (astable operation): the maximum total Rl + R2 = 20 Mn. 

LINEAR INTEGRATED CIRCUITS 
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o MINI~LM TRIGGER ~:ULSE) VOLT~G~ (JI;V+)* 0.4 

*WHERE. IS THE DECIMAL MUI..TIPLI ER OF THE SUPPLY VOLTAGE 

92CS-Z4960 

Fig. 4 - Minimum pulse width vs. minimum 
trigger voltage. 

92CS·24961 

Fig. 5 - Supply cum!nt vs. supply voltage. 
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Fig. 6 - Output voltage drop (high state) vs. 
source current. 

10 100 
5lNI( CURRENT (l:SINK I-rnA 

Fig.7 - Output voltage·low state vs. sink current 
at vt" =5 V. 
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LINEAR INTEGRATED CIRCUITS 

-CA555, CA555C Types 
10. SUPPLY VOLTAGE Ivt)s 10 V • > · I 

-:. 
0 2 ;: -55"\" 't; ~ ... I • +ZS·C § • • • +125 D C 

g ~ .:. 2 .. • 25,C ',2yC ~ ~ 0.1 
0 • 'E. ~1 p'" > 
0- • ~ E.'f\~"\J'f\ 
" 4~E."'1'1'f..lAf' . 
0- ~".6\ 

" 0 2 

0-01 
2 . . . 2 . • • 10 100 

SINK CURRENT (I.SINK l-mA 

Fig. 8 - Output voltage-low state vs, sink 
current at v+ = 10 II. 

0.'15 
-15 ~!K) -25 0 8 50 75 100 125 

AMBIENT TEMPERATURE (TA) _·C 
nCS-24967 

Fig. 11 - Delay time vs. temperature. 

3 V SWITCH 5I'OPEN' 
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ITERMINAL 31 

0-----..... 
9ICS-2''''' 

Fig. 14 - Typical waveforms for rellllt timer. 

TYPICAL APPLICATIONS 

Reset Timer (Monostable Operation) 
Fig.13 shows the CA555 connected as a reset 
timer. In this mode of operation capacitor 
c,- is initially held discharged by a transistor 
on the integrated circuit. Upon closing the 
"start" switch, or applying a negative trigger 
pulse to terminal 2, the integral timer flip· 
flop is "set" and releases the short circuit 
across CT which drives the output voltage 
"high" (relay energized). The- action allows 
the voltage across the capacitor to increase 
exponentially with the time constant t = 
R 1 CT. When the voltage across the capacitor 
equals 2/3 V+, the comparator resets the 
flip-flop which in turn discharges the capaci· 
tor rapidly and drives the output to its 
low state. 
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10, SUPPLY VOLTAGE (V+l;15V f-----
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• • 10 100 
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92CS-24965 

Fig.9 - Output voltage·low state vs. sink current 
at ~= 15 V. 
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Fig. 12 - Propagation delay time VI. tripr voltage. 
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Fig. 15 - Time delay vs. rllSimnce end capacitlllnce. 

Since the charge rate and threshold level of 
the comparator are both directly propor
tional to V+, the timing interval is relatively 
independent of supply voltage variations. 
Typically, the timing varies only 0.05% for 
a 1 volt change in V+. 

Applying a negative pulse simultaneously to 
the reset terminal (4) and the trigger terminal 
(2) during\ the timing cycle dischargesCT and 
causes the timing cycle to restart. Momen
tarily closing only the reset switch during the 
timing interval discharges CT, but the timing 
cycle does not restart. 

Fig.14 shows the typical waveforms gener· 
ated during this mode of operation, and 
Fig.15 gives the family of time delay curves 
with variations in R1 and CT. 

SUPPLY VOLTAGE (V+J-V 

'2CS-24'66 

Fig. 10 - Delay time vs. supply voltage. 
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Fig. 13 - Reset timer (monostable operation). 
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T 

Fig. 16 - Repeat cycle timer (astlllble operation). 

Repeat Cycle Timer (Astable Operation) 
Fig.16 shows the CA555 connected as a 
repeat cycle timer. In this mode of oper· 
ation, the total period is a function of both 
R1 and R2; 

T = 0.693(R 1 + 2R2)c,- = t1 + t2 

wheret1 = 0.693( R 1 + R 2) CT 
and t2 = 0.693(R2)c,-

The duty cycle is: 
t2 R2 

t1+t2 R1+2R2 

Typical waveforms generated during this 
mode of operation are shown in Fig. 17. 
Fig. 18 gives the family of curves of free 
running frequency with variations in the 
value of (R1 + 2R2) and CT. 
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CA555, CA555C Types 
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Fig. 17 - Typical waveforms for repeat 
cycle timer. 

LINEAR INTEGRATED CIRCUITS 

FIlEOUENCY- Hz 
92CS'26785 

Fig.1S - Free running frequency of repeat cycle timer 
with variation in capacitance and resistance. 
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LINEAR INTEGRATED CIRCUITS 

CA723 Types 

Voltage Regulators 
For Regulated Output Voltages Adjustable from 
2 V to 37 V at Output Currents up to 150 mA 
Without External Pass Transistors 

RCA-CA723 and CA723C are silicon mono
lithic integrated circuits designed for service 
as voltage regulators at output voltages 
ranging from 2 to 37 volts at currents up to 
150 milliamperes.' 

Each type includes a temperature-compen
sated reference amplifier, an error amplifier, 
a power series pass transistor, and a current
limiting circuit. They also provide inde
pendently accessible inputs for adjustable 
current limiting and remote shutdown and, 
in addition, feature low standby current 
drain, low temperature drift, and high ripple 
rejection. 

The CA723 and CA723C may be used with 
positive and negative power supplies in a 

MAXIMUM RATINGS,Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 
(Between v+ and V- Terminals) 40 

PULSE VOLTAGE FOR 50-ms 
PULSE WIDTH 

(Between V+ and V- Terminals) 50 
DIFFERENTIAL INPUT-OUTPUT 
VOLTAGE................. 40 

DIFFERENTIAL INPUT 
VOLTAGE: 

Between Inverting and Non
Inverting Inputs. • • . • • . . . . . ±5 

Between Non-Inverting 
Input and V- •.•.•••..... S 

CURRENT FROM ZENER DIODE 
TERMINAL (VZ) •••..••..••. 25 

CURRENT FROM VOLTAGE 
REFERENCE TERMINAL 
(VREF) .•...•.•.....••....• 15 

v' 

V 

V 

V 

V 

V 

mA 

mA 

wide variety of series, shunt, switching, and 
floating regulator applications. They can 
provide regulation at load currents greater 
than 150 milliamperes and in excess of 
10 amperes with the use of suitable n-p-n 
or p-n-p external pass transistors. 

The CA723 and CA723C are supplied in the 

1 ()'Iead TO-S-style ceramic package (T suffix), 
and the 14-lead dual-in-line plastic package 
(E suffix). and are direct replacements for 
industry types 723, 723C, IlA723, and 
IlA723C in packages with similar terminal 
arrangements. They are also available in 
chip form ("H" suffix). 

All types are rated for operation over the 
full military-temperature range of -55°C 
to +125°C. 

DEVICE DISSIPATION: 
Upto TA ~ 250C-

CA723T, CA723CT .• . . • . . .. sao 
CA723E, CA723CE ...•••••• 1000 

Above TA ~ 25°C-
CA723T. CA723CT 

mW 
mW 

Der~te linearly. • • •• . . . . . .. 6.3 mW/oC 
CA723E, CA723CE 

Derate linearly ••••••••••• S.3 mW/oC 
AMBIENT TEMPERATURE 

RANGE (All Types): 
Operating .•...•.••••..• -55 to +125 °c 
Storage ••...•••........ -65 to +150 °c 

LEAD TEMPERATURE 
(During Soldering): 

At a distance 1/16" ± 1/32" 
(1.59 ± 0.79 mm) from case for 
10 seconds max. +265 o( 

Vz 

4-----~~~~~~~~i;ON 

l-__ ....()C~~~iNT 

NON-INVERTING v- INVERTING 
INPUT INPUT 

92CM·24159RI 

Fig. 4 - Equivalent schematic diagram of the CA723 and CA723C. 
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Features: 

• Up to 150 mA output current 
• Positive and negative voltage regulation 
• Regulation in excess of 10A with suitable 

pass transistors 

• Input and output short-circuit protection 
• Load and line regulation: 0.03% 
• Direct replacement for 723 and 723C 

industry types 
• Adjustable output voltage: 2 to 37 V 

Applications: 

• Series and shunt voltage regulator 
• Floating regulator 
• Switching voltage regulator 
• High-current voltage regulator 
• Temperature controller 

Fig. 1 - Functional diagram of the CA723and CA723C. 

CURRENT 
LIMIT TAB 

v+ 
B UNREG. 

INPUT 

5 
V- ,CASE (INTERNALLY 

CONNECTED TO TERM 5 ) 

92CS-Z4157FjI 

Fig. 2 - Terminal arrangement of the CA723T and 
CA723CT in the To-5 style package. 

92C5-2'1158 

Fig. 3 - Terminal arrangement of the CA723E and 
CA723CE in the dual-in-line plastic package. 
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CA723 Types 
ELECTRICAL CHARACTERISTICS at T A· 26 C, y+ • Vc· V, ·12 V, V-· 0, Vo· 6 V, 

'L·1 mA, C1 "100 pF, CREF· 0, RSCp· 0, unl .. otherwi .. specified. Divider 
impedance R1 R2 R1+R2 at non-inverting input, Term. 5, - 10 kn I ... Fig. 23). 

LIMITS 
CHARACTERISTIC TEST CA723 CA723C UNITS 

CONDITIONS Min. Typ. Max. Min Typ. Max. 
Quiescent Regulator IL =0, 

Current, 10 VI = 30V - 2.3 3.5 - 2.3 4 mA 

Input Voltage 
Range, VI 9.5 - 40 9.5 - 40 V 

Output Voltage 
Range, Vo 2 - 37 2 - 37 V 

Differential I nput-
Output Voltage, 

VI-VO 3 - 38 3 - 38 V 

Reference Voltage, 

VREF 6.95 7.15 7.35 6.8 7.15 7.5 V 

VI = 12 
to 40 V - 0.02 0.2 - 0.1 0.5 

VI = 12 
to 15 V - 0.01 0.1 - 0.01 0.1 

VI = 12 

Line Regulation to 15 V, %VO 
(See Note 1) TA = -55 to 

+125°C - - 0.3 - - -
VI = 12 
to 15 V, 
TA = Oto 
70°C - - - - - 0.3 

IL = 1 
to 50 rnA - 0.03 0.15 - 0.03 0.2 

IL = 1 
to 50 rnA, 

Load Regulation 
TA = -55 to 
+125°C - - 0.6 - - - %VO (See Note 1) 
IL = 1 
to 50 mA, 
TA =0 
to 70°C - - - - - 0.6 

Output· Voltage TA = -55 

Temp. Coefficient, to +125°C - 0.002 0.015 - - - %fC 
tWo TA =0 

to 70°C - - - - 0.003 0.Q15 

f = 50 Hz 
to 10 kHz - 74 - - 74 -

Ripple Rejection 
f = 50 Hz to dB 

(See Note 2) 
10kHz, 

CREF = 5~F - 86 - - 86 -
Short·Circuit 

RSCp = 10 n, Limiting Current, 

IUM 
VO= 0 - 65 - - 65 - mA 

BW - 100 Hz 
to 10 kHz, 

Equivalent Noise RMS CREF = 0 - 20 - - 20 -
Output Voltage, VN ~V 

(See Note 2) BW = 100 Hz 
10 kHz, 

CREF = 5 fJ.F - 2.5 - - 2.5 -
Note 1: Line and load regulation specifications are given for condition of a constant chip 

temperature. For high-dissipation conditions, temperature drifts must be sepa· 
rately taken into account. Note 2: For CREF, see Fig. 23. 
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LINEAR INTEGRATED CIRCUITS 

TYPICAL CHARACTERISTICS 

CURVES FOR TYPE CA723 

MAX. JUNCTION TEMP. ITJ )al~O·C 
THERMAL RESISTANCE a-I!SO·C/W 
QUIESCENT DISSIPATION {PQJ,6()mW 

(NO HUT SINK) 

10 20 40 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE IVI-VO I-v 

Fig; 5 - Max. load current VI differential input
output voltage. 

OUTPUT CURRENT (.I01-mA 
92CS-24'61 

Fig; 6 - Load regulation without current limiting. 

OUTPUT CURRENT IIO )-mA 
92CS-24162 

Fig. 7 - Load regulation with current limiting. 

OUTPUT CURRENT I:tOI-mA 
,2CS-I.153 

Fig; 8 - Load regulation with current limiting. 
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LINEAR INTEGRATED CIRCUITS 

CA723 Types 
TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Cont'd) 
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Fig. 9 - Current limiting characteristics. 
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Fig. 10 - Quiescent current vs. input voltage. 
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Fig. 11 - Max. load current vs differential input· 
output voltage CA723CT. 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C 
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Fig. 12 - Max. load current vs differential input
output voltage for CA723CE. 
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Fig. 15 - Current limiting characteristics. 
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Fig. 13 - Load regulation without current limiting. 
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Fig. 16 - Quiescent current vs. input voltage. 
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OUTPUT CURRENT IIOI-mA 92C5-2"169 

Fig. 14 - Load regulation with current limiting. 

0 
> 

" z 
0 
~ .. 
~ 
~ 

~ 

02 

0.1 

INPUT VOLTAGE (Vr) ~12V 
OUTPUT VOLTAGE (VO )=5V 

LOAD CUARENT (IL1~ I T050mA 
AM81ENT TEMPERATURE 
SHORT-CIRCUIT 

RESISTANCE { 

15 25 45 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vr"o I-V 

92CS-2"172 

Fig. 17 - Load regulation vs. differential input
output voltage. 

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 

OUTPUT VOLTAGE (Vo ):5v 

LOAD CURRENT. (IL) z I mA 
AMBIENT TEMPERATURE jTAI ~ 25-C 
OIFFERENTIAL INPUT VOLTAGE ( 
SHORT CIRCUIT PROTECTION 

~ (RSCp)-O 

~ 
0 

~ 
~ 
w 
z 

0.' 

15 
DIFFERENTIAL INPUT-OUTPUT VOLTAGE I'll-Va I-V 

'i2CS-l"113 

Fig. 18 - Line regulation vs. differential input
output voltage. 

,0 

,LOAD. CURRENT(IL 

LT' 

~~U:UTVZ~~~:~E(r~~ 1:~1!~ I: 
LOAD CURRENT~I~'l~'~O mA 
AMBIENT TEMPERATURE ITAJ=25°C 
SHORT-CIRCUIT PROTECTION 

itESIST~~CE (-~S3C;!""0~4~'----'--...J 

TIME (, 1-"" nCS-HI16 

Fig. 19 - Line transient response. 
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80 
~ 
z 
w 

" ~ 04 ~ 

" 

JUNCTION TEMPERATURE (TJ I-~C 

Fig. 20 - Current limiting characteristics vs. 
junction temperature. 
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LINEAR INTEGRATED CIRCUITS 

CA723 Types 

IU: INPUT VOLTAGE (Vr' ."V 

... 
~ .. 
z 

TI~E 'n-,.... '2CS-Z4IH 

0·01 

FREQuENCy If 1-Hz 

4 •• 
1M 

~2CS-24[77 

FifJ 21 - Load transient response. Fig. 22 - Output impedance VI. frequency. 

V· 

CIRCUIT PERFORMANCE DATA: 

REGULATEDOUTPUTYOLTAGE • 6 v 
LINE REGULATION (AY,- 3V) • 0.5 mY 
LOAD REGULATION {AIL. &0 mAl. . . 1.5 mY 

Noll: R3- :~+::forminfmum ...... UNdrift 9ZC$-24178 

FifJ 23 - Lo_oltage regulator circuit (V 0 = 2 
to 7 volttl). 

V+(>----<>-----------, 

'iREF 

NON 
INY· 

INPUT V· 
COli. 

C, 

000"" 
CIRCUIT PERFORMANCE DATA: 
REGULATED OUTPUT VOLTAGE 
LINEREGULATIONUI,VI-3YJ. 
LOAD REGULATION CAlL· , ..... 

,. V 
1.6 mY 
15 mY 

t2(:S-2.'e'RI 

FifJ 26 - Positive-voltage-regulator circuit (with 
external n-~n pass transistor). 

TYPICAL APPLICATION CIRCUITS 
v· Vc 

Vr>-<o---o 

V· 

CA723 
CA723C 

CURRENT 
L.IM. 

CURRENT 
SENSE 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE • 
LlNEREGULATIONlllVI=3VI. 
LOAD REGULATION 10.11. = 50 mAl 

Rl R2 

RSCp 

., 
INV. 
INPUT •• 

15 V 
1.5 mV 
4.5 mV 

Note: R3 = R '+R2 for minimum temperature drift 

REGULATED 
OUTPUT 

R3 may be eliminated for minimum component oount. 9ZCS - 24179 

FifJ 24 - High·voltage regulator circuit (V 0 = 7 
to 37 volts). 

v· 
., 
son 

o------------{ .NJ:'. 
Vc 2N6108 

CA723 CURREtliT 
CA723C LIM. 

~NOVN '-,.---r--' 
R2 INPUT 

CIRCUIT PERFORMANCE DATA: 

REGULATED 
OUTPUT 

REGULATED OUTPUT YOLTAGE .. 5 V 
LINE REGULATION (t.VI- 3 VI . • • • 0.5 mY 
LOAD REGULATION 11111,. -1 AI. . •• 5 mV 

92CS*i!4IB2RI 

Fig. 27 - Positive voltage-regulator circuit {with 
external p-n·p pass transistor}. 

VREF r'-----....1.L......r: 

.3 
.. II 

CIRCUIT .PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE 
LINE REGULATION IllY, '" lOV) 
LOAD REGULATION filiI,." 50 mAIo 

• 50 V 
• 15 mV 
• 20 mV 

•• 

V· Vc 

CA723 CURRENT 
CA723C LIM. 

., 
REGULATED 
OUTPUT 

L-4-____ -4~~----~~-4_ 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE • -15 V 
LINE REGULATION (aVI· 3 vi . 1 mV 
LOAD REGULATtON IlllL = 100 mAl.. 2 mV 

Note: For appIiatictns .. ploying dMI moS sty" padc.. 
and whIft YZ is required ... ex_nIIl 6.2·voIt 
__ diode should be ~ in SIlfies witfl 

Vo (Twmi"" 61. 
9lCS-24IBORI 

FifJ 25 - Negative-voltage regulator circuit 

CIRCUIT PERFORMANCE DATA: 

R3 
'.7 

REGULATEDOUTPUTVOLTAGE • •• 15 V 
LINE REGULATION CAY, - 3 VI • 0.& mY 
LOAD REGULATION(6'L ·10IllAJ. •• , mV 
SHORT-CIRCUIT CURRENT. . . . . . 2G mA 

REGuLATED 
OUTPut 

R$Cp 
3011 

FifJ 28 - Foldback current·limiting circuit 

9i!CS-i!4184 
,..: FOr ...... iGIdonItntpIorini the TCHi style 

............... Vz.rlqUired ..... • 

..... 8.2-vo1t __ diode Ihoukl be C0R-=- in __ with Vo (T ... I ... 8). FifJ 29 - Positive-floating regulator circuit 
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LINEAR INTEGRATED CIRCUITS 

CA741, CA747, CA748, CA1458, CA1558 Types 

Operational Amplifiers 

High-Gain Single and Dual Operational Amplifiers 
For Military, Industrial and Commercial Applications 

The RCA-CA 1458, CA 1558 (dual types); 
CA741C, CA741 (single-types); CA747C, 
CA747 (dual types); and CA748C, CA748 
(single types) are general·purpose, high·gain 
operational amplifiers for use in military, 
industrial, and commercial applications. 

These monolithic silicon integrated·circuit 
devices provide output short-circuit pro
tection and latch-free operation. These types 
also feature wide common-mode and differ
ential-mode signal ranges and have low-offset 
voltage nulling capability when used with an 
appropriately valued potentiometer. A 5-
megohm potentiometer is used for offset 
nulling types CA748C, CA748 (See Fig. 10); 
a 10-kilohm potentiometer is used for offset 
nulling types CA741C, CA741, CA747CE, 
CA747CG, CA747E, CA747G (See Fig. 9); 

and types CA1458, CA1558, CA747CT, 
have no specific terminals for offset nUlling. 
Each type consists of a differential·input 
amplifier that effectively drives a gain and 
level-shifting stage having a complementary 
emitter-follower output. 

This operational amplifier line also offers the 
circuit designer the option of operation with 
internal or external phase compensation. 

Types CA748C and CA748, which are ex
ternally phase compensated (terminals 1 
and 8) permit a choice of operation for 
improved bandwidth and slew-rate capa
bilities. Unity gain with external phase 
compensation can be obtained with a single 
30-pF capacitor. All the other types are 
internally phase-compensated. 

RCA's manufacturing process makes it possi
ble to produce IC operational amplifiers with 
low-burst ("popcorn") noise characteristics. 
Type CA6741, a low-noise version of the 
CA741, gives limit specifications for burst 
noise in the data bulletin, File No. 530. 
Contact your RCA Sales Representative for 
information pertinent to other operational 
amplifier types that meet low-burst noise 
specifications. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25" c: 
DC Supply Voltage (between y+ and Y- terminalsl: 

CA741C, CA747C&, CA748C, CA145S& . 
CA741, CA747&, CA748, CA155S& 

Differential Input Yoltage . 
DC Input Yoltage* . 
Output Short·Circuit Durat~on. 
Device Dissipation: 

Up to 70°C (CA741C, CA74SCI 
Up to 75°C (CA741, CA7481 
Up to 30°C (CA7471 
Up to 25°C .lCA747CI 
Upto 30°C (CA155SI 
Up to 25°C (CA145SI 

For Temperatures Indicated Above 
Yoltage between Offset Null and Y- (CA741 C, CA741 , CA747CE, CA747CGI. 
Ambient Temperature Range: 

Operating - CA741, CA747E, CA74S, CA1558. 
CA741C,CA747C,CA748C,CA145S. 

Storage 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml from case for 10 seconds max. 

36 V 
44V 

±3OY 
±15Y 

Indefinite 

500mW 
500mW 
SOOmW 
800mW 
680mW 

. . . .. 680mW 
Derate linearly 6.67 mWtC 

±a.5 V 

-55 to +125 °c 
o to +70 Oct 

-65 to +150 °c 

* If Supply Voltage is less than ± 15 volts, the Absolute Maximum Input Yoltage is equal to the Supply Yolt
age. 

& Voltage values apply for each of the dual operational amplifiers. 

t All types in any package style can be operated over the temperature range of -55 to +1250 C, although the 
published limits for certain electrical specifications apply only over the temperature range of 0 to +700 C. 
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"G" Suffix Types-Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

"E" Suffix Types-Standard Dual-In-Line 
Plastic Package 

"T" and "S" Suffix Types-TO-5 Style Package 

Features: 

• Input bias current (all types): 500 nA max. 

• Input offset current (all types): 200 nA max. 

Applications: 

• Comparator 
• DC amplifier 
• I ntegrator or differentiator 

• Multivibrator 
• Narrow-band or band-pass filter 

• Summing amplifier 

la.-CA741CS,CA741CT.CA741S, & 
CA741 T with internal phase 
compensation. 

.. v 
INPUT 3 

(A) 

TOP Vl£W 

TAB 

IHV 
1 INPUT 

(8) 

,(1'5-"'2'''' 
Ib.-CA747CT and CA747T with 

internal phase compensation. 

TOP VIEW 

V-
NOTE, PIN 4 IS CONNECTED TO CASE 

HC$-19421 

Ic.-CA748CS, CA748CT,CA748S, 
and CA748T with ext'ernal 
phase compensation. 

Fig. 1 - Functional diagrams. 



CA741, CA747, CA748, CA1458, CA1558 Types 

RCA No. of Phase Offset Voltage Min. Max: VIO Operating-Temperature 
Type No. Ampl. Comp. Null AOL (mVI Range tCI 

CA1458 dual into no 20k 6 o to +70'" 
CA1558 dual into no 50k 5 -55 to +125 
CA741C single into yes 20k 6 o to +70'" 
CA741 single into yes 50k 5 -55 to +125 
CA747C dual into yes· 20k 6 o to +70'" 
CA747 dual into yes· 50k 5 -55 to +125 
CA748C single ext. yes 20k 6 o to +70'" 
CA748 single ext. yes 50k 5 -55 to +125 

·In the 14-lead dual-in-line plastic package only. 

"'AII types in any package style can be operated over the temperature range of -55 to +1250 C. 
although the published limits for certain electrical specifications apply only over the tempera· 
t.ure range of 0 to + 700 e. 

ORDERING INFORMATION 

When ordering any of these types, it is important that the appropriate suffix letter for the 
package required be affixed to the type number. For example: If a CA 1458 in a straight
lead TO-5 style package is desired. order CA 1458T. 

Type No. 

CA1458 

CA1558 

CA741C 

CA741 

CA747C 

CA747 

CA748C 

CA748 

INVERTING 
INPUT 

• 

8L 

T 

T 

T 

T 

T 

T 

", ,. 

PACKAGE TYPE AND SUFFIX LETTER 

TO-5 
STYLE 

10L DIL-CAN 

T 

T 

", .oK 

S 

S 

S 

S 

S 

S 

"2 ,. 

pLASTIC 

8L 

E 

E 

E 

E 

E 

E 

•• ,. 

14L 

E 

E 

Gold-CHIP 
PLASTIC 

8L 

G 

G 

G 

G 

G 

G 

14L 

G 

G 

.,. 
50. 

CHIP 

H 

H 

H 

H 

"II 
eo 

Gold-
CHIP 

GH 

GH 

GH 

GH 

BEAM-
LEAD 

L 

R. 
25 

"'0 50 

FIG_ No. 

1d, lh 

ld. lh 

la, le 

la, le 

lb, 1f 

lb, 1f 

lc. 19 

lc. 19 

OUTPUT 

~A-LL~.[=s=,s~n.~~E~~~LU=E=S-A~.[~'N-O-"M-S~--~----~----~------------~--~~. v-

Fig.2-Schematic diagram of operational amplifier with external phase 
compensation for CA748C and CA748. 

LINEAR INTEGRATED CIRCUITS 

TOP VIEW 

• 
INV 

INPUTIS) 

7 d. -CA 74585, CA 7 458T, CA 75585, 
and CA 7558Tand internal 
phase compensation. 

TOp VIEW 

tlCI-'50t4 

7e.-CA747CE,CA747CG,CA747E, 
and CA747G with internal 
phase compensation. 

TOP VI£* 

:::;:'!'r 2 }----+---"~/ 

:::~~l) , 

OFFSET 
NULL!B) 

NON-INV 
INPUTlB) 

'NV 
INPUTIS) 

OUTPUT 
IS) 

OFFSET 
NULL IS) 

92'(5-19419 

7f.-CA747CE,CA747CG,CA747E, 
and CA747G with internal 
phase compensation. 

PHASE COMP 
"OFFSET 
NULL 

TOP VIEW 

'ZCS-UH9 

7g.-CA748CE,CA748CG,CA748E, 
and CA748G with external 
phase compensation. 

OUTPUT (A) I 

7 OUTPUT Ie) 

INV. 
6 INPUT IBI 

TOP VIEW 

92CS- Z5015 

lh.-CA 1458E,CA 1458G,CA 1558E, 
and CA 1558G with internal 
phase compensation. 

Fig. 1 - Functional Diagrams (Cont'd) 
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LINEAR INTEGRATED CIRCUITS 

CA741, CA747, CA748, CA1458, CA1558 Types 
.-~--------~--~~------------~------------~----~. v+ 

I. 

92CM-19433 

". ,. 

·5 ,g. 

ALL RESISTANCE VALUES ARE IN OHMS 

"12 .0. "II 
80 

* SEE FUNCTIONAL DIAGRAM FOR TERMINAL 
NUMBERS OF RESP[CTNE TYPE NUMBERS 

"g 
25 

OUTPUT 

Fig.3-Schematic diagram of operational amplifiers with internal phase compensation for CA741C, 
CA741, and for each amplifier of the CA747C, CA747, CA 1458, and CA 1558. 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

TEST CONDITIONS LIMITS 
Supply Voltage, 

CA741 
V+ = 15 V, 

CA747* CHARACTERISTIC V-= -15V 
CA74S 

UNITS 

Ambient CA155S* 
Temperature, TA Min. Typ. Max. 

Input Offset Voltage, VIO RS=';;; 10Hl 
25 DC - 1 5 mV 

-55 to +125 DC - 1 6 

25 DC - 20 200 

Input Offset Current, 110 -55 DC - 85 500 nA 

+125 DC - 7 200 

25 DC - 80 500 

Input Bias Current, liB -55°C - 300 1500 nA 

+125 DC - 30 500 

Input Resistance, RI iO.3 2 - Mn 

Open· Loop Differential RL~2kn 25 DC 50,000 200,000 -

Voltage Gain, AOL VO=±10V -55 to +125°C 25,000 - -
Common-Mode Input 

-55 to +125 De ±12 ±13 V Voltage Range, V ICR -

Common-Mode RS ';;;10kn -55to+125 De 70 90 dB -
Rejection Ratio, eM R R 

Supply Voltage 
RS';;;10kn -55to+125°e - 30 150 INN 

Rejection Ratio, PSRR 

Output Voltage 
RL ~ 10kn -55 to +125°C ±12 ±14 - V 

Swing, VOPP RL~2kn ~55 to +125 DC ±10 ±13 -

25°C - 1.7 2.8 

Supply Current, I± -55°C - 2 3.3 mA 

+125 aC - 1.5 2.5 

25°C - 50 85 

Device· Dissipation, Po -'-55°C - 60 100 mW 

+125°C -- 45 75 

* Values applv for each section of the dual· amplifiers. 

110 

w .. 
~ 90 D 
> 

I. 

·0 10 '" 20 

DC SUPPLY VOLTS tY+,V-) 
~-11i744'U 

Fig.4-0pen-loop voltage gain vs. supply voltage for 
all types except CA748 and CA748C. 

DC SUPPLY VOLTS (V· z I5.V--·I!51 ~ 
AMBIENT TEMPERATURE ITAI-2!PC !_ ._~ 

r-::i ... ~ 
-t -+ 

10 • io' 
FREQUENCY If)---Hz 

nCS-11&2(I 

Fig.5-0pen-loop voltage gain vs. frequency for all 
types except CA748 and CA748C. 

10 20 
DC SUPPLY VOLTS (v ... v-) 

9tcS-17621AI 

Fig.6-Common-mode input voltage range vs. supply 
voltage for all types. 

20 
DC 5UPPLT VOLTS tv·, V-I 

92C$-I16UIltI 

Fig.7-Peak-to-peak output voltage vs. supply volt
age for al/ types except CA748 and CA748C. 
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CA741, CA747, CA748, CA1458, CA1558 Types 
ELECTRICAL CHARACTERISTICS 
For Equipment Design 

. 

TEST CONDITIONS 
Supply Voltage, 

CHARACTERISTIC V+ = 15 V, 
V-= -15 V Ambient 

Temperature,.TA 

Input Offset Voltage, 
25°C 

RS=";;10kn 
VIO o to 70°C 

I nput Offset Current, 
25°C 

110 Ot070°C 

Input Bias Current, 25°C 

liB o to 70°C 

Input Resistance, RI 

Open-Loop Differential RL ~2 kn 25°C 
Voltage Gain. AOL Vo = ±10 V Ot070°C 

Common-Mode Input 
25°C 

Voltage Range, VICR 

Common-Mode 
RS";;10kn 25°C 

Rejection Ratio, CMRR 

Supply-Voltage 
RS";; 10 kn 25°C 

Rejection Ratio, PSRR 

RL ~10 kn 25°C 
Output Voltage Swing, 

25°C 
VOPP RL;;;'2 kn o to 70°C 

Supply Current, I± 25°C 

Device Dissipation, Po 25 °c 

• Values apply for each section of the dual amplifiers. 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

TEST 
CHARACTERISTIC CONDITIONS 

V± = ±15 V 

Input Capacitance, CI 

Offset Voltage 
Adjustment Range 

Output Resistance, RO 

Output Short-Circuit Current 

Transient Response: Unity gain 
Rise Time, tr VI = 20 mV 

Overshoot RL = 2 kn 
CL ..;; 100 pF 

Slew Rate, SR: 
Closed-loop 

RL ~ 2 kn 
Open-loopA 

LIMITS 

CA741C 
CA747C* 
CA748C 
CA1458* 

Min. Typ. 

- 2 

- -

- 20 

- -

- 80 

- -

0.3 2 

20,000 200,000 

15,000 -

±12 ±13 

70 90 

- 30 

±12 ±14 

±10 ±13 

±10 ±13 

- 1.7 

- 50 

TYP. 
VALUES 

ALL TYPES 

1.4 

±15 

75 

25 

0.3 

5 

0.5 

40 

... Open-loop slew rate applies only for types CA748C and CA748. 

UNITS 

Max. 

6 
mV 

7.5 

200 
nA 

300 

500 
nA 

800 

- Mn. 

-
-

- V 

- dB 

150 JlV/v 

-

- V 

-

2.8 rnA 

85 rnW 

UNITS 

pF 

mV 

n 

rnA 

ps 

% 

V/Jls 

TIME-,... 
92CS-157 .... 7RI 

Fig.8-0utput voltage vs. transient response time for 
CA741Cand CA741. 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

92CS- t9424R2 

Fig. 9-Voltage-offset null circuit for CA741G. CA741, 
CA747CE. CA747CG, CA747E, andCA747G. 

INVERTING 
INPUT 

OUTPUT 

92CS-19425R2 

Fig. 10- Voltage-offset null circuit for CA748C and 
CA748. 

>--@_~r--.... VOUT 

92CS-15746 
, 

Fig. 11-Transient response test circuit for all types. 
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LINEAR INTEGRATED CIRCUITS 

CA758E 

RC Phase-Locked-Loop Stereo Decoder 
For FM Multiplex Systems 

RCA-CA75BE is a monolithic silicon integrated circuit RC 
phase-lock loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA758E is pin compatible and electrically equivalent to 
industry types jlA758, MC1311P, LM1800, and ULX2244. 

The CA758E decodes the multiplexed stereo input signal into 
left and right channel audio output signals. The decoder also 
suppresses SeA (storecast) transmissions when present in the 
composite stereo signal. 

MAXIMUM RATINGS, Absolute-Maximum Value. at TA = 2fiOC 

DC Supply Voltage . 

DC SUJ.JPly Voltage (for ~a 15-second period) 

DC Voltage at Term. 1 (Lamp Driver Circuit with Lamp "Off") . 

Device Dissipation: 

The decoder uses a minimum of external components, and 
requires one adjustment (oscillator frequency) for complete 
alignment. In addition, the CA758E provides automatic mono· 
stereo mode switching and energizes a -stereo indicator lamp. 

The CA758E is supplied in a 16-lead dual·in-line plastic 
package and operates over an ambient temperature range of 
-40 to +850 C. 

+18V 

+22V 

+22V 

STEREO 
LAMP 

Up to TA = 700 e 
Above T A = 700e derate lin~rly 

Ambient Temperature Range: 

130mW 

9.1 mWfOC 

Operating. . . 

Storage . . 

Lead Temperature (During soldering): 

At a distance not less than 1/32" (0.79 mm) 

from case for 10 s max. 

-40 to +850 C 

. -65 to +150oC 

GROUND 

Features: 
• Low distortion (THO): 0.4% (typ.) 

• Excellent SCA rejection: 70 dB typo 

• RC osc:illator 

• High·audio-channel separation: 45 dB 

• Powor supply ran go: 10 to 16 V de 

• Requires only one adjustment for complete alignment 

• Low-impedance outputs 

• Stereo indicator lamp drive: 150 rnA typo 

LEfT RIGHT 
CHANNEL 

DE -EMPHASIS 

Fig. 1 - Functional block diagram of the CA758E. 
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RIGHT CHANNEL RIGHT CHANNEL 
RESISTANtE 'JAlUES ARE IN OHMS DE·EMPHASIS OUTPUT 

F;g. 2 - Schematic diagram of the CA158E. 

SWITCH 
FILTER 



CA758E 
elECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Static Characteristics 

Total Current 

Maximum Available Lamp Current 

DC Voltage at Term. 7 (Lamp Driver) 

DC Voltage Shift at either Term. 4 
or 5 {Outputl 

Dynamic Charact.isties 

Power Supply Ripple Rejection 

,Input Resistance 

Output Resistance 

Channel Separation (Stereo) 

Channel Balance (Monaural) 

Voltage Gain 

Pilot Input Level: 

19-kHz Input 

19~kHz Input 

Hysteresis 

Capture Range (Deviation from 
76-kHz Center Frequ!ncy) 

Total Harmonic Distortion 

19-kHz RejectiOn 

38·kHz Rejection 

seA (Storecast) Rejection 

Voltage--Controlled Oscillator (vCO) 
Tuning Resistance 

Voltage-Controlled Oscillator 

Frequency Drift 

s--t---i 
." ... 

TEST CONOITIONS 
JReferenced to Fig 7: unless otherwise specified} 

V = 12 V. T A:It 25°C 
Multiplex Input Signal (L-R, pilot "OFF") 

= 300 mV RMS 
19-kHz Pilot Level a 30 mV RMS 

f (modulation) "" 400 Hz or 1 kHz 

Lamp "OFF" 

I (Lamp) ~ 50 rnA 

Stereo-to-Mono Operation 

For a 2OO-Hz. 200-mV RMS Signal 

Atf= 100Hz 

f=400Hz 

f~ 10kHz 

At f = 1 kHz 

Lamp "ON" 

Lamp "OFF" 

Lamp "OFF" 

Multiplex Input Signal"" 600 mV RMS 
Pilot "OFF"! 

Measured Composite Signal: 80% Stereo, 
10% Pilot, 10% SeA 

Total Resistance (Term. 15 to 8) 
required to set 

fREF "" 19 kHz ± 10 Hz (Term. 11) 

0" <T A <25°C 

25° <T A <70°C 

. LIMITS UNITS 

Min. I TVp. I Max. 

.. 
- 26 35 mA 

75 150 - mAo 

- 1.3 1.8 V 

- 30 150 mV 

35 45 - dB 

20 35 - kr1 

0.9 1.3 2.0 kn 

- 40 - dB 

30 45 - dB 

- 45 - dB 

- 0.3 1.5 dB 

0.5 0.9 1.4 VIV 

- 15 20 mV RMS 

2.0 7.0 - mV RMS 

3.0 7.0 - dB 

±2.0 ±4.0 ±S.O % 

- 0.4 1.0 %. 

25 35 dB 

25 45 - dB 

- 70 - dB 

21.0 23.3 25.5 kn 
, 

- +0.1 ±2 % 

- -0.4 ±2 % 

I 38-TO 19-_ttl DIVIDER I 38-TO 19-kHI DIVIOER ~ 
FOR PILOT TONE DRIVE FOR PHASE-LOCKED LOOP 

--- --------.- -- t------------
~ 7 5:~:ER STEREO SWiTCHCOfilTROI,.I,.JN( 91C\.-2~"1 

SWITCH FILTER 

Fig.2 - Schematic di.rlfm of the CAl58E {Cont'dJ. 
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LINEAR INTEGRATED CIRCUITS 

TYPICAL PER!,ORMANCE CHARACTERISTICS 

(Referenced to Fig. 7 ) 

.0 DC SUPPLY VOLTAGE IV+)-'2 V 
AMBIENT TEMPER"TU~E ITA)-Z5-C 

40~lt~ t---" 

../'/ 
~ff J ~~ , 

~. 

30 t-- g 

I--t-;~ 
{If 

zo~ f ! 
J/ i 

f-s 
10 11 I 

z .. , z . " 10 10' 
.. , 10' .. 6 8~ 

AUDIO FREQuENCY-Hz 

92CS~23~IO 

Fig. 3 - Channel separation vs. audio frequency. 

·Z 

DC SUPPLY VOLTAGE (vt). IZ " ttlttttti ttt tWin 
AMBIENT TEMPERATURE ITA )·25-C ±:±±tll±f-H ~+-t 
FREQUENCY (f)-JleHl' 

t tttttm !-tI; ttl m 
tlHt1htt 

INPUT SIGNAL . 
PILOT VOLTAGE-30mV "fitS 
NUL TIPLEX SIGNAL VOLTAGE 

I L_',R_O PILOT QFF}-I!SOmV RMS 

OSCILLATOR FREE RUNNING FREQUENCY ERROR - % 

Fig.4 - Channel separation liS. oscillator free running frequency error. 

PILOT LEvEL-mV RMS 

Fig. 5 _ Capture range vs. pilot level. 

DC SUPPLY VOL -
at ~~:IENT TEMPERATURE ITA}-Z"C 

I 1,5 PILOT OFF 

~ 
~ I,Z, 

~ i I 

° Zoo 600 

INPUT VOLTAGE IVr)- mV RWS 

92CS-23~12' 

800 

92CS-2]513 

Fig.6 - Toral harmonic r;Jistortion vs. input level. 
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'-"D 
STEREO 

INDICATOR 
LAMP 

" ... ., IZV 

CI 
2~F 

C4 C5 
O.OO2~~F I.' 033~F 

~r--.----ll-----+------' 

.3 
lltln 

•• 

NOTES, 

Tolerance on resistors is ± 5% 
and tolerance on capacitors is 
± 20% unless otherwise specified . 

ob~~~T·--+----------(.4}---1 
o~~'iIil1·--t-----::-::c:-----{][)---l 

~~gLLATOR C, ... +100%, -20% 
ADJ. 

Cs '" ± 1% in test circuit and 

± 5% in typical application. 
R3· ± 1% 

R4 • ± 10% 

!t2CM-2350g 

Fig. 7- Test circuit for measurement of dynamic chsfllCt.ristics. 

R1 and R2 "" ± 1% in test cir

cuit and ± 5% in tvpical 
application. 

TYPICAL PERFORMANCE CHARACTERISTICS (Referenced to Fig. 71 

AMBIENT TEMPERATURE (TA)-·C AMBIENT TEMPERATURE (TA)--<: 
92<:5-23514 

Fig. 8 - Lamp wrn--on and turn-off sensitivity VB. ambient temperature. Fig. 9 - OSCillator 'ree running frequency error w. ambient remperatuffl. 



CA810Q, CA810QM 

7-Watt Audio Power Amplifier 
With Thermal Shut-Down 

The RCA·CA8100 and CA8100M are monolithic audio 
amplifiers intended for class B operation. They are specifically 
designed for mobile equipment operating from 12·V battery 
supplies. They operate over a wide range of supply voltages 
(4 to 20 V) with very low harmonic and crossover distortion. 
The maximum repetitive peak output current is 2.5 A. and an 
integral thermal limiting circuit shuts the device down in 
case of output overload or excessive package temperature. 

The CA8100 and CA8100M are supplied in modified 16·lead 
quad-in·line plastic packages ( .. a .. suffix) with integral wing· 
tab heat sinks. The tabs on the CA81 00 are bent down for p.c. 
board insertion, imd on the GA81 OOM they are flat and pierced 
for easy attachment to an external heat sink. 

The CA81 00 and CA8100M are electrically and mechanically 
equivalent to types TBA810S and TBA810AS, respectively. It 
should be noted that pin-numbering conventi"ons for these 
devices may differ fr.om manufacturer to manufacturer; 
h9wever the devices are pin compatible and interchangeability 
is not affected. 

NOTE: 

Pm numbering conventions 
for these devIces may dIffer 
from manufacturer to manu 
facturer, however the devices 
are pm compatIble and mter 
changeabIlity IS no\. affected. 

01 D2 

R4 

R6 

Preliminary Data 

MAXIMUM RATINGS, Absolute Maximum Values 
at TA=25"c 

SUPPLY VOLTAGE ..............•.......•....... 

PEAK OUTPUT CURRENT 
(non-repetitive) .............. . 

PEAK OUTPUT CURRENT (repetitive) .. 
DEVICE DISSIPATION, 

At TA "" 70°C ....... . 

At Ttab '" 100°C 
AMBIENT TEMPERATURE RANGE, 

20V 

3.5 A 
2.5 A 

lW 
5W 

Operating ...................... -400 C to (Refer to Fig. 7 for 
typical high· temperature limit) 

Storage. ............ -40 to +150oC 
THERMAL RESISTANCE, CA810Q CA810QM 

Junction to tab 12 10 
Junction to ambient 70' 80 

·Value obtained with tabs soldered to printed-circuit board 

Features 

• Power output - 7 W with 411 load 

• Supply voltage range - 4 to 20 V 

• Peak output cu rrent - 2.5 A (max.) 

• Very low harmonic and cross-over distortion 

v+ 
I 

BOOTSTRAP 

FEE~ 8}---------~--~---+--~~~--t-----_+--~--~~------~ 
4 kll 

RIPPLE 
REJECTION 

INPUT 
R' 

lOCkA 

LINEAR INTEGRATED CIRCUITS 

Fig. 1 - Terminal diagfilm of CA810Q and CA810QM. Th, win, uM on 
the CASIOO am blmt down. and on the CABIOOM th..-.,. "-t 
and pierced. 

v' 
•• IOOB 

+ C8 
100".F 
iSv 

16 

C. 
I!:IOOpF 

C7 C4 
5600 pF 0, I ".F 

COMPENSATION 7 R4 

•• .8 

·WING TABS A.RE TO BE GROUNDED. 

92CM·241l2RI 

Fig. 2 - Schematic diagram of CA81001 CA8100M. 

ELECTRICAL CHARACTERISTICS, at TA = 25"C 

TEST CONDITIONS LIMITS 

CA8100 
CHARACTERISTIC SYMBOL Supply Voltage (V+) = 14.4 V CA8100M 

Unless Otherwise Specified MIN. TYP. MAX. 

Supply Voltage V+ 4 - 20 

Input Voltage VI - - 220 

Input Sensitivity el PO=6 W, RL =411, Rl = 56 11, f = 1 kHz - BO -
Ouiescent Output Voltage Vo 6.4 7.2 8 

Ouiescent Current Drain 10 - 12 20 

Input Noise Voltage eN Ag=O, BW (-3 dB) =20 to 20,000 Hz - 2 -
Bias Current liB - 0.4 -

Output Power Po f=1 kHz, RL =411, THO = 10% I V+= 14.4 V - 6 -
I V+= 6 V - 1 -

Input Resistance RI - 5 -
Total Harmonic Distortion THO PO=50 mW to 3W, RL 4 11. f = 1 kHz - 0.3 -
Open· Loop Voltage Gain AoL R L - 4 11, f - 1 kHz - 80 -

Closed· Loop Voltage Gain A AL -411,f= 1 kHz, Rl =5611 34 37 40 

Efficiency 11 Po = 5 W, RL = 4 11, f = 1 kHz - 70 -

UNIT 

V 

mV 

mV 

V 

mA 

p.V 

p.A 

W 

M11 

% 

dB 

dB 

% 

III 

92CS-2!104r 

Fig. 3 - Test and circuit application for the CA8100 and CA8100M. 
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CA810Q, CA810QM 
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92CS-25042 

Fig. 4 - Bottom view of printed-circu;t boards 
sh~wn in Figs. 5 and 6. 

92CS-24920 

Circuit heat is dissipated by a combination of free air 
and printed-circuit board foil. 

Fig. 5 - Component view of printer;h:ircuit board for CA8100. 

The t~ermal-limiting network incorporated in the CAStO Series 
circuits provides protection against damage due to excessive 
semiconductor temperatures that may result from high ambient 

Circuit arrangement for use with chassis having a thermal 
resistance of .;;; 50 C/W. Vertical bracket should make 
good thermal contact to chassis. 

Fig. 6- Component view of printed -circuit board for CA8100M. 

temperatures andlor excessive dissipation, e.g., as encountered 
in sustained overloads. As indicated" in Fig. 7, the thermal
limiting feature automatically reduces the supply current (and 
outPllt power) at the higher temperatures. 

o !lO 100 1!50 
CASE TEMPERATURE (TC)--C 

200 

92C.S-Zl043 
Fig. 7 - Typica' output powtJr ,nd dr,in current V$. ca,. NmptJfltul'll. 



LINEAR INTEGRATED CIRCUITS 

CA920AE Preliminary Data 

TV Horizontal Oscillator Features: 

• Sync separator 

For Colour and Monochrome Receivers • Noise gate input 
• Internal precision timing ramp 

The RCA-CA920AE* is a silicon monolithic 
integrated circuit intended for use in the 
horizontal stages of colour and monochrome 
television receivers. This device performs 
the functions of a sync separator, noise gate, 
and horizontal oscillator with dual-time-con
stant switching in the fly-wheel loop. It 
also generates automatic phase control be
tween horizontal flyback pulses and the 
horizontal oscillator frequency and provides 
fast edge switching drive for transistor or 
thyristor horizontal output stages. 

The CA920AE is compatible with the indus
try type TBA920 in both lead arrangement 
and electrical operation, although the CA-
920AE features reduced operating current. 

• Dual·time·constant phase-locked loop 
• Output suitable for transistor or 

thyristor deflection systems 
• Reduced power dissipation 

The CA920AE is supplied in the 16-lead 
dual-in·line plastic package. 

*Formerly Dev. Type No. TA6773. 

MAXI MUM RA TI NGS, Absolute Maximum 

Values at T A = 2fiOC: 
DC SUPPLY VOLTAGE 13.2 V 
DEVICE DISSIPATION: 

Up to T A ~ 55°C . 750 mW 
Above T A ~ 55°C Derate linearly at 7.9 mWJOC 

AMBIENT TEMPERATURE RANGE: 
Operating . -40 to +850 C 
Storage. -65 to +1500 C 

LEAD TEMPERATURE (During soldering): 
At a distance not less than 1/32" (0.79 mm) 
from case for 10 seconds max. . +265 °c 

POSITIVE 
SUPPLY VOLTAGE IV+} I 

HORIZONTAL OUTPUT DRivE 2 

HORIZONTAL FLYBACK PHAS :l 
CONTROL INPUT 

PHASE DETECTOR OUTPUT .. 

HORIZONTAL FlYBACI( PULSE 5 

SHAPED-SYNC PULSE INPUT 6 

COMPOSITE 
SYNC PULSE OUTPuT 7 

VIOEO SIGNAL INPUT 8 

TOP VIEW 

TOP VIEW 

15 OSCILLATOR FREQuENC'!' 
CONTROL 

14 RAMp· PRODUCING 
CAPACITOR 

13 OSCILLATOR DECOUPLING 

12 PHASE DETECTOR 
ouTPUT 

II DUAL MOOE FLYWHEEL FILtER 
TIME CONSTANT CONTROL 

10 COINCIDENCE DETECTOR 
DECOUPLING 

9 NOISE GATE INPUT 

92C5-27419 

TERMINAL ASSIGNMENT 

ELECTRICAL CHARACTERISTICS at TA = 250 C. and Supply Voltage (V+) = 12 V. 
Unl •• otherwise specified. See Fig. 1. 

TEST LIMITS 
CHARACTERISTIC 

CONDITIONS Min. Typ. Max. 
Supply Current, Term. 1, 1+ Term. 2 open 22 

Video Characteristics (Term.S): 
Input Voltage Vs Peak to peak loS 3 6 
I nput Current IS Peak 10 

Noise Gate Characteristics 
(Term.9): 
I nput Current 19 0.03 10 
Reverse I nput Current 19 -10 

Horizontal Flyback Positive 
Pulse Characteristics (Term.S): 
I nput Voltage Vs 1 3 
Input Current IS O.OS 1 10 
I nput Impedance Zs 0.4 

Positive Sync Characteristics 
(Term.7): 
Output Voltage V7 Peak to peak 10 
Output Impedance Z7 Leading edge 50 
Output Impedance Z7 Trailing edge 100 

Horizontal Output Charac-
teristics (Term.2): 
Output Current 12MAX Peak 200 
Output Current 12AV Average 20 
Output Pulse Width tw 12 32 
Output Impedance Z2 Leading edge 2.S 
Output Impedance Z2 Trailing edge lS 

Horizontal Oscillator Char-
acteristics (Term.1S): 
Free-Running Frequency fo No sync input 14.S4 15.62S 16.41 
Free-Running Frequency fo v+ = 4.S V 14.06 (Note 1) 17.19 

Oscillator Cut-out Voltage v+ varied 4.0 
Oscillator Pull-in Range ±1.0 

Phase Control (Note 2) 15 

Note 1: Free-running frequency at 12 V adjusted to 15.625 kHz. 

UNITS 

mA 

V 
mA 

mA 
mA 

V 
mA 
kn 

V 
n 
n 

mA 
mA 

/lS 
n 
n 

kHz 
kHz 

V 
kHz 

fJ.S 

Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of 
the horizontal fly back pulse. 
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COMPOSITE 
SYNC 

OUTPUT 

JJ. 
HOR·PULSE 
INPUT 

HOR· 
DRIVE 

OUTPUT 

15 K 

27K 

12V 

27K 

15K 

ALL RESISTANCES ARE IN OHMS 

92:Ct.ll-274eO 

Fig. 1 - Functional block diagram of the CA920AE with typical 
peripheral circuitry. 



CA1310E 

Re Phase-Lock:ed-Loop 
Stereo Decoder 
For 'FM Multiplex Systems 

Features: 
• Low distortion (THDI: 0.3% typo 

• Excellent SCA (storecalt) rejection: 75 dB typo 

• RC oscillator 

• High audio channel separation: 40 dB 

• Operates from a wide range of power supplies: 8 to 14 V de 

• Requires only one adjustment for complete alignment 

• Dri •••• st.reo indicator lamp up to 75 mA -

surge current limiting 

RCA·CA1310E is a monolithic silicon integrated circuit RC 
phase·lock·loop stereo decoder intended for FM solid·state 
stereo multiplex systems. 

The CA 1310E is a direct replacement for industry types 
MC1310P, LM1310, and SN76115N. 

This decoder uses a minimum of external components. In 
addition the stereo decoder requires only one adjustment 
(oscillator frequency) for complete alignment. 

The CA 1310E is supplied in a 14·lead dual·in·line plastic 
package and operates over an ambient temperature range of 
-40 to +85oC. 

MAXIMUM RATINGS, Absolute·Maximum Values 
at TA = 25"C 

DC Supply Voltage .................... . 
Current (Lamp) at Term. 6 '" ........... . 
Device Dissipat~on: 

Up to TA = 250 C ................... . 

Above T A = 250 C derate linearly ....... . 

Ambient Temperature Range: 

14V 
75mA 

625mW 

5mW!DC 

Operating .............. . . . . . . . . . . .. -40 to +850 C 
Storage ............................ -65 to + 1500 C 

Lead Temperature (During soldering): 
At distance not less than 1132" (0.79 mm) 
from case for 10 • max. . ............. . 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Static Characteristics 

DC Supply Voltage 

Total Current 

Dynamic C,,-racteristiCl 

Input Impedance 

a.annel'Separation (Stereo) 

Audio Output Voltage (For any 
one channel) 

a.annel Sal ance 
(MonalJral) 

Capture Range (Perrroissible tuning 
. error cit internal oscillator) 

Total Harmonic Distortion 

Ultrasonic Frequency Rejection: 
19 kHz 
38kHz 

SCA (Storacast) Rejection 

Stereo Switch Level: 
190kHz Input Level (For lamp on) 
19-kHz Input Level (For lamp off) 

Maximum Composite (Stereo) Input 

Maximum Monaural Input 

LINEAR INTEGRATED CIRCUITS 

3a-kHz 
STEREO 
SWITCH 
(PILOT 

TONE DET.) 

Fi,. , - Funcrions/ block dillf/Tllm system uli", thll CA7310E. 

TEST CONDITIONS (Ref.renced to Fig. 3) 

v+= 12V TA=25oC 

Composit. Multip!ex Input Signal = 
560 mV RMS (2.8 V pop) 

Only L or R Channel modulated; and 
with lOG-mV RMS (10%) Pilot Level 

For 8-V operation, reduce load-to 2.7 kSl 

Lamp "OFF" 

50 Hz -15 kHz 

Pilot Tone "OFF" 

f = 67 kHz, 9-kHz beat note measured 
with I-kHz modulation "OFF" 

0.5%THD 

l%THD 

9ZCS-ZSe.OO 

LIMITS UNITS 

Min. Typ_ Max. 

8 - 14 V 

- 13 - mA 

20 50 - kSl 

30 40 - dB 

- 485 - mVRMS 

- - 1.5 dB 

- ±l.5 - % 

- 0.3 - % 

- 34.4 - dS 
45 d8 

- 15 ~ d8 

- - 20 mV RMS 
5 mVAMS 

2.8 - - Vp-p 

2.8 - - Vp-p 
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v+ INPUT 

roETECTO~TO PI-IASE-L.OCK 
liNPUT ' LOOP FILTER 

~~~~~fER , \ TO OSCillATOR 

I 2 3 " 13 12 14 ~~R~~:;' 

rf-;;EGULATor-l-f--- ------ -- -If-.--PHASE-L.o"C'i( r--~--
8 91AS 

INPUT AMPLIFIER 
LOOP OET. 

I I 06 , I 
022)- ~ I 

., 
I R20 I 8.7 k 18 • 

I .27 
4.9 k 4.9k 'K I 

K:HOI9 ~ RI9 I 02 I RI5 

f-KOI7, 

f C ' 

~y I I 
021 

.1 

I 
I~ 01 

I i'" 02 

I 
I 

V . I 
71-=--

IGHTI NNEL • CH' 
OU TPUT 

CH' 
OU 

• I 
.' I 

LE~~~I NNEL TPUTI 
I 
I 
I 

•• 3.9k 

• 2 
Ik 

0' 

L:k 1 RI. 

7,. 
l- I 

MQ20 t).. I .,7 
7.4 k 18 k 3.52 

lt Ol6 I 
k 

015 

RIS f 
6.0 

r+-n d. I 
...... -+. 

-- f- . ..L.- --r-

~.r0-Q47 051 

~0'8 0.0'---1 ... .5O 

1.88 k l.a8k 

R'4 
610 

"' I .21 R26 1 ~027 L J 19' 2.3 k 

I j.. 
02. J I ?"'l I 

I ." Ik 

I I J 0" "l .2' 

! .22 -~2' Ik 02 • 

I .29 
I 19. 2.3 k 6" 

w- r . ..l.-

T Ft! 
09 

007 063 

I 
~~ I .61 ~ 0.9 ~61D' 

~ 0.. I." 

I 055 OISO Q61'i 
~ R67 

I 
056 943 r:R64 

.68 
.62 943 

M 

I 
10. 19. R6. 

3.Sk 

L- ~OD~D ~x ____________ . ---.l PILgE\IT.f8~NCE __ 
j------ -----

RESISTANCE VALUES ARE IN OHMS 

RESISTANCE VALUES ARE IN OHMS. 
CAPACITANCE VALUES ARE IN MiICROFAFUWS. 

9 ___ SWITCH--"," e 
FILTER 

Fig. 2 - Schematic diagram of the CA T3TOE. 

92CS-23501 

NOTES 

A buffered 3-volt positive-going square wave is available at Term. 10. 
The alignment of the free-running oscillator frequency may be checked 
at this point with a frequency counter. 

Cl: A lower value input coupling capacitor may be used in place of 
the 2-.uF value if reduced separation at low frequencies is acceptable. 

C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53,000 ohms ±30% with a maximum dc 
voltage drop across C4 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

C5: The recommended O.05-.uF capacitor provides a 1.750 phase 
lead at 19 kHz. 

Rl, R2: Load resistance values are related to supply voltage as follows: 
Minimum Supply Voltage 8 10 12 V 

Maximum Load Resistance 2_7 4.3 6.2 k.l1 

R3, CG, C8: C8 may be omitted, R3 = 100 ohms and CG = 0.25 "F, 
if relaxed circuit performance is acceptable. 

R4, R5, C7: If • capture range greater than ±3% typo is required, 
reduce value of C7 and increase values of R4, RS pro' 
portion ally. However r beat-note distortion is increased 
at high signal levels because of oscillator-phase jitter. 
R4, C7 "'" ±1 % in test circuit and ±5% in typical application. 

Fig. 3 - Testcircuir for measurement of dynamic characr:eristics. 
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LINEAR INTEGRATED CIRCUITS 

: ::-76:-;; O;-L,rn;- -- -- --1-- --~ ~z-;.;oER-- -- -- --I 
c 

07 Kt-°_33--t __ i ~( .3' 

R32 ~ 
.00 

.37 
2.14k 

.4' 
•• 3 ••• "3 

••• 1.4611 

I 
I 
I 
I 
I 
I 
I 

i r- I 
r--- ---T--r-r-~l 

- ~ f- - I." ." I ~ .~.' - I 

£:~o. . .. 0.. -l, ~." lr" .... , ~ ":.'" ~. =- _ I 
R69 R72 ~ R76 ~ I ~ 
.0 r---+--. • • • I 30 • 30 • I ~ •• 2 11.2. I:l'U~~~T 
~ •• 7 :~3. I 0.' 072 I •. 8. ••• 075 I 

--~~~~~I~----~I ~ I 
I h a7• I .70 

5.8 II 
.7' 2. 

1--+- I 11 I 
I 38-TO 19-kHz DIVIDER 1 3S - TO 19-1l11: DIVIDER I 

FOR PILOT-TONE DRIVE FOR PHASE-LOCKED LOOP ~ 

----- ---f---------------
6 ~~~:ER 

L STEREO SWITCH CONTROL UHE 

Fig. 2 - Schematic dillflr_m of the CA 1310E (Cant'd). 
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CA1352E 

TV Video I F Amplifier Features 

• High 45-MHz gain - 53 dB (typ.) 

With AGC and Keyer Circuit • High·gain gated AGC system - with either positive· or 
negative-going sync . 

The RCA·CAI352E is a monolithic integrated circuit designed for 
use as an if amplifier in monochrome or color TV receivers. It 
features a high'gain gated AGC system with a 68-dB range 
(typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive- or negative-going sync may 
be used for this system. 
The CA1352E is supplied in the 14·lead dual·in·line plastic 
package, and is directly interchangeable with the industry type 
1352 in similar packages. 

KEYER 
INPUT 

-8 V 
PULSE 

• Adjustable rf AGC delay to tuner 

• AGC gain reduction - 68 dB (typ.) 

MAXIMUM RATINGS, Absolute-Maximum Values 

At TA =25 

SUPPLY VOLTAGE, 
Between terminals 4 and 11 
Between terminals 7 or 8 and 4 ..... . 

INPUT VOLTAGE Iterminall or 2) 

AGC INPUT VOLTAGE (terminal 6 or 10) 
DEVICE DISSIPATION, 

Up to T A = 5SooC . 
Above T A = 55 C derate linearly at 

AMBIENT TEMPERATURE RANGE, 
Operating .. 
Storage 

LEAD TEMPERATURE (During Solderingl: 

SYNC 

At distance 1/16 ± 1/32 in. (1.59 ±O.79 mml 
from case for 10 seconds max. . ......... . 

RF AGC 
OUTPUT 

* 
VOLTAGE AT 

RF AGC IF 

~gJ~~T INPUT 

* 
VOLTAGE AT 

POLARITY TERMINAL 6 TERMINAL 10 

5.5 V 

NEGATIVE --u:: I TO 4 V 
NOM'2 V 

-OV 

POSITIVE 
I TO 8 V 
NOM·4.5 JL: 

--DV 

....... 18V 

..... 18V 
. 10V p.p 

6V 

. ........ 750 mW 
.7.9 mWtc 

. -40 to +85°C 

. -65 to +150°C 

* 
VALUE OF 

RI-ll 

0 

3.9k 

TYPICAL STATIC CHARACTERISTICS 
atTA = 25~C. V+ = 12V 

TotaICurrentU 7 +IS +1 11 ) .......................... 27mA 

Output Stage Current (17 + IS) ..................... . .. 5.7 rnA 

TYPICAL DYNAMIC CHARACTERISTICS 

at T A = 25°C, v+ -12 V 

AGe Range .. 68 dB 
Power Gain .............•.•....•.•.•.•......••.•••• 53 dB 
Minimum rf AGe Range (term. 12) ............•........ 0.2 V 
Maximum rf AGe Range (term. 12) ........•....•....... 7 V 

IF 
OUTPUT 

r 

92CS-24136RI 

Fig. 7 - CA 1352E block diagram and typical AGC test set-up. 
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CA1391E, CA1394E Preliminary Data 

TV Horizontal Processors Features: 
• Internal shunt regulator 

CA 1391 E - Positive Horizontal Sawtooth Input 
CA 1394E - Negative Horizontal Sawtooth Input 

The RCA·CA 1391 E and CA 1394E are mono
lithic integrated circuits designed for use in 
the low-level horizontal section of mono
chrome or color television receivers. Func
tions include a phase detector, an oscillator, 
a regul<,ltor, and a pre-driver. 

The CA 1391 E and CA 1394E are electrically 
equivalent and pin compatible with industry 
types 1391 and 1394 in similar packages. 

These types are supplied in an 8-lead dual-in
line plastic (Mini-Ol P) package, and operate 
over an ambient temperature range of 0 to 
+850 C. 

PRE
DRIVER 

RI 
2.6k 

MAXIMUM RATI NGS, Absolute-Maximum 
Values at T A = 25°C 

DC SUPPLY CURRENT 
DC OUTPUT VOLTAGE 
DC OUTPUT CURRENT 
SYNC INPUT VO L TAGE 
SAWTOOTH INPUT VOLTAGE 
DEVICE DISSIPATION: 

Up to T A = 25°C 
Above T A = 25°C derate linearly 

AMBIENT TEMPERATURE RANGE: 

40mA 
40 V 

30mA 
5 V p_p 
5 Vp_p 

625mW 
5 mW/oC 

Operating . 0 to +850 C 
Storage . . -65 to +1500 C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 in. 
(1.59 ± 0.79 mm) from case 
for 10 seconds max. . 

THERMAL RESISTANCE. 

OSC. y+ 

6 

TIMING 

7 OSCI LLATOR 

R7 

1·8k 
R5 
5.1 k 

R8 
3·9 k 

RI2 
2.4 k 

RII 
3.6k 

RI3 
1·5k 

REGULATOR 

Fig. 1 - Schematic diagram of CA 1391£, CA 1394E. 

R31 

560 

• Linear balanced phase detector 
• Preset hold control capability 
• ±300·Hz pull·in (typ.) 
• low thermal frequency drift 
• Small static phase error 
• Variable output duty cycle 
• Adjustable dc loop gain 

ELECTR ICAl CHARACTER ISTICS 
AtTA = 250 C 

CHARACTERISTIC TYP.VAlUE UNITS 

OC Supply Voltage 

DC Supply Current 
(Term. 6) 

Collector-to-E mitter 
Saturation Voltage 
at Term. 1 
(I, = 20 mAl 

Static Phase Error 
(ilf = 300 Hz) 

DC I nput Voltage 
(Term. 4) 

Oscillator Pull-in 
Range 

Oscillator Hold-in 
Range 

PHASE
DETECTOR 

8.6 

20 

0.15 

0.5 

2 

±300 

±900 

NOTE: ALL RESISTANCES ARE 
SYNC. IN OHMS 
INPUT 

92CM-26340 

V 

mA 

V 

j.JS 

V 

Hz 

Hz 

5 
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LINEAR INTEGRATED CIRCUITS ____________________________________ _ 

CA1391E, CA1394E 

HORIZONTA 
SAWTOOTH 4}-~--~~ 

INPUT 

PHASE 
DETECTOR 

OUTPUT 

5 

SYNC 
INPUT 

v+ 
6 

GROUND 

OSCILLATOR 
TIMING 

7 

92CS-25647 

Fig.2 - Functional block diagram of the CA 1391E, CA1394E. 
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CA1398E 

Television Chroma Processor 

RCA-CA 1398E is a monolithic silicon integrated-circuit chroma 
procesSor containing chroma-amplifier and gain-control, color
killer, color subearrier oscillator, hue control, and ACC circuitry. 
It has been designed for interchangeability with other "1398", 
type chroma-processor devices. It functions compatibly with 
the RCA-CA3125E Chroma Demodulator as well as other com
mercially available chroma demodulators in color-TV receivers_ 
Fig. 2 shows a functional block diagram of a 2·package TV 
chroma system incorporating the CA 1398E and CA3125E. The 
CAI398E is supplied in a 14-lead dual·in-line plastic package. 

Ffllltures 

• Minimum number of ex""" com_ts required 

• Injection-lack oscillator with in ...... feedback 

• DC ohro_ lIIin control and hue control circuits 

• Low-impedance inr.mll valtage regulation 

~itnUM Ad .... AbJo/u,....,..imum V,rIu.,.r TA • 26°C 

Peak Horizontal-Pulse Input Current • • . . . . . . . . . . . • . . • • .• 250"A 
SUpply Current (Teiminal 14) ......................... 35 mA 
Ambient ",:,emper.i:ure Ringe; . 0 

~::ng. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . _;:~;:;:o~ 
Lead Temperature (During Soldering): 

'At distance 1/16" ± 11:12" 11.59 to.19 mm) 0 

from case for 10 s mex. ••......................... 266 C 

LINEAR INTEGRATED CIRCUITS 

CHROMA 

'~{] 
v· 

VREG 

Fill- I - FunctiDfllll block dillglanMof rhB' CA 139BE. 

BRIGHTNESS BLANt<ING 
CONTROL INPUT 

8 

92CL-C'2ue 

ELECTRICAL CHARACTERISTICS at TA • 26"c .... _ to Teat CIrouIt IF", 41 

TERMINAL TEST CONDmONl 
MEASURED 

CHARACTEAISTIC AND UNITI 
SYMBOL 

tie .. 
[ R..,lated Supply Voltage I V14 I 2 I max. I mIX. I max. I 0 I 0 la.9 19.5 11.5T V 

I OIroma Output Bia. I V,4 to V2 I 2 I max. ~ max-l max. ~ 6 ~ 0 11.2 12.4 3.8. 1 V 
I R..,lator Impoclance I See Not. 1 I 2 1 max. ~m.x.l max . I 0 1 0 I - 112 25 I n 

. . 
MIlK, Chroma Gain V2 1 max. max. See Note 2 6 5 310 425 - mVp-p 

Min. Quoma Gain V2 1 min. max. 6 5 - - 1 mV p-p 

ACC Action 
V2 (dB up 

1 max. max. 50 50 2 7 11 dB 
from gain test) 

." or unction: 
Kill V2 2 max. max. 0 5 - - 7 mVp-p 

Unkill V2 1 mix. max. '15 5 100 - - mVp-p 

Oscillator lOck·Up: 
Voltage V,3 1 max. max. 6 0 250 340 390 mVp-p 

Pha .. (Referenced) 
to burst "13 1 max. max. 6 0 -20 0 +20 cIeg ... 

Hue Control Range: 
Voltage V,3 1 max. min. 6 0 250 340 390 mVp-p 

Pt. ... (Referenced) 
to burst 4113 ! max. min. 6 0 95 110 140 ...... 

... 1 - Measure v,. at I 5UPPl y '" 38 rnA and 18 rnA. Calculate the regulator impedance: 
Zreg. =: (V,. (at 38mA)-VI4 f.t 18mA.I/O,02 . , 

... :2 - 1nc:rMN the killer potentiometer reststanc. from minimum utili' the circuit unkill$. This cor'ldition iii evidenced by a shift in bias voltage at Term.1 I 
Mein .. in this potentiome .... Ntting for all the dynamic tem, 

1 
1 

1 
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LINEAR INTEGRATED CIRCUITS 

CA1398E 
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r--1-.., r --- - -------'.., r-------------0-----, r----, 
II 08 11 II ~~~O~~N~~~UT 8 1 ~~I~J J 1121 II II ~~ ~2.~ I S:~ ~ II 'I ~~~~;TOR 

07 -~I" I!K 725 f' ~040 I I a 81AS 

I ,:6 l I R, 700 ~: : 030 Q~~!tfo37 041 I I 
I 111~r;,0 '" LW- II ,..f "II I l.~~ I I QII 015 21': I I ~~'5 21( I : 
I ~. I I .'0 ." I I .,. I I o.~ rm-
I ,orrl; ..L' _~-------JI 200 II ~,oo 
I" 1r---~-:----=-BUR5TGATiNG-.-11 f---- II ... 
I ~ I J 11'5 R6 FILL-IN I OSCILLATOR OUTPUT I I 
';" 11"° 600 -ll :L_________ " ""E CONTROL JI 

,'" o. II rl.-~ I r -------- .. , ---.,r ,1 ~ 
~ I I ~ I R28 400 I I I I r--

03~ ~2~'~ I :l?],,'~~i ~ i I ~~', i! '" .-
I I R4 ---c::~ I I,,,~' '" '" I I 0" II :;~ f~~ 
I L '" J I ,. '" j~ I I 042 I I 11-,0" : i=-=,::n~7:~~~~JmJr~-1 :~Ft-- 8F~. "~,11 .. ,0" 0'0 :,1 ~ 06' : 

II ~._ II" II ·~tl ~~ Ifll'" II ~~~ 0531 

::. . -~~' ill': ! 0" 024,": : i:\:j 0" I :: ,n : I ~.~~ : 
02 I I IT 0' 09 rt--l r;.t I, .24 I I ",!-< I I ,.. II '" I 

I R I Ril ~Ie I I '500 I I ~;~ I I 750 i- I I 
! 2:K roz II( ~ II ~~ II ~~g I~E II I~ I 

0' i I \. D~ I I I I I I :~; I: o~" I 
I I ~~50 '" I I I I I "II '" I 

~I~ .J L _ "':'H~,:!~L~E!!. _ -1 L ~~R--, L _ . " , I _ O.::t::"A~ ____ -1 LAce _-.J L _____ J 
~ 0 ~ cb ~ ~ 

RESISTANCE VALUES A~£ IN OHNS 

Fig. 3 - Schematic diagram of the CA1398E. 

TEST SET·UP PROCEDURE FOR OSCILLATOR 

Remove the horizontal keying and chroma inputs and adjust 
Cx to obtain a free·running oscillator frequency of 3.579545 

MHz ±10 Hz. Under the same Test Conditions described in the 
Electrical Characteristics Chart for Oscillator Lock·Up. vary L 1 
(approx. 20 "H) and/or Cl (approx. 1000 pF) to obtain the 
initial conditions for amplitude and phase oscillator lock-up. 

CHROMA 
OUTPUT 

2.211 

CHROMA GAIN 
CONTROL 

MIN. 511 MAX 

HUE 
CONTROL 

HQRI! 
KEY 
INPUT 

CHROMA 
INPUT 

RESISTANCE VALUES ARE IN OHMS 

UNLESS INDICATED OTHERWISE 
CAPACITANCE VALUES ARE IN 
MICROFARADS 

~
--- '., 

ov 63.5~s 

I I I ' 
I I I I 

: ~ ____ l I I 

Fig. 4 - Typical static and dynamic characteristics test circuit for the CA 1398E. 



CA1541D 

Dual-Input Memory Sense Amplifier 

RCA-CA1541D , a monolithic silicon integrated circuit, is a 
dual-input memory sense amplifier intended for core memory 
applications. 

The sense amplifier, consisting of two diJferential input 
amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. 1), converts low·level core·memory "1" 
pulses to saturated logic-level output pulses. Either one of 
the input amplifiers may be gated ON with a saturated 
logic signal so that an incoming "1" pulse of positive or 
negative polarity can be detected from either of two sense 
lines. 

The CA 1541 D features an external switching threshold 
adjustment, plus its gate and strobe inputs are compatible 
with saturated logiC levels. The sense amplifier is suitable for 
operation with core memories having cycle times equal to or 

greater than 0.4 ps and is unilaterally interchangeable with 
industry types 1541 Land 1441. 

The CA 1541 D is supplied in 14·lead dual·in·line ceramic 
package and is rated for operation over the full military 

temperature range of -550 C to + 1250 C. 

MAXIMUM RATINGS, Absolute Maximum Values, at TA - 250 C 

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term.8). 
I 

DC Supply Voltage: 

v+ (Term. 2) 

V· (Term. 7) 

Differential Input Voltage 

Common·Mode Input Voltage 

"A" or "Su·Gate Input Voltage" 

Strobe Terminal Voltage 

Output Terminal Load Current 

Device Dissipation: 

Up to TA = 750 C 

Above T A = 750 C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (during soldering): 
At distance not less than 1/32 inch (0.79 mm) from 
case for 1 0 seconds rna x. 

+10 V 

-10 V 

±..5 V 

±..5 V 

V· to V+ 

V· to +6V 

±25mA 

750mW 

. Derate Linearly 8 mW/oC 

-55 to +125 °C 

-65 to +150 °C 

* Note: The "AU or "Su-Gate Input Voltage is also referred to, as the Channel-Gate Input Voltage. 

R, 

P, ,.> 

R3 

"A" AMPLIFIER 3i)-....:r=:I=====1:::;il--I-I-~ 
DIFFERENTIAL 
INPUT 

"6" AMPLIFIER G.)--,f-+-, 
DIFFERENTIAL 
INPUT 

"A" INPUT II}I -;;-:+-t--, 
GATE 

'27 
1j-________ -r ____ ~7~ 

'.8 
187 

Fig. 2 - Schematic diagram of the CA 1541 D, 

R13 
L1~ .. 

·3. .k 

RESISTANCE VALUES ARE 
IN OHMS 

SUBSTRATE CONNECTED TO 
TERMINAL 7 (v-) 

9ZCL-ISi391 

LINEAR INTEGRATED CIRCUITS 

Features 

• Complete dual input core memory sense amplifier 

• Two available outputs: -Saturated logic output 
- Linear output (positive output for 

either polarity input) 

• Nominal threshold voltage: 17 mV 

• Adiustable threshold: 10 to 35 mV 

• Low,threshold uncertainty range: ±.3 mV 

• Fast overload recovery time: -Differential·Mode: 15 ns typ, 
-Common·Mode: 30 ns typo 

• I ndependent channel gate and strobe terminals compatible 
with saturated logic levels 

• Suitable for core memories having cycle times ~ 0.4 J1 s 

• Input offset voltage: 6 mV max. 

Fig. 1 - Functional block diagram of the CA 1541 D • 

T 
2V/DIV 

1 
I 

Il 

\ / 
\ 
'-I--' 

TlME-50nl/OIV. 

1\ 

I NPUT SIGNAL 

CHANNEL 
GATE 
INPUT 

AMPLIfiER 
OUTPUT 

STROBE INPUT 

SENSE 
AMPLIFIER 
OUTPUT AT 
LOGIC GATE 
OUTPUT 

92CS-19392 

Fig. 3 - Typical operational wave forms, 

921':$-19393 

Fig. 4 - Input bias (l,B) and input·offset current (I/O) 
test circuit. 
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LINEAR INTEGRATED CIRCUITS 

CA1541D 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIDNS 

V+ '" 5V. v- ... -5V 

CHARACTERISTICS SYMSDLS 
VTH ADJ. = TA=250C 

LIMITS UNITS 
-5V±'I%. (unless 
(Term. 13) indicated 
CEXT - 0.01 ~F otherwise) MIN. TYP. MAX. 

S ..... CDCI CIIor_ioti .. 

Power DiniPition Po 140 ISO mW 

Input Offset C~"ent 110 IJA 

Input Bias Current: 
25 

TA' :z5OC liB 
Vs = 

IJA 

TA - S5"C 
V6 = 

50 

Output Voltage: V3" V4 : 

High VOH 10M = 200IJA V 

low-
V'4=5V. 350 

TA'" 25°C 
VOL 

mV 

TA = 125"C 
19= lOmA 400 

Strobe Load Current IS V,2 = 0 I.S mA 

Strobe Reverse Current: 

TA' 25°C ISR V12 =5V jJ.A 

TA = 125"C 
25 

Input G.,ate Load Current IG VlO=V,,"'"O 2.5 rnA 

Input Gate Reverse Cunent: 

TA = 25°C IGR V,0=Vll =5V IJA 

TA'" 125°C 
25 

Switchini ChIl"Kt.ristics 

Input Threshold Voltage: 14 17 20 
TA'" 25°C VTH mV 

TA = 5510 125°C 12 17 22· 

Input Offset VOltage VIO 6 mV 

Input Gale VOltage: 
VGH 1.6 

Hoglo V3=VS=25mV, 
V 

Low VGL V4=V6=O 0.7 

Common-Mode Range: !.1.5 
Input Gate High VCM V 

Input Gate Low .:!:.1.5 

Differential-Mode Range: 

Inp",. Gate High 
VOH ±.600 mV 

Input Gate Low VOL 
.!:.1.5 V 

Propagation Delay: 

Input to Amplifier Output 'IA V3 = 25 mV (pulsedl. 10 15 

Input to Output '10 V12 = 2V 20 30 

Strobe to Output V3=V'=V5=VS=0. n, 
'SO 15 20 

V12 :: 2V (pulsedl 

Gete Input to Amplifier Output 'GA V" ... 2V (pulsed) 10 15 

Gafe Input to Amplifier Input 'GI V3= 25mV 30 35 

Common·Mock> Recovery Time: 15 30 
1nput Gate High teMR V3=V5=1.5V 
Input Gatl Low 15 30 

Differential-Mode 

Recowry Ti.,.: 30 
Input Gatt High 'OR V3'" Vs = 400 mV 

Input Gatt Low 
0 

DC SUPPLY VOLTAGE IVt;,V-) •• 5 V 

~ 19 THRESHOLD ADJUST VOLTAGE: YTH (ADJ.~ a-5 V 

I 
'i: .. 
~ .. 18 .. 
c 
!:i g 
0 11 .... 
~ .. 

DC SUPPLY VOLTAGE IV+.V-I a -:k!5 V 
> AMBIENT TEMPERATURE ITA' a 25·C • 2. 

IL ~ 
I-

./ ~ 

'" 20 .. 
/' ~ 

0 
> /' 0 

15 -' 
0 

./ ~ 
'" 0: 
:I: 

16 I-.. 
" .. 
~ 

a: 

" ./ .. 
10 .. 

~ 
~ 

" 
5 

- • 0 -•• ° 2 • .0 100 125 - - - -3 -3.5 -4 4.5 -5 5.5 6 6.5 -
AMBIENT TEMPERATURE ITAI-·C 

Fig. 7a -Input VTH vs. TA. 
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THRESHOLD ADJUST VOLTAGE [VTH IADJ·O-V 
92CS-19397 

Fig. 7b -Input VTH 11.\'. VTH (AOJ.) 

510Sl 

VOH 

Fig. 5 - Test circuit for measurement of/ow (VOL) and 
high (V OH) output voltage levelt 

4.9V~ OUTPUT 
PULSE . 

AT TERM. 9 O.3SV j 

THRESHOLD 
WAVEFORMS 

.... ]: 
tlA PROPAGATION 

AMPLIFIER DELAY 
OUTPUT - 50% WAVEFORMS 

.: :;';u~ ¥-v 

NOTE 2; S2 IN ·0" 
WHEN S, IN "0" 

S2IN"b" 

WHEN Sz N "b" 

oV-----

92CM-19'" 

Fig. 6 - Threshold propagation delay, gate and input-offret 
test circuit with asrociatJJd pulse I18VB forms. 

THRESHOLD ADJUST VOLTAGE [VTH (AD.I.I]=-5V 
> 21 AMBIENT TEMPERATURE (TA)=2:i-C • I 

201-- -~LEO ,L ,1 :I: .. 
~ IS 

.....;;.:..~IJPplr 

'" ~V'11--
'" .;..;.:,:.~ ~ 18 
0 --> -0 17 
-' l""-t-0 - 'v 
~ " 

" I--
I- 15 
I-

" 14 
5.,V 

0. 
;! 

13 -4.' - 5.5 
NEGATIVE DC SUPPLY VOLTS IV-I 

92CS-19398 

Fig. 7c - Input VTH lIS V--. 



CA1541D 

THRESHOLD ADJUST VOLTAGE [VTH(ADJ.l] --!5 V 

> 30 DC SUPP!.Y YOLTAGEtV+,V-)."!5V e AMBIENT TEMPERATURE ITA)~25·C 
I 
1 
:! 

2. \ '" .. .. 
!:; 
0 \ > 
0 20 
~ 

\ 0 
% 

I:l ........ .. 
% 
I- I. 

~ 
~ 

10 
.0 100 1'0 200 .50 

INPUT PULSE WIDTH ttp)-nl 
92CS-19399 

Fig. ld - Input VTH Vi. input pulse width. 

0----------4-~ 
'OR 

300 

ov 

OUTPUT (FOR INPUT 
1.ESS THAN COMMON-

LINEAR INTEGRATED CIRCUITS 

AMPLIFIER OUTPUT 
TO SCOPE 

MOMIN~TR~A~~~E~I __ ~~ __________ 4-~~~~ 

OUTPUT (FOR INPuT 
GREATER THAN COMMON
MODE: INPUT RANGE) 

\ •• ..:2;;;;IO,.~;;;;mv'--_--";-. , 

Fig. 8 - Common-mode input ranp test circuit with 
associated pulse WBIIW forms. 

DC SUPPLY VOLTAGEtV+,y-);;,z.5V 

12C:"-194OO 

THRESHOLD ADJUST VOLTAGE [VTH tADJ.l].'-5 V 
5 AMBIENT TEMPERATURE {TA)"2S-C 

.... -
92CIoII-I,401 

40 -30 -20 -10 10 20 :JO 40 

Fig. 9 - Differential-mode input range and recovery test circuit with 
associated pulse wa ... form •• 

INPUT VOLTAGE (eIN 1-mV 

Fig. 10 -Input-output transfer characteristics. 
92C5-19402 

Fig. 11 - Strobe to output test circuit with allSOCiated 
pulse Mve-forms. 

AMPLIFIER r-----\ 
OUTP~ L-

(TERM.n 

NOTE: $2 IN ·oQ POSITION WHEN $, IN EJTHER -0" POSITION 
52 IN -,,- POSITION WHEN S, IN EITHER "b" POSITION 

Fig. 12 - Gate input to amplifier input (tGI) test circuit 
with associated pulse _ forms. 

92CS-t9405 

Fig. 73 - Gate input to amplifier output (tGA) with 
associated pulse WBIIW forms. 

2V 

AMPLIFIER 
OUTPUT 
TO SCOPE 

t2C5-IMOIi 
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LINEAR INTEGRATED CIRCUITS 

CA2111AE, CA2111AQ 
Features: FM IF Amplifierl-Limiter and 

Quadrature Detector 
• Direct replacement for U LN2111 A and MC1357 
• Good sensitivity: Input limiting wlmge (knee) (400 

IlV typo at 10.7 MHz; 250 IlV typo at 4.5 MHz 
and 5.5 MHz) 

For FM I F and TV Sound I F Applications • Excellent AM rajection (45 dB typo at 10.7 MHz) 

'The CA2111A, on a single monolithic chip, provides a multi
stage wideband amplifier·limiter, a quadrature detector, and an 
emitter-follower output stage. This device is deSigned for use 
in FM receivers and in the sound IF sections of TV receivers. 
In addition, an output terminal is provided which allows the 
use of the amplifier-limiter as a straight 50-dB wideband 
amplifier. 

• Provision for output from 3-l1IIge I F amplifier section 

• Low harmonic distortion 
• Ouadrature detection permilS simplified singl .. coil tuning 

The amplifier·limiter features the excellent limiting character
istics of 3 cascaded differential amplifiers. 

The quadrature detector requires only one coil in the asso
,iated outboard circuit and theretore, tuning is a simple 
procedure. 

A unique feature of the CA2111 A is its exceptionally low 
AFC voltage drift over the full operating·temperature range. 

This device can be supplied in either dual-in-line or quad-in
line 14·lead plastic packages (CA2111AE and CA2111AO, 
respectively). 

ELECTRICAL CHARACTERISTICS at TA • 25°C 

• Extremely low AFC voltage drift over full 
operatintttemperatu re range 

• Minimum number of external parts required 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS 

MIN. 

DC Voltage: V+ '" 12V -
At Terminal 1 VI = 8V -
At Terminals 4, 5, 6, 10 V4, 5, 6,10 V+= 8V -
At Terminals 2, 12 V2,12 -

DC Current (into Terminal 13) 
AtV+= 8V -
At V+= 12V 113 -

Amplifier Input Resistance R4 -
Amplifier Input Capacitance (;4 -

Detector Input Resistance R12 -
Detector I nput Capacitance (;12 fo = 10.7 MHz -
Amplifier Output Resistance R10 -
Detector Output Resistance Rl -
De-Emphasis Resistance H14 -

DYNAMIC ELECTRICAL CHARACTERISTICS at T A • 25°C 
FM Modulation Frequency· 400 Hz, Source Resistance = 5011 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
fo = 10.7 MHz fa =4.5 MHz 
/::.J= ± 75 KHz t:.f = ± 25 KHz 

V+ = 12V V+=8V V+= 12V 

LIMITS 

TYP. MAX. TYP. MAX. TYP. MAX. 

AMPL-LiMITER 

Input Limiting Vi(lim) 400 600 400 600 250 400 
Threshold Voltage (4) 

AM Rejection* • AMR(U 45 - 37 - 36 -

Amp!. Voltage Gain" AV(10) 55 - 55 - 60 -

DETECTOR 

Recovered Audio* Vo(AF) 0.48 - 0.3 - 0.72 -
Output Voltage (1) 

Total Harmonic* 
Distortion THD(l) 1 - 1 - 1.5 -

'Vi = 10 mV IRMSI "Vi'" 50llV (rms) '100% FM, 30% AM 

TYP. MAX. 

5.4 -
3.7 -
1.35 - V 
3.5 -

14 - mA 
16 -

7 - kll 

11 - pF 

70 - kll 

2.7 - pF 

60 - 11 
200 11 
8.8 - kll 

TESTCIR· 
CUlT OR 

fa = 5.5 MHz UNITS 
CHARM:· 

t:.f=±50KHz TERISTIC 
CURVES 

V+ = 12V FIG. NO. 

TYP. MAX. 

250 400 V 7.6,8,9 

(RMS) 

40 - d8 2,7,5,6 

60 - dB 7 

1.2 - V 6,7,8,9 

(RMS) 

3 - % 7 

Fig. I-Block diagram of CA27 11 A and 
lISSociated outboard components. 

MAXIMUM RATINGS. Absolute-Maximum Values at TA-2!PC 

DC SupplV Voltage 
(between terminals 13 (V+~ and 7 'V-U 16 

Device Dissipation: 

v 

UPloTA "60'C 

Above T A • 6O"C 

600 mW 

derate linearly 6.7 mWrC 

AniJient Temperature Range: 

Operating ...••.•••.....•. 

Storage .......•......... 

Lead Temperature lOuring Solderingl; 

AI distance 1116 • 1132 in. 
n.59 • 0.79 mml 
from ease for10s max .....•.. 

iIO SUPPLY VOLTAGE (V·I-12 V 

-55 to +125 

-66 to +150 

+265 

I II I AMIIENT TEMPERATURE (TA)-25"( 

toO""'M,50%AM II ""'\: 00 t.-4.5 MHz 

" J~./'i1i1o"'" 
i \ / IfEOIGM"'-'''' 

40 
1-' / '" '" <£.~' -t-

OO 

f-z(.,.~ 
ZO ~i 

~"i 
10 I 

2 4681246810 

INPUT SIGNAL VOLTAGE (Vii -fflV[,m.] 
tZC$-2018' 

Fig. 2 I-AM "/Ie'ion .,Inpu, "",_ 14.5 MHz!. 

10 SUPPLY VOLTAGE tv 1-12 V 

·C 

·C 

·C 

"EF.S"~! 
AUBIENT TEItI"ERAT\IR£ CTA,)-2'ec I-IIIj{ ITERM /0) I--100""",10%"''' . ""-

I 
50 t. -5.5 .. Hz 

t--,~ 1/ 
I 
iil I} "- .... "/ '\ / ,. 
:! / I ........ \ z 
~ ItEF. SIGNAL 

:il 00 
INPUT eTER ... , 

OJ V .. 
~ " c ZO 

4 6 a I 4 .. 810 •• 
INPUT VOLTAGE (Vil-mV [rm.] 

NCS-201.Z 

Fig. 3 -AM ,."",Ion VI input >om.,. 15.6 MHz!. 
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CA2111AE, CA2111AQ 

Fig. 4 -Circuit sdtem.tk:-CA211 IA 

COMPONENT VALUES 
DETECTOR TRANSFER 

CI C2 

V· 

I. 

MHz 

..• .,. 
10.7 

DISTORTION 
ANALYZER 

HEWLETT 
PACKARD 

EQ~relt~T 

9ZCS-20771 

L, C, ., 
_H pF Kn 

'4 120 20 

100 20 

120 3,' 

CHARACTERISTICS 

Q C2 C, U ...... 
PEAK 

pF _F MM. 

30 0.003 ',58 

30 0.003 .,63 

20 4,1 0.0' 10.9 

NOTE: 

Input to the quadrature coil can be from 
either terminal 9 or terminal 10. Terminal 
9 is normally used because it lessens the 
possibility of overloads during tuning. 
The use of terminal 10 increases the. 
~timiting sensitiVity s.ignificantly and h. 
been used successfully in these tests. 

LOWER 
PEAK 

MH. 

4.42 

5.37 

10.5 

Fig. 7 -T." circuit, 

AMBIENT TEMPERATURE (T.)-25-C 

1 • I. -10,1 MH. I. -1(f. .- H- ,..-' -l 6'-t.7511Hz ...\ I---aNPtnCARAtERallftV .~ 

! • 
I 1~.,jY)';.~ ~ 100 

i 
" ~1': .. ,y, , 

i!~ - r-f. 
'f 

1~4 il 

~ • 
... 

10 
Ii 

l!f • ,II 
0.01 2 • 6 '0.1 4 6', • • '100 

I~UT SIGNAL VOLTAGE 1Vi)-mV[, ... ] 
t2cS-207M 

Fig. 9-DtttfctIKJ _diD output WJlt.,. VI input l'Olt.". ',0.1 MHz). 

> 
I 
i' 

1a 

;; 3.1 .. 

3,' 

SUPPLY VOUAQ;E (V+)· 8 v 

.50 ·25 0 25 50 75 100 
AMBIENT TEMPERATURE (TA I-·C 

Fig. lo-AFC va/flip VI lIfnbient rwnp. 

9ZCS·20167 

LINEAR INTEGRATED CIRCUITS 

1'50 AMBIENT TEMPERATURE ITAI-2S-C 
~11 I 1OO%F',..30%AM 

to -10.7 MHz /' ~"~~h .. 40 

i ~ - i"t<R~ ! 
'''~~ i' // ""~~CI,... 

~ 30 

~ 
I " ~20 .. .. .. 10 

0 

15' 8 I 468 10 468 100 .. 
INPUT VOLTAGE IVj)-mV[rms} 

tICS-20t6S 

Fig. 5 -AM ",joetion v. input voltage "0.7 MHz!. 

.... SUPPLY VOLTAGE 1V+1-12V 11 E AMBIENT TEMPERATURE (TA'-ZS-C r Q9 fD-4.5 MHz II 6.f-±25kHz 
~o.e 
i!j 0.1 

V 
REF. SIGNA&. INPUT lTERM 9)-

~ 
~ 0.6 

/ 
~ 0.. 

il 0.. 

/ ~ 03 

~ 
0.2 

0.1 

l!f 0 
4681 468 10 

INPUT VOLTAGE (Vii-MY [rms] t2CS-IO"14 

Fig. 6 '-D.reeled INdio outPut VI input vo/rotll '4.5 MHz!. 

.. ~ 6 8 al 4 6 a I 2 

INPUT VOLTAGE IVil-mV [,ms] 

Fig. 8-o.reeled wdlo outPUt .. Input VOltage (5.5 MHz!. 

AMBIENT TEMPERATURE TAI-25~ 

M~:: FREQiNCY.lkHl 

i eo I H1+-+-+-+++--+--+-++t 

i 601-----1--+- I 

Z~ ttc- - ~ il,"!=.+I!,:-g,a;'"!:"5:F-="p-H-I 
- - I ~.()I.~~~, ---I! 40 'iE. •• ~&I""'-l-I-i--+--+-+-+-H ! f---l--i-",if"'I"l-

in 20r-_'~1:4' 
o~r--r--' 
0.0' .. 6 I I .. 6 110 

INPUT VOLTAGE (Vil-mV [rifts} 
t2CS-207&. 
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LINEAR INTEGRATED CIRCUITS 

CA3000 

DC Amplifier 

• Designed for use in Communication, Telemetry, Instrumentation, and 
Data-Processing Equipment 

• Balanced differential-amplifier configuration with controlled 
constant-current source to provide outstanding versatility 

• Built-in tem~erature stability for operation from -ssOC to tl2SOC 
• 10-Lead hermetic TO-5 style package 

• Companion Application Mote, ICAM 5030 "APplications of RCA CA3000 
Integrated C i rcu i t DC Amp I if ier" covers character i st ics of different 
operating modes, frequency considerations, 10 MHz narrow band 
tuned amplifier design, crystal oscillator design, and many other 
application aids 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS MAXIMUM POWER SUPPLY VOLTAGE .. - 160r ±S V 

OPERATING-TEMPERATURE RANGE 
STORAGE-TEMPERATURE RANGE 
LEAO-TEMPERATURE (During Soldering): 

at TFA = 25°C 

_55°C to +12SoC 
-6S0C to +1500(: 

MAXIMUM SINGLE-ENDED INPUT -SIGNAL VOLTAGE 
MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE 
MAXIMUM DEVICE DISSIPATION: 

.:t4V 

.±2V 

450mW At distance 1116 ± 1/32 inch f1.59 ±O.79 mm) 
from case for 10 seconds max. • . • • • +265OC 

From -5SoC to 85°C. . 
Above850 C . . • . Derate 5 mWJOC 

ELECTRICAL CHARACTERISTICS, at 1FA. = 25"C, Va; = +6V, VEE = -6V, unless otherwise specified 

·LIMITS TYPICAL 
SPEC I AL TEST COMO IT! OMS TEST CHAIIA!:-

CHARACTER I STI CS SYMBOLS Terminals No.~ & No.5 Not CIRCUITS TYPE TERISTICS 
Connected Unles. Specified CA3000 CIaVES 

Fig. Min. Typ. MIx. Units Fig. 

STATIC CHARACTER ISTICS 

I rlput Offset Voltage VIO - I_~ 5 rrN 2 

input Offset Current 110 - 1.2 10 ,J, 2 

Input Bias Current lIB - 23 36 ,J, 3 

TERMINALS 

~8 
~ 5 

qu i eseent Operat i ng NC NC - 2.6 - V 4 
Voltage 

or 
NC VEE - 11.2 V " -

VIo VEE NC - -1.5 - V 4 
VEE VEE - 0.6 - V 4 

Device Dissipation Po NC NC - 30 - IiII IIOIIE 

DYNAMIC CHARACTERiStiCS 

Differential Voltajje Gain AD IFF Sing I e-Ended Output f ~ I kHz 6 28 32 - dB 5 
Single-Ended Input Ooub 1 e-Ended Output f = 1 kHz 6 - 38 - dB 5 

Bsndwidth at -3 dB Po.int 8W VI = to mY. R, = 1 kn - 650 - kHz 7 

Max imum Output Vo.l tage 
'iOUT(P-P) f = I kHz - 6.'1 - VIP-PI HONE 

Swing 6 

CClIIIIIOI1-Mode Rejection 
f· I kHz 9 70 98 - dB B 

Ratio. CMRR 

Single-Ended Input 
liN f • I kHz 

Impedance 11 701( 196K - n 10 

Single-Ended Output 
lOUT Impedance 

f· I kHz 13 5.5K 8K 10.5K n 12 

Total Harmonic Distortion THO RS'lkn f • I kHz VO'42Vp_p - 0.2 5 ~ III 

AGe Range (Max imum Voltage 
AGe f • I 1kHz 15 80 90 - dB HONE 

Gain toC"",let. Cutoff) 

INPUT OFFSET VOLTAGE AND CURRENT vs TEMPERATURE 

STATIC CHARACTERISTICS FOR TYPE CA3000 

INPUT BIAS CURREIT VI TEMPERATURE 

3.' 

0. 

-7S -50 -2S 

POSITIYE DC SUPPLY VOLTS tvee). +6 
NEGATIVE DC SUPPLY VOLTS (YEE). -e 

25 ~ 75 100 125 
AMBIENT TEMPERATURE (TA )-"'C 

'2CS-IUM 

Fig.2 

AMBIENT TEMP!RATURE (TA )--c 

Fig.3 

HIGHLIGHTS 
• Input h.pedonee • • • • • • • • 
• Vo.lt. Gain •••••••••• 
• ___ Rejection Ratio •• 

• Input Offset Volt ••••••• 
• Push-Pu II I "put and Output 
• Frequency Capabi I i ty 

195 ICl typo 
30 dB typo 
98 dB typo 
I.~ av typo 

DC to 30 MHz (with external C and R) 
• Wide ·lllC Range. • • • • • • • •• 90 dB typo 

APPLICATIONS 
• Schllli tt Tr i gger 
• RC-Co.upled Feedback AMpl ifier 

• Mixer 
• COliparator 

• Modul.tor 
• Crystal Osci llator 
• Sense AII,I ifier 

5K R7 

y+ 

2.8 K Ra 
I K Rg 

0, 

2K RIO D, 
·11 

2.2K 

v-
Resistance valut. are in Ohm. 

Fi,.1 SCHEMATIC DIAGRAM 

4 

92CS-12979R2 

QUIESCENT OPERATING VOLTAGE V$ TEMPERATURE 

7& -!!O -2. 

aSITIYE DC SUPPLY VOLTS (Vee)- +6 
EGATIYE DC SUPPLY VOLTS (V ).-

A 

o 

25 50 15 100 125 
AMBIENT TEMPERATURE (T A I-"C 

92CS-13394 

Fig.~ 
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LINEAR INTEGRATED CIRCUITS 

CA3000 
DYNAMIC CHARACTERISTICS AND TEST. CIRCUIT FOR TYPE CA3DOI) 

DIFFEREMTIAL VOLU8E 8AIN VI TEMPERATURE 

LV Yee-+ 
NJt;;ATIVE DC SUPPLY VOLTS tvEE). -. 
FREQUENCY t f) • akcll 

ii 
... 0: 
5!> .. " z<C 

i 
-50 

OUB E- ED UT 

ING~E- NDED TP.UT. 

-to 0 2' 50 75 100 125 

AMBIENT TEMPERATURE {T A )--c: 
92(:$-13!!94 

Fig.S 

COIoIION-MODE REJECTION RATIO VI TEMPERATURE 

.. 
91' z 

o 
;:: .. 
U v 

~I 

-50 

POSITIVE DC SUPPLY VOLTS tVeel- +6 
NEGATIVE DC SUPPLY VOLTS (YEE)· 6 
FR •• 

-25 0 25 50 75 100 125 

AMBIENT TEMPERATUR"E (TA l-'"C 
92(:5-13297 

Fig.S 

SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

ZIM- :X10I 

ii-I 

Fig. i I 

Vee 
+6V 

9:!cS-f3498R1 

DIFFERENTIAL VOLTAGE eAlN AID MAXIMUM OUTPUT 
VOLTAGE SWING TEST CIRCUIT 

AOIFF. • 20 LOGIO VOUT 
"N 

Vee 
+sv 

-SV 
VEE 

Fig.6 

ncS-I3497R1 

COMMON-MODE REJECTI ON RATI 0 TES:r C I ReU I T 

Vee 
'6V 

-6V 
VEE 

CClMMQN-MODE ftEJECTION RATIO(CMR)- 20101 lAi!~l) 
*A'" SINGLE-ENOED VOLTAGE GAIN AS MEASURED 

IN CIRcuIT SHOWN IN FIG. 68 'l2CS-fn&3R2 . 

Fig.9 

SINOLE-EMDED OUTPUT IMPEDANCE VI TEMPERATURE 

~ . 
I 
! • 

POSITIVE DC SUPPLY VOLTS (Vee). +s 
NEGATIVE DC SUPPLY VOLTS (VEE). -I 

y f • 

_ _ _ 0 ~ 50 75 ~ ~ 

AMBIENT TEMPEftATURE tT A )_·C 

Fig.12 

BUDWiDTH AT -3 dB POIMT VI TEMPERATURE 

POSITIVE DC SUPf!LY VOLTS (Vee)- +6 III NEGATiVE OC SUPPLY VO\..TS (VEE) - -. 

T 
III I !I III 

:c 0 
AMBIENT TEMPERATURE IT A I' -55·C 

i r-~ 
i'-Z5 

~ -
g 

-0 

~ I-50 
i 

-4C 

• • •• • ... • . .. • ... 0.001 0.01 0.1 '0 
FR£QIJENCY (f) - MHz: 

Fig.7 

SINGLE-EliDED INPUT IMPEDANCE VI TEMPERATURE 

" i z 
!:!. 

I 

-75 

I IV U Y L Vcc. +6 
NEGATIVE DC SUPPLY VOLTS (VEE) - -8 
FREQUENCY I f I - I kHz 

-50 -to 0 25 50 75 
AMBIENT TEMPERATURE {T A J--C 

Fig.IO 

100 125 

SINGLE-ENDED OUTPUT IMPEDANCE TEST CIRCUIT 

92CS-I5455R1 

Fig.IS 

TOTAL HARMONIC DISTORTION vs TEMPERATURE AGC RANGE TEST e I RCU IT 

POSITIVE DC SUPPLY VOL",:S (Vec'. +6 
NEGATIVE DC SUPPLY VOLTS (VEE'. -6 
F:REOI:JENCY ,f) • I Ida . . 

-75 -50 -25 25 ·50 7ei 100 125 

AMBIENT TEMPERATURE (T A I--C 
92CS-1349' 

Fig.III 

Vee 
+6V 

Fig~ 15 
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LINEAR INTEGRATED CIRCUITS 

CA3001 
Video and Wide-band Amplifier 

• De,it.ed for us. in Vid" Systems and COIIIImunicatlon Equip ... ent 

el.lanced diffe,enti.1 amplifier confiluration with co.trolled c •• at.nt-cu,rent sourc. 
provid •• ouhtanclinl v.rsatility 

·12-Lead Hermetic TO-5 Stvle Package 
eB.llt·lft _p.",tuto .tabillty for .poratlon fro .. -55·C to +125OC 

• E.-iff., foIlowe, input & output 

eCo .. ponion Appll.atlon N.t. ICAN5038 ·Applleotioft of tho RCA·CA3001 Into.,otod
Circuit Vicleo Amplifier·, CO"ers cliH.,.nt .,. .. ting ...... , ,ain control, 4lstortion, 
Iwinl capability, 3 st ... amplifier cI •• iln,and a Sch .. iH tril'" stuely. 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS at TA = 25aC 

HIGHLIGHTS 
e P •• h-P.II Inp.' & Ovtput 
eAGC Roft ••......... 
e Bandwidth .......••.. 
o Inpot Re.I.teft ••.•.•.. 
eOutput Resistance •••.• 
• Volt ••• Gain .••...•.• 
o Input Off •• t Volte.. . . . . 

APPLICATIONS 

_Schmitt Tri"., 
eMixer 
eModulator 

Indicated voliSle or current limits for eacb terminal can be applied under the specified conditions for other terminal •. 
All Voltq'ea are with respect to ground (common terminal of Positive and Negative DC Supplies). 

VOLTAGE OR VOLTAGE OR 
CURRENT LIMITS CONDITIONS 

TERMINAL CURRENT LIMITS CONOITIONS 
TERMINAL 

60 dB typo 

2'M" • 
ISOkO typo 

4S0typ. 
19 dB typo 

1.5 .. V typo 

OOC,IF,& 
Vidoa 
Amplifier 

NEGATIVE POSITIVE TERMINAL VOLTAGE NEGATIVE POSITIVE TERMINAL VOLTAGE 

2,6 0 
1 -2.5 +2.5 3.10 -6 

9 -IIi 

1,2,6,10 0 

3 -6 

8 25 mA 9 -IIi 
1,6 0 20().l1 RESISTOR 

2 -S.5 0 3,10 ·8.5 CONNECTED BETWEEN 
9 -IIi TERMINALS No.8 & No.1 

1,2,6 0 

3 ·10 0 9 -IIi 

1,2,6,10 0 
9 0 +10 

3 -6 

10 -6 1,2,6 0 

1,2,6 0 10 -10 0 3 -6 

4 ·8.5 0 9 -IIi 9 -IIi 

10 -6 1,2,6,10 0 

1,2,6 0 3 -6 

5 -6 0 3,10 -6 11 25 mA 9 -IIi 

9 -IIi 2Oo.l1 RESISTOR 

1,2 0 

6 ·2.5 +2.5 3,10 -6 

CONNECTED BETWEEN 
TERMINALS N .. IO&No.11 

9 -IIi INTERNAL CONNECTION 

INTERNAL CONNECTION 
12 DO NOT USE 

7 DO NOT USE INTERNALLY CONNECTED TO TERMINAL NO_3 
CASE 

(SUBSTRATE) DO NOT GROUND 

OPERATING TEMPERATURE RANGE ..... __ .............. _ .. __ . _. ·550 C to +1250 C 

·650 C to + 150°C STORAGE TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering); 
At distance 1/16 ± 1/32 inch {I.59 ± O.79mm) 
from case for 10 seconds max. _ ................................ . 

MAXIMUM SINGLE·ENDED INPUT-SIGNAL VOLTAGE .............. . 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85 0 C 

+2650 C 

±4V 

±2.5 V 

450mW 

Above 85°C ................................................ . Derate linearly 5 mW IOC 

POSITIVE DC SUPPLY. VOLTS tVee). +6 

NEGATiVE DC SUPPLY VOLTS (VEE)--6 

> 10 

I 
J 70 

i 

-010 -25 0 11$ 010 7& 

AMBIENT TEMfI£RATIJRE (TAJ--C 

'DO ,11$ 

UCS-1329OR1 

POSITIVE DC SUPPLY VOLTS (VCC)'+6 

NEGATIVE DC SUPPI.Y- VOI.TS (VEE) --6 

-50 

MODE 

MODE A 

MODE 0 

DEC 

-25 25!50 75 
AMBIENT TEMPERATURE (TA )--c 

100 '25 

~C$-13371R1 

I 

Fig. 4 - Output 0I1.et vo/tege vs. temperature. Fig. 5· Quiescent operating volfage vs. temperaturo. 

76 

U' "'0 .. ' . 'II ""'. 
D, 

D. 
R,. 

Z.ZK 

',. • • VEE S 

• Int.naJ Comectlon - DO NOT USE 

Fig.l • Sc"--tlc Dlorgr"", 

POSITIVE DC SUPPLY VOLTS IYecl-+6 
NEGATIVE DC SUPPLY VOLTS (VEE)--S 

-eo -25 0 25 50 15 
AMBIENT TEMPERATURE (TA)-·C 

All resistOl'r 
ae in ohms 

100 125 
92CS-13285RI 

Flg.2 - Input ofl.et voltage and current vs. temperature. 

010 

POSITIVE DC SUPPLY VOLTS (Vce)-.6 
NEGATIVE De SUPPL.Y VOLTS (VEE)--I 

4 • ~ 0 25 ~ 7& m ~ 
AMBIENT TEMPERATURE ITAJ--C 92CS-1329IRI 

F ;g.3 - Input bias current vs. temperatur •• 

'>0 

,20 

'I 
I 110 , 
~IOO 

: 
~ 90 

" ... 
~80 
~ 

70 

• -7& -50 -25 0 25 50 75 
AMBIENT TEWERATURE (TA) _·C 

MODE C 

MOOED 

MOD A 

MODE B 

100 125 

!l2CS-I4988 

Fig. 6 .. Device dissipation YS. t.mperature. 



CA3001 
ELECTRICAL CHARACTERISTICS, AT TA = 25oC, VCC = +6 v, VEE = -6 V 

CHARACTERISTICS SPECIAL TEST CONDITIONS 

(See Pa.e 2 Io! SYMBOLS Terminals No.4 and No.5 

Oelinitions 01 Terms) Not Connected 

Unless Specified 

STATIC CHARACTERISTICS: 

Input Offset Voltaee VIO 

Input Offset Current liD 

Input Bias Current II 

Output Offset Voltaee Voo RS= 1 kn 
TERfilNALS 

MDOE 4 5 

Quiescent Operating V8 A NC NC 

Voltage DR 

Vu 
B NC VEE 

C VEE NC 

0 VEE VEE 

A NC NC 

B NC VEE 
Device Dissipation Po C VEE NC 

0 VEE VEE 

DYNAMIC CHARACTERISTICS: , 
Differential Voltage Gain 

AOIFF 
f - 1.75 MHz 

(Single-ended input II1d output) f 20 MHz 

Bandwidth at -3 dB Point BW RS = son 
Maximum Output Voltage Swing VOUTIP-p) RS = son f = 1.75 MHz 

f· 1.75 MHz, Rs ~ 1 Kr, 
Noise Figure NF 

f 11.7 MHz, RS 1 KO 

Common-Mode Rejection Ratio CMRR I 1 KHz 

Input Impedance Components; 

parallel Input Resistance RIN f 1.75 MHz 

Parallel Input Capacitance CIN f 1.75 MHz 

Output Resistance ROUT I 1.75 MHz 

AGe Range (Maximum voltage AGC f 1.75 MHZ 
gain to complete cutoff) 

LIMITS 

TEST 

CIRCUITS TYPE CA3001 

Fie. 

12 

13 

13 

11 

11 

•• 

Min. Typ. Ma •• Units 

1.5 mV 

- I 10 ~ 

16 36 ~ 

54 300 mV 

3.8 4.4 5 V 

4.8 V 

2.7 V 

4 V 

60 78 120 mW 

71 mW 

lIO mW 

86 mW 

16 19 dB 

10 14 dB 

16 29 MHz 

5 Vp_p 

5 8 dB 

7.7 dB 

70 86 dB 

50 140 Ki1 

3.4 7 pF 

45 70 n 

55 60 dB 

PoSITIVE DC SUPPLY VOLTS IVccla+S 
NEGATIVE DC SUPPLY VOLTS IVEE}a-6 
FREQUENCY (t! • 111Hz 

TYPICAL 

CHARAC-

TERISTICS 

CURVES 

Fie. 

2 

2 

3 

4 

5 

5 

5 

5 

6 

6 

6 

6 

7. B 

NONE 

NONE 

9 

10 

11 

11 

NONE 

NONE 

-75 ~50 -25 25 50 ~ 100 125 
AMBIENT TEMPERATURE {TAI-OC 92(:S-13288 

Fig. 9 - Hoi •• fi!lure v •• source re.istonce and 'requency. Fig. 10 - C ommon-moGe reie"'ion ratio VB. temperatur •• 

LINEAR INTEGRATED CIRCUITS 

POSITIVE Dc SUPPLY VOLTS (Ycc)-+' 
NEGATIVE DC SUPPLY VOLTS(YEE'--S' 
FREQUENCY {f)-1.75 MHI 

IB.1 

m 

~ '8.6 

; IB.5 

ill i! 18.4 

~ 
18.3 

18. 

+t-, -. 

-7~ --'0 -25 25 50 75 100 125 
AMBIENT TEMPERATURE (TA)--C 92CS-'''Z81' 

Fig. 7 - Differential volta!le !lain vs. temperature. 

POSITIVE DC SUPPLY VOLTS (YeC)-+6 
NEGATIVE DC SUPPLY VOLTS (VEE)--6 
AMBIENT TEMPERATURE (TA)-25-C 

2Q 

........ 
m ,. 
~ 
z ,. 
e .. 
ill 8 

\ 
~ 
g 

\ 4 

\. 
, ... 2 ... , ... . , ... 

0.1 '0 
FREQUENCY en - MHz 

'00 '000 

Fig. 8 - Diff.rential volta!l" !lain VB. frequency. 

POSITIVE DC SUPPLY VOLTS (YCC'-+6 ! NEGATIVE DC SUPPLY VOLTS IVEE)a-6 
AMBIENT TEMPERATURE (T A'- 25-C i 
''''' II I 2 

" I i 100 I INPUT +'OI 
l< CAPACITANCE tag ~ BO 

~ 
I .. 

I 1I 
~ 60 ; 6 ~ 

........ il 
i:i .l. If 
~ 40 

INPUT./' 
4 ~ 

l!20 RESISTANCE '\ i 
, 2 l! 

0 1'1 I I t- o 
2 •• 8 2 ... , ... 2 4 •• 

001 01 I 10 100 
FREQuENCY (fl- MH.z 92CS-13281 

Fig. 11 _ Input impeJance component. v •• 'requency. 
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LINEAR INTEGRATED CIRCUITS 

CA3001 

Vee 
+Sv 

92C5-13587 

1. ,.. .... 1It V. 'Of' VOVT(DC) = 0 :t O. J V 2 ......... Va aad neon! 
laplll offHt .olt ... (VIO) In aaV •• V. 

VI0 8 ; 

Fig. 12 . Input oHs.t yoltogo t.st circuit. 

COMMON- MODE REJECTION RATIO 
CMR 11 20 LOG IO lA*) III (0.3) 

Edt,,,,,s' 
·A1ISINGLE-ENDED VOLTAGE 

GAIN 

Ira" II,-ISI 
1',I+IIsl 

'" --2--

"ce 
.SV 

Fig. 13· Input oHs.t current onJ input bios curr.nt 
Ie. t c ircu·it. 

OSCILLOSCOPE 
WITH "IGH- GAIN 

DIFFERENTIAL 
INPuT 

(TEKTRONIX TYPE 
530, :i40. OR 5.0 

WITH TYPED PlUG·IN 
TEKTRONIX TYPE 502, o. 

EOUIVALENT) 

37-250 
pr 

Vee 
tOv 

VEE 
-SV 

• Separate tuned input circuits are UHd .Ior 1.75 MHz and 1l.7 MHz. 
Sourc.reslstanc.e matching taps adjusted with (i.euit tuned to 
reson .. ce and with ~ohm resistor c:onnected to simulate 
noise diode. 

Fig. 14 . Hoi •• 'igure t •• t circuit. 

AGe RANGE: 20 LOG A WITH 5 IN POSITION X 
10 A 'WITH S IN POSITION Y 

Fig. 15 . C omman·moJ. rejection rotio test circuit. 

Fig. 16 • AGC ron,. test circuit. 
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CA3002 
IF Amplifier 

.D •• igned for un in Communication Equipm ... t 

• B.I.nced dlffe .. ntlal .mpllfl.r confi,uratl.n with contralled c.nst.nt·cur .. nt .ourc. 
provida. out.tandin, v .... tUi" 

• 10-Lead hermetic TO-5 style package 
• Built.in temp.ratura .t.bili" for oparation from .SSoC ta + 125"C 

• Companion Application NotaICAN·5036 • Application of the RCA·3002 Int.,roted.Clrcuit 
IF Amplifi.r· cov ... diK ... nt op.r.tln, mod •• , era .. modulation, .ain control, .... ta •• 
amplifiar d •• i.n, and an ... valope and product det.ctor analy.I •• 

ABSOLUTE·MAXIMUM VOLTAGE AND CURRENT LIMITS, at TA = 25°C 

COMMON·MODE INPUT SIGNAL VOLTAGE. . . . . . . . . . . . .. ±2 V 
MAXIMUM POWER SUPPLY VOLTAGE ............ 16 Vor ±8 V 

OPERATING·TEMPERATURE RANGE ........................ ·550 C to +1250 C 

STORAGE·TEMPERATURE RANGE .......................... ·65 0C to +1500C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 

from case for 10 seconds max. 

MAXIMUM INPUT·S1GNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION: 

·55 to 85°C 450mW 

Above 85°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Derate linearly 5 mW 1°C 

STATIC CHARACTERISTICS AND TEST CIRCUITS 

POSITiVE DC SUPPLY VOLTS (Vee)· +6 
NEGATiVE DC SUPPLY VOLTS (VEE'. -6 

-1& -M) -25 0 25 so 15 100 12D 

AllBENT TEWtERATUAE (T"I--C 92C;S-13S41' 

Fig.2 • Input un"./ .... c. yo"age & curren' YO 'emperolur •• 

POSITIVE DC:: SUPPLY VOLTS (Vee). +6 
NEGATivE DC SUPPLY VOLTS (VEE). -6 
Fllt£QUENCY (tl -1.'75 MHz 

-75 -!SO 100 125 

92CS-13!44 

Fig. &r - DiHer.ntia' yo'talle lIain vs 'empera'ure. 

I. 
I 
~40 

Ii 

POSITIVE DC SUPPLY VOLTS (Yeel. +6 
NEGATIVE tiC SUPPLY VOLTS (VEE)- -6 

-!SO -25 0 25 50 75 100 125 
HCS-IS345 

Flg.3 - 'npu, h;as curren' vs 'empe .. 'ure. 

STATIC CHARACTERIStiCS AND TEST CIRCUITS 

POSITIVE DC SUPPLY VOL.TS(VCC)- +, 
NEGATivE DC SUPPLY VOLTS (V'll. -I 
A_ENT TEMPERATURE (TAo I -2,·e 

20 
'I " • ~ 
~ 15 

'\. 

~ 
~ 

10 

5 

, . . . , . . . , . . . 
0.1 I 10 100 

FREOUENCY (fi-MH2 

Fig. 5b - Diller.n';a' "a"age gain vi I,aquency. 

LINEAR INTEGRATED CIRCUITS 

HIGHLIGHTS 

• Input Re.istanc. . • . • •• 100 kn typo 
• Output R •• i.tanc~ . . • . . 70 n typo 
• Volta,. Gain.. 2 .. dB "p. !! 1.75 MHz 
• Pu.h.Pulllnp.t, Sin,Ie-Ended Output 
• .3 dB Bandwidth .••••• 11 MHz "p. 
• AGC Ron,.. . • • • • . . .• 80 dB typo 
• Useful Frtqu.ncy R ..... DC to •• 15 MHz 

APPLICATIONS 

• Product Detector 

.IF & Vieleo 
Amplifi.r 

9 v+ 

• AM D.t.ctor 

a Schmitt Trigger 

*TERMINAL No.6 IS AN 
INTERNAL CONNEtTION 

4 2 v-

R" 
IK 

DO NOT USE 

CASE AND SUBSTRATE 

ALL RESISTORS ARE IN OHMS 
92CS-IZ953R2 

Fig. 1 - Schematic diagram. 

POSITIVE DC SUPPLY VOLTS (Veel. +8 
NEGATIVE DC SUPPLY VOLTS (VEE) - 6 

IiIODE A 

_ _ 4 ° ~ ~ B ~ ~ 

A.IENt" T£MP£RAtUR£ (TA l~e 
92(;$-r3$62 

(:ill.4 - Quiescen' operating yo"age vs 'emp.ra'ure. 

-75 

POSITIVE DC SUPPLY VOLTS (Vee)· +Ii 
NEGATIVE DC SUPPI.Y VOLTS (VEE)- -6 

-!SO -25 25 50 ~ 100 12~ 

AMBIENT TEMPERATURE (fA J _·C 

Fig. 6 - Sane/wie/,h at -3 e/S poin' vs temperature. 
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LINEAR INTEGRATED CIRCUITS 

CA3002 
El.ECTRIC .... L CHARACTERISTICS, at T A =25°C, VCC = +6 V, VEE =-6 V 

LIMITS TYPICAL 
SPECIAL TEST CONDITIONS TEST CHARAC-

CHARACTER ISTICS SYMBOLS TERMINALS No.3 & No.4 
NOT CONNECTED 

CIRCUITS CA3002 TERISTICS 
CURVES 

UNLESS OTHERWISE NOTED 
Min. 

STATIC CHARACTERISTICS: 
Input Offset Voltage VIO 

I nput Unbalance Current IIU 

Input Bias Current II 

MODE TERMINAL 

2 4 
Quiescenl Operating 

A 
Voltage VEE NC 

B VEE VEE 

Device Dissipation PT 

DYNAMIC CHARACTERISTICS: 

Differential Voltage Gain VIN = 10 mV 

(Single-En<ied Input AOIFF f = 1.75 MHz 

and Output) AS~ 50n 

BandWidth at ·3 dB Point BW RS" soQ, VIN" 10 mV 

Maximum Output Voltage Swing VOUT(P-P) 

Noise figure NF f = 1.75 MHz RS = 1 kO 

Input Impedance Components: 
Parallel Input Resistance RIN f = 1.75 MHz 

Parallel Input Capacitance .CIN I = 1.75 MHz 

Output Resistance ROUT 1= 1.75 MHz 

AGC Range (Maximum Voltage 

G.in to Complete Cutol! AGC I = 1.75 MHz 

POSITIVE DC SUPPLY VOLTS 1Veel: +6 
NEGATIVE DC SUPPLY VOLTS (VEE). 6 
FREQUENCY If) • 1.75 NHz 

-7S -50 -25 0 25 50 7~ 100 125 

AMBIE",T TEMPERATURE n A) --c 
92CS-13399 

Fig. 9a • Output resistance vs temperature. 

92C5-13564 

1) Increase both input-signal tones until the 2f2-f1 and 2f,-f2 output
signal voltages are 30 dB below the f1 and f2 output-signal voltages. 

2) M .... re rms values of the input and output signal yoltages. 

3) The m ..... red input signal voltage is that yalue when the 3rd-har· 
monic intermoclulatio" products are 30 dB below the fundamen· 
,",outputs. 

Fig. 11 - Intermodulation Test Circuit. 

80 

o 

Fig. 

4 

8 

None 

None 

14 

13 

Typ. Max. Units Fig. 

2.2 mV 2 

2.2 10 I'A 2 

20 36 I'A 3 

2.8 V 4 

3.9 - V 4 

55 mW None 

19 24 dB 5 & ,5 

11 MHz 6 

5.5 Vp_p None 

4 B dB 7 

lOOk n None 

4 pF None 

70 n 9a & 9b 

60 SO dB 12 

POSITIVE DC SUPPLY VOLTS (Vee) - +6 
NEGATIVE DC SUPPLY VOLTS (VEE)- -6 
AMBIENT TEMPERATURE ITA 1-25·C 

10 1& 20 25 30 

FREQUENCY (f}-MHz 

9ZCS-13400 

Fig. 9b - Outpul ,esistance vs f,equency. 

POSITIVE DC SUPPLY VOLTS (Vee)· +6 
NEGATIVE DC SUPPLY VOLTS (VEE). 6 

AMBIENT TEMPERATURE (T,l -2&·C 

o 10 15 20 2S !O 
FREQUENCY (f)-~z 

Fig. 12- AGe ,ango vs f,equency. 

... 

POSITIVE DC SUPPLY VOLTS (Vee)· +6 
NEGATIVE DC SUPPLY VOLTS (VEE)·-6 
AMBIENT TEMPERATURE (TAJt 25"C 
FREQUENCY (fl ,. 1.75 MHz 

ill 5 
o z 

500 1000 1500 2000 

SOURCE RESISTANCE (Rs)-n 

92CS-13397 

Fig. 7 • Noise figure vs source resistonce. 

Vee 
,6V 

VEE 
-6V 

92C5-13566 

• !m,s :.t :~~t":o ~:.'n";;::: !~dl~:~edM~IY::.ren~ ~~sre~ls~.~ 
connected. to simulate the noise d.iode. 

Fig, 8 - Noise figu,e. 

POSITivE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (V££). -5 
FREQUENCY (f) .. 1.15 MHz 

INPUT ADJUSTED FOR 3 rd OROER.HARMONIC ~ 
30 dB BELOW FUNDAMENTAL. 

IN u); 

OUT U.T 

-75 -~ -25 0 25 ~ 7& 100 12S 

AMBIENT TEMPERATURE (TA )_·C 
92<:S-13402 

Fig. 10 - Input level for - 30 dB intermodulation 
>'S. temperature 

VARIABLE 
DC SUPPLY 
(0 TO-6V) 

Vee 
+6V 

VEE 
-6V 

1) Set attenuator .t 80 dB attenuation. 

2) Set yariable de supply voltap at 0 V. 

3) Iner .... slanal Input Yoltap until RF V. T. V.M. indie.tes 5 mV 
output. 

4) Set yariable de supply YOlt.p at -6 V. 
5) Adjust attenuator until RF V.T,V.M. aa.in indicates 5 mV output. 

6) Change in attenu.tor settlna in dB is total AGC Ranae. 

Fig. 13- AGe range. 



CA3004 
RF Amplifier 

• Designed for use in Communications Equipment 

• Balanced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 

• 12-Lead Hermetic TO-5 Stvle Package 

• Built-in Temperature Stability for Operation from _550 C to +1250 C 

• Similar to RCA CA3005 and CA3006, plus Emitter-Degeneration Resistors 
to Provide Mare Linear Transfer Characteri stic and Increased Input-Signal 
Handling Capability 

• Companion Application Nate ICAN 5022 "Application of RCA CA3004, CA3005, 
... d CA3006 Integrated Circuit RF Amplifiers", covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC, 
limiter, detector, and amplifier design considerations. 

ABSOLUTE·MAXIMUM VOLTAGE LIMITS, at TFA = 25°C 

Voltage limits shown for each terminal can be applied under the indicated circuit conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 

VOLTAGE LIMITS CONDITIONS VOLTAGE LIMITS CONDITIONS 
TERMINAL 

1 

2 

3 

4 

5 

6 

TERMINAL 
NEGATIVE POSITIVE TERMINAL VOLTAGE NEGATIVE POSITIVE TERMINAL VOLTAGE 

·9.5 

·12 

·12 

-6 

-3.5 

NO CONNECTION 

6 0 
12 0 
3 ·9.5 

0 9 .s 
10 .s 
11 .s 
2 0 
6 0 
9 -+6 

0 10 -+6 
11 .s 
12 0 

2 0 
6 0 
9 .s 

0 10 .s 
11 -+6 
12 0 

2,6,12 0 
3 -6 

0 9 -+6 
10 oS 
1\ -+6 

2 0 
3 -6 
9 -+6 

+3.5 10 .s 
11 -+6 
12 0 

OPERATING-TEMPERATURE RANGE 

STORAGE·TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16" 1/32 inch (1.59 " 0.79mm) 
rrom case for 10 seconds max. 

MAXIMUM SINGLE-ENDED INPUT· 
SIGNAL VOLTAGE ..... . 

MAXIMUM COMMON-MODE INPUT· 
SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION 

7 

8 

9 

10 

11 

12 

CASE 

NO CONNECTION 

NO CONNECTION 

2 0 
3 -6 
6 0 

0 +12 10 -+6 
11 -+6 
12 0 

2 0 
3 -6 
6 0 

0 +12 9 -+6 
11 -+6 
12 0 

2 0 
3 -6 
6 0 

0 +12 10 -+6 
II -+6 
12 0 

2 0 
3 ·6 
6 0 

-3.5 +3.5 9 -+6 
10 -+6 
11 -+6 

INTERNALLY CONNECTED TO TERMINAL 
NO.3 (SUBSTRATE) DO NOT GROUND 

.... SSoC to +11SoC 

-6SoC to +ISOoC 

...... H.5 V 

... -2.5 V. +3.5 V -

.... 300 mW 

LINEAR INTEGRATED CIRCUITS 

e Push. Pull Input and Output 

• Wid. and Marrow-Band .... pllfi.r 

e AGC 

e Deteetor 

e Oporetion from DC t. 100 Mel. 

• Mixer 

e Limit.r 

e Modulator 

• RF. IF. and Video Frequency 
Capability 

SCHEMATIC DIAGRAM FOR CA3004 

AS 

0, 

", °2 
". 

Rt 

4 -NOTE: Connect Terminal No. 10 to me.t 
p6.ltly. de .uppl, YO It ... u •• d fo, 
circuit. 

FI,.I 

TYPICAL STATIC CHARACTERISTICS AND 

TEST CIRCUITS FOR TYPE CA3004 
(Figs. 2 to 8) 

INPUT OFFSET VOLTAGE 10110 CURREIIT 
VS TEMPERATURE 

POStTlVE DC SUPPLY VOLTS(VCC). +1 
NEGATIVE" DC SUPPLY VOLTS (VEE). -I 

I 
:! . 
i 

FREE-AIR TEMPERATURE (TFA)-~ 

Flg.2 

INPUT BIAS CURRENT VS TEMPERATURE 

POSITIVE DC SU .... LT VOLTS (Vee)- +1 
NEGATIVE DC SUPPLY VOLTS (VEE). -. 

_ ~ ~ 0 H ~ n ~ n 
FIIH-AtR rt_TUII£ (Tf'Al-"C --..... 
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LINEAR INTEGRATED CIRCUITS 

CA3004 
ELECTRICAL CHARACTERISTICS, at TFA = 250 e, Vee = -l6V, VEE = -6 V unless otherwise specified 

LIMITS TYPICAL 
CHARAC-

SPECIAL TEST CONDITIONS TEST 
CHARACTERISTICS CIRCUIT 

TYPE TERISTICS SYMBOLS 
Terminals NO.4 and No.5 Open CA3004 CURVES 

Unless otherwise Specified Fig. Min. Typ. Max. Units Fig. 

STATIC CHARACTERISTICS 

Input Offset Voltage VIO Fig.4 - 1.7 5 rnV Fig.2 

Input Offset Current IIO Fig.S - 0.125 5 pA Fig.2 

Input Bias Current II Fig.S - 21 40 pA Fig.3 

TERMINALS 

4 5 

Quiescent 19 NC NC Fig..8 - 1 - rnA Fig.6 
Operating or 
Cunent 

111 VEE NC Fig.8 - 2.7 - rnA Fig.6 

NC VEE Fig.8 - 0.45 - rnA Fig.S 

VEE VEE Fig.S - 1.25 - rnA Fig.6 

Quiescent Operating 19/111 Current Rati() Fig.8 - 1.1 - - Fig.7 

Device Dissipation PT Fig.S - 26 - rnW NONE 

DYNAMIC CHARACTERISTICS 

Power Gain Gp f " 100 Me/s Fig. 11 10 12 - dB Fig.9 

Noise Figure NF f " 100 Me/s Fig. 11 - 6.3 9 dB Fig .. IO 

Common Mode CMR f"IKe!s Fig.13 - 98 - dB Fig. 12 Rejection Ratio 

AGC Range (Max_ voltage 
Gain to Complete Cutoff) AGC f " 1.75 Me!s Fig. 14 -60 - - dB NONE 

DEFINITIONS OF TERMS 

Input Offs.t Voltage 

The difference in the de voltages which must he applied to the input 
terminals to obtain equal quies~ent operating voltages (zero output 
offset voltage) at the output termmals. 

Input Offset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltages at the two output terminals are equal. 

Input S,ias Current 

The average value (one-half the sum) of the currents at the tWQ 
input terminals when the quiescent operating voltages at the two 
output terminals are equal. 

Quiescent Operating Current 

The average (de) value of the current In either output terminal. 

Quiescent Operating Current Ratio 

The ratio of the Quiescent operating currents in the two output 
terrr,inais. 

Device Dissipation 

The total power drain of the device with no signal applied and no ex
ternal load current. 

Power, Gain 

The ratio of the signal power developed at the output of the devic.e 
to the signal power applied to the input, expressed in dB. 

Hoi se Figure 

The ratio of the total noise power of the device and a resistive 
s~gnar source to the noise power of the signai .c:;ource alone, the 
signal source representing a generator of zero impedance in series 
with the source resistance. 

Common-Mode Rejection Ratio 

The ratio of the full differential voltage gain to the common-mode 
voltage gain. 

Common-Mode Voltage Gain 

The ratio of the signal voltages developed between the two output 
terminals to the signal voltage applied to the two input terminals 
connected in parallel for ac. 

Differentiol Voltage Gain 
J'!1e ratio of the ch~ge in output voltage at either output terminal 
With respect to gmund, to a change m input voltage at elthe,r input 
termrnal WIth respect to ground. With the other rnput telmlnal at 
ac ground. 

AGC Ronge 
The total change in voltage gain (from maximum gain to complete 
cutoff) which may be achieved by application of the specified range 
of dc voltage to the AGe input terminal of the device. 

INPUT OFFSET VOLTAGE TEST CIRCUIT 

I. ADJUST RI FOR VOUT -O±O.lv 
2. RECORD VIa 

-6 V 
VEE 

Fig.4 

0.1 

~'F 

INPUT OFFSET CURRENT AND BIAS CURRENT 
TEST CIRCUIT 

Vee 
+6 V 

IHPUT OFFSET 
CURRENT IIIO)ol112 - 1&1 

-6 V 
vt:E 92(:5-1315" 

fig.S 

QUIESCENT OPERATING CURRENT VS TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee)· +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 
--- • TERMINALS No. 4 & No. , 

CONNECTED TO VEE 
- - • TERMINALS No.4£" No. 5 OPEN 

-50 25 50 75 100 

FREE-IlIR TEMPERATURE (TFAI--C 

Fig.6 

,.5 
92C$-13584 

TEST CIRCUIT FOR TYPE CA3004 

0" 

QUIESCENT OPERATING CURRENT RATIO 
VS TEMP ERATURE 

POSITIVE OC SUPPLY VOLTS (Vee). +6 

NEGATIVE OC SUPPLY VOLTS (VEE) - -6 

o 
-75 -50 -25 0 25 50 75 100 12~ 

fREE-AIR TEMPERATURE {TFAI-OC 
9lCS-ll104 

fig.7 

QUIESCENT OPERATING CURRENT, QUIESCENT 

OPERATJrS~I~~~ro~NlIMT~?Rt~l~ DEVICE 

Vee 
.8V 

Fig.8 

~S-IJ51f 
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LINEAR INTEGRATED CIRCUITS 

CA3004 
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 (Figs. 9 to 14) 

POWER GAIN VS FREQUENCY 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIYE DC SUPPLY VOLTS (YEE)· - 6 
FREE -AIR TEMPERATURE (TFA» • 25-c 
SOURCE IIIIPEDANCi CR.) • 50 0 
lOo\O ,_OANCE (ALI • !II) 11 .. 

...... 

• I ...... !i ,. 
r-.... a 

i 10 

I • 
• • . • . ? • • .10 '0 

FREQUENCY (f)-Mel. 

Flg.9 

COMMON-MODE REJECTION RATIO VS TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Yee). +1 
NEGATIVE DC SUPPLY VOLTS tYEEl- -I 
FREQUENCY (fl· I Kc/. 

-!II) -25 0 
FREE-AIR TEMPERATURE (TFA)--C 

Fig.12 

100 Ire 

NOISE FIGURE VS FREQUENCY 

POSITIVE DC SUPPLY VOLTS \Vee)- +& 
NEGATIVE DC SUPPLY VOLts lV[£)· - 6 
FREE-AIR TEMPER"TUftE (TF"). 2,eC 
SOI.RCE MSiSTANCE (R.) ., !50 4 

• I 
! • '" V-
I v' 
I • ",. 

z • • • • ? • 
• 0 10 

FltEOU£llK:V (f)-Mel. 

Fig. 10 

COMMON·MODE REJECTION RATIO TeST CIRCUIT 

vee 
+6V 

COMMON-MODE REJECTION RATt() 

CMR.20LOGIO~ VEE 
E.t, .. ) -6\1 

·A-SlHGLE-ENDED VOLTAGE "If. 
Flg.13 

OSCILL.OSCOPE 
WITH HIGH-GAIN 

DIFFERENTIAL 
INPUT 

(TEKTRONIX TYP£ 
530, 540. OR 580 

WITH "TYPE 0 PWG·IN 
TEKTRONIX TYPE :502, 

OR 
EQUIVALENT) 

100 Mel. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
Vee 
+6V 

·'OR POWER-GAIN TEST . 
FOR NOISE -FIGURE TEST VEE 

-8V 

Fig. 11 

AGC RA"'GE TEST CIRCUIT 

Vee 
+ov 

Me RANCH· 20 LoelO: ::~: : :: :::~::~ 
HCI-ISSts 

FIg.14 
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LINEAR INTEGRATED CIRCUITS 

CA3005,CA3006 
RF Amplifiers • Push-Pull Ibput .... Output 

• WI •• an. Ma.row Ban. Amplifi •• 

• AGe 
• Designed 'A. use in Communications Equipment • Detector 

• Balanced Differential Amplifier Configuration with Controlled Constant-Currant • IF, IF, on. VI ... 
Source to Provide Unexcened Versatility Frequency C ..... bllity 

• 12-Lead Hermetic TO-5 Style Package. • Operation frotn DC 10 100 MHz 

• Built-in Tomperature Stability for Operation from _550 C to +125" C 

• Companion Application Note, ICAN 5022" Application of RCA CA3004" CA3005, 
and CA3006 Integrated Circuit RF Amplifiers", covers characteristics of 
different operating mades, noise performance, cross-modulation, mixer, AGe 
limiter, detector, and amplifier design conside ... tions. 

ABSOLUT E-MAXIMUM VOLTAGE LIMITS, at TF A = 25°C 

• Mix ... 

• Li .. lte. 

• ..... ulalo. 
• c.sc". Amplifl.r 

Voltage limits shown for each terminal can be applied under the indicated vo!tq:e conditions for other tenninsls. 

All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 

TERMINAL 

1 

2 

3 

4 

5 

6 

7 

84 

VOLTAGE LIMITS CONDITIONS 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

7 0 
8 -6 

-3.5 +3.5 9 +6 
10 +6 8 

11 +6 
12 0 

TEST POINT: DO NOT APPLY VOLTAGE FROM 

·9.5 

-6 

-12 

-6 

-3.5 

EXTERNAL SOURCE 
1 0 
7 0 
8 -9.S 

0 9 +6 
10 +6 
11 +6 
12 0 

1 0 
7 0 
8 -6 

0 9 +6 
10 +6 
11 +6 
12 0 

1 0 
7 0 
9 +6 

0 10 +6 
11 +6 
12 0 

1 0 
7 0 
9 +6 

0 10 +6 
11 +6 
12 -6 

1 0 
8 -6 
9 +6 

+3.5 10 +6 
11 +6 
12 0 

OPERA TlNG·TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

LEAD TEMPERATURE (Du.ing Solde.ing) 

9 

10 

11 

12 

CASE 

AI distance 1/16 ± 1/32 inch (I.S9 ± O,79mm) 
from case for 10 seconds max. 

MAXIMUM SINGLE·ENDED INPUT· 
SIGNAL VOLTAGE 

MAXIMUM COMMON·MODE INPUT· 

VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

1 0 
7 0 
9 +6 

-12 0 10 +6 
11 +6 
12 0 
1 0 
7 0 
8 -6 

0 +12 10 +6 
11 +6 
12 0 

1 0 
7 0 
8 -6 

0 +12 9 +6 
11 +6 
12 0 

1 0 
7 0 
8 -6 

0 +12 9 +6 
10 +6 
12 0 

8 -9.5 
9 +6 

·9.5 0 10 +6 
11 +6 

Internallv connected to Terminal No.8 (substrate) 
DO NOT GROUND 

, , .. ssoc 10 +12SoC 

, . -6SoC 10 + ISOoC 

, . +26SoC 

, , , , , , ±3.5 V 

SIGNAL VOLTAGE ' , , , , , , , , , , , , , , , . ' , , ' , , , ·2.5 V. +3.5 V 

MAXIMUM DEVICE DISSIPATION , , , ... , , , , . , , , 300 mW 

SCHEMATIC DIAGRAM FOR CA3005 AND CA30G6 

2.2K 

,. 
CASE AND 
SUBSTRATE 

", 
5. 

RESISTANCE VALUES 
IN OHMS 

SEE NOTE 

® 

lHCS-13l143RI 

MOTE, COMec' TerMl.el .... 9 to .es. 
,.sltl •• tic _wi, •• It ........ for 
clrcul •• 

F' •. 1 

INPUT OFFSET VOLTAGE AND CURRENT 

FI •• 2 

INPUT OFFSET VOLTAGE TEST CIRCUIT 

I. "'D~UST AI ,-oft VOUT-O:l:o.IV 
2. RECORD V%O .:x. OJ-

-ov 
v .. 

FI •. 3 

INPUT BIAS CURRENT 

POSITIVE oe SUpp\'Y VOLT.tVee)- +& 
NEGATIVE OC SUPPLY VOLTS (VEE) - -& 

_ ~ ~ 0 H ~ ~ ~ ~ 

FME-AI" TEIlPERATURf: (TFAI-'t: 

FI •• 4 



CA3005,CA3006 
ELECTRICAL CHARACTERISTICS, at TA = 250 c, Vee = -f6V, VEE = -6V 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
Terminals No.3,4,5, and 6 Not 
Connected Except Where Noted 

STATIC CHARACTERISTICS 

Input Offset Voltale VIO 

Input Offset Current 110 
Input Bias Current liB 

TERMINALS 

110 
_4_ _5_ 

()Jiescent NC ~ Operating 01 
Current 

III 
NC ~ 

,VEE NC 
-VEE ·V" 

Quiescent Operating 110 
Current Ratio Iil ._-

Device Dissipation PT --
DYNAMIC CHARACTERISTICS 

f 0 Cascode Configuration 
Power Gain Gp 100 Differential-Ampl. 

MH, Configuration 
fo Cascede configuration 

Noise Figure NF 100 Differential Amp1. 
MH, Configuration 

Common-Mode CMR f == 1 kHz Rejection Ratio 

AGe Range (Max. Voltage AGe f.., 1.75 MHz Gain to Complete Cutoff) 

POWER·GAIN (CASCOOE CONFIGURATION) 

CASCOOE CONFIGURATION 
FREE-AIR T£MPERATuRE (TFA). 25-C 

40 

SO 

: r--. ~~" 
I 00 ~RS;~ 
~ 25 r-.. 
z 

..... t--"I'"-. r--- ::::~ c .. 20 .. ..... 1'-- ..... .. 
~ .. 

10 

• • • • • • 7 •• .0 '00 
FREQUENCY {f» - Mc/. 

tZCS-ISSI' 

Fig. 7 

NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
(CASCO DE CONFIGURATION) 

f CI 
Mel. pF 

30 14-150 

100 50010 

C2 
pF 

5·010 

5040 

Vee 
.. 0 

Ll 
I'H 

0.3·0.6 

0.07·0.12 

• FOR POWER·GAIN TEST 

" FOR NOISE·FIGURE TEST 

Fig. 10 

L2 

"H 
0.8·1.4 

0.15·0.3 

TEST 
CIRCUITS 

Fig. Min. 

Fig.3 -
Fig.4 -
Fig.4 -

Fig. 10 -
Fig. 10 -
Fig. 10 -
Fig. 10 -
Fig. 10 -
Fig. 10 -

Fig. 11 16 

Fig.12 14 

Fig. 11 -
Fig.12 -

-
·60 

LIMITS TYPICAL 

TYPE 
CHARAI} 

TYPE TERIST1CS 
CA3005 CA3006 CURVES 

Typ. Max. Min. Typ. Max. Fig. 

2.& 5 - 0.8 1 mV Fig.2 

1.4 - - 1.4 - p.A Fia.2 
19 40 - 19 40 p.A F1a.5 

I - - 1 - mA Fig.6 

2.7 - - 2.1 - mA NOlIE 
0.45 - - 0.45 - mA NONE 
\.25 1.25 mA Fi •. & 

l.OS - - 1.05 - - Fig.7 

26 - - 26 - mW NONE 

20 - 1& 20 - dB Fig.9._ 

16 - 14 16 - dB Fig.1I 

7.B 9 - 7.8 9 dB Fig, 13 

7.8 9 - 7.B 9 dB Fig.14 

101 - - 101 - dB Fig.IS 

- - -60 - - dB NONE 

POWER·GAIN (DIFFERENTIAL·AMPLIFIER 
CONFIGURATION) 

DIFFERENTIAL-AMPLIFIER CONFI6URATION I FR£E-.IR TEMPERATURE tTFA)· 2S·C 

: 
I 
i 
z : .. .. 
~ .. 

:so r-.... II 

•• "'- ... ~~ 
~ 1"0:,/ 

20 
~ r-. 

•• 
" • 0 

r-. 

• • • . • • 7 •• 
10 100 

FREQUENCY (f) - Mel. 

Fig. 8 

NOISE FIGURE AND POWER·GAIN TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 

I Cl 
Mc:/s pF 

30 50010 

100 1.12 

C2 
pF 

l.502D 

1·12 

Vee 
+8V 

VEE 
-IV 

Ll 

"H 
1.2·2 

0.4-0.7 

• FOR POWER·GAIN TEST 

" FOR NOISE·FIGURE TEST 

Fig. 11 

Ll 

"H 
1.2·2 

0.25-0.5 

LINEAR INTEGRATED CIRCUITS 

.. ~ z,. • .... .... 
ii 

QUIESCENT OPERATING CURRENT 

- _ ~ 0 " :so ~ ~ ~ 

FREE-AIR TEMPERATURE (Tf'AI--C ....... 
Fig. 5 

QUIESCENT OPERATING CURRENT RATIO 

POSITIVE DC SUPPLY VOLTStYcc:: • +6 
NEGATIVE DC SUPPLY VOLTS '¥tE'. -& 

_ ~ ~ 0 " :so ~ ~ ~ 

FREE-AIR TEMPEltATJ...IM (TfAI--c 
tlCS-11ItI 

Fig. 6 

lOQ.Mc/. NOISE FIGURE VS. VEl (CASCODE 
CONFIGURATION) 

CASCODE. COftFt8~TION 

=~:! :.:..~ ~ '.YCfil; + • 
_'fl"oollcJs 
IC:IUItCE IIfStSTAtCE: (ltaJ • 50 A 

• I 
i 
I 7 .. 

~ ~ ~ ~ ~ 4 ~ ~ ~ 
NEGATIVE DC SUPPLY VOLTS (Va) .......... 

Fig. 9 

lao Mel. NOISE FIGURE VS. VII (D"PIIlINT.IAL 
AMPLIFIER CONI'IGURATIOM) 

I 

.. 7 

; 
8 

DIFFEIII£NTlAL"AMPLIFIER CONFIGUftiATIOIt 
"OSITIVE DC SUPPLY VOLTS (Vee'. +. _-Alii _nIlE ''''1' 1ft 
fIItEQUIJIICY Ct •• 100 .. ,. 
_, II!srsTANCE (Ro!0:SO A 

~ ~ ~ ~ ~ ~ 4 ~ ~ ~ 

N£GATIYE DC SUPPLY VOLTS eVU) 

Fig. 12 
HCS-I'" 
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LINEAR INTEGRATED CIRCUITS 

CA3005, CA3006 
COMMON·MODE·REJECTION RATIO 

POSITIVE DC SUPPLY VOl.lS(VCC'* +6 

NEGATIVE DC SUPPLY VOLTSWEE)--a 
FREQUENCY (f) • I I(e/t 

-15 -50 -2lI 0 

FME-AIR TEMPERATUftE (TF.)-~ 

Flg.13 

100 12' 

COMMON-MODE·REJECTION RATIO 
TEST CIRCUIT 

AGe RANGE TEST CIRCUIT 

31-250 ., 

AGe RANGE' 20 LOG A WITH S IN POSITION 1 
10 A WITH 5 IN POSITION 2: 

, •• 15 

Vee 
+6 V 

VEE 
-6 V 

OSCILLOSCOPE 
WITH HIGH-G"IN 

OIFFERENTlAL 
INPUT 

(TEKTRONIX TYPE 
S30. ~40. OR 580 

WITH TVP';: D PU,,IG·IN 
@-__ ---L---ITEKTRONI)(O:'I'Pf 002:, 

[OUI"ALENT) 

COMMON MODE REJECTION RATIO 

• 20 lOGIO (A-I (21 (0.31 

VOIFF (RillS) 

.A.SINGLE-ENDED VOLTAGE GAIN 
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CA3007 

AF Ampl ifier 

• Designed for use in Sound Systems and Communication Equipment 

• Ba I anced different i a I-amp I if i er conf i gurat i on wi th contro 1'1 ed constant-
current source provides for both audio ampl ification and phase inversion 

• Built-in temperature stability for operation from -550 C to +1250 C 

• Eliminates need for audio driver transformer 

• Companion Appl ication Note, ICAM 5037 "Appl ication of the RCA-CA3007 
Integrated Circuit Audio Driver" covers design of a dual supply audio 
driver in a direct-coupled audio ampl ifie~ and a single supply audio 
driver in a capacitor-coupled audio amp I ifier 

• Supplied in the hermetic 12-lead TO-5 style package 

OPERATlNG·TEMPERATURE RANGE 

STORAGE·TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (154 ± O.79rnm) 
from case for 10 set:onds max. 

MAXIMUM SINGLE·ENDED INPUT· 
SIGNAL VOLTAGE 

MAXIMUM COMMON·MODE INPUT· 
SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION 

. -5SoC to +I2Soc 

_Moe to +150oC 

. ±~.5 V 

......... ±2.5 V 

... 300 mW 

ELECTRICAL CHARACTERISTICS, at TFA = 250e. Vee = +6 V, VEE = -6 V, 

LIMITS TYPICAL 
CHARAC· TEST TYPE 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS CIRCUITS CA3007 TERISTICS 

Pin 4 Not Connected Unless 
Otherwise Noted 

STATIC CHARACTERISTICS 

Input Unbalance Voltage VIU 

Input Unbalance Current II U 

Input Bias Current II 

Quiescent Operating 
Voltage Vs or VIO 

Device Dissipation PT 

DYNAMIC CHARACTERISTICS 

Power Gain Gp f = 1 Kc/s 

Total Harmonic 
Distortion THD f = 1 Kc/s 

Input Impedance ZIN f = 1 Kc/s 

common-Mode 
Rejection Ratio CMR f = 1 Kc/s 

INPUT UNBALANCE- VOL TAGE & CURRENT, INPUT BIAS 

CURRENT, QUIESCENT OPERATING VOLTAGE. AND 
DEVICE DISSIPATION TEST CIRCUIT 

Vec 
+6 v 

Rl and R2 matched to ±.I%-. 

Pr = VCc~ + VEE'3 
Ig = Direct Current into Terminal No.9 

13 = Direct Current out of Terminal No.3 

fig.3 

CURVES 

Fig. Min. Typ. Max. Units Fig. 

3 - 0.57 5 mV 2 

3 - 0.57 5 "A 2 

3 - 11 34 pA 4 

3. - 0.S7 - V 5 

3 - 30 - mW NONE 

6 20 22 - dB NONE 

6 - 0.28 - % NONE 

7 - 4K - \2 NONE 

9(Al - 77 - dB 8 
9(81 

INPUT BIAS CURRENT.s TEMPERATURE 

.. , 
I 

-;:, 
C!I 
!z 

I .. 
: 10 

• 

POSITIVE DC SUPPLY VOL.TS I "etl· +6 
NEGATIVE DC SUPPLY VOLTS (VEEI- -6 

-7!i -00 -25 0 
FREE-AIR TEMPERATURE (TFA1-~ 

Fig . .4 

125 

LINEAR INTEGRATED CIRCUITS 

·2 

H IGHLI GHTS 

• Input Impedance. 'I kO typo 

• Output Impedance 60 \2 typo 

• Power Gain. 22 dB typo 

• Push-Pu II Input & Output 

• Direct Coupling to Cl ass 8 Aud i 0 
Output Stage 

APPLI CAT! OMS 

• Audio Amplifier 

• Audio Driver 

SCHEMATIC DIAGRAM 

0, 

Rlai.tone. vOIUfoI on in ohm. 

R4 CASE ANl 
! V-SUBSTRATE 

Fig.1 

TYPICAL STATIC CHARACTERISTICS 

AND TEST CI RCUIT FOR CA3007 

INPUT UNBALANCE VOL TAGE AND CURRENT 
.s TEMPERATURE 

POSITIVE DC SUPPLY YOlTS (Vee)· +& 
NEGATivE DC SUPPLY VOLTS (VEE)- -6 

25 ~ 7& 100 125 

FREE-AIR TEMPERATURE (TFAI--C 

Fig.2 

QUIESCENT OPERATING VOL TAGE .s TEMPERATURE 

If POSITIVE oc SUPPLY VOL.TS (Vcc)' +6 F± = 
NEGATIVE DC SUPPLY VOLTS {YEEI- -6 .. 

~ 

!i I 

~~ 
~g 
\;0 
~ . 

-~ -50 -25 0 25 !50 75 100 125 
FREE-AIR TEMPERATURE (TFAI-·C 

Fig.S 
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LINEAR INTEGRATED CIRCUITS 

CA3007 
ABSOLUTE-MAXIMUM YOLTAGE LIMITS. alTA =25o C 

Indicated voltage limits for each terminal can be applied under the specified operating conditions for other terminals. 

All voltages are with respect to ground (-lice. +VEE. or common terminal of Positive and Negative DC supplies), 

VOLTAGE LIMITS CONDITIONS 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 
TERMINAL 

VOL TAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

2 0 2 0 
3 -6 3 -6 

1 
6 0 

-1.5 +2.5 7 . 0 
6 0 

8 -2 0 7 0 
9 +6 9 +6 

11 0 11 0 
3 -8 2 0 
6 0 3 ·6 

2 -8 0 7 0 9 0 +10 6 0 
9 +6 7 0 

11 0 11 0 

6 0 2 0 
7 0 

3 ·10 0 9 +6 
11 0 

3 ·6 
6 0 

10 ·2 0 7 0 
6 0 9 +6 

7 0 
4 -8.5 0 9 +6 

11 0 

1 0 
11 0 2 0 

2 0 
3 ·6 

3 -6 
11 -2.5 +1.5 6 0 

6 0 
5 -2.5 +1.5 7 0 

7 0 
9 +6 

9 +6 1 0 
il 0 3 ~ 

2 0 
3 -6 

11 ·2 
6 0 

0 7 0 
6 -3 0 7 0 9 +6 

9 +6 11 0 

11 0 CASE INTERNALLY CONNECTED TO TERMINAL 

1 0 NO.3 (SUBSTRATE) DO NOT GROUND 

2 0 
3 -6 

7 -2.5 +1.5 5 0 
6 0 
9 +6 

TYPICAL DYNAMIC CHARACTERISTIC 

AND TEST CIRCUITS FOR CA3007 

POWER GAIN AND TOTAL HARMONIC DISTORTION 

TEST CIRCUIT 

Vee 
+6 V 

T (Output Transformen: 

_30 II 

Primary Impedance = 2000 n C.T. 

secondary Impedance = 16 .0 
Efficiency = 4511J1, approx. 

9lCS-I'60.2 

(STANCOR TYPE TA-IO OR EQUIVALENT) 

F;g.6 

INPUT IMPEDANCE TEST CIRCUIT 

Fig.7 

Vee 
+6 V 

- V 
VEE 

COMMON·MODE REJECTION-RATIO TEST CIRCUITS 

COMMON-MODE REJECTION RATIO .0 TEMPERATURE 

POSITIVE DC SUPPLY VOLTSWCC)-+6 

NEGATIVE OC SUPPLY VOLTS 'VEE'- -6 

25 ~ 75 100 125 

FREE-AIR TEMPERATURE (TFAJ-+C 
92C$-11448 

Fig.S 

88 

Vee 
+6 V 

-6 V 
VEE 

92CS-(5600 

(A) Single-Ended Differential Voltage Gain 

Fig.9 

Vee 
+6 V 

COMMON-MODE REJECTION RATIO 

CMR • 20 LOGIO A;~~:~~~J v~ 
-A. SINGLE-ENDED VOLTAGE GAIN 

(8) Common-Mode Voltage Gain 

g:ZCS-I:5S99 
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LlNEA"R INTEGRATED CIRCUITS 

CA3008,CA3010, CA3015, CA3016, CA3029,CA3030, CA30~7, CA3038 
Operational Amplifiers 

6-VOLT TYPES 

Co\30oa 
Co\30IO 
Co\3029 
Co\3037 

12-VOLT TYPES 

Co\3016 
Co\3015 
CA3015L 
Co\3030 
Co\3038 

PACKAGE 

14--L.acl Flot Pack 
12-Leocl TO .. S Styl. 
Beam-Lead Device 
t .... L.ocI PI •• tic Dualln.-Lln* (TO.1t6) 
t .... L.acl Ceramic Dliol In-Lin. (TO. 116) 

• All types are electrically identical within their ~oltage groups 
• The CA31 05 is available in a sealed-junction Beam-Lead 

version (cA3015L). for further information see File 
No. 515. "Beam-Lead Devices for Hybrid Circuit 
Applications. 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

• Sui It-in temperature stability from _55°C: to +125"C for natpack, TO-5 
style, and ceramic dual in-line packages; o"C to +70"C fa plastic dual 
in-line package 

• Companion Application Notes ICAN-5290. "Integrated Circuit Operational 
Amplifiers"; ICAN-5213, "Application of the RCA-CA3015, CA3016 In
tegrated Circuit Operational Amplifiers"; and ICAN-5015, "Application 
of the R:A-CA300B, CA30l0 Integrated Circuit Operational Amplifiers': 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, TA = 25°C 
Voltage or current limits shown for each terminal can be applied under the indicated 

voltage or other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal.of Positive and Negative DC Supplies) 

I-_T!.:e~rm;:.:i:::na:.:.I_-l Vollage or Currenl 
CA3OO8 Limils Circuil Condilions 

1-_.:..Te;:rTm:;:in:;;al~-I Voltage or Currenl 
CA3016 Limits Circuil Condilions 

CA3010 CA3029 Nega- Posi-

12 

10 

11 

CA3037 live live Terminal Voltage 

10 

11 

12 

13 

14 

CASE 

DO NOT APPLY VOLTAGE FROM AN EX
TERNAL SOURCE TO THIS TERMINAL 

-8 V 

-4 V 

-4 V 

-10 V 

OV 

+1 V 

+1 V 

CA3008 
CA3029 

CA3010 CA3037 

4 
10 

1 
3 
4 

10 

1 
2 
4 

10 

6 
13 

2 
4 
6 

13 

2 
3 
6 

13 
NO CONNECTION 

OV 1 
10 

NO CONNECTION 

2 
13 

-8 
+6 

o 
o 

-6 
+6 

o 
o 

-6 
+6 

o 
+6 

DO NOT APPLY VOLTAGE FROM AN EX
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROMAN EX
TERNAL SOURCE TO THIS TERMINAL 

OV +7 V 
1 
4 

10 

2 
6 

13 

o 
-6 
+6 

DO NOT APPLY VOLTAGE FROM AN EX
TERNAL SOURCE TO THIS TERMINAL 

30 rnA 

OV +10 V 

OV +7 V 

4 I 6 I -6 
10 13 +6 

200 n Betw •• n Terminals 
,6 & 12 (CA3008, 

4 (~:~~Oill'JJo~~37) 

I 2 
4 6 
1 
4 

10 

2 
6 

13 

O. 
-6 

o 
-6 

+6 

InternaliV connected to Terminal No_4, 
CA3010 (Subslr".) DO NOT GROUND 

CA3CJ08 
CA3016 
CA3037 

CAJ010 
CAJ015 
00038 

CA3029 
CA3030 

CA3Ol5 CA3030 Nega- Posi- 1------.---1 

12 

10 

11 

CA3038 live live Terminal Voltage 

10 

11 

12 

13 

14 

CASE 

DO NOT APPI.. Y VOLTAGE FROM AN EX
TERNAL SOURCE TO THIS TERMINAL 

-16 V OV 

-8 V +1 V 

-8 V +1 V 

CA3016 
CA3030 

CA30lS CA3038 

4 
10 

1 
3 
4 

10 

1 
2 
4 

10 

6 
13 

2 
4 
6 

13 

2 
3 
6 

13 

-16 
+12 

o 
o 

-12 
+12 

o 
o 

-12 
+12 

NO CONNECTION 

-20 V OV 1 
10 

2 
13 

o 
+12 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX
TERNAL SOURCE TO. THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX
TERNAL SOURCE TO THIS TERMINAL 

o V +14 V 
1 
4 

10 

2 
6 

13 

o 
-12 
+12 

DO NOT APPLY VOLTAGE FROM AN EX
TERNAL SOURCE TO THIS TERMINAL 

30 mA 

o V +20 V 

o V +14 V 

1~ .l 1~ I :~~ 
400 n Between T.!minaIS 

6 & 12 (CA3016, 
CA3030, CA3038) 

4 & 9 (CA30IS) 

1 2 0 
4 6 -12 

1 
4 

10 

2 
6 

13 

o 
-12 

+12 

Internally connec;ted to Terminal No.4. 
CA30IS (Substrate) DO NOT GROUND 

CA3016 
CA3030 

CAJ015 
CA3038 

CA3010 
CA3037 

OPERATING TEMPERATURE RANGE •• -5SoC 10 +12SoC 400C 10 ..asOC MAXIMUM SIGNAL VOLTAGE ........ -8VIo+l V -4 Vlo+1 V 
STORAGE TEMPERATURE RANGE •... ·6SoC to +150oC _65oC 10 +l500C MAXIMUM DEVICE DiSSiPATiON..... 600 rnW 300 mW 

HIGHLIGHTS 

6 V T,pe. 12 V Type. 

• Op..-Loop Voltage Gain 60 70 dB ."p_ 
• Common-Moele Rejection Ratio 94 103 dB typo 
• Output Imp.dallce 200 92 n ."p. 
• Input Off.et Voltage I mV,". 
• Stotic Power Drain at t 12 V 175 mW typ. 

± 6 V 30 30 mW typ. 
± 3V mW typ. 

APPLICATIONS 

• Narrow-Bond an" Ban. • Oscillator 
pau Amplifl.r • Comparator 

• Op.ratlonal Functions • Servo D'I .... 
• Fe.dback Amplifier • Scaling Adeler 
• DC and Video Amplifier 

• Multivlltrator. 
• BalaneM 

Modulator-Orf". 

SCHEMATIC DIAGRAMS 

CA3008 
(:A3016 
CA3029 

Co\3030 
Co\3037 
CA3038 

CO\30IO 
CA301S 

Fig.1 
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LINEAR INTEGRATED CIRCUITS 

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 

ELECTRICAL CHARACTERISTICS at TA ~ 2SoC 

Special Test Conditions 
Terminal No.8 (CA3000, Test 

CA30l6, CA3029, CA3030, Cir-
Characteristics Symbols CA3037, CA3038) cuit 

Terminal NO.5 (CAlOIO, 
CA3015) Not Connected 
Unless Otherwise Specified Fig. Min. 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIO VCC = .aV, VEE = -6V 4 
= +12V = -12V 

Input Offset Current 110 = +6V = -6V 5 
= +12V = -12V 

Input Bias Current liB 
= +6V = -6V 5 
= +12V = -12V 

Input Offset Voltage 
6VIO/lWCC +6V = -6V 

Sensitivity: Positive = +12V = -12V 

=-6V 
4 

Negative 6VIO/6VEE = +6V 
= +12V = -12V 

= +6 V = -6 V 
= +12V = -12V 

Device Dissipation Po ~ shorted to I]J vec = +6~v 4 
EE =-

8 shorted to 11 VCC=+12V, 
VEE = -12V 

DYNAMIC CHARACTERISTICS: All tests at f = I kHz except BWOL 

Open-Loop Differential AOL VCC = +6V, VEE = -6V 8 57 
Voltage Gain = +12V = -12V 

Open-Loop Bandwidth BWOL 
= +6V = -6V 8 200 

at -3 dB Point = +12V = -12V 

Common-Mode Rejection CMRR VCC = +6V, VEE = -6V 11 70 
Ratio = +12V = -12V 

MaXimum Output-Voltage VoW-P) = +6V = -6V 8 4 
Swing = +12V = -12V 

Input Impedance ZIN 
= +6V = -6V 14 10 
= +12V = -12V 

Output Impedance ZOUT = +6V = -6V 15 
= +12V = -12V 

= +6V 
0.5 

= -6V 10 
Common-Mode VICR 11 -4 

Input-Voltage Range = +12V = -12V 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 

from case for 10 seconds max. 

CA300B CA3016 
CA3010 CA3015 
CA3029 CA3030 
CA3037 CA3038 

Typ. Max. Min. Typ. Max. 

1.08 5 
1.37 5 

0.54 5 
1.07 5 

5.3 12 
9.6 24 

0.10 I 
0.096 0.5 

0.26 I 
0.156 0.5 

30 
175 

102 

500 

60 
66 70 

300 
200 320 

94 
80 103 

6.75 
11 14 

14 
5 7.8 

200 
92 

-
- ,0.66 

to, 
- 8' 

Typical 
Charac-

Units teristic 
Curves 

-
Fig. 

mV 2 

j.iA 2 

j.iA 3 

' mVjV none 

mW none 

dB 6&7 

kHz 6 & 7 

dB 12 

Vp_p 9 & 10 

kO 13 

D 15 

V none 

TYPICAL STATIC CHARACTERISTICS AND 
TEST CI RCUITS 

o 

INPUT OFFSET VOL TAGE AND CURRENT 

POSITIVE DC SUPPLY \lOLTS (Veel 
NEGATIVE DC SuPPLY VOlTS (VEE) 

VCC"12V V "-12 

INPUT OFFSET VOLTAGE 

INPUT OFFSET CURRENT 

-50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TAl -"C 

Fig.2 

INPUT BIAS CURRENT 

POSITIVE DC SUPPLY VOLTS IVccl 
NEGATIVE DC SUPPLY VOLTS (VEE) 

o 25 so 15 100 ~ 

AMBIENT TEMPERATURE ITAl _·C 

Fig.3 

T('rminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are fOT CA30IO, CA3015 

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 

vee 

92CS-I4I955 

Fig.4 

Proc.dure: 

Input Of bet Voltage 

1. Adjust VE for a DC Output Voltage (VOUT) of 0 ± 0.1 yolts. 

2. Measure VE and record Input Offset Voltage in millivolts as 
VE/\OOO. 

Input Off.et Voltage Sensitivity 

1. Adjust Vii for a DC Output Voltage (VoUT) of 0 ± 0.1 yolts. 

2. Increase I VCC I by I yolt and record output yoltage (VoUT). 

3. Decrease I Vee I by 1 volt and recor~ output Yoltage (VOUT)' 

4. Divide tfle diference betw!en VOUT measured in steps 2 and 3 by the 
change in V CC in steps 2 and 3. 

VOUT VOUT (Step 2) - VOUT (Step 3) 

Vee 2 YOlts 

S. Refer the reading to the input by diyiding by Open Loop Voltage 
Gain (AOU_ 

VouTlVee 
VlolVec = ---

AOL 
6. Repeat procedures 1 through 5 for the NegatiYe Supply (VEE). 

7. Device Dissipation 

PT = Veelc + VEEIE 
Ie = Direct Current into Termin~I@Of ~ 
IE == Direct Current out of Tf!fmina®or 0 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

lOOKQ .,% 

Procedure: 
Fig.S 

Input Bias Current and Input Offset Current 

I. Adjust VE for I VOUT I < 0.1 V ~C. 
2. Measure and record VE and VIN4. 

DC 
VOLTMETER 

(RCA 
wv-38A 

OR 
EQUIVALENT) 

92CS-I4I954 

3. Calculate the Input Bias Current using the following equation: 

VIN4 
114 = 100 kD 

4. Calculate the Input Offset Current using the following equation: 

110 = VEIIOO kD 
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LINEAR INTEGRATED CIRCUITS 

CA3008,CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Termilwl NumbeTs in Circles are for CA8008, CA3016, CA3029, CA3030, CA3lJ37, CA3038; 
Italic Numbers in Square Boxes are for CA30IO, CA30I5 OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
OPEH-1.00P VDlTAGE GAIN ••• FREQUENCY OPEN-lOOP VOLTAGE GAIN .a. FREQUENCY 

FO R CA3029 AND CA3030 

AND OPEN-LOOP BANDWIDTH AT -3 dB 
POINT TEST CIRCUIT 

• I 

~15 .70 .. : .. 
~ 
~ 

.0 

I!i 
40 

0 

T .. 
Z 

~ 20 

10 . 

17.5 

1i: 

1" ;,. .. 
~ 10 
B 

t ... 
~ .. • 
~ ; ... 
I 

0 

FOR CA3°OlAi1r.~13~1:l\5, CA3016, 

POSITIVE DC SUPPLY VOLTS (Veel 

NEGATIVE DC SUPPLy VOLTS 1Vf:£1 

SOURCE RESISTANCE (R$la, K A 

TERMINAL No. 'Ill oPEN 

III I I T.....,.... ...25-<: 

I III I II ~ '(1 
AMBIENT TE"ERATURE (T~-55.C ~ ~ 

lc .. &~ Vec o • I2V 

~VE:Ea-12V 
V£E"-6V 

III I ~ 
I "125&, It '\\\ 

OJ 10 

POSITIVE DC SUPPLY VOLTS (Veel ~:~~~~""PERAlURE 
:'~V~~S'=1R:'-~~VEE) 

~I 
TERMINAL No.8 OPEN 

I I ill 

~80 - l..:.:~l:I.'2 
(VEE)hI2 

! II -60 

~ %C"+& ...... 
- -I "EE)--S 

...... !:; 
40 ~ 'I 

~ 
i \ 

\' . 2 2 •• a 2 4 • a 
100 

0.001 10 0.01 0.1 I 
FREQUENCY IfI-MH:r: 

100 

FREQUENCY (f)-MHz 

Flg.6 
92CS-14e". Fig.7 

HCS-M864 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE ••• LOAD RESISTANCE 
FOR CA3008, CA3010, CAlOIS, CA3016, CA3037, CA3038 

!~r:"~~IP'~!'ITNi.EIlDcl~Il~i!Y!~ILiTisl'~IIC'i!I!IIIiIlIlIll!il 
£ NEGATIYE DC SUPPLY VOLTS 'VEE' 
i~ 15 TERMNAL No.8 OPEN 
~ +25·C 

~ 
~ 12.5 -55"c 

~ 10 Ycc~+I2:V 
lS Y£E--12V .... EHl TEMPERATURE ITA)-125"C 

+2:S-C 
+125"C 

VcC~+12V 

VEEa "'2V 

AMBIENT TEMPERATURE CTAI a -55-C 

+2S'"C 
+125"C 

PC$lTM DC SUPPLY VOLTS (Veel 
Vee·"'V .NEGATIVE DC SUtf'I.Y VOLT S (VEE) 
,<[ .. -6V TE~~::-~:o~ ftJHORTED 

TO 

Q25 0.5 010 '25 CO 1.10 

LOAD RESISTANCE (AlJ- K 0 ... 5 92CS-14849 

1.1 FII·9 

li 
; l 

li • 
II! 

+2S-C 

10 
" 

ao 
LOAD RESISTANCE lALJ-K 0tWS nCl-I4812 

I~l 

Terminal Numbers in Circles are for CA3008, CA3lJI6, CA3lJ29, CA3030, CAJXJ37; CA3038; 
Italic Numbers in Square Boxes are for CA30IO, CAJXJ15 

COMMON.MODE REJECTION RATIO AND COMMON-MODE 
INPUT.VOL TAGE-RANGE TEST CIRCUIT 

vcc 

Procedure.: 

Common-Mode Rejection Ratio: 

DC 
VOLTMETER 

IRCA 
WV-38A 

OR 
EQUIVALENT) 

1. SeIVBIAS = O. Adjust VE lew VOUTIOC) = 0 • 0.1 V. 

VOUT (DC) 
caO.IV 

1 

2. Apply 1-kHz ... ",.odial input signal and .. just lew Vs = 0.3 V 
IRMS). 

3. Measure and r .. ord the RMS value of VOUT, An oscilloscope is 
used far this measurement so that the output slanal may be visu
ally separated.from noise oulpol. 

4. Calculate Common-Mode Voila ... Gain: 
ACM = VOUTIVS 
AcM in dB = ·20 lOG10 VsIVOUT 

5. Calculate Common-Mode Rejoction Ratio: 
CMR In dB = AOIFF in dB - AcM in dB. 

C .. unon-Made Input-Voltage Range: 

1. C.lcuille and rocord eMIl lew various posilivo and neptlve values 
of V~ within the maximum limit. shown on p .... 2. The Com-

:':..IChedl:'ti:~ITI!:nt.~I~: :!rc~~= ~=I';!pOI5~?W 
procod .. e.iven·above. 

, Flg.ll 

OSCILLOSCOPE 
(TEKTRONIX 

VOUTI'lkH.' I .::~.""" 
~ALENT) 

92CM-148!18 

Procedure: 

I. Adjust VE lor VOUT = to.1 V DC. 
2. Measure Open-lOop Diflerential Voltage Gain (AOl) at I = 1 kHz, 

VOUT 
AOl = 20 lOllO V"iN"" 

3. Measure Maximum Peak·to-"ak Output Voltag. at I = I kHz. 
4. Mea.II. Open'Loop Bandwidth II ·3 dB point. 

Refer.nce Level = AOl at 1 kHz. 

Fig.8 

MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE vs. LOAD RESISTANCE 

FOR CA3029 AND CA3030 
POSITIVE DC SUPPLY 'VOLTS IVee) 
N£6ATIVE DC SUPPLY VOLTS (VEE) 

U5 TERMINAL ND. a SHORTED TO TERMINAL No.12 

... 
o 

"CC""'12V 
VEE--12V 

AMBIENT TEMPERATUIE ITI-O·C 

0.25 Q50 0.75 I LIS LSO 175 

LOAD RESISTANCE IRl)-1t:4 t2CS-I4t1O 

I.) 
L POSITIVE De SUPPLY VOlTS (Vce) 
.!:. ttlEGATIYE DC SUPPLY VOLTS (VEE) 
~ 15 TERMINAL NO.8 OPEN 

~ 

~ 12.' 
f 
§ 10 

10 .. 
LOAD RESISTANCE (RLJ- K OHMS 

20 
92(S-14ISS' 

(b) 
Flg.l0 

COMMON·MODE REJECTION RATIO ••. FREQUENCY 

POSfTIVE DC SUPPLY VOLTS IVcel 
NEGATIVE DC SUPPLY vOLTS (VEE' 
AMBIENT TEMPERATURE (TA'-26-C 
TERMINAL No. 8 ~ OPEN 

110 

100 ...... z 
0 'VcC:+'2Y tl 90 

...... "VE,'-I2V - -
"II 
II! .. eo 
~~ 
jg 70 ,>-
i: 60 

" 8 
00 

~ 

0.001 0.00 

VcC*+6Y ....... VEEa-IV 

0.1 
FREQUE~Y (n-MHz 

Flg.12 

\ 
10 100 

92CS-14859 
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LINEAR INTEGRATED CIRCUITS 

CA3008,CA3010,CA3015,CA3016,CA3029,CA3030,CA3037,CA3038 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 
Terminal Numbers in Circles are for CA3008, CA30l6, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

SINGLE-ENDED INPUT IMPEDANCE YS_ TEMPERATURE 

:0 

~ 15 
z 

10 

o 
-75 -50 -2!i o 25 50 75 100 I~ 

AMBI£NT TEMPERATURE (TA) _·C 

Fig.13 
92CS .... W)30 

IKfi 

SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

vee 

Zln' ~~K 
... ,-- -I '. 

F;9_ 14 

OUTPUT IMPEDANCE TEST CIRCUIT 
vee 

DC 
VOLTMETER 

(RCA 
WY-18A 

OR 
EQUIVALENT) 

92CS-I'lS53 

I 
Your (OCl 
ata.lv 

I 

50 

OUTPUT IMPEDANCEys. TEMPERATURE 

POSITIVE DC SUPPLY VOLTS lVee! 
NEGATIVE DC SlPPLY VOLTS (VEE) 
fREQUENCY (f) z I kHz 

AMBIENT TEMPERATURE (TA)-·C 

Fig.1S 

1. With S2 in position (c). adjust VE for VOUT(DC) = 0 ± 0.1 volt. 

2. With 51 in position (a), and S2 in position (d), record VaUll (rms). 

3. With Switch 51 in position (b),and 52 in position (d),adjust RL until 

Fig.16 VOUT2(rms) VOUlt (rms). RecOfd value of RL as ZOUT-
2 
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LINEAR INTEGRATED CIRCUITS 

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, 
CA303 7 A,CA3038A 
Operational Amplifiers HIGHLIGHTS 

6 V Typ., 12 V Typ., 
6·VOL T TYPES 

CA3OO8A 
CA3010A 
CA3029A 
CA3037A 

12.VOLT TYPES 

CA3016A 
CA3015A 
CA3030A 
CA3038A 

PACKAGE 

14.Le.d FI.t Pack 
12·Lead TO.5 Style 
14·Lead PI •• tic Dual In-Line (TO-116) 
14-Lead Ceramic Dual In-Line (TO-116) 

• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise figures and improved input character
istics for offset voltage", offset current, bias current, and impedance. 

• All types are electrically identical within their voltage groups 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

.. Built-in temperature stability from ·550 C to +12SoC for Flatpack, TO-S 
style, and ceramic dual in-line packages; oOC to +70<>C fet' plastic dual 
in-l ine package 

• Op.n-Loop Voltage Goin. . . . . 60 70 dB typo 
• Common-Mod. Rej.ction Ratio 94 103 dB typo 
• Input Imp.danc. . . . 20 10 k. typo 
• Input Offnt Voltog. 0.9 1 mV typo 
• Input Offnt Current. 0.3 O.SA typo 
• Input Bias Current. . 2.S 4.7 Atyp. 
• Static 'Power Drain at 12 V. 17S mW typo 

at 6 V 30 30 mW typo 
at 3 V 7 7 mW typo 

APPLICATIONS 

• Horrow-Bond and Bond- • OSCillator 
pass Amplifi.r • Colilparator • Companion Application Notes ICAN-5290, "Integrated Circuit Operational 

Amplifiers"; ICAN·5213, "Application of the RCA·CA30IS. C~1016 In
tegrated Circuit Operational Amplifiers"; and ICAN·5015, "Application 
of the OCA·CA3008, CA3010 Integrated Circuit Operational Amplifiers" 
cover Bcx:le characteristics •. phase compensation, frequency shaping, and 
amplifier design. 

• Operotionol F unction$ • S.rvo Oriv.r 

CAl008" 
CA3016A 
CAl029A 
CA3030" 
CA3037" 
CA30l8A 

Fig.l 

SCHEMA TIC DIAGRAMS 

• Fe.dbock Amplifier 

• DC and Video Amplifi., 

• Multivibrator 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

Special Test Conditions 
Terminal No.B (CA300BA. Test 

CA3016A, CA3029A, CA3030A, Cir· 
Characteristics Symbols CA3037A, CA3038A), cuit 

Terminal NO.5 (CA301OA, 
CA301SA) Not Connected 
Unless Otherwise Specified Fig. 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIO VCC = ;6V, VEE = ·6V 4 
= +12V = ·12V 

Input Offsel Currenl 110 = +6V = ·6V 5 
= +12V = ·12V 

Input Bias Current liB 
= +6V = ·6V 5 
= +12V = ·12V 

Inpul Offset Voltage 
WIO·WCC = +6V = ·6V 

Sensillvity: Positive = +12V = ·12V 
4 

Negallve L1VIOIWEE =+6V = ·6V 
= +12V -12V 

= +6 V = ·6 V 
+ 12V = -12V 

Device Dissipalion PD -51 shorted to } Vec = +6V 4 
VEE = ·6V 

B shorled 10 12 VCC = + 12V. 
VEE = -12V 

DYNAMIC CHARACTERISTICS Aillesis at I = I kHz except BWOl 

Open· Loop Diiferential 
AOL VCC = +6V. VEE = ·6V 8 

Voltage Gain = +12V = ·12V 

Open·loop Bandwidlh BWOl 
= +6V = -6V 8 

at ·3 dB Pornl = +t2V = ·12V 

Slew Rate SR Vce = +6V VEE = ·6V Rs = none 
= +12V = ·12V lk1l 

Common· Mode Rejection CMR VCC = +6V. VEE = ·6V 11 
Ratio = +12V = ·12V ._-

Maximum Outpul·Voltage VOIP-P) = +6V = ·6V 8 
Swing = +12V = ·12V 

Input Impedance liN 
= +6V = ·6V 14 
= +12V - -12V _. 

Output Impedance ZOUT +6V = ·6V 15 
= + 12V = ·12V 

= +6V = -6V 
Common-Mode 

V ICR 11 
Input·Voltage Range = +12V = -12V 

VCC = +3V , VEE = ·3V 

Noise Figure NF = +6V = ·6V Rs = 18 
= +9V = ·9V IkIl 
= +12V = ·12V 

• Scoling Add.r 

• Bolonced 
Modulator-Orinr 

CA300BA CA3016A 
CA30l0A CA301SA 
CA3029A CA3030A Units 
CA3037A CA303BA 

Min. Typ. Max. Min. Typ. Max. 

0.9 2 mV 
1 2 

0.3 1.5 ;.J1 
0.5 1.6 

2.5 4 ;.J1 
47 6 

0.10 I 
0.096 0.5 

mV/V 
026 I 

0.156 0.5 

40 
175 

102 mW 

500 

57 60 dB 
66 70 

200 300 kHz 
200 320 

3 V/jJ.S 
7 

70 94 dB 
80 103 

--

4 6.75 
I Vp.p 

12 14 

15 20 kIl 
7.5 10 

160 D 
85 

+0.5 
·4 V 

+0.65 
-8 

6.3 9 6.3 9 
8.3 12 8.3 12 dB 

10 14 
11 16 

Typical 
Charac· 
teristic 
Curves 

f----
Fig. 

2 

2 

3 

none 

none 

6 & 7 

6&7 

none 

12 

9 & 10 

13 

16 

none 

17 

LEAD TEMPERATURE (During SOldering): ALL TYPES 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. . •......••...............•................................... 
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LINEAR INTEGRATED CIRCUITS 

CA3008A, CA3010A,CA3015A, CA3016A, CA3029A,CA3030A, 
CA3037A,CA3038A 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, TA = 25·C 
Voltage or current limits shown for each terminal can be applied under the indicated 

voltage or other circuit conditions for other terminals 

All voltages are with respect to ground (common terminal of Positive [lnd Negative DC Supplie~) 

Terminal Voltage or Current 

CA300BA Limits Circuit Conditions 
Terminal Voltage or Current 

r---~rC~A-30-1-6A~ ____ LiTm_it_s __ ~ Circuit Conditions 

CA3010A CA3029A Nega- Posi- CA3015A CA3030A Nega· Posi- 1-----------.,----; 
CA3037A 

12 1 

1 1 

1 3 

3 4 

5 

4 6 

7 

5 8 

6 9 

7 10 

8 11 

9 12 

10 13 

11 t4 

CASE 

tive tive Terminal Voltage 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

CA300BA 
CA3029A 

CA3010A CA3037A 

-8 V OV 4 6 ·8 
10 13 ·6 

1 1 0 

·4 V +1 V 3 4 0 
4 6 -6 

10 13 '6 

1 2 0 
-4 V +1 V 2 3 0 

4 6 ·6 
10 13 .6 

NO CONNECTION 

·10 V OV I 2 0 
to 13 ·6 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

I 1 0 
OV .7 V 4 6 ·6 

10 13 ·6 

DO NOT APPL,( VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

I~ I 6 I ·6 
13 +6 

30 rnA 200.1. Between Terminals 
6 & 12 (CA300BA, 
CA3029A, CA3037A) 

48. 9 (CA3010Al 

OV +10 V 1 2 0 
4 6 ·6 

1 1 0 
OV +7 V 4 6 ·6 

10 13 +6 

Int~rnally connected to Terminal NO.4, 
CA3010A (Substrate) DO NOT GROUND 

CA3008A 0301 OJ. 
CA3016A 030151. CA302'IA 
CA3037 A CA303BA CA3030A 

12 

10 

t1 

CA303BA tive tive Terminal Voltage 

to 

11 

12 

13 

t4 

CASE 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

·16 V OV 

·8 V +1 V 

·8 V .1 V 

CA3016A 
CA3030A 

CA3015A CA3038A 

4 6 
10 13 

1 2 
3 4 
4 6 

10 13 

t 
1 
4 

10 

1 
3 
6 

13 

16 
+12 

o 
o 

·12 
·12 

o 
o 

·12 
+12 

NO CONNECTION 

·20 V OV I 
10 

2 
13 

o 
.12 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROMAN EX
TF.RNAL SOURCE TO THIS TERMINAL 

OV +i4V 
I 
4 

10 

2 
6 

13 

o 
·12 
'12 

DO NOT APPLY vOLTAGE FROMAN EX
TERNAL SOURCE TO THIS TERMINAL 

30 rnA 

o V .20 V 

OV .14V 

40~~' Le~! TeLl! 
6 & 12 (CA3016A, 

CA3030A, CA303BA) 
4 & 9 (CA3015A) 

1 
4 

10 

2 
6 

13 

o 
·12 

o 
·12 
+12 

Internally connected to Terminal No.4. 
CA3015A (Substrate) DO NOT GROUND 

CA3016A CA3015A CA3OO8A CA3010A 
CA3030A CAJ03BA CA3029A CA3037 A 

OPERATING TEMPERATURE RANGE, , ·550C to + 1250C "lOoC to +sooe MAXIMUM SIGNAL VOLTAGE. , .. , ... ·8 Vto +1 V ·4 Vto.l V 
STORAGE TEMPERATURE RANGE. .. ·650C to +2000C -65 °c to +t500C MAXIMUM DEVICE DISSIPATION 600 mW 300 mW 

INPUT OFFSET CURRENT AND tNPUT BIAS CURRENT 
TEST CIRCUIT 

IOOKo. 

~I'" 

Fig.s 

Vee 

DC 
YOLTMETER 

IRCA 
WV~38A 

OR 
EOUIVALENT) 

Procedure: 

Input Bias Current and Input Offset Current 

1. Adjust VE for I VOUT I < 0.1 V DC. 

2. Measure and record VE and VIN4 

3. Calculate the Input Bias Current using the following equation: 

VIN4 

114 = 100 kfl 

4. Calculate the Input Offset CUlrent USing the follOWing equation: 

110 = VE/IOO kfl 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are f(Jf' CA3008A, CA3016A, 

CA3029A, CA3030A, CA3037A, CA3038A; 
Italic Numbers in Square Boxes are for CA301OA, CA3015A 

INPUT OFFSET VOL TAGE AND CURRENT 

>4 .' I I"" 
~~ 

;i I 

POSITIVE DC SUPPLY VOLTS (Vce) 
NEGATIVE DC SUPPLY VOlTS {VEEl 

INPUT OFFSET VOLTAGE 

VcC"6V Vcc .. 12V 
V£:p-6V "'EE"-12V 

4 . 
! 

-15 

ffi 10 

~ 

OFFsi~~R£NT 

-!IO -25 0 

AMBIENT TEMPERATURE (TAl _·C 

Fig.2 

INPUT BIAS CURRENT 

POSITIVE DC SUPPLY VOLTS tvcel 
NEGATIVE DC Sl.f'PlY VOLTS Nul 

.0 -28 0 z. !IO ,. 
AMBIENT TEMPERATURE ITAl _·C 

Fig.3 

100 12. 

92C$-I"'." 

125 

92C$-I"'."''' 

INPUT OFFSET VOL TAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, ANO DEVICE DISSIPATION TEST CIRCUIT 

92CS-I41J~!I 

Fig.4 

Procedure: 

Input Offset Voltoge 

1. Adjust VE for a DC Output Voltage (VOUT) of 0 ± 0.1 volts. 

2. Measure VE and recOt'd Input Offset Voltaae in millivolts as 
VE/lOOO. 

Input Offset Voltage Sensitivity 

1. Adjust Vi for a DC Output Voltage (VOUT) of 0 t 0.1 volts. 

2. tnerease VCC I by 1 volt and recOfd output voltage (VOUT). 

3. Decrease I VCC I by 1 volt and record output voltage (VOUT)-

4. Divide the diference between VOUT measUfed in steps 2 and 3 by the 
change in V CC in steps 2 and 3. 

VOUT VOUT (Step 2) - VOUT (Step 3) 

VCC 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltag. 
Gain (AoLl. ' 

VOUTiVcc 
VlOiVcc = --

AOL 
6. Repeat procedures I through 5 fOf the Negative Supply (VEE). 

7. Device Dissipation 

PT = VCCIC + VEEIE 
Ie = Direct Cor rent into Tefminal 13 or ~ 
IE ~ Direct Current out of Terminal 6 or 0 
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LINEAR INTEGRATED CIRCUITS 

CA3008A,CA3010A,CA3015A, CA3016A,CA3029A, CA3030A, 
CA3037A,CA3038A 

" I 
d 
:5 
It c .. 
i 
~ 

~ 
i 

OPEN LOOP VOLTAGE GAIN VI. FREQUENCY 
FOR CA3008A, CA3010A, CA30lSA, CA3016A, 

CA3037 A, CA3038A 

POSITN£ DC SUPPLy VOLTS (Vee) 

NEGATIVE DC SUPPLY VOLTS tva' 
SOURCE HEsasfANeE IRsJ.IKO 

TERMINAL No.'~ OPEN 
75 
10 

f-'" +2&'"C 
60 

50 II ~ ~~ 
AIIltENT TEllPERATURE·I~;'-55·C I\~ 

40 

~C"6~ 
Vee··,2V 

:so ~VEE.-12V 

20 
VEE'-'V 

III l& 10 

ilL "2rC fll\\ 
0001 00' OJ '0 100 

FR£QUENCY (f)-MHz 92C$-I4848 

FIg.6 

OPEN LOOP VOLTAGE GAIN .1. FREQUENCY 
FOR CA3029A AND CA3030A. 

POSITIVE DC SUPPLY VOLTS (Vee) AMBIENT TEMPERATURE 
NEGATIVE DC SUPPLY VOLTS (VEE) (TAl-2S·C 
souRCE RESISTANCE (RS'-' KG 

.. '00 
TERUINAl No.8 OPEN 

i 1I11 
~ao r- _~~l:I+'2 . 
~ (VEE)·-12 

z 
III r-~ 60 

~ IYcC1"+6 r-
e f-- l"rl'-6 r-.. 5 4 
> 

~ 20 

~ 
, 

\ . . , 4 sa , 4 S. , 4 S. 
0.001 0.1 I 0.01 10 '00 

FREQUENCY (f)-MHz OICS-..... 

FIII.7 

MAXIMUM PEAK-TO·PI'AK OUTPUT VOLTAGE .1. LOAD RESISTANCE 
FOR CA3008A., CA3010A, CA30lSA, CA3016A, CA3037A, CA3038A 

I 
LOAD RESISTANCE IRt.)-K OHMS 

(a) 
...... -. 

FII·9 

o 10 15 
LOAD RESISTANCE U\J-IC 0tWS 

(b) 

MAXIMUM PEAK·TO·PEAK' OUTPUT VOLTAGE .1. LOAD RESISTANCE 
FOR CA3029A AND CA3030A 

POSITIVE DC SUPPLY VOLTS IVee) 
NEGATIVE DC SUPPLy VOLTS (Va) 

+2'-t 

10 .. ........ 

TE ......... No.' SHORTED TO TE_NAL No. 12 
IS 

I =~o~ .. ~~y ~:s ~~I 
9 IS TE ...... No.' OPEN 

2.5 

o 

~ 
~,u 

+25 C 

+25 Al8ENT TEMPERATURE rr. )·o·c ~ 
11 

0.15 I L2S 1.50 1.75 10 15 20 

LOAD RESISTANCE tAL1-KA 
LOAD RESfSTANCE.(Rt.I-K OHMS 

!J2CS-14861 

(a) FIg.IO 
(b) 

COMMON·MODE REJECTION RATIO AND COMMON.MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 

vee 

DC 
VOLTMETER 

1 RCA 
wv-JeA 

OR 
EQUIVALENT) 

Your (DC) 
0.0.1 V 

1 

OSCILLOSCOPE 

YourCtkHzl ~~~~r:I: 

~'!"LENTI 

9ZCM-14858 

FI •• II 

OPEN-LOOP DIFFERENTIAL VOLTAGE 
GAIN, MAXIMUM PEAK·TO·PEAK OUT· 
PUT VOLTAGE. AND OPEN-LOOP BAND 
WIDTH AT -3 POINT TEST CIRCUIT 

92CS-14856 

Procedure: 

1. Adjust VE fOi VOUT = to.1 V DC. 

2. Measure Open·Loop Oifferential Voila .. Gain (AoLl at I = 1 kHz 
VOUT 

AOL = 20 LoIIO v;;;-
3. Measure Maximum Peak-t .. Peak Output Voltale all = I kHz 
4. Me .. ure Open-Loop Bandwidth at -3 dB Poinl 

Reference l.evel = AOL at 1 kHz 

Fil.8 

Procedure.: 
Common~Mod. Rejection Ratio: 

1. SetVBIAS = O. Adjust VE fIX VOUT(OC) = 0 ± 0.1 V. 
2. Apply l·kHz sinusodial input sienal and adjust fIX Vs = 0.3 V 

(RIIS). 

3. ::":: ~~ r=~ur~'::~sov~~ tt ~l!J;i s~:f.:!~01';~.~~ 
ally S.palsted.from noise output. 

4. Calculate Common-Mode Vol .... Gain: 

AcM = VOUTIVS 
AcM in dB = ·20 LOGIO VSIVOUT 

S. Calculate Common-Mode Rejection Rallo: 
CMR in dB = ADIFF In dB • AcM in dB. 

Common~Mod. Inpu,.Volta,. Ranoe: 

1. Calculate and record CMR for v.ious posltiv. and .... Ii ... values 
01 V= within the maximum limits shown on Pap 2. The Com-

::"iche d~uti:~I~T I!:n~~i~: :!rc!~= ~=I,:,~p oIS ~?~ 
.. oced ... li ... n above. 
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LINEAR INTEGRATED CIRCUITS 

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A,· CA3030A, 
CA3037A,CA3038A 

COMMON·MODE REJECTION RATIO YS. FREQUENCY 

POSITIVE DC SUPPL.Y VOLTS IVCCI 
NEGATIVE DC SUPPLY VOLTS (VEE) 
AMBIENT TEMPERATURE ITA'''2~·C 
TERMINAL No. 8 ~ OPEN 

110 

100 
....... ~ 

VCC H I2V t'i 90 
....... I" 1I£,'-'2V - ;-

!!II 
~i 80 

Vee"·6V r-.. \!!u 
~2 70 

VEE a -6V 

,.-
z .. 
i E 60 

" 8 
"" 
40 \ 
0.001 0.1 10 100 

FREOUENCY In-MH:r 92CS-14859 

Fiv·12 

SINGLE.ENDED INPUT IMPEDANCE va. TEMPERATURE SINGLE.ENDED INPUT IMPEDANCE TEST CIRCUIT 

vee 

-l'S -50 -25 0 25 !SO 75 toO I~ 
FIV.14 

AMBlE"'T TEMPERATURE (TA)-·C 92CS-148!i1 

Fig.13 

OUTPUT IMPEDANCE TEST CIRCUIT 
vee 

92CM-148S7 

POSITIVE DC SuPPLY VOLTS (Veel 
NEGATIVE DC SUPPLY VOLTS (VEE) 

-25 0 25 

Fig.IS 

100 125 
AMBIENT TEMPERATURE rrAI _·C 92CS-I4I50 

OUTPUT IMPEDANCE Ys. TEMPERATURE 

Flg.16 

DC 
VOLTMETER 

(RCA 
WY-38A 

OR 
EQUIVALENT) 

VOUT tDC) 
010.IV 

1 

AC 
VOLTMETER 

,BALLANTINE 
TYPE 314 

OR 
EQUIVALENT) 

1. With S2 in position (c), adjust VE for VOUT(DC) = 0 ± 0.1 volt. 
2. With Sl in position (a), and S2 in position (d), record VOUT1(rms) .. 
3. With Switch SI in position (b) and 52 in positiQl'l (d) adjust RL until 

VOUT1(rms) 
VOUT2(rms) - 2 Record value of RL as ZOUT· 

NOISE FIGURE .s. FREQUENCY 

POSITIVE DC SUPPLY VOlTS (Yee) 
NEGATIVE DC SUPPLY VOLTS (YEE) 
SOURCE RESISTANCE -. K OHM 

20 

100 • °1000 
FREQUENCY (f)-Hz 

Flg.17 

• "K><ioo 
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CA3011, CA3012 
Wide-Band Amplifiers 

FEATURES & APPLICATIONS 

• exceptionally high amplifier gain: 
power gain ot 4.5 MHz -75 dB typo 

• excell.nt limiting characteristics -
Input limiting volta,_ (kn •• ) 
600 fL V typo at 10.7 MHz 

• wid. frequency copability _ 
100 kHz to > 20 MHz 

• supplied in the hermetic 10-lead 
TO-5 style package 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT T A = 250 C 

Indicated yoltago limih for each tenninal can be appliod und~r the specified voltag. 
conditions for oth~r 'ennlnal •. All valtago. or. with ro.poct to ground (T.rminal 8)_ 

TERMINAL 

I 

2 

3 

4 

5 

8 

10 

CASE 

TERMINAL 

I 

2 

3 

4 

5 

8 

10 

CASE 

NOTE: TERMINALS 6,7, AND 9 OF RCA-<:A3011 AND CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. DO NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 

CA3011 

VOLTAGE LIMITS 
I 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

2 3 4 5 8 

-3 +3 - Same as I +2.5 to +7.5 +7.5 Ground 

-3 +3 Same as 2 - ~ 
+2.5 to +7.5 +7.5 Ground 

-3 +3 -3 to +3 Same as I >. ~ c.. ~ +2.5'to +7.5 +7.5 Ground' 
0. 0 

+2.5 +7.5 -3 to +3 Same as I "" > - +7.5 Ground 
0 -

~ 

0 +10 -3 to +3 Same as I 
:z ~ +2.5 to +7.5 Ground 0 -
C> ;E 

-3 +7.5 ·3 to +3 Same as I +2.5 to +7.5 +7.5 Ground 

0 +10 ·3 to +3 Same as I +2.5 to +7.5 +7.5 Ground 

INTERNALLY CONNECTED TO TERMINAL NO.8 (GROUND TERMINAL) 

CAJ012 

VOLTAGE CONDITIONS AT OTHER TERMINALS 
VOLTAGE LIMITS 

I 2 3 4 5 8 

·3 +3 - Same as I +2.5 to +10 +10 Ground 

·3 +3 Same as 2 -
~ 

+2.5 to +10 +10 Ground 
>. no 

-3 +3 ·3 to +3 Same as I c.~ +2.5 to +\0 +10 Ground 
0. 0 

-3 to +3 ""> +10 Ground +2.5 +10 Same as I 0 ro -
z: 10 

0 +13 -3 to +3 Same as I 10 ~ +2.5 to +10 - Giound co 

-3 +10 -3 to +3 Same as I 
UJ 

+2.5 to +10 +10 Ground 

0 +13 -3 to +3 Same as 1 +2.5 to +10 +10 Ground 

INTERNALLY CONNECTED TO TERMINAL NO.8 (GROUND TERMINAL) 

Example of Uso of LIMITS TABLE: 

10 

+7.5 

+7.5 

+7.5 

+7.5 

+7.5 

+7.5 

-

10 

+10 

+10 

+\0 

+10 

+10 

+10 

-

OPERATING-TEMPERATURE RANGE 
STORAGE-TEMPERATURE RANGE 

-55 to +1250 C 
-65 to + I~o C 

For RCA-3012, a maximum voltage 01 ±3volts may beapplied 
to Terminal I under the following conditions: 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mml 
from case for 10 seconds max. 

MAXIMUM INPUHIGNAL VOLTAGE: 
Belween Terminals 1 and 2 . 

MAXIMUM DEVICE DISSIPATION 
RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (Vee) 

±3 V 
.. 300 mY! 

5.5 V 

Terminal 2 is at the same de potential as Terminal 1 
Terminal 3: do not apply external voltage 
Terminal 4 is at any de potential between +2.5 and +10 volts 
TerminalS is at a de potential of +10 volts 
Terminals 6, 7, and 9 are at 0 de potential (NOT USED) 
Terminal 8 is at de ground potential 
Terminal 10 is at a de potential of +10 volts 

BLOCK OIAGRAM OF TYPICAL FM RECEIVER USING RCA·CAlOt1 OR C.43012 
INTEGRATED CIRCUIT WIDE·BAND AMPLIFIER 

I 
1 

1 

1 

1 

1 1 

1= 1 11= I L: _________ -.l 

Fig_ 4 

92CM--1:'825 

LINEAR INTEGRATED CIRCUITS 

v+ 

C>---t---~ 

RESI5TAr-iCE: VAlUES ARE IN OHMS 
.. INTERr>/AL CONNECTiON-DO ~OT USE 

Fig. 1 - Schematic diagram for CA3011 

andCA3012. 

INPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 

DC SlPPl.~ VOLTS (Vccl .7.5 

AI8ENT TEMPEAAT1.R£ (TA) .2S·C 

C IN 

R", 

• '0 
FREQl.ENC'I' (f) - Me/e 

Fig. 2 
'. 

! 
I 

I 

I 
i 
~ 
i 

92CS-13795 

OUTPUT· IMPEDANCE COMPONENTS 
VS FREQUENCY 

OC Sl.FPI..Y 'vOLTS {Vcc,-7.' 

6 AMENT TDFEFlATI.IRE (TA' -2&., 

o • 10 
FREQUENCY tfl - Mell 

Fig. 3 

VOL TAGE GAIN AND INPUT LIMITING VOLTAGE 
VS FREOUENCY 

AMBIENT TEMP£RATURf (TA)-2!5·C 
DC SUPA.."(VCt.TS{VCC)·T.~ 
SOIJRCf: AESlSTANCE (RS)· $0.0 
LOAD R£SlSTANCE (RU-IKO 

72 

70 
VOl. TAGE GAIN 

'" 'I 
I .a 
S \ ~ •• 

•• 

•• 
.6.0. 

n, 

INPUT LIMITING VOLTAGE V 

4 . . 4 , , 
FR£OUENCY {tl-Me/s 

Fig. 5 

/ 

100 ~ 

L 
I 

'T &001 
w .. 

500~ 
0 
> 

<00 " ~ 

i 
300:; 

... 
::> 

200 ! 
\ '00 .. Kl 

, 
92CS-13J'8!1 
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LINEAR INTEGRATED CIRCUITS 

CA3011, CA3012 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS DC AMBIENT 
TYPICAL 
CHARAC' SETUP FREQUENCY SUPPLY TEMPERA· RCA RCA 

SYMBOL~ & TERISTICS 
VOLTAGE TURE CA30n CA3012 

PROCEOURE f VCC 
UNITS CURVES 

TA 
Fig. Mc/s Volts °c Min. Typ. Max. Min. Typ. Max. Fig. 

-55 - 80 - 66 80 135 mW 

- 6 +25 60 90 133 66 90 121 mW 

+125 - 70 - 65 70 121 mW 

Total ·55 - 130 - 97 130 190 mW 
Device PT 6 - 7.5 +25 95 120 187 97 120 167 mW 
Dissipation' 

+125 100 95 100 167 mW - -
·55 - - - 150 210 275 mW 

- 10 +25 - - - 150 190 255 mW 

+125 - - - 150 160 255 mW 

·55 - 55 - 50 55 - dB 
9 1 6 +25 60 66 - 60 66 - dB 

+125 - 61 - 50 61 - dB 
-55 - 59 - 55 59 - dB 

9 1 7.5 +25 65 70 - 65 70 - dB 
Voltage Gain" A +125 - 65 - 55 65 - dB 

-55 - - - 55 61 - dB 
9 1 10 +25 - - - 65 71 - dB 

+125 - - - 55 66 - dB 
4.5 7.5 -+25 60 67 - 60 67 - dB 

9 
+25 

5 
10.7 7.5 55 61 - 55 61 - dB 

Input· Impedance 
Components: 

Parallel Inpul 
RIN 7 4.5 7.5 +25 3 3 kll Resistance - - - - 2 

Parallel Inpul 
CIN 4.5 7.5 +25 7 7 pF Capacitance 7 - - - - 2 

Oulpullmpedance 
Components: 

Parallel O~tput 
ROUT 8 4.5 7.5 -+25 31.5 - 31.5 kll 3 Resistance - - -

Parallel Output 
COUT 8 4.5 7.5 .25 4.2 4.2 pF 3 Capacitance - - - -

Noise Figure NF 10 4.5 7.5 +25 - 8.7 - - 8.7 - dB 

Input Limiting 
Voltage (Knee) Vi(lim) 9 4.5 7.5 .25 - 300 450 - 300 400 j.LV 

• The total curront drain may be determined by dlvldln, PT by Vee. •• Recommended minimum dc supply volta,. (VCClis 5.5 V. Nominal 
load current flowlne into terminalS Is 1.5 mA at 7.5 V. 

+Vee 

98 

VOLTAGE·GAIN TEST SETUP 

Fig. 9 

PROCEDURES 
A· Voltage Gain: 

1) Set input frequency at desired value, 
VI =100 Ji>I rms. 

2) Record Yo-

3) Calculate Voltag. Gain A from 
A = 2Q log10 volv I 

4) Repeat Steps I, 2, and 3 lor each 
frequency and/or for temperature desired. 

B· Input Limit!n, Volta,. (Knee): 
1) Repeat Steps Al and A2, using 

vI=l00mV 
2) Decrease II i to the level at which Yo 

is 3 dB below its value for Y i = 100 mV. 

3) Recold Vi as Input Limiting Voltage 
(Knee). 

DISSIPATION TEST SETUP 

50 

" 

~I 

+'tc 

TOTAL DEVICE DISSIPATION (PT'."ceI 
92CS~13812 

Fig. 6 

INPUT· IMPEDANCE COMPONENTS 
TEST SETUP 

.-x 
METER HI 

(BOONTON TYPE 2_ 
EOU~ENT) LO 

0.1 1"1 

Fig. 7 

OUTPUT· IMPEDANCE COMPONENTS 
TEST SETUP 

+ vee 

Fig. 8 

.-x 
METER 

(BOONTON TYPE 
2!!OA 

LO OR 
EOUI"'LENT) 

NOISE FIGURE TEST SETUP 

+Vcc 

Ll = 82 ,.t1, cenler·tapped 

L2 = 2.36 ,.t1 

Cl,C2 = Arco Type 423 padder, or equivalent 

Fig. 10 
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CA3013, CA3014 
Wide-Band Amplifier-Discriminators 

SCHEMATIC DIAGRAM FOR C ... 3013 AHO CA3014 

GAOlING 

• 

"2 I. 

"I 
O.SK 

". 
" 

.,. 

LINEAR INTEGRATED CIRCUITS 

BLOCK DIAGRAM OF TYPICAL TELEVISION RECEIVER USING IICAIHTEGRATED
CIRCUIT SOUND-IF AMPLIFIER AHO DETECTOR SECTION 

.,. 
" 

RI6 RESISTANCE VALUES 
+---'VI.'V---' ARE IN OHMS 

Fig. 1 

FEATURES & APPLICATIONS: 

• exceptionally high gain: 

power gain at ".S MHz - 75 clB typo 

• excenent limitin, chorocteristics _ 
input limiting yoltag. (kne.) 
= 300 ~ V typo at 4.5 MHz 

• excefleftt AM rejection: >50 dB 
at 4.5 MHz 

• high aU'dio~volfa •• recovery _ 
220 .. V typo at 4.5 MHz 
2S kHz d.viation 

• wiel. frequency eopa"i lity _ 100 kHz 
to > 20 MHz 

• cOftlp'.henlive circuit functions: 

if amplifier, AM and noise IImit.r, 
FM d.tector, audio preamplifier 

I. 

• supplied in the hermetic 10-lead TO-5 
style package 

TYPICAL CHARACTERISTICS AND TEST SeTUPS 

:so 
II 

~I 
TOTAL DEVICE DISSIPATION CPr)-Vcc% 

92<$ ..... 

Flg.3 

35. 

9ZCM-I],719RI 

Fig. 2 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT T A = 250 C 

TERMINAL 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

CASE 

TERMINAL 

I 

2 

3 

4 

5 

6 

7 

B 

9 

10 

CASE 

Indicated voltage limits for .ach terminal can be applied under the specified voltage 
condition. for other terminals. All voltag •• ar. with r •• peel to ground (Terminal 8). 

CA3013 

VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

1 2 3 4 5 6 7 B 

-3 +3 Same as 1 +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

-3 +3 Sameas2 
'" 

+2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

-3 +3 -3 to +3 Same as 1 H +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 
~ 

+2.5 +7.5 -3 to +3 Same as 1 
~ 

- +7.5 Same as 4 Same as 4 Ground 

0 +10 -3 to +3 Same as 1 ~ +2.5 to +7.5 - Same as 4 Same as 4 Ground 

+2.5 +7.5 -3 to +3 Same as 1 
UJ 

Same as 6 +7.5 Same as 4 GroUnd 
i +2.5 +7.5 ·3 to +3 Same as 1 "" +2.510 +7.5 +7.5 Same as 4 Ground 

- 3 +7.5 -3 to +3 same as I 
~ 

+2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground z: 
e 

0 +7.5 -3 to +3 Same as 1 c +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

0 +10 -3 to +3 Same as I +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

INTERNALLY CONNECTED TO TERMINAL No.B (GROUND TERMINAL) 

CA3014 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

VOLTAGE LIMITS 
I 2 3 4 5 6 7 8 

-3 +3 Same as I +2.5 to +10 +10 Same as 4 Same as 4 Ground 

-3 +3 Same as 2 '" 
+2.5 to +10 +10 Same as 4 Same as 4 Ground 

~ 

-3 +3 -3 to +3 Same as I ~ +2.5 to +10 +10 Same as 4 Same as 4 Ground "0 ::-
+2.5 +10 -3 to +3 Same as 1 -;;; +10 Same as 4 Same as 4 Ground 

0 +13 -3 to +3 Same as I 
E 

~ +2.5 to +10 Same as 4 Same as 4 Ground 

+2.5 +10 -3 to +3 Same as I 
U.J 
>- Same as 6 +10 Same as 4 Ground 

+2.5 +10 -3 to +3 Same as 1 ~ +2.5 to +10 +10 Same as 4 Ground ...: 

·3 +10 -3 to +3 Same as I 
~ 

+2.5 to +10 +10 Same as 4 Same as 4 Ground z: 
e 

0 +10 -310 +3 Same as I c +2.5 to +10 +10 Same as 4 Same as 4 Ground 

0 +13 ·3 to +3 Same as 1 +2.5 to +10 +10 Same as 4 Same as 4 Ground 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 

OPERATING·TEMPERATURE RANGE . ·55 to +1250 C Example of us. of LIMITS TABLE: 

9 10 

AF Output +7.5 

AF Output +7.5 

AF Oulput +7.5 

AF Outpul +7.5 

AF Outpul +7.5 

AF Output +7.5 

AF Output +7.5 

AF Outpul +7.5 

+7.5 

AF Output 

9 10 

AF Output +10 

AF Outpul +10 

AF Oulput +10 

AF Output +10 

AF Output +10 

AF Output +10 

AF Output +10 

AF Output +10 

+10 

AF Output 

STORAGE·TEMPERATURE RANGE ... ·65 to +150oe For RCA-CA3013, a maximum voltage of 13 volts may be 
LEAD TEMPERATUR E (DurIng Soldering): 

At distance 1/16 ± 1/32 Inch (1.59 ± O.79mm) 

from case for 10 seconds max +265oC 

MAXIMUM INPUT·SIGNAL VOLTAGE: 
Between Terminals 1 and 2 ± 3 V 

MAXIMUM DEVICE DISSIPATION 300 mW 

RECOMMENDED MINIMUM DC 
SUPPLY VOLTAGE {Veel .. 5.5 V 

applied to Terminal I under the following conditions: 

Terminal 2 is al the same de potential as Terminal I 
Terminal 3: do not apply external voltage 
Terminal 4 is at anyde potential between +2.5and +7.5volts 
TerminalS is at a de potential of +7.5 volts 
Terminals 6and 7 are at the same de potential as Terminal4 
Terminal 8 is at de ground potential 
Terminal 9 is used as the af output lerminal 
Terminal 10 is al a de potential of +7.5 volts 
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LINEAR INTEGRATED CIRCUITS 

CA3013, CA3014 

TEST CONDITIONS LIMITS 
TYPICAL ELECTRICAL DC AMBIENT CHARAC· CHARACTERISTICS SETUP FREQUENCY SUPPLY TEMPERA· RCA RCA TERISTICS 

(See Page 8 for SYMBOLS & VOLTAGE TURE CA3GI3 CA3014 UNITS CURVES 
Definitions of Terms) PROCEDURE f 

Fig. Mcls 

3 -
Total 
Device PT 3 -
Dissipation' 

3 -

4 I 

4 1 

Voltage Gain •• A 

4 1 

4.5 
4 10.7 

Input·lmpedance 
Components: 

Parallel Input 
RIN Resistance 

6 4.5 

Parallel Input 
CIN 6 4.5 

Capacitance 

Output· Impedance 
Components: 

Parallel Output 
ROUT 8 4.5 

Resistance 

Parallel Output 
COUT Capacitance 

8 4.5 

Noise Figure NF 10 4.5 

Input Limiting 
vi(lim) 14 4.5 Voltage (Knee) 

Recovered AF Voltage vo(af) 14 4.5 

Amplituoe'Modulation 
AMR Rejection 15 4.5 

Discriminator RO(disc) - 4.5 
Output Resistance 

Total Harmonic 
Distortioo THO 14 4.5 

. . 
• Total current drain may be determined by diViding PT.by Vee. 

INPUT·IMPEDANCE COMPONENTS ••• FREQUENCY 

DC tlJIPlY ¥OLTS IVee) -1.5 

MIENT TEMPERAll.RE CT.» • ZS-C 

• 10 
FIiEQUI!:NC'f' {I} _ Melt 

Fig. 7 

15 

VCC 
volts' 

6 

7.5 

10 

6 

7.5 

10 

7.5 
7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

6 
7.5 
10 

7.5 

7.5 

7.5 

TA 

°c Min. Typ. Max. Min. Typ. Max. Fig. 

·55 - 80 - 73 80 120 mW 
+25 60 90 133 73 90 110 mW 
+125 - 70 - 60 70 110 mW 
·55 - 130 - 106 130 170 mW 
+25 87 120 187 106 120 150 mW 
+125 - 100 - 90 100 150 mW 
·55 - - - 165 210 250 mW 
+25 - - - 165 190 230 mW 
+125 - - - 150 160 230 mW 

·55 - 55 - 50 55 - dB 
+25 60 66 - 60 66 - dB 
+125 - 61 - 50 61 - dB 
·55 - 59 - 55 59 - dB 
+25 65 70 - 65 70 - dB 
+125 - 65 - 55 65 - dB 
·55 - - - 55 61 - dB 
+25 - - - 65 71 - dB 
+125 - - - 55 66 - dB 
+25 60 67 - 60 67 - dB 
+25 55 60 - 55 60 - dB 5 

+25 - 3 - - 3 - kn 7 

+25 - 7 - - J - pF 7 

+25 - 31.5 - - 31.5 - kn 9 

+25 - 4.2 - - 4.2 - pF 9 

+25 - 8.7 - - 8.7 - dB 11 

+25 - 300 450 - 300 400 !J.V 13 

+25 - 155 - - 155 - mV 
+25 128 188 - 135 188 - mV 13 
+25 - - - - 220 - mV 

+25 - 50 - - 50 - dB -
.25 - 60 - - 60 - n -

+25 - 1.8 - - 1.8 - % 12 

•• Recommended minimum de supply voltale (Vee) IS 5.5 V • 
Nominal load current flowine into terminalS IS 1.S rnA at 1.5 V. 

OUTPUT.IMPEDANCE COMPONENTS TEST SETUP 

Fig. 8 

A·X 
METER 

(BOONTON TYPE 
2lIOA 

LO EQUI:UNTJ 

VOL TAGE.GAIN TEST SETUP 

PROCEDURE: 

1) set input frequency at desired value, Vi = 100 JLV rms. 

2) Record vo' 

3) Calculate Voltage Ga;n A fiom A =20 10gIO volv;. 
4) Repeat steps I, 2, and 3 for each frequency 

and/or temperature desired. 

Fig. 4 

VOLTAGE GAIN YO. FREQUENCY 

AMBIENT TtMPERATURt ~-25ec 

~J=~~)~.50Q 
LOAD ..... wui ... )':l.A 

!Il 
I 

~ 
z 
3 
I!! 

~ 
> 

72 

70 

•• "-
•• r\ 
•• 
62 

"" \ 
01 2 • .. 1 

, . • • 10 
, 

f'REOU£NCY (f)- Mel, 

Fig. 5 

INPUT·IMPEDANCE COMPONENTS TEST SETUP 

+'b: 

R-X 
IlETER HI 

(BOONTON TYPE ...,.. 
EOU~ENTI LO 

Fig. 6 

• 

OUTPUT·IMPEDANCE COMPONENTS vo. FREQUENCY 

DC Sl'PLY \oQ..TS (Vee)' 7.~ 

6 ~ TElF£RAT\.R: (TA'-2S-C 

o • 10 .. 
FAEQI.£NCY (i, - Me" 

92CS-13796 

Fig. 9 
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CA3013, CA3014 
NOISE FIGURE TEST SETUP 

LI • 82 !'It, center-tapped 
L2 = 2_36 !'It 
CI, C2 = Alco Type 423 p_, or .... i •• lent 

Fig. 10 

NOISE FIGURE y •• DC SUPPLY VOLTAGE 

AldlENT TEMPERATURE (T .. ,)- ·C 
FREQU£NCY Cf)-4.51lc1t 
SOURCE RESISTANCE CRsl-IOOA 

• • '0 
DC SUPilLY VOLTS (Vc:c) 

ftCS-13711 

Fig. 11 

INPUT LlMITIHG VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE 

o 

.t 1.75 Mel. 

DC SU'PLY IIOLTS 
Voo·1O" 

TO I OmV 

APPLIES ONLY FOIl CA!OM 

7.5 

6 

BlENT TEr.FERATUR£ (TAJ • ZS·C 
SIGNAL FAECUENCY· 1.15 Me ... 
MODULATlPilG FREQUENCY· I lICit 
FREQUENCY DEVIATION· z 25 licit 
o ell • RECOVEREO AF WLTAGE LEV£L FOR Vi • 100 .... 

0.1:1 I LIS 2 
INPUT SIGNAL LEVEL (vI) - MlUlVOLTS IRIIS) 

(a) 

,.4 

I 

,"~;:'~TOR -;RA-;;-. -.;..J 
'OR WINIMIIG INFORM ~ 

SEE "1.,1 

'2C$-131OO 

PROCEDURE: 
A - Reco_d-AF VOl .... Output: 

I) ~':~'~r:i:, t:,:,:,~s;.:Jl;l: !'~:~c:i~latlnl 
2) Record Vo as Recove,etl-AF Volt ... Output. 

B - Input Limltln, VOlt .. , (Knee): 
1) R,peat Steps AI .,d A2, usln, vI -100 mv "" •• 
2) lllIcIe .... '!Ito the I,.el at Mlch va I. 3 dB below Ita value 

IcKvl-lwmV. 
3) Racord vI IS Input Lintltln, VOlt ... (Knee). 

INPUT LIMITING VOLTAGE. RECOVERED AF 
VOLTAGE. AND TOTAL HARMONIC 
DISTORTION TEST SETUP 

Fig. 14 

• t 4.5 Mel. 

AlllMENT TEMPERA'nIIE (TAJ· 25-C 
...... L FREQUENCY. 4.5 lie'" 
MODt.LATING FREQUENCY. Ike" 
FREQUENCY DEVIATION· :k Z5 ken 

TO IOOmV 

o •• RECOVERED AF VOLTAGE LEVEL FOR '" • 100 rrN 

o .o.s I L5 2 
....". SIGNAL LEVEL (wI) - MILLIVOLTS (RMSJ 

PROCEDURE: 

(b) 

Fig. 13 

I) With SWItch S In polltlon ..... , ... Input fr ...... cy ·4.5 Me,I, 
~!'.:v.":~ 'tc~atln. fr_cy = 1 let, .. fr_cy 

2) Racord vo' 
3) PI_ SWItch S In pooltlon "boo. n ... Input " .... cy -4.5 
~::':/lIi: !'ro. Int" modUl.tlnl frequency -1 kc/ .. 

4) :::~feCt"'::" _d v.i .. In dl below vllueln Slap 2 

AM-REJECTION TEST SETUP 

Fig. 15 

LINEAR INTEGRATED CIRCUITS 

TOTAL HARMONIC DISTORTION YO. DC SUPPLY VOLTAGE 

i 
i 

..... IENfTEMPERATUltE (TA)-O-C 
SIGNAL FREQUENCY- 4.SMcia 
MOOULATtNG F'REQUENCY -'lCcla 
fltEQU€NCY OIVIATION -l2l1 IICcII 

e .t 
DC SUPPLY VOLTS (Vee) 

Fig. 12 

at 10.7 Mel • 

10 

TO IOOMV 

., DC SUPPLY VOLTS 
Voo .10" 

...... 'ES 0Nt.Y Pal ....... 

7.5 

o 0.5. I ,.I Z 
IMI'UT SIGN .. L LEVfL (,' J- MILLM1TS 0tMSJ 

HCI·IJ1II 

(e) 

DISCRIMINATOR TRANSFORMER SCHEMATIC 

r ----------, 
I •• ,..... -- I 
I~ ~I ]JL' 'LO i 
Ie, 1 1 Fctj 
I I 

I 

I I L ________ -' 
( --

(.} 

CONSTRUCTION DETAILS OF DISCRIMINATOR 
TRANSFORMERS SHOWN 1M FIGS. 2. 14 AND 15 

CoIt-..... Out_ DI_ = 7/32" .... 
Srues: ~ in_lis, hlc. Type "E" 1IIIIrlel, ............ 
"Ike 'T)IpII:' uGftlPEZE"". or .... ~ 

f" • "''1 -- T_ CI Cz 
Mel. fAlISl) 1.1" '-'t LJ pF pF 

1.75 48 44 » .. - lID .. 
(2211i1\far 
~ 

4.5 31 II r 22lDtaf -!80 
(Ilbllli. 
WIIIIIId) 

10.7 36 II 18 I8I1Ul lOt 100 
(lIDHlta --• _IRIIed Ttatll *II, Pl\eIPl-~ QIppar 1'\'0IIt:II.; 

" __ bln .. . 

NOTE: TIle .... ..,nna_Lj. ... ~ ........ 
111M tha __ ...... 0111_1111. 

I't 

Fig. 16 

..... ______ ~ __________________________________________________________ 101 



LINEAR INTEGRATED CIRCUITS 

CA3018, CA3018A 

General-Purpose Transistor Arrays 

TWO ISOLATED TRANSISTORS 
AND A DARlINGTDN·CONNECTED 
TRANSISTOR PAIR 

Far law·Pawer Applications 
at Frequencies from DC 
Tbrallab the VHF R_ae 

The CAlOI8 and CA3018A consist of four general pur
pose silicon n-pan transis~ors on a common monolithic 
substrate. 

Two of the four transistors are connected in the 
Darlington" configuration. The substrate is connected 
to a separate terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are 
well suited to a wide variety of applications in low
power systems in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits but in addition they provide the advantages 
of close electrical and thermal matching inherent in 
integrated circuit construction. 

The CA3018A is similar to the CA3018 but features 
tighter control of current gain, leakage. and offset 
parameters making it suitable for more critical appli· 
cations requiring premium performance. 

APPLICATIOHS 

• General use in signal processing systems in DC 
through VHF fonge 

• Custom designed diff.rential amplifiers 

• Temperature compensated amplifiers 

• Se. RCA Application Mote. ICAH·5296 "Application 
of the RCA CA3018 IntegratH,Circuit Transistor 
Arra," fol' suggested Applications. 

'20 COf..LECTOlt-TO-IIiITTIIil VOLTAG. (Yel'-IV ,., 
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.. 
'" l! / 00/ 
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0.01 2 • •• , 4 •• 0.1 I 

, • •• 10 
EMITTER CURRENT (IE)-IIIIA 

92CS-23111 

Fig. 3 _ Typical Static FOtworJ Current. Transfer 
Rat;o onJ S.to Ratio for Trons;stOts 0, 

onG 02 vs Em;""r Current. 
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I I 
<>. 68QI2 4611 1 2 4 6. 

EMITTER CURRENT (I.E) - iliA ncs-z,'" 
Fig. 5 - Typ;col Static Sose.to-Emltter Voltag. 
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C/o",a.ter;stlc o"J Input Ofl •• t Voltage for 
0, anJ 02 v. Em/H.' Current. 

FEATURES 

• Matched monolithic general purpose transistors 

• HFE matched, 10% 

o VBE match.d ,2 mV CA3018A (, 5mV CA3018) 

• Oporation from DC to 120 MHz 

e Wide operoting c:urrent ran,. 

• CA3018A performance characteristic I controlled 
from 10 .. A to IOmA 

• L.aw nol •• figure •• 3.2 dB typical at I KHz 

• Full militar, temp.ratur. range ·capability 
(-55 to + 125°C) . 

o The CA3018 is available in a sealed-junction 
Beam Lead version (CA3018L.). For further 
information see File No. 515. "Beam·Lead 
Devices for Hybrid Ci,cuit Applications". 

o Supplied in the hermetic 12-lead TO-5 
style package. 

Maximum Ratings, "'bsolute·Maximum Value., at T ... ·25"C 

Power Dissipation. P: CA301S CA3018A 

Anyone trallSistor • . • . • . . . • 300 300 mW 

Tota I pae kage • • • • • • . • • • • • 450 450 mW 

Derate at 5 mW tOe for T A. > 85°C 
Temperature Range: 

Operating. • . • • • • • • • • . • •• ·55 to + 125 -55 to + 125°C 

Storage. • . . . . • . • • • . . . . •. -65 to + 150 -65 to + 1S()OC 

LEAD TEMPERATURE (During Soldering) 
AI distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. . ....... . 

The following ratings apply for each translator in the device: 
CA3018 CA3018A 

Collector-ta-Emitter Voltage. V CEO' 15 15 V 
Collec~or-t.o-Base Voltage, VeBO .• 20 30 V 
Collector-ta-Substrate Voltage. V CIO" 20 40 V 
Emitter-te-Base Voltage. VEBO • • • 5 V 
Colledor Current, Ie ... . . . . . .. so 50 mA 

*ne collector of each transistor of the CA301S and CAJ018A 
ia isolated from the substrate by an integral diode. The 
substrate (terminGl 10) must be connected to the most neg
ative point in the external circuit to maintain isolation be
tween transistors and to provide (or normal transistor action. 
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10'" AMSIENT TEMPE.RATURE (TAI-25-C 
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, 4 •• , 2 4 •• 10 2 , 
EMITTER CURRENT (IEI-",A 9zcs-zun 

Fig. 4 _ Typical Static ForworJ Current. T,ans'., Ratio 
far Da,lington-conn.ct.J T,Glls;ste,s 03 

anJ 04 vs Em;tter Current. 
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CA3018, CA3018A 
CluJracteristics apply for each transistor in the CA3018 and CA3018A as specified. 

ELECTRICAL 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 

at TA • 2SoC 

STATIC CHARACTERISTICS 

Collector-Cutoff Current ICBO VCB"IOV.IE"O 

ColleclOf-Cutoff Current ICED VCE"IOV.IB"O 

Collector -Cutoff Current 
ICEOD VCE"IOV.IB"O 

Darlington Pair 

Collector ·Io-Emitter 
VIBRiCEO IC" loA.IB"O 

Breakdown Voltage 

Collect",·to-Base 
VIBRiCBO IC"IIju.A.IE"O 

Breakdown Voltage 

Emitter·lo·Base 
VIBR)EBO IE"IIju.A.IC"O 

Breakdown Voltage 

Collector ·to-Substrate 
VIBRiClO IC"Iqu,A.ICI"O 

Breakdown Voltage 

Collector ·to-Emitter 
VCES IB" ImA.IC" lOrnA 

Saturation Voltage 

( IC"lOrnA 
Static F (lward Current 

hFE VCE"lV.) IC~ ImA 
Tans'er Ratio IC"IIju.A 

Magnitooe of Static-Beta Ratio V CE,3V .IC I" ICI' ImA 
(Isolaled TransistlJs QI ,nd Ql) 

Slatic Forward Current Transfer 
Ratio Darlington Pair hFED VCE"3V { IC~ ImA 

(Q3 & Q.) IC"IIlIju.A 

Base·lo·Emitter vollage VBE VCE"3V IE,lmA 
IE"IOrnA 

Inpul Offsel Voltage IV
BE 

I 'VeE; VCE"3V.IE,lmA 

Temperature Coefficient: 
I"'VaEi Base·lo-Emitte. Vollage VCE=3V.IE"lmA 

QI·Q2 
"ZT 

Base (Q3Ho-Emitle. (Q4) VaED VCE=3V IE,IOrnA 
IE" ImA Vollace·OarlinetOll Pai. IV9•1) 

Temperature Coefficient: 
"'VeEol Base,Ia-Emitte. Voltage VCE,3V.IE"lmA 

Darlingioo Pai'·Q3.Q4 "'T 

Temperatlle Coefficient; ~BEI'VB~ VCC",6V,VEE,·6V. 

llaanitude 01 Input·Offset Voltage ~ 
IC1"IC2"lmA 

COLLECTOR-TO-EMITT[R VOLTAGE (VCE)-3V 
SOURCE RESISTANCE: (RS). ~OOA 
AMBIENT TEMPERATURE ITN~2tI·C 
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Fig.H(o)· Hoise Figure vs Collector Current, 
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CA1018 CA3018A 
CHARAC~ 

TERISTICS 
LIMITS liMitS CURVES Units 

Typ. Max. Min. I Typ. Max. Fi . 

0.001 100 - 0.002 40 nA 1 

See Curve 5 - See Curve 0.5 !J.A 7 

- - - - 5 !J.A -

14 - IS 14 - V -

60 - 10 60 - V -

7 - 5 7 - * -

60 - 40 60 - V -

0.11 - - 0.13 0.5 V -

1O0 - 50 100 - -
100 100 60 100 100 - 3 
54 - 30 54 - -

0.97 - 0.9 0.97 - - 3 

5400 - 1000 5400 -
- - 1000 1800 - - 4 

0.715 - 0.600 0.715 0.800 V 5 0.800 - - 0.800 0.900 

0.48 5 - 0.48 1 mV 5,8 

1.9 - - 19 mY! - 6 
°c 

1.46 - - 1.46 1.60 
1.32 - 1.10 1.31 1.50 V 9 

4.4 - - 4 .• - mV! 10 
°c 

10 - - 10 - !J.V!oC -

COlLECTOR-TO-EMITTER VOLTAGE (YCE)-!V 

i)y ~CE RESISTANCE (R8)-'000 A 
AMBIENT nMP£RATURE fTAl-2S-C 

20 
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Fig.IJ(b) - Hoise Figur. vs Collector Current, RS = I Kn. 

LINEAR INTEGRATED CIRCUITS 
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LINEAR INTEGRATED CIRCUITS 

CA3018, CA3018A 

ELECTRICAL CHARACTERISTICS, (CONT'O) 

OYNAMIC CHARACTERISTICS 
CA3018 CA3018A 

LIM Frequency Noise Figur-e NF H KHz,VCE"3V,ICdO(!.<A 
~ 3.£5 Soorce resistance",l KSl 

~ ~ 3.25 - dB 

Low-Freque,",! ,Small· Signa I 
Equivalent..(;ircuit 
Characteristics: 

Forward Current-Transfer Ratio hre I 
~ liD ~ ~ liD ~ ~ 

Stutt-Circuit Input Impedance hie ~ 3.5 ~ ~ 3.5 ~ KD 

Open-Circuit Outp.!t Impedance hoe I" IkHz.VCE,3V ,IC,lmA ~ 15.6 ~ ~ 15.6 - I"'h' 

Open-Circuit Reverse hre I 1.8'IO-~ I.8xW·~ 
Voltage-Transfer Ratio 

~ 

~ ~ 
~ ~ 

Admittance Characteristics: 

Forward Transfer Admittance YI, I ~ 31·jlS ~ ~ 31·j 1.5 ~ mmho 

InrtJt Admittance Vie ~ 0.3'10.04 ~ ~ O.3.jO.04 - mmho 

Outpot Admittance Yoe 
1,IMHz ,V CE,3V ,IVlmA 

~ O.OOhjO.03 ~ ~ 0.OOhjO.03 mmho 

Reverse Transfer Admittance Yre I See Curve See Curl/e mmho 

Gain·Bandwidth Prllluct IT V CE,lV, IC "3mA 300 500 ~ 300 500 ~ MHz 

EmiUer-to-Base Capacitance CEB VES,JV,IE,O - 0.6 ~ ~ 0.6 ~ pF 

CollectOf-to-Base Capacitance CeB VCS,JV.IC'O ~ 0.58 - ~ 0.58 - pF 

Collector-tcrSoostrate Capacitance CCI Vc 1,3V,Ie-0 ~ 1.8 -- ~ 2.8 ~ of 

COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATIJRE (TA)-25°C 
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COLLECTOR CURRENT (Ie}-I mA I 

4 

~~~ ~~I~J~~A~~~~I(i~~~;O~PUT 
COLLECTOR-TO-EMITTER VOLTAGE IVCE)-aV 

6 COLLECTOR CURRENT (Iel-t mA 

l¥ or. - ~.-

.... '" 30 

~~ ~ 
I " ~l 20 1'\ t-- t---

sf 10 

.-. ,," --\-- : J..- r- . .-
",,, --!liZ ~ 

I '\ ~~ a 
I!'~ r-~ 

'" 
~i 5 
-.:::3 I .. ~ 

f:;~ r -'" 4 
til z-
~£ 

~~ 3 

I--t--- _. I-- I--8~ 
r~ 2 ,,", 
~U - -- l 

lI(b) 

11 

11 

11 

11 

13 

14 

15 

16 

17 

~ 

~ 

~ 

.,. 
1 
'j 

Vo,· 

100 COLLECTOR-la-EMITTER VOLTAGE (VCE)-3V 
6 FREQUENCY {f)"1 kHz 

fF 
I-- t-

4 AMBIENT TEMPERATURE (TA)' 2S-C 

I I I I / 
'I---t-. 

h,,' 100 } 

101---
l'tie~2.7 .n hoe 
hre=I.SSlI:lo-4 ollmA , 

I~ ~. hO.,·15_6 IL mho ,I-----
~ j 

4 

, .- ~ V -
I'" / 

I hf., _ , -,C-

" ....-- _4-. ..- ....- N· , 
/ 

01 

0.01 4 Ei 8 0 .1 I -4 6 8 10 

COLLECTOR CURRENT (Ic)-mA 
92CS-237111 

Fig, 12 - Forward Current· Transfer Ratio (h f.), Short
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CA3019 
DIODE ARRAY 

The CA3019 consists of one Diode "Quad" and two Isolated Diodes on a Common 
Substrate. 

eDesigned for use in Telemetry, Dato .. Processing, Instrumentation, and Communication 
Equipment 

• Built-in Temperature Stability for Operation Irom _55°C to + 125°C 

• 10·Terminal TO-S Package 

• Hermet.cally Sealed 

.Componion Application Note, ICAN·5299 "Application 01 the RCA CA3019 Integrated
Circuit Diode Array" 

Absolute-Maximum Voltage limits at T A = 2SoC 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

ABSOLUTE·MAXIMUM RATINGS: NEGATIVE POSITIVE TERMINAL VOLTAGE 

DISSIPATION: 

Anyone diode unit. • • • • . • • • • . • . . . . 20 max. mW 

Total for device. . • • . • . . . . . . . . . .. 120 max. mW 

TEMPERATURE RANGE: 

Storage. • • • . • • . • • . • • • • • . • • • . •• -65 to +1150 ,oC 

Operating .•••. . • . . . . . . • • • • • . .. -55 to + 125 °c 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.5Y ± O.7Qrnm) 
from case for 10 seconds max. . ........•.•. I-26SoC 

VOLTAGE: See Table 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

-3 +12 7 -6 

-3 + 12 7 -6 

-3 + 12 7 -6 

-3 + 12 7 -6 

·3 + 12 7 -6 

-3 + 12 7 -6 

1,2, 
-18 0 3,6, 0 

8 

·3 + 12 7 -6 

-3 + 12 7 -6 

NO CONNECTION 

CASE INTERNALLY CONNECTED TO TERMINAL 7 
DO NOT GROUND 

ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T A, 012SoC 

CHARACTERISTICS APPLY FOR EACH DIODE UNIT, UNLESS OTHERWiSe SPECIFIED. 

LIMITS 
TEST 

CHARACTERISTICS SYMBOLS CIRCUITS SPECIAL TEST CONDITIONS TYPE 
CA3019 

Fig. Min. Typ. Max. 

DC Forward Voltage Drop VF DC Forward Current (IF) -1 rnA 0.73 0.78 

DC Reverse Breakdown Voltage V(BR)R DC Reverse Current (IR) =-lOj-LA 4 6 

DC Reverse Breakdown Voltage 
Between any Diode Unit and V(BR)R DC Reverse Current (lR) = -10 j-LA 25 80 
Substrate 

DC Reverse (Leakage) Current IR DC Reverse Voltage (VR) --4 V 0.0055 10 

DC Reverse (Leakage) Current 
Between any Diode Unit and IR DC Reverse Voltage (VR) =·4 V 0.010 10 
Substrate 

Magnitllle of Diode Offset 
Voltage (Difference in DC 

!VFI- VF2! DC Forward Current (IF) = 1 mA 1 5 Forward Voltage Drops of 
any Two Diode Units) 

Single Diode Capacitance Co 
Frequency (f) -1 MHz 

1.8 DC Reverse Voltage (VR) = -2 V 

Frequency (f) -I MHz 
DC Reverse Voltage (VR) between 

Diode Quad-to-Substrate 
CDQ_I 

Terminal 2,5,6, or 8 of Diode Quad 
Capacitance and Terminal 7 (Substrate) = -2 V 

Terminal 2 or 6 to Terminal 7 4.4 

Terminal 5 or 8 to Terminal 7 2.7 

Series Gate Switching 
Vs 7 10 

Pedestal Voltage 

Units 

V 

V 

V 

j-LA 

j-LA 

mV 

pF 

pF 

pF 

mV 

TYPICAL 
CHARAC-

TERISTICS 
CURVES 

Fig. 

2 

-

-

3 

-

4 

5 

6 

LINEAR INTEGRATED CIRCUITS 

HIGHLIGHTS 

• Excellent Diode Match 

• Low Leakage Current 

• Low Pedestal Vol".ge when Gating 

.Modulator 

eMixer 

APPLICA TIONS 

• Analog Switch 

• Balanced Modulator 
• Diode Gate lor Chopper

Modu lator Appl i cation 5 

92CS-I4254 

Fig. 1 - Schematic Diagram lOT CA30J9. 

TYPICAL CHARACTERISTICS 

DC FORWARO CURRENT (IF}-lmA 

~ 
I 
~O.9 

~ 
~ 0.8 

!¥ 

M 
-75 -50 -25 25 SO 7S 100 125 

AMBIENT TEMPERATURE ITAJ-"'C 

Fig.2 - DC Forward Voltage Drop (any Diode) vs 
Temperature for CA3019. 

DC REVERSE VOLTS (YftIACROSS DIODE .-4 

~ 15 

w 
~ 10 

i!' 
g 

25 50 75 .00 12!5 
AMBIENT TEMPERATURE IT..,) -"'C 

Fig.3. Reverse (Leakage) Current (any DioJe) vs 
Temperature for CA3019. 
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LINEAR INTEGRATED CIRCUITS --------------------------------____ _ 

CA3019 

• 

I 
'" 8 2 
is 

AMBIENT TEMPERATURE lTA·~ 
FREQU£NCY IF) • IMHz 

I 2 • 
DC REVERSE VOLTS IVAI ACROSS DIODE 

92CS-142&l 

Fig.4· Diode Capacitance (any Diode) vs Reve"e 
Voltage lor CA3019. 
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TVPICAL CHARACTERISTICS (Cont'd) 

o 

AMBIENT TEMPERATURE (TAl· 2eee 
F'REOUENCY It) • I MHI 

I 2 :s 4 
DC REVERSE VOLTS 'YR) BETWEEN TERMINAL 2 OR 6 

AND SUBSTRATE (TERMINAL. 71 

Flg.S • Diodo Quad·Ia·Sub.trate Capacitance v. 
Rovo,.o Vo/tago lor CA3019. 

•• v 

-6V 

Fi!i.7 - Sorio. Got. Switching re.t S.tup lor CA3019. 

o 

AMBIENT TEMPERATURE (TAl .2S-C 
FREQUENCY If) -, MHI 

I 2 :s 4 
DC MVIRSE VOLTS (VR) BETWEEN TERMINALS 5 OR • 

AND SUBSTRATE (TtRMINAL n' 
9tCS-I .... 

Fig.6 - Diod. Quad·Ia-Sub.trat. Copocitanco vs 
Rever •• Vo/tog. lor CA3019. 



CA3020,CA3020A 
MULTI'IIRP. DE·BA. 
PIIER AMPUFIERS 
The RCA-CA3020 and CA3020A are Integrated-Circuit, 
Multistage, Multipurpose, Wide-Band Power Amplifiers 
OR a single mon~1ithic silicon chip. They employ a 
highly versatile and stable direct-coupled circuit con
figuration featuring wide frequency range. high voltage 
and power gain, and high power output. TheBe features 
plus inherent stability over a wide temperatme range 
make the CA3020 and CA3020A extremely useful for a 
wide variety of applications in military, industrial. and 
commercial equipment. 

ABSOLUTE·MAXIMUM RATINGS, 
DISSIPATION: WITHOUT HEAT SINK 

Fer Mitll. Indllstrit 
l1li Commercial ~1IIt 
at FrequllCies up ID 8 MHz 
The CA3020 and CA3020A are particularly suited for 
service as Class B power amplifiers. The CA3020A 
can provide a maximum power output of 1 watt from a 
12-volt DC supply with a typical power gain of 75 dB. 
The CA3020 provides 0.5 watt power output f,om a 
9--volt supply with the same power gain. 

These types are supplied in. hermetically sealed. T()"S 
style 12-1ead packa~es. 

WITH HE4T SINK 

At TA = 2S"c. •••••••••••••••••••••••••••.• 1 W At TC = 2SoC • • • • • • • • • • • • . • • • •• 2 W 
At TC = 2SoC to TC = SSoC. • • • • • • 2 W 
Above TC = SSoC •• derate linearly 16.7 mW/oC 

Above TA = 2SoC ••••••.•••••• derate linearly 6.7 mW'pC 

TEMPERATURE RANGE: 
Operating ..••••••••••••••.••.•••••.•••• -SSoC to + 12S°<': 
Sto,age. . . • • • • • • • . • • • • • • • . • • • • • • • • • • • . • -6SoC to + 1SOoC 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. .......•............... +2650 C 

MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the ,ange of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed hO'izontally. Fo, example, the 
voltage range of the vertical terminal 1 with respect to terminal 12 is 0 to +10 volts. 

TERM-
I 2 3 4 5 INAL 6 7 • 9 10 11 12 

No. 

I . . · · · · · • 0 
+3 · +10 

-IOf.12 Note I 0 

2 . · · · · · · · · +2 
·2 

3 · · · · · · · · +2 
-2 

• • 
4 +18/+25 · · · · · · <1.8/<25 

0 
0 

5 · · · · · · +3 
Note 2 

• 
6 0 

-18f25 · · · · +3 
Note 2 

• 
7 • • • • <1.8/<25 

0 

• Not. 3 · · Note 3 
0 

9 +10 Note I <1.06<1.2 
0 0 

10 • +10 
0 

11 . 
REF. 

12 sue. 
TRATE 

MAXIMUM 
CURRENT RATiNGS 

TERM-
III~ ~~T INAL 

No. IftA 

1 20 

2 

3 

4 300 

5 300 

6 300 

7 300 

a 

9 20 

10 I 

11 20 

12 

Note 1: This yoltap is estabUshed by the maximum current 
rating_ 

* Volta,ea are not normally applied between th.s. tennin.la. 

Note 2: ~: ::1;~:' .~f~~ ~::ou~ r:~t~r r=:t:~'!.t.o C:r~::; 
into t.nninl1 No.9 .hould not be exc •• ded and tb. 
totll device dl •• lpaUon ,bould not be exce.ded. 

Note 3: TermiMI No.8 ma)' b. cOM.ctad to terminal. NOI.O, 
II. or 12. 

Voltacea appearinl between th.a. termini.' will be .. fe it 
the specified limit. between aU other terminal. Ire not 
exc.eded. 

• HI.her y.lue I. 10. CA3020A. 

LINEAR INTEGRATED CIRCUITS 

SCHEMATIC DIAGRAM FOR CA3020 AHD CA3020A 

"II 1.5K 

0,.-;::=::+_---, 
02 

D, 

fl •• l 

The resistance ".lue .. included on the schematic db
Ir.m h.ve been supplied a. a conveaience to ••• Ut 
Equipment Manuracturers in optimizinc tbe selection 
of .. outboard" components of equipment desil"s, Th. 
valu.. shown m.,. vary a. mucb aa ± 3,"", 

RCA re •• t ••• the dlht to •• ke an, chanles in the Re
alstance Val".a provided such cbanc.. do not ael .. 
versely .nect the pablished performeD.ce characteris .. 
tic. or the device. 

FEATURES 
-High powe, output - cl ... B _pl1fie. -

CA3020 •••. 0.5 watt typo ... V CC = + 'V 
C43020A ... 1.0 watt typ. ot V CC = + 12V 

• Wid. fr .... ncy rong_ --
Up to 8 MHZ with ... I.tive loods 

- High powe, •• 1 ................. 7s.t~ typo 

• Singl. pow.r .upply for class B operation 
with transform.r --
C43020 .................. 3 to 'V 
C43020A ................. 3 to 12V 

• Built-in t ... p.ratu .... trockin' ¥otto .. 
regulator provides stabl. o,.,.tion ov.r 
-55·C to +125"C t_perotu •• ra ... 

4PPL.lCATIOHS 

- AF po ... , OIIIplille .. Iv. portoble .nd fh .. d soond """ 
communiCDtiOft. ',""M' 

- Servo-control amplifl ... 

• Wlde.band line-Of Mia.r • 

- Video pow .. _lIfle,. 

-T, ••• mllllo.-II.o d.lve, ... pllfi ••• (HI •• ceel and 
o.HI •• ced) 

- F •• ·I ••• d f •• -out _pllft ... I .. cOlOp.ter logic 
circuita 

- L .... ,.c ... trol a .. pllfl .. . 

-Motor.control ... pllfl .. . 

- Power 1I.ltlvl"'.' 

• Power switch., 

- C ... ponlon Appllcotl ......... ICAH 5766 "Applic.tlon 
of CA3020 a.d CA3020A I.tog.-d Clreelt Multi • 
........ WI ......... Power A.pliflo .. :': 
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LINEAR INTEGRATED CIRCUITS ------------------------------------

CA3020, CA3020A 
ELECTRICAL, CHARACTERISTICS AT TA = 25°C 

TEST CONOI TI ONS 
CHARACTERI STI CS SYMBOLS CIRCUIT DC LIMITS 

AND SUPPLY CAl 020 
PROCEDURE VOLTAGE 

FIG. VCCl VCC2 MIN. TYP. MAX. 

Collect .. ·ta-Emille! 
2. 18 

Breakdown Voltage, Q6 & Q7 V(BR)CER , 
al10 mA 

Collector'Ia-Emitter 
Breakdown Voltage, QJ 
at 0.1 rnA 

V(BR)CEO 10 

Idle Currents, Q6 & Q7 14 IDLE 
II IDLE 

4 9.0 2.0 5.5 

Peak Oulpul Currenls. 14PK 4 9.0 2.0 140 Q6& Q7 IIPK 
Cutoff Currenl., 14 CUTOFF 

4 9.0 2.0 1.0 Q6& Q7 II CUTOFF 
Oifferetial Amphlier 

ICCI 4 9.0 9.0 6.3 9.4 12.5 Current Drain 
Total Currenl Drain ICCI + 

4 B.O 21.5 35.0 ICC2 9.0 9.0 

Differenlial Amplifier V2 4 9.0 2.0 1.11 Input Terminal Voltages V3 

Regulator Terminal Voltage Vu 4 9.0 2.0 2.35 
Q, Cutoff (Leakage) Currenls: 

Coliector·ta-EmiHer ICEO 10.0 - - 100 

EmiHer·ta-Base lEBO - 3.0 - . 0.1 
Collector·ta-Sase leBO 3.0 - - 0.1 

Forward Currenl Transfer 
Ralio, QI al 3 rnA hFEI 6.0 30 75 

Bandwidlh al·3 dB Point BW 6.0 6.0 8 

6.0 6.0 200 300· 
Maximum Power Oulpul PO(MAX) 6 9.0 9.0 400 550· -

9.0 12.0 
Sensitivity for PnllT =400 mW elN 6 9.0 9.0 35" 55 

Sensilivity for POUT - 800 mW elN 6 9.0 12.0 

Input Resi.tance···· 
RIN3 9 6.0 6.0 1000 Terminal 3 10 Ground 

Junctioo·ta-Case 
8J·e Thermal Resistance - . . 60 

• RCC' 1300 
b Rce' 2000 

TYPICAL PERFORMAMCE DATA 

CHARACTERiSTiCS SYMBOLS CA3020 

VCCI 9.0 
Power Supply Voltage 

VCC2 9.0 

Dill. Ampl. ICCI 15 
Zero Signal Current A I 

24 Output mp. leC2 

Dill. Amp!. ICCI 16 
Maximum Signa I Carrent I 

Output Amp. ICC2 lZ5 

Maximum Power Output at THO = 10" Po 550 

Sensitivity elN 35 

Power Gain Gp 75 

Input ReSistance RIN 55 

Efficiency 7J 45 

Signal-to·Noise Ratio SIN 70 

THO at 150 mW level 3.1 

Tesl Signal Frequency from 6000 Generalor 1000 

Equivalent Coliector·lo·Colleclor Load Res islance Ree 130 

LIMITS 
CAlO2OA 

MIN. TYP. MAX. 

25 

10 

5.5 

180 

1.0 

6.3 9.4 12.5 

14.0 21.5 30.0 

1.11 

2.35 

· 1m 
. · 0.1 
. · 0.1 

30 75 

8 
200 lOa-
400 ssoa 
800 looob 

SOb 100 

1000 

60 

CA3020A UNITS 

9.0 

12.0 
V 

15 
24 

rnA 

16.6 

140 
rnA 

1000 mW 
45 mV 

75 dB 

55 kO 

55 " 
66 dB 

3.3 " 
1000 Hz 

200 0 

UNITS 

V 

V 

rnA 

IRA 

.A 

rnA 

rnA 

V 

V 

p.A 

11Hz 

mW 

mV 
.V 

n 

°CII 

oi • !:! 

I 
i 

I .. 
I 

0 

92CS-19I59 

•• Coilactor"CHllllitter broalcdown .0' .... IIl& " °71 <in:uit 

~-t-+ ....... ----__ Yecl 

'~F .V 

I. "ee2 

92CS-ISIJ3 

b. Typiul .udio limplif .... circuit utilizi,.. the CA30Z0 or 
CA3020A • an audio pramplili.,.nd 01_ 8 power ' 
_plif;' 

Fig.2 

TYPICAL TRANSFER CHARACTERISTICS 

'2' 

.CS...,212 

Q. T •• t Setup 

-45"C 
~ ...... 40ec 

(\" +25·C 

~'" . . 
•• 2D·e 

+125·C 

I 
-2&0251075 

7IIOHO-a 

X,ON'-+- %700' 
DIFFERENTIAL AWLlftER INPUT MILLIVOLTS (VUl Res-Mil 

b. Char.cterl.tici with RIO thortecl out 

Flg.3 
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CA3020, CA3020A 
STATIC CURRENT AND VOLTAGE TEST CIRCUIT 

CURRENTS OR SI 52 VOLTAGES 
CURRENTS OR 51 52 VOLTAGES 

14-IDLE open open ICCI open open 

I7-IDLE open open ICC2 open open 

I4-PEAK open clo •• V2 . open open 

17.PEAK close open Vs open open 

I4-CUTOff close open Vll open open 

17-CL:TOff open close 

Fig." 
92CS-15214 

MEASUREMENT Of BANDWIDTH AT -3 dB POINTS 

+Vccr +VCC2 

1 
'OUT 

J 

PROCEDURES, 
1. Apply desired value of Vee and Vee 
2. Apply 1 kHz input signal .rld adjust r~ e lN 

S mV (rms) 

3. ~:;e~~'!t~~e v~~::~ting value of eOUT in dB 

4. ~a';~.in:n~t-:;:::J ::::::;~r~s k:::!:la:llNb~f::t~n~:: 
at whit.h eOUT decreases 3 dB below reference value. 

S. Record bandwidth as frequency range between -3 dB 
pOints. 

MEASUREMENTS OF ZERO·SIGNAL DC CURRENT DRAIN, MAXIMUM·SIGNAL DC CURRENT DRAIN, 
MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCV, SENSITIVITY, AND TRANSDUCER POWER GAIN 

-T, P.,.h.Pull Output T •• n.f ....... ; L..M 
RtlillOllee(RLJ ,h.y"btltltctH" 
,.._id. i..di~'lirdt.lI.el'r·to.coIlRhI' 
Load ""P"IIIIe. (Ree) 

PROCEDURES, 
Z.ro-SlgnQr DC Curr.nt Drain 

+VCC2 

cc 

@_-.+1T* 

1. Apply de.ired Value of Vee and Vee aad reduce 
elN to OV I 2 

2. ~:c;::o .. S~::~\i~'C C~l;;'::t ~!at!~CI aod ICC 2 in mA 

Fig.l0 

MoxLmum-Signal DC Current Drain, Maximum Powe, 
Output, Circuit Efficiency. SensitiYity, and Transduce, 
Power Gain 

1. Apply deSired value of V CC and Vee and adjust 

elN to the value at which thel Total HarJonic Distor
tion in the output of the amplifier = 10,-0 

2. Record resulting value of ICC and ICC in mA as 
Maximum-Signal DC Current Dlain 2 

3. Determine resulting amplifier power output in watts 

and record as Maximum Power Output (POUT) 

4. Calculate Circuit Efficiency (11) in % as follows: 

T/ = 100 ____ P"'O:.U"'T ____ _ 

VCCIICCI+VCC2ICC2 

where POUT is in watts, Vee and Vee are in 
volts. and ICC and ICC arel in ampere~. 

5. Record value oftelN in mV2 (rms) required in Step I 
Sensitivity (eIN) 

6. Calculate Transducer Power Gain (Gp> in dB as 

follows: Po 
Gp = 1010810---l!L. 

PIN 

• 2 
where PIN (In mW) = IN 

3000 + Rni(10) 

Flg.6 

ZERO SIGNAL AMPLIFIER CURRENT vo DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 

-". Icc. 

'2CS-ISiIi 

a. Test Setup 

8 
t1 15 

; 
~ .0 

AMBIENT TEMPERATURE (TAl- 2S·C 

s OI'EIi 

'0 
DIFF'ERENTIAL AMPLIFIER SUPPLY VOLTS (Vee I) ,zeS-lst2t 

b. Dlff.rent1al Amplifier Characterl.tlci 

Fig.S 

o 
2 

LINEAR INTEGRATED CIRCUITS 

.2. 

D. T.st 5.tUD 

-45"<: 

-2&02&50 
755080-2$ 

'4·..,·+17 .... · 
QFFERENTIAL AliFLIf'IER INPUTMIl.LIVOlTS(Y23l Sl2Cs-em 

1:.. Characteristics with R10 in circuit 

Fig.7 

AMBIENT TEMPERATURE ITA -2S-C 

.. 
OIFFERENTIAL AMPLIFIER SUPPLY VOlTS (Vecl' 92CS-ISZ" 

c. Output Amplifier Characteriatic. 
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LINEAR INTEGRATED CIRCUITS 

CA3020,CA3020A 

110 

MEUUREMENT OF INPUT RESISTANCE 

PROCEDURES. 

Input R •• lstonce Terminal 10 '0 Ground (RIM ) 

1. Apply desired value of Vee and Vee and '8.l0s in 
Position. 1 1 2 

2. Adjuat 1· kHz.: input for desired sllnal level of mea
surement 

3. Adjust R for e = e 12 
4. Record reaultii.. vitue of R as RIN 

10 
Input R •• lsfance Terminal 3 to Ground (RIM) 

1. Apply de8ired value of Veel and Vee ae\ S in 
Position 2 2 

2. Adjust 1- kHz input for desired signal level of mea
surement 

3. Adjust R for e 2 = e 1/2 

4. Record resulting value of R a8 RIN 3 

Fi9·9 

MEASUREMENT OF SIGNAL-TO-NOISE RATIO 

AND TOTAL HARMONIC DISTORTION 

510kA 

-T: !'wh·P .. 1I Owtpvt T, •• ,., .... ; LM4 R"i.""" 
(RL) .... I.M .. Ite ..... "...' .. lInMlI:llMllcel. 
1 ..... "'.c"It.clor L_ 1""," __ (ace) 

PROCEDURES, 
Slgnol.'o.Nol •• Ratio 

1. Close 8 1 and S3; open 82 

+VCC2 

2. Appl1 desired values of Vee and Vee 
3. Adjust elN for an amplifierl output o~ 150mW and 

record resulting value of EOUT in dB as e OUT 
(reference value) 1 

4. Open 51 and record resuttine value of e OUT in dB as 

e OUT2 
e OUT 

5_ Sign.l-to-Noioe Ratio (SIN) = 2010S10 ___ 1 _ 
e OUT2 

Total Harmonic Distortion 

1. Clo.e S 1 and 82 ; open 83 
2. Apply deaired value. of V CC ond Vee 
3. Adjult e lN for de aired level Jmplifier o1\put power 

4. Record Total Harmonie DiUortion (THD) in % 

ZERO SIGNAL AMPLIFIER CURRENT 

y. AMBIENT TEMPERATURE 

r1r--'==-"'VCCI 

Fig.10 

DISTORTION 
ANALYZER 
HEWLETT

PACKARD 
TYPE 502.A 

OR 
EOUIVALENT 

EQUIVALENT 

II 

• 
I 

S CLOSED 

S CLOSED 

~ ~ U ~ H ~ ~ ~ 

IICI-tIZtS AM_NT TEM'ERATUIIt! 'T~-"C lIe'-.'I,1 

b_ D Iff .... tl.1 Ampllfl., Ch.r •• torlotl .. 
a. T •• t S.tup 

Fig. 72 

~ 
h 
Ii "' 
d 
~ 

-10 

r1>--...... v 

+-v-, (='~II.~ 
7 17 RETURN TO GND. 

THROUGH 10 k 41 

WITH PIN 3 
Rnum. TO GND. 
THROUH 10 IInl 

'RCS-1$2IO 

a. Test Setup 

POWER AMPLIFIER COlL[CTOA \IOlTS N4.V71 

b. Charact.ristic 

Fig.11 

~~£C~ 
~l' 

101:1'$ (\I 
los 

S CLOSED 

15 

• 
I 

o 10 100 
' .... E~T TEMPE"AT"'" IT, '-•• 

:'i:;0~~ 

S:~~ ,D 

I~ 
..e,-IIIIO 

•• Output Ampllfl., Charl.to,lltlea 



CA3021, CA2022, CA2023 

Low-Power Video and Wideband Amplifiers 

RCA-CA3021, CA3022, and CA3023 are low-power integrated-circuit wideband 
amplifiers with a wide range of applications in industrial, military, and commercial 
communications equipment. Each consists of a multistage amplifier circuit and un
connected diodes on a single chip, hermetically sealed in a 12-lead T0-5 style 
package. The diodes may he connected to provide limiting in FM applications. 

The CA3021, CA3022, and CA3023 have the same maximum ratings, and differ 
principally in dissipation (dc power requirements) and handwidth capability. All 
three devi/:!es are des igned for operation over the temperature range from _550 C to 
+1250 C. 

APPLICATIONS 

• Gain~Controlied Linear Amplifiers 

• AMlFM IF Amplifiers. Video Amplifiers • limiters 

SCHEMATIC DIAGRAM FOR CA3021, CA3022, AND CA3023 

ABSOLUTE-MAXIMUM RATINGS. 

OPERATING-TEMPERATURE RANGE _55°C to +12SoC 

STORAGE-TEMPERATURE RANGE -OSoC 10 +ISOoC 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/3~ inch (1.59 ± O.79mm) 
from case for 10 seconds max. . ...... + 26SoC 

HIGHLIGHTS 

• Low DC Power Drain: 

{
CA3021 =" mW typo } tV 

Po CA3022 = 12.5 mW typo a = lvC 
CA3023 = 35 mW typo 

• Excellent frequency respanse: 
-3 dB {CA3021 = 2.4 MHz typo 

BW CA3022 = 7.5 MHz typo 
CA3023 = 16 MHz typo 

• High Voltage Gain: 

{ 
CA3021 = 56 dB typo at 0.5 MHz 

A CA3022 = 57 dB typo at 2.5 MHz 
. CA3023 = 53 dB typo ot 5 MHz 

• Wid. AGC Rang.: 33 dB typo 

DEVICE DISSIPATION. PT 
INPUT-SIGNAL VOLTAGE .. 

120 max. mW • Only one power supply (4.5 to 12 V) required 

-3. +3 max. V 

DC VOLTAGES AND CURRENTS . See Table Below 

VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

Connected to 
Voltage 

1 Source 

+3V 
through lOOn 

1 -3V Resistor 

5 +l2V 

10, 11, 12 Ground 

5 +12V 
2 -3V +12V 

10, 11, 12 Ground 

5 +12V 
3 OV +12V 

10, 11, 12 Glound 

4 -12V +12V 6, 11 Ground 
10 max. mA 

5 OV +l~V 10, 11, 12 Ground 

6 -12V I +12V 5, 11 Gtound 
10 max. rnA 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3022 

60 

~ 
I 50 

~ 
~40 

Ii 

o 
4 • 10 12 

DC SUPPLY VOLTS (Vee I 
92CS-143B1 

Flg.3(b) 

• Hermetically Seal.d I2-L.ad TO-S-styl. pack.g. 

• Operation from .550 C to + 12S.? C 

VOLTAGE OR 
CIRCUIT CONDITIONS 

CURRENT LIMITS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

5 +12V 
7 OV +12V 

10, 11, 12 Ground 

5 +12V 
8 20 max. mA 

10, 11, 12 Ground 

5 +12V 
9 -0.5V +3V 

10, 11, 12 Ground 

2,5 +12V 
10 OV +4V 

11 Ground 

2 Ground 
11 -6V +12V 

5 +12V 

2,5 +12V 
12 OV +4V 

11 Ground 

DEVICE DISSIPATION VS OC SUPPLY VOLTAGE 
FOR CA3023 

'50 
;0 
E 
112$ 

~ 
!!i'oo .... 
if 

o 
10 

OC SUPPLY VOLTS (Vee) 

Flg.3(c) 

12 

92C5-143019 

". 3.9K 

LINEAR LINTEGRATED CIRCUITS 

34K 

Fig. 1 

AU. RESISTANCE 
VALUES ARE IN 
OHMS 

92CS-I4416R2 

TEST SETUP f.OR MEASUREMENT OF DEVICE DISSIPATION 
AND QUIESCENT OUTPUT VOLTAGE 

t 

92.CS-L4434 

Fi •. 2 

DEVICEDISSIPATIDN VSDC SUPPLY VOLTAGE 
FOR CA3021 

.0 

I 2. 
i ro 

w 
~ 10 

I!l 

6 8 10 12 
DC SUPPLY VOLTS (Vee' 

92CS-I4Hf 

FIg,3(o) 

OEVICE DiSSIPATION VS TEMPERATURE FOR 
CA3021, CA3022. AND CA3023 

AMBIENT TEMPERATURE (TA)-·C 
92C5-14188 

FII,3(d) 

----------------------------------------------------------------------", 



LINEARINTEGRATEDCIRCUITS------------------------------------------____________________________ _ 

CA3021, CA3022, CA3023 
ELECTRICAL CHARACTERISTICS, at TA = 25° e, Vee = +6V, unless otherwise specified 

TEST CONDITIONS LIMITS 

FEEDBACK TYPICAL 

TEST SETUP RESISTANCE CHARAC· 
CA302l CA30ZZ CA3023 TERISTIC CHARACTERISTIC SYMBOL AND (RIl) BETWEEN FRE· UNITS 

QUENCY (TA5219) (TA5236) (TA5218) CURVE PROCEDURE TERMINALS 
3 AND 7 f 

Fig. fl MHz Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units Fig. 

Device 
CD - 1 4 8 - - - - - mW 3ad 

Dissipation PT 2 CD - - - - 5 12.5 24 - - - mW lb,d 
CD - - - - - - - 24 35 48 mW 3c,d 

Quiescent 39k - - 2.2 - - - - - - - V 

Output Vo 2 10k - - - - - 1.9 - - - - V -
Voltage 4.7k - - - - - - - - 1.3 - V 

AGC Source IAGC 4 VAGC =+6V - 0.8 - - 0.8 - - 0.8 - mA -
Current 

560k 0.5 50 56 - - - - - - - dB 6a 

39k 0.8 40 46 - - - - - - - dB 6a,d 

39k 2.5 - - - 50 57 - - - - dB 6b 
Voltage Gain A 5 

10k 3 - - 40 44 - - - - dB 6b,d 

18k 5 - - - - 50 53 - dB 6c 

4.7k 10 - - - - - 40 44 - dB 6c,d 

39k 0.8 2.4 - - - - - - - MHz 6a 
Bandwidth at 

BW 5 10k - - - - 3 7.5 - - - - MHz 6b 
·3 dB Point 

4.7k - - - - - - - 10 16 - MHz 6c 
f.-------

4000 - fl 39k 1 - - - - - - -
Input 

RIN 7 10k 5. - - - - 1300 - - - - fl -
Input· Resistance 

fl Impedance 4.7k 10 - - - - - - - 300 -

Compo- 39k 1 - 11 - - - - - - - pF 
nents Inpul 

5 18 - - - - pF -Capaci- CIN 7 10k - - - -
tance 4.7k 10 - - - - - - - 13 - pF 

39k 1 - 300 - - - - - - - n 
Output 

ROUT 8 10k 5 - - -Resistance 
- 120 - - - - n -

4.7k 10 - - - - - - - 100 - n 
39k 1 - 4.2 8.5 - - - - - - dB 

Noise Figure NF 9 \Ok 1 - - - - 4.4 8.5 - - - dB -

4.7k 1 - - - - - - - 6.5 8.5 dB 

1 33 - - - - - - - dB 

AGC Range AGC 10 - 5 - - - - 33 - - - - dB -
- 10 - - - - - - - 33 - dB 

39k 1 - 0.6 - - - - - - - V(lms 
Maximum 

Output Voltage Vout 5 10k 5 - - - - 0.7 - - V(rms) - - -

(RMS Value) Ok 10 - - - - - - - 0.5 - V(rms) 

VOL TAGE GAIN YS FREQUENCY FOR CA3022 VOL TAGE GAIN VS FREQUENCY FOR CA3023 
AMBIENT TEMPERATURE (TA) = 25°C FE~g~~~~T~~S~V::~~~RfJRIIo1_ DC SUPPLY VOLTS {Vccl"+6 
TERMINALS No.IO,II,AND 12 CONNEC- INALS No 3 AND 7 

TEO TO GROUND 
70 I I _I I I . 

I<EEDIlACI! RESISTANCE(RPi:cb 
60 (0 

., r;;;;- -...~", , 
~ SO 
I I,OK Eb", 
~ 40 

I. '\:-s>", 
z .s-..,,_ g -

K I~ 
~ 

30 
L5K ~ 

~ 20-f--g 

AMBIENT TEMPERATURE (TA) s25·C FEEDBACK RESISTANCE (Ra) 
DC SUPPLY VOLTS (\,Icc) "+6 CONNECTED BETWEEN TERM-
TERMINALS No. 10,11, AND 12 CONNEC- INALS No.3 ANO 7 

TED TO GROUND 
70 

so FEEO RaCK E IS NCE RBI.~ 

~ 
18K M:: 

1. 50 
47K '\;: 

!! 
40 2K il'o z .16l.. f--g IK ~ f--w 30 

I""" "Y .. 
~ g 20 

10 10 

0 0 
0.1 4 4 6 B I 6 e to 2 4 6 S 01 " 6 9 I 4 6 e 10 4 6 • 100 

FREQUENCY! f) - MHz FREQUENCY (f) - MHz 
9ZCS-14427· 

Fig.6(b) 
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TEST SETUP FOR MEASUREMENT OF AGC 

SOURCE CURRENT 

Vee 
+6v 

YAGC-+e¥ 

IAGC IS THE CURRENT FLOWING INTO TERMINAL 2. 

Fig •• 

TEST SETUP FOR MEASUREMENTS OF VOL TAGE·GAIN, .3dB 
BANDWIOTH, ANO MAXIMUM OUTPUT YDL TAGE 

PROCEDURES 
Valtage Gain: 

vee 
.6V 

(a) Set ein = 0.5 mY,t frequency specified, read eout Vollage Gain 

I A) = 20 Log 10 eout 
Bandwidth: ein 
(a) Set eout to a convenient reference voltage at f = 100 kHz and 
record corresponding value of ein_ 

~~~cr~:=(:~!~~i-:~~' keeping ein constant until eout drops 

Fig.S 

YOLTAGE GAIN VS FREQUENCY FOR CA3021 

AMBIENT TEMPERATURE (TA)-25~ 
DC SUPPLY VOLTS (Vee). +6 ~E=C-:O-:=:~Rt._ 
TERMINALS No.IO,II,AND 12 CONNEC- INALS No.3 AND 1 

TED TO GROUND 
70 

60 FE.OB' KRESl! ANe R'!~ ., 
I K 

. ~ 
i 50 ~ :; K --:; 40 

10K ~ <i .. 
5.6K w 30 

"' ~ 
~ 

20 0 
> 

10 

0.1 6 8 I 2 6 • 10 
FREQUENCY if )-MHz 

Fig.6(o) 

VOL TAGE GAIN VS TEMPERATURE FOR CA3021, 

CA3022. AND CA3023 

DC SUPPLY VOLTS (Vce)- + 6 
TYPE ~~ TERMINALS No.IO,II. AND 12 CONNECTEO 

TO GROUND CA3D21 •• I 
FEEDBACI( RESISTANCE (RS) CONNECTED CA3022 10 • BETWEEN TERMINALS No.3 AND No.1 CA3023 4.7 10 

!II 50 CA30l1 
1 
5 
z •• 
g 

CA3~ 
~ 40 

" Ci 
-4~ g 3S 

<'3 

-7' -!!O -25 0 100 125 
AMBIENT TEMPERATURE (TA }--c 

92C$-' .... 20 

1:;0 



CA3021, CA3022, CA3023 

TEST SETUP FOR MEASUREMENT OF INPUT· 

IMPEDANCE COMPONENTS 

• ein £ 10 mV 
Fig.7 

Ycc 
•• v 

92CS-14432 

TEST SETUP FOR MEASUR~ENl OF OUrpUT 
RESISTANCE 

Vee 
.6V 

,.. ein £. 10 mV 

92C5-14431 

Fig.8 

TEST SETUP FOR MEASUREMENT OF AGe RAMOE 

Vee 
+6v TYPE 

f--+':';';';';+--I'=i 

+SV +Q.7V 

A WITH S IN POSITION 1 

AGC RANGE' 2Q LOG IO A WITH S IN POSITION 2 

(A ' VOLTAGE GAIN) 

CA3021 

CA3022 

CA3023 

F;g.lO 

f 
t---

MHz 

1 

5 

10 

LINEAR INTEGRATED CIRCUITS 

TEST SETUP FOR MEASUREMENT OF NOISE FIGURE 

CA3021· Ril ' 39 kD 

CA3022· Ril ' 10 kD 

CA3023 - RiJ ' 4. nD 

Fig.9 

vee· 
'6V 

rCUT 
R~ 

KR 

CA3021 .. 
CA.3022 10 

CA3023 4.1 

92C5-14446 
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LINEAR INTEGRATED CIRCUITS 

CA3026, CA3054 
DUAL INDEPENDENT 
DIFFERENTIAL AMPLIFIERS 

The CA3026andCA3004 each consists oftwo independent 
differential ampl iriers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low 1/f noise and 
a value of f1' in excess of 300 MHz. These features 
make the CA3026 and CA3054 useful from de to 120 Mllz. 
Bias and load resistors have been omitted to provide 
maximum application flexibility. 

The monolithic construction of the CA3026 and CA3054 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched per
formance of the two channels is required. 

For Low·Power Applications 

at Frequencies from DC 

to 120 MHz 

APPLICA TlONS 

• Duol s~n$e amplifier!; 

• Dual Schmitt triggers 

• Multifunction combination!; .. RF'Mixer, Oscillator; 

Converter/IF 

.IF amplifiers (differential and; or cascade) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascode limiters 

• Synchro~ous detectors 

• Pairs of balanced mixers 

• Synthesizer mixers 

• Balanced (push·pull) cascade amplifiers 

MAXIMUM RATINGS, ABSOLUTE·MAXIMUM VALUES, AT TA = 25°C 

power Diaaipaticm, P: CA3026 CA3054 

300 

The following ratings apply for each transistor in the device: 

Anyone trans ilter '" .. 300 
Total package . . . . . . .. 600 

FOlTA> 55°C .... Derateat5 .... 
750 

6.67 

Collector·fo-Ernitter Voltage, V CEO' . . . . . .. 15 V 

Collector-to-BRse Voltage, VCBO' • . • • . . . .. 20 V 

Temperature Range: 
Col1ector-to--Substrate Voltage, Velo.' . . . . .. 20 V 

Operating ........••.. " . -55 to + 125 
Emitter-to-Base Voltage, VEBO ' • • . • • . . . . . V 

Storaae ......... , , .... -65 to + 150 
Collector Current; Ie' . . • • . . • . . . . . . . . .. SO rnA 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. · ........ +265 

• The colleclo< of each Iran.i.lo< of lhe CA3026 and CA3054 i. 
isolated "om the substrate by an integral diode. The substrate 111UJJt 
be connected to a voltase uhich is 100Te negative than any collector 
voltage in order to maintain isolation between transistors and provide 

{or f1CJI'1ml transistor oction. The substrate should be maintained at 
signal (AG) ground by ~ans 0{ a suitable grounding capacitor, to avoid 
undesired coupling between transistors. 

Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to·the terminals listed horizontally. For example, the 
voltage range between vertical tenninal 1 t and horizootal terminal 3 t is +15 to -5 
volts. 

CA3054 

t For CA302sicorreeponding terminals for CA3054 are vertical 
terminal 2 and horizontal terminal 4. 

-TERMINAL No. 13 14 I 2 3 4 6 7 8 9 II 12 

l CA3026-+- Note 1 
TERMINAL 10 11 12 1 2 3 4 5 6 7 8 9 
No. 

13 10' 0 · ·5 · .15 · · · · · · -20 ·5 ·5 

14 11 · . · '20 
0 · · · · · · 

.20 · ·20 · · · · · · I 12 0 0 

2 1 · .15 
·5 · · · · · · 

2 
.1 . · · · · · 3 ·5 

4 3 . · · · · · 
0 · '5 · ·15 6 4 -20 ·5 ·5 

7 5 · · · . 
'20 · . 8 6 0 

9 7 · .15 
·5 

11 8 ·1 
·5 

12 9 

5 9 

5 

Note I 
9 

· 
·20 
0 

·20 
0 

· 
· 
· 
· 

• 20 
0 

·20 
0 

· 
· · 

Ref 
Sub-
strate 

Maximum 

Current Ratings 

CA30S4 CA3026 
TERMINAL TERMINAL 
NO .• No. 

13 10 

14 II 

1 12 

2 I 

3 2 

4 3 

6 4 

7 5 

8 6 

9 7 

II 8 

12 9 

liN lOUT 
rnA rnA 

5 0.1 

50 0.1 

50 0.1 

5 0.1 

5 0.1 

0.1 ·50 

5 0.1 

50 0.1 

50 0.1 

5 0.1 

5 0.1 

0.1 50 

• VoltaBea are not normally applied bet .... :een the.8e terminals. 
Voltages appearing betwe~m these terminals Will be 8ate if 
the spec ified limits between all other terminals are not 

. exceeded, 

• Tenninal No.lO of CA3054 is not used 

114 

Nat. 1: III the CA3026 terminal No.9 is connected to the emitter 

~~~d ~~tre.;:re;~:nd~~~tra~~Oa~~~i~:rge·~~i~~~e(~:3~~~ 
appear in the Yotta,e rating chart beC8U8e it IS B compos.ite 
chart Cor bdh the CA3026 and the CA3054. Wherever an asterisk 

~~I:~~w:. ~e ~~e~r~k~ho~'dn~ ~.~~:::, is shown in the other 

FEATURES 

• Two differential amplifiers on a common substrate 

• fndepe'ndently accessible inputs and outputs 

• Maximum input offset voltoge .- ± 5 mV 

• Full military temperature range capab·jjity·· ·55°C to 
+1250 C 

• Limited temperature range .. aOc to 8SoC for CA30S4 

• The CA3054 is available in a sealed·junction 
Beam-Lead version (CA3054L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• CA3026-Hermetic 12·lead TO-5 package 

• CA3054-14·lead dual-in-line plastic package 
10 

sueSTRATE 
ANtI CASE 9 

Fig.la. Schematic Diagram for CA3026. 

G '12C5 ·15720 
SUBSTRATE: 

Fig.1b. Schematic Diagram for CA30S4. 

CAUTIOH: Substrate MUST he maintained negative with 
res~ct to all collector tenninals of this device. See 
Maximum Voltage Ratings chart. 

TYPICAL STATIC CHARACTERISTICS 

10 8 
6 

EMITTER CURRENT (lE)-O 

4 
/ 

2 
// 10 

r 8 .~ 6 ,,' 4 
~G V/~ "0 g 2 .,"'/ '/ 

I 
8 

.,,0" 
~ 6 "'~ Z 4 

o''''~// w 
or 

2 or 
~ gt" '/ u 

10- ~ .,0 
~ <:. 
§ 4 #R 2 ~ _."" 

or 
g 10 

8 

g 6 
4 

/./ 
2 

10" • 
/"/ V 

6 
4 

2 
10-< 

25 50 7' 100 120 

AMBIENT TEMPERATURE {TA l-oC .. 

• Fat CA3054: us. data from rfc 10 8SoC only 

Fig.2 • Co/le<:fo<·to."" •• <:utoH<:"rent v. ambienttemper· 
atur. '01 .och transistor. 

roo • ~?LLECTOR-TQ~ BASE VOLTS (Vea)' 3 

• AMBIENT TEMPERATURE (TA)z25°C 

-.... · to! / 

" 1./ '" or 
~ 1/ • g 
0: 10 u 
'i 8 

" · " iii 

~ .. V ! :v 
0.1 6 8 I 2 6 8 10 

COLLECTOR MILLIAMPERES (Icl 

92CS-1S2:58 Rl 

Flg.3 . Input bias current <:harade,isti<: vs <:o/l.do. 
current feN each transistor. 



CA3026, CA3054 

ELECTRICAL CHARACTERISTICS at T A = 2SoC 

TEST 
CHARACTERISTIC,S SYMBOLS TEST CONDITIONS CIR-

CUlT 

FIG_ MIN. 

STATIC CHARACTERISTICS 

For Each Dilferential Amplifier 

Input Offset Voltage Vln · 

Input Offset Current 110 

Input Bias Current 'I 
VCB = 3 V 

Quiescent Operating c(Qllortc(~) 
IE(Q3t IE(Q4t 2 rnA Current Ratio IC(IQ) 1C('lI;) 

Temperature Coefficient 16 VIOl 
Magnitude of Input-Olfset Voltage --z;;r 

For Each Transistor 

~ IC = 50 ~ 
DC Forward Base·to- VBE V = 3 V 1 rnA 

Emitter Voltage CB I 3 mA · 
10 rnA 

Temperature CoeffiCient of Base· MSE VCB = 3 V, Ie = 1 rnA 
to-Emitter Voltage ~ 

Coliector·Cutoff Current ICBO VCB=lOV,IE=O 

Coliector·to·Emltter 
V(BR)CEO IC = 1 mA, IB = 0 · 15 

Breakdown Voltage 

Coliector-to·Base 
VI BR)CBO IC=IOIlA,IE=O - 20 

Breakdown Voltage 

Collector -to-Substrate 
V( BR)CIO IC = IOIlA, ICI = 0 20 

Breakdown Voltage 

Emltter·to·Base Breakdown Voltage VIBR)EBO IE=IOIlA,IC=O · 5 

DYNAMIC CHARACTERISTICS 

Common·Mode Rejection Ratio 
For Each Amplifier 

CMR Sa 

AGC Range, One Stage AGC VCC = 12V 9a 

Voltage Gam, Single Stage A VEE = ·6 V 9a 
Double·Ended Output V,=-3.3V 

AGC Range, Two Stage AGC 
f = 1 kHz 

lOa 

Voltage Gain, Two ~tage A lOa 
Double-Ended Output 

Low-Frequency, Small·Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 

F(Jward Current·Transfer Ratio hI. · 

Short·Circuit Input Impedance hi. -
Open-Circuit Output Impedance h,.. f = 1 kHz, VCE = 3 V, -
Open·Circuit Reverse Voltage-

hre 
Ie' 1 rnA -

Transfer Ratio 

DYNAMIC CHARACTE RtSTICS CONT'D 

l/f Noise Figure NF f • I kHZ, VCE • 3 V - · (for SilVie Transistor) 

Gain·Bandwidth Product 
'T VCE = 3 V, IC = 3 mA - -(For Single Transistor) 

Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 

Forward Transfer Admittance Y?l VCB: 3 V - · 
Input Admittance Yl1 Each Collector - -
output Admittance Y22 

IC~ 1.25 rnA - -I E \MHz 
Reverse Transrer Admittance Yl? - · 

Admittance Characteristics; 
Cascode Circuit Configuration: 
(For Each Amplifier) 

Forward Transfer Admittance Y?1 VeB • 3 V -
Input Admittance Yll Totll StI.I - · 
Output Admittance Y22 

le~ 2,5 mA - · f-1MHz 
Reverse Transfer Admittance Yl7 - · 

Noise Figure NF f -100 MHz - · 

CA3026 TYPICAL 

CA3054 CHARAC· 

LIMITS TERISTICS 
CURVES 

TYP. MAX, UNITS FIG. 

0.45 5 mV 6 

0.3 2 I'A 7 

10 24 I'A 3 

0,98 to 
1.02 

3 

1.1 IlV/'C 5 

0,630 0.700 
0.715 0,800 V 6 
0.750 0.850 
0,800 0,900 

-1.9 I'V/oC 4 

0,002 100 nA 2 

24 V 

60 V 

60 V 

) V 

100 dB 8b 

75 dB 9b 

32 dB 9b 

105 dB lOb 

60 dB lOb 

110 11 

3,5 kll 11 

15,6 Ilmho 11 

1.8,10'4 11 

3.25 dB 

550 MHz 12 

-20+jO mmhO 131 
0.22<10.1 mmho 13b 

O.Ol+jO mmho 13c 
·0.003 +jO mmho 13d 

68-10 mmho 141 

0.55+10 mmho 14b 

0+10.02 mmho 14e 

0.00+10.005 jJIIIho 14d 
8 dB . 

LINEAR INTEGRATED CiRCUITS 

COLLECTOR-lQ-IASE YOL.TS1YCe!·3 

0.' 

.• _ _ _ a ~ ~ n ~ ~ 

AIIIBtENT TEMPERATURE (1A)--C. 92.CS-t51'6RI 

Fig.4 - Bose-fo-emitfer voltage characteristic for each 
transistor vs ambient tempetofure. 

3 0.75 

" 
~ 0.50 

o 
02' 

a 

COLLECTOR-lO-BASE VOLl'S tv I- 3 

-7!!1 -50 -25 25 50 75 100 12~ 

AMBIE"IT TEMPERATURE (TAI-'"C. g2'C:S-~""1 

Fig.s . Oflset voltage oho,aoteristic vs ambient temper
ature 10, dille,ential poi,s. 

• For CA3054: use data from OOC to 85°C only 

o COLL[CTOR-TO-BASE VOLTS 1Vce'.3 
> AMBIENT TEt.iPERATURE (TAl-25-C V E 

/' 
I 

W 0.7 3 £ 
~ ~ .--/ ti' 
~ 

~ ~ g .--/ 
~ 0,. 2 <> 
w 
~ ~ ~ 

~ ~ 11 
~ n, W I ~ 
::! ' ~~~ S II'jPUT OFFSET VOLTAGE.\veE1 

0 I I I i I 0 i 
O. I . 6 BOI , . • • I , 

" 6 • 10 
EMITTER MILl.!AMPEFI:(S (IE I 92C9-1~le4 AI 

Flg.6 • Statio "" .. ·ta·eml"er voltage oharocteristic and 
input olf .. t voltage 10' dillerential pairs v. emitter 

current, 

'0 
H 
!:! 

~ 
~ 
~ 
u 
I 

i 
i 

10, COLLECTOR-TO-BASE vOLTS IYee)' 3 

• AMBIENT TEMPERATURE ItA'·2S·C · , 
I • • · , 

0.1 /' 
• • 
• _ .... 
, 

Ii",! 
0.01 4 "0.1 4 I. I 

Co~",eTO~ MICCIAMP'RU Ilel 

/ 

.. • '10 
UCI-IUI'''I 

Flp.7· Input ollset current lor matched dillerentiol 
poi" v, ,collector CU'rfint. 
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LINEAR INTEGRATED CIRCUITS 

CA3026, CA3054 

116 

TYPICAL DYNAMIC CHARACTERISTICS 
COMMON MODE REJECTION RA TIO 

Terminal Numbers In Clrcl.~ are 
for CA3026 
Terminal Number. In Square Box •• 
or. for C A30S4 

YIN· Q~ V(,m,) 

1 

(a) T •• t •• 'up Fig.8 

!II 110 

I 
51 
!:i 
'" z 
°100 

~ 
'" 

POSITIVE DC SUPPLY VOlTS {Vccl • +12 
NEGATIVE DC SUPPLY VOLTS (VEEI • -6 
FREQUENCY (f1 • I IIHr 

-I -2 -3 -4 
DC BIAS VOLTS ON T£RMINAL @ [[} (VX) tzCS-I5253RI 

(b) Charac'.ristic 

S/HGLE-STAGE VOLTAGE GA/H 

T:.rc~;~~umber. In Clrcl •• ore 

Terminal Number. In Square Box •• 
or. lor CA30S4 

~F 

=r 
(a) Test setup 

Terminal Numbers In Clrcl •• are 
for CA3026 
Termlnol Numbers In Square Boxes 
are for CA3054 I,. F 

92CS-I5247RT 

I~F Vcc= +\2 V 

Fig.9 

(a) Test setup Fig.IO 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
100 COLI.ECTQA-TO-BAS[VQlTS IYCB1'3 

6 FREQuENCY (f) 01 tlHt 
4 AMBIENT TEMPERATUREITA1=25°C 

I I I II 
/ 

5 2_ 

t-... .,.""0 } hie a 3.5KO: ·0. t; 10 - h,."1.88.IO-4 at tmA 

'" - hoe·I~.6·,..mho 

" · i 4 
,.... / 

" ""'- V 
~ '--. / ;;I 1 .~ '" -~ • "" ....- r-.:.-4't. • .;' f-"" N 2 

.;' 

01 

2 • • • 2 • • • 2 . •• ~ ~ 1 ~ 
COLLECTOR MILLIAMPERES l:Ie) HCS-1519C1AI 

Fig.1I • FOrWarJ "u".nt·tran,'.r ratio (h'e)' short·";r"ult 
input ImpeJan". (" i.)' op ... ·"lr"ult output Imp.Jan". 
(" ... ). anJ open.c/r"ult rev.rse va/hlp,'ran.ler ratio 

(Ir,.) vs c,all.ctor current 'or eaclr transistor. 

COL.L.ECTOR MILLIAMPERES (Ie) 
tlCS-III""1 

Fi,.12 • Gain·/oanJwiJ'" praJu", (IT) vs "oll.ctor 
current. 



LINEAR INTEGRATED CIRCUITS 

CA3026, CA3054 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 

I§ 
~., 

~i - .. n 1! .. 
.. 1 

p" 
~~ ., ... 
:~ ... ~ 
ou 

I 

~&.''''Et~o~=lo~;~·~~a(~eel' • 
COLLECTOR CURRENT (IcJOF (AtH T1IAN5ISTOR"'.z~ mA. 

2:0 AM81ENT TEMPERATURE (TAI-ZS-

10. 

0. 
b21 ~ 

·10. 

·20. 

0.1 
2 . . 2 . . e I 6 10 

FAEQUENCY(f)-MHt 

-

\ 
,/ 

V 
921 

I-f . 6 8 '00 2: 

9ZCS-15252RI 

Fig.13(a) • Fo,wa,Jt'Clns'e,aJmittance (Y2I) vs f,equency. 
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I 
~ 
" 
~ 
~ 
~ ., 
0 

g~~~~~~~:::;~~~~UI~C81.3 
COLLECTOR CuRRENT (It. Of' tACH TRANSISTOR_',zS IftA ~ Q.5 AMBIENT TEMPERATURE (TA)· n-

0.' 

Q3 

0.. 

QI 

/ 
0. ---0.1 468, 468 10 

FREQUENCY (f}-MHz 

.. 
1/ 3 
V i 

• I 

~ 
~ 

b2if f- § 
I 

~ 
V ~22 ~ r--

/ 
" 

0 

i 0. 
468100 2 

92CS-152511f1 

Fig.13(c)· Output aJmiHance (Y22) vs f,equency. 

COLLECTo..·TO-IA5t VOlTS (Vea)·' 
COU •• £CTOft CuRRENT fIe) Of' EACH ~SISfOlt.,.zS "'" 

s AMaIENT tEMPERATUR! r~AI.Z5· 

"i / 0_ 

§~ , 
~l If 
c= 
t 23 
"'tj 
~z I .,1! 
~~ . 
!:g , VI 

I 

./ 
~, 

0. 
o.J . . . 2 . • a 

I " 
2 · FREQUENCY (tl-MHz 

Fig.13(b)· 'nput aJmittance (Y,,). 

I: g~~~~:~~~=~~G~~~O~CB).3 
N COl.LECTOR CURRENT lIe) Of' EAC~ 

:! 2 TRANSISTOR .1.2~ mA 
I AMBIENT TEMPERATURE ITA)~25· 

'" · " % • 1! , 
~ 0..1 b'2/ 

152 · "E · "E 
~I 2 12 
(J) O.Of 
:i :1- -G12 
~ , 
w /I ,.-
:QO.OOf 
'" , 
~ . 
"'o~ 

0.1 
2 4 .a 2 •• a , 4 • a 

10 100 
2 · FREOUENCY (f)-MHz 

· . z 00 

92CS-15Z49RI 

10.00 

N 

• ;; -100 

• '" U · z 
z ~ 

10 ~o 
• .,£ 4 ;: E 

Z ~I 
I ., 

z · c 

2 ~ 
'" 

0.1 ~ · · · 0.01 · 1800 
92:CS~1525tiRI 

Fig.13(J)· Reverse f,ansfe,admittance(YI2)vsf,equency. 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMPLIFI ER 

CASCOO[ COHAGURAnQN 

Ii! ~~C~~:~=-~TC~c~!;i.~ filA 
~ 80 
~ .. AMBIENT TEMPERATuRE CTA)- 2$·C 

~2 ~ t! ~ 60 

'" ~j 
15 I .0. 
o~ 

ffi~ 
~~ 20 

::! :\. ~:!i 0 

"'" ~' 
.. ., 
~" f "'-20 

"- / ·.0 
0..1 

2 . . . 2 . • a 
I 10 

2 . • • 
FRE"QUENCY (f)-MHz 

Fig.14(g)· Fo,warJtron.f.raJmiHonce (Y21)vs',equency. 

CA.SCClD[ CCIHFlGURAnON 

.. I ~c=~~~=-::T\~.$ •• 
I;, AMBIEHT TEWERATuAE er"l- 2~-C I i 0 
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Fig.14(c). OutputaJmiHance(Y22)vs f,equency. 
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I~ CASCOOE CONflGURAnCIN 

• ~C~~~=T'~.511tA 
N • D "'IIENT TEMPfRA.TUR[ (TAl· 25·C 

:~ 16 

~i : 
~~ I 

GI2 / 
§~ : 

- 12 152 • 

~~ 0.1 '" ~~ s "., . 
/ 

;: 2 V 
~oo. • 
" , • ~ QOOI 

0.1 
2 • • • 2 . •• I 10 

2 • •• 100 200 
FREQUENCY-MHz 

t2CS-152511111 

__________________________________________________________________ ~117 



LINEAR INTEGRATED CIRCUITS 

CA3028, CA3028A, CA3053 

DIFFERENTIAL/CASCODE 
AMPLIFIERS 
For Communications and 
Industrial Equipment at 
Frequencies from DC to 120 MHz 
The CA3028A and CA3028B are differential/cascade ampli
fiers designed for use in communications and industrial equip
ment operating at frequencies from de to 120 MHz. 

The CA3028B is like the CA3028A but is capable of premium 
performance particularly in critical de and differential ampli
fier applications requiring tight controls for input o.ffset voltage, 
input offset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for I F amplifier applications. 

The CA3028A, CA3028B, and CA3053 are supplied in a 
hermetic 8-lead TO-5-style package. The "F" versions are 
supplied in a frit·seal package and the "S" versions in formed· 
lead (01 L·CAN) packages. 

ABSOLUTE MAXIMUM RATINGS AT TA = 250 C 

DISSIPATION: 
At T A up to 55°C 

(CA3028AF, CA3028BF, 
CA3053F) ..... , , . . . . . . . . . . . . . . . . . . . . . 750 mW 

AtTA> 55°C 

(CA3028AF, CA30288F, 

CA3053F) ............... Derate linearly 6.67 mW(OC 
At TA up to 85°C 

(CA3028A, CA30288, CA3053) ........ , , ,. 450 mW 

AtTA> 85°C 
(CA3028A, CA3028B, CA3053) Derate linearly 5 mW/OC 

AMBIENT·TEMPERATURE RANGE: 
Operating ...................... . -550C to + 12SoC 
Storage .. , .. , .................. . -65°C to + 15QDC 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32" (1.59 ± 0.79 mm) 
from case for 1 0 seconds max. . ............. . 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

TEST 
CIR· SPECIAL TEST LIMITS 

FEATURES 

• Controlled for Input Offset Voltage, 
Input Offset Current, and Input Bias 
Cu".n~ (CA3028B) 

• BIII.nced Differential Amplifier 
Configuration with COntrolled 
COnotant·Current Source to Provide 

• The CA3028A is available in a sealed-junction 
Beam-Lead version (CA3028AL). For further 
information see Fil. No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

APPLICA TlONS 

Unexcelled Versatility 

• Single· and Dual·Ended Operation 

• Operation from DC to 120 MHz 

• Balanced·AGC Capability 

• Wide Operating-Current Range 

• RF and IF Amplifiers (Differential or Coscod.) 

• DC, Audio, and Sense Amplifiers 

• Converter in the Commercial FM Band 

• Oscillator • Mixer • Limiter 

SUBSTRATE a CASE 
3 

• Companion Application Hote, ICA.H 5337 ..... pplication 
of the RCA CA3028 Integrated Circuit Amplifier in the 
HF and VHF Ranges." This note covers characteris
tics of diff.rent op.rating modes, noise performance, 
mixer, limit.r, and amplifier design considerations. 

Fiv.1 . Schom .. ic Jiav,am lor CA3028A, CA30286 a.d 
CA3053. 

MAXIMUM VOL TAGE RA 11 NGS ot T A = 2S0C 

TER~ 
INAL 1 2 3 " 5 6 7 8 
No, 

0 0 0 +5 +20" 
1 to .. to .. to .. to • . to 

.15 .15 .15 -Ii 0 
+5 '5 +15' +15' 

2 to to to • to • .11 -1 0 0 

3 t +10 • 15 "'30 • +15 +30' 
to to to to to 
0 0 0 0 0 

+15' 

" to • * • 0 

5 
+.20" 
to * • 
0 

6 * · 
7 · 
8 

TYPICAL 
LIMITS LIMITS CHARAC-

This chart gives the range 
of voltages which can be applied 
to the terminals listed hori2ootally 
with respect to the terminals 
listed vertocally. For e~ample, 
the voltage range of the horizontal 
terminal 4 with rest:ect 10 terminal 
2 is -} to +5 volts. 

t Terminal "'3 is connected to the sub· 
strate and case. 

* Voltas!s ale not normally applied be· 
tween these terminals. Voltages· 
appearing between these terminals 
will be safe, it t~ specified volt-
aae limits between all oth!r termi-

• nals ale not exceeded. 

LImit is ·12V lor CA30S3 .. 
Limit is -tlSV for CA3053 • Limit is "l2V for CA30S3 

• Limit is +24V for CA3028A lind 
+18v for CA3053 

MAXIMUM 
CURRENT RATINGS 

TERM-
liN lOUT INAL 

No, mA mA 

I 0.6 0.1 

2 4 0.1 

3 0.1 23 

4 20 0.1 

5 0.6 0.1 

6 20 0.1 

7 4 0.1 

8 20 0,1 

CHARACTERISTIC SYMBOL CUlT CONDITIONS TV PE CA3028A TYPE CA3028B TYPE CA3053 UNITS TERISTICS 
CURVES 

~ Min. Typ. Max. 
• STATIC CHARACTERISTICS 

+VCC ,VEE 

Input Offset Vollage Vro 2 6V 6V 
12V 12V 

Input Offset CUrlent Iro 3a 6V 6V 
12V 12V 

3a 6V 6V 16.6 70 
12V 12V 36 106 

Input Bias Current IT 9V 3b 12V 

Is 3a 6V 6V 0.8 1.25 2 
QUiescent Operating 12V 12V 2 3.3 5 

Current or 9V 
Is 

3b 12V 

12V VAGC ='ll 1.28 
AGe Bias Current 

8a I~V VAGC = +12 1.65 
(Into Constant-Current 17 
Source Terminal No.7) 9V 

12V 
InputCu"en! (Terminal I7 

6V 6V 0.5 0,85 I 
No.7) 12V 12V I 1.65 2.1 

3. 6V 6V 24 36 54 
12V 12V 120 175 260 Device Dissipation PT 

3b I~~ 

Min. Tvp. Max . 

0.98 5 
0.89 5 
0.56 5 
1.06 6 
16.6 40 
36 80 

1 1.25 1.5 
2.5 3.3 4 

1.28 
1.65 

0,5 0,85 I' 
I 1.65 2.1 

24 36 42 
120 175 220 

Min. Tv •. Max. 

29 85 
36 125 

1.2 2.2 3.5 
2.0 3.3 5.0 

1.15 
1.55 

I~ 118~0 

Fig. 

mV 4 

/,-A 4 

Sa 
/,-A 

5b 

6a 
mA 7 

6b 

8b 
mA 

-
rnA 

9 
mW 

-

• AdlUSI Rl10! VOUT "0 ~ 0,1 v. 
• RII~lIfd Input Ollstl 'o'01tllll. 

Vce 

oc 
OIFFERENTIAL 

VOL.TMETER 
FLUKE TYPE eo 

OR 
EQuiVALENT 

Flg,2. /npul 011 •• , yo/laV. t.sl clrcuil lor CA3028B, 
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CA3028,CA3028A, CA3053 
ELECTRICAL CHARACTERISTICS at T A = 25°C (cont'd) 

TEST 
CIR- SPECIAL TEST LIMITS LIMITS 

CHARACTER ISTIC SYMBOL CUlT 
CONDITIONS TYPE CA3028A TYPE CA302BB 

r--
Mini Fig Typ. Max Min. Typ. Max 

DYNAMIC CHARACTERISTICS 

lOa folOOMHZ Cascade 16 20 .", 16 20 
1T!ii:d VCC 0 +9V Ditt.-Ampl. 14 17 14 17 

Power Gain Gp 
~ I 10.7 MHz Case ode 35 39 35 39 

Vee c +9V Dlff.-Ampl. lIa 28 32 28 32 

Noise Figure NF lOa I -100MHZ Cascode 7.2 9 7.2 9 
fJra:;r VCC +9V Di".-Ampl. 6.7 9 6.7 9 

Input Admittance Yll ~ 
Cascade 0.6 + j 1.6 
Dlft.-Ampl 0.5 + j 0.5 

Reverse Tr ansfer YI2 -:-
Cascode 0.0003 - 10 

Admittance 1- 10.7 MHz Ditf.-Amp!. 0.01 . jO.0002 

FDfward Transfer Y21 ~ 
IICC - +9V Cascade 99 - jl8 

Admittance Dilf.-Ampl. ·37 + jO.5 

Output Y 22 ...:...- Cascode O. + jO.08 
Admittance Ditt.-Ampl 0.04 + jO.23 

Power Output DifL·Ampl 
Po 20a I - 10.) MHz 5011 Input· 5. ) 5.7 (Untuned) Output 

AGe Range 

(~:}~I~WC~t~f~;n AGC 21a VCC c +9V Diff.-AmpL 62 62 

at 22a f - 10.) MHz Cascode 40 40 
'oI0.)MHz - VCC - +OV 22e Ditt.-Amp!. 30 30 

RL C I kl!: 
Voltage A 

Gain VCC - +6V, VEE - ·6V. 
Differential 

RL - 2 k,i 35 38 42 
al 

1° 1 kHz 23 
VCC ° +12V. VEE C ·12V 

RL°1.6k[) 40 42.5 45 

Max. Peak-to-Peak VCC ° +6V. VEE ° -6V, 

RL - 2 kO 
) 11.5 

Output Voltage V o(p,PI 23 
at I ° 1 kHz VCC ° +12V. VEE ° ·1211 

RL ° 1.6 kG IS 23 

VCC - '6V, VEE - ·6V, 

RL ° 2 kG 7.3 
Bandwidth 
at'3 dB point BW 3 

VCC = +12V. VEE - -12V 

RL°1.6kO 8 

Common-Mode ~4 
VCC - +6V, VEE" ·611 ~2.5 (·3.2 - 4.5) 4 

Input-Voltage Range "CMR VCC = +12V, VEE ° ·12V -5 (-) . 9) ) 

Common-Mode CMR 24 VCC ° +6V, VEE ° -6V 60 110 
Rejection Ratio VCC " '12V, VEE ° -12V 60 90 

Input Impedance VCC = +6V, VEE = ·6V .. 5.5 
ZIN 

alf ° 1 kHZ VCC ° +12V, VEE ° ·12V 3 

VCC = +9V I = 10.) MHz 2 4 ) 2.5 4 6 
Peak-to·Peak 

ein = 400 mV Output Ip.p VCC = +1211 3_5 6 10 4.5 6 8 CLI'rent Ditt.-Ampl. 

ELECTRICAL CHARACTERISTICS at T A = 25°C (cont'd) 

TEST TYPICAL 
CIR· SPECIAL TEST LIMITS CHARAC' 

CHARACTER ISTIC SYMBOL CUlT TYPE CA3053 UNITS TERISTICS 
CONDITIONS CURVE r--

Fig Min Typ. Mall. r'R. 
DYNAMIC CHARACTERISTICS 

Power Gam 
lOa 1010.) MHz Cascode 35 39 dB Gp lia""" VCC : +9V Dtff.-Ampl. 28 32 

Input Admittance YI1 ~ 
Cascode 0.6 + j 1.6 

mmho 12 
Ditt.-Amp!. 0.5+jO.5 13 

Reverse Transfer Y12 ~ 
Cascode 0.0003 - iO 

mmho 
14 

Admittance 1= 10.) MHz Dlff.-Amp!. 0.01 jO.OOO2 15 

Forward Transfe. Y21 .:..:......... VCC ~ -t9V Cascode 99' jiB mmho 16 
AdmtUante Dlff.-Amp!. -3) + jO.5 17 

Output Yn - Cascode O .• jO.OB 
rnmho 18 

Admittance Dlff.-Ampl 0.04 + jO.23 19 

at 22a f 0 10.) MHz Case ode 40 22b 
Voltage 1° 10.) MHz A no- VCC - 'OV 

dB 
Gain Dlff.·Ampl. 30 22d 

RL ' 1 k'.l 

Vce = +9V I = 10.7 MHz 2 4 ) 
Peak·lo-Peak 

ein = 400mV mA 
Output pop Vec = +12V 3.5 6 0 Cl.i"lent Diff.-Ampl. 

TYPICAL 
CHARAC-

UNITS TERISTICS 
CURIIE 

rie. 

dB lOb 

lib. 

dB lOb 

lib 

dB lOe 

lie,. 

mmho 12 

13 

mmho 14 

IS 

mmho 16 
1 ) 

mmho IB 

19 

uW 20b 

dB 21b 

22b 
dB 

22d 

dB 

Vp_p 

MHz 

V 

dB 

kG 

mA 

LINEAR INTEGRATED CIRCUITS 

Vee 

92(:S-15024 

Fig.3a - Input ollset current, input bias current, tlovice 
Jissipotion~ and quiescent operotinfl current t.st eiref/it 
lor CA302BA anc/ CA302BB. 

DEVICE OISSIPATlO",,:Vcc 13 
92C9-1"647 

Fig.3b -Input bias current, tlevice tlissipation, anti 
quiescent operating current testclrcllit lor CA30S3. 

POSITIVE DC SUPPLY VOLTS (Vee) INPUT OFFSET CURRENT-
NEGATIVE DC SUPf1t..Y VOLTS (VEE) WUT OFFSET VOLTAGE __ 

o .. 75 100 Ie 

AMBIENT TEMPERATURE (fAI--c 92CS-150SO 

Fig.4 - Input oHset vo/fage anti input oH.et current lor 
CA302BB. 

70 

1 31'. 

! i 25 

o 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEG4T1VE Dt SU"'PL.Y VOLTS (YEE) 

-7$ -~ -25 25 so ~ 

AMBIENT TE&PERATURE (T"I--C 
100 125 

t2CS-I~on 

Fig.Sa * Input bias current vs. (lmbient tempe,ature (0' 

CA302BA anti CA3(j~BB. 
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LINEAR INTEGRATED CIRCUITS 

CA3028,CA3028A, CA3053 

POSITIVE OC SUPPLY VOLTS(VCC) 

12.S 

o 
-15 -!50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE (TA)--C 92C5-115648 

Fig.Sb • Input biao current YO. ambient temperature lor 
CA30S3. 

3.5 DC COLLECTOR SUPPL.Y '\lOLlS 'Vee). 6 

o -5 -10 
DC EMITTER SUPPLY VOLTS (VEE) 

92CS-''''33 

Flg.7. Operating current YS. VEE voltage lor CA3028A 
and CA30288. 

160 

DC COLLECT SUPPLY VOLTS (Vee) 
DC EMITTER SUPPLY VOLTS (VEE) 

~ ~ _ _ _ 0 3 ~ ~ 00 ~ 

AMBIENT TEM'ERATUAf {TAl _·C !t2CS-15052 

Flg.9 • Deyice dissipation YS. temperature for CA3028A 
and CA30288. 

CASCOOE CONFIGuRATION 

OII=FER.ENTIAL-,!/.MPLIFIER CONFIGURATION 

VEE iJ-12V 

I.' 
-1'S -50 -25 0 25 50 75 100 12, 

AMBIENT TEMPERATURE ITAI-·c 

92CS-I$034 

Fig.6o - Quiescent operating current vs. ambient temper
ature for CA3028A anel CA3028B. 

I. 
Vee 

2. 

9~CS-14499 

Fig.80 . AGC bias current teot circuit (Jilferentia/. 
amplifier configurationl for CA3028A anJ CA3028B. 

100 3-30 3-30 0.1-0.2' J5-0. 

* FOR POWER GAIN TEST 
... FOR NOISE FIGI..R: TEST 

92CS-I4~1 

Fig.IOa • Power gain am noise figure test circuit (cascade 
configuration) lor CA3028A, CA3028B a"" CA30S3>. 

* 10.7 MHz Power Gain Test Only. 

DIFFERENTIAL -AMI:i'LIFlfR CONFIGURATION ~_.o-
_IT T~-,,4-

I.S 
-15 -50 -25 25 50 75 

AMBIENT TEMPERATURE (TA) _·C 

YCC"+12V 

YCC=+9Y 

100 12. 

Fig.6b • Quiescent operating eurrent ys.ambienf temper
ature for CA30S3. 

~ 
Ii .. 
IE .. .. ,. .. 
:J 

i 
i 
i 

Fig.8b • AGC bios current vs. bias volts (terminal No.71 
lor CA3028A and CA3028B. 

CASCOOE CONFIGURATION 
AMBIENT TEMPERATuRE (TA ) ::25 8 C 

4~ 

COLL~ J 40 ~O I. -r-...:rt.8(tp • .. .......t.!:.r VOL i 3O~ . 
r-!~ C-.. 

St 25 

! 20 

; I 

fI' 
10 

0 
10 

.-

.-

, , 
FREQUENCY Ul -MHz 

;C). 
1~9r--: ~~ 

, 
7 8 9 lOCI 

92CS-1449~ 

Fig. JOb. Power gain YO. frequency (cascade configuration) 
lor CA3028A anJ CA30288. 

AMBII£ .. r TEWEflATURE ITA l-ts·c. 
FRE<R.ENCY (f) -100 MtQ: TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 

.. 
0: 

• 10 II 12 
oc COU£c_ s.-., vous I1Ul 

Fig. JOe • 100 MHz noi •• ligur. ys. coll.ctor .upply 
volt. (cascad. conliguration) lor CA3028A and CA30288. 

100 2-1!!I 2-~ 0.2-0.5 .2-0. 
* FOR POWER GAIN TEST 
... FOR MJISE FIGURE TEST 

Fig. Jla • Power gain and noise figure test circuit (differ. 
enfial.amplifier configuration onJterm;nal No.7 connected 
to V CC I for CA3028A, CA30288 anJ CA30S3>. 

* 10,7 MHz Power Goin T,., .. t Only. 
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CA3028,CA3028A,CA3053 
DlFFERENTIAL-AMPLIFIEA: CONFIGURATION 
AMBIENT TEMPERATURE (TA) -2S"C 

40 

cl 3. 
~Cto !.l 

30 r..:.. . '.0" 
~ t'~l!: !:bl.t.s I 2. 

:::::'-~ .. t-:=:t-.; )~-J..1. Ii! 
20 

~ ~9 t' .. I 
II: 

~ 10 

10 2 3 • , • ,100 
FREQUENCY (f)- MHz 

92C$-14495 

Fig.lIb - Power gain vs. frequency (tlifferentia/
amplifier configurationlfor CA3028A anti CA3028B. 

DtFFERENTIAL-AMPllfl R 
AMBIENT TEr.PE:RATURE ITA )·25·C 
FREQUENCY (f) = 100 MHz 

10 II 12: 
DC COLLECTOR SUPPLY ""'-TS l"eel 

91CS-14415 

Fig.llc - 100 MHz noise ligure v •. collector supply 
vo/tage(tlillerentia/-amplilier conligurationlfor CA3028A 
anti CA3028B. 

LINEAR INTEGRATED CIRCUITS 

Fig.Ilt1- Powergoinontl noise f'gure test circuit (tliller
entia/-amplilier conliguration lor CA3028A anti CAl028B. 

TYPICAL ADMITTANCE PARAMETERS 

Fig.He - 100 MHz noise ligure anti power gain vs. base
to-emitter bias (termina/ No.7) lor CA3028A anti CAl028'. 

CASCODE CONFIGURATION 
AMBIENT TEMPERATLftE (TA ):2~·C 

~~~L~~YM~~~E+Rb [I TAGEI] 04.' 
20 

N 

~ I 

~L 

!~ 0 

V 
QI2 -----~L 
b'2 1-1'-

~~ 
"'" (1)-1 

~~ -I 
~ -2( . 6 • 10 2 6 8 100 

FREQUENCY (f)-MHz 

92C5-14494 

Fig.l4 - Reverse transotlmittance (Y121 vs. frequency 
(cascode configurationl lor CA3028A, CA3028B anti 
CA30S3. 

DFfEREfliTIAL-AMPLI lEA CONFIGURATION 
AMBIENT TEMPERATURE~(lA )'2~·C 
COLLECTOR SlJF'Pt.y VOLTS-+9 
COLLECTOR MlLLI,lWERES.EACH TRANSisTORtI )-2.2 r( ~I 

if 0 I-' .. i 0 12-' 
/ 

lI;!l 

~!- I--" 

I . 10 . 100 
FREQlJENCV (f)-MHz 

Fig.17 - Forwartl transotlmittance (Y21 1 vs. frequency 
(tlillerentia/.amplifierconfigurationl fa, CA3028A, CAJ028B 
antlCA3053. . 

CASCODE CONFiGI"RATION 
AMBIENT TEMPERATURE {TA) .o;2~· C 
STAGE COLLECTOR MILLIAMPERES (IC(STAGE)J :4.5 
COLLECTOR SUPPLY VOLTS tv }.+9 

1 .. 
~ i 6 
-=> 
§~ 5 

.. 1. !E=4 V / '!It'! 
02 b1y /' Z" 00-
u"-

V/ ~rt 0" 
!!o" I _on ./ . , 9 10 2 . 6 8 100 

FREQUENCY (f)-MHZ 

92CS-' .... ,1 

Fig.12 . Input atlmittance (Ylli vs. lrequency (cascode 
configurationll", CA3028A, CA3028B anti CA30S3. 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATURE (TA I: 25·C 

~tti:~~~':t tr'L~Y~LTS 'i'f8~ :r:r:ANS'ST 

10 . . 
FREQuENCy (fl-MHI: 

'100 

92<:5-14490 

Fig.IS - Reverse transatlmittance (YI2) vs. Irequency 
(tlil/erentia/-amplilier con/igurationl/or CA3028A, CA3028B 
antlCA30S3. 

[CASCOOE CONFIGURATION 
AMBIENT TEMPERATURE t'TA ) Z 2ri·C 

~~:~~L"'IL~~~i)D~~riG~l] &4.' d .. 
i 
:; 

• .. 
0 ~ 

i-
I-

~-OD4 
u -o.oe 
0-
ii!-o 
I~ 

2 3 

I 
II 

b22 

~ 

.. 5"89 2 10 
FREQUENCY (f)-MH, 

:; 
2 .. 

" I 
I ]I 
o ; 

j! 
II; 

~ 
I-

ii! a 
3 4 5 6 ., at 

100 

9ZC5-14505 

Fig.18 - Output atlmittance (Y221 vs. frequency (cas code 
conligurationlfor CA3028A, CA3028B anti CA30S3. 

~Ff::rr.n:~~'::t~:-~r{T~~~~!g"AT'ON 
~t~~ ~~:M~~S {~ -., • TRO 

3 

~; 
=32 
~, 
~"=-
~§ 

~~ 
8( I 

o-t'! 
i" 
~a 

, 

~ 

. 6 8 10 
FREQuENCY (f)-MHI' 

" . .,. -

1/ 

bll VV' 
V QII 

. & • 100 

92CS-'''''93 

F ig.13 - Input atlmittern"e (Y III vs. frequency (tlillerentia/. 
amplilier configuration) lor CA3028A, CA3028B anrI CA3053. 

CASCODE CONFlGI,ItAT~ 
AleENT TEMPERATURE ITA 1"2S-C 
COLLECTOR SUPPLY vOL.TS (Vee )".9 
STAGE COLLECTOR MILLIAMPERES [I ,(STA iE}l " •. 5 
_ ICC 

N~ e 
i 
oJ 
,J 

! 4 

;,!2 
u z 

t h-'_R< 

2 3 

lI;!l 

~I l' 

. 5 6 789 10 
F'R£atJENCy (f )-MHz 

2 , . 5 • 78' 100 

92CS-14504 

Fig.16 - Forwartl transotlmittance (Y211 vs. frequency 
(cascotle conliguration) lor CA3028A, CA3028B anti 
CA30S3. 

DIFFERENTIAL. -AMPLIFIER CONftGUftATlON 
AMBIENT TEMPERATURE (TA J. 20 "C .. 
COLLECTOR SUPPLY VOLTS (Vee) e+g 

! COI..I..ECTOR MILLIAMPERES,EACH TRANSISTOR( I-U 
2 

i 
, 0 I 
i'o. 

I 20.4 , 
io 

02 
l-

1°-' 
1/ ~ 
1.--" , . • 10 • • "" FREQU£NCY (f)-MH. 

Fig.19 - Output atlmittance (Y22) n. Irequency (tliller
entia/-amplilier configurationl lor CA3028A, CAl0288 
antiCAlOS3. 
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LINEAR INTEGRATED CIRCUITS 

CA3028, CA3028A, CA3053 

Vee 

50 

O.or"F 
L-_-+--j'f-Q 

OUTPUT 

92CS-14~14 

Fig.20a - Output power test circuit for CA3028A and 

CA30288. 

oc 81AS VOLTS ON TERMINAL No.7 92CS-"5Q& 

Fig.2Jb - AGC characteristics forCA3028A and CU0288. 

10 

OUTPUT 

r 
Fig.22c - Traufer characteristic (voltage gain) test 
circuit (10.7 MHz) d ill.rentia/-amplifier configuratioe 
for CA3028A, CA30288 and CA30S3. 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 

DlFFEFlENTIAL-AMPl...rFIEA CONFIGURATION 
AMBIENT TEMPERATURE (TA)~ 2!!t·C CONSTANT POWER 1f<FUT:<2,.W 

lU, 

Ce«~c~-t . 
'" , -I'll ... ..! , ~}o 
I . ~'> ... ~ 

'" r~C'.I. ! 
, 

i" .} x ... 

~ 
, 

1'- "-§ 

"'" "-I 
10 

, , . , 9100 
FREQUENCY If) -MHz 

Fig.20b - Output power vs. frequency - 50 n input and 
son output (differentia/-amplilier configuration) lor 
CA3028A and CA30288. 

Vee 

10 

92C5-14$12 

Fig.22a -Trans/er characteristic (va/tag. gain) test 
circuit (10.7 MHz) cascod. conliguration lor CA3028A, 
CA30288 and C A30S3. 

INPUT VOLTS ("IJn) 

taCS-14507 

Fig.22d - Transl.r charact.ristics (dillerentia/-amplilier 
conliguration) for CA3028A, CA30288 and CA30S3. 

I'·F 
VEE -=-

For CMR test: $1 to Ir.ound 

OSCILLOSCOPE 
WITH HIGH-GAIN 
DIFFERENTIAL 

INPUT 
(TEKTRONIX TYPE 

530. 540, OR 5eo 
WITH TYPE 0 PLUG-IN 
TEKTRONIX TyPE 502, 

OR 
EQUIVALENT) 

92CS-I$026 

For Input eommon""ode vott.,. ran .. test: 51 to Vx 

Common mode rejection ratio = 20 lOll (AO) (2) (0.3) 
°VOIFF(RMS)' 

o A = Sinlle..,nded volta," lain. 

Fig.24 - Comman-mode rejection ratio and common-mocle 
input-voltage range t .. t circuit for CA30288. 

It< LZ 

,0no---~~----{0~ 
~--~--r-~~~~n 

RF 
VOLTMETER SIGNAL 

SOURCE 

2. 

100 2-1~ 2-11:\ OZ--050.2-0.!I 92CS-14513 

Fig.2la - AGC range test circuit (clifferential amplifier) 
for CA3028A and CA30288. 

INPUT VOLTS (wIn) 

9lCS-r~.u 

Fig.22b - Transfer characteristics (cascode configuration) 
for CA3028A, CA30288 ancl CA30S3. 

Vee 

OSCILLOSCOPE 
WITH HIGH-GAIN 

DIFFERENTIAL. 
INPUT 

(TEKTRONIX TYPE 
530, 540, OR 580 

WITH TYPE 0 PLuG-IN 
TEKTRONIX TYPE 502, 

OR 
EQUIVALENT) 

VEE 92(:5-15025 

• For R = 1.6 k!1- (Vce = 12V, VEE = -12V) 

For R = 2 k!1 - (VCC = 6V. VEE = -6V) 

Fig.23 - Differential voltage gain, maximum peak-fa-p.,,1e 
output voltage, and bandwidth test circuit for CA30288. 

122 ____________________________________________________________________ __ 



CA3033, CA3047 Types 
Operational Amplifiers 

For High-Output-Current Applications 

RCA-CA3033 is a high-performance integrated circuit oper· 
ational amplifier featuring high input impedance, high gaill, 
high power output, and low input-offsat voltage and currant. 
The device consists of two differential amplifiers in cescade 
end Ii singlHnded class-B power output stage on a single 
monolithic silicon chip. 

RCA·CA3033A has all the superior features end character· 
istics of the CA3033 but, in addition, can be oparatad at 
higher supply voltages to provide higher gein, higher com· 
mon mode rejection, greater maximum outpUt voltage swing, 
end more than double the power outpUt. 

RCA-CA3033 and CA3033A are hermatically sealed in 14· 
lead "dual·in·line" ceramic packages and are designed for 
oparation over the full military temperature range of -55 DC 
to+1250c. 

ABSOLUTE-MAXIMUM RATINGS 

INPUT SIGNAL VOLTAGE ....................... . 
DEVICE DISSIPATION: 

Up to TA = 250C ............................ . 
AboveTA=25oC ............................ . 

TEMPERATURE RANGE: 
Opareting ................................... . 
Storage ..................................... . 

LEAD TEMPERATURE (During Solderingl: 
At distance 1/16i 1132 inch (1.59iO.79mml 
from case for 10 seconds max ..................... . 

MAXIMUM VOLTAGE RATINGS at TA - 2fiO C 

The RCA-CA3047 and CA3047A are supplied in 14-lead 
"dual·in·line" plastic packages and are designed to operate 
over the temparature range of ODC to +70 °c , ambient. 

ComPanion Application Note, ICAN-564, N Application of 
RCA CA3033 and CA3033A High PrHforI1llUlCe Integnltrld· 
Circuit ()pertJtional Amplifiers. " 

The resistance values inclupad on the schematic diagram 
heve been supplied as a convenience to assist Equipment 
Manufacturers in optimizing the selection of "outboard" 
components of equipment designs. The values shown may 
vary as much as :±30%. 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the 
publishad parformance characteristics of the device. 

The RCA·CA3047 and CA3047 A are electrically identical 
to the CA3033 and CA3033A, respectively, but are limited 
in operating and storage temperature range. 

CA3033 CA3033A 
±10V -13V,+10V 

1.2W 1.2W 
Derate at 8 mW/oC 

-550 C to+125 0 C 
-66°C to +1500 C 

CA3033, CA3047 

CA3047 
±10V 

CA3047A 
-13V,+10V 

750mW 75DmW 
Derate at 6.67 mW 10C 

OoC to +700 C 
-660C to +150 0C 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter. 
minal 1 with respect to I the horizontal terminal 14 is 0 to +4 volts. 

MAXIMUM 
CURRENT RATINGS 

CA3033 CA3047 
CA3033A CA3047A 

TERM-
1 2 3 " 5 6 7 8 9 10 11 12 13 14 INAL 

No. 

TERM- liN 
INAL mA No. 

1 • • · • . · • • · • • • +4 
0 1 5 

2 . · · . · • · · · · · +26 
0 2 20 

3 · • 0 · • · • • • · +26 
-26 0 3 50 

4 +5 0 · · · .. · · · +26 
-I -15 0 4 10 

0 
+20 +20 

5 • ·1 · • · • ·1 . 
-26 Note I Note 1 

5 5 

+26 +26 +26 +26 +26 +26 +26 +26 
6 0 0 0 0 0 0 0 0 6 -

+20 +20 +26 7 -2 • • · · ·2 
Not. 1 Note I 0 7 5 

+~ +:!'l +~ +~D • +26 
8 ·1 ·2 ·2 ·1 0 Note 2 Note 3 Note 3 Note 2 8 I 

+1 +5 +1 +26 9 -5 • -5 -20 ·5 Note 2 
9 I 

+10 +2 +26 10 · -20 -10 Not. 3 -10 10 I 

11 +1 +2 +26 
-5 -20 -10 

Note 3 
11 I 

+1 +26 12 -20 
Note 2 ·5 12 1 

13 . 13 I 

14 Sub-
strate 14 -

~: 1. This rating applies to the more positive. terminal of terminals 8 and 13. 

2. This rating applies to the more positive terminal of terminals 9 and 12. 

3. This rating applies to the more positive terminal of terminals 10 and 11. 

*Volteges are not normally appliad between these terminals. Volteges appearing between these terminals will be safe If the 
specified limits between all other terminal. are not exceeded. 

lOUT 
mA 

5 

-
50 

10 

5 

-
5 

1 

0.1 

0.1 

0.1 

0.1 

I 

-

LINEAR INTEGRATED CIRCUITS 

FEATURES 

CA3033 CA3033A 
~ ~ 
v+ -+12Y v+ -111Y 
Y---12Y Y---16Y 

• Ooitput Curmrt •••.• 38 78 mA min. 

• Input 0ffI0t Cu""" • • 2ti nAIMX. 

• O_,--O_tiol 
GoIn .............. 84 87 • min. 

• O""",t Y ...... Swlntl. 1e 23 VHmln. 

• Input 81M Curront ••• 3&0 180 nAm ... 

• _,Output ...... 80 220 mW min • 

• Common_R .. 
joctIon Rotio ....... 84 13 dB min. 

APPLICATIONS 

.~, 

• In .... ar 
.O_tiltor 

• Audio Amplifier 

• Surnming Amplifier 

• _Ori_ 
• OCAmpilfior 

• Multivi_ 
• N_8onr1 __ .... 

Amplifier 

Fig. ,. Schamatic diagram of operational ampll",.n, 
CA3033, CA3033A, CA3047, CA3047A. 

PROCEDURE: 
INPUr OFFSET YOlTAGE:MEASURE YOUT AND RECORD INPUT 
OFFSET VOLTAGE (Vro) IN VOLTS AS Vour/IOO, THUS 

¥to UN VOLTS)- ·OUT 
100 I'lCS-ln28 

Fig. 2s. Inputofftatvolrage, inputofftat volrage sansitivity, 
and device dissipation test circuit. 

V -15V. v-· -I$V 

V -12V. V-.-12V 

-715 .. so -25. 0 25 50 7S 125 ISO 
AU.IENT TEMPERATURE (TA)--C 'ICS-I7I1.7 

Fig. 2b. Typical Input offtat I/Oirage lIS. MI1biant rem
ptlf'Btu ... 
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_INEAR INTEGRATED CIRCUITS 

CA3033, CA3047. Types 
MAXIMUM VOLTAGE RATINGS at TA -250 C CA3033A,CA3047A 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter· 
minal 1 with respect to the horizontal terminal 14 is 0 to +4 volts. 

~~~ 1 2 3 4 5 6 
No. 

1 • . · • . 
2 • · · . 
3 · · 0 

-38 

4 +5 0 
-1 -22 

5 0 
-38 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Notoo: See CA3033. CA3041 Rating Chart Notes. 

I!LECTRICAL CHARAG:TI!RISTICS 
For Equ~ DesIgn 

7 8 9 10 

• • · · 
· · · · 
· · · · 
· · · · 

+30 · -I 
i Note 1 · · 

+38 +38 +38 +38 
0 0 0 0 

+30 
-2 · · Note 1 

+30 +30 
-I -2 

Note 2 Note 3 

+1 
-5 

Tost Conditions 

11 12 13 14 

· · • +4 
0 

· • · +38 
0 

· · · +38 
0 

· · · +38 
0 

+30 · · -2 . 
Note 1 

+38 +38 +38 +38 
0 0 0 0 

+20 +38 · · -2 0 Note 1 
+30 +30 +38 -2 -1 · 0 Note 3 Note 2 

+5 +1 +38 · ':30 -5 Note 2 -5 

+10 +2 +38 
-10 · -20 -10 

Note 3 

+1 +2 +38 -30 -5 NoteS -10 

+1 +38 -30 
Note 2 -5 . 

Sub-
strate 

LIMITS 
CA3033 
CA3047 

MAXIMUM 
CURRENT 
RATINGS .. 
identical 
for all 

feu, types 

lSee CA3033, 
CA3047 chart! 

CA3033A 
CA3047A 

ChllllCtllristics Symbols 
Typical DC Supply Voltlgl 

Cir- Ch.I'IC- Units V+= 12 V v+~ 15V cuit TA=250 C tlristics V---12V V-=-15 V Curves 
I--

Fig. Fig. Min. Typ. M ... Min. Typ. M ... 

Input Oflsot VoItIgI Vm 2e 2b - 2.6 5 - 2.9 5 mV 

Input Ofltat Cummt 110 3. 3b - 5 35 - 9 25 nA 

Input Bill Curnnt It 3a 3c - 70 350 - 100 180 nA 

Input Oflsot Voltaga Sensitivity: 
PosItlva 6VIoIt:}J+ 2. - - 0.3 0.5 - 0.2 0.5 mVN 

Negetiva t:}Jmlt:}J- 2. - - 0.3 0.5 - 0.2 0.5 mVN 

Device Dissipation Pr 2. - 60 120 180 80 170 3110 mW 

OP4!n-Loop Diffanntial 
Voltage Glin AOL - f= 1 kHz 4 84 90 - 87 93 - dB 

Common-Moda Rejection Ratio CMRR - 5 84 100 - 93 105 - dB 

Common-Moda Input-VoltJge 
Ringo VIeR - - -7.5 +5,-9 +3.5 -9.7 6,-11 4.7 V 

Maximum Output-Voltlgl Swing VOIP.p1 - f= 
RL=5oon 18 22 - - - -- Vp.p 

1kHz RL=300n - - - 23 25 -
Input Impedance ZI - - 0.25 1.5 - 0.6 1 - Mn 

Output Curnnt 10 - RL = soon 
6 

35 44 - - - - mA-
RL=300n - - - 7& 83 - (P.pl 

POW8t'O~ p. - RL=500n 
7 90 122 - - - -

THO mW 
RL =300n - - - 220 255 -

52 

~--~---+--~v~ 

SI 

tlCS-I7:sa2 

Fig. 38 - Input offset current lind input bias CUrrtlflt !list 
circuit. 

PROCEDURES: 

A. Inverting Input Current 
Set switCh, 5, in closed position and set switch, Sz in open 
position. 
Measure output voltage and convert this reading to Inverting 
input current using the following relation: 

VOUT (in volts) 
II inverting (in pAI- 10 

B. Non-inverting Input Current 
Set switch, 5, in open position and set switch, Sz in closed 
position. 
Measure output voltage and convert this reading to non
inverting input current using the following relation: 

-VOUT (in voltsl 
II non-inverting lin pAl - 10 

C. I nput Offset Current 
Set switches, 5, and Sz in open positions. 
Measure output voltage and convert this reading to input 
offset current using the following relation: 

VOUT (in voltsl 
110 lin pAl = 10 

i 30 

.. 20 

~ 
10 

V -12Y Y-·-IZ 

-15 -so -2$ 0 2, 50 1'5 tOO 125 150 
. AMBIENT TEMPERATURE tTA)-~ 

OCI-1'1Ia. 

Fig. 3b - TypiCIII input offset current lIS. ""bient rem
perlltvre. 

:l 
Ii 

~ 100 

___ 0 H 30 ~ ~ ~ .~ 

AMBIENT TEMPERATURE (T.l--c 

Fig. 3c - Typical inputbiar current lIS. ."".ient rem".,.tute. 
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LINEAR INTEGRATED CIRCUITS 

CA3033, CA3047 Types 
ELECTRICAL CHARACTERISTICS 
Typic81 Values Intended Only for DOli", Guidance 

Inp~~~~:r~CDrift Vm/"T! 2. 2b - I 

Input Ofhet Currant Drift 

-550 C to 250 C 
IIO/"T I -3. 3b 

250C to 1250 C -
.. ~-

BW ex, Cy = 0.001 IIf 8b,c 
I 

60"118 Amplifier Bandwidth Be - -, 
Slaw Rill SR 9 I (amplifier circuit only) i - - ,I 

; 
6.6 :- - ! 6.6 -

-

I - - I -___ .1 ----
0.08 - - ; 0.08 ' -

," --, ~-+-
230 - - '350 ,-

, t -r-;---I--
2.7 1 - -

/J.VI 
oC 
... -

nAl 
DC 

--
kHz 
I-

VI,. 

POSITIVE DC SUPPLY VOLTS (v·! 
NEGATIVE DC SUPPLY VOlTS tV"l 
fREQUENCY (f}.1 kHz 

Y+.,2V, Y-a.12Y 

-50 "25 a 25 50 75 toO 125 

92CS-14t07R. 

Fig. 4 - Typicel open-loop diffenHItiai vol. gain ... 
ambient tflmpsratum. 

POStTIVE DC SUPPLY VOLTS Iv+l 
NEGATIVE DC SUPPLy VOLTS tv-, 
FREQUENCY (fl.-'kHz 

V+·"V,.,-·-I' ... 
V .12'1 .... -.-12 '1 

-so - -25 0 25 

Al8ENT TEW£RATUAE (TAI-·C 

100 

.. 
~70 
lfoo 
~ 
~25 
~ o 

AMBIENT TEMPERATUREITA)-2S-C 
FREQUENCY U) .. I at Hz 

0,1 0.2 0.3 0.4 O.!i 0.6 0.7 0.8 
LOAD RESISTANCE IRLI-k.Q 

0,9 1.0 

c 150 .. 
iii . 
~ 100 

50 

AMBIENT TEMPERATURE(TA)-25-C 
FREQUENCY ttl· I kHz 

LOAD RESISTANCE (RL) -lIJl 
0.' 

i2CS-17U$ 
Fig. 5 - Typ;c.t common mode ItIjtlCtion ratio ... ambiflflt 

tMnptN8wre. 

Fig. 6 - Typical peak-ro-peak output current vs. load re
sistance. Fig. 7 . Typical power output IrS. load resistBnce. 

c, 
0.0'" 

OUTPUT 

v-

~i~~A~~~UES 92CS-15291 R2 

Fig. 8a - Typical6O-dB 
amplifier. 

01 4 • '10 t 4' "00 I 

FREQuENCY (f) -IIH. 

Fig. 8b - Typical phase compensation characteristics for 
CA3033. CA3047 (Vi" = + 12 V, V- = - 12 VJ 

........ 

For any desired closed loop sain (in decibels), read horizontally to 1.0 IlF) are bulky and costly. A capacitor one·half the value 
along the sain line to the attenuation curve which provides the shown on the chart, connected between terminals 8 and 13, and 
desired closed loop bandwidth. The required values for the a 0.001 jlF capacitor from either terminals 8 or 13 to ground 
compensation capacitors is shown on the curve. Move,vertically or V- is an acceptable alternative method. This arrangement 
from the inteRection of the gain and attenuation lines until the provides the same sain·phase roll.gff shown on the curves and 
phase angle curve (ifl) is reached and read the phase angle be- permits the use of more readily available, lower·voltage disc 
tween the input and output on the right-hand scale. The differ- capacitoR which are smaller and cost loss. For linear operation, 
ence between the indicated phase angle and lBO° is the typical the maximum expected difference voltage between the two 
phase "",rgin. (A minimum phase margin of 45° is. recom- collectors is less than 1 volt~, 
mended to allow for component variations and differences 
among amplifiers.) If the phase margin is smaller than required, Figure Sa shows the phase compensating capacitors (Cx• Cy) 
the desired bandwidth can be stably achieved through the, use returned· to groand. In some systems with large parasitic im
of a more complex feedback network. As the closed loop gain pedsncas in the poWer supply system, returning·these capacitOR 
approaches unity, the compansating capacitors required (0.3jlF to the negative (V-) supply may result in more stable operation. 

1.0 
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LINEARINTEGRATEDCIRCUITS ________________________________________________________________________ ___ 

CA3033, CA3047 Types 
POSITIVE DC SUPPLY VOLTS IV )-15V 
NEGATIVE DC SUPPLY VOLTS IV~1"'-15V 

'00 
AMBIENT TEMPERATURE tTA,J-ZS-C 

I C"C!'O.J,) 0 
.o~ , ;;,;,. I'--

"-
I- ~~ ",,,, 

50 
80 ......... i" 

QOOIt4"" 

~ .. .. r--..... r... .......... "'N.e.O~ ...... 100 ~ i 70 t-........ r--.... "'- ....... , 
....... "'" ~~t'- ......... r"- ,0<> ~ t 60 

, 
I 

....... r....... "'- ....... 
......... 

....... "- r--.. • 200!-~~ 
~ sO 

"'" " .......... 1"-"", ~~ ........... '\ ~ 

r....... t......... :-..... 
~ 

~ 40 ~~ ~. 
2~O ~ 

~ 
~ 30 

........ 

~ 
0 20 

~ 
z 

~ 
'0 

0 

F 
-'0 

-20 

-'0 

0,' 

OUTPUT 
5 V/DIV. 

INPUT 
IV/DIV. 

OUTPUT 
5V/DIV. 

INPUT 
I V IDIV. 

.......... 
I"- ....... 

1'-.... I"- "-" ....... , [\. ... 
I .. ~ r....... t'- 300i 

i" ......... 
l'-... i" J"'> ...... r-- ........... :-..... f' 300 

......... 
l'-... I"-~I~ ........ , 1"--"", " ....... 

400 

I"-J,., ~ ........... ....... 
, 

r-...... ....... " 
........ 

......... ' ............. ....... 

"'- ............. 'I'-, 
..... . . . 6 4 6 8 . .. Z • .. to 100 1000 10000 

FREOUENCY (t}-jr,Hz 

Fig. Be . Typical phase compenSIJtion characteristics for 
CA3033A, CA3047A (v+= 15 V, V- = -15 Vi. 

TIME-IOp.S/DIV. 
(a) 

V+=30V, RL=lkn 

9zeM ~14891RI 

RL -300n 

3 

2 

, 
0.01 

. .. 
0.1 

5.1K 

'" I II 
JWE~ I ~ OUTPUT 

(mW)-2!5!5 

220 

• 6. 2 ... 2 , '0 
FREQUENCY- kHz 

9lCS·173ZI 

RESISTANCE vALUES 
ARE IN OHMS 

"*RL '" 500.0 AT V· .. 24\1 
RL" 300n AT Y·· 30V 

'2LS-l", 
TIME -10 fLs/DIV, 

(b) 

92CS-I7393 

Fig. 9 - Amplifier with single voltage supply and associal8d pulse response waveforms and distortion curves. 

OPERATING CONSIDERATIONS 

The CA30J3, CA3033A, CA3047, and CA3047 A opera
tional amplifiers have very high peak·pulse current capa
biFty. The open-loop output impedance is typically less 
than 30 ohms at 10 kHz and the peak short-circuit output 
current may exceed 100 milliamperes. To prevent possible 
damage to the chip because of excessive dissipation it is 
important that the output stage is not subjected to sustain· 
ed high peak currents, To minimize the ~ossibility of dam· 

126 

age from accidental shorts, it is recommended that a S1-ohm 
resistor be placed in series with the output circuit. 

When high peak output currents are required of the ampli
fier, it is desirable to provide a current-limiting resistor of 
about 2200 ohms in series with tho collector of t .. nsistor 
Q14, This resistor may be returned to ground, or, if its 
value is increased to 4700 ohms, it may be returned to the 
V+terminal. 



CA3035, CA3035Vl 
Ultra-High-Gain 

Wide-Band Amplifier Array 
Monolithic: Silfeo" 

• Three Individual General-Purpose Amplifiers 
• Ideal for service in Remote-Control Amplifiers - - e.g., TV Receivers 

• Available in twa electrically identical versions: CA3035 with straight 
leads; CA3035Vl with. formed leads 

HIGHLIGHTS 

• Three separate ampl ifiers -
Fin and bandwidth for each amplifier con be adjusted 
with suitahle ext.rnal circuitry 

• Amplifiers op.robl. independently or in cascade 

• All amplifiers singl ••• "d.d -
only one power supply required 

• Wid. operating temp.ratur. range -
_SSaC ta + 125°C 

• Built.in temperature compen50tion • Exceptionally high cascade voltage gain -
129 dB typo at 40 kHz 

• Low Rain performance • Wide.band response 
• Hermetically seoled, all-welded lO-lead TO-S-style 

metal package with straight or formed leads 

ABSOLUTE-MAXIMUM RATINGS: 

Operating Temperature Range ..... __ -SSoC to + 125°C 
Storage Temperature Range ... . . . . . . . . . . . . . . . . . .. _65°C to + ISOoC 
Device Dissipation ..................................... 300 mW 
Input Voltage ..... . . . . . . . . . . . . . . . . ..... I V pop 
Supply Voltage .............................. _ .......... +ISV 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (I.S9 ± 0.79mm) 
from case for 10 seconds max. . ........................ +26SoC 

ELECTRICAL CHARACTERISTICS AT T A = 25°C 

TEST 
L IMI T5 CIRCUITS 

SPECIAL TEST AND 
CHARACTERISTICS SYMBOLS CONDITIONS CHARAC- CA3035, CA3035V I UNITS 

TERI STICS 
CURVES Min. Typ. Max. 

STATIC CHARACTERISTICS 

Quiescent Operating V3 - 2 - V 

Voltage V5 Vce = +9V Fi g. 3 - 1.9 - V 
V7 - 4.9 - V 

Total Cu rrent Dra i n Id VCC = +9V, Fig.3 3.5 5 7.5 rnA 
RL3 = 51<0 

DYNAMIC CHARACTERISTICS 

Voltage Gain: 
Ampl ifier No_I AI f = 40 kHz, 40 44 - dB 
Amr<1 ifier No_2 A2 VCC = +9V 40 46 - dB 
Amp Ii fie r No_ 3 A3 38 42 - dB 

Output Voltage Swi ng Vout 
Vlout RLI = 101<0 - 2 - vp-p 
V20ut RL2 = 101<0 - 2.6 - Vp-p 
V30ut RL3 = 51<0 - 8 - Vp-p 

Sin usa ida I 
Output, 
Vee = +9V 

Input Resistance: 
Amp I if i e r No. I R lin - 50K - n 
Amp I i fie r No _ 2 R2in f = 40 kHz .- 2K - n 
Ampl ifier No_3 R3 in - 670 - n 

Output Resistance Rlout - 270 - n 
R20ut f = 40 kHz ~ 170 - n 
R30ut - lOOK - n 

Bandwi dth at 
-3dB point: 
Ampl ifier No_ I BWI Fi g. 5 - 500 - kHz 
Amp Ii f i er No.2 BW2 VCC = +9V Fi g. 6 - 2.5 - MHz 
Ampl ifier No_3 BW3 Fig.7 - 2_5 - MHz 

Noise Fig u re 
Ampl ifier No. I NFl f = I kHz, Fig.4 - 6 7 dB 

RS = 11<0 

Vce = + 13 V 
Sensitivity Relay I K I) Fig.2 - 100 150 J"V 

eu rrent = 7_5 mA 

LINEAR INTEGRATED CIRCUITS 

SCHEMATIC DIAGRAM FOR CA303S AND CA3035VI 

IAM""'Pi:~, 

I 

I 
I 
I, 

L' 
1-

I 

-

I GIIIO" , 
.. 3. 

., 
OK 

.. TERMINALS 2 8 8 ARE 
INTERNALLY CONNECTED 
TO sueSTRATE L_'~ 

FI,.l 

TYPICAL REMOTE CONTROL SYSTEM 

I 
L 

+ZTOV 
0.03 0.0022 

1/>" ".F 

V 

+13'1 

I. 
n 

CONTROL FUNCTiONS 

FII.2 

TO 
ADDiTIONAL 
CHANNELS 

STATIC CHARACTERISTICS TEST CIRCUIT 

Vee. +9 V 

92C5-14625 

FIg_3 

NOISE FIGURE TEST CIRCUIT 

QUAN TECH 

LABORA tORtES 
MODEL No. 311 

NOISE ANAL YlER 

(SEE NOTE) 

10"," 

- +200 
Kn 

10 taKa ,.F 

.9 v 

nCS-14631 

NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 

Flg.4 
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CA3036 

DUAL DARLINGTON ARRAY 

• Two independent low-noise wide-band amplifier thannels 

• Particularly useful for preomplifier and low-level amplifier applications in single
channel and stereo systems 

• Wide appl ication in low~noise industrial instrumentation amplifiers 

ELECTRICAL CHARACTERISTICS, CIt T A = 25"C 

CHARACTERISTICS SYMBOLS 
TEST 

CONDITIONS 

Collector-Cutoff Current leBO VCB - 5V. IE -0 

For Each Collector-Cutoll Current ICEO VCE =10 V. IB =( 

Transistor Collector-to-Emitter Breakdown Voltage V(BR)CEO IC -I mAo IB-O 
(QI. Q2. Q3. Q4) Collector·to-Base Breakdown Voltage V(BR)CBO IC -1Op.A. IE-D 

Emitter-to-Base Breakdown Voltage V(BR)EBO IE -10p.A. IC-O 
For Either Input 

Static Forward Current-Transfer Ratio hFE ICI or IC3 =1 mA Transistor (QI or Q3) 

For Either 
Emitter·ta-Base Breadkown Voltage V(BR)EBO(D) IE2 or IE4 -10 p.A 

Dartington Pair 
hFE(D) 

ICI + IC2 t 
(QI. Q2 or Q3. Q4) Static Forward Current-Transfer Ratio or (ImA 

IC3 + IC4 

Short-Circuit Forward Current-Transfer Ratio lite 
For Each Short-Circuit Input Impedance hie 

Input Transistor I =1 kHz 

(QI or Q3) Open-Circuit Output Admittance hoe ICI or IC3 =1 mA 
Open-Circuit Reverse Voltage-Transfer Ratio hre 
Short-Circuit Forward Current-Transfer Ratio IIte(D) 
Short-Circuit Input Impedance hie(D) 
Open-Circuit Output Admittance 

f = I kHz 
hoe(D) ICI + IC2l 

For Either Open-Circuit Reverse Voltage·Transfer Ratio hre<O) or =1 mA 

Darlington Pair Voltage Gain AcO) IC3 + IC4J 

(QI. Q2 or Q3. Q4) Power Gain Gp(D) 

f-IOO Hz 
Noise Voltage EN f =1 kHz 

See Fig.3 for Test Circuit 
f =10 kHz 

Forward Transfer Admittance Yle 

For Either Input Admittance (Output Short-Circuited) Yie 
Output Admittance (Input Short·Circuited) 

f =50 MHz 
Input Transistor Yoe ICI or IC3 =2 mA 

(QI or Q3) Reverse Transfer Admittance 
(Input Short-Circuited) Yre 

For either Input Admittance (Output Short-Circuited) Yie(D) f =50 MHz 

Darlington Pair Output Admittance (Input Short-Circuited) Yoe(D) ICI + IC2l 
(QI. Qz or Q3. Q4) Gain-Bandwidth Product fT(D) or (2mA 

1C3 + 1C4 

fi2C$-14655RI 

FII/.2 - SI.d Diagram .1 S'oro. System using CA3036 
as Phono Preamptllie,. 

Min. 

-
-
15 

30 

5 

30 

10 

1000 

-
--
-
-
-
-
--
-
-
-
-
-
--
--
-
-
--
-
-

150 

LIMITS 

TYPE CA3036 

Typ. Max. 

- 0.5 

- 5 

20 -
44 -
6 -

82 -
12.6 -
4540 -
82 -

2.6K -
7 -

9.8 x 10-5 -
1300 -
82K -
108 -

2.7 x 10-3 --
26 -
47 -
0.2 3 

0.05 0.3 
0.012 0.1 

0.68 + j 7.9 -
4.14 + j 5.95 -
1.94 + j 2.64 -

Negligible --
1.71 +j 2.8 -
3.96 + j 2.6 -

200 -

UNITS 

p.A 

p.A 

V 

V 

V 

-
V 

-
-
n 

jJlIIho 

-
-
n 

JAI1ho 

-
dB 

dB 

!-'V(rms) 

'i(ih) 

mmho 

mmho 

mmho 

mmho 

mmho 

mmho 

MHz 

92C5-14624 

Fi., - Sc:iIemRic Diagram for CA3036. 

HIGHLIGHTS 

-Match" tronsistors with emitter·follower outputs 

• Low·nois. p.rformance 

.lOO-MH. goi.-bondwidth product 

.Opero'i •• from ·55°C to +125·C 

.Hermeticolly ... Ied. all-welded IO-leod TO·5-.'yle 
metal package 

APPLICATIONS 

• Stereo phonograph pNompl ifien 

• Low-Ieyel stereo and single channel @ 
amplifi.r sta.es 

eLow-nois., .mitter-follow.r dift.r.ntial amplifiers 

eOperational amplifier driYers 

MAXIMUM RATINGS. __ .IoRum Ve'-: 

POWER DISSIPATION. P: 
Anyone transistor . . 
Total for array 

TEIM'ERATURE RANGE: 

3OOmox. _ 
6OO .... x. _ 

Operating. . • . . . . . . . . . -56 to +125 "c 
Storage. • . • • • • • • • • . • -5610+150 "c 

LEAD TEMPERATURE (During Solderlngl: 
At dl ...... l/16± 1/32 inch 11.59 ±O.79 mml 
from .... for 10 seconds .... x. • • • • • +266 "c 

The following ratings apply for each transistor in the .rey: 
CoI_r-ta-Emltter VOltage. VCEO 1& .... x. V 
Colloctor·ta-Bne Voltage. VeBO 30 mox. V 
Emitter'lo-Bose Voltage. VEBO & max. V 
CoUector Current, Ie &0 INX. rnA 

f 
OJ 

tIC.-.... 
FIt.J • Hoi •• Vo',op r •• , Cirelli' lor CAlIIJ6. 

128--------------------------------------------~------------------------



______________________________________________________ ~-------------------LINEARINTEGRATEDCI RCUITS 

CA3039 

Diode Array APPI.ICA TIOHS 

Six Match.d Diodes on 0 Common Substrate 
• Balanced modulaton or demodulators 

• Rift, modulators 

ULTU·FAST 
LOW·CAPACITANCE 
lATCHED DIODES 

Fur Applications in 
COlllllicatiolS aid 
SWitching Systems 

• High .. peed diode gate, 

• Analog switches 

The RCA'{;A3039 consists of six ultra-fast. low capsc
ltmce" diodes on a common monolithic substrate. Inte
grated circuit constnJction assures excellent static and 
dynamic matching of the diodes. making the llITay ex
tremely useful for a wide variety of applications in 
communication and switching systems. 

Five of the diodes are independently accessible. the 
sixth shares a common Ierminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned 10 a DC potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 

ELECTRICAL CHARACTERISTICS, at T A = 25° C 

FEATURES 

• Exc.llent rev.rse ,.eovery time - 1 n .. typo 

• Matched ,"onolithic construction
VF .. atchod within S .. V 

• Low diod .. capacitance-
CD • 0.65 pF typical at VR = - 2 V 

• The CA3039 is available in a sealed·junction 
Beam·Lead version (CA3039l). For further 
information see File No. 515. "BeamwLaad 
Devici9S for Hybrid Circuit Applications". 

• Supplied in the hermetic 12·lead TO~5 style 
package 

CIt",ode,istics opp/y for .oclt JioJe unit, unless otlt.rwis. specifleJ. 

LIMITS 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS UNITS 

MIN. TYP. MAX. 

IF = 50p.A - Q.65 0.69 V 

DC Forward Voltage Drop VF 
I mA - 0.73 0.78 V 
3 mA - 0.76 0.80 V 

10mA - 0.81 0.90 V 

DC Reverse Breakdow~ Vollage V(BR)R IR = -10 J.U\ 5 7 - V 

DC Reverse Breakdown Voltage 
V(BR)R IR: -10 p.A 20 - - V Between any Diode Unit and Substrate 

DC Reverse (Leakage) Current IR VR: -4 V - 0.016 100 nA 

DC Reverse (Leakage) Current 
IR VR=-IOV 0.022 100 nA Between any Diode Unit and Substrate -

Magnitude of Diode Offset Vollage 
! VFI - VF2! (Difference in DC Forward Voltage IF: I mA - 0.5 5 mV 

Drops of any Two Diode Units) 

Temperature Coefficient of IVFI- VF21 
I1IVFl - VF21 

IF = I mA I I'V;oC - -
6T 

Temperature CoeffiCient of Forward Drop 
11 VF 

IF = I mA -1.9 mV;oC - -
6T 

DC Forward Voltage Drop for 
VF IF: 1 mA 0.65 V Anode·to-Substrate Diode (OS) "- -

Reverse Recovery Time trr IF = 10 rnA. IR = 10 rnA - I - ns 

Diode Resistance RD f = I kHz, IF = I rnA 25 30 45 l1 

Diode Capacilance CD VR = -2 V. IF = 0 - 0.65 - pF 

Diode·to-Substrate Capacitance GDI VOl = +4 V. IF = 0 - 3.2 - pF 

CHARAC· 
TERISTIC 
CURVES 

FIG. 

2 

-

-
3 

4 

2 

5 

6 

-
-

7 

8 

9 

www 
~~~ 

SUBSTRATE 
AND CASE 

92C$wI5262 

Fig. I • 5ch_ofio Oi6".,. ,., CAJ039 

ABSOLUTE MAXIMUM RATINGS AT TA • 25°C 

DISSIPATION: 
Anyone diode unit . . 
Total for device . . . 
ForTA >S50C •.. 

l00mW 
. . . .. 600mW 
derate linearly 5.1 mWflC 

TEMPERATURE RANGE: 
Operating . . . . • 
Storage. . . • . . 

LEAD TEMPERATURE lOuring Soldering): 
At distance 1/16 ± 1/32 inch 11.59 ±O.79 mm) 
from case for 10 seconds max. . • 

PEAK INVERSE VOLTAGE, PIVfor: 01-05' 
06· . 

PEAK DIOOE·TQ.SUBSTRATE VOLTAGE. VOl 
for 01-06 (term. 1.4,5,8 or 12 to term. 10) . 

DC FORWARD CURRENT. IF . • • . • 
PEAK RECURRENT FORWARD CURRENT, If 
PEAK FORWARD SURGE CURRENT. Iflourgo) 

-55 to +12SoC 
-65 to +160oC 

+ 26SoC 

SV 
0.5 V 

+20,-1 V 
25mA 

l00mA 
l00mA 

TYPICAL CHAlACTERISTICS 

AMBIENT TEMPERATURE ITAI-2S·C 

~l OJ! 
II • "1 
I lff , 

! .~o~ 
5 _t. .. __ .. ~O 

~ ~ 07 f~ • 
V r ~ , ~ 

l-i ./ ; V 
~ 

u ' , ~ 0.6 2 " ~'; 

~t ~ ~ ... 
, 

0" - -- ~"f- ~~lS!rr~'r 
QOI 468Q1 4~·1 4 6 "'0 

DC FORWARD MILLIAMPERES (IF) 
9ZCS-I$261 

Fi,. 2 • DC forwa,J vo/toge Jrop (ony JioJe) fIIIJ JloJe 
oHset vo/tag. IfS DC forwarJ current 

'0, DC REVERSE VOLTAGE (VR)· 4V 

· L 
1< 

, 
1/ " '. ~ • 

~ · / 

I 
, 

OJ. · ~ · / 
~ , 

----'" ~ nO! 
u • 

" · · , 
MOl 

-15 ..,0 25 - 2. !SO 70 

AMBIENT TEMPERATURE (TA)-toe 
9lCS-I50266 

Fi,. 3 • DC reverse (Ieo/co,e) current (diodes 1,2,3.",51 
vs tefJlp.rofur. 
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CA3039 

""', DC REVERSE VOLTAGE CYR)·-IOV 

I · / • 
;; 10 / 

ill · / • 

I I 
V 

• / • 
~ Ql 

~ · • u ./ ,,0.00 

· 0!XJl' 

-75 -'0 -2' o 2. 100 12! 

AMBIENT TEMPERATURE {TA)--C 

Fig- 4 - DC revers. (leolcoge) current ""tween 1I10lles 
(1.2.3.4.5) onll substrate ys temperotur. 

"""10 AMBIENT TEMPERATURE (TA1·ZS·C • FREQuENCY (fl-IIIHz · .. 
~ · ...... 
1.00 " . $ , 

tI · z , 
i · i'-~ 10 

§ · --· · 
2 

001 . •• OJ 2 . . , 2 . . . 
DC FORWARO MILLIAMPERES tiFl 

92CS-I~Z61 

Fig- 7 - Dioll. resislonc:. (any lIioll.) vs DC 
forward cc,rrenf 

130 

10 

-75 -50 

IoIILL' 

0.1 

-2&0 25 son 
AMBIENT TEMPERATURE (T.)-·C 

100 

92C$-IS269 

Fi,l_ 5 - Diotl. oll •• t vo/tog. (any 1I101le) v. temp.roture 

AMBIENT TEMPERATURE (Ta)·2'·C 
DC fORWARD CURRENT elF) aO 

6 

o I 2 :s 4 
DC REVERSE VOLTS (VA) ACROSS DIODE 

Fi,l_ 8 - Diotl. c:opoc:itanc:e (1Ilot1es 1.2.3.4.51 v. 
revers. volloge 

DC FORWARD CURRENT (I F) .. I III A 

0.9 

~O.8 .. 

• -7. -50 -25 0 25 50 75 
AMBIENT TDFERATUR£ (fA )---C 

100 125 

Fig- 6 - DC forworll voltage IIrop (ony.lliotle) v. 
temperoture 

AMBIENT nMP£RATUR[ (TAl.25~ 
DC FORWARD CURRENT C%F)-O 

• 

o I 2 ;, 4 
DC REVERSE VOLTS (VR) KTftEN TERMINALS I. 4. '.I,oR 12 

AND SUBSTRATE (TERMINAL 10) 

Fi,l_ 9 - Diotle-fo..ub.frote c:opodlonc:. v. 
revers. vollop 
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CA3040 

VIDEO and WIDE ·BAND 
AMPLIRER 
For Indusbial lid 
C.erciaI Equipment at 
Frequencies up to 200 MHz 

The RCA CA3040 is a monolithic silicon integrated 
circuit designed to meet the requirements of a wide 
variety of applica~ons requiring high gain and wide band. 
width. The cascode-connected differential amplifier 
achieves a double-ended gainof37dBwithatypical3dB 
bandwidth of 55 MHz. Emitte .... Follower input lind output 
stages provide the desirable high input. impedance and 
low output impedance for coupling to other circuits. 

The CA3040 includes two biasing options, allowing the 
user to optimize his design over the entire military 
temperature range of -55 to +l25OC. Bias Mod. A yields 
a substantially constant voltage at the output terminals 
for apPlications using DC coupling to succeeding stages 
or requiring maximum dynamic range over the temperature 
range. DC output voltage varies less than 0.1 volt (typi
cally) over the entire temperature range while gain varies 
±2 dB. Bias Mod. B provides extremely stable gain 
over the temper sture range. Gain variation is 0 dB (typi
cally) in this Bias Mode. DC variation is ±0.8 volt. 

Provisions are also made for stabilizing the operating 
point for either single or split power supplies. 

FEATURES 
• High Differential Push. Pull Vol1age Gain •••••• 

Slngle .. Ended Voltoge Gain ................... . 
• Wid. (3dB) Bandwidth .............................. .. 
• BolQftud Input and Output 
• High Input Ruistance .............................. . 
• Low Output R •• istanc ••••••••••••••••••••••••••••••• 
• Bias a,ption. fo, Temp.rature Compensation: 

B~Q. Mode A: HConstont" Voltage 
Bias Mode B: • 'Constant" Gain 

37 dB typo 
31 dB typo 
55 MHz typo 

150 kfl typo 
125 fl typo 

• Supplied in the hermetic 12-lead TO-5 style 
package 

APPLICA TlONS 
• Video Amplifier • Modulator • Mix.r 
• Schmitt Trite.r • IF Amplifier • DC Amplifier 

• Sense Ampl Hier 

ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION· . . . . . . . . . . . . . . . . . . .. 450 mW 
Derating factor for TA > 85°C ......... 5 mW/oC 

TEMPERATURE RANGE: 
Opersting ................. _55oC to + 125°C 
Storage .............•..... -65°C to +150oC 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. •. . . . . . . . •• +2650 C 

* Limitation imposed by the thermal res istance of package. 

MAXIMUM VOLTAGE RATINGS at TA = 25°C 

The following chart gives the range of voltages which can he applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 2 with respect to terminal 11 is 0 to + 14 volts. 

MAXIMUM 
CURRENT RATINGS 

TE~ 
I 2 3 INAL 4 5· 6 7 8 

No. 

I 0 . . +14 · +10 · ·14 0 ·10 

2 . +14 +14 +14 · · 0 0 0 

3 . +5 · · · -3 

4 . +3 
-3 · · 

5· .. · +10 
-3 · 

6 · · 
7 · 
8 

9 

10 

11'" 

12 

• Reference &1_ 

Note 1: External cormectim required fer P'opet' operation. 

9 10 11· 12 
TE_ 

liN lOUT INAL 
NQ." mA mA 

· · +14 
0 · 1 5 5 

· +14 +14 +14 
0 0 0 2 - -

· · +5 · -3 3 5 5 

· · · · 4 1 0.1 

+3 0 · Note · -7 1 
S - -

· · · · 6 1 0.1 

· • +10 
.,3 • 7 5 5 

+3 
-3 · · · 8 5 5 

· +7 · -3 9 1 0.1 

· · 10 - 10 

• · 11 - -
12 - 10 

• Voita,e8 are not normally applied between these tertrlina.ls. 
Voltages appearing between these terminals will be safe it 
the speciried limite between all other terminals are not 
exceeded. 

RI RIO 
1.32 4.5 

SUBSTRATE 

". 
1.32 

ALL RESISTANCE VALUES IN Ktl'S. 

"'2 
15.25 

SUBSTRATE 

92LS-21l132 

Fig.1 • Sch.matic Diagram for CA3040 

STATIC CHARACTERI5.TICS TEST CIRCUITS 

• SIAS IIODIE A, SIAS CIRCUln 
OF TERMINAlS IC). J. 7, I, 
AND t ARE CONNECTED TO 
ACHIEVE CON$'fA,", De OUT· 
PUT VOLTAGE REfERENCE 

1 LEVEL WITH YARYIH(; AM.-
BIENT TEMPERATURE. 
A.LL RESlST~S 1M OHaS. nCS-I~"!I!I 

Fig.2(a1 • Bias MoJ. A 

Flg.2(bl • Bias Mo<I. B 
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CA3040 
ELECTRICAL CHARACTERISTICS AT T A = 2~C Un I ... Oth.rw!s. Specified 

Limit. 
T •• t 

Charact.ri.tics Symbol. Circuits Special T •• t Condition. Unit. 

Fig. 'Min.) Typ. Max. 

STATIC CHARACTERISTICS VCC = +6V. VEE = -6V 

Output Yo It ... Vl0 or V12 
2(a) Bias Mode SWitch 1.4 2.7 3.7 V 2(b) A or B: Closed 

2(a) Bias Mode A - -1.7 - V SWitch Closed Base Bias VOlt ... Vg 
2(b) Bias Mode B - ·1,7 - V SWitch Closed 

Input Bias Reference VOlt,.e VI 
2(a) Bias Mode SWitch -1 - +1 V 2(b) Aor B: Open 

Input Bias Oment 14. 16 
2(a) Bias Mode Switch - 15 45 p.A 2(b) Aor B: Closed 

Input Unbalance Current 11&-14 I 2(a) Bias Mode Switch - - & p.A 2,(b) Aor B: Closed 

12 or 2(a) MOde A 
15 + 111 SWitch open or closed 

Power Supply ClI'rent Drain 120/ Mode B 4.7 8.5 15.5 mA 

15 +18 +111 
2(b) SWitch open or closed 

DYNAMIC CHARACTERISTICS VCC = +12V. VEE = O. Split Valleee Supply (Optional) = +&V· 

Differential Volt ... Gain 
Sinf.I .. Ended Input 
Oil erential Output ADIFFIDE) 3(a) 1= 1 Mnz 

Rs = 50 34 37 - dB 

~r:f~u:;;.rd Input ADIFF(SE) 3(a) 1= 1 Mn-
R. = 50 28 31 - dB 

-3 dB Bandwidth BW 3(a) Rs = SOn 40 55 - MHz 

Dillerential VOU .. e Gain Balance 
AOIFF(SElto 

3(8) 1= 1 MHz -1 0 +1 dB 
-ADIFF(SEI1, 

Output VOlt .. e SWin. 
Vi or V10 

3(a) 1=IMfl' - 0.5 - VRMS RMS R. = 50 

NOise Fi.ure NF 3(a) 
(Not. 1)1 = 30MHz - 7.5 9 dB 

R. = 40012 
Paallel Input Resistance R, 3(a) - 150 - k.ll 
Paallel Input capacitance C, 3(a) 1= 1 MHz - 2.2 - pF 
Output Resi stance Ro 3(a) - 125 - II 

TEMPERATURE DEPENDENT CHARACTERI$TICS 
Temperalllil coefficients 10/ ambient temperatjll8: -550 C <TA <+ 1250C 

Output Volt.e 
D.Vl0 OfD.VI2 3(a) Bias Mode A - 0 - mV/"C 

°c 3(b) Bias Mode B - &.4 - mVI"C 

Power Supply Current Drain L'lJ21"C 3(a) Bias MoC!e A - 5 - p.AI"C 

Differential VoUap Gain AoIFpJOC 
3(a) BISlI ",ode A - 0.0166 - dBI"C 3(b) Bias Mode B - 0 -

Not. 1: Replace, 1-1<0 re.istors between T.rm. 1 and 4 and Term. 1 and 6 with lui table choke. so that reactance .t 
30 MHz •• COIds 5kO 

COLLECTOR SUPPlY VOLTS fVcc10+121 ! 
I, III , AMBIENT TEMPERATuRE (TAI·2$·C II 

I ~I~:ts~~~~~ cl:UiD.~~:'3~~TPUT , II 
i&:40 "s·SOA,RL.""C,Q 
~ i II I !: I II II I I 11 s 1 I II : !t I 'I' 
~ I !I I:: 
:l 30 ' !I 

ill ii I I; i II I ,j 

~ :i .. i ~ I I, j' I , Ii 
g 20 

~ 

I ! 

, I Ii ! Ili\ ! 
~ i ! I 

, I: 
ffi i , I 

'A 

~ I it 

! III I I I~I 15 I I 
~ 4 I' Z 41. . .. • .. 

0001 001 01 I 10 100 1000 

FREQUEN':, Ifl-MH, 92CS·I~"'" 

FI,.4 - D,fferen"D[ Vo/'D,. GD/n VI Fr.quency 

AUBIENT TEMPE':"ATUM: IT,)-25·C 
SlNGLE"ENDED INPUT ANa OUTPUT 
MODE A,5WITCH CLOSED.'"). 310) 
RS·$OA.RL.-1ICti 

a D ~_ . . ,_"", 
DC ...... v VOLTS ......... 

FI,.S • Dlff.r.n,lal Vo/,a,. GaIn v. DC Su""ly Vol,." •• 

DYNAMIC CHARACTERISTICS TEST CIRCUITS .10 .1 v,. OUTPUT 

,. 

IK -=-
0.1 VIO 

OUTPUT 

Vcc 9i!'CS-I~446 
+6 II +1211 

• VARIABLE CAPACITANCE (O.S-I.O"FI ADJUSTMENT FDA 
EQUAL 3dB BANDWIDTH AT AMPLIFIER OUTPUTS, 
TERMINALS 10 AND 12. 

ALL RESISTORS IN OHMS 
ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED I. 

BIAS MODE A IS AS DEFINED IN FIG. 2(0) 

FIg.3(D) • 81D. MoJ. A 

·SEE FIG 3(01 
BIAS MODE B IS AS OEFINED IN FIG 2(11) 
AL.L RESISTORS IN OHMS. 
ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 

INDICATED). 

Fi,.3(1.) - SiD' MoJ. B 

FIg.6 • r •• , Circuit LlI)'ou' 
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CA3040 
OPERATING CONSIDERATIONS 
General 

The CA3040 is designed to provide flexibility in 
the selection of power supply configurations and to 
provide the circuit designer the choice between two modes 
of temperature - compensated performance. Mode A, 
which (rovides constant DC output voltage, is recom
mended for most applications. The control of the operlr 
ting point provided by this mode maintains the dynamic 
range of the device while gain variation over most of 
the range is le8s than ±l dB. Mode B provides constant 
gain for applications where this consideration is critical, 
but will exhibit a reduction of dynamic range at the 
temperature extremes. 

Power Supply, Considerations 

Figures 2 and 3 illustrate the use of the CA3040 
with balanced dual supplies and single power supplies, 
respectively. Both figures demonstrate that the inputs 
may be directly referenced to the center point of the 
supply (ground in Fig.2) by closing the included switch. 
This is the natural connection in Fig.2. This connection 
is optional, however, and need not be made. Use of this 
connection in Fig.3 implies the presence of another 
DC supply or a "stiff" bleeder. If such a source is 
present its use is suggested in order to maintain maxi
mum common mode range. Dynamic performance and 
dynamic range of the output circuit are unaffected by the 
choice of biasing scheme used so that in most cases 
direct connection of Terminal No.1 to the center point 
of the supply is not required. Where direct connection 
is not used, Terminals' No.4 and No.6 must be biased 
from Terminal No.1 for proper operation. 

High·Frequency Considerations 

Stable high-frequency ,?peration requires that (rOper 
high-frequency construction techniques he followed. 
The photograph of Fig.6 illustrate!! the precautions 
taken in the construction of the test circuit of Fig.3. 

Extreme caution is required because of the extended 
gain bandwidth capability of the device. Oscillations 
have been observed in the 400-to_SOO MHz range when 
precautions were not tabn. In addition to nCll'lllal eon
siderations of shielding, parts' lllYOIIt, end iaolatien. 
the following specific suggestions 'are made: 

1. Use sockets only when necessary. Sockets. when 
used, must provide shielding within the pin ,circle. 
The socket shown in the chassis of FiI.6 is a 
Barnes 1.ll-1201. or equivalent, modified by drilling 
a VS· hole in the center and inserting a pounded 
brass pin. 

2. Do not bypass Terminal No.9 in normal operation. 
Fig.3 shows tlie' use of neutralizatien between 
Terminal No.9 and one output to'bslance the amPl if'lBf 

at high frequencies. Experience shows that stable 
operation, while possible, is difficult to achieve 
if Terminal No.9 is bypassed to gniIind. 

3. In DC testing. 1 kl1, V 4 W carbon resistors sbould 
be soldered directly to the socket Tenninals No.4 
and No.6 to sUp(ress parasitic oscillations. All 
current carrying connections ire made at the otIu!r 
end of the resistors. Direct sensing of Terminal 
No.4 (W No.6, vOltage should not be attempted. 

10 

o 0.1 0.2 0.3 0." 0.50 O,G 
RMS OuTPuT VOl. 15 (VIO OR VIZI 9fes 154". 

Flg.7 ·3 JB BallJwlJth va Slnlll.·E"JeJ Output Vollage 

VI ($WITtH OPEN, MODES A OR 8) 

MOO£ _ 

11190£ • 

-50 -25 0 H $0 75 100 125 
.... IENT TEMPERATURE (TAJ-'"C 

12<:5-15445 

Fig.9 • Output ,Volt. or Input Blo. Reference Volt. v. Amhiellt r.mperotur. 

COLLECTOR SUPPLY VOLTS (\tcl-+12 
MOO£ WITCH CLOSED.FIG .... l 

-$0 -25 0 25 so 75 tOO 125 

AMBlIENT TEMPERATURE {f..,I--C: 
t2CS-15451 

Fig. I I • Collector Supply Current Drain (12) v, Amhient remp.rature 

• 

\ 12 

.~ 
Ii! 
i. 

I---

200 400 ... 1000 

• 1 

SOURCE RESISUllleE (ft5) -OHMS 

Flg.S -Hoi •• Fl.". (HF) v. Source/m,..l_. 

......... T TEIlPEItATUH (T .. )-25·C __ ,swo1CHCI'£H,FlG.3Iol ' 

o· •• tOlIl2lSt4 
COlLECTOFI SUPPLY VOLTS tVeel 

UCS-IS4St 

F/g.IO -Collector Supply Curr.nt Drain (12) 
v. Collecto, Supply Voltag. (VCC) 
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__ liT TEIlPERATUREIT"l-'C 

Flg.12 • Slng/e-EnJeJ Dill.rential Volt",. Galli v. Amhlen, r "",p.rature 
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LINEAR INTEGRATED CIRCUITS 

CA3041 
WIDE-BAND AMPLIFIER, FM DOECTOR 

AF. PREAMPLIFIER/DRIVER 

For Sound S.ctions of TV Receiye .. Using 
Tube·Typ. AF Output Amplifie .. 

FEATURES 

• high,"ensitiyity - input limiting yoltago (knee) = • internal Zener-diode.regulated voltage supply 

elow harmonic radiation 150 /l-V typo at 4.5 MHz 

.Iar,. audio drive yoltage capability 

e •• coilent AM rejection - 58 dB typo at 4.5 MHz 

• inherent high stobility - internally shielded 

• wid. frequency capability - < 100 kHz to> 20 MH. 

elow harmonic distortion 

RCA Integrated Circuit Type CAa041 provides. in a single monolithic silicon chip. a 
major subsystem for the sound sections of TV receivers. As shown in the Schematic Diagram 
(Fig.I> and the TV Receiver Block Diagrams /Fig.12l! theC'AJ041 contains a multistage wide
band if·amplifier/limiter section, an FM-detector stage. a Zener-diode-regulatedpower-suppl.v 
section, and an sf-amplifier section specifically designed to drive directly a 6AQ5 beam 
power tube or other audio output tube of similar characteristics. 

In FM receivera, the CAa041 can be used to provide if amplification and limiting. FM 
detection. and af preamplification. 

~------ POWER suPPLY ------_:j-- F. 
O£TEC10R 

I 
The CA3041 provides exceptional veraatility of circuit design because the if-amplifier/ 

limiter section. FM detector section. and af-preamplifier/driver section can be used in
dependently of each other. 

The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitabl.y punched printed-circuit boards. 

MAXIMUM RATINGS, Absolute Maximum Values: 

OPERATING·TEMPERATURE RANGE .........•.....•.•...... --40· to +85"C 
STORAGE·TEMPERATURE RANGE .......................... -66· to+150"C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. .............•.................. +265" C 

MAXIMUM INPUT·SIGNAL VOLTAGE: 
Between Terminals 1 and 3 ..••••............•...•....•............ ±3 V 

MAXIMUM DEVICE DISSIPATION: 
At Ambient lup to +25"C ...................................... 950 mW 
Temperatures above +25"C ....•................•.... Derate at 10.8 mWfC 

AlSOLUTE-MAXIMUM VOLTAGE ,,"D CURREHT LIMITS AT TA =25oC 
Indicated voltage or cu"ent limits for ecach terminal ,"GY be applied under the specified voltage 

conditions (or other terminGIs. All voltages are with respect to ground (Tenninal41. 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

tERMINAL 

4 

6 

8 

9 

10 

11 

12 

13 

14 

VOLTAGE OR 
CURRENT LIMITS 

-3V +3V -

-3V +3 Ii -310+3 

-3V +3 V -3 to+3 

GROUND (VOLTAGE + 
REFERENCE TERMINAL) -3 10 3 

20 mA -3 to +3 

OV +10 V -3 to +3 

10mA -310+3 

10 mA -310 +3 

10 mA -310 +3 

10 mA -310+3 

+2.5 V +5V -310+3 

+2.5 V +5 V; -310+3 

+2.5V +5V -310 +3 

SOmA -310 +3 

4 9 

• My other combination of DC Supply Voltaae and Senes Reslstlnce which will not cause the MIIAlmum 
o.vice Dissipation Limit o. My oIl11e Maximu .. Volt ... o. Curr.nt Limits fo. 1110 CA3041to be e .. _ _ be_. 

10 11 12 

'" 
" 

13 14 

o 

Fig. 1 - Sclte",,,tic lIiogr"m. 

10 10 10 40 10 10 _ TEIft_ CT,,)-OC 

Fi9.2 - Typic,,' IIlul""tlon ct.o,,,cte,i,tic 
lor CA3041. 

.-x 
METER HI 

6.2tro4 r-..--'II\"""-··,40Y 
O.I".F 5W 

800NT::O~YPE'()'H __ r.II 

OR 
EOUIVALENT) 

92C'-MM! 

Fig.3- Telt .et"p 'or _".uro_nt 01 
input-impeJ"nce component •• 

-

10 
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CA3041 

ELECTRICAL CHARACTERISTICS. at an Ambient Temperatu ..... TA. of 25oC. and 0 DC Supply 
Voltage. VCC' of +140 Volt. applied to Terminal 14 throu/lh 0 ..... i.tonce of 6.2 ill. unle.;, oth .... 
wise indicated. AllY other combination o( DC Supply Voltqe ~ Series Re.istance which will 
not cause the Maximum. Dissipation Limit or QJ'I)' of the Ma.z:imum Voltage or Current Limit' for 
the CA304l to be exc.eded moy be u.ed. 

CHARACTERISTICS 
(See Page 7 for Definitions of Tenns) 

Total Device Dissipation 

Zener Regulating Voltage (DC Sup-
ply Voltage at Tenninal 14) 

Quiescent Operating Current 
(into Tenninalll) 

!IoVolt Current Drain (Quiescent Op-
erating Current into Tenninal14) 

Input·lmpedance Components: 
Parallel Input Resistance 

Parallel input Capacitance 

Output·lmpedance Components: 
Parallel Output Resistance 
Parallel Output Capacitance 

Input Limiting Voltage (Knee) 

AmpliteModulation Rejection 

IF-Amplifier Voltage Gain 

Recovered AF Voltage: 

1. At FM-lletector Output 

2. At AF-llriver Output 
in Test Setup 

Total Hannonic Distortion 
Discriminator Output Resistance 
AF.Amplifier Input Resistance 

AF.Amplifier Output Resistance 

AF-llriver Voltage Gain 

BOONTON 
TYPE 20TH 
UJ«VERTER 

OR EQUIVALENT _001 
TYPE 202M 

GENAf.t1¥QR 
OR EQUIVALENT 

... 140 v -..JIM,.... .. 

SYMBOLS 

Pr 

VI4 

In 

114 

Ri 
Ci 

Ro 
Co 

Vi(lim) 

AMR 

A(IF) 
V,JafJ 

THD 

Ro(dis) 
Ri(af) 

RoCaf) 

Aaf 

TEST CONDITIONS LIMITS TYPICAL 
CHARAC· 

SETUP 
AND SPECIAL CONDITIONS TYPE TERIS· 

PROCEDURE CA3041 TICS 
CURVES 

Fig. Min. Typ. Max. Units Fig. 

00c 220 245 270 mW 
11 TA = +25"1: 225 250 275 mW 2 

+ 115°C 230 255 211 mW 

- .10.5 11.2 '12.3 V -
11 0.25 0.63 I mA -
11 VCC = +9V applied directly 7 11 16 mA 

3 

3 

-
-
1 

10 

5 f= 
4.5 MHz 

-
-
1 

- t - f= 
- 1 kHz 

6 
, 

BALLANT .. E 

~ .. ~ 
OR ECUVAt.£NT 

:-{ 

to TenninaU4 -

- II - kO -
- 5 - pF -
- 1110 - kO -
- 4 - pF -
- 150 200 ".V 

4 (rms) 

45 58 - dB 9 

- 67 - dB 4 

RL· 50 kO.lIf· ±25 kHz 
250 

mV 
THD = 0.7'J. (typ.) - - (nns) -

THD < 5 .. 8 9 - V 
(rms) -

Vo(afJ· 8 V(nns) - 1.5 5 .. -
- 10 - kO -
- 100 - kO -
- 30 - kO -
- 41 - dB 8 

PROCEDURES, 
Recoyer.d AF Voltage: 

1. Set Input Signal Generator a8 follows: 
Output frequency· 4.5 MHz 
~~~:t;!:-. ~Luek:i~ • 1 kHz 
Output le"Al for Viu • 100 mV noB 

2. Set volume control for maximum 
af output. 

3. ::-:=,:~:t.Gt ~}::::. and record 

Total Harmonic: Distortion; 
1. Adjust volume control for an al output 

volta ... of 300 mV mo. 
2. M.easure Total Harmonic Distortion of 

the output Bienal in accordance with 
tb& ()poratin,lnatructiona for lho Dio
tortion Analyzer. 

Input Llmltlnt Yolto •• (Kn •• ): 

1. DecreaBe V in un.til the at output voltage 
iB 3 dB lea. lhan the value Bel in Step 1 
of the procedure for meaaurement of 
Total Harmonic Distortion 
(300 mV - 3 dB • 210 mV) 

2. Meaaure"reBultiD. value of Vin and re
cord aa In ... t Limitin, Voltal" (Kn •• ). 

• TRW Electronl.s. Des PI.lnes. 1111.011. PI,t No. E023874, or equl.llent. 

Fifl.1. T •• , •• tup , ... m ........ _n' oIln"ut limiting volta". (Kn •• ), 
... co". ... d AF voltage, ond total Itormonlc dl.tortlon. 

LINEAR INTEGRATED CIRCUITS 

---n AII'iliTlII£ ITAI .•• ·• I r-
'l 

•• I I 111 o.+ 
-' ," VOLTAGE GAIN 

i ~-
Ii 1000 _ 

r- IO 

L. l 
800 .. 

~ \~ ~ 
~ .. 600~ 

i S6 
) ! 

400 ~ .. 
lIZ 200 ~ p-

1\ ., 
0.1 2 ... 2 ... 10 2 ... 10. 

FREQUENCY (f)-MHz 92CS-I4881 

Fig.4 • ,TypicoIIF.omplifier vo/tafle goin ond 
input. limiting yo/tag. (knee) charocteristics. 

PROCEDURE, 

A - Volta". Gain: 

1) Set input fl'equency at desired value. Vi • 100 J.L V rms. 
2) Hecon! vo' 
3) Calculate Voltage Gain A Iiom A • 20 10110 vo/vi 
4) Repeat Steps I, 2, and 3 for each frequency and! or 

for temperature de. ired. 

Fig.S • \ T •• t •• tup f ... _o ...... m.nt oIIF-ampllfi.r 
yo/tag. goin. 

• 41 

"" . 
i 3. 
3 
l! 
: 56 

~ 
~S4 

32 

.. 
OJ 

Fi".6 • Test setup for meosurement 01 
AF-amplifier yo/toge goin. 

AMBIENT TEMPERATURE (TA)'2S·C 

I'. 
1\ 

!\ , 
2 ... 2 ... 2 . .. 2 .. 

100 !bOo 10 

FREQUENCY (n-kHz 
92(.S-14886 

Fig.8 .ITypicol AF.driY.r vo/tage.goin cltorocteristic 
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LINEAR INTEGRATED CIRCUITS 

CA3041 

.:tCS-14," 

F 1,.9 .' Typ/co' AM rejection chorocleristics 
lor CAJ041. 

+140V 

lQ.OIII'F 

BOONTON 
TYPE 202H 

AM-FM 

OR~~~~& +140V -~N\~ 
82C5-M,1. 

• TRW Elec.tronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

PROCEDURES, 
1. Set PM Siana! G8118retor ae 1'o11owli: 

Output frequency· 4.5 MHz 
ModulBlinl frequency· 1000 Hz 
Deviation· ± 25 kHz 
Output levellbr Yin • 100 mV mo 

2. Set AM 8ipal Generator 88 1'o11owo: 
Output frequency· 4.5 MHz 
ModuiBlinl frequency· 1000 Hz 
Per cent modulation· 30 
Output levellbr Vin • 10 mV mo 

3. :::hv~lt!.~::~~~!r::'V";F:. Out-

4. With 81 in Positioll'-B measure AF Ou:~ 
put Voltqe and reconl ae VoIAMI. 

5. Detennine AM Rejection from 
AMR· VoIFMIlVoIAM) 

Fi,.10. Tesl selup lor measuremenl of AM r.jeclion. 

PROCEDURES. 

Total Device DI."potlons 

1. Clcee 810 open ~. 
2. Measure and reconl V 14 and IT. 
3. Delenaine Total Device Dioolpetion _ PT· V14IT' 

Qul •• cent Operating Current Into Terminal 11. 

1. Clooe 810 open 82. 

2. :~~B: l.I!nni:atti~ 88 Quiescent Operatin. Cur-

9.Volt Current Dralnt 

1. Open 81. close ~. 
2. Meaoure 114 and reconl .oll-Volt CUIftIDt Drei ... 

Flg.,,-·T esl .elup for 10"" dlulpolion, '1ul •• cenl ope""ln, cur,enl 
Inlo te,mlnol No. r r. and 9·yO" currenl d,ol ... 

--::;;:--=-1 
... ov DllCRJ!!!!..ATOR TltA ..... ORMER· 

I DC I 

I 
1;;.-=1 

I 
I I "40' 

L ___ -=J 

I' 

·100. 10<1 

• TRW Electlonics, Da. Pial .... illinois. POll No. E023874 ... equl •• IOIII. 

Fig.r2. Bloclc diogram o/typico' TV recei"., using CA304r. 
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LINEAR INTEGRATED CIRCUITS 

CA3042 
FEATURES WIDE-BAND AMPLIFIER, FM DETECTOR 

AF PREAMPLIFIER/DRIVER 
o high sensitivity - input limiting voltage (kneel = 0 internally Zanar-diode-regul_ voltaga supply 

150 p.V typo at 4.5 MHz o low harmonic radiation 
o 6-mA audio drive capability 0 wide frequency capability _ <100 kHz to >20 MHz 
o excellent AM rajactlon - 58 dB typo at 4.5 MHz 0 low harmonic distortion 
o inharen! high stability - internally shielded Fa, Sound 5.ctions of TV Rec"iv.,. Using Transistor. 

Type AF Output Amplifie .. 

RCA Integrated Circuit Type CA3042 provides, in a single monolithic silicon chip, a 
major sub-system for the sound sections of TV receivers. As shown in the Schematic Dia
gram (Fig.ll and the TV Receiver Block Diagrams (Figs.2A and 2B) the CA3042 contains a 
multistage wid~band if-amplifier section, an FM-detector stage; a Zener-diode-regulated 
power-supply section, and an af-amplifier section specifically designed to drive directly an 
n-p-n audio output transistor or a high-gain audio output pentode tube. 

In FM receivers, the CA3042 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3042 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, ~'M detector section, and of-preamplifier/driver section can be used inde
pendently of each other. 

The CA3042 utilizes a 14-lead dual·in·line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 

___ ------- IIOWtA SUPPLY --------i-- t-- t::~. ;,:1 
I 

. " 
Nt 
O • 

s. I 1---------" __ "". --------1 Fi,.I. Schematic diD, .... 

I v----l~ 
I 4.5 MHz . I DISCRIMINATOR TRANSFORIo£R" I 

I I 
I O'O~VI 

4.SMHz I TRANSf .I. 

I 0~D,!5 ......... ~ ~O.l5:F II 
,..-.-". o.lSpF 

1'-.... ---1 50 kO I 

L--= =~ 
470 
n 

TYPE 
IN519S 

+270 V 

92C~-14877RI 

1122 A21 ! 
7IC.oo ; 

! 

.... 

MClI-"' .... 

Fig. 2(a) • Block diagram of typical TV receiver utilizing 

transistor RCA-40313. 

MAXIMUM RATINGS,Absolute-Maximum Values: 
OPERATING·TEMPERATURE RANGE ...•.........•.•••.....• -40. to +85·C 
STORAGE-TEMPERATURE RANGE ..•....•..••.•....•••....• -65. to+150·C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16:t 1/32 inch 11.59 ± 0.79 mm) 
from C8sa for 10 saoonds max. ................................ +265·C 

MAXIMUM INPUT·SIGNAL VOLTAGE: 
Batween Terminals 1 and 3 .......................................• :!:3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient lupto+25·C ...................................... 950mW 
Temperatures! above +25·C .....................•.... Derate at 10.8 mWfC 

~ 
I 

I 

92CM-14IU 

FI,.2("J. Bloclc diagram of typical TV receiver utilizing 
the C.43042 and a 12FXS. 6EHS. or equivalent. 

PROCEDURES, 

I.:~A A 
... 14ov .... ..J\M,.... ...... 

••••• ----1/ 

Total Device Dinlpation: 

1. Set switch S in position A 

1.6I1:A 

2. Measure and record V14 and 114' 
3. Determine Total Device Dissipation trom PT = VI4114 

Qul •• cent Op.rating Current into T .rmlnal 11: 

1. Tum switch S to position B 

2. ~:ti::;o l.f!,!?!arfl.rd 8& QUiescent Operating Cur-
9 .. Volt Current Drains 

1. Set switch S in position B 
2. Measure 114 and record 8S 9-Volt Current Drain. 

Fig.3. Test setup for measurement af tatal device dissi. 
pation, quiescent curront into terminol No. J J, find 

9·yolt current d,oin. 
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LINEAR INTEGRATED CIRCUITS 

CA3042 
ABSOLUTE.MAXIMUM VOLTAGE AND CURRENT LIMITS AT TA = 25°C 

Indicated tJoltCl8e or cu"ent limits for each terminal may be applied under the specified voltage 

conditions for other terminals. All voltages are with respect to ground (Terminal 4J. 

VOLTAGE CONDITIONS AT OTHER TERMINALS 
VOLTAGE OR 

TERMINAL CURRENT LIMITS 
1 2 3 4 . 5 6 7 8 9 10 11 12 13 14 

1 -3V +3 V -
2 ·3 V +3 V -3 10 +3 ...I 

< z 
:i 

+3 V -310 +3 '" 3 -3V "" ...I ::i ::i I- z ...I 
< < < ~!2 < z z: z: 
:i !: :i I-G S 5' :i § GROUND (VOLTAGE '" 

~ 

'" 0< 0;- 0:: 
4 ·310 +3 "" '" "" "" REFERENCE TERMINAL) I- "" I- I-e.:> ...I ...I ...I I- ..J 

I- OZ < < < < r.: '" '" '" ~t= !: z z "" 2: ::;:: ::;:: :i :i ::;:: :E 0 ::;:: ..J::::I ::E l-I- l- I- a.::E 0:: 0:: '" I- 0:: ~ 
lOrnA ·310 +3 

0 ::i 0 0 a.z "" "" "" 0 UJ 
5 - I- < l- e<- l- I- l- I- I- UJ 

...I 0 z I-
0 ~~ l- I- t 0 I- '" < UJ :i 0 

"" Q;. a. uJ a. C Z ::::; '" 
...ILU ::::; ~~ LU UJ "" ::::; "" ~ :i "" 
<- c.J c.J ~ c.J a. z...l a. a. 

6 NO CONNECTION -3 to +3 0:: a. I- _ a. 
..Ja. ::EO X X a. X <d ::E a. ",I- !!:! !!:! !!:! ~.-UJ < "" 0::< z: « 00 < :>: I- >- c.J UJ>- 0 2:>- ZUJ ~ ~ ~ >- ~ e.:> 

!2 ..J Z :i...l ...I ::::I 
...I UJ 1-...1 r:: ""...I 

1- 0 ...I ...I ...I ...I ...I 0 
7 10 mA -3 to +3 UJ < '" !;;;l c.J UJ< 

OZ < < < :il < '" '" :Ii UJ UJ I-~ 
z::::l 

!: 2: :z 2 :>: "- a.:Ii ",0 
< '" UJ 1-'" 

z -'" ::E ~ :E '" :i I-
!:i 

0 

'" ::::10 ::z 1-0 UJe.:> 0:: '" 0 
'" c.J z: 0 ::::>:z UJ ::z 

0 "" 
02 c.J 

~6 
e.:>UJ UJ UJ UJ 0 

8 10 mA -3 to +3 > I-
~ erl- 0 <al l- I- l- E; I- > 0 '" '" '" c.J :z UJO :z 

~~ !:i>- < < < z !i: ~ !:i 
>2: 0 !<2 ~~ 

0< 
"" UJ "" !<2 >::E UJ + UJ UJ "" UJ e.:> e.:> '" UJ e.:> 

9 10 mA -310 +3 ~ e.:> ~ • UJ 

'" 
c.J...I < < < 

'" < 0 

~ 
"-e.:> < 0;2 I- !:i !:i < l- I-0 « ...I ...I 

!i: Z 
!:i !:i ~! 0 g 0 !:i 

0 
::::> > > 

0 UJ 
0 0 0 > I-0 0 ",,"" c.J g 10 10 mA -3 10 +3 > '" >. > UJI- c.J > c.J fd c.J '" '-' "" 0 '-' 0 
0 '-' 0 ~tE UJ UJ UJ 0 UJ Z 

0 

~ ~ ~ 
:z 

...I ...I ...I UJ :E ..J ~ 0 
< < < ~I-

'" < '-' 
11 +2V +10 V -310+3 z z: Z :;;!t !i: !i: !i: 

2: 
I-'" '" '" '" "" "" "" !:UJ UJ < 

l- t< t< ::E'-' t< X 0:: X 

"" !!:! !!:! UJ UJ UJ 

12 +2.5 V +10 V -3 to +3 l-
e.:> z: 
r:: 

13 OV +10 V -3 to +3 
:::J 
:Ii 

14 50 rnA -3 to +3 

• Any other combmatlon of DC Supply Voltage and Selles ReSistance which Will not cause the MaXimum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3042 to be exceeded 
may be used. 

5, 1 
~~ 

BOONTON 
TYPE: 207H 
UNIVERTER 

OR EQUIVALENT 

BOONTON 
TYPE 202M 

AM-FM 
GENERATOR 

OR EOutVALENT 

240114 

-=¥O.OO22 ,..; 

PROCEDU RES. 
1. Set FM Signal Generator as follows: 

Output Frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = ±25 kHz 
Output level for Vin = 100 mV nns 

2. Set AM Signal Generator as follows: 
Output frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Per cent modulation = 30 
Output level for V in = 10 m V rms 

3. With 51 in Position A measure AF Output 
Voltage and record a. V o(FM). 

4. With 81 in Position B measure AF Output 
Voltage and record 811 Vo(AM). 

Vo(FM) 
5. DetermineAMRejectionfromAMR = --

Vo(AM) 

• TRW Electronics. Des Plaines, Illinois. 
Part No. E023874. or equivalent. 

Fig.7 - Test setup for meosurement of AM rejection. 

.. .. .. 
~2 
..I 

I r40 

..I g 
"'220 

o ~ ~ ~ 40 ~ ~ ro ~ ~ 
AMBIENT TEMPERATURE (TAI--C 

.2CS-J .... 

Fig.4 - Typicol Jissipotion chorocteristic. 

.-. 
METER HI 

6.211,0 
r--'~-'lNI __ -+140V 

O.I,.F.x. 5w 

{BOONTON TYPEot-,._-<:yj 
2g~A LO 

EOUIVALENTI 

Fig.S - Test setup for measurement of input-impeclance 
components. 

6.2114 

r---~-'V'VWv-_+I~gv 

o.OO'T IIIF:;:: 
".F~ 

= 
92C5-1"I818 

PROCEDURE Voltage Gains 

1. Set input frequency at desired value, Vi = 100 J.1.V mlS. 

2. Record va. 

3. Calculate Voltage Gain A from A = 20 log10 va/vi. 
4. Repeat Steps 1, 2, and 3 for each frequency and/or for 

temperature desired. 

Fig.6 -' Test setup for meosurement of IF amplifier 
voltage goin. 

, 
~ 
! 
~ 

~ 

ni AMBIENT TEMPERATURE (TA)-25·C 

72 I I I II 

JLTAG~ L!N' •• .... .. 
.0 

'6 
.2 - r-.. 

0.1 
, ... , . , 8 10 

FREQUENCY til-MHz 

400 • 

'l 

.~ 
1200t 

'" .;<. 

~ 

J= 
'000 _ 

i 
't BOO 

~ 
~ 

X 
600 > 

" ~ 
400 i 

::; .. 
200 ~ 

\ . 
'2CS-I4M7 

Fig.8 - Typicol IF amplifier vo/toge goin anJ input 
,limiting voltage (knee) characteristics. 

138 ____________________________________ ~ ____________________________ __ 



____________________________________ LINEAR INTEGRATED CIRCUITS 

CA3042 
ELECTRICAL CHARACTERISTICS. at an Ambienl T.mjNI"" ...... TA. of 26°e. and II DC Supply 
Vall ..... Vee. of +140 Voll. IIPplied 10 T.,.,i"", 14 Ihro..,h II ruiolanc. of 6.2 ~. unl ••• ollie,. 
wi .. indicllled. Any other combination of DC Supply Vall .... and S.rie. Re.i"anc. which will 
IlOl cause the Maa:imum Dissipation Limit or any of the Mcu:imum Vol'ace or Current Limit. for 
&he CAS042 to be exceeded 1IICO' be used. 

TEST CONOITIONS 

SETUP 
CHARACTERISTICS SYMBOLS AND SPECIAL CONDITIONS 

(See Page 7 for Definitions of Tenns) PROCEDURE 

LIMITS 

TYPE 
CA3042 

Fig. Min. Typ. Max. 

Total Device Dissipation 

Zener Regulating Voltage (DC Su~ 
ply Voltage at T enninal 14) 

Quiescent Operating Current 
(into Tenninalll) 

SoVoit Current Drain (Quiescent O~ 
erating Current into Tenninal14) 

I~ut-Impedance Components: 
Parallel Input Resistance 

Parallel Input Capacitance 

Output-Impedance Co~nents: 
Parallel Output Resistance 

Parallel Output Capacitance 

I~ Limiting Voltage (Knee) 

Amplitude-Modulation Rejection 

IF-Amplifier Voltage Gain 

Recovered AF Voltage: 

1. At fM.Oetector Output 

2. At AF-Driver Output 
in Test SetUP 

3. At AF-Driver Output in 
TV-Receiver Sound System 

Total Harmonic Distortion: 

1. In Test Setup 

2. In TV Receiver Sound System 

fM.Oetector Output Resistance 

AF-Driver Input Resistance 

AF-Driver Output Resistance 

AF-Driver Voltage Gain 

IIOCINTON 
TYPE 207H 
_TER 

Py 

V14 

111 

114 

RI 

CI 

Ro 
Co 

Vi(lim) 

AMR 

A(IF) 

Vo(afJ 

THO 

Ro(det) 

R~af) 

Rrf,.afJ 

Aal 

OR E.QUlVALENT 

~=H 
.Z1¥OR 

OR EQUIVALENT 

ooc 
3 TAE +2S"C 

+ 85°C 

-
3 

3 
VCC = +9 V applied directly 

to Tenninal 14 

5 

5 

-
-
11 

7 

6 f= 
4.5 MHz 

I RL=5Dkn 
11 THO = O.7~ (typ.) 

RL- 3220 
11 THO < 5% 

61= RL· 150 kO 
2A or 2B ±25 kHz THD = 1.5% (typ.) 

I 11 Vrf,.af). 500 mV (nns 

2A or28 Vo(afJ' 1.3 V (nns) 

- t - f= 
- 1 kHz 

9 
, 

Rs· son. Cl E 0 

W\l'y<~l!---< eg~8ME 
CONTROL 

• TRW Eleclronics. Des Plaines. ILL •• Part NO.EO 23874 (or equlvalentl. 

200 230 260 
210 240 270 
220 250 280 

10.5 11.2 12.3 

0.25 0.63 1 

8 12 18 

- 11 -
- 5 -
- 100 -
- 4 -
- 150 200 

4S 58 -
- 67 -

- 250 -
500 800 -
- 3 -

- 1.5 5 

- 1 -
- 10 -
- 100 -
- 2SO -
- 30 -

Units 

mW 
mW 
mW 

V 

mA 

mA 

kn 

pF 

kf1 
pF 

~V 
(nns) 

dB 

dB 

mV 
(nns) 

mV 
(nns) 

V 
(rms) 

~ 

~ 

kn 

kn 

0 

dB 

lYPICAL 
CHARAC-
TERIS-
TICS 

~ Fig. 

4 

-
-
-

-
-
-
-
8 

8 

-
-

-

-
-
-
-
-
10 

4.3 • .0. 

r-~_'\'"W"-r-_"'I~V 

YlalOmVRMS 

A.2QICNJIO~ 
92CS-14!112 

Flg.9 .1 Test .etup lor measurement 01 AF ""'plilier 
voltage gain. 

30 AMBIENT TEMPERAjRE ,(TAl"2rjll III 
R~.;b~ t'-, 

R."~11 
el=o 

~ .. 
C'j50tF 1 

!!20 

" ~ '\ I I r\ 1\ 
~ " .. R,tto Kg Rs=IO K.o 
~ C,-50 pF C,"O g 10 

\ \ • 
4 • 10 102 103 '0' 

FREOUENCY(f)-kHz 
92CS-14910 

Fig. 10 - Typicol AF omplilier voltage gain 
characteristics. 

PROCEDURES, 
Reeovered AF Voltage: 

1. Set Input Signal Generator 8S follows: 
Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 
Deviation = f 25 kHz 
Output level for Vin = 100 ntV nns 

2. Set volume control for maximum aC output 
3. Measure af output voltage and record 8S Recovered 

AF Voltage. 

T 0'01 Harmonic OI.tor'lon: 

1. t8Ju~t ~~me control for an af output voltale ot 

2. Measure Total Harmonic Distortion of the output 
aignal in accordance with the Operating Inetructions 
for the Distortion Analyzer. 

Input Limiting Volta,. (Kn •• ): 

1. Pe~~r~h:~ t~!nv:l~~l B!~ein 1t::tf~f ;h;t=c::u! t! 
measurement of Total Harmonic Distortion (500mV -
3 dB = 350 mVI 

2. ~f:iti~~ ~~~!~:fK~~~)~ of Vin and record 88 Input 

Fig. II - T .st setup for measurement of Input limiting voltage (kneel. 

recovered AF voltage. onr/ total "ormonlc r/istortion. 
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LINEAR INTEGRATED CIRCUITS 

CA3043 
Special-Function Sub-System 

HIGH·GAlN IF AMPLIFIER, 
LIMITER, FM DETECTOR, AND 
Af PREAMPLIFIER/DRIVER 
FEATURES 

• high lonlithity - - Input limiting voltag. (knee) 
50 ~V typo ot 10.7 MHz 

e e •• ellent AM reie.tion - - 58 dB typo at 10.7 MHz 

• Inherent high It.billty - - Int.rn.lly Ihlelded 

RCA Integrated Circuit Type CA3043 provides in a sin
gle monolithic silicon chip, a major sub-system for the 
IF sections of Communications and high-fidelity FM 
receivers. As shown in the Schematic Diagram (Fig.2) 
and the FM Receiver Block Diagram (Fig. 1), the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 
section, and an af-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter. section, FM detector 
section. and af ... preamplifier /driver section can be used 
independently of each other. 

The four stage emitterwfollowerwcoupled if amplifier 
section provides 8fl.dB voltage gain at 10.7 MHz, and 
features an output stage with exceptionally good limiting 
characteristics because of its transistor constant· 
cwrent sink. 

The FM detector section is distinguished by circuitry 
which provides forward bias to the detector diodes, D2 
and D3. and also provides a refererK:e voltage for AFC. 

The audio amplifier provides a low-impedance drive for 
subsequent audio amplifiers. 

The power supply section provides zener-regulated. 
decoupled voltages for the IF amplifier J detector. and 
audio amplifier sections. 

ABSOLUTE-MAXIMUM RATINGS at T A" 25"C 

DISSIPATION: 
At T A .. 25°C to T A .. 86'lc .......... 450 mW 
Above T A = 86'lc ..... Derate linearly 5 mW,tOC 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 min) 
from case for 10 seconds max _ • t 26SoC 

TEMPERATURE RANGE: 
()peratio, • . • . . . . . • . . • • •. -M°C to + 125°C 
Staage ... . . . . . . . . . . . . . -65OC to + l5O"c 

·z. 'K 

For FM IF Amprlfler Applications 
in CDmIlURicatilHls Receivers .d 
HiaHidelity FM Receivers up to 20 MHz 

• internal Z.n.r.eliocl. ,.,ulaNd, volta,. supply 

• low harmonic radiation 

e wla. frequency •• pability - - < 100 kHz to >20 MHI 

R 
Vcc-.JIwIV'v-_..-, 

• low harmoniC elistortlon ~~ERENCE 
• hermetic 12·lead TO·S style package 

92CS~'5044 

FI,.I - Typ/erJ1 app/leall"" 0' tb. CA3CU3 •• a bI,b-tGln 
"""", alllp"'ler-<le,..,o< I. a. FM re.elver. 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

TEST CIR- LIMITS 
SPECIAL TEST CUlT AND 

CHARACTERISTICS SYMBOLS CONDITIONS PROCEDURE TYPE CA3043 UNITS 

Fill, Min. Typ. Max. 

STATIC CHARACTERISTICS 

Current Drain at 6V 
III VCC ; t6V 3 10 16 20 rnA 

into Pin No.11 

Relulator Voltage Pin No.11 Vll 3 6.9 7.4 8 V 

Total Device Dissipation PT VCC ; +30V, 3 200 225 260 mW 

Quiescent Operating Current 
16 

RS ; 750 fl 
3 0.65 mA -

into Pin No.6 

DYNAMIC CHARACTERISTICS at VCC ; +30V, RS ; 750 fl, I ; 10.7 MHz 

Voltage Gain Av 

Input Limiting Voltage (knee) vi(lim) vo(al) at -3 dB point 

Limiting Current Irom Pin No.6 16(1im) 

Recovered AF Voltage vo(al) Vi ; 1 mV (RMS) 
I (modulating) ; 1 kHz 
Deviation; , 75 kHz 

Amplitud&-Modulation Rejection AMR 
Vi ; 10 mV 
I (modulating) ; 1 kHz 
% modul ation • 50% 

Total Harmonic Distortion THO v· • 1 mV (AMS) 

Input Impedance Components: 

Parallel Input ReSistance RI 

Parall el Input Capacitance CI 

4 72 80 dB 

6 50 (AM~) 
4 0.42 mA 

(AMS) 

6 75 110 150 mV 
(AMS) 

8 58 - dB 

6 0.3 % 

- 7 - kO 

5 - pF 

1508 A 
+30 V_-J\AJ,-"",-

,ICI ... IDIDII 

Switch In Po.ltlon A lor. 
Rep.,.to .... Volt ... , Qut •• cent-
OpenUn ... Cu.rrentJ and D • .,ice 
DI .. lpotlo .. Te.t 

Switch In Po.ltlan B lor Current 
Into Pin No. II . 

N .... , 

8·lub.lrate 
"'K F 1,.2 • Sch ... "c tlhI".",. 

Tenninlt No.3 wlr.-COMected to the c •••• 
,.. ... In.ll'fo.l0 .on .... ted to tho c ••• Ihroup the eubatreto 

Teiml.II. No.a and 10 ""hleb Ire conn.cted to the .\&batrate 
_auld be co ..... ct.d to the molt nl,aU •• point in the circult. 

Diodel D4 Ind DS. let I. capletlan and Ir. uled to bllinc. 
til. detector lab.tnte capacilanc ••• 

FI,.3 • R.,ulatot yollo,., d.vlco tll"'",'on, ,uM.conl 
.,o,.fln, curronl, and curtanl al 6 y.l" Info "n Ho, n .. 
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CA3043 
MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed horizontally with respect to the terminals listed vertically. For example. the 
voltage range between horizontal terminalS and ,;-ertical terminal 3 is i6 to 0 volts. 

MAXIMUM 
CURRENT RATINGS 

TERM· 
3 5 6 7 • 9 10 II 12 INAL I 2 4 

No. 

TERM- liN loUT INAL 
No. mA IlIA 

I +4 0 . . • • • · 0 · Note(1) ·4 ·S oS 
I 

2 0 • • • · • • 0 • · ·3 ·3 
2 

3 +6 +6 +IS +6 +6 +6 0 
Note(l! +3 

0 0 +2 0 0 0 0 
3 0.1 40 

4 +2 
·4 · · · · 0 

06 • · 4 20 

5 • · · · 0 +6 · -6 e 5 . 

6 · · · ·2 · · • IS 6 . 

7 Note(l) · 0 · · -6 
7 . 

8 

9 

10 

II 

12 

Note 1: These terminals should be connected throuab a de 
resistance to any terminal which does not exceed 
100 ohm •• 

Note 2: Pin 11 may be connected to any positive voltaae 
801.U'ce throu.h B 8uitable reaiator provided it. cur
rent ratiDi is Dot exceeded4 

PROCEDURE: 
I. Recovered Audio Volto", vo(oO -

Set input frequency to 10.7 MHz, 

". ~ 1 mV(RMS). modulatinclrequency = 1 IcHz 
Devlotlon = :175kHz 

Re~~~l:.Q •• me.lured 01'1. the Distortion Analyzer m.eter 

1'h.il is the recovered Audio Volt.,. vo(.o 

2. 3 dB Llmlti.,. Senoltlvlty VI(lIm) -
Reduce VI unUI Vo(oO dropo 3 dB. 
Record this valu.e of Vi •• "t(lim) 

3. Toto! Honnonle DI.tortion THD-

Re:!,;\::~:~!~:lr:::o-:.~:t~!l::~t'.ly •• r per 
• h. Fl.~9 for det.UI on Di.crimiutor TNn.formet. 

F 1,.6 • In,.ut IIinlt/n, '10/10 .. (lenoo), .. co.o .. 11 I4F 
.0/10 ... on" Iolo/ltormon/c III.lort/Oll ... f c/rCII/,. 

· 0 
-6 · · 8 

0 · · -6 
9 20 

ilot.(2) 
+3 0 0 

10 0.1 40 

· 11 40 0.1 

12 

• Volt ...... are not normally applied between theae termiDala. 
Volt .. e. appeari ... between the.e terminal. will be life if 
the apecifted limits between all other tenoinala are not 
exceeded. 

:!CO ¥Cc-· sov 
RL-7$OA 
T .. -25-( 

j 180 

>0. 
I 120 

! 
~ 10 
!:; / ~ .. 
:> 

40 .. 
!! 

• . • • • . • • • 0,1 I 10 
,.REOuEtlC't (f)-MHI 

.2CI-ISOHI 

F/,.7 ./n,.ut Ilmlfln, "0/,.,. (Imo.).' -311. ,../nt 
•• I .. ,wncy. 

D'~ • , j 1 u .. 
Coil Form, O\1tlide Diametet • 7/32" 
Can ill 1/2" aquare X 1-118" lone 

• 2CS-ISIOI 

Slu,o. Rodio Induotrleo Type MP34/MPlOO Moterlal 
LI 15 L3 c 20 Tum. 5-44 litz wire unlver.al wound 

L2 • 10 Tum. 5-44 lito wire wound blfllor with LI 

100 

Lillo L3 coupllnl ocljuated to 520 kHz pe.k to peok o.porotlon 
on. S cur.1 whln operlted In circuit .hown in Fil.6. 

F/,.9. IO.7--MH. III.er/m/lNl'or 'ran.lorm., lor C"'3043. 

LINEAR INTEGRATED CIRCUITS 

+:!Ov 

Voltage Goin = 20 log10 100 ..!2.. 
VI 

~ • BYPISS Capacitor, 0.1 }J.F electrolytic in paraUel with 0.01 p.F 

'<;(llm) =.!2.. Vi = 100 mV(RMS) 
2Kn 

• Output circuit should be completely shielded from the input 
circuit at the socket. 

FIg.4 • Vo/,a,_ goln t •• t cireul'. 

100 Vcc •• !O v 
AL-7$Oa 

90 TA-2!l!1-C 

.. 
i 80 

! r\ z 
70 C .. 

III 
~ 00 
g 

50 . 
0 

• . •• • . • a • . • 0.1 110100 
FREQUENCY en-MHz 

F/,.5 • Vo/fa,o ,Ialn VI I .. .,.,.ncy. 

92CS-I5IO:S 

PROCEDURE: 
A. Connect PM Generltor to CA3043 input. 

Set frequency to 10.7 MHz, Vi • 10 mY, modulatlnl frequen
cy-1kHz 

Deviation = :t:75 kHZ • 

Tune Wave Anall~er to peak reldine It I IdIz Ind record 
recovered Audio Voltace Yo(af)FM. 

B. Di.connect PM Qenerator and Connect AM. Geneditor to 
CA3043 Input. 
Set frequency to 10.7 MHz, Vi = 10 mY. modulaUnl frequen
cy = 1 kHz, percent modulation = S(Wo . 
Tune Wave Analyzer to peak readinK and reeord ~covered 
audio volta.e Yo(aOAM 
Amplitude Modulation Rejection Rotio • 20 10110 vo(aOFIi 

vo(aOAIi 

FI,.8 • I4mp/It". mMiu/ation roioct/on 'OI' circuit. 
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LINEAR INTEGRATED CIRCUITS 

CA3044, CA3044V1 

Special-Function Sub-System 

'IIE·UMD AMPURER/PHASE DETECTOR 
'ITH ZEMER DIODE YOLTAGE REGULATOR 

For AFC [Aidalatic 
Frequency CDltrollApplicatills 

The RCA CAJ044 .and CA3044Vl represent a second 
generation of integrated circuits designed primarily for 
AFC (Automatic .. Frequency-Control) applications. 

The CA3044Vl is electrically identical to the CA3044 but 
is supplied with formed leads for easier PC board design 
and construction. 

ABSOLUTE·MAXIMUM RATn~GS 

DISSIPATION: 

FEATURES 

• Primarily intended fo, AFe (automatic frequenc), 
control) Applications 

• Inamal Zene, Diode Volta .. Regulotor 

• Diffe ... ntiallnput Amplifier/Limit., 

• Full.Wave Diod. Brid.e Detector 

• Differenti.1 Output Voltage Amplifier 

• Available in Two Electrically Identical Versions 
of the 1 G-load TO-5 style pook.go. 

CA30"" With St,.ight Le.d,; 
CA3044vt With F.,med Load, 

• Wid. Operating Temperatur. Range; .. 55 to +l25°C 

At TA • 2SoC • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • •• 830 mW 
Above T A • 2SoC ••••••••••••••••.•. Derate linearly 5.6 mW IDe 

TEMPERATURE RANGE: 
Operating ........................... .. 
Storeg" ............................. ; 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

I from case for 10 seconds max. • • • . • 

MAXIMUM VOL TAGE RATINGS at T A S 25°C 

·5SoC to +125°C 
-65°C to +l50oC 

+ 265C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 6 is +20 to 0 volts. 

MAXIMUM 
CURRENT RATINGS 

TERM· 
INAL 9 10 1 2 3 4 5 
No. 

9 NO INTERNAL CONNECTION 

10 
+20 +20 +20 +20 +20 
0 ·10 0 0 

1 . +12 · ·12 

2 . · 
3 • 

4 

5 

6 

7 

8 

... Terminal No. 10 may be connected to any positive voltap 
aoun:e throuch • suitable droppinl resletor-provided the 
di •• Ip.tion rating ta not exceeded. 

0 

• 

· 
• 

· 

6 7 8 
TERM- liN lOUT INAL 
No. mA mA 

9 

+20 +20 .. 
0 0 10 50 50 

+6 · +6 
-6 0 1 5 5 

+20 · +20 
0 0 2 20 20 

+'6 · +6 
-6. 0 3 5 5 

. · +12 
0 4 5 5 

-. · +12 
0 5 5 5 

+5 +5 
·5 0 6 5 5 

+8 
·5 

7 5 5 

REF. 
SUS-

STRATE 8 50 50 

• Voltages are not normally applied between these terminals. 
Voltqes appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

S'ttS-I:\;w, 

Fi,.l • Block Ilia, .... , T,,.ical Aut_otic Fl •• Tuni", 
(AFT) A,.,.lic",ion usi., CA3044 0' CA3IU4VII. 

Col.,. TV Rec.i".,. 

DiCIDI5 05 AMD £II ACT AS CAftAClTOIt$ MID All Ull!D TO 
IALAQ1'JtE DrTECTOISUlSTRATE C .... A(ITAIICIS 

FI,.2 • Sc ....... ic III", ... CA3IU4, CA3IU4V' 

+sov 

92CS-I5254 

FI,.3 • T •• t •• t",: M .... urem.nt 01 tot.1 d.ylc. di .. l· 
,atlon, Z.n., re,u/.tin, volta,., ,ui .. c:ent op.,atln, 

c:"".nt (t.rminal 21. 

1.5114 
,...---.... .JV'vv- +00 V 

91", 

L1: TRW P.t.RT Ne.D754 
OR EQUIYALENT 

Fi,.4 • I.,,,t limitln, .an.ltlylty te.t c:i",,,it. 
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CA3044, CA3044V1 
ELECTRICAL CHARACTERISTICS at T A" 25OC, Unle .. Othe"d.e Specified 

TEST 
CHARACTERISTICS SYMBOLS CIRCUITS 

FIG. 
STATIC CHARACTERISTICS 

Device Dissipation PT 3 

Device Dissipation PT 3 

Device Dissipation PT 3 

9-Volt Current Drain IT 3 

Zener Regulating Voltage -
DC Supply Voltage at Terminal 10 VIO 3 

Quiescent Operating Current into 12 3 
Terminal 2 

Quiescent Operating Voltage at V4 Terminal 4 

Quiescent Operating Voltage at V5 Terminal 5 

Output Offset Voltage between V4-5 Terminals 4 and 5 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) 

Input Limiting Voltage (Knee) Vi 4 
Limiting 

Input Admittance Yn 
Reverse Transfer Admittance YI2 
Forward Transfer Ac!mittance YZI 
Output Admittance Yn 
OUTPUT vs FREQUENCY DEVIATION - AFC 

V Correction·Control Voltage at 
Terminal 4 corr. 5 

(4) 

V 
Correction·Control Voltage at corr. 5 

Terminal 5 (5) 

INPUT FREOUEttCY DEVIATION-MHz 

92CS-152M 

Flg.6 - Typical norrow·hand dynCllflic control yo/tag. 
characteristics. 

LIMITS CHARAC· 
TEST CA3044 and CA3044VI TERISTIC 

CONDITIONS UNITS CURVES 
MIN. I TYP. I MAX. FIG. 

VCC·30V 
ISO mW RS' 1.5 kO 90 120 

TA' ·550C 
VCC ·30V 

170 mW RS' 1.5 kl1 110 140 
TA'250e 

VCC ·30V 
160 190 mW RS·1.5kl1 130 

TA' .!2S°e 

VIO' 9 V 2.5 4 5.5 RIA 

I 10.5 11.2 11.9 V 

I 2 4 mA 

VCC • 30 V 
RS = 1.5 kn 

5.0 6.5 8.0 V 

I 5.0 6.5 8.0 V 

.1.5 0 1.5 V 

1=45.75 MHz 75 mV 

0.5+jl.l mmho 
1·45.75 MHz 3.8.j3.4 !'111M 
Vee· 30 V 

·11.7 .10.1 mmho 
RS· L5 kO 

0.077+jO.9 mmho 

VCC = +lOV 
Vin = 200 mV RMS ",of "'of 
fo = MHz as VIO VIO 

indicated 

45.750 . 0.025 85 V 
6,7 

45.750 + 0.025 33 V 

45.750 • 0.900 75 V 

45.750 + 0.900 43 V 
7 

45.750 ·1.500 85 V 

45.750 + 1.500 33 V 

45.750·0.025 33 V 
6,7 

45.750 + 0.025 85 V 

45.750 • 0.900 43 V 

45.750 + 0.900 75 V 
7 

45.750 • 1.500 33 V 

45.750 • 1.500 85 V 

INPUT FREQUENCY DEVIATI()N -"I 
921;5-11239 

Fir.7 • Typical wid .. hand dynomic control valtage 
characteristics. 

LINEAR INTEGRATED CIRCUITS 

DYNAMIC CONTROL VOLTAGE 
CHARACTERISTICS 

The CAJ044 and CAJ044VI are specifically in
tended for use in the AFT system of color television 
receivers. Each device is tested so that the control 
voltages generated by the circuit meet the critical re
quirements of the system. Figure S is the schematic 
diagram of the test circuit. 

Figure 6 and 7 show the control voltages gener
ated at terminals 4 and S of the Integrated Circuit as a 
function of the frequency deviation from the nominal 
center frequency. Figure 6 shows the region within 
2S KHz of the center frequency while Figure 7 covers 
the entire bandwidth of the system. The horizontal 
referellCe lines on the figures are generated by a volt
age divider connected between the power supply volt
age on Terminal 10 and ground. The dynamic control 
voltages are compared with these references according 
to the Output vs Frequency Deviation Table. For ex
ample: when the frequency deviation is -25 KHz the 
control voltage at Terminal 4 is greater than the refer
ence A voltage; the control voltage at Terminal S is 
less than the reference B voltage. 

The shape of the correction voltage character
istics is dependent to a large degree upon transformer 
characteristics and the parts layout. In order to 
closely duplicate the curves shown, the printed circuit 
board shown in Figure 8 and the parts layout shown 
in Figure 9 should be followed as closely as possible. 

.. 
~ ____ ~'·A5A·n~ ______ +~v 

~D.OI: •.• 
.. H 

- ;GNAL 
GEN£RATOR 6 

I OOOI =- IJoF 

= 

"l 
1 

91 :1 pF 
I 
I 

L2 

LI EII~:-~~= ;''''!5~'fs-:::'-CAl BANDWIDTH OM LIe-~~tv~~:~p7S4 
LZ J\:i~f:R:~N~tf~~)lf'r~~:~I~t.~T':~ L2=Jra&I~1J.:T~7S5 

9ZCS-15235 

Fi,.S - CorreetiOll vo/to,. fest cirellit lor 
CAJ044 and CAJ044VI. 

DIFIMtTiONS 0' TIRMS 

Inpu. L'm"'n, Vol'a,. (Kneel [.,W .. l] 

.8 
pF 

The mINt 8ipal volt ... wJdch will cau •• the output sIena1 to 
decre •• e 3 dB from its maximum level. 

Totat D •• '.a Diulpotlon (PTI 
The total power drain of the device with no aiplll applied and 
no extemal10ad current. 

Qul •• cant O,.ratlnl Volt .... 

The de voltace at the output termlftal, with respect to srOU;ftd, 
with no sipalappliec:i. . 

Qui •• c.,., Operating Cur,ent 

The averace (de) yalue of the CQl'ftl1t in either output, tel1llillal, 
with no s.na! applied. 

Output Off •• t Volta.e 

The de volt .. e between output terminals with no aipal appUed. 

Control Yoltote 

The de voltaa. at either ou.tput terminal with re8pect too pound 
with 811 RF ·slpal of specified frequency applied. 
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CA3044, CA3044 V1 

oj Top view b) Bottom vi ew 

Fig.8 - Printec/ Circuit Boarc/ for Test Circuit-
Full Size 

Fig.9 - Top view of wirec/ test boarc/o 
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CA3045, CA3046 Types 

General-Purpose Transistor Arrays For Low·Power Applications at Frequencies 

THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY ·CONNECTED 
TRANSISTOR PAIR 

from DC through the VHF Range 

The CA3045 and CA3046 each consist of five general·purpose The CA3045 is supplied in a 14-lead dual-in-line hermetic 
silicon n-p-n transistors on a common monolithic substrate_ (welded-seall ceramic package and the CA3045F in a 14-lead 
Two of the transistors are internally connected to form a 
differentially-connected pair. 

dual-in-line hermetic (frit-seal) ceramic package. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range_ They may be used as discrete transistors 
in conventional circuits. However, in addition, they provide 
the very significant inherent integrated circuit advantages of 
close electrical and thermal matching_ 

The CA3046 is electrically identical to the CA3045 but is 
supplied in a dual-in-line plastic package for applications 
requiring only a limited temperature range. 

ABSOLUTE MAXIMUM RATINGS AT T A • 25°C CA3046 CA3046F, CA3048 

Elch 

~wer Dissipation: Transistor 
Total 

Pickage 
Each 

Tranliltor 
Total 

Package 
T A up to 5SoC _______________________ _ 

TA > 550 C .. _._ ... -- --_._._. -_. __ .. . 

TA up to 750 C ...... ______ . ___ . _ .. _ .. . 

TA> 750 C ......... ____ . _ ... __ .. ____ . 

Collector-to-Emitter Voltage, VCEO . __ - _ . ____ _ 

Collector-to-Base Voltage_ V CBO ____ . _______ _ 

Collector-to-Substrate Voltage, VCIO' ___ . ____ _ 

Emitter-to-Base Voltage, VEBO ___ . ________ . _ 

Temperature Range: 
Operating .........................•... 
Storage ___ . __ . ___ . ____ ... __ . __ . ______ _ 

lead Temperature (During Soldering): 
At distance 1/16 ±1/32" (1.59 ±0_79 mm) 
from case for 10 seconds max: ............ . 

* The collector of each transistor of the CA3045 and 
CA3046 is isolated from the substrate by an integral 
diode. The substrate (terminal 13J must be connected 

300 

Derate at 8 

15 

20 

20 

5 

-55 to +125 
-65 to +150 

+265 

750 

300 

Derate at 6_67 

15 

20 

20 

5 

-55 to +125 
_-65 to +150 

+265 

750 mW 

mWfJC 

mW 

mWfJC 

V 

V 

V 

V 

to the most neSative point in the external circuit to 
maintain isolation between transistors and to provide 
for normallransistor action. 

ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply (or each transistor in the CAJ045 ancl CAJ046 a$ speci(iecl 

LIMITS 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS Type CA3045 
Type CA3046 

UNITS 

MIN_ TYP. MAX. 

STATIC CHARACTERISTICS 

Colleclor-Io-Base Breakdown Voltage VIBRICBO IC -IOIlA, IE =0 20 60 V 

COllector-to-Emiller Breakdown Voltage VrBRICEO IC=lmA,IB=O 15 24 V 

ColiecloHo-Substrate Breakdown Voltage VrBRICIO IC = 1OI'A, ICI = 0 20 60 V 

Emilier-to-Base Breakdown Voltage VIBRIEBO IE = IOJtA,IC = 0 5 7 V 

Collector-Cutoff Curren I ICBO VCS = 10 V, IE = 0 o.en 40 nA 

Collector-Culoff Current ICED VCE ~ 10 V, I B = 0 See curve 0.5 IlA 
Static Forward Current-Transler Ratio fC· 10 mA 100 

I Stallc Beta I hFE VCE = 3 V IC = I mA 40 100 
IC = 101lA 54 

Input Offset Current for Matched Pa" 
VCE = 3 V, IC = 1 mA 0.3 2 IlA 

QI and OZ, 11101 - II0zi 

Base-to-Emilier Voltage VBE VCE = 3 V fE = I mA 0.715 V 
IE = 10 mA 0.800 

Magnllude of Input Offsel Voltage for Differ-
VCE = 3 v. IC = I mA entlal Pair IVBE I - VSEzl 0.45 5 mV 

Magnllude of Input Ollset Voltage for Iso-
laled TranSistors IVSE3 - VBE411 VCE = 3V,IC =1 mA 0.45 5 mV 
IVBE4 - VBE51.lvBE5 - VaE3 

Temperalure Coefficlenl of AVBE VCE = 3 V,IC = I mA -1.9 mVoC 
Base-to-Emiller Voltage ~ 
ColleetOl-to-Emitter Saturation Voltage VCFS IR = I mA, Ie = 10 mA 0_23 V 

Temperalure CoeffiCient IAVIO 
VCE 3 V, Ie I mA 1.1 ~·C Magnitude ot Inpul-Offset Voltage ~ 

LINEAR INTEGRATED CIRCUITS 

4 14 

6 10 12 rl 
SUB
STRATE 

92(5-152'06 

Fig.' - Schematic aiagram. 

FEATURES 

• Two tnGtched pairs of transistors 

VBE matched t 5 mV 

Input off.et current 2 liA max_ at IC I mA 

.5 general purpose monolithic transistors 

• Operation from DC to 120 MH. 

• Wid. operating current fonge 

• Low noi.e figure •• 3_2 dB typ_ at I kHz 

• Full mi litory temperoture range for CA3045 

.55 to + 125°C 

• The CA3045 is available in a seated-junction 
Beam-Laad version (CA3045L)_ For further 
information see File No_ 515, "Beam-Laad 

Devices for Hybrid Circuit Applications"_ 

APPLICA T/OHS 

• General u.e in all type. of signal proc.ssing system. 
operating anywhere in the frequency range from 
DC to VHF 

• Custom design"d differential amplifiers 

• T emperotur. compensated amplifiers 

.. S •• RCA Applicotion Hot., I(AH.5296 "Application 
of the RCA-CA3018 Integrat.d.Circuit Tran.istor 
Array" for IUg,,,.IN applications_ 

STATIC CHARACTERISTICS 

10 !~~!TEA CURRENT tI[I:O 

~ 10.2 · ~ • 4 

8 , /"'/ 
10· 8 

• 4 

2 

,0-' 
0 50 ' .. 

,AMBIENT TEMPERATURE (TA J_·C 
9ZCS-15195 

Fig.2 • Typical colledor-to-bose cutol{ current vs 

ambient temperature for each trons istor. 
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LINEAR INTEGRATED CIRCUITS 

CA3045, CA3046 Types 

ELECTRICAL CHARACTERISTICS, at T A = 2SaC 
Characteristics apply for each transistar in the CA3045 and CA3046 as specified 

LIMITS 

CHARACTERISTICS SYMBOLS SPECIAL TEST CON DITIONS Type CA3045 
Type CA3046 

MIN. TYP. 

DYNAMIC CHARACTERISTICS 

Low-Frequency NOise Figure NF f= 1 kHz; VCE= 3V,IC= 100l'A 
Source Resistance = 1 kn 

3.25 

Low-Frequency, Smail-Signal 
EquIValent-elf CUlt Charactellstlcs: 

Forward Current-Transler Ratio hie I 110 

Short-Cucult Input Impedance h" 3.5 

~IOII. Output Impedance hoe I" 1 kHz, VCE " 3 V. IC = 1 mA 15.6 

Open-Circu'lr Reverse hre t 1.8x10-4 
Voltage·Transfer RatiO 

Admittance Charactellst,cs: 

Forward Transfer Admittance Yf' ! 31-jl.5 

Input Admittance Y,e 0.3'1004 

Output Adml ttance Y ne 
1= 1 MHz. VCE " 3 V, IC "1 mA 

0.001 'iO.03 

Reverse Transfer Admittance Y" I See curve 

Gain-Bandwidth Product fT VCE "3V. IC " 3 mA 300 550 

Emitter-to-Base Capacitance CEB VES " 3 V. IE " 0 0.6 

'Collector-to-Base Capacitance CCB VCB "3V,IC"0 0.58 

Collector-to-Substrate Capacrtance CCI VCS " 3 V. IC " 0 2.8 

120 COLLECTOR-TO-EMITTER VOLTS(VCE)'3 " 10, COLLECTOFI TO- EMIT TEFl VOL T5 (VCE I ~ 3 
AMBIENT TEMPERATURE (TA)'25°C 6 AMBIENT TEMPERATURE (lAJ=25"'C 

~ "0 -

Ib> ~ 
~ 1001---

L-1I 
-- +-- I 

~ 

t7 1~IORI hFE21 -
z_ 

V-w W 90 

~~ hFE2 hFEI 

li ~ 80 / I t- 0.9 

I~ 
701--- 17 ---I-- --"-t-v 

~ k' ~ 
60[7 +-- t-- t- 0. .• 

~ 
~ 

~ , 
~ , -+-

~ 
:i 
~ 

/' ~ 

"- 0..1 
0 

, 
~ 6 

V 
... - r-

~ 
4 .. 

t-z 
f..---H , 

50 00.1 
4 {; a I 0.,01 

4 6 8 Q_! 4 6 , I 

EMITTER MILliAMPERES (lEI CQLLECTOR MILLIAMPERES (leI 

~2CS-15Ie2 

UNITS 

MAX. 

dB 

1<12 

I'mho 

pF 

pF 

pF 

.. - r-jf 
1/ 

, 
6 8 10. 

';}2CS-15216 

STATIC CHARACTERISTICS 

0. 25 ~o 75 , , 
AMBIENT TEMPERATURE ITA I -"C 

Fig.3 - Typical collector-to-emitter cutoff current vs 
ambient temperature for each transistor. 

0.8 COLLECTOR, TO-EMITTER VOLTSIIICEI'3 
AMBIEIliT TEMPERATURE lTAI;2S"'C 

~v V 
~ ~ 0._7 3 

0 
-- t- . " ~ b----: j,L 

~ 
J 

~ 0.6 .... ... - 2 J 

~ :i 

~ 
~ 

·r ...... -
~ 

~ / 0 
05 ... .... I ~ 

i~ 
'NPUT OFF~ET VOLT AGE V ~ 

0.4 II 0. 
4 , 6 01 4 6 iii I . 6 iii 10 

EMITTER MILUAMPrRESIIE' 
9~CS-15217 

Fig.4 - Typical static forward currenf-trcmsler ratio and 
beta ratio lor transistors Q, and Q2 vs emitter current. 

Fig.S - Typical input offset current for matched 
transistor pair QJQ2 vs collector current. 

Fig.6 - Typical static base-to-emiHer voltage cIJarocter
;stic and input offset voltoge for differential poir and 

paired isolated transistors vs emitter current. 

COLLECTOR TO EMITTER lIo.LTS tVCE) • 3 :::: 

1-++++ 

. , 
t·" 

AMBIENT TEMPERATURE ITAJ~·C 

:::r 
,,·t 

11" ". 
r:i; 
:t:1 
::il 

:::i \':11 
"'1. 't' '1'; .1. 

92CS-151e6 

Fig.7 - Typical base-to-emitter voltage characteristic 
vs ambient temperature lor each trans;.stor. 

25 50. 75 ICC 1:2'5 

AMBIENT TEMPERATuRE ITA1-·C 

F;g.8. Typical input offset voltage cIJarocter;stics IrK 
dilferentiol pair and paired isolated transistors 

vs ambient temperature. 
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CA3045, CA3046 Types 

20 

• I ,. 

I 
~ 

0.01 

COLLECTOR-TO-EMITTE" VOLTS IVCEI-! 
IOUftC£ 1It1!S'ITAIIICE OHMS ,,,,)·soo 
AMII,NT T!MPEfltATUft, ITAl''''C 

6 801 

COLLECTOR MILLIAMPERES (Ic) 

, , I 

Fig.9(o) . Typical noise figure ys collector current. 

· ,-

z ,-
OIV' 

0.01 
Z 4 6 8 0 .1 Z 4 Ei 8 I 2 

COLLECTOR MILLIAMPERES tICl 
92CS-15190 

Fig.IO • Typical normolizeelforwarel current-transfer 
ratio, shorf-circuit input impedance, open-circuit 
output imp.clanee, anti open-circuit reverse '10/,

age .. tro/lsl.r ratio 'IS collector current. 

1';\';:=:n~.rl:.~ul;r.r.W_c'n""'. 
~t~~~:-~~LE=~~:rrT~tJCf.I.3 

-I • J .. -I • "" h gj 3 

~Ii: 
i"' 

2 

ii~ , 
Ii 

0.1 
. 

I 
I , ! f 

i 

I 
I 
! 

.-f-~ - -. 

I 

...... . 
I 10 
FAEOUENCYj')-MHz 

I 
I 

! I '--

bOt 
I I I 

J 
11 

IL 
./ 1/00 

z . ,. 
100 

. 
92CS-14260Al 

Fig.13 - Typical output ocImittonc. y. frequency. 

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

COLL.ECTOilt-TO-EMITTER VOL.TS IVeE'-S 
SOURCE RESISTANCE OHMS '''.)''000 
AM'IENT TEMIIERATUAE (TA"2,.C 

-20 

.~-- ~ ~~ ~ 
f-I IS ----- -" 

V ~r I -t. II .. 10 

~ I v~ I V 
V .~ ~ L--_ ~ l-

0.01 6 8 01 
, 

COLLECTOR MILLIAMPERES (Ic) 
92CS-151'3~ 

Fig.9(b). Typico/ noise figure ys collector current. 

COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (TA)=25D C 
COLLECTOR-TO-EMITTER VOL TS(VCE)z 3 - ---- f--COLLECTOR MILLIAMPERES{Icl=1 

~ 
4 II I - I- Ot. 

-

~~ 30 
-

rt- F:.: - I-- - f--~ ~~ I 
, 

~'\ g ~ 20 I· 0,. - /--.-
81 10 ---- --H'-f-- -
'" :! ~.:e 

1 '\ "'w I ~ ~ a "F' F:::: ~ ~~ 
0 .. N... ! II: 0-10 

r--..... V I~ 
~ -20 I' T M' 

0.1 
4 IS a I 2 4 6 8 '0 

FREQUENCY {I )-MHz 

92CS-14257 

Fig.11 - Typico/forwarcl tronsfer aelmiffance 
V5 frequency. 

COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE (T A)-25"C II COLLECTOR-TO-EMITTER \IOL.TS (VCE)a3 
COLLECTOR MILLIAMPERES (I )"" 

~ 9ft IS SMALL AT FREQUENCIES ,. LESS THAN ~OO MHz .. - 0 ~;;! 
'" ;!'" 

'ell 

_. 

~1-0- I-- f--- .~ r-
- -- -

ffi~ 
~;! I 

!~ ---- - - - f- f--- f--

~~ -I. 

~15 
II! 

f---
-2 

.. 6 e lO 2 4 Eo 8'100 

FREQUENCY{fj-MHz 

. 
92CS-142511f'1 

Fig.14 - Typical reverse transfer aelmitton.,. 
-vs frequency. 

30 COLLECTOR-TO-EMITTER VOLT.IVcEI01 
SOURCE RESISTANCE OHMS (RSl.,OOOO vV' --"'"11lk . - ?/ V 

~ 
I -{ .... , .... ~o V ~ ~'IB / ;;: 15 

~~~~ 1./ ill 
<> z 

101---- "- o~1- ~-, 
V __ V V y. V 

5 _V t..---....... 
t-

o , . . 8 Z 4 , 
0.01 0_1 8 I 

COLLECTOR MILLIAMPERES {Iel 92CS- (5(8'3 

Fig.9(c) - Typicol noise figure ys collector current. 

4 f,8 468' 
0.1 I 10 

FREQuENCY (fl-MHz 

... 
100 

92CS -14259A1 

Fig.l2 - Typicol input admittance vs frequency. 

COLLECTOR MILLIAMPERES (Ie) 
92CS-ISI" 

Fig. IS . Typical gain.I>onelwielth product YS 

coll.ctor current. 
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LINEAR INTEGRATED CIRCUITS 

CA3048 

Amplifier Array 

FOUR INDEPENDENT 
Ae AMPLIFIERS 

For Low-Noise and 
General AC' Applications 
In Industrial Service 

The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of ff?ur independent identical AC 
amplifiers which can operate from a single-ended power 
supply. 

The amplifiers include internal DC bias and feedback 
to provide temperature-stabilized operation. They may 
be used in 8 wide variety of AC applications in which 
operational wnplifiers have previously been used. 

Each high gain amplifier has a high impedance non
inverting input, and a lower iml)edancc inverting input 
for the application of feedback. Two power-supply 
terminals and two ground terminals are provided to re
duce internal and external coupling between amplifiers. 

The CA3048 is supplied in a Hi-lead dual-ill~lillt, 

plastic package. 

ABSOLUTE-MAXIMUM RATINGS at T A = ZSOC: 

DISSIPATION: 
At TA = 5Soe •.......•....•...•.•.•.........•....... 750 mW 
Above TA = S50 e ...................••.• Derate linearly at 7.7 mW/oe 

TEMPERATURE RANGE: 
Operating •.• _ ••• ; •.••••••••••• _ •••• _ •••••• 
Storage ••• _ •••• __ • • • • • • • • . • •• _ • • • •• • ••..••••• 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16± 1/32 inch (1.59 to.79mm) 

""ooe to .f8Soe 
-65°C to +l50oC 

from case for 10 seconds max. _ •. _ •••...•.•.•..•...••..• _ ••••• _ +26SoC 

POWER SUPPLY VOLTAGE ...............•...........•..... +16 V 
Ae INPUT VOLTAGE .........•..... 0.5 V tlDS 

MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of volt_les which can be applied to the terminal. 
listed vertically with respect to the terminals lilted hOrizontally. For example, the 
voltage range between vertical terminal 2 and hotlzontal terminal 4 I. +2to-3.6 volt •• 

TERM-
INAL 1 2 3 4 S 6 7 8 9 10 11 12 13 
N •• 

1 +16 . 
0 

. . · · · · • · · · 
2 . +2 0 · · +2 -3.6 · · +16 +2 

-S.6 -3.6 0 -3.6 

3 +5 • · · • • · · • • -5 

4 +3.6 • · • • • • · · -2 

5 0 • +2 +2 · 0 +16 +2 
-16 -3.6 -3.6 -16 0 -3.6 

6 · • · • · · 0 
-16 

7 +5 
-5 · · • · · 

8 • · · • • 

9 +5 • · • -5 

10 · • • 

11 • • 
12 0 

-16 

13 

14 

15 

16 

14 15 16 

· 0 
-16 • 

· +16 0 
0 -16 

• · · 
· · · 
· +16 · 0 

• · • 

· · · 
· · · 
• io 

• • • 

• · • 

• • • 
+5 • • -5 

· · 
+16 
0 

GH. 
MO.! 

GIlD 
MO. 2 

Fig.l - Block diogr.m lor CA3048. 

FEATURES 

• Four AC amplifiers on a common substrate 

• Independent I)' accessible inputs and outputs 

• Operates from single-ended supply 

EACH AMPLIFIER 

• Noise figure at 1 kHz .......................... 2 dB typo 

• High voltoge gain .............................. 53 dB min. 

• High input resistance ......................... 90 HI typo 

~ Undistorted output voltage ................... 2 V rms min. 

• Output Impedance .....•.•...................... 1 kL typo 

• Open-loop bondwidth .......................... 300 kHz typo 

APPLICATIONS 

• Multi-channel or cascade operation 

• low. level preamplifiers 

• Equalioters 

• linear signal mixers 

• Tone generators 

• Multivibrotors 

• AC integrators 

470 

• CO*ICT TO """"1 .. 11 TlRiUHAL TO lEAD VOL TAG! 

F19·2 -, r •• t circuit for m .... ur.m.nt olcoll.ctor 
.upply vol,a". and curr.nt •• 

148 ________________________________________________________________ __ 



CA3048 

Not.t All resistor values are in ohms 

Fi!l.3 - Schematic dia!lram lor CA3048. 

ELECTRICAL CHARACTERISTICS 01 T A '" 25°C 

TEST 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
CIR-

CUlT 

FIG. MIN. 

STATIC 

CUrrall drain per amplifier pair 112 or 115 VCC = +12V 2 9.5 
DC Volta.e VI. V6. VCC = +12V 2 6.1 at Output Terminals VIl, VI& 
DC Volta,e V3. V7. VCC = +12V 2 1.7 at Feedback Terminals VIO, VI4 
DC Volta.e V4. VB. Vce = +12V Z 2.2 at Input Terminals V9. V13 

DYNAMIC (Characteristics given are for each amplifier with no AC feedback) 

Open· Loop Gain AOL VEfiC :;~~ 
~: 10kHz 

6 53 

Ouiput Volta.e Swinl VO(rms) 
Vec = +12V 

f = I kH z 
THO = 5% 

6 2.0 

Open· Loop -3dB Bandwidth Bill Vee = +12V 
E'N = 2mV 

6 250 

Total Harmonic Distortion THO Vec = +"V. I-1kHz 6 -EOUT = 2V rm. 
OPEN LOOP 

Terminals 3, 7, 10, 
Input Resistance RIN and 14 are by- - -

passed to Bround 
I = 1kHz 

Input Capacitance C'N 1= IMHz - -
Output Resistance ROUT 

Terminal. 3, 7. 10 
and 14 are by' 
passed to around 

- -
Output Capacltanc. eOUT f = IMHz - -
F.edback Capacitance Vee: +12V (Output to non- eFB - -

Inv.rtln. Input) f = 1MHz 

V~e : ;Ol~~ 
Broad·Band OutP~t EN l = 40dB II -Nol •• Volta,e Equivalent 

Noi •• BW :50kHz 

Output Nol .. Volta.e 
··Welahted" EN(WT) 12 -

10H z - -
NF 

100Hz - · 
Nol •• FI.ure (RS' 5 kOl f = 1kHz - -

10kHz - · 
100kHz - · 

Inter·Amplifier Audio Vee' +12V 
13 f = 1kHz · Separation "CrolS Talk" OdB • 0.78V 

Inter· Amplifier eapacltanc. Vee = +I2V (Any amplifier output to e f = IMH. - -
,"Yother Impllfler Input) 

.2CM-!S4IZ 

LIMITS 

CA3048 UNITS 

TYP. MAX. 

13.5 17 .5 rnA 

6.9 8.1 V 

2.0 2.3 V 

2.5 2.8 V 

58 - dB 

2.4 - V 

300 - kHz 

0.65 - % 

90 - kO 

9 - pF 

I - kO 

18 - pF 

<0.1 - pF 

0.3 I mV 

0.5 2.2 mV 

10 - dB 
5.8 - dB 

2 - dB 
1.1 . dB 
0.& - dB 

<·45 - dB 

<0.02 - pF 

TYPICAL 
CHARAC-

TER ISTICS 
CURVES 

FIG. 

4,5 

7.8 

-
9 

10 

. 

-
-
-
-

-
-

-

-
-

LINEAR INTEGRATED CIRCUITS 

10 12 

DC SUPPLY VOLTS (Vee) 

FIII.4 • Typir:al DC supply r:urr.nt vs supply vo/ta,le. 

EO 
-5IG. .... 

COLLECTOR SUPPLY VOLTS {Yee -+1 

.. 

100 1$0 

AMBIENT TEMPERATURE tTA)-·C 

Fig.s • Typical DC .upply current vs ambient 
temp.rrJture. 

IOOOn .. 

IDn." 

"OUTPUT" TO VTVM. HP400D OR EQUIVALENT 

• ~~~.: :~~'v~ant low distortion typo (0.2110 THO or I ••• ) 

• Adjustment of E, to 2 volts will make E. = 2mV. 
Te.t Circuit show. Amplilier #1 und.r test. to te.t Amplifiers 2. 3. 
.r 4; Cannoct term Inll. IS shown In Tlble. 

AMPLIFIER 
TERMtNALS 

OUTPUT INPUT BYPASS 
I I 4 3 
2 6 8 7 
3 11 9 10 
4 16 13 14 

FIII.6 • Test circuit ,., measurement .1 dl'tortlOll. 0pln
loop ,Ioln and handwlfl,h characterlstles. 
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CA3048 

INPUT StGN.&L. VOLTAGE (E'N)· 'mY RMS 
OPERATING FREQUENCy (Il. 111M, 

~ '0 AMBIENT TEMPERATURE (T,)e2'·C 

I 

; 
! 40 

'" 

DC St.PPLY VOLTS tVeel 

,. 20 

Fig.7. Typical amplifier gain vs DC supply voltage. 

•. -~. ·~-,-Ht. ++,.-c.'-+it .r' 

-tT t· ... ·- --I--+--- -t--f-.-,.-I+rt 

o 25 50 75 100 
AMB~ENT TEMPERATURE: lTAI-·C 

Fig. 10 - Typicol total harmonic distortion 
vs ambient temperature. 

92CS - 1S462 

V,T,V,M,· 

~~~~~~~L~~~E~NE~"~~=~I__t-----o·~·I~F~ 
V.T.V."· 

EQUIVA\.!NT 

V.T,V.U· 

92CS·I~"?1 

• V.T.V.M.· Hewlett·Pack.d Model 4000 or equivalent. 

Pro.ure: 

1. Adjust SI ... I Generator for 0 dB output at relerence te"ninal. 
2. Read voltaae at other output terminals (Figure shows terminal #1 

used as reference). 

Fig. 13 • Te.t circuit for measurement 01 inter-amplilier 
audio s.poration H.:,OSS ta/le" characteristic. 

!Ii .. 
~ " ! 
" 
~ .. 
~ " 

,. 

-" 

SU LVYOL S(YCC)--tll 
HIS INPUT SlGMAL "'LLIVOUS (E'M' • 1 
OPER)' TlNG FREQUENCY • 1 ktlt 

" " 7S '00 
.u8IENT TEMPERATURE (T.A) _ "C 

Fig.8 • Typical open./oop gain vs ambient tempe,ature. 

"INPUT" 
"OUTPUT" TO v.Tv_M 

HP 4000 
OR 

EQUIVALENT 

• RESISTORS ARE METALFILM TYPE, '-I. 

To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in 
Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 

1 1 4 3 
2 6 8 7 

3 11 9 10 

4 16 13 14 

Fig. 11 - Test ci,cuit lar measurement 01 broadband 
noise charact.ristic. 

oPERATING P'R!QIJEMCY (f) • 1 .H& 0.05 !IF 
COLLICTO."' •• LYVOLTS(VCC>."]I .J .1111 I III 

, "" _ " 
-,_._"""" ~ 

" 
" , 

I"' ~GNAL. + 200 V.T.V ••• 

...... GEM f. F H·P TYPE 
f ~ HHa .wilD 

~ RFB (OR EQUIV,J 

r--.. _ _ 
'I 

:--., 
l"'- I"--

" 10' '000 10,000 100,000 

RESISTANCE IN FEEDBACK CIRCUIT (RFSI _ OHMS 

FI,.14 - Typical amp/ilier 'loin vs leedback resis,once. 

COLLECTOR SUPPLY VOLTS (Vee) ~ t 12 

, AMBIEHT TEMPERATURE IT Al = IS"C 

,-~ 

---

---

,. 
---

" , 

1--

-1-
-

- -

" 

..... 

--1--

1--

IO' 

-
'\ 

!\ 

'''' 10.000 

Fig.9 • Typical open· loop goin vs frequency. 

+vcc 

• Ll-2.5 millihemy inductor, de resistance O.~ ohms or less. 

i 

100,000 

* r;~ii~:{: a~et~o~~n ~:re.l%. To test anpliflefS, connect 

AMPLIFIER 
TERMINALS 

OUTPUT INP T BYPASS 

1 1 4 3 

2 6 8 7 
3 11 9 10 
4 16 13 14 

Fig.12 - Test circuit for measurement 01 "weighted" 
output noise voltage choracter; sfic. 

OPERATING CONSIDERATIONS 

Economical G!1in Control 

The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig.14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with' an external resistor. Although meas
ured gain of various amplifiers will not be unifonn, 
because of tolerances of internal resistances. this 
method is very economical and easy to apply. 

Stability 

The CA3048, as in other devices having high gain-band
width product, requires some attention to circuit layout, 
design, and construction to achieve stability. 

Should the CA3048 be left untenninated, socket capaci
tance alone will provide sufficient feedback to cause 
high frequency oscillations; therefore, all test circuits 
in this data bulletin include loading networks that pr0-

vide stability under all conditions. 
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CA3049T, CA3102E 

DUAL HIGH-FREQUENCY 
DIFFERENTIAL AMPUFIERS 
For Low-Power Applications at Frequencies 
up to 500 MHz 

Features: 
• Power Gain 23 dB (typ.) at 200 MHz 

• Noise Figure 4.6 dB (typ.) at 200 MHz 

• Two differential amplifiers on a common substrate 

• Indepandently accessible inputs and outputs 

Applications 

• VHF amplifiers 

• VHF mixers 
• Multifunction combinations - RFlMixer/Oscililter; 

Converter II F 

• IF amplifiers (differential andlor cascode) 

• Product detectors 
• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 
• Full military-temperature-range capability- (_55°C to + 125°C) 

for the CA3102E and for the CA3049T 
• Balanced mixers 

• Synthesizers 

• The CA3049 is available in a sealed-junction 
Beam-Lead version (CA3049L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

RCA-CA3049T and CA3102E consist of two independent 
differential amplifiers with associated constant-current tran
sistors on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low Ilf noise and a value of fT in excess of 1 
GHz. These features make the CA3049T and CA3102E· use· 
ful from de to 500 MHz. Bias and load resistors have been 
omitted to provide maximum application flexibility. 

The monolithic oanstruetion of the CA3049T and CA3102E 
provides close electrical and thermal matching of the ampli
fiers. This feature makes these devices particularly useful in 
dual-channel applications where matched performance of the 
two channels is required. 

The CA3102E is like the CA3049T except mat it has a 
separate substrat~ connection for greater design flexibility_ 
The CA3049T is supplied in the 12·lead TO-5 package; the 
CA3102E. in the 14-lead plastic dual-in-line package. 

V-(-6Vl 

F;~ 1-Static cMnlCreristics rest c;n:uit for CA3t02E. 

Fi~2-AGC ,"", .. nd ""'_ ,.in ... rei_i, for CA3102E. 

• Balanced (push-pull) cascode amplifiers 

• Sense amplifiers 

MAXIMUM RATINGS,ABSOLUTE-MAXIMUM VALUES, 
ATTA -~tf'c 

Power Dissipation, P: :::C::.A::3049=:.;T~.--...:CA=3:..:1.::0:::2E=-
Anyone transistor . . . . • • 300 300 mW 

Total package . • • . • • • • • • 600 750 mW 

For T A> 55DC Derate at: 5 6.67 mWfC 

Temparature Range: 

Operating_ . . . . . . .. .... -55 to + 125 -55 to + 125 DC 

Storage .............. -65 to + 150 -65 to + 150 °c 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max .................. +2650 C 

The following rltl,. lPPIy for NCh tremlttOr in thoo devices 

CoIlector.to-EmitterVoltage, VCEO ••••.•• 15 

Collector·ta-Base Voltage, VCBO •••.••••• 20 

Coliector-to-Subotrat8 Voltage, VCIO' 20 
Emitter-ta-Base Voltage. VEBO ••...••••• 5 

Collector Curten!, IC .•....••••.....•• 50 

V 

V 

V 
V 

mA 

-Th. colhlctor of e.ch tranilhtor of the CA3049T and CA3102E Is 
I.,I.-..d from the .,betr.. by an In'hDrai diode. Th ..... bdrdtl 
Iterm'". II) rrtu. be cOnMCWd to ... rno.t "'Itdl". point In 11M 
ex-..n.. drcult 10 ""'ntaln 1Ioilltion between tran.kto,.. ."d to 
proyld. for norm_' trantIItor actton. 

INPUT r··· .. 
R.-500 

- ... 

.00' 

+12Y--~------~----'----4 
NOTES: 

I. NIJIIIeERS IN NR£NTtIES£S REFER TO OTHER 
HALF c.: THE CA~T OR CA3102E 

2. BRACKETED NUMBERS REFER TO CA3102E; UH8RACt(£TED 
NUMBERS REFER TO CA30""T I /_.20103 , 

l1.l2 - Approx_ 1/2 Turn #18 Tinned Copper Wire, 5/8" Oia. 

Cl. C2 - 15 pF Variable Capacitors (Hammorlund. MAC-16;or· 

Equivalentl 

All Capacitort in #F Unless Otherwise Indicated 

All Resistol'l in Ohms Unless Otherwise Indicat«f 

LINEAR INTEGRATED CIRCUITS 

Schematic Diagram for CA3049T 

13 4j" 

SUBSTRATE 5 

92C9-20828 

Schematic Diagram for CA3,02E 

Typical Ch.racteristlcs for CA3049T and CA3102E 

~ 0.5 
_[NT T_T';" (TAl' 2.!e 

~ 
~ 0.' 

~ I E ~3 -- ;;:;:::::::.: r- ...,...../ 
... 
i 0.2 

0.1 2 4 6 8 I 2 • I 
EMITTER CURRENT (Il.Ig) - mA 

92CS-lQ79t1 

Fig. 4-lnput offm vo/ttlge vs. tlmitt.,- current 

.. 
I/. .. 

~ 
40 

~ ~ 20 

~r.\ '1 10 .... / ~fJ , 0.0 <-., .'ti-..;(j .. R-~~ ' .. "" .:: .. 0 

~~~ ~ 40 
il! <,.,~ a ~ :II .0 

~~ iii ... 
~ 1.0 1/// 

0.8 
1:7 

0.1 

0.4 

0.' 

0.' ., 0.2 4 o. o.e 0.' 1.0 '.0 4.0 &.0 '.0 to 

EMITTER CURRENT(l3, 19l-mA 92CS-Z0191 

Fig. 5-lnput bJ_ CUmlnt VI. eminer current 
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LINEARINTEGRATEDCIRCUITS ________________________________________________________________________ __ 

CA3049T, CA3102E 
tLECTRICAL CHARACTERISTICS at T A - 2S-C 

TEST TYPICAL 
CIWIAC-CIII· CA304IIT LIMITS TlIIIITlCI CHARACTERISTICS SYMBOLS TEST CONDITIONS CUlT CUIIVU 

,. 
1.111 
21 
\!I 

10 

FIG. MIN. TYP. MAX. UNITI PIG. 

STATIC CHARACTERISTICS 
For E.ch Olff .... ntl.' Am IIfl.r 

Input Off.et VOItau- V,O 0.2& _4 

Input Off_ Current ',0 '3- 19'"' 2 mA 0.3 ,. ... 
Input Bi •• Current "B 13.5 33 "A 

Temperetur. Coefficient Mag- I4.V'OI 1.1 JjV/oC • nltude of Input-Off .. t Voluge AT 

; 0.' 
AMBIENT TEMPERATURE n a.l s 

40·C 

+ ,or. -~a. r- 0 

'i ., 
::; r-

i: . 
0.1 I 

For E-=t'I Transistor COllECT<R a..RR£NT (1CI- rnA 

DC Forward a_ .. to 
VaE 

VeE - 6 v 17. mV UCS-ilOl'N 
Emlttar VOluge Ie"" 1 mA 

T.mp .... tur. Co,fflcl'nt of AVSE 
VeE""" 6V,'c"" mA B ... to-Emltter VOltage AT 

ColiKtor-Cutoff Currant 'CBO Vee'" 10V, Ie =0 
ColiKtor-to.Eminer 

V(BA)CEO IC=1mA.IS"'O 
Br .. kdown Volag. 

Collector·to-B ... 
VtBR)CBO Ie ~ 10 ~A, IE'" 0 BrNkdtlwn Voltag. 

Coll~tol-to-Substr.UI 
V(BAICIO Ie'" lQpA, 's"'O,le=O 

Br •• kdown Voltage 

Emitter·to-Ba. Break.dOwn 
VIBRIEBO IE = 10pA, Ie =0 0 

Voltage 

OYNAMIC 
CHARACTERISTICS 

1/1 Noi .. Fllilure (For NF I 100 KH3' Rs SOOn 

Single Trensistor) Ie'" 1 mA 

Gain-Bandwidth PrQduC~ 'T VeE'" 6v. Ie'" 5 mA 
~For Single Transistor) 

Collector·S ... Capacitanc. CCB Ie'" 0 VCB = 5V 

Coll.ctor-Substr.,. Capacitance CCI 'C 0 Vel - 5V 

for Each Differential 
Amoljfi.r 

Common-Mode Rejection Aatia CMR '3 IQ "'2 mA 

A enge. One Stage AGC Bias Voltage -6V 

VOlt .. Gein, Single-Ended A 
Bi •• Voltege 4.2V 

OutDut I 10MHz 

In .. rtion Power Gain ~~-
I 200 MHz Cascade 

"-'oj .. Figure VCC = 12V Cetcode 

For Cncode Casead. 
Input Admitunc:e Vl1 

Configuration 

13 = 19 '" 2 mA Diff.Amp 

For Din 
Amplifier Cascode 

Aever .. Transfer Admittance V'2 Con.tiguration 

'3= Ig=4mA Diff.Amp 

Forward Transfer AdmituncB Y2' 
(each Cascode 
collector 

Ie:::: 2mA) Diff.Amp. 

V22 
Caacod. 

Output Adminan!;. 
DiffA.mp. 

'Terminals 1 II 14, or 7 &I 8. ICA3102E) 1 8r 12 or 6 &, 1 ICA3049T) 
·'T"'minels 1351 4. or 6& 11. (CA3102E) 10 & 11 Of 4 81 5 (CA3Q49T) 

AMBIENT TEMPERATURE {TA j-ZS-C 

DC alAS VOLTAGE (Va)-V 92CS'20900 

Fi,. 8-Capacitance vs. de bi8$ voltags. 

L --I 
COLLECTOR CURRENT U c)- rnA 

FIg. 11-GlJin-lMndwidth product vs. collector current. 

-0.9 mV/DC 6 

0.0013 100 nA 

15 2. V 

20 60 V 

20 60 V 

V 

1.5 dB 12 

1.35 GH. 11 

0.28 OF 
0.28 of 
1.65 of S 

100 dB 
75 dB 

22 dB 9,10 

23 dB 
4.6 dB 

1.5'" i 2.45 14,16,18 

0.878'" i 1.3 
mmho 

15.17,19 

0- i 0.008 
mmho 

O-j 0.013 

17,9 - i 30.1 mmho 26.28.30 

- 10.5 + j 13 27.29,31 

-0.503-j15 ",mho 20.22.2'-
0_071 + j 0.62 21.23.25 

MeENT TEMPERATl.IiE (TA) - 25-C 
POSITIVE DC 9it..PPLY VOLTAGE (V ... ). +GY 
NEGATIVE DC SUPPLY VOLTAGE (y-).-ey 

FREQJENCY {fl"lkHz 

DC 8IA$ VOLTME Qtt 'fEMMALS 2 AND IO-V .... 1OeCK 

Fill- 9-VtJIm,. "';n or. de _ WJI_ 

AMBIENT TEMPERATURE (TAJ' 25"C 

RSOURCE • 500 n 
30 

~ 
~' 

,.-P. 

p9 
20 ./ ..-

V ~ 
V 

vV' 
V 

V 

/' ;'" 
10V V ~ V ~ ...-:.-

f--'" V -' r---::::: ~ l- I.---"" --V lOO~\'I1. ~ 

001 4 6 80' 6 • I 

COLLECTOR CURF£NT Il c )·mA HCS-zot04 

Fig. 12-1/f noise figure .. s. collector current. 

Fig. 6-B ... ~mltter rolr.,B n. coll«:tor curr,nt 

· • ~~~ · ~~ 
2 

~~ ~ 'O!i - . " f--i · # r-
~ 2 ! I-.. 
'" 10 '!' 
~ • E .. · i l • a · ~ Jtll 
~ 

2 ;'1 
I 

~ · · ::: • '(I 
~ 2 .n 8 0.1 

8 • · ~ 2 

0.01 
-100 1~ !SO -25 - 25 50 75 100 

AMBIENT TEMPERATURE IT",l--C .2cs-zom 

Fig. l-COII#lctO'-curoffcu~ntv" tIII1IPBnJ,.. 

AMeIENT TEMPERATURE ~TA). 25-C 

~ 25 

I ~ i 20 

r\ z 
~ I 

ill r\ ~ 10 
~ \ 

0 
0.01 Z ". eOJ 2 4 6 e I Z ... 6 ,10 

FREQUENCY (fl-MHz 
" .8100 

92CS-20E10Z 

Fig. 10-Voltage glJin v.s. frequency. 

AMBIENT TEMPERATURE (T A)· 25" C 

.L"G~ V 
RSOURCE & II( Q 

30 

l:f~~ V ~" 

? 
/ i~ ~ 20 

w VV / ~ 

" 

~ 
~ 

V ;;: V w 

V ~ 

(5 

/" \i--;;' z 
10 

./ ~ r-- V ,0 

- ......- \OOKt\t~ 

0.01 6 e 0.1 •• I 

COLLECTOR CURRENTIIC)-mA 92CS;;:20e05 

Fig.. 13-1/f noise figure vs. collecrorcurnmt. 
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CA3049T, CA3102E 
ELECTRICAL CHARACTERISTICS at T A - 2&"C 

CHARACTERISTICS 

STATIC CHARACTERISTICS 
F , E I .... "t .. 1 Ilfle, 

Input Off ... VoltIIOI 

Input Off_ Cur,.nt 

Input al .. Curr.nt 

Temp.ature CHfflc .. nt M ... · 
nltud. of Input·OffIM: Volute 

F r E h Tranllnor 
DC Forward 8 ... to· 
EmltltlrVol,... 

Temper.ture COefficient of 
.... to·Emmer Volt ... 
Conector~Cutoff Current 
COliector·to-Emltte, 
.r.kdOwn Vol ... 

Coliector·to·S ... 
8, .. kcNwn V0!!!l!.. 
Collectol~to·Subnra. 
a, .. down Vol~ 

Emitte,·tOoa ... Br.akdown 
Vo, .... 

DYNAMIC . 
CHAAACTE AISTleS 
11f Nol .. F igu,. (For 

. Slnlllii Transistor) 

Collecto,·a ... CaPKltance 

ColI_tor·Subst,a .. Capecitance 

Common·Mode Aejeclion Ratio 
anee. ne S'1a88 

Voltage G.ln. SinQla·Ended 
O"''IP_ut 

InMrtlon Power G.ln 
Nol. Figure 

Input AdMitunc. 

Output Admittance 

SYMBOLS 

V,O 

"0 
',a 
IAV'OI 

AT 

VaE 

AVBE 

AT 

'CBO 

V(8R)CEO 

V(8R'CSO 

V(8R'C'O 

VtBAJEBO 

NF 

CMR 
AGC 

A 

v" 

TEST CONDITIONS 

13- lg".2mA 

VCE - 6 V 
Ie.' mA 

VeE· 6 V. Ie - , mA 

VeB'" 10 V. Ie ... 0 

Ie"" ,-mA. la .. 0 

Ie" 10 "'~, Ie = 0 

Ie'" 10 ",A, 19 = D. Ie = 0 

le- 10 "A,lc=O 

f _ 100 KH3' RS'" 5oo.u 
Ie'"' 1 mA 

VeE - 6 V, IC - 5 mA 

IC - 0 

'c 0 

13- 19""2mA 
Bias VOllaQe 

Vee" 5V 

Vel - 5V 

-6V 
Bias Voltate '" ·4.2v 
f .. 10MHz 

f .. 200 MHz Cascode 
Vee::1 12V Cascade 
For Cascode 

Catc:ode ConfiOuratiOn 
13=lg"2mA Diff.Amp. 

ForOiff. 
Amplifier Cascode 
Configuration 
13 = 19"" 4mA DiU.Amp. 

c .. ·" CascOde collector 

'e" 2m") Diff.Amp. 

Cucode 
Diff.Amp. 

·T ... mi ..... sl .. 1 •• or 7. I, ICA3102E) 1" 12 or 6., 7ICA3049T) 
"T.-mlnals 13" 4. or 6 .. 11. (CA3102E) 10& " or 4 II 5ICA3~9T) 

FERENTlAl. AMPLIFIER 
MITTER MLUAMPEAS 1I~·19)·4 

RATING FREQUENCY (fJ. 200 
__ ; AM'IENT TEUIPERATUtiE (TA). 25-<: 

-... 
S,J 

~;2 
Ii "" 

"" 
o 

10 20 30 40 
COlLECTOR S'-'Y _T_ ('tC'-V 

.... --

TEST 
CIR
CUIT 

FIG. MIN. 

674 

'5 

20 

20 

2 '8 

3 

o 

CA310ZE LIMITS 

TYPICAL 
CHARAC

TERISTICS 
CURVES 

TYP. MAX. UNITS FIG. 

0.25 

,,0.3 3 

13.5 33 

,., 
774 67. 

-0.9 

0.0013 '00 

24 

60 

60 

'.5 

1.35 

0.26 
0.15 
1.65 

'00 
15 

22 

23 
4.6 

1.5 + j 2.45 

0.878 + j 1.3 

O-jO.OO8 

0 j 0.013 

17.9 - j 30.7 

-10.5+j 13 

- 0.603 - j ,5 
0.071 + j 0.62 

'II 

4 

m. 

~A 

~A 

fA.V/~C 

mV 

mV/oC 

nA 

V 

V 

V 

V 

dB 

GH z 

pF 
pF 
pF 

da 
dB 

dS 

dB 
dB 

mmho 

mmho 

-4 

4 

6 

6 

'2 

" 
8 

8 

9. '0 

14.16,18 

15,11.19 

1-------1 

mmho 1--=2-::,6.,,2:-:8.:... ".30,......... 
27,29.31 

fl"imho 1--:2;:::0:..;. 20:2;:.. ~24:O-1 
2'.23.25 

EMITTER CURRENT U3.19)-mA 

FftI. IS-Input tldmlttJInctl (Y,,) .& "",Imr """.",t 

LINEAR INTEGRATED CIRCUITS 

~ 
i 
~ , 
- '.5 -
~ .. 
u 

'" ~ , 
g 

~ 
~ 

o. 

~ 
0 

10 

CASCOOE AWLFIER 

~,.fgO:Jf=R:-1~ ;~i~ll:': 
A.....-r TEMP£RATURE (T A ) • 2S·C 

• 

, 

.. . • • • .,' 
FREQUENCY (f) - MHz 

; ,. 
i 

15 
! 
§ .. 
l! 
~ 

i 
5 ... 

~ . • • 
92$5-31111 

~i 
-! 
;~ -,. 
tj' 
"'-1! -
u~ ,,-
~~ 
8~ 

~§ 
z~ 

Fig. 14-lnput IJdmimmCfl (Y 11) v& froqlHlllcy. 

DFFERENTIAL AIIFLIf'ER 
COLLECTOR suPPLY \/ClTS (VCi) • _,2 
EMITTER MlLL'AllPElI£s (Z5j ~ •• 
AMBtENT TEMPERATURE (TA • !!I-C 

4 

3 

2 
~. 

"II , 
0 

• '0 
" . • • 2 .,' 

FREQUENCY ( f) - MHI 

. • • 
'2SS~ 395$ 

Fig. 15-lnput IJdmlmnCfl (Y,,) v& ftequoncy. 

CASCOOE AMPLIFIER 
EMITTER MLUAMPERES U3:lgl=-2 
OPERATING FREQUENCV ltl: 200 MHz 
AMBIENT T9FERATURE (TAla 25-C 

"II 

'0 

COI..L.ECTOR SUPPLy VOlTAGE (Veel- V ..... ,.,. 
Fig. 16-lnput IIdmjttllnce fY,,) va. coHlICtOr IIJPP/Y ~Qh ... 

o 

DIFFERENTIAL AMPl.IFER 

COLLECTOR SlIPPLV VOLTS (Vee)· +12 
OPERATING FREQUECY (f) .. 200 MHz 
AMBIENT TEIlPERATURE ITAI'" 25-C 

"II 
"II 

10 '5 20 

EMITTER CURRENT CI,.IaI-"," 
12Ss~_7 

Fig. 19-1nput tldmitt.nce (Y ," .& rmlmr cu"."t 
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LINEAR INTEGRATED CIRCUITS 

CA3049T, CA3102E 
Typial Output Admittance Char_rlsti .. for CA3049T and CA3102E 

, 
1l z 

= 

CASCOOE AMPLIFIER 

~~i:0:ll~~:=~~R~L1~ ~~~;\. a +1= 

~I 
AMBIENT TEMPERATURE (TAl'" 2S-C 

~::i 
~I 0 
1j1 1'--." 922 z .. 
§~ 

-I 

b~ ,\ !!1l -2 oz 
\1\ U1! 

~ .. -. i1l 
'1.1 s!!l 

0" 

~g 
N~ 
N-' 
~-' 

0" 

-4 

-5 

-6 

10 

-'::i t .... 

t'j I 0.4--+ 

1\ 

6 8 IOZ 6 '103 

FREOUENCY If) - MHz 
925$-394" 

~ R: -........ ~ ~J.-..-,;--- DIFFERENTIAL AMPUFIER 

uo-z 
_~Q ~-:E~*H--~-~F~-=~ EMITTER MILLIAMPERES (13'" 1 9 ) : 4 

oJ OPERATING FREQUENCY tfl: 200 MHz 
~.-. AMBIENT TEMPERATURE {TA J '" 25"C 

8 ~ ~:=:-: ~~t:::.:~ __ ~~
~ 0.2 

iil 

~~;-~ - -:"....l-
o 10 20 30 40 

COLLECTOR SUPPLY VOLTAGE (VCC1-V 

9255 .... 3948 

F;g. 23-0utpur admittance (Y 2:zJ VI. collector supply IIOltIIgII. 

CASCODE AWLIFIER 

~o:..~~~=-1~~~~)·:I: 
A_ENT T£IIIPE:RATURE ITA)" 25·~ 

40 

! 
~ ~I 
h 8§ '0 

~I ;Ii 
It-' 
... " \l;" 
~' 

20 

~ 10 

0 .. 
0 ! 

f -10 

-20 

-IS 

o 

r'\. 

-.!.!, 
Ii e 102 

FREQUENCY t f 1 - MHz-

b21 

IFFERENTIAL AMPLIFIER 
COLLECTOR SUPPLY VOLTS "3'1,)*4 
OPERATING FREQUENCY tU- 200 MH. 
AMBIENT TEMPERATURE' TA). n'c 

10 III 

r--. 

. 

COl.L.EtTOR SUPPI:-Y VOLT6GEtVccl .. V 

" ~3 r ... 
0 

0 I 
'" i!i 

-20 .. 

-"" . . .,. 
9255-"58 

40 

,ass-".. 

Fill_ 29-Forword "om'" «Im/_ (Y 2tJ .~ col_, rupp/y ""Ir.,., 

o 

-I 

-2 

10 

OtFFERENTIAL AMPLIFIER 
COLLECTOR SUPPLY VOlTS CVee I '" + 12 
EMITTER MILLIAMPERES (13'" Ig~ ... 
AMBIENT TEMf'£RATuA£ (TA) • -25·C 

922 

6 8 102 

FREQUENCY (f J - MHz 

CASCODE AMPLIFIER 
COLLECTOR SUPPLY VOLTS (VCC);' +12 
OPERATING FREQUENCY IIJ~ZOOMHz 
AMBIENT TEMPERATURE (TAl :- 25-C 

6 
EMITTER CURRENT tt3>:IgJ- mA 

.. .,. 
92:55-3147 

"2 
~2 

9255-394& 

Fig. 24-OUtpUt «lmittMJCe ty 2':zI 1'.1. emlmr cur"nt 

Typial F...-d T ....... ChenctarIItIc:a for CA3049T and CA3102E 

i!i 

i~ 
~~ 20 j!.= 
u" 
il' 10 
~"ii 
u~ 

ill'" 0 

=M -10 .... ..... 
~ ~ 
Q" .. ~ -20 
; .. -. f 

DIFfERENTIAL AMPLIflER 
COlLECTOR SUPPLY VOLTS (VC~) • +12 
EMITTER .... LI.IIP£RES (I:sj 9)" 
AMBIENT TEMPERATUR£ (TA • 25'e 

, 

b21 

~ 

• • • , 
",' 

FREQUENCY (f) - MHz 

• 10 
EMITTER CURRENT 113.1g1-Wl' 

.... 

. • • ",' 

925s-3M' 

..... -

o 
EMITTER MILLWMlERES (I~.19J:2 

OPERATING FREOUENCY{f). 200 MHz 

AMBIENT TEMPERATURE (TAI-25-C 

\L.~~"~·'I";'-:i" -:-:;" "f.:-::92::'2tf±q" ::t~;:t=:' -::-::]' ~:i:-:-:-:-r~ 
~ t.FR=tfffitFf.' • ...;!-t:-;...;.:+-:;..~ :;.;:~L...;f ';..(,;.;1 ~~ . ...;~...;.:;..: ~+...;.:.+...;.:.-+;...;.:~ 
I! gf g:.;:.. .................. -.... ,. Ii :~~;~~~:~r:::: 
~e; H __ _ 

~~-2~mJ:EE~~Ff:::::±4~-r~ 
~7 ----

.... -~ ....... * .... -
+-....... --~ ...... --. ~ . - -..... . .. . 

10 20 00 40 
COLLECTOR SUPPLY VOLTAGE (Vcc)-V 

9255-3945 

Fig_ 22-OUl/JUt «Im/It.nee (V 2:1 •• collector wpp/y voltogll. 

DIFFERENTIAL AMPLIFIER 
COLLECTOR SUPPLY VOLTS {Vcc I " + 12 
OPERATING FREQUENCY tfl=- 200 MHz 
AMBIENT TEMPERATURE (TA ) " 25"C 

"2 

'22 

IS 2.0 10 

EMITTER CURRENT (I3. 1 9)-mA 
9255-394' 

Fig. 25-Output IItImitt.nee ty 2~ If&. fltfJittflr cUITWnt.. 

o 

CASCODE AllPLIAER 
ENT1£R Ml...UAlFEAES (13-.1"2 
OPERATING FREQI.ENCY Ifl- 2.00 MHz 
JM8ENT lfWIERATURE (TAl- 25'C 

b" 

'1 

40 ---
Fig. 2B-FoTWOrrl tnJn.'" ~m;ttllnco (V2,J v& col""ror wpp/y 

.o/togo. 

~--

IFFERENT IAL AMPLIFIER 

3 QU.ECTOR SUPPLY VOLTStVcc)' +12 

~ 
OPERATING FREQUENCY t f)· ZOO MHz 

~i 
AMBIENT T EMPfRATURE(TA )-25'C 

~" + 

:!~ u-

~i20 b21 

~; 10 . . ,.., 
~~ 
e~ 0 

I~-IO 
'21 f 

-20 

o 4 12 16 

EMITTER CURRENT tt3' Tgl-1ftA 
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CA3050, CA3051 
Dual Differential Amplifiers 

TWO DARLINSTON· 
CONNECTED DlFFERENnAL 
AIPLInERS WITH 
DIODE lAS STRINS 
The CA30S0 and CA30S1 each consists of two differ
ential amplifiers with associated constant current tran
.istors on a common substrate. Each amplifier is driven 
by Darlington-connected emitter follower inputs to pro

vide" high input impedance. low bias current, and low 
offset current. A string of diodes is inc luded to prov ide 
temperature-compensated bias to the constant current 
transistors and a low impedance bias point for the inputs 
to the differential amplifiers when a single power supply 
is used. 

For Low·Power 
Ap~ications at 
Frequencies from DC 
to 20 MHz 

APPLICATIONS 

• Matched dual amplifiers 

• Dual $ense amplifiers 

• Dual Schmitt triggers 

• Dut:!!1 multivibrators 

• Doubly balanced detectors and modulators 

• Balanced quadrature d.tectors 

• Synthesizer mixers 

• Product cletecton 

MAXIMUM RATINGS, ABSOLUTE.MAXIMUM VALUES, AT TA .. 250(: 

CA30SO CA3051 
Pl)w.r Dissipation. P; 

Any on& trensis tor ....... 150 150 mW 
Total pac~ge .•...••... 900 750 mW 
For T A > 55°C. Derate at .. 6.67 mW/oC 

Temperature Range: 

Operating ....•..•....••... -55 to +125 °c 
Storage ..................... 65 to +150 °c 

lEAD TEMPERATURE (During Soldering) 
At dislance 1/16 ± If3:! inch (I.St ) ± 0.7901m) 
from case for 10 seconds maX .•••••••.••.•••••• +16S0c, 

The follow!n, ratings apply for each transiator in the devIce: 

Collector-ta-Emitter Voltage, V CEO' ..•....... 

CoUecto,..to-Baae Volta&e. VeBO ............ . 

Collec:tor-to .. Substrate Voltece. Velo ......... . 
Emitter-ta-Base Voltage, V EBO' .•.....•••••. 

Collector Current. Ie' . . . . . . . . . . . . • • . . . . . . 

IS V 

20 V 

20 V 

V 

SO mA 

... The collector of each transistor of the CA3050 and CA3051 
is isolated from the substrate by an integral diode. The 
substrate (terminal 14) must be more negative than all col· 
lectors to maintain isolation between fransistors and to 
provide lor normal transistor action. 

MAXIMUM VOLTAGE RATINGS 
The following chart gives the range of yollages which can be applied to the terminais 
listed verticaliV with respect to the terminals listed horizontallv. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 3 is +5 to -2 yolts. 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 1 2 3 • 5 6 7 8 
No. 

1 - . . . · . 0- 0 

2 -+5 0 · . 0 . 
-2 

3 0 0 0 0 0 

4 · 0 0 0 

+2.5 +2.5 
+10 5 ·14 -14 

Note 1 Note 1 
-10 

+14 
6 . -2.5 

Note 2 

+14 
7 -2.5 

Note 2 

8 

• 
10 

11 

12 

13 

14 

NOTE 1: This ,.ting is impor1lnt only when terminal 5 is more 
pocltl .. _ .... min .. 8. 

NOTE 2: ThIs'Mine Is Im_nt only when _1nI18 10 more 
pocit ... thon "rmiool 5. 

NOTE 3: ThIs r.dne Is Im_t only when termlnlllO I. maIO 
pocit ... thon _lnIll' _ 

TERM-
9 10 11 12 13 14 INAL liN lOUT 

No. mA mA 

· .; 0 · · +1 
-5 

1 5 0.1 

· · 0 · · +1 
·1 

2 SO 50 

0 0 0 0 0 +3 
-1 

3 50 I 

+14 +14 
+20 · ·2.5 ·2.6 0 · Note 3 Note 4 

-1 4 50 1 

+1 +16 · · · 0 
-20 -1 5 5 0.1 

· · · · · +20 
-1 8 50 "I 

+20 0 0 · 0 · -1 
7 SO 1 

+1 
20 · · · · +16 

-1 8 6 0.1 

+20 +20 0 · +20 
-1 ·1 ·1 

9 50 I 

+10 +2.5 
+16 -1. · ·10 Nou3 ·1 

10 5 0.1 

+2.6 
+16 -14 · Not •• ·1 " 6 0.1 

+20 
-1 

12 50 I 

+1 
-5 

13 6 0.1 

Ref. 
Sub- 14 100 6 

S1r1te 

NOTE 4: This r.ting Is IrnPartont only when termlnllllls maIO 
positive than t .. mlnll 10. 

"Vol" ........ nat nonnolly .pplied _lin th_ tlmllnoto. Vol~ ._1 .. 
__ th ... _1nI1I will be _litho ,,*,lIedlimitt __ oil 0_ 
t .. mlnlls.,. not IXCMdId. 

LINEAR INTEGRATED CIRCUIT 

Fi9.J - Schemotic JiOfJrom. 

FEATURES 

• Input oHset c:urre ... t .............. 70 n'" mo., 

• In~ut bias current ... , .. ,....... 500 nA max. 

• Input off •• , voltage .... 5 mV max, 

• Input impedance .......... _ . • .. 460 kg typo 

• Independently acce$sible inputs and outputs 

• CA3050-14-lead dual-in·line ceramic package 

• CA3051-14-lead dual-in·line plastic package 

L.. 
~ 

? 

i 
~ 

~ 
i 

TYPICAL STATIC CHARACTERISTICS 

3 COLLECTOR SUPPLY ·VOLTS (Vccl-+& 
AMBIENT TEMPERATURE (TA) "25·C ... 

......... 
r---.r--- II I.. 

I 

0.. 

0.1 
2 . •• 2 . • • I .0 

2 • • 0 
100 

QUIESCENT BIAS MILLIAMP£RES (I31 
tiCS-IS.13 

o 

Fig.2(a) • Typical input oHs.t vo/toge vs 
qui.seent bias eurrenf. 

4S -so -25 o 25 10 15 100 125 

.ICS-I,.., .. 
FI,.2(") • Typical Input oH .. t vo/,..,. vs 

a"",."t fa .. ".,at.".. 
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.INEAR INTEGRATED CIRCUITS 

CA3050, CA3051 
ELECTRICAL CHARACTERISTICS at TAli: 25°C 

TEST TYPICAL 

CIR- LIMITS CHARAt:-

CHARACTERISTICS SYMBOLS TEST CONOITIONS CUlT CA3050/CA3051 UNITS TERISTICS 
CURVES 

FIG. MIN. TYP. MAX. FIG. 

STATIC 
Amplifitr Charaettrlsti" 

Input Otlsel Voltage VIO - - 1.5 5 mV 2a,b 

Input Offset Current 110 - - 7 70 nA 3a,b 

Input Bias Current 11& - - 200 500 nA 4a,b 
Quiescent Operating CUfren! Ratio (14+ 112) - 0.9 1.00 1.13 - 5a,b 

or VCC=+ 6V,13=2~ 
(16+17) 

T 

r'"e' - - 0.645 0.700 

DC Forward Base-to-Emiller Voltaee VBE VCE = 3 V ~ ~ - - 0.725 0.800 V 6 - - 0.760 0.850 
10 mil - - 0.8Il5 0.900 

Tel1ll8rature Coefficient 01 Base-to- 6VBE 
VCE = 3 V, IC = I mA -1.9 mV;oc 7 Emitter Voltaee LiT - - -

Transistor Charocteristics 

Collector-Cutoff Cllrent leBO VCB = 10V,IE - 0 - - 0.002 100 nA 8 
Collector-Io-Emiller Breakilown Voltage V(BRlCEO IC = I mA, IB = 0 - 15 24 - V -
Collector-Io-Base Breakdown Voltage VLBRlCl:30 -'c = 10~,IE- 0 - 20 60 - V -
Collector-Io-Substrale Breakdown Voltage V(BRkIO Ie = 10 ~,Iel - 0 - 20 60 - V -
Emitter-tei-Base Breakdown Voltage V(BR)f:BO 1£ = 10 ~,Ie = 0 - 5 7 - V -

DYNAMIC 
Transistor Characteristics 

Emitter·to-Base Capacitance eEB VFB = 3 V,IE = 0 - - 0.78 - pF 9 
Collector·to-Base Capacitance CCR Vr.R - 3 V,!~- 0 - - 0.47 - pF 9 
Collector·to-Substrate Capacitance CCI Ves - 3 V, IC = 0 - - 1.92 - pF 9 

Amplifi.r Charact.ristics 
Gain-Bandwidth Producl 

IT VeE = 5V,IC - 3mA - - 600 - MHz 10 
(For Single Transistor) 

Forward Transadmillance IY21 I Vec = 10 V, 13 = 2 mA 11 
(With single-ended input and output) 1= 1 MHz 

7 9 11 mmho 11 

Bandwidth at·3 dB Point BW Vec = 10 V, I] - 2 mA 11 - 4.3 - MHz 11 

Input Impedance ZI Vce - 10V,I] - 2mA 
I-1KHz 

12 - 460 - k.Q 12 

Output Impedance Zo 13 = 2 mA, I = 1 KHz 13 - 170 - k.Q 13 
COIl1l11OfloMode Rejection Ratio CMR 13 = 2 mA, I = 1 KHz - - 65 - dB -

AGC Range AGC ~- 2mA,1-IKHz 11 - 60 - dB -
erminal No.3 Groll1ded 

COLLECTOII SUPPLY VOLTS (Vee)-.' 
QUIESCENT .IAS t:UNRDIT MNGE-QIS,I,'-talftl. 

I~' 
AMIIEIIT TEMPERATUAE (tA)-ZS·C 

~5~ ~ COLLEcTOR 'UPPLY VOLTS (Vcc) ..... 

1.1 

I 
.// ti I .. 

:> 
u r-
! o.t 
0: 

~ .. 
~ 

0.1 

100 .. a o. 

0.01 0.1 I 10 
OUIESCI!NT liAS MILLIAMP[R£S t[SI 

FI, . .f(" • Typlca' ,,_."zeel lit",,' 61 •• currettt ... • _1";' ,..,..",tv,.. FI,.S(.) • Typical "ul •• cen' 0,..","", CUW,,"' 
",t/o ... qul •• c,,"' ".0 Cut,.", . 

~ AII"E:NT TEMPERATURE (TA )-25-<: 

SSO 
!:! .. ... .. 
t 

i 
I .. 
f 
0 

i 
! 

<0 

!O 

20 

10 
Ij 

I--" V-
0 

100 • • •• • • • • • • •• 0.1 I 10 

"" · 

QUIESCENT BIAS MILLlA"PEIilES CI31 
HCI-1541. 

Fig.3(0) . Typical ,""", oH •• , cur'"n' ... 
"ui •• c.m 'ios Cut,."'. 

COLL£ClOII """-Y VOLTS CVccl-•• 

I 2 
-/0 

-110-250 ... "' .... 
AMalENT Ta.oATUM: CTAI-"C 

FI,.3(') • Typlcol ilt,.., 011 .. , cur,.n' ... 
..... /.", ""p"",'u,.. 

OLLEClOft ...... v YOLTS ~ ••• 

i1 4 

.iM8tiNT T~RATUR£ CTA)· ·c V 

/ r 
~ 
i .. 
c • 

I 

• 
I / 

4 

• .L 
V 

III 

· 1/ • / "'" • 4 •• II) 4 .-100 • • "lOGO 

FI •• 4(.' . Typlc.I." •• c .. ' "0. current ... 
Input 6/ •• currem. 

0.00 

4 

10 

OUIlSe£NT lIAS MlLL_S Usl'lO 

-7S -sa -2S 7S 100 .. , 

AMlIENT T£WEftATURE (T,Al--C 
'ICI-II422 

FI,.5(") • Typlc.1 "ul •• c",,' ope,a'/n, cur,."t 
,.tlo ... o,,"j .. , ,. .. _,du, •. 
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CA3050, CA3051 
0.'" ~~~{~1°~i~BE::~J~l'T:~~::~YC!I'+ 3 I 
o.n 

) 
;;0.10 

/ 
~ 

./V ~ e 0.7' V 
i 
bO-fO V .. V io.Ia 

V V 
D. . •• . . • • • , 

0.01 0.1 I 10 
EMItTER MILLIAMPERES Ir[) 

92CS-I:i4<'8 

Fi,.6 • Typ/clIl .'o'ic IIos.,'o .. m"fo, vo/lo,. 
cltorocfo,is'ic vs em Iff., cur,en"or 01/ 'ron. 

lis'ors o"J lorwarJ JloJ. vo/lop J,ops. 

VOLTS tlCS-I5421 

Fig.9. Typical capocilo"ce lor IllICit tra"si.tor. 

COLLECTOR SUPPLYVQ..TS (VCC)-+IO I ; AMBIENT TEMPERATURE (T.I.).Z5-c · QUIESCENT liAS MILLIA"PERES (I )·7 

~ z 

'" 4f' 
~IO 
€ • 2 .. • 
! • I 

t: z r\' 
'" 1\ ,\ 
& •. 0 

D.3 

e : , 
I : O.lr--, 

"'0.1 r"-
Z • I. • • .0 z •• 1 Z • • 1 z 4 •• 

0.001 0.01 0.1 10 .00 
FREQUENCY (,,-lIN, 

tiCS -15421 

FI,.Il(III . Typical JIII".""al ampllll., lorwarJ traIls, 
f!f/mif!ollC. wi'" ""g", .. nJerI out"." "s I,.,,,,,/ICY. 

(30K.IOK)~ 
ZOUT' V 

iI30K:+IOKI-IOK 

VEE -ADJUST FOR I,'2",A 

9i!CS-154l6 

Flg.l3(a) • T •• , ci,cul' lor ou'pu' impeJallc •. 

COLLECTOR-TO-EMITTER VOLTS (YeE» -+5 

o. 

11 
~o .• 

= ~0.7 
~ 
iO.1 .. 
*0.5 
! A 

·75 ·SO·2I a 2$ !SO 75 100 125 
AIIIIENT TEIIPERATURE ITAl--c 

tZCS-IS4ro 

Flg.7 • Typical "", •• 'o-.milfo, vo/'ag. cltorocfo".flc v. amll'e,,' tempe'o'u,. lor .aclt 'ro"sl.tor. 

~ 
I 
~ 

I :::;,,--.,:,= .w=-~--.' ,- i--"'" 
l-

\ 1400 
/ 

/ 
I: 
• /';1' 
3 100 ....... 

Q/ 10 

HCI-.s4I" 

F/g.10. Typical goin.IIo"JwIJ'" "oJuc' (IT} lor 
eoc" 'rons/s'or v • • milfo, curren'. 

, 

VCC-IOV 

0UI11GIIS_ 
IN_ 

Va-AO.lUSTJfOIt %5-IMA 
'P.-I ... 

FI,.l2(al· T •• , circuli lor Inpu' 1m,...."". 

ouw COLLECTOR SUPPLy VOLTS (Vce) .... 'k) 
OUIESCENT liAS CURRINT II')'2IftA 

4 ..... IENT TEMPERATURE·CTA)· 'S'C 

-illOO I-. 

~ 

I 
I 

I 

• • r-... 

• " , 10 • • · I'\. 

• r-... 

• z • • I Z ... z •• 0 
10 100 1000 10000 

FREQUENCY (f J - lHz 

Fi,.13(III • Typicaloutpu, impeJII"c. VI I,.,,,,,"cr 
wi'" Inpu' slto,'.ci,cu/teJ. 

LINEAR INTEGRATED CIRCUITS 

10"1 EMITTER CURRENT ex )'0 

• /. • LL 

I 
10. 

~ • ~:\ ... i • 
~ I. ,A'V. ./ 

I • ,~// • ;~ '/ u 

I:: • !i · ,,~// u • ! ~: /'/ 

"// 

OCT .,..."./. '" 
,'''''' 

75 100 125 
AMBI£NT TEMPE:ftATUfI£ CTal---C 

1I2CS-1&,. 

FI,.S . TypiclIl col/ec''';.,o·""" cu'o" cu,ro", .... 
IImlll.", fompe,.,'uro lor .oclt 'ro"sidor. 

!SO"F,I 

Swltche. 51 and 57 fn pOSition 1 
lor one difl8tantlar amplifier. 
position 2 lor othe, differential 
amplifier. ·vee· lov 

Vee-lOY 

IIUISTOIII _ 
IN_S 

.ICI-f ..... 

Fig. "(01 • T •• , cl,cul, '0' lorw,,,./ "IIII.IIJmlffrJllc •• 
·3 J8 """Jwirhlt. o"J AGe ro"p. 

", ...... COLLECTOR SUPPLY YOLTstvCC)-+IO 

• QUIESCENT 81AS ~RRENT I:Es)-2111 • 

• AMMNT TI ... ItAT"':CT.,)-25·C 

~ • I 
-;1000 
~ I 

!:! I 

I 
• 

I • 

10 
• I 100 • I • I000O 

FREQUENCY (f)-liN. 
HCS-I541O 

FI,.l2(III· Typical III"." 1 .. ,.Ja"c. v. ""'",,/ICy 
wi'" output sltorf·cl,culteJ. 
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LINEAR INTEGRATED CIRCUITS 

CA3052 
Special-Function Sub.System 
Stereo Preamplifier 

FOUR INDEPENDENT 
AC AMPLIFIERS 
For Stereo Preamplifiers, 
Magnetic Pickups, 
Tape Heads, etc. 

The RCA CA3052 is a silicon. monolithic integrated 
circuit designed specifically Ibr stereo preamplifier· 
service. The circuit consists of four independent AC 
amplifiers which can operate from a single-ended SUP"' 
ply. 

The CA3052 can operate as an equalizer amplifier 
in tape recorders, magnetic cartridge phonograph 8P'" 

plications. and tone control amplifiers. The CA3052 
can provide all of the amplification necessary for a 
full-function stereo preamplifier. 

The CA3052 is supplied in a 16-lead dual-in-Iine 
plastic package. 

APPLICATIONS 

• Full~functio ... stereo preamplifiers 

• Tape recorder Clnd playback preamplifier$ 

• Tone Generators 

R,S R'4 
lOOK 2~O 

R'7 

A23 R24 
SOK Rig 

IK 7.SK 7~O 

R27 R28 RSI 
IK 7.5K 7~O 

R29 
A37 30K A38 
lOOK 2~O 

NOTE' ALL RESISTOR VALUES ARE IN OHMS 

6 

12 

Vee 

" 

FEATURES 

• Four AC amplifiers on Q comlnOn sultatrat. 

• Ind.p .... d.ntly accenibl. inputs and output. 

• Op.rot •• from single-ended supply 

EACH AMPLIFIER 

e High voltage gain •••••••••••••• 53 dB min. 

• High input resistance ••••••••••• 90 It n typo 

• Undi Itorted output voltage •••••••• 2 V rm. min. 

e Output I ..... danc. • •••••••••••• 1 k n typo 

.Op ... loop bandwidth ••••••••••• 300 kHz typo 

RCA CA3048 Ampliliel Alray (file No.377) IS schematically 
Identical with the CA3052. Each amplifier of the.CA3048 is 
tightly specified fOi equivalent oulput noise under a variety 
of test methods. The CA3052 is specified using RIAA lesl 
methods fOI equlvalenl input noise using one test method for 
amplifiers 1 and 4, and an appropliately different method 101 

amplifiers 2 and 3. 

Fig.1 - Block diagnm of 1IIt,.0 prumpllfler usI", CA3062. 

R,~ 
lOOK 

R2S 
IK 

RS2 
IK 

4 

R26 
UK 

3 

R22 
750 

Fig. 2. Schemallc diagr_ lor CA3052. 

ABSOLUTE·MAXIMUM RATINGS at TA • Z&oC: 

DISSIPATION: 

UptoTA-5SoC .•• 
Above T A - 55°C • . 

• • • . .. 760mW 
Oeratelinearly at 7.7 mWfJC 

TEMPERATURE RANGE: 

Operating . . . . . 
Storage. . . . . . 

LEAD TEMPERATURE lOuring Soldering): 
A1 distance 1'16 ± 1/32 Inch 11.69 :!:O.79 mm) 
from case for 10 seconds max. 

POWER SUPPLY VOLTAGE . 
ACINPUTVOLTAGE •.. 

o 'Icc 

.m 

• CONNECT TO APPROPRIATE TERMINAL TO READ 'IOLTAGE 

-400 C to +850 C 
-66oC to +160oC 

+2S50C 

+1SV 
0.6 V rm. 

92(;S-I!l41' 

Fig. 3. rul circulI '0' measuremenl 0' colleclo, 
supply vo/lage and cu,renl •• 

10 

DC SUPPLY VOLTS (Vec) 

12 
" 

16 

9255-4120 

Fig. 4· Typical DC supply current v. supply volta,.. 

tclU.f.C1'OI'SuPPLY vo..TS 'vee -.1 

.. 
!! 
i 14 

~ 

I 
~ 

I • .. 
" 
i " 
l!! 10 

'50 o DO 

"'IENT TEMPERATURE 'TA'-·C 
110 

'KS-'~" 
Fig. 5· Typicol DC supply currenl YO ambient 
lamperature. 
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CA3052 
MAXIMUM VOLTAGE RATINGS 
The following chart gives the range of vo:1tages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example. the 
voltage range between vertical terminal 2 and horizonlallerminal4 is +210-3.6 volts. 

1S~ 1 2 3 .. 5 6 7 8 9 
No. 

1 +16 • . • · · • • 0 

+2 +2 1+2 
2 . 

-3.6 0 · · -3.6 -3.6 

3 +5 . · • · · -5 

.. +3_6 • • · • -2 

5 0 • +2 +2 
-16 -3.6 -3.6 

6 • · · 
7 +5 · -5 

8 · 
9 

10 

11 

12 

13 

14 

15 

16 

• Volta •• are Dot no .... !1y applied between the_ termiDala. 
Voltaps appeatiDa betweeo thea. termilUlls ..,UI be ufe if the 
apecifiecl limit. between aU other terminals are not exceeded. 

., 
·SIC •• 
Gb. 

''OUTPUT' TO _Tn HPoIOOD DR EQUIYAlENT 

·'INPUT'·· 

D.OS .. F 

47n 

10 11 12 13 

• • • · 
+16 +2 • · 0 -3.6 

· • · • 

· • • • 

· 0 +16 +2 
-16 0 -3.6 

• · · 0 
-16 

• • · · 
· • · · 
+5 · • • -5 

· · • 

· • 
0 

-16 

14 15 16 

• 0 
-16 · 
+16 0 · 0 -16 

· · · 
· • • 

• +16 
0 · 

· · · 
• · • 

• · · 
· · · 
· · · 
· · · 
· • · 
+5 • · -5 

• · 
+16 

0 

I 

DC ..... v VOLTS (Vee. 
tat • ., .... 

FI,. 7· Typical ampllll., ,.111 ... DC .upply v./Ia,.. 

• ~~2ct'. :":'~iy~ent low di_lon type (o.a THD or Ie •• ) 

• Adjuatrnent 01 E. to 2 vol Is will make Eo ~2mV. 
Test elra/it shows Amplilier I1l11dof tost. to lest Amplili ... 2. 3. 
or 4; Conned _inals as ....... in Tlble. 

AMPUFIER TEIilINALS 
OUTPUT INPUT BYPASS 

1 1 4 3 
2 6 8 7 
3 11 9 10 
4 1& 13 14 

FI,. ,- T •• t circuit I", ...... ure .... t .1 J,.,.."/.", 

.,..,..Ioop '.'11, .. II 6", .. lwl"'" clr",acIWI.tlc •• 

• II 

i II 

! 

.. 
-.. 

cc •• , 
_INPUT SIGNAL aIW'l'llLn Clad • 1 
DPEltAlING • UII .. 

.. .. n .. 

FI,. 8. Typical ., ... /oop ,.In v. _/Hen' _perature. 

LINEAR INTEGRATED CIRCUITS 

COLLECTOR SPIlL Y YCLn CYccl •• 12 

II 
................ ·1\IIII!(TN· ... C 

i' 

r\ 
1\ 

.. 

.. 
I " ... ...... ....... 

fHGU!NCY(O_kHa 
.zc .... "' •• 

FI,. ,. Typical .,.."./oap ,.In .. s lrequency. 

COLLECTOft SUPPLY VOLTS· + 12 
AMS OUTPUT VOLTS (Eo) ·2 

tt 3 OPeRATING FREOUENCY 1f1-lkH 
r 

~ 
~ 
~ 2 

II 

I 
!! I 

~ 
o 
-2' 0 2' 50 75 100 

AMBIENT TEMPERATURE ITAI-·C 

92CS-15462 

Fi,. 10 •• Typical total harmonic lIislortion 
v • .... "i .. t temperature. 

ro 
VT.Y.II 

q 

~_ 15. ,oos'·'" 

5 - 2SO -
I5V. 6V • 

, .. I r,"" 1."" r:'" 
q f'· r r' - - ~-

·Reailtors are low noise precision (I") Metal Film type. 

FI,. JJ. Te.t circuit lor equivalent input 1I0ise 
voltage measurem .. t, RIAA compensateJ. . 
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LINEAR INTEGRATED CIRCUITS 

CA3052 
E.LECTRICAL CHARACTPISTICS at TA. 25°C 

TEST TYPICAL 
CIR- Llllln CHARAC-

CHARACTERISTICS SYMBOLS TEST CONDITIONS CUlT CA3052 UNITS TERlmcs 
CURVES 

FIG .• MIN. TYP. MAX. FIG. 
STAilC 
Current ,ltaln per .. pllfler pair 112 "'115 VCC =+I2V 3 9.5 13.5 17.5 IDA 4.5 

DC Volt"", VI' V6' VCC -+I2V 3 6.1 6.9 8.1 V at Output Terminals VII' VI6 -
DC Volt." V3• v.,. 

Vee =+I2V 3 at Feedback Terminal. VIO. V14 1.7 2.0 2.3 V -
DC Voillfle v •• Ve. 

Vee =+I2V 2.2 2.5 2.8 at Inpul Terminals Vg. V13 3 V -
DYNAMIC each amplifier willi no AC feedback unless oIIIarwise noted-terminals 3. 7. 10, & 14 "'passed to ground 

Open-Loop Gain 
VCC -+I2V 

AoL EI, :~:'z 6 53 58 - dB 7,8 

Open-Loop Vo(rms) VCf:;~~ 6 2.0 2.4 - V -Output Vollllle Swlnl THD =5~ 

Open-Loop - 3 dB Bandwidth BW VCC = +I2V 
EIN = 2mV 6 - 300 - kHz 9 

Open-Loop THD Vc~+I2V, f = 1kHz 6 - O.ss - ~ 10 Total Hermonlc Distortion T-ZVrcas 

Input Resistance RI VCC = +I2V, f· 1kHz - - 90 - kll -
Input Capacilate. CI VCC' +I2V. f -ll1tz - - 9 - pF -
Output Re.i.t .... RO Vee - +·12 V, f -I kHz - - I - kO -
Feedback Capacitance 

Vee - +I2V (Output to n.n- CFB I -111Hz - - <0.1 - pF -
Invertlna Input) 

Equivalent Input Vee =+IOV 
Noise Volt"", Er41* RS - 5kO 12 - 1.7 &.4 p.V -
(Amplifiers I & 4). A = 45 dB 
"C" Fillef at Output" 

Equllalent Input VCC = +IOV NolseVoltep 
Er42* RA = 5kO 11 - 4 15.0 p.V -(Ampllflirs 2 & 3) 

RIM Compensated* 
A = dB (I kHZ) 

1nW-Ampllfier Audio VCC - +I2V 
Sepaatton "Cross TllkI' f -1kHz 13 - <-45 - dB -

OdB -o.78V 

Inter-Amplllier Capacitance 
VCC - +I2V (Any amplifier output to C - - <0.02 - pF -

any ather .pllller Input) I -Illtz 

-Per IHF standard 1IeIIIad. of ... __ t far Audio AMpllller. IHF-A-201. 1966 

* ac feedback Included In test circuit 

OIIQUIYALltiT ',.. .. r 

• vee tZS$o4UI 

• Resistorl are low noise preciSion, (1%) Metal Film type. 
Resistor values are in ohms; capacitance values are 
in microfarads, unless otherwise specified. 
Fig. 12· T ost circuit for mea.uremen' of e.,.,iva/ .. , 
input nol.e. voltage of amplifio .. 1 and 4. 

V.T.y.M.- V.T.~M· 

92CS-I!4'1, 

-V.T.vM.· Hewlett-Packerd Model400D Of equivalent. 
PfOe_vr., 
I. Adjust Sianal Generator far 0 dB outprt at refarence terminal • 
2. Read vOIIIfI. at other output lefmlnals (Flaull MOWS lerminal II 

used IS reference). 
FI". J3. Tosf circuit for moosurom ... ' of inter-amplifier 
audio .opara"on "cross tal"" clraracteristic. 
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LINEAR INTEGRATED CIRCUITS 

CA3058,CA3059,CA3079 

Zero-Voltage Switches 
For 50/60 and 400 Hz Thyristor Control 
Applications 
The RCA-CA3058, CA3059, and CA3079 
zero-voltage switches are monolithic silicon 
integrated circuits designed to control a 
thyristor in a variety of AC power switching 
applications for AC input voltages of 24 V, 
120 V, 208/230 V, and 277 Vat 50/60 and 
400 Hz_ Each of the z~ro-voltage switches 
incorporates 4 functional blocks (see Fig. 1) 
as follows: 
1. limiter-Power Supply-Permits operation 

directly from an AC line. 
2. Differential On/Off Sensing Amplifier

Tests the condition of external sensors or 
command signals. Hysteresis or propor
tional-control capability may easily be im
plemented in this section. 

.3. Zero-Crossing Detector-Synchronizes the 
output pulses of the circuit at the time 
when the AC cycle is at zero voltage point; 
thereby eliminating radio-frequency inter
ference (RFI) when used with resistive 
loads. 

4. Triac Gating Circuit-Provides high-current 
pulses to the gate of the power controlling 
thyristor. 

In addition, the CA3058 and CA3059 pro
vide the following important auxiliary func
tions (see Fig. 1): 
1. A built-in protection circuit that may be 

actuated to remove drive from the triac if 
the sensor opens or shorts. 

2. Thyristor firing may be inhibited through 
the action of an internal diode gate con
nected to Terminal 1. 

3. High-power dc comparator operation is 
provided by overriding the action of the 
zero-crossing detector. This is accompl ished 
by connecting Terminal 12 to Terminal 7. 
Gate current to the thyristor is continuous 
when Terminal 13 is positive with respect 
to Terminal 9. 

For an explanation of these functions see 
Operating Considerations. For de
tailed application information. see companion 
Application Note, ICAN-6182, "Features and 
Applications of RCA Integrated-Circuit Zero
Voltage Switches (CA3058, CA3059, and 
CA3079)". 
The CA3058 is suppl ied in a hermetic 14-lead 
dual-in-line ceramic package. Types CA3059 
and CA3079 are supplied in 14-lead dual-in-
line plastic packages. 

Applications: 
- Relay control - Heater control 
- Valve control - Lamp control 
- Synchronous switching of flashing lights 
- On-off motor switching 
- Differential comparator with self-contained 

power supply for industrial applications 
- Photosensitive control 
- Power one-shot control 

lEGATtVt TEMP£RATUR' COEFFICIENT 

AC Input Voltage Input Series Dissipation Rating NOTE: 
(50/60 or 400 Hz) Resistor (RS) 

VAC k!l 

24 2 
120 10 
2081230 20 
277 25 

for RS 

W 

0.5 
2 
4 
5 

Circuitry. within shaded areas, not included in 
CA3079 

• See chart 

.. IC = Internal Connection - - DO NOT USE 
(Terminal Restriction applies only 

to CA3079). 

Fig. '-Functional block diagram of CA3058, CA3059, and CA3079. 

Features 
- 24V, 120V, 208/230V, 277V at 50 6O,or 

400 Hz operation ••.•••••• _ •••••••..•• 

_ Differential Input •••••••••••••••.•••• 
_ Low Balance Input Current (max.I-/J.A •..•• 
_ Built.-in Protection Circuit for 

opened or shorted se"sor (Term. 14) .... . 
• Sensor Ran_(Rx) - k!l ........... _ .. 
• DC Mode (Term 12) .................. . 
• External Trigger (Term. 6) ••••.••••••••• 
_ External Inhibit (Term. 1) •••••••••.••.• 

• DC Supply Volts (max.) •••••••••....•• 
_ Operating Temperature Range - 0C ....•.. 

MAXIMUM RATINGS, 
Absolute-Maximum Values at T A = 2SOC 

DC SUPPLY VOLTAGE (BElWEEN TERMS. 2 
AND7): 
CA305B, CA3059 .•••...•.•.••...••. 14 V 
CA3079. .••...• .••....•••..•...... 10 V 

DC SUPPLY VOLTAGE (BElWEEN TERMS. 2 
AND8): 
CA3058, CA3059. . . . . • • • . • • . • . • . • .. 14 V 
CA3079 ..••..•..•.•••••..•.•.•.•.• 10V 

PEAK SUPPLY CURRENT (TERMS. 5 AND 7) 
......••......•..•••••.. :!SO mA 

OUTPUT PULSE CURRENT (TERM. 4) 
150mA 

PULSE 10k 

" 

RS 
Vs 

ACLINE 100~F 

92SS-4255RI 

Fig. 2(a)-DC supply voltage test circuit for 

CA3058, CA3059, and CA3079. 

CA3058 CA3059 CA3079 

..; 
y 

..; 

..; 
..; 

..; 

..; 
..; 
2 

2t01oo 2to100 2to50 
..; 
..; 
..; 
14 

..; 

..; 

..; 
14 10 

-56 to +125 

POWER DISSIPATION: 
Up to T A =750 C - CA3058 ..... ,. . .• 700 mW 
Up to T A =550 C - CA3059,CA3079 . •. 700 mW 
Above T A =750 C - CA3058 

• • • • • . . • • .• Derate Linearly 8 mWfOC 
Above T A =550 C - CA3059,CA3079 

.. '~. . •• •. Derate linearly 6.67 mW/oC 
AMBIENT TEMPERATURE RANGE: 

Operating ..•.......••.....• -55 to +125oC 
Storage ...•..•..•.•••...... -66 to +1500 C 

LEAD TEMPERATURE (DURING SOLDERING): 
At a distance 1/16" ± 1/32" 11.59 ±O.79 mm) 
from case for 10 seconds max. +266oC 

EI .• o 
it 
::: .. 25 

1,·0 
!! .. 

IZO-V "MS.IO/~ OHIIATIOII 
IN",T RESlSTA"C11ItSI-IO Ul 
Me) [XTEII.Ai. LOAD 

-1S -.,0 -10 0 25 so ., IOD 125 
.. UIIENT TEMPERATURE eT, J-ec 

Net"llOIl 

Fig. 2(b)-DC supply voltage lIS. ambient 

temperature for CA3058, CA3059 

andCA3079. 
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LINEAR INTEGRATED CIRCUITS 

CA3058, CA3059, CA3079 

" LINE 
INPUT 

's 

MAXIMUM VOL TAGE RATINGS atTA = 25°C 

TERM-
INAL 1 2 3 4 5 6 7 8 9 
NO. ~'?te N~te Not 

3 3 

1 . . . . 15 10 . * 
Note 3 0 -2 

2 0 0 2 0 0'" 0'" 0 
-15 -15 -14 -14 -14 -14 -14 

3 0 . * * * * 
-15 

... * 2 * * , 
-10 

5 * 7 * * 
Note 1 -7 

6 14 * * 
Note3 0 

7 * 14 
0 

8 10 
0 

9 

10 

11 

12 
Note 3 

13 

14 
Note 3 

10 11 12 13 
Note 

3 

* * • . 
0 0 · 0 
-14 -14 1-l4 . * · * 

* * * * 

* * * * 

* * * * 

* 20 2.5 14 
0 2.5 0 . , * . 

, 
* · * 

* • * 

· , 

* 

141 
Notel 

2.3' . 
0 
-14 

* i 

* 

* i 

* 

6 
-6 

* 

* 

· 
· 
· 
· 

MAXIMUM 
CURRENT 
RATINGS 

liN lOUT 

rnA rnA 

10 0.1 

150 10 

* * 

0.1 150 

50 10 

* , 

* * 

0.1 2 

* * 

* * 

, . 
50 50 

* . 
2, 2 

This chart gives the range of voltages which can be applied to the terminals listed horizontally 
with respect to the terminals listed vertically. For example. the voltage range of horizontal 
Terminal 6 to vertical Terminal 4 is 2 to -10 volts. 

Note 1 - Resistance should be inserted between Terminal 5 and external supply or line volt
age for limiting current into Terminal 5 to less than 50 mAo 

Note 2 ~ Resistance should be inserted between Terminal 14 and external supply for limiting 
current into Terminal 14 to less than 2 mAo 

Note 3 - For the CA3079 indicated terminal is internally connected and. therefore, should 
not be used. 

"'For CA3079 (0 to -10 V). 

'Voltages are not normally applied between these terminals; however. voltages appearing 
between these terminals are safe. if the specified voltage limits between all other terminals 
are not exceeded. 

" 

0, 

",. 
, 'J«:R(IIS£D 

GAl[ CAIV( 

to 
.. r"YRtSTOM ,,'" 

IILL RESISTANCE VALUES ARE IN OHMS 

HOTt _ CIRCIJITRY WITHIN SHADED AREAS 
NOT INCLUDED IN C""079 

"'lC~ INTERNAL CONNECTION __ DO NOT US£ (TERMINAL 
RESTRICTION "PPLIES ONLY TO CA30T91 

Fig. 4-'Schematic diagram of CA3058, CA3059, and CA3079. 

.. , 
~ 6.0 

~ 

0 

" 
~ 
'" '.0 
>l 
~ 

% .., 
ffi 
~ 

4.' 

J.> 
0 

120 V RIiS, SO/60-+4~ OPERATION 
foMBIENT TEMPERATURE (T IJ • 250 C 

3! 
't;.H + 

~ 'PH-r-

~:~ 
~ 
~t·' 

~ ~~ +~ f. 
~ 

,os 'q 

~ ~ , ~". 

. .... ~ 
~ 

EXTERNAL LOAD CURRENT (ILl - iliA ""'~, 

Fig. 2(c)-DC supply voltage VS. external load 
-current for CA3058, CA3059, and 

CA3079. 

.. 
50 

" 
GA n: TRIGGER VOl n (VcTl 

Fig. 3-Gate trigger current vs. gate trigger 
voltage for CA3058, CA3059, and CA3079. 

R, 
'" 

A.C LINE 

OSOLlOSCOPE 
WHH 
HIGH· CAIN 
INPUT 

ALL RBI!.TANCE VALUES ARE IN OHMS 

Fig. 5(a}-Peak output (pulsed) and gate trigger 
current with internal power supply 
test circuit for CA3058, CA3059, 
andCA3079. 

2 .. ,"" 
~ 
~ 

2 

tOO 
'; 0" 
~ .. 
'" .. 50 

-75 

120-v RMS, 5Of6Q..Hz OPERATION 
GATE TRIGGER VOLTS t VGTI-a 

-50 -25 a 2~ 50 75 100 125 
AMBIENT TEMPERATURE (TAI--C 

.2CS-I'OH 

Fig. 5(bJ-Peak output current (pulsed) VS. 

ambient temperature for CA3058, 
CA3059, and CA3079. 
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_______________________________________________________________________ LINEAR INTEGRATED CIRCUITS 

CA3058, CA3059, CA3079 
ELECTRICAL CHARACTERISTICS (For all type" unle. indicated otherwi .. ) 
All voltage. !Ire me_ured with respect to Terminal 7. 

TEST CONDITIONS 
TA. 2&oC 

CHARACTERISTIC (Unle •• Indicated Otherwi .. ) LIMITS 

Min. TVp· 

For Operating at 120 V rm., 50·60 Hz (AC Line Voitage)-

DC Supply Voltage. Vs 
Inhibit Mode 

At 50/60 Hz RS=8kn,IL "0 6.1 6.5 

At 400 Hz RS= 10kn,IL =0 - 6.8 
At 50/60 Hz RS = 5 ku, Il .. 2 mA - ti.4 

Pulse Mode 
At 50/60 Hz RS=8kn,IL =0 6 6.4 
At 400 Hz RS" 10kil,IL =0 - 6.7 
At 50/60 Hz Rs· 5 kil, It" 2 mA - 6.3 
At 50/60 Hz (CA3058) RS = 8 kU, Il .. 0 

5.5 
See Fig. 2 T A = -55 to +1250 C -

Gate Trigger Current. IGT(4) Terms. 3 and 2 connected, 

See Figs. 3,5(a} VGT= 1 V 
- 105 

Peak Output Current (Pulsed), Term. 3 open, Gate Trigger 
50 84 

IOM(4) Voltage (VGT) = 0 
With Internal Power Supply Terms. 3 and 2 connected, 

90 124 
Gate Trigger Voltage (V GT)=O 

Term. 3 open, V+=12 V, VGT=O - 170 
With External Power Supply Terms. 3 and 2 connected, 

V+=12 V, VGT = 0 - 240 
See Figs. 5,6 

Inhibit Input Ratio, VgN2 
All Types Voltage Ratio of Term. 9 to 2 0.465 0.485 
CA3058 TA = -55 to +1250 C 0.450 -
See Fig. 7 

Total Gate Pulse Duration:· 
For positive dv/dt, tp 

50·60 Hz CEXT=O 70 100 
400Hz CEXT = 0, REXT - DO - 12 

For negative dv/dt, tN 
50-50 Hz CEXT=O 70 100 
400 Hz CeXT - 0, ReXT = DO - 10 
See Fig. 8 

Pulse Duration After Zero 
Crossing (50-60 Hz): 

For positive dv/dt, tp1 CeXT=O - 50 
For negative dv/dt, tN1 ReXT=DO - 60 

See Fig. 8 
Output Leakage Current, 14 

Inhibit Mode: 
All Types - 0.001 
CA3058 T A = -55 to +1250 C - -
See Fig. 9 

Input Bias Current, II 
CA3058, CA3059 - 220 
CA3079 - 220 
See Fig. 10 

UNITS 

Max. 

7 V 

- V 
- V 

7 V 
- V 

v 

7.5 V 

- mA 

- mA 

- mA 

- mA 

- mA 

0.520 -
0.520 -

140 IJS 
- p.s 

140 p.s 
IlS 

- p.s 

- p.s 

10 IlA 
20 IlA 

1000 nA 
·2000 nA 

, 

, 
, 

lavus 
MIN. 

ALL IIISISTAHCI! 
VALU!S ME .. -

y+ 

IOOof 

• 

OSCILLOSCOPE 
I a WITH 
• IS :::::;AIN 

Fig. 6(B)-PNk output currBnt (pulsBd) with-' 
exterfllJl pOWtlr supply test circuit for 
CA3058 Bnd CA3059. 

120 Y RoIlS, to/6lHt10NltATICII 
AUlINT TlIIlPIIA"," (T A) • 2,. C 
GATI! 'nIGGlE. YGLTAGI tv TI- 0 Y 

5 10 15 

EXTUNAL I'OWI!R SUP"-' VOL T5 (Y +) ...... 
Fig. 6(b)-PBBk output current (pulllBd) VI. 

externBI pOwtH' supply IIOlt. 
for CA3058 Bnd CA3059. 

92CM-II064 

Fig. 6(c)-PBBk output current (pulsed) vs. 
Bmbient temperature for CA305B 
andCA3059. 
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LINEARINTEGRATEDCIRCUITS ______________________________________________________________________ _ 

CA3058,CA3059,CA3079 
ELECTRICAL CHARACTERIJrICS (For ell types, unle .. Indicated otherwi .. ) 
All voltages ere me.urad with retpeCt to T.,minl! 7. 

TEST CONDITIONS 
TA· 25°C 

(Cont'd) 

CHARACTERISTIC (Unle .. lndicated Otherwise) LIMITS UNITS 

Min. Typ. Max. 

For Operating at 120 V rms, 50-80 Hz (AC Une Voltage)-
Common-Mode Input 
Voltage Range, VeMR Terms. 9 and 13 connected - 1.5 to 5 - V 

Sensitivity, 6.V13* 
(Pulse Model Term. 12 open - 6 - mV 

See Figs. 5(8), 12 

*Reqllired voltage change at Term. 13 to either tllrn OFF the triac when ON or tllrn ON the triac when OFF. 
• Plllse duration in 50 Hz applications is approximately 15% longer than shown in Fig. Sib). 
- The val ues given in the Electr~al Characteristics Chart at 120 V also apply for operation at input voltages 

of 24 V, 208/230 V, alld 277 V, except for Pulse DUration. However, the .ries resistor IRS) must have 
the indicated value, shown in the chart in Fi~. 1, for the specified input voltage. 

~OA5 ... 
iii 
~O.40 

io.35 
0.30 

120-V RNS, 50-60 Hz OPERATION 

~50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TA 1:-~C 

IICS-I,"7 

Fig. 7(b)-lnput inhibit voltage ratio IrS. ambi!lnt 
temperature fpr gA3058. CJl,305,9. 
andCA3079. 

IZOV MS 5O/60 .. 'h OPt:RATlON 
,.IIENT TEMPERATURE (T,,) • 25*C 

.2 0.03 O. 0.5 O,IM 0.07 0.01 0.09 0.1 

EXTERNAL CAPACITANCE (C(EXll)- IIF ......, 
Fig. 8(c)-Pulse duration after zero crossing IrS. 

external capacitance for CA3058. 
CA3059, and CA3079. 

ZE .. 
VOLTAGE 

OKtU.OSCOPE .,'" HlGH·GAIN 
INPUT 

ALL RESISTANCE VALUES 
.t.REIN OHIIIS 

NOTE: CIRCUI~Y WITHIN 5HAOEO AREA 
NOT INCLUDED 1M CA307t1 

Fig. 8(a)-Gate pulss duration test circuit with 
associated WBllflform for CA3058. 
CA3059. and CA3079. 

.. - lit'll .MS, _Ht OPERATION 

" 
AliBIEMT TEItPERATURE (TA) • Z5I' C 

,II 
S 

~ 'I. li 

" : 
iI II '" III 
i .. (1'0.'" .... 1.) 
§ 

~ 
.. 

'N fNEo...nVE- 4,,1.) 

. • • , 
to • 100 

.. T ............. al"cEXlll-· n ...... 

Fig. 8(d)-Total ga(e pulss duration IrS. extemal 
resistence for CA3058 and CA3059. 

ALL RESISTANCE VALUES '----il---.... 
ARE IN OHMS 100. F 92SH268 

Fig. 7(a)-lnput inhibit voltage ratio test 
circuit for CA3058. CA3059, and 
CA3079. 

... 
120 VMS, 50/60-tl:l OPERATION 
AMBIENT TEIIPERATURE (T ..... 2s- C 

un 0.02 0.03 0.04 0.05 0.06 

EXTERM ...... CAPACITAMCE IC(Exnl .... F 

0.07 1;1.,01 0.09 

92:CS-'I077 

Fig. 8(b)-Total gate pulse duration IrS. external 
capacitance for CA3058. CA3059. 
andCA3079. 

100. II0v RIIS $0/&0-14" OPERATION .. • INPUT RESISTANCE tRsI-IOOIlA 

• NO UTERNAL LOAD !:! .. • I .. .. 1/ r 10 a • • I iii • z / Of • .. 
c J " c I. 
~ 
l- • ./ " • L 
I-

" 2 0 

0.1 
-8a -60 -4Q -2Q 0 20 40 eo 80 100 120 I. o 

AMBIENT TEMPERATURE tTA)-· C 

Fig. 9-0utput leakage current (inhibit mode) IrS. 
ambient temperature for CA3058. CA3059. 
andCA3079. 
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LINEAR INTEGRATED CIRCUITS 

CA3058, CA3059, CA3079 

V·. 6Y 

+3Y 

92SS4167 

Fig. to-Input bias current test circuit for CA3058. 
CA3059. and CA3079. 

SENS OR RESISTANCE" 5 k(1 

I. " 30 

> ~ • I ., ~ TERMS. 7 AND 12 CONNECTED !Ie " .. 0 C .. ~59' 
DC GATE CURRENT .. O£)E\"'-:.o .;- 12 !! 20 

!! 
~ 
~ 

'> 

" ~ ::: 

w 
\1 
:!. 
!!! 

W "pES' '", 10 TERM. It oPEN WOOE ,,,,~\.. 
~ PULSED GATE CURREMT . z 
W 
<I 

-50 ·25 0 25 50 1"S 100 
AIIIIENT TEMPERATURE (T,t,I-·C 

Fig. 12-Ssnlitivity VI. ambient temperature 
for CA3058. CA3059, and CA3079. 

~ 11111111111 
-> 

i 
i 

-51 -25 0 50 75 

...... ENT TUPEWUURE -< 

Fig. 13-Operating regions far built·in protection 
-eiFeilit for {}A3058-and CA3059. 

125 

220 V RMS 
50/()O-Hz OPERATJON 

300 INPUT RESISTANCE {Rsl-IOkn 

~ I I 

~~~!} tp(:~~rIOSITI\lE 

50 HZ} t IFOR NEGATIVE 
SO Ht dv/dtl 

220 II AMS. 'O/60·Hz OPERATION 
INPUT RESISTANCE IA-Sl-to kn 

~ 
; 400 

~ ~+-+-::1-4~~+-~-=i~:=:::;j 

0,02 0,04 0.06 0.08 0.1 

EXTERNA!.. CAPACITANCE -".F 

(a) 

600 

~200 

-' 
/! g 

o 0.02 0.04 0,08 
EXTERNAL CAPACITANCE-~F 

9ZCS-18070 

(b) 

i8 ~~} tNllf~~d~N~ATI"( 
~g ~~} Ipi (f~~;?SITl"E 

0.1 

EXTERNAL CAPACITANCE-J'F 
0.02 0.04 0.06 0.08 0.' 
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Fig. tl-Relative pulse width and location of zero crossing for 220-valt operation for CA3058, CA3059, 
andCA3079. 

OPERATING CONSIDERATIONS 

Power Supply Considerations for CA3058, 
CA3059, and CA3079 
The CA3058, CA3059, and CA3079 are in
tended for operation as self-powered circuits 
with the power supplied from an AC line 
through a dropping resistor. The internal 
supply is designed to allow for some current 
to be drawn by the auxiliary power circuits. 
Typical power supply characteristics are given 
in Figs. 3(b) and 3(c). 
Power Supply Considerations for CA3058 
and CA3059 
The output current available from the internal 
supply may not be adequate for higher power 
applications. In such applications an external 
power supply with a higher voltage should be 
used with a resulting increase in the output 
level. (See Fig. 5 for the peak output current 
characteristics). When an external power 
supply is used, Terminal 5 should be con
nected to Terminal 7 and the synchronizing 
voltage applied to Terminal 12 as illustrated 
in Fig. 5(a). 
Operation of Built·in Protection for the 
CA3058. CA3059 
A special feature of the CA3058 and CA3059 
is the inclusion of a protection circuit which, 
when connected, removes power from the 
load if the sensor either shorts or opens. The 
protection circuit is activated by connecting 
Terminal 14 to Terminal 13 as shown in 
Fig. 1. To assure proper operation of the pro
tection circuit the following conditions 
should be observed: 
1. Use the internal supply and limit the ex

ternal load current to 2 mA with a5 kn 
dropping resistor. 

2. Set the value of Rp and sensor resistance 
(RX) between 2 kn and 100 kn. 

3. The ratio of RX to Rp, typically, should 
pe greater than 0.33 and less than 3. If 
either of these ratios is not met with an 
unmodified sensor over the entire antici· 
pated temperature range, then either a 
series or shunt resistor must be added to 
avoid undesired activation of the circuit. 

If operation of the protection circuit is de
sired under conditions other than those 
specified above, then apply the data given 
in Fig. 13. 

External Inhibit Function for the CA3058 
and CA3059 
A priority inhibit command may be applied 
to Terminal 1. The presence of at least +1.2 V 
at 10 JJ.A will remove drive from the thyristor. 
This required level is compatible with DTL 
or T2L logic. A logical 1 activates the inhibit 
function. 
DC Gate Current Mode for the CA3058 
and CA3059 
Connecting Terminals 7 and 12 disables the 
zero-crossing detector and permits the flow 
of gate current -on demand from the differ
ential sensing amplifier. This mode of opera
tion is useful when comparator operation is 
desired or when inductive loads are switched. 
Care must be exercised to avoid overloading 
the internal power supply when operating 
in this mode. A sensitive gate thyristor 
should be used with a resistor placed between 
Terminal 4 and the gate in order to limit the 
gate current. 
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CA3060, CA3060A Types 

Operational Transconductance 
Amplifier Arrays 

APPLICA TlONS 
• For low power conventional operational amplifier 

application. 

• Active filters • Multiplexers 

• Comparators • Multipliers 

• Gyrators • Strobing and gating functions 

• Mixers • Sample and hold function. 

• Modulators 

FEATURES 
• Low power consumption - as low as 100 p.W per amplifier 

• Independent biasing for each amplifier 

• High forward transconductance 

• Programmable range of input characteristics 

• Low input bias and j'nput offset current 

• High input and output impedanca 
• No effect on device under output short-circuit conditions 

• Zener diode bias regulator 

RCA-CA3060AD, CA3060BD, CA30600, and CA3060E, 
monolithic integrated circuits, are arrays of three independ
ent Operational Transconductance Amplifiers. This type of 
amplifier is a new circuit concept that has the generic 
characteristics of an operational voltage amplifier with the 
exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain 
(open-loop voltage gain is the product of the transcon
ductanceand the load resistance, 9mR L)' When operated into a 
suitable load resistor and with provisions for feedback, these 
amplifiers are well suited for a wide variety of operational
amplifier and related applications. In addition, the extremely 
high output impedance makes these types particularly weI! 
suited for service in active filters. 

Generic applications of the OTA are described in ICAN-
6668, Applications of the CA3080 and CA3080A High
Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA3060BO, and CA30600 are supplied in 
a hermetic 16-lead dual-in-line ceramic package which can be 
operated over the full military temperature range, -55°C to 
+1250 C. The CA3060E is supplied in a 16-lead dual·in-line 
plastic package and is operational from -400C to +BSoC_ 

MAXIMUM RATINGS, Absolute Maximum Values at TA .. 250C 

OC Supply Voltage (between V+ and V· terminals): 
CA3060AD, CA3060BD, CA3060E 
CA3060D 

.. 36V i±18VI 
...... 14 V (±7VI 

Differential Input Voltage (each amplified: 
CA3060AO. CA3060BO, CA3060E _ 
CA3060D .. 

DC Input Voltage 

Input Signal Current (each amplifier of each type): 

Amplifier Bias Cvuent (each amplifier of each type) 

Bias Regulator I nput Current .. 

Output Short-CirCUit Duration-

. ±SV 

. ±SV 

.. .... v+ to V-

.. ±1 rnA 

... 2rnA 

..... -5mA 

.. No limitation 

;oShert circuit may be applied to ground or to either supply. 

ZENER BIAS REGULATOR ,--------, 

i ~!~-----~--3~ 
\ ~!O I 04~_ 
I I 0, I t-f- -+--- 06 

._-j----" 

o INPUTO ~ Qe 

+ 

REGULATOR OUT 1 OUTPUT No. I 

REGU LATOR IN 2 

14 NON-INV, INPUT No.1 

INY. IN~UT NO.:3 4 

NON-INV. I~PuT No.3 5 

II NON-INV.INPUTNo.2 

OUTPUT No.3 7 81AS No. 2 

9 OUTPUT No.2 

Fig.I-Functionill block dis{/rlIm for uch typtl in the 
CA3060 fBmily, 

Device ,Dissipation: 
Total Package of each type up to T A'" 750C. . •. 490 mW 

Above T A'" 7ScC ... Derate linearlv 6.67 mW/oC 

Temperature Range: 
Operating -
CA3060AD, CA3060BD, CA3060D , , 
CA3060E , .. 

Storage -

CA3060AD. CA3060BD, CA3060D, 
CA3060E ... 

Lead Temperature (During Soldering); 

At distance '/16 ±1/32 in. (1.5910.79 mm) 
from case for las max. 

2 SUPPLY YOLTAGE:Y+-SV,V-.-6Y 
V1-_15Y,Y-'_15V 

~ 
I I.' 
-0 

! 
~ .., 
~ , 

->-g 
~ 

~ 
~ 0.5 

~ 

... -55 to +1250 C 
·40 to +850C 

·65 to + 1500 C 

. +300oC 

I 

I 
I 

l/iL25
'
C 

J.+-25°C 
-5'OC 

t:I' 
The three amplifiers in the CA3060 family are identical 
push-pull Class A types which can be independently biased to 
achieve a wide range of characteristics for specific applica
tions. The electrical characteristics of each amplifier are a 
function of the amplifier bias current (IABCL This feature 
offers the system designer maximum flexibility with regard 
to output current capability, power consumption, slew rate, 
input resistance, input bias current, and input offset current. 
The linear variation of the parameters with respect to bias 
and the ability to maintain a constant de level between input 
and output of each amplifier also makes the CA3060 suitable 
for a variety of non~linear applications such as mixers, 
mUltipliers, and modulators_ 

o 'ABC ttS' D3 
AMPLiFIER t, 
BIAS INPUT 0 

.--....... ------<ID 0 

In addition; the types in the CA3060 family incorporate a 
unique Zener diode regulator system that permits current 
regulation below supply voltages normally associated with 
such systems_ 

1000s AMBIENT TEMPERATURE \TA1~25"C 

• SUPPLY VOLTAGE):~;~V:.J'_:~i;: ./ .. · i I J/ ~ 2 

~# 
~IOO 

~. 

'" • --~ 

~ • ~ V · V V I 
~ 'V ~~~ .' 0 

'0 I--1-:::) 
~ · " • ~ / · 

2 

I 
4$8 468 4$8 

10 100 1000 
AMPLIFIER BIAS CURRENT II ABC 1- p.A 

92C5-'9618 

Fig.4-lnput offset CUffent lIS". amplifier bias current. 

Ll. INVIORTING INPUT OF AMPLIFIERS 1, 2, AND 31S ON TERMINAL 
Nos. 13,12 AN04, RESPECTIVELY 

o NON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 IS 
TERMINAL Nos. 14, 11, AND 5, RESPECTIVELY 
OUTPUT OF AMPLI FIERS 1, 2, AND 315 ON TERMINAL Nos. 16,9, 
AND 7. RESPECTIVELY 

C AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1,2, AND 3 IS ON 
TERMiNAL Nos. 15, 10, AND 6, RESPECTIVELY 

92CS-15860RI 

Fig.2-SimpJified schematic diagram showing bias regulator and 
one operational transconductance amplifier for 
each type of the CA3060 family. 

'0. AMBIENT TEMPERATURE (TA1~25QC 
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Fig.5a-lnput bias current vs. amplifier 

bias curren t 
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Fig.3-lnput offset voltage V$, amplifier bias current, 
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Fig_5b-lnput biBS current vs. ambi9(lt 
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CA3060, CA3060A Types 

ELECTRICAL CHARACTERISTICS (CA3060Dl 

For each amplifier at T A = 250 C. V+ = 6 V. V· = ·6 V 

TYPICAL LIMITS 

CHARACTER. Amplifier Bias Cu"ent 
CHARACTERISTIC SYMBOL ISTICS 

CURVES 'ABC - 1 jJA 'ABC -10jJA 'ABC - 100 jJA 

Fig. MIN. TYP. MAX. I M'N. TYP.IMAX. M'N.I TYP. MAX. 

STATIC CHARACTERISTICS 

Input Offset Voltage V'O 3 - 1 5 - 1 5 - 1 5 

I nput Offset Current '10 4 - 3 14 - 30 100 - 250 1000 

Input Bias Current "B 5a.b - 33 70 - 300 550 - 2500 5000 

Peak Output Current 'OM Sa. b 1.3 2.3 - 15 26 - 150 240 -
Peak Output Voltage: 

Positive V OM+ 4.6 5 - 4.5 4.8 - 4.5 4.7 -
Negative YOM' 

7 
5.8 5.95 - 5.8 5.95 - 5.7 5.9 -

Ampl ifier Supply 

Current (each amplifier) 'A Sa,b - 8.5 14 - 85 120 - 850 1200 

Power Consumption 
(each amplified P - - 0.10 0_17 - 1 1.45 - 10 14.5 

Input Offset-Voltage 

Sensitivity- : 

Positive c"V,oIc"V+ - - 1.5 120 - 2 120 - 2 120 

Negative c"V,oIc"V' - 20 120 - 20 120 - 30 120 

Amplifier Bias Voltage" VASe 9 - 0.54 - - 060 - - 0.66 -

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) 

Forward Transconductance 

Uarge signal) 921 lOa, b 0.3 1.55 - 3 18 - 30 102 -

Common-Mode Rejection 

Ratio CMRR 70 110 - 70 110 - 70 gO -

Common-Mode Input- 4.4 to -5.1 min. 4.3 to -5 min. 4.3 to ·5 min. 

Voltage Range V,CR - 4_7 to -5.3 tYPo 4.6 to ·5.2 typo 4.6 to -5.2 typo 

Slew Rate {Test ckt., 

Fig. 13 SR - 0.1 - - 1 - - 8 -

Open· Loop (921) 
Bandwidth aWOL 11 - 20 - - 45 - - 110 -

Input Impedance 

Components· 

Resistance A, 12 800 1600 - 90 170 - 10 20 -

Capacitance at 1 MHz C, - - 2.7 - - 2.7 - - 27 -

Output Impedance 

Components: 

Resistance RO 14 - 200 - - 20 - - 2 -

Capacitance at 1 MHz Co - - 4.5 - - 4.5 - - 4.5 -
ZENER BIAS REGULATOR CHARACTERISTICS (at T A = 250 C, 12 = 0.1 mAl 

MIN. TYP. MAX. 

Voltage Vz 15 Temp. Coeff. == 3 mV/oC 6.2 6.1 79 

Impedance zz - 200 300 

V+ is reduced to 5 volts for V+ sensitivity 
V- is reduced to -5 volt:!; for V- sensitivity 

UNITS 

mV 

nA 

nA 

jJA 

V 

jiA 

mW 

JN/V 

V 
, 

mmho 

dB 

V 

V/J-IS 

kHz 

kn 

pF 

Mn 

pF 

V 

n 

Temperature-Coefficient; -2.2 mV/oC (at V ABC = 0.54 V, IABC = 

1 IJA: ·2.1 mV/oC lat VABC = 0,060 V, 'ABC = 10 IJAI: ·1.9 
mV/oC lat VABC = 0,66 V, 'A8C = l00jiAl 

• Conditions for Input Offset Voltage and Supply Sensitivity: 
!b) V+ senSitivity in IlV/V == Voffset· Vaffset f::=~ V and -6 V supplies 

(al Bias current derived from the regulator with an appropriate 
resinor connected'from terminal No.1 to the bias terminal on 
the amplifier under test _. 

10,0008 AMBIENT TEMPERATURE (T A J. 25~C t---t- f--· SUPPLY VOLTAGE V+.6V,V-,-6V 
~ · v+. 15 V. V-a -15V 
~ 

c~ I z f--;1 ~p 
EIOOO , · .,,~ 

~ 4r---f---- ... r--- ; . .'''' 
~~'/ 

i 2 

100 
~ • 0 
;;: · ~ 
~ 2 

'0 

V/ 

V/ 
/ 

2 . o • 2 . • • 2 . 0 , 
10 100 

AMPLIFIER BIAS CURRENT tIABC1-,...A 
1000 

92CS-19613 

Fig,&-Amplifier supply current (each 
amplifier) vs. amplifier bias cur
rent. 

V- sensitivity in J.1.VfV = Vaffset - Volfset f~:~~t V and +6 V supplies 

1 
I 

1000 

of---- AMPLIFIER BIAS CURRENT_IIABC1 ".::IO:;:O-,,~::.A---+_---1 

·~O~A-+---

100 . 
I 

0 

. 
2 SUPPLY VOLTAGE:v ~6Y.V-.-6V 
I Y+.,5Y,Y-·-15\1 

-75 -50 -25 0 25 

IO~A 

,,,A -
I~A ./ 

.0 100 

AMBIENT TEMPERATURE !TA1-OC 9iCS-19606 

Fig,8b-Amplifier supply current (each 
amplifier) vs. ambient tempera

ture. 
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oqlOOOe AMSIENT TEMPERATURE (TAI~2~"c 

i , I 

I :-ttl 
4 " 10 100 1000 

AMPLIFIE.R BIAS CURRENT (IABc)-~A 

Fig.6a-Peak output current vs. ampli
fier bias current. 

C( 1000 SUPPLY· vOLTAGE· y+ K6V,'Y-·-6V 

> • 
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1l 
;' 
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~ 
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~ 

" 

AMBIENT TEMPERATURE ITA )-~C 92CS-1960e 

Fig.6b-Peak output current VS. ambient 
temperature. 

10 100 
AMPLIFIER BIAS CURRENT (IABcl-~A 

Fig.7-Peak output voltage vs. amplifier 
bias current. 

SUPPLY VOLTAGE: y+= 611, v-· -6 V 
V+=15V,V-=-15V 
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I V 0 oc 600 --I-- v P -- j--+ 
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I I ;;: 
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92CS-19617 

Fig,9-Amplifier bias voltage vs. ampli· 
fier bias current 
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CA3060, CA3060A Types 

ELECTRICAL CHARACTERISTICS (CA3060AD, CA3060BD, CA3060EI 
For each amplifier at TA ~ 25oC, V+ = 15 V, V· = ·15 V 

liMITS 
Amp'if"" Bias Curr .. t 

TYPICAL IABC -, jIA I IABC -'OjIA IABC -,00 jIA 
CHARACTER· MIN. TYP. MAX. I MIN. TYP. MAX. MIN. TYP. MAX. 

CHARACTERISTIC SYMBOL ISTICS CA3OSOAD UNITS 
CURVE CA3060BD CA3060BD 

Fig_ CA3060E 

STATIC CHARACTERISTICS 

Input Offset Voltage VIO 3 - 1 5 - 1 5 - 1 5 mV 

Input Offset Current 110 4 - 3 14 - JO 100 - 250 1000 nA 

I nput Bias Current liB Sa.b - 33 10 - JOO 550 - 2500 5000 nA 

Peak Output Current 10M 6a.b 1.3 2.3 15 26 - '50 240 - jIA 

Peak Output Voltage: 

Positive VOM+ 12 13.6 - 12 13.6 - 12 13.6 - V 7 
Negative YOM· 12 14.7 - 12 14.1 - 12 14.1 -

Amplifier Supply 

Current (eaeh ampllfierl IA Ba.b - 8.5 14 - 85 120 - 850 1200 jIA 

Power Consumption 

(each amplifier) P - - 0.26 0.42 - 2.6 3.6 - 26 36 mW 

Input Offset-Voltage 

SensItivity·: 

PO$itIV~, .).VIOJ~V+ - 1.5 150 - 2 150 - 2 150 

Negative IlVIOI.:J.V· 
-- - 20 150 - 20 150 - 30 150 JNN 

Amplifier 81as Voltage- VABC 9 - 0.54 - - 0.60 - - 0.66 - V 

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwisel 

Forward Transconductance 
!large signal) 921 lOa,b 0.3 1.55 - 3 18 - JO 102 - mmho 

Common-Mode Rejection 
Aatlo CMRR - 10 110 10 110 - 10 90 - dB 

Common-Mode Input 
+12 to ·12 min. +12 to ·12 min. +12 to -12 min. 

Voltage Range V'CR -
.13to ·14 typo .13to-14typ. +1310 ·14 typo 

V 

Slew Rate ITest ckt., 
Fig. 13) SR - - 0.1 - - 1 - - 8 - V/jJS 

Open·Loop (921. 
Bandl/\/ldth BWOl 11 - 20 - - 45 - - 110 - k~z 

Input Impedance 
Components: 

ReSistance R, 12 800 1600 - 90 110 - 10 20 - kll 

Capacitance at 1 MHz C, - - 2.1 - - 2.1 - - 2.1 - pF 

Output Impedance 
Components: 

Resistance RO 14 - 200 - - 20 - - 2 - Mil 

Capacitance at 1 MHz Co - - 4.5 - - 4.5 - - 4.5 - pF 

ZENER. BIAS REGULATOR CHARACTERISTICS (at T A= 250C, 12 = 0.1 mAl 

I MIN.I TYP. MAX. I 
Voltage Vz 15 Temp.Coeff.= 3mVloC I 6.2 I 6.1 I 1.9 Iv 
Impedance I Zz I -

Temperature-Coefficient; ·2.2 mV/oC Cat VABC = 0.54 V. IABC = 

1 IJA; ·2.1 mV/oC (at VABC '" 0.060 V. IABC = 10 J.l;A); .1.9 

mV/oC C., VABC = 0.66 V.IABe = l00jlAl 
• Conditions for Input Offset Voltage and Supply Sensltlvitv: 

fal Bi8$ current derived from the regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test ... 

• •• 2 " •• . .. 
10 100 1000 

AMPLIFIER BIAS CURRENT CIABC1-f'A 
92C$-19&16 

I 200 1300 

v+ is reduced to 13 volts for V· sensitivity 
V· is reduced to -13vohs for V- sensitivity 

n 

Ib) V" sensitivity In J.l;ViV'" Voffse!· Voffset for +13 V and -15 V supplies 
" yolt 

V' senSitiVity in pV/V = Vaffset· VOffsel f::a~t13 V and -+ 15 V supplies 

RF 

INPUT RS 

OUTPUT EXTERNAL 

>--@----jj!l 13n~~ 
of 

Cc 

R. 

92CS-IS8551i11 

Vz is measured between terminals 1 and 8. 

V ABC is measured between terminals 15 and 8. 
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Fig. 1 Oa-ForlMJrd transconductance I/$. 

amplifier bias current. 
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ABC) "00' A= ~ 
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.,.. 
-50 -25 0 25 !X) 75 100 125 

AMBIENT TEMPERATURE (T.I-·e 92CS-ItSOS 

Fig. 7Ob-Forward tranlConductanca I/$. 

ambiant temperature. 
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SUPPLY VOLTAGE:~~5VV~:!.:V -350 
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Fig.II -ForlMJrd transconductanca I/$. 

frequency. 

Supply Voltage: for both ±6 V and ±15 V. 

.. 

TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

IABC 
SLEW 
RATE Ii RABC lis RF RB He Cc 

jIA V/jJ5 jIA ohll1$ IJf' 

'00 B 200 62k lOOk lOOk 51k 100 0.02 

'0 1 200 620k 1M 1M 5,Ok lk 0.005 

1 0.1 2 6.2M 10M 10M 5.1M 00 0 
Fig. 12-lnput resistance I/$. amplifier bin 

current. Fig. 13-Slew rate test circuit for amplifier No. I of CA3060. 
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CA3060, ~A3060A Types 

, SUPPLY VOLTAGE Y+"6V, v-.~6y 
4~· ,..,t.-15V,Y-.15V 

FREQUENY ttl-1kHz 

I, 
4., Z .1' .,. 

10 100 1000 
AMPLIFIER BIAS CURRENT UABC)-"A 

t2CS·ltIZO 
200 400 600 BOO 1000 

BIAS REGULATOR CURREttT UZI,...A 
!t2CS-19619 

Fig. 14-0utputresistance ~ amplifier bias current. Fig. 15-8ias regulator vol. vs. bias regulator cu"ent. 

;---~------~----~------T-~v+ 

v-o---~----~----------------~~--~--~~--------------~-----ov-

COMPLETE OTA CIRCUIT 

Fig. 16 - Complere ~hematic diagram showing one of the three operational transconductance amplifiers. 

OPERATI.NG CONSIDERATIONS 

The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli
fiers but sufficiently different from the standard operational 
amplifi..- (op-amp) to justify sOme explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is beSt defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabulated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 

The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with • wider variety of 
circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
low power consumption, low bias, and low offset current, or 
high input impedance are'primary design requirements, then 
low current. operaiing conditions may be seleCted. On the 
other hand, if operati!!'; into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used. 

Bia. Consideration. for Op-Amp Applications 

The oPerational transconductance amplifiers allow the circuit 
designer to select and contrlll the operating conditions of the 
ci·rcuit merely by the adjustment of the input bias current 
IABC' This enables the designer to have complete control 
over transconductance, peek output current and total power 
consumption independent of supply yoltage. 

In addition, the high output impedance makes these 
amplifiers ideal· for applicati~!!s where current summing is 
involved. . 

The design ofa typical operational amplifier circuit (See fig. 
17) would proceed as follows: 

.ov 

o,tSEr ! 
C4MA ~ 

-Oy 

.Oy 

-ov 

Fig. 17-2fHJ8 amplifier using the CA3060. 

Circuit Requirements 
Closed loop voltage gain = 10 (20 dB) 
Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voltage = ±6 V 
Maximum input voltage = tOO mV 
I nput resistance = 20 kU 
Load resistance = 20 kU 
Device: CA3060 

Calculation 
1. Required transconductance 921. 

Assume that the open loop gain AOL must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 

LINEAR INTEGRATED CIRCUITS 

g21 = AOL/RL 

= l00/18kU 

"'5.5mmho 

(R L = 20 kU in parallel with 200 kU 

'" 18kU) 

2. Selection of suitable amplifier bias current. 
The amplifier bias current is selacted from the minimum 
value curve of transconductance (Fig. lOa) to assure that 
the amplifier will provide sufficient gain. For the required 
g21 of 5.5 mmho an amplifier bias current IABC of 20/lA 
is suitable. 

3. Determination of Output Swing Capability. 
For a loop gain of 10 the output swing is to.5 V and the 
peak load current 25 jJ.A. However, the amplifier must 
also supply the necessary current through the feedback 
resistor and for RS = 20 kU than R F = 200 kU if AO L = 
10. Therefore, the feedback loading = 0.5/200 kU = 2.5 p.A. 

The total amplifier current output requirements are, 
therefore, t27.5 p.A. Referring to the data given in Fig. 6a 
we see that for an amplifier bias current of 20 jJ.A the 
amplifier output current is t40 jJ.A. This is obviously 
adequate and it is not necessary to change the ampl ifier 
bias current I ABC. 

4. Calculation of bias resistance. 
For minimum supply current drain the amplifier bias current 
IABC should be fed directly from the supplies and not 
from the bias regulator. The value of the resistor RABC 
may be directly calculated using Ohm's law. 

VSUP - VABC 

IABC 

12 -0.63 
RABC= 20x 10-6 

= 568.5 kU or '" 560 kU 

5. Calculation of offset adjustment circuit. 
I n order to reduce the loading effect of the offset 
adjustment circuit on the power supply, the offset control 
should be arranged to provide the necessary offset 
current. The SOurce resistance of the non'inverting input is 
made equal to the source resistance of the inverting input. 

i.e. 20 x 200 x 106 ohms 0. 18 kU 
220 x 103 

Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 

flowing through the source resistance 

(i.e. 200 x 10-9 x 18x 103Yoltsl,therefore, 

the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV 

The current necessary to provide this offset is 

8.6 x 10-3 or 0.48 jJ.A 
1.8 x 103 

With a supply voltage of ±6 V, this current can be provided 
by a 10 MU resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 MU 
was used in the final circuit. 

OTHER CONSIDERATIONS 

Capacitance Effects 

The CA3060 is designed to operate at such low power levels 
that high impedance circuits must be employed. I n designing 
such circuits, particularly feedback amplifiers, stray circuit 
.:apacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10-kU load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 18 illustrates how a 100kU 15·pF 
load modifies the frequency characteristic. 
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Fig. 18-Effect of capacitive loading on frequency response. 

Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, IABC (see Fig. Ba), the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the 10M' Therefore, 

SR = dV/dt = IOM/CL 

where CL is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 

Phase Compensation 

In many applications phase compensation will not be 

required for the amplifiers of the CA30BO. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the firSt amplifier. The high gain following 
compensation assures a high slew rate. 

APPLICA nONS 

Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op-amps, and thus. are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators. differentiators, summing amplifiers 
etc. . 

TRI·LEVEL COMPARATOR 

Tri-Ievel comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-Ievel comparator has three adjustable limits_ If either the 
upper or lower Ii mit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-Ievel comparators are particularly 
suited to many industrial control applications. 

1000, · H~» · V V V 
~ 2 17 ~, ~., V / 
!:::! 100. 

..,0'. ,O"l<C ::l • 

I · 1/ 17 ~o/ V 
10'1/ 1/ ~~'fJ/ / 
• -;jj'>'" !i • 

5 · 1/ '<~ If.., V ~ 'V 0 07 1/ ~I/ 
:i I. 0" 
~ • o· · 17 V V 

'1/ 1/ V 
()'Ol i! 46' .1 , . .. , 

" 6'1 
, .. ~)Q 

SLEW RATE (VI,.., 

Fig. 19-Effect of load capacitance on slew rate. 

Circuit Description 

Fig. 20 shows the block diagram of a trHevel comparator 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper·limit and lower· 

UPPER LIMIT 
REFERENCE VOLTAGE 

INPUT SIGNAL 

INTERMEDIATE-LIMIT 
REFERENCE VOLTAGE 

LOWER LIMIT 
REFERENCE VOLTAGE 

v+ 

v+ 

9i!CS-I9609 

Fig.20-Functional block diagram of a tri·level comparator. 

limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter
mediate-limit reference voltage. By appropriate selection or 
resistance ratios this intermediate-limit may be set to any 
voltage between the upper-limit and lower-limit values. The 
output of the upper-limit and lower-limit comparator sets the 
corresponding upper or lower· limit flip·flop. The activated 
flip-flop retains its state until the third comparator (inter
mediate·limit) in the CA30BO initiates a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediate·limit selected. The flip-flops employ two 
CA308B transistor·array IC's, with circuitry to provide 
separate "SET" and "POSITIVE OUTPUT' terminals. 

The circuit diagram of a tri-Ievel comparator appears in Fig. 
21. Power is provided for the CA30BO via terminals 3 and 8 
by ±6-volt supplies and the built-in regulator provides 
amplifier·bias·current (lABel to the three amplifiers via 
terminal 1. Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R 1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown). the intermediate-limit reference voltage is 
automatically established at a value midway between the 
lower-limit and upper-limit ~alues. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediate·limit Voltages. Input Signal (ES) is applied to the 
three comparators via terminals 5, 12, and 14. The "SET" 
output lines trigger the appropriate flip·flop whenever the 
input signal reaches a limit value. When the input signal 
returns to an intermediate·value, the common flip·flop 
"RESET' line is energized. The loads in the circuits, shown 
in Fig. 21 are 5·V, 25·mA lamps. 

INPUT SIGNAL(ES) 

EU 

LOWER LIMIT 
REFERENCE 
VOLTAGE 

SET 

WHEN LOWER LIMIT 
IS EXCEEDED 

NOTE2. Es >EU=Q,(ON),~ (OFF) 

Es< EU;EL ~QI{OfF),Q2(OFFl 
Es < EL = 0ZION)'OI (OFF) 

Active Filters - Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA30BO 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA30BO con nected as a 

gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3·J.LF capacitor function as a floating 10·kilohenry 
inductor across Terminals A and B. The measured 0 of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated a of lB .. The 20·kilohm to 2·megohm 
attenuators in this circuit extend the dynamic range of the 
OTA by a factor of 100. The 100·kilohm potentiometer, 
across V+ and V', tunes the inductor by varying the 921 of 
the OT As, thereby changing the gyration resistance. 

i6 

v+ 

L_IOKH 2M lOOK 201< -I v-

""F 

12 
AMP 2 

2M 

TERMINAL B 

ALL RESISTANCE VALUES ARE IN OHMS 

Fig.22- Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 

uPPER LIMIT 
FLIP-fLOP 

CA308e 

LOWER LIMIT 
FLIP-FLOP 

NOTE I :ITEMS IN SHADED AREAS ARE EXTERNAL 
TO THE CA3086 

RESISTANCE VALUES ARE IN OHMS 32CL- 19622 

Fig. 21-Tri·level comparator circuit. 
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Fig.23-Three-channel multiplexer. 

THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N138 MOS/FET as a buffer 
and power amplifier. 

When the CA3060 is connected as a high·input impedance 
voltage follower, and strobe "ON," each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 
gain in excess of 100 dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. 

Operation at ±6 volts is also possible with several minor 
changes. First, the resistance in series with amplifier bias 

current (I ABC) terminal of each amplifier should be 
decreased to maintain 100 p.A of strobe-"ON" current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA·4OB41, may be used when operating at the low supply 
voltage. 

The phase compensation network consists of a si ngle 390n 
resistor and a l000·pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 voltsip.sec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 

NON LINEAR APPLICATIONS 

AM Modulator (Two·Quadrant Multiplier) 

Fig. 24 shows Amplifier No.3 of the CA3060 used in an AM 
modulator or 2·quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B, and the 
eerrier frequency to the differential input, Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum 'depth of modulation is determined by the ratio of 
the peak input modulating voltage to V-: 
The two·quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during. the positive half cycle of the' modulation and negative 
onlv in the second half cycle. Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or I ABC are zero. 

TERMINAL A 

MODULATION 

IN OHMS 
TERMINAL B~O I( ALL RESISTANCE VALUES ARE 

9;hS-151l .. :lAr 

" , , " 
I I I I 

· 'J"<) i 

Fig.24-Two·quadrant multiplier circuit using the CA3060 
with associated waveforms. 

Four·Quadrant Multiplier 

The CA3060 is also useful as a four·quadrant multiplier. A 
block diagram of such a mUltiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two·quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No.1 is 
connected as an inverting amplifier for the X·input signal. 
The output current of Ampl ifier No. 1 is calculated as 
follows: 

(Eq.3) 

Ampl. No.2 is a non·inverting amplifier so that 

(Eq.41 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

Va = VXRL [g21(2)· g21(1)J (Eq.5) 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the 921 is also controlled. Amplifier No. 2 bias current is 
proportional to the Y·input signal and is expressed as 

(V·I+ Vy 
IABC(21 ""--R-l-

Hence, 

921 (2) '" k [ (V·I + Vy I. 

(Eq.61 

(Eq.71 

Bias for Ampl ifier No. 1 is derived from the output of 
Amplifier No.3 which is connected as a unity-gain inverting 
amplifier. IABC(l)' therefore, varies inversely with Vy. 
And by the same reasoning as above 

921(1) '" k [(V·)· VyJ . (Eq.8) 

Combining equation 5, 7, and 8 yields: 

VO"'VX' k' RL I[(V'1 + VyJ . [(V·)· VyJ! or 

VO"'2k RL Vx Vy 

Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No.2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting the offset voltage of Amplifier No. 1 to zerO. by 
means of the 100·kH potentiometer. Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No.1 and permits 
Amplifier No.2 to be zeroed with the other potentiometer. 
With AC signals on both the X and Y input. R3 and R 11 are 
adjusted for symmetrical output Signals. Fig. 27 shows the 
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output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
1·kHz carrier with a triangular wave. 

t-..--~. xy 

Fig.25-Four·quadrant multiplier using the CA3060. 

Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 

11M 

ALL RE srSTANCE 
VALUES ARE IN 
OHMS 

=- 270 I 92CS-I$ee7RI 

Fio.26- Tvaical faur·Quadrant multiplier circuit. 
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Fig.27- Voltage waveforms of four·quadrant multiplier 

circuit. 
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CA3062 
Photo Detector and 
Power Amplifier 

For Photoelectric Control Applications 

Features 

Applications 

• Counters • Intrusion alarms 

• Sorting • Position sensor 

• Level controls • Edge monitoring 

• Inspection • Isolators 

• See ICAN·6538. "Applications of the RCA-CA3062 IC 
Photodetector and Power Amplifier in Switching Circuits" 

.100 rnA output-current capability - can drive a relay or thyristor directly 

.5 to 15 volt dc supply voltage 
• Compact - complete system in a TO·5 style package 

The CA3062} is an integrated circuit consisting of a 
photosensitive section, an amplifier, and a pair of high· 

current output transistors on a single monolithic chip. 

The photosensitive section consists of Darlington pairs and 
affords high sensitivity. The power amplifier has a differ
ential configuration which provides complementing outputs 

in response to a light input ,- normally "ON" and normally 

"OFF". The separate photodetector. amplifier. and high· 
current switch provide flexibility of circuit arrangement. This 

feature plus the high current capability of the output section, 

can now provide the user with a complete system particularly 

useful in photoelectric control applications utilizing IR emit· 
ters and visible~light sources. 

ABSOLUTE·MAXIMUM RATINGS 

DISSIPATION: 

Upto TA = 550 C 
Above T A = 55°C 
At Case Temperature (T C):S". 55°C 
Above T C = 55°C 

TEMPERATURE RANGE: 
Operating . 

Storage 

..... 700mW 
. Derate linearly 5.6 rnWfC 

.... 1.5W 
Derate linearly 16 mWfC 

.-55°Cto +125°C 

. _65°C to +150°C 

'0 

6 
" 

v+ 

I PHOTOSENSITIVE I 
I SECTION I 
I ! 

I 
I 

.1 

I 

AMPLIFIER 
SECTION 

+v 

Fig. 1 - Light operated relay using CA3062. 

"6 
'Ok 

LEAD TEMPERATURE (During soldering): 
ALL RESISTANCE VALUES ARE IN OHMS 

At distance2 1/32 in (3.17 mm) from 
seating plane for 10 s max 

Maximum Voltage Ratings 

· ..... _ ... +300°C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the voltage 
range between vertical terminal 2 and horizontal terminal 3 is +15 to 0 volts. 

TERM· 
INAL 10 11 12 1 2 3 4 
No. 

0 +2 . · · · · 9 -9 -5 

+9 +9 · · · · 10 0 0 

+5 · · · · 11 -2 

· · · · 12 

· · · ~-- , +15 · 2 0 

· 3 

4 

5 

6 

7 

8 Reference Substrate and Case 

• Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the 'ipecified limits between all ,other terminals are not 
exceeded. 

5 6 7 8 

· · · · 
+15 · · · 0 

· · · · 
· · · · 

+5 +3 · · ·5 -3 

+15 · · · 0 
+5 · · · 0 
+9 · · · 0 

0 · +5 
-15 0 

· +15 

0 
+3 
·3 

Fig. 2 - Schematic diagram of CA3062. 

Maximum Current Ratings 

TERM-
liN lOUT 

INAL mA rnA 

~ 
9 1 0.1 

10 5 0.1 

11 0.1 5 

12 1 0.1 

1 1 0.1 

2 100 0.1 

3 0.1 100 

4 10 1 

5 0.1 100 

6 100 0.1 

7 1 0.1 

8 1 10 

nCS-15581RI 

Fig. 3 - Test circuit far photocurrent and typical spectral 
response of photosensitive Darlington unit. 

• DC SUPPLY VOLTS (+V}.o.+7,5 
6 AMBIENT TEMPERATURE ITAI '2~·C · LEAD No-II DISfoNNECTEDjf'ROM LEAO NO·1 7 

::: ' I l.v ~'OOi 
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92CS-155131RI 

Fig. 4 - Photocurrent as a function of radiant flwe 
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CA3062 
ELECTRICAL CHARACTERISTICS at T A = 25°C 

MEASURE· TEST 
CIR· MENT 

CHARACTERISTICS SYMBOLS TEST CONDITIONS TERMINAL CUlT LIMITS UNITS 

Nos. FIG. I MIN. TYP. I MAX. 
STATIC CHARACTERISTICS 

Photo Darlington Section: E • 0 lumens/fl2 

Collector-to-Emitter 
"(.RICEO IC' 1 mA 10-11 Breakdown Voltage - 10 - - V 

Emitter-to-Base 
VCBRJEeO 'E' 0.1 mAo E· 0 

9-11 
10 V Breakdown Voltage 12-11 - - -

Oark Current 'DARK VCE'7.5V. E'O 10 - 0.1 30 IJ.A 

Photo Current Ip 
VCE' 7.5 V 10 - 60 - IJ.A E • 8 lumens/ft2 3 

Wavelength of 
A max. - 725 - Note2 

Ma)(. Sensitivity --;;m 

Relative Angular Sensitivity - - - - -
Area of Each - 1.3.10.4 cm2 
Photo Transistor 

Amplifier Seclion 
Output Transistor: 
Collector-to-Emitter VIBRICEO 6 

'C'l mA 
2-3 

15 - - V Breakdown Voltage V(BRJCEO 7 6-5 -
Emitter-to-Base \'IBR)EBO 6 

'E' 1 mA 
3-8 - 5 - - V Breakdown Voltage VIBFUEBO 7 6-8 

DC Supply Current 
'SUPPL Y V4 '7.5V 4 - - 5.5 10 mA 

Sensitivity: 
Illumination. Set light input for 7.15. NOles 

For Normal"O F F "Oulput EON 
'6 = 70 rnA 

6 - 8 70 1.3 

lumens 

For 'Normal "ON" Output Set light input for 17 per h 2 
Ea •• 2 - 10 -

'2 = 5 mA 

DYNAMIC CHARACTERISTICS 

Overall Response Time; 
Turn-On Time 'on - 38 - IJ.S 

Rise Time 'r E = 700 IJ.W/cm2 -- 12 - 125 - IlS 

Turn·Off Time 'off 
at>'=930nm - 43 - IJ.S 

Fall Time If - 20 - IJ.S 

NOTES 

(1) 

(2) 

(3) 

Tungsten filament light source at a color temperature of 2854K. 
One (1) nanometer ~ 10 Angstrom units. 
A radiant flux density of 7.5/lW/cm2 at 725 nm produces the 
same photocurrent as 1 lumen/ft2 from a tungsten filament 
lamp at a color temperature of 2854K. 

AMBIENT TEMPERATURE ITA1~ 2,·C pol 
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2 . • 1 
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!I!!~I 11!1 
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IRRADIANCE (RADIANT FLUX DENSITY) AT l-nS nm-,.W/cml 

92C$-15588"1 

Fig. 8 . LOIJd cu"ent (/2) JIS. illumination as a function of 
supply vollS. 
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Fig. 9 . LOBd cummt (/ sJ \IS. illumm.tion 8$ a function of 
supply volts. 
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Fig. 5 . Typical spectral response of photosensitive Darling, 
ton unit. 

ANGLE FROM fl'ERPENOICUlAFI-OEGAEES 

o 
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Fig. 6 . Relative angular sensitivity. 

92CS-15577RI 

Fig. 1 . Test circuit for sensitiviry /IfId dc current measure
ment. 

DC SUPPLY vO!..TS I.Y)- +7.5 
100·0"" LOAD fil£SISTOR 
CONNECTED TO LUD No·2 

I. 
!DPER~~E I ~~.+75·C [\' -4O'C 

l0i- +-- t-
-2~·C 

~ 
N I ~·W 1\ .. . 

~ 5"<\ ~I ~ . ! J>"C 
II! a 

20 i ! i 

~ : i\ 1\1\ ~~ I • I I . • •• 2 • • 2 4.' 
0.1 I 10 100 
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Fig. 10· Load current (12) IS. illumination a. a function of 
C/IIII temptIr.tUrtl. 
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CA3062 
DC SUPPLY VOLTSI"vl,+75 I 
IOO-OHM L,()ID R£SISTOA CONNECTED 

TO LEAD NO.6 

" • 4 & I 
I 10 100 

ILLUMINATION - LUMENS PER SQUARE FOOT (COlOR TEMPERATURE-2eeK) 

I J I 1 ~ l I I I ~ I 
10 30 100 aoo 
lRRAOIANCE (RADIANT FLUX DENSITY) AT ).-725 "",-,.,W/cm' 

92CS-I~'85RI 

Fig. 11 . Load current 1161I'S. illumination as a function of 
case temperature. 

DC SUPPLY VOLTS (+V}=+7 5 
AMBIENT TEMPERATURE (TAI=25°C 
lOAD RESISTOR (TO PIN NO.6 =100 n 
RADIANT ENERGY PULSE SOURCE-

100 • 
GaA!I DIODE, ~ "930 nm . , . f-- 'OFF .. 6 . .-

/ 1 '1--+- \ '\. 
~ . / ~ ~ 

3 

J 
\ \tON I \ , 

lI-~ , tFALi: 

10 ; '~~ I 'RISE 

o 200 400 600 800 1000 
IRRADIANCE (RADIANT FLUX OENSIT'r'J-pW/cm2 

92CS'16049 

Fig. 14 . Response time as a function of radiant flux density. 

OPERATING CONSIDERATIONS 

Switching Service 
The CA3062 is primarily intended to provide "ON-OFF" 
output in response to a light signal. Optimum performance of 
this device is achieved when the output transistors are 
operated at values of load current sufficient to saturate the 
device in the "ON" state. Operation of the CA3062 at values 
of load current between the condition of no load current and 
saturation will cause substantial power to be dissipated in the 
silicon chip. This condition of operation is therefore not 
recommended because the heat rise in the silicon chip 
induced by the increased power dissipation causes the load 
current to shift in the same direction as though additional 
illumination were applied to the CA3062, a condition which 
will substantially alter the switching characteristics of the 
device. 

The signal voltages at the input terminals (terminal No.1 and 
No.7) must not exceed 3 volts, because any increase in the 
signal voltage beyond the value specified will cause both 
output transistors to be turned "ON". In the circuit shown in 
Fig. 7, this condition will occur for values of illumination 
greater than 60 fumens/ft 2.This adverse operating condition 
can be avoided by either limiting the maximum illumination 
or by clamping the input so that tho voltage does not exceed 
3 volts. 

Linear Service 
The CA3062 can be connected as shown in Fig. 16 to give a 
linear output. The value of the load resistor should be greater 

~2CS-15515RI 

Fig. 12· Response time test circuit. 

92(S-15582'" 

Fig. 15 . Circuit diagram for "ON·OFF" photoelectric 
control applications. 

than 1000 ohms in order to limit the power dissipation and 
thus minimize the heating effects. Because of the many 
possible variations in circuit configurations, the CA3062 has 
not been characterized for linear service applications. A 
guide·line circuit for this class of service is shown in Fig. 16. 

Specific inquiries for use of the CA3062 in this type of 
service should be addressed to your local RCA Field 
Technical Representative. 

Precautions 
Because of the high amplification of the CA3062, care 
should be taken, when wiring, ta keep all lead lengths as 
short as possible. A recommended breadboard layout is 
shown in Fig. 17. 

If the CA3062 is operated with an inductive load impedance, 
such as a relay, it is recommended that a diode be connected 
across the load to absorb the energy of the pulse voltages 
generated during switching. 

Many of the graphs are shown with two sets of abscissa 
values for light energy input, one expressed in illumination 
values (Iumens/sq. ft.) and the other in irradiance values 
(/l-W/sq. cm.) 

Correlation between these two sets of abscissa values is 
accomplished by having the light source operating at the 
maximum sensitivity wavelength of the CA3062. See Notes 
on page three. 

90% 

50"" 

I, 

\-
I 

I 90% 

I 
I 
I '0% 
I 
I 
I 
I 
I 
J-tOFF_ 

TIME 

I, 
92CS-I!5!57&RI 

Fig. 13· Waveforms for measurement of response time. 

9~CS -1!55I3RI 

Fig. 16 - Circuit diagram for linear output photoelectric 
applications. 

Fig. 17· Breadboard layout of test Circuit, lhawn in Fig. 7 
for the CA3062. 
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CA3064, CA3064E 
TV Automatic Fine Tuning Circuit 

RCA-CA3064 and CA3064E represent the third generation of 
integrated circuits designed primarily for AFC (Automatic
Frequency-Control) applications. They provide all of the 
signal-processing components needed (with the exception of 
the tuned-phase-detector transformer) to derive the AFT COT· 

rection signals from the output of the video-if amplifier. The 
CA3064 is supplied in the IO-formed-lead TO-5 style pack
age, and the CA3064E in the 14-lead dual-in-line plastic 
package. Both types operate over the temperature range of 
-55 to +1250 C. 

The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044Vl but embody a higher-gain input 
amplifier which provides a 20-dB improvement in sensi
tivity. The increased sensitivity extends the application of 
a proven AFT system to the low-level if-amplifier stages 
in TV receivers. 

Because the CA3064 and CA3064E are functionally similar to 
the CA3044 and CA3044Vl. refer to Application Note 
ICAN-S831. "Application of the RCA CA3044 and CA3044Vl 
Integrated Circuits in Automatic Fine-Tuning Systems'" for 
general application information. 

Features: 
• Cascode type high-gain amplifier (18 mV input for rated output) 

• Internal voltage re~~lator 
• OiHerential detector 

• For use with either color or monochrome 

• OiHerential amplifier 

• Bipolar outputs 

• Wide operating-temperature range; -55 to +1250 C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DEVICE DISSIPATION: 
Up toTA'"" 25°C • • • . . . 100 mW 

Above T A = 25°C _ • • • •• derate linearly 5.6 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Operating . . . . . . . . -55 to +12SoC 
Storage. . . . . . . . . -65 to +150oC 

LEAD TEMPERATURE (During Soldering): 
At distance 1116" ± 1/32" 

(1.59 mm ± 0.79 mm) 
fr0'fl case for lOs max.. . . . . . 2650C 

lal CA3fJ64 Ibl CA3064E 

Ne 

IF INPUT 

Ne 

Ne 

Fig.2 - Terminal assignmenr diagrBms. 

+]0 ... 

TERMINAL NUr.t8[RS IN 
PARENTHESES ARE FOR 
14-LEAD DUAL-IN-U~E 
PLASTIC PACtcAGE 

Fig_ 3 - Test setup: Measurement of total device 
dissipation, zener regulating voltage, 
quiescent operating current at 
terminal 2 (3)_ 

LINEAR INTEGRATED CIRCUITS 

FROM (121 

~D£0---l 
AMP 

10 ~!l. 3 W 

,--t-----1------.J\N..~- + 140 V 

I 
I 
I _____________ --.J 

Ikn 

Ikn 

CORRECTION VOLTAGE 
TO VHF AND UHf 
TUNERS 

... SEE FIG. - 5 (b) FOR COIL DATA 
TERMINAL NUMBERS IN PARENTHESES ARE 
FOR 14-LEAD DUAL-IN":LlNE PLASTIC 
PACKAGE 

Fig.1 - Block diagram of typical operating circuir utilizing the CA3064 and CA3064E. 

ELECTRICAL CHARACTERISTICS at T A = 25°C, Unless Otherwise Specified 

TEST LIMITS CHARAC-

CIRCUITS TEST CA3064, CA3064E TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS UNITS CURVES 

FIG. MIN. I TYP. MAX. FIG. 

STATIC CHARACTERISTICS 

TA 
r-- 13S 150 

V+= -2SoC 

30V 
Device DiSSipation Po 3 +2SoC 130 140 ISO rnW 

RS = 

l.5kD 
+BSoC 14S ISO 

Current Drain at IO.S Volts IT 3 V10(l) = 10.5 V 4 6.S 9.S rnA 

Zener Regulated Voltage - a C 
VlO(lI 3 I 10.9 ILB 12.B V 

Supply Voltage at terminal 10(1)' 

Quiescent Operating Current into 
12(31 3 J 2 4 rnA Terminal 2(3) 

Quiescent Operating Voltage at V4(51 V+=30V 5 6.9 8 V 
Terminal 4(5) RS = 1.5 kn 

Quiescent Operating Voltage at V5(8) 

1 

5 6.9 8 V 
Terminal 5(8) 

Output Offset Voltage between V4-5 -1 0 I V 
Terminals 4 and 5(5 and 8) (5-8) 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN TO-5 STYLE PACKAGE) 

Input Voltage Sensitivity 
sensYtlvity 

5 
V+ =+30 V Correction Voltage Output 
VI=18mV as shown in table below. 

Input Admittance III 0.41 + JLO mmho 

Reverse TraQs!er Admillance 112 
f = 45.75 MHz o +j3.4 ,.mho 
V+=30V 

Forward Transfer Admittance 121 RS = 1.5 kn 24.S - j29 rnmho 

Output Admittance 122 0_04 + jO.9 mmho 

OUTPUT vs FREQUENCY DEVIATION - AFC 

V+ =+30 V %of %of VI = 18 mV RMS 
VlO VIO fo = MHz as 

indicated (1) (1) 

V 45.750 - 0.030 B5 V 
6,7 Correction-Control Voltage at 

Terminal 4(5) corr. 5 45.750 + 0.030 25 V 

4(5) 45.750 - 0.900 BO V 

45.750 , 0.900 35 V 
7 

45.750 - 1.500 BO V 

45.750 , l.5oo 35 V 

4S.750 - 0.030 25 V 6,7 
45.750 + 0.030 85 V 

Correction-Control Voltage at V 45.750 - 0.900 35 V 
corr. 5 Terminal 5(8) 45.750 , 0.900 BO V 5(81 7 

45.750 - 1.500 35 V 

45.750 , 1.500 BO V 

• Terminal numbers in parentheses are for 14-lead dual-in-line plastic package. 
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CA3064,CA3064E 
MAXIMUM VOLTAGE RATINGSatTA = 250 C 

The following chart gives the range of voltages which can be applied to the terminals listed 
vertically with respect to the terminals listed horizontally. For example, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to 0 volts. Terminal 
nos. in parentheses are for the 14·lead dual·in-line plastic package. 

MAXIMUM 
CURRENT RATINGS 

TERM· 9(6.7, 10 1 2 3 4 5 INAL 10,11, 
No. 131 (1) (21 (3) 14) (51 (8) 

9(6.7,' 
10,11. 

NO INTERNAL CONNECTION 13) 

10 +12 +10 +12 +12 tl2 
(11 0 -10 0 0 0 

1 . +10 · · (2) -10 

2 . · · (3) 

3 
(4) · · 
4 

(5) · 
5 
IS) 

6 
(9) 

7 
(12) 

8 
(14) 

.. Terminal number 10 (1) may be connected to Iny positive voltage 
source greater than the internal zener regulating voltage through 8 

suitable dropping resistor - provided the diHipation rating Is not 
exceeded. 

• This terminal should be connected to the most negative potential of 
the complete cin:uit. 

114) 

ALL RESISTANCE VALUES ARE IN 
OHMS 

TERMINAL NUMIERS IN PAREN
THESES ARE FOR 14-LEAD 
DUAL-IN-LINE PLASTIC PACK
AGE. 

6 7 S 
(9) (12) (14) 

TERM- liN lOUT 
IHAL rnA rnA Ha. 

916,7, 
10,11, 
13) 

+10 +20 & 
0 0 

10 50 50 
(1) 

+5 · +5 
-5 -6 

1 
(2) I 0.1 

+20 · +20 
0 0 

2 
(3) 20 20 

+5 · +5 
-6 -6 

3 
(4) I 0.1 

4 . · +12 
0 

(5) 
5 5 

+12 . · 0 

5 
(S) 5 5 

+5 +2 
-2 0 

6 
(91 5 5 

7 
+2 
-10 

(12) 1 1 

REF.SUa 8 
STRATE 
IkCASE" 

(14) 
50 50 

• Voltages are not normally applied between these terminals. Voltages 
appearing between these terminals will be sate if the specified limits 
between all other terminal. are not exceeded. 

, It is recommended that unused terminals 6.7,10.11. and 13 on the 
14-lead dual-in.li .... plastic package Ind terminal 9 on the T0-5 
packlge be grounded to act as shields. 

". 
FigA - Schematic di.lIII'I 'or CA3064 .nd CA3064E. 

CONTROL VOLTAGE OuTPUT 

ALL RESISTORS ARE 1% TOLERANCE AND ARE IN OHMS 
TERMINAL NUMBERS IN PARENTHESES ARE FOR 14-LEAD 
DUAL-IN-LiNE PLASTIC PACKAGE 

LI15 ALIGNED FOR SYMIIoETIUCAL a,lNOWIOTH 0... ~ 
EITHfR SIDE OF AS 750 110Hz 

LZ TERTIARY WINDING WOUND ON lJ COil FORM • 

L]IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT 
BETWEEN TERMINALS" A"'D 5 AT fo~ 45.750 MHz 

• FOR COIL COMSTIUCTiOtI OATA. SEE FIG .• I~> 

REFERENCE VOLTAGE PERCENTAGES 

Ref. A 

Ref. a 

Ref.C 

Ref. 0 

..£gL 

ILl, L2) 

L3 • 

85% of Vl0(1) 

25% of VIall) 

SO% of VIall) 

35% of Vl0(1) 

RCA Distributor Part No . 

122 213 

122 203 

Fig.5 (a) - Correction vo/rage test circuit for CA3D64 and CA3064E. 

COIL DATA FOR DISCRIMINATOR WINDINGS 

Ll - Oiscriminator Primary: 3-1/6 turns; #20 Enamel-cov
ered wire - close-wound, at bottom of coil form. Inductance 
of Ll = 0.165I1H; 0 0 = 120 atto = 45.75 MHz. 
Start winding at terminal #6; finish at Terminal #1. See Notes 
below. 

L2 - Tertiary Windings: 2-1/6 turns; #20 Enamel-covered 
wire - close wound over bottom end of L 1. Start winding at 
Terminal #3; finish at Termina) #4. See Notes below. 

L3 - Discriminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 
Inductance of L3 = 0.180 IIH; 00 = 150 at fo = 45.75 MHz_ 
Start winding at Terminal #2; finish at Terminal #5; connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; -0.30" Oia_ ma •. 
2. Tuning Core: 0.250" Di •. x 0.37" Length. 

: Material: Carbinal J or equivalent 
3. Coil Form Base: See drawing below. 
4. End of coil nearest terminal board to be designated 

the winding start end. 

Fig.S (b) Coil form base terminal diagram. 
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LINEAR INTEGRATED CIRCUITS 

CA3065 

IF AMPLIFIER- LIMITER, FM DETECTOR, ELECTRONIC 
ATTENUATOR, AUDIO DRIVER 

F or Television Sound- System Applications 

FEATURES: 
• Electronic attenuator· replaces conventional 

volume control 

• Differential peak detector .. requires one single 
tuned coil 

• Internal Zener diode regulated supply 

• Inherent high stability 

• Excellent AM rejection·SOdB typo at 4.5MHz 

• Low harmonic distortion 
The RCA CA3065 Television Sound System is a 

monolithic integrated circuit which combines a multi
stage IF amplifier limiter, an FM detector, an electronic 
attenuator, a zener diode regulated power supply, and 
an audio amplifier-driver that is designed to directly 
drive an npn power transistor or high-transconductance 
tube. Because the circuit is so inclusive t a minimum 
number of external components is required. A block 
diagram of the integrated circuit television sound sys
tem is shown in Fig. l. 

performs the conventional volume control function. Vol
ume control is accomplished when the bias levels in the 
attenuator are changed by means of a variable resistor 
connected between Terminal 6 and ground (attenuation in 
excess of 60 dB is attained). Because no audio signal is 
present in this control, hum or noise pickup can be by
passed. In most cases, only a single unshielded wire is 
required between the IF board and the variable resistor 
(volume contro\). 

• High sensitivity .200 /LV limiting (knee) at 4.5MHz 

• Audio drive capability·6 mA p.p 

• Undistorted audio output voltage. 7 V p.p 

The CA3065 with its advanced circuit design pro
vides a high-performance multistage subsystem for the 
sound system of a television receiver. A particular fea
ture of the CA3065 is the electronic attenuator which 

The CA3065 utilizes a 14-lead dual-in-line plastic 
package with leads specially formed to facilitate aut<r 
matic insertion of the device into suitably punched printed-
circuit boards. 

MAXIMUM RATINGS, Absolute Maximum Values, at T A = 2SoC 

Input Signal Voltage (between Terminals 1 and 2) . . • ±3 
Power Supply Current (Terminal 5) • . • • • • . . . . . • . 50 
Power Dissipation: 

Up to T A = 250 C ..••...•..•.•.••••••.•. 
Above TA • 25o C .•....•..••..•.•.•••..• 

Ambient Temperature Range: 

850 
Derate linearly 6.67 

-40to+85 

V 
rnA 

SOUND 
TAKE-OFF 

TRANSFORMER 

]Jl"-<'J-----L---</ 

*Ll·16,..H NOMINAL. 

QtUNLOADEDI" 65 TO 85 

Vee (140 VOLTS} 

RS 
3.9K 
50 

ALl. RESISTANCE VALUES ARt IN OHMS 

" D.C 
VOLUME 
CONTROL 

DE:~f;MPHASIS 

Operating •••.••..••....••.•....•..•.• 
Storage .•••..•••••••........•••....• -65 to + 150 

Fig. ,. Block diagram of CA3065 in a typical circuit application. 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (I.59 ± 0.79mm) 
from case for 10 seconds max. •..•..••.....•... +265 

MAXIMUM VOLTAGE RATINGS at TA = 2SoC 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 9 with respect to terminal 3 is 0 to + 4 volts. 

TERM· 
INAL 4 5 6 7 8 9 10 11 t2 13 14 1 2 
No. 

4 SU8STRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3 

+13 + 13 +13 
5 0 0 0 · · 
6 . · · 
7 

+ 1 · · -4 

8 · · 
9 · 
10 

11 

12 

13 

14 

1 

2 

3 

Note 1: Terminal No.5' may be connected to any positive 
voltage thfOUgh a suitable resistor provided that 
the current ald dissipation ratings of the CA3065 
are not exceeded • 

• Voltages are not normally applied between these terminals. 

z 
0 
t= 
e.> 
w 
z 
z 
0 
e.> 
..J « 
z 

'" w 
l-
;; 

Voltages appearing between these terminals will be safe if 
specified limits between all other terminals are not exceeded. 

~ 
::> 
l-
0 
Z 
0 
0 

+ 13 + 13 
0 0 · · 
· .. · · · 
· · · · · 
· · · · · 
· · · 
· · · · · 

INTERNAL CONNECTION 

DO NOT USE 

+4 · · · -1 

· · · 
· · 

+5 
-5 

3 

NOTE 
1 

+13 
-5 

+ 13 
0 

. 
+4 
0 

+4 
-5 

. 

+3 
-5 

+5 
-5 

+4 
-5 

MAXIMUM 
CURRENT RATINGS 

TERM· liN lOU 
INAL rnA rnA 
No. 

SUBSTRATE: 

4 CONNECT TO 
TERMINAL 3 

5 SO 1 

6 1 1 

7 1 1 

8 0.5 6 

9 1 1 

10 1 0.1 

11 
INT. CONN. 

DO NOT USE 

12 0.5 6 

13 1 2 

14 1 0.1 

1 1 0.1 

2 1 0.1 

3 0.1 50 
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CA3065 

01 

I 

~ 

150 ... 
10K 

~~ 12 

All resistance values are in ohms, all 
capacitance values are in picofarads. 

Fig. 2· Schematic diagram 01 CA3065 

ELECTRICAL CHARACTERISTICS ot TA = 25°C, VCC = +J40VopplieJ to Term in 01 5 t"roup. 
RS = 3.91cQ, onJ DC Volume Control (Rx) = 0 un/e .. otherwise inaicot.a. 

CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS 
Min. 

LIMITS 

Typ. Max. 

Static Characteristics 

Zener Regulating Voltage 
V\ 10.3 11.2 12.2 Terminal No. \ 

Cunent Into Terminal \ 15 Connect TerminalS to .9 V 10 16 24 
Total DeVice DlsSlpalion PT 343 370 400 
Terminal Voltages: I VI - 2 -

6 V6 - 4.8 -
7 V7 - 6.1 -
9 V9 - 3.7 -
12 VI2 4 5.1 5.8 

Dynamic Characteri sties 

IF AMPLIFIER 10 4.\ MHz. fm - 400 Hz, 
tnput LimltIOg Voltage V'il,ml DeViation - -25 kHz, - 200 400 

(at -3 dB point) 

AM Relecllon AMR AmplItude ModulatIon 
f 4.5 MHz 

30", 40 50 -

Transcooductance 
IGmlliFI 

f 4.5 MHz 
500 

Magnitude IF Input Terminals: 2,1 
- -

Phase Angle "IIF , IF Output TelmlOals: 9, J - 46 -

Feedback Capacitance Cfb I 1 MHz: TermlOals 2 and 9 - . 0.02 -
Input Impedance Components, 

Rill FI 
Measured between 

17 Parallel Input ReSIstance TeimlOal Nos. I and 2 
- -

Parallel Input Capacltan ce C,IIFI I "4.5 MHz - 4 -

Output Impedance Components: 
RoIIFI 

Measured between 
3.25 Parallel Output Resistance TermlOal NO.9 and gnd - -

Parallel Output Capacitance CaliF) f 4.5 MHz - 7.5 -
DETECTOR f 45 MHz: VI 100 mV 
Recovered AF VOltage 

Volaf) 'f '25 kHz 
0.5 0.75 -

Total HarmOniC DIStortIOn THO fm 400 Hz - 0.9 2 

Output ReSistance: 
Terminal 7 Ro - 7.5 -
Terminal 8 - 300 -

ATTENUATOR See Fig. 7 

Max. Attenuation - Rx " '" 60 80 -
liax. "Play-tnrougn" Voltage' - RX CD - 0.075 1 

AUDIO AMPLIFIER 

Voltage Gain Alafl VI 0.1 VllmSI, f 400 Hz 17.5 20 -

Total Hannamc Distortion THO Va 2 Vllmsl, f 0400 Hz - 1.5 -
Und;storted Output Voltage - THO" 5',. ! - 400 Hl 2 2.5 -
Input ReSIStance R;(afl f " 400 Hz - 70 -
Outpul Resl slance Rola!) f-400Hz - 270 -

*"Playthlough'· voltage is the unwanted s~gnal. measured at Telminal 8, when the volume control is set for minimum output. 

,1QIoISlIUl 

UNITS 

V 

rnA 

mW 

v 

I'V 

dB 

mmho 

degrees 

pF 

HI 

pF 

kO 

pF 

V(rms) 

.. 
kO 
0 

dB 
mv 

dB 

~ 

V{fms) 

kO 

fl 

The resistance values included on the schematic diagram have beten 
supplied as a convenience to assist ECjuipment Manufacturers in 
optimizing the selection of "outboard" components of equipment 
designs. The values shown may vary as much as ± 30%. 
RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device. 

BOONTON 
TYPE ZOZH 

AM-FM 
GENERATOR 

OR EQUIVALENT 

ALL RESISTANCE VALUES ARE IN OHMS 

".F 
~12PF 

DISTORTION 
ANALYZER 
(HEWLETT
PACKARD 
TYPE 330 

00 
EQUIVA!..ENT) 

II ~ 16.-H NOMINAL 

QCUNLOAOEOI-6!5 TO 85 TERMINALS 11,12, 13, 14 NO CONNECTION 

!t2CM-l~1I1~ 

Fig. 3· Input limiting vo/toge, AM rejection, reo 
coverecJ audio, total harmonic Jistortion, maxi
mum attenuation, maximum "play_through" 
test circuit. 

AUDIO 
OSCILLATOR 
HEWLETT

PACKARD 
TYPE 2OOCO 

OR 
EQUIVALENT 

Vee 
140V 

RS 
3.9K 
5W 

TERMINALS 7,8,11,13 NO CONNECTION 
ALL RESISTANCE VALUES ARE IN OHMS 

fig. 4 • Audio vo/tage goin (undistorted output) 
test circuit. 

TO DIODE 
DETECTOR & 
05CILlOSCOPE 

(0) Test circuit 

6Or---
~ 

L ~~-+"--4-4-++--~--r-pl'~ 
~ 

I' 

~ 
~ )Or---

f----- - +--+-+-+-+---+--+--+-1 
~ 20 c---- ---t---+-+-+--+--+--+-IH 
~ r---
!!:: 10 

0.1 
FREQUENCY (0 _ IIIH, 

(b) Response curve 

10 

Fig. 5 " Frequency response 01 /F"amplilier section 01 CA3065 
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CA3065 

; 
~ 
! 
~ 
~ 

~ 

1.9 • .0 

Ein·1OOn'lV 

(al Test circuit 
25 

zo 

" "\ 
15 

10 

i\ 
\ , 

i\ 

0.01 0.1 10 
FREQUENCY - MHI 

(bl Response curve 

Fig. 6 • Frequency respon.e .f af.amplifier 

section .f CA3065 

100 
0 

g~ 
~I 

~~ 80 

~g 
~; 60 

~; 
~::E 40 

g~ 
~"- 20 

100 

92$$04411 

AMBIENT TEMPERATURE (T.'·Z'·C 

--.-
)/ 

V 
I 

V 
V 

4 , 4 .. , . •• , • • IK 10 K lOOK I MEG 
RESISTANCE {Rxl FROM TERMINAL 6 TO GND-OHMS 

Fig. 7 - Gain reduction vs. resistence 
(terminal 6 to gndl 

0255-4488 

(01 Printed circuit board - bottom view* 

LINEAR INTEGRATED CIRCUITS 

OPERA TING CONSIDERA TtONS 

The CA3065 may be used to dri ve a video output 
transistor or a high-transconductance output tube • 

As in all TV receivers, precaution should be 
taken to prevent destruction of the CA3065. in the event 
of cascade arcs originatir.g in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150k in series with terminal No. 12 and the 
grid of the tube is usually sufficient protection. 

To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro
static or magnetic) may be necessary to suggest alter
nate layouts or appropriate locations for the placement 
of spark gaps to absorb the high energy discharge. 

(bl Parts layout - top view* 

Fig. 8 - Recommended part. layout for TV receiver 

sound strip usin,! CA3065. 

• A 200 mil square grid was used in the layout of passive components on the 
printed circuit board. The Quad-in·line formed leads conform to a standard 
grid spacing of 100 mil centers. 
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LINEARINTEGRATEDCIRCUITS ______________________________________________________________________ _ 

CA3066, CA3067 

Television Chroma System 
The RCA CA3066 and CA3067 are monolithic silicon 
integrated circuits that constitute a complete chroma system 
for color television receivers. The CA3066 provides 
subcarrier regeneration and total chroma signal processing 
prior to demodulation; the CA3067 performs the 
demodulation and tint control functions. Each device utilizes 
a 16-lead quad·in·lille plastic package. . 

CA3066 CHROMA SIGNAL PROCESSOR 

CA3066 

CHROMA SIGNAL PROCESSOR 

• Complete Color Sync Circuit 

• Blanked Chroma Amplifier 

• Chroma Band·Pass Amplifier 

• . Low Output Impedanll8 Chroma Driver 

• ACC Detector·Amplifier 

• Killer Detector·Amplifier 

• DC Chroma Gain Control 

System Features 

CA3067 

CHROMA DEMODULATOR 

• Balanced Chroma Demodulators 

• Color Difference Matrix 

• DC Tint Control 

• Three Low Output Impedenll8 Driver. for Direct Coupling 

• Reference Subcarrier Limiter 

• Zener Diode for Regulated Voltage Reference 

• Internal RF Filtering 

The CA3066 contains substantially all the oolor processing 
circuitry exclusive of the tint control and demodulating 
circuits. The chroma amplifier sections of the CA3066 
consist of the chroma and bandpass amplifiers. The chroma 
amplifier receives the chroma input signal at terminal No. 1. 
This amplifier is gain controlled by the automatic chroma 
oontrol (ACC) detector-amplifier. The chroma signal is 
internally coupled from the output of the chroma amplifier 
to the input of the chroma bandpass amplifier and burst 
separator amplifier. The horizontal keying pulse (+8V) is 
used to gate the burst portion of the chroma Signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the de chroma gain control and can also be controlled by 
the killer detector·amplifier. The bandpass amplifier output 
is internally ooupled to the chroma output amplifier stage of 
the CA3066. The coils of the chroma amplifier and the 
bandpass amplifier are stagger·tuned to provide a combined 
typical bandpass of 3.08 to 4.08 MHz. The burst separator 
omplifier injects the burst signal into the 3.58 MHz oscillator. 
The oscillator amplitude is dependent on the terminal No.9 
impedance to ground and is also responsive to the burst 
signal amplitude at terminal No. 11. The ACC detector and 
killer detector sense the burst level or absence of burst, 
respectively, by monitoring the oscillators response to the 
burst injection level. The thresholds for the ACC and killer 
are independently adjusted by resistors R2 and R 1 at 
terminals NO.9 and No.4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No.8. Terminal NO.6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 

maintained at 11.2 ± 0.5 volts. 

• Zener Diode for Regulated Voltage Reference 

• Short·Circuit Protection on All Terminals 

CA3066 

E ECTRICA L L CHARACTERI STCS T 25°C ndV+ 112V I at '.6 = a -

NOTE: c,. THftOUGH Qze AM: t:MITT[R FOLLOWERS 
ALL IIfSlSTtoNCE VALUES .,," IN OHMS 

CHARACTERISTICS 

Sbtic Characteristics 

Voltages: 
ACC Reference 
Burst·Chroma Ampl. Bias Current Term. 
Killer Reference 
Zener Reg. Reference 
Oscillator Input 
Oscillator Output 
Balance IACC Control) 
Chroma Output 

Currents: 
Total Supply 
Burst Separator Output 
Band·Pass Amp!. Output 
Chroma Ampl. Output 

Dynamic Characteristics. 

Oscillator Output 

Chroma Output: 
100% 
Killed 

ACC Detector Output 

Small-Signal Input Resistance rr~m. No.1)_. 
Small·Signal Input ClIpacitance (Term. No.1) 
Small·Signal Output Impedance (Term_ No.14 

Fig. 1 . CA3066 schematic diagram. 

SYMBOL 

V2 
V3 
V4 
V6 
V7 
Vs 
V9 
V14 

15 
111 
113 
116 

v8 

"14 

"2 t·-
'"j 

Ci 
ro 

TEST CONDITIONS L~M~ J UNITS TEST FIG. 
MIN. TYP'f MAx. I AND 

CURVES 

- 0.5 --
- 2.9 

1.0 
10.6 11.9 12.6 V 2 1.4 

2.35 
1.1;0 

".0 -
.~-. 

14 24 33 
Sl Closed 6.5 

mA 
4.8 
1.< 

vl - a Vp_p O.S 1.2 -
VI = 1.25 vp_p - 2.5 3.5 

vp.p 4 

vl = 1.25 vp_p 0.5 1.0 - \lp.p 3.4 
vl - 0.025 vp.p - 12 

VI - 1.25 vp_p - 0.9 - V 4 
50 kS! . 

- 2.4 - pF -
- 250 - n 

CA3066 

MAXIMUM RATINGS,Absolute·Maximum Values at 
TA = 2!PC 
Supply Voltages and Currents (see charts below) 
Device Dissipation: 

Up to T A = 700 C ........... . 600 mW 
Above TA = 700 C .... derate linearly 7.7 mWfGC 

Ambient Temperature Range: 
Operating ...... . 
Storage ....... . 

Lead Temperature (During soldering for 

. -40 to +85 uC 

.-65to+l50 °C 

lOs max. at not less than 1/32" from package) .• . +265 °c 
Voltage with respect to 

Terminal No 5 

Terminal Vmin. 
No. (volts) 

Vmax. 
(voltsl 

6 See Note Nl 
7 - -
8 - -
9 

10 -5.0 N2 
11 0.0 18.0 
12 0.0 12.0 
13 0.0 15.0 
14 - -
15 0.0 N2 
16 0.0 15.0 

1 -5.0 5.0 
2 - -
3 - -
4 

Current 

Terminal II 10 
No. mA mA 

6 20 0.1 
7 5 0.1 
8 1 2 
9 0.1 2 

10 1 0.1 
11 10 1 
12 50 1 
13 10 1 
14 0.1 6 
15 3 1 
16 6 1 
1 1 0.1 
2 0.1 2 
3 0.1 20 
4 1 1 

N 1 Terminal No. 6 is oonnected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
term inal No.6. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 12. 
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CA3066,CA3067 
, .... ---1--..... - ........ ----... +11.2 V 

ItO 

"" 
"" 

L--\~~-+-~.+20V 

9ZCS~17501 

Fig. 2 - Static characteristics test circuit for CA3H6. 

CHROMA INPUT-PERCENT 

Fig. 3 - Typical ACC characteristic of chroma output ... 
chroma input for CA3066. 

CA3067 CHROMA DEMODULATOR 

The CA3067 contains the separate functional systems of a 
de tint control and a demodulator. The phase shift of the tint 
amplifier system is accomplished by functional control of the 
fixed phase signal from the CA3066 oscillator output. This 
regenerated reference subea"ier is applied to terminal No.3 
and driven differentially into phase shift circuits. The tint 
edjustment controls the vector addition of phase shifted 
signals after which a limiting amplifier removes any remain
ing amplitude modulation. The output of the tint amplifier 
at terminal No_ 1 is phase separated for the required 
reference subea"ier phase at terminal No. 6 and No_ 12 
(terminal No. 12 lags terminal No_ 6 by approximately 760 1. 
These terminals are inputs to the demodulator drive amp
lifiers. The demodulators consist of two sets of balanced 
detactors which receive their reference subearrier from the 
demodulator drive amplifiers_ The chroma signal input from 
the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc ... shifted in voltage to give 
R-Y, G-Y. and 8-V color difference components with 
close dc balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low·impedance driving source requirements of the high-level 
color output amplifiers. A special feature of the CA3067 is 
R-C filtering of high frequency demodulation components. 
Terminal No.4 is a zener diode for use as a regulated voltage 
reference at 11 .9V _ When the zener reference element is not 
used, the power supply should be maintained at +11.2 ±0.5 
volts. 

}-!------. +11.2 v 

8.2KC 
~----~~Y----"'+IOV 

92CS-I750] 

Fig. 5 - Static charBcteristics rest circuit. for CA3061. 

11k 

.0, t--<I>+-~ 

c~ 
INPUT .... 

AI..L. ItESlSnNCe VALUES ARE IN OHMS 

UNLESS OTHERWISE INDICATED, 
ALL 'APolen ANCE VALUES: 

LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

AU COILSHAYE A Oou>lO 

LINEAR INTEGRATED CIRCUIT! 

1500 

33 

1.1 

+11.2 V 

CHROMA 
OUTPUT 

OSCILLATOR 
OUTPUT 

t2(;M-1104U.1 

Fig_ 4 - Dynamic characteristics !list circuit for CA3066. 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 

Steps I, 2, and 3 are performed with no Chroma input 
(VI = 01 

1_ Adjust ACC potentiometer for V2 = -lil.65V_ 
2. Adjust Kilter potentiometer for V4 = +1.2V. 
3. Adjust capacitor ex (cryStal trimmerl so that 

frequency of oscillator is 3.579545 MHz. 
4. Unless otherwise noted, the chroma gain control is at 

maximum gain (fully clockwisel. 
5. The chroma input test signal is a 52.5 p.s "lin." at 

subea"ier frequency, and 10 cycles of burst at 46.5% 

c, 
'0 

6. 

7. 

of the "line" amplitude. The chroma input (VII is in 
peak-to-peak volts of "line" amplitude_ 
The chroma output (V141 is the same as the chroma 
input (VII except that the burst is removed and keying 
overshoot occurs in the retrace period. The chroma 
output is in peak-to-peak volts of "line" amplitude. 
The oscillator output (val is the CW output at termi"al 
No.8 and is in peak·to-peak volts. Some modulation 
of oscillation dampening between burst injection i. 
visible. 

" 

,. . .. •• 
ALL IID'STANCE VALUES ME IN OHM. 
ILL CAHoCITANCE YALUIEI ME IN " 

Fig. 6 -CA3067 eM",.tic dill".". 

181 



LINEAR INTEGRATED CIRCUITS 

CA3066,CA3067 

ELECTRICAL CHARACTERISTICS at TA - 250 C and V+ - 11.2 V 

CHARACTER ISTIC 

Static Characteristics 

Voltages: 

Tint Control Input 

Reference Subcarrier 

Zener Regulator Ref. 

B-Y. R-Y Oscillator Ref. Inputs 

Balance (B-Y, A-Y) 

B-Y, G-Y. A-Y Outputs 

Difference Outputs' 

Chroma Inputs 

Tint Amp!. Balance 

Currents: 

Tint Amp!. Output (min.) 

Total Supply 

Dynamic Characteristics 

Tint Amplifier Output 

Sensitivity 

Limiting Knee 

Limiting 

Tint Amp!. Phase Ret. ... 

Tint Amp!. Phase Shift:!: 

Demodulated Chroma Output: 

A-Y 

Aatio of G-Y to R-Y 

Ratio of B-Y to R-Y 

Color Difference Output 

BW at 3.3 dB 

Color Difference Outputs (max. input signals): 

A-Y 

G-Y 

B-Y 

Small Signal Input Aesistance 

Terminal No.3 

Terminal Nos. 6& 12 

Small Signal Output Resistance 

Terminal Nos. 8, 9, & 10 

A~L RESlH ... ,.n VAL LIES "RE IN OH'''; 

UNLE~I OT"'Ehl~[ ti'lDi(nEC ALL C.P"CHAN(e VALUE) 
l [S~ TriA'" \ : AR( IN .. 1(AOf A".O~ 
I JOFlGPEATfI! AFI~It!PI(OFilhO~ 

SYMBOL 

V2 

V3 

V4 

V6. V12 

V7, VII 

Va,9,10 

6.V8/Wg 

6.Vl0 

V14,V15 

V16 

11(min.) 

11 +113 

VI 

IP6 
l::l.<P6 

Vl0 

V9/Vl0 

va/Vl0 

BWDiff. 

vl0 
Vg 

v8 

ri 

ro 

DYNAMIC CHARACTERIST1CS TEST PROCEDURE 

1. The reference subcarrier input (V3) is a 3.58 MHz CW 
signal from a 50n source. 

2. The chroma input (vI4) is a 3.53 MHz CW signal from 
a 50n source. 

3. 

182 

Phase and amplitude at terminal Nos. 1,3.6 and 12 
. '; 

TEST 

TEST CONDITIONS MIN. 
LIMITS 

UNITS FIG. AND 
TYP. MAX. CURVES 

12 = 0.25 rnA - 3.5 -
- 2.1 -

10.6 11.9 12·6 V 9 

- 5.7 -
- 5.0 -
4.2 5.0 5.a 9. II, 12 

-0.3 - 0.3 

3.0 

- 4.7 
9 -

V16 = 8 V 0.16 0.37 - rnA 

15 24 33 

V3 = 7 mV (AMS) 160 250 - mV 

V3 = 35mV (RMS) - 300 - lAMS) 

V3 = 350m V (RMS) - - 380 

. V3 = 70mV (RMS) 185 220 235 deg. 

V3 = 70mV (RMS) 90 105 - deg. 

V3 = 70mV (RMS) 
150 250 -

0.28 0.36 0.44 V(RMS) 
V14 = 35rnV (RMS) 

1.0 1.2 1.4 
10 

450 550 - kHz 

- 3.0 -
V3 = 70mV (RMS) 

- 1.1 vp.p V14 = 212mV (RMS) - 3.6 -

- 550 - n 
22 -

- 5 -
.. Terminal No.3 is phase reference 
:t: read phasl shift as tint control is varied 

"1I.2Y 

R-V OUTF'UT 

>.I--G}-r<l G - Y OUTPUT 

..... ..L.-J·''-_''B_y OUTPUT 

92CM~ 110461'1:1 

Fig. 1· Dynamic characteristics test circuit fOT CA3061. 

4. 

5. 

are measured with a vector voltmeter (HP8405A or 
equivalent). 
Signals at terminal Nos. 8, 9. and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo· 
"""pe. 
Unless otherwise noted the Tint control is at max· 
imum resistance . 

CA3067 
MAXIMUM RATING$,AbsoIU!II·Maxlmum Values at 
TA = 2!PC 
Supply Voltages and Currents (see charts below) 
Device Dissipation: 

UptoTA=700C ............ 600 mW 
Above TA = JOoC .... derat.linearly 7.7 mWfJC 

Ambient Temperature Range: 
Operating ...... . 

. Storage ....... . 
Lead Temperature (During soldering for 

. -40 to +85 °c 

. -65 to +150 °c 

lOs max. at not less than 1/32" from package). . . +265 °c 
Vohaga with NipeCt to 

Terminel No.5 C_t 

Terminal Vmin: Vm .... Termi .... II 10 
No. (volts! (volu) No. (mAl ImAI 

6 0 N2 6 3 3 
7 0 N2 7 3 3 
8 0 N2 8 20 20 
9 0 N2 9 20 20 

10 0 N2 10 20 20 
11 0 N2 11 3 3 
12 0 N2 12 3 3 

13 0 12 13 50 1 

14 3 N2 14 1 0.1 

15 0 N2 15 6 2 
16 N3 N3 16 N3 N3 

1 0 15 1 3 3 
2 0 N2 2 3 0.1 

3 0 5 3 3 3 

4 Nl 4 20 0.1 

Nl Terminal No.4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No.4. 

N2 The upper voltage limit cannot exceed the pOwer 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 

D.C. SUPPLY VOLTS I VI'. 

Fig. 8· DC voltage at color-difference outpUts VI supply 
vo/rage for CA3067. 

.1-1"'0' 
Fig. 9· Temperature drift of DC volmge at color-diffsrtlnc. 

outputs for CA3061. 



CA3068 

Television Video IF System 

RCA-CA3068 is a monolithic integrated circuit that in
corporates an entire video TV -I F subsystem on a single chi p_ 
Innovations in integrated circuit design, in addition to the 
many active device. and closely matched components uti
lized in the circuit, make the CA3068 ideally suited for use 
in color and black-and-white TV receivers_ 

The primary functions performed by the I F subsystem are 
video IF amplification, linear detection, video output ampli
fication, AGC from a keyed supply, AGC delay for tuner, 
sound carrier detection, sou~d carrier amplification, and a 
buffered AFT output. The advanced circuit design of the 
CA3068 also includes secondary functions for improved 

MAXIMUM RATINGS, Absolute Maximum Values, at TA = 25'C 

DC Supply Voltage: 

noise immunity and minimal airplane flutter. An isolated 
zener reference diode, incorporated in the IC, provides a 
convenient and economical means for controlling the regu
lated voltaga supply. The inherent wide bandwidth capability 
(10-70 MHz) and high overall gain (87 dB) make the CA3068 
suitable for other AM IF applications whose frequencies 
range within this bandwidth. 

The CA3068 utilizes a unique 20-lead quad-in-line plastic 
packaga. This packaga also includes a wrap-around shield 
that serves to minimize interlead capacitances. 

Between Terminals 15 and 5· .... _ ...... _ ......... _ . _ . _ ......................... _ .. W_3 
20 
20 
2 

V 
V 
V 

Terminal 7 (Collector to ground) ... _ ... _ .. _ .................. __ ... _ ....... _ ...... _ .. 
Terminal 9 (Collector to ground) . _ .. _ ...................... _ .................... _ .. 

DC Current (into Terminal 18) _ .... _ .......... _ ....... _ ...... __ ........... _. _ ....... . rnA 

Device Dissipation: 
UptoTA=60·C ...................................................... _ ......... . 600 mW 

Above TA = 60°C derate linearly 6.7 mWfC 

Ambient Temperature Ranga: 

Operating .................................................................... -40 to +85 °c 
5toraga .... __ ............. _ .. _ ................................ _...... ........ -65to+150 ·C 

Lead Temperature (During soldering): 
At distance not less than 1/32" (0_79 mm) from case for 10 seconds max_ 

* This rating does not apply when using the internal zener reference in 
conjunction with the pass transistor. 

." ,. 
TUNER 

" "OM 
TUNER 

1ST PIX,,
TUNER
AOt
OEL." 

\ 

+265 ·C 

R I- 50 KG POTENTIOMETER 

LINEAR INTEGRATED CIRCUITS 

FEATURES: 
• High .. in wide-band IF amplifiar: 75 dB typo at 45 MHz 
• Gain reduction with excellent stability: 60 dB typ_ at 45 ~ 
• Video detector with linear characteristics 
• Video amplifier: 12 dB gain 
• Impul .. nlli .. limiter 
• Keyed AGe with noi .. immunity circuits 
• Deleyed AGC for tuner 
• Buffered AIlT output 
• s.,,1lI1II sound IF in1llrcarrl .. 

amplification 
• Sound carrier detector 
• 4.5 MHz sound carrier amplifier 

• lsoletad zen .. .-.-diode for 
regulated vohall" supply 

• See ICAN-8303. ua Single IC for 
the Complete PIX-I F System in 
TV Receivers" for Schematic Diagram 

TYPE Y+-2ev 
INS ... 

~.ol 

VIDEO OUTPUT 
3_&8 MHz OUTPUT 

KEYING .,,, .. LI ,,2.2,..H:ADJUST No. OF TURNS FOR ALIGNMENT 
L2al.5 ".H:ADJUST ~o· OF TUN"S FOR ALlG"NEttT 
C c I pF: ADJUST FOR PROPER ALIGNMENT 

Fig. 1 Functiofllli block dillflTBm of the CA3068. 

CA3068 

92CS-I154, 

Fig_ 2 - T.tcircuit for ffIIIII8Urement of white level (V'S} and rerminal2 voltage (V2}-

ALL RESISTAttCE VALUES ARE IN OHMS 

uttLESS OTHERWISE I~DICAT£D. ALL CAPACITANCE VALUES; 
LESS THAN 1.0 ARE IN MICROFARADS 
10 OR GREATER ARE IN PICOFARADS 

92.C$-1151TAI 

(a) Test setup for mea$/Jrement of video sensitivity. sync_ tip level, deillY bias, AFT drive voltage. 

r-__ i:=::---o·MH :0 

ALL RESISTANCE VALUES ARE IN OHMS 

'O-ill 

I-AD.JuST LEvEL -.-1OGN'E 
6.8 ATTENUATION OF iI!IlXER 

Z·ADoIUS 
THE ST 
OUT 
APPLV 
ADJUST 

(b) Test setup for _",",snt of sound and chroma outpUts_ 

Fig. 3 - Typical dynamic test circuit diagrarm. 

__ ~ _______________________________________________________________________ 183 



LINEAR INTEGRATED CIRCUITS 

CA3068 
ELECTRICAL CHARACTERISTICS at TA - 2S°C 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 

Static (OC) Characteristic. 

Quiescent Circuit Current 1,5 -
DC Voltagoo: 

Terminal 2 (Sound) V2 -
Termi~al 3 (Keying Input) V3 -

Terminai 7 (I) (AGC) V7 -
Terminal 7 (2) (AGC) V7 -
Terminal S (AGC Delay) Vs -

Terminal 9 (Cascode Collector) Vg -
Terminal 16 (Bias) V16 -
Terminal 18 (Zener) V,S V5 = V17 = 0 V, 1,8 = , rnA 

Terminal 19 (White Level) V,9 -

Dynamic Characteristics 

Video Sensitivity el fo = 45.75 MHz. Mod. (AM) = 85% 
at 400 Hz; Adjust el for 4 Vp.p at 
Term. 19 

Sync. Tip Level Voltage V,9 fa = 45.75 MHz. el(CW) = 10 mV 

Automatic Fine Tuning (AFT) V14 
Drive Level Voltage 

Delay Bias Voltage: V7 
Atel = 10mV fo = 45.75 MHz. el(CW) = 20 mY; 

At el = 30 mV Adjust R, for V7 = 14 V 

3.5S MHz Chroma Output V19 fo ='45.75 MHz, el(step mod.) = 
Voltage 10mV; 

fl = 42.17 MHz, el(step mod.) = 
3.:33 mV 

4.5·MHz Sound Output Voltage V2 fo = 45.75 MHz, el(step mod.) = 
101T!V; 

f2 = 41.25 MHz, el(step mod.) = 
2.5mV 

Parallel Input Impedance: 
Resistance at Term. 6 RI-6 

, 

Capacitance at Term. 6 CI-6 

Resistance at Term. 12 RI-12 
fa = 45.75 MHz 

I 

Capacitance at Term. 12 CI-12 Impedance and Admitt~lnce 
, 

Resistance at Term. 13 RI·13 
measured at bias conditions 

Capacitance at Term. 13 CI-13 
as develo~ by circuit 
$~wn in Fig. 7 

Parallel Output Impedance: 

Resistance at Term. 9 RO-9 

Capacitance at Term. 9 CQ-9 

cascode Transfer Characteristics: 
Magnitude of Forward IYtl 

Transadmittance 

Reverse Transfer Capacitance c,. 

184 

LIMITS 

Min. Typ. 

15 -

- 6 

6.4 -
16 -
- 1 

- 4 

- 8.5 

1.1 -
10.6 11.9 

6 -

40 100 

0.4 0.8 

- 15 

16 -
0.5 -

0.5 O.B 

50 200 

4 -
- 2 

- 4.5 

- 4 

- 5 

- 4 

30 -
- 3 

- 50 

- 0.001 

Max. 

45 

-
10 

21 

-
-
-
2.3 

13.2 

10 

200 

1.6 

-

-

2 

-

-

-
-
-

-
-
-

-
-

-
-

UNITS 

mA 

V 

V 

V 

V 

V 

V 

V 

V 

V 

"V 

V 

mV 

V 

V 

V 

mV 

k{l 

pF 

kn 

pF 

kn 

pF 

k{~ 

pF 

mmho 

pF 

CA3068 

27. 

22 6E1 13 

• • • 
L-------------~--·~--~--~+30V 

All RESISTANCE VALUES ARE IN OHMS 

Fig. 4 - Test circuit for measurement of quiescent current 
(I,S), keying terminal voltage (V3), bias voltage (V,5), AGe 
terminal voltage I (V7), and cascode collector voltage (Vg) 

ALL RESISTANCE VALUES 
ARE tN OHMS 

CA3068 

St2C$-'7542 

Fig. 5 - Test circuit for measurement of AGe terminal 
voltage 2 (V7) and terminal 8 voltage (VB). 



CA3070,CA3071, CA3072 

Television Chroma System SYSTEM FEATURES 

The RCA CA3070, CA3071 , and CA3072 are monolithic 
silicon integrated circuits 'that constitute a complete chroma 
system for color television receivers. The CA3070 is a 
complete subcarrier regeneration system featuring a new 
concept of phase control applied to the oscillator circuit. The 
CA3071 is a chroma amplifier system and the CA30n 

CA3070 

performs the demodulation function. 

The CA3070 utilizes the 16·lead plastic dual·in·line package; 
the CA3071 and CA30n are supplied 14-lead plastic 
dual·in·line packages. 

KILLER 
AD-IUST 

c_ 
GAIN 

CONTROL 

~ 
• Voltage Controlled Oscillator 

• Keyed APC & ACC Detectors 

• DC Hue Control 

• Shunt Regulator 

CA3071 

• ACC Controlled Chroma Amplifier 

• DC Chroma Gain Control 

• Color Killer 

• Amplifier Short-Circuit Protection 

Chroma Signal Processor CA30n 

• Synchronous Detector with Color Difference Matrix 
The CA3070 is a complete subearrier regeneration system 
with automatic phase control applied to the oscillator. An 
amplified chrom.. signal from the CA3071 is applied to 
terminals No. 13 and No. 14, which are the automatic phase 
control (APC) and the automatic chroma control (ACC) in
puts. APe and ACC detection is keyed by the horizontal 
pulse which also inhibits the oscillator output amplifier 
during the burst interval. 

The ACC system uses a synChronous detector to develop a 
correction voltage at the differential output te;minal Nos. 15 
& 16: This control sig,al is applied to the input terminal Nos. 
1 & 14 of the CA3071. The APC system also uses a synchro
nous detector. The APC error voltage is internally coupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 
terminal No. 13 is in quadrature with the oscillator. 

To accomplish phasing requirements, an RC phase shift 
network is u5l!d between the chroma input and terminal Nos. 
13 and 14. The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No.6. The same oscillator 

signal is available at terminal N06. 7 and 8, but the de output 
of the APC detector controls the relative signal levels at 
terminal Nos. 7 or 8. Becausa the output at terminal No.8 
is shifted in phase compared to the output at terminal No.7, 
which is applied directly to the crystal circuit, control of the 
relative amplitudes at termini\l Nos. 7 and 8 alters the phase 
in the feedback loop, thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc offsets are 
provided to estabHsh an initial no·signal offset control in the 
ACC output, and a nO-signal, on·frequency adjustment 
through the APC detector-amplifier circuit which controls 
the oscillator frequency. The oscillator output stage is 
differentially controllad at terminal Nos. 2 and 3 by the hue 
control input to terminal No, 1. The hue phase shift is 
8<:COmpiished by the external R. L, and C components that 
couple the oscillator output to the demodulator input 
terminals. The CA3070 includes a shunt regulator to establish 
a ,12-volt de supply. 

Maximum Voltage and Current Ratings at T A = +2SoC 

Voltage'" 

Terminal Min. Max. 

No. Volts Volt. 

1 0 . 
2 0 +16 

3 0 +16 

4 -5 N2 

6 - -

7 - -
8 - -
10 0 N3 

11 0 Nl 

12 0 Nl 

13 0 Nl 

14 0 Nl 

15 0 +16 

16 0 +16 

Current 

Terminal II 10 
No. rnA rnA 

1 20 1 
2 - -
3 - -
4 20 1 

10 N3 1 

11 - -
12 - -
13 20 1 

14 20 1 

... With respect to terminal 
No.5 and with terminal 
No. 10 connected through 
470n to +24 V. 

N 1 Regulated voltage at term 
nal No. 10. 

N2 Controlled by max. Input 
current 

N3.Limited by dissipation. 

i-

r-----
I CA3071 

I 

I CA3070 

L ________ ~---, 

I 
I 
I 

• Emitter-Follower Output Amplifiers with Short-Circuit 
Protection 

I 
I 
I 
I 

L_~ ______ _ 
-cba;1-~ 

92CL-I7~T4RI 

Fig. 1 - Simplified block diagram of TV chroma system. 

ALL RUISTAHCE VALUES ARE IN OHMS 

Fig. 2 - Schematic diagram CA3070. 
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LINEAR INTEGRATED CIRCUITS 

CA3070,CA3071,CA3072 
MAXIMUM RATINGS, Ab$Olute Maximum- Values at T A = 25' C 

Device Dissipation: 
UptoTA=+70°C _________ ....... 530 mW 

Above TA = +70°C .. ' Derate U~early at 6.7 mWfC 
Ambient Temperature R.~ge: 

Operating .................... -40 to +85 0 C 
Storage _ ........ _ ..... _ ...... -65 to +150 °c 

Lead Temperature (Duri~g Solderi~g): 
At distance 1/32 i~ .. (3.17 mm) from seating plane 

for 10 s max. ............ +265 °c 

ELECTRICAL CHARACTERISTICS, at T A = 25°C and V+ = +24 V unle,. otherwi!18 specified 

CHARACTERISTICS 

Static Characteristics 

Voltage: 
Hue Control 

Oscillator Input 

APC Input 

Aegulator 

Regulator Change 

Horizontal Key Input 

Currents: 
Oscillator Output 

APC Output 

ACC Output 

Dynamic Characteristics 

Oscillator Outputs: 

Terminal No.2 

Terminal NO.3 

ACC Detecte<j Output 

Oscillator Pull-In Range 

4",.S +4V 
PEAK PULSE 
DELAY AOJ. TO 
CENTER PULSE 
ON THE BURST 

... 
IK 

... 

SYMBOLS 

VI 

V6 

V13 

VlO 

Vl0 

V4 

12 

111, 112 

1,5,116 

V2 

V3 

V16-VIS 

-

36K 

180 

TRIG 

HORIZ 
DRIVE 

SPECIAL TEST CONDITIONS 

Switch in position 2 

V+ = 21 V 

V+ = 27 V 

14 = -101lA 

51 in position 1 

S, in pOsition 2 

S1 in position 1 

NTSC GEN. 

LIMITS 

CA3070 
UNITS 

MIN. I TYP. I MAX. 

6.9 

-

-
11 

-0.2 

5 

-
-
-

0.75 

0.75 

115 

-

62 K 

.2 K 

7.7 B.6 

2.8 -

6.5 -
V 

12.3 13.5 

- +0.2 

- -

5.8 -
rnA 

1.45 -
1.45 -

1.0 -

1.0 - vp.p 

150 - mV 

±400 - Hz 

~}ACC OUTPUT 

100 

62K 

62 K 

"Ace ADJ-
20K 

1.8 M 

.oK 
-APe ADJ.-

1.2M 

L-----------------------------~~--~vv~----+ +24V 

186 

NOTES: 

I. ALL RESISTANCES IN OHMS. 

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARADS. 

3. VZ a"3 MEAS' D WITH lOW-CAPACITY SCOPE 
PROBE 5 20 pF. 

Fig_ 4 - CA3010 Dynamic test circuit. 

410 

92CM-17578RI 

TEST 
CIRCUITS 

FIG. 

3c 

3a 

3c 

3b 

4 

4 

4 

<1On 
v··--'VV'v4_------' 

(bl 

(el 

9ZCS-11!176 

92CS-11517 

--I 
I 
I 
I 
I 
I 
I 

Fig. 3 - Static characteristics test circuits. 

Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 
"A PC ADJ" potentiometer to set oscillator frequency at 
3.579545MHz ±25 Hz. With 81 in position 1 measure 
frequency at terminal No.2 output, using crystal probe 
shown in Fig. 6. 

2. ACC ADJUST: With 52 in "OFF" position adjust "ACC 
ADJ" potentiometer to give an ACC output reading of 
0±2mV. 

Procedure to Pull-in Range Measurement 

1. Set 51 in position 1 and connect the crystal probe to 
terminal No.2. 

2. Turn 82 to "OFF" and set "APC ADJ:- arm to ground . 

3. Turn 82 to "ON" and gradually adjust "APC ADJ" until 
oscillator "locks" as witnessed by a sharp increase in ACe 
output voltage between terminal Nos. 15 and 16. 

4. Turn 52 to "OFF" and adjust capacitor Cp of crystal 
probe for maximum deflection on Ballantine Meter. 

5. Switch Ballantine meter to "Amplifier" position and read 
oscillator frequency on counter. 

6. Repeat steps 2 - 5 with "APC ADJ" arm set to terminal 
No. 10 instead of to ground. 

I 
I 
I 
I 

Cp 

I I L _____________ J 

92CS-17!S79 

Fig. 5·- Crystal probe for frequency measurements. 



CA3070, CA3071 , CA3072 
CA3071 Chroma Amplifier 
The CA3071 is a combined two·stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No.2 of the 
input amplifier stage. The first amplifier st8g" is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the 1 st amplifier is directed to terminal No. 6 from where 
the signal may be applied to the ACC detection system of 
the CA3070 or an equivalent circuit. The output at terminal 
No.6 is also applied to terminal No.7 whiCh is the input to 
the 2nd amplifier stage. Another output of the 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 

2G-

12 

, 

", ~.61( 

",. 
" 

R" ... 

ALL RESISTANCE VALUES "REIN OHMS 

The de voltage level at terminal No. 13 rises as the ACC 
differential voltage decreases with a reduction in the burst 
amplitude. At a pre·set condition determined by the killer 
adjustment resistor the killer circuit is activated and causes 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
edjustment of de voltage at terminal No. 10. The output of 
the .2nd chroma amplifier stage is available at terminal No.9. 
The typical output termination circuit that is shown, 
provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utiliz. emitter·followers with 
short·circuit protection. 

'0 

"" ,. 

... 
'" 

·'0 5.11e 

0, 

A,. 
, " 
"27 

" 

" 

'4 

." 1.2K 

-" S.7k 

·28 
7.51( 

Fig. 6-Sch8matic diagram for CA301l. 

ELECTRICAL CHARACTERISTICS,.t TA ~ 250 C 

CHARACTERISTICS SPECIAL TEST CONDITIONS 

SUIte C ..... acteristics 

Voltages 
Bias Rl!ference Terminal V,2 S, Open, 52 Open - 17_3 

Ampl No_ 1 Chroma 
"2 51 Open, 52 Open - 1.75 

Input 
-

Ampl No. 1 l..-"~oma 
Output Balanced V6 51 Open, 52 Open . 20 V 7 

Unbalanced V. 5, Open, S2 Closed - 13.5 -
Ampl, No, 2 Chroma 

V7 
Input 

SI Open, 52 O~n • 5 

Amp!. No. 2 Chroma 
Vo 5, Closed, 52 Open - 20,6 

Output 
-

Supply Current 'T 51 Open, S2 Open 17 24.5 3' mA 

OYNmK: Characteriltics 

Amplifier No.1 Voltage GaIn Av. E, ~ 30mVRMS M •• sur. \'/6 •• . .. dB 

Amplifier No, 2 Voltage AV2 
8 

Gain 
V, . 1 OV (RM5) M •• sur.1I7 ,. dB 

Mall, Chroma Output 
Volt. Y9 VRMS 11 
1~ Chroma Gain Control E9 = 50 mVAMS. ildjus~ Chroma 

Reference Voltage V8- V,0 Gain Control to OIang! "9 to 
10% of MaJilimum Chroma 

2.1 3.8 6.B V 

Output B 
OutPut Voltage. Killtf Oft S 1 in Position 2 

~g ~ 50mVRM5, adjusr "Killer 
mV 

Y9 " AMS 
Adjust" for an ab~upt dKrease 
inVg 

Output VoIUlge, Chroma Off Y9 Eg ~ 50 mVAMS, adjust Chroma 12 mV 
(;Onlrol to min, Chroma Output "..,S 

Bandwidth. 
AmptifietNo.l 12 

BW MH. 9, 10 
Am&)lit. No.2 30 

Amp!. No.1 Input 
rjl kll 

'm_ eil pF 

Ampl. No, t Output 
'0' 85 II 

Impedance 

Ampt. No.2 Input 'i2 2.1 kl! 
B 

ImpacYnce Ci2 35 pF 

Amp!. No.2 Output 
'02 85 II 

Impad.lnct 

LINEAR INTEGRATED CIRCUIT~ 

MAXIMUM RATINGS, Abfolute Maximum· Vslues st T A Z 25' C 

DC Supply Voltage (Terminal 8 

to Terminal 4) 30 VDC 
Device Dissipation: 

Up to TA = +70°C ................ 530 mW 
Above TA = +70°C .... Derate Linearly at 6.7 mWfC 

Ambient Temperature Range: 
Operating . . . . . . . . . . . . ~. . . -40 to +85 0 C 
Storage .............. . . . . . -65 to +150 °c 

Lead Temperature (During Soldering): 
At distance 1 i32 in (3.17 mm) 

from seating plane for 10 s max. . . . . .. +265 °c 

Maximum Voltage and Current Retings 0 T A • +25°C 
Current Voltage-

T.-minal II 10 
No. mA mA 

1 5 1.0 

2 5 1.0 

3 10 10 

6 1.0 20 

7 5 1.0 

9 1.0 20 

12 1.0 

14 5 
• With reference to 
terminal No.4 and 

5 

1.0 

with +24 V on terminal 
No. 8 except for the 
rating given for terminal 

No.8, 

Terminal MIN 

No. VOLTS 

1 -6 

2 -5 

3 0 

6 0 

7 -5 

8 0 

9 0 

10 0 

11 0 

12 0 

13 0 

14 -5 

MAX 
VOLTS 

+15 

+5 

+2 

+24 

+5 

+30 

+24 

+24 

+24 

+20 

+20 

+15 

Fig. 7 - Ststic characteristics test cir~uit-CA3071. 

+14V 

'.Ik 

... 
NOTES 

I. SWITCH 51 IN ~05ITION , UNUSS OTHERwIS( NOTED 
IN T .... L! OF DYNAMIC CH ..... ACTEItISTICS 

2. CNIItOMA GAIN CONTROL SET TO GROUNO UNLESS OTHEftWlSE 
NOTED IN TAIILE Of' DYNAIlIC CHAItACTERISTICS 

3. ALL ItESISTAIiliCES IN OHMS 

• ~Ccr,~gIT.NCE$ ME IN "CIIIOFMAO$ UNLESS On4(IItWISE 

Fig. 8 - Dynamic characteristics circuit·CA3071. 

.,f 
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.lNEAR INTEGRATED CIRCUITS 

CA3070,CA3071,CA3072 

Fig. 9 - CA3071 WidBband amplifier 
circuit. 

'" • '10 • 'IDO 
'II'IUI-e'-"'I 

Fig.10- FrtlqutmCy twpOfIl/II (or 

wideband amplifier CA3071. 

'" 2.3": '" OM 

Fig. 11 - Typical CA3071 widBband 
amplifier linearity 

'.7 

CA3072 Chroma Demodulator 
" 'OK 

'.8 " .-Y 

The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R·Y. G·Y. al'd B·Y color 
difference output sj",.ls. The chroma Input signal is applied 
to terminal Nos. 3 and 4 while the oscillator injection sigr)al 
is applied to terminal No~. 6 and 7. The color difference 
signals. after matrix. have a fixed relationship of amplitude 

and phase nominally equal dc voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R. G. B output amplifiers. Emitter·follower 
output stages used to drive the high level color amplifiers 
have short-circuit protection. 

MAXIMUM RATINGS.AbsoluteM.x;mum-Val ..... t TA· 2!P C 

DC Supply Vol.age (TerminalS '0 Terminal 14) .......... 27 V 
Referenct? Input Voltage. ........................•... 5 "pop 
ChrOfNI I "put Voltage. • •• . . . . . • . • . . • . . . . . • • • . • . . • . .. 5 "pop 
Device Oiuipeltion: 

Up.o TA - +7QOC. . . . •. .. . . .. . . . . . . . . ... . . . . •. 530 mW 
Above TA e +700c ........ .. Dora •• Linaarly a. 6.7 mWJOC 

Ambient Temperature Range: 
Operating ............................. -40 to +85oC 
Storage .......•...................... -66 to +1500C 

Leed Temperature IDurin, Soldering): 
Attlistance1/32 in 13.17 mm} from 18lting plane 
for 10 I max •.•........ :.'.... .... .. .•• .. +2&iOC 

Ma.imum Voltage al'd Current Ratings 

atTA -+250<: 

Voltage* Current 
Terminll MIN MAX Ttrminlll II 10 

No. VOLTS VOLTS No_ mA mA 

3 0 +5 3 

4 0 +5 4 

6 0 +12 6 

7 0 +12 

8 0 +27 

9 0 +20 9 1.0 20 

tl 0 +20 tt 1.0 20 

13 0 +20 13 1.0 20 

·With reference to terminel No. 14 and 
with the voltage between terminal No .. 8 
and terminal No. 14 at +24 V e"cept a. 
given in rating for terminal No.9_ 

t2:4\1' 

,tcs-r,.S8S 

Fig. 13 - Staricch8r_risricstestcircuit-CA3072. 

" 
", 
'" 

Fig. 12 - SchmnarJc di.,ram for CA3072. 

All RESISTORS IN OHMS 
All. CAPACITORS IN IIF 

R·Y 

G·Y 

.[F .. -
"1 

CHROMA 

12CL-I74S!5RI 

ELECTRICAL CHARACTERISTICS. at T A - 260 C .. d V+ - +24 V unless otherwiM .-:ified 

LIMITS TEST 
CHARACTERISTICS SY~LS SPECIAL TEST CONDITIONS CA3072 UNITS CIRCUITS 

MIN. I TYP.I MAX. FIG. 

- -StatIC CharlCtar,st' •• 

Supply Current 
With Output Loads IT 5, Closed 16.5 - 26.5 

mA 
With No Output Loads 5, Open - 9 

G-Y. R-Y. S-Y Outputs V9. Vll. V,3 5, Closed 13.2 14.7 15.8 13 

Chroma Inputs V3. V4 5, Open - 3.3 - V 

Reference Subcarrier VS.V7 5, Open - 6.2 -
Dyllllmic Characterist'cs 

Demodulator Unbalance ·Vg.v'll.v;3 V3 = V4 = 0 - - 0.8 vp-p 

Maximum Co:"r Difference 
v13 8.0 - -

Output Voltage VII V3 = V4 = 0.6 Vp_p 5.5 - -
vg 1.2 - -
v3 0.2 D.35 

vp_p 
Chroma Input ~ensitivity -
Relative R· Y Output vl1 

Adjust Oc for 5.0 vp.p @ term 
3.5 - 4.2 No. 13 (S·YI 

Relative G-Y Output vg 0.75 - 1.25 

IV91-lvlll 
14 VOC Difference Between 

IV91-IV131 Oc = 0 - - 0.6 V 
any two Output Terminals 

IVlll-IVI31 

Input Impedance ri6.7 - 1.7 - kn 
Ref •• nee Subcarrier Inputs 

Ci6.7 - 6 - pF 

Input Impedance at ri3• 4 - 0.95 - kn 
Chroma Inputs Ci3• 4 - S - pF 

r0 9. roll. 
180 n Output Resistance - -

ro13 
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LINEAR INTEGRATED CIRCUITS 

CA3070, CA3071, CA3072 

~ 
l 

... , 
OOTl'\lT 

.-, 
OUfPUT 

41 ,-, 
0UTPtJT 

41 

NOTE: 
ALI.. CAPACITOftS GilviN IN ,,. 
""L.EU OTHEINIK NOl'!:D. 
ALL .tlITMC!I II OHNS 

tlCM-IUMIII 

Fig_ 14· . Dynamic characteristics test circuit for CA3012. 

Application Information 

TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of F;g.151 is a complete signal processing system 
for color TV. The RCA types CA3070, CA3071 and CA3072 
monolithic integrated circuits are respectively used as the 
$ubcarrier regenerator, chroma amplifier, and chroma 
demodulator. 

The input to the system is the chroma signal which may be 

taken from the first or second video stage and is coupled into 
the CA3071 chroma amplifier through a bandpass filte .. The 
outputs from the system are the color difference signals 
which are intended to drive high level amplifiers. Luminance 
mixing may be external to the picture tube or, the difference 
signalS may be amplified and applied to the picture tube grid 
or cathode, where they are internally mixed with the 
luminance signal. 

Other input requirements to the system are the power supply 
voltage of +24 volts and the horizontal keying pulse. The 
power supply voltage should be maintained within ±3 volts 
of the recommended value of +24 volts. The total current fo< 
the system is approximately 70 milliamperes. The horizont,,1 
keying pulse input to the subcarrier regenerator is approxi· 
mately +4 volts peak and centered on the burst as seen at 
terminal Nos. 13 and 14 of the CA3070. The pulse width 
should be maintained as close as possible to the recom· 
mended value of 4.5 microseconds. 

CA3070 Circuit Operation 

The CA3070 circuit as shown in Fig. 2, consists of an 
oscillator, automatic phase control (APC) detector, auto
matic chroma control (ACC) detector, gated oscillator . 
output amplifier and a shunt regulator. The shunt regulator 
provides the necessary bias stability for the 3.579545 MHz 
oscillator, as well as the bias to ali funetions of the CA3070 
circuit. Tile o:egulation voltage is nominally +12 volts as 
measured at terminal No. 10. 

The APe and ACC detectors are synchronous detectors 
which are keyed bv the horizontal input pulse. This form of 
detection eliminates the need for a burst separator as an 
individual amplifier stage. When a positive pulse is present at 
terminal No.4, the oscillator output is cutoff and the 
oscillator drive signal is diverted to the APe and ACC 
detectors. Referring to Fig. 2, the APC detector (09 & 010) 
and the ACC detector (aS & Os) are em itter driven from the 

Fig. 16(a) - CA3010 tBrminal No.1 
7.5 V oscillator "gate off" pulse. 

••• 

H04tIZ KEY PVt..SE 
+4V.4.~ .. S 

INPUT 

." 

TI ~~I~L.~~:'I:;:;:F=_ 
L-!!I.I .. H.O-:SO 

Tit UNIVERSAL WINDI..." .... H WIM: 
","IIAlty, T11'VMt1, L.II.'~".Q·40 
SECOHDolA'Y: M TLMS, CT, L· .... ".O·20 

AU-lil:tlSlloNClt"ALUI'SAftItll..s 

UllLIUCJJ"PwtSfIlfOlC.t,.TfII.M..I.CAI"ACIlAlllaV"U,II:li 
LeufIWIl ..... -=--...... 
IOOll!GllUll! ..... l't(OII'oIII* 

Fig. 15 - Typical chroma system for color-TV rocei"",. utilizing RCA·CA3010, CA3071, and CA3012. 

oscillator transistor (017), when the oscillator output ampli· 
fier transistors (02 & OJ! are cutoH. The chroma signal is 
applied to terminal Nos. 13 and 14. There is oscillator 
CUrTent drive to the APC and ACC detectors during the 
keying interval; burst'separation is effectively accomplisheq 
bv the gating action of the detectors. A further advantage of 
the keying action is the high gain made possible as a result of 
the low average current flow of the APC and ACC detectors. 
High resistor values of 62 kilohms at the detector output 
terminals provide proper detector bias consistent with the 
duty factor of the keying pulse. For a wider keying pulse, it 
is necessary that smaller values of detector load resistors be 
used. 

In the absence of the keying pulse (line period I , the resistor. 
R2Q. biases the oscillator's output amplifier transistors (Q2 & 
Q3) on by keeping their emitters at Ii higher potential than 
the base bias voltages of 05, 06, Og. and 010. The 3.58 
MHz signal is now present at terminal Nos. 2 & 3. 
Photographs of oscilloscope traces for one line period at the 
terminal Nos. I, 2, and 3 are shown in Fig.16. The effect of 
the keying pulse is shown in Fig.16a, and the cutoff of the 
oscillator output amplifier is shown in Fig.16( b) and 16c. 

The oscillator section of the CA3070 consists of the loop 
formed bV 016 and the emitter driven diHerentia! pair, 013 
8< 014. The signal output from terminal Nos. 7 & 8 is 
coupled through the series tuned crystal circuit back through 
terminal No.6 to 016 & all. The collector of 017 drives 
the oscillator output amplifier and the APC & ACC de· 
tectors. 017 is emitter coupled to transistor 018. The 
oscillator frequency and phase control is accomplished by 

Fig_ 16(b) -CA3010 terminal No.2, 3.5 Vp_p oscillator 
output; one horizontal line, (gated off during burst). 

the differential drive from the APe detector to transistors 
012/1< 015 which control the balance of 013 8< 014. The 
resulting phase of the feedback loop is determined by the 
relative amplitudes of the oscillator output signal at terminal 
Nos. 7 and 8. The 65 pF capacitor between terminal No.7 
and 8 provides the phase shifting component as the balance 
of 013 and 014 is varied. In this way the APe detector 
controls the crvstal frequency at which the phase shift is 
cancelled in the feedback loop. 

The controls for the CA3070 subcarrier regenerator circuit 
are the APC balance, the ACC balance, and the hue control. 
The hue control is a dc balance adjustment of the oscillator 
output amplifier transistors 02 & 03. A phase delay network 
between the output terminals Nos. 2 & 3 determines the 
range of the hue control, which for the value shown in Fig. 
1 5, is approx imately 90°. 

The ACC adjustment sets the initial balance of the ACe drive 
to the input of the CA3071 in Fig. 15 (terminal No,. 1 and 

14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 

As a setup adjustment, for both tile ACC and APC, switch Sl 
is opened and S2 is closed. The chroma input to the system is 
removed and the de voltage at terminal NO.6 of the CA3071 
is noted. The switch S2 is then opened and the ACC adjusted 
to set the voltage at terminal No.6 to that previously noted. 
Alternatively, the differential dc voltage at terminal Nos. 15 
& 16 of the CA3070 may be set to 0 mV (±2 mV) when 51 
and S2 are open, and the CA3071 is removed frl)m the 
circuit . 

Fig. 16(c) - CA3010 terminal No_ 3, 2.0 Vp_p oscillator 
output; o"e horizontal line, (gated off during burst). 
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LINEAR INTEGRATED CIRCUITS 

CA3070, CA3071, CA3072 
With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (11 a 
bu.ffered crystal filter circuit, connected to the oscillator 
output amplifier terminals will continue to ring and fill 
the gated off window providing the proper interface to a 
counter; (21 the other method involves monitoring the 
demodulated output at the color difference output terminals 
of the CA3072. A zero beet signal, at the color difference 
outputs may be seen on an oscilloscope. 

When these adjustments are made, similar oscilloscope traces 
sho'; Id be seen as shown in Fig. 1 7. 

CA3071 CIRCUIT OPERATION 

The CA3071 r~ the basic amplifier and control circuit of the 
chroma system. It contains the gain control functions of the 
ACC loop, the color killer, and the de chroma gain control. 
The CA3071 is a wide band amplifier having two stages of 
voltage gain. Curves of frequency-response and linearity are 
shown in Figs. 10& 11 for the wideband circuits shown in 
Fig. 9. This is the same basic amplifier as the one in the 
system shown in Fig. 15 except for the omission of the tuned 
circuits and the ACC loop connection. The amplifiers have 
bandwidths of greater than 10 MHz, and are usable well 
beyond 30 MHz. The signal swing of the wide band amplifier 
is in eKcess of 5 Vp.p' even with the typical load coupling as 

shown in Fig.l 5. Fig. 18 (a, b and c) show the oscilloscope 
traces for an NTSC Signal at the chroma input. The overall 
frequency-response curves are shown in Fig. 1 9. 

CA3071 operation is as follows (Refer to Figs. 6 &151. The 
inptft chroma signal is applied to terminal No.2. This signal 
is amplified in a cascode differential circuit from 010 to 012 

and the output is an emitter follower, 014 (Terminal No 
6.1 The signal is divided in the Og & 012 differential 

amplifier, depending on the applied ACe error signal ampl i· 

tude at terminal Nos. 1 & 14. The ACe error signal is de
rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering, is applied to terminal No~. 1 & 14 of the CA3071. 

At low signal drive, the 390 kilohm resistor at switch S 1 
(normally closed) unbalances the differential amplifier for 
high signal gain through 012. As the burst level at the 
chroma input increases, the ACe drive changes differentially 
in a positive direction at terminal No. 14 and a negative 
direction at terminal' No. 14 and a negative direction 
at terminal No.1. At strong signal levels the gain is 
redu~ed by diverti ng the balance of ac current in the 

differential amplifier from 012 to Og. which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No.6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACe characteristic is shown in Fig. 23. 

The chroma signal is buffer connected from terminal No.6 
to terminal No.7 of the CA3071 and is amplified in the 2nd 
stage of voltage gain. Both the color killer adjustment and the 
de chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No.9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
conSisting of transistors 01, 02 and Q3. Under maximum 
chroma output conditions, the diode D2 is reversed biased, 
and the signal path is through 015, 04 and 05 to term inal 
No.9. When the color killer circuit is actuated, or the 
chroma gain,oontrol is adjusted to a higher positive voltage at 
terminal No.1 0, the anode voltage of diode D2 is increased 
to draw current from the signal path at the emitter of Q4. 
This decreases the chroma gain as the potential at terminal 

No. 10 is increased. When the potential at terminal No. 10 
is the same a:. terminal No.8, the chroma output at terminal 
9 iscutof!. 
The color killer circuit provides an abrupt voltage swing at 
the anode of D2 to cutoff the chroma output when the 
Schmitt trigger circuit is forward biased at terminal No. 13. 
In the circuit of Fig. 18, the color killer adjustment is a 
resistance divider circuit which establishes the threshold of 
burst level at which the killer operates the chroma amplifier. 
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CA30n CIRCUIT OPERATION 

The CA3072 is a chroma demodulator having full color 
difference signal demodulation capability. The chroma signal 
is applied to terminal Nos. 3 & 4 and the reference subcarrier 

Signal is applied to terminals Nos. 6 & 7 of the CA3072. 
The output color difference signals are B-Y at terminal 
No. 13, R·Y at terminal No. 11, and G·Y at terminal No.9. 
The typical level of differential chroma drive required at 
terminal Nos. 3 & 4 is 400 mVp.p. The amplitude of 

chroma at terminal No.6 & 7 is approximately 1.0 volt at 
1040 relative phase difference which results in a a·Youtput 
amplitude of 5Vp.p. The voltages of the R·Y & G·Y outputs 
are at 3.8 and 1.0 Vp_p respectively. when there is 5Vp.p 
output at B·Y. These comparative Signals are based upon a 
complete phase rotation of the chroma relatIve to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig.15 circuit are shown in the 
oscilloscope trace photographs of Fig.21. Using the hue 
control setting for B-Y phase at the B·Y output. the G·Y 
color-difference signal is approximately _1040 and the A-Y 
color·difference signal is approximately +106°. Since the 
amplitude ratios are a function of the applied signal phase 
relationship, the NTSC color difference output signals are 
shown here primarily for phase reference conditions. 

CHROMA SYSTEM CONSTRUCTION 

Fig. 25 shows the complete CA3070. CA3071 and CA30n 
chroma system in the Fig. 18 cirClli!. Table I lists the dc 
terminal voltages for the system. The chroma gain and hue 
controls, as well as the switches 51 and S2 are removed. The 
template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component value5 are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements. 

Fig. Ilia) - CA3070 terminal No.6. oscillator waveform 
1.1 Vp.p 3.58 MHz. 

" {, ~ , 

'\ ~ ,~ , 
, ' 

~t ~, 
, , 

Fig. 1 lib) - CA3070 terminal No.7, oscillator waveform 
1.4 Vp .p 3.58 MHz. 

Fig. lllc) . CA3010 terminal No.8, oscillator waveform 
1.6 Vp.p 3.58 MHz. 

Fig. l8(al - CA30n chroma input 1.25 Vp_p: one horizonUlI 
line of NTSC input signal. 

Fig. l8(bl -CA30n terminal No.6, amplifier No.1 chroma 
output 2.3 Vp.p: one horizontal line for 1.25 Vp-p chroma 

input 

Fig. 18(c) -CA3071 terminal No.9, amplifier No. 2chroma 
output 5.5 Vp.p: one horizontal line for 1.25Vp_p chroma 
input 

Fig. 191al - Frequency response sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div. 

Fig. 191 b) - Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3012. 
f = 250 KHz/div. 
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Fig. 20" Typical ACC characteristics for chroma system 
of Fig. 18 



CA3070,CA3071, CA3072 

Fig. 21 (a) . CA3072 . terminal No. 3 or 4. chroma input 
signal. 220 mVp_p.one horizontal line 

Fig. 21 fb)' CA3V12 - termmal No_ 6 or 7, reference 
subcarfler 1.2V pop' one hortzontal hne 

LINEAR INTEGRATED CIRCUITS 

Fig. 21 (e) - CA3072 terminal No_ 13, 4.8 "pop 8- Y output, 
one horizontal line 

Fig. 21(d)· CA3072· terminal No. 11,5.2 "p.p R-Youtput, 
one horizontal line 

Fig. 21 Ie) . CA3072 - terminal No.9, /.2 vp.p G- Y output, 
one horizontal line 
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LINEAR INTEGRATED CIRCUITS 

CA3075 

FM IF Amplifier· Limiter, 
Detector, and Audio Preamplifier 

For FM I F Amplifier Applications Up To 20 MHz In 
Communication~ Receivers And High·Fidelity Receivers 

Features: 

• Good sensitivity: Input limiting voltage (knee) = 250 fl- V typo at 10.7 MHz 

• Excellent AM rejection: 55 dB typo at 10.7 MHz 

• Internal Zener diode regulation for the IF amplifier section 

• Low harmoni c di stort i on 

• Differential peak detection: Permits simplified single-coil tuning 

• Audio preamplifier voltage gain: 21 dB typo 

• Minimum number of external parts required 

RCA CA3075 is an integrated circuit which provides. 
in a single monolithic chip. an FM IF subsystem for 
Communications and High-Fidelity Receivers This de
vice, shown in the schematic diagram (Fig. 2), con
sists of a multistage IF amplifier--limiter section with 
a Zener regulated power supply. an FM detector stage. 
and an AF preamplifier section. A typical application 
of the CA3075. in FM receiver circuits. is shown in the 
block diagram (Fig. D. 

The three-stage. emittel'-follower-coupled IF amplifIer 
section provides a 6O-dB typo voltage gain at an operat
ing frequency of 10.7 MHz and features. hecause of its 
"transIstor constant-current sink, an output stage with 
exceptionally good limiting characteristics. 

The FM detector section. which utilizes a differential
peak-detection circuit. requires only a single coil in the 
aj:.jsociated outboard detector circuit; hence, tuning the 
detector circuit is a simpl(> procedure. 

The audio preamplifier circuit provides a 21-dB voltage 
gain with low impedance output for driving subsequent 
audio ampli fier stages. 

The CA3075 utilizes a 14-lead dual-in-line plastic pack
age with leads in a special quad-formed arrangement. 

'.ILL.f_.5O$ OIl! t:QUIVAL[HT 
' •• lllon .. WCH VALue TO 

ADJut.T CI Of C?l1,. TO S5 

,'-

100"'1 6.aka 

Fig. 2· Test Circuit for input limi1ing voltage, recovered 
AF voltage, and total harmonic diltor1ion 
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Fig. I· Block diagram of typical FM receiver utilizing the CA3075 

MAXIMUM RATINGS, Abso/ut.·Maximum Values at T A = 25°C 

DC Supply Voltage [between Tenninals 5 (V+) and 3 (V-)] 

DC Current (into Tenninal 5) .•.•••••.••.••••••• 

Device Dissipation: 

Up to T A = 50o e, ........ , . , ......... , .. , 

12.5 

30 

760 

V 

rnA 

rnW 

Above TA = 50o e .............. , . , .. , . , . , . derate linearly 7.6 rnwlOe 

Ambient Temperature Range: 

Operating •.•••••••.•.••••••••••..•••••• 

Storage •.••••••••..••...••.•.•. , .•••••. 

Lead Temperature (During Boldering for 108 max .. ) ...... 

-55 to+ 125 
- 65 to + 150 

+265 

ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPIICITANCE VALUES ARE IN pF 

92CL-1608" 

Fig.3 - Schematic diagram of CA307S 

°c 
°c 
°c 



CA3075 

ELECTRICAL CHARACTERISTICS at T A = 25° C 

LIMITS TEST 
CHARACTERISTIC SYMBOL TEST CONOITIONS UNITS CIRCUIT 

MIN. TYP. MAX. FIG. NO. 

Static Charact.ristics 

DC Voltage: 
At Terminal 7 V7 - 6.1 - V 
At Terminal a Va V' = 1l.2V - 5.4 - V 6 

At Terminal 12 VI2 - 5.2 - V 

DC Current (into Terminat 5): 
AtV'=a.5V 8.5 15 - mA 
At V' = H.2V 15 - 17.5 - mA 6 
At V' = 12.5 V - 19 29 mA 

Dynamic Cltarcrct.ristics at V+ = 17.2 

IF AMPLIFIER 10 = 10.7 MHz 

Input Limiting Voltage VI (lim) f(Modulation) = 400Hz - 250 600 j.LV 3 
(knee, - 3 dB point) Devi alion = ± 75 kHz 

10 = 10.7MHz 

AM Rejection AMR 
f(Modulation) = 400Hz - 55 dB 5 FM: Deviation = ±75 kHz -
AM: Modulation = ~ 

Input Impedance Components: 
Parallel Resistance RI 10 = 10.7 MHz - 4.5 - kO -Parallel Capacitance CI VIN = 10mV RUS - 4.5 - pF 

DETECTOR 
~F Voltage (at 10 = 10.7 MHz 

Terminal 12) VO(AF) I(Modulation) = 400Hz - 1.5 - V 3 
Total Harmonic Distortion THO Deviation = ± 75 kHz - I 2 ~ 

AUDIO PREAMPLIFIER 

Voltage Gain A(AF) VIN = lOOmV, 10 = 400Hz - 21 - dB 4 

Total Harmonic Distortion THO VOUT = 2V,ID = 400Hz 

Li-

"oF 

-

WAVE 
... 'LYZEIt 
MEWLETT· 
PACURF;l 
102lOR 
EOUIVALfJH 

1.5 

TEUPROCEDURE 

5 ~ 4 

I. CONHIECT FM GENERATe.. 'ffEOUEHCY COUHTEII, AHO 
UNIYEATER TO INPUT Of' (,&JOn 

2. SET j ~ 10.7","1. VI' lOO",V, 
I(MOC)ULA'IONI. 4OOH •• flDfYIATU)Nj. ! 1S~H. 

J. TUIU: .AVE AtlALvlEll FOIl PEAK RUOIMlt AT .00101 • 

•• RECORO"/II YO,A") 
.LI MILLER 4~S 01 EQUIYALEMT ,.un 5. DISCQNMECT F. GEMEUTOIt 

~=~~"R • !~~~s~~ ~~c:t~~Esro 6. CONNECT All (ifMEUTOfiI TO INPuT Of ,"JOh 
7. lofT f. 1(I,11t1 ... VI' IDO.V, 

ICIIODULATlOfj) • 'DOH, WITH )0"1 MODUt.UIOI 
a. TUNE ..... VE ...,. ... LYlE. FOIt PE ... K IfAD4MCi ... T .oI)N, 

9. R(CORD .... VOIAF) 

AM "EJECTI~ • 20 LOGIO :::::~::: 

Fig.5 - Test circuit tor AM rejection 

LINEAR INTEGRATED CIRCUITS 

AC vrva 
ULUNTINE 
,I' OR 
EQUIVAlENT 

TESTNOCEOUII'E 
'IOlTAG((j.AIfiI OISTOitTlOM 

DlSTDlTION 
ANALYZER 

HEWLETT. 
flACldD 

"' ... EQUIVALENT 

I. sn AUDKJ GIENUATOII FOR VI • 100 ... V •• S 

2.III!ADVO 

I. SET AUDIO GENUATOI: FOR Vo • 1 v liaS 
1.IIEAO DUTORTION IN 0. 

J. "I" • 20 LOGIO Vo/VI 

Fig.4 - Test circuit for audio preamplifier voltage gein 
and total hIIrmonic distor1ion 

Fig. 6· r •• f circllit lor .t"tlc clo"r"ct.riofico 
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LINEAR INTEGRATED CIRCUITS 

CA3076 
High-Gain Wide-Band 
IF Amplifier-Limiter 

For FM IF Amplifier Applications 
in Communications Receivers 

RCA CA3076, monolithic integrated circuit, is a high
gain wide-band amplifier-limiter for use in the IF sec
tions ofCommWlications and High-Fidelity FM Receivers. 
The CA3076. shown in the schematic diagram (Fig. 2), 
consists of a four stage IF amplifier-limiter section 
with a voltage regulator section. A typical application 
of the CA3076 in FM receiver circuits is shown in the 
blOck diagram (Fig. D. 
The four-stage emitter-follower-coupled IF amplifier 
section provides an 8O-dB voltage gain with a 2-kilohm 
losd at a frequency of 10.7 MHz. The output stage has 
exceptionally good limiting characteristics because of 
its transistor constant-current sink. The voltage re
gulator section provides zener-regulated, decoupled volt
ages for the IF amplifier. 

The CA3076 utilizes an hermetically-sealed 8-lesd TO-5 
package. 

MAXIMUM RATINGS, AIo.o/ute Maximum-Value. fit T A = 25° C 

DC Supply Voltage [between Terminals 7 (v+) and 3 (VI] 

DC Current (into Terminal 7) ••••• " •••••••••••• 

Device Dissipation: 

Up to T A = 500 C •••••••••••••••••••• __ •• 

Above TA = 500 C ••• ; •••••••••••••••••••• 

Ambient Temperature Range: 

Operating •••• ; •••••••••••••••••••••••• 

Storage •••••••••••••••••••••••••••••• 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 
for 10 s max •••••••••••••••••••••••••••• 

ELECTRICAL CHARACTERISTICS at T A " 25°C 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

MIN. 

Stolic CI""acle,islic. - V+ = 8.5 V 

DC CUllenl (inlo Tenn. 7) 17 - 10 

Quiescent Operating Current 
(into Term. 4) 14 - -

Dynamic Cltaracle,i.tics - V+ = 8.5 V, '0= 10.7 MHz 

Input Limiting Voltage (knee, 
- 3dB point) V, (lim.) - -

Output Voltage Vo V, = 2O/LV 4 

Output Noise Voltage VN V, =0 -

Forward"Transfer Admittance: 
Magnitude IV2t! VI = -
Phase 621 10!-LV -

Reverse Transfer Admittance: 
Magnitude ! Y12! -
Phase -

612 -
Input-Impedance Components: 

Parallel Resistance R, --Parallel Capacitance C, -
Output-Impedance Components: 

Parallel ReSistance RO 50 
Parallel Capacitance Co - -

LIMITS 

TYP. 

IS 

0.65 

50 

12 

I 

6 
80 

0.1 
-90 

7.5 
4 

-
l7 

IF AMPLIFIER
LIMITER. 
DETECTOR." 
PREAMPLIFIER AUDIO 

OUTPUT 

·Rl. R2 SELECTED FOR PROPER FILTER MATCHING 
'RECOIUIEHDED IC IF AMPLIFIER-LIMITER, 

DETECTOR. PREAMPLIFIER IS THE RCA CA3075 

..... .... 
Fig. '·B/ocIcJiog,_ 01 typical FM ,eceive, utilizing tlte CA3076. 

15 V 

35 rnA 

500 mW 

derate linearly 5 mW/OC 

-55to+l25 °c 
-65 to + 150 °c 

+265 

UNITS 
MAX. 

24 mA 

- mA 

200 !-LV 

- mV 

- mV 

- mho 
- degrees 

- /LmhO 
- degrees 

- kil 
- pF 

- kil 
- pF 

Featu,e.: 

• exceptionally good sensitivity: Input limiting voltage (knee) a 5O!-L V 
typo at 10.7 MHz 

• high gain: 80 dB with 2-kilohm load 
• intemal voltage supply regulator 
• wide frequency capabi lily: > 20 MHz 

RF elENERATOR 
no.7.Ha) 
HEWLETT· 
''\cU.RD 
6D1e: 011 
EQUIVALEMT 

I.V ~ __ ...... _-...::.':;.';::'.=.MC~.::,I=HP.::.UT'--____ -i :~~TE' 
Y· • '.5 V HEWLETT. 

ATTEMUATOR 
(to 1118) 

KAY 30·0 
412< 00 
£QUIYALt;MT 

lOn 

PACKARD 
M05AOft 
!QUIVALENT 

Fig. 2- Fo,wa,J t,ans/er aJmiflance (Y21) 
f •• f circuit 

Fig. 3 - Tesl circuillo, DC currenl (Terrnina/7) 
anJ ape,oIing currenl (T.,minal 4). 
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_______________________________________________________________________ LINEARINTEGRATEDCIRCUITS 

CA3076 

v

• 

A TTfJ'UATOR 
(60"8 OR 0"8) 
KAY )0.(1 ~-A~"""'( 
·me OR 
EQUIVALENT 

RF GENERATOR 
(IO.7MH.) 

HfWLnT 
PACkARD 
"'COR 
EClUIVALfNT 

OUTPuT VOLTAGe· 
1. SET ATTENUATOR TO OdB 
2. SET .., GENERATOR TO :zo ~Y cw 
J. IIfAD 10'0 1M ... 10' 

OUTPUT NOISE VOLTAGE 
I. SET ATTENUATDR TO 61t.IB 
2.It(AO Yo IN ",10' 

"2' 
10' 

•• 

y • 

• 
Notes: 

Terminal No. S wire-connected to the case. 

Terminals No.3 and 6 whic.h aft connected to the substrate 
should b. connected to the most "elotivl point in the circuit. 

The resistancI volues includ.d on the schemotic diagram 
hov, bl,n supplied as a con"."ie"c. to assist Equipment 
Manufacture,', in optimizi"9 the ul.etion of "outboard" 
components of equipment designs. The "alues shown may 

YO'Y as much as !. 30%. 

RCA reserves the right to malee any chon9's in ,h. Resist
once Volues provided such changes do nO' adY,rsel, offeci 
.h. published p.,formonce charact.ristics of the device. 

e .... 

92:5$-.561 

Fig. 4 • Seltemotic c/iogrom 01 CA3076. 

",-URAT A FILTER 
TYPICAL VALUES 

R'N " ROUT' Hon 
INSEIlTlON lOSS. 6 dB TYP. 
BANDWIDTH (AT _3dB) = 2.0~HI 

Fig. 5 - 10.7 MHz vo/tog. ,oin onJ noi •• test circuit 
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LINEAR INTEGRATED CIRCUITS 

CA3078, CA3078A Types 

Amplifier 
The RCA CA3078T and CA3078AT are high'gain 
monolithic operational amplifiers which can deliver milli
amperes of current yet only consume microwatts of standby 

power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designer with the opportunity to tailor the frequency 

response and improve the slew rate without sacrificing 

power. Operation with a single 1.5-volt battery is a practical 
reality with these devices, 

The CA3078A.T is a premium device having a supply voltage 
range of V' ~ O.75V to V' ~ 15V and an operating 
temperature range of -55°C to +1250 C. The CA3078T has 
the same lower supply voltage limit but the upper limit is V+ 
-- +6V and V-=-6V. The operating temperature range is from 
OOC to +700 C 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

The CA3078 and CA3078A are supplied in either the 
standard S·lead TO·5 package ("T" suffix l. or in the 
8-lead dual'lnline formed·lead "OIL·CAN" package ("S" 
suffix). 

Features: 

• Low standby po_r: II low as 700 nW 
• Wide lupply voltage range: ±O.75 to ±15 V 
• High peilk output current: 6.5 mA min. 
• Adjustable quiescent current 
• Output short-circuit protection 

MAXIMUM RATINGS, Absolute Maximum Values at TA ~ 25"C 

DC SupplV Voltage (between V+ and V' terminal 

CA3078AT 

Differential Input Voltage •. " 
DC I nput Voltage 

Applications: 

• Portable electronics 
• Medical electronics 
• Instrumentation 
• Telemetry 

CA3078T 

14V 
±6V 

V+ to V' 
0.1 mA I nput Signal Current •.... 

Output Short-Circuit Duration· 

Device DiSSipation 

36V 
±6V 

V· to V' 
0.1 mA 

No Limitation 
50 mW (up to 1250 CI 

No limitation 
500 mW (up to 700 CI 

Temperature Range 
Operating ... . 
Storage .. . 

Lead Temperature (During Soldering) 

At dIStance 1116 ±1/32 In 11.59 ±o.79 mml 
from case for lOs max ....... . 

·Shor~ cirCUl1 may be applied to ground or to either supply. 

·55 to ~1250C 
·65 to + 1 SOOc 

.. Types CA3078S and T can be operated over the temperature range of -55 to +125° C. although 
the published limits for certain electrical specifications applv only over the temperature range of 
o to 70° C 

TEST CA3078T LIMITS CA307BAT LIMITS 

o to ~700C .. 
-65 to +l50oC 

CHARACTERISTICS SYMBOLS CONDITIONS RSET = 1 MH,IC ~ 100 j.IA RSET =5.1 MH,la= 20llA U 
V~ 

& 
V' 

I nput Offset Voltage Via 
Input utlset Current 110 
Input Bias Current liB 
Open· Loop Diff. Voltage Gain AOL 
Total QUiescent Current IQ 
Device Dissipation Po 
MaXimum Output Voltage VOM 6 

Common-Mode Input Voltage VieR 
Range 

Common·Mode Rejection RatiO CMRR 

Maximum Output Current 10M 
+ 

or 10M 
Input Offset VOltage SensitiVity 

Positive ~VIO!':W' 

Negative ~VIO/~V 

Input Offset Voltage Via i Open-Loop DilL Voltage Gain AOL 
Total QUIescent Current IQ 15 

Device Dissipation Po 

j 
Maximum Output Voltage V OM 
Common-Mode Rejection RatiO CMRR 

Input Bias Current liB 
I nput Offset Current 110 

OPERATING CONSIOERATIONS 

Compensation Techniques 

The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closed·loop gain, power oonsumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from terminal 1 to terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figs. 24 and 25. 
These CUNes represent the compensation necessary at 
quiescent currents of 20 iJA and 100 p.A, respeetively, for a 
transient response with 10% overshoot. Figs. 21 and 22 show 
the slew rates that can be obtained with the two different 
oompensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 

TA = 0 to TA =-55 to N 

RS RL TA = 25°C 70°C TA = 25°C 1250 C 
I 

T 
KH KSl MIN TYP MAX MIN MAX MIN TYP MAX MIN MAX S 

';;10 - 1.3 4.5 - 5 - 0.70 3.5 - 4.5 mV 
- 6 32 - 40 0.50 2.5 5.0 nA 

60 110 - 200 - 7 12 - 50 nA 

?to 88 92 - 86 - 92 100 - 90 - dB 

100 130 - 150 20 25 - 45 IlA 
- 1200 1560 - 1800 240 300 540 iJW 

0'"10 i51 +5.3 - ±5 - ±51 ':5.3 - ±5 - V 

-5.5 -5 -5.5 -5 

<10 to to - to - to - V 

+5.8 +5 +5.8 +5 
';;10 80 110 - - 80 115 - - - dB 

12 - 6.5 30 - 12 - 6.5 30 mA 

22 150 - - 6 150 - -

··;10 
VIV 

22 150 - - 6 150 - -

RSET ~ 13 Mr!. 10 = 20 IlA 

".10 - - - - 1.4 

c'10 - - - 92 100 

- - - - 20 
- - - - - 600 

_"10 - - - - ±13.7 ±14.1 
-(10 - - - - 80 106 

- - - - - 7 

- - - - - 0.50 

Compensation can also be accomplished with a single 
capacitor oonnected from terminal 1 to terminal 8, with 
speed being sacrificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 #lA and 
loop.A. 

Single Supply Operation 

The CA307SA T and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non·inverting 2O-dB amplifier configurations 
utilizing a 1.5·yolt type "A.A." cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p.p with a 20 kn load. 

3.5 

-
30 

750 

-

14 

2.7 

- 4.5 mV 

88 - dB 
- 50 j.IA 

- 1350 IN'I 
±13.5 - V 

- - dB 

- 55 nA 

- 5.5 nA 

,-
NorE PIN e IS INDICATED BY THE CASE INDEX TAB 

Fig. 1 - Functional diagram of the CA3078T 
and CA3078A T. 

196 ______________________________________________________________________ __ 



CA3078, CA3078A Types 

COMPENSATION 

Fig.2·Sc".",.,ric diagram of rhtJ CA3078T and CA3078A T. 

Typicol V .. _ Intended Only for Design Gui_nee It TA - 25"C and V+ ~ +8 V. V- = 8 V 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

InPIII Olhel Yoll_ Dr," 6YIO/.o.TA RS "-10 Kr! 
Input Offset Current Drift IlYIO/IlTA Rli: ''';10 K'. 

I uPen'LOOp lSanawiCllh BWOl 3IIB pi 

I :ilew .. ate: 
Unity Gain SR Sec Figs. 
Comperalor 20.21 

10"" to 90". 
Transient Response Rise Tunc 
Inpul Resistance R1 
Oulput Resislance RO 
Equiv. Inpul Noise Yoll_ eNflOHd RS 0 

Equiv. I npul Noise Currenl 'NIlOHzl RS lMU 

ELECTRICAL CHARACTERISTICS. It TA • 260C 
Typial V .... I"""" Only for Deagn Gui __ 

CAJ078AT 

RSET = 5.1 Mr! RSET = 1 M!1 
10 ' 2011A 10 = 100 IIA 

5 6 
63 70 
u.~ 2 

0.027 0.04 
0.5 1.5 

3 2.5 
7.4 1.7 

1 0.8 
40 

025 -

TYPICAL VALUES 

CAJ078T 

RSET = 1 M!1 
10 = l0011A 

6 
70 
~ 

0.04 
1.5 

2.5 
0.B7 

O.B 
25 

1 

CAJ078T 

CHARACTERISTICS Y' "I.lY. Y' = '0.75Y. Y' = ".lY. Y' = 0.75Y. 

SYMBOLS Y-=-I.lY Y-·-0.75Y Y-=-1.3Y V-=-O.75V 

RsET= 2M!'! RSET = 10M!1 RSIOT = 2Mr! RSET = 10Mrl 
10· ,0 11A 10 = 1 IIA 10 ' 1011A 10 = 1 IIA 

YIO 0.7 0.9 I.J 1.5 

10 u.~ u.u"" 0.5 

18 ~. U4" !l 1.3 

AOl 84 65 80 60 

'a IU 'U 

D La 1.5 Ll> ." 
YOpp 1.4 0.3 14 O.l 

-0.8 -0.2 -0.8 -0.2 
YICR to to to to 

+1.1 +0.5 +1.1 +0.5 
CMRR 100 90 100 90 
10M! 12 as 12 0.5 

6Y10I6y:i 20 50 20 50 

UNITS 

llV/oC 
pA/oC 

kHz 

YI,.,. 

Us 
Mn 
Kll 

nY'"'JHz 
pAIytf"z 

UN'TS 

mV 
nA 

nA 

dB 
IIA 
jJ.W 

Y 

v 

eli! 
mA 

/Niy 

"2 
~ .. 
~ 
~ 
j 
i .. • 
~ 2.4 
0 .. , .. 
:> .. 
! 1.2 

0.& 

LINEAR INTEGRATED CIRCUITS 

SUPPLY VOLTS Y+'+6, Y-.-6 
AMBIENT TEMPERATURE (TA )- 215-<: 
SOURCE RESISTANCE (RS) :! to Kn 

CA3078T 

CAlO71AT 

I 
2 • 6 • 4 Ii' 

10 100 
TOTAL QUIESCENT MICROAMPERES (10) 

• • • 
'000 

92CS-I9I32 

Fig.3 - Input off.t vo/rage v,. total quiescent current. 

:'::'i~;~~:~:;T~:i:~;;).:5.C I 
B 10, 

A 
!:! • ~~ ; • .p§ I-:<f>.'-
; • ". ". j '. ? 
J • .. • 
i .V 
S 0.1, .. . 
~ • 

• 
~ 

Z 4' "0 2 .4 "100 2' 4':000 2 4 'looo 2 

TOTAL QUIESCENT MICROAMPERES nQI 
,'eS-IM31 

Fig.4 - Input offsst current W. tDtifl qu;e.:.nr current. 

Z 4 Ii. 2 4" 2 4 '8 2 4 Ii 8 
100 1000 10000 ,0 

TOTAL QUIESCENT MICROAMPEIIIES 1101 

Fig.5 - InDur bias current vs. total quiescent current. 

.. 
..... IENT TEMPERATURE ITAJ"'2!)-C 

.. .. 
~ c 

~ 
:! :! 
:il :il 

c 
:! c 

" u .. 
C 

'20 : 18 
'08 ~ 101 LOAD RESISTANCE '" 1-''''a. 

i 90 10 K 90 

§ 72~~ 7. 
I. 54 54 

r •• 3& 
0 

'8 '" 
0 

4" 4" 4" 10 100 1000 
TOTAL QUIESCENT ... ICROAMPERES (101 

92G-IM2' 

Fig.S - Open-loop volt. ""n Iff. togl quiftt»nt cu,",,'. 
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LINEAR INTEGRATED CIRCUITS 

CA3078, CA3078A Types 

i .. 
:l 

" z 
E 
* ~ 
iii 

I. · · • 
0 1• · · • 001 

'6' 2 86.. 2. 86.. 2. 86 4 2. 86 4 2 86 4 2. 8 
1000 100 10 I 01 001 0001 

TOTAL QUIESCENT MICROAMPERES (10 I 

Fig.! - Bias-setting resistance vs, total quiescent current. 

12011-~-L-~-4---- -- +-

o 

FREQuENCY (f)-Hz 

Fig. 10 - Open-loop voltage gain vs. frequency 
for 10 = 100 IlA - CA3fJ78T. 

100 ~ 
w 
~ 

" f 
~ 
w 

" z 
~ 

~ 
if 

75 -SO -25 25 50 75 100 125 
AMBIENT TEMPERATURE ITA I-"C 

92C5-19628 

Fig. 13 - Input offset voltage VI. temperature. 

I. 

1 12.5 

~ 

F 
~ 
Ii 

i 2.5 

-ns -50 -25 0 25 50 15 
AMBIENT TEMPERATUREITA)-·C 

!SO'" . 
100 125 

Fig. 15 - Input bin curnmr v.I. tempflrBture. 
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• -~-~I+r-+-+~+-+-~~-+-4~ 
0.1 

468 4" 46' 
10 100 1000 

TOTAL QUIESCENT MICROAMPERES 110) 

Fig.S - Mallimum output current VS. total quiescent currenr. 

100 
TOTAL QUIESCENT CURRENT(IQ'",20 JJ-A • 4 AMBIENT TEMPERATUREITAI-25-C 

I • 
10 

A 
• 
6 v". · /, IVOM 

~ 
, 

V ~ I / 
I • • 
"' · ~ 
2~ , 
!'~ 
~:O.I . • 6. • . .. , • 6' • . .. g~+o.l ., .,0 +100 

~ ~-O.I supp~~ VOLTS (~~) -10 
-100 

o-ji! 
aI-OJ I !~ 
"w l ~ 
i-I 

~OM 8 -VICR 

'\. 
-10 

~ 

92CS-19655 

Fig. 71 ~ Output and common-mode voltage liS. supply voltage. 

SUPPLY VOLTS: y+. +6. v-·-6 

80 
-75 -50 

CA3078AT 
IQ·20 pA 

CA3078T I 

IO-'OOpA 

-25 0 25 eiO 7S 
AMBIENT TEMPERATUAEITA)-"C 

100 125 

92CS-19624 

Fig. 16 - Open4oop voltage gain VI. remperatUnI. 

z 
:l 
~ ,,'" ~~ 

;:: : 

SUPPLY VOLTS ~+ ~ +1.3·:V·- =-1.3 
AMBIENT TEMPERATUREITA'=2S-C 

0.5 10 1.5 2.0 
TOTAL QUIESCENT MICROAMPERES !Igi 

'JCCS-19627 

Fig.9 - Output voltage swing vs. total quiescent current. 

120 - .-:-.. -+------:~~ 
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~ 

AMBIENT TEMPERATURE (TA}=2~"C if 
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Fig. 72- Open·loop lIoltage gain vs. frequency 
for 10 = 20 IlA - CA3078A T. 
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Fig. 74 - Input offset current VI. temptll3ture. 
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Fig. 11 - Totlll quiftCflllr current va. ,.".".,..rure. 
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CA3078, CA3078A Types 

19 
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100 SUPPLY VOlTAGE:V·,,6V,V---6V 
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Fig.fS - Equivalent input noise voltage VI. frequency. 
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o w ~ ~ ~ w ro w ~ 
CLOSED-LOOP NON-INVERTING VOLTAGE GAIN---, dB 
06 I9J 297 40 50 60 70 BO 90 

CLOSED-lOOP INVERTING VOLTAGE GAIN - dB 

Fig.21 - Slew rare VI. closed-loop gain 
for I Q : 20 jJA - CA3078A T. 

eo 90 

CLOSED-LOOP NON INVERTING VOLTAGE GAIN - dB 

a 6 19.1 29_7 40 50 60 70 80 90 

CLOSED-lOOP INVERTING VOLTAGE - dB 

Fig.24 -Phase compensation capacitance 
II'S. closed-loop gain - CA3078T. 

CAPACITOR -RESISTOR 
COMPENSATION ~.~_~ __ I 

(~~~;:N:~;~~E:l [ ~:~~E~~l;~~~;~T~~~ =';;/JA 
"'_I£"IT TEMPERATURE (T1t,1 ~ ~ C 

_----l.- .___ ~~:~BI:::~~:~~.It,:~; (':F~::OC,~~!~OO I>F 
-4-__ ~ OUTPUT VOlT .... G~ (VO,.,..oloo",V 

I{, DETER""III£O FOR TRANS'~IIIT 
-+---1--"C---1 :5:.o,:Em:'~:;~To:'~~S:~OOT 

!1{,OC,'2 x I0 61 

60 70 eo 90 

CLOSED-Lo.OP NONtNVERTING VOLTAGE GAIN-dB 

(, 6 19.1 29.7 40 50 60 70 80 90 

CLOSED-LOOP INVERTING VOLTAGE - dB 92CHJ!o90 

Fig.25 - Phase compensation capacitance 
vs. closed-loop gain - CA307BA T. 
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Fig. IS - EquillBlent input noise current vs, frequency_ 

RI I OPTIONAL 
R2 -C2 ! COMPo 

51kn 

y+ 

9?CS-I155f>RI 

Fig.22 - Transiem response and slew·rate, 
unity gain (inverting) test circuit. 

LINEAR INTEGRATED CIRCUITS 

1>, 

f 
~ I e---+---+---4-~4--f-

i" 
:075~~+---+---4f--~f-~--~---+---+---1 

~ 0.5 ~~+:-__ +:-~~ __ +-,~~,~~ETIII;f~~~~~~~~~:;A'I~~ c 
: : ~~:g::;:~~:~~·A:~; (~F~~\IC,\~_:OOPF 

0.25 e---+---¥---hL-+-' ~~~~~~~~~:;~~~O~'A~N~~~~T 
•. ",UPOIllSE WITH IO~, OVUlSHOOT 
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CLo.SED~LDOP NON-INVERTJNG VOLTAGE GAIN- dB 
o 6 J9J 29.7 40 50 60 70 
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Fig.20 - Slew rate vs. closed-loop gain 
for IQ ~ 100 jJA - CA3078T . 

RJ I OPTIONAL 
RZ-C2 I COMPo 

y+ 

80 

92CS~ !1554RI 

Fig.23 - Slew, rate, unity .qain (non-inverting) test circuit. 

90 

T.a.I. I - Unity-.in .'-w ,.t. vs. compenution - CA3018T iIInd CA3Q78A T 

SUPPLY VOLTS, V· - 6, V- • -6 TRANSIENT RESPONSE, 10% OVERSHOOT FOR AN OUTPUT 
VOLTAGE of 100 mV 

OUTPUT VOLTAGE (VO) -;SV AMBIENT TEMPERATURE (TA ) • 25°C 
LOAD RESISTANCE (R L) - 10 krl 

UNITY GAIN (INVERTING) F;g.22 UNITY GAIN (NON~NVERTlNG) Fig, 23 
COMPENSATION 

TECHNIOUE 

CA3078T -Ia = l00jJA. 

Single Capacitor 
Resistor & Capacitor 
Incu. 
CA3078AT la- 2O jJA. 

Single Capacitor 
Resistor & Capacitor 
Incu. 

JMA 

Rl 

kil 

0 
3.5 
co 

0 
14 .. 

Cl 

pF 

750 

350 
0 

300 
100 I 

0 

., 
~F 

92CS -I 7555R2 

Fig.27 - Inverting 2O-dB amplifier circuit. 

R2 C2 

kil /.IF 
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0.25 0.""" 

co 0 
00 0 
0.644 0.156 

SLEW 
RATE 

Rl Cl 

VI", krl pF 

0.0085 0 1500 
0.04 5.3 500 

OJ'7 00 0 

0.0095 0 800 
0.027 34 125 

0.29 .. 0 

5.1 M.n 

R2 

kil 

00 

00 

0.311 

00 .. 
0.77 

SLEW 
C2 

RATE 

/.IF VI", 

0 0.0095 
0 0024 

0.45 0.67 

0 0.003 

o I 0.02 
0.4 0_4 

I.S V 
-AA- CELL 

92CS-17557Ri.' 

Fig.28 - Non-inverting 2O-dB amplifier circuit. 
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LINEAR INTEGRATED CIRCUITS 

CA3080, CA3080A Types 
Operational Transconductance 
Amplifiers (OTA's) 
Gateable-Gain Blocks 

Tbe RCA-CA30S0 and CA3080A are Gateable-Gain Siocks 
which utilize the unique Operational Transconductance Ampli~ 
fier IOTA) concept described in Application Note ICAN-666S. 
"Applications of the CA3080 and CA30S0A High'Performance 
Operational Transconductance Amplifiers". 

The CA3080 and CA3080A have differential input and a 
single-ended. push·pull. class A output. I n addition, these types 
have an amplifier bias input which may be used either for 
gating or for linear gain control. These types also have a high 
output impedance and their transconductance (gm) is directly 
proportional to the amplifier bias current (IABC). 

The CA3080 and CA3080A are notable for their excellent 
slew rate (50 VlJls), which makes them especially useful for 
multiplex and fast unity-gain voltage followers. These types 
are especially applicable for mUltiplex applications because 
power is consumed only when the devices are in the "ON" 
channel state. 

The CA3080A is rated for operation over the full military
temperature r~nge (-55 to +1250 C) and its characteristics 
are specifically controlled _ for applications such as sample
hold, gain-control, multiplex, etc. Operational transconduc· 
tance amplifiers are also useful in programmable power-switch 
applications, e.g., as described in Application Note ICAN-6048, 
"Some Applications of a Programmable Power Switch/Ampli
fier" (CA3094. CA3094A. CA3094B). 

These types are supplied in the B-Iead TO-5 style package 
(CA3080, CA3080A). and in the 8·lead TO-5 style package with 
dual-in-lineformed leads ("OIL-CAN", CA308OS. CA3080AS). 
The CA3080E is also supplied in the 8·lead dual-in-line 
plastic ("MINI-DIP") package (CA3080E), and in chip form 
(CA3080H). 

INV. 
INPUT 

NON-INV. 
INPUT ,,,,-,--,...-

v- AMPLIFIER 
BIAS INPUT 

NOTL PIN 4 IS CONNECTED TO CASE 
TOP VIEW 92CS-24170RI 

Fi,. 1-Functional diagrams. 

Features: 

• Slew rate (unity gain, oompensated): 50VlJls 

• Adjustable power consumption: 10JlW to 30 mW 

• Flexible supply voltage range: ± 2 V to ± 15 V 

• Fully adjustable gain: 0 to gmRL limit 

• Tight gm spread: CA3080 (2:1), CA3080A (1.6:1) 

• Extended 9m linearity: 3 decades 

MAXIMUM RATINGS, Atnolure-Msximum Values at 
TA s:J50c 

DC SUPPLY VOLTAGE Cbetween V+ and V- terminels) . 36 V 

DIFFERENTIAL INPUT VOLTAGE :IS V 

OC INPUT VOLTAGE. . . v+ to V-

INPUT SIGNAL CURRENT • • . 1 rnA 
AMPLIFIER BIAS CURRENT_ . . 2 rnA 

OUTPUT SHORT-CIRCUIT DURATION" Indefinite 

DEVICE DISSIPATION • 125 rnW 

TEMPERATURE RANGE: 

Operating 
CA3080 _ 

CA3080A 

Storage. • 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. (1.59 ±O.79 mm) 
from case for 10 s max.. . • . • . . 

Oto+70oC 

-55 to + 125 °c 
--65 to + 160 °c 

+265 "c 

• Short circuit may be applied to ground or to either supply. 

TOP VIEW 

9ZC!i-2"771 

Plastic Package (CA3080E) 

Applications: 

• Sample and hold 

• Multiplex 

• Voltage follo_ 

• Multiplier 

• Comparator 

Fig.2 - Schom.tic d;.,r.m for CA3080 and CA308/lA . 

... Type CA3080 can be operated over the temperature of -55 to +12SoC. 

although the published limits ~or certain eleoctrical specifications apply 
only over the temperature range of 0 to 70 C. 

92(S-I1!>IF 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 

SUPPLY YOLTS:V+"'+15. y-,. 
" t 1 4 

+12S·C 
3 

g 2 
+9"M 

~ I -&S·C J....1 
~ 11+70 

0 
~ _1~90 ,/ -SS·C 

.... 
j "2' +7 
i -2 .. ::: -3 

/ l:: -4 0 +12S·C .. 
::I -. .. j !! -. 

-7 / 

-
2 ... 2 . .. 2 ... , 4 •• 

0.1 I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES (lABC) 

92CS-17588 

Fig.3 - Input off .. t volt.ge ... .1. amplifier bias current. 

10' SUPPLY VOLTS: Y+.. .... I!S. Y-"-I:S 

~ : LOAO RESISTANCE (RLI-O - +12~~ 
;... 2 "'25~ 
~ 103 

) : 
~I;,L s 2 ./ 

~ 102
6 

1,0 
; 

./ 
./ 

i 2 ./ 

l! I ./ . 
~ • ./' 2 

.IV , 4 •• 2 . •• 2 ... , . .. 
I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (lABel 
t2CS-I?$'1 

Fltl-6 - _ output cur,..,,' .... ."",,1'. bIa currwnt. 

" ". 6 8' 0.1 I _ 10 100 1000 
AMPLIFIER BIAS "'ICROAMPEAES (lABC) 

92(S·17589 

FigA - Input offset current V$. limp/if ie, bi. current. 

'" SUPPLY VOLTS: V-·+I!5, V-.-I!5 

14.' AMBIENT TEMPERATURE (TA}s25 D C 

~-; 14 
LOAD RESISTANCE fRll" IX) 

v.!. .• I l:l » 
i~3.5 

~ i 13 

V"o .. 

i ~ 0 

~r3 a ,13.5 

~ 1-14 
V-OM 

-14.5 

-I 
Y-CIIR . 2 . .. 2 . .. , . , . 

0.1 I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES (IASC) 

'2CS-17592 

Fig.l- Pok output vo/~ vs. IImp/ifie, billS current 

10~ SUPPLY VOLTS: y+ :+15, Y-=-15 

Z .,. 24" 2 468 2468 
0.1 I 10 100 1000 

0.1 

AMPLIFIER 81AS t.lICRQAMPEAES (lABel 

2 46'1 2: 4 •• 
I 10 100 

92CS-I75~ 

4 .. 

1000 
AMPLIFIER BIAS Iro'ICRQAMPERES (lABel 

92(S-17"3 

Fig.S - Amplifier supply current liS. IJI1Iplififlf biBS current. 
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CA3080, CA3080A Types 

ELECTRICAL CHARACTERISTICS 
For Equlpmlllt DealII'I 

CHARACTERISTICS 

I nput Offset Voltage 

I nput Offset Current 

Input Bias Current 

Forward Transconductance 
(large signall 

Peak Output Current 

Peak Output Voltage: 
Positive 

Negative 

Amplifier Supply Curront 

Device Dissipation 
Input OffSet Voltage Sensitivity: 

Positive 

Negativ~ 

Common·Mode Bejection Ratio 

Common-Mode Input-Voltage Range 

Input Resistance 

ELECTRICAL CHARACTERISTICS 

C1r· 

SYMBOLS 
cult 

~ 
VIO -
110 -
II -

9m -

Ii0MI -

V+OM 
-

V OM 

IA -
Po -

C;VIOII:N+ -
C;VIOIC;V -
CMRR -

VICR -

RI -

Typi",,1 V.lull Intended'Only for Design Guidance 

I nput Offset Voltage VIO -

I nput Offset Voltage Change IC;Vlol -

POlk Output Current 10M -
Peak Output Voltage: 

Positive V+OM 
-

Negative V OM 

Magnitude of leakage Current 10 

Differential Input Current 12 

Amplifier Bias Voltage VABC -
Slew Rate: 

Maximum (uncompensated) 
SR ~ Unity Gain (compensated) 

Open-loop Bandwidth aWOL -
Input Capacitance CI -
Output Capacitance Co -
Output Resistance RO -
I nput-to-Output Capacitance CI-O 19 

!l2CS-I?5'? 

CA3OIO. 

TOT 

Y+-1&V,V---1&V Typial 
IABC-&OOpA Ch_ 

LIMITS 
TA - 2fiOC t8riltia 

(unit .. indlClltld CUrvll 

otherwisel FIg. Min. Typ. MIx. 

3 - 0.4 5 
TA = Oto 700c - - 6 

4 - 0.12 0.6 

5 - 2 5 
TA ~ Oto 70DC - - 7 

14 
6700 9600 13000 

TA = Oto 700c 5400 - -
Rl = 0 

6 
350 500 650 

Rl = O. TA =Ot071l~ 300 - -
12 13.5 -

Rl = 00 7 
-12 -14.4 -

8 0.8 1 1.2 

9 24 30 36 

- - - 150 

- - - 150 

- 80 110 -c 

7 
12 to 13.6 to 
-12 -14.6 

-

15 10 26 -

CA3080 

IABC= 5pA 3 0.3 

Change in VIO between 
IABC = SOOpA - 0.2 
and IABC = SpA 

IABC = 5pA 6 5 

IABC=5pA 7 
13.8 

-14.5 

IABC = 0, VTP = 0 0.08 

IABC = 0, VTP = 36 V 
11 

0.3 

IABC = 0, VDIFF = 4 V 13 0.008 

16 0.71 

75 -
50 

- 2 

f = 1 MHz 17 3.6 

f = 1 MHz 17 5.6 

18 15 

f = 1 MHz 20 0.024 

SUP'LY VOLTS: V -+t5,V-. -15 

.. .. 

.. 10 

I . 
It • 
.. '0 

i .-
I 

+125-C 

, 
• / 

,0 
-,I-----'- F +25-C 

o I 2 1 4 
INPUT DI'FERENTIAL VOLTS 

FIf,13 - !""".cumln' IlL inpu.diffenm.w"",."".. 

UNITS 

mV 

IlA 

IlA 

pmho 

IlA 

V 

mA 

mW 

p,VN 

dB 

V 

kO 

mV 

mV 

IlA 

V 

nA 

nA 

V 

VIps 

MHz 

pF 

pF 

MO 

pF 

7 

/ 
/ 

LINEAR INTEGRATED CIRCUITS 

I 4" t 4 II 2 411 2." 
I 10 100 1000 

AMPLIFIER 81AS MICROAMPERES CIABC) 
tZC$-11S14 

Flf.9 - To.1 po.., dl';fMtion PI. .npIII_ bI_ CUl'rfInt. 

92'C5-11595 

Fig. 10 - L_t."" curnutt tat c;n:u;t. 
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./ / 

I 
OJ 

• · V 1/ 

"". ./ / 
· -25 o 50 100 ,25 

.... IENT TEMPERATURE (TAl-C· 
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10, SUPPLY YOLTS:V+-+IS,Y-.-IS 

.r • r. 10.
2 .. . 
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tJ • 
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t; • iii • 
Ii • ~ IO~ 
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-w, 
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AMPLIFIER BIA$ "'ICROAMPERES (IABCI 
t2C'S-I'stt 
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LINEAR INTEGRATED CIRCUITS 

CA3080, CA3080A Types 
ELECTRICAL CHARACTERlmcs 

Far~DeIIF 

CHARACTERISTICS 

Input Offset Voltage 

Input Offset Voltage C~ange 

Input Offset Current 

Input Bi~s Current 

Forward Transconductance 
(large signail 

Peak Output Current 

Peak Output VoltllQi!: 
Positive 

Negative 

Positive 

Negative 

Amplifier Supply Current 

Device Dissipation 
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ELECTRICAL CHARACTERISTICS 
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LINEAR INTEGRATED CIRCUITS 

CA3081, CA3082 Types 

General-Purpose H ig h-C urrent 
N-P-N Transistor Arrays 
CA3081-Common-Emitter Array CA3082-Common-Collector Array 

Directly Drive 7-Segment Incandescent Displays 
lind Light-Emitting-Diode (LED) Displays 
Features 
• 7 transistors permit a wide range of applications in either a common-emitter 

(CA3081) or common-collector (CA3082) configuration 
• High IC: 100 mA max. • Low VCE sat (at 50 mAl: 0.4 V typo 

Applications 
• Drivers for: 

- Incandescent display devices (e.g. RCA NUMITRON DR2000 Series and lamps) 
- LED (e.g. RCA-5Gl002 GaAs High·Efficiency Emitting Diode) 
- ReilY control - Thyristor firing 

RCA-CA3081* and CA3082* consist of seven high-current 
(to 100 mAl silicon n-p-n transistors on a common mono
lithic substrate. The CA3081 is connected in a common
emitter configuration and the CA3082 is connected in a 
common-collector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, such as the RCA NUMITRON 
devices (DR2000 and DR2010), and light-emitting diode 

(LED) displays. These types are also well·suited for a variety 
of other driver applications, including relay control and 
thyristor firing. 
The CA3081 and CA3082 are supplied in a 16-lead dual-in
line plastic package, and the CA3081 F and CA3082F in a 
16·lead dual·in-line frit-seal ceramic package, which includes 
a separate substrate connection for maximum flexibility in 
circuit design. 

TYPICAL STATIC CHARACTERISTICS FOR EACH 

TRANSISTOR OF TYPES CA3081 AND CA3082 
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CA3081 

(0) 
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~2CS'17959 

( 0) 

COMMON-COLLECTOR CONFIGURATION 

Fig. I-Functional diagrams of types CA3081 and CA3082. 

MAXIMUM RATINGS. Absolute-Maximum Values at T A = 2sOC 

Power Dissipation: 

Anyone transistor .......... . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . 500 
Total package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 
Above 550 C .................. ; ..................... Derate linearly 6.67 

Ambient Temperature Range: 

Operating ................................................ -55 to +125 
Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65 to + 150 

Lead Temperature (During Soldering): 

At distance 1116" ±1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max. 
The following ratings apply for each transistor in the device: 

Collector-to·Emitter Voltage IV CEO) ........................... . 

Collector-to-Base Voltage (V C80) .............................. . 

Collector-to-Substrate Voltage (V CIO)·' ......................... . 

Emitter·to-Base Voltage (V E8D) ............................... . 

Collector Current (I cl ....................................... . 
Base Current (I B) ........................................... . 
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V 
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• The collector of Hch transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to 8 voltage which is more"negative than any collector 
voltage in order to maingin ilOlation between transistors and 

provide normal transistor action. To avoid undesired coupling 
between transistors, the substrate terminal 15) should be maintained 
at either DC or signal lAC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 
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LINEAR INTEGRATED CIRCUITS 

CA3081, CA3082 Types 
ELECTRICAL CHARACTERISTICS at TA = 250 C 
For Equipment Design 

CHARACTERISTIC SYMBOL 

Coliector·to·Base Breakdown Voltage V(BR)CES 

Coliector·to·Substrate Breakdown Voltage V(BR)CIO 

Coliector·to·Emitter Breakdown Voltage V(BR)CEO 

Emitter·to·Base Breakdown Voltage V(BR)EBO 

DC Forward·Current Transfer Ratio hFE 

Base·to·Emitter Saturation Voltage VBE sat 

Coliector·to·Emitter Saturation Voltage: 

CA3OS1, CA3OS2 
VCE sat 

CA3081 

CA3082 

Collector·Cutoff·Current ICEO 

Coliector·Cutoff Current ICBO 

TYPICAL READ·OUT DRIVER A!,PLlCATIONS 

204 

FROM 
DECODER 

I SEGMENT Of 
INCANDESCENT DISPLAY 
(RCA-DR2000 SERIES 
OR EQUIVALENT) 

1/7 CA3CSI , 
(COMMON EMITTEA) 

_ t2CS-'7U3 

Fig.6-Schematic diagram showing one transistor of 
the CA3OB7 driving one segment of an iflC8fl' 
descent display. 

TEST CONDITIONS 

IC = 500 jAA, IE = 0 

ICI = 500 jAA, IE = 0, IB = 0 

IC = 1 mA, IB = 0 

IC = SOOjAA 

VCE = 0.5 V, IC = 30 mA 

VCE = O.S V, IC - 50 mA 

IC = 30 mA, IB = 1 mA 

IC = 30 mA, IB = 1 mA 

Ie = 50 mA, 18 = 5 mA 

ie = 50 mA, IB = 5 mA 

VCE = 10 V, Is = 0 

VCB = 10 V,IE = 0 

Vp --n 
ov ---I L 

Typ. 
Char. 

Curve 
Fig. No. 

-
-
-
-
-
-

3 

-
4 

4 

-
-

LIMITS 

Min. Typ. 

20 60 

20 60 

16 24 

5 6.9 

30 68 

40 70 

- 0.S7 

- 0.27 

- 0.4 

- 0.4 

- -
- -

LIGHT-EMITTING 
DIODE C LEDI 

UNITS 

Max. 

- V 

- V 

- V 

- V 

-

-
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0.5 
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0.7 

O.S 

10 jAA 

1 jJ.A 
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Fig.l-Schematic di."..m $/lowing one franlistor of 
the CA3OB2 driving a light .. mitting diode 
(LED). 



LINEAR INTEGRATED CIRCUITS 

CA3083 

General-Purpose High-Current 
N-P-N Transistor Array 

RCA·CA3083 is a versatile array of five high-current (to 
l00mA) n·p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (01 and Q2) are 
matched at low currents (Le. 1 rnA) for applications in which 
offset parameters are of special importance. 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 

circuit design. The CA3083 is supplied in a 16-lead dual-in

line plastic package, and the CA30B3F in a 16-lead dual·in· 
line frit-seal ceramic package. 

Features 

• High IC: 100mA max. 

• Low V CE .. t (at 5OmA): O.7V max. 

• Matched pair (01 and 02)-

V IO (VBE matched): ± 5 mV max. 

110 (at 1 rnA): 2.SIJ.A max. 

• 5 independent transistors plus separate substrate connection 

• The CA3083 iI.Ailabl. in I .. Ied-Iunction 
Bum-Lood ... Ion ICA3083LI. For further 
infornwtion 1M File No. 515. uaeam-l_d 
Devices for Hybrid Circuit Application ... •. Fig. I-Functional diagram of the CA3083. 

Applications 

• Signal processing and switching systems operating from DC to VHF 

• Lamp and relay driver 

• Differential amplifier 

• Temperature-compensated amplifier 

• Thyristor firing 

ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 

• See RCA Application Note, ICAN·5296 "Application of the RCA-CA3018 
Circuit Transistor Array" for suggested applications 

TEST CONDITIONS LIMITS 

MAXIMUM RATINGS, Absolute-Maximum Values at T A:: 25°C 

Power Dissipation-

500 
750 

Anyone transistor 
Total package. 
Above 550 C .... Derate linearly 6.67 

Ambient Temperature Range: 

Operating 
Storage. 

Lead TernpeliJhHe (During Soldering) 

At distance 1/16" +1/32" (1.59 mm !0.79 mmJ 

from case for 10 seconds max. 

The following ratings apply for each transistor in the device' 

Collector-to-Emitter Voltage tv CEO) 

Coliector·ta·Base Voltage (VeBol . 

Collector-to-Substrate. Voltage iV CIO) e ... 

Emitter-ta-Base Voltage (V EBO) 

· -55 to +125 
~65 to +150 

265 

15 

20 

20 

mW 
mW 

mW;oC 

°c 
°c 

DC 

V 

V 

V 

V 

CHARACTERISTICS SYMBOL 

For Each Transistor: 

Co Ilector -to- Base 
VIBRICBO Breakdown Voltage 

Col lector- to- Em itter 
VIBRICEO Breakdown Voltage 

Collector-to-Substrate 
V(BRICIO Breakdown Voltage 

Emitter·to-Base 
VIBRJEBO Breakdown Voltage 

Collector-Cutoff-CllHent ICEO 

Collector·Cutoff·Current ICBO 

DC Forward-Current 
hFE 

Transfer Ratio 

Base-to-Emitter Voltage VBE 

Collector-to-Emitter 
V CEsat Saturation Voltage I 

Typ. 
Char. 
Curve Min_ Typ. Max. 

Fig. No. 

IC = 100IlA,IE= 0 - 20 60 

IC = lmA,I B = 0 - 15 24 --

ICI = loollA, 18 = 0, 
- 20 60 -

IE = 0 

IE= 5OOIlA,I C = 0 - 5 6.9 -

VCE = lOV, IB = 0 ~. - 10 

VCB = lOV, IE = 0 - - - 1 

Ie lOmA 40 76 -
Vce" 3V 2 

Ie 50mA 40 75 -

VCe" 3V, IC= lOmA 3 0.65 0.74 0.85 

IC = 50mA, IB = SmA 4 -- 040 0.70 

Collector Current lI C) .. 100 mA For Transistors 01 and Q2 (As a Differential Amplifier): 

Base Current {lB}' 20 mA 
Absolute Input Offset 

Voltage • The collector of each transistor of the CA3083 IS Isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
bet ..... een transistors and prOvide normal transistor action. To avoid undesired coupling between transistors. the 
substrate terminal (5) should be maintained at either DC or Signal lAC) ground. A suitable bypass capacitor can 
be used to establish C! Signal ground. 

Absolute Input Offset 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 
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LINEAR INTEGRATED CI RCUITS 

CA3083 

i I. SET DC rORWARD-CURRENT TRAI\ISF£R RATIO IIIFE)s 10 
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TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 
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CA3084 
General-Purpose P-N-P 
Transistor Array 

RCA-CA3084 is a general-purpose silicon p-n-p transistor 
array incorporating two independent transistors, a Darlington 
circuit, and a current-mirror pair with a shared diode. 

The two independent transistors in the array may be used in 
a variety of circuit applications. The Darlington pair may be 
employed as the equivalent of a single high·beta transistor. 
The current-mirror pair is well suited for constant-current 
applications and can also be used as the active loads in a 
differential amplifier which uses n-p-n transistors. 

The total array is especially useful for a wide range of 
applications in systems having low-power and low-frequency 
requirements. Although the transistors may be used as 
discrete units in conventional circuits, they offer the 
advantages inherent in integrated-circuit canstruction~ that is, 
to provide close electrical and thermal matching. 

The CA3084 utilizes the 14-lead dual·in-line plastic package. 

MAXIMUM RATINGS. Absolute-Maximum Values at T A - 250 C 

Dissipation: 
Anv one transistor 

Total package ................. . 

Above T A ~ 55°C . 

Ambient Temperature Range: 

Operating ....... . 

Storage 

Lead Temperature (During Soldering) ~ 

At distance 1/16± 1/32 inch (1.59 to.79mml 

FEATURES 

• Matched transistor pair (01 and 021 

Via (VSE matched): ± 6mV max. 

110 (at 100 "AI: ± 0.6 "A 

• Wide operating current range 

• Low noise figure· - 3.2 dB typo at 1 kHz 

• The CA3084 is aveilable in a sealed-junjrtion 
Beam-Lead version (CA3084L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications"" 

APPLICATIONS 

• General use in signal processing systams having low-power 
and low·frequency requirements 

• Differential amplifiers 

• Temperature compensated amplifiers 

• Active loads for differential amplifiers using 
n·p-n transistors 

• Complementary uses with RCA n·,.... transistor arrays 

200 mW' 
750 mW 

derate linearlv6.67 mWi"r; 

-65'0 +t25 °c 
-65 to +150 °c 

from case for 10 seconds max. . ..........•.......•.•.............•..... +265 °c 
The following ratings apply for each transistor in the device: 

Coliector·to·Emitter Voltage (V CEOI 

Coliector·to·Base Voltage {V caol .. 
Base·to-Substrate Voltage {VB 101-

Emitter-to-Base Voltage (V EBOI .. 

Collector Current (lei 

-40 

-40 

40 

-40 

-10 

V 

V 

V 

V 

mA 

The base of each transistor of the CAJ084 is isolated from the substrate by an integral diode. The substrate must be connected to a voltage 
which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid 
undesired coupling between transistors. the substrate terminal (4) should be maintained at either DC or signal lAC) ground. A suitable bypass 
capacitor can be used to establish a Signal ground 
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Fig. 1- Functional diagram of the CA3084. 

STATIC CHARACTERISTICS FOR EACH TRANSISTOR 

10 

~ 
EMITTER CURRENT (IE I ,., 0 

I I I // 

§ I I I / V/ 

;: r-- COLLECTOR-TO-

V/ ......-z BASE VOLTstVca1" -15" 

I 0.1 ~ 
~ 

r.7 ~ V V 
'" r--- V V g 0.01 

iil 
j 
8 

0.001 

-75 -so 2. - 0 .. .0 7' 
AMBIENT TEMPERATURE ITA) - ·c 

Fig.2-ICBO lIS TA · 

~ 
BASE CURRENT (181 "0 

I 100 

E 

i 
10 

I 
~,,, ~ 

~ .. ' § 0.1 
~~'\o# .. ~~~ / 

~ = --=, ~(,-.;~ ~. 

~ - ;o\.-'\ 
~ 0.01 

8 
0.001 

-7' .0 2. .0 
AMBIENT TEMPERATURE 

Fig.3-ICEO lIS TA " 

=: 
COl.LECTOR TO-EMITTER VOl.TSIVCE)--IOV 

, -:T :.;.; ., , 

2: 
~ ... 
.... -0 .• o 
> .. 
~ -0.7 ... 
~ 
I -0.6 
g 
I 
~ -o.~ 
::I 

-0.4 

-0.3 

:E ll" 

c/·''''14 
J~ 

·'11114 

. 'I» 

00 12 

~/ 

-15 -50 -25 25 50 15 100 125 

AMBIENT TEMPERATURE ITA)-·C 

Fig.6- VBE lIS TA • 
92CS-IU'4 

207 



LINEAR INTEGRATED CIRCUITS 

CA3084 
ELECTRICAL I;HARACTERISTICS at T A· 25"c 

Far Equlpmont DnItIn 

CHARACTERISTICS SYMBOL 

Far Each Transistor: 

CoIlector-Cutoff Currant ICBO 

CoIl8!'tor-Cutoff Currant ICEO 

CoIlector·to-Emitter Breakdown Voltage V(BR)CEO 

Collector·to-B ... Brookdown Voltage V(BR)CBO 

Emittor·to-Base Breakdown Voltage V(BR)EBO 

E",ltter-to-Substrato Breakdown Voltage V(BR)EIO 

Collector·to-Emittor Saturation Voltage VCE .. ! 

Base-to·Emitter Voltage VBE 

DC Forward·Current Transler Ratio hFE 

Far Transistors al and a2 (As a Differential Amplifier): 

Magnitude of Input Offset Voltage I Viol 

Input Offset Currant 110 

Far Transistors a3 and a4 (Current·Mirror Configuration): 

Collector Current (Normalized I lelI5 

Magnitude of Collector Current Ratio IC(a31I1C(04)1 

For Transistors a5 and a6 (Darlington Configuration): 

Coliector·Cutoff Current ICEO 

Base-to·Emitter Voltage VBE 

DC Forward-Current Tran_ Ratio hFE 

ELECTRICAL CHARACTERISTICS at T A • 25"c 
Typical V.lu .. ln_ Only Far Dati., Guidance 

Magnitude of Temperature Coefficient: 

VBE (for 0IICh transistor) 

V 10 (a • dlfforentill amplifier) 

VBE (Dorlington configuration) 

Far Each Tnonsistor: 

I~VBE/~TI 

I~VIO/~TI 

I~VBE/~TI 

TEST CONDITIONS 

Vea = -IOV,I E = 0 

VCE ' -IOV,IB = 0 

ICE = -IOOjaA, IB = 0 

ICB = -IOOpA, IE' 0 

IEB = -IIlOjIA, IC = 0 

lEI = ,OOjiA 

IE· lmA, IB - l00,..A 

IE· l00jiA, Vee -IOV 

IE = l00jaA, VCE = -IOV 

VCE = -5V, VCIO = -5V, 

Term. 13 = Gnd. 
15= -IOOjiA, 

VCE = -IOV, IB = 0 

IE = lOOjiA, VCE • -IOV 

IE= loo,..A, 

VCe- -IOV 

Input Resistance 

Output R .. istance 

f = 1kHz, VCE • -IOV, 

.. _ IC·-lOOjaA 

~-;;: urve 
Fig. No. 

2 

3 

-

-

-
-

4 

5 

7 

8 

-

10 

II 

-
13 

15 

6 

g 

14 

19 

,20 
r'- .. -
: 22 F...-d Trlnsconductance 

CoIlector-to-B .. Capacitance 

CoIlector-to-Emittor Copocitance 

,lim 
----f .-- - - ... 

. Ccao .IC!. -:..~ 
... ---j----

,23 
.. _ .. ---- ---- - .•. 

23 

-t ... _ .. " ._. __ ._ .. _-
iCceo 
·tc.;~ 

Ice" 0 
.--- -----.----_._-----_. 

23 

Min. 

-
-

-40 

-40 

-40 

40 

-
-0.50 

15 

-
-0.6 

0.85 

0.90 

-

0.92 

100 

LIMITS UNITS 

Typ. MI •. 

-0.051 -100 nA 

-0.12 -100 nA 

-70 - V 

-80 - V 

-100 - V 

100 - V 

~.125 -0.25 V 

-0.59 -0.68 V 

40 -

0.422 6 mV 

0 0.6 p.A 

1.00 1.15 

1.00 1.10 

- -1.0 p.A 

1.07 1.20 V 

1230 -

-1.78 mVf'C 

0.54 p.vf'c 

-3.7 mVf'C 

9 kfi 

600 kn 

3 mmho 

3.3 pF 
.-.-

2.5 pF 

4.5 pF 

STATIC CHARACTERISTICS FOR EACH TRANSISTOR 

! SUBSTRATE AT SAME POTENTIAL AS COLLECTOR 
AMBIENT TEMPERATURE CTA) • 25-C 

2 eo 
5 COLLECTOR-TO.EMI~ 
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g 

• . • . .. • • •• • , .. 0.01 0.1 10 0.001 
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Fig.8-VIO ". Ie. (transistors 01 and 
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STATIC CHARACTERISTICS FOR CURRENT -MIRROR CONFIGURATION 
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Fig.tO-Normalized IC VI T A (transls
tors 03 Ind 04 in a current
mirror configuration. 

"'" COLLECTOR-fO-EMITTER VOLTS «VeE). -lOY .. 
~ 
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~ 
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~ .. ... I 
z 
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Fig.It-IC ratio VI 15 (transistors 03 
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LINEAR INTEGRATED CIRCUITS 

CA3084 
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Fig.13- VSEvslE (transistors 05 and 06 in a 
darlingtron configuration). 
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STATIC CHARACTERISTICS FOR DARLINGTON CONFIGURATION 
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Fig. 14 - VSE vs TA (transistors 05 and 06 in a 
darlington configuration). 

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
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LINEAR INTEGRATED CIRCUITS 

CA3085, CA3085A, CA3085B Types 

Positive Voltage Regulators 
For Regulated Voltages from 1.7 V to 46 V 
at Currents up to 100 mA 

R CA·CA3085. CA3085A, and CA3085B are silicon 
monolithic integrated circuits designed specifically for service 
as voltage regulators at output voltages ranging from 1.7 to 
46 volts at currents up to 100 milliamperes. 

VIN VOUT Max. Max. Load 
Type Range R~nge lOUT Regulation 

V V mA %VOUT 

CA3085 7.510 30 1.810 26 12' 0.1 

CA3085A 7.51040 1.7 Iq 36 100 0.15 

CA3085B 7.51050 1.7 10 46 100 0.15 

• ThIS value may be ellttended to l00mA; however, 
regu1oilt1on Isoot specified beyond 12mA. 

These types are supplied in the 8,lead TO·5 style package 
(CA3085, CA3085A, CA3085B, and the 8-lead TO·5 with 
dual·in·line formed leads ("DIL·CAN", CA3085S, CA3085AS, 
CA3085BSI. The CA3085 is also supplied in the 8·lead dual· 
in-line plastic package ("MINI·DIP". CA3085EI, and in chip 
form (CA3085HI. 

CO.~ENSATlC14 AMD 
EXTEIIINAL IMMIINT 

2 7 

'2C5-'IOt' 

A block diagram of the CA3085 Series is shown in Fig. 1. 
The diagram shows the connecting terminals that provide 
acce$S to the regulator circuit components. The voltage re· 
gulatars provide important features such as: frequency 
co m pen sa t ion, s hort-ci reu it protection. temperature
compensated reference voltage, current limiting, and booster 
input. These devices are useful in a wide range of applications 
for regulating high·current, switching. shunt; 'and positive and 
negative voltages. They are also applicable. for current and 
dual·tracking regulation. 

Features 
Fig. I-Block diagram of CA3085 SeriN. 

a Up to 100 mA output cu"ent 

a Input and output short·ci,cuit p'otection 

a Load and line ,egulation: 0.025% 

The CA3085A and CA3085B have output current 
capabilities up to 100 rnA and the CA3085 up to 12 mA 
without the use of external pass transistors. However. all the 
devices can provide voltage regulation at load currents greater 
than 100 mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input 
;"'Itage ranging from 7.5 to 30 V (CA3085i. 7.5 to 40 V 
(CA3085AI, and 7.5 to 50 V (CA308581 and a minimum reo 
gulated output voltage of 26 V (CA30851, 36 V (CA3085AI, 
and 46 V (CA3085BI. 

a Pin compatible with LM100 Se,i .. 

a Adjustable output .oltage 

• Low noise 

ApplicatiOl7$ 

a Shunt .oltage , .. ul.tor 

a Current r .. uleto, 

a Switching ,oltage ,",ul.tor 

a High-current .oltage ' .... I.to' 

The CA3085A is unilaterally interchangeable with the 
CA3055. 

a Combination posit i., and MPti.e 
voltage , .. uleto, 

a Dual tracking r .. ulator 
The CA3085 is available in a sealed·junction Beam·Lead 
version (CA3085L). For further information see File No. 515, 
"Beam-Lead Devices for Hybrid Circuit Applications", 

a See Application Note ICAN·6157 "Applications 
of the CA3085·s.!ries Monolithic IC Voltage 
Regulators" _ 

Maximum VOltage Ratings 

The following c~art gives the range of voltages which can be appl ied to the terminals 

listed vertically with respect to the terminals listed hOrizontally. For example. the 

voltage range between vertical Term.nal No.7 and hOrIZontal Terminal No.1 IS +3 to -10 volts. 

MAXIMUM VOLTAGE RATINGS 

TERM· 
INAL 
No. 

5 

4 

5 

'5 
-5 

·3 
10 

"0 • Voltages are not normally 

0 apphed between these 
terminals; however. voltages 
appeanng between these 

'3 +t terminals are safe, if the 

10 0 Specl fled voltage 11m its 

·5 
between all other terminals 

-1 are not exceeded. 

'10 .. t t30V for CAJ085 

-+ -I 40 V tor CA308SA 

":i: 50 V for CAJ085B 

+t 

Substrate 
& Case 

v+ INID--...... - ..... - ..... -
UNREGULATE 
INPUT 

0, 

MAXIMUM 
CURRENT RATINGS 

i~:~ lIN 
No. mA 

5 10 

6 1.0 

7 1.0 

B 0.1 

1 20 

2 150 

3 150 

4 -

•• 500 
COMPENSATION 

7 AND 
EXTERNAL 
INHIBIT 

CURRENT 
BOOSTER 

lOUT 
mA 

1.0 

-0.1 

-1.0 

10 

ISO 

60 

60 

-

Fig.2-Schernatic diagram of CA3085 Series. 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES •• T A - :zsoc 
POWER DISSIPATION: WITHOUT HEAT SINK WITH HEAT SINK ITQ.5 ONLY) 

up,oTA" 55"c ............... 8JOmW uplOTC· 55°C .... 1.6W 

above TA· 55°C dtrateline.rly .6.67 mWPC above TC = 5rPC .... der.te linearly It 
16.7mWI"C 

TEMPERATURE RANGE: 
Operlting .... . . . . . -55 to + 12SoC 
Storage . . . . . . -65 to + 1500C 

UNREGULATED INPUT VOLTAGE: 
CAJOB5 
CAJ085A. 
CAJ0858 . 

JOV 
. .. 40 V 

SOV 

LEAD TEMPERATURE lOURING SOLDERINGI: 
At diSWlCe 1116 ± 1I321nd'1l1.59 f 0.19mml 
from ClSe for 10 $eC;onds m.. . +2650C 

OUTPUT MILLJAMPERES (lOUTJ 
92CS-I9002 

Fig.3-Dissipation limirarion (V/N-VOUT .... 'OUTI. 

40 
LOAD CURRENT n'LI- mA 

,zeS-IUIi 

Fig.4- Load regulation characteristics. 
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CA3085, CA3085A, CA3085B Types 
ELECTRICAL CHARACTERIITICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS 
Tilt 

Sv.ot. Circuit 
TA ' 25"c CA30III CA3OII6A ~ 

1---.-'--'-"-.:,--+--.--.--+--,--.---1 UNITS 
TYP. MAX. MIN. TYP. MAX. 

Quiescent Aeguliltor 

Current 

Input Voltage Range 

Maximum Output 
Yoltage 

Minimum Output 
Voltage 

Input·Output Yoltage 
Differential 

Limiting Current 

Load Regulation-

Line Regulation· 

~ 
VREF 15 

'quiescent 15 

Volmall.) 15 

Votmin.) 15 

16 

(Un'''' indiClltW omerwiMI 

V+'N· lOV 

V+'N - SOV 

V+IN = 3O,40,50V#; Rl" J6Sf2; 
Term. No.6 to God. 

V+IN" JOV 

V+IN" 16V. V+OUT" IOV 

RSCp'" sn 
'l" 1 to l00mA, ASCp" 0 

IL= ttol00mA,RSCP= 0 

TA" OoC to +70oe 

'L" 1 to 12mA, ASCP" 0 

'L: 1 mA,Rscp- a 

IL" lmA.RsCp= a 

TA'" aOCtot700C 

MIN. 

1.4 

1.5 

26 

TYP. MAX. 

1.6 1.8 

3.3 4.5 

30 

21 

1.6 1.8 

28 

96 120 

0.003 0.1 

0.025 0.1 

0.04 0.15 

MIN. 

1.5 1.6 1.7 1.5 1.6 1.7 

3.65 rnA 

4.05 

1.5 40 1.5 .50 v 

36 31 46 41 

1.6 1.1 1.6 1.7 v 

38 35 48 

96 120 96 120 rnA 

0.025 0.15 0.025 0.15 

0.035 06 0.035 0.6 ,,"VOUT 

0.025 0.075 0.025 0.04 

0.04 0.1 0.04 0.08 "IV 

Equivalent NOise 
Output Voltage. 

VNOISE 12 
CREF " a 05 05 05 

v-t IN" 25V f:C=--RC::e'-F -. ...,O-::.2""2.-:F,...-t--+-=-O-=-3--+-,--+---t-...,O-::.3:-11---+--+-:0-::.3:-1-----imV pop 

Ripple Rejection 13 v'" IN" 25V fcC.:'R'-'e":F~._:0=--+--1--:5:_;:0__1__1-+--+~50;_t--+_;;.;;5-+~50;_t--i 
I; 1kHz CREF - 2jJF 56 56 SO 56 

OutPUt R@sistance fO 13 V+IN" 25V. f" 1kHz 0.075 1.1 0.075 0.3 0.075 0.3 

Temperature Coet 
ficient of Reference 
and Output Voltages 

Load Transient 
Recoverv Time: 

Turn On 

TurnOff 

Line Transient 
Recovery Time 

0.0035 

'ON V+1N" 2SY, +SOmA Step 

Y"'IN" ?SY, -SOmA Step 

0.8 
=Tu_'_"-=-0":-;-__ -+---='0:;.N'--+_---1 Y+IN" 25V. f = 1kHz. 2Y Step 
Turn Oft IOFF 0.4 

# lOy (CA30851. 4OVICA3085AI, SOYfCA3085BJ 
• RSCP; Short·circuit protection resist.mce 

• Bandwidth DC to 10 MHz. 

• Load Regulation" ....,.,6V-,0,-,U,,-T---,-_ X ._ 
YOUr/initiall 

0.0035 

0.8 

0.4 

± INPUT VOLTS (V+1Nlo 20 ~ 
:::= OUTPUT VOLTS 'V .... OU~·IO-+-1-+- --

10., INPUT VOLTS (V+INI.27V 
• A.MBIENT TEMPERATURE {TA I- 2S'C 

~O.03 

~0.02 
::; 

0-0' 

• !Il 
% 
0 

I 
~ • 0.8 

~ 
0. 

~ 
O. 

;;; 0., 
V t' 

0-0.. 
~ 0.08 

g 0.00 

0.04 

0.0' 

0.0. 

0.0035 

0.8 

0.4 

/ 

V 

/ 

d8 

n 

.' .' 

.' .' 

-75 -50 -25 25 50 75 [00 125 2 • .. 2 • • • 2 • • • 2 . .. 
AMBIENT TEMPERATURE ITA l-·c 

!!I2CS'17HS 

Fig.7- 'Line rtJ(JUfation temperature characteristics. 
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Fig.10-fUM I'S. TA. 

0 .• 
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'00 
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REFERENCE VOLTS (VREFI .... '.6"1 IAT TA&2~·CI 
LOAD CURRENT IILlaO 
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Fig. 11-Temperature coefficient of VREF and VOUT. 
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NORMALIZED CURVE GENERATED FROM 
IQUIESCENT .... V+1N CuRvE WITH TA. ~ 25·C a [ 

_ _ ~ 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE tTAI-·C 

92CS-le096 

.0 

~ 1.1 

~ 
::; 
; 
§ 0.' 

Fig.6-Normsfized fquiescent I'S. TA-

INPUT VOLTS IVt"N'.27V 
FREQUENCY Ifi. I.Hz 
OUTPUT RESISTANCE fro I.O·07~ n. 

'AT TA' 2S·~1 

~ ~ ~ 0 " ~ n ~ ~ 
AMalENT TEMPERATURE ITAI-·C 

Fig.9-INormalized rO I'S. TA. 

.. n 

",on 

100" loon 

tiCS-le099 

Fig. 12- Test circuit for noise vo/r.ge. 

211 



LINEAR INTEGRATED CIRCUITS 

CA3085, CA3085A, CA3085B Types 

'1 

.. J] 
T,. T2 ~ STANCOR 

Tp·] 
10QpF 

'oon 

•,~"" ___________ ---,"Bl::'C",,K T2 GREEN -=-

> ___________ ---'111 .,,,, ... 
I- RED 

8LACK _ 

& YELLOW-

'OUT 

Fig. 13- Test circuit for ripple rejection and output resistance. 

'QUIESCENT 

CONNECT 
TEST RL VIM TERM.MO.6 S 100,* 

VREF. t 1.6 OPfN OPEN 

'QUIESCENT + 40 OPEN Of'EN 

Your'MAX.) 3650 .40 GROUND CLoseD 
92:CS~18094 

YourCMIMJ 10k +]0 TERM.NO.l OPEN 

Fig.75-/Test circuit for VREF. Iquiescent, VOUTlmax.). 
VOUT(min), 

TEST PROCEDURES FOR TEST CIRCUIT FOR 
RIPPLE REJECTION AND OUTPUT RESISTANCE 

Output RI.iltMtce 
ConditiO"' 

1. VI~· +25V', CREF • D, Short E, 
2. Sel ES2 n , kHz SO that £2· 4V 'mil 

3. Rnd VOUT on. vTYM. such a.a Htwfln-Pack.rd, 
HP4000 or lQuiyalenl 

4. Calculate ROUT from ROUT· YOUT 'IRL/E2 J 

Ripple R.i.~ton - I 
Condltlonl 

,. YIN- +25V,CRf;F· O,ShauE2 

2. Set ESI 111kHz so thll E, • 3\1 'rill 

3. Reid VOUT on. VTVM. iUCh 1'1 Hew-len·Packard. HP400D 
or eaU1YI'efll 

4. Calcull!1! Rlppll! RI!II!CIIO" f'om 20 log IE,/VOUTI 

Ripple Rei.nion - II 
Conditions 

1, Repelt Ripple RelICtion I 11'1'," CREF .211F 

"'ooT = U(RI;, R2) 

"THE LIMITING CURRENT IS 
INVERSEL Y PROPORTIONAL TO 
Itscp (SHORT·CIRCUIT PROTECTIOtI RESISTANCE) 

VOUT = 10'1 

---.I. 

92CS-18097 

Fig. 76- Test circuit for limiting current 

IOOIlF 

}J\N"" .... ---... ---O VOUT -lSV 

QUIESCENT OUTPUT 
CURRENT;: 1.5 mAo 

,,(onll f
I 

I 

lOOO ~ IL 

rT,,(Off) 

_, I!-,s/cm 92CS-19001 

Fig, 14-Turn-on and turn·off recovery time test circuit with 
lI$$OCiated waveforms. 

TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 

TI 
STAi'lCOR TPl 

0--/ .. ~. JrG::.:::;"::N __ ~ 

:]rL....J.----l 
BLACK RED 

B2 
Kn 

'm 

VOUT 

SpF 

'" 

VOUT = 35V lit 2~V (0 TO 90 mA) 

REGULATION " O.~ (l.INE AHO LOAO) 
RIPPLE < O.SmV AT FULl. LOAD 

92C5-18093 

Fig. 17 -~plication of the CA3085 Series in s typical power 
supply. 

0, 

0, 

V'N 

B>--<l!)-_P-_ ..... _0:.:o;UTPUT 

O.OOI~F 

ALL RESISTANCE VALUES ARE IN OHMS 

DI: RCA.INI76lA DR EQUIVALENT 
Ql· RCA.2N5122 DR EllUlVAlENT 

-RI. 0.7 Il (MU.) 

'2CS-I,005 

Fig, 18- Typicslswitching regulator circuit. 

O.OOl~F 

200"A:!lL'!!:2A 

01 AMY M·P.N SILICON TRANSISTOR 
THAT CAN HANDLE A ZA 
LOAD CURRENT SUCH AS 

RI RCA.2N3772 OR EOUIVAL.ENT 

92CS-19004 

:I2,.,t50Y~L RESISTANCE VAlUES 
=- ARE IN OHMS 

ALL. RESISTANCE VALUES ARE IN OHMS 

QI RCA·2NZIOZ OR EQUIVALENT 
Q2 ANY P.N.p SILICON TRANSISTOR 

IIfCA·2H5322 OR EQUIVALE,m 
03 ANY M.P·M SILICON TRANSISTOR THAT CAN 

HANOU' THE DEStltEO LOAD CURRENT 
IIfCA·2Hl77Z OR EQUIVALENT] 

92C5-19006 • 

.... OUT. ~R':IR2) 
·RSCp SIIORT .cIRCuiT 

PROTECTION RESISTANCE 

Fig.21- Combination positive and nSfllltive voIlIIgtI reguklto, 
circuit. 

Fig.20- Typical current regulator circuit. 
Fig.79- Typical high-current voltage regulator circuit. 
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CA3086 
General-Purpose N-P-N Transistor Array 
Three Isolated Transistors and One Differentially- Connected Transistor Pair 

For Low-Power Applications from DC to 120MHz 

RCA·CA3086 consists of five general·purpose silicon n·p·n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially·connected pair. 

transistors in conventional circuits. However, they also 
provide the very significant inherent adyantages unique to 
integrated circuits, such as compactness, 'l8sa of physical 
handling and thermal matching. 

The transistors ot the CA3086 are well suited to a wide 
variety of applications in low·power systems at frequencies 
trom DC to 120 MHz. They may be used as discrete 

The CA3066 is supplied in a 14·lead dual·in line plastic 
package. The CA3066F is supplied in a 14·lead dual·in·line 
hermetic (fril'seall ceramic package. 

MAXIMUM RATINGS, AbMluto-Moximum VoIueo .. T A • aOc 
DISSIPATION: 

Anyone transistor ..... , .................... . 
Total package up to T A = 5SoC ... , ......... . 

Above T A • 55°C ...................... .. 

AMBIENT TEMPERATURE RANGE: 

Operating ................................. . 

Storage .................................... . 

LEAD TEMPERATURE lOuring soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
From case for 10 seconds max .................... , 

The following ratings apply for each transistor in the device: 

COLLECTOR.TO-EMITTER VOLTAGE, VCEO ..... . 

COLLECTOR·TO-BASE VOLTAGE, VCBO- ........ . 

COLLECTOR.TO-SUBSTRATE VOLTAGE. VCIO •... 

EMITTER·TO·BASE VOLTAGE. VEBO ......•....• 

COLLECTOR CURRENT. IC ................... . 

300 

750 
derate linearly 6.67 

-55 to + 125 
-65 to + 150 

+ 265 

15 

20 

20 

5 

50 

V 

V 

V 

V 

mA 

• The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate 
Iterminal 13) must be connected to the most negative point in the external circuit to maintain isolation betMen 
transistors.net to provide for normal transistor Iction. To avoid undesirable coupling between transistors, the sub
Itl'llte (terminal 13) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor ean be 
used to estlbtish 8 signal ground. 

ELECTRICAL CHARACTERISTICS8t TA • aGC 
For Equipment DeIign 

CHARACTERISTICS SYMBOLS 

Collector·ta-Base Breakdown Voltage V(BRIC60 

Collector·to-Emitter Breakdown Voltage V(BRICEO 

Coliector-to·Substrate Breakdown Voltage V(BRICIO 

Emitter-to-8ase Breakdown Voltage V(BRIEBO 

Collector·Cutoff Current ICBO 

Coliector·Cutoff Current ICEO 

DC Forward-Current Transfer Ratio hFE 

120 COLLECTOR-TO-EMITTER VOLTS(VcE)-;S 
AMBENT TEMPERATURE: (tA)-m-c 

0: 110. 

? i c 100 I!: 

Ii" 
V 

V 
i 

! 10 

l!! / 
~V 
!IO 
0.01 

, 4 ., • 4 •• 0.1 1 • 4 •• D 
EMITTER MILLIAMPERES (IE) 

TEST CONDITIONS 

Typ. 
CIuorllC- LIMITS 
toristic 
Curves Min. Typ. Max. 
Fig.No.. 

IC= lOIlA,IE= 0 - 20 60 -
Ic= lmA,IB = 0 - 15 24 -

IC = 10/lA, ICI = 0 - 20 60 -
IE= 10/lA,IC =O - 5 7 -

V-CB = 10V, IE = 0 2 - 0.002 100 

VCE = 10V, IB = 0 3 - See 5 Curve 

VCE = 3V, IC = lmA 4 40 100 -

0.1 COlLECTOR-lO-EMITTER VOLTstVeE)-! 
... EtIIT TEMflERATUREltA)-Z5-C I--' 

V-i 0..7 

" 
,./ ~ .. 

~ 
,./1--~ .. 

~ , 
e 

* 
0.0 

~ 

o. 
o..~ 2 4 6 '0.1 2 4 .. , 2 4 •• 

EIrIIITT£R M~UAllPERESIIE) 

UNITS 

V 

V 

V 

V 

nA 

/lA 

"CS-15I,ztItI t2CS-15217 

LINEAR INTEGRATED CIRCUITS 

AppIIClltion. 

• General·purpose use in signal processing systems operating 
in die DC to 120·MHz range 

• Temperature compensated amplifiers 

• See RCA Applicetion Nota, ICAN·5296 "Applicatio.n of the 
RCA-CA3018 Integrated·Circuit TranSistor Alray" for 
suggested applications. 

FIg. 1 - Functional diagram of the CA3086. 

,.,.: 
4 

2 

'0 

" I 
-~ 4 

~ 2 

l:1 '. i • 4 

z 2 c 
2: 10. 

i:: I 
~ 4 

v 2 .. 
010· 
~ , 
:.l • 
:l 4 

8 2 

'0' • 
• 4 

2 
,0-4 

'0" 
4 

'0' 

1: 2 
4 

~ 2 
~ 

~ lOa 

~ 4 
8 2 

i 
" 

~ 4 

2 

~ 101 
~ , 
~ : 
~ 2 

,0'"2a 

• 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 

EMITTER CURRENT (IE )-0 

/. 
// 
~ ~. 

.,~ 'l'7'> 
.f>cS·/. / 

~ 
/~/// 

r§!."lV/ 
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.5 0('0 '.5 
92CS-15195RI 

Fig.2-ICBO '" TA • 

BASE CURRENT (18'-0 

/. 

:~ 
-~ "/ .. 
1i .;fl" 

'I: 
~..!j/ 

~t/ 
:..0.: 
~ <c; ./ 

~V7/ 
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// 

4f-'/ 
10.3 

0 •• !IO 75 'CO '!O 
AMBIENT TEMPERATuRE ITA'-~ 
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LINEAR INTEGRATiED CIRCUITS 

CA3086 
ELECTRICAL CHARACTERISTICS at T A S 25°C Typical Values Intended Only for D.sign Guidance 

CHARACTERISTICS SYMBOL 

DC Forward·Current 
Transfer Ratio 

hFE 

Base·to·Emitter Voltage VBE 

VSE Temperature Coefficient ~VBEJ~T 

Collector ·to· Em itter VCEsat 
Saturation Voltage 

Noise Figure (low frequency) NF 

Low·Frequency, Small·Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio hIe 

Short-Circuit Input Impedance hie 

Open,Circuit Output Impedance hoe 

Open-Circuit Reverse-Voltage hre 
Transler Ratio 

Admittance Characteristics: 

Forward Transfer Admittance Yle 

Input Admittance Vie 

Output Ad m ittance Yoe 

Reverse Transfer Admittance Yr. 

Gain-Bandwidth Product IT 

Emitter-ta-Base Capacitance CEBO 

Collector-ta-Base Capacitance CCBO 

Collector-ta-Substrate Capacitance CCIO 

COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (TA)-25°C 
COLLECTOR-TO-EMITTER VOL TS{VCE)"'3 
COLLECTOR MILLIAMPERES(IC}:1 

40 
~2 Of. 

~~ 30 +.-
~i i 

"'" ~l. 20 "\ 
0-
u,e 10 ,.-. 
aw 
"", "z "\ 00., , 
z~ a 4~ r- ::E.. i aw 
~o 

I I 0 00 I 
~ ~ -10 

I t:-- V '0 2 :i_20 I 
0.1 

, . 6 , , . 6 • 
I 10 

, 4 6 • 
100 

FREQUENCY (fl-MHz 

TEST CONDITIONS 

Typ. 
Chara· TYPICAL 
teristics VALUES 
Curves 

Fig. No. 

VCE = 3 V IC= 10mA 4 100 

IC = 10li A 4 54 

VCE = 3V IE = lmA 5 0.715 

IE = 10mA 5 0.800 

VCE = 3V,IC= lmA 6 -1.9 

16 = lmA, IC = lOrnA - 0.23 

1= lkHz,VCE = 3V, 
- 3.25 

IC= 100I1A,RS= lkQ 

7 100 

I = 1kHz, VCE = 3V, Ie = 1mA 7 3.5 

7 15.6 

7 1.8 X 10-4 

a 31 - j1.5 

1= 1MHz, VCE = 3V, Ie = lmA 9 0.3 + jO.04 

10 0.001 + jO.03 

11 See Curve 

VCE =3V,IC = 3mA 12 550 

VEB = 3V, IE = 0 - 0.6 

VeB = 3V,IC= 0 - 0.58 

VCI = 3V, IC= 0 - 2.B 

~~~-~~~~€:A~I~~~\Tr:t.~~o~PUT 
CCM...LECTOR-TO-EMITTER VOLTS(VCE}z3 

6 COLLECTOR MILLIAMPERES (IC)-' 

'" oo 
Zx .. " 5 
~IDJ 

iii 
ljl 4 

z-
~1 ,,-

t--
, 

iS w 

8! ---

~~ 2 
~lj 
~~ 

I 

0 , . 
0.1 

...-: 
j..-
4 .. 

I 10 
FREQUENCY (fl- MHz 

./ 
V 
, . 

92CS-14257 

Fig.8- Vfe vs f. Fig.9- Vie VS f. 

COMMON-EMITTER CIRCUIT,BASE INPUT 
AMBIENT TEMPERATURE {T A)s 2~oC 
COLLECTOR-TO-EMITTER VOLTS (VCE)-3 
COLLECTOR MILLIAMPERES (I )-1 II 
J§ 19,. ~E::Ai;A~T~6~~~NCIES -

I' ~ a 

;-0. 
'", 
""'-

II ~I 
... " ~~-I 
aQ 
~z 
iIi~ -. 

• 10 ' 
4 

FREouENCY(f)-MHz 

6 . 2 4 

92CS-I4~t 

Fig.ll- Vre VS f. 
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TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 

UNITS 

V 

V 

mVI"C 

V 

COLLECTOR TO BASE VOLTStvcel·3 

0.9 

~ 0.7 

~ 0.6 

~ 
~ 0.5 

~ 
0.' 
-~ -50 -~ 25 so 7~ 100 12S 

dB 

-
kQ 

I1mho 

-

mmho 

mmho 

mmho 

-

MHz 

pF 

pF 

pF 

t-

bie 

I. 
I 

1/9ie 

I--

, , , 
100 

92CS-:425~1 

AMBIENT TEMPERATURE (TA}--C 

100 COLLECTOR-TO-EMITTER VOlTS{VCE)'3 
6 FREQuENCY {f)-lkH:a: 
4 AMBIENT TEMPERATuRE (TA1·2SoC 

I II I I 

'r-~ 
",. -100 } 

............. h.·3.5kll 
IO~- 1'1,.*1.8811.10-4 ot ImA 

!li , , 1'10."15.6 ",mho c 6 a r-o., 
f · i"..... ~ 

Q 
W 2 

..... "" 7 N 

~ I 

~ -
z · .-

---· .... I--' 
, .... 

0.1 V' 
0.01 

2 4 6 • , . , . 
0.1 I 

COLLECTOR MILLIAMPERES (ICI 

1=~-~~~~RA1URE~IT,;.j,;2~~CINPUT 
COLLECTOR-TO-EMITTER VOLTS (VCEl=3 
COLLECTOR MILLIAMPERES(I )"'1 

6 

'" 0 
:I: 5 

-~~ 
~'" -' '" 
~ I 4 

!; 
u-::,," 3 
0" ZZ oc 
"I;: • ~~ a; I 

0 

0.1 
4 6 • 

~ . , . 
I 10 
FREOUENCY(I)-MHz 

Fig. 10-- y De 110 f. 
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, . 

COLLECTOR MILLIAMPERES ac) 
92CS-t5196Rf 

Fig. 12- fr vs Ie' 
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CA3088E 

AM Receiver Subsystem 

Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier 

For Applications in'a Variety of AM Broadcast and Communications 
Receivers and Applications Requiring an Array of Amplifiers 

Features: 
• Excellent overload characteristics 
• AGC for I F amplifier 
• Bufferad output signal for tuning 

mater 
• Internal Zener diode provides voltage regulation 
• Two IF amplifier stages 
• Low-noise convarter and first I F amplifier 

• Low harmonic distortion (THO I 
• Delayad AGC for "RF amplifier 
• Terminals for optional inclusion 

of tone control 

• Operates from wide range of power supplies: V+ = 6 to 
16 volts 

• Optional AC and lor DC feadba ... on wide-band amplifier 
• Array of amplifiers for general-purpose applications 
• Suitable for use with optional external R F stlge, either 

MOS or bipolar 

RCA-CA3088E·. a monolithic integrated circuit. is an AM 
subsystem that provides the converter. IF amplifier. detector. 
and audio preamplifier stages for an AM receiver. 

The CA3088E also provides internal AGC fo, the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier. a buffer stage to drive a tun ing meter, and 
terminals facilitating the optional use of a tone control. 

Fig. 2 is a functional diagram of the CA3088E. The signal 
from the low·noise convel'ter is applied to the first IF 
amplifier and is then coupled to the second IF amplifier. 
This IF signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier 
Optionally, a tone control circuit may be connected at the 
junction of the detector circuit and the audio preamplifier. 
The gain of the first I F amplifier stage is controlled by an 
internal AGC ci'cuit" The CA3088E supplies a delayad 
AGC signal output for use with an external RF amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC VOltage, internally regulated by a Zener diode. 

supplies the second IF amplifier. the AGC and tuning meter 
circuits and may also be used with any other stage. 

The CA3088E features four independent transistor amp· 
lifiers. each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general· 
purpose amplifier. oscillator. and detector applications in a 
wide variety of equipment designs. 

-Formerly Developmental Type TA5842. 

••• " . 

Fi/l.I- rest circuit for DC characteristics, 

LINEAR INTEGRATED CIRCUITS 

MAXIMUM RATINGS, Absolute Maximum Values, at T A - 2SOC 

DC SUPPLY VDLTA.GE: 
Across Term. 5 and Terms. 3, 6, 13, 16. respectively. 

DC CURRENT: 
At Terms. 3,6, 13, 16. respectively 
At Term. 10 .. 

DEVICE DISSIPATION: 
UptoTA "'500C 
Above T A "" S()oc .. . ................. . 

AMBIENT TEMPERATURE RANGE: 
Operating ....... . 
Storage 

LEAD TEMPERATURE (During soldering): 
At distance not less than 1/32" {O.79 mml from case for 10 seconds max.. 

16 V 

10 mA 
30 mA 

760 mW 
derate linearly 7.6 mW/OC 

-55 to +126 OC 
-65 to +150 OC 

+266 OC 

TO DETECTOR 
FILTER AND AUDIO 

(OPTIONAL TONE COl\lTROl 
MAY BE SHUNTED FROM 
TERMINAL 9 TO GROuND) 

FROM DETECTOR FILTER 

.}-----------{)Y+a9Y 

CON ... (RT[R 
IP!f'UT I!'f-PASS 

cO"' ... [Jlnilt , 
OUTPuT 

", u. 

0, 

D, 

D, 

0, 

., 
" 

92CM-19071". 

Fig,2-Functional block diagram of the CA3088E, 

t------------{9 ~~~~~R 

Fig,3-SchemBtic diBgraffl of the CA3088E, 

Q" 

-" '00 

Al.L RESISTANCE .... L.UE:S 
AU IN OtolMS 
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LINEAR INTEGRATED CIRCUITS 

CA3088E 
TYPICAL ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL TA - 250 C TEST TYPICAL UNITS 
V+ -12V CIRCUIT VALUES 

FIG. NO. 

Static (DC) Characteristic. 

DC Voltages: 

Terms. 1,4,9, 11 Vl,4,9,11 0.7 V 

Terms. 2, 7, 8 V2,7,8 1.4 V 

Term. 10 Vl0 1 
5.6 V 

Term. 12 V12 0 V 

Term. 15 VIS 3.5 V 

DC Current: 
Term. 3 13 0.35 rnA 

Term. 6 16 1.0 rnA 

Term. 10 liD 1 
20 rnA 

Term. 13 113 0 mA 

Term. 16 116 1.2 rnA 

Dynamic Characteristics 

Detector Output 30% Modulation 4 75 mVRMS 

Audio Amplifier Gain AAF 1-1 kHz 4 30 dB 

Audio Distortion VOUT -100mV 4 0.2 % 

Sensitivity: liN ~ 1 MHz 
At Converter Stage Input Signal.to·N~i .. Ratio (SIN) = 20 dB 2 200 /lVlm 

At R F Stage Input 4 100 /lV/m 

Total Harmonic Distortion THO 30% Modulation 4 1.0 % 

Input Resistance: RI 
At Transistor Q 1 3500 U 

At Transistor 05 
NoAGC, 

2000 U 

Input Capacitance: CI 
At T ransjstor Q 1 Input signal frequency 12 pF 

At Transistor 05 (fiN) = 1 MHz 17 pF 

Feedback Capacitance: CFB 
At Transistor Q1 1.5 pF 

At Transistor cis 1.5 pF 

The tYPical characteristics for the CA3088E are Intended for guidance purposes In evaluating thiS devICe for equipment design. 

216 

0' RCA-40841 j OUAL GATE-PROTECTED ~os,rETI 
ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE 'N MICROF'AAAOS 

Fig.4- TYpical AM broadcast receiver using the CA3088E with optional R F amplifier stage. 



CA3089E 
FMIFSyste'" 

Includes---IF Amplifier, Quadrature Detector, 
AF Preamplifier, and Specific Circuits for AGC, 
AFC, Muting (Squelch), and Tuning Meter 

For FM IF Amplifier Applications in High-Fidelity 

Autolnotive, and Communications Receivers 

Features: 
• Excoptionallimiti", senshi.hy: 

12 jlVtyp.et -3 dB point 
• Low distortion: 0.1" typo 

(with dooml.tunec! coill 
• Si",I.coil tuning .. pHility 

• High recovored audio: 
4OOmVtyp. 

• Pro.idOl spacific si .... 1 far 
control of interct.nn .. mUli", 
(squelch) 

• Pro.idOl .pacific si .... 1 far 
dirK! drive of a tuni", meter 

• Provides delayael AGe Wllta"" for R F am",if;"r 
• Pro.ides a spacific circuit far flexible AFC 
• Intarnalsupply-voltage ragulaton 

RCA·CA3089E is a monolithic intewatad circuit that provides 
all the functions of I comprehensive FM·IF system. Fig. I is 
I block diagram showing the CA3OB9E features, which include 
a three~ .. e FM·I F amplifier /limiter configuration with level 
detectors for each stage, a doubly-balancad quadrature FM 
detector and an audio amplifier that features the optional use 
of • mUli", (squelch) circuit. 
Tr. advanced circuit design of the I F system includes 
desirable deluxe features such as delayed AGC for the RF 
tuner, an AFC drive circuit, and an output signal to drive a 
tuning meter and/or provide stereo switching logic. In 
addition, internal po.....- supply ragulaton maintain a n_ly 
constant current drain over the voltage supply range of +8.5 
to +16 volts. 

The CA3089E is ideal for high-fidelity operation. Distortion 
in a CA3089E FM·I F System is primarily a function of the 
phase linearity characteristic of tha uutboard detector coil. 

ALL RESISTANCE 'A..\.ES,ARE IN CHIIS 
• ___ LER 4SN¥1C CIA EQUIVAL£.NT 
•• ~ATA SFG 1O.711A OR EQUMU,.ENT 
• L T\llES WITH IOOpF (el AT 1O.1'UMI 

00 UNI..CMDEO'Il$. (G.J [X22741 OR EQUIVALENTI 

Pwfor_ .data .t fa - 98 MHz, fMOD - 400 Hz, 
De.iMion -lj6 kHz: 

-3dB Limiti", Sonsiti.ity . . 2p.V (Antame L ... n 
20dB Quieti", Sensitivity . . . . . I1lV (AnIIInna L_n 
3IIdB Qu!eting Sensitivity . . . . 1 r."V (Antanna ~II 

Fif1.2 "Typk:M FMtunsrUlingtIJeCA3fJIJ9E with .. ingl'l-tuned 
tBleCtor coHo 

LINEAR INTEGRATED CIRCUITS 

ALL RESISTANCE VALUES ARE IN OHMS 
.. L TUNES WITH 100 pF (el AT 10.7 MH;r 

00 II n (G-1. [X22741 OR EQUIVALENT.I 

TO STEREO 
THRESHOLD 
LOGIC CIRCUITS 

Fig. '·Block diagram of the CA3OB9E. 

MAXIMUM RATINGS,Ab.o/ute MIIximum V.IUtJIJ,.t TA - 2!PC 
DC Supply Voltage: 

Betwoien Terminals 11 and 4 . 
Between Terminals 11 and 14. 

DC Current (out of Terminal 15) 

Device Dissipation: 
UptoTA=soDc ..... 
Abo .. TA • aooc 

AmbientTemparatura Range: 
Operating .................... . 
Storage ....................... . 

Lead Temperature (During Soldering): 
/IIit distallt:e not less than 1/32" (0.71nl1l11 ~ ~ for 1.0 seoqnels m.... . 

ELECTRICAL CHARA,CTERISTICS etTA =25OC v+ -12Volts 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 

Static (DC) Characteristics 

Quiescent Circuit Curre~t 111 
DC Voltages: 

Terminal 1 (IF Input) VI 
Terminal 2 (AC Return to Input) V2 No signal input. 
Terminal 3 (DC Bias to Input) V3 Non muted 

Terminal 6 (AudiO Output) Vs 
Terminal 10 (DC Reference) VlO 

Dynamic Char.cteristics 

Input Umiting Voltage (-3 dB point) VI (lim). -
AM Rejection (Term. 6) AMI'! vIN=u. v, 

'0 = iO.7 MHz, 
Recovered AF Voltage (Term. 6) VO(AF) 

AM Mod. 30" 

Total Harmonic Distortion: • 

Single Tuned (Term. 6) THO VIN=O.1V 
fmod. = 400 Hz. 

Double Tuned (Term. 6) THO Deviation = 
Signal plus Noise to Noise Ratio (Term. 6) S+NIN 

±75 kHz 

16 
16 

2 

V 
V 

mA 

600 mW 
derate linearly 6.7 mWI'C 

-56 to +126 
-65 to +150 

+265 

LIMITS 

Circuit Min. Typ. Max. UNITS 

Fig. No 

16 23 30 mA 

1.2 1.9 2.4 V 

3,4 1.2 1.9 2.4 V 

1.2 1.9 2.4 V 

5.b 5."6 6.0 V 
5.0 5.6 6.0. , V 

- " 25 uV. 
3,4 .46 66 - cl8 

300 400 1500 mV 

3 - 0.5 1.0 " 4 - 0.1 - " 3,4 60 ff1 - dB 

• THD chilrKtlristics .re eaentilily I function of the ph ... chlracteristics of the network connected between termiftlll,8. 9. Ind 10. 
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LINEAR INTEGRATED CIRCUITS 

CA3089E 

~il-'\N\,_AI\DIO 

ALl. RESISTANCE V~UES ARE IN OHMS 
*L TUNES WITH 100", tel AT 10.7 MH:r 

OUTPUT 

OolUNLOADEDla7!5 (G.J. AUTOMATIC MFG· DIV. EX22741 OR EQUIVALENT! 

'2CIIII-I904O'l' 

Fig.3· rtlSt circuit for CA3089E using a singl.tuned detllctor 
coli. 

V+-12V 

~i>-'"",..-.AUDIO 
OUTPUT 

ALL REStSlANCE VM.UES ARE IN OHMS 

*T: PRI,-OotUNL.OA.D£D)1II 751TUNIS WITH 100 pF lell 20t OF 34. ON 7/3'l"' DlA. FORM 

SEC.-Qo,IUNLOAD£Dla7!5(TUNES WITH 100 pF (C2) 20t OF 3 .. ON 1132~ OIA FORM 
kQtPEACENt OF CRITICAL COUPLING). 70% 

(AOJUSTED FOR COIL VQLTAGE Vel-ISO,"" 

ABOVE VALUES PER .. T PROPER OPERATION Of MUTE ISCUELCHI ClRC:UIT 
olE- TYPE SLUGS, SPACING 4mm 

Fig.4-Test circuit for CA3OB9E using a double-tuned detec,or 
coil. 

10 ioo IK 10K lOOK 
INPUT SIGNAL-I&Y 

92C$-I'.90 

Fig.6-Muting action, tuner AGC, and tuning meter output as a 
function of input signal voltage. 
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AI 
lO. 

v+ 

R5() 
OQO 

AGe FOR 
RF AMPL. 

.---1_---------1_--..... - .•. 

v+ 

QT< 

RZ8 
700 

"0. 

L---If-..... 

L------..I>-----...... ------+---Ir--·.· 

LEVEL DETECTOR a METER CIRCUIT 

F ig.5 -S/chematic diagram of the ~3089E. 

-100 -!IO 0 !IO 
CHANGE IN FREQUENCY CAf)-kw. 

Fig.7-AFC characr.n.tics (current at Term. 7110. function of 
chanflll in frtIq/JtJtICy). 

• TLIiIING 
ME"A 



CA3089E 

'ff 

'c' 

-'5 50K 

MUTE 
CONTROL 

AFt 
OUTPUT 

.---------------------~7 

LINEAR INTEGRATED CIRCUITS 

-,'" AFC AMPLIFIER 

'F' 

! FRAME ~ SUBSTRATE 

ALL RESISTANCe: VALUES ARE IN OHMS 
41..1.. CAPACTANCE VALUES ARE IN PICOFARADS 

Fig.5 ·'Schemaric diagram of"rhe CA3089E. 

a) Bottom view of printed-circuit board. b) Component side - top view. 

Fig.8-Actual size photographs of the CA3089E and outboard 
components mounted on a printed-circuit board. 
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LINEAR INTEGRATED CIRCUITS 

CA3090AQ 

Stereo Multiplex Decoder 
For FM Stereo Multiplex Systems 

RCA-CA3090AQ • a monolithic silicon integrated circuit, is a 
stereo multiplex decoder intended for FM multiplex systems, 

The CA3090AO is the successor to the CA30900; it offers 
three major advantages over the CA30900 as follows: 
1. Can directly drive a stereo indicator lamp with a current 

drain of upto 100mA. 

2. Stereo Defeat/Enable control.voltage specifications. 

3. Capable of operation with lower distortion. 

This stereo multiplex decoder requires only one low-inductance 
tuning coil (requires only one adjustment for complete 

alignment), provides automatic stereo switching, energizes a 
stereo indicator lampi and operates from a wide range of 
voltage supplies. 

Figure 1 shows the block diagram for the CA3090AO. The 
input signal from the detector is amplified by a low· 
distortion preamplifier and simultaneously applied to both 
the 19·kHz and 38·kHz synchronous detectors. A 76·kHz 
signal, generated by a local voltage·controlled oscillator 
(VCO), is counted down by two frequency dividers to a 
38·kHz signal and to two 19'kHz signals in phase Quadrature. 

The 19·kHz pilot·tone supplied by the FM detector is 
compared to the locally generated 19·kHz signal in a 
synchronous detector. The resultant signal controls the 

5T£R[O Dtf{.II.TI 
E"~8L~ 

voltage controlled oscillator (VCO) so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector' compares the 
locally generated 19·kHz signal with the 19·kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage. a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger lights the stereo indicator, enables the 
38·kHz synchronous detector, and automatically switches 
the CA3090AO from monaural to stereo operation. The 
output signal fro'm the 38·kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a level sufficient to 
drive most audio amplifiers. 

The CA3090AO may be used without the stereo defeatlenable 
function (see Fig. 6) if a control voltage for this function is not 
readily available. In this case, Terminal 4 should be grounded. 

The CA3090AO utilizes the 16·lead quad·in·line plastic pack· 
age and operates over the ambient temperature range of 
-55°C to +12SoC. 

"'" COYPOSITE StGOIAl 
1111 SHREO EH..aLE SIGNAL 
let STfIHOGAT'NG SIGNAL 
IDI O'f~E~E"'CE 51GltAL 

L ".v .. QO.·Al.6.,." 
C,.Cl;>lI(lvJOE f'ioRTI.6.L OE-[l"""'ASIS 

UFT 
OUTPUT 

RIC,HT 
OUTPUT 

IiESlSW.C1 .... lU[S AIlE INOHYS FIg.' -Functional block dillJ11lltn of rhe CA30S0AQ. 

10 

COLlECTOR-TO-£MITTER "OlTAGE '''eEl-V 

9lCS'~<:551 

Fig. 3 - Indicator lamp characteristics fie vs. VeEl. 

V4 > 1.6 V TO ACTIVATE STEREO 
V4< 0.9 II TO DEACTIVATE STEREO 

92CS·22552 

Fig. 4 - Test circuit for ustt with stereo defutiBnabie. 

Features: 

• Require. the use of only one low· inductance tuning coil 

• Automatic stereo switching 

• Directly drives a .tereo indicator lamp up to 100 mA 

• Include. driver, for stereo·lamp indicator 

• Operat .. from a wide range of power supplies: 10 to 16 volts 

• Requires only on. adju51ment for alignment 

• Switching from monaural to stereo and stereo to monaur. 
produces no audible thumps 

• Low distortion: uncler 0.22% (typ,) 

• Separate de input permits ster.o def.at or .... bI. 

• High signal output: directly driv.s audio amplifi ... 

• eKcelient SeA (storeca51) rejection: 55 dB typo 

• High audio channel separation: 40 dB typo 

MAXIMUM RATINGS, AtnQlu"'M.~imum V,I_ Ir TA ·2fOe 
DC SUPPLY VOLTAGE . • • . • . leV 
CURRENT AT TERM. 12 • . • . • . . 100 mA 
INPUT SIGNAL VOLTAGE (COMPOSITE). • 400 mV 
AMBIENT TEMPERATURE RANGE: 

Operating • • . • . • . . . . -55 10 +126oC 
Storage. . . . . . . . . . • . -86 10 +150oC 

LEAD TEMPERATURE lOURING SOLDERING): 
AI dl'!8nce not I ... than 1/32" (0.79 mm) 
from case for 10 I max. • • • • • . • • • • • +26fiOc 

• For stereo opention, I minimum input lignal Voltage (compositw) of 
40 mV i, required. 

92CS-n!i50 

Fig.2 - Test circuit for DC characteristics. 

Fig. 5 - Test circu;t for USB withOlit stereo def.tlellllble. 
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CA3090AQ 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

BIotic ChII,_il1ic1 

Totll Current (Term •. 9, 10, 111 

DC Yoltage: 
Torm.l 

Torm. 6 (Indicator Lamp OFFI 

Torm •. 9 and 10 

Term. 12 (Indicator Lamp OFFI 

Voltage Differential (Torm. 2-Term. 11 

Current at Term. 12 lin actua' use external circuit 
resistance (e.g. lamp should limit Term. 12 to the 

maximum rated value of 100 mA.) 

OyNlmic Char.ct.ristics 

Input Impeci8nce 

Channel Separation (L + R Reference'· 

Channel Balance (Monaural) 

Monaural Gain 

Stereo/Monaural Gain Ratio· 

Indicator Lamp - Turn-ON Voltage 

Capture Range (Deviation from 760 kHz center 
frequency) 

Dis\ortion (75-I,n de-emphasis): 
2nd Harmonic 

Jrd, 4th, and 5th Harmonic 

19·kHz A8j~tion 

38-kHz Rejection 

SeA tstorecastl Rejection 

Stereo Defeat Voltage IV 4} 

Stereo Enable Voltage (V 4) 

• For stereo operation, test conditions require a composite 
stereo input signal (modulated at 1 kHz) including a 

19·kHz !18 mV) pilot-tone signal. 

390n 

,.F 0.
411 

= 

STERO 

390°1 ,F 
= 

TERMINAL 
MEASURED 

AND 
SYMBOL 

Itot81 

V, 

V6 

y9 & 10 

Y ,2 

Y2 ,Y , 

ZIN 

2mH 

TEST CONDITIONS LIMITS 

TA - 25°C 
V+ - 12 V (unl ... 
specified oth.rwi .. ) Min. 

Lamp OFF -

1.6 

-

4.7 

y+ = 16 Y 12.7 

-

VIN (at f = 19 kHzl = 18 mV 75 

YIN = 180 mV 

19-kHz pilot-tone @ Term. 1 

19-kHz pilot-tone 
voltage = 18 mV 

VIN = 240 mV 

v' 

-

25 

-

3 

-
-

til.S 

-

-

-
-
-

>1.6 

IOkn 

LEFT 
OUTPUT 

Typ. 

22 

2.3 

2.1 

6.4 

-

0 

100 

SOk 

40 

0.3 

6 

:!1l.3 

4 

±10 

0.2 

<0.1 

35 

48 

70 

1.2 

1.2 

GE~~~~~OR o-~I~2('l2~k'iII-I-II----1:D---L,r-.---'....,.-r-.---,-l RlGHT 
OUTPUT 

I 0,001 

I ,.F 

I L __ 

TEST NETWORK,TO 
SIMULATE IdS 
ROLLOFF AT 38 kHz 
DuE TO FM DETECTOR 

Fig. 6 - Test circuit for measurement of dynamic characteristics. 

RESISTANCE VALUES 
ARE IN OHMS 

Max. UNITS 

27 mA 

3.1 Y 

3.6 Y 

8.4 V 

- V 

0.1 V 

- mA 

- !1 

- d8 

3 dB 

9 dB 

±3 dB 

- mV 

- % 

- % 

- % 

riR 

- dB 
- dB 

<0.9 V 

- V 

LINEAR INTEGRATED CIRCUITS 

[CONDITIONS 
SUFFICIENT 
rOR 19- kHz 
PILOT-TONE TO 
PHASE- LOCI(; 
("CAPTURE "I 
THE veo] 

92CS-190~e. 

Fig. 7 - Pilot-tone voltage level V$. VCO frequency with no 
pilot-tone applied. 

~ ~ R n w u ~ 
VOLTAGE-CONTROLLED OSCILLATOR (veOI FREQUENCY 
(NO PILOT TONE APPLlED1-kHz 

92CS-190!55 

Fig. 8 - Filter capacitance vs. VCO frequency with no 
pilot-tone applied. 

A-Foil side. 

B-Component side. 

• 

[] 

Fig. 9 - Photographs of the CA3090AQ and outboard components mounted on a 2 X 2}J-inch 
printed-circuit board to constitute a complete stereo multiplex decoder. 
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LINEAR INTEGRATED CIRCUITS 

CA30910 

RCA·CA3091D, a monolithic silicon integrated circuit, is a 
four·quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voltages. 

This device functions as a multiplier, divider. squarer, square 
rooter, and power-series approximator. In addition, this 
device is useful in applications such as ideal full,wave 
rectifiers, automatic level controllers, RMS converters, fre
quency discriminators, and voltag&-controlled filters and 
oscillators. 

The CA3091 D comprises five basic circuits (See Fig. 1 ), 
including: a multiplier block, two linearity compensators, a 
current converter, a current source for biasing, and a 
regulator (reference voltage). A brief description of the 
operation, functio,"!s and typical applications is given in the 
section "Operating Considerations". In addition there is a 
separate section on "Symbols, Terms, and Definitions" that 
defines the terms and symbols used throughout the data 
bulletin. 

The CA3091 D is supplied in 14·lead dual·in·line ceramic 
package and operates over the full military temperature range 
of-550 C to +1250 C. 

• FROM 15-VOLT 
REGULATED SUPPLY 

.. FROM-15-YOLT 
REGUL.TED SUI!PLY 

• II ADJUST IS PERFORMED IV 
VARYING THIS RESISTOR 

RESISTANCE VALUES ARE 
IN OHMS 

Fig.1-Functional block diagram of CA3091D with typical mUltiplieroutboard(Peripheral)circuitry. 

MAXIMUM RATINGS: Absolute-Maximum Value. at TA -250 C 
DC Supply Voltages: 

Between Terms. 12 and 1 ............................................ '.' ...... . 
Between Terms. 4 and 1 •...........................•.............................. 

DC Supply Currents: 
At Term. 12 with DC Supl>ly Voltage = +15 V .......................................... . 
At Term. 4 with DC Supply Voltage = -15 V .••••.•.........•......•.............•..... 

Bias Current (At Term. 3). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ....... . 
* Input Current ..................................................................... . 

+18 V 
-18 V 

4 rnA 
16 rnA 

rnA 
±1 rnA 

Output Short-Circuit Duration ........................................................ . No limitation 
Voltage Reference Current ............................... , ...................•........ 
Linearity Correction Currents; 

At Terminals 7 and 8 ................................................... . 
Device Dissipation (Up to 1250 CI ...................................................... . 
Ambient Temperature Range: 

10 

10 
200 

Operating. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to +125 
Storage .................................................................... -65 to +150 

Lead Temperature (during soldering): 
At distance not less than 1132 inch (0.79 mm) fJ'om case for 10 seconds max. .............. +265 

... External resistanc:e is required to limit the current to the indicated ±1 mA value. 

~----------------------~---1~----~--------~~----~------~l'~ v· 

RESISTANCE VALUES ARE IN OHMS 

Fig.2-Schematic diagram of the CA3091D. 

222 

D. 

.---------f---f--------(7!)IOC 

~------~IO)IO 

8 Y,.f 

D,. 
DI3 

• v-

92CM-19534 

rnA 

rnA 
rnW 

oC 
oc 

°C 

Features:-
- "Accuracy": ±4% (max.! 

- "Linearity": 3.0% (max.) 

- Feedthrough: 9 mV p-p (typ.) 

- 3-db bandwidth: 4.4 MHz 

• Low power operation capability: ± 6.0 V. 4 mW dr.in 

- Low power·.upply sansitivity: 36 mVN typo 

- Smooth overload characteristics - no foldbaclc if full-
seale input signal is exceeded 

- Negligible warm·up drift 

- Broadband operation capability (flat to 1 MHz) - both 
inputs hIve similar characteristics for reduced high
frequency phase shift between the inputs 

• Low-level linearity correction circuitry minimizes low
level feeclthrough for improved small·signal accuracy 

- All multiplication is performed with wideband cirCUitry -
this permits two signal. of frequencies much higher than 
the -3 db frequency of the multiplier to procluce I differ· 
ence frequency that is within the muhiplien bandwidth 

• High immunity to pBt8sitic oscillation 

• Essantillly free from excaH peaking - pro.i .... improved 
frequency response 

- Requires no I .. el shifting at the output - current-source 
operation at tha output permits output sil",,1 to ba refer· 
enced to ground or other I ..... within the output .olute 
swing ClPllbiliti •• of the multiplier 

- Inter",,1 bies regulator 

Applications: 
_ Multiplier _ Divider - Squlrer - Squire Root .. 

• Power-series approxi matar 

- Full·w.v. rectifier 

• Automatic I .... controller 

- RMS converter 

• Frequency discrimi""tor 
_ Voitalll-controlled fih ... and oscillators 



CA3091D 
Ei.ECTRICAi. CHARACTERISTICS. For Equipment Design 

TEST CONDITIDNS 

CHARACTERISTICS SYMBOL TA-25OC.IIB-O.5mA 
v+-15 V. V- --15V 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

Input Balance (Correction) Currents: 

AtJC Input 
lie 

JC"'O 

Atv Input V =0 

Fe.dthrough linearity Balance 
loe 

(Correction, Current 

OUTPUT CIRCUIT 

OUtput Offset Current 100 x &y =0. 

Output Offset Volt. VOO 100 thru RL '" 33kn 

Output Peak Current Swing Irol Thru RL = 24kn 

Output Peak Voltage Swing Ivol Across R l == 33kn 

DC SUPPLIES" BIASING 

Currant Drain (Idling): 

At Term. 4 V~=-15V 

At Term. 12 V+ =+15 V 

Reference Voltage Vref Measured acrOIS Terms. 
68r:4atl""lmA 

DYNAIIIIIC CHARACTERISTICS 

Output Current 10 With I = O.2mA at each 

input 

Nor~iHd k Factor(kN =-i;) 
AccunoCy 

Worst case at 250C 
Linearity 

Foiodthrough Voitalll' 

Atv ··20V P-P. x - 0 

At" - 20V pop, y. 0 

7 Ioc !!K)U1HV"II"VOIl 
-L-'-......,~L--'-_......,,"-'..., Rb"-V;::V;--' 

RJy.I50:;~::-""'} 
SIAt\lD Sz CLOSED 
FOR MEASUREMENT 
OF VoAND V,AND 

Lr-:-r--r....,.. .. -r--r-..... =.';. ~ ::ASl.It£. 

t-----Yo 

'ZCS·IfS31 

LIMITS 

Circuit UNITS and/or Min. Typ. Milx. 
Char. 
Curve 

- -20 ~2.1 +20 "A 
~ ~20 ~8.7 +20 "A 

- -34 ~2.9 +34 "A 

~ -10 ~0.23 +10 "A 

- -0.330 -0.0076 +0.330 V 

3 0.41 0.45 ~ mA 

4 12 12.9 ~ V 

~ ~ 2.9 4.5 mA 
~ ~ 2.0 3.0 mA 

- 5.5 6.1 6.7 V 

~ - 0.21 0.32 mA 

11 0.69 1.0 1.7 

~ 2.6 4.0 'l6of 
- - 1.7 3.0 IOV 

~ ~ 9 20 mV 

- - 9 20 Pi> 

9.111.0. 

IotA 
SOUl I'" 

TOT PROCEOUAE 
"'_.J..-''-''-='-l-_.l--'_~I.oPEN ·S~AD.RJST VI 

TO SET Vo-4V 

2 CLOSE ·S· AD.IUST Rb 
10 SET VO-2V. 
RECORD Rb 

:s O£RIVE Ro FROM 

'-r.--r::---.=..,---r::--r-,-....--' "0 'Min-:~ 

t--.... -:---.o 

", 
~ NCS-It5H 

Fig.5-Test circuit fur measurement of input resistance. Fig.6- Test circuit for measurement of output rtlsistance. 

• _lENT TEMPE.AT"", ITA"251.l..J..1. ~ I I lit ,.,"" 
TOTAL LOAD RESISTANCE \.. 

o 'o.si-

.. 
-I 

~~i\ 
i Y~[\ ~ -12 
~ 1\1\ ~ 
oJ 

II! -18 

-2' 

-3 
10K 4 "lOOK .... 11M 4 '810M 

"FREQUENCY If) - Hz 92cs-r954r 

LINEAR INTEGRATED CIRCUITS 

Fig. 3-Test circuit for measurement of output current swing 
capability. 

t-----Yo 

Fig.4- Test circuit for measurement of output voltage swing 
capability. 

Fig.7- Test circuit for measurement of maximum slew rate. 

Fig.8-Test circuit for measurement of frequency rtllPOfIlII. Fig.9- y-input frequency rtllPOfIse characteristic curve with associated test circuit. 
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LINEAR INTEGRATED CIRCUITS 

CA3091D 
ELECTRICAL CHARACTERISTICS, Typical Value. Intended Only for Design Guidance 

CHARACTERISTICS 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

Input Resistance: 

At x Input 

At y Input 

Input Capacitance: 

At x Input 

At Y Input 

OUTPUT CIRCUIT 

Output Resistance 

Output Capacitance: 

DC Supply Voltage Sensitivity: 

At Term. 4 

At Term. 12 

DYNAMIC CHARACTERISTICS 

Bandwidth (At -3dB point): 

Through x Input 

Through y Input 

JO Error Frequency: 

Through x Input 

Through y Input 

Maximum Slew Rate 

Temperature Coefficients: 

Output Offset Current 

x-Input Balance Current 

y-Input Balance Current 

Normalized k Factor(kN = ~l 

v,' 
tlOV 

Accuracy 

Linearity 

Feedthrough: 

At x =0 

Aty =0 

a-BALANCE 
!loan 

v- a-15VI >-"V'V'v-( , 

,-BALANCE OUTPUT 
ZERO 
BALANCE 

SYMBOL 

RI 

CI 

RO 

CO 

l:>VO 
l:>V-

l:>VO 
Tv+ 

BW 

SR 

l:>IOOIl:>T 

l:>IIC/l:>T 

kN 

lodl 

LOW-LEVEL 
LINEARITY 
BALAtoiCE 

TEST CONDITIONS 

TA - 26OC,IIB - 0.5 rnA 
Circuit 
andlor 

v+-15V,V---1SV Char. 
Curve 

hxl~0.2rnA 
i'v1~0.2 mA 

5 

at 1 MHz -

6 

at 1 MHz 

11 

8,10 

B,9 

-

7pF in parallel with 10 Mn load 7 

x&y=O -
x=O -
y=O -

-

-

-

-

TEST PROCEDURES FOR MEASUREMENT 
OF PQWER-SUPPLY SENSITIVITY 

Vo 

RC 

mn 
1% 

I. AT Y+·15I1,Y-=-15Y, MEASURE Va 
RECORD AS Val. 

2. AT V+z)QV,Y-·-15V,MEASURE Yo 
RECORD AS V02. 
POS. POWER SUPPLY SENSITIVITY" 
Y02- Val 
-,-v-' 

3. AT V+.15V.V-~0". MEASURE "0 
RECORD AS Vo3 
NEG. POWER SUPPLY SENSITIVITY' 
V03 -VOl -,-v- . 

RESISTORS HAVE A TOLERANCE OF 
5.,. UNl.Ess OTt£RW!S£ INOtCATED 

Fig. 11-Test circuit for measurement of current gain and power-supply sensitivity. 

224 

TYPICAL 
VALUES 

UNITS 

1.3 kn 
0.5 kn 

5.B pF 

5.B pF 

1.0 Mn 

4.0 pF 

26 mVN 

36 mVN 

4.B MHz 

4.4 MHz 

360 kHz 

310 kHz 

27 V/jlS 

-{).021 jlA/OC 

-{).063 /lA/DC 

-0.063 jlA/oC 

-0.76 %/%/OC 

0.11 %/oC 

0.06 %/OC 

5.6 mV/OC 

5.7 mV/OC 

ki!il II FACTOR 
kr :;: O·I~ REFERENCE OR 

ADJUSTED k FACTOR 
kN" k/kr"O.lVOO' 

NORMALIZED k fACTOR 
Ii .• · aN"I,IF '41. .V,.VO·IOI 

OUTPUT CURRENT (mAl [AT 
A CURRENT OF 0·2 IftA AT 
'BOTH INPUTS]. Vo 133 lin 

OUTPUT YALUES ARE AvER-
AGED FOR 4 COMBINATIONS 

VO/RL :0 ;:~T~(1I1 z III I~ ~ 

to.2 J: 10- 3 )2 

92(S-19545 

• AMBIENT TEMPERATUJOE(TA)'''''·Ci JJ I ~ 
TOTA~ LOAD RESl5i'&'~"\.. 

a ~~1\~ " ~ 
) .. 

z 
;; 

'" 
~ -12 

~ -IB 

-2' 

-30 
10K 

, . .. 100. 
, . • 8 1M 

, 
FREQUENCY {fl-Hz 

'", 

~l\1\ 
\~ 

i\ 

. •• 10M 

92C5-19:543 

92C5-1"44 

Fig. 10- x-input frequency response characteristic 

curve with associated test circuit. 

SYMBOLS, TERMS AND DEFINITIONS 

Output Offset Current 
The mUltiplier output current produced when both of the 
multiplier input signals are in the zero state. 

Output Zero 
Sets the output at the zero level when the x and y inputs are 
in the zero state. (It is implied that all other zeroing 
adjustments have been effected.) 

RI 
Input Resistance - Converts the input voltage to an input 
current. 

RL 

Output (Load) Resistance - Converts the output current to a 
voltage. 

RO 
Output Resistance - See Vo and 10 for the equations 
associated with these properties. 

Regulator Diode 
A temperature compensated Zener diode, included in the 
multiplier circuit, to provide a stable liB. 

Scale Factor or k factor (k) 
RepreSents the basic gain of the multiplier as expressed in the 
equation Vo = kVxVy 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed bykN = klkref 
where kref is the ideal or reference k factor. The ideal factor, 
kref is the value at which the k factor is set when the k·factor 
adjust control is trimmed. Optimum operation of the 
CA3091 D is achieved when the k·factor is 0.1. 

VIM 
The maximum ac sine-wave voltage to be applied to the 
mUltiplier; a 20-volt Pop sine wave is the nominal maximum 
swing voltage recommended for use with 50-kilohm input 
resistors. 

VMID 
An ac or dc·voltage that approximately satisfies the equation 

VMID = VIM/a 

Vo 
The output product voltage derived from the expression 

(kVxVy = Vol 



CA30910 
Vref. 
Temperature compensated zener connected to the -15 volt 
supply to provide a reference voltage as an aid in setting up a 

stable liB. 

Vx.Vy 
The input voltages to be mUltiplied. 

x-Balance Circuit 
Sets the output to the zero level when the x-input is in 
the zero state. 

y-Balance Circuit 
Sets the oufput to the zero level when the y·input is in the 
zero state. 

Accuracy 
Accuracy defines the degree of error encountered in the 
operation of the multiplier. It is portrayed on a contour map 
by isomers (contour lines). Isomers with the highest values 
indicate "Iess-accurate" operation of the mUltiplier. (See 
illustrative Contour Map in Fig. 12.) 

Contour Map 
The contour map. shown in Fig. 12. is a graphical portrayal 
of the mUltiplier errors in the x. y input plane. Each contour 
line, termed "isomer". connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 

-20 mV contour line with points at Vx = 5V and Vy = -3V 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kVxVy). This err'or voltage. 
presented in percent of fu·lI-scale input (±10 V). defines the 
"accuracy" of the device. Thus. a 2O-mV error voltage 
represents an "accuracy" of 0.2% as derived from the 
equation: 

Accuracy = 20 mVI10 x 100% = 0.2%. 

A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091 D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 

Current Converter 
This portion of the IC combines the multiplier's differential
amplifier output currents and converts them to a single
ended output current. 

Current Sources 
These circuits provide the biasing currents for the various 
circuits in the IC. The 'IB terminal provides the control 
current for the rurrent-source circuit_ 

Feadthrough 
Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently. 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D. for 
example. the feedthrough signal output is specified to be less 
than 20 mV Pop when either terminal is set at 20 V Pop and 
the other terminal is set to zero. 

ilB 
Circuit biasing control current. 

IIC 
SeeIOC· 

10 
Output product current (kllxly = 10). where kl = kRrl RL 

loe.IIC 
Compensatory input and output currents required to correct 
unlinearity along the x axis. (Optional for low-level signal use.) 

Ix.ly 
Input currents to be multiplied. 

k 
Voltage Scale Factor (determines the gain of the rnultiplier). 

kl 
Current Scale Factor (kl) = (Rr I RUk. 

k.adjust 
Scale-Factor Adjustment. 

linearity 
"Linearity" indicates the degree of rnultiplier error (i.e. 
deviation from "straight-line" characteristics) along each of 
the four boundaries of the input x. y field. These boundaries 
are formed when one input is held at one of the tWo 
maximum values (10 volts or -10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 
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Fig. 12-Contour mapping of multiplier accuracy (plotted on i.omer.) and linearity. 

Unearity Adjust 
An external circuit to provide vernier adjustment for 
optimum linearity. This control should be adjusted before 
adjusting the y-balance control. 

Linearity Balance Circuit (Low-Leven 
This circuit makes the multiplier's transfer function linear for 
low-level x-input signals. 

Linearity Compensator 
Internal circuitry that converts input current into a non
linear voltage, a requisite for producing a linear output in the 
differential amplifiers of the multiplier circuit. 

Multiplier Circuitry 
Provides the product of the two input voltages. 

Multiplier Transfer Function 
This function mathematically describes the interaction of the 
two inputs and the resulting output signal. The basic transfer 
function for a multiplier is 

k(Vx + Vxe) (Vy + Vye) = Vo + Voe 

where: k = k factor and represents the basic gain of the 
mu!tiplier 

\Ix. Vy = the external inputs to be multiplied 

Vo = the desired value of the product output signal 

Vxe• Vye = the "effective" errors that occur at the inputs 
of the mUltiplier and cause an output signal 
when either input is in a zero state. 

Voe = the error voltage that develops at the output of 
the multiplier 

DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
oomplex linearity error term appears in the transfer function; 
however. this term is nat included in the above equation far 
the purpose of clarity. 

OPERATING CONSIDERATIONS 

Operation of a Multipl iar 

A multiplier is. essentially. a gain-controlled amplifier (See 
Fig. 13) that multiplies the input signal (Vx) with the 
external gain controlling signal (Vy) to produce the resultant 
output (V 0)' The gain is externally adjustable by a coef
ficient (kl. Stated simply. a multiplier produces an output 
voltage that is the linear product of two input voltages. 

Fig. 13-Gain-control/ed amplifier. 

The basic multiplier. shown in Fig. 140. is a two-quadrant 
multiplier. The input signal (Vx) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (Vy) must be positive and greater than the base-to
emitter voltage (Fig. 14b). The output current (11-12) of the 

differential amplifier. comprised of transistors Ql and 02. is 
related to both the input signal (Vx) and the current source 
(II. Since the current source (I) is related to the gain 
controlling signal (Vy ) the output current (11-12). therefore. 
is related to both Vx and Vy. 

tb' 

Hes-"." 
10' 

92CS-HUi!l7 

b) Multiplier functional 
a) Basic circuit. only in shaded legion. 

Fig. 14-Two-quadrant multiplier. 

This relationship is essentially non-linear; thus an appro
priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 

11 -12 = k' Vx Vy 

where k· is a constant 

(Eq.l) 

225 



LINEAR INTEGRATED CIRCUITS 

CA30910 
Figure 15 shows a typical arr/lllgemellt of three differential 
amplifiers to form a four-quadr/lllt multiplier .. This arrange· 
ment incorporates tha operating principles of tho two· 
quadrant multiplier, but, in addition, it permits both of the 
input signals (Vx and Vyl to have positive or negative 
polarities (or zerol. When either input is zero, the output 
current (11-121 must, theoretically, be zero as is shown by 
tha following: 

1. Assume Vx = 0, 

thon il = i2 and i3 = i4 

thorafore i 1 +i4 = i2+i3. 

Since 11 = i1+i4 and 12 = i2+i3. 
then 11 = 12. 
This equality is independent of Vy 

2. Now assume Vy = O. 

then i5 = i6. 

Sine is = i 1 +i2 and i6 = i3+i4, 
then i 1 +i2 = i3+i4. 

Since il = i3 and i2 = i4 

then i 1 +i4 = i3+i2. 
Therefore 11 = 12. 
This equality is independent of Vx. 

SzcS-lun 

Fig. 15-Basic four·quadrant multiplier. 

The multiplying operation discussed in tho previous sactioll 
appl~ when neither Vx nor Vy is zero. The output current 
(11-121 then satisfies Equation 1, 

The multiplying action of the four·quadrant multiplier is 
dependent on current unbalance in the three differential 
amplifiers. Id .. lly, tha multiplying operation should not 
occur if either Vx or Vy is O. However, in practical 
applications ."!Ilt current unbalances do exist. It is neces
sary, therefore, to null out such unbalances with external 
potentiometers prior to operation. 

TVPICAL OPERATING CONSIDERATIONS 
The RCA-CA3091 D, shown in Fig. 2, is a four·quadrant 
multiplier that incorporates the basic multiplier principle, 
previously discussed in "Operation of a Multiplier". Because 
the design of this multiplier is based on the mUltiplication of 
two input currents to produce an output current it is 
necessary to convert the input voltages to input currents and 
the output current to an output voltage by inserting resistors 
at both input and output terminals. Fig. 1 shows the 
four·quadrant multiplier with its peripheral circuitry for 
nulling current unbalances. 

The Bias Current (lIB) at Term. 3 sets the operating current 
level for the entire muitiplier circuit by means of a 
current-source circuit. Ther~fore. it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Term.S). 

Linearity of the differential amplifier transconductance 
function is accomplished by linearitv compensators as shown 
in Fig. 1. To correct low·level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
potentiometer is connected to Terminals 7 and B (See Fig. 
11. The Current Converter Circuit, which consists of a set of 
current mirrors, supplies the output current (11-121. It is 
important that circuit unbalances be corrected prior to 
operation. Table I describes th~ alignment procedures for 
correcting these unbalances .. 

Amultifunctionalcircuitbo.rd (Figs. 16 and 171 is available 
for performing the four basic applications, such as, multi· 
plying, dividing, squaring and taking the square root. 

When the CA3091 0 i~ used as a multiplier (Fig. 18) or as a 
squarer (Fig. HII only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general· 
purpose operati~al amplifiFr (CA3741T) is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the CA3091 D is used as a divider (Fig. 20). the 
operational amplifier is required in order to provide the 
proper negotive feedback. The limitations for operation as a 
divider are that O<V~ 10V i",d -10V:S;; Vz:S;; 10V. Note, 
the range of Vy is limited to the positive polarity; if Vy was 
permitted to go negative, the feedback loop would go 
positive and, thereby, create an unstable operating condition. 

Alignment of the divider (Fig. 191 differs from mUltiplier and 
squarer alignment because of the additional variances intro
duced by the operational amplifier. A coupling capecitor is 
providad at the \Iu!put of the divider alignment circuit in 
order to seporate the ac signal from the dc signal and, thus, 
avoid interection between the calibrating potentiometers. 

Tho alignment procedure for the square·rooter function (Fig. 
21) is identical to the alignment procedure for the divider 
function. The input voltage range is limi~ to 0 < VI :s;; 

Table I 

AC Alignment Procedures For CA3091 D, Four·Quadrant Multiplier 

(Refer to Fig. 16, for circuit pertaining to following alignment procedures.1 

VoI ...... i .. Control 
TOIl so.., 

Equipment Melsu,. Nat .. 
No. 

.V. Vy 
Adju. ..-

1 - - - - - Set all potentiometers to center of range. 

2 0 VIM x Balance ACVM Vo Adjust for a minimum reading. 

3 0 VIM Linearity ACVM Vo Adjust for a minimum reading. 

4 - - - - - Repeat Steps 1 and 2 until no further improvement 
is noted. 

5 VIM 0 V Balance ACVM Vo Adjust for a minimum reading. 

6 0 0 Zero DCVM Vo Adjust for zero output. 
Output 

7 VMID VMID Rk AC/DCVM Vo Adiust for V~ID/l0 at the output. 

S - - - - - Check multiplier for alignment in all four quadrants. 

VIM - lithe I"I'IIximum AC swing of the sina wave that will be applied to th.multipli ..... A 2O-volt pop value Is the nominal maximum swing 
of the AC sine wave with input ,nlsto,s of 50 kilohms. 

VM1D - An AC or DC voItagI that approxil"l'lltlly satisfi~the equation VMID "" VIM/ .[2. For example. if a 50-kilohm resistor is used with 
• 7""oIt input. then Rk should be adjusted for 8 4.9'"'JOlt output. 
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1 OV. This limitation is necessary in order to prevent the 
output voltage (Vol from ",tching to the negative output 
saturation voltage of the operational amplifier. Table" de· 
scribes the divider alignment procedure. 

x-BAL.ANCE 

50' 

39011 

v+·15v 

---~ 
0- 0 O+ __ "-.h 

SAMPLE-BOARD TERMINAL. 
CONNECTIONS FOR 
MULTIPUER,SQUARER, 
DIVIDER,AND SQUARE 
ROOTER 

.. RCA-CA374IT IS A 
GENERAL-PURPOSE 
OPERATIONAL AMPLIFIER 
WITH INTERNAL. PHASE 
COMPENSATION. 

RESISTANCE VALUES 
ARE IN OHNS 

92C5-19S47 

Fig_16- Typical multifunction circuit a"angement utilizing 
the CA309/D and CA374 I T. 

a) Foil side. 

b) Component side. 

Fig.17-Photographs qf a printed·circuit board for multi· 

function applications (multiplier, squarer. divider, 
square rooter) utilizing the CA3091Dand CA3741T. 
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CA3091D 

Set ..... Y. Yy 
No. Y Y 

I - -
Z ° Ys 
3 ° lOYde 
4 Vs Ys 
S 6Yde SVde 

CONNECT V. AND Y, 
TPMlNALS POll SQUARER 
O~I..ATIO 

-
-
YO 

Vo 
Vo 

Vo 

T_ 
Output .......-CGu!IIInt IMd 

- -
IC IC-YM 

de do-YM 
IC IC-YM 
de do-YM 

Vo 

-IOVS "oSIOV 

-SEE 'IG. II FOR 
PERIPHERAL 
CIRCUITRY 

II} Cirr:uit IITTBI1gtm111f1t for multiplier or IJIIINI"" optHlItion. 

Adj- -
- Set In potIntia~ttrl to cant ... of ran ... 

0-0 Adjust for minimum Nldin •• 

xbll.MI AdjUlt for OV do ou ....... 
'IboII_ AdjUIt for minimum ...-dinl_ 

","",un AdJust"" 10V do out ...... 

b} Tllrmi".1 conlH/Ctions for multiplying o~,.tion. 

lit Vo 
c} T.mi,..1 ConfHICtions fo, IJIIINI"" O{JIInItion. 

Fig. IS-Multifunction ci,cuit-botIrd IJmIfIgtHYltJfIt with tllrminM conIHICtions for muitip/illrtJfld sqUllNWopIIrlltion. 

• $(£ Ftc;. II FOR PERIPHERAL CIRCUITRY 

Fig. 79-fll} Divide, Mignment cirr:uit. 

v, 
"'OYSV.SIOVQ-----<>--l 

• } Cin:uit .,,.,,gtmlllflt fo, divider OPIfrIJtion. 

bl T"""ifllli connections fo, dividr opIIrlltion. 

t2CS-I"S! 

-IOSYOS IOV 

Fig.20--Multifunction cm:uit-/Joard IImIngtmlllflt wirh tIIr· 

mifllli connections for dividr optHlItion. 

Fig.I9-fb} Cirr:uit to provide o""'t I/C .;,..1 for UN in 
divider IIlignment procedure. 

v, 

v, 

rv;
Yo'I-T 
I • 

r-"oSIOY 

. ·su ,tG ... FOR 

v-. -t5Y ~f:~~:::L 

II} Cirr:uit """"fJllmtlnt for 1JIIINI"·roo"" opIIrlllion . 

b} T"""ifllli conn«:tion. for sqtI8fe-TOOtIIr operation. 

Fig.27-Multifunction cin:uil-board IIrrengemetlt wirh tIIr· 

minlll connections for sqwre-rooter optHlItion. 
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CA3093E 
General-Purpose High-Current N-P-N Transistor .. 
Zener Diode - Diode Arra, 

RCA CA3093E * is a versatile array of three high-current 
(to 100mA) NPN transistors, two 10%-tolerance Zener diodes 
and one conventional diode, all on a common monolithic 
substrate. Two of the transistors (01 and 02) are matched 
at 1 rnA for applications in which offset parameters are of 
special importance. The combination of positive Zener voltage 
temperature coefficients and negative forward base"emitter 
voltage temperature coefficients provides a unique tempera
ture compensation capability. 

MAXIMUM RATINGS, Absolurs-Maximum Values at TA = 2!JC 

Power Dissipation: 

Anyone transistor ........................... . 
Anyone Zener Diode ..... ___ ....... __ .... - - - . -
Total package _ .. _ . __ . _ .... __ ... - . - .. 

Independent connections for each transistor and diode plus 
a separate terminal for the substrate permit maximum flexi
bility in circuit design. 

"Formerly developmental type TA6119 

#Z, , Z2 and D1 are transistors internally connected as shown below. 

mW 
mW 
mW 

Above 25°C ......... _ ...... _. _. - _. ........... Derate linearly 

500 
250 
750 
6.67 mwfe 

Ambient Temperature Range: 
Operating . __ . - ........ . 
Storage .... - .... . 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch 0.59 ± O.79mm) 
from case for 10 seconds max. 

The following maximum ratings apply for each transistor 

Collector-to-Emitter Voltage (VCEO) . _ ... _ ....... _ . 
Collector-to-Base Voltage (VeBO) 
Collector-to-Substrate Voltage (V CIO)·' .. _ . - - - - .. 
Emitter-to-Base Voltage (VEBO) 
Collector Current (Ie) 
Base Current (I B) 

-55 to +125 
-65 to +150 

+265 laC 

15 V 
20 V 
20 V 
5.5 V 
100 rnA 
35 rnA 

The following maximum ratings apply for each Zener Diode or Diode 

Zener Diode de Current (IZ) 
Zener Oiode-to-Substrate Voltage (VZIO)' 
Diode (01) Forward Current (IOF) 
Diode (01) Reverse Voltage (VOR) 
Diode (01)-to-Substrate Voltage (VOIO)' 

"The collector of each transistor, the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated termi nals in order to 

Fig. 2 - hFE vs IC 
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35 rnA 
20 V 
50 rnA 
5.5 V 
20 V 

maintain isolation between devices and provide normal transistor 
action. To avoid undesired coupling between devices. the substrate 
terminal (5) should be maintained at either de or signal (ac) ground. 
A suitable bypass cap<Iocitor can be used to establish a signal ground. 

TYPICAL STATIC CHARACTERISTICS 

I TRANSISTOR COLLECTOR-TO-EMITTER VOLTS (VCE 1=3 

~ 0.' 
I II I I 

~~ 0.8 
l ...-; 

.,L.J,I H1~ ~ .- '" 
~i~07 "EtAp€."R~"~ Z!:l':.Sr-- ./' ,-- r..lABIEN" 

I-"'" UJ IXI~ ~~i- - .J 
~ ~~ 0.6 -- .!!--~ 
o Ui~ i-~ ~ _t--
8 r as 
0<1 

~ 0.' 

0.' 
I 10 I QI 00 

TRANSISTOR COLLECTOR OR DIODE MILLIAMPERES [lCorIOI) 

921:$-'''1680 

Fig_3- VBEVslcandV01VslOl 

Features: 

• 6 independent devices plus separate substrate connection 
• Compensating temperature coefficients - VeE and VOl 

VS_ Vz 

Transistors 

- High IC (l00mA max) 
• Matched pair (01 & Q2) 

VIO = ± 5mV max) at I = lmA 
IIO=2,5I'Amax C 

tlVIOltlT = 5/AV/'C typ 

- hFE = 40 min @ IC = 10mA 
or SOmA 

• Low VCEsat _ .. 0.7V max@SOmA 

Zener Diodes 

• Two 1/4W Zeners 

• Vz = 7V ± 10% 
- zZ=15ntyp 

Diode 

• Close for~ard voltage match to VBE'. of 01 and 02 
• VplV = 5.5V min. 

Applications 

• Signal processing and switching systems operating from 
DC to VHF 

• Lamp and relay driver 
• Differential amplifier 
• Temperature-compensated amplifier 
• Thyristor firing 
• Temperature-compensated shunt regulator 
• Temperature'compensated series regulator 
- Level shifting 
• Voltage-level clamping 

• Current regulator 
- Voltage clamping 
• Simple off-line regulated supply 
• See ReA Application Note, ICAN-5296" Application of 

the RCA-CA3018 Circuit Transistor Array" for applications 
in addition to those given on pages 5 & 6 of this bulletin. 

Fig. 1 - Functional diagram of the CA3093E (bottom view) 

, SET DC FO~WARD-CURRENT TRANSfER RATIO (hFE1~IO 

II AMBIENT TEMPERATURE (TAl ~ 25·C 

~ I 
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/ r> 

~~ / ~5 0.4 
,/ V .. > 

~ ~ / ~~i-\ 
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0 
6 e 10 8 100 

COLLECTOR MILLIAMPERES IIel 
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Fig. 4- VCEsatvslcat25'C 



CA3093E 
ELECTRICAL CHARACTERISTICS at TA 2SoC 
For Equipment Design 

CHARACTERISTICS SYMBOL 

For Each Transistor: 

Collector-ta-Base V(BR)CBO 
Breakdown Voltage 

COllector-ta-Emitter V(BR)CEO 
Breakdown Voltage 

Collector-to-Substrate V(BR)CIO 
Breakdown Voltage 

Emitter-to-Base V(BR)EBO 
Break.down Voltage 

Collector-Cutoff-Current ICEO 

COllector-Cutoff-Current ICBO 

DC Forward Current 
hFE Transfer Ratio 

Forward Base-ta-Emitter Voltage VBE 

COllector-to-Emitter VCEsat 
Saturation Voltage 

Forward Base-ta-Emitter "VSE/"T 
Temp. Coefficient 

For Transistors 01 and 02 (As a Differential Amplified: 

Absolute Input Offset Voltage IVIO' 

Absolute Input Offset Current 1110 1 

Temp. Coefficient of Offset Voltage l"vIOI"TI 

For Each Zener Diode 

Zener Voltage Vz 

Zener Impedance 'z 
Zener Reverse Current IZR 

Zener Voltage Temp. Coefficient "VZ/"T 

Zener-to-Substrate Breakdown V(BR)ZIO 
Voltage 

Dissipation 

For Diode (011 

Diode Forward Voltage V DF 

Diode Forward Current IDF 

Diode Aever$e-Breakdown Voltage V(BR)OR 

Diode-ta-Substrate V(BR)OIO 
Breakdown Voltage 

Diode Forwar~Voltage "VOF/~T 
Temp. Coefficient 

• COLLE' OR-Ta-EMITTER VOLTS (\lCE)'!V 
t" 6 AMBIENT TEIIIPER'HURE !TA)' i!~·C 

-0 

~ '~--~----~~4-+----+----+-~-+~ 

:v-~-+-+-+-+-----t---+-+-H 
. . 

0.1 I 
COLLECTOR MILLIAMPERES (Ic l 92CS-I7769 

Fig. 8 -I/O vs Ie (transistors 01 and02asa 
differential amplifier) 

TEST CONDITIONS 

IC: 100"A, IE : 0 

IC: lmA,IB: 0 

ICI : 100"A.IB : 0, 

IE o 0 

IE : 500"A, IC : 0 

VCE : 10V, IB : 0 

VCB 0 10V, IE : 0 

.llc - lamA 
VCE : 3V 

Ilc : 50mA 

VCE 0 3V, IC o fOmA 

IC : 50mA, Ie '" 5mA 

IE : lOrnA 

VCE : 3V, IC " lmA 

-

IZ " lOrnA 

IZ " 10mA, f : 1 kHz 

Vz '" +5V 

IZ " lOrnA 

IZ " l00J,lA 
(Terminals 7 & 9) 

Refer to Example in 
Application "a" 

IC" 10mA, VCE " 3V 

lOR: 500"A 

'Oiode "" l00"A 
(ierminal 10) 

'DF : 5mA 

'1 • 
£ 
~ 

:; 
g 7 

~ 
~ 

~ • 
~ 
w 
z 
~ 

5 
.1 

LIMITS 

Min. Typ. Max, 
UNITS 

20 60 - V 

15 24 - V 

20 60 - V 

5.5 6.9 - V 

- - 10 "A 

- - 1 "A 

40 76 -

40 75 -

0.65 0.74 0.S5 V 

- 0.40 0.70 V 

- -1.9 - mV/oC 

- 1.2 .5 mV 

- 0.7 2.5 "A 

- 5 - IlV/oC 

6.3 7 7.7 V 

- 15 25 fl 

- - 1 "A 

- +3.6 - mVfC 
i.e. +.05 %/oC 

20 60 - V 

- - 250 mW 

0.65 0.74 0.85 V 

- - 50 mA 

5.5 6.9 - V 

20 60 - V 

- -1.9 - mV('C 

II I 
ltT 1.RAU 1Lo-c 

~ I-::::; 

r- O"c 

'A 
ZENER MILLIAMPERES !Izl 

....... 2~OC 

9i!CS-lilUI 

Fig. 9 - Typical Zener breakdown voltage vs current 
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AMBIENT TEMPERATURE (TAI,70°C 
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Fig. 6 - V8Esat vs Ie 
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Fig. 7 - V/O vs Ie (transistors Oland 02 as a 
differential amplifier) 
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Fig. 10 - Typical Zener impedance vs current 
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LINEAR INTEGRATED CIRCUITS ___________________________________ _ 

CA3093E 
TYPICAL APPLICATIONS 

.) ±7V Regulator supplying CA3093E Trlnsiltor. plus an externat 
load. 

~""ON<>---~o,--I 
l'z.1-..,=-...1 

Semple Computation for Determining Perm_b .. Zenlf' DiIliPition 
It+25°C. 

CA3093E Rotin" .. ' T A - +2SoC 
To,"1 Dill. Max = 750 mW cOer .... 6.67 mWf'C ..... 25'C) 
&ch Ze .... r Di .. Mex .,. 260 mW 
MIl •• zim., Current • 35 mA 

_ CA3OII3E T,_Ist ... /O_ Load Oilllpotion - 3IiO mW .hen 
mo •• toto! z._ DIu. CPZ1 + Pz2) - 750 - 350 - 400 mW 

ClZl+ IZ2) mo. - 400 ~W - 67 mA 

INo .. : Max. cur ..... 'otl"" on ..... Z .... , i, 35 mAl 

I ... 
'L OK a.5-15V 

EUllllIEG_18V 

1 
, .. 

9Zt5-19686 

Typical Tomperlwre Char .... 'I .. I •• EL - 12V 

dE LIE L 
---;r-' 100 -. O.OO9%f'c 

Typical L_ Regulotion ., EL - 12V 

IL • 0 to 40 rnA 

dEL EL • 100 • • 0.4% (no 1_ to !ull loadl 

230 

ItL 

°L 

bl 14V Regulotor !o, 01. 02. 03 

ZOO.Q 

'L 

Typical Load R_lotion 
forll-Oto25mA 

TvPical liM Regulation 

AEL/El x 100 - -6'lIi 
Cno !oed to full load) 

TyplClI Tomporotu," ~Istlc 

dELlEL 
~ • 100 - +O.o&%I"c 

TVPUI Line Regulation @EL .. 12V 

C"'El/Ell x 100 = t O.45%IV 
AE unreg. 

Typical El Ripple Voltage = 70 mVp•p 

"'EL 
Typical Load Regulation :a: -E- x 100 ;: -8.5% (no load to fuliloadl 

IL =Oto30mA l 

C"'EL/ELl x 100 
Typical Line Regulation - ~EAC "'" ± .075%N 

.) B.8V Temp.-Componutec! Shunt Reguloto, 

'UN 

120n r-- _ ~~.!.E_ - ---, 

I 

.J 
I , , , 

I I I z, I 
+ ' I 

I • I 
I I 
I I 'L "EG.-15\1 L_ t-- -I • I 

I I 
10. 

o~r' :--1 
,. I • I I 0, 

I 
" 

I 
L_ _.J 

92C5-19&1S, 

Typical Tem~rature Characteristic @ R l '" 330n 

"'EIfE l x 100 =.0 007%/'C &T . 

Tvpical Load Regulation I L '" 0 to 40 rnA 

C"'EL/Ell x 100=-3% Cno loed to luliloadl 

Typical Line Regulation at RL "" 330n 

"'El/EL 
4E'unrag. )( 100 -:t O.55%N 

e) Off-L.ine 7V Regulator 
OFF-LINE 1y REGULATOR 

PART 

200v 0, ". OF 
CA309!£ R£CT IIC/2W 6200/1W r-l 

1N4418 I .ll'O TO 30 ....... 

I 7 

+ I 
'At IDOl'F I z,l '20v _ oov 

I 'L "L 60- I 
I. I 
I I 
I I 
L_J 



LINEAR INTEGRATED CIRCUITS 

CA3094, CA3094A, CA30948 Types 
Program .... abl. Pow.r Switch/ SINK OUTPUT 

(COLLECTOR) 
EXTERNAL 
FREQUENCY 
COMPENSATION 
OR INHIBIT 
INPUT 

Amplifi.r 

For Control & Generi!I-Purpose Applications 

CA3094: For Operation Up to 24 Volts 
CA3094A: For Operation Up to 38 Volts 
CA3094B: For Operation Up to 44 Volts 

APPLICA TlONS: 
_ Error .. i .... 1 det.ctor: temperetur. control with thermiltOr 

sensor; speed control for shunt _nd de ~ 
_ Ov.r ...... r.nt. over-voltege. ov .. -tem .... ture protecton 
- Dual-tr.cking power supply with RCA-C43OII6 
_ Wid.frequ.ncy-ronge oscillator - Analog ti_ 
_ Le.el detector - Aborm .yotems - Voltego foll_r 
_ Romp-vo!tega genarotor - High-power comp.rotor 
_ Ground·feult interrupter (GFII drcuhs 

The CA3094 is a differential-input power-control switch/ampli
fier with auxiliary circuit features for ease of programmability_ 
For example. an error or unbalance signal can be amplified by 
the CA3094 to provide an on-off signal or proportional-control 
output signal up to 100 mAo This signal is sufficient to 
directly drive high-current thyristors, relaYs, dc loads, or power 
transistors_ The CA3094 has the generic characteristics of the 
RCA-CA3080 operational amplifier directly coupled to an 
integral Darlington power transistor capallie of sinking or 
driving currents up to 100 mAo 

The gain of the differential input stage is proporti,,"al to the 
amplifier bias current (lABC), permitting prog,ammab!e 
variation of the integrated circuit sensitivity with either 
digital and/or analog programming si9nals_ For example, at 
an IABC of 100 jIA, a one-millivolt change at the hiput will 
change the output from 0 to 100 mA (typical). 

The CA3094 is intended for operation up to 24 volts and is 
especially useful for timing circuits, in automotive equip· 
ment, and in other applications where operation up to 24 
volts is a primary design requirement (see Figs.27,2B and 29 in 

Applications Section). The CA3094A and CA30!I4B are 
like the CA3094 but are intended for operation up to 36 
a!'ld 44 volts, respectively (single or dual supply). 

Application Note ICAN-6666 describes the rudiments of 
Operational Transconductance Amplifiers (OTA's)_ 

These types are available i., 8-lead TO-5 style packages with 
standard leads ("T" suffix) and with dual-in-line formed leads 
"DIL-CAN" ("S" suffix). Type CA3094 is also available in 
an 8-lead dual-in~ine plastic package "MINI-DIP" (i'E" suffix), 
and in chip form ,"H" suffix). 

_,CATION NOTE ICAN-60f8 GIVES DETAILED AI'I'LICA TION 

INFORIIA TlON FOR THE CA309f. CA3OlUA. ANO CA3OHB. 

EXTERNAL 
FR£OU[ttCV 
COMPENSATION 
OR INHIBIT 
INPUT 

SINK OUTPUT 
__ L-Jii'I (COLLECTOR) 

DIFFERENTIAL 
VOLTAGE 
INPUTS 

GROUND; V- IN 
DUAL- SUPPLY 
OPERATION 

6 DRIVE OUTPUT 
IEMITTER) 

m
lC CURRENT 

PROGRAMMABLE 
INPUT 
(STR08E OR ..;] 

NOTE: PIN 4 IS CONNECTED TO CASE 
lOP VIEW 

92CS-24eel 

TO-S Styl. Packaga 

Features: 
• D .. ign.d for single or _I power supply 

DifFERENTIA 
VOLTAGE 
INPUTS 

GROUND i Y- IN 
OUAL- SUPPLY 
OPERATION 

TOP VIEW 

Plastic Package 

_ Progrommob!e: strobi .... gating •• quelchi .... AGe ... pebiliti .. 

6 DRIYE OUTPUT 
(EMITTER) 

mlC CURRENT 

PROGRAMIIIA8LE 
INPUT 
(STRO" OR ";J 

92CS-24U2 

_ Can deliver 3 _ (.vg.) or 10 W (peak) to oxternalloed lin switching model 
• High-po_. linglHnded cIus A amplifier will deliver power output of 0.6 

WItt (1.6 W .... ice diuipationl 
_ Totel harmonic distortion (THDI. 0.6 W in don A operation - 1.4" tyPo 
_ High currant-handling ... pebllity - 100 mA (ovI.I. 300 mA (peekl 

• Sensitivity controlled by varying bill current 
Ii o,;tpUt: .... ink .. or "driv." ..... bility 

CA3084 CA3094A CA3OM8 

DC SUPPLY VOLTAGE: =:u.:y .• :::::::::::::::::::::::::::::::: 

DC DIFFERENTIAL INPUT VOLTAGE 
(Tlfllli_1I 2 IIICI 3) ............ _ ............. . 

DC COMMON~DE INPUT VOLTAGE •.....•..•... -
PEAK INPUT SIGNAL CURRENT 

(Tlflllinllis 2 and 31 ..... : ..................... . 
PEAK AMPLI FI ER BIAS CURR ENT 

(Terminal 51 ., .•.•• _ . _ .• _ ...... - .. - - - ....... -

OUTPUT CURRENT: 
.... k _ .............. ______ ....... ____________ _ 
A_age .... _ .... ___ . ____ ... _. _____ . _ ........ 

DEVICE DISSIPATION: 
UP to TA = _IiSOC: 

Without heat sink ..... __ . __ .... ___ .. ______ . _ 

With hliat link .............. _____ ........ _ 

± 12V ± laV ±22V 
24V 36V 44V 

± 5-
Term. 4 CO; Term. 2 & 3 CO; Term_ 7 

± 1 

2 

300 
100 

630 
1.6 

V 
V 

V 

mA 

mA 

mA 
mA 

mW 
W 

Above T A· 550 C: '-
Without heat sink derate linearly ... - - . - - - - - . - - '6.67 mWfDC 
With heat sink derate linearly ______ .. - - - - - ... 16_7 mWfOC 

THERMAL RESISTANCE 
(Junction to Air) .. _ .. ____ .... _ .. __ . __ ......... . 140 DC/1I 

AMBIENT TEMpERATURE RANGE: 
Operating .................... _________ .. _ .. .. 55to+125 DC 
Storage ............. - ... _._. __ .... ---------- .. -65 to +150 DC 

LEAD TEMPERATURE (DURING SOLOERING): 
At dimnce 1/16 ± 1132 in_ (1_59 ± 0_79 mm) 
from ca. for 10 s max_ _ __________________ .. __ +300 DC 

-ExCllding this volt8g1 rating will not damage the device unless the peak input ,ignal current 11 mAl Is also exceeded. 

'2 
~ 

f 
~ .. .. 
t 
0 .. 
~ 
!! 

~YYOLT'S:V -+/1. V-.-IIS I I • I +11.1-': 
S 

I I .'0. 
I p·c 1/ 

~111 

-I~ Y -IS-C +2 

21 
... 

-2 

-s 
-4 I 

+-.Is·e 
-s 

-7 I 
- • , 4 .•• • ••• 0.1 10 100 

AMPLIFIER liAS MICROAMPERES IIABCI 

Fi,.2-lnput offNr WIlt.,. W's. amp/ifi", bi., 
tII"Mt II ABC. term;n" No. 5J. 

'2($-1751' 

IDOC 

10'. SUPPLY VOLTS: V -+/1, Y-.-II 

• 
11 • ~ 101 

E • • .. • 
i I. 

• • J • 

* 
I 

~ • ; ..... 
5 
~ 0.1 

• • 
001' 

2 
0.1 

, 

.~ .r / 
~."~~ 

..r ..!l -17 

• •• • ••• , • •• • ••• 
I . 10 tOO 1000 

AMPLIFIER BIAS M'CRQ""PERES C :I.IC) 
• .leS-I"", 

Fig.3-Inpur 0''''' CU"Mt V.I. Mnplifiw NI cu,.,.,.. /I ABC, ...... infI/ IUI_ 5/_ 
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LINEAR INTEGRATED CIRCUITS ____________________________________ _ 

CA3094, CA3094A, CA3094B Types 

ELECTRICAL CHARACTERISTICS tit TA - 2&oC For EquIJll1*lt DeIIan 

T_ 
CHARACTERISTIC SYMBOL 

Circuit 

Fi.No. 

INPUT PARAMETERS 

Input Offset Voltage VIO 17 

Input·Offset·Voltage Change \AVIOI 

Input Offset Current 110 lB 

Input Bias Current II 19 

lleYice Dissipation Po lB 

Common·Mode Rejection Ratio CMRR 20 

Common-Mode Input-
VICR 20 

Voltage Range 

Unity Gain-Bandwidth 

Open-Loop Bandwidth 
BWOl 

At -3 dB Point 

Total Harmonic Distortion 
THO 

(Class A Operation) 

Amplifier Bias Voltage 
VABC 

(Terminal (No.5 to Terminal No.4) 

Input Offset Voltage 
AVIO/AT 

Temperature Coefficient 

Power·Supply Rejection AVIO/AV 17 

llF Noise Voltage EN 21 

1/F Noise Current IN 21 

Diff .. entiallnp..t Resistance RI 

Diffarantiallnput CajJacitance el 

I SUPPLY VOlTS:V+.+IS,V- --IS 

,4.S.~~ .. ~·r··:N~T:Tf£f .. f·£~·~·~T~U.j.~lTf·f'·~·~··~Cj1i~;Effi i ; 
"i: 14 V CIiI; 

P .... 

I 13 •• ·~+-I_+++-I-++++-+__t_t_tt-r_+ffi 
i -.• I-+_+++t----jI-+-t+I-+_t++t---1-+-t+I 
8 -.... 5~-I-...j.-I-~--1I-+-!+!-+-t+tt.:.·--¥C •• !liR':_H_I 

-. 
D.I 

232 

14" 4" 24" 
I 10 100 

AMPLIFIER 81AS CURRENT ClA8t l-"A 

Fig. I-Common modtI input fIO/t. va. .",p

lifier /JiM CU"-"r (I ABC. r.rm,fNI 
No. 5/. 

• II 
IDOD 

TEST CONDITIONS LIMITS 

81 ... Supply V+ - 30 V 
DuIII Supply y+ - 16 V. a... 

V--16V 
Curves 

Nln. Typ. ... 
IABC -1001lA 

Unl_ OIhwwise 
Specified Fit. No. 

TA=250C - 0.4 5 
2 

TA=Ot0700C - - 7 

Change in VIO 

Between IABC = 100 I'A - 1 B 

and IABC = 51lA 

TA = 250C - 0.02 0.2 
3 

TA = 0 to 700C - - 0.3 

TA = 250C - 0.2 0.50 
4 

TA=Ot0700 C - - 0.70 

lout = 0 5,6 B 10 12 

70 110 -

High 27 28.8 -
V+= 30V 7 Low 1.0 0.5 -
V+= 15V 

7 
+12 +13.8 -

V-= 15V -14 -14.5 -
IC= 7.5 mA 

VCE = 15V - 30 -
IABC = SOOI'A 

Ic=7.5mA 

VCE=15V 12 - 4 -
IABC = 500 jlA 

PO= 220 mW - 0.4 -
PO= 600mW - 1.4 -

- 0.68 -

- 4 -

- 15 150 

f - 10 Hz 
B - lB -

IABC= 5OI'A 

f = 10 Hz 
9 - 1.8 -

IABC= 50jlA 

IABC= 2O I'A 0.50 1 -
f= 1 MHz 

-
V+=3OV 

2.6 -

.. 
IUPPl:t VOLTAK ly· ..... I5Y.(V;.-lsv 

45 =TR==J:'I~~:~25·C 
~ .. TEST CIICLlT, SEE 'IG. 21 

1: H\ ! .. 
!!! JO~~·Ls J 
~ 25 

'" r--:..CURREN' \lA.CI"~ .. 
i 
:; 

zo 

lOr--
'D 

10 
, 

"-~ L. 
, 
~ . . , , 

.0 

FREQUENCY (f i-HI 

. 
Fig.8-1/F Noise "oftllge vs. frequency. 

UNITS 

mV 

mV 

mV 

jlA 

jlA 

jlA 

I'A 

mW 

dB 

V 

V 

V 

V 

MHz 

kHz 

% 

V 

I'VfoC 

I'V/V 

r,.-t1Hz 

pA/Efi 

MO 

pF 

\g 
t 
I ,.. ~ 
I 
B 

~iI" ~ 
:; 

. • 10 
, 

9ZCS-.i!:Ol58 

104, S~PPLY VOLTS:V+-+15,V-.-15 

0.' 
41. ••• 4"8 

0.1 0 .. ,.' I 10 100 1000 
AMPLIFIER BIAS MICROAIIIP[RES I lASe I 

9lCS-10414 

Fig.4-lnpur bias current If$. amplifier bias 

cur,enr (I ABC. terminal No. 5/. 

.. '" 68 2 .. 61 2: '" 68 2 .. 1'1 
0.1 I 10 100 1000 

0.' 

ANPLlflER BIAS Ct"IRR[Nl (lAac1-"A 

Fig.5-Device diuiparion vs. amplifier bi •• 

current (/ ABC. tfNminal No.5). 

a "'. II 2: . .. ... 
1 10 100 

AMPLIFIER BIAS CURRENT (IABC)-IIA 

t2CS-20585 

Fi,.S-Atnp/ifie, supply current "I. amplifier 

bi .. cur,.,.' II ABC. rt!rmina/ No. 51. 

~ ... , 
........ v VOLTAGE. IV· •••• Yi 'V"'-15 v 

~ :""gTR~~,=.:l~;~~~ 'j 
FOR TiEST CtItCUIT, SEE FIG. 21 

IO~ 
~" 5-, ~·cJ. 

'-- r'!tif, !.r.o.,.,. 
~-~ 

• 

,""'-
, 

n, 
'D 

"-

-
2 

-
, 

10 
FREQUENCY 10-Ht 

.. -~ 
.~. 

F jg.9- 'IF Noise current vs. frequency. 

92CS-20)89 
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CA3094, CA3094A, CA30948 Types 
ELECT'RICAL CHARACTERISTICS 8t TA - 25·C For Equipment Desi., 

TEST CONDITIONS LIMITS 

Single Supply V+ K 30 V 

Test 
Dual Supply V+· 15 V. 

Char. 
CHARACTERISTIC SYMBOL V-=15V Min. Typ. Max. 

Circuit 
IABC = 1~ j!A. 

Curves 

UnlassOth_ise 
Fig. No. Specified Fig. No. 

OUTPUT PARAMETERS (Differential Input Voltage = 'V) 

Peak Output Voltage: 
(Terminal No. 61 V+ = 30 V 

With 013 "ON" V+OM RL = 2 kUto ground 26 27 -
With 013 "OFF" V-OM - 0,01 0.05 

Peak Output Voltage: 
V+=+15V.V-=-15V 

0.5 
(Terminal No. 61 

Positive V+OM RL=2kUto-15V +11 +12 -
Negative V-OM - -14.99 -14.95 

Peak Output Voltage: 
(Terminal No. 81 V+ = 30 V 
With 013 "ON" V+OM 

RL=2kUto30V 
29.95 29.99 -

With 013 "OFF" V-OM - 0.040 -
Peak Output Voltage: 

(Terminal No. 81 V+=15V.V-=-15V 
Positive V+OM RL = 2 kU to + 15 V +14.95 +14.99 -
Negative V-OM - 14.96 -

Coliector·to·Emitter V+ 30V 
Saturation Voltage VCE(satl Ie" 50mA 10 - 0.17 0.80 

(Terminal No. 81 Terminal NO.6 grounded 

Output Leakage Current 
(Terminal NO.6 to V+" 30 V - 2· 10 
Terminal No. 41 

Composite Small,Signal V+ = 30 V 
Current Transfer Ratio (Betal hfe VCE = 5V 11 16.000 100.000 -

(On and 0131 Ie = 50 mA 
Output Capacitance: f = I'MHz 

Terminal No.6 Co All Remaining - 5.5 -
Terminal No. 8 Terminals Tied to - 17 -

Terminal No.4 

TRANSFER PARAMETERS 

V+ = 30 V 
100.000 

IABC" lool'A 
20.000 -

Voltage Gain A 
22 

lIVout = 20 V 
12 86 100 -RL = 2 kU 

I Forward Transconductance 
gm 13 1650 2200 2750 To Terminal No.1 

Slew Rate: 
Open Loop: 

Positive Slope 
23 

IABC= 500JiA 
14 

- 500 -
Negative Slope RL = 2 kU - 50 -

Unity Gain 
(Non·lnverting. 24 IABC= 5OOj.LA 15 - 0.7 -
CompenS8tedl RL = 2 k!'l 

1056 
SUPPLY \lOlTS:V+~+15,V =-15 

: . Filt ~ 10
42 

I .. - ttt-± 
i -"-C -. . 

~ 4 

::: 2 

..." su","y VOL'DIGI: (V )- ... 15Y~(V"'J.-15V 

• ~JT TcE='TSUERt:E :Jt)i~5·C · V 
• 10' 

~ 10. 
4·1 ~\ ... r=m:, j'\C ~ --+ ~ f-- +l25-C 

i 10 1 ! . 
> 'I--1-. 
I ~ . 

~ . 
~ loi f 

! • 4 

'r--o 

'" ,0 

I • 
:~ 

I , 
0.1 

I ~ --

.- - ~ C-

. .. 2 4 •• 2 ••• 2 ... 
I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES nABCI 
92CS-17!5" 

Fig. 13-Forw.rd transconductence vs. 11m" 
lifi"r billS current. 

~ 
• /'" '" • • .. I at • • · 
• '" 

0.1 
I . 6 810 2 . • 810(1 , 

AMPLIFIER liAS CURRENT (lABCI-,.A 

Fig. 14-Slew rate liS. amplifier bias current. 

UNITS 

V 
V 

V 
V 

V 
V 

V 
V 

V 

JiA 

pF 
pF 

VN 

dB 

I'mhos 

V//Js 
VII'S 

VII'S 

. . 1000 
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LINEAR INTEGRATED CIRCUITS 

J ....... FORCED 8£TA-10 ~ , 
AMBIENT TEMPERATURE ITAI-25-C i . -)+ ~ • 

!C ,. 1000 
,. > • 

V .:-:-t 5j • -

"-. · - ;-

~ = , -~-4 ;£ "","'" 
~ .00 

---- -t:tt= • 
~ · 
~ 
8 

106 8 

· ,V - I 

I . 810 , . • '100 

COLLECTOR CURRENT (IC)- moO. 

Fi,. to-CollfICtor-emirter saturation lIoirage 

lIS. collector current of output fran" 

siscor 0,3-

SUPPLY VOlTAGE IY+)=20V 
COLLECTOR-lO-EMITTEA VOLTAGE tVcEl;IDV 
AMBIENT TEMPERATURE IT4)=25-C 

'I---- .. -
10' 

4 6 810 4 6 8100 

, 

COLLECTOR MILLIAMPERES (Iel-mA 

I AMPLIFIER BIAS CURRENT nA8c"5,OO~A 
100 

1 ~A",,\ 
!l: 90 

~ . ~,.A 1 ~."\.. 

~ _l::'--. " ~ !! 10 

! 00 r--:;::"~;:' r-;:, 1"-. " 
,'-~ ~ 

f=t . . , 1000 

9lCS-20390 

4 6 81000 

92CS-20391RI 
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ill -100 ~ 
~ 

I I "'" '~ 
w 

~ 40 -150 i5 

~ !O 

7 20 

i 10 

0 

-10 

""'I 
I · • 

~ 10 
> I 
I I 

S • 
• • 
~ .. I 

I 
I 

• 
• 

0.1 
o 

II " " \ ~ 

t-:lDl~~I~T:'~CIEV~~L~~52V~~;"-15 " \- -ZOO ~ 

Z:':::~:';~R~~~RE ITAI- 2S·C "\. \ 
FO" TEST CIRCUIT. SEE FIG 22 

"-
,J .,1 .I 
10 loa lOa 10· 10& 10· 10" 

FREQUENCY If I-HI 

F;J. , 2-0pen·/oop W1/~ ,.in II's. frequency. 

SU'PL'f ~LTAK ,c !:,:!a + IllY; (V-l.·IIY 
.... PllFIER liAS CU' .. "N' Il,ft_.SOO ___ a 
' ..... ENT TEIIIPEfIt'TUM: (T.,). S·C 
FOR TIST CIRCUIT SEE FIG. 24 ~ 

",-

./ 
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LINEAR iNTEGRATED CIRCUITS 

CA3094, CA3094A, CA3094B Types 

o 

10011 

+IIV 

I0203040~eo 
CLOSED-LOOP VOLTAGE GAINIAcL)-dB 

10 
92CS-20lv.I 

Fig. 16-Ph.s, comptmSlltion capilCitance and 
resistance VI. closed-loop IIO/tllge gII;n. 

+IOY 

+IOY 

INI'UT O,FRT VOLTAGE: 

Vto-!tf 
FQRIIOIIEII...rLY 

RIE.lECTIOIITUT: 
11IYAIIYV"IY-2V01.TS; 
THEN 121 YMY Y- BY 

"+2YOLTI 

EGUATIONI: 
CU y+ RMCTION· 

EoOUT-E1OUT ... 
III Y- REIECTION • 

EoOUT.;.hr;MJf 

lIOWER IU'PL Y IIIUlCTC'III 

_I- iZO LOGV!IUICTION_ 

-IIAXIfIIIUII READING M 
ITlEJlt OR STEP J 

,,.. "-Input offNt ro/r.ge .nd pow.r..upp/y rejection reSf circuit. 

+IOY 

+'5 • .-----------~--------~--------J 
CM"R·I~ I [20UT-[IOUT 

INPUT vOLTAGE RANGE: FOR CMR"-' TO 27V 

eMRft C4IU- 20 LOG 1.!22..!..!!:L I 
[2OUT- f IOUT 

9ZC5-20_ 

Fi,.20-Common-modtJ ,an", and rejection ratio tell ein:uit. 

9ZCS-2.0402 
-I'V 

Fi .. 23-0pen-Ioop "_'11"''' "" I ABC ... .st circuit. 
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OPERATING CONSIDERATIONS 

The "Sink" Output (terminal No.8) and the "Drive" Output 
(terminal No.6) of the CA3094 are not inherently current 
(or power) limited. Therefore, if a load is connected between 
terminal No. 6 and terminal No. 4 (V- or ground), it is 
important to connect a current-limiting resistor between 
terminal 8 and terminal No.7 (V+) to protect transistor 013 
under shorted load conditions. Similarly, if a load is 
connected between terminal No. 8 and terminal No.7, the 
current·limiting resistor should be connected between ter. 
minal 6 and terminal No.4 or ground. In circuit applications 
where the emitter of the output transistor is not connected 
to the most negative potential in the system, it is recom. 
mendad that a llJO.ohm current·limiting resistor be inserted 
boIIweM terminal No.7 and the V+ supply. 

..30V 

150 Kfi I 
EOUT 

I 
+15y .-JL-------t=====------~ 

PDISSIPATION-IV+ 1(11 
EOUT 

OFFSET CURRENT IoS ~ 6 VOLTS 

10 AMPS q.2CS-203,)7AI 

Fifo r8-lnput offHt cur,.", t.t circuit. 

+15Y 

I.ec 
CCOMPhlf) ~. 

• 0 
.0 110 

1100 1100 

'20n 

-ISV 

Fig.21-1IF noise test circuit. 

+15Y 

10K" 

-15 Y 92C5-20403 

Fi,.24-81.w ra_ w. non·;nWlTting unity ,.in twr circuit. 

TEST CIRCUITS 

1fF Noise Measurement Circuit 

When using the CA3094, A, or B audio amplifier cir· 
cuits, it is frequently necessary to consider the noise perform
ance of the device. Noise measurements are made in the circuit 
shown in Fig. 21. This circuit is a 30-d8, non·inverting amp· 
lifier with emitter·follower output and phase compensation 
from terminal No.2 to ground. Source resistors (Rs) are set to 
o.n or 1 Mn for E noise and I noise measurements, respec. 
tively. These measurements are made at frequencies of 10 Hz, 
100 Hz, and 1 kHz with a l·Hz measurement bandwidth. 
Typical values for l/f noise at 10 Hz and 50 ,.A IABC are 
En = 18nvVRIand IN = 1.8 PAlp-

HOv 

9lCS-2OIIe 

Fi,. '9-lnpur biM currsnt wr cirr:uit. 

-t1!5Y 

':f tABe ,,& 
••• 500 

5601< 50 

5." 5 

-15V 
92tS-Z0401 

Fi,.22-0".".loop ,.in n. frequtmCy rwr cin:uit. 

CLOSED 
LOOP . , .. -, GAIN 

KO .Q KO .B 
0 ,0 .. " 20 '0 , '0 

40 , 0.' ,~ 

-IOV 

Fig.25-Plune campen.rion test circuit. 



CA3095E 

Super-aeta Transistor Arra, 
~ 

Differential Cascode Amplifier Plus 3 Independent Transistors 

RCA.CA3095E is. monolithic array of transistors con· 
nected as a super·beta differential cascade amplifier with 
three independent n·p·n transistors. (Refer to Fig. 1 for 
following description.) 

The exceptionally high-beta characteristics of 01 and 02, 
plus the large signal-voltage swing capability of 03 and Q4, 
make the composite differential cascade amplifier an excel· 
lent choice for a broad range of small·signal, high·input· 
impedance amplifier applications including low-nqise video 
amplifiers, This amplifier is also recommended for use in 
long-interval timers, oscillators, and Iong-duration one-shot 
appiications. 

The independent transistors, 06, 07 and as, are high-voltage 
silicon n·p·n conventional types for general use in signal 
processing systems in the frequency range from de t!vough 
vhf, Separate terminals for each of these transistors parmit 
maximum flexibility in circuit design. 

The differential cascode amplifier incorporates two cascade 
amplifiers consisting of transistors aI, 03 and 02, 04, 
respectively, plus a voltage·limiting circuit, consisting of 
diodes 0 I, 02 and p·n·p transistor 05. Two of these 
transistors, 01 and 02, are super·beta types that have an 
hFE > 1000 and are capable of operating over a wide current 
range of 1 /JA to 2 mAo Each of these types comprises the 
input section of its respective cascade amplifier. The output 
section of each cascode amplifier employs a conventional 
n·p·n transistor, 03, 04, r,;.pectively. The output signal is 
obtained at the collectors of these transistors. See Operating 
Considerations for bias considerations of the diffe;ential 
cascade amplifier. 

The CA3095E is supplied in I lI~·I .. d dual·in-line plastic 
package and oparate. over the ambient'temparature range of 
_55D C to +126" C 

MAXIMUM RATINGS, A/JIo/ur.-MIIximum V ..... at TA - 26 DC Conventional N-P-N Tranlistors 'Q3.·Q4. Q6, 
07,081-

Power Oiaipetion: 
Any One Transistor .•.•.••......... 
ToteIP .. ~ 

300 

750 

mW 

mW 

V 
V 
V 
V Up to 25 f .............. : .. .. 

Above 25 C ....... derate hnearly 6.67 mW/DC 

Collector·to-Base Voltage (VCBOI , , , ..• 
Collector·ta-Emitter Voltage (VCEO) ... 
Emitter-to-Base Voltage (VEBOI .•..••. 
Collector-to-Substrate Voltage (VCIOI·:: 
Collector Current IICI .....•...•.... 

45 
35 
6 
45 
50 
20 

mA 
rnA Ambient Temperatura Range: 

Operating ...................... . -55 to +125 
Storage -55 to +150 

Lead Temperature (During Soldering): 
At distance not less than 1/32" (0.79 mml 
from case for 10 secondslTlIIx. . • . • . .. • . +265 

Voltage and Current Ratings Apply for Each 
Specified TranSistor: 

Super-Beta Transistors (01, 02)
Collector·to-Be .. Voltage IVCBOI ..••.. 
Emitter-tOoBa .. Voltage (VEBOI ..••.• 
Collector·to-Substrate Voltage (VCIOI· .. 
Collector Current IIC) .............. . 
Bese Current liB) ...•....•......... 

STATIC CHARACTERISTICS 

Characteristics 

6 
6 

45 
50 
20 

Symbol 

°c 
DC 

DC 

Base Current IIBI .................. . 
~onventional P-N-P Transistor (05)-

Collector·to-Ba .. Voltage (VCBOI .... . 
Collecto,·tOoEmittor Voltage (VCEOI .. . 

Limiting Circuit Current UPin 11) ...•.••. 

-45 
-35 
20 

V 
V 

rnA 

• The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a vottaOl 
whil;:h is more negative the" any collector voltagll in order to 

V maintain isolation between transistors and provtde normal transistor 
V action. To avotd undesired coupling between transi$tors. the 
V substrate terminal should be maintained It either de or signal (ae) 

mA ground. A suitable bypau ca~eitor can be' used to establish 8 li",al 
rnA ground. 

T .. CoiId_ Limit. 

TA-25°C Units 
Nin. TVp· Max. 

ChI,.C1 .. istics Apply for E .. h s.. .... ·Beta C-ode Amplifier Transistor 
Pli, 101,031 and 102, Q4), Unl_lndicltod Otherwise 

Collector·to-B.se Breakdown Voltage VIBRICBC IC = 10 ,.A. IE - 0 See Note 1 a - - V 

Emitter-tOoBase Breakdown Voltage 
VIBRIEB( 'E = loo,.A,IC = 0 

Term. 9 to B or S 8 .. V IApplies only to 01 80 Q21 Term. 7 to S 

Coliector·to·Substrate .Breakdown Voltage V(BRICIO ICI = loo,.A,IB -IE = 0 45 - - V 

Collector Cutoff Current ICER 
VS-B or Vl0-S' 10 V,lll = loo,.A - - 100 nA 

RSE = 100 Mil 

Vl0_S=SV IC= 1 mA - lS00 .. 
or 

OC Forward-Curre'nt Transfer Ratio hFE Va-S- SV IC· loo,.~ 1000 2000 5000 

IC - 10,.A - 1500 -
Sase-to-Emitter Voltage 

VBE IC = l00,.A. Va-8 or VlO-B = 5 V O.SO 0.59 0.68 V (Applies only to 01 80 02) 

Saturation Voltage Vset 
160r 110 = 1 mA,Il1 = loo,.A, - 0.22 0.7 V I, or 19· l00,.A 

For C-... Amplifiers II I Diff_till Mltchod hi' 

Mognilude of Input·Offset Voltllll hoi IC ·IOO~A - 1 5 mV 

Mllllnitude of Input·Offset Currenl 11101 V6-B' Vl0-8 • 5 V - 4 20 nA 

Mllllnilude of Input·Offel Voll", Drift It-Viol 
ITemp. Caeff.) t!.T - 3.3 - ,.VloC 

Mignilude of Inpul·Offset"Current Drilt 161101 
IT.mp. Cotll.) ""7ir - 0.06 - nAI"C 

Note 1: Termlnll No.8 to terminal. 10 and 11 .on_ted or ttlrminal No. 7 to I .. mlnal. 8 and 11 connectod. 

LINEAR INTEGRATED CIRCUITS 

Features 

• TiIVO Mlper-beta n-pon tniIIistorl - hFE > 1000 

• VoItage-llmitllII circuitry CD1, 02, 06) 

• Operation pouIbIe at liB cIow1I to < 1 nA 

• Matched pair CQ1 lind 021 -

VIO· 6 mV riIIIx.81lc·1OO/JAde 

110 • 20 nA ~. 81IC • 100 JJ.A de 

•• Wide current ...... - < 1 JJ.A to 2 mA 

Indepandont Trllllilton: 

• hFE· 300 typo for HCII trenlistor 

• WicM current rl. - < , JJ.A to 10 mA 

• Matched ..-.I-purpose tmIIiltorS 
• High v ...... - Vcao· 46 V .... x_ 

Applications 
D1ffeNntilll c-da Ampilfier: 

• Super ........... mplifier for op..mp 
• High-im ......... de ...... mpllfler 
• Low-noIse video ampllfler 
• ~ic trII..-.- Impiifler 

• Lon"n_1 ti_ 
• Long-dul'lltion OAHIIot multivibntor 
• COmpintor with hitih-Input Impedence 

• Lont-tim.-.t.nt IntIIgI:IItor 
• Photocell _plifier . 
• Low-noise amplifier-feW operation from hlgh __ _ 

, Impedenc81 
Independent TI'IIIIIiIton: 

• GenenI use In Ii .... proceai"tl systems In de thl'Ollgh vhf ..... 

Fig. '-FunctiDMI di.,.m. 

Teat CI_Its for MNou.-nt of Super-Beta 

C.-de Amplifier Ch8racteriIticl 

Fig.2-V,BR)CBO ... rcircuit 
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LINEAR INTEGRATED CIRCUITS 

CA3095E 
STATIC CHARACTERISTICS (Cont'dl 

TootCahdItlo .. Limits 

Characteristics Symbol TA~25°C 
Min. TVp· Max. 

For each Conventional "-p-" Transistor (03, Q4. 06, Q7. Q8~ 

Collector-ta-Base Breakdown Voltage V(BR)CBO IC = 10 I'A. IE = 0 45 95 -

Collector-ta-Emitter Breakdown Voltage V(BR)CEO IC = 1 mA, IB - 0 35 50 

Emitter-ta-Base Breakdown Voltage V(BR)EBO IE = 1001'A, IC = 0 S 8 -
Collector-to-Substrate Breakdown Voltage V(BR)CIO ICI- l00I'A, IB - IE - 0 45 95 -
Collector Cutoff Current ICEO VCE = 10V, IB=O - - 100 

Collector Cutoff Current ICBO VeB= 10V,IE=0 - - 10 

Ic= 10mA - 210 -

DC Forward-CLlrrent Transfer RatiO hFE VCE = 5 V IC= 1 mA 150 300 500 

IC = 10l'A - 180 -
Base-ta-Emitter Voltage VBE Ie - 1 mA, VeE = 6 V 0.60 0.69 0.78 

Collector-ta-Emitter Saturation Voltage VCE(sat) le= 10mA, IB= 1 mA - 0.22 0.7 

Dynamic Characteristics 

Tilt ConditiDftl Limits 

Characteristics Svmbol TA =25 °c 
Min. TVp. Max. 

Characteristics Apply for Each Super-Beta Cascade Amplifier Transistor 
Pair (Q1, 001, Unless Indicateet Otherwise 

Gain-Bandwidth Product 'T Ie = 100l'A, VS-8 = Vl0-8 = 5 V, - 78 -
Noise Voltage (Referred to Input) EN IC = 50l'A, I = 10 Hz - 13 -

For Differential Amplifier Operation 

Noise Current (Referred to Input) IN IC=5I'A.I= 10Hz - 0.12 -
For Differential Amplifier Operation 

Coliector~to~Base Capacitance CeB VS-7 = Vl0-9 = 5 V.IE= 0 - 0.3 

Collector~to·Substrate Capacitance CCIO VS-5 = Vl0-5 = 5 V.IB • 0 - 3.0 -
For Each Conventional Transistor (Q3 through 08) 

Ie = 1001'A. VCE = 5 V - 100 -
Gain-Bandwidth Product IT 

IC - 3 rnA, VCE = 5 V 320 -
Noise Voltage (Referred to Input) EN IC = 100 I'A, VCE - 5 V, 1= 10 Hz 5 

Noise Current (Referred to Inputl IN IC = 10 I'A. VCE • 5 V. I - 10 Hz - 0.8 -
Collector~to-Base Capacitance CCB VCB = 5 V, IE = 0 0.4 

Collector·to-Substrate Capacitance CCIO VCI = 5 V, IB = 0 2 -
* Curve plotted for I CEO charactensllc. 

.. PIN 6· TO-PIN 8 VOLTAGE (Y6-el"~V OR ... PIN 10- TO- PIN 8 VOLTAGE; (V _ ).~V 
!:2000 

~""'TTE"".I ')'+8.·C 9 
Ii ~- I ••. J IE 
IE j;.f--
~I -'" 101 ~ 
.. z 
~ .. 

IE ... 
iiI 
II! 
~ - '\ 

~ 
Q i 500 

~ 

ptN S-TO-PiNI VOLTAGE (VS-8)- 5V OR 

I' 08 
PIN IO-TO~PlN8VOLTAGE (VIOo-a)· 5V 

; ..JIENi T~JJ. .tJ~!': ~~ 
V los ;p t- V 

IE ~ ~ ~ ~ .. +85-C t 0.4 .--
~ .--~ 
~ 
~ Q2 .. .. 

II 0 0 4" .,. 4" ••• 10,000 
2 4 t I 

10 
468 24., 

10 100 1000 100 1000 
COLLECTOR CURRENT (IC'-I'A 

tlCS-ZOD' COlLECTOR CURRENT (~C) -,..A 

Units 

V 

V 

V 

V 

nA 

nA 

V 

V 

Units 

MHz 

nV/m. 

pAl m. 
pF 

pF 

MHz 

nV/m. 

pAlm. 

pF 

pF 

2 4 •• 
10,000 

HCS-20H7 

Fig.l-hFE VI. IC for NCh SUpeNJetB cascade 
amplifier tran,;stor ~ir (a 1. 03) and 
(02,041. 

Fig.B- V BE n. IC for fNlCh IUl»r4»r, rren
$;'.stor (Q1,nd 02J. 

Test Circuits for Measurement of Super-Beta 
Cascode Amplifier Characteristics 

lIB 
PICO

AMMETER 

Fig.4-DC Beta (hFE) re$tcircuit. 

Fig.5- V sat re,r circuir for super-beta cascode pairs. 

10 • PIN 6~TO-PIN B VOLTAGE tv6-el-IO V OR 

-7' 

0.0 

~ 
Ii 
IE> 

~~o.s 
Ili I 

t~ 
~~0.4 
,~ 

~ a.. 

-'0 -.. 2. .0 70 
AMBIENT TEMPERAT~E (TA )- ·C 

92CS-2035' 

Fig.6-Collector cut-off currenr vs ambient 
temperature for Stlpe,..bet, calCode 
pairs. 

• •• 10 

III III 

LLl JL.LL 1,lJ..L 
~ 

~ 
/ 
/ -,....~ 

• 4 • • •• 
100 1000 

COLLECTOR CURRENT tIC)-~A 

Fig.9-VCE(Htl ••. Ie for NCh ",,,.,-·bet. 
CIIe"" vnplifie, tr.n,i6tor lMir (01. 
O3lond (02, 041. 

100 

I 

jj 
-<IO<C 

• •• 10,000 
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CA3095E 

0.4 0.8 1.2 1.6 

VOLTAGE A.CROSS PI~S 6 AND 9 (V6-8) OR PINS 10 AND 8 

{Vro-e)-V 

9ZCS-ZDS'i 

Fig. 10-1-V characteristics for the super-bera 

cascode pairs. 

AMBIENT TEMPERATURE (TAl--C 
nCS-ZO;el1l 

w 

= ~ I 

~ i> 0.8 

~~ 
ffi~O.6 
o-w 
il, 
w * 0.4 

~ 0.2 

~ 
0.1 

Fig.13-Co/lfJCtor cutoff current VI 8mbient 
temperature for the conventional 
trims/storr (V CB - 5 V, to V, 15 VJ. 

DC FORWARD CURRENT 

/ " TRANFER RATIO (tlFEI-IO 

'tf ." . 
~fj-If r 
~ J...~ 

iff Z\"'''~ 
~ 

2 . • • 2 • . . 2 

r-

r-

. 
0,[ I 10 

100 

~ · • 
~ · 

COLLECTOR CURRENT {Ic)-mA 
9ZCS- 20315 

Fig.16-VCE(satJ as a function of collector 
current for the conllentional 
transistors. 

AMBIENT TEMPERATURE {TA'-25-C 

1 ,i'--z w 
w -r- COLLECTOR CURRENT (ICI-51'A 

~ 10 -

• • 

g e 50I'A -
ill · 
~ • 

, 
I 

100 

2 • • 2 • • • 2 • • • 10 100 
FREQUENCY (fl-HI 

1000 

Fig. 19-E Nil$. f for each super-beta cascode 
amplifier crsnsistor pair (a 1, Q3) and 
(02,04). 
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~ 
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:'200 
lI! 
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0 

2000 . =t~~~~4~ol~1 
1600 J- l'l \~I .. 
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~~ 
B 400. 

-150 ~. I-J C--I- -- f-
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0.4 0.8 1.2 "6 
VOLTAGE ACROSS PINS 6 ANO 8Ivs_a)OR PINS IOAN08 

(VIO~BI-v 

t2CS-205l0 

Fig. 11-1· V characteristics for the super-beta 

cascode pairs. 

COLLECTOR-TO-EMITTER I VOLTAGE IVCE)-!5V 
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10 
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t200 

is 
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~IOO z 
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~ 

0 

COLLECTOR CURRENT lIe) - mA 

Fig.14-hFE vs. Ie for each con~entional 

transistor (06, 07, OBI. 

~:~ ~~.~~.!~~ ~ ~~~~~ \~o!~i~;Y OR 
AMBIENT TEMPERATURE (TA I" 2S-C 

f.--
~ 

...... 

/' 
/ 

V 

92CS-20381 

100 1000 
COLLECTOR CURRENT (ICI - jj--A 

2000 

F;g.17-Gain bafldwidth product vs collector 
current for the super-beta cascade 
pain. 

!is 10 15 
COLLECTOR-TO-BASE VOLTAGE {VCBO)-V 

92CS- 20315 

Fig.20-CCB w. VCBO for each super-betll 
c8scode IImplifier tTilnsi$tor pair (0 I, 
03) Bnd (02, 04). 

LINEAR INTEGRATED CIRCUITS 
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Fig. 12-Collector cutoff current vs ambient 
temperature for the con~en tional 
transistors (V CE ., 5 V, 10 .VI. 

COlLECTOR-TO-EMITTER VOLTAGE (VCE)-!5 V 
AMBIENT TEMPERATURE (TA)-Z'·C 

V 

....-VI--
..... ... 

~ 0.6 ....-
~ 
g 
~ 0.5 

0.4 

0.01 

1.0 

• 

2 4 6 • 2 4 .. 2 4 • • 0.1 I 
COLLECTOR CURRENT (Ie )-mA 

92CS-20313 

Fig. 15 .... V BE as a function of collector current 
for the conventional transistors. 
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FilJ. ,S-IN ~S. f for fNlch super·bets CIIsctXie 
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(02,04). 
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CA3095E 
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Operating Considerations 

Oporation Considerations for the Super-Beta Differential 
Caocod. Amplifier 

An intern.1 voltage-limiting network (diodes 01. 02 and 
p-n-p transistor 05) incorpor.ted in the differential cas
code .mpUfi .... assures that the applied collector-to-emitter 
voltage of each super-bet. unit is maint.ined below two 
volt._ Fig_ 27 shows a typical bi.s arrangement of the 
super-beta differential casoode amplifier. 

Bi.. current for this netwOrk must be Supplied by .n 
.xternal source. This bias current can be obtained by 
simply connecting a ralstor from Pin 11 to the positive 
supply of the differenti.1 amplifier. The return path for 
most of the blal current II through the SUbstrate. Pin 5. 
rether then through the common emittar. Pin 8. This 
arrangement pro.ida superior common·mode and ~
supply rejection. As • gener.1 rule-of-thumb. the current 
supplied into Pin 11 should be .pprOlilmately 0.04 to 0.1 
times the •• Iue of the qul_nteurrent of Pin 8. 
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TYPICAL APPLICATIONS (Cont'd) 

Fig.30-High-inpuHmpedance. low-noise amplifier circuit. 

Fig.29-Super·beta Op-Amp with resisror drillB network. 
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Fig.32-Lon,.deIIlY mancnt.blil multi"ibratorcircuit. 
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Fig.34-CA3095E widebllnd IImp/ifi". 
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Fi,.33-Low input-b;" cur,.", com,.,_tor Circuit. 

\. 
\ 

" \ '-
RS -20 K 

.l.',doa 
I I . 

FREQUENCY (fl-Ht 
92CS-20475 

Fig.35-Equi".'lInt input no;1II 1I0/r'l/II, VI. frequMCY 
for circuit of figul'tJ 34. 

23~ 



LINEARINTEGRATEDCIRCUITS ________________________________________________________________________ __ 

CA3096E,CA3096AE 

N-P-N/P-N-P Transistor-Array Ie 
RCA·CA3096E and CA3096AE are general·purpose high· 

voltage silicon transistor arrays. Each array consists of five 
independent transistors (two p-n-p and three n-p-n types) on 

a common substrate, which has a separare connection. 
Independent connections for each transistor permit maxi

mum flexibility in circuit design. 

Types CA3096AE and CA3096E are identical, except that the 

CA3096AE specifications include parameter matching and 
greater stringency in ICBO,lCEo,and VCE(SAT) (see Table I). 

CA3096E and CA3096AE are supplied in 16·lead dual·in·line 
plastic packages. 

TABLE I-CA3096AE AND CA3096E ESSENTIAL DIFFERENCES' 

RCA 
ICBO ICED VCEISAT) IVlol (1101 

TYPE 
InA) (nA) (VI (mV) <!<A) 

n-p--" p-n·p n-p-n p-n·p n-p-n p-n·p n·p-n p-n·p n-p-n p-n-p 

CA3096AE 40 -40 100 -100 0.7 0.4 5 5 0.6 0.25 -
CA3096E 100 -100 1000 -1000 1.0 0.7 - - - -

* Maximum values. 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (For Equipment Design) 

CA3OIIIIAE, CA3096E 
CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS UNITS 

Min. TVp. Max. 

For ElICh n-p-n Tr.nlistor: 

Collector-Cutoff Current {CA3096AEJ ICSO VCS = 10 V, IE = 0 - 0.0013 40 nA 

Collector-Cutoff Current (CA3096AEI ICEO VCE = 10V,IS=0. - 0.0055 100 nA 

Collector·Cutoff Current (CA3096E) ICBO VCS= 10V,IE =0 - 0.0013 100 nA 

Coliector·Cutoff Cunent (CA3096E I ICEO VCE=10V,IS=0 - 0.0055 1 iJA 

Coliector-to·Emitter Breakdown Voltage V(SRICEO IC = 1 mA, IB = 0 35 50 - V 

Coliector·to·Base Breakdown Voltage VIBRICSO IC= 10iJA, IE =0 45 100 - V 

Collector-to--Substrate Breakdown Voltage V(SRICIO ICI = IOiJA,IS= IE=O 45 100 - V 

Emitter-ta.Base Breakdown Voltage V(BR)ESO IE = 10iJA,IC = 0 6 8 - V 

Emitter-to-Base Zener Voltage Vz IZ=10iJA 6 7.9 9.8 V 

Collector-to-Emitter Saturation Voltage 
(CA3096AEI VCE(SATI le=10mA,IS=lmA - 0.24 0.5 V 

Collector-to-Emitter Saturation Voltage 
(CA3096EI VCEISATI IC= 10mA.IB= 1 rnA - 0.24 0.7 V 

Base-ta.Emitter Voltage VSE 0.6 0.69 0.78 V 

DC Forward-Current Transfer Ratio hFE 
IC=l rnA, VCE = 5 V 

150 390 500 

Magnitude of Temperature Coefficient: 

VeE (for each transistor) ILlvSE/MI IC = 1 mA, VCE = 5 V - -1.9 - mV/oC 

For each p-ft-p Transistor: 

Collector-Cutoff Current (CA3096AE) ICBO Vcs = -10V,IE = 0 - -0.055 40 nA 

Collector-Cutoff Current (CA3096AEI ICEO VCE =-10V,IB= 0 - -0.12 100 nA 

Collector-Cutoff-Current (CA3096E) ICEO VeE =-10V,ls= 0 - -0.12 1 iJA 
Collector-Cutoff-Current (CA3096E I leso VCS = -10 V, IE = 0 - -0.055 100 nA 

Collector·to-Emitter Breakdown Voltage V(SRICEO IC = -100iJA, IS = 0 -40 -75 - V 

Collector·to-Base Breakdown Voltage V(BRICSO IC = -10iJA, IE = 0 -40 -80 - V 

Emitter-to-Base Breakdown Voltage V(BRIESO IE = -10 iJA, IC = 0 ~40 -100 - V 

Emitter-to-Base Zener Voltage Vz IZ=10iJA 10 16 - V 

Emitter-to-Substrate Breakdown Voltage V(BRIEIO lEI = 10 iJA,IS=IC=O 40 100 - V 

Collector·to-Emitter Saturation Voltage VCE(SAT) IC = -1 rnA, IS =:"'100iJA - -0.16 -0.4 V 

Base-to-Emitter Voltage VSE IC = -100 iJA, VCE = -5 V -0.5 -0.6 -0.7 V 

IC= -100iJA, VCE = -5 V 40 85 200 
DC Forward-Current Transfer Ratio hFE 

IC= -1 mA, VCE = -5V 20 47 150 

Magnitude of Temperature Coefficient: 

Vee (for each transistor) ILlvSE/LlTI IC = -100iJA, VCE = -5 V - -2.2 - mV/oC 

For Transistor. Q1 and Q2 (As a Differential Amplifier): CA3096AE ONLY 

Absolute I nput Offset Voltage IVIOI - 0.3 5 mV 

Absolute I nput Offset Current 11101 VCE = 5 V, Ie = 1 mA - 0.07 0.6 iJA 
Absolute Input Offset Voltage Temperature ILI~~ol Coefficient - 1.1 /1V/oC 

For Transistors 04 and 05 (As a Differential Amplifier): CA3096AE ONLY 

Absolute Input Offset Voltage IVIOI - 0.15 5 mV 

Absolute Input Offset Current 11101 VCE = -5 V, IC = -100 iJA 
- 2 250 nA 

Absolute Input Offset Voltage Temperature 1~;OI RS =0 
Coefficient - 0.54 - /N/oC 
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Schematic Diagram 

Features: 
• Matched General-Purpose Transistors (CA3096AE Only) 

• Input Offset Voltage ± 5 mV 

• Input Offset Current: 

p-n-p Pair ± 250 nA max. @ IC = -1001lA 

n-p-n Pair ±0.6IlA max. @ IC = 1 mA 

• High hFE 
n-p-n transistor: 150 min. @ IC = 1 mA 

p-n-p transistor: 40 min. @ I C = 100 IJA 

• High Breakdown Voltages: 

n-p-n transistor: V(BR)CEO = 35 V min; V(BR)CBO = 

45 V min. 

p-n-p transistor: V (BRICEO = 40 V min; V (BR)CBO = 
40 V min. 

• Separate Substrate Connection 

• Low Noise Figure: 
n-p-n transistor: 2.2 dB typo at 1 kHz 

p-n-p transistor: 3 dB typo at 1 kHz 

Applications: 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 
• Lamp and Relay Drivers 

. • Thyristor Firing Circuits 

• Temperature-Compensated Amplifiers 

• Operational Amplifiers 

MAXIMUM RATINGS. Absolute Maximum Values at T A = 2SoC 

Each n-p-n Each p-n-p 
Transistor Transistor 

Collector-to-Emitter Voltage . VCEO 35 -40 
Collector-to-Base Voltage ... VCBO 45 ~40 

Collectof-to-Substrate 

V 
V 

Voltage VCID 45 45 V 
Emitter-to-Sase.Yoltage 
Collector Curren't .. 
Dissipation Po: 

Up to TA '" 55°c: 
Device (Total) 
Each Transistor 

AboveTA '" 55°C. 

Temperature Range: 
Operating 
Storage . 

... VEBO 

'e 

Lead Temperature (During Solderingl 
At distance 1/16±1/32" 
(1.59 ± 0.79 mml from case for 
10 seconds max. 

,u. 
• · .. 2 E 

I 
~I • 
~ • z 
'" · ~ 2 

e5 10-1 
z • 
::l • 

• 
2 

IO-ii! 

7 7.~ 

6 -40 V 
50 -10 rnA 

750 rnW 
200 rnW 

Derate Linearly 6.67 mW/oC 

-55 to+125 
-65 to+150 

265 

L 
j 

~VZ~ 

4j 
8.$ 9 

ZENER VOLTAGE IVz)-V 

9ZC9~20309 

Fig.1-BIJ$6-ro~mirft'Jr zenllr characteristic (n-p-n). 



CA3096E,CA3096AE 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25"C 
Typical Values Intandad Only .. DeIieD ~ 

CHARACTERISTICS SYMBOL 

For Each n-p-n Transistor 

Noise Figure (low frequency) NF 

Low-Frequency, Input Resistance Rj 

Low-Frequency Output Resistance Ro 

Admittance Characteristics: 

!lfe --Forward Transfer Admittance Vie bfe 

9ie 
Input Admittance Vie --

bj 

Output Admittance 
goe 

Voe--
boe 

Gain-Bandwidth Product fy 

Emitter-to-Base Capacitance CEB 

Collector-ta-Base Capacitance CCB 

Collector-ta-Substrate Capacitance CCI 

For Eac" p-n-p Transistor 

Noise Figure (low frequency) NF 

Low-frequency Input Resistance Rj 

Low-frequency Output Resistance Ro 
Gain-Bandwidth Produ·ct IT 

Emitter-tOoSase Capacitance CEB 

Collector-to-Base Capacitance CCB 

Base-to-Substrate Capacitance CBI 

500 

~ 
c 400 

L!.t. J ~~ .l.J.~ 
~ ... ¢~+25.C r-... 

0 ' .... ;:: ~";>" V- I r--.. .. 
'" ......... ......1-' 

, 
'" 

• '00 I-' 

~f--
-40·C 
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I- 200 
~ 

I '00 

l! 0 

• 2 4 •• 
0,01 • 4 •• • •• 0,1 I 10 

COLLECTOR CURRENT {:Ie l-mA 
92CS-20!12 

Fig.4-Transi,tor (n-p-nJ hFE asa function of 
collector current. 
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Fig.7-VCEfSATJ(n.."."J lIS B function of co/~ 
lectof current. 

TEST CONDITIONS TYPICAL VALUES UNITS 

1=1 kHz. VCE = 5 V. 
2.2 dB 

IC = 1 mAo RS = 1 k!1 

I = 1.0 kHz. V CE = 5 V. 
10 k!1 

1,.,= 1 mA 80 k!1 

7.5 

-j13 mmho 

1= 1 MHz. VCE = 5 V. 2.2 

IC= 1 rnA 
mmho 

j3.1 

0.76 
mmho 

i2.4 

VCE=5V.IC =1.0rnA 280 
MHz 

VCE = 5 V. IC = 5 rnA 335 

VEB = 3 V 0.75 pF 

VCB = 3V 0.46 pF 

VCI = 3 V 3.2 pF 

1=1 kHz. 

IC = l00l/A. RS = 1 k!1 
3 dB 

1= 1 kHz. VCE = 5 V. 27 k!1 

IC = 100 IlA 680 k!1 

VCE = 5 V.IC = lOOIlA 6.8 MHz 

VEB = -3V 0.85 pF 

\lCB - -3V 2.25 pF 

VBI = 3 V 3.05 pF 
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CA3096E, CA3096AE 
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CA3097E 
Thyristor/Transistor Array 

For Military, Commercial, and Industrial Applications 

RCA-CA3097E Thyristor/Transistor Array is a monolithic in

tegrated circuit that enables circuit designers to further inte
grate control systems. The CA3097E consists of five inde
pendent and completely isolated elements on one chip: an 
n-p-n transistor, a p-n-p/n-p-n transistor pair, a zener diode, 
a programmable unijunction transistor (PUT), and a sensitive
gate silicon controlled rectifier (SeR). 

The CA3097 is supplied in either the 16-lead dual-in·line 
plastic package ("E" suffix) or the chip version ("H" suffix). 
and operates over the full military-temperature range of 
-55 to +1250 C. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA ~ 2fiOC 

Includes: 

• Uncommitted n·p"" Transistor 

• Sensitiv9-Gate Sil icon Controlled Raetifier 

• Programmable Unijunction Transistor (PUT) 

• p-n-p/n-p-n Transistor Pair 

• Zener Diode 

• Separate Substrate Connection 

Isolation Voltage, any terminal to substrate" ....................................................... . 

Dissipation, Total Package: 

+50V 

Up to T A ~ 5Sa C ............... .............. . ............. _ . . . . . . . . . . . . . . . . . . . . .. 750 mW 
Above T A ~ 55°C ........................................................ derate I inearly at 6.67 mW 1°C 

Ambient Temperature Range: 
Operating ........................................................................... . 
Storage ................................................................... - ........ . 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max ....................... . 

Each n-p-n Transistor (03,05) 
The following ratings apply with terminals 6 & 9 connected together_ 
Collector-to-Emitter Voltage (VCEO) ...... _ ........... _ ........................... . 
Collector-to-Base Voltage (V cao) .................. - ...................................... . 
Emitter-to-Base Voltage (VEBO) ............................................................ . 
Collector Current (lC) ...... - ........................................................... . 
Base Current II a) .......... - ........................................................... . 
Dissipation (PO) ...................................................................... . 

p-n-p Transistor (04) 
The following ratings apply with terminals 7 & 8 connected together. 
Collector-to-Emitter Voltage (VCEO) ....................................................... . 
Collector-to-8ase Voltage (VCBO) .......................................... : .............. . 
Emitter-to-Base Voltage (VEaO) .......................................................... . 
Collector Current (lC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................... . 
Base Current (I a) ......... - ............................................................ . 
Dissipation (PD) .. - ........................................................... - ....... . 

p-n-p/n-p-n Transistor Pair (03,04) 
Dissipation (PO) ........... _ ............................... _ .... _ .............. _ ....... . 

Programmable Unijunction Transistor, PUT (01) 
Gate-to-Cathode Positive Voltage (VGK) ......................... _ ........................... . 
Gate-to-Cathode Negative Voltage (VGKR).. _ .................... _ ................. _ .. _ ...... _ 
Gate-to-Anode Negative Voltage (V GA) .............................. _ ............. _ ........ . 
Anode-to-Cathode Voltage (V AK) .................... _ ........ __ ................ _ ......... . 
DC Anode Current ......... _ ...•....................................... , ................ . 
Peak Anode Non-Recurrent Forward (On-State) Current (10 I1s pulse) .. _ .......................... . 
Total Average Dissipation ..................... " .......................................... . 

Silicon Controlled Rectifier, SCR (02) 

Repetitive Peak Reverse Voltage (VRRXM), RGK ~ 1 Kil ...... _ .... _ ............... _. _ ......... . 
Repetitive Peak Off-State Voltage (VDRXMl. RGK ~ 1 k,Q ...................................... _ 
DC On-State Current (I TDC) .................................. _ ................... _ ....... . 
Peak Surge (Non-Repetitive) On-State Current (10 I1S pulse) ......... _ ................... _ ....... . 
Forward Peak Gate Current (lGFM) .... _ ................................................... . 
Peak Gate-to-Cathode Reverse Voltage IVGRM) ......... _ .... _ ................. _ .. _. _ ......... . 
Total Average Dissipation .... _ ................................................... _ ....... . 

Zener Dio .... , (Zl) 

DC Current (IZ) ........... _ .......... _ .................... _ ......................... _ .. 
Dissipation (PD) ................ - ....... _ ............. _ ................................ . 

-55 to + 1250C 
-65 to +150oC 

+265 0C 

30V 
50V 
5V 

100mA 
20mA 

500mW 

~40V 

-50V 
-40 V 

-10mA 
-3mA 

200mW 

500mW 

30V 
5V 

30V 
±3QV 

150mA 
2A 

300mW 

30V 
30V 

150mA 
2A 

20mA 
5V 

300mW 

25mA 
250mW 

• One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected toa voltage which is no more_ posi
tive than that of any other terminal_ To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 
should be maintained at either de or signal (ac) ground. 
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Features: 

• Complete isolation between elements 

• n-p-n transistor - VCEO ~ 30 V imin.) 
IC ~ 100 mA (max.) 

• p-n-p/n-p-n transistor pair - beta 

? 8000 (typ.) @ IC ~ 10 mA, individual p-n-p, n-p-n, 
or transistor pair operation 

• Programmable unijunction transistor 
(PUT) - peak-point current ~ 15 nA 
(typ.) at RG ~ 1 Mil; VAK = ±30 V 

• (PUT) Extremely long RC time constants 
with low value of external capacitor 

• Sensitive-gat9 silicon controlled raetifier (SCR) -
150 mA forward current (max_) 

• Zener-diode impedence (ZZ) ~ 15,Q 
(typ.) at 10 mA 

Applications: 

• Timen 
• Light dimmers/motor controls 

• Oscillators 
• "On .. shot" multivibrators 

• Voltage,regulators 

• Comparators, Schmitt triggers 

• Constant-aJrrent sources 

• Amplifiers 

• LOgic circuits 

• SCR triggering 

• Pulse Circuits : -12 

- 5 "- -~-:. 6_ -rl~:-I--: 
I P~~ ZI s~ SUBSTRATE: 

I Q, I 
L__ _ _ _____ _ __ ..J 

342138 71516 

90!-CS-0!-1935 

Fig. 1 - Schematic diagram of CA3097E. 

TYPICAL CHARACTERISTICS 

I AMBIENT TEMPERATURE (TA)*2S-C 
FORCED-CURRENT TRANSFER RATIO(lC/1B}-1O 

lli 
0.9 I ~ 

g 
I 1/ ~ 

:. > 0.8 
/ 

~J., V ~~ 
ffi"il --.... 
::~O7 ,....... 
~ --I-
~ V 
w 0.6 .. .. 

O. 

0.1 
. , . 2 . , . I 10 2 . 
COLLECTOR CURRENT (IC)-mA 

, . 100 

Fig.2 - Base-to-emitter saturation ~oJtage vs. COllector current for 
n-p-n transistors 03 & 05. 

ft2CS-219(13 

Fig.3 - &mI-to-emitr.,. voltl1l1B .... ambient fflmPII,.ture for n-p-n 
transistors 03 & 05. 



CA3097E 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL TEST CONDITIONS FIG. LIMITS UNITS 
Ambient Temperatur. NO. 

(TAl = 250 C 
, 

Unless Otherwise Specified Min. Typ. Max. 

n· ... n TRANSISTORS 03,05 (TERMINALS 6 and 9 CONNECTEDI 
, 

COLLECTOR CUTOFF CURRENT ICBO VCB = 10 V, IE = 0 - - 1 IlA 

COLLECTOR CUTOFF CURRENT ICEO VCE= 10V,IB=0 - - 10 'IlA 

COLLECTOR·TO·EMITTER 
V(BRICEO IC = 1001lA. IB = 0 30 V 

BREAKDOWN VOLTAGE 
- -

COLLECTOR· TO-BASE 
V(BR)CBO IC = 1001lA. IE = 0 50 V 

BREAKDOWN VOLTAGE 
- -

COLLECTOR· TO·SU BSTRATE 
V(BR)CIO ICI = lOOIlA, IB =.0, IE = 0 50 

BREAKDOWN VOLTAGE - - V 

EMITTER·TO·BASE 
V(BR)EBO IE = loollA, IC = 0 

BREAKDOWN VOLTAGE 
S 7.S. 10 V 

COLLECTOR·TO·EMITTER 
VCE(SAT) 

IC = SOmA, IB = SmA 
S 

- - 0.65 
V 

SATURATION VOLTAGE IC-l0mA,IB= 1 rnA - 0.10 -

BASE·TD·EMITTER 
VBE(SAT) IC = lOrnA, IB = lmA 

SATURATION VOLTAC,E 
2 - 0.76 - V 

BASE·TO·EMITTER 
VBE VCE = 3V, IC = lOrnA 

VOLTAGE 
3 0.65 0.73 0.85 V 

DC FORWARD·CURRENT VCE = 3V, IC = lOrnA 4 100 130 -
TRANSFER RATIO 

hFE 
VCE - 3V, IC = SOmA 80 120 -

p·n·p TRANSISTOR 04 (TERMINALS 7 and 8 CONNECTEDI 

COLLECTOR CUTOFF CURRENT ICBO 

COLLECTOR CUTOFF CURRENT ICEO 

COLLECTOR·TO·EMITTER 
V(BR)CEO BREAKDOWN VOLTAGE 

COLLECTOR·TO·BASE 
V(BR)CBO BREAKDOWN VOLTAGE 

EMITTER·TO·SU8STRATE 
V(BR)EIO BREAKDOWN VOLTAGE 

EMITTER·TO·BASE 
V(BR)EBO 

BREAKDOWN VOLTAGE 

COLLECTOR·TO·EMITTER 
VCE(SAT) 

SATURATION VOLTAGE 

8ASE·TO·EMITTER 
VBE(SATI SATURATION VOLTAGE 

BASE·TO·EMITTER 
V8E VOLTAGE 

DC FORWARD·CURRENT 
hFE TRANSFER RATIO 

n· ... n/ ... n·p TRANSISTOR PAIR 03,04 

DC FORWARD·CURRENT 
hFE 

TRANSFER RATIO 

""BtENT TEMPERATU"E (TAl-2!5·C 

~ 
DC FORWARC·CURRENT TRANSFER RATIO "'FEI-IO 

;! 

~ 
0.,-

~ 
Ii 
~i 0.8 ,/ :¥ V 
~iII 
t::~O.7 

~ /' 
~ /' 
~ 0 .• ......... .. ... 
~ 

0.02 
, . • 8 0.2 

, . . . • . 
COLLECTOR CURRENT {Iel"mA 

VCB =-10 V, IE = 0 - - -1 IlA 

VCE=-10V,IB=0 - - -10 IlA 

IC =-100IlA, IB = 0 -40 - - V 

IC =-10IlA, IE = 0 _50 - - V 

lEI = 10llA, IB = 0, IE = 0 -50 - - V 

IE = -101lA, Ic = 0 -40 -, - V 

IC =-lmA, IB = -lOOIlA 6 - - ~.33 V 

IC =-lmA, IB = -looIlA- 7 - ~.7 - V 

VCE =-3 V, IC = -lOO!1A 8 -0.5 -0.6 -0.7 V 

VCE = - 3 V, IC = -lOO!1A 3D 60 -
9 

VCE=-3V,IC=-1 mA 40 - -

VCE (n·p·n) = 3V, IC = 10mA 10 - 8000 -
VCE (n·p·n) = 3V, IC = SOmA 10 - 6500 -

COLLECTOR-lO-EMITTER VOLTAGE (YcE'"lV 
TERMINALS 7 AND 8 CONNECTED TOGETHER 

6 820 

r 
<"o{(l"c>o,; 

"" .... t"'" r (I; 
p.~~C'J.,.,.. 

"'. +1-
(;vHi l:-'" 
A~E =s: I. 8 m'O·C . ++t- ·FFF 

0-. H"- J.l-I • 
~ ~ ~ 0 ~ ~ " ~ ~ 

AM81[,.T TEMPERATURE (TA )_·C 

ncs- 21908 

92CS-21901 

Fig.l- Bs,.-ro-emitter 611turetion "oIr.fIB "", r:oll.ctor 
CUlrent for p-n-p trsn"'tor 04. 

Fig.B - Blml-ro.mltter 110/,.", ...... • mbi."t temp.,.tun for 
Jrn-p tr.nli,tor Of. 

LINEAR INTEGRATED CIRCUITS 

TYPICAL CHARACTERISTICS ICONT'DI 

0.1 4 6 810 2 

COLLECTOR CURRENT (Ie)- mA 

92CS-21,0. 

Fig.4 - DC forward-curl'flnt traml., I'IIt;Q n. colitICto, curnnt 
fo, n-p-n t,ansistolS Q3 & 05. 
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FORCED-CURRENT TRANSFER RATIO (Ic/Ia)aIO 
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• 4 6 8100 

t2eS-Zt905 

FIg.5 - o,lIt1C'OT*tQ-fImi"., Mru,.tion WJlr.g. n. collector 
fo, n-pn- tnIn.inon Q3 & Q5. 

t!J 
0.4 FORCED-CURRENT TRQSF£R RATIO IItr:IaI-tO 

~ 
0. TERMINALj 'AND 8 CONNECTED TOG£T R 

g 

~ 
Ii / "'> 

I ~ ~-b .,1 ,'. / 15';0.2 ,...:~.,""£ 
.. w f..---#MBl£NT 1E ~ ~ .. ~ r 

0.1 

~ g 
0 
OJ 

, . • . • • • 
COLL.ECTOR CURRENT(ICI-mA 

.zeS-ZlfO' 

Fi/l-6 - CoIlec __ tur uru,.tlon IIQ/,.,. ... co/lec"" 
curront forp·"." _ 01. 

~~~,lll ~ 60-

~ V ~~S~J~ 
I- '0 7 ,. 

1'-., " ~ w 

'" ~~40 " ~~--o-

j ~30 .. ,,~ 
fa: 

I I 
';,~~ 

u 20 0 COLLECTOR-TO-f'tITTER VOLTAGE IVCE'-! V 

'\~ ~ TERMINALS 7 AND a CONNECTED TOGETtlER 

~ ,0 

T I ~ .. 

10 

0.01 . 4 6 II I 4 $78 10 

COLL.ECTOR CURREttT 11c'-mA 
'zeS-zltOI 

FI,.9 - DC forwat'tl-cu"",' tr.",,., ,.,/0".. coiltICtor currwnt 
fQl' p-n·p troMiltOl' Of. 
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LINEARINTEGRATEDCIRCUITS __________________________________________________________ ~ ____________ __ 

CA3097E 
ELECTRICAL CHARACTERISTICS (Cont'd.) 

CHARACTERISTIC SYMBOL TEST CONDITIONS FIG. LIMITS UNITS 

Ambient Temperature NO. 

(TA) = 25°C 
Unle •• Otherwise Specified Min. Typ. Max. 

PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT), Q~ 

" 
OFFSET VOLTAGE VT* 

ANODE· TO·CATHODE 

ON·STATE VOLTAGE 
VF 

PEAK OUTPUT VOLTAGE YOM 

PEAK·POINT CURRENT Ip 

VALLEY·POINT CURRENT IV 

GATE REVERSE CURRENT IGAO 

GATE REVERSE CURRENT IGKS 

OUTPUT PULSE RISETIME t, 

SILICON CONTROLLED RECTIFIER (SCR), Q2 

PEAK OFF·STATE CURRENT: 

FORWARD 

REVERSE 

FORWARD DC VOL TAGE DROP 

GATE·TO·SOURCE 

TRIGGER CURRENT 

DC GATE·TRIGGER VOL TAGE 

HOLDING CURRENT 

CRITICAL RATE·OF·RISE 

OF OF F·~TA TE VOLTAGE 

GATE·CONTROLLED 

TURN·ON TIME 

CIRCUIT-COMMUTATED 

TURN·OFF TIME 

ZENER DIODE, Z1 

ZENER VOLTAGE 

ZENER IMPEDANCE 

ZENER VOLTAGE 

TEMPERATURE COEFFICIENT 

ZENER· TO·SUBSTRATE 

BREAKDOWN VOLTAGE 

• VT = Vp - Vs (Fig. 22) 

'0 
AM81ENT TEMPERATURE (TA 1. 25·C 
FOR TEST CIAUIT, SEE FIG. 23 

IDXM 

IRXM 

VT 

IGS 

VGT 

IHO 

dv/dt 

tgt 

tq 

Vz 

Zz 

(6VzNzf/6T 

6Vzj6T 

V(BR)ZIO 

C·'OOO pF, R-Z".o 
FROM SUPPLY TO 
ANODE 

10 20 '0 40 
ANODE SUPPLY VOLTAGE (Vul-V 

'32C$-21113 

Flg.'3 - PHk 04Jtput 'IoIt.,. w . • norMwpply '101t.(II for 
-01 'PUTI. 

Vs = 10V. RG = 10HI 0.2 - 0.7 
11,22" V 

Vs = 10V. RG = 1M!:! 0.2 - 0.7 

IF = 50mA - 0.90 1.5 
12 V 

IF = 100mA - 1 -

C = O.22I'F 
13,23 10 V - -

Anode Supply Voltage = 20V 

Vs = 10V. RG = 10kll 14.22" - 0.55 1 
!lA 

Vs = 10V. RG = lMll - - 0.015 0.15 

Vs = 10V, RG = 10kll 17,15 4 40 -
I'A 

Vs = 10V. RG = lMll 16 - - 25 

Vs = 30V 22c - 0.02 - nA 

~~%';,". T o·Cathode Short. V S. 22d - 0.2 - nA 

Anode-Supply Voltage = 20V 23 - 60 - ns 
C = O.22I'F 

VORXM = 30V. RGK = lkll 24 _. - 2 
I'A 

VRRXM = 30V. RGK = lkll 24 - - 2 

IT=50mA 18 - 0.90 1.5 V 

TA = 25°C 26 - 33 100 

TA =-550C 26 
I'A 

- 50 -
V L = 10V. RL = 10011 19 - 0.55 0.75 V 

RGK = lkll 20.24 - 1.2 - rnA 

EXPONENTIAL RISE, 
25 - 150 - VII'S 

RGK = lkll. VDRXM = 30V 

See Fig. 33 33 - 50 - ns 

See Fig. 33 33 - 10 - I'S 

IZ= lOrnA 21 7.2 8 8.8 V 

IZ = lOrnA, f = 1kHz - 15 25 11 

IZ= lOrnA - +0.06 - %/OC 

- +4 - mV/oC 

IZ = 100"A -
TERM. 5 TO SUBSTRATE 50 80 - V 

AMBIENT TEMPERATURE {TA)~25"'C 
EaUIVALENT GATE RESISTANCE 1 RG1=IO K,Q 
EQUIVALENT GATE VOLTAGE 1Ysl=10 II 
EQUIVALENT GATEREStSTANCE (RG)"IO Kn 

l E~UIV~I..E~T G,ATE?OUrC£ ,VOI-TAGE I Ysl-v 

-75 -50 -2' 0 25 '0 75 100 12~ 
AMBIENT T£MPEAATIJ~E (TA1-·C 9?cs·~;mi3 

FIg. 14 - flNk·polnt curr.nt "'" (IIt ... ,QUfC, 1101"(11 and IImbi""t 
temjHratuftl fol' at (PUTI. 

TYPICAL CHARACTERISTICS (CONT'O) 

COLLECTOR CURRENT (lcl-mA 
92CS-Z!9JO 

Fig. 10 - DC forward-current transfer ratio vs. collector current 
for transistor pair 03, 04. 

0.6 

~ 

~ 0.3 

~ 
~ 0.2 

00.1 

·75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE ITA l-·C 

9ZCS- 21911 

Fig. 11 - Othet I/o/tags vs. smbient temperlltuf8 for 01 (PUT). 

01 
4 6S 1 '" (; 810 2 4 (; 6 100 2 4 (; 8 1000 

ANODE-lO-CATHODE ON-STATE CURRENT (I!="}-mA 

92CS-2!9!2 

F;g. 12- Anode-to-cathode on·state voltllge vs. anodtt-to-csthode 
an-state current for 01 (PUT). 

'0 ,AMBIEN~ TEMPERATU~E. (f~-AA~-I-+-.. 80 .. ,,<)0 1 

~ ±t~,o 
10 " 

~ 
, .. ~ 

z ~'" ~ ~'\'t'~ '" 60 '" ~ .,' u .. '" ,<-
z '0 "," 
~ ~v~~"':.Lt 
~ 40 ~~",..:);; ~ 
~ tt ~ .. 
> '0 

2 

o 10 15 20 25 30 
EQUlvAL.ENT G4n"SOU"CE YOI..T'AGf: {Vs)-V 

_2CS-ZI91~ 
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__________________________________________________________________________ LINEARINTEGRATEDCIRCUITS 

CA3097E 

o 
5 10 15 ~ 

EQUiVALENT GATE-SOURCE VOLTAGE IVS1-V 
,2C:5-2I,I. 

Fig.'6 - VdI'rrPQinr cu"."r w. gII,...OUn:e vol,.,. 
for OJ lPUTJ. 

25 50 75 100 125 
AMBIENT TEMPERATURE ITA l-·c 

Fig. 19 - Gafll-trilJllSf voltage V$,. ambient temperllture for 
02ISCRJ. 

1. Composite p-n·p/n·p-n Transistors 03, 04 ISee Fig. 31 

To use Q3 as an individual n-p-" transistor, join terminals 
no. 6 and no. 9 to disable p·n·p transistor Q4. 

The appropriate terminal connections are then: 
Collector ........... terminal 9 
Base .............. terminal 7 
Emitter ............ terminal 8 

To use Q4 as an individual p-n-p transistor, join terminals 
no. 7 and no. 8 to disable n·p·n transistor 03. 

The appropriate terminal connections are then: 
Collector. .......... terminal 7 
Base . . . . . . . . . . . . . . term i nal 6 
Emitter ............ terminal 9 

To use 03 and 04 as a composite use terminals 6, 7, 8, and 
9 as required. 

2. Programmable Unijunction Transistor 01 IPun 

The programmable unijunction transistor is essentially an 
anode·gate SCR. The volt·ampere characteristic of the de· 
vice is shown in Fig. 22. When an equivalent Thevenin source' 
IVs, RGI. as shown in Fig. 22, is applied to the gate terminal 
the device will be "off" if the anode~voltage is negative with 
respect to the gate voltage. Under this condition, any current 
flow is exclusively leakage current. When the anode voltage be· 
comes more positive than the gate yoltage by an increment 
equal to the threshold voltage (VT = 0.4 V typ.l, the device 
can turn "on" only if the current available at the anode termi· 
nal i ... eater than the specified peak·point current. The PUT 
will then switch through its negative·resistance region to the 
"on" state (low anode-to·gate voltagel. It should be noted 

TYPICAL CHARACTERISTICS (CONT'D) 

!JzeS-2;1917 

FIg. t 1- ~~/;ti:;:.nt current U smbient temperature for 

'2eS-21920 

Fi,.20 - TypiCal DC holding current w. ,.te-tO-Cllthods 
rtII;lt/Int:e for 02 (SCRJ. 

OPERATING CONSIDERATIONS FOR CA3097E 

that Ip is not the maximum current allowed through the 
device, but is the current required at the peak of the V-I 
curve. I p is typically a very low value of current. 

After the PUT has switched to its low·impedance state, the 
device will remain "on" if the anode·current (lAI exceeds 
the valley·point current (lvl. If IA<IV, the PUT will switch 
back to its high·impedance "off" state. Thus, the PUT can be 
made to "latch" or recover, depending on IV. Since lV's a 
function of the "on"·state gate current Iwhich depends on 
RG and VSI a choice of RG andlor Vs will determine the 
operating mode, i.e., "off" stat~"on" state or "off" .tate 
... "on" state'" "off" state. The value of IV increases di· 
rectly a. a function of VG and inversely with RG. The PUT 
in the CA3097E has a low Ip ....... lp = 15 nA at Vs = 10 V, 
RG = 1 Ma. This low value of Ip indicates that an extremely 

large value of anode·supply resistor, e.g. 60 Mn Ityp.1. can be 
used in timing circuits requiring long RC time constants. This 
becomes important when conSidering the size of the external 

timing capacitor to be used. Consequentlv, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT's. 
Temperature Compensation of Switching Point 

As described previously, the PUT will switch to its low· 
impedance state when its anode voltage is approximately a 
diode·drop above the gate voltage. Since the anode·toilate 
threshold voltage vs. temperature characteristic is similar to 
that of a typical silicon-diode junction, a compensating series 
diode such a. used in the circuit of Fig. 29 IZI connected as 
forward·biased diodel considerably reduces the effect of tem· 
perature on the switching.point. 
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FORWARD DC ON-STATE VOLTAGE (~Tl- 'II 
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Fig. t 8 - Forwsrd DC on-stars current If&. on~tate voltage for 
02(SCRJ . 
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7.' 

7 

1.4 

0.1 
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ZENER CURRENT (IZ)-mA !J2CS-ZI!J21 

FiIJ.2t - ZflfJllr volrage lIS. zener current for Zt. 

Bypassing Anode Current 
If the PUT gate equivalent source is such that IA>IV, the 
PUT will remain "on". A method for turning the PUT off is 
by shunting current away from the anode until IA<IV. An 
example of this technique is the oscillator circuit of Fig. 29. 
Q3 transistor is turned "on" after the PUT fires and shunts cur
rent away from the anode, thereby forcing IA<IV. The PUT 
then turns "off" allowing CT to recharge through RT. to re
peat the cycle. 

Protecting The PUT Against Discharge Current Of The capacitor 

A current-limiting resistor in series with the PUT is normally 
required to dissipate capacitive discharge energy Isee Figs. 23 

and 291. 

Silicon Controlled Rectifier, 02 ISCR I 

The SCR should be used with a I kn lor lessl resistor con· 
nected between the cathode and gate terminals if the SCR is 
to be subjected to its maximum forward and reverse voltage 
ratings IVOXM and VRXMI. Selecting a value for RGK of 
I kn lor lowed increases the capability of the device to with
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
le.g., a pun will determine the lowest value of RGK at 
which the SCR will fire with a VGK"'<l.55 V. With a value of 
500n for RGK, the trigger source must be capable of sup
plying 1.1 mAo RGK should be non·inductive within the 
frequency band of the noise transients normally encountered 
in a particular appl ieation. 
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CA3097E 
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Fig. 23 - Output pul .. chorllctorinia fo, 01 (PUTI. 

100 1 12W 

+10V~ 

.0011 '0011 

VA. 

--:::i1=~1~F-':f==4-- VA' 
APPLIED 
EXPONENTIAl: 

WITH SWI CLOSED, INCREASE VS'UNTIL SeR FIRES (YTVM DROPS 
FROM IOV TO APPROXIMATELY IV J. lGS ITRIGGER) IS MEASURED 
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT lGS MAY 
DECREASEAs Vs IS INCREASED DUE TO CURRENT DRAWN OUT 

CONDITIONS; 

RGKa, Kn 
TAa 25·C 

921:5-21924 

VOLTAGE 

92CS-Z1925 

Of THE GATE TERMINAL OF THE seR AS IT TURNS ON. TO UNLATCH 
THE SCR OPEN SWI. 

* Vs SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS 

NEAR THE TRIGGER POINT 

Fig. 24 - Principle rloItlI,.-current chllracteristics 
for 02 (SCRI. 

Fill- 26 - o.finition of critic'" ,.re of riM of 
o""t ... I101_ for 02 (SCRI. 

Fig. 26 - Tar circuit for determining 
'GSin 02 (SCRI. 
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APPLICATIONS CIRCUITS 

L~ __ J 
TYPICAL TEMPERATURE CHAHACTERISTtC 

SUBSTRATE 
TlIIIING PERIOO = 200 SEC. WITH I Mtl POT CENTERED 

til RL .330n.o.~. 100".!O.01"".C 9ZC$· 21928 

TYP. LOAD REGuLATION@ IL"OTD 401111..16 Yo'Voh 100-
TIMING C'l'CL£ BEGINS WHEN AC IS APPLIED 

It SPRAGUE TYPE 4308. 5 ~F AT 50 V 
-3%INO LOADTO FULL LOADI 

SPRAGUE TYPE 6308, S",F AT 50 V 
OR EOUIVALENT 92CS-21921 TYP. I..INE REGUI.ATION @fl:l.330n.~:O'''o aIOO..1o.!SS""V 

.u.VUNREG. 

Fig. 21 - AC IiM*OpetBted o~shot ti""", 
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PULSE RATE ADJUSTED BY VARYU.G RTOR CT' 
OUTPUT PULSE WlgTH ADJUSTED BY RICI 
DIFfERENTIATING TIlliE CONSTANT 

TYPICAL CM'ERAT ION FOR: 

y+. IS Y. CTaO.1 ,..F. RT. 4·]1(8 
CI"82,,, R,-GOKO 

Fig. 29 - PuI .. _.tor. 
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CA3097E 

YlMREGULATED 
20 V 

Vo 
9.5-15'11 

APPLICATIONS CIRCUITS (CONT'D) 

"UNREGULATED-ID-13Y 

TYPICAL LOAD REGULATION @ yo.n',rt..o TO 40 mA 

'''0 
TYPICAL LOAD REGULATION @ Vo"12v.IL~O TO 40 ",A 

~ .. IOO.!O.4""(NO LOAD TO FULL LOAD) 
Vo 

---vQIlIOO--I .... 

TYPICAL LINE REGULATION@ '110.7'11, It.-2OmA 
6vo 

TYPICAL LINE REGuLATION @ 't!-12 'II 

AVo'yo 1100-+0.45 "fo.fY 

.6vUNREG. - 92.CS- 21930 

Yo -t.O-e'%.'VOLT 
A "UNREGULATED 

'ZCS-21931 

Fig. 30 - Series volrage regulator. Fig. 37 - 5 to 7.5 V Munl regull1tor. 

'lie 9.5'1/ 

Yo 20'11 

*UONOSTABLE DELAY TIME SET BY ADJUSTMENT OF 101 vARY RD) OR 
BY Co.ID MUST 8E GREATER THAN Iv Of 01 (pUTI FOR MONOSTABLE 
OPERATION· 

Q2(SCRI SWITCHING TIMES: 

g::E~I~~~~:~~~~~ETDU~R~~~~~E T(I~~ ltl:~~ !:i:~p) 

Fig. 33 - MO(losrable multivib,ator with Wlriable delay. 

NOTE: SHORT TERMINAL 15 TO 14 WHEN USING 05 AS A DIODE 
'ZCS-Z2l'rI 

Fig.35 - Plutse control circuit. 

LINEAR INTEGRATED CIRCUITS 

V+ 
IKn 

.& OPTIONAL SPEED-UP CAPACITOR 
* REQUIRED IF VJ. SWlfIIIGS BELOW GROUND 

TYPICAL OPERe'TING CONDITIONS: 

FREQUENCY IN - 0-10 kHz 
SUPPLY VOLTAGE (V·1- 15 V 
RI,R2,RH~5.IK.n 

Rla '·2 KR ,Rs. 300n 
CI-820pF 
VTHU- 7.5 v, VTM L- 5V 

~::~:R;!~~s~~t~A:~T::EY(YTH U 1115 Y+.,fi-R2 
£"2 ""\ 

LOWER THRESHOLD VOLTAGE (YT~ L)st= (y+)\Fi2'iiHJ 

HYSTERESIS VOLTAGE- VTH U-VTHL 

R2 RH '"ii2+iiH + R I 

~ __ ~~ __ -L ________ _ 

Fig. 32 - Schmitt tri_. 

JOFF " TIMING PERIOD ~ LOAD CURRENT) 
PUT FIRES WHEN "c S:I 8 V 

vc are ~~FF1. Ie:::l$ IT (Q3 .05 MATCHEDJ 

Y+-O.1 
IT ~ET BY ADJUSTING RT,'IT:1$~ 

92CM-ZI9U 

TON ·CAPACITOR DISCHARGE TIME THROuGH LOAD. LOAD TURNS 
OFF WHEN $CR ANOOE CURRENT FALLS BELOW HOLDING 
CURRENT (IIiO). TYPICAL LHO • '.2 mA 

EXAMPLE: FOR TIMING PERIOD OF8.3 MIN 

CT- ~~~F. IT"'6~A 
RT" -r;:-- (FOR V+"'6V, Rr::= IMO) 

HCS-ZI934 

F ;'.34 - Low-currenNlfllin i»ttery-ofMI,."tfId 
long interval .table rimer. 
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LINEAR INTEGRATED CIRCUITS 

CA3098 Types 

Programmable Schmitt Trigger Features: 
• Programmable operating 

current 

• BUilt-in hysteresis: 20 mV 
max. 

- With Memory . • Programmable hysteresis: 
20mVto V+ 

-Dual-Input Precision Level Detectors 

Applications: 
• Control of relays, heaters, LED's lamps, 

photo-sensitive devices, thyristors, 
. solenoids, etc. 

• Signal reconditioning 
• Phase and frequency modulators 
• On/off motor switching 
• Schmitt triggers, level detectors 
• Ti me delays 
• Overvoltage, overcurrent, overtemperature 

protection 
• Battery-operated equipment 
• Square and triangular-wave ~nerators 

The RCA·CA3098 Programmable Schmitt 
Trigger is a monolithic silicon integrated 
circuit designed to control high·operating· 
current loads such as thyristors, lamps, 
relays, etc. The CA3098 can be operated 
with either a single power supply with 
maximum operating voltage of 16 volts, or a 
dual power supply with maximum operating 
voltage of ±8 volts. It can directly control 
currents up to 150 mA and operates with 
microwatt standby power dissipation when 
the current to be controlled is less than 
30 mAo The CA3098 contains the following 
major circuit·function features (see Fig. 1): 

1. Differential amplifiers and summer: the 
circuit uses two differential amplifiers, 
one to compare the input voltage with 

the "high" reference, and the other to 
compare the input with the "low" refer· 
ence. The resultant output of the differ· 
ential amplifiers actuates a summer cir· 
cuit which delivers a trigger that initi
ates a change in state of a flip-flop. 

2. Flip-flop: the flip-flop functions as a 
bistable "memory" element that changes 
state in response to each trigger command. 

3. Driver and otu put stages: these stages 
permit the circuit to "sink" maximum 
peak load currents up to 150 mA at 
terminal 3. 

4. Programmable operating current: the cir
cuit incorporates access at terminal 2 to 
permit programming the desired quiescent 
operating current and performance para
meters. 

The CA3098 is supplied in the 8-lead dual-in
line plastic package W'Mini-Dip", E suffix). 
8-lead TO-5 style package (T suffix), 8-lead 
TO-!)-style package with formed leads "DI L
CAN" (Ssuffix), and in chip form (H suffix). 

For information on another RCA Dual-Input 
Precision Level Detector, see the data bulletin 
for the RCA-CA3099E, File No. 620. 
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• Micropower standby dissi
pation 

• Direct control of currents up 
to 150 mA 

• Low input on/off current of 
less than 1 nA for pro
grammable bias current 
of 1 J..IA 

• Dual reference input 
• High sensor range: 100 n 

to 100 Mn 
• Stable predictable switching 

levels 
• Temperature-compensated 

reference voltage 
• Power can be strobed off 

via term. 2 

2 P~OGRAM"ABLE 
BIAS CURRENT 

\1 INPUT (IaIAS) 

OUTPUT 
CURRENT 
CONTROL 

...... ------l r-------~--~5 

SIGNAL INPUT 

-LOW· REFERENCE 
(LR) 

92CU-26917 

, I 

T 

Fig. 1 - Block diagram of CA3098 programmable Schmitt trigger. 

Maximum Ratings, Absolute-Maximum Values at TA =2SOC: 

v-

Supply Voltage Between Terminals 6 and 4, ............................ 16 
Output Voltage Between Terminals 7 and 4, and 3 and 4 '" . . . . . . . . . . . . . . . . 16 
Differential Input Voltage Between Terminals 8 and 1, and 

Terminals 7 and 8 .............................................. 10 
Operating Voltage Flange: 

V 
V 

V 

Term. 8 :. oj •••••••••••••• " •• " " • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • V- to V+ 
Term. 7 .............................................. (V- plus 2.0 V) to V+ 
Term. 1 ........................................... (V-) to (V+ minus 2.0 V) 

Load Current (Term. 3) ........................................... 150 mA 
Input Current to Voltage Re!lulator (Term. 5) .......................... 25 mA 
Programm(ible Bias Current (Term. 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mA 
Output Current Control (Term. 5) ................................... 15 mA 
Power Diss!pation: 

Without Heat Sink: 
Up to T A = 55°C 
CA309~S, CAa098T ................................. . . . . . . .. 630 mW 
CA3098E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 630 mW 
Above TA = 55°C Derate linearly at ............................. 6.67 mW/oC 

With Heat Sink: 
Up to T A = 55°C 
CA3098S, CA3098T ................................. . . . . . . . . 1.6 W 
Above T A = 5po C 
CA3098S. CA3098T Derate linearly at ........................... 16.67 mWfC 

Ambient Temperature Range (All Packages): 
Operating ................................................... -55 to +125 °c 
Storage ................................................... -65 to +150 °c 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds m~x. . .............................. . 265 



CA3098 Types 
General Description of Circuit Operation 

(Refer to Figs. 2, 3, 4) 

When the signal-input voltage of the CA3098 
is equal to or less than the "low" reference 
voltage (LR), current flows from an external 
power supply through a load connected to 
terminal 3 ("sink" output). This condition is 
maintained until the signal-input voltage 
rises to or exceeds the "high" reference volt
age (HRI. thereby effecting a change in the 
state of the flip-flop (memory) such that the 
output stage interrupts current flow in the 
external load. This condition, in turn, is 
maintained until such time as the signal 
again becomes equal to or less than the "low" 
reference voltage (VR). 
The CA3098 comparator is unique in that it 
contains circuit provisions to permit pro
grammability. This feature provides flexi
bility to the designer to optimize quiescent 
power consumption, input-circuit charac
teristics, hysteresis, and additionally permits 
independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, 
etc. Programmability is accomplished by 
means of the bias current (Ibias) supplied 
to terminal 2. 

An auxiliary means of controlling the magni
tude of load-current flow at terminal 3 is 
provided by "sinking" current into terminal 5. 
Figs. 3 and 4 highlight the operation of the 
CA3098 when connected as a simple hys
teresis switch (Schmitt trigger). 

-5 AMBIENT TEMPERATURE ITA '.25-C , SUPPLY vOLTAGE C.Y·} -12V 
"HIGH" REFERENCE VOLTAGE IVHRI.6V 

"F "LOW· REFERENCE vOLTAGE IYLRI.6Y 
d. -. V.rOtLRI"'Vr-VLR . V 0 

.£ V III 
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2 • • • 2 4 • • 2 • .. , 10 100 1000 
PROGRAMMING BIAS CURRENT (IBIASI-,..A ,acs- 20986 

Fig. 5 - Input'offset I/oltage ("low" reference) 
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v.. programming bias current. 

PROGRAMMING 81AS CURRENT (18IA51-100,.. A 
V.IOU4AI"YI VHR 
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AMBIENT TEMPERATURE (TAl-lie 'ZCS~ZO'79 

Fig. B - Input-offset I/oltage ("high reference) 
v.. IImbient temperllture. 

LINEAR INTEGRATED CIRCUITS 

r-~-4~----~--~~--~----~----1-==~~---?----~-4~----------~~.V+ 
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INPUT 

a 

~~r-+-------~~t+==r-i1-------;'P~~GR~A~M;M;Aa~L~E2 
alAS cuRRENT 
INPuT (IaiAsl 

Fig. 2 - Schematic Diagram of CA309B. 
'IY+"2 Ydc 

101 
RL 

g2eS-26919 

Fig. 3 - Basic hysteresis switch (Schmitt trigger). 

Output Voltage (V) 
Sequence Input Signal Lavel (Term. 31 

1 

2 
3 
2 

4~EIN >0 

S~EIN >4 

EIN>S 
B~EIN >4 

4~EIN >0 

o 
o 
~2 

12 

o 

Fig. 4 .- Resultant output states of the CA309B. 
shown in Fig. 3 as a function of various 
input signal levels. 

TYPICAL CHARACTERISTIC CURVES 
~ 1" 'M8IENT TEMPERATURE ITA '" 25·C 
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I -HIGH" REFERENCE VOLTAGE (VHR)saV 
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Fig. 6 - Input-offset I/oltage ("high" reference) 
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Fig. 9 - Min_ hystaresis I/oitage vs. programming 
billS current. 
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LINEAR INTEGRATED CIRCUITS 

CA3098 Types 
ELECTRICAL CHARACTERISTICS at T A = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 
Fig. LIMITS 

UNITS 
No. Min. Typ. Max. 

Input Offset Voltage: 

"Low" Ref., VIO(LR) 
VLR=Gnd,VHR=3V 

5 -15 -3 6 mV 
IBIAS= 100jJA 

"High" Ref., VIO(HR) 
VHR = Gnd, VLR = -3 V 

6 -10 ±10 10 
I BIAS = 100 jJA 

Temp. eoeff: 
"Low" Ref. -55 °e to + 125 °e 7 - 4.5 -

l.NtC 
"High" Ref. -55 DC to + 125°C S - ±S.2 -

Min. Hysteresis VREG=6V,V+=12V 
Voltage VIO(HR.LR): IBIAS = 100 jJA 

9 - 3 20 mV 

Temp. Coeff. -55°C to + 125 DC 10 - 6.7 - jJvtc 

Output Saturation Voltage, VI=4V,VREG=6V, 
11,12 - 0.72 1.2 V 

VCE(SAT) V+= 12V,ISIAS=100jJA 

Total Supply Current, 

ITOTAL: 

"ON" 
VI=4V,VREG=6V; 

13,14 500 710 SOO jJA 
V+= 12V,ISIAS= 100jJA 

"OFF" VI =SV, VREG =6V 400 560 750 jJA 
V+ = 1 2 V, I S I AS = 1 00 }.LA 

Input Bias Current, liB: 

IB(p·n-p) 
VI=4V,VREG=6V 
V+ = 12 V, IBIAS = 100jJA 

15 - 42 100 nA 

IS(n-p-n) 
VI=8V,VREG=6V 

28 
V+= 12V,IBIAS= 100jJA 

- 100 nA 

Output Leakage Current, Current from Term. 3 when 
ICE(OFF) Q46 is "OFF" 

- - - 10 jJA 

Switching Times: 

Delay, td Ie = 100jJA - 600 - ns 

Fall, tf ISlAS = 100 jJA - 50 - ns 
18 

Rise, tr V+= 5 V - 500 - ns 

Storage, ts VREG = 2.5 V - 4.5 - jJs 

Output Current, 10 V+ = 12 V, IBIAS = 50 jJA - 100 - - mA 

I"'" • AMBIENT TEMPERATURE (TA I- 25' C 
6 SUPPLY VOLTAGE (V'l-12V 

l~ 4 REGULATED SUPPLY VDLTAGE(VREG 

V -6V I I I I Y'" 
<It z 

_1.1 ,~,~\/ V 
. __ ._+-

-75 -:10 -25 0 25 50 75 100 125 

252 

AI/BIENT TEl/PERATURE (TA l-"C 
92CS-1S923 

Fig. 14 - Total supply current VS. ambient 
temperature. 
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Fig. 15 - Input bias current vs. programming bias 
current. 
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Fig_ 11 - Output saturation voltage vs_ output 
sink current. 
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Fig. 12 - Output saturation voltage vs. ambient 
temperature. 
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Fig. 13 - Total supply current vs. programming 
bias current. 
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Fig. 76 - Input-offset voltage 
test circuit. 



LINEAR INTEGRATED CIRCUITS 

CA3098 Types 

lion 

Fig. 18 - Switching time test circuit. 

HYSTERESIS VOLTAGE:.Vr "OFF"-V{ONII 

92CS- 269:10 

Fig. 17 - Min. hysteresis voltage, total 
supply current, and input
bias-current test circuit. TYPICAL APPLICATIONS 

+SV +SV 

IOKa 

92CS-26912 

+SV 

-s V 

I K1l 

SQUARE
WAVE 

OUTPUT 

Fig. 19 - Time delay circuit: Terminal 3 
"sinks" after '( seconds. 

Fig. 20 - Time delay circuit: "sink" current 
interrupted after T seconds. 

Fig. 21 - Sine-wave to square-wave converter 
with duty-cycle adjustment 

92C5-26920 

Notes (a) Motor pump is "ON" when water level rises above 
thermistor TH2. 

(b) Motor pump remains "ON" until water level falls 
below thermistor TH l' 

(e) Thermistors. operate in self-heating mode. 

Fig. 22(a) - Water·level control. 

=':(=====-18 I ------ I 2 f3 WATER 
_ LEVEL 

Fig. 22(b) - Water level diagram for 
circuit of Fig. 22(a). 

(VI and V2). 

v-
nCS-26914 

Fig. 23 - OFF ION control of triac with 
programmable hysteresis. 

INPUT PULSE MUST 
BE GREATER THAN 
I ms BUT LESS 

THAN DESIRED.ON 

+ 2.5 V r--1 
ov -J LTRIGG 

INPUT 

IMn 

+ sv 

-sv 

15 
150 
300 

92CS-2691~ 

Fig. 24 - One·shot multivibrator. 

VALUE OF 
CI (~F) 

0·01 
0·1 
0.2 
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LINEAR INTEGRATED CIRCUITS 

CA3099E 
Programmable Comparator - - With Memory PROG~A"'MABLE 

BIAS 
CURRENT .... ~ 

RCA·CA3099E Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating-
current loads such as thyristors, lamps, relays, etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts, or a dual 
power supply with a maximum operating voltage of ± 8 volts. 
It can directly control currents up to 150 rnA. It operates with 
microwatt standby power dissipation when the current to be 

controlled is less than 30 mA. The CA3099E contains the 
following six (6) major ctrcuit·function features (Figure 1): 

1. Differential amplifiers and summar; the circuit uses two 
differential amplifiers, one to compare the input voltage 
with .the "high" reference, and the other to compare the 
input with the "low" reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip·f1op. 

2. Flip-flop; the flip-flop functions as a bistable "memory" 
element that changes'state in response to each trigger 
command. 

3. Driver and ou1pUt sta .... ; these stages permit the circuit to 
"sink" maximum peak load currents up to 150 rnA at 
terminal 3. 

4, PrD1l"ammable operating current; the circuit incorporates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 

5. Intarnll sources of reference .oItqe and progr_mlbla 
bi.. current; an integral circuit supplies a temperature· 
compensated reference voltage (Vi>/2) which is about 1/2 
of the externally applied bias voltage (Vb). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bia.s (lbias). 

6. Voltage regulator; provides optional on·chip voltage regu· 
lation when power for the CA3099E is provided by an 
unregulated supply. 

Maximum Ratln .. , AbsoIur.Muimum Ihlutl$.t TA - 2fPC: 

Supply Voltage Between Terminals 10 and 4. 
9-and 4. 8 and 4 . . . . . . . . 

Output Voltage Between Terminals 7 and 4, 
and 3and 4. . 

Omerential Input Voltage Between 
Terminals 14 and 1, and Terminals 13 and 14 . 

Operating Voltage Range: 
Term.14 .. 
Term. 13 
Term.1. 

Load Current (Term. 3) . 

Input Current to Voltage Regulator (Term. 5) 
Programming Bias Current {Term. 21 . 
Output Current ContrOl (Term. 7). 

Power Dissipation: 

16 v 

16 V 

10 V 

OVtoV+ 
2.0V toV+ 

o V to V+ minus 2.0 V 

150 mA 
25 mA 

1 mA 
15 mA 

Up to T A • 55°..c. , . 
Abo .... e T A '" 55°C. . . Derate linearly at 

750 mW 
6,67 mWl"c 

Ambient Temperature Range: 
Operating . 
Storage. . . . 

Lead Termperature (During Soldering): 
At distance not·le$$ than 1/32 inch (0.79 mm) 
from seating plane for 10 s maximum 
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-55 to +125 °c 
-65 to + 150°C 

+265 

SOIJ"CE OF REFERENCE 
VOLTAGE 1"'111:1'2) II 

SIGNAL INPUT 

Features: 

INPUT UBIASI , 

U"'A£Ic;'~~lED ~GJTl.f>"JTEO 

Fig. t -Block diagram of CA3099E Pfogramm.ble comPllrlltor. 
(Su pagtJ 3 for IJ6Mr.J dftcriptjon of circuit OPBTlltion.) 

Applications: 

'.I~CIII·ltO!l' 

ounUT 
CUIIIIII[f!1T 
CONTItOI. 

• Programmable operating current 
• Micr~power standby dillip.tion 
• Direclly contJoI, current up to 150 rnA 

• ContJai of roilY', heltan, LED'" lampI, 
photo-sensitive devices. thyristors. 
solenoids, etl;:. 

• Low input onloff current of IHI 1I11n 1 nA 
for programm.bla bi. current of 1 jJA. 

• Built-in hysteresis: 10 mV max. 
• Programmable, hysteresis: 10 mV to V+ 
• Dual reference input 
• High sensor rlnge:.l00 n to 100 Mn 
• Stable predictable switching levels 

• Signal reconditioning 
•. "" ... Ind frequency modullton 
• On/off motor switching 
• Schmitt triggen, 1 ••• 1 de18ctors 
• Time delays 
• Overvoltage .. overcurrent. 

overtemperatur. protection 

• Battery·operated equipment • Temperature-compensated r.ference 
voltage • Square and triangular-wave generators 

ELECTRICAL CHARACTERISTICS AT TA ~ 25"C (Unless otherwise indicatedl 

TEST CONDITIONS CHARACTERISTICS SYMBOL 
TA - 2SOC Un ... (ltMrwi .. Inclated 

FIG. No. 
MIN. 

Reference Voltage Term. 9 == 12 V, Term.4 "" Grd. Term.11 "" Test - 5,7 
VREF 

Reference Voltage - -
Temperature Coefficient 

Regulated Supply Voltage VREG Term.5 1 K to 12V. Term.4 '" Grd, Term.6 10KtoGrd 5 6 

Regulated Supply Voltage 
5 -Temperature Coefficient 

Input Offset Voltage: 
"Low" Reference V,O IlRI VLR'" Grd. VHR = 3 V. IBIAS '" 100 JJ.A 20.6 --8 
"High"' Reference VtO IHRI VHR = Gfd. VLR '" -3 V, ISlAS == l001lA 20.1 -5 

"Low' Reference Temp. -S5OC to + 1250 C 20.8 -Coefficient 

··High" Reference Temp. 
-550 C to + 1250 C 20,9 -Coefficient 

Min. Hysteresis Voltage VIOIHR-LRI VREG· 6 v. v· ~ 12 V, IBIAS· l001JA 21,10 -

Min. Hysteres.s VOltage -550C to -+ 1250C 11 -Temperature Coefficient 

Output Saturation Voltage VCEISATl VI-" V, VREG - 6 V, V+· 12 V. IBIAS = l001JA 21.12,13 -

Total Supply Current" 
VI-4 V, VREG = 6 v, V+ -12 V, IB_IAS. ~ l001JA ITOTAL"ON" 21,/4,15 600 

ITOTAL "OFF" 
ITOTAl 

"1-' V, VREG - 6 V. V+ -12 V, IBIAS -1001JA 21,14.15 420 

Input Bias Current: 
VI = 4 V; VREG - 6 V, V+ -12 V.IBIAS· l001JA IB(p-n-p1 21.16.11 -',8 VI- 8 V, VREG - 6 V, V+ -12 V,IBIAS - 100 IJA IS(n-p-n1 21.16.17 -

Output Leakage Current 'CEIOFFI Current from Term.3 when 046 is ··OFF·· - -
Internal Bias Current 'IBC 18,19 120 

Switching Times: , 
Delay td te" 100 IJA 22 -

tf 
tBtAS· 100 IJA 

22 -Fall 
V+ "'5V 

Rise t, 22 -
t, 

VREG' 2.5 V 
22 -Storage 

LIMITS 

TYP. MAX, 

6 6,3 

HIO -
7,2 8 

2.9 -

-3 2 
±1 5 

4,5 20 

~,2 :1:20 

3 10 

6,7 20 

0.72 1.2 

710 800 

560 750 

33 200 

20 60 

- 10 

200 280 

600 -
50 -

500 -
4,5 -

UNIT 

V 

iNlOC 

V 

mV/oC 

mV 

/Nl"c 

mv 

iNloC 

V 

IJA 

nA 

IJA 

'" 
,.S 



LINEAR INTEGRATED CIRCUITS 

CA3099E 

92CS- 20990 

Fig. 3 - Functional diagram. 

92CS'20991 

Fig.2-Schematic diagram of CA3099E. 
Fig. 4 - Logic diagram. 

TYPICAL CHARACTERISTIC CURVES 
General Description of Circuit Operation (Refer to Fig.1) 

When the signal·input voltage of the CA3099E is equal to or 
less than the "low" reference voltage (LR), current flows from 
an external power supply through a load connected to 
terminal 3 (llsink" output). This condition is maintained 
until the signal·input voltage rises to or exceeds the "high" 
reference voltage (HR), thereby effecting a change in the 
state of the flip·flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, 
in turn, is maintained until such time as the signal again be· 
comes equal to or less than the "low" reference voltage (VR). 

The CA3099E comparator is unique in that it contains circuit 
prOVisions to permit programmability. This feature provides 
flexibility to the designer to optimize quiescent power can· 
sumption, input-circuit characteristics, hysteresis, and addi
tionally permits independent control of the comparator. 
namely, pulsing, strobing, keying, squelching, etc. Pro· 
grammability is accomplished by means of the bias current 
(lbias) supplied to terminal 2. As an alternative to externally 
supplied bias current, the CA3099E contains an internal 

source of regulated bias current accessible at terminal 12. 
This internal source of bias current is developed by two 
alternative methods; in the first method, bias voltage (Vb) 
applied at term ina! 9 develops a source of temperature·, 
compensated reference voltage ('" Vb/2) at terminal 11 and 
additionally supplies a source of bias current at terminal 12 
via line "AII. Alternately, when a positive supply voltage is 

applied at terminal 8. a source of constant·current biasing is 
provided at terminal 12 via line "BH • 

An auxiliary means of controlling· the magnitude of load·wr· 
rent flow at terminal 3 is provided by "sinking" current into 
terminal 7. The CA3099E contains an on·chip voltage regu· 
lator which may optionally be used to regulate the voltages and 
bias currents (eXClusive of the load current at terminal 3) 
needed for the operation of the IC. 

Fig. 2 is the schematic diagram of the CA3099E. Figs. 3 
and 4 are. respectively. functional and logic diagrams of 
CA3099E operation. 

+12V 

'"0 

6. 
-50 -25 25 50 75 100 125 

92CS-20o;l73 

Fig. 5 - Retplated supply VOltage vs. ambient temperature. 

.. AMBIENT TEMPERATURE (TA l-Z5·C 
~ SUPPLY VOLTAGE (Y+l -12 V 
I -HIGH- AEFERENC£ VOLTAGE (VHRI-SY 

1: ·L.OW· REFERENCE VOLTAGE IVLR1.OY 

1. ±5 
VIO(HRIEVI-YHR 

~ ..~ II 
I-

~ In 

/ ~ r--.. l-

i ., 
..: 
II! 

t 
0 

I 2 . . . 2 . •• 2 . •• I 
10 100 1000 

PROGRA .... ING 81AS cuARENT (rIIAS1-,..A 

921.5-20915' 

Fig. 7 - Input-offset ~oltllgtl ('lIiflh" reftt,.,,,,ceJ n. progn,mmin, 
bia, current. 

- AMBIENT TEMPERATURE (TA l.2~·C 
'r SUPPLY vOLTAGE (y+) -12 V 
I -HIGH· REfERENCE VOLTAGE {VHRI- 6 v 
~ • LOW· REFERENCE VOLTAGE fVLR'- 6 V 

.::::! -4 
VIO(LR)·VI-VLR 17 0 z l/ ~ -. g 

V y 
~ '/ 
~ -. - V 
i V f.--

'" -I -II! 
~ 
:I 

0 
2 . •• 2 . . • 2 . •• I 

10 100 
PROGRA .... ING BIAS CURRENT trBIASl-~A 

92CS- 20986 

Fig. 6 - Input-offsst voltage (Ulow" ref8rflnc,,) ~S. programming 
bi., current. 

-75 -50 -25 o 25 50 1$ 100 125 

A.,8IEMT TEMPERATURE (T A)-·C 

Fig.. 8 - Input-ofhet volU/JII ('10w" ,."fttrwlCtI) VI. lIfflb;'nt 
r.m"..tul1I. 

100 
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LINEAR INTEGRATED CIRCUITS 

CA3099E 
, CUlt" NT II.AS ., .' t s 

YZOIHRl·VI-YHR 

1.. 
! 
~ .. ; 
i , 
~ 
t 

-75 -50 -2. 0 25 50 7. KlO '2' 
AMBIENT TEMPERATURE (T A I-·C 

9ZCS-20979 

FIfJ. 9 - Input-offnt tloltage (~1Jigh - reff:rencB) v,. ambient 
tflmpll,.ture. 

I. AMBIENT TEMPERATURE (TA)-2,·C 

> PROGRAMMING BIAS CuRRENT CIBIA51-IOOp.A 

~ 
L2 SU""LV VOLTAGE IV+'-'2V I 

.. 
~ , 

II ~ 
;! 0., 
~ 
z 

0.. 0 

i 1/ " 0." ~ y .. 
~ 0.2 V & l--, 2 • • . 2 4 • '0 '00 

OIJTPUT SINK CURRENT (ILOAD)-mA 
• 

'2CS-20981 

Fig. 12 - Output saruration 1I0itage VI. output 'ink current. 

0XKr: _BIENT TEMPERATUltE CTa 1-25-C 

• SUPPLY VOLTAII. (y4)-12 V 
lttaULATED SUPPLT (V.I)-' V .. • I 1 KlO, 

J 

j 4 

V - • Ii ~ 
I 10. 

li • .. ' u • \,". 
./ .. 

--~? .. • ii .. ' . ~ \ ..... 
" ~". .. · 5 

4/1 I 
0., I I 

,boo 

2 . . . • 4 •• 2 4 .. , 
10 '00 '000 

PROGRAMMING BIAS CURRENT (18IA5,-,..A 

'ZCS-Z0982 

Fig. 15· Input billS t:urrent vs.. programming bias current.. 

·.V 

92CS-20995 

Fig. 18 - Inpur-off$(lt volrage test circuit. 

f 4 A::;:~; ~~~::::~~~~ ~~~~.25·C 
~ ·.~Ig:·.~~~~~~:~~ ~~t~:~i «(~~\:~~ 
_~ l 

4 68 '0 468'00 468'000 
PROGRAMMING BIAS CURRENT U 81AS )-,.A 

92CS-20984 

Fig. 10 - Min. hysteresis voltage vs. progrBmming bias current 

SUPPLY VOLTAGE (Y+}-IQY I PROGRAMMING BIAS CURRENT (IBIAS )aIOO,.A 

! 
!' .. 
~"" .~ 

-100 -75 -50 -2! o •• 50 70 KlO 

AMBIENT TEMPERATURE IT.I-·C 

Fig. 13 - Output saturation voltege vs. ambient temperature. 

SUPPLY VOLTAGE !V+I-V 

Fig. 16 _ Intern" bias current vs. IUpply voltage. 

HYSTERESIS VOLTAGE -VI ·OFF" -VI 'bN· 

92CS· 20994 

Fif/. 19 - Min. hysteresis I/o/tage, total supply current, 
and input bias current rest circuit. 

'25 

For application information, see Data Bulletin File No. 620. 
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, 
-100 -75 2. 50 75 100 125 

AMBIENT TEMPERATURE ITAI--C 
!U:CS- 20975 

Fig. 11 - Min. hysteresis yo/rage VI. ambient temperature. 

468 Z 4682 4Ei81 
10 100 1000 

PR'OGRAMMING 81AS CURRENT' 18IA$1-". ... 92CS- 20983 

Fig. 14 - Total supply current VI. profll'amming bill$ current. 

SUPPLY VOLTAGE IY I- 9 V 

-50 -25 0255075 100 

92($-20978 

Fig. 17 - In,.""" bias current vs. smbi.nt UHnpst:8ture. 

v+ 

VI~ r-
~ 
, I 

~~ 
I I I II 

-tTf I- ~Ts-H I ..,T r t-
92CS-20,),)6 

Fill- 20 - Switching time test circuit. 



CA3100 

Wideband 
Operational Amplifier 
RCA-CA3100S, CA3100T is a large-signal 
wideband, high-speed operational amplifier 
which has a unity gain crossover frequency 
(fT) of approximately 38 MHz and an open
loop, 3 dB corner frequency of approximately 
110 kHz. It can operate at a total supply 
voltage of from 14 to 36 volts (±7 to ±18 
volts when using split supplies) and can 
provide at least 18 V p.p and 30 mA POp at 
the output when operating from ±15 volt 
supplies. The CA3100 can be compensated 
with a single external capacitor and has de 
offset adjust terminals for those applications 
requiring offset null. (See Fig. 15). 

The CA3100 circuit contains both bipolar 
and P-MOS transistors on a single mono
lithic chip. 

The CA3100 is supplied in either the stand
ard 8-lead TO-5 package ("T" suffix), or in 
the 8-lead TO-5 dual-in-line formed-lead 
"OIL-CAN" package ("S" suffix). 

Applications: 

• Video amplifiers 
• Fast peak detectors 
• Meter-driver amplifiers 
• High-frequency feedback amplifiers 
• Video pre-drivers 
• Oscillators 
• Multivibrators 
• Voltage-controlled oscillator 
• Fast comparators 

0.00,24"&0,2 468Q,2 468,2 468'02 46~ 

FREQUENCY (f)-MHz 92CS-ZI570 

Fig. 2 - Open-loop gain, open-loop phase shift vs. 
frequency. 

!fl 
I 
~ 
! 
~ 

i 
l'; 
~ 
i 

" SUPPLy VOLTAGE(V,Y-)-'5V 
COMP£NSAnON CAPACITANCE CCc.) *0 

60 
LillO RESISTANCE (RL,l-ZKA 

[" ,,~M--t 
50 

~ 

40 ~~ 
~~ ... 

mi .0 
'\> .. ~ ~"' .. ; f-

I-
20 

1~ 
10 

~ 
1\, 

,II 
ODOI ' • '&01 ' • "0.1 ., I , 4 6810 

, 
• • \0 

FItECUENCY (f)-MHz 9ZCS-21511 

Fig. 3 - Open-loop gain VI. frequency and 
temperature. 

NON-INvERTING 
INPUT 

+ 

.6 
ilK 

,. 
150n 

,. 
75bn 

LINEAR INTEGRATED CIRCUITS 

v· 

OFFSET 
NUL.l. 

Rl6 Rt7 ,,. 
600.0 

Rle OFFSET 
150n soon 150 n NULL 

92CM-21655R1 

.NO 
PHASE 

COMPENSATION 

Fig. t - Schematic diagram for CA3tOO. 

Features: 
• High open-loop gain at video frequencies - 42 dB typo at 1 MHz 
• High unity-gain crossover frequency (fT) - 38 MHz typo 
• Wide power bandwidth - Vo = 18 V pop typo at 1.2 MHz 
• High slew rate - 70 V//J.s (typ.) in 20 dB amplifier 

25 V//J.s (typ.) in unity-gain amplifier 
• Fast settling time - 0.6 /J.S typo 
• High output current - ±15 mA min. 
• LM118, 748/LM101 pin compatibility 
• Single capacitor compensation 
• Offset null terminals 

MAXIMUM RATINGS. Absolute-Maximum 
Values at T A = 2ft>C: 

Supply Voltage (between 
V+ and V- terminals) .. 36 V 

Differential Input Voltage ±12 V 
Input Voltage to Ground· ±15 V 
Offset Terminal to V-

Terminal Voltage ...... ±D.5 V 
Output Current ........ 50 mA-
Device Dissipation: 

Up to TA = 55°C 630 mW 
Above TA = 55°C 6.67 mWfC 

7< :'~:~S=~IRL)·2:~·"·C 
LOAD CAPACITANCE (CL)-20 pF 

" 
eo MPENSATlj CAMCITANCE (Cc)·' 

i l'. i'-.(l 
"6 so 

r--.r"': r:..\~ 5 

~ 40 
r-.. .. 

~ ~ w .. 
~ 30 1', 

~ \~ -'A 
~ 2 

10' ~2 ~ 7V 
10 

I\~ 
0 2 ... 2 • 6. , • 6 10 \00 QQI 0.1 

FREQUENCY (f)-MIU 92CS-2f!572 

Fig. 4 - Open-loop gain VI. frequency and supply 
voltage. 

Ambient Temperature 
Range: 

Operating .......... . -55 to +125°C 
Storage ............ . -65 to +150°C 

Lead Temperature 
(During Soldering): 

At distance 1/16± 1/32 
inch (1.59 ± 0.79 mm) 
from case for 10 s max .. 300 

*If the supply voltage is less than ±15 volts, the 
maximum input voltage to ground is equal to the 
supply voltage_ 

·CA310OS, CA3100T does not cdntain circuitry 
to protect against short circuits in the output. 

... r 
AMBIENT TEIF£MTURE (TAI-2S·C 
LOA.O RESISTANCE (RL" 2 tul 
~D CAPACITANCE eeL 1-20 pF 

o 10 20 
NONINYERTING GAIN-dB 
o 6 ~ 

INVERTING GAIN - dB 

CLOSED-LOOP GAIN (Aa..I-dB ucS.ZI57.J 

Fig. 5 - Required compensation capacitance VI. 

closed-loop gain. 
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LINEAR INTEGRATED CIRCUITS 

CA3100 
ELECTRICAL CHARACTERISTICS, At T A Z 2!1'C: 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SUPPLY VOLTAGE IV+,V-)z15V 
UNLESS OTHERWISE SPECIFIED MIN. TYP. 

STATIC , 

Input Offset Voltage, ViO VO=0±0.1 V - ±1 

Input Bias Current, liB - 0.7 

Input Offset Current, 110 
Vo = 0 ± 1 V - ±0.05 

Low-Frequency Open-Loop 
Voltage Gain,AOL • 

Vo = ± 1 V Peak. F = 1 kHz 56 61 

Common-Mode Input 
CMRR >76 dB ±12 

+14 
Voltage Range, VICR -13 

Common·Mode 
Rejection Ratio, CMRR VI Common Mode = ± 12 V 76 90 

Maximum Output Voltage: 
Positive, YOM + Differential Input Voltage = 0 ± 0.1 V +9 +11 

Negative, YOM RL = 2 KH -9 -11 

Maximum Output Current: 
Positive,IOM+ Differential Input Voltage = 0 ±O.l V +15 +30 

Negative ,10M RL = 250 U -15 -30 

Supply Current,l+ Vo = 0 ± 0.1 V. RL:2 10 KH - 8.5 

Power-Supply 
6v+ = ± 1 V. 6v- c ± 1 V 60 70 Rejection RatiO, PSRR 

DYNAMIC 

Unity-Gain 
CC' O. Vo - 0.3 V (P·PI - 38 Crossover Frequency, IT 

I-MHz Open-Loop 
1= 1 MHz. Cc ' O. Vo - 10 V (P-PI 36 42 

Voltage Gain,AOL 

Slew Rate. SR: 
20-dB Amplifier AV = 10. Cc = O. VI = 1 V (Pulsel 50 70 

Follower Mode AV" 1. Cc = 10 pF. VI = 10 V (Pulse - 25 

Power Bandwidth. PBw": 
20-dB Amplifier AV = 10, Cc - 0, Vo = 18 V (P-P) 0.8 1.2 

Follower Mode AV = I, Cc = 10 pF, Vo = 18 V (P-P) - 0.4 

Open-Loop Differential 
F = 1 MHz 30 Input Impedance, ZI -

Open-Loop 
F = 1 MHz - 110 

Output Impedance, Zo 

Wideband Noise Voltage Re-
BW = 1 MHz. RS = 1 Kn ferred to Input. eNITotal) - 8 

Settling Time. ts 

[TOW .hin ±50mVof 9 V RL = 2 K1Z. CL = 20 pF - 0.6 
Output Swing 

• Power Bandwidth = Slew Rate 
71' VO (P-P) 

• Low-frequency dynamic characteristic 

FREQuENCY (n-MHz 
FREQUENCY ItI-MHz 

UNITS 
MAX. 

±5 mV 

2 IJ.A 
±0.4 IJ.A 

- dB 

- V 

- dB 

-
V 

-

-
mA 

-

10.5 mA 

- dB 

- MHz 

- dB 

-
V/p.s 

-

-
MHz 

-

- Kn 

- n 

- P.VRMS 

- p.s 

92CS-Z158Z 

Fig. 9 - Typical open-loop differential input 
itnpedBncev£ frequenc~ 

Fig. 10 - Maxitnutn output voltage swing v£ 
frequency. 
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20 2S 
COMPENSATION CAPACITANCE ICel PINS I TO 8-pF 921:5-21574 

Fig. 6 - Slew rate v£ cOtnpensation capacitance. 

350 AMBIENT TEMPERATURE (TAI=25.C 
d SUPPLY VOLTAGE (V~V-1315 v 

1300 

~ 

i 
~200 

~~I5V , HEWLETT 

CA31 '6'. ~~~':tD 

~ 
IMPEDANCE 

_ 2 (~5 ~ METER 4015. 

ADJUST FOR 
Vo~O:tO.lVDC 

-15V l 

10 20 30 40 

FREQUENCY (fi-MHz 

Fig. 7 - Typical open-loop output impedance vs. 
frequency. 

30 AMBIENT TEMPERATURE (TAI-as"'c 
BANDWIDTH (aw) AT 6dS-'NHz 

~ 20 
~ 
III 
6 z .. 

.)1 ,," 
i~ 
~ I 10 
111.,.. 

i~ 
iO~ 
... -
~: 
o~ 
.... 0 

z 
10 

Z 4 . . , 10 2 4 • . 
SOURCE RESISTANCE (RS)- n 

92C5-21576 

Fig. 8 - Wideband input noise voltage vs. source 
resistance. 

AMBIENT TEMPERATURE (TA1-ZS·C 

o :t2.5 15 '!:l5 tID 1:12.5 tl5 :17.5 t20 
SUPPLY VOLTAGE (Y+,V-I-Y 

92CS-21579 

Fig. 11 - Cotntnon-tnode input voltage range vs. 
supply voltage_ 
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CA3100 

i 15 

~ 
> 12_~ 

~ 10 
g 
0-

~ 15 
5 
o 
!I 5 

'" i 25 

t2.5 tS ±7.5 tlO :t12,5 ±15 ~115 ±20 

SUPPLY VOLTAGE (V",Y-I-V 
92CS-21580 

Fig. 12 - Maximum output voltage vs. supply 
voltage. 

AT FREQUENCY>I MHz VI 8 Yo 
MEASURED WITH HP8405A 

VfCTOR VOLTMETER 

Fig. 15 - Open-loop voltage gain test circuit. 

Fig. 18 - Wideband input noise voltage test 
circuit. 

3.' 

OUTPUT 

-3(18 BANDWIDTHs:l20MHz 
TOTAL INPUT NOISE 
I/OLTAGE REFERRED TO INPUT 
:;::<35 JoIVRMS 

9<!CS-21583 

Fig. 21 - 20 dB video amplifier. 

AMBIENT TEMPERATURE (TA' -2S-C 

I~ 
I 12.5 

a 75 

~ 
~ 5 

2.5 

t2.5 ±S ±7:5 tlO :t12.S tiS ±17.5 ±20 

SUPPLY VOLTAGE (V",V-)-V 

Fig. 13 - Supply current vs. supply voltage. 

TEST CIRCUITS 
v' 

Fig. 16 - Slew rate in lOX amplifier test circuit. 

I 
110M • 1 

Fig. 19 - Output voltage swing (VOM)' output 
current swing (10M) test circuit. 

TYPICAL APPLICATIONS 

3 dB BANOWIDTH =15 MHz 
CLG~20dB 

INPUT 

~v 

DELIVERS FOLLOWING PEAK 
VOLTAGES TO 50.0 LINE: 

FREQ. 
IMHz BV 
2MHz 5V 

+15V 

4MHz 2 v 
8MHz I V GAIN:20dB ~O.II'-F 

-15V 

Fig. 22 - 20 dB video line driver. 
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LINEAR INTEGRATED CIRCUITS 
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~ 

:!:5 ±15 ±IQ i'12.S tiS t"l'7.5 +20 
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Fig. 14 - Input bias current vs. supply voltage. 

Fig. 17 - Follower slew rate test circuit. 

TEST 
LEADS 

I •• 

Fig. 20 - Settling time test circuit. 

"="'FULL SCALE 
CALIBRATION 

ADJUST 

IrnA FULL 
SCALE DC 

METER 

Fig. 23 - 1 MHz meter-driver amplifier. 
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CA3118, CA3146, CA3183 Types 
High-Yoltage Transistor Arrays 

RCA~CA3118AT, CA3118T, CA3146AE, CA3146E, CA~ 

3183AE, and CA3183E are general~purpose high·voltage 
silicon n-p-n transistor arrays on a common monolithic 
substrate. 

Types CA3118ATand CA3118T consist of four transistors 
with two of the transistors connected in a Darlington con
figuration. These types are well suited for a wide variety of 
applications in law~power systems in the DC through VHF 
range. Both types are supplied in a hermetically sealed 12~ 

lead TO·5 type package and operate over the full military 
temperature range. (CA3118AT and CA3118T are high~ 

voltage versions of the popular predecessor type CA3018. 

Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a di" ferentially
connected pair. These types are recommended for low-power 
applications in the DC through VHF range. 

P,-e 'c vCEO VCBO 
TYPE 

max. max. max. max. 
mW rnA V V 

VALUES APPLY FOR EACH TRANSISTOR 

CA3118AT 300 50 40 50 
CA3118T 300 50 30 40 
CA3146AE 300 50 40 50 
CA3146E 300 50 30 40 
CA3183AE 500 75 40 50 
CA3183E 500 75 30 40 

Types CA3183AE and CA3183E consist of five high·current 
transistors with independent connections for each transistor. 
In addition two of these transistors (01 and 02) are matched 
at low· current (i.e. 1 rnA) for appl icatians where offset para' 
meters are of special importance. A special substrate terminal 
is -also included for greater flexibility in circuit design. 

The types with an "A" suffix are premium versions of their 
non·nA" counterparts and feature tighter control of break
down voltages making them more suitable for higher voltage 
applications. 

For detailed application information, see companion Appli· 
cation Note, ICAN·5296 "Application of the RCA CA3018 
Integrated Circuit Transistor Array." 

VeE sat. hFE V,o I "0 TA Range 

at 10mA at lmA, Diff. Pair at 1 rnA (Operating) 
typo &VCE=5V max. max. 

V typo mV j.IA °C 

0.33 95 :t5 2 
0~33 95 :t5 2 
0.33 95 :t5 2 -55 - +125 
0.33 95 :t5 2 
0.16 75 :t5 2.5 
0.16 75 +5 2.5 

• Caution on Total Packer, Power Dissipation: The maximum total package dissipation rating for the CA3118 Series circuits is 450 mW at 
temperljltures up to +86 C, then der.te linearly at 5 mWOC. The maximum total package dissipation rating for the CA3146 and CA3183 
Series circuits is 750 mWat temperatures up to +56oC, then derate lineerly at 6.67 mWOC. 

MAXIMUM RATINGS. Absolute-Maximum Values at T A = 250 C 
Power Dissipation: 

Anyone transistor -
CA3118AT, CA3118T. CA3146AE. CA3146E 
CA3183AE, CA3183E ..............• 

Total package -

300 
500 

mW 
mW 

Up to 85aC (CA3118AT, CA3118T) ................ . 
Up to 550 C (CA3146AE, CA3146E, CA3183AE. CA3183E) .. . 
Above 850 C (CA3118AT, CA3118T) ............... . 
Above 550 C ICA3146AE, CA3146E,CA3183AE, CA3183El. 

450 
750 

.. derate linearly 5 
. . . derate linearly 6.67 

mW 
mW 

mW/aC 
mW/aC 

Ambient Temperature Range: 

Operating - . . . . . . . . . . . . . . . . . . . . . . . . . . .. -55 to +125 

Storage (all types) 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O,7gmm) 
from case for 10 seconds max. .. 

The following ratings apply for each transistor in the device: 

Coliector·ta·Emitter Voltage (VCEO): 

CA3118AT, CA3146AE, CA3183AE. 

CA3118T, CA3146E, CA3183E '" 

Colieclor-ta·Base Voltage (VCBO): 

CA3118AT, CA3146AE, CA3183AE 

CA3118T, CA3146E, CA3183E 

Coliector-ta·Substrate Voltage (VCIO):

CA3118AT. CA3146AE, CA3183AE 

CA3118T. CA3146E, CA3183E . 

Emitter-to~Base Voltage (VEBO) all types 

Collector Current-
CA3118AT, CA3118T, CA3146AE, CA3146E 
CA3183AE, CA3183E ....... . 

Base Current (lB) - CA3183AE, CA31B3E 

-65 to +150 

40 

30 

50 

40 

50 

40 

5 

50 
75 
20 

+265 

• The collector of each transistor 'I is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal tranisistor action. To avoid undesired 

coupling between transistors, the substrate terminal should be maintained at either DC or sio
nal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 
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ac 

V 
V 

V 
V 

V 
V 

V 

mA 
mA 
rnA 

Features 
• Matched general'purpose transistors 

• VBE matched ±.5mV max. 
• Operation from DC to 120 MHz (CA3118AT. T; 

CA3146AE, E) 
• Law·noisefigure: 3.2dBtyp. at 1kHz (CA3118AT. T; 

CA3146AE, E) 
• High IC: 75mA max. ICA3183AE. E) 

Applications 
• General use in signal processing systems in DC through 

VHF range 
• Custom designed differential amplifiers 
• Temperature compensated amplifiers 
• Lamp and relay drivers (CA3183AE. E) 
• Thyristor firing (CA3183AE, E) 

CA3118AT, CA3118T. 

~r nrln 
3 6 7 '3 10 12 13 

CA3146AE, CA314E 

SUB
STRATE 

92CS-I")206 

~,~,~.~.'r{' 
16 15 3 4 6 8 10 II 13 12 

SUBSTRATE 0 92(:S-19638 
5 

CA3183AE, CA3183E 

Fig. 1- Schematic diagrams of high·voltage arrays. 



CA3118, CA3146, CA3183 Types 
COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THis DATA BULLETIN 

DATA 
VCEO VCBO 

VeE sat. VBE Ie CCB CCI CEB 
FILE typo V typo V 

NO. min. min. Ic=10mA Ic-lmA max. mA typo pF typo pF typo pF 

CA3018 338 15 20 0.23 0.715 50 0.58 2.B 0.6 

CA3018A 338 15 20 0.23 0.715 50 0.58 2.8 0.6 

CA3118AT 40 50 0.33 0.730 50 0.37 2.2 0.7 

CA3118T 30 40 0.33 0.730 50 0.37 2.2 0.7 

IC-l0mA IC-lmA 

CA3046 341 15 20 0.23 0.715 50 0.58 2.8 0.6 

CA3146AE 40 50 0.33 0.730 50 0.37 2.2 0.7 

CA3146E 30 40 0.33 0.730 50 0.37 2.2 0.7 

Ie SOmA Ic:cl0mA 
CA3083 481 15 20 0.4 0.74 100 - - -

CA3183AE 40 50 1.7 0.75 75 - - -

CA3183E 30 40 1.7 0.75 75 - - -

STATIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Sari •• 

TEST CONDITIONS LIMITS 
CA3118AT, CA3146AE CA3118T, CA3148E 

CHARACTERISTICS SYMBOL 
TA z 250 C 

Min. Typ. Max. Min. Typ. MIX. 

For Eech Trlnlistof: 

Colt.ctor-to-Base 

Bre.kdown Voltage VIBRICBO IC - lOP.A. IE - 0 50 72 - 40 72 -

COliector-ta-Emitter 

Breakdown Voltage VISRICEO IC - lmA, IB = 0 40 56 - 30 56 -

Collector-to-Substrate ICI - 10P.A, IS - 0 
VIBRICIO 50 72 - 40 72 -

Breakdown VOltage IE' 0 

Emitter-tOoBa. 

Breakdown Voltage VIBRI.E80 IE = 101lA, IC = 0 5 7 - 5 7 -

Collector-Cutoff Current ICEO VCE - 10V, Ie = 0 - - 5 - ... 5 curve cur .... 

Collector·Cutoff Current leso Vce = lOY, IE = 0 - 0.002 100 - 0.002 100 

Ilc-l0mA - 85 - - 85 -
DC Forward-Current 

VCE-5V I IC-l rnA 1bo 100 hFE 30 30 
Transfer Ratio 

IIC"OIlA - 90 - - 90 -

Base~to-Emitter Voltage VeE VCE • 3V, IC - 1 rnA 0.63 0.73 0.83 0.63 0.73 0.83 

CollectONo-Emitter 

Saturation Voltage 
VCEsat 'e"" lOrnA, IS =: lmA - 0.33 - - 0.33 -

For transistors 03 .. d Q4 tD.'ington Configeratton): 

Coliector·Cutoff I CA3118AT ICEO VCE = 10V, IS = 0 - - 5 - - -
Current and 

DC Forward-Current CA3118T 

only hFE VeE == SV, Ie = lrnA 1500 9000 - 1500 9000 -
Transfer Ratio 

Ba5e-to-Eminer liE 'lOmA - 146 - - 146 -
VBE VCE=5V 

103toQ41 liE -lmA 132 1.32 

Magnitude of Base-to-

16:~E I Emitter Temperature VeE = 5V. IE = 1 mA - 4.4 - - 4.4 -
Coefficient 

For transistors Q1 .-d Q2 CAS. Differential Amplifier): 

Magnitude of Input 

Offset Voltage IVlol 

IVsEl = VeE21 

VeE "- 5V, Ie == 1 mA - 0.48 5 - 0.48 5 

Magn itude of I CA3118AT and VCE' 5V, 

hFE Ratio CA3118T only ICI • IC2' lmA 
0.9 1.0 1.1 0.9 1.0 11 

Magnitude of Base-to-

I:VTSE! 
VCE c 5V, 

Emitter Temperature - 19 - - 19 -
Coefficient 

IE"" lmA 

MagnitUde of VIO 

!:~O ! 

VCE' 5V, 
IVSE l' VBE2) Temp- - 1.1 - - 1.1 -
erature Coefficient 

ICl • IC2 • 1 rnA 

Magn;tude of I CAJl46AE 

Input Offset and VCE·5V, 
110 - 0.3 2 - 0.3 2 

Current CA3146E ICl • IC2 • 1 rnA 

11101.11021 only 

UNITS 

V 

V 

V 

V 

IlA 

nA 

-

V 

V 

IlA 

-

V 

mVloC 

mV 

-

mV/oC 

P.V/oC 

P.A 

LINEAR INTEGRATED CIRCUITS 

TYPICAL STATIC CHARACTERISTICS CURVES
CA3118 and CA3146 SERI ES (cont'd Fig.2 to 12) 

'O'! BASE CURRENT (la'-O 

• / , 

~ .0' 
c g 
I · "L" '8 , co" 

&Y ~ 1°8 -l1 

!Z · ~ 

~ , t;:.Af!j/ 
il ~"'// •• 9!:~ 
~ • · -,sy/ 
~ 10' 

.;}/ 
~ . c,(j 
I;l • 

g · /. , 
IC, • // 

• 
4-/ 

. -, 
0 25 50 75 .00 •• 

AMBIENT TEMPERATuRE fTAI--C 
92CS-15194R2 

Fig, 2-ICEOvs. TA for any transistor. 

I()Z: EMITTER CURRENT (I E )-0 

4 

/. , 
// .0 

r I :~ ". 
'0 ~c; 'l'7o> .. "'CZ / " !:! I. ~oV 
~ · ~ ei • o,qr/// ~ , 
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:I · Y'/ 8 , ,............./ V 

10" l 
4 , 

.0-4 
0 2. 50 7. '00 '25 
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Fig. 3-ICBO vs. TA for any transistor. 
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Fig. 4 - hFE vs. Icfor any transistor. 
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Fig. 5 - V BE vs. TA for any transistor. 
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LINEAR INTEGRATED CIRCUITS 

CA3118, CA3146, CA3183 Types 
DYNAMIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Serie. 

TEST CONDITIONS 

SYM- CA3118AT CA3118T 
CHARACTERISTICS TA = 250 C UNITS 

BOL CA3146AE CA3146E 
Min. Typ. Max. Min. Typ. Max. 

f'" 1kHz, VeE'" 5V, 
Low Frequency Noi. F9Jre NF Ie'" l00p:A. Source 3.25 3.25 dB 

resistance" 1 kn 

Law-Frequency, Smalt-Signa' 

Equivalent·Circuit 

Ct..ilCtlristic:s: 

Foward.current Transfer hIe tOO 100 
Ratio f = 1kHz, VeE'" 5V. 

Short-Circuit Input 
hie le= 'rnA 2.7 3.5 kU ,'''''-''' 

Open-Circuit Output hoe 15.6 15.6 "mho 
t",..dIn~ 

Open-Circuit RIIV8f'._ h,. I.Sxl0-4 1.8",0.4 
VOlt .... Transfer Ratio 

Admittance Cha'acteristiC$: 

Fowqrd T, ... lfar Admittange VI. 31-jl.5 31-jl.5 mmho 

Input Admittance Vie f -= 1MHz. VeE = 5V, O.35+jO.04 O.~jO.04 mmho 

Output Adrnittanat V .. le= 1rnA O.OOl+jO.03 0.001 +jO.03 mmho 

Rever .. Transfer Admittance V .. See curve See curve mmho 

Gain-a.ndwidth Product 'T VeE = 5V. Ie'" 3mA 300 500 JOO 500 MH, 

Emit .... ·to .. S_ Capacitance CEB Vee = 5V. IE '" 0 0.70 0.70 pF 

Collector·to-Base Capacitance CCB Vce = 5V. Ie = 0 0.37 0.37 pF 

eoUec:tor-to-Subitrate CCI vCI = 5V, Ie = 0 2.2 2.2 pF 
Capacitance 

STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SYMBOL TA = 250 C CA3183AE CA3183E UNITS 

Min. Typ. Max. Min. Typ. Max. 

For Eadt T,-.isto¥: 

Collector·to·Bne 
IC=1IJO#.1.A• IE=0 50 40 V 

Breakdown Voltage V,BR,CBO 

Collector·to-Emitter 

Breakdown VOltage V,BRICEO IC=lmA,18=0 40 JO V 

Collector·to-Substrate ICI=l00P:A, 18=0, 

8reakdown Voltage 
V,SR,CIO 

Ie =0 
50 40 V 

Emitter·to-B_ 

BrokdoWl Voltage V,BRIEBO Ie .. 500IlA, Ie '" 0 V 

Collector·Cutoff Current ICEO VeE = lOV,IO"O 10 10 "A 
Collector·Cutoff Current 'CBO VCO - 10V, IE '" 0 "A 
DC Forward-Current VCE= 3 v. IC = lOrnA 40 40 

T'., ..... Retio 
hFE 

VeE' 5V. IC = 50mA 40 40 

B __ to-Emitter VOlt. VBE VCE = 3V, IC "" lOrnA 0.65 0.75 0.S5 0.65 0.75 0.85 V 

CoIIec::tor-tctaEmitter 
·VCEsat 

s.turltion Voltage 
IC'" SOmA, 18 '" 5mA 1.7 3.0 1.7 3.0 V 

For T,......,. 01 and 02 tAla Differentilll Amplifilr): 

Abloluta Input O".t 
IVlol Voh ... 

0.47 0.47 mV 

AbIoluu Input Off_ 
1"01 Curron. 

VeE = 3V, Ie'" lmA 

0.78 2.5 0.78 2.5 "A . A nwximum dillipMion of 5 transistors x l50mW = 750mW is possible for a particular application . 

COLLECTOR-TO-EMITTER VOLTS (VCE1-S V 
COLLECTOR-TO EMITTER VOLTS (VCE1.~V 

5 
-50 -25 2!5 50 75 tOO 12S -00 -25 2S 50 75 100 '20 

AM8I£NT TEMPERATURE tTA»--C 92CS-~7R' AMBIENT TEMPERATURE (TIJ~ 

Fig. 9- VBEvs. TA for Darlington 
psir ra3 and a4). 

Fig. 10 - V,O vs. T A for at and a2. 

92CS-l!5I,aR2 

TYPICAL STATIC CHARACTERISTICS CURVES
CA3118 and CA3146 SERIES (cont'd Fig.2 to 12) 
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LINEAR INTEGRATED CIRCUITS 

CA3118, CA3146, CA3183 Types 
TYPICAL STATIC CHARACTERISTICS CURVES
CA3118 and CA3146 SERIES (Fig.2 to 121 

TYPICAL DYNAMIC CHARACTERISTICS CURVES 
(FOR ANY TRANSISTORI-CA3118.CA3146 SERIES (Fig. 13 to 221 
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LINEAR INTEGRATED CIRCUITS 

CA3118, CA3146, CA3183 Types 
TYPICAL STATIC CHARACTERISTICS CURVES-CA3183 SERIES 
(Fig. 23 to 30) 
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CA3120E, CA3142E 

TV Signal Processors 
(uJungle" Circuits) 
For Color and Monochrome Receivers 

The RCA·CA3120E and CA3142E are mono· 
lithic silicon integrated circuit TV signal 
processors for use in color or monochrome 
receivers. These circuits provide low-imped· 
ance video output signals, stripped synchro· 
nization signals in both polarities, and AGC 
output signals for I F (reverse) and tuner 
(forward and/or reverse). 

The circuit designs of the CA3120E and 
CA3142E feature impulse noise inversion, 
delay techniques to reduce the deleterious 
effects of impulse noise in the receiver AGC 
and sync circuits. In addition, they in· 
corporate standard AGC strobing techniques. 
The AGC noise lockout circuit is deleted in 
the CA3142E. 

Features: 

• Internal impulse noise processing 
• Sync separator - low impedance, 

dual polarity 
• Strobed AGC system • I F AGC output 
• Delayed outputs for forward or 

reverse AGC tuners 
• Automatic noise threshold and 

AGC detector level control 

• High-impedance video input 
• Low·impedance video output 
• Choice of external time constants 

for sync separator 
• Negative power supply not required 
• R F AGC delay externally controlled 

CA3IZOE 
OR 

CA)142E 
BOTTOM VIEVi' 

Fig. 2 - Test circuit for measuring electrical charac· 
lfIristics of the CA3120E lind CA3142E. 
Refer to FillS. 1 and 8 for switch selector 
positions. 

LINEAR INTEGRATED CIRCUITS 

* C""ZOE 
ONLY 

NOISE CANCELLEO
vIDf.:O OUTPuT 

L--t-----------r---------t--+---------~------t_----t_.~GCEMA.LE 
SVtrtc· 

GROUND 
,2'CM-22&4,RI 

Fig. 1 - Simplified bloclc dillgrllm of the CA3120E lind CA3142E. 

MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 

DC SUPPL Y VOLTAGE 

DEVICE DISSIPATION: 

Up to T A = 55°C . 

Above T A = 55°C. Derate linearly at 7.9 

AMBIENT TEMPERATURE RANGE: 

Operating . 

Storage. 

LEAD TEMPERATURE (During soldering): 

At a distance not less than 1132" (0.79 mm) 
Irom case lor 1 0 seconds max. . 

SYNC
STRIPPER IN 

JOV 

750mW 

mWf'C 

-40 to +85 °c 
-65 to +150 °c 

+265 0 C 

y+ 

,. 
~~r-------~~~~--~~~~~---1 

• I\. LOWZ 11 ' VIOlO 
OuTPuT 

RESISTANCE VALUES ME IN OHMS 
* INCL.UDED IN CAS120! ONLY 

Fig.3 ~ Schematic diagrllm of the CA3120E IIfId CA31UE. 

••• Z.2k 
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OUTPUTS 
POS·IF 

.21 
410 
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CA3120E, CA3142E 
CIRCUIT DESCRIPTION. 

An AGC .sample-and-hold system generates 
control voltages proportional to the video 
level. The sync-tip voltage is compared to an 
internal reference voltage during the hori
zontal synchronization (retrace) interval. The 
control voltages (AGC outputs) are supplied 
to the tuner's R F stage and the I F amplifier 
to maintain the video level at a constant value. 

The composite positive and negative output 
sync signals are developed across a low im· 
pedance source (totem-pole circuit) at an 
amplitude of approximately 20 volts peak· 
to-peak. 
Video Chain and Impulse Noise Inverter -
The input video signal applied at Terminal 8 
is white "positive" with a required amplitude 
in the range of 2 to 4 volts. The DC level of 
the sync peaks, AGC threshold voltage (VTH) 
is approximately 5 volts. The level is main· 
tained at 5 volts by the AGC loop in the cir· 
cuit, comprised of the CA3120E or CA3142E 
and the TV receiver RF and I F amplifiers. A 
low source impedance video signal ;s available 
from the emitter of Ql (Terminal 9 in Fig. 3). 
The external resistor (RXl in Fig.9) reduces 
the dissipation of 01. The emitter·follower 
output of Q 1 is directly coupled to a differ· 
ential comparator stage (Q2, Q3). Unless a 
negative-going pulse is present, Q2 functions 
as an emitter follower and also cuts off tran· 
sistors Q3, Q5, and Q12. 

The output of Q2 is applied through a signal 
delay network, consisting of transistor Q60 
and associated resistors, to the Dariington 
followers (013 and Q14). The delayed video 
signal at Q14 is fed via its emitter to an AGC 
comparator Q19 and to the junction of a 
noise-cancelling amplifier stage (Q16). The 
noise-cancelled video signal is inverted and 
amplified by Q 16 and then connected to 
a Da~lington emitter-follower output stage 
(157, Q58). 

If impulse noise is present on the video signal, 
Q3 conducts and turns on transistors Q5 and 
Q12. Q5 inverts and "stretches" the noise 
pulse width. The output of Q5 is applied to 
an emitter follower stage (Q12). The signal 
from Q'12, in turn, is applied to the summing 
junction to the noise-cancelling amplifier 
Q16. The noise pulse, which has now been 
amplified, inverted and stretched, is added 
to the delayed video signal from the emitter 
of Q14. 

Because the video signal has been delayed 
approximately 300 nanoseconds and the 
noise pulse has been widened ("stretched") 
approximately 500 nanoseconds, the output 
of the combined signal no longer contains 
impulse noise signals. The derived noise-
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gating pulse "surrounds" and effectively 
eliminates the effects of the impulse noise. 
The noise-cancelled video signal, amplified 
and buffered, is available at Terminal 5 for 
use in the sync-separator stage. The peak-to
peak amplitude of the noise-cancelled output 
signal is approximately twice the amplitude 
of the input video signal at Terminal 8. 
Sync Separator (See Figure 4) - The sync 
separator stage (Q56) clamps the detected 
sync tips to a fixed reference voltage 
(~ 0.7 V) across its base-emitter junction, 
and amplifies a portion of the sync signal 
to provide dual polarity sync-signal outputs 
at Terminals 2 (negative) and 3 (positive). 
The output signals are derived from low
impedance complementary emitter-follower 
sta!!lls; a base current of 100 microamperes 
into Terminal 4 is sufficient to generate full
amplitude sync signals. 

The choice of coupling the noise-cancelled 
!tideo-signal from the emitter-follower (Ter
minal 5) to the sync separator (Terminal 
4) is a user option. Fig. 5 shows three typical 
coupling networks. 

Fig. 6 illustrates the operation of the AGC 
circuits. An input ramp signal, simulating 
the potential to which the AGC filter capaci
tor may be charged, is applied to Terminal 
11. The forward IF AGC output voltage 
appears at Terminal 13. Under low-signal 
level conditions (represented by A to B in 
Fig. 6) the output level is approximately 
1.4 volts less than the voltage applied to 
Terminal 12. 

The circuit designer should select the voltage 
at Terminal 12 to provide the maximum IF 
gain required for the system. At intermediate 
signal level conditions (represented by B to 
C in Fig. 6), the IF AGC signal follows the 
AGC filter potential. The tuner(s) will oper
ate at maximum gain for good signal-to
noise ratios at these equivalent input signal 
levels. Point C is a turnover point determined 
by the open-circuit potential of the tuner
delay bias potentiometer. At this potential, 
further change in the IF AGC output is in
hibited (for good dynamic range) and the 
tuner AGC potentials are activated (repre
sented by C to 0). 

The output at Terminal 14 with suitable 
level shifting is used for tuners requiring 
reverse AGC, such as MOSFET or electron
tube types_ The output at Terminal 15 is 
used for tuners requiring forward AGC, such 
as tuners utilizing n-p-n bipolar transistors_ 

• For additional information refer to the IEEE 
Transactions on Broadcast and TV Receivers," 
August 1970, pp. 185-195, Vol. BTR No.3. 

lflf 

92CS-22644 

Fig.4 - Sync separator stage. 
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Fig. !> - Typical coupling networks 
(Term, 5 to Term. 41_ 
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92CS -22646 

Fig, 6 - Typical operation of the AGe circuits using 
the CA3120E and CA3142E_ 



LINEAR INTEGRATED CIRCUITS 

CA3120E, CA3142E 

TEST CONDITIONS 

CHARAC· SWITCH NUMBERS TERMINAL 
TERISTIC 11 21 31 41 51 81 91111,21,31,41,51,61,71,81,9120 MEASURED 

SWITCH POSITION 

IT24 2 3 1 2 1 2 3 1 1 3 2 1 2 2 2 1 5 2679 14 II 
oO---<lOI5V 

VTH 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 1 3 

V5 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 2 3 

VTH(SEP) 3 1 2 1 1 * 3 3 4 1 1 2 1 2 2 2 1 

14(OFF) 3 1 2 4 2 1 1 1 1 1 1 2 1 2 2 1 1 

V2L 1 2 2 3 2 1 1 1 1 1 1 2 1 1 2 1 1 

V2H 3 3 1 1 2 1 1 1 1 1 1 2 1 1 2 1 1 

V3L 3 3 1 1 2 1 1 1 1 1 1 2 1 2 1 1 1 

V3H 3 3 1 3 2 1 1 1 1 1 1 2 1 2 1 1 1 

111(CH) 2 1 2 5 2 1 1 5 4 3 1 2 2 2 2 1 5 

111(DISCH) 2 1 2 5 1 2 3 6 4 3 1 2 2 2 2 1 5 

111(LEAK) 2 1 2 5 2 1 1 6 4 3 2 2 . 2 2 1 5 I 

Vll 2 1 2 5 1 2 3 2 3 3 1 2 2 2 2 1 5 

V12 3 1 2 5 2 1 1 3 4 3 1 2 1 2 2 1 5 

V13(LOW) 3 1 2 5 2 2 3 1 1 2 1 2 1 2 2 1 2 

V13(HIGH) 3 1 2 5 2 2 3 7 4 3 2 1 1 2 2 1 4 

114(OFF) 3 1 2 5 2 2 3 3 4 3 3 1 1 2 2 1 5 

114(ON) 3 1 2 5 2 2 3 8 4 3 3 1 1 2 2 1 5 

115(OFF) 3 1 2 5 2 2 3 3 4 3 2 3 1 2 2 1 5 

115(ON) 3 1 2 5 2 2 3 8 4 3 2 3 1 2 2 1 5 

CAUTION:. Remove power before selectmg or adjusting switches. 

* Reduce voltage at Termonal a until V19 decreases. VTH(SEP) = VTH ~ Va. 

NOTE: Switch numbers In Italics correspond to numbers in square boxes in Figs. 2 and 8. 

8 
19 
* 
14 

V17 

)J 17 

V18 

V18 

111 

111 

111 

Vl1 

V12 

V13 

V20 

114 

114 

115 

115 

70---0'V 

6 o---E3>--o' V 

5~ 3 4o:.;~ 'J ~ 
'\.g.22,.F -=-

6V 

~~6V 
sw 2 
/3 0 

I 

~24V §-1w ~24V 
14 

I 

~ 
~w 0 -=-15 1 

I 

Fig] - Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted). MEASURE VOLTAGE 
Refer to Figs. 2 and 8 for rest circuit and test-condition selector-switch arrangements. 

+ 24V 

AE~ISTANCE VALUES 
ARE I", OHMS 

.. > 

NOISE: -
5 CANCELLED 

VIOEO 
OUTPUT 

015 

15011. 

tZ4V 

TUNER 
DELAY BLAS 

5·6k ~Ir; 

Fig.9 - Typical application using the CA3120E and CA3742E. 

~
2 

SW 
18 I 

JljEASURE VOLTAGE 

2 

~o--o 
~ ~I 

I\j[ASURE IIOL TAGE 

0 5 4 

~~ ~ 
2 - L!J ~ 

_ JljEASURE VOLTAGE 

I ~24V 
-=- 10 kQ 

NOTE: JIle italicized numbers in the square bo_ ref.
to the 17 switches (switches 6, 7, end 10.,. 
omined) of the test circuit end corre.pond to 
those given in Figs. 2 I!Ind 7. 

CAUTION: RemOllS power before sslecting or adjust· 
i ng switches 

Fig.S - Ttlst condition .ltlCtor _Itch .,.~t for _"". fIHI 

tlltlCtriCil/chtltacllHistic. of thll CA3720E lind CA370E. 

(Figure 8 continued on the next page) 
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CA3120E,CA3142E 
ELECTRICAL CHARACTERISTICS at T A • 26o C, Supply Voltage (V+) .. 24 V and 

Referenced to Test Circuits and Test Conditions (Figs. 2,7, and 8). 

TERMINAL 

CHARACTERISTICS MEASURED 
AND 

SYMBOL 

Supply Current (Pulse Test) 'T24 

AGC Threshold (Sync Tip Level at Video Input) VTH 

Video Input Amplitude (White Positive) Va 

Video Output Amplitude (Low Impedance) Vg 

Noise Cancelled Video Output at VTH V5 
(Black Positive, Gain"" 2) 

AGC to Noise Separation VTH (SEP) 

Sync Input Current for Full Amplitude Outputs 14 (ON) 

Maximum Leakage Current at Terminal 4 '4 (OFF) 

Sync Outputs: 
Negative Sync Low V2(L) 

Negative Sync High V2(H) 

Positive Sync Low V3(L) 

Positive Sync High V3(H) 

AGC Filter: 
Charge Current (Pulse Test) ' 11(CH) 

Discharge Current I" (DISCH) 

Leakage Current '''(LEAK) 

AGC Enable: 
Horizontal Keying V16 (ON) 

Negative Sync Input Current '1 (ON) 

Maximum IF Gain·Clamp Voltage V11 

Maximum IF Gain Bias V12 

IF AGC Voltage: 
Low V13 (LOW) 

High V13(HIGH) 

Tuner Currents: 
Reverse AGC (FET) OFF Current '14 (OFF) 

Reverse AGC (FET) ON Current '14 (ON) 

Forward AGC (n·p-ri) OFF Current ' 15 (OFF) 

Reverse AGe (n·p-n) ON Current '15 (ON) 

I nternal Noise-Lockout Time (CA3120E only) T 

CA3120E 
CA3142E 

UNITS LIMITS 

Min. Typ. Max. 

20 - 40 

4.5 - 5.5 

- 3 -
- 3 .-

3.6 - 9.2 

1.1 - 2.2 

- - 100 

- - ±6 

0 - 2.6 

23.8 - 24 

0 - 0.2 

20.1 - 24 

12 - 36 

1.1 - 2.6 

- - :+:6 

3 - 6 

- 1 -
4.8 - 5.7 

4.2 - 5.2 

0 - 3.3 

5.7 - 6 

- - ±6 

La - 5.5 

- - ±6 

4.5 - 15 

1 - 63 

mA 

V 

Vp·p 

Vp-p 

V 

V 

J.lA 

J.lA 

V 

V 

V 

V 

mA 

mA 

Jl.A 

V 

mA 

V 

V 

V 

V 

J.lA 

mA 

J.lA 

mA 

J.lS 

0L--024V 

~~24V 
L!....J t 40011 

I 

5 

~
o~ 

S: ~ -,l..-
I ~ 

~ --;00 j&A DC 
= 2 V CURRENT SOURCE 

2 

~Ol 
...=-. i 

= 

NOTE: The italicized numbers in the square boxes refer 
to the 17 switches (switches 6, 7. and 10 are 
omitted) of the test circuit and correspond to 
those giVen in Figs. 2 and 7. 

CAUTION: Remove power before selecting or adjust
ing switches 

Fig.S - Te.t condition tIIIlector .witch IIrrllngement for _uring the 
electrical chllfllcterinics of the CA3120E lind CA3141E. 
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LINEAR INTEGRATED CIRCUITS 

CA3121E 

TV Chroma Amplifier/Demodulator 
ACt 

INPUT v· 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 

RCA-CA3l2l E is a monolithic silicon integrated circuit chroma 
amplifier/demodulator with ACC and killer control for color-TV 
receivers_ It is designed to function compatibly with the 
CA3070 in a two package chroma system_ Fig_ 4 shows 
a functional block diagram and the outboard circuitry of a 
tVpicai two-package chroma system incorporating the CA3l21E 
and CA3070. respectively. 

The CA3l2l E is supplied in a l6-lead dual-in-line plastic 
package_ 

Features 
• ~xcellent linearity in dc chroma gain-controlled circuit 

• Improved filtering nclucn7.2 MHz output from the 
color damodulator. 

• Current limiting for short-circuit protection 

• Good tolarance to B+ supply variations 

• Good temperature coafficient stability 

M~IMUM !tATINGS at TA _ 25°C 

Supply Voltage ........................•••.•.... . . . .. 30 V 
Device Oissipation~ 

UptoTA -55 C .............................. 750mW 
~e T A'" 5SoC .............•... derate linearly 7.9 mW/:C 

Operating Temperature Range ................... -40 to +85 C 
Lead Temperatllre (During Soldering) 

At distance 1/16" ±1/32" 11.59 ±O.79 mm) 
from Ciise fo; 10 s max. . .•.•.•.•••••.•....•••.•• 

j I! 
I 

t2500 
> 

i E ,j !II ! 2000 

~ 
I r 

1000 .. 
:i 
0: 

1000 ~ , 
Ii .oo!~ 

"- II 
o 100 200 500 400 500 &00 700 

NTSe CHROMA INPUT SIGNAlITERM.2)-mY,.p 9ZCS-ZZ687 

Fig. 2 - Typic.t ACC plot for tIM CA3121E when ulfKl with 
"'oCA307o. 

CIRCUIT OPERATION 

The CA3121 E consists of three basic circuit sections: 
(1) amplifier No.1, (2) amplifier No, 2. and (3) demodulator. 
Amplifier No.1 contains the circuitry for automatic chroma 
control (ACC) and color·killer sensing. The output of amplifier 
No. 1 (Terminal 3) is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACC and automatic phase control 
,APC) operation and to the input of amplifier No. 2 
(Terminal 4) containing the chroma gain control circuitry. The 
signal from the color-killer circuit in amplifier No. 1 acts 
upon amplifier No.2 to greatly reduce its gain. 

The output from amplifier No.2 (Terminal 14) is applied, 
throultl a filtering network, to the demodulator input 
(Terminal 13). The demodulator also receives the R-Y and 
B·Y demodulation subearrier signals (Terminals 7 and 8) 
from the oscillator output of the chroma signal processor. The 
R-V and B·Y demodulators and the matrix network contained 
in the demodulator section of the CA3121 E reconstruct the 
G·Y signal to achieve the R·Y, G,Y. and B-Y color difference 
signals. These high-level outputs signals with low impedance 
outputs are suitable for driving hilt\·level R. G. B output 
amplifiers. Internal capacitors are in:cluded on each output to 
filter out unwanted harmonics. For additional operating 
information and signal waveforms. refer to Television Chroma 
System (utilizing RCA·CA3070. CA3071. CA3072),File No.46R 

CHROMA 
INPUT 

TO ACC Ii 
APe OET. 

3 ___ • I:'"_ 
_ boN:-

AMPLIFIED CHROMA 
REF. SUBCARRIER 

INPUT 

Fig. 1 - Functional block di.",,", of the CA3121E. 

I 
I 

I 
I 
I 
I 
I 
I 
I AMOL . 
I N1i.1 
I ACC. 

I It7 It. 
I 270 1.l'K I L! _____ _ 

." 
"" 

J ~~IIt.OUT ~~~.IN $ GND. 

It(SISTAIIC[ VALUES AilE: IN OHMS 

SGAIN 

Fig. 3 -, Schematic diagram of the CA3121 E. 

ELECTRICAL CHARACTERISTICS et TA • ZSoCand Raferenced to TastCircult (Fig. 51 

TERMINAL 
MEASURED 

CHARACTERISTIC AND TEST CONDITIONS 
SYMBOL Min, 

Supply Current IT - -
Input Sensitivity V2 Vary E9; set V4 for 55 mV RMS 6 

Second-Stage Sensitivity V4 Vary Eg; set V 11 for 2 -V RMS 25 

Output Voltage Vll Switch Position: Sl=2. S2=2. 53=2 -
(Killer off) Adjust killer potentiometer until output 

drops 

Demodulator Characteristics: 

Output Voltages Vg. VlO. Vll 13 

DC Output Balance - - -0.6 
(lietween any 2 
outputs) 

Unbalance Vg. Vl0' Vll Eg=O; Switch Position: SI=l. 52=1. -S3-1 

Relative Outputs-
R-Y Vl0 Vary Eg; set V 11 for 2 V RMS 1.4 

G·Y Vg 0.3 

Relative Phase- Vary Eg; set V 11 for 2 V RMS; 
R·Y Vl0 read phase of VlOand Vg -101 

G·Y Vg with V 11 as reference 112 

Max. Output Voltage Vll Eg= 750mV 2.8_ 

LIMITS 
Typ, 

40 

10 

55 

-

14.3 

-

-

1.52 

0.4 

-106 

104 

-

UNITS 
Max, 

44 mA 

15 mVRMS 

100 mVRMS 

70 mVRMS 

15.6 V 

+0.6 V 

0.8 Vp-p 

1.68 VRMS 

0.5 VRMS 

-111 degrees 

96 degree. 

- VRMS 
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LINEAR INTEGRATED CIRCUITS 

CA3121E 

270 

2.7M 0.01 
~~~~~~~~--------------~~----------~~-----o .•• V 

TO TERM.6 

CHROMA 
INPUT 

0--1 
47 

20. 
APe 
AOJ 

20 K 

I 0·°4 
I 
I 
I 
I 
I 
I 
I 
L~~~~ 

390 K 

1.2 M 

2501( 
HUE 

100 

I. 

HORIZ. KEY PULSE 
+4\',4.'5},s 

INPUT 

CA3121E 

3 ~~i.fT~,~ · 
9.2K 1680 

-1 

100 12 50 
Ie. 

6eo 2.7 K 

62K 621< .,. 
470 

1.5K 
0.15 

470 

470llW 

52' 

.;);0.0. 

I-Y 
ffil---__ """"rOOUTPUT 

47 

47 

RESISTANCE VALUES ARE IN OHMS. 
UNLESS OTHERWISE INDICATED. ALL CAPACITANCE 

VALUES LESS THAN' ARE IN MICROFARADS, 
lOR GREATER ARE IN PICOFARADS. 

Fig. 4 - Outboard circuitry of a typical two-package chromB sy.tem for 
color- TV rece;v(J1'$ utilizing the CA3121 E and CA3010. 

KILLER 

lOOk 

47k 

TO 
TERM. 6 

-30pF 8; 3.9 kn VALUES !',IIAY BE AOJUSTED TO 
GIVE THE DESIRED RESPONSE 

TI: PRIMARY a SECO"lOARY WINDINGS =7S .... H. 
0-22, PRIMARY WINDING CENTER TAPPED 

NOTE: 
2.2+1\D. LOAOS ONLY FOR TEST PURPOSE, 3.3·kn LOADS RECOMMENDED FOR APPLICATIONS. 

RESlSTANCE VALUES ARE IN OHMS 

CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED 
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IV p _p 

F;g. 5 - Typical characteristics test circuit for the CA3121 E. 
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CA3123E 

AM Radio Receiver Subsystem 
Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGe Detector, and Voltage Regulator 

The CA3123E+ is a monolithic silicon integrated circuit 
that provides an rf amplifier, if amplifier, mixer, oscillator, 
AGe detector I and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 

applications particularly in automobiles. The CA3123E is 
supplied in a 14-lead dual-in-line plastic package and operates 
over the temperature range of -550 to 125°C. 

* Formerly RCA Dev. No. TA6155 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

Features: 
• Low-noise.,low-Rb' rf stage in cascade connection -

eliminates Miller-Effect regeneration and allows con

trolled power rise by the choice of external components 

• Mixer1>scillator stage with internal feedback -

eliminates need for tapped or multi-winding 

oscillator coils 

• Cascode if amplifier with controlled output impedance 

and negligible Miller Effect -

eliminates regeneration and selectivity skewing 

• Frequency-counter AGe circuit -

allows control of AGC response by selection of the 

coupling capacitor 

• Integral regulation with built-in surge protection 

• Separately accessible amplifiers 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS 

Min. Typ. Max. 

Static Characteristics I n Circuit of Fig. 3 

DC Volta~e: 
At Terminals 1,4 V 1,V4 4.7 V 

At Terminals 2. 3, 14 V2,V3' V 14 6.B V 

At Terminal 5 V5 0.25 V 

At Terminal 6 V6 12 V 

At Terminal 7 V 7 0.76 V 

At Terminals 8,9 Va,Vg 0 V 

At Terminals 10. 11 V lO,V 11 0.71 V 

At Terminal 12 V 12 0.71 V 

At Terminal 13 V 13 4.0 V 

DC Current: 
Into Terminals 1,4,5. 7 11,1 4 ,15 ,1 7 , 

0 mA 
8,9,10,11,12 18,19,110,111,112 

Into Terminal 2 12 1.2 mA 

Into Terminal 3 13 15 mA 

Into Terminal 6 16 4.3 mA 

Into Terminal 13 113 4.5 mA 

Into Terminal 14 114 0.170 rnA 

Performance Characteristics I n Circuit of Fig. 3 

I nput Signal to Dummy 
Antenna at f1N=1 MHz, 

Sensitivity 30% AM Modulation at - 2.3 5 ~V 

IMOD=400 Hz, for 11 rnV 

output at Va 

Ratio of Output at Vo 

with Modulation ON and then 
Signal-to-Noise Ratio SIN OFF. Input $ignal;100 J).V. 34 43 - dB 

30% AM Modulation at 
f MOD=400 Hz 

Input Signal set at 
1 MHz, 90% AM 

Overload Distortion Modulation, Distortion 160000 400000 - ~V 

atVa must be 

::::. 10% 

Dynamic Characteristics For Indicated Stages In Circuit of Fig. 3 

Paranel Capacitance Parallel Resistance T ranscondlJctance 

S ..... Input Output Input Output 
pF pF {l {l jJmhos 

RF Amplifier 80 6 750 2 x 106 min. 140000 

IF Amplifier 35 3.5 950 104 80000 

2)( 106 min. 
2500 IM; •• rI 

Mi)(er 6 2 2000 
3000 (Amplifier) 

LINEAR INTEGRATED CIRCUITS 

MIXER INPU'!!T_-4 _____ --I MIXER OUTPUT 

AGe DRIVE 5 AGe CAPACITOR 

I F OUTPUT 6 9 RF GROUND 

IF INPUT 8 SuBSTRATE AND 
IF AMPL. GROUND 

92C5-211;1;6 

Terminal assignment diagram. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE, 
At Terminal No.3 (v+) ....... __ . 9 V 
At Terminal No.6 II F Output). . . . . 40 V 
At Terminal No. 13 (RF Output) . 20 V 
At Terminal No. 14 (Mixer Output) . . 20 V 

DC CURRENT: 
Into Terminal No.3 (V+) 35 mA 

DEVICE DISSIPATION: 
Up to TA ; 55°C ... '750mW 

Above T A = 5SoC.... .. .... .... derate linearly 6.67 mWflC 

AMBIENT TEMPERATURE RANGE: 
Operating ............... _ .... . 
Storage ................... _ .... . 

LEAD TEMPE RATURE lOuring Soldering): 
At distance 1116" ± 1/3" 

11.59mm ± O.79mm) 
from case for 10 s max. 

TYPICAL CHARACTERISTICS 

-55 to +12SoC 
-65 to + 150°C 

.c 10": AMBIENT TEMPERATURE (TA'-2S·C 
OPERATING FREQuENCY (fo)-262 IIHI 

~ · AM MODULATtON -NONE 

~ z -> ........... 56pF 
! 10. 

~~ ~ • 
~ · \ i , 
~ 10~ \ 
l- • Z 4 ill SLOPE 

~ 
, 

\ 0.406 dB/mY 

~ 10' 

~ · · 4 

\1 ~ , a: 
\1 10° 

KlO 200 300 400 500 600 

92C5-21668 

Fig. t - Control of RF stage by signal into Terminal No.5_ 

56pFI 6 

~262-.• ;Kl.:'---!l--~--i 

92C5-21669 

Fig. 2- Test circuit for Fig. t. 

Vo 
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LINEAR INTEGRATED CIRCUITS 

CA3123E 
VOLUME CONTROL 

~~~----------------------~--"A' 
t------------------------------4~3~30~~~--~--------~~--__ ~+12Y 

'----200-lt-.-F--..... fV\vT.~-=:::-'''+--;i+ C9 TO t~5~~R 

OSCILLATOR ~ 400,.F 

Transformer 

First IF: 
Primary 

Secondary 

Second IF: 

Primary 

Secondary 

Antenna: 

Primary 

Secondary 

Coils 

AF 
INPUT 

OF 
BYFWoSS 

CAP~IO 

c:.creE 5 
SUBSTRATE 

AMPLITUDE ·27 pF CAPACITOR IN SERIES WiTH INPUT GENERATOR 
" 1.2' VRMS REPRESENTS AOUMMY·WINOSHIELo"-TYPE ANTENNA 9ZCM-2r665 

Symbol Frequency Inductance Capacitance 0 Total Turns To 
Coupling 

phI"! pFI"! I"! Tap Turns Ratio 

262 kHz 2840 130 60 none 

T2 
2840 130 60 or 

30,1 critieal 
31:1 "'0.017"'1/0 

262 kHz 2840 130 60 8.5:1 -
T3 2840 130 60 8.5:1 

critical 
"'0.017 "'1/Q 

1 MHz 195 IC,I-130 65 

Tl Adjusted to an impedance of 75 n with primary resonant at 1 MHz. Coupling should be as tight as practical. 

Ll 

L2 

L3 

RF 
0UTl'\JT 

02 

01 

Wire should be wound around end of coil away from tuning core. 

7.9 MHz 6 50 

1 MHz 55 50 

1.262 MHz 41 40 

Fig. 3- Schematic disgram of AM radid receilltlr using CA3723E. 

IOX.A 
"'PUT 

_0 
OUTPUT 

MIXER 
BYPASS 

• 

A7 
OKQ 

OSCL.LATOR 
TANK 

2 

A8 
5.6KD. 

R9 
3.3K.o. 

; 

A~ ~---4-------------------+--------------------------4--+---+--~----~ 
IF GROUND 

Fig. 4 - Schematic diagram of CA3123E. 

PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG_ 3 

300 '-, 
FREQuENCY OF MODULATION (fUOO)-400 kHz 
AM MOOULATION"30% 

25. AMBIENT TEMPERATURE {TA)-,25-C 
OUTPUT VOLTAGE MEASURED ACROSS 
20 K.Q VOLUME CONTROL 

+10 AMBIENT TEMPERATURE (TtJ-2S'C: IIIII I II1I I I III I I III 
FREQUENCY OF MODULATION (fMODl-400Hz 

9 AMBIENT TEMPERATURE (T; )-25"C 
I 1; FOR OETAILS BELOW 3O,..V, SEE FIG. 6 

200 
OUTPUT VOLTAGE (VQ)-85mV 

o ll. L~ ~ 30% AM NODULATION AT 
'""~~..... I 'MOD"400 H' 

-101---:,,1""' r O+-+-I-tt-1-1-+tt-+-++H 

~ ~ -20 ~ r-f+++--+-++++-+-+t-tl 

8 

7 .. 
I 6 
z /-

i 
5 

/ • 
3 

I I if ~ .. ! !:i 150 g 

I ~ I 
!:> 100 , 

-~ ° _f-

50 

I 1 
10 , '60 , ... , 4 68 4 2 

10 '60 I .... 
, .. 

I ~~ -
~ 
¥ 

I 
II 2 

,/ 
I 

RF SIGNAL INPUT-,..V 
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2 4 6810 

RF SIGNAL INPUT VOLTAGE -".v 

Fig.5 - Signal·ro·noise performance. 

92C$-21670 

Fig.6 - AGe curve showing ~t. rise (controlled by 
external _it.""" of 5.7pF: C,7. Fig.3). 

Change in slope in the vicinity of 40000 iN signal input voltage is the 
result of the use of e17 (5.7 pF) in Fig.3. The dotted curve indicates 
expected performance if e17 '" ~. 

10' , . ... 10 , • • 10' 
R F SIGNAL INPUT -".v 

Fig.7 - Ol/BrlOM/ l"fIIPon •. 

, . •• 
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CA3125E 

Television Chroma Demodulator 

RCA-CA3125E is a monolithic silicon integrated-circuit 
chroma demodulator having three separate demodulators 
with independent phase control. It is designed to function 
compatibly with the CA1398E IC Chroma Processor as well 
as other commercially available Chroma Processors in R-G-B 
Systems of color-TV receivers_ The CA3125E is supplied 
in a 14-lead dual-in-line plastic package_ 

TYPICAL STATIC CHARACTERISTICS AT TA = 25°C, 
v+ = +20 VOLTS 

SUPPLY CURRENT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9_6 mA 

BRIGHTNESS CONTROL VOLTAGE: 
Measured with 8 volts at 

Terminals",12,andI3 ___________ .•.. _. I.4V 

MAX. OUTPUT DIFFERENCE VOLTAGE: 
Measured between any two of 

Terminals II, 12, and 13 ................ _. ±O.4 V 
MAXIMUM DC DETECTOR UNBALANCE 

VOLTAGE: 
DC voltage shift onTerminals 11,12, and 13 

when Terminals 1,2, and 3 are alternately 
biased 0_5 volt positive, then negative with 
refer.ncetoTerminaI14 .... _ ..... _ .... _ +150mV 

LUMINANCE 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25" C 

SUPPLY VOLTAGE .............. ............. 25V 
SUPPL Y CURRENT .......................... 20 rnA 
AMBIENT-TEMPERATURE RANGE: 

Operating. . . . . . . . . . . . . . . . . . . . . .... -40°C to +85°C 
Storage . . . . . . . . . . . . . . . . . .. . . . . .. _65° C to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 
from case for 10 s max. .................... 265°C 

TYPICAL DYNAMIC CHARACTERISTICS AT TA - 25°C, 
V+ = +20 volts 

BLUE CHROMA GAIN: 
Peak-to-peak voltage at Terminal 11 with 1.0 volt 

peak-to-peak applied differentially between 
Terminals 6 and 7. and with a subcarrier 
injection voltage of 1 volt peak-to-peak 7.36 Vp-p 

RED GAIN RATIO: 
Peak-to-peak voltage at Terminal 13 
Peak-to-peak voltage at Terminal 11 X 100 - ....... 100% 

GREEN GAIN RATIO: 

Peak-to-peak voltage at Terminal 12 X 100 . . . . . . . .. 30% 
Peak-to-peak voltage at Terminal 11 

LUMINANCE GAIN: 
Peak-to-peak voltage measured at Terminals II, 

12, and 13, with a peak-to-peak voltage of 
0.1 volt applied to Terminals 6 and 7 
(common mode). and with no subcarrier 
injection .. _ ........ _ ............. _ . . 0.7 Vp-p 

... 1 45 V AND DC 81AS INPUT 

CHROMA INPUT 

~ 

DEMODULATOR 

~D:~:~~flR BIAS 
INPUT 

Fig. 1 - Functional block diagram of the CA3 125E. 

LINEAR INTEGRATED CIRCUITS 

Features: 

• Luminance input 

• Blanking control input 

• Three separate demodulators with independent phase control 

• Low output offset voltage _ . __ .. __ ... _ .... __ . .. 0.4 V 

B 
OUTPUT 

R 
OUTPUT 

G 
OUTPUT 

921:111-22547 
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LINEAR INTEGRATED CIRCUITS 

CA3126Q 

TV Chroma Processor 
RCA·CA3126Q is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV 

receivers. It is compatible with the CA3067 chroma demodu
lator as well as other chroma demodulators. 

MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25"c 
DEVICE DISSIPATION, 

Up to TA =5SoC ..........•.....••.•••..•••.... 750 mW 
Above T A = 55°C ........... , ... derate linearly 7.9 mW/oC 

DC SUPPLY VOLTAGE (Across Terms. 5 and 12)" 13.2 V 
DC CURRENT, 

Into Term. 12 .. 
Into Term. 14 ...... , .. 

DC VOLTAGE (TerminaI9l: 
Negative Rating .............. . 
Positive Rating ......... . ........... . 

AMBIENT TEMPERATURE RANGE, 
Operating ........... . 
Storage .. 

LEAD TEMPERATURE (During Soldering): 
At a distance not less than 1/;J2 in. (0_79 mm) 
from case for 10 seconds max. 

38mA 
20mA 

. .... -5V 
3V 

-40 to +8S0C 
-66 to +lS0oC 

~his rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 

ELECTRICAL CHARACTERISTICS 

Test Conditions: T A = 2SoC, chroma control at maximum position for all characteristics tests except for chroma output test. 
For this test, control should be set at minimum position. Electrical characteristics referenced to tast circuit, Fig.2_ 

TERMINAL, 

CHARACTERISTIC 
MEASURE· SWITCH POS. CHROMA 

LIMITS UNITS MENT,AND INPUT 
SYMBOL Sl S2 TPI Min. Typ. Max. 

Static Characteristics 

Voltage Regulator V12 2 2 0 10.1 11.2 12.1 V 

Supply Current 112 2 2 0 16 25 3a mA 

Dynamic Characteristics (See Note 1) 

Pull-in Range· Va 
. 2 0.5 Vp.p ±250 - - Hz 

Oscillator Output Va 2 2 0 0.6 1.0 - Vp.p 

100% Chroma Output V15 1 2 0.5 Vp_p 1.4 2.7 - Vp_p 

Overload Detector V15 1 1 0.5 Vp_p 0.4 - 0.7 Vp.p 

Minimum Chroma Output V15 1 2 0.5 Vp.p - - 20 mVp_p 

200% Chroma Output V15 1 2 1 Vp.p 70 100 140 %of 

20% Chroma Output V15 1 2 0.1 Vp_p 40 - 105 100% 
reading 

Kill Level VTPI 1 2 vary 5 - 60 mVp_p 

Note 1: Except for pull-in range testing, tune oscillator tnmmer capacitor for free-running frequency of 3.579545 MHz ± 10 Hz. 
·Set Switch 1 to Position 2, detune oscillator ± 250 Hz. set Switch 1 to Position 1. and check for oscillator pull-In. 

TO TERM 12 

r 
I 

I 
I 
I 

to I(n~~W'lr-::!:--@r-;--+--t--1f-----1 
50Kn 

I 

OOI,..F ~1~;iR*aOI ... F 

ll.~AA~nOV 
u~ f ·--W---2vK4~ 5,0.1 .IOTH 

I HORIZONTAL 
I KEY INPUT 
I 

* OPTIONAL DESIGN 
FEATURES 

92CM-22022ltl 

Fig_ '-Block d;.gram of CA3'260 TV Chroma Processor. 
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Features: 
Ii Phase-locked subcarrier regeneration utilizes sample-and-hold 

techniques 

• Automatic chrominance control (ACC)/kilier detector employs 
sample-and-hold techniques 

• Supplementary ACe with an overload detector to prevent 

oversaturation of the picture tube 

• Sinusoidal subcarrier output 
• Keyed chroma output 
• Emitter-follower buffered outputs for low output impedance 
• linear de saturation control 
• Internal zener-regulated reference patentials 

Only the initial crystal filter tuning is required ___ no killer or 

ACe adjustments required at any time 
• Few external components required 
• Compensation for temperature and supply variations 
• All terminals protected against short circuits 

CIRCUIT DESCRIPTION 

The following paragraphs brjefly describe the circuit operation 
of the CA3126Q (shown in Fig. 1). A detailed description of 
the operation of various portions of the CA3126Q is 
given in ICAN-6247, "Application of the CA3126Q Chroma
Processing IC Using Sample-and-Hold Techniques", 

The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC . 
amplifier. 

A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit, The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and
hold circuitry_This "compared" voltage controls the phase~ 
shifting network in the phase·locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-runn ing frequency. 

The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45- and 
-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, 
produces a correction voltage proportional to the burst ampli
tude. The correction voltage is compared to the quiescent bias 
level using sample-and-hold circuitry similar to that used in the 
AFPC portion of t~e circuit. The "compared" voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored iri an external capacitor con
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 

APPLICATIONS INFORMATION 

General Considerations 
The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA312,6Q. 
Several items are critical for proper operation of the circuit. 
1. A series resistor of approximately 2,450 ohms (or high 

source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 



CA3126Q 
2. When the overload detector is used, a large resistor (nom

inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. Th~ free-running frequency 
will be erroneous if Terminal 1 is de shorted during the 
setting operation because of the de offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable isolation between the oscillator portion of the 
circuit (Terminals 6, 7, and 8) and the chroma input 
(Terminal 1). 

Overload Detector 
The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-ta-chroma 
ratios. 

2. It prevents overload conditions due to noise. 
80th of these conditions are discussed in more detail in 
ICAN·6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than O.5·volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 
Chroma Gain Control 
The chroma gain control operates by varying the base bias on 
current source transistor Q25. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA31260 is shown in Fig. 3. 

Subcarrier Regenerator Oscillator 
The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a 10-pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 4. It should be noted that the slope of the curve determines 
the dc gain of the phase-locked loop, i.e., 40 Hz per degree. 
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AMBIENT TEMPERATURE (TA1"2~"C 
CHROMA INPUT" 0.5 Vp_ p 

' ... 

.. 120 :" ::7:' 

VOL.TAGE AT TERM. 16 {VI6)-"o OF v l2 

92C$-24999 

Fi9.3 -Chroma gain control. 

AMBIENT TEMPERATURE (TA) _·C " 

92CS-2~002 

Fig. 6 -Amplitude and phase variations of chroma 

output vs. temperature. 
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Fig_ 2-Test circuit for CA3126Q. 
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Fig. 4 -StatiC phase error. 

AMBIENT TEMPERATURE (TAl-"C 

92C5- 2~003 

Fig. 7 - Variation of osei/Jator free-running frequency vs. temperature. 

92CS-25001 

Fig. 5 -Amplitude and phase variations of oscillator 
output vs. temperature. 

Thermal Considerations 
The circuit of the CA3126Q is thermally compensated to 
achieve the optimal operating characteristics over the normal 
operating temperature range of TV receivers. Figs. 5 and 6 
show the oscillator· and chroma-output amplitudes and phases 
as a fu~ction of temperature (Terminals 8 and 15), respectively. 

Both the oscillator~ ar-r~h~:h-roma·output amplitudes and phases 
are measured relative to the chroma-input phase. The per
formance of the oscillator free-running frequency as a function 
of temperature is shown in Fig. 7. All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 2. 
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LINEAR INTEGRATED CIRCUITS ___________________ '""';"'" _____________ _ 

CA3127E 
High-Frequency N-P-N 
Transistor Array 

Applications: 
• VHF amplifie .. 
• VHF mixers 

For Low·Power Applications at Frequencies up to 500 MHz 
• Multifunction combinations - RF/mixer/oscillator 
• I F Converter 

Features: 
• Gain·Bandwidth Product (fTI > 1 GHz 

• Power Gain = 30 dB (typ.1 at 100 MHz 

• Noise Figure = 3.5 dB (typ.1 at 100 MHz 

• Five independent transistors on a common substrate 

RCA·CA3127E consists of five general·purpose silicon n·p·n 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low lit noise and a 
value of fT in excess of 1 GHz, making the CA3127E useful 
from de to 500 MHz. Access is provided to each of the 
terminals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi· 
bility. The monolithic construction of the CA3127E provides 
close electrical and thermal matching of the five transistors. 

The CA3127E is supplied in a 16·lead dual·in·line plastic 
package and operates over the full military temperature range 
of -55 to + 1250C. 
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~ 
ii: 
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-

CHARACTERISTICS CURVES 
COMMON·EMITTER CONFIGURATION 

AMBIENT TEMPERATURE IT"I-2$- t II COLL.ECTOR-TO-EMITTER VOLTAGE IVcE)s6V 
-" 30 RSOURCE. !500C .1, 

~ .,.,< 

./ 
20 

.,/ , 
",... 

/ 
....... V ..... 

/" .-,,,L:-10V V iE/ b.. '-,... "'-' -~ :Okt4Z 

0 

0.01 • 6 '01 • I 

COLLECTOR CURflENT Uc)-mA 92.C$-20804 

Fig. 2 - In noi., figure VI'. collector current at RSOURCE - 500 Sl. 

001 4 6 10.1 

COLLECTOR CURRENT (Ie)-mA 

Fi,. 3- lRno;SII figure 'II.collfICtorCU""f'ltat RSOURCE = 1 kn. 
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• I F amplifier. 
• Sense amplifiers 
• Synthesizers 
• Synchronous detectors 
• Cascade amplifiers 

MAXIMUM RATINGS, Absolute-Maximum Value., 
at TA = 2!PC 

POWER DISSIPATION, PO: 

92CS-22214 

Fig. 1- Schematic diagram of CA3121E. 

The following ratings apply for each transistor in the device. 

Coliector·to·Emitter Voltage, VCEO .•.............. 15 V 
Anyone transistor ........... _ ................ _ .. 85 mW Coliector·to·Base Voltage, VCBO .................. 20 V 
Total Package: 
ForTA up,0750C •............................ 425mW Coliector·to·Substrate Voltage, VCIO· .............. 20 V 

For TA >7SoC Derate Linearly at .... _ ...... _.. 6.67 mwtC Collector Current, IC . . . . . . . . . . . . . . . . . . . . . . . . .. 20 rnA 
AMBIENT TEMPERATURE RANGE: 

Operating ... _ .... _ . . . . . . . . . . . . . . . • . • • . . •• -55 to +12SoC 
Storage ............ _ ......... __ . . . . . . . .. -65 to -+150oC 

LEAD TEMPERATURE CDURING SOLDERINGI: 
A, distance 1I16± 1/32 inch C1.59 ±0.79 mml 
fromcasefor10secondsm8x .......•...•.•.•.••... -+265°C 

4The collector of each transistor of the CA3127E is isolated from the 
substrate by an integral dkJde. The substrate herminal 5) must be 
connected to the most neglltive point in the external circuit to mlin .. 
tain isolatjon between transistors and to provide for normal transistor 
action. 

STATIC ELECTRICAL CHARACTERISTICS at TA C 250C 

CHARACTERISTICS SYMBOL TEST CONDITIONS I LIMITS I UNITS 

I Min. I Typ. I Mox. I 
For Each Transistor: 

Collector-to-Base 
VCBRICBO Breakdown Voltage IC -10,.A,I E =0 20 32 - V 

Collector-to-Emitter 
VCBRICEO Breakdown Voltage 

IC ·1 mA,l B • 0 15 24 - V 

Collec:tor~to-Substrat8 
VCBRICIO 

ICI • 10 ,.A,IB ·0, 
Breakdown Volt. IE =0 

20 60 - V 

Emitter-to·Base 
Breakdown VOltage* VCBRIEBO IE = 10 ~A, 'C = 0 4 5.7 - V 

Collector-Cutoff-Current ICEO VCE = 10 V. 'B • 0 - - 0.5 ,.A 

COllector-Cutoff·Current ICBO VCB =10V.I E '0 - - 40 nA 

Ic' 5 mA 35 88 -DC Forward·Current 

Transfer Ratio "FE VCE = 6V Ic '1 mA 40 90 -

Ic =0.1mA 35 85 -
IC"" 5 mA 0.71 0.81 0.91 

Base-to-Emitter Voltage VBE VCE ·6V IC"'lmA 0.66 0.76 0.86 V 

IC =0.1 mA 0.60 0.70 O.BO 

Collector-to-Emitter 
Saturation Voltage VCElsa,1 Ie'" 10mA,le =1 mA - 0.26 0.50 V 

Magnitude of Difference 
(lIvBe! 01 & 02 Ma'ched 0.5 5 mV 

in VBE -
Magnitude of Difference 

IlIlBI in'S VCE = 6V, 'C - 1 mA - 0.2 3 ~A 

*w"hen used as a zener for reference VOltage, the device must not be subjected to more than 0.1 millijoule of energy from any po.ible 
capacitive or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current shOUld btl I ... than 10 mAo 

DYNAMIC CHARACTERISTICS at T A = 25°C 

CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS UNITS 

Fig.No. Min. Typ. Mox. 

IIF Noise Figure NF 
f'" 100kHz, RS :11500 n 

2 - 1.8 - dB 
IC""1 mA 

Gain~Bandwidth Product IT VCE = 6 V, IC' 5 mA 4 - 1.15 - GHz 

·CoUector·to-Base Capacitance CCB VCB=6V,f-1MHz 5 - See - pF 

Collector-to-Substrate Capacitance CCI VCI -6V.I= 1 MHz 5 - Fig. - pF 

Emitter-to-Base Capacitance CEB VBE = 4 V. f - 1 MHz 5 - 6 - pF 

Voltage Gain A 
VCE -6V,f-l0MHz 6,18 
RL = 1 Kn. IC· 1 mA 

- 28 - d8 

Power Gain G. 
Cascode Configuration 19,20 27 30 - dB 
f .. 100 MHz, V+ .. 12 V 

Noise Fi""re NF IC=1 mA 19,20 - 3.5 - dB 

Input Resistance 1/811 Common·Emitter 10 - 400 - n 

Output Resistance 1/g22 Configuration 12 - 4.6 - lin 

I nput Capacitance C11 VCE ' 6V 10 - 3.1 - pF 

Output Capacitance C22 IC ·1 mA 12 - 2 - .F 

Magnitude of Forward Transadmittance h11 f-200MHz 14,15 - 24. - mmllo 
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LINEAR INTEGRATED CIRCUITS 

CapllCitance fpFI 

Tr.nliftor "' .. Toul "' .. Tota' "' .. Toul "' .. To ... 

Bill 
Vol. 

6V 6V 4V BV 

01 0.025 0.190 0,090 0,125 0.366 0.610 0.475 1.66 

02 0.015 0.170 0.225 0.266 0.130 0.360 0.085 1.36 

03 0.040 0.200 0.215 0.240 0.360 0.625 0.210 1.40 

04 0,040 0.190 0.225 0.270 0.366 0.610 0.085 1.25 

05 0.010 O.ts) 0,096 0.115 0.140 0.366 0.090 1.36 

Fig. 5(b) - Typical capacitlJnce vslues at f = , MHz. Thffi term;n~ 
tnfIlUUrement. GUBrdail terminals except those under tnt. 
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LINEAR INTEGRATED CIRCUITS 

CA3127E 
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TEST CIRCUITS 

Fig. 18 - Voltage-gain test circuit using current-mirror biasing for 020 

* E. F. ,jOHNSON No.I&0-104-1 
OR EQUIVALENT g2CS-22229 

This circuit was chosen because it conveneietly represents a close 
approximation in performance to a properly unilatenlllized single 
transistor of this type. The use of 03 in a current-mirror configuration 
facilitates simplified biasing. The use of the cescode circuit in no way 
implies that the transistors cannot be used individually. 

Fig. 19 - I00-MHz power-gain .nd noise-figure testc;n;uit. 

Fig. 20 - Block diagrams of poWtlr-gtlin and noise-figure rest set-ups. 
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LINEAR INTEGRATED CIRCUITS 

CA3128Q Preliminary Data 

TV Chroma Processor for PAL Systems 

The RCA·CA3128Q is a monolithic silicon integrated circuit 
designed primarily for PAL chroma processing applications in 
color TV receivers. For a circuit description of the CA3128Q 
and an explanation of this device in PAL systems, refer to "A 
New Chroma Processing IC Using Sample ·and·Hold Techniques" 
by L. A. Harwood (ST6144). 

MAXIMUM RATINGS, Absolute-Maximum Valuesat TA = 2s"C 

DC SUPPLY VOLTAGE (Between Terms. 12 and 5)..................... ...................... 13.2 
DC VOLTAGE (Term. 9): 

V 

Positive Value ................................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +3 V 
Negative Value ....................... _ ........................... _ . . . . . . . . . . . . . . . . -5 V 

DEVICE DISSIPATION: 

Up to T A = 55°C ........................................................... _ . . . . . . . 750 mW 

Features: 

• I'hase-Iocked subcarrier regeneration 
utili •• sample-and-hold techniqu. in 
the automatic frequency phase control 
(A FPC) servo loop 

• Automatic chrominance control (ACC)! 
killer detector employs sample-and-hold 
techniqu. 

• Supplementary ACC with an overload 
detector to prevent oversaturation of 
the picture tube 

• Sinusoidal lubcarri .. output 

• Keyed chroma output 

• Emitter·follower buffered outputs for 
low output impedance 

• Linear de saturation control 

• PAL identification output 
Above T A = 55°C ............... - ........ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. derate linearly at 7.9 mWfC 

AMBIENT TEMPERATURE RANGE: • Only the initial crystal filter tuning is required ... no killer 

Operating. . . . . . . . . . . . . . . . .. .. . . . . . .. . . . . . . . . . .. . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . .. -40 to +85 °c and ACC adjustments required at any time 

Storage ......................................................................... -65 to + 150 °c • Few external components required 

LEAD TEMPERATURE (DURING SOLDERING): • Compensation for temperature and supply variations 
At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

TYPICAL STATIC CHARACTERISTICS at TA = 25°C: 

DC Supply Current (I 12lwith V12 = 11.2 V de ............................................ . 

TYPICAL DYNAMIC CHARACTERISTICS at T A = 25°C with a Burst-to-Chroma Ratio of 46.5%: 
100% Chroma Output Voltage at VI (p-p) = 0.5 V ........................................ . 
Oscillator-Level Output Voltage ........................ _ .................. _ ............ . 

Killer Threshold Input Voltage . _ ...................................................... . 
Pull-in Frequency ......... _ ......... _ ...................... _ ........................ . 

PAL Identi·fication Output Voltage .............. _ ....................................... . 

10 
.n~~~~~-@~+---~--+----+-----1 

+265 
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• All terminals protected against short circuits 
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Fig. , - Block diagram of CA31280 TV Chroma Processor. 
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LINEAR INTEGRATED CIRCUITS 

CA3130, CA3130A, CA3130B Types 
COS/MOS Operational Amplifiers 
With MOS/FET Input 

RCA-CA3130T, CA3130S, CA3130AT, CA3130AS, CA-
3130BT, and CA3130BS are integrated-circuit operational 
amplifiers that combine the advantages of both COS/MOS and 
bipolar transistors on a monolithic chip_ 

Gate-protected p-channel MOS/FET (PMOS) transistors are 
used in the input circuit to provide very.high-input impedance. 
very-low-input current. and exceptional speed performance. The. 
use of PMOS field-effect transistors in the input stage results in 
common-mode input-voltage capability down to 0_5 volt below 
the negative-supply terminal, an important attri~ute in single
supply applications_ 

A complementary-symmetry MOS (COS/MOS) transistor pair, 
capable of swinging the output voltage to within millivolts of 
either supply-voltage terminal (at very high values of load 
impedance). is employed as the output circuit_ 

The CA3130 Series circuits operate at supply voltages ranging 
from 5 to 16 volts, or ±2_5 to ±B volts when using split supplies_ 
They can be phase compensated with a single external capacitor, 
and have terminals for adjuS1ment of offset voltage for appli
cations requiring offset-null capability. Terminal provisions 
are also made to permit strobing of the output stage_ 

Features: 
• MOS/FET input stage provides: 

very hil#l ZI = 1_5 Tn (1_5 x 1012 111 typ_ 

very low II = 5 pA typ_ at 15 V operation 

2 pA typ_ at 5 V operation 

• Common-mode input-voltage range inClUdes} 
negative supply rail; input terminals can 

, be swung 0.5 V below negative supply rail 

• COS/MOS output stage permits signal swing 

to either (or both) supply rails 

• Low VIO: 2 mV max_ (CA313OB) 
• Wide BW: 15 MHz typ_ (unity-gain crossover) 

• Hil#l SR: 10 V/jIS typo (unity-gain follower) 

• Hil#l output current (10): 20 rnA typo 

• Hil#l AOL: 320,000 (110 dB) typo 
• Compensation with single external capacitor 

Applications: 
• Ground-referenced single-supply amplifiers 

• Fast sample-hold amplifiers 

• Long-duration timers/monostables 

• Hil#l-input-impedance comparators 
(ideal interface with digital COS/MOS) 

• Hil#l-input-impedance wideband amplifiers 

• Voltage followers 
(e.9-, follower for single-supply D/A converter) 

• Voltage regulators 

Ideal for 

92CS-Z04713 

Fig. 1-Functional diagram of the CA3130 Series. 

single-supply MAXIMUM RATINGS, AbsDlute-M.ximum Values 

applications DC SUPPLY VOLTAGE 
(BElWEEN v+ AND V- TERMINALSI ....... _ .. .. .... 16 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ................ ±8 V 
COMI,ION-MODE DC I NPUT VOLTAGE ...... _ .. v+ to (V--0.5 VI 
INPUT-TERMINAL CURRENT ......................... 1 mA 
DEVICE DISSIPATION: 

WITHOUT HEAT SINK-
UP TO 5SQ C ............................... 630 mW 
ABOVE 55°C • . . . . . . . • . . . . . .. Derate linearly 6.67 mW/oC 

WITH HEAT SINK-
AT 125°C ............. _... ..... ............ 418 mW 

BELOW 125°C ~ ........... Increase IinearlY8t 16.7 mWlC 
TEMPERATURE RANGE: 

OPERATING .................. _ ... _ .. _ ... -55 to +125"<: 
STORAGE .................... _ .. .. .. .... -65 to +15O"C 

OUTPUT SHORT-CIRCUIT DURATION" .......... INDEFINITE 
LEAD TEMPERATURE (DURING SOLDERINGI: 

AT DISTANCE 1/16 ± 1/32 INCH 11.59 ±0.79 MMI 
FROM CASE FOR 10 SECONDS MAX. . ..... _ ....... +266"<: 

·Short circuit may be applied to ground or to either supply. 

CIRCUIT DESCRIPTION 

The CA3130 Series is supplied in either the standard 8-lead 
TO-5-style package (T suffiX) or in the B-Iead dual-in-line 
formed-lead TO-5-style package "DI L-CAN" (S suffix) and 
operates over the full military-temperature range of -55oC to 
+1250 C_ The CA3130B is intended for applications requiring 
premium-grade specifications and with limits established for: 
input current, temperature coefficient of input-offset voltage, 
and gain over the range of -550 C to +1250 C_ The CA3130A 
offers superior input characteristics over those of the CA3130_ 

(permits control of output voltage down to zero volts) 
Fig. 3 is a block diagram of the CA3l30 Series COS/MOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli
cations. Consequently, the CA3130 Series circuits are ideal for 
single·supply operation. Three Class A amplifier stages, having 
the, individual gain capability and current consumption shown 
in Fig. 3, provide the total gain of the CA3130. A biasing 
circuit provides two potentials for common use in the first and 
second stages. Term. 8 can be used both for phase com
pensation and to strobe the output stage into quiescence. When 
Term. 8 is tied to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output potential at Term. 6 
essentially rises to the positive supply-rail potential at Term. 7. 
This condition of essentially zero current drain in the output 
stage under the strobed "OFF" condition can only be achieved 
when !he ohmic load resistance presented to the amplifier is 
very high (e.g., when the amplifier output is used to drive 
COS/MOS digital circuits in comparator applications) . 

280 

r----, 
alAS CIRCUI; I 

ZI 
8.5 V 

. , 
40 kQ 

INV.-INPUT 

2~~~----~~~-----+~~--~ 

• Peak detectors 
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Fig. 2-Schemaric diagram of the CA3130 Stlri •. 

Input Stages-The circuit of the CA3130 is shown in Fig. 2. 
It consists of a differential-input stage using PMOS field-effect 
transistors (06, 07) working into a mirror-pair of bipolar 
transistors (09, 010) functioning as load resistors together with 
resistors R3 throul#l R6. The mirror-pair transistors also func
tion as a differential-to-single-ended converter to provide base 
drive to the second-stage bipolar transistor (0111. Offset 

, nulling, when des;'red, can Ile effected by connecting a 
lOU,ODD-ohm potentiometer across Terms. 1 and 5 and the 
potentiometer slider arm to Terin. 4. CascodoH:onnected PMOS 

~~-------------------, ~ 
I 200 p.A 1.3' mA 2OO".A 8 mA* I 
I OmA" I 
I I 
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·WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAil. 
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Fig. 3-Block diagram of the CA3130 Seriel. 



CA3130, CA3130A, CA3130B Types 
transistors Q2, Q4 are the constant-current source for the input 
stage. The biasing circuit for the constant-current source is 
subsequently described. The small diodes 05 through 08 provide 
gate-oxide protection against high-voltage transients, e.g. 
including static electricity during handling for 06 and 07. 

Second Stage-Most of the voltage gain in the CA3130 is 
provided by the second amplifier stage, consisting of bipolar 
transistor a 11 and its cascode-connected load resistance pro· 
vided by PMOS transistors 03 and 05. The source of bias 
potentials for these PMOS transistors is subsequently described. 
Miller·Effectcompensation (roll·off) is accomplished by simply 
connecting a small capacitor between Terms. 1 and 8. A 47· 
picofarad capacitor provides sufficient compensation for stable 
unity-gain operation in most applications. 
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Fig. 4-0pen-loop voltalJ8 gain and phas8 shift vs. frequency 
fOf Wlrious v.lulIS of eLI eel and RL" 

ELECTRICAL CHARACTERISTICS - For Equipment De';", 

TEST 
CONDITIONS 

V+=15 V 

Bias·Source Circuit-At total supply voltages, somewhat above 
8.3 volts, resistor R2 and zener diode Zl serve to establish a 
voltage of 8.3 volts across the series·connected circuit, con· 
sisting of resistor Rl, diodes 01 through 04, and PMOS 
transistor 01. A tap at the junction of resistor Rl and diode D4 
provides a gate·bias potential of about 4.5 volts for PMOS 
transistors 04 and 05 with respect to Term. 7. A potential of 
about 2.2 volts is developed across diode·connected PMOS 
transistor 01 with respect to Term. 7.to provide gate bias for 
PMOS transistors 02 and 03, It should be noted that 01 is 
"mirror'connected"t to both 02 and 03. Since transistors 02 
and 03 are twice the size of aI, the approximate l00·micro· 
ampere current in 01 establishes 200·microampere "mirrored" 
currents in 02 and 03 as constant·current sources for the first 
and second amplifier stages, respectively. 

At total supply. VqltagBS somewhat less than 8.3 volts, zener 
diode Zl becomes non·conductive and the potential, developed 
across series-connected Rl, 01·04, and aI, varies directly with 
variations in supply voltage. Consequently, the gate bias for 
04, 05 and 02, 03 varies in accordance with supply·voltage 
variations. This variation results in deterioration of the power
supplY'rejection ratio (PSRR) at total supply voltages below 
B.3 volts. Operation at total supply voltages below about 4.5 
volts results in seriously degraded performance. 

Output Stage-The output stage consists of a drain·loaded 
inverting amplifier using COS/MOS transistors operating in the 
Cass A mode. When operating into very high resistance loads, 
the output can be swung within millivolts of either 
supply rail. Because the output stage is a drain·loaded ampli. 
fier, its gain is dependent upon the load impedance. The 
transfer characteristics of the output stage for a load returned 
to the negative supply rail are shown in Fig. 6. Typical op·amp 

CHARACTERISTIC SYMBOL 
V-=OV 

CA3130B CA3130A CA3130 UNITS 
FIG. 

TA=25OC NO. 
(Unless 

Spacified 
Otherwise) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage IVlol Y±=±7.5 Y - 0.8 2 - 2 5 - 8 15 mY -
Input Offset Current 11101 Y±=±7.5 V - 0.5 10 - 0.5 20 - 0.5 30 pA -
Input Current II Y-=±7.5 V - 5 20 - 5 30 - 5 50 pA -
Large·Signal Voltage AOL YO=10 Yp-p lOOk 320k - 50k 320k - 50k 320k - Y/v 

Gain 4,5 
RL=2 kn 100 110 - 94 110 - 94 110 - dB 

Common-Mode 
CMRR 86 100 80 90 70 90 Rejection Ratio - - - dB -

Common·Mode -0.5 -0.5 -0.5 
Input· Yoltage YICR 0 to 10 0 to 10 0 to 10 Y -
Range 12 12 12 

Power·Supply !WIO//;Y+ 
Y±=±7.5 V 

- 32 100 - 32 150 - 32 320 
Rejection Ratio p.Y/v -

/;YIO//;Y - 32 100 - 32 150 - 32 320 

YOM+ 12 13.3 - 12 13.3 - 12 13.3 - 9 

YOM 
RL=2 kn 

- 0.002 om - 0.002 0.01 - 0.002 0.01 rw 
Maximum Output Y re-Yoltage IYoM+1 14.99 15 - 14.99 15 - 14.99 15 -

IYoM I 
RL-

- 0 0.01 - 0 0.01 - 0 om r;o 
Maximum Output 

Current: 
Source 10M+ YO=OY 12 22 45 12 22 45 12 22 45 9 

rnA r-;o Sink 10M YO-15 Y 12 20 45 12 20 45 12 20 45 

YO=7.5Y - 10 15 - 10 15 - 10 15 

Supply Current 1+ RL-
rnA 7,8 

YO=OV - 2 3 - 2 3 - 2 3 
RL-

Input Current II - Fig. 15 - Fig. - - Fig. - nA -
TA=-55 11 11 11 

Input Offset Volt· to 1250 C 
age Temperature /;VIO//;T Y±=±7.5Y" - 5 15 - 10 - - 10 - p.Yf'C -
Drift YO=10Yp.p 

. 
Large-Signal Voltage RL=2 kn • 50k 320k - - 320k - - 320k - Y/V 

AoL 5 
Gain 94 110 - - 110 - - 110 - dB 

* Applies only to AOL . 

.. Applies onlv to II and/; VIO' /; T. 

LINEAR INTEGRATED CIRCUITS 

loads are readily driven by the output stage. Because large· 
signal excursions. are non-linear, requiring feedback for good 
waveform reproduction, transient delays may be encountered. 
As a voltage follower, the amplifier can achieve 0.01 per cent 
accuracy levels, including the n.gative supply rail. 

I!SO LOAO RESISTANCE (RL)" 2 ktl 

~ 140 
I 
~ 

gl30 
5 
z 
g 120 

~ 

BO 
-100 -50 0 !SO 

AMBIENT TEMPERATURE (TAl - °c 

Fig. 5-0pen-loop gein vs. temperature. 

100 

92CS-24717 

t For general information on the characteristics of COSIMOS 
transistor pairs in linear-circuit applications, see File No. 619, 
data bulletin on CA3600E "COS/MOS Transistor Array." 

17.5 ~PPLY VOLTAGE: y+. 15. V-· 0 v 1 P > 
AMBIENT TEMPERAtURE (TA)· ~ oac 

I '" .. ~ Ii 
: 12.5 

~ ~"'m 
i' 

oj 

~t.Q ~ 
I II .. . " 'j 

~ 10 , ./ 
II "00/2 'l! t 

~ 7.5 

V . ... 
o. ~'" Ii .. .. • ~ 

11 
g 

~ 2.' 

i~' 0 

~ u ~ ~ '" ~ 20 ~ 

GATE VOLTAGE (vG) [TERMS.4 a e]-v 

92CS-24718 

Fig. 6-Voltage transfer characteristics of COSMOS DUtput stage. 
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Fig. l-Ouiesx:ent supply current v£ supply voltage. 
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at several temperature,. Fig. 9-Vo/tagll1Jf:1'OII PMOS output rren,iltor (OB) -.IOIIdcurlWnt. 

TYPICAL VALUES iNTENDED ONLY FOR DESIGN GUIDANCE 

tEST 
CONDITIONS 

V+=+7.5V 

CHARACTERISTIC SYMBOL 
V-=-7.5 V 

CA3l30B CA3l30A CA3130 UNITS 
FIG. 

TA=2SoC NO. 
(Unless 

Specified 
Otherwise) 

Input Offset Voltage 10 k!l acro •• 
Adjustment Range Term •. 4 and 5 ±22 ±22 ±22 mV -

or 4 and 1 

input Resi.tance RI 1.5 1.5 1.5 T!l -
Input Capacit.nce CI f= 1 MHz 4.3 4.3 4.3 pF -

Equiv.lent Input Noi.e en BW-0.2MHz 23 23 23 IlV 14 
RS=l MU* 

Unity Gain Crossover CC=O 15 15 15 
Frequency fT MHz 4,15 

Cc -47 pF 4 4 4 

Slew Rate: 
Open Loop CC=O 30 30 30 -

SR V/Ils ~ Clo .. d Loop Cc = 56 pF 10 10 10 

Tr.n.ient Respon .. : Cc = 56 pF 
Rise Time tr CL = 25 pF 0.09 0:09 0.09 IJ.S 15 

Overshoot RL = 2 k!l 10 10 10 % 15 

Settling Time (4 Vp·p Input (Voltage 

to <0.1%) Follower) 1.2 1.2 1.2 IlS 15 

.. Although a l·Mn source is used for this test, the equivalent input. noise remains constant for sources of RS up to 10 Mn. 

TEST 
CONDITIONS 

V+=5V 

CHARACTERISTIC SYMBOL 
V-=OV 

CA3l30B CA3130A CA3l30 UNITS 
FIG. 

TA = 25°C NO. 
(Unless 

Specified 
Oth.rwise) 

Input Offset Voltage VIO 1 2 8 mV -
Input Off.et Current 110 0.1 0.1 0.1 pA -
Input Current II 2 2 2 pA -
Common·Mode Rejection Ratio CMRR 100 90 80 dB -
Large·Sign.1 VO=4Vp.p lOOk 100 k lOOk VN -

Voltage G.in AoL 
RL = 5 k!l 100 100 100 dB -

Common·Mode 
VICR o to 2.8 Oto 2.8 Oto 2.8 V 

Input Voltage Range -
1+ VO=5 V,RL=" JOO 300 300 

Supply Current 
VO=2.5V,RL=oo 500 500 500 

p.A 7,8 

Power Supply 
!NIO/t.V+ 200 200 200 IlVN -

Rejection Ratio 
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Fig. 10-Vol_"""", NMOSourpu"roMillOr (Q121 or. loodcurront 

HANDLING AND OPERATING CONSIDERATIONS 

Handing CoIIoiderlOtion. 

Th. CA3130 uses MOS fi.ld .. ffect transi.tors in the input 
circuit. Becau .. MOS/FET'. have extremely high input re.ist· 
.. cas, they are susceptibl. to damage when exposed to 
extremely high static electrical charge •. To minimize the 
possibilities of damaging the input .tage tran.i.tors, 06 and 07, 
the CA3IJO utilizes a protective diode network in the input 
stage. N.verth.less, it i. good practice that the following 
precautions be observ.d during handling, testing, and actual 
operation of the CA3130 device. to minimize exposure to 
damage·inducing haz.rds: 
1. Soldering·iron tip', metal p.rt. of fixtures, tool., and 

handling facilities should be grounded. 
2. Device. should not be in .. rted into or removed from 

circuits with the power ON becau.e transient voltages m.y 
cau .. d.m.ge. 

3. Signals should not be applied to the input (Term •. 2 .nd 3) 
wh.n the device power .upply is OFF. Input·termin.1 
currents should not exc.ed 1 mAo 

4. After CA3130 d.vices have been mounted on circuit board., 
proper handling precaution. should still be observed if the 
input terminals are untermin.ted. It i. good practice during 
board-processing operation. to return Term •. 2 .nd 3 to 
Term. 4 by jumping the appropriate conductors. 

Offset Nulling 

Offset·voltage nulling i. u.ually accomplished with a 100,OO!)' 
ohm potentiometer connected aeross Terms. 1 and 5 and with 
the potentiometer .lider arm connected to Term. 4. A fine 
offset-null adjustment usually can be effected with the .lider 
arm position.d in the mid·point of the potentiometer's total 
range . 

Input-Current Variation wilh Temperature 

Th. input current of the CA3130 Series circuits i. typically 
5 pA .t 250C. Th. major portion of thi. input current i. due to 
I.akage current through the gate·protective diode. in the input 
circuit. As with any .. miconductor·junction device, including 
op amps with a junction·FET input stage, the leakage curr.nt 
approximately doubles for every 100C incr .... in temp.rature. 
Fig. 11 provides data on the typical variation of input bia. 
current.s a function of temperature in the CA3130. 

-80 -60 -040 -20 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (TAl --c 92CS-24723 

F;" "-Input curtent VI. ambient rempsratuIW. 



CA3130, CA3130A, CA3130B Types 
In applications requiring the lowest practical input current and 
inc,..mental incrt ••• in current because of "warm-up" effects, 
it is suggested that an appropriate heat sink be used with the 
CA3130. In addition. when "sinking" or "sourcing" significant 
output current the chip temperature increases, causing an 
increase in the input current. In such cases, heat·sinking can 
also very markedly reduce and stabilize input current variations. 

Input-Offset-VoitagII (ViOl Variation with DC Bias .s. De.ice 
Operating Life 

It is well known that the characteristics of a MOS/FET device 
can change slightly when a de gate·source bias potential is 
applied to the device for extended time periods. The magnitude 
of the change is inereased at high temperatures. Users of the 
CA3130 should be alert to the possible impacts of this effect if 
the application of the device involves extended operation at 
high temperatures with a significant differential de bias 
voltage applied across Terms. 2 and 3. Fig. 12 shows typical 
data pertinent to shifts in offset voltage encountered with 
CA3130 devices during life testing. The two·volt dc differential 
voltage example represents conditions when the amplifier 
output stage is "toggled", e.g., as in comparator applications. 

AMltENT TEMPERATURE (TA )-125·C 

DIFFERENTIAL DC VOLTAGE 
~ACROSS TERMS. 2 a 51-0 v 
H OUTPUT VOLTAGE· V+j2 

o sao 1000 I!CO 2000 2500 3000 3500 4000 
TIME (t)- HOURS 

92CS-24124 

Fi,. t 2-Typical ;ncrtlrrJental ofhet-voIrags shift "'. operating life. 

Po_r-llupply Considerations 

Because the CA3130 is very useful in single·supply applications, 
it is pertinent to review some considerations relating to power· 
supply current consumption under both single and dual·supply 
service. Figs. 13a and 13b show the CA3130 connected for 
both dual· and single-supply operation. 

Dual .. upply operation: When the output voltage at Term. 6 is 
zero·volts, the currents supplied by the two power supplies are 
equal. When the gate terminals of as and 012 are driven 
increasingly positive with respect to ground, current flow 
through 012 (from the negative supplyl to tlie load is increased 
and current flow through 08 (from the positive supply I de· 
creases correspondingly. When the gete terminals of 08 and 
012 are driven increasingly negative with respect to ground, 
current flow through 08 is increased and current flow through 
012 is decreased accordingly. 

Co, DUAL POWER-SUPPl..Y OPERATION 

Single-supply operation: Initially, let it be assumed that the 
value of R L is very higl> (or disconnectedl, and that the input
terminal bias (Terms. 2 and 31 is such that the output 
terminal (No. 61 voltage is at V+/2, i.e., the voltage-drops 
across as and 012 are of equal magnitude. Fig. 7 shows 
typical quiescent supply-current vs. supply·voltage for the 
CA3130 operated under these conditions. Since the output 
stage is operating as a Cia .. A amplifier, the supply-cur<ent 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage-transfer characteristics (see Fig. 61. if either 08 
or 012 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
supply-current. In the extreme case, e.g., with Term. 8 swung 
down to ground potential (or tied to groundl, NMOS 
transistor 012 is completely cut off and the supply-current to 
series-connected transistors 08, 012 goes essentially to zero. 
The two preceding stages in the CA3130, however, continue to 
draw modest supply-current (see the lower curve in Fig. 7) 
even thougl> the output stage is strobed off. Fig. 131 shows a 
dual·supply arrangement for the output stage that can also be 
strobed off, assuming RL = aG, by pulling the potential of 
Term. 8 down to that of Term. 4. 

Let it now be assumed that a load·resistance of nominal value 
(e.g., 2 kilohmsl is connected between Term. 6 and ground in 
the circuit of Fig. 13b. Let it further be a .. umed again that the 
input-terminal bias (Terms. 2 and 31 is such that the output 
terminal (No. 61 voltage is at V+/2. Since PMOS transistor 08 
must now supply quiescent current to both R L and transistor 
012, it should be apparent that under these conditions the 
supply-current must increase as an inverse function of the RL 
magnitude. Fig. 9 shows the voltage-drop across PMOS tran· 
sistor as as a function of load current at several supply· 
voltages. Fig. 6 shows the voltaye-transfer characteristics of the 
output stage for several values of load resistance. 

Wideband Noise 

From the standpoint of low-noise performance considerations, 
the use of the CA3130 is most advantageous in applications 
""ere in the source resistance of the input sigroal is in the order 
of 1 megohm or more. In this case, the total input-referred 
noise voltage is typically only 23 /.IV when the test-circuit 
amplifier of Fig. 14 is opereted at a total supply voltaiJe of 15 
volts. This value of total input·referred noise ramains essen
tially constant, even though the value of sourcuesistance is 
raised by an order of magnitude. This d,aracteristic is due to 
the fact that reactance of the input capacitanca becomes a 
significant factor in shunting the source· resistance. It lIhould be 
noted, however, that for values of source resistance very much 
greater than 1 megohm, the total noise voltage generated can 
be dominated by the thermal noise contributions of both the 
feedback and source resistors. 

-r:+ 
"'-POSmVE 
1 SUPPLY 

+ 

UtI SINGLE POWER-SUPPLY QPEAATtoN 

tICS-24T25 

Fig. ,3-CA3,30 ourput $tIIgII in dwI.nd ,ingl_ po""",-.upp/y QlMRtion. 
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+7.5Y 

BW(-3dB)-200 11Hz Ikn 
TOTAL NOISE VOLTAGE (REFERRED 

TO INPUT)-23"V TYP. 

92CS-~4726 

Fig. '4- Te~t-c;rcuit amplifier (~B gBin) used for wideband 
IIDI. tnIJB$uremenfS. 

Top Trace: Output 
Bottom Trace: Input 

(a) Small .. ignal respoolO (50 mV/div. and 200 nsldiv.1 

Top Trace: Output signal (2 V/div. and 5/.1s/div.) 
Center Trace: Difference sig"al (5 mV Idiv. and 5/.1s/div.) 
Bottom Trace: Input signal (2 V/div. and 51J.S/div.1 

(bl Input·output difference signal showing settling time 
(Measurement made with Tektronix 7A13 differential 
amplifier) . 
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Fig. IS-Split-supply voltagB follower with BSloci.ted waW!forms.. 
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CA3130, CA3130A, CA3130B Types 
TYPICAL APPLICATIONS 

Voltage Followers 

Operational amplifiers with very high input resistances, like the 
CA3130, are particularly suited to service as voltage followers. 
Fig. 15 shows the circuit of a classical voltage follower, 
together with pertinent waveforms using the CA3130 in a 
split·supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Fig. 16, together with related waveforms. This follower circuit 
is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Fig. 16a with input
signal ramping. The waveforms in Fig. 16b show that the 
follower does not lose its input·to-output phase-sense, even 
thou\ll the input is being swung 7.5 volts below ground 
potential. This unique characteristic is an important attribute 
in both operational amplifier and comparator applications. 
Fig. 16b also shows the manner in which the COS/MOS output 
stage permits the output signal to swing down to the negative 
supply·rail potential (i.e., ground in the case shown). The 
digital·to·analog converter (DAC) circuit, described in the 
following section, illustrates the practical use of the CA3130 
in a single'supply voltage·follower application. 

10 V LOGIC INPUTS 

806. , .... 

O.OOIp.F 

3.83K , .... 

REGULATED 
VOLTAGE 

ADJ. 

, FOR DATA, SEE BULLETIN FILE NO. 491 
• FOR DATA, SEE BULLETIN fiLE NO. 479 

, 

, 
PARAllELED 
RESISTORS 

2. 

0.1"" 

REQUIRED 
.!!! RATIO- .. ATCH 

I 3' STANDARD 
2 J;.O.I% 
3 :t:O.2 .... 
4 to.4% 
!5 to.S"'" 

6-9 1:1%A88. 

ALL RESISTANCES IN OHMS 

Fig. 17~9-bit OAC using COS/MOS digital switches and CA3730. 

Top TraC!!: Output (5 V/div. and 200 J.ls/div.) 
Bottom Trace: Input (5 V/div. and 200 J.ls/div.) 

(a) Output·waveform with input·signal ramping 
(2 Vldiv. and 500 J.ls/div.) 

ov 

(b) Output·waveform with grciu~d·r!'ference sine·wave input 

92CS-24728 

+I_~ V 

10 kQ 

Fig. 16-Single-supply ~oltage.folloWt!lr with associatfld WIIwlor"". 
(e.g.. for U$I1 in single-supply DIA ConlllNter; SIHI Fig. 9 
in ICAN·6080J. 
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9-BIT COS/MOS DAC 

A typical circuit of a g.bit Digital·to-Analog Converter (DAC)" 
is shown in Fig. 17. This system oombines the concepts of 
multiple·switch COSIMOS IC's, a low-cost ladder network of 
discrete metal·oxide-film resistors, a CA3130 op·amp can· 
nected as ,8 follower, and an inexpensive monolithic regulator 
in a simple single power·supply arrangement. An additional 
feature of the DAC is that it is readily interlaced with COS/MOS 
input logic, e.g., 10-volt logic levels are used in the circuit of 
Fig.17. 

The circuit uses an R/2R voltage·ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power .. upply 
terminal. Each CD4007 A contains three "inverters", each 
~'invert8r" functioning as a single-pole double-throw switch to 
terminate an arm of the RI2R network at either the positive 
or negative power·supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resistors. 
The five arms requiring the hi\llest accuracy are assembled with 
series and parallel combinations of 806,OOO-ohm resistors from 
the same manufacturiAg lot. 

A single 15-volt supply provides a positive bus for the CA3130 
follower amplifier and feeds the CA3085 voltage regulator. 
A "scale-adjust" function is provided by the regulator output 
control, set to a nominal 10-volt level in this system. The line
voltage regulation (approximately 0.2%) permits a g.bit accu
racy to be maintained with variations of several volts in the 
supply. The flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 

Single-Supply, Absolute·Value, Ide.1 Full-Wave Rectifier 

The absolute·value circuit using the CA3130 is shown in Fig. 18. 
During positive excursions, the input signal is fed through the 
feedback network directly to the output. Simultaneously, the 
positive excursion of the input signal also drives the output 
terminal (No.6) of the inverting amplifier in a negative·going 
excursion such that the 1 N914 diode effectively disconnects 
the amplifier from the signal path. During a negative'going 

·"Digital·to·Analog Conversion USing the RCA·CD4007A 
COS/MOS IC," Application Note ICAN-6080. 

Top Trace: Output signal (2 V/div.) 
Bottom Trace: Input signal (10 V/div.) 
Time base on both traces: 0.2 msldiv. 

ov 

ov 
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R2 

GAIN .. ~ "x .. RI+ :~+R3 
R3 a RI (X+X2) , -x 

FOR X=O.5: !:~ "* 
R3. 4 kG (06~: ).6 kll 

20 V p-p INPUT: BW(-3dB}- 230 kHz, DC OUTPUT (AYGJ .. 3.2 V 
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Fig. 18-Single-supply, sbsolute-IIB/utl; ideal fu/J-waVll 
rectifier with associated W8W1forms. 



LINEAR INTEGRATED CIRCUITS 

CA3130, CA3130A, CA3130B Types 
excursion of the input signal, the CA3130 functions as a 
normal inverting amplifier with a gain equal to -R2/R 1. 
Yihen the equality of the two equations shown in Fig. 18 is 
satisfied, the full-wave output is symmetrical. 

15 Vp_p INPUT; 
BW(-3 dB) • 1.3 MHa: 

().3 Vp_p INPUT i 
BWC-' .. 1)-240 kHz 

..I1J1.Jl. 
IN914 

2 '" 

(ol PEAk POSITIVE DETECTOR CIRCUIT 

(b) PEAf( NEGATIVE DETECTOR CIRCuIT 

Fig. 19-PNk-derector circuiu. 

Peak Detectors 

+ 

.. DC 
OUTPUT 

-DC 
OUTPUT 

92C$-24"" 

Peak·detector circuits are easily implemented with the CA· 
3130. as illustrated in Fig. 19 for both the peak'positive and 
the peak·negative circuit. It should be noted that with large
signal inputs, the bandwidth of the peak-negative circuit is 
much less than that of the peak·positive circuit. The second 
stage of the CA3130 limits the bandwidth in this case. 
Negative-going output-signal excursion requires a positive
going signal excursion at the collector of transistor all, which 
is loadad by the intrinsic capacitance of the associated circuitry 
in this moda. On the other hand, during a neg.tivelloing 
signal excursion at the collector of all, the transistor functions 
in an active "pull-down" mode so that the intrinsic capacitance 
can be discharged more expeditiously. 

Error-Amplifier in Regulalati Power Supplies 

The CA3130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error· 
amplifier when the regulated output voltage is required to 
approach zero. Fig. 20 shows the schematic diagram of a 40·mA 
power .. upply capable of providing regulated output voltage by 
continuous adjustment over the range from 0 to 13 volts. 
03 and Q4 in IC2 (a CA3086 transistor·array IC) function as 
zeners to provida supply·voltage for the CA3130 comparator 
(lCl). aI, 02, and as in, IC2 are configured as a low imped· 
ance, temperature-compensa1ed source of adjustable reference 
voltage for the error amplifier. Transistors aI, 02, 03, and Q4 

in 1C3 (another CA3086 transistor-array IC) are connected in 
perallel as the series-pass element. Transistor as in IC3 
functions as a current-limiting device by diverting base drive 
from the series'pass transistors, in accordance with the adjust-
ment of resistor R2. . 

Fig. 21 contains the schematic diagram of a regulated power· 
SUpply capable of providing regulated output voltage by con· 
tinuous edjustment over the range from 0.1 to 50 volts and 
currents up to 1 ampere. The error amplifier (lC1) and 
circuitry associated with IC2 function as previously described, 
although the output of ICI is boosted by a discrete transistor 
(04) to provide adaquate base drive for the Darlington· 
connected series-pass transistors aI, 02. Transistor 03 func· 
tions in the previously dascribed current-limiting circuit. 
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Fig. 20-Voltage regulator circuit (0 to 13 Vat 40 rnA). 
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Fig. 21- Voltage regulator circuit (0.7 to 50 Vat 7 A). 
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Fig. 22-Pulse generator {astable multivibrilwrJ Mth provisions 
for independent control of "ON" and "OFF u periods. 
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Multivibrators 

The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit design 
because it permits the use of timing circuits with hi\tl R/C 
ratios. The circuit diagram of a' pulse generator (astable multi· 
vibrator), with provisions for independent control of the 
"on" and "off" periods, is shown in Fig. 22. Resiston Rl and 
R2 are used to bias the CA3130 to the mid-point of the supply· 
voltage and R3 is the feedback resistor. 

Function Generator 

Fig. 23 contains the schematic diagram of a function generator 
using the CA3130 in the integrator and threshold detector 
functions. This circuit generates a triangular or square-wave 
output that can be swept over a 1.000.000: 1 range (D. 1 Hz to 
100 kHz) by means of a single control. R 1. A voltage-control 
input is also available for remote sweep-control. 

The heart of the frequency-determining system is an opera
tional·transconductance-amplifier (OTA)", IC1, operated as a 
voltage-controlled cUrrent-source. The output, '0, is a current 
applied directly to the integrating capacitor, Cl, in the feed
back loop of the integrator IC2, using a CA313D, to provide 
the tri angUlar-wave output. Potentiometer R2 is used to adjust 
the circuit for slope symmetry of positive-going and negative
going signal excursions. 

Another CA3130. IC3. is used as a controlled switch to set the 
excursion limits of the triangular output from the integrator 
circuit. Capacitor C2 is a "peaking adjustment" to optimize 
the high-frequency square-wave performance of the circuit. 

Potentiometer R3 is adjustable to perfect the "amplitude 
symmetry" of the square-wave output signals. Output from the 
threshold detector is fed back via resistor R4 to the input. of 
let so as to toggle the current source from plus to minus in 
generating the linear triangular wave. 

Operation with Output·Stage Power-Booster 

The current-sourcing and -sinking capability of the CA313D 
output stage is easily supplemented to jlrovide power-boost 
capability_ In the circuit of Fig. 24, three COS/MOS transistor
pairs in a single CA360DE" Ie array are shown parallel 
connected with the output stage in the CA3130. In the Class A 
mode of CA36DDE shown, a typical device consumes 2D rnA of 
supply current at 15 V operation. This arrangement boosts the 
c~rrent·handling capability of the CA3130 output stage. by 
about 2.5x. 

The amplifier circuit in Fig. 24 employs feedback to establish a 
closed·loop gain of 48 dB. The typical large-signal bandwidth 
(-3 dB) is 50 kHz. 
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VOLTAGE-CONTROLLED 
CURRENT SOURCE 

SLOPE 
SYMMETRY 
ADJUST 

VOLTAGE 
CONTROLLED 
INPUT i 

IOk.Q 

RI 
IOkn 

R4 

27Qk.Q 

FREQ. 
ADJUST 
(100 kHz MAX.) 

-7.SV 

INTEGRATOR 
CI 

*SEE FILE NO. 475 AND lCAN-6668 
FOR TECHNICAL INFORMATION 

Fig. 23-Function generator (frequency can be varied 1 ~OOO;OOO/1 
with a single control). 

"See File No. 475 and ICAN-6668. 

IMn 

THRESHOLD 
DETECTOR 

-7.5 V 

92CM-2'H3!1 

INH >-..J\:2"k"n,....o-/ 

I .F 5001 

AV(CLl = 48 dB 
LARGE SIGNAL 
BW(-3 dB}: 5011Hz 

NOTE: 

510 kn 

*SEE FILE NO. 619 

TRANSISTORS pi, p2, p3 AND nl, n2, n3 ARE 
PARALLEL - CONNECTED WITH 08 AND Q12, 
RESPECTIVELY, OF THE CA3130 

92CM-24737 
Fig. 24-COS/MOS transistor array (CA3600EJ connected as power-booster 

in the output stage of the CA3130. 

RL"'loon 
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LINEAR INTEGRATED CIRCUITS 

CA3131EM, CA3132EM Preliminary Data 

5-Watt Audio Amplifiers 
With) ntegra) Heat Sink 

RCA-CA3131 EM and CA3132EM are audio amplifiers with 
integral preamplifier stages on single integrated-circuit mono
lithic chips. 

MAXIMUM RATINGS, Absolute-Maximum Value.: 
SUPPLYVOLTAGE,V· ........................... 2BV 
CONTINUOUS OUTPUT POWER, Po Iw;.h 

RL = Sn.ndV··24VI ........................ 8WRMS 

MINIMUM RECOMMENDED LOAD 
IMPEDANCE, RL . .. . . . . . . .. . .. . . . .. . . . . . . . . . . . 8 n 

AMBIENT OPERATING TEMPERATURE, TA 

tat 6 W RMS Output Power) ...................... 700C 
STORAGE TEMPERATURE RANGE........... -55 to +150 DC 

Features: 
• Power Output: 4 W min., 5 W typo 

• Complete amplifier including: preamplifier stages, 

power-output amplifier, and integral heat sink 

• High power-supply rejection ratio 

• Operating voltage: V+· 24 V tylf. 
• Available with internal feedback (CA3131EM) 

or without feedback (CA3132EM) Utilizing a uniquely designed package with an integral heat 
sink, these devices can provide a power-output signal in 
excess of five watts at an ambient temperature of 250 C. INV. INPUT V

INPUT COMP. GNO NC 
OUTPUT 
CeMP 

ELECTRICAL CHARACTERISTICS at T A = 25oC, V+ = 24 V 

The CA3131 EM employs an internal feedback network that 
sets the over-all gain of the amplifier to typically 48 dB. 

The CA3132EM omits .the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific appli~ation. 

Both types are encapsulated in a 16-lead dual·in·line plastic 
package with 4 center leads removed. 

The CA3131 EM and CA3132EM are electrically equivalent to 
and pin compatible with types SN76013 and SN76023, 
respectively. 

De1ermining EX1emal Component Values (Refer to Figs. 2 & 3) 

The dc quiescent output voltage is set by the voltage at Terminal 
1. This voltage, in turn, is set by the internal voltage at 
Terminal 2 less II (input current, fixed by RA + RB, for 04). 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage 'drop across RA + R B' 
Filter RBC3 attenuates any ac ripple injected from the supply 
line and prevents positive feedback to Terminal 1. The rejection 
of supply voltage is a direct function of the filter attenuation. 

The input impedance of the audio amplifiers is a function of 
the closed-loop gain and the magnitude of the as current. In 
practice the input impedance is well above 1 megohm. The 
input signal, applied through C2, sees an impedance equivalent 
to the resistance of RA connected in parallel with the ampli
fier input impedance. Hence, the value of RA in most cases is 
dominant in establishing the input Signal impedance. 

The value of Cl depends on the regulation of the power 
supply. It is possible for the amplifier to work with a value of 
Cl as low as 0.1 IlF to attenuate high-frequency signals in the 
supply line. Ideally, Cl should be placed as near Terminal 10 
as possible. An electrolytic capacitor should be used for Cl if 
the power supply is poorly regulated to avoid ripple at the 
output. 
Capacitor C6 at Terminal 15 provides over·all compensation. 
If a l000-pF capacitor is used for C6, then the first breakpoint 
for a 46-dB closed·loop gain occurs at 200 kHz. Higher 
capacitance values will cause the constant current from 010 
to charge C6 on the positive voltage swing and thus limit the 
slew rate at high-signal levels. Because p·n·p transistor 019 has 
a lower gain-bandwidth product (fT) than the n-p-n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 

NON-INV. BIAS V- OUTPUT NC Ne 
INPUT SOURCE GND 

92CS-24139 

Fig. 1-Terminal auignment of the CA3131 EM and CA3132EM, 

driving reactive speaker loads. Capacitor CB compensates for 

the speaker inductance and RD limits the current surges 
through ca_ 
The value of the coupling capacitor C9 to the load determines 
the low·frequency response of the amplifier. 

Closed-Loop Gain 

The closed-loop gain for either type is set by the ratio 
(Rl + R2)/R1. These resistors are included in the CA3131EM 
circuit and are external whon used with the CA3132EM. In 
either type, the low-frequency value (-3 dB point) is reached 
when the impedance of C5 equals the value of R 1. 

Characteristic Sym-
bol 

Input 
Impedance ZI 

Power Output Po 

Closed-Loop 
Gain -
CA3131EM A 

Supply Current 1+ 

Total 
Harmonic 
Distortion THD 

Noise Voltage Vn 

R' 

Value. 
Conditions 

Min. Typ. 

200k -

At clipping onset 

RL - an 4 -
RL -16n 3 -

f = 1 kHz 46 48 

Zero Signal - 10 

Po = 50 mW-4 W, 
RL ·8n - 1 

Po - 50 mW-3 W, 
RL' 15 n - 1 

1=20 Hz-20 kHz - 1.5 

r------------------ -----------.... 2;·;n------------------ ... ---- .... --------l 
I ' 
I 
I 
I 
I R. 
I 2.2 lin 
I 
I 
I 
I , , 

IJ~ J/o : 

[ 
,'ii>-~..,.-.~ 
~-' I 

NON-INV. 
INPUT 

I 
I 
I 

NOTE: AMPLIFIER CIRCUIT IS IDENTICAL FOR 
BOTH TYPES EXCEPT FOR INV. INPUT AND 
FEEDBACK LOOP {INCLUDING Rl AND R21. 
THESE CIRCUIT ADDITIONS, SHOWN WITH DOT· 
TED LINES, APPLY ONLY TO TVPE CA3131EM. v-

GND 
BIAS 

SOURCE 
INPUT OUTPUT 
COMPENSATION 

v
GND 

Unit 

n 

W 

W 

dB 

rnA 

% 

% 

mV 
RMS 

The use of the filter networks C8 and R D at the output 
Terminal 6 is a standard requirement for class B audio outputs 

Fig. 2-Schematic diagram of types CA3131EM and CA3132EM. 
92'CM-2'4137 

C> 
0.1 ,..F 

.--------1 , 
, , , 

1000* * 
pF I 

R. 
270kn 

". 
120 kn 

c. 
1000 pf 

Ikll 

CB 
4700pF 

RD 
Ion 

* A 100Q.pF capacitor is required if input has an open circuit. 92C$-24'3173 

..... External resistors Rt and R2 are used only with the CA3132EM. When testing the CA3131EM. 
omit R 1 and R2 and connect the (+) termination of C5 to Terminal 16. 

Fig. 3-Testcircuir for types CA3131EM and CA3132EM. 

• 

Fig, 4-Printed-circuit board {actual size} containing 
the test circuit, shown in Fig. 3, for the 
CA3131EM, 
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LINEARINTEGRATEDCIRCUITS _______________________________________________________________________ ___ 

CA3134E, CA3134EM, CA3134QM Preliminary Data 

TV Sound IF and Audio Output Subsystems 

The RCA-CA3134E, CA3134EM, and MAXIMUM RATINGS, Absolute-Maximum Values: 
CA3134QM combine the Sound I F and 
Audio Output Subsystems on a single mono
lithic integrated circuit to provide a Tele
vision Sound System. Each device includes 
a multistage I F amplifier-limiter, an FM 
detector, and an audio power amplifier that 
is designed to drive an 8-, 16-, or 
32-ohm speaker. 

The CA3134E is encapsulated in a 16-lead 
plastic "power-stud" dual-in-line package. 

This package arrangement lends itself to a 
wide variety of techniques for mounting 
heat sinks. The CA3134EM and CA3134QM 
are similar to the CA3134E except that they 
incorporate a tin-plated copper-strap heat 
sink. The CA3134QM also has quad formed 
leads and a shorter (side-length) heat sink. 
The heat sink provides a convenient means 
for directly mounting the CA3134EM or 
CA3134QM on a PC board and soldering 
the copper strap to the PC-board ground. 

Features 
• Nominal power output: 3W 
• Power amplifier with current limiting and 

thermal shutdown 
• Wide power-supply range: 12 V to 33 V 
• Low quiescent current: 30 rnA typo 
• 5-kHz deviation sensitivity: 1 W output typo 
• 3-dB limiting sensitivity: 200 IN typo 
• Excellent AM r~iection: 50 dB typo 
• Differential peak detector-requires one 

tuned coil 
• Electronic volume control with improved 

taper 
• Optional unattenuated audio output 
• Optional power-supply ripple by-pass 

TERMINAL I 
IDENTIFICATION 

DC SUPPLY VOLTAGE (Between Term. 1, 
V+ and Terms. 4, audio-output ground and 
13, su bstrate) ........................ . 

INPUT SIGNAL VOLTAGE (Between 
Terms. 14and15) ................... . 

DEVICE DISSIPATION: 
With Infinite Heat Sink-

Upto TA = 70°C ................. . 
Above T A = 700 e ..... derate linearly 

With no Heat Sink-
Upto TA = 2SoC ................. . 
Above T A = 2SoC ....... derate linearly 

With Copper-Strap Heat Sink-
Soldered to PC Board 

Up to T A = 2SoC ............... . 
Above T A = 2SoC .... derate linearly 

Unsoldered 
UptoTA=2SoC .............. . 
Above T A = 2SoC ... _derate linearly 

THERMAL RESISTANCE 
Junction to Stud .................... . 

AMBIENT TEMPERATURE RANGE: 
Operating_ ..... _ ................... . 
Storage __ .......................... . 

LEAD TEMPERATURE (During Soldering): 
At a distance 1/16 in. ±1/32 in_ (1.59 
±o_79 mm) from case for 10 seconds max. 

VOLUME CONTROL 
16 FOR ELECTRON IC 

ATTENUATOR 

GROUND 3 

~~~I~N~MPLIFIER 4 

NO CONNECTION 5 

POWER SUPPLY 6 
RIPPLE BY- PASS 

~~~J~ AMPLIFIER 7 

~~~11Tg~~~J~D B 

TOP 
VIEW 

15 ~ RF INPUTS 
14 

13 SUBSTRATE GROUND 

VOLUME CONTROL 
12 FOR ELECTRONIC 

ATTENUATOR 

II 1 FM DETECTOR 
10 ~ TUNING 

AUDIO OUTPUT FROM 
9 ELECTRONIC 

ATTENUATOR 

92CS-2e6eD 

6.B PF1 4700pFl 

VOLUME CONTROL =- ILiNEAR TAPER) 

CA3134E CA3134EM, CA3134QM 

33 

±3 

6.S 
83.3 

1.4 
11.1 

12 

33 

±3 

3.9 
31.2 

2.5 
20 

12 

V 

V 

°CIW 

-- -40 to +85 --------
--- -65 to +150 -----

------- +265 ------

10 kG 

ALTERNATE 
VOLUME - CONTROL 
CIRCUIT 

OPTIONAL 
r-~--'----O UNATTENUATED 
I '> I AUDIO OUTPUT 
136k< ..L002 (IF NOT USEO, 
I' < "T" p.F GROUND TERMS) 
I <. I 

....L ....L -=- "=' 

RX 
500kG 

0.01 JLF 
DE - EMPHASIS 

VOLUME CONTROL 
(AUDIO TAPER) 

92CS-24135R2 

Fig. 1 - Terminal diagram of the CA3134E, 
CA3134EM, and CA3134QM. Fig. 2 - Block diagram of the CA3134 in a typical circuit application. 
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___________________________________ LINEAR INTEGRATED CIRCUITS 

CA3134E, CA3134EM, CA3134QM 
ELECTRICAL CHARACTERISTICS 

Test Conditions: T A = 250 C, V+ ... +30 V (applied to Term. 11, DC Volume Control, 

RX = 500 kn, RL = 16 n,unless otherwise indicated. Refer to Fig. 2. 

CHARACTERISTIC 
SPECIAL TEST NOMINAL 

UNITS 
CONDITIONS VALUE 

Static Characteristics 

Current into Term. 1, 

'1 Po =0 30 

Dynamic Characteristics 

IF AMPLIFIER: 
fa = 4.5 MHz 

Input Limiting Voltage, 
fm = 400 Hz 200 

V15(1im) 
M = ±25 kHz 

(at -3 dB point) 

AM Rejection, 
fa = 4.5 MHz, fm = 400 Hz, 

AMR 
Modulation Index = 0.3, 50 
V15= 20 mV 

DETECTOR: 
Recovered af Voltage 

(Term. 9), 700 
VO(af) fa =4.5 MHz, fm = 400Hz, 

Total Harmonic Distortion, 
~f = ±25 kHz, V15 = 100mV 

(THO) 
0.8 

ATTENUATOR: 
Maximum Attenuation RX=O 75-

UNATTENUATED AUDIO: 
Recovered af Voltage Terminal 8 Load = 3.6 kn 

(Term.8), to = 4.5 MHz, fm = 400 Hz, 600 
Va (at) L'.t = ±25 kHz, V 15= 100mV 

Total Harmonic Distortion (THO) 0.8 

AUDIO POWER AMPLIFIER: 
Voltage Gain, 

f = 1 kHz 35 
A(af) 

System Total Harmonic 
Distortion Po = 1 W (IT = 140 rnA typ.) 1.5 

THO (System) Po = 2W (IT = 180mA typ.) 1.6 

Power Output, THO (System) = 10% 3* 
Po (IT = 210 rnA typ.) 

Input Resistance, 
(R,(af) f = 1 kHz 100 

* With suitable heat sink for the CA3134E. 

- The attenuation range can be increased by substituting lower-valued resistors for the 10-kn 
resistor in the volume-control circuit. 

rnA 

jlV 

dB 

mV 

% 

dB 

mV 

% 

dB 

% 
% 

W 

kn 
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LINEAR INTEGRATED CIRCUITS 

CA3137E Preliminary Da~a 
TV Chroma Demodulator Features: TINT CONTROL I 

SAT. CONTROL 2 

CHROMA INPUT 3 

RF BY PASS 

GROUND 

CARRIER INPUT 

"FLESH CORRECTOR" 
DISABLE 

The RCA-CA3137E is a monolithic silicon 
integrated circuit that performs the demodu
lation, dynamic "flesh correction", tint con
trol, and chroma gain-control functions. It 
is designed to function compatibly with the· 
CA3l26Q Chroma Processor, and is supplied 
in the l6-lead dual-in-line plastic package. 

92CS-26906 

Fig.2 - DC test circuit. 
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• Balanced chroma demodulators 
• Color difference matrix (65000 K) 
• DC tint control 
• Three low-output-impedance drivers for 

direct coupling 
• Reference subcarrier limiter 
• Internal RF filtering 
• DC chroma gain control 
• Dynamic "flesh correction" --

G-Y OUTPUT 

8-Y OUTPUT 

TOP 
VIEW 

RF BY PASS 

CARRIER FILTER 

I CARRIER BUFFER 

II PHASE SHIFT 
9 as NETWORK 

9ZCS-26907 

corrects purple and green flesh colors 
without affecting primary red, green, and 
blue colors 

Fig. 1 - CA3137E terminal assignment. 

• Requires few external components 
• No tuning adjustments are necessary 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C 
DC SUPPLY VOLTAGE (between Terms. 5 and 12) 

DEVICE DISSIPATION: 

Up to T A = 55°C . 
Above T A = 55°C. 

AMBIENT-TEMPERATURE RANGE: 

Operating . 
Storage . 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for lOs max. . 

11.2 V 

CHROMA 
INPUT 

CARRIER 
INPUT 

0.001~ 
"F 

16 

o-j 3 }--+---+I 
0.001 
I'F 

"FLESH 
CORRECTOR" 

13.2 V 

750mW 
derate linearly 7.9 mW/oC 

. -40 to +850C 
-65 to +1500 C 

9 
PHASE SHIFT 
NETWORK -:----1 

1 

1 

I 
I 
I 

I 
I 

8Y~ASS ---f:>E. _____ --1 
4 =5 92CM-Z690B 

0.01 
I'F~ 

Fig.3 - Functional diagram and typical dynamic test circuit. 



LINEAR INTEGRATED CIRCUITS 

CA3137E 
ELECTRICAL CHARACTERISTICS AT TA = 250 C. V+ = 11.2 V 

CHARACTERISTIC SYMBOL TEST CONDITIONS TYP. UNITS 
VALUE 

STATIC (See Fig.2) 

Supply Current IT 35 mA 
Reference Subcarrier Input V16 6.7 VDC 
Oscillator Reference Inputs V9,VlO 3.8 VDC 
R·Y. G·Y, B·Y Outputs V6,V7,VS 5 VDC 

Difference Outputs t:N 6/'N7/WS ±0.3 AVDC 

Chroma Input V3 1.2 VDC 

DYNAMIC (See Fig.3) 

Tint and Sensitivity 
Limiting Vll V16= 200 mV p·p@3.5SMHz 300 mVp·p 

Tint Limiting Vl1 V16 = 800 mV p.p@ 3.58 MHz 425 mVp·p 

Tint Amplifier V16=400 mV p.p, 
Phase Reference ¢Vl1 Term.1 = 11.2 VDC 25 Degrees 

Tint Amplifier V16= 800 mV p.p, 
Phase Shift A¢11 Term.l = 1.2 VDC 110 DeQrees 

Ratio G·Y to R·Y V7N6 V16=400 mV p.p, 33 % 

Ratio B·Y to R·Y VSN6 V3 = 40 mV p.p 120 % 

Demodulated Chroma V16=400 mV p.p, 
Output R·Y V6 V3=40 mV p.p 550 mV p.p 

Color Difference Output 
(Bandwidth at 3 dB) V3 = 40 mV p.p 900 kHz 

Color Difference Output: 

R·Y V6 2.2 Vp·p 
G·Y V7 

V16=400 mV p.p, 
0.7 

B·Y Vs 
V3 = 300 mVp·p 

2.65 

"F lesh Detector" Set·Up: 
Reference: Term. 2 = 1.6 V Ref. 

Term. 1 = 11.2 V 

j 
Term. 16 = 400 mV p.p 

@ 00 Reference Angle 
Term. 3 = 40 mV p.p 

@ 100 Reference Angle 
Sl Closed (Term.15atGND) 

"Flesh Detector": 
Phase ¢11 

Same Set·upexcept Sl open 0 DeQrees 
Amplitude V11 275 % 

"F lesh Detector": 
Phase ¢11 Same Set·up except 0 Deqrees 
Amplitude Vll Term. 3 at 190°C 100 % 

Small·Signal Output 
Resistance (Terms.6,7 ,S) ro 50 .\1 

Small·Signallnput 
Resistance: 

Term.3 3 
k.\1 Terms. 9&10 ri 

2.5 
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LINEAR INTEGRATED CIRCUITS 

CA3139E, CA3139Q 

TV Automatic Fine Tuning 
Circuit 
With i ntercarrier Mixer/Amplifier 
For Color and Monochrome Receivers 

Features: 

- Cascode-type high-gain ampli
fier (l5-mV input for rated 
output) 

- AFT differential peak detector 
- Differential amplifier 
- Bipolar outputs 

- Five-stage intercarrier mixer! 
amplifier 

- Internal voltage regulator 
- For use in either color or 

monochrome receivers 

The RCA·CA3139 is a monolithic TV Auto· 
matic Fine Tuning (AFT) circuit that pro· 
vides an AFT voltage and an amplified 
4.5·MHz intercarrier sound signal. When con· 
nected to an output of an IF ampl ifier the 
CA3139 provides the signal processing (ampli· 
fication and detection) necessary to generate 
the AFT correction signals required by the 
TV tuner. It also mixes the video and sound 
I F carriers and amplifies the resultant 
4.5·MHz intercarrier sound signal. This sound 
output may then be connected to an FM 
detector such as the RCA·CA3134 "TV 
Sound I F and Audio Output Subsystem", or 
the RCA·CA3065 "FM Detector and Audio 
Driver". 

The AFT portion of the CA3139 is similar to 
the RCA·CA3064 AFT circuit with the 
following exceptions: (a) the AFT filter 
capacitors are external and user selectable, 
allowing the detector to operate as a peak 
detector and resulting in a higher effective 
gain for the TV signal; (b) the detector bias 
resistor is external and user selectable, al· 
lowing the gain of the AFT and intercarrier 
signals to be adjusted; (c) the dynamic reo 
sistance of the shunt regulator has been 
decreased. 

The CA3139 is supplied in a 14·lead dual·in· 
line plastic package (CA3139E) or a 14·lead 
plastic package with quad·formed leads 
(CA3139Q). 

MAXIMUM RATINGS, 
Absolute·Maximum Values: 

DEVICE DISSIPATION: 
Up to T A = 250 C . . . . . . . . . . . . . . . . .. 630 mW 
Above T A = 250 C ..... derate linearly 6.7 mW/oC 

AMBIENT TEMPERATURE: 
Operating. . . . . • . . . . . . . . . . •. -40 to +B50 C 
Storage .......•.......... " -65 to + 150°C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16" ± 1/32" 

(1.59 mm±O.79 mm) 
from case for 10 s max .............. 265°C 

IF 
INPUT 
0-) 

DC CORRB:TION 
IKQ VOLTAG£STO 

r"V'V\---......:;TU:.:;N.ER A 

I. Q 

92CM-27124 

Fig. 1 - Block diagram and typical application of CA3139. 

MAXIMUM VOL TAGE RATINGS at TA = 25°C 

The following chart gives the range of voltages which can be applied 
to the terminals listed vertically with respect to the terminals listed 
horizontally. For example, the voltage range between vertical terminal 
3 and horizontal terminal 12 is +8 to -1.5 volts. 

MAXIMUM 
CURRENT RATINGS 

Terminal 1,2' 3 4- 5 6 7· 8 9 10 11 12 13 14 
liN, 
lOUT No. 
rnA 

1,2' NO INTERNAL CONNECTION 

+10 +9 +8 
3 

-0 -1.5 -1.5 

4- +0 +0 
-2 -3 

5 
+0 

-5 

6 

7" 

8 

9 

10 

11 

12 

13 

14 
.. Terminal number 7 may be connected to any 

positive voltage Source greater than the internal 
zener regulating voltage through a suitable 
dropping resistor - provided the dissipation 
rating is not exceeded. 

• This terminal should be connected to the most 
negative potential of the complete circuit. 

+0 
-10 

+0 
-11 

+0 

-14 

+0 
-14 

+8 +8 +8 +8 +8 +8 +8 
10 

-1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 

+0 +0 +0 +0 +0 +0 +0 50 
-3 -3 -3 -3 -3 --11 -11 

+2 +1 +2 +2 +2 +1 +1 
1 

-5 -5 -5 -5 -5 -8 -8 

+2 +0 +2 +1 +1 +0 +0 
2 

-2 -2 -2 -3 -3 -10 -10 

+15 +13 +15 +13 +13 +10 +10 
50 

-0 -0 -0 -0 -0 -0 -0 

+1 +5 +5 +1 +0 +0 
2 

-5 -5 -5 -5 -14 -14 

+10 +8 +8 +0 +0 
10 

-2 -2 -2 -10 -10 

+1 +5 +1 +1 
2 

-5 -5 -10 -10 

* * * 2 

* * 2 

+14 2 
-14 

2 

* Voltages are not normally applied between 
these terminals. Voltages appearing between 
these terminals will be safe if the specified 
limits between all other terminals are not 
exceeded. 

, It is recommended that unused terminals 1 and 
2 be grounded to act as shields. 
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CA3139E, CA3139Q 

ELECTRICAL CHARACTERISTICS at T A = 25°C. V+ = 28 V (Unless Otherwise Specified) 

See Test Circuit Fig 2 . 
CHARACTERISTIC TEST CONDITIONS 

LIMITS 

Min. Max. 
UNITS 

NO SIGNAL INPUT 

Supply Current, 1+ 15 20 mA 

Low Voltage at Term. 71 V+., 20.8 V 11 14.5 V 

Shunt Reg. Voltage 12 14.5 V 

Ouiescent Voltage at Term. 3 4.5 10 V 

Ouiescent Voltage2 at Terms. 
Term. 13 connected to Term. 14 6 8.5 V 

13 and 14 

Ouiescent Difference Voltage, 
-0.8 +0.8 V 

Terms. 13to 14 

Ouiescent Voltage at Term. 6 1.4 2.6 V 

SIGNAL INPUT = 15 mVRMS (Unless Otherwise Specified)' Note 3 

f = 44.65 MHz 2.2 4.7 
Correction Voltage at f = 45.69 MHz 1.2 4.4 

V 
Term. 13 f = 45.81 MHz 9.6 13.8 

f = 46.85 MHz 9.1 12.1 

f = 44.65 MHz 9.1 12.1 
Correction Voltage at f = 45.69 MHz 9.6 13.8 V 

Term. 14 f = 45.81 MHz 1.2 4.4 
f = 46.85 MHz 2.2 4.7 

Two·Tone Input 
4.5 MHz Output f1 = 45.75 MHz at 15 mV 50 200 mVRMS 

f2 = 41.25 MHz at 5 mV 

NOTES: 1.17 = 12 mA maximum at V7 = 11 V. 

2. V13 = 0.55 VZ:: 0.7 V 

3. Resistor from term. 6 to term. 7 = 9.09 Kn. Crossover steepens and "bow tie" 
width increases when resistor is decreased in value. Total peak swing decreases 
slightly. 

v+ 

0.001 
SIGNAL ,.F 
INPUT~ 5 

i 50n 

= 

NOTES, 

'0 U. 10 Kn "olallon R .. "t(ll" d DC 
VoIlnwt.- Probe TIp When "'1", 
be ........ "' .. " •. 

2. Typical No-$l1ftI1 DC Polllnlilih Ar. -. 3.10 .. "tprtttnt Tilt Poln". 

CA3139 

L1: RCAP.N.l22206 
L2: RCA P.N. 14133 

4~ fUr", *22 Wi .... 0.0 .• 0.25" ITyp.) 
Q IUnloldld) • 100 IMin.) 
t -41.25MHr 
1nctuct.nc:e-O.18I'h(Typ.1 

Fig. 2 - Test circuit. 

.zeN-27IM 

11: RCA P.N. l.tD607 
3% Turn"Ic.m. TIPPIdIt:20 Wn, 
0.0. ·0.315" (Typ.1 
Q (Untoadedl '"' '.(Min.) 
'· •. 15MHI 
Indueunc.· O.11101h lTyp.) 

LINEAR INTEGRATED CIRCUITS 

CIRCUIT DESCRIPTION 

The CA3139 consists of five functional cir
cuits as shown in the block diagram, Fig. 1 
(see Fig. 5 for schematic diagram). 

1) Cascode Amplifier - Consists of emitter· 
follower 01, common-emitter amplifier 
02, and common-base amplifier 03. 

2) Bias Circuit - Consists of Q4 and resistors 
Rl, R4, R5, and an external resistor (user 
selectable) connected to the voltage regu
lator, terminal 7. The nominal value of 
the external resistor is 9.1 kil. Reduced 
values will raise the gain of the cascode 
amplifier chain, and higher values will 
reduce the gain. If the gain is increased, 
the AFT "Bow Tie" width will increase 
and the crossover slope will increase 
(become steeper). The input transistor 
01 is internally biased, so AC coupling 
is normally used to the input terminal 5. 

3) Intercarrier Mixer/Amplifier - The out
put of the cascode amplifier at terminal 9 
is also internally connected to the inter
carrier mixer/amplifier chain consisting 
of transistors 013 through 017 and as
sociated components. The video I F carrier 
at 45.75-MHz and the FM sound IF 
carrier at 41.25-MHz are down-converted 
to a 4.5-MHz FM signal by 014. A low·pass 
filter removes the carriers and upper con
version signal components. The 4.5-MHz 
FM signal is further amplified and filtered 
by 016 and C3. The FM sound output 
signal is at terminal 3. The gain with 
respect to a 5-mV sound carrier (tested 
with a 15-mV video carrier) input signal 
at terminal 5 is 10 to 40 when the resistor 
is connected between terminals 6 and 7 
is 9.09 kil. 

4) AFT Detector and DC Amplifier - Con
sists of 06 through 012 and related com
ponents. The detector inputs at terminals 
8 and 10 are connected to the external 
discriminator transformer and biased 
through the transformer at terminal-6 
potential. The total current through tran
sistors 07 and 08 is held constant by the 
current-mirror transistors OlD, 011, and 
012. External filter capacitors connected 
to terminals 11 and 12 assure that peak 
detection is accomplished. The AFT out
put voltages are shown in the Electrical 
Characteristics chart, and a graphical repre
sentation is shown in Fig. 4. 

5) Voltage Regulator - An active shunt 
regulator, consisting of 01, D2, Zl, Z2, 
and as, is included to reduce the dynamic 
resistance. 
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CA3139E, CA3139Q 
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TOP 
VIEW 

OC AMP BOUT 

DC AMP A OUT 

FILTER A 

OET B INPUT 

92CS-27125 

Fig. 3 - Terminal assignment. 

Fig. 5 - Schematic diagram of CA3139. 

Fig. 7 - Template of CA31390 circuit board 
(actual size, bottom viewJ. 

CA3139 

I ,,5 

INPUT FAEQUENCY DEVIATION-MHz 
92C5-27121' 

Fig. 4 - Dynamic control-voltage characteristics. 

'"0 

'"0 

470 
OF 

Fig. 6 - Typical runer connection. 

Fig. 8 - CA31390 circuit board with 
components. 

27"'1 

") T 

4. pF 

z21<n 3.5~ 

OSC 
TANK 

d. 
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LINEAR INTEGRATED CI RCUITS 

CA3140, CA3140A, CA3140B Types Preliminary Data 

MOS Operational Amplifiers With MOS/FET Input 
The CA3140B, CA3140A, and CA3140 are 
integrated-circuit operational amplifiers that 
combine the advantages of high-voltage PMOS 
transistors with high-voltage bipolar tran
sistors on a single monolithic chip_ Because 
of this unique combination of technologies, 
this device can now provide designers, for the 
first time, with the special performance fea
tures of the CA3130 COS/MOS Operational 
Amplifier and the simplicity of the 741 
series of industry-standard operational amp
lifiers. 
The CA3140B, CA3140A, and CA3140 
PMOS/bipolar operational amplifiers feature 
gate-protected MOS/FET (PMOS) transistors 
in the input circuit to provide very-high
input impedance, very-low-input current, 
and exceptional speed performance. The 
CA3140B operates at supply voltages, ranging 
from 4 to 44 volts; the CA3140 and 
CA3140A, from 4 to 36 volts. These 
operational amp! ifiers are internally phase
compensated to achieve stable operation 
in unity-gain follower operation, and, ado 
ditionally, have access terminals for a sup
plementary external capacitor if additional 
frequency roll-off is desired. Terminals 
are also provided for use in applications 
requiring input offset-voltage nulling_ 

The use of PMOS field-effect transistors in 

BIAS CIRCUIT INPUT STAGE 1----1 r-----
I 01 II 
I QI 

I 
I 
I 
I 
I RI 

8k 

I 
I 
L __ _ 

.--++---1-----, 

OFFSET NULL 

ALL RESISTANCE VALUES ARE IN OHMS. 

STROBE 

the input stage results in common-mode 
input-voltage capability down to 0.5 volt 
below the negative-supply terminal, an im
portant attribute for single-supply applica
tions. The output stage uses bipolar tran
sistors and includes built-in protection against 
damage from load-terminal short-circuiting 
to either supply-rail. 

The CA3140 Series have the 8-lead termi
nal configuration used for the "741" and 
other industry-standard operational ampli
fiers. They are supplied in either the stan
dard 8-lead TO-5 style package (T suffix). 
or in the 8-lead dual-in-line formed-lead 
TO-5 style package "DI L-CAN" (S suffix). 
The CA3140B is intended for operation at 
supply voltages ranging from 4 to 44 volts, 
and for applications requiring premium-grade 
specifications and with electrical limits es
tablished for operation over the range from 
~550C to +1250C. The CA3140A and 
CA3140 are for operation at supply volt
ages up to 36 volts (± 18 volts). 

The CA3140 and CA3140A can also be 
operated safely over the temperature range 
from ~550C to +1250C without malfunc
tioning, although specification limits for their 
electrical parameters do not apply when 
they are operated beyond their specified 
temperature ranges. 

4 
v-

92CIll-27787 

Fig. 1-Schematic diagram of CA3140 series. 

Features: 

• MOS/FET Input Stage provides: 
a) Very high input impedance 

(ZIN) -1.5 Tn typo 
b) Very low input current 

(II) - 10 pA typo at ± 15 V 
c) Low input offset voltage 

(VIO) - to 2 mV max. 
d) Wide common-mode input 

voltage range (VICR) -
can be swung 0.5 volt below 
negative rail 

e) output swing complements 
input common mode 

• Directly replaces industry type 
741 in most applications 

• Operation from 4-to-44 volts 
single or dual supplies 

• Internally compensated 
• Characterized for + 5 volts TTL 

supply systems with operation 
down to 4 volts 

• Wide bandwidth - 4.5 MHz unity 
gain at ± 15 V or 30 V; 3.7 MHz 
at + 5 V 

• High slew rate - 9 Volts//1s 
• Fast settling time - 1.4 /1S typ_ 

to 10 mV with a 10 V Pop signal 
• Output swings to within 0.2 'volt 

of negative supply 

• Strobable output stage 

Applications: 
• Ground-referenced single-supply 

amplifiers in automobile and 
portable instrumentation 

• Sample and hold amplifiers 
• Long-duration timers/multivi

brators (microseconds - minutes -
hours) 

• Photocurrent instrumentation 

• Peak detectors 
• Active filters 

• Comparators 
• Interface in 5 V TTL systems & 

other low-supply voltage systems 
• All standard operational amplifier 

applications 

• Tone controls 
• Function generators 
• Power supplies 
• Portable instruments 
• Intrusion alarm systems 

______________________________________ ------------------------------295 
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CA3140, CA3140A, CA3140B Types 

MAXIMUM RATI NGS, Absolute·Maximum Values: 

CA3140, CA3140A CA3140B 
DC SUPPLY VOLTAGE 

(BETWEEN v+ AND V- TERMINALS) 

DIFFERENTlAL·MODE INPUT VOLTAGE 
COMMON.MODE DC INPUT VOLTAGE 
INPUT·TERMINAL CURRENT 
DEVICE DISSIPATION: 

WITHOUT HEAT SINK
Up to 55°C. 
Above 55°C. 

WITH HEAT SINK -
At 125°C. 
Below 125°C 

TEMPERATURE RANGE: 
OPERATING. 
STORAGE . .. .... 

OUTPUT SHORT·CIRCUIT DURATION* 
LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59 ±0.79 MMI 
FRpM CASE FOR 10 SECONDS MAX. • 

* Short circuit may be applied to ground or to either supply. 

36V 44V 
iSv iSv 
IV+ +8 VI to (V- -0.5 VI 

1 mA 

630mW 
Derate linearly 6.67 mW/oC 

418mW 
Derate linearly 16.7 mW/oC 

-55 to + 125°C 
-65 to + 150°C 

INDEFINITE 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
Test 

Conditions 
V+ - 15 V 

Characteristic V- = 15 V CA3140B CA3140A 
TA = 25°C 

(Unless Specified 
Otherwise I Min. Typ .. Max. Min. Typ. Mal<. 

Input Offset Voltage, VIO - 0.8 2 - 2 5 

Input Offset Current, 110 - 0.5 10 - 0.5 20 

I nput Current, II - 10 30 - 10 40 

Large·Signal Voltage 
Vo 26 V p.p 

50k lOOk - 20k lOOk -
+12V, -14V 

Gain, AOL 
RL =2 kH 94 100 - 86 100 -

Common·Mode - 20 50 - 32 320 
Rejection Ratio,CMR R 86 94 - 70 90 -

Common·Mode -15.5 -15.5 
Input Voltage -15 to 1.2 -15 to 12 
Range, VICR 12.5 12.5 

Power·Supply Rejection - 32 100 - 100 150 
Ratio, !'NI0/6V+ 80 90 - 76 80 -

Maximum Out- VOM +12 +12.5 - +12 +12.5 -
RL=2kll 

put Voltage VOM- -14 -14.4 - -14 -14.4 -
Supply Current, 1+ - 4 5.5 - 4 5.5 

Device Dissipation, Po - 120 165 - 120 165 

Input Current, II 
TA = -55 

- 10 30 - 10 -

I nput Offset to+1250 C 1.3 3 3 Voltage, VIO V±=±15V 
- - -

Large-Signal Voltage Vo = 26 Vp_p 20k lOOk - - lOOk -

Gain, AOL RL = 2 kU 86 100 - - 100 -
Maximum Out· I VOM+ \I±=±22VI +19 19.5 - - - -

put Voltage IVOM- I -21 -21.4 - - - -
Large Signal RL=2kU VO=+19V 20k 50k - - - -

Voltage Gain, AOL I -21V 86 94 - - - -

TAB 

92CS-21794 

Fig. 2-Functional diagram of the CA3140 series. 

CA3140 Units 

Min. Typ. Max. 

- 8 15 mV 

- 0.5 30 pA 

- 10 50 pA 

20k lOOk - VN 

86 100 - dB 

- 32 320 INN 
70 90 - dB 

-15.5 
-15 to 11 V 

12.5 

- 100 320 IlVN 
76 80 - dB 

+12 +12.5 -
V 

-14 -14.4 -

- 4 5.5 mA 

- 120 165 mW 

- 10 - nA 

- 10 - mV 

- lOOk - VN 

- 100 - dB 

- - -
V 

- - -
- - - VN 

- - - dB 
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CA3140, CA3140A, CA3140B Types 

Fig.3 is a block diagram of the CA3140 
Series PMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail. Two 
class A amplifier stages provide the voltage 
gain, and a unique class AS amplifier stage 
provides the current gain necessary to drive 
low-impedance loads. 
A biasing circuit provides control of cas
coded constant-current flow circuits in the 
first and second stages. The CA3140 in
cludes an on-chip phase-compensated capa
citor that is sufficient for the unity gain 
voltage-follower configuration. 
Input Stages - The functional circuit dia
gram of the CA3140 is shown in Fig.2. It 
consists of a differential-input stage using 
PMOS field-effect transistors (09,01 0) work
ing into a mirror-pair of bipolar transistors 
(011, 012) functioning as load resistors to
gether with resistors R2 through R5. The 
mirror-pair transistors also function as a dif
fe~ential-to-single-ended converter to pro
vide base-current drive to the second-stage 
bipblar transistor (013). Offset nulling, 
when desired, can be effected with a 10-kn 
potentiometer connected across terminals 1 
and 5 and with its slider arm connected to 
terminal 4. Cascode-connected bipolar tran
sistors 02, 05 are the constant-current source 
for the input stage. The base-biasing circuit 
for the constant-current source is described 
subsequently. The small diodes 03,04,05 
provide gate-oxide protection against high
voltage transients, e.g., static electricity. 
Second-5tage - Most of the voltage gain in 
the CA3140 is provided by the second amp
lifier stage, consisting of bipolar transistor 
013 and its cascode-connected load resis
tance provided by bipolar transistors 03, 
04. On-chip phase compensation, suffi
cient for a majority of the applications is 
provided by C1. Additional Miller-Effect 

CIRCUIT DESCRIPTION 

compensation (roll-off) can be accomplished 
when desired, by simply connecting a small 
capacitor between terminals 1 and 8. Ter
minal 8 is also used to strobe the output 
stage into quiescence. When terminal 8 is 
tied to the negative supply rail (terminal 4) 
by mechanical or electrical means, the output 
terminal 6 swings low, I.e., approximately 
to terminal 4 potential. 
Output Stage - The CA3140 Series circuits 
employ a broadband output stage that can 
sink loads to the negative supply to com
plement the PMOS input stage. Ouiescent 
current in the emitter-follower cascade cir
cuit (017, 018) is established by transistors 
(015, 016) whose base-currents are "mir
rored" to current flowing through diode 02 
in the bias circuit section. When the CA3140 
is operating such that output terminal 6 is 
sourcing current, transistor 018 functions as 
an emitter-follower to source current from 
the V+ bus (terminal 71. via 07, R9, and 
R 11_ Under these conditions, the collector 
potential of 013 is sufficiently high to per
mit the necessary flow of base current to 
emitter follower 017 which, in turn, drives 
018. 
When the CA3140 is operating such that 
output terminal 6 is sinking current to the 
v- bus, transistor 016 is the current-sinking 
element. Transistor 016 is mirror-connected 
to 06, R 7, with current fed by way of 021, 
R 12, and 020. Transistor 020, in turn, is 
biased by current-flow through R 13, zener 
08, and R 14. The dynamic current-sink 
circuit is controlled by voltage-level sensing. 
For purposes of explanation, it is assumed 
that output terminal 6 is quiescently estab
lished at the potential mid-point between the 
V+ and V- supply rails. When output-<:urrent 
sinking-mode operation is required, the col
lector potential of transistor 013 is driven be
low its quiescent level, thereby causing 017 
018 to decrease the output voltage at ter-

,---------------~ 

LINEAR INTEGRATED CIRCUITS 

minal 6. Thus, the gate terminal of PMOS 
transistor 021 is displaced toward the V
bus, thereby reducing the channel resistance 
of 021. As a consequence, there is an incre
mental increase in current flow through 020, 
R12, 021, 06, R7, .and the base of 016. As a 
result, 016 sinks current from terminal 6 in 
direct response to the incremental change in 
output voltage caused by 018. This sink 
current flows regardless of load: any excess 
current is internally supplied by the emitter
follower 018. Short-circuit protection of 
the output circuit is provided by 019, which 
is driven into conduction by the high voltage 
drop developed across R 11 under output 
short-circuit conditions. Under these con
ditions, the collector of 019 diverts current 
from 04 so as to reduce the ba~e-current 
drive from 017, thereby limiting current 
flow in 018 to the short-circuited load 
terminal. 

Bias Circuit - Ouiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
flow in R1. The function of the bias cir
cuit is to establish and maintain constant
current flow through D1, 06, 08 and 02. 
01 is a diode-connected transistor mirror
connected in parallel with the base-emitter 
junctions of 01, 02, and 03. 01 may be 
considered as a current-sampling diode that 
senses the emitter current of 06 and auto
matically adjusts the base current of 06 
(via 01) to maintain a constant current 
through 06. 08, 02. The base-currents 
in 02, 03 are also determined by constant
current flow in 01. Furthermore, current 
in diode-connected transistor 02 establishes 
the currents in transistors 014 and 015. 

I 2mA 4mA 
~--------------_.--~<nv+ 

I I 
I I 
I 2mA I 

I 

I 
OFFSET 

NULL 

Fig. 3-Block diagram of CA3140 series. 

92CS-27788 
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CA3141E 

High-Voltage Diode Array Applications: 

For Commercial, I ndustrial, and Mil itary Appl ications • Balanced modulators or demodulators 

• Analog switches 

Features: • High-voltage diode gates 

• Current ratio detectors 

• Matched monolithic construction - VF for each diode pair 
matched to within 0.55 mV (typ.) at IF = 1 mA 

• Low diode capacitance - 0.3 pF (typ.) at VR = 2 V 
92CS-27173 

• High diode-to-substrate breakdown voltage - 30 V (min.) Fig. 1 - Terminal assignment. 

• low reverse (leakage) current - 100 nA (max.) 

The RCA-CA3141E High-Voltage Diode Ar
ray consists of ten general-purpose high
reverse-breakdown diodes. Six diodes are 
internally connected to form three common
cathode diode pairs'i and the remaining four 
diodes are internally connected to form two 
common-anode diode pairs. Integrated cir
cuit construction assures excellent static and 
dynamic matching of the diodes, making the 
CA3141 E extremely useful for a wide variety 
of applications in communications and 
switching systems. 

MAXIMUM RATINGS, Absolute Maximum Values at TA =2!J'C 

PEAK INVERSE VOLTAGE (PI V) . 30 V 
30 V 

100 mA 
25mA 

PEAK DIODE-TO-SUBSTRATE VOLTAGE 
PEAK FORWARD SURGE CURRENT [IF (SURGE)] 
DC FORWARD CURRENT (I F) 
DISSIPATION: 

Anyone diode unit . 
Total Package: 

Up to 55°C . 
For TA > 55°C 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 
LEAD TEMPERATURE (During Soldering): 

50mW 

. . . . . . 650mW 
Derate linearly at 6.67 mW/oC 

-55 to +125°C 
-65 to +150°C 

The CA3141 E is supplied in the 16-lead 
dual-in-line plastic package (E suffix!. and in At distance 1/16± 1/32 inch (1.59 ±0.79 mm)fromcasefor lOs max. 
chip form (H suffix). • 

ELECTRICAL CHARACTERISTICS at T A = 2SoC 

TEST LIMITS 
CHARACTERISTIC 

CONDITIONS M·in. Typ. Max. 

IF (Anode) 100~A - 0.7 0.9 
DC Forward Voltage Drop, VF 1 mA - 0.78 1 

10 mA - 0.93 1.2 

DC Reverse Breakdown 
Voltage, V(BR)R IF = -10~A 30 50 -

DC Breakdown Voltage Between 
Any Diode and Substrate, 101 = 10 ~A 30 50 -

V(BR)DI 

DC Reverse (Leakage) Current,1 R VF=-20V - - 100 

DC Reverse (Leakage) Current 
Between Any Diode and VOl = 20 V - - 100 
Su bstrate, I 0 I 

Magnitude of Diode Offset VDI"= 20 V 
- 0_55 -

Voltage Between Diode Pairs IFA=lmA 

Temperature Coefficient of 
Forward Voltage Drop, IF = 1 mA - -1.5 -

t:NF/6T 

Reverse Recovery Time, trr IF = 2 mA, I R = 2 mA - 50 -

Diode Capacitance, CD See Fig. 5 

Diode Anode-to-Substrate 
See Fig. 6 

Capacitance, COAl 

Diode Cathode-to-Substrate 
See Fig. 7 

Capacitance, CDCI 

Magnitude of Anode-to-Cathode 
I FA = 1 mA, VDS = 10 V 0.9 0_96 -

Current Ratio, IIFA/lFci 

UNIT 

V 

V 

V 

nA 

nA 

mV 

mVtC 

ns 

pF 

pF 

pF 

I AMBIENT TEMPERATURE (fA )=25°C 

> IJ I J : V I 
~ 0_8 
~ III I j..-V ! CL 
0 1::::1-'" o 0.6 

'" f-I-H- I- , 

'" .. 
>-
...J g 0,4-

0 

i 
~ 0.2 

g 
0 

0.1 

I 
I 

2 4 68 Z 4 6 e 2 • 68 2 
I 10 102 

• 68 2 • 68 

FORWORD CURRENT (IF}-,.A I -92CS~ 27174 

Fig. 2 - DC forward voltage drop vs. 
forward current. 

AMBIENT TEMPERATURE (TA}-OC J92CS-27175 

Fig. 3 - DC forward voltage drop vs. 
ambient temperature. 
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SI 
~ 
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g 
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III ... 
~ 
l!l 

I 

2 c 
0.5 

0 

AMBIENT TEMPERATURE (TAI'25'C 

IVFI-VF2I·IVn-VF.I.\vF5-VF61 
·IVF7-VF.I·IVF9-VIOI 

V 
..... 

2 4 68 2. 4 68 2 •• 8 2 4 68 
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2 4 68 

MAGNITUDE OF ANODE CURRENT (IFAI-pA 
92CS-27176 

Fig. 4 - Diode offset lIoltage vs. magnitude of 
anode current. 

CATHODE-TD-SUBSTRATE DC REVERSE VOLTAGE (VRI-V 
'2eS-2TI11 

Fig. 7 - Diode cathode·to-substrate capacitance liS. 

cathode-to-substrate DC reverse lIoltage. 
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3 

CATHODE-lO-ANOOE DC REVERSE IIDl.TAGE (VRI-V 

92CS-211T7 

Fig. 5 - Diode capacitance liS, cathode-to· 
anode reverse voltage. 

e AMBIENT TEMPERATURE (TA I· 25"C 
" DIODE-TO-SU8STRATE LEAKAGE VOLTAGE(VOI)-IOV 
2 

ID. 
• • /' 
2 

I. 
./ 

• • ./ 2 
/i 

;; 0.18 
0: • 

~ . 
~ 2 
-nO! 

O. 

I--~ c- rt 
I 2 

• • SO.l 
2 4 68 1 2 ••• 1'0 2 • • 8 

FORWARD (ANODEI CURRENT U: F 1- mA 

9tCS-27IBO 

Fig. 8 - Forward (cathode) current vs. forward 
(anode) current 

LINEAR INTEGRATED CIRCUITS 

012345678910 
ANODE-TD-SU8STRATE DC REVERSE VOLTAGE IVw-V 

12CS-271Te 

Fig. 6 - Diode anode-to-substrate capacitance 
vs. reverse voltage. 
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4 
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- ./ 
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0·1 

-100 -!!C) o !!C) 100 150 

AMBIENT TEMPERATURE (TAI-'C 
,leS-2?a. 

Fig. 9 - DC leakage current vs,. ambient 
temperature. 
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CA3143E Preliminary Data 

TV Luminance Processor Features: 
• Black-level clamping 

The CA3143E is a monolithic silicon inte
grated circuit that performs the luminance 
processing functions of amplification; con
trast, brightness and peaking control; blank
ing; and black-level clamping_ 

This device, when used in conjunction with 

the CA3126Q chroma processor and the 

CA3137E chroma demodulator, will pro
vide a luminance/chrominance system hav
ing excellent tracking .of controls_ The 
CA3143E is supplied in a 14-lead dual
in-line plastic package_ 

• Linear dc controls for brightness, 
contrast, and peaking 

• Horizontal and vertical blanking 

MAXIMUM RATINGS, Absolute-Maximum Values 

at TA = 25DC 

VIDEO INPUT 

+30V 311Q R2 

910n 

R3 

VI3 

8·5 v 

50 kg :;>4----' 

1.5 V 

lOon 

PEAKtNG 
CONTROL 

Vl3 

.30V 
11.8 VOLTS 
~EGULATOR 

vOLTAGE 

+30V 

Fig_ 1 - Functional block diagram_ 

NOTE; ATTENUATION AT 50 kHz MUST 
BE AT LEAST 66 dB OOWN FAO" 
THE ATTENUATION AT I MHz 

Fig_2 - Test circuit_ 

92CL- 27425 

DC SUPPLY CURRENT (Into Terminal 13)* 

DEVICE DISSIPATION:* 

59.5 mA 

Up to T A = 550 C _ 750 mW 

Above T A = 55°C _ derate linearlv 7 _9 mWfOC 

AMBIENT-TEMPERATURE RANGE: 

Operating _ 

Storage . --65 to +1500 C 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 
from case for lOs max. 

POSITIVE 
HORIZONTAL 

PULSE 

* Although the CA3143E is rated for maximum 
dissipation of 750 mW, it is recommended 
that the current into terminal 13 be limited 
by external circuit resistance to 39 mA for 
a typical voltage at terminal 13 of 11.8 volts. 

CLAMPED 
VIDEO 

OUTPUT 

92CL·21424 

POSITIVE 
VERTICAL 

PULSE 

CIRCUIT DESCRIPTION 

Fig. 1 is a block diagram of the CA3143E 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with positive-going sync is ap
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line 
are applied to terminals 1, 2 and 3 of the 
CA3143E. I n referring to Fig_ 3, the signal 
from the delay line tap A is applied to the 
video input at terminal 1_ The signals from 

CA31~3E 
TERMINALS 

2 3 

92CS-274Z3 

Fig_ 3 - Tapped delay line_ 

taps Band C are summed where V A + VB 
= Vsum. The signal (Vsum) is then applied 
to the parallel connection of the peaking 
input terminals, 2 and 3. The videO input 
signal is applied to a non-inverting input of 
the peaking amplifier while the peaking input 
signal (Vsum) is applied to an inverting in
put of the peaking amplifier. 
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Low·frequency video components are un· 
attenuated, while high-frequency compon· 
ents are attenuated as a function of the 
delay·line tap points. The peaking amplifier 
is a differential amplifier, so that the output 
is proportional to V, minus Vsum' At low 
frequencies, the signal at terminals 2 and 
3 is unattenuated, and the peaking ampli· 
fier produces no output at these frequen· 
cies. However, at high frequencies the signal 
at terminals 2 and 3 is attenuated thus, the 

peaking amplifier output consists of high-fre
quency video. The peaking control setting 
determines the amplitude of the peaking sig' 
nal which is then fed to the video.amplifier, 
where it is added to the video input signal 
and amplified. The setting of the peaking 
control does not substantially affect the dc 
quiescent voltage at terminal 4. 

The low·impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, the 
black·level clamp input. The action of the 
black·level clamp is such that it clamps to 
the black level rather than to the sync level. 
Consider the situation where no signal is ap· 
plied to terminal 12. Terminal 6 is biased 
through diode 02. The signal at terminal 6 will 
clamp its most negative excursion (sync 
pulse) to the anode voltage of 02. How· 
ever, if a positive pulse is applied to termi· 
nal 12 during the sync interval, the anode 
of 02 is forced to ground due to saturation 
of 017. The clamp is thus disabled, and 
terminal 6 will clamp to the next lower 
signllilevel, the black level. 
The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blank· 
ing is accomplished by applying horizontal 
and vertical sync pulses to terminal 9. The 
pulses turn ON p·n·p transistor 06 which 
shorts the base of transistor 015 to the 
terminal 13 supply voltage. The bright· 
ness control function is accomplished by 
varying the voltage on terminal 8. The gain 
of the inverter stage remains constant, but 
the dc reference voltage follows the terminal 
8 voltage. The contrast control function is 
accomplished by varying the voltage of ter· 
minal 10. Increasing the voltage on termi· 
nal 10 lowers the gain of the video ampli· 
fier. This reduction in gain does not sub
stantially affect the dc quiescent voltage at 
terminal 4. 

LINEAR INTEGRATED CIRCUITS 

ELECTRICAL CHARACTERISTICS,.t T A = 250 C 

Test Conditions 

Bias Switch Numbers Typ. 
Characteristic Volts s11 s21s31 s41 S5j s61 s71 s8\S91 S101 S11 Value Units 

(V) Switch Positions 
For Characteristics Measurements 

STATIC 

Voltage: 
At Term. 13 (V1J41) 6.1 2 1 , 2 2 4 1 2 2 1 1 11.8 V 

Ouiescent Voltage 
At Term. 4 (V4-) 6.1 2 1 1 2 2 3 1 2 2 1 1 4 V 

Ouiescent Voltage 
At Term. 7 (V7-) 6 .. 1 2 1 1 2 2 2 1 2 2 1 1 7.7 V 

Current into 
Term. 13(Term.13 
Connected to 
+11 V) (l1~) 6.1 2 1 1 2 2 3 1 2 2 1 2 2.1 mA 

DYNAMIC 

Wide-Band Gain 
(Note 1) 5.8 1 1 1 2 1 2 1 1 1 2 1 8.3 dB 

Contrast 
Gain Reduction 
(Note 2) 5.8 1 1 1 2 1 2 1 1 2 2 1 -30 dB 

Peaking Gain 
(Note 1) 5.8 1 1 2 2 1 2 1 1 1 2 1 18.4 dB 

Peaking 
Gain Reduction 
(Note 3) 5.8 1 1 2 2 1 2 1 1 1 2 1 -18 dB 

Max. I ntermodulation 
Distortion: (Note 4) 

2V 5.8 1 - 1 1 1 2 - 2 1 2 1 20 % 

3V (Note 5) 5.8 1 - 1 1 1 2 - 2 1 2 1 40 % 

- Terminal measured and Symbol 

Note 1: Set 50-kHz generator for 100 mVp-p. Adjust R 1 Peaking Control . (See Fig.2) for 
minimum setting. Measure wide-band gain at terminal 7. 

Note 2: Set 50-kHz generator for 100 mVp-p. Adjust R 1 for minimum setting. Measure 
contrast gain reduction at terminal 7. 

Note 3: Set 50-kHz generator for 100 mV-p-p. Adjust R 1 for maximum setting. Measure 
peaking gain reduction at terminal 7. 

Note 4: Adjust Rl for minimum setting. With S2 at switch positionl and S7 at switch 
position 3, set 50-kHz generator for 2 Vp-p. Then with S2 at switch position 
2, set 1 MHz generator for 100 mVp-p. Then with S7 at switch position 2, 
measure downward modulation of the l-MHz signal due to the 50-kHz signal. 

~ "ODULATED 
------..J--L...-------I-"H.SIGNAL 

~ 
92CS-27422 

A = Amplitude of 50 kHz signal at deepest trou 

B = Peak amplitude of 50 kHz signal 

Downward Modulation = B-A 
B 

Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p. 
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CA3147E Preliminary Data 

TV Horizontal Processor 
For Colour and Monochrome Receivers 

The RCA-CA3147E is a monolithic silicon 
integrated circuit Horizontal Processor de
signed to drive either SCR or transistorized 
deflection systems. In addition to providing 
performance similar to the CA920AE, the 
CA3147E incorporates a colour burst gating 
pulse and is capable of supplying suitable 
pulses for driving both the commutating and 
the trace switches of SCR deflection systems 
such as that shown in Fig. 2. 

MAXIMUM RATINGS, 
Absolute-Maximum Values at T A=250 C 

DC SUPPLY VOLTAGE ................ 16 V 
DEVICE DISSIPATION: 

Up to T A = 60°C. . . . . . . . . . . . . . . . . . . .. 1 W 
Above T A = 60°C 
............... Derate I inearly at 11.1 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Operating. . . . . . . . . . . . . . . . . .. -40 to +85 0 C 
Storage ..................... -65 to +1500 C 

The duration of the com mutating pulse is 
typically 6 JlS, suitable for either single
standard or dual-standard 625/819 line re
ceivers. The basic component arrangement 
for driving a transistorized output stage is 
shown in Fig. 1. 
The CA3147E is supplied in a 16-lead dual
in-line plastic package that incorporates a 
copper lead-frame to enhance thermal dis
sipation capability. 

OUTPUT CURRENT: 
Commutating switch (peak) ......... 500 mA 
Trace switch (peak) . . . . . . . . . . . . . . .. 300 mA 
Trace switch (avg.). . . . .. . . . . ... . . .. 40 mA 

LEAD TEMPERATURE (During Soldering): 
At a distance not less than 1/32 in. (0.79 mm) 
from case for 10 seconds max. . . . . .. +265o C 

ELECTRICAL CHARACTERISTICS at T A = 250 C, and Supply Voltage (V+) = 12 V 
at Term. 4 unless otherwise specified. 

CHARACTERISTIC 
TEST LIMITS 

UNITS 
CONDITIONS Min. Typ. Max. 

Supply Current, Term. (2 +4) 1+ Terms. 1 & 3 open 37 mA 
Phase Detector Characteristics 

(Term. 13): 
Output Current 113 Capture Mode ±3 

mA 
Output Current 113 Hold Mode ±1 

Vertical Sync Output Charac-
teristics (Term. 7): 

Composite Pulse Duration t7 Video 160 Jls 

Pulse Amplitude V7 Input 10 V 

Colour Burst Characteristics 
(Term. 8): 
Pulse Duration t8 5 J.l.s 

Pulse Amplitude Va 10 V 

Output Switch Characteristics 
(Term. 4):* 
Output Stage Enable V4 Switch closed 4.5 

V 
Output Stage Inhibit V4 Switch open 4 

Trace Output Drive Charac-
teristics (Term. 3): 
Pulse Duration t3 80 mA pk. output 22 +td J.l.s 

Pulse Amplitude V3 80 mA pk. output 10 V 

Commutating Output Drive 
Characteristics (Term. 1): 
Pulse Duration tl 400 mA pk. output 6 J.l.s 
Pulse Amplitude Vl 400 mA pk. output 10 V 

Oscillator Pull-In Range 
(Term. 15): Mo fo varied ±750 Hz 

~~~~kTVE I 

~~~=(~ru 2 

~~~:'~T~PlJT IltlVE 3 

C:~~1,~7lY 4 

~U~I=~T~TCH 5 

~~.r~lL""BACM 6 

vERTICAL SYNC OUTPUT 1 

~~BURST GATE 8 

TOP VIEW 

GROONI)lv-, 

OSCIeeATOIi 
FR£QI.€NCY 1XlNTRCl. 

RAW-PRODUCING 
CAPACITOA 

PHASE OETECTOR 
O\ITPUT 
TIME-CONSTANT 
CONTROL 

II ~=DETECTOR 

VIDEO SIGNAL INPUT 

9 NOISE GATE 8IA$ 

TERMINAL ASSIGNMENT 

Features: 
• Output pulses for driving both trace switch 

and :commutating switch in SCR deflection 
systems 

• Dual-time-constant phase-locked loop 
• Vertical-sync pulse output 
• Burst-gate pulse output 
• Internal noise gate 
• Low-voltage protection circuit 
• Reduced peripheral components 

J!) COMMUTATING 
SCR 

~ 53702S.S3800S 

680nF 

Ik 

NOTE' 
ACe RESISTANCES ARE 
IN OHMS. 

185V 

'--'VV'.r+--I2~~, ~ 
1.1 

27 

(bl 

TRACE 
seR 
S3703SF 
S3800SF 

470 l-nF 

OUTPUT 
TRANSISTOR 
BUloa. BU20e 

~ZCS-21478 

Fig. 1'-Typical horizontal drive networks using 
(a) SCR switr:hing and (b) transistor switr:hing. 
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+121,1 

10M 

VlO£O 
INPUT 

" 

100 
pF L5k 

VERTICAL 
SYNC 
OUTPUT 

ALL. RESISTANCE 'VAL.UES ARE IN OHMS . 

... VIDEO CASSETTE RECORDER 

HORIZONTAL 
FLYBACK PULSE 
INPUT (POS.lIOV 

v+ (l2V) 

g~~~~bWN 10 

22 

NOTE I. SEE FIG. 2 FOR HORIZONTAL DRIVE NETWORKS USING SCR OUTPUT AND TRANSISTOR OUTPUT 

,6k 

NOTE 2: VALUE DEPENDS ON THE TYPE OF HORIZONTAL TRANSFORMER USED. A TYPICAL VALUE IS 4.7 k FOR A 101,1 PULSE. 

Fig. 2-Functional block diagram for CA3147E. 

COMtoIUTATING 
sc. 

OUTPUT 

\---VVv-Os 
(NOTE Il 

COLOUR 
BURST 

+!2V 

" 

10k 

LINEAR INTEGRATED CIRCUITS 
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CA3170E Preliminary Data 

TV Chroma System 
The RCA-CA3170E is a monolithic silicon 
integrated circuit that performs the func
tions of subcarrier regeneration, ACC and 
APC detection, and tint control in color tele
vision receivers. It is designed to function 
compatibly with the CA3121E TV Chroma 
Amplifier/ Demodulator in a 2-package 
chroma system. 
The CA3170E is a TV Chroma System of 
advanced design that incorporates all the fea-

tures of the CA3070E but with the added 
advantage of a modified Hue Control Char
acteristic. With the CA3170E, the designer 
can provide a front panel hue control that 
functions linearly over its entire range, a 
particularly desirable consumer feature. 
The CA3170E is supplied in a 16-lead dual
in-line plastic package (E suffix)_ 

MAXIMUM RATINGS, Absolute-Maximum ValuesatTA =25"C 

DEVICE DISSIPATION: 

Up to TA = 55°C ............•.••..•..••..••....................... 750 mW 

Above T A = 55°C .••....•.••.......•.•.•...•...•...•.... derate linearlv 7.9 mW/oC 

AMBIENT-TEMPERATURE RANGE: 

Operating •........•..•..••...••..•..••••.. 
Storage ....••............••...•••. 

......... -40 to +85°C 

.••.•.... -65 to +150oC 
LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for lOs max. ..••....•...•...•..••..•.•... +2650C 

2" 

Ace OUTPUT 

180 

470llW 

v". 24 V 
100 

OSCILLATOR 
OUTPUT 

FERRITE 
BEAD 56 15 

!-O 
MORIZ 
KEY PuLSE 

I '-----------------t----------l 15K :~5~s I CA3170E .--________ -+-{,,}-__ ---4'NPUT 

L ________________ ~ 

ALL RESI~lAHCE VALVES ARE IN OHlI~ 

UNLESS OTHERWISE tNOICATED . .t,LL C .. PACllAPiCE ¥ALUfS 
LEn THAt! 10 ARE lH MICROFARADS 
10 OR CREATE!! ARE IN PICOI'",l.Ril.OS 

Fig. 1 - Functional block diagram of CA3110E. 

Fig. 2 - Simplified functional diagram of a two-packaga TV chroma 
system utilizing tha CA3110E and CA3121E. 

CIRCUIT DESCRIPTION 

The CA3170E is a complete subcarrier re
generation system with automatic phase con
trol applied to the oscillator. An amplified 
chroma signal from the CA3121E is applied 
to terminals No. 13 and No. 14, which are 
the automatic phase control (APC) and the 
automatic chroma control (ACe) inputs. 
APC andACC detection is keyed by the hor
izontal pulse which also inhibits the oscilla
tor output amplifier during the burst interval. 
The ACC system uses a synchronous detec
tor to develop a correction voltage at the 
differential output terminal Nos. 15 & 16. 
This control signal is applied to the input 
terminal Nos. 1 & 16 of the CA3121E. The 
APC system also uses a synchronous detec
tor. The APC error voltage is internally 
coupled to the 3.58 MHz oscillator at bal
ance; the phase of the signal at terminal No. 
13 is in quadrature with the oscillator. 
To accomplish phasing requirements, an RC 
phase shift network is used between the 
chroma input and terminal Nos. 13 and 14. 
The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No_ 6. The 
same oscillator signal is available a1 terminal 
Nos. 7 and 8, but the dc output of the APC 
detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at 
terminal No.8 is shifted in phase compared 
to the output at terminal No.7, which is ap
plied directly to the crystal circuit, control 
of the relative amplitudes at terminal Nos. 7 
and 8 alters the phase in the feedback loop, 
thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc 
offsets are provided to establish an initial no
signal offset control in the ACC output, and 
a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit 
which controls the oscillator frequency. The 
oscillator output stage is differentially 
controlled at terminal Nos. 2 and 3 by the 
hue control input to terminal No.1. The hue 
phase shift is accomplished by the external 
R, L, and C components that couple the 
oscillator output to the demodulator input 
terminals. The CA3170E includes a shunt 
regulator to establish a 12-volt dc supply. 

AMBIENT T<>'~"&T"_"C.' 

.0 

HUE CONTROL. VOLTAGE(V,I-% OF "EOULATOR VOLTAGE:(YIO) 
toleS-17"Z 

Fig. 3 - Typical hue control characteristic_ 
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CIt_ 
INJIUT 

41 

Q31 

15K 

frf 

TERMINAL g. NO CONNECTION 
All RESISTOR VALUES ARE IN OHMS 

Ace APe 
INPUT INPUT 

SHUNT 
REGULATOR 

AND BIAS 
10 

OSCILLATOR 
INPUT 

R3I 

22K 

9ZCL-271H 

Fig. 5 - Schamatic diagram of the CA3'70E. 
2.7M 0.01 

o-~~~~r~----------------~------------~~----"+HV 
TO TERM.' 

I 
I 
I 
I 
I 
I 
I 

0.001 I 

~ 
I 
I 
I 
I 
I 
I 
I L ___ _ 

100 

390K 

102M 

ACC 
ADJ· 

50 

'" 

HaRlZ. KEY pULSE 
+4V,4.',.s 

INPUT 

470 ~O.OO 

CA3121E 

a-Y 
®---~WY_1'_ODUTPUT 

41 

I 41 

· --:--:-~f-- · --r-I-------J 
o.o~ 0.01 +24 V 

8.2 K 680 470 470 

OK 
'= CHROMA 

GAIN CONT. 

100 12 50 
1.8 M 

680 .. " 
62" 62K 62K 

+24 V 

62" 

RESISTANCE VALUES ARE IN OHMS. 
UNLESS OTHERWISE INDICATED. ALL CAPACITANCE 

VALUES LESS THAN I ARE IN MICROFARADS, 
I OR GREATER ARE IN PICOFARADS. 

Fig. 6 - Outboard circuitry.of a typical two·pack. chroma syst/lm for 
color· TV rllCeilltlfs utilizing the CA3'21E and CA3170E. 

LINEAR INTEGRATED CIRCUITS 

HUE CONTROL 

esc { OUTPUT 

p~~ruliN~~~ 4 
OND 

Fig. 4 - Terminal diagram of the CA3170E. 

Features: 

• Voltage-controlled oscillator 
• Keyed APC and ACC detectors 
• DC hue control 
• Shunt regulator 

92CS-27691 

Fig. 7 - Static characteristics test circuit 
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CA3170E Preliminary Data 
ELECTRICAL CHARACTER ISTCS, at T A = 2SoC and V+ = +24 V unless otherwise specified 

j:JF F 
-=- 15 

~ S S in: 200 TI 

0.01 

4.5,..5 +4 V 
PEAK PULSE 
DELAY ADJ. TO 
CENTER PULSE 
ON THE BURST 

1.!5K 

1.5 K 

27 

180 

56 

LIMITS 
CHARACTER ISTICS SPECIAL TEST CONDITIONS CA3170E UNITS 

MIN. I TYP. IMAX. 
Static Characteristics 

Voltage: 
See Fig. 8 Hue Control, V1 

Oscillator Input, V6 - ;2.6 -
APC Input, V13 

S1 CLOSED 
S3 OFF; - 5.4 - V 

Regulator, V 10 V+= 21 V 52,54,55 
11 12.3 13.5 OPEN 

Regulator Change, V 10 V+ = 27 V See Fig. 6 ·0.2 - +0.2 

Horizontal Key 14=·10pA 5 Input, V4 - -
Currents: S1' S2' S4' S5 CLOSED, 

5.8 Oscillator Output, 12 S3 in position 2, See Fig. 6 - _ .. 

mA 
APC Output, 111, 112 S1, S5 OPEN, S2, 54 CLOSED, - 1.45 -

ACC Output, 115, 116 S3 in position 1, See Fig. 6 - 1.45 -
Dynamic Characteristics (See Figure 5) 
Oscillator Outputs: 

Terminal No.2, V2 

Terminal No.3, V3 

ACC Detected Output 
V16' V15 

Oscillator Pull· 
In Range 

150 

S1 in position 1 0.75 

S1 in position 2 0.75 

S1 in position 1 115 

S1 in position 1 

TI; UNIVERSAL WINDING, NO. 36 WIRE 
PRIMARY: 77 TURNS, l-II.S p.H. Q. 40 
SECONDARY; 34 TURNS. CT. L"'9 JLH. Q=20 

25K 

-APC ADJ,- -=-

NOTES, 

3.579545 
MHz 
CRYSTAL 

_ADJUST C2 FOR 
MINIMUM OUTPUT 
AT 3.59 MHz. 
ADJUST CI FOR 
MAXIMUM OUTPUT 
AT 3.579545 MHz 

I. ALL RESISTANCES IN OHMS. 
2. UNLESS OTHERWISE SPECIFIED 

ALL CAPACITANCES ARE 
IN MICROFARADS 

3. ~~p~~~:~~~~E~R~~H SL~~;F 

-

1.0 -
Vp.p 

1.0 -

150 - mV 

±400 - Hz 

DYNAMIC TEST PROCEDURE 

1. With S2 in "OFF" position, short termi' 
nals 11 and 12. Then with S1 in 1 posi· 
tion, adjust CX for a frequency of 
3.579545 MHz ± 5 Hz. Measure the 
frequency using the frequency counter or 
by zero beat indication on the oscillos· 
cope. 

2. Remove short from terminals 11 and 12, 
and adjust "APC" control for zero beat 
on the oscilloscope. With S2 in "ON" po
sition, pattern on oscilloscope must lock. 

3. With S2 in "OFF" position adjust "ACC" 
control to give output reading of 0 ± 2 
mV between terminals 15 and 16. Then 
with S2 in "ON" position, read "ACC" 
output. 

4. Example of pull·in testing to ± 200 Hz: 

L-____________________ ~ __ ~4~ro~--.+~V 
92CL-Z7694 

With S2 in "OFF" position, adjust CX 
for frequency of 3.579545 + 200 Hz. 
Then with S1 in position 1 and S2 in 
"ON" position, pattern on oscillos
cope must lock. 

Fig. 8 - Dynamic characteristics frlst cirr:uit. 

5. Repeat Step 4 with CX adjusted to . 200 
Hz. 
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CA3401E, CA3401G 

Quad Single-Supply 
Operational Amplifier 

For Automotive Electronics and Industrial 
Control Systems 

"G" Suffix Types - Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

liE" Suffix Types - Standard Dual-In-Line 
Plastic Package 

The RCA-CA3401 is a high-gain monolithic 
quad operational amplifier designed specifi
cally for applications using a single positive 
power supply. No external compensation 
is necessary. Closed-loop stability in each of 
the four independent amplifiers is main
tained by a 3-pF on-chip capacitor. The 
CA3401 is ideally suited for applications in 
industrial control systems, automotive elec· 
tronics, and general purpose amplifiers, e.g. 
oscillato'rs, tachometers, active filters, and 
multichannel amplifiers. 
The CA3401 is supplied in a 14-lead dual-in
line plastic package (E suffix), a hermetic 
gold-chip in 14-lead dual-in-line plastic pack
age (G suffix). in chip form (H suffix). and 
as a hermetic gold-chip (HG suffix). It 
is a direct replacement for the Motorola 
MC3401 P, and is pin-compatible with the 
Motorola MC3301 P and the National Semi
conductor LM3900N. The CA3401 can be 
operated over the temperature range of 
-55 to +1250 C, although the limit values of 
certain specified electrical characteristics ap
ply only over the range of 0 to +750 C. 

Features: 
• Single-supply operation - +5 V to +18 Vdc 
• I nternally compensated 

• Wide unity-gain bandwidth - 5 MHz typ_ 
• Low input bias current - 50 nA typ_ 
• High open-loop gain - 2000 V IV typ_ 

Applications: 
• Automotive 
• Constant-Current Sources 
• Multivibrators 
• Sample and Hold 
• Square-Wave Generator 
• Oscillators 
• Tachometers 
• Active Filters 
• Multi-Channel Amplifiers 
• Summing Amplifiers 

MAXIMUM RATINGS, Absolute-Maximum 
Values at T A = 250 C 

DC SUPPLY VOLTAGE +18 V 
INPUT SIGNAL CURRENT 5 mA 
DEVICE DISSIPATION: 

Up to T A = 250 C. . . . . . 625 mW 
Above T A = 250 C. . Derate linearly 5 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Operating . -55 to + 1250 C 
Storage . -65 to + 1500 C 

LEAD TEMPERATURE (During soldering): 
At distance 1/16 ± 1/32 inch 
(1.59 ± 0.79 mm) from case 
for 10 seconds max. . 300 0c 

y+ 

I.~~~----------~---+--------------~~--~ 

10 K 

RI 
3.5K 

BIASING NETWORK 
(COMMON TO FOUR 

AMPLIFIERS) 

FigA - Schematic diagram of CA3401_ 

TO AMPLIFIERS 
2,3,4 

~- ~'-No.2 5 No.4 
I + + 

.U ..... 21.S0 

70 

e 
1 60 

~ 
"" z 

~ ... 40 .. 
4 
~ 
g 3 

~ 
0 
9 20 

~ 
0 10 

-;:.----HI14 V + 

CA3401 

NON-INV. 
INPUT 4 

INV. 
INPUT 4 

INV. 
INPUT 3 

92CS- 23795 

Fig. 1 - Block diagram of CA3401. 

.... BIENT TEMPERATURE ITA I- 2S·C 

....... SUPPLY VOLTAGE (,,+ ).15 v 
LOAD RESISTANCE CRL)-SKQ. 

," Trl f'RCr
T sr FIGiRE 1

3 I 

I ~: I i ; 

'1\.: I 
I : 

i ~ i I 

iii i I .1\. I, 
I i I I i f\J 

2 4 68 , ... , ... , ... 2468 

10' 104 105 106 10' 
FREQuENCY' f )- Ht 

92CS-.2164! 

Fig_2- Open-loop voltage gain vs. frequency. 

luK, AMBIENT TEMPERATURE (TA)-2S·C , SUPPLY VO\..TAGE IY+)- 15 V 
LOAD RESISTANCE C"l'. SKSl , • , 

i • .. • 1\ I;'K .. , 
II! • 1\ 
!; 

4 eo 
g 

• ...... 
100 r-I-

• • •• , .00 , ... 2 . .. , ... 
10' 10· 10' 10· 10' 

'R£OUENCY (f}-Hz 
92CS-ZI64Z 

Fig.3 - Output resistance vs. frequency. 

o to ,. 20 
SUPPLY YOI,.T'" (v.)- v 

Fig_5 - Open-loop voltage gain V6. supply voltage_ 
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CA3401 E, CA3401 G 

ELECTRICAL CHARACTERISTICS AT TA = 250 C, V+ = 15 V (Unless Indicated Otherwise) 

LIMITS 
CHARACTERISTIC TEST CONDITIONS 

Min. Typ. Max. 
UNITS 

STATIC 

Output Voltage: 
High, VOH 13.5 14.2 -
Low, VOL - 0.03 0.1 V 

Max. Undistorted Output Swing, 
VOP-P OOC<T A <75°C 10 13.5 -

Output Current: 

Source, ISOURCE 5 10 -

Sink,lSINK 0.5 1 
rnA 

-

Total Quiescent Current: IQ 
Noninverting inputs open - 6.9 10 

rnA 
Noninverting inputs grounded - 7.8 14 

R L = 00 T A = 25°C - 50 300 
Input BiasCurrent,llB 

R L = 00 OOC q A ":;750 C 
nA 

- - 500 

DYNAMIC 

TA = 25°C 1000 2000 -
Open-Loop Voltage Gain, AOL 

QoCQA":;750C 
V!V 

800 - -

Input Resistance, RI 0.1 1 - Mn 

Slew Rate, SR CL = 100 pF, R L = 5 kn - 0.6 - V//ls 

Unity Gain Gandwidth, BW - 5 - MHz 

Phase Margin, cp - 70 - Degrees 

Power Supply Rejection f=100Hz - 55 - dB 

Channel Separation, e01/e02 f = 1 kHz - 65 - dB 

Y+·15V TEST CI RCUITS 
V+.15V 

IrB 
V, -

.0. V, 
R, • .o. I 1B 

.o.vo 
AVOL'~ 

AMPLIFIER MUST BE BIASED 
BY VI IN THE LINEAR OPERATING 
REGION 

101 IS TOTAL OUIESCENT CURRENT WITH 
11+" INPUT OPEN • 

+IV 

92C$-21637RI 

Fig.6, - Open-loop gain and input resistance, 
input bias current and output current 
test circuit. 

YoH MEASURED WITH "-" INPUT GROUNDED 

VOL MEASURED WITH "-" INPUT BIASED AS SHOWN 

92CS-21639RI 

Fig.8 - Output voltage swing test circuit. 

I02 \~:"O~:;UOTU~~SOCJN~TE~URRENT WITH 

92CS-21638RI 

fig.7 - Quiescent power supply current 
test circuit. 

Vr -+15V 92CS-21640RI 

Fig.9 - Peak-to·peak output voltage 
test circuit. 

'I 
I 

11 .. 
, 'MaIENT TEMPERATURE (TA)-n-c 

FOR TEST CIRCUIT SEE FIGURE 4 
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SUPPLY VQLTAGE (y+ l-v 
92CS-21644 

Fig. TO - Supply current vs. supply voltage. 

AMIIENT TEMPERATURE CTA ).2S·C 
I.OAD RESISTANCE (RL).SlCo. 

1 -15 FOR TEST CIRCUIT SEE FIGURE 3 

I 

1 
~ -10 

~ 

o 
o '5 10 15 

SUPPLY VOLTAGE !V+l-V 
20 

Fig.1T - Source current vs. supply voltage. 

AMBIENT TEMPERATURE (TAl -25-C 
LOAD RESISTANCE tRLI- 5KQ I.' FOR TEST CIRCUIT SEE FIGURE ,. 
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o " 10 IS 
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92CS-21848 

Fig.T2 - Sink current vs. supply voltage . 
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CA3600E 

COS/MOS Transistor Array 
For Linear Circuit Applications 

RCA-CA3600E is an arrav of COmplementarv-l!vmmetry MOS 
Field-Effect Transistors· on a monolithic silicon substrate. It is 
comprised of three n-channel and three p-channel enhancement
type MOS transistors arraved as shown in Fig. 1, and specified 
and tested.for linear circuit operation. These transistors are 
uniquely suitable for service in complementary-symmetry 

circuits at supply voltages in the range of 3 to 15 volts and are 
useful at frequencies up to 5 MHz (untuned). Each transistor 

MAXIMUM RATINGS, Absolute-Maximum Values at T A ; 2fiOc 

DISSIPATION: 
Anyone transistor at T A up to 55°C 
Total package at T A up to 55°C. 
Above T A = 550 C 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage . 

LEAD TEMPERATURE (During SOldering) 
At distance not less than 1/16" ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 s max. 

The Following Ratings Apply for Each Transistor in the Device: 

ORAIN-TO-SOURCE VOLTAGE, VDS: 
n-channel 
p-channel 

ORAIN-TO-GATE VOLTAGE, VOG: 
n-channel 
p-channel 

SOURCE-TO-SUBSTRATE VOLTAGE, VSB: 
n-channel 
p-channel 

GATE·TO-SOURCE VOLTAGE, VGS: 
p-channel transistors (pl' P2, P3)' 
n-channel transistors (n1. n2. n3)' 
COS/MOS transistor-pairs (Pl-nl, P2·n2, P3-n31. 

DRAIN CURRENT, 1101 
GATE CURRENT, IIGI 

in the CA3600E can conduct currents up to 10 mAo 
This device is supplied in the 14-lead dual-in·line plastic 
package. 

Formerlv RCA Dev. No. TA6368. 

* The theory and construction of COS/MOS transistors are described in the 

"RCA COS/MQS Integrated Circuits Manual," RCA Solid State Division 

Technical Series Publication No. CMS·271. 

150mW 
750mW 

derate linearly 6.67 mW/oC 

-55 to +1250 C 
-65 to + 1500 C 

+15V 
-15V 

+15V 
-15V 

+15V 
-15 V 

o V(min.),-VO(max.) 
o V(min.),+VO(max.) 
o V(min.),+VOD(max.) 

10mA 

100l1A 

The Following Rating Applies for Each COS/MaS Transistor-Pair in the Device: 

DC SUPPLY VOLTAGE (VOO - VSS) +15 V 

Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 

Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other 
terminal in the CA3600E. 

Terminal No.7 must be maintained at the most negative potential (or equally negative potential) with respect to any other 
terminal in the CA3600E. 

Violation of these rules will result in improper transistor operation, circuit "latching;' andlor possible permanent damage 
to the CA3600 E. 

Note: Users should observe the "Considerations in Handling CA3600E Devices" 

TYPICAL CHARACTERISTICS CURVES 

10 A_NT TEMP£.ATUR£ {TAI.~ ,-.. 
DRAIN-TO-sauteE vOLTAGE 
(Yos) "-+10 V 

7 

"'.,ENT TEMPER"U"" {TAl· 2.·C .11. .I. 
GATE-T6-SOURJE VOLTAGE (VG ). -8.4'1 

1 p-CHANNEL ~n-CHANNEL 
I 1.0 

7 ~ ... 
z 
w 

~ 0.1 
I 

z I 
" 2i I 

0.01 

f 
0.001 ! 

o 2 4 6 8 10 

10 
~ +9.1 V .. 

f( • I 
+3.~ v ,---,-

~ I 

~ -3.7 v ... z , --f-~ HV --~ 0.1 
-~.2 V 

" , 
~ +I.~ V - f-

0.01 
-1.7 V 

- - - n CHANNEL 

0.01 I' "'AiEL 
4 6 8 10 12 

" GATE-TO- SOURCE VOLTAGE j"Gsj- V DRlUN-TO-SOORCE VOLTAGE IVDSI- V 

92CS-21S46 92CS" 21'S"l 

Fig. 2-Drain current VS. gate·to-source voltage. Fig. 3- Drain current v,s. drain·to·,sOtJTCe .,oltagtl. 

LINEAR INT~GRATED CIRCUITS 

Features: 
• High input resistance. 
• Low gate-terminal current _ 
• Matched p-channel pair: 

100 Glt (typ.) 
10 pA (typ.) 

Gate-voltage differential (10 =-100 I1A) 
• No "Popcorn" (burst) noise 

±20mV(mox.l 

• Stable transfer characteristics over an 
operating temperature ronge of -5SoC to +125oC 

when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 14) 

• Integrated integral gate-protection system (see Fig. 34) 
• High voltage gain (see Fig. 11). . _ up to 53 dB (typ.) 

per COS/MOS stage 
• Individual MOS transistors have square-law characteristics, 

superior cross-modulation performance, and greater 
dynamic range than bipolar transistors 

Applications: 
• High input impedance, general-purpose amplifiers 

• Pre-amplifiers 
• Differential amplifiers 
• Op--amps and comparators 
• Constant-current sources and current mirrors 
• Micropower amplifiers and oscillators 
• Control of lamps, LED's, retays, and thyristors 

• Timers 
• Choppers 
• Mixers 

i ~I ~ 
1"1 !{i i{'}' 

6 3 1,0 
GI ~ I G2 <P I G' 

N.:J I ~ ~3 

li TI T 
PI,NI I P2.N2 I F"!o.N!o 

(PAIR NOII
1 

(PAIR No.2} I (PAIR No.3} 

nCS-2145S 

Fig.' - SchRm<Jtic diBgrBm for CA3600E COS/MDS tramistor aUlly, 

1. Drain terminal, p-channet of pair no. 2 8. Drain terminal, n-channel of pair no. , 
2. Source terminal. p-channel of pair no. 2 9. Source terminal, n-channel of pair no. 3 
3. Common gate terminal of pair no. 2 10. Common gate terminal of pair no. 3 
4. Source terminal, n-channel of pair no. 2 11 Source terminal, p-channel of pair no. 3 
5. Drain terminal, n-channel of pair no. 2 
6 Common gate terminal of pair no. 1 

12. Common drain terminal of pair no. 3 
13. Drain terminal, p.channel of pair no. 1 

7. Source terminal, n-channel of pair no. 1 14. Source terminal, p-channel of pair no. 1 
and substrate connection for and substrate connection for 
all n·channel transistors .. Vss terminal all p·channel transistors· . VoO terminI 

Terminalldentificarion for Fig. 1. 

~ 
I 

Q 

'~:~:>:t~GA~J~E~-T~O;-~si~u:R:CE:J+O:L:TA:G:.l.t{V:G:S:I.~J:.::7:V:1:9:V:~j 
~·6.3\i 

~'~'-V .SAV I 
.. 3.7 \i 

+3V 

~ 0.010-- -1.8V __ 1_ 

l!i ~~~.--
0.001 -1.65v ~ tiA~ 

----= - --- n CHANNEL 
I-I.~~' , 
~ . .,.. +1.2 V -- P CHANNEL 

-15 50 -25 0 2! :50 75 100 12S 
AMBIENT TEMPERATURE (TA)-OC 

92CS-215H 

Fig. 4- Drain current vs. ambient temperature. 
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CA3600E 

ELECTRICAL CHARACTERISTICS, At TA = 2tfJC 

TYPICAL 
CURVE OR 

CHARACTERISTIC SYMBOL TEST CONOITIONS 
CIRCUIT 
FIG. NO. 

Min. 

For each p-Channel MOS Transistor 

Drain Current '0 V OS'-10 V.VGS'-3.6 V 2.3,4 -0.5 

Gate-ta-Source Threshold Voltage VGSlthl IO=-10JJ.A - -

Gate-to·Source Voltage 
Differential (Pl \IS. P2) IVGS,-VGS21 'O'-100~A,VOS'-'O V 5 -

For'ward Transconductance !It, '0--1 mA,f-l kHz 6 

Low-Frequency Noise Voltage eN '0",-1 mA.f-1 kHz,Rs-O n 7 -

Low-Frequency Noise Current ;N '0=-1 mA,f=1 kHz.Rs,"'1 Mn 7 -

Current-Mirror 

Transfer Ratio (p , /P2) 'MTR I 1""-100 jolA,VOS=-10 V 30 0.7 

Gate-Terminal Current 'GT V OS--l0 V.VGS--3.5 V - -

I nput Capacitance C, - - -

Output Capacitance Co - -- -

Input-ta-Output Capacitance C,_O - - -

For Each n.channel MOS Transistor 

Drain Current '0 VOS-+l0 V,VGS=+3.6 V 2,3.4 0.4 

Gate-to-Source Thleshold Voltage VGS(lhl ID=10~A -

Gate-to-Sou(ce Voltage 
Differential (n1 vs "2) IVGS1 -VGd 10=100 IJA,VOS"'+10 V 5 

Forward Transconductance Qf, '0=1 mA.f=l kH2 6 -

Low-Frequency Noise Voltage eN '0=1 mA.I=l kH2.R s"'O 1l 7 -

Low-Frequency Noise Current 'N 10=1 mA,f=l kH2.R s=1 Mn 7 --

Current-Mirror 

Transfer Rat io In, /n 21 'MTR '1=100 IJA,VOS=+10 V 29 0,7 

Gate-Terminal Current 'GT VOS-+10 V,V GS-+3.7 V - -

Input Capacitance C, - - -

Output Capacitance Co - - -

Input-ta-Output Capacitance C,_o - - -

For Each COS/MOS Transistor Pair 

Drain Current '00 VOO =+10 V 9,10 1.0 

Drain-to-Source Cutoff Current '0010111 VOO'+10 V,VSS'D V 

Gate VoltagelV G)=+10 V or 0 V 8 -

DC Output Voltage Vo VOO"'+10 V 10 4.2 

Forward Transconductance g" VOO=+10 V. f "" 1 kHz 6 -

Slew Rate (Open-Loop) SA VOO =+15 V 10 

Amplifier Voltage Gain AOL VOO-+l0 V,f-l kHl,Ab"'22 MO 

Rs=50 S1 10,11 -

Gate-Terminal Current 'GT VOO""T10 V 10 -

Broadband Output Noise Voltage EON V OO=+10 V.Ab=22 Mn.Rs=10kU 10,11 -

I nput Capacitance C, - -

OU"tput Capacitance Co - - -

InpuHo-Output Capacitance C'-O - - -

.'000 YOD a • 10 V 

.t 

~ ~ / ~ 100 

~ 10 
V 

a >--;'8:~~ // "- GND 
~ I 

r- ~. >- v i " ./ u 

~ 
0.1 -

/ 
~ 0.0' 

V z 
<i 
~OOOl 

- - - o 2. so 7S lOa 125 
AMBIENT TEMPERATURE (TAI-·C 

92CS~ 2.)5039 

Fig. 8- Drain·to-soute, cu.toff current n'. ambient temperature_ 

LIMITS 

Typ. Max. 

-1.1 -2.0 

-'.75 -

±4 ±20 

920 

0.03 -

02 -

1.1 15 

±o.Q15 -40 

6.3 -

3 -

0.75 -

0.9 1.6 

1,5 

±3O -

860 -

0.2 -

0.3 -

1.3 2.0 

±a.Ol +40 

5.5 -

2,0 -

0,35 -

2.2 4.0 

0,5 100 

5.0 5.8 

2300 -

95 

32 -

±o.OOS ±20 

500 

11.8 

5,0 

1.1 

UNIT 

mA 

V 

mV 

,umho 

.V JfiZ 
pA JHz 

-

nA 

pF 

pF 

pF 

mA 

V 

mV 

.umho 

~V ,[Hz 

pA JHz 

-
nA 

pF 

pF 

pF 

mA 

nA 

V 

.umho 

ViliS 

dB 

nA 

"V 

pF 

pF 

pf 

'0 

.. 
I • 

I 

; 
0,' 

I 
~ 0.01 

~ 
0.001 

10 AMBIENT TEMPERATURE (TA)~ 25-C 

~ 
Oft ... - TO-SOURCE VOLTAGE tYDS)s +IOV 

.. - V.,cH.lNEL • I J /' 
~' I / -
!z fv.n2' i (p,VS~1 

il 
!O.I 

~ 

I 0.01 

~ W ~ _ 00 ~ ro 
GATE -TO- SOURCE VOlTAGE OIFFERENTIAL IVGS!-VGS21-mV 

Fig. 5- Gate-fa-source voltage differential vs. dr.in current_ 
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Fig. 6- Forward tran$Conductanc8 vs_ drain current. 

~~,o 
~1. 

i.~ 
"'>-!lz 
~I 
>u 

AMBIENT TEMPERATURE fTA)-21)-C 

FOR eN,Rs.O-'l; FOR iN,RS-1 Mil 

eN aEOUIVALENT INPUT NOISE VOLTAGE 
iN -EQU1VALENT INPUT NOISE CURRENT 

100 

~ ~ O.lr__---'''''Io-=---+-':O'::;~bo--_,_-+-------! 

;i 
ii 
Uo~r------+----+-------'=,...--=--~~-CHANNE 

§~ 
0.001 
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OPERATING FREQUENCY CO-Hz 

92CS-2!!io49 

Fig. 7- Noise tIOltaflll and noise current ... ,1. operating frequency_ 

AMBIENT TEMPERATURE tTA)=20°C Rb ' 22 MQ 

I--,..--
SEE CIRCUIT IN FIG. 10 ~ 

~ 

/ 
V 

V 

I 
I 

0·0001 

'0 
SUPPLY VOLTAGE lVOOI-VOLTS 

12 14 

92CS-,2!!io40 

Fig_9 - Typical VOD Iff. 100 characteristics fo,ampJifier circuits 
of Fig. 10 and Fig_15. 

310 ______________________________________________________________________ __ 



CA3600E 

INPUT 

--4v---

92CS-21528 

Fig. 10- COS/MOS transistor-pair biased for linear-mode operation. 
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92(S-21458 

Fig. 13 - Representation of voltage-transfer characteristics for 
COS/MOS transistor pair. 

Th. Basic COS/MOS Linear Amplifier 
P-n-p and n-p-n bipolar transistors have been used for many 

years in the design of so-called "true-complementary" linear 

amplifier circuits . Since mutually compatible p-channel and 
n-channel MOS/FET devices were not generally available, 
"true-complementary" amplifier circuits using MOS transistors 

were seldom used. Now, COS/MOS transist9r technology5 has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic IC form such as the CA3600E 
COS/MaS transistor array shown in Fig. 1. 

A "True-Complementary" Linear Amplifier Using COS/MOS 
Transistors 

Fig. 10 shows the schematic diagram of a single-stage "true
complementary'" linear .amplifier using one pair of the com
plementary MOS transistors in the CA3600E, connected in a 
common·source circuit. Resistor Rb is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and Rs represents the source resistance of the 
signal source, This generiC amplifier is suitable for operation 
with a single or split voltage supply in the range of 3 to 15 
volts. Fig. 11 shows voltage gain as a function of operating 
frequency at various supply voltages for the single-stage 
amplifier. This amplifier is capable of producing very high 
output-swing voltages (Vout ); for ex.ample, its output voltages 
can be swung to within several millivolts of either supply-voltage 
"r.il", Fig, 9 shows typical supply voltage (VOO) vs, supply 
current (100) characteristics for the single-stage ampl(fier. The 

curves in Fig. 12 show the normalized amplifier supply current 
asa function of ambient temperature at various supply voltages, 
When the amplifier is operating at VOO = 3 V, the supply cur· 
rent changes rapidly as a function of temperature because the 
MOS transistors are operating in the proximity of their 
individual gate~source threshold voltages, 

Voltage· Transfer Characteristics 

Fig. 13 illustrates a voltage-transfer characteristic curve of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor (Rb) connected between the 
drain and gate terminals (10.12). If the p-and n-channel tran
sistors have identical characteristics. their channel resistances 
are equal, and the biasing method shown establishes a steady· 
state condition such that terminal 12 is at mid-potential 
between VOO and ground. Thus, with negligibly small gate· 

APPLICATIONS 

~ AJBIENT T~MPERAT~RE (TA11K2S0C 

50 

VDD= .. 15y 
'\ ~~E' ~I~~el~t~; ~~~o -
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10 
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OPERATING FREaUENCY-Hz 

Fig. 11- Typical voltage gain vs. frequency characteristics for 

amplifier circuit of Fig. 10. 
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INPUT VOLTAGE (VIN)-V 

Fig. 14- Voltage uansfer characteristics for COS/MOS transistor-pair 

amplifier in Fig. 10. 

source leakage resistances, under zero· signal conditions, the 
biasing resistor (RbI establishes gate potential at the mid·point 
between VDO and ground. i.e., Vin -= Vout . Under these 
conditions the amplifier is biased for operation about the 
mid-point ("0") in the linear segment on the steep transition 
of the voltage-transfer characteristic as shown in Fig, 13. 
When the input signal (V in ) swings in the positive direction, 
there is a reduction in the instantaneous output voltage (Vout ) 
with respect to ground, Negative.going input signals have 
inverse effects. Thus, phase-inversion occurs in the COS/MOS
pair amplifier. Power-supply current isconstant during dynamic 

linear operation, i.e_, Class A amplifier service. When the 
signal input-voltage level (Vin) becomes very large, the output 
signal (Vout) waveforms become distorted because the tran· 
sistors are driven into the non-linear portions of their Voltage
transfer characteristics_ If the positive-going input·signal is 

sufficiently large, for example, the p-channel transistor can be 
driven to cutoff and the amplifier supply current (100) is 
reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MaS pair in the CA3600E at several values of VDO' The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from -55 to +1250 C. 

The biasing arrangement used in the circuit of Fig. 10 provides 

an easy method of establishing feedback for ae signals in 
accordance with the Rb/Rs ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig_ 15 may be used, 
The ac bypass capacitor (C3) minimizes ac signal feedback. 

eescading Amplifier Stages of COSIMOS Transistor Pairs 

Ultra-highiJain amplifiers can be designed by cascading stages 
of COS/MOS transistor pairs as shown in Fig. 16. The 
biasing system used is similar to that described above in 
connection with Fig. 10, The supply current for the three· 
stage amplifier shown in Fig, 16 is typically three times the 
values shown in Fig. 9. Gain and frequency-response characM 

teristics of the amplifier are shown in Fig. 17. 

LINEAR INTEGRATED CIRCUITS 

.. 10 • I 
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! SUPPLY VOLTAGE (Vool"/ 
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Fig. 12- Normalized amplifier supply current VS. ambient temperarure 
characteristics for amplifier circuit of Fig. 10. 

C21-_-.jl 
(VOUTl 

INPUT OUTPUT 

Fig. 15- Altematfl methOd of biasing COS/MOS transistor-pair for 
lin8llr-mode operation. 

Post-Amplifiers For Op·Amps 

COS/MOS transistor-pairs can be advantageously applied a! 

post-amplifiers for op-amps. Because the input impedance 01 

the COS/MOS pair is comparatively high, the op·amp operate, 
under essentially unloaded conditions. Each COS/MaS pail 
can sink and source output current up to about 10 mA 
Additionally', the cp-amp output can be direcdy coupled to 
bias the COS/MaS pair. A detailed description of the subjec1 
has been publ ished previously. 

The schematic diagram in Fig. 18 shows a COS/MaS transistor 
pair serving as a post-amplifier to an RCA-CA3080 Operational 
Transconductance Amplifier, The approximate 30-dB gain in 

a single COS/MOS tranSistor-pair is an added increment to thl 
100·dB gain in the CA3080, yielding a total forward gain a 
about 130 dB_ The open-lapp slew rate of the circuit in Fig. 19 
is approximately 65 V/J.1s. When compensated for the unity 
gain voltage-follower mode shown in Fig. 19, the slew rate i~ 

about 1 Vips. For greater current output, the two remainin~ 
transistor pairs of the CA3600E may be connected tn parallel 
with the single stages shown in Figs. 18 and 19. 

The use of the two·stage COS/MOS post-ampl ifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB (100,OOO,OOOX). Open-loop slew rate remains a1 
about 65 Vips_ A slew rate of about 1 V/J,LS is maintained with 
this circuit connected in the unity-gain voltage-follower mode, 
as shown in Fig_ 21. These circuits operate in concert with 
stability. 

IMO 22 MSl 22 Mn 

Fig. 16- Hi/IJ-gain amplifier uses cascaded COSIMOS transistor"pair 
in CA3600E _ 

___________________________________________________________________ 311 



LINEARINTEGRATEDCIRCUITS ____________________________________________________________________ ___ 

CA3600E 

120 
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Fig. 17- Typicaillo/rage gain "5. operating frequency characteristics 

for three-stage COS/MOS transistor-pair amplifier in Fig. 16. 

Multivibrators. Threshold Detectors, and Comparators 

Descriptions of several circuits using COS/MOS transistor
pairs in both monostable and astable multivibrators have been 
published. The characteristics of COS/MaS pairs are also 
ideal for mating with micropower op-amps in circuits such as 
the precision multistable circuits shown in Fig. 22. In these 
circuits precise timing and thresholds are assured by the stable 
characteristics of the input differential amplifier in the CA30aO 
Operational Transconductance Amplifier. Moreover, speed 
VS. power consumption tradeoffs can be made by adjustment 
of the Amplifier-Bias-Current (lABel supplied to terminal 5 of 
the CA3080. The quiescent power consumption of the circuits' 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micro power region by suitable modifications. 
The schematic diagram of a programmable micropower com
parator, shown in Fig. 23 employs the combination of an 

op-amp (CA3080AI and COS/MaS transistor-pairs in the 
CA3600E. Quiescent power consumption of the circuit is 

about 10 I'W(typ.1. When the comparator is strobed "ON", 
transistor Pl is driven into conduction and the OTA becomes 
active_ Under these conditions, the circuit consumes 420 J.lW 

and responds to a differential-input signal in about 8 J,1S. 

By suitably biasing the CA3080A, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 rnW. The differential amplifier input 
common-mode range for this circuit is ~1 V to +10.5 V. 
Voltage gain of this micropower comparator is typically 130 dB. 
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APPLICATIONS - Post-Amplifiers for Op·Amps (Cont'd) 

Fig_ 18- COS/MOS transistor-pair used as post-amplifier to op-amp in 
open-loop circuit. 

Fig_ 20- COSMOS transistor-pairs used as two-stage posr-amplifier to 
op-amp in open-loop circuit. 

a) ASTABLE MUL TIVIBRATOR 

vt -'ZV 

V-·-2V 

"OFF" v+ 

"ONIIU y-
STROBE 

IOkA RZ 

., 

I 
2/3 CA3600E 

92CS-21!i~5 

Fig. 23- Programmable micropower comparator. 

v-
1-6 V) 

UNITY-GAIN 
CONFIGURATION 

92CS-21523 

Fig. 19- COS/MOS rransistor-Pflir used as post-amplifier to op-amp 
in unity-gain circuit_ 

CA3600E 

Fig_ 21- Unity-gain amplifier uses COS/MOS transistor·pairs as 

two-stage post-amplifier to op-amp. 
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c) ~ THRESHOLD DETECTOR 

AMBIENT TEMPERATURE ITA).Z~·C 

IOkO 
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Fig. 24- Open-loop gain characrerisric for ap-amp. 



CA3600E 

Oscillator Circuits 

Oscillator circuits using COS/MOS transistor'pairs have been 
widely used for several years in clock and watch circuits 
because of their low power consumption and good frequency 
stability. Details of their operating theory and characteristics 
have been publ ished. 

The design of COS/MOS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriat6 feedback 
network. A single stage ampl :tier using a COS/MOS transistor· 
pair has already been described. A suitable feedback network 
to insure stable oscillator performance is easily added, as 
illustrated in connection with the crystal oscillator circuit 
shown in Fig. 25, The familiar pi·network has been connected 
between the input and output terminals, points "0" and uG". 
to provide the required 180" phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 
part of the pi·network feedback circuit. The resistors Rl and 
R2 decrease the total power consumption of the oscillator at a 
particular supply voltage and enhance the frequency stability. 
Variable frequency oscillators can be built by replacing the 
crystal with an appropriate inductance and tuning the pi
network by conventional means. 

Fig. 25- Typical crY$tsl-oscilllJtor circuit using COS/MOS 
transistor-pair (113 CA3600E). 

Current Mirrors Using MOS Transistors 

25 pF 

Monolithic line~r IC', using bipolar transistors frequentlv 
employ so-called "current-mirror" circuits. The theory and 
practical applications of current mirrors using bipolar tran
sistors have been described in the literature. As shown in 
Fig. 26, a rudimentary form of "current-mirror" consists of a 
transistor 0 1 with a second transistor 02 connected as a diode, 
When both transistors have identical characteristics, a 
current 11 forced to flow through 02 produces a current (12) 

of equal magnitude to flow in the collector of 01 (provided 
there is sufficient coilector potential for 0 1), In a common 
form of application. a source of potential is used to force 
constant·current flow II, and thus to establish the flow of 
constant current 12 through 0 1, Arrangements of this generic 
current·mirror type are frequently used when 01 acts as the 
common-emitter impedance in a differential-amplifier circuit. 
MOS transistors are also applicable as current mirrors. as shown 
in Fig. 29. The diode·connected MOS transistor N2 functions 
as a transistor with 100 per·cent feedback. Therefore, the 
gate·to·source voltage (V GS) in N2 retains control of the drain 
current as in normal transistor action, i.e., 10 a=; 9fsVGS, 
where gls is the forward transconductance of the device. If a 
current 11 is forced into the diode-connected transistor (N2l. 
the gate-to-source voltage will rise until equilibrium is reached. 
Thus, a gate·to·source voltage is establishOll in N2 such that N2 
"sinks" the applied current 11' 

If the gate and source terminals of another transistor (Nl) are 
connected in shunt with the gate and source terminals of N2. 
as shown ·in Fig. 27·, N 1 is also able to "sink" a mirror current 
approximately equal to that flowing in the drain lead of the 
diode-connected transistor N2. It is assumed that both MOS 
transistors have identical characteristics. a prerequisite that is 
essentially established by the monolithic Ie fabrication techno
logy used in manufacturing the CA3600E COS/MOS transistor 
array. 
Current mirrors can also be designed with p-channel MOS 
transistors as ilkJs~rated by the arrangement in Fig. 3D using 
transistors in the CA3600E. The characteristics of a current 
mirror using the p-channel transistors in the CA3600E are 
superior to those which can be achieved with a current mirror 
using the n-channel transistors because the characteristics of 
the p-channel transistors are more nearly matched. The data 

Complementary Current Mirrors Using COS/MOS Transistor· 
Pairs 

COS/MOS transistor·pairs can be applied advantageously in 
the design of Complementary Current-Mirrors, as shown in 
Fig. 30. Transistors PI and Nl are series-connected and biased 
for linear operation as previotlsly described, so that there is a 
current flow 101 through PI and Nl' The potential developed 

between terminals 13 and 14 is applied as gate·source (2,3) 
voltage for P2. forcing "mirror" operation of P2 to produce a 
current source 102.P equal to 101' likewise, the potential 
developed between terminals 7 and 8 is applied as gate·source 
(3,4) '!olt!ge for N2 forcing "mirror" operation of N2 to 
produce a current·sink 102.N equal to 101' 

A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 28. Transistors P2 and N2 
are series-connected together with a SO-megohm resistor to 
establ ish their drain current at 5 nA, The potential developed 
across terminals 1 and 2 also appears as the gate·source voltage 
for transistor Pl. thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor Cl linearily. In this 
circui~, the "mirrored" current·sink available at terminal 8 
(transistor Nl) is unused. This type of current·mirror can· 
figuration is exceptionally stable with temperature variations. 

92'CS·ZIUZ 

Fig. 26- Current mirror using n-p.-n bipolar transistors. 

9ZCS-ZI46) 

Fig. 21-Current mirror using n-channel MOS transistors. 

LINEAR INTEGRATED CIRCUITS 
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Fig. 28-Current mirror using p-channel MOS transistors in CA3600E. 
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Fig. 29- Characteristics of current mirror circuit of Fig. 30 using 
p-channel transistors. 
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Fig. 30- Complementary cu"ent mirrors using COSMOS 

transistor-pairs in CA3600E. 
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Fig. 31-Normalized drain current ratio vs. ambient temperaturfl for 
typical current mirror using p-channel transistors IFig. 28). 
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LINEAR INTEGRATED CIRCUITS 

CA3724G,CA3725G 

High-Current N-P-N 
Transistor Arrays 

Four I ndividual Sealed-Junction 

High-Current N-P-N Transistors 

Features: 
• High Current - 1 A 
• High Breakdown Voltage: 

CA3725G: 80 V dc min. V(BR)CES 
@IC= 10/-lA 

CA3724G = 70 V dc min. V(BRICES 
@IC= 10/-lA 

• Fast Switching Speeds: 
ton = 30 ns typ.@ IC = 500 mA 

toff = 36 ns typo @ IC = 500 mA 

NC 

92CS - 24299 
The RCA-CA3724G and -CA3725G are high
current n-p-n transistor arrays each containing 
4 individual sealed-junction high-current 
n-p-n transistors. They are intended for high
current, high-speed switching and driver 
applications. 

• "Hermetic Chip" Construction 
Fig. 1-Terminal diagram (top view). 

These devices are alike except for break
down voltage ratings. 

The CA3724G and CA3725G are supplied in 
a 14-lead dual-in-line plastic package and 
operate over the full military temperature 
range of -550 C to +1250 C. The transistor 
chips used in these packages are of the 
sealed-junction type to provide protection 
against the deteriorating effects of humidity 
and other surface contaminants without the 
need for a hermetic package enclosure. 

The semiconductor junctions are sealed by 
utilizing a silicon nitride passivation layer. 
A multi-layered, highly corrosion-resistant, 
terminal-connection system of unique design 
is employed. 

Applications: 

• Core-Memory Driver 
• High-Speed Switching 
• High-Current LED Driver 
• High-Voltage Switching 
• Relay and Solenoid Driver 
• Lamp Driver 

VIN -+9.7V 

tr < In. 
PULSE WIDTH,. I~. 
z,'50n 
DUTY CYCLE < 2 "4 

• Silicon Nitride Passivated 
• Platinum Silicide Ohmic Contacts 
• Gold Chip-Metallization 
• Electrically similar and pin compatible 

with industry types MPQ3724, MPQ3725; 
FPQ3724. FPQ3725; DH3724, DH3725; 
SP3724, SP3725 in similar packages 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C 

CA3724G 

COLLECTOR-TO-EMITTER VOLTAGE VCEO 40 
With Base Open 

COLLECTOR-TO-BASE VOLTAGE VCBO 70 
With Emitter Open 

EMITTER-TO-BASE VOLTAGE VEBO 6 
With Collector Open 

COLLECTOR CURRENT IC 1.0 

POWER DISSIPATION: PD 
At T A up to 25°C: 

For Each Transistor ................ 1.0 
Total Pack age ................ 2.0 

At T A above 25 0 C derate linearly ................ 
AMBIENT TEMPERATURE RANGE: 

Operating ................ -55 to +125 

Storage ................ -65 to +150 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/32" (3.17 mm) from 

seating plane for 10 s max. 300 

+30V 

I I I I JTtlI,o'llo: 

0'110 I I 
I .. F INPUT I I 
!--OVo I I I 

TO SAMPLING SCOPE I I I 
tr< I.. I I 

Z,>IOOkn I I 
- OUTPUT T=lLF 90'110 

I I 
I go'l'o I 
I I . I 
I-tON~ LtoFF..J 

ICI:lf 500 mA,IS, r:::s" 50 mA 

182 ==-50 mA 92CM- 24300 

Fig. 2-Switching time test circuit. 
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CA3725G 

50 V 

80 V 

6 V 

1.0 A 

1.0 
2.0 

20 

-55 to +125 
-65 to +150 

300 



LINEAR INTEGRATED CIRCUITS 

CA3724G,CA3725G 

ELECTRICAL CHARACTERISTICS AT T A = 25°C 

Limits 

Characteristic Test Conditions CA3724G CA3725G Units 

Min. Typ. Max. Min. Typ. Max. 

Collector-to-Emitter Sus-
* IC=10mA,IB=0 40 - - 50 - - V 

taining Voltage,VCEO(sus) 

Collector-to-Emitter Break-
IC=10 J,LA,IB=O 70 - - 80 - - V 

down Voltage,V (BR)CES 

Collector-to-Base Break-
IC=10 J,LA,IE=O 70 - - 80 - - V 

down Voltage,V (BR)CBO 

Emitter-to-Base Break-
IE=10 J,LA,IC=O 6 - - 6 - - V 

down Voltage, V (BR)EBO 

Base-to-Emitter Saturation IC-500 mA, 0.75 - 1.0 0.75 - 1.0 V Voltage, V BE(sat) * IB=50 mA 

Collector-to-Emitter IC=500 mA, - - 0.5 - - 0.5 V Saturation Voltage, V CE(sat)* IB=50 mA 

Collector-Cutoff Current, VCB-40 V, - - 1.7 - - 1.7 pA. 
ICBO IE=O 

IC-lOO mA, 
35 - - 35 - -

Static Forward-Current VCE=1.0 V 
Transfer Ratio (Betal, IC=500 mA, 

30 - - 30 - -
hFE VCE=1.0V 

IC=l A,VCE=1.0 V 20 - - 20 - -

Small-Signal Forward· IC=50mA, 
2.0 Current Transfer Ratio, VCE=10 V, 2.0 - - - -

hfe f=100 MHz 

Turn-On Time (See Test IC=500 mA, - - 40 - - 40 ns 
Ckt. Fig. 21. ton IB1=50 mA 

Turn-Off Time (See Test IC-500 mA,I B1 -
- - 60 - - 60 ns 

Ckt. Fig. 21. toff IB2=50 mA 

Emitter-to· Base IC=O, - 95 - - 95 - pF 
Capacitance, Ceb VEB=0.5 V 

Collector-to-Base IE-a' - 12 - - 12 - pF Capacitance, Ccb VCB=10 V 

* Puise Conditions: width ~ 300 I's; duty cycle ~ 1 %. 
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LINEARINTEGRATEDCIRCUITS ____________________________________________________________ ~ __________ __ 

CA6078, CA6741 Types 

Operational·. Amplifier. 
CA6078AT - Micropower Type 
CA6741T - General-Purpose Type 

For Applications where Low Noise 
(Burst + 1/f) is a Prime Requirement 

Virtually. free from "popcorn" (burst) noise: 
device rejected if any noise burst exceeds 20 p.V (peak), 
referred to input over a 30-second time period. 

RCA·CA6078AT and CA6741T are low·noise linear IC 
operational amplifiers that are virtually free of "JXtpcorn" 
(burst) noise. 
These low·noise versions of the CA3018AT and CA3741T 
are a result of improved processing developments and rigid 
burst·noise inspection ~riterl •. A highly selective test circuit 
(See Fig. 2) assures that each type meets the rigid low·noise 
standards shown in the data section. This low-burst~noise 
property also assures excellent performance throughout the 
llf noise spectrum. 
In addition the CA6078AT and CA6741T offer the samo 
features incorporated in the CA3078AT and CA3741T 
respectively, including output short-circuit protection, 
latch·free operation, wide common-mode and differential
mode signal ranges, and low-offset nulling capability. 

For detailed data. characteristics curves, schematic diagram, 
dimensional outline, and test circuits, refer to the Opera
tional Amplifier Data Bulletins File No. 531 and 535. In 
addition, for details of oonsiderations in burst-noise 
measurements, refer to Application Note, ICAN-6732, 
"Measurement of Burst ("Popcorn") Noise in Linear IC's". 

The CA6078AT and CA6741T utilize the hermetically sealed 
8-lead TO-5 type package. The CA6078AT and the CA6741T 
can also be supplied on request with dual-in·line formed 
leads. These types are identified as the CA6078AS and 
CA6741S. This formed· lead configuration conforms to that 
of the 8-lead dual-in-line (Mini-Dip) package. 

TIME - 10 miIDIV. 

•. Typ. Mllictl with high-bursr-noisB chBrllC
ttlrisric. 

TOP III£W 

,-'K 

(, OUTPUT 

NOTE: PIN 4 IS COHNECT£O TO CASE 

Features: 

CA6741T 

Applications: 

• Low-noise AC amplifiar 

• Narrow-band or blind-paIS filter 
• Integrator or differentiator 

• DC amplifier 
• Summing amplifier 

• Interlllli phase compensation 
• Input bI .. current: 600 nA max. 
• Input offset current: 200 nA max. 
• Open-loop voltage gein: 50,000 (94 dBI min. 
• Input offlet voltage: & mV max. 

MAXIMUM RATINGS, Aboolutf-Maximum Valueut TA = 250C 

, .. 
INPuT 

101" Vlf. CA6078AT 

Applications: 
• Portable electronics 

• OUTM. Medical electroni .. 
• DC amplifier 
• Nerrow-band or blind-pas filter 
• In .. ator or differentiator 
• Inttrumentlltion 

NOTE: PIN 4 IS CONN£CTED TO CA. • Telemetry 

Features: • Summing amplifier 

• Open-loop voltage gein: 40,000 (92 dBI min. 
• Input offset voltage:3.& mV max. 
• Opera .. with low totailUpply Voltage: 

1.& V min. (± 0.7& VI 
• Low qui_t operlting current: 

aclluotable for Ippllation optimization 
• Input biIt current: adjustable to below 1 nA 

DC Supply Voltage (between V+ and V- terminals) ............... . 
CA6741T 

44V 
±30V 
±15V 

CA6078AT 
36V 
±6V 

V+to V-
Differential-Mode I nput Voltage •..................... _ . _ ..... . 
Common·Mode DC Input Voltage ........................... _ . 
Device Dissipation: 

Up to 760C (CA6741TI, Up to 1260 (CA6078AT) .............. 500 mW 250mW 
Above 760C .. _ .. _ ..................................... " Derate linearly 5 mW/oC 

Temperature Range: 
Operating ..... - ........ _ ......... _ ..................... . -55 to +125 0C 
Storage ...................... _ ............. _ .......... . -65 to +150 0C 

Output Short-Circuit Duration· ............................... . No limitation 
Lead Temperature (During soldering): ......... _ ................ . 

At distance 1116 ± 1/32 inch (1 .69 to.79 mm) 
from case for 10 seconds max. . ............................ . 300 0 C 

"If Supply Voltage is less than ±15 volts, the Absolute Maximum Input Voltage is equal to the Supplv Voltage. 

-Short circuit may be applied to ground or to either supply. 

~ :" . -- ' .. 

i 
I 4 I'\. 
J i" 
iii , " II! r-
~ l'. 0.1 
!11 , 
0 z . ... 
~ 4 

!i 
~ 

~ 
, 

iil...o.OI 

-55 to +125 0C 
-65 to +150 oC 

No limitation 

300 0 C 

SUPPLY VOL.TAGE: V".6V,Y-·-6V 
AMBIENT TEMPERATURE (T .. l-2S·C 

11 III 

. .1. I r r I 
SUPPLy CURRENT (IQlaIOIl,lA 

f--- ~o~~ 

4 6 , 8 10 2 4 68K1 
TIME-20ms/DIV, 10 2 2 " 6 8 4 2 4 10 68f{j 

92C5-203OO FREQUENCY (fI-Hz 92CS-20260 

b. Typ. device controlled for burst noist'J. 

Fig:3-IN 11$. Frequency for CA6078AT. 

Fig.' - Typ. II/IfIveforms of type with high bUrst nojsB and type 

controlled for burst noise. 

V+ 
~ 

100 SUPPLY VOLTAGE:y+aeV,V-.-IV 
AMSIENT TEMPERATURE (T,l-25-C 

I'i 6 

. WlY C~ •• jNTI (JJ2~' 1 4 

~ 
11,001.-~ ,I'---

~ 
ill 10 . 

~ 
, 
6 ... 

~ 4 

!i 
~ 2 
~ 

ASI a RS2 -loaUl FOR CII6741T ANO lOlItR FOR CA6078AT 
* CA6741T OR CA6078AT '3ZCS-19423 

2 
10 2 4 6 • 2 10 2 

4 " 
, 4 6 8 4 10 

, 4 • , 

Fig.2-Block diBgr.m of burst.noisfI "popcorn" ftnf tlquipment. FREQUENCY (fl-Hz 92CS-20261 

Fig.4-EN V$. Frequtlncy for CA6018A 7: 
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CA6078, CA6741 Types 

ELECTRICAL CHARACTERISTICS - CA6078AT, Fat Equi"",."f'o.iIn. 

TEST CONDITIONS LIMITS 
CHARACTERISTICS SVMBOLS SupplY. Vohs: v+ - 6, Y- - -6 UNITS 

TA-2PC,IQ-20jtA 
MIN. TVP. MAX. 

Hoi. a...-iotlc 

I'Popcorn" Bandwidth· 1 kHz Device is rejected ifthetotal naiSlvoltage 

(Burstl Noise RSI = RS2 = 200 kG 
IburS! + l/fl, rlforreel to input, exceeds 
20 jtV peak, during e 3D_c. test period. 

Princi .... Cher_istics (For detailed EI_icel a.nctwilllcs..,.. to CA3078AT DItII Bulletin, File No. &36.1 

Input Off SIt Voltage VIO RSS; 10 kG - 0.7 3.& mV 

Input Off SIt Current 110 - 0.5 2.& nA 

Input Bi.5 Current 11B - 7 12 nA 

Open· Loop 

Differential AoL RL:i!:10kG 40,000 100,000 -
Voltage Gain VO= t4V 92 100 - dB 

Common-Mode Input Voltage Range VICR V+= V-= I&V ±14 - - V 

Common-Mode Rejection Ratio CMRR RSS; 10 kn 80 115 - dB 

RL~ 100 t13.7 t14.1 -
Output Voltage Swing voIP'P) 

RL~2kO 
V - t14 -

Supply Current IQ - 20 25 p.A 

ELECTRICAL CHARACTERISTICS - CA6741T, For Equipmenr o.ign. 

TEST CONDITIONS LIMITS 
CHARACTERISTICS SVMBOLS Supply VoI1I; Y+- 1&, V-- -16 UNITS 

TA-2PC 
MIN. TVP. MAX. 

Noill Char_iltlc 

"Popcorn" Bandwidth· 1 kHz Device is rejected if the total naiSlvoltage 

IBum) Noise RSI • RS2 - 100 kG 
(burS! + l/f), rlf.rred 10 input, exceeds 
20 jtV peak, during a 3O-SIC. test period. 

Princlpill Cheractoristics (For detailed Electrical Che.-istics rlfer 10 CA3741T DItII Bulletin, File No. 531.) 

Input Offllt Voltage VIO RSS; 10 kO 

Input Offset Current 110 

Input Bias Current liB 

Open-loop 

Differential AoL RL:?2kG 

Voltage Gain VO=tl0V 

Common-Mode Input Voltage Range VICR 

Common-Mode Rejection Ratio CMRR RSS;10kG 

RL~10kG 
Output Voltage Swing VOIP·P) 

RL~2kn 

Supply Current IQ 

- 1 Ii 

- 20 200 

- 80 500 

60,000 200,000 -
94 106 -

t12 t13 -
70 90 -

t12 t14 -
tl0 t13 

- 1.7 2_8 

120n r 2 21112 
LlN'f1iN) -2(4KTRSl-EN J pA 

-=- IN- ./2 RS ../Hi: 

mV 

nA 

nA 

dB 

V 

dB 

V 

mA 

TEST BLOCK 
DIAGRAM FeR 

IN 

ENT(lN): TOTAL NOISE VOLTAGE,REFERRED 10 INPUT 
(READING OBTAINED WITH QUAN-TECH METER) 

UCS·20e.s 

Fig.8- Test block dilll,am for 'N. 

LINEAR INTEGRATED CIRCUITS 

I~ • SUPPLY VOLTAGE: V· -av. y-. -6V 

· AMBIENT TEMPERATURE (T.)-25- C 

i '" I · ;t 
t-.... ;: 

Z 2 II! ..... 1"-~ 

I 
0.1 

• 
l- • 
i • 
i 

i n: 
10 to' 10" 

FREQUENCY ('I-Hz 

Fi,_6-IN'" FroqutJncy for CA6141T. 

~ 100 SUPPLY VOlTAGE: y+ !'6V. Y-· -IV 
AMSIENT TEMPERATURE (TA>-2S-C 

~ . 
~ 
1 
If 
III 
~ 
9 
I 
l-

i 

i 
~ 

4 

.~ 

10 · • 
4 

2 

10 • 4 .81 • ... '10' 2 .. • 'I • 4 I'~ 

FR£~NCY (f)-Hz 
9292CS-2C)26!. 

FiIl-6-Er:J."_ FrtIqIJ.ncy for CA6147 T. 

ENT(IN): TOTAL NOISE VOLTAGE.REFERRED TO INPUT 
(READING OBTAINED WITH QUAN~TECH METER) 

UCI-IOI'1It 

Fig.l-Test b/""k dill",.m for EN. 
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LINEAR INTEGRATED CIRCUITS 

CD2500 Series 

BCD to 7 -Segment 
Decoder-Drivers 

30mA and 80mA/Segment 
DECODER-DRIVERS 
For Use Witb 
Low-Voltage Digital 
Display Devices, 
Lamps, and Relays 

RCA CD2500E series 7-Segment Decodel'-Drivers are 
monolithic MSI integrated circuits which decode BCD 
(8-4-2-1 cooe) inputs to 7·line outputs representing 8 de
cimal number from 0 to 9 on 7-segment incandescent dis
play device,s. 

RCA CD2500E and CD2501E are 30 rnA per-output-line 
devices designed for use with incandescent display de
vices such as the RCA DR2000 and DRroIO_ The 
CD2500E. in addition to the outputs for the 7-segment 
display device. has a decimal point outp.lt; theCD250IE 
also has a special-feature, a tenninal to provide for riP'"' 
pIe blanking output and intensity control input. The rip
ple blanking output blanks out all non-significant zeroes 
in the numerical display. The ripple blanking output ter
minal is also available for use as an intensity control 
input from an external variable pulse-voidth <-:ontrol source. 
as shown in Fi g. 7. 

RCA CD2502E and CD2503E are 80 mA-per-line ver
sions of the CD2500E and CD2501E. respectively, and 
are designed for use with high--current lamps and relays. 

RCA CD2500E series devices are supplied in 16-lead 
dual in-l ine plastic packages ..... hich can be used over the 
operating temperature range of 0° C to -+ 75° C. 

I 

I . ! 

I I 

I 
I I : 

I 

I 
I 
I 

: : 
I I 

PtN No.5 PIN NO.4 
, 

I I 
CO 2500E DEC.PT, DEC, PT. I I 

AND CO2 002' INPUT OUTPUT L_ ~ 

CO 2,OIE RIP. aa:NK RIP.St:NI< 
AND CO 2503£ INPUT OUTPUT e. 

INTENS6T't 
CONTROL 

INPUT 

• FOR CD2S00E AND CD2'02E TYPES ONLY 

.. FOR CD2.'OIE AND CD2'O~E TYPES ONLY 

FEATURES: 

• High current sinking copat,ility 
for direet di splay driving 

• Intensity control pravisian 

• BCD inputs or. cOlllpatible with commercially avail • 
• hle DTL & TTL deyice. 

• Lamp t.st provisioft 
• 5 V power supply 
• Clcunp diod.s on all inputs 

• LCllnp supply up to + 8 volt, 
• Rippl. hlankin, capability 
• D.cimal point output 
• Over.ran,. detection (aut .... atic blanking of disploy 

d.vice .hen BCD input> 9) 

DPO Decimal Point Output 
OPI - DeCImal Point Input 

DPI must be supplied from an 
external source 
CDZ500E and CD150ZE per
form the inverter-driver funct
ion necessary to energize the 
decimal POInt fIlament in the 
display device. 

Vcc , 
16 15 

. 
" 

'0 

Fig. I-CD2500E ond C02S02E (wUb J.dmol poin.) 

ABSOLUTE MAXIMUM RATINGS at 25"C unl ••• otherwise .peclfied: 

Power Supply Voltac.: 

Continuous (O°e 10 + 75°C> •••••••••• - 0.5 10 + 5.5 V 

Pulsed (duration 1 aecond) • • • • • • •• • •• - 0.5 to + 8 V 

Input Voltace. • • • • • • • • • • • • • • • • • • •• - 0.5 10 + 5.5 V 

Output Voltaae (open collector transistor) •• - 0.5 to + 8 V 

Operating Temperature Range •••••••••• oOe to + 75°C 

Storage Temperature RanKe. • • • • • • • • •• - 65°C 'to + 150°C 

lead Temperature (During Soldering): 

At distance t/t6 ± 1/32 inch (1.59 ± 0.79mm) 
from case for JO seconds max. . ............. +26SoC 

~ 
J 

J 
-'-~ 

~ 

~ 

\. 

~ t- It--

}- II. 

I[ l( ![ 

II o 15 14 

RBO " Ripple-Blanking Output 
& IntenSity Control Input 
RBI "Ripple-Blanking Input 

Vee 

I 2 3 5 
B C LIT RIo Rex 

Fig. 2-C02501E anJ CD250JE(wUIl ripp/. hl ... king 
0",1 int.,..ify cOtItrol provision} 

-IT 
For Terminols 9 through 
15 and T.rminal 4 of 
CD2S00E ..,d CD2S02E 
only 

For T.nnlnat 4 of CD2S01E ond CD2S03E. 

2' 

9255- 4170 

Transistor Q Is "tumed on tl when BCD code equals 0 and 
TerminalS Is at "0 level" (Grounded). When BCD cad. I. 
betwe .. 0 and 9. transistor Q I. H apen". Dlade A and trans· 
Istor me "open" when BCD cod. I. > 9. 

Fig. 4· Equivalent ""tpu' circuits 

vce 

4K 

92SS-4169 

Fig. 3· Logic rliflg'flm 
DECOOED OUTPUTS 

Fig. 5 .E."ivfl/ent input circuit for t.,mina/. " 2, 
5,6& 7 
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LINEAR INTEGRATED CIRCUITS 

CD2500 Series 

ELECTRICAL CHARAC TERISTICS at Ambi&nt Temperatur. (T A) Indicated 

CHARACTERISTICS SYMBOLS 

Input High Voltage 
VIH 

(Logic 1) 

Input Low Voltage VIL 
(Logic 0) 

Input Forward 

Current IlL 

Input Reverse 

Current IIH 

Output Low Voltage VOL 

Output Hiett Voltage VOH 

Input Capacitance CIN 

Power Supply 
Current Drain 

lee l 
(Terminal 16) 

MEASUREMENT TEST ooe + 15° C 
TERMINALS CONDITIONS MIN. MAX. MIN. TYP. 

1,2,5,6, & 7 Input high threshold voltage 2.0 - 2.0 -
Vce - 4.75V,IIH = 0 

3 2.4 - 2.4 -
Ground all other inputs 

I, 2, 5, 6, & 7 - 0.85 - -
Input low threshold voltage 

3 - 0.45 - -
1,2,5,6, & 7 - - 1.6 - -1.0 

3 { CD250lE VCC = 5.25 V - - 10.0 - -
CD2503E 

3 { C02500E - - 10.4 - -
CD2502E 

1,2, 5,6, & 7 
VF = 0.45V - -1.41 - -

{ CD2501E VF = 0 

3 CD2503E Terminal 3 VCC ~ 4.75 V - - 9,0 - -

3 { CD2500E 
only 

- - 9.4 - -
CD2502E 

VCC = 5.25 V VR ~ 4.5 V - 40 - -
1,2,5,6, & 7 Terminal 3 

grounded VR =2.4V - 40 - -

{ CD2500E 
9 ttnu 15 Vee = 4.75V 

C0250lE - 0,40 - 0.30 

and 4 of CD2500E IOL = 30mA 

4 {C02501E 
Vce ~ 5.25, IOL - 3.2 mA - 0.45 - 0.30 

CD2503E VCC = 4.75, IOL = 2.82 mA - 0.45 - 0.30 

{ CD2502E 
9 thru 15 VCC = 4.75V 

CD2503E - 1.0 - 0.60 

and 4 of CD2502E 
IOL = SOmA 

9 thru IS-All types 

{ C02500E 
VCC = 5 V 

8.0 - 8.0 -and 4 of 
CD2502E IOH = 200 "A 

4-CD250IE, eD2503E Vce = 4.75 V, IOH = - 240"A 2.4 - 2.4 -
I, 2, 5,6, & 7 Vce = 5.0V - - - 3 

CD250lE Vee = 5.0V - - - 48 
CD2503E ( Segment Outpvt CUHents 0:-0) 
CD2500E 

Term inal 3 Grounded - - - SO 
CD2502E 

Fig. 6 -Digitol clisplay cleviee segment clesignation 

WHOLE NU •• ER +--1_ DECI.AL FRACTION 

SEE FIG. 8 

I'--;--SEGME~ 
t DISPLAY DEi.l,CE ) 
\ WITH DECIMAL PJ' 
'-rrnTn-

I I I I I II 
I I II I I I 

MAX. 

-

-

0.85 

0.45 

-1.6 

10.0 

- 10.4 

- 1.41 

- 9.0 

- 9.4 

40 

40 

0.40 

0.45 

0.45 

1.0 

-

-

5 

-

-

+ 75°C 
UNITS 

MIN. MAX. 

2.0 - V 

2.4 - V 

- 0.85 
V 

- 0.45 

- - 1.6 

- - 10,0 mA 

- - 10,4 

- - 1.41 

- - 9.0 mA 

- - 9.4 

- 60 
iJ-A 

- 40 

- 0.40 

- 0.45 

- 0.45 V 

- 1.0 

8.0 -
V 

2.4 -
- - pF 

- -

mA 

- -

LEAST SIGNIFICANT 
DIGIT 

~t++++1I-----+++H++---w+t-H--- - - - - - ---+t+t++1I-----1,.-f+t-H+--~-+t-' 

2' 22 23 20 23 120 

L \~--------------------------~'~----------------------~I 
INTENSITY CONTROL (VARIABLE BCD INPUTS 

PULSE-wrOTH-CONTROL SOuRCE) 

• ReSistor pull-up output T2L, DTL. or RTLinverter. 
'* Suppression of the non-significant zeroes (at both extJemes 

of the display) is accomplished by grounding the RBI terminal 
of the devices associated with the most significMt digit of the 
whole part of the number displayed and the leasl sllllifieanl digil 
of the fractional portion of that number. 

Fig. 7 - Typical ripple blanking ancl intensity control application cliagram usin!l RCA CD2501E 
ancl clisp/ay cleviees DR2000 or equivalents (Se. T obI. AI 
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LINEAR INTEGRATED CIRCUITS 

CD2500 Series 

INPUT 
o • Low Level I = HI&II Level 

0 C 8 A LIT DPI R81 

X X X X 0 - X 

0 0 0 0 I - 0 

0 0 0 0 1 - 1 

0 0 0 1 1 - X 

0 0 1 0 1 - X 

0 0 1 1 1 - X 

0 1 0 0 1 - X 

0 1 0 1 1 - X 

0 1 1 0 1 - X 

0 1 1 1 1 - X 

1 0 0 0 1 - X 

1 0 0 1 1 - X 

1 0 1 0 1 - X 

1 0 1 1 1 - X 

1 1 0 0 1 - X 

I I 0 I 1 - X 

1 1 1 0 1 - X 

1 1 1 I 1 - X 

- - - - 1 1 -

- - - - 1 0 -

- - - - 0 X -
x '" Don't ca,. (0 or 1 entry has no effect) 

LIT -= Lamp test 
RB, = Ripple al.nkin, Input 
RBo -= Ripple BI.nkinl Output 

s. 

7 SEGMENT INCANDESCENT 
DISPLAY DEVICE 

TO OECIMAL.
'--!-_+-_ ..... POlNT-lflPUT 

22 2' 

~---~vr----J 
BCD-INPUTS 

CONTROL 
SOURCE 

9ZCS-15751 

Fig. 8. Typic,,1 J.clmal point laGhI,. GppllcG"an 
Jlag,1JIfI u.lnfl RCA CD25DOE .. J RCA J,.play 
J.ylc. DR20IO (or • .,.,I"GI.nt, 

TRUTH TABLE 

• 
0 

1 

0 

I 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

I 

I 

1 

I 

-

-

-

OUTPUT 
o '" Filament Lit 1 '" Fi lament OUT 

b , 

0 0 

1 1 

0 0 

0 0 

0 1 

0 0 

0 0 

1 0 

1 0 

0 0 

0 0 

0 0 

1 1 

1 1 

I I 

I I 

I 1 

I I 

- -

- -

- -

d • f 

0 0 0 

1 1 1 

0 0 0 

1 1 1 

0 0 1 

0 1 1 

1 1 0 

0 1 0 

0 0 0 

1 1 1 

0 0 0 

0 1 0 

1 1 1 

1 1 1 

.f 

I 1 1 

1 1 1 

1 1 1 

1 1 1 

- - -
- - -

- - -

DP, '" Decimal Point InlKIt 

OP 0 = Decimal Point Output 

TABLE It. 

DISPLAY TYPE 
DEVICE OF 
TYPE DISPLAY 

DR2000 l_! 
DR2010 I I 

x I_I 

TUBE 
DISPLAY 

I DPo R8, 

0 - 1 ® 
1 - 0 

0 

1 - 1 ~ 
1 - 1 (J) 
0 - 1 ® 
0 - 1 G) 
0 - 1 (g) 
0 - 1 (5) 
0 - 1 (6) 
1 - 1 (J) 
0 - 1 ® 
0 - 1 (9) 
1 - 10 

1 - 1 0 

1 - 1 0 

1 - 1 0 

1 - 1 P 
1 - 1 

0 

- 0 -0 
- 1 -

0 

- 0 - 0 

CHARACTERISTICS 

RelJiired Driving Current. 
24 ± 2 mA per segment 

0.6" Letter height 
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High-Gain 
Gain-Controlled 
Premium-Performance 
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(MOS/FET) Devices 
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All MOS/FET devices are supplied in the JEDEC TO-72 package 
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MOS FIELD-EFFECT DEVICES 

3N128, 3N143 

Silicon MOS fransistors N-Channel Depletion Types 

For Amplifier, Mixer, & Oscillator Applications in Military & 
Industrial VHF Communications Equipment Operating up to 250 MHz 

RCA-3NI28 and 3Nl43 are N-channel depletion-type silicon 
insulated-gate field-effect transistors utilizing the MOS' 
construction. The 3NI28 is intended primarily for VHF 
amplifier service in mili,tary and industrial applications. It 
also is extremely well suited for use in dc and low-frequency 
amplifier applications requiring a transistor having high 
power gain, very high input impedance, and low gate leakage. 

The 3N 143 is desigfied for· use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in
creased dynamit range ihe 3NI28 anti 3NI43 provide 
substantially better cross-modulation performance in linear 
amplifier applications than conventional (bipolar) transistors 
and are free from diode-current loading common to junction 
type FET's. These transistors are hermetically sealed in 
JEDEC TO·72 metal packages. 

ELECTRICAL CHARACTERISTICS: (At T A = 2S0 C) 

Mlximum Ratings, Absolute-Max;mum Values at TA -- 25° c: 
'DRAIN-TO-SOURCE VOLTAGE, VDS . . . . . +20 V 
*DRAIN-TO-GATE VOLTAGE, VDG ........... +20 V 
'GATE-TO-SOURCE VOLTAGE, VGS: 
Continuous de . . 
Peak ac 

"DRAIN CURRENT,ID 

*TRANSISTOR DISSIPATION. PT: 
At Ambient up to 25°C ..... . 
Temperatures above 25° ....... . 

'AMBIENT TEMPERATURE RANGE: 

.. +1,-8 V 

± 15 IV 
.50 rnA 

. 330rnW 
. Derate 2.2 mwtc 

Storage and Operating .... __ .......... -65 to +17S oC 

"LEAD TEMPERATURE (D1ll'ing wldodog): 
At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum ....... 265°C 

*In accordance with Jedec Registration Data Format JS9-RDFIIB. 

Measured with Substrate Connected to Source Unless Otherwise Specified_ 

· · 
· 

LIMITS 
CHARACTERISTIC SYMBOL CONOITIONS 3NI28 3NI43 kJNITS 

MIN. TYP • MAX. MIN_ TYP. MAX. 

Vas ='0, VGS = -8 V TA = 250C - 0_1 50 - 0.1 1000 pA 
Gate Leakage Current IGSS VOS=O, VGS=-BVTA= moc - - 5 - - 200 nA 

Zero-Bias Orain Current lOSS VOS= 15V, VGS=O 5 15 25 5 15 30 rnA 

Orain-to-Source Cutoff Current 10(011) VOS=20V, VGS=-BV - - 50 - - 50 p.A 

Gate-to-Source Cutoff Voltage VGsioff) Vas = 15 V, 10 = 50 J.LA -0.5 -3 -8 0_5 -3 -8 Y 

Forward Transconductance gls VOS = 15 V,IO = SmA, I = 1kHz 5,000 7,500 12,001 5,00( 7,500 12,OO( prnho 

Orain-to-Source Channel Resistance rOs(on) VOS = 0, VGS = 0, I = 1kHz - 200 - - 200 - 11 

Small-Signal Shorl-Circuit 
Reverse Transler Capacitance" Crss Vas = 15V,lo=5mA,I=0.1 to 1MHz 0.15 0.25 0.35 0.12 0.25 0.38 pF 

Small-Signal Short-Circuit Input Capacitance Ciss VOS = 15 V,IO =5mA, 1=0.1 to IMHz - 5_5 7 - 5.5 7 pF 

Common·Source Conliguration 
Input Admittance Vis 1= 200 MHz - 0.4 + J7.3 - - - - mmho 
Forward Transler Admittance Vss Vos = IS Volts - 7 - J2 - - - - mmho 
Output Admittance Vos 10 = 5mA - 0.2B +J1.8 - - - - mmho 

Maximum Available Power Gain MAG Vas = 15V,Ia = SmA, 1= 200 MHz 21 - - - - dB 
Insertion Power Gain (Fixed Neutralization) 

See Fig. I GpS 13.5 16 - - - - dB 

Power Gain (Conversion Vas = lSV,Ia = ImA,lin = 200 MHz - - - \0 13.5 - dB (See Fig. 3) Gps(c) lout = 30 MHz 

Noise Figure (See Fig. 1 & 2) NF Vas = IS V, 10 = 5mA, 1= 200MHz - 3.5 5 - - - -

*Inaccordance with JEDEC Registration Data Format JS9·RDF·IIB. 
""ree--Terminal Measurement: Source Returned to Guard Terminal. 

I 

INPUT 106' I 

Cl' C2: 1.5-5 pF variable ai, capacitor: E. F. John.on Type 160-102 
or equi valent 

C3: 1-10 pF piston-type variable air capacitor: JFD Type VAM-OIO, 
Johanson Type 4335. or equivalent 

,on~~~~-, I 
GE'" I 

I 
C4• C5, ~':-U~,o~~~f~~%~~ variable ail capacitor: Roanwell Type 

T 4,7K I I 
I H I 
I '-1-----4 I 
I I RFC I 
I .I (OHMITE TYPE I 
I EXTERNAL""""'-i Z235 OR EaUIV.l : 
I SHIELD I I 

L ____ ~-----L_------ ~----~ 

24" 

0: 3toI1S4 
L.-----____ ..... -oV~I~V 

AU-Ru.",Ot, 'ft oh"',oftd 1 4W 
u"l.uDIIo ... s.spoc,I,.d 

All (,poc,lo's 'ft pf 
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, TUBULAR CeRulC 

... DISC CERAMIC 92CS-I-4e9Z~1 

5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; windin, 
length app'ox. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding 

L2: Same .... Ll except windine length app,ox_ 0.7"; no tap. 

Fig. 1· Test circuit used to measure 2O().MHz maximum 
<.ISiIble power gain and noise figure for 3N128 

Performance Features 

• large dynamic range 
• Greatly reduces spurious responses in rceiver front ends 
• Permits use of vacuum-tube biasing techniques 
• Excellent thermal stability 
• Superior crossmodulation capability 

Device Features 

• Low noise figure (3N128) - 3.5 dB typ- at 200 MHz 
• High VHF amplifier gain (3N12B) -16 dB typo at 200 MHz 
• Low input capacitance - 5.5 pF typo 
• High transconductance - 1500 j,Lmho typo 
• High input resistance - 1014 n typo 
• High conversion gain (3N143, mixer) - 13.5 dB typo at 

200 MHz 

Applications 

• VH F amplifiers, mixers. converters and if-amplifiers in 
communication receivers. 

• High-impedance timing circuits 
• Detectors, oscillators, frequency multipliers, phase 

$pI~tters, pulse stretchers and currerlt Ihnitllrs 
• Electrometer amplifiers 
• Voltage-controlled attenuators 
• High impedance differential amplifiers 

TERMrNAl DIAGRAM 

1 Drain 

2 Source 

3 Insulated Gate 

4 . Bulk (Substratel 
and Case 

Fig. 2-Noise figure measurement setup for 3NJ28 

(L8V RMS) 
230 MHz LOCAL 05C. 

~'5'F 
200:HZ ~Ul t 

INPUT =-

Ll = 4 Turns 1/4" dia., 3/8" long 
No. 22 Bare~Tinned Wire 

Q = 3N143 

CXJTPUT 

92CS '148~e 

Fig. 3 .. Conversion power gain test circuit for 3N143 



3N128, 3N143 

"0 
t; 20 

5 10 15 20 
DRAIN-TO-SOURC(VOLTS ("OSI 

92.(:5-16090 

Fig. 4 -Drain current vs. drain-fa-source voltage 

DRAIN MILLIAMPERES {ID) 

Fig. 7· Forward transconductance vs. drain current 

DRAIN MILLIAMPERES Iro) 

Fig. 1D - Reverse transodmittance vs. clrain current 

I 
DRAtN--TO SOURCE .... OLTS 1VOSI 

Fig. 13-Forward transoamittonce vs. drain-fo-source 
voltage 

0 ... 
~ 
~ 
~ 
~ 
~ 
~ 
4 
J 
J 

:i 

10 

a 
-3 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAI-2Soc 
DRAIN-TO-SOURCE VOLTS IVOSI-+15 

2 -I 0 
GATE-TO-SOURCE VOLTS IVGS) 

92C5-16091 

Fig. 5· Drain current vs. gate-to-source voltage (V GS) 

DRAIN MILLIAMPERES Iol 92CS-16094 

Fig. 8 ·/nput admittance vs. clrain current 

COMMON - SOURCE CIRcun -rtt 
:~~~~ ::P~~:iJ::WA~~~~DED =t-+t--t-t-H -t-:; ~,t~~ 
FREQUENCY (fl-200 MHz -~'-+++l-tH-->-*-.~ . ".0-.;..,. 
DRAIN MILLIAMPERES lID) -5 =t=Ttt.t++P~-: +;'.::-; 

Gr. IS ~EGUGI8L~ AT THIS F,REOU~~, .I+~·t· tt-f: 

+ 

i+tf t=t;;+ rtt'-;::l:j:t.:.. t ft 
+j:LI+P +~f-j-J-+.,~rrl ~ 

~+" ~+ 
CT '-~"-;-o- ~ 

'~fh;;: 

5 10 15 
DRAIN-TO-SOURCE VOLTS IIIDS) 

20 

Fig. 11· Reverse transadmittance vs. drain .. to-source 
voltage 

DRAIN MILLIAMPERES lID} 92CS-I7000 

Fig. 74 - Output admittance V$. clrain current 

MOS FIELD·EFFECT DEVICES 

COMMON- SOURCE CIRCUlT 

Ii " 
AMBIENT TEMPERATURE ITA J ·2~·C 
FREQUENCY {fl- I kH:r 

~:~~N~~~;O~~~~.,~~~S(J;~~ ~~ + 15 ,t-

.+~ 

SUBS;".T,-TO- SOUR~'VOL TS . (, :!;i:j: pc 

Ii I '!IIi :-< + 

II ' 
a -. -I 

Fig. 6· Forward transconductance vs. gate bias voltage 

'cOtiMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDEO 
AMBIENt TEMPERATURE {TAI;ZS-C 
FREQUENCY (f I" 200 MHr 
DRAIN MILLIAMPERES (Io I • 5 

gil 

o 5 10 15 
DRAIN-TO-SOURCE VOLTS (Vosl 

20 

92CS-1609~ 

Fig. 9 .. Input admittance vs. drain-fo-source voito,e 

92:e5-IC098 

Fig. 12 - Forward transadmittance vs. clroin current 

o 5 10 15 
DRAIN -TO- SOURCE VOLTS I Vas) 

' .. 

... 
20 

92C5- 17001 

Fig. 15-0utput admittance vs. Jro;n-to.source voltage 

323 



MOS FIELD-EFFECT DEVICES 

3N138 

SILICON INSULATED-GATE FIELD-EFFECT TRANSISTOR N·Channel Depletion Type 

For Crnical Chopper Applicatilns and Muftiplex Service in 
Instrumentation and Control Circuits 

RCA-3N138 is a silicon, insulated-gate field
effect transistor of th" N-channcl dcpll'tfon type, 
utilizing the MOS' construction. It is intended pri
marily for critical chopper and multiplex applica
tions up to 60MHz. 

The insulated gate provides a very high value of 
input resistance (10" ohms typ.) which is relatively 
insensitive to temperature and is independent of 
gate-bias conditions (positive, negative, or zero 
bias). The 3N138 also features extremely low feed
through capacitance W.18pF typ.) and zero inherent 
offset voltage. 

The 3N138 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

,. Metal-Oxide-Semiconductor. 

Maximum Ratings, Abso'ule·Max;mum Values: 
(Substrate cumH'ctrd to sOl/rce IIJI{ess otherwise specified) 
DRAIN:TO-SOURCE 

VOLTAGE, VDS -35 max. V 

DRAIN-TO-SUBSTRATE 
VOLTAGE, \'OB ~35,-O.3 max. V 

SOURCE-TO-SUBSTRATF. 
VOLTAGE, VS8 • 35, -0.3 max. V 

DC GATE-TO-SOURCE 
VOLTAGE, V<;s cc 10 max. V 

PEAK GATE-TO-SOURCE 
VO~TAGE, VGS - 14 max. V 

PEAK VOLTAGE, GATE-TO-ALL 
OTHER TERMINALS: Ves, V<:D. 
V(;I1~ ,non-repetitive ::-- 45 max. V 

DRAIN CURRENT."ID (PulsE' duration 
20 ms,duty fact((' .s. 0.10). . . • • • • . • • 50 max. rnA 

TRANSISTOR DISSIPATION, PT: 
At ambient temperatures up to 2SoC 330 max. m W 
above 25°C. . Derate linearly at 2.2-'mW/oC 

AMBiENT TEMPERATURE 
RANGE: ~ 

~~:ra:ting =~~ ~ :l~g :g 
LEAD 1:EMPERATURE 
(During ,Soldering) : 
At distances? 1/32" to seating sur· 0C 
face for Ip seconds max. 265 max. 

'0 25 
H 

TERMINAL DIAGRAM 

~ 
~ 

DRAIN-TO-SOURCE VOLTS -15 
AMBIENT TEMPERATU~E(TA)"25QC 

1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 
and Case 

o 
-3 -2 

GATE-TO- SOURCE VOL T5 (VGS) 
92CS 19731 

Fig_ 1 - Drain Current vs Gate-ta-Source Voltage 

3C 1+'0 

"~to . 
H'" 

DRAIN-TO-SOURCE VOLTS (VDS) 
92C$-1972' 

Fig, 2 - Drain Current vs Drain Voltage 

ELECTRICAL CHARACTERISTICS, at TA ~ 25° C, Unless Otherwise Specifled. Substrate Connected to Source. 

LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS Type 3N138 UNITS 

Min. Typ. Max.. 

Gate-leakage Current I,;ss V(,S = ± 10. Vns = O. T.-\. = 25°C 0.1 10 pA 
V(,S = ± 10, Vns = 0, T,.\ = 12Sa C 20 200 pA 

V(oS = 0, Vus = O. f = 1 KHz, l\ = 25°C 240 350 " Drain-te-Source "ON" Resist~lnce fIlS(on) V(iS = +10, VIJ", = 0, f = 1 KHz, T\ -'" 25°C 135 II 
V"' ~ 0, V,," ~ 0, I ~ I KHz, T, ~ 115'C 350 !! 

Drain-te-Source "OFF" Resistance Rmj(off) V(;S = -10, VIJf'. = +1 2X 10' 1010 n 

Drain-ta-Source Cutoff Current I ,,(off) VI;:; = -10, Vns = +1, T \ = 25°C 0.01 5 nA 
V(O~ = -10, Vns = + 1, T,\ = 125°C 0.01 0.5 .A 

Small-Signal, Short·Circuit, Reverse 
C'" V(;~ = -10, Vll~ = 0, f = 1 MHz 0.25 0.' pf 

Transfer Capacitance 

Small· Signal. Short·Circuit, Input 
C," V,,, ~ -10. V<>, ~ 0, I ~ I MHz pf 

Capacitance 

lero-Gale-Bias Forward Transconductance g" VlJ.'" = 12, 10 = 5 rnA 6000 .lJ mho 

Offset Voltage Vo VI;~ = ± 10, VIJS = 0 U' 

• In measurements of Olfset Voltage, thermocouple effects and contact 
potentials in the measurement setup may cause erroneous readings of 1 
microvolt or more. There errors may be minimized by the use of solder 

having a low thermal e.m.l. such as Leeds & Northrup No.l07·1.0.1, 
or equivalent. 
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Features 

excellent thermal stability 
zero inherent offset voltage 
low leakage current: 10 pA max. 
low "on" resistance-

'",Ionl ~= 2400 typo IVos OVI 
high "off" resistance-

R,,,loffl = 1 0 I "0 typo 
low feedback capacitance -

C,,, = 0.18pF typo 
• low input capacitance -

C", = 3pF typo 

Applications 
• Servo Amplifiers 
• Telemetry Amplifiers 
• Computer Operational Amplifiers 

Sampling Circuits 
• Electrometer Amplifiers 

",0: : 

2 4 • 
GAT£-TO-SOURCE VOLTS (VGS ) 

• 
Fig. 3 - Drain Current vs Gate-to-Source Voltage 

SUBSTRATE CONNECTED TO SOuRCE 
AMBIENT TEMPERATURE (T A)~ 25- C 

DRA!N-TO-SOURCE MILLIVOLTS (Vos) 

Fig. 4 - Low-Level Droin Current vs 
Drain-to-Source Voltoge 

SUBSTRATE CONNECTED TO souRCE 

:~:~~O~~~~~~T~~T~ T ~~~i~: ~I 

"\ 

\ 
["--... 

- -

GATE-TO-SOURCE VOLTS WGS) 
92C5-14652111 

Fig. 5 - Drain-fa-Source Static Resistance vs 
Gate-to-Source Voltage 
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3N139 

SILICON MOS TRANSISTOR N-Channel Depletion Type 

For Audio, Video, and RF Amplifier Applications in 
Communications, Instrumentation and Control Circuits 

Maximum Ratings, Absolute-Maximum Values: 

ORAIN-TO-SOURCE VOLTAGE. VOS' .• +35 max. 

ORAIN-T0-8UBSTRATE VOLTAGE. VOB +35. -0.3 max. 

SOURCE-TO-SUBSTRATE 
VOLTAGE.VSB·············· . +35, -0.3 max. 

OC GATE-TO-SOURCE VOLTAGE. VGS . ±10 max. 

PEAK GATE-TO-SOURCE VOLTAGE, VGS ±14 max. 

PEAK VOLTAGE. GATE-TO-ALL OTHER 
TERMINALS; VGS, VGD, VGB, non-
repetitive ................... ±42 max. 

V 
V 

V 
V 

V 

V 

RCA 3N139 is a silicon, insulated-gate field
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is a general purpose 
transistor especially suited for audio, video, and rf 
applications, and for wide-band amplifier designs. The 
insulated gate provides a very high input resistance 
(10 14 f2 typ.) which is relatively insensitive to tempera
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3N139 also has a high 
transconductance, a low value of input capacitance 
(3 pF typ,), and a very low feedback capacitance 
<0.19 pF typ.). 

DRAIN CURRENT, 10 ............ 50 max. mA 

TRANSISTOR DISSIPATIOK. PT: 
At ambient temperatures up to 2SoC . 330 mW 

The 3N139 is hermetically sealed in the standard 
4-lead JEDEC TO-72 package. 

above 2SoC .... . . Derate linearly at 2.2 mW/oC 

AMBIENT TEMPERATURE RANGE: 

Storage. . . . . . . . . . . . . . . . . . . .. -65 to +175 °c 
Operating. . . . . . . . . . . . . . . . . .. ~5 to + 175°C 

LEAD TEMPERATURE <During Soldering): 

At distance not closer than 1/32 inch to 
seating surface for 10 seconds max ... 

• Metal-Oxide-Semiconductor 

265 max. °c 

ELECTRICAL CHARACTERISTICS, at TA 25 0 C Unle .. Otherwise Spa. iRed. Bulk (Substrate) Conneded 10 Sourc. 

TEST CONDITIONS 

DC DC DC 
FREQUENCY DRAIN-TO- GATE-TO- DRAIN LIMITS 

CHARACTERISTICS SYMBOLS SOURCE SOURCE CURRENT UNITS 
VOLTAGE VOLTAGE 

t Vns VG~ I" 

MHz V V mA Min. Typ. Max. 

Drain·lo-Source Cutoff Current ROlOFF) IS -8 - - 50 .A 

Zero-Bias Drain Current* lOSS IS 0 5 15 25 mA 

TA~ we 0 ±10 - - I nA 
Gate Reverse Current IGSS 

TA~ llIOoC 0 ±10 - - 100 nA 
~-". 

Gate-to·Source Cutoff Voltage VGS(OFF) IS 0.05 -2 -4 --s V 

Small-Signal. Short·Circuit 
Reverse·Transfer Capacitance Crss I IS 5 0.05 0.2 0.4 pF 

(Orain-to-Gate) 

Input Resistance fjs 100 IS 5 12 - kf! 

Input Capacitance Ciss 1110 IS 5 - 3 10 pF 
-

Output Resistance ros 1110 IS 5 6 - kf! 

Output Capacitance Cess 100 IS 5 - 1.4 - pF 

Forward Transconductance 9ts 1 kHz IS 5 5 - mmho 

GATE-TO-SOURCE VOLTS (VGS) DRAIN MILLIAMPERES (IO" 
9ZCS-t!H33 

Fig. 2 - Drain Current vs Gate-to-Source Voltage Fig. 3 - 1 KHz forward transconductance vs drain current 

MOS FIELD-EFFECT DEVICES 

FEATURES 

• high input resistance 

RGS = 10 14 f2 typo 

elow input capacitance 
Ciss = 3 pF typo 

•. Iow feed backlcapacitance 
Cr •• = 0.2 pF typo 

elow gate leakage current 

IGSS =0.1 "Atyp. 
ehigh drain-to-sourc:e voltage: +35 max. V 

TERMINAL ARRANGEMENT 

~ 
~ 

14 Drain 

2 - Source 

3 - Insulated Gote 

.4 - Bulk (Substrate) 
and CasE' 

DRAIN - TO - SOURCE VOLTS ('10 S I 
92CS-t9121 

Fig. 1 - Drain Current vs Drain Voltage 

7 FREQUENCY {f)-1kHz 
ORAlN-TO-SOuRCEVOLTS-15 

Q AMBIENT TEMPERATURE (TAl" 25-C • 0 1 6 ~ 
I .~ 

§ 5 .P~~ /~ 

~ If 
;: 4 i 
~ ({ 

" 

-3 -2 -I 0 

GATE-TO-SOURCE VOLTS (VGS) 
92CS- 19120 

Fig. 4 - 1 I<Hz forward transconductance vs gate-ta-source 
voltage 
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MOS FIELD-EFFECT DEVICES 

3N140, 3N141 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 
For Amplifier and Mixer Applications Up to 300 MHz 

N-Channel Depletion Types 

APPLICA TtONS 

RCA-3N140 and 3N141* are n-channel silicon, depletion 
type. dual insulated-gate, field-effect transistors util
izing the MOS** construction. They have exceptional 
characteristics for rf-amplifier and mixer applications at 
frequencies up to 300 MHz. These transistors feature a 
series arrangement of two separate channels, each 
channel having an independent control gate. 

Maximum Ratings, Absolute-Maximum Values. at TA = 25°C 

DRAIN~TO~SOURCE VOLTAGE, VDS' . 0 to +20 

GATE No.l.TO·SOURCE VOLTAGE, VGIS: 

Continuous (de) . . . . • . . . . . . . . . -8 to + 1 

Peak ac .. , ............ , . • . -8 to +- 20 

GATE No.2.TO·SOURCE VOLTAGE, VG2S: 

Continuous (de) ..... , .... , ... -8 to 40"l'~ of VDS 

V 

V 

V 

v 
The 3N 140, used in a common-source configuration in 
which gate No.2 is Be grounded, reduces oscillator feed
through to the antenna thereby minimizing oscillator 
radiation. The 3N141 provides excellent isolation be. 
tween the oscillator and rf signals because, each of the 
two signal frequencies being mixed has its own control 
element. 

Peak ac . . . . . . . . . . . . . . . . . . • -8 to +20 V 

ORAIN·TO·GATE VOLTAGE, 
VOGI OR VOG2 • . . . . . . . • . . . . . + 20 V 

DRAIN CURRENT, In 
(Pulsed): Pulse duration < 20 ms, 
duty factor':: 0.15 ..... :-.••.... 50 rnA 

TRANSISTOR DISSIPATION, PT: 

At ambient l up to 25°C ....... . 400 mW 

The mixing function performed by the 3N141 is unique in 
that the signal applied to gate No.2 is used to modulate 
the input-gate (gate No.1) transfer characteristic. This 
technique is superior to conventional "square law" 
mixing, which can only be accomplished in the non
linear region of the device transfer characteristic. 

temperatures f above 25°C ...... . 

AMBIENT TEMPERATURE RANGE: 

derate linearly at 
2.67 mW/oC 

Storage and Operating. . . • • • . • •. -65 to + 175 °c 
LEAD TEMPERATURE (During soldering); 

At distances> 1/32 inch from 
seating surface for 10 seconds max •. 265 

The use of the 3N141 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc
tion in spurious responses is substantial and easily 
obtainable in simple circuits. 

The 3N140 and 3N141 are hermetically sealed in metal 
jEDEC TO-72 packages. 

* Fonnerly Dev. Nos. TA2644 and TA7274, respectively. 

** Metal-0xide-Semiconductor. 

ELECTRICAL CHARACTERISTICS, at TA = 25°C Onless Otherwise Specified. Common.Source Circuit. 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
TYPE 3NI40 TYPE 3N141 

RF AMPLIFIER MIXER 

MIN. TYP. MAX. MIN. TYP. MAX. 

Gate No.l·to·Source Cutoff Voltage VGIS(ofO VOS = + 16V, 10 = 200 "A 

VG2S = +4V 
·2 ·4 ·2 ·4 

Gate No.2·to·Source Cutoff Voltage VG2S(otn VOS = + 16V, 10 = 200 "A ·2 ·4 ·2 ·4 
V GIS = 0 

VGIS = ·20V, VG2S = 0 I 1 
VOS = 0, TA = 25°C 

Gate No.1 Leakage Current IoISS 
VGIS = + IV, VG2~ = 0 I 1 
VOS = 0, TA = 25 C 

VGlS = ·20V, VG2S = 0 

VOS = 0, TA = 125°C 
0.2 - 0.2 

VG2S = ~20V, VGl~ =0 1 - 1 
VOS =0, TA =25 C 

Gate No.2 Leakage Current [G2SS 
VG2S = +IV 

VOS = 0, VGIS = 0, TA = 25°C 
I 1 

VG2S = ·20V. VGIS = 0 

VOS = 0, T A = 125°C 
0.2 0.2 

Zero-Bias Drain Current lOSS 
. VOO = + 14V, VGIS = O. 5 18 30 5 18 30 

VG2S = +4 

Forward Transconductance 
gls 

VOO::: +14V, 10 = 10 mA 6000 10000 18000 6000 10000 18000 
(Gate No.1 to Drain) VG2S = +4V, I = I kHz 

CutOff forward Transconductance 
gfs(off) 

VOD ::: + 14V, VG1S =: -O.sv 
100 

(Gate No.1 to Drain) VG2S = ·2V, I = 1 kHz 

Small.Signal, Short-Circuit 
Ciss 

VOS '" +13V, 10 = 10 mA 3 5.5 7 3 5.5 7 
Input Capacitance· VG2S = +4V, f 1 MHz 

Small-Signal, Short-Circuit Reverse 
VOS "" +13V, 10 -= 10 mA 

Transfer Capacitance (Drain to Crss 0.01 0.02 0.03 0.01 0.02 0.03 
Gate No.1)· 

VG2S - +4V, f - 1 MHz 

Small-Signal Short,Clrcuit 
Coss 

VOS = +13V, 10 = 10 mA 2.2 2.2 • 
Output Capacitance VG2S = +4V, I = 1 MHz 

Power Gain (See Fig.l 
Gps 

VOO = + 15V, RS 0 270il 16 18 
for Measurement Circuit) I = 200 MHz, RG = SOn 

Voo = + 15V, RS = 120il, 
Conversion Power Gain Gpsc 

liN = 200 MHz, lOUT = 30 MH z 13 17 
(See Fig.2 for Measurement CircUIt) Oscillator Injection voltage-

" 2.5 V (rms) 

Measured Noise Figure 
NF VO~ = + 15V, RS = 270il 3.5 4.5 

(See Fig.l for Measurement Circuit) f = 200 MHz, RG = soil 

UNITS 

V 

V 

nA 

nA 

"A 

nA 

nA 

"A 

mA 

pmho 

,~mho 

pF 

pF 

pF 

dB 

dB 

dB 

• Pusle test Pulse duration < 20 ms, duty factor < 0.15. 

• Capacitance between Gate No.1 and all othel ter~nals. 
" Three-Terminal Measurement with Gate No.2 and Source Returned to 

Guard Terminal. 

• Measured from gate No.2 to source. 
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• RF amplifier and mixer in military and industrial 
communfcations equi pment 

_ aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEA TURES 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate perm-its Simplified agc circuitry 

• virtually no agc power required 

• greatly reduces spurious responses in 1m receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross·modulation performance and greater 
dynamic ronge than bipolar or single-gate FET's 

DEVICE FEATURES 

• low gate leakage currents _ -

IG ISS & IG2SS = I nA max. at T A = 25°C 

• high forward transconductance- __ 
gfs = 6000 ~mho min. 

• high unneutralized RF power gain __ 
Gps = 16 dB min. at 200 MHz 

• low VHF noise figure - - 4.5 dB max. at 200 MHz 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 • DRAIN 

LEAD 2 ~ GATE No.2 

LEAO 3 . GATE No.1 

LEAD 4 ~ SOURCE, SUBSTRATE 
AND CASE 

----- ---,-- -- - - -~ - --- --I 

VAGcf 
Q - 3NI40. 

I 
I 

OUTPUT 

J: 
T 
I 
I 
I 

270 I 
I ~!gw 1_ 100'" I 

-= I RFC I 
I toHMITE TYPE I 

j I Z235 OR EQUIV.l I 

~_-_1:2-i--- rr------J 

120K Voo 
<5V 

TC·P~ ___ ~v'V\r-O( ~~g 1 
IK 

l' Disc ceramic. All resi stors in ohms 

* Tubular ceramic. All capacitors in pF 

# Fer'rite bead (1/2 used); Indiana General No.H1742C-(A-147), 
F·1l57·I·H 

1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 

1-10 pF piston-type variable air capacitor: JFDTypeVAM. 
OW, Johanson Type 4335, or equivalent. 

C4: ~'~:i3 gi ~usi~~I~r.e variable air capacitor: Roanwell Type 

L 1: 5 turns silver-plated 0.02" thick, 0.07 '!O.OB" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. O.65~ Tapped at 1-1/2 turns from C1 endof 
winding. 

Lf Same as Ll except winding length approx. 0.7"; no tap • 

Fig.1 - 200 MHz power go;n ana noise figure test circuit 
for type 3N140 • 



____________________________ ~-----------------------------------------------MOSFIELD-EFFECTDEVICES 

3N140,3N141 

,. 

" !:! .. 
II! '0 

! 
" ;!! • ~ .. 

0 
-2 

=, 
I 
I 
I 

1000 1000 I 

~'----Ft'--~---

I 
I 
I 
I 
I 

1000 J 1:---- --

Q = 3NI41. 

"Disc ceramic • 

... Tubular ceramic. 

All resi stars in ohms 

All capacitors in pF 

CI • C2: !;~~u~~a;';Lab'e air capacitor: E.F. Johnson Type 160·102 

C3: ~i~~ .fo~a~j:~~nT~:: 4~~J~lre e~~j~:r:n~:tor: JFDType VAM-

C4: ~'J:f3 ~~ ::;:i~;i~~e variable air capacitor: Roanwell Type 

L t: 5 turns silver-plated 0.02" thick, 0.07 '!O.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. O.65~ Tapped at 1·1/2 turns from Cl endaf 
winding. 

L 2: Ohmite 2·144 RF choke or equivalent. 

L3: J.W. Mille, Co. #45800.1 !'Ii RF choke 0' equivalent. 

Note: If 500 meter is used in place of sweep detector, a low pass 
filter must be provided to eliminate local oscillator voltage 
from load. 

Fig.2 - Conversion power goin test circuit 
lor type lH141. 

DRAIN MILLIAMPERES (10) 

9!CS-15110 

Fig.4 - HF y. '0. 

AMBIENT TEMPERATURE ITA)~25·C 
DRAIN-TO-SOURCE VOLTS tVDsl .. 15 

~ .. '!. 

0 

GA~E' No.2-~o-SOURCE 
VOL~S IVG2S1--' 

-, 0 I 
GATE No. 1- TO-SOURCE VOLTS IVGIS) 

92CS-14790RI 

Fig.7 - '0 vs VG1S• 

Fig.10 - Yo. y. VOS· 

... 
" 
1'0 
37.5 

i 
z & c 
I!i 

2.5 

0 -. 

'2C5-15049 

Fig.S - GpS v. V G2S (For lHJ40). 

CC*lMON-SOURCE CIRCUIT,GATE No.1 INPUT~ 
AM81£NT TEMPERATURE (TAI:2e-c 

ORAlN-~O-SOURCE VOLTS (VOS)=13 
GATE No.1-VOLTAGE (VGIS) IS AD.lUSTEO 

FOR 10" 10", A WHEN VG2S"" V 
GATE No,2 AT AC-GROUNO POTENTIAL 

-3 -2 ~t 0 I 2 3 

10 

-. 
-10 

GATE No.2-TO-SOUR(;£ VOLTS (VG2S' 

'2(5-14411 

Fig.8 - '0 vs VG2S· 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)w2S·C 
FREOUENCY (f)z 200 MHz 
DRAIN MILLIAMPERES (101"8 
GATE No.2-TO-SOURCE VOLTS (VG2S1-4 

o 5 10 ,. 
DRAIN-TO-SOURCE VOLTS (Vosl 

92CS-147$2AI 

Fig." - YI. y. VOS· 

GATE No. 2- TO-SOURCE VOL. TS (Va2S) 

92CS-15109 

Fig.3 • HF v. V G2S. 

OSCILLATOR INJECTION VOLTAGE AT GATE No.2 IVLol-VOLTStrm) 

'2CS-15ill 

0.' 
o 

Fig.6. GpS(C)v, VLO (For 3HJ4J). 

-os 

-I 

-1.5 

-2 

CQtMJN-SOURCE CRClIT 
AMIOT ~MPERATUAE (TAl-Bee 
Ffl£QUENCY (fIw 200 MHz 
DItAIN .... L.1AMPERES 110'-' 
GATE No.2-TO-SOI.R:E \'OLTS (\b2S)w+4 

01. 

• " 15 
ORAIN-TO-SOURCE VOLTS IVDS) 

Fig.9 - Yis YS VOS· 

COMMON-SOURCE CIRCUIT 

92CS-14764RI 

AMBIENT TEMPERATURE nAI ~~wC 
fREQUENCY (f) .. ZOO MHz 
DRAIN MILLIAMPERES (10) .. 8 
GATE Nc.2-TO-SOURCE VOLTS(VG2S, c4 

900. 

a 5 10 ,. 
DRAIN-TO-SOURCE VOlTS (VOS) 

92C5-1411SRI 

Fig.12 • Yr. VS VOS· 
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MOS FIELD·EFFECT DEVICES 

3N140,3N141 

0.' 

·50 

328 

5 10 15 
DRAIN MILLIAMPERES (IO) 

Fig.13 . Yis V. 'D· 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA'·25·C 
FREQUENCY If)-2OO MHI' 
DRAIN-TO-SOURCE VOLTS 1Vos) * 15 

10 ~ 

i 

GATE NO.2-TO-SOURCE VOLTS (VG2S)·~ 

bra 

5 10 15 
DRAIN MILLIAMPERES IIol 

SZC:$-14773AI 

Fig.16 • Yr. v. 'D· 

COMMON~SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA}-2S·C 
FREQUENCY (fI "' 200 MHz 
DRAIN-TO-SOURCE VOLTS (Yosl-IS 
GATE No.I-TO-SOURCE VOLTS (VGIS)--O.6 

2 • 
GATE No.2-l0-S0URCE VOLTS IVG2S) 

92CS-147~Ar 

Fig.19. YI. VS VG2S• 

GATE No. I-TO-SOURCE VOLTS (VGlS) 
92C5-,4721 

Fig.22. gl. vs VGIS• 

DRAIN MILLIAMPERESUo' 

Fig. 14 • Yo. v. 'D. 

GATE Mo.2-TQ-SOURCE VOLTS(VG2S) 

Fig. 17 • Yi. vs VG2S• 

COMMON'SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA I - 25"C 
FREQUENCY 111 - 200 MHz 

.ORAIN-TO-SOURCE VOLTS (VOS) -15 
GATE NO.I-TO-SOURCE \lOLTS tVGIS) z 0.6 

o 

-2. 

·.0 
-I 0 I 4 

GATE No.2-TO-SOURCE VOLTS (\U2S) 

Fig.20· Yr. VS VG2S. 

Fig.23 • gl.2 VS VG2S· 

92CS-14765 

92CS-14159RI 

92CS 14711 

~ 
; 0.5 

i 
10.4 
.; 
~ 0.3 

~ 00.2 

8 
~ 0.1 

~ 
o 0 

·2 

COMMON-SQUACE CIRCUIT 
AMBIENT TEMPERATURE (TA1*25·C 
FREQUENCY (f) .. 200 MHz 
DRAIN-TO-SOURCE VOLTS (VOSI"'15 

GATE NO. 2-TO-SOURCE VOLTS IVG2S}·4 

-10 
o 

VI. 

• 10 
DRAIN MILLIAMPERES (ID' 

Fig.IS. YI. vs 'D. 

'" 
92CS-1416!R 1 

COMMON-SOURCE CIRCUIT ~1 
AMBIENT TEMPERATURE (TA' - 25"C . _ 
FREQUENCY (f) ~ 200 MHz 
ORAI"'I-TO-SOURCE VOLTS(VDS}zI3 
GATE NO 1- TO-SOURCE VOLTS (VG15J--06 

-I 0 I 3 4 

GATE NO.2-TO-SOURCE VOlTS {VG2S 1 

Fig.18· Yo. VS VG2S• 

2 tl 
~ 

I ~ 
0 0 

• 
Hes 14161 

-2 

GATE NO. 2-TO-SOUACE VOLTS (VG2S ) 

Fig.21 • gl. ond'D v. VG2S. 



MOS FIELD-EFFECT DEVICES 

3N142 

Silicon MOS Transistor N·Channel Depletion Typo 

For Industrial and Military Applications to 175 MHz 

The-3N142 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type utilizing the 
MOS· construction. 

The-3N142 is intended primarily for use as the rf 
amplifier in FM receivers and general amplifier applica
tions at frequencies up to 175 MHz. 

The wide dynamic range of the 3N142 reduces cross
modulation effects in AM receivers and .minimizes the 
generat,ion of spurious responses in FM receivers. 

• Metal-Oxide-8emiconductor 

Applications 

• RF amplifier, Mixer, and Oscillator in: 
CB and Mobile Communication Receivers 
Aircraft and Marine Receivers 
CATV and MATV Equipment 

• Industrial Control Circuits 
• Variable Attenuotors 
• Current Limiters 
• Instrumentation Equipment 
• High.lmpedance Timing Circuits 

Maximum Ratings. Absolute-Maximum 1/a/ues at T A = 25° C 

* DRAIN-TO-SOURCE 
VOLTAGE, V"s ............ "20 

• DRAIN-TO-GATE 
VOLTAGE, VI>(' -20 

* GATE-TO-SOURCE 
VOLTAGE, V"" 

Continuous ............... t1 to-8 
Peak ae ................. ·15 

\. 

V 

V 
V 

* DRAIN CURRENT, II> 50 rnA 

.TRANSISTOR DISSIPATION, p" 
At ambient ! up to 25°C ...... 330 mW 
temperatures t above 25"C ...... Derate at 2.2mW/"C 

'AMBIENT TEMPERATURE 
RANGE: 
Storage .................. -65 to +I 75 "C 
Operating . . . . . . . . . . . . . . . .. -65 to +I 75 °C 

• LEAD TEMPERATURE 
(During Soldering): 

At distances ~ 1132" from seating 
surface for 10 seconds max. . . .. 265 "C 

* In accordance with JEDEC Registration Data Format JS-S 
RDFlI-B 

ELECTRICAL CHARACTERISTICS: (At TA C 250 C) 

Measured !lith Substrate Connected /() Source Unless Otherwise Specified. 

CHARACTERISTICS SYMBOLS CONDITIONS 

Mm. 

Gate Leakage Current IGSS 

VOS = O. VGS = ·8 V. T A = 25° C 
VOS =0. VGS =·8 V. T A = 1250 C 
VOS = 0, VGS - + I, TA = 250 C 
Vos =0, VGS - +1. TA = 1250 C 

Zero· Bias Drain Current" lOSS VOS = 15 V. VGS = 0 5 

Orain-to-Source Cutoff Current 10IOffl VOS - 20 V, VGS = -8 V 

Gate-to·Source Cutoff Voltage VGS(olO Vos = 15 V. 10 • 50. A ·0.5 
forward Transconductance gfs VOS = 15 V. 10 - 5 mAo f·· 1 kHz 5000 
Drain·to·Source Channel ReSistance rosf on ! VOS - O. vGS - O. 1= 1 kHz 

Small· Signal Short·Circuit 
Reverse Transfer Capaclta"cet Crss Vos = 15 V. 10 = 5 rnA. I =0.1 to 1 MHz 0.10 

Small-Signal Short-CllcUit Input Capacitance C'SS Vos = 15 V. 10 5 rnA. I - 0.1 to 1 MHz 

Input AdmittanCe Yis Common Source Configllation 

Yfs 
f = 100 MHz 

forward Transfer Admittance VOS = 15V -
Output Admittance Yos 10 = 5 mA -
Maximum Available Power Gain MAG 
Maximum Usable Power Gain MUG 
(fixed Neutralization) VOS = 15 V. 10 - 5 mAo f "100 MHz 

Insertion Power Gain" 
"("Fixed Neutralization) Gps 16 

Noise Figure·· Nf VOS = 15 V. 10 = 5 rnA. f ~100 MHz 

Performance Features 

• Large dynamic range 
• Enhanced signol.handling capability for low 

cross-modulation 
• Dual-polarity gate permits positive ancl negatLy. 

swing without degradation of input impedance 
• Reducea spurious responses in FM receivers 
• Permits use of vacuum.tube biasing techniques 
• Excellent thermal stability for critical oscillotor 

designs 

Device Features 

• High input resistance - 1000 megohms 
• low feedback capacitance - 0.35 pF max. 
• low noise figure - 2.5 dB typo 
• High useful power gain -

neutralized - 16 dB min. at 100 MHz 
• Hermetioally sealed TO - 72 metal package 

LIMITS 

Tvp. 
0.0001 

0.0001 

15 

·3 
7500 

200 

0.22 

5.5 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 

LEAD 2. SOURCE 

LEAD 3 - INSULATED GATE 
LEAD 4. BULK (SUBSTRATE) AND CASE 

UNITS 

Max. 
1 nA 

ZOO nA 
I nA 

ZOO nA 

25 mA 

50 p.A 

-8 V 

11,000 ;..Lmho 

D. 

0.35 pF 

7 pf 

0.l55+)3.45 mmho 

7.5-JO.9 - mmho 

0.21+JO.9 mmno 

76 

17 
dB 

dB 

2.5 4 dB 

* In accordance with JEOEC Registration Data format JS·9 RDF-llB :t: Three·Terminal Measurement: Source Returned to Guard Terminal 

**See Fig. 1 

r-- - - - -- - --- -- -~ExTiRNAi.sHiElD- -;-----1 
I ., I 
I : C2 .k I 

I Q '3 'O~2 OUTPUT I ~~ 

I '1 rTI,-~-,....'""1>-"':";\:"' T 
INPUT r 

GENER:~~ I 

T 
I 
I L ____________ ~ _______ _ 

I 
I 
I 
I 

rre!----.J 
+Ii v 

92CS~170S4 

T, Nl "" 6 Turns.20 Tinned Copper Wire; %" 1.0. ~ .. Long 
00 = 205. N l/N2 = 4.85 

T 2 N 1 + N4 :: 6% T urnsIQO Tinned Copper Wire %" I. O. 9, 16"" Long 
Q o = 190Nl/N2= 1.9 Nl/N3= 12.3 Nl/N4=8 

Cl:: 10 pF Variable Air Capacitor (Hammarlund Mac-l0 or Equivalent) 
C2 = 5 pF Variable Air Capacitor (Hammar!und Mac-5 or Equivalend g3: ~~;!~F Piston-Tvpe Variable Air Capacitor (Erie 535C or Equivalentl 

Fig. 7 - Test Set Up for 700 MHz InlJenion Power Gain and 
Noise Figure 

For characteristics curves, refer to types 3N128 and 3N143. 
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MOS FIELD-EFFECT DEVICES 

3N152 

Silicon MOS Transistor N-ChaMel Depletion Type 

For Low-Noise RF Applications in Military & 
Industrial VHF Communications Equipment 
Operating up to 250 MHz 

RCA-3NI52 is an N-channel depletion-type silicon insulated 
gate field-effect transistor utilizing the MOS· construction. It 
is intended primarily for VHF amplifier applications up to 
250 MHz in military and industrial equipment. 

Because of its improved transfer characteristic and ex
ceptionally wide dynamic range, the 3NI52 with the 
substrate in the reversed bias mode can provide substantially 
better cross-modulation performance in linear amplifier 
applications than conventional bipolar transistors. The insu
lated gate with its extremely low reverse (leakage) current 
eliminates the problem of diode-current loading of the input 
circuit under strong input conditions, which is common to 
junction-type FET's. These features in addition to low 
feedback capacitance permit the design of circuits providing 
superior high-frequency operation and high gain without 
neutralization. The 3NI52 utilizes full-gate construction and 
is hermetically sealed in a JEDEC TO-72 metal package. 

• Metal..Qxide-Semiconductor. 

ELECTRICAL CHARACTERISTICS AT TA = 250C 

Maximum Ratings, Absolute-Maximum Values at fA =- 2fiDc: 
*DRAIN-TO-SOURCE VOLTAG!" VDS +20 max. V 
*DRAIN-TO-GATE VOLTAGE, VDG ........... +20 V 
wGATE-T().SOURCE VOLTAGE, VGS: 
* CONTINUOUS (de) ..••................. +1, -8 max. V 
* PEAK ae ..........•................... ±15 max. V 
* DR!\IN CURRENT, ID . . . • . . . . . . . . . . . . . . . . . . . 50 max. rnA 

TRANSISTOR DISSIPATION: 
Atambient tup to 25°C ................. 330 max. mW 
temperatureslabove 2SOC .............. derate at 2.2 mWIOC 

* AMBIENT TEMPERATURE RANGE: 
Storage.......... ... .. ...... .. .......... -6510 +175 OC 
Operaling. . . . . . . . . . . . . . . . . . . . . • . • . . . . . .. -65 10 + 175 OC 

* LEAD TEMPERATURE (During Soldering): 
At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum ....... 265 max. °C 

'It In accordance with Jedec Registration Data Fonnat Js.9 RDF II-B . 

Measured with Substrate Connected to Source Unless Otherwise Specified 

LIMITS 

3N152 

Features 

• Low gate leakage current -
IGSS = 0.1 pA typo 

• Low feedback capacitance -
Crss = 0.25 pF typo 

• High forward transconductance -
\Ifs = 7500 iU"ho typo 

• High vhf power gain -
Gps = 16 dB typo at 200 MHz 

• Low vhf noise figure -
N F = 2.5 dB typo at 200 MHz 

• exceptionally good cross-modulation characteristics 

Performance 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use ~f vacuum-tube biasing techniques 

• excell""t thermal stability 

• Superior cros .. modulation performance and greater 
dynamic range than bipolar transistors 

CHARACTERISTICS SYMBOLS CONDITIONS 
Min. Typ. Mo.. 

UNITS TERMINAL ARRANGEMENT 

• Gate Leakage Current 'GSS 

.. Zero-Bias Drain Current I DSS 

Drain-t~-Source Cutoff Current 'Oloffl 

* Gate·to-Source-Cuto~f Voltage VGSloffl 

.. Forward TransconductBftC8 gfs 

Orain·to.source Channel Resistance roslon) 

• Small-Signal Short-Circuit 
Reverse Transfer Capacitanc;e& C rss 

Smell-5ignal Short-Circuit Input Capacita~ce C ISS 

Input Admittance Y IS 

Forward Transfer Admittance Y fs 

Output Admittance Yos 

Power Gain 
Maximum Available ·Gain MAG 

NOise Figure (See Figs. 1 &: 2) NF 

VOS=15V.VGS=O 

VDS ~ 20 V, VGS = -av. 

Vos '" 15 V,IO=50/oiA 

vos = 15 V. '0 = 5 rnA, f .. 1 kHz 

Vos = O. vGS = D, f = 1 kHz 

Vos = 15 v, '0" 5 rnA, f ~ 0.1 to 1 MHz 

Vos - 15 V.IO '" 5 rnA, f" 0.1 to 1 MHz 

Common Source Configuration 
f = 200 MHz 

VDS~ 15V, 

'0 SmA 

Vos 15 v, 10 = 5 rnA, I· 200MHz 

Vos 1!i v. 10 - 5 rnA, t 200 MHz 

-0.5 

5000 

0.15 

14.5 

... Thr-ee-. Terminal Measurement. Sour-ce Returned to Guard Terminal. 

• In accordance with JEDEC Registration Data Format J5-9 RDF·l1 B. 

r-------------,------------, 
I I I 
I I I 
I I I 
I I I 

: I-'Q .. '".--~-..... -""fIH21 
I 
I 
I 

INPUT 100' 
.on ~f.-+ .... --, 
GEN 1.. 

.. 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I L __ _ 

Q= JNI54 

RFC I 
../"! (OHMITE TYPE I 

EXTERNAL I Z235 OR EQUIV) l 
SHIELD I I 

~!'iL----L------- ~----~ 

24. II IO=5mA 

voo L.-----------o ... ,5V 
All R.sisle,. ; ....... l1li1/4. ~ TUBULAR CERAMIC 

·DIK: CERAM.c .. nlltSl ........... IpKiliH. 
All C.pac;, .... ill pF. 92CS-t4892RI 

0.0001 n" 
200 n" 

• 
15 30 m .. 1 - Droln 

2· Source 
so ." 3 . Insvloted Gote 

·3 -8 V 4 - Bulk (Svbslrote) 
ond Cose 

7500 12.000 joIml'tO t 4 

200 !! 

0.25 0.35 pF 

5.5 pF 

0.4 + J7.3 mmho 

7·J2 mmho 

0.28 I J1.8 rnmho 

21 d8 

16 d8 

2.5 3.5 d8 

Fig. 2 - Noise figure measuremlNlt setup. 

C,.C2: 1.5-5 pF variable air capacitor: E. F, Johnson Tvpe 160-102 
or equivalent 

C3: 

C4. C5: 

'-10 pF piston-type variable air capacitor: JFD Type 
VAM-010. Johanson Type 4336, or equivalent 
0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH·' 3 or eQ"ivalent 

L1: 5 turns silver·plated 0.02" thick, 0.07"-0.08"" wide copper 
ribbon, Internal dNimeter of winding'" 0.25"; winding 
length approx. 0.66". Tapped at 1-1/2 turns from C1 end 
ofwincling 

L2: Same as L1 except winding length approx. 0.1"'; no tap 

For characteristics curves, refer to types 3N128 and 3N143_ 

Fig. 1 . TtI$f circuit used to measure 2OO·MHz maximum usable power gain and noise Figure. 
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MOS FIELD-EFFECT DEVICES 

3N153 

SILICON INSULATED GATE FIELD· EFFECT TRANSISTOR 
,.:-.CIlannet Depletion Tr~ 

RCA 3N153 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type, utilizing the 
MOB'" construction. It is intended primarily for critical 
chopper and multiplex applications up to 60 MHz. 

Maximum Ratings, Abso/ute.Maximum Values: 

(Substrate connected to source unless otherwise specified) 

+20 max. 

FEATURES 

• excellent thermal stability 

• virtually •• ro inh.r.nt ollset voltage 

• low leakage current: 50 pA max. 

V 

• low "on" r •• istonce - rDS(on) = 200g typo 

• high "off" r.sistonce-RDS(off) = 10 10 g typo 

The insulated gate provides a very high value of 
input resistance (1010 ohms typ) which is relatively in
sensitive to temperature and is independent of gate.bias 
conditions (positive, negative, or zero bias). The 3N153 
also features extremely low feedback capacitance 
<0.34 pF typ) and virtually zero inherent offset voltage. 

DRAIN-TO-SOURCE VOLTAGE. VDS ... 
DRAIN-TO-SUBSTRATE VOLTAGE. VDB. 
SOURCE-TO-SUBSTRATE 

+20. -0.3 max. V 
• low feedback capacitance - Crss = 0.34 pF typ, 

VOLTAGE, VSB' .............. . 
DC GATE-TO-SOURCE VOLTAGE, VGS . 
PEAK GATE-TO-SOURCE 

VOLTAGE, vGS ......... , ..•.. , 
DRAIN CURRENT. 10 

(~UJ~io~u~~t~o~.~ .~s: .d~t~. f~~t~r ..... 
TRANSISTOR DISSIPATION. PT: 

At ambient temperatures 

+20. -0.3 max. V 
is,-8 max. V 

±14 max. V 

50 max. rnA This transistor features a Terminal Arrangement in 
which the gate and source connections are interchanged 
to provide maximum isolation between the output (drain) 
and the input (gate) terminals. Although this new basing 
configuration does not appreciably change the measured 
device feedback capacitance, it permits the use of 
external inter-terminal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This feature makes it possible to mini
mize feedthrough capacitance. 

from -65 to +25OC •.•........•.. 400 max. mW 
above 25°C ....•...... derate linearly at 2.67 mW/oC 

AMBIENT TEMPERATURE RANGE: 

The 3Nl53 is hermetically sealed in the JEDEC 
T0-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

• Metal..oxide-Semiconductor 

Storage ....•.................. 
Operating ................... . 

LEAD TEMPERATURE 
(During soldering): 
At distance ~ 1132" to se~ting 
8urface for 10 seconds max. . .•..•.. 

-65 to +175 DC 
~ to +175 DC 

265 max. °c 

ELECTRICAL CHARACTERISTICS, at TA = 25°C, Unle •• Otherwise Specified. Substrate C~nn.ctecl to Source. 

LIMITS 

CHAR ACTER ISTICS SYMBOLS TEST CON OIT IONS Type 3Nl53 UNITS 

Min. Typ. Max. 

Gate·Leakage Current IGSS 
VGS =+6,-BV; VOS =OV; TA = 250C 0.1 50 pA 
VGS =+6,-8V; VOS=OV; TA = 1250C I nA 

Static Orain-Io·Source 
"ON" Resistance 

rOS(on) VGS = OV, VOS = OV 200 300 D 

Orain·lo·Source 
"OFF" Resistance 

ROS(off) VGS = -8V, VOS = +IV 109 1010 D 

Orain-Io-Source 10(011) VGS =-8V, VOS =+ IV, TA = 250C 0.1 I nA 
Culoff Current VGS =-8V. VOS =+ IV, TA = 125°C 0.1 I /LA 

Small-Signal, Shorl·Circuit, Crss 
VGS =-8V, VOS =OV, I = I MHz " 0.34 0.5 pF 

Reverse Transler Capacitance VOS =15V. 10 = 5 rnA, I = I MHz 0.25 0.38 pF 

Small·Signal, Short-Circuit, 
Ciss VGS = ·8V, VOS = OV, I = I MHz 6 8 pF 

Inpul Capacitance 

Small-Signal, Orain·lo-Source Cds VOS =OV. VGS =-8V, I = I MHz 3 pF 
Capacitance 

Zero·Gate-Bias g,s VGS = OV, VOS = + 15V 10,000 I'mho 
Forward Transconductance 

• low input capacitance-Cis. = 6 pF typo 

APPLICA TIONS 

• Choppers 

• Multiplex.rs 

• Servo Amplifie .. 

• Computer Operational Amplifie .. 

• Sompling Circuits 

• Electrometer Amplifiers 

TERMINAL DIAGRAM 

~ 
~ 

1 .. Drain 

2· Source 
3 - Insulated Gate 

4 - Bulk (Substrate) 
and Case 

SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE eTA )-,S·C 

o 

5 
3 
2 

IIGs -0 

5 10 15 

-I 

DRAIN-TO-SOURCE VOLTS (Yosl 

Offsel Voltage Vo VGS = +6,-8V; VOS =OV O· V .ecs-I"'.' 
F /9.1 - Drain current vs. Jraln-to-source voltage • 

• In measurements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause erroneous readings of 
1 microvolt or more. These errors may be minimized by the use of solder having a low thermal a.m.f., such as Leeds & Northrup NO.107-1.0.1, 
or equivalent. 

DRAIN-To-SOURCE MILLIVOLTS (Vost 

92CS-I04944 

sueSTRATE CONNECTED TO SOURCE 
DRAIN-fo-SOuRCE VOLTS NDS)-.I 
AMBIENT TEMPERATURE (TA}-2~·C 

GATE-TO-SOURCE VOLTS (VGsl 
92CS-1494i5 

F;g.2 - Low-level Jra;n current 
vs. drain-fo-.ouree voltage. 

Fig.3 - Drain-fa-source static resistance 
vs. gaf.-to-souree voltClge. 
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MOS FIELD-EFFECT DEVICES 

3N154 

Silicon MOS Transistor N-Channel Depletion Type 

For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 

RCA 3N154 is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS. 
construction. It is intended primarily for vhf amplifier 
applications up to 250 MHz in military and industrial 
equipment. 

Maximum Rating$, Absolute-.\.faximum Values at T A = 25°C: 

*DRAIN-TO-SOURCE VOLTAGE, VDS ' , ••• +20 

*DRAIN-TO-GATE VOLTAGE, VOO ...... . +20 

*GATE-TO-SOURCE VOLTAGE, VGS: 
CONTINUOUS (de) ...•••••..•..•. + 1. -8 

V 

V 

V 

Beca use of its improved transfer characteristic and 
exceptionally wide dynamic range, the 3N154 can provide 
substantially better cross modulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-current loading of the input circuit 
under strong signal conditions, ,a problem which is common 
to junction-type FET's. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providing superior high-frequency operation and high gain 
without neutralization. The 3Nl54 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
T0-72 metal package. 

PEAK ac . • . .• . . . . . . . . . • • . . • . ± 15 V 

*DRAIN CURRENT, ID" . • . •• • . • • • . . • . 50 rnA 

*TRANSISTOR DISSIPATION: 
At ambient l up to 25°C • • • . • • • • . . • 330 mW 

temperaturesf above 25°C .•...... derate at 2.2 mW;"..; 

*AMBIENT TEMPERATURE RANGE: 
Storage ...•........•••...•... , ..05 to + 175°C 
Operating ...........•........ , ~5 to + 175°C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1132 inch to 
seating ~urface for 10 seconds maximum. 265 °c 

In accordance with JEDEC Registration Data Format JS9--RDF-11 B 

• Pulsed: 

• Metal-Oxide-Semiconductor 

Pulse duration.:5. 20 rns 

Duty factor ~ 0.15 

* 

* 

* 

* 

ELECTRICAL CHARACTERISTICS: (At TA" 25° C) 

Measured uilh Substrate Connected to Source Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS CONDITIONS 

VOS = 0, VGS = ·8 V, TA = 2So C 

Gate Leakage Current IGSS 
VOS=O, VGS=-8 V, TA=1250C 
VOS=O, VGS=+I, TA=2SoC 
Vas = 0, VGS = + I, T A = 1250 C 

Zero-Bias Drain Current lOSS VOS = IS V, VGS = 0 

Drain-to-Source Cutoff Current 10(011) VOS = 20 V, VGS =-8 V 

Gate-to-Source Cutoff Voltage VGS(off) Vas = IS V, 10 = 50fJ.A 
Forward Transsconductance gfs VOS= ISV, 10=S mA, f= 1kHz 

Orain-to-Source Channel Resistance roS<°n) Vas = 0, VGS = 0, f = I kHz 

Small-Signal Short-Circuit 
Crss Reverse Transfer Capacitance VOS = IS V, 10 = SmA, f = 0.1 to I MHz 

Small·Signal Short-Circuit Input Capacitance & Ciss Vos = IS V, 10 = SmA, f = 0.1 to I MHz 

Input Admittance Yis Common Source Configuration 

Forward Transfer Admittance Yls 
1=200 MHz, 
VOS=ISV, 

Output Admittance Yos 10 = 5 rnA 

Maximum Avail3lle Power Gain 
MAG 

Insertion Power Gain (Fixed Neutralization) 
VOS = 15 V, 10 = S rnA, 1= 200 MHz 

(see Fig. 1) GpS 

Noise Figure (see Figs.1 & 2) NF Vas = 15 V, 10 = SmA, f = 200 MHz 

* In Accordance with JEDEC Registration Data Format Js-.9 RDF-llB 

... Three-Terminal Measurement: Source Returned to Guard Terminal 

• SEE FIG. I FOR CIRCUIT 

LIMITS 

3NIS4 UNITS 

Min. TVD. Max. 
0.0001 0.05 nA 

5 nA 
0.0001 0.05 nA 

S nA 

10 15 25 mA 

50 fJ.A 

-O.S -3 ·8 V 

5000 7500 12,000 fJ. mho 

200 D 

0.15 0.25 0.35 pF 

S.S 7 pF 

- 0.4 + J7.3 . - mmho 

- 7 -J2 - mmho 

- 0.28 + Jl.8 - mmho 

21 dB 

13.5 16 dB 

3.5 5 dB 

Device Feature: 

• Closely controlled lOSS - 10 to 25 mA 
• Low gate leakage current - IGSS = 0.1 pA typo 
• Low feedback capacitance - Cns = 0.25 pF typo 
• High forward transconductance - 9fs = 7500 "mho typo 
• High vhf power gain - Gps = 16 dB typo at 200 MHz 
• Low vhf no ise figure - N F = 3.5 dB typo at 200 MHz 
• Exceptionally good clOss-modulation characteristics 

Performance Features 

• Large dynamic range 
• Greatly reduced spurious responses 
• Permits use of vacuum-tube biasing techniques 
• Excellent thermal stability 
• Superior cross-modulation performance and greater 

dynamic range than bipolar transistors 

TERMINAL DIAGRAM 

1 - Drain 

2 - Source 

3 - Insulated Gate 

4 ~ Bulk (Subsrrale) 
and Case 

,-------------l------------l 
I C1 05* ! I 
I I I 
I Q I Cs OUTPUT 
I 50.0 
I LOAD 

I 
I 

INPUT 100· 

50n ~f-+-~-, 
GEN 1-

T 471( 

I 
I 
I 
I 
I 
I 

I 

EXTERNAL~ 
SHIELD 1 

T 
I 
I 
I 
I 
I 
I 
I 
I 

RFC I 
!OHMITE TYPE I 
Z235 OR feUIV) i 

I L __ _ ~- ____ L_------ ~----~ 

2 •• :11 IO=5mA 

0- 3to1l54 
L---------..... ov·2t~v 

All Resl$to.s in ohms Clnd 1/4 W * TUBULAR CERAMIC 
unless olh.' .... se specified 

All (opoeito., in pF 
• DISC CERAMIC 92CS-14892RI 

Cl' Ci ~r~~~a;:~~able air capacitor: E. F. Johnson Type 160-102 

C3: 1~~~:O~i~~~~~K35~~rri!~I:i:~~e~~acitor: J FD Type VAM-OIO, 

C4, C5: ~.tif~r P~~~f~~~~~ variable air capacitor: Roanwell Type 

Q = 3N154 

L1: ~ turns Silver-plated 0.02" thick, 0.07"·0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx.0.65". Tapped at 1-1/2 turns nom CJ end 
of winding 

L2: Same as Ll except winding length appro~. 0.7"; no tap • 

Fig. 1 - T8IJt cin:uit used to measure 200-MHz maximum 
ul18ble power gain and noi.., figure 

Fig. 2 - Noi.., figure measurement serup For characteristics curves, refer to types 3N128 and 3N143, 
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MOS FIELD-EFFECT DEVICES 

3N159 

SILICON DUAL INSULATED·GATE FIELD·EFFECT TRANSISTOR 
For Military and Industrial Low-Noise RF-Am_ifier 
Applications Up to 300 MHz 

N-Channal Daplfllon Ty~ 

PERFORMAHCE FEATURES 

The 3NlS9" is an n-channel silicon, depletion type, 
dual insulated-gate, field-effect transistor utilizing the 
MOS** construction. It has exceptional characteristics 
for rf - amplifier applications at frequencies up to 
300 MHz. This transistor features a series arrangement 
of two separate channels, each channel having an 
independent control gate. 

Type 3NlS9 has an exceptionally low-noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a common-source con
figuration in which gate No.2 is Be grounded, this device 
reduces oscillator feedthrough to the antenna thereby 
minimizing oscillator radiation. 

The 3NlS9 is hermetically sealed in the metal JEDEC 
TO-72 package. 

** Metal-Oxide-Semiconductor. 

APPLICATIOHS 

• RF amplifier in military and industrial communications 
equipment 

• aircraft, marine and vehicu lar receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

Maximum Ratings, Absolute-Maximum Values: 

at TA = 25°C 

DRAIN-T().SOURCE VOLTAGE, VDS ' .••.••. 0 to +20 V 

GATE-No.l-T()'SOURCE VOLTAGE, VGlS: 
Continuous (de) •......•...•..•...•• -8 to +1 V 

~eak ae ....•.................• -8 to +20 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2S: 
Continuous (de) . . . . • . . . . . . . .. ·8 to 40% of VDS V 

Peak ac ....•••..........••..... -8 to +20 V 

DRAIN·T().GATE VOLTAGE: 
VDGl or VDG2 .••.••.....••••••..•..•• +20 V 

DRAIN CURRENT, 10 
Pulsed: Pulse duration 5 20 ms, 

duty factor 5. 0.15 ... . . . . • . . . . . . . . . . . • • SO mA 

TRANSISTOR DISSIPATION, P T: 

At ambient } up to 25°C .•••••...••••••• 400 mW 

temperatures above 25°C ....•..... derate linearly at 

2.67 mW/oC 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating ......•....... -65 to +175 °c 
LEAD TEMPERATURE (DuriDg soldering): 

At distances ~ 1/32 inch from seating 

surface for 10 seconds max. . ....••••.....• 

ELECTRICAL CHARACTERISTICS, at T A = 2SoC unless otherwise specified 

CHARACTERISTICS SYMBOLS 

Gate·No.l·to·Source Cutoff Voltage VGIS(off) 

Gate-No.2-to-Source Cutoff Voltage V G2S(off) 

Gate·No.l-leakage Current IGlSS 

Gate·No.2·leakage Current IG2SS 

Zero·Bias Orain Current lOSS· 

Forward Transconductance 
gfs (Gate·No.l·to·Orain) 

Cutoff Forward Transconductance 
gfs(off) (Gate·No.1·to·Dra in) 

Small·Signal, Short·Circuit 
Ciss Input Capacitance': 

Small·Signal, Short·Circuit, Reverse Transfer Crss 
Capacitance (Drain·to·Gate No.1)' 

Small·Signal; Short·Circuit 
Coss Output Capacitance 

Maximum Usable Power Gain MUG 
(See Fig.1 for Measurement Circuit) 

Measured Noise Figure NF 
(See Fig.1 for Measurement Circuit) 

• Pulse Test: Pulse duration < 20 ms, duty factD[ < 0.15 • 
.. Capacitance between Gate N;:l and all other termi;aIS. 

TEST CONOITIONS 

VOS = +16V, 10 = 200 p.A 
VG2S = +4V 

VOS = +16V, 10 = 200 p.A 
VGIS = 0 

VGIS = ·20V, VG2S = 0 
Vn~ = 0, TA = 2SoC 

VGIS = +IV, VG2S = 0 
VOS = 0, TA = 2SoC 

VGIS = ·20V, Vp2S = 0 
VOS = 0, TA = 2SoC 

VG2S = ·20V, VGI~ = 0 
V DS = 0, T A = 2S C 

VG2S = +1, VOS = 0 
VGIS = 0, TA = 2S oC 

VG2S = ·20V, VGiS = 0 
VOS = 0, TA = moc 

VOD = +14V, VGlS = 0 
VG2S = +4V 

VOO = +14V, 10 = 10 rnA 
VG2S = +4V, f = I kHz 

VOD=+14V, VGIS=-0.5V 
VG2S = ·2V, f = I kHz 

VOS = +13V, 10 = 10 mA 
VG2S = +4V, f = I MHz 

VOS = +13V, 10 = 10 mA 
VG?S = +4V, f = I MHz 

VOS = +13V, 10 = 10 rnA 
VG2S = +4V, f = I MHz 

VOO = +ISV, RS = 2700 
RG = SOO, f = 200 MHz 

VOO = +ISV, RS = 2700 
f = 200 MHz, RG = sao 

.. Three~Terminal Measurement with Gate ND.2 and Source Returned to Guard Terminal. 

For characteristics curves refer to types 3N 140, 3N141. 

LIMITS 

3NIS9 UNITS 

Min. Typ. Max. 

-2 ·4 V 

·2 ·4 V 

I nA 

I nA 

0.2 p.A 

I nA 

I nA 

0.2 p.A 

S 18 30 mA 

7000 10,000 18,000 p.mho 

100 p.mho 

3 S.5 7 pF 

0.01 0.02 0.03 pF 

2.2 pF 

16 18 22 dB 

2.S 3.S dB 

a wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified agc circuitry 

• Virtually no agc power required 

• greatly reduc.s spurious response. in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent th.rmal stability 

• sup.rior cross-modulation performance and greater 
dynamic range than bipolar or single-gate field-effect 
transistors 

DEVICE FEATURES 

• low gate leakage currents - -
IGISS & IG2SS = 1 nA max. 

• high farward transconductance - -
91s = 7000 "mho ml n. 

• high linneutralized RF power gain -
Gps = 16 dB min. at 200 MHz 

• low vhf noise figure - -
Nf = 3.5 dB max. at 200 MHz 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE, SUBSTRATE AND CASE 

-----,------------l 

: 1 
3" I I 

QI.. .. OUTPUT 

• 

1 1 
=1 I 

I I 
1 I 
1 I 

~---T-.L-- T'-----J 
,., 

~LT=OP:===:===:'~~:'=~-,:~f-Gl-~~ 
VAGC,± II< 

• Tubular ceramic 
• Disc ceramic 
# Fellite bead (1/1 used); Indiana General No. H 1141C~A-147) or 

F1l5H·H or equivalent. 
t VHF plug in socket Jettron CD72·i48and CD71l49 (part No.7977-1) 

or equivalent. 

CI, Ct 1.5·5pF variable air capacilor: E. F. JOOnsoh Type 160·101 
or equivalent. 

Cr J.lO pF piston·lype variable air capacitor: JFD Type 
VAM·OlO, Johanson Type 4335, or equivatent. 

C4' 0.3-3 pF pistoo·type variable air capacitor: Roanwell Type 
MH·13 or equivalent. 

LI: 5 turns silver·plated 0.02" thick. 0.07"0.08" wide copper 
ribbon. Internal diameter of wiooing = 0.15': wiooing 
length approx. 0.65". Tapped at H/1 turns from CI end 
of winding. 

L1: Same as LI .. cept winding length approx. 0.7"; no tap. 

Fig.l - 200-MHz po ... r gllin anti noise-figure I"st 
circuil for type 3H159. 



MOS FIELD-EFFECT DEVICES 

3N187 

Silicon Dual Insulated· Gate Field· Effect Transistor 
N-Channel Depletion Type Device Features 

With Integrated Gate-Protection Circuits • Back-to-back di odes protect each gate against handl iog and in-ci rcuit transients 
• High forward transconductance - gfs" 12,000 ~mho (typ.) 

For Military and I ndustrial Applications up to 300 MHz • High unneutralized RF power gain - Gps " 18 dB(typ.) at 200 MHz 
• Low VHF noise figure - 3.5 dB(typ.) at 200 MHz 

RCA-3N187 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. 

Special back-l<}-back diodes are diffused directly into 
the MOS'" pellet and are electrically connected between 
each insulated gate and the FET's source. The diodes 
effectively bypass any voltage transients which exceed 
approximately .10 volts. This protects the gates against 
damage in all normal handling and usage. 

A feature of the back-l<}-back diode configuration is 
that it allows the 3N 187 to retain the wide input signal 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little to the 
total capacitance shunting the signal gate. 

The excellent overall performance characteristics of 
the RCA-3NI87 make it useful for a wide variety of rf
amplifier applications at frequencies up to 300 MHz. 
The two serially-connected channels with independent 
control gates make possible a greater dynamic range 
and lower cross-modulation than is normally achieved 
using devices having only a single control element. 

The two-gate arrangement of the 3N187 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-Source configuration and ac
grounding Gate No.2. The reduced capacitance allows 

operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 

The 3N 187 is hermetically sealed in the metal JEDEC 
TO-72 package. 

.. Metal-Oxide-Semiconductor 

Maximum Ratings, 

Absolute-Maximum Values, at TA =2SO C 

DRAIN-TO-SOURCE VOLTAGE, VDS ' ,. -0.2 to +20 
GATE No. I-TO-SOURCE VOLTAGE. "GIS: 

Continuous (de> •••.••••••••.••• -6 to + 3 
Peak ae .•••••••.••....••.• " -6 to +6 

GATE No. Z-TO-SOURCE VOLTAGE, v G2S: 
Continuous (de) • • • • • • . • • • • •• -6 to 30% of V DS 
Peak Be ••••••••••••••••••••• -6 to +6 

• DRAIN-TO-GATE VOLTAGE, 
VOGI OR VOG2 •••...•..•••••. +20 

• ORAIN CURRENT, 10 ' •• , • . . • • • • •. 50 
• TRANSISTOR DISSIPATION P T: 

At ambient }up to 2SDC ••••••... 330 
temperatures above 25°C ...••.. derate linearly at 

2.2 mW/oC 
• AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 
• LEAD TEMPERATURE (During Soldering): 

At distances :2 1/32 inch from 
seating surface for 10 seconds max. 265 

• In accordance with JEDEC Registration Data Format 
,18-9 RDF-19A 

v 

V 
V 

V 
V 

V 

rnA 

mW 

r-----------;;,..----- ----------, 
I EXTERNAL SHIELO"""--- ""-. Q I 
I C4 OUTPUT 

L, 

270 47< 

334 

.. 

I.BK 

~ 
1000 

210 
1% 

112 W 

4 ! L2 1.5-
I 
I 
I 

~ 
I 

I 
I 
I 
I 
I 
I 

t: F6~oJetn~t?D~ ~:~ylrno.f~b!CO~~·3 ';~a~~~~:~eJs'~. ~ Di~~ l~:ramic. 
All reSistors In ohms * Tuoolar ceramic. 

All capacitors 10 pF 

Cr 1.8-8.7 pF variable al( capacitor: E.F. johnson Type 160-104, 
or equivalent 

Ct 1.5-5 pF variable air capacitor: £.F. Johnson Type 160-102, 
or eqUivalent. 

1_ 100· II CC3
4

.: j~!~to~ ~:~~n4~t{ ~~r~~~:~a~~ni.apacltor: JFD Type VAM-010' 

0.8 -4.5 pF piston type variable air capacitor: Erie 560·013 or 
I RFC I eQu.lvalenl. 
! (~~~IJEo~Y~~UIV.) ILl: 4 turns Silver-plated O.OZ'ln. thick, 0.075-0.085-in. Wide, copper 

~ ----1---~ ____ -' ~~~r~x .. J~ci~r~;.ldiameler ofw!odlOg ",0.2510, wlndrng length 
1000- 1000-

120 K LZ: 41Z turns silver·plated 0.02-ln thick, D.D8S-D.095-1f]. Wide, 5.'1&-1n. 
I D. Coli ~.90 In. long. 

Fig_ 1 - 200-MHz Power gain ana noise.figure test. drcuit 

DRAIN MILLIAMPERES 1101 

Fig. 3- HF vs. '0 
Fig. 4- GpS V$. VG2S 

Applications 
• RF amplifier, mixer, and IF amplifier in military, and 

industrial communications equipment 
• Aircraft and marine vehicular receivers 
• CATV and MATV equipment 
• Telemetry and multiplex equipment 

Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

• Wide dynamic range permits large-signal handling 
before overload 

• Virtually no agc power required 
• Greatly reduces spurious responses in FM receivers 

10 

z 
~ 

"'40 
w 
~ 

'" ~ 30 

! 
!! .0 

'" x 
~ 10 

TERMINAL DIAGRAM 

LEAD l-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No.1 
LEAO 4-S0URCE. SUBSTRATE 

AND CASE 

. FREQUENCY {fl' 200 MHz 
DRAIN TO SOURCE VOLTS (VDS)' 15 
GATE No. I .. VOLTAGE (VGIS) IS ADJUSTED 

FOR 'iOmAWHEN v~ '4V 

GATE No 2- TO-SOURCE VOLTS (VG2S) 

Fig. 2- HF V$. VG2S 

lOa 200 .00 
FREQuENCY (I)-MHz 

Fig. 5- MAG. vs. f 

92CS-1510~1 

400 

925S-4086 



3N187 

ELECTRICAL CHARACTERISTICS. at TA = 250 C unless otherwise specified 

CHARACTERISTICS SYMBOL 

Gate No. I-to-Source Cutoff Voltage VGIS(off) 

Gate No. 2-to-Source Cutoff Voltage VG2~(off) 

Gale No. I-Terminal Faward Current IG1SSF 

Gate No. I-Terminal Reverse Current IGISSR 

Gate No. 2-Terminal Forward Current IG2SSF 

• Gate No. 2-Terminal Reverse Current IG2SSR 

Zero-Bias Drain Current lOS 

Forward Transconductance gfs (Gate No. I·to-Drain) 

Small·Signal, Short-Circuit Input Capacitance! Ciss 
Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance Crss 
(Orain-to-Gate No. I). 

Small-Signal, Short-Circuit Output Capaci tanc Coss 
Power Gain (see Fig. 1) GpS 
Maximum Available Power Gain MAG 

Maximum Usable Power Gain (unneutralized) MUG 

Noise Figure (see Fig. I) NF 

Magnitude of Faward Transadmitlance IYfsl 
Phase Angle of Forward Transadmiltance (I 

Magnitude of Reverse Transadmitlance IYrsl 
Angle of Reverse Transadmiltance r9rs 
Input Resistance riss 
Output ReSistance ross 
Gate-to-Source 
Forward Breakdown Voltage: 

Gate No. I V(BR)GISSF 
Gale No.2 V(BR)G2SSF 

Gate-to-Source 
Reverse Breakdown VoltaR8: 

Gate No. I V(8R)GISSR 
Gate No.2 v(BR)G2SSR 

ALimitec:l only by practical design considerations. 
t Capacitance between Gate No.1 and all other terminals 
• Three-terminal measurement with Gate No.2 and 

Source returned to llound terminal. 
• In accordance with ~EDEC Registration Data Format JSo9 RDF-)9A 

AMBENT TEMPERATURE (TA)"25·C 
}-'--'--C. DRAW-TO-SOURCE VOLTS lVasl-IS ,. .. '!> 

'\. 

0 
!j 

i 10 

; .. 
~ 0 

z .. 
!!i 

GATE No.2-TO-SO.~ it: 
VOLTS (VG2sl '- 1 

0 
-2 -I 0 , 

GATE No. 1- TO-SOURCE VOLTS (VGIS) 

Fig. 6- '0 v •. VGIS 

TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

VOS = +15 V, 10 =50!"A 
-0.5 -2 -4 V 

VC2S=+4V 

VOS = +15 V, 10 = 50!"A -0.5 
VGIS =0 

-2 -4 V 

VGlS=+IV TA =2SoC - - 50 nA 
VG2S = VOS ~ 0 TA = 100uC - - S !"A 
VGIS =-6V TA~2SoC - - 50 nA 

VG2S • VOS=O TA=1000 C - - 5 !"A 

VG2S·+6V TA =25QC - - 50 nA 
VGlS = VOs'O TA -IOOoC - - 5 !"A 

VG2S =-6 V TA = 250 C - - 50 nA 
VGlS =VOs=O TA=IOUUC - 5 !"A 

VOS = +15 V 
VG2S=+4V 5 IS 30 mA 
VGlS = 0 

VOS = +15 V, 10 = 10 mA 
7000 12,0~0 18,000 !"mho 

VGlS = +4 V, f = 1kHz 

4.0 6.0 8.5 pF 

VOS " + IS V, 10 = 10 rnA 
VG2S = +4 V, f - I MHz 0.005 0.02 0.03 pF 

- 2.0 - pF 

16 \8 22 dB 
- 20 - dB 

- 20· - dB 

- 3.5 4.5 dB 
VOS = + IS V, 10 = 10 rnA - 12,000 - ,.mho 
VG2S ' +4 V, f ~ 200 MHz - -35 - Degrees 

- 25 - !"mho 

- -25 - Degrees 

- 1.0 - kO 

- 2.8 - kO 

IGISSF = IG2SSF = 100!"A 6.5 10 - V 

IGISSR = IG2SSR = -100!"A -6.5 -10 - V 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N 187 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 

COMMON-SOURCE CIRCUIT. GATE No.1 INPUT 
AMBIENT TEMPERATURE ITAI:25-C 

DRAIN - TO- SOURCE VOLTS (VOS':15 
GATE No.t-VOLTAGE ("GIS) IS ADJUSTED 

FOR 10 "IOmA WHEN VG2S·4 V 

Q GATE No.2 AT AC-GROUND POTENTIAL 
!:! 

tl 10 II: ; 
~ 7.5 
:! ,. 
z $ .. 
i!i 

2.$ 

0 
-4 -3 -" -, 0 I " 3 4 

GATE No.2-TO-SOURCE VOLTS (VG2S) 

92C$-144t1RI 

Fig. 7-'0 vs. VG2S 

MOS FIELD-EFFECT DEVICES 

0.6 

COIiIMON SOUACE ORCUIT 
AMBIENT TEMPERATURE (TA).2S-C 
FREQUENCY If)" 2DO MHz 
DRAIN MILLIAMPERES Ilo}- 10 

GATE ND.2-TO-Sl)lJRCE \/OLTS lVs2s)· ... 4 

Gi, 

bis 

o 10 ~ 

a: .. 
o I! 
~ .. ! 
0-, 
2~ ... ., 
u , 

~; 
g ;:; 
z u o z 
u .. 
.. Ii: " ... "- u 
~ !: o .. 

a 

-I 
~ 

l 
i 
~ 
!1.0 
~ 
I! 
111'·75 

! 
.... 0.5 
0 

ius 
~ 

DRAIN-TO-SOURCE VOLT$ Nos) 

Fig. 8- Yis vs. VOS 

DRAIN-TO-SOURCE VOLTS (VDS' 

Fig. 9- Yo. vs. VOS 

ro ,. 
DRAIN-YO-SOURCE VOLTS IVOSl 

Fig. 10- Yfs VS. VOS 

CDUON-SOLltCE CIAaJlT 
AIlIIENT TEMPERATlIRE (T..,) "':z.so C 
FREQUENCY (0. lDO Mtk 
DIAIM IUlLIMPERES (10) - 10 
GATE NO. 2-TO-SOURCE VQLTS(VG2s1"" 

8 .. 

IV" .. I 
10 15 

DRAiM-TCJ..$DIJRCE VOL TS I"D~ 

Fig_ 11- Yr. vs. VDS 

92CS~ 1~34ZRI 

92CS-14783Rl 

9255-4017 

I:l 

~ ... 
,!!! 
~ 
~ 

2S ~ 

! 
-.. ~ 

III 
a: 

-75 i 
_lOll! 

~ 

"..." 

335 



MOS FIELD-EFFECT DEVICES 

3N187 

0.6 
o 

COIIMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TN-25-C 
FREQUENCyen-200 111Hz 
DRAIN-lO-SOURCE VOLTS (y~.'!5 
GATE NO.2-fO-SOURCE VOLTS <vez 

'" 

-,. 

10 15 
DRAIN MILLIAMPERES (.to) 

Fig. 12. Yi5 V5. 'D 

" 15 

DRAIN MILLIAMPERES (10) 

Fig. 15· Yrs VS. ID 

COUMON - SOURCE CIRCUIT 
~ AMBIENT TEMPERATURE (T"I· 2S-C 
Z FREQUENCY ef) • 200 MHz 
~ 15 DRAIN-TO-SOURCE VOLTS (Va) • 15 i GATE NO.'-W-SOURCE VOLTS (v.,.I--O .• 

Si,o 
i~ 
~, 

f.: .. 
~ 

I o 
·2 0 

GATE N02-YO-SOURCE VOLTS ( Yu. J 

Fig. 18· YI5 V5. VG2S 

COMMON SOURCE CI~CUIT 
AMBIENT TEMPERATURE (TA)-25-C 

UI DRAIN-TO SOURCE VOLTS (VOS)""5 

j g:~tN N~li~~~~~~E (~st;.~ (VG2s)t+4 

• O. -. 
:10.4 

~ 
~ gO. 
~ 
8 0.2 

~ 

~ 
I- 0.1 
~ 
o 

o 

336 

-.. 

-os 

K)Q 200 300 
FREQUENCY If)- MHz 

Fig. 21· Yo. vs. Irequency 

~ 

i 
5 . .. z 

100 

ZO 

1.0 

400 

92SS-4OI3Rl 

DRAIN MILLIAMPERES(IDI 

Fig. 13. Y05 V5. ID 

COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAJ. 25-C 

11.2 ~:~~~~~S~UR~E2:L~:( Vosl • 15 :3 GATE NO.1 -TO-SOURCE VOLTS t VGIS)- 0.6 

i , .. 
~ 1.0 ... 
~ 
j! 

a 
80.8 

-2 2 4 

i 

~ 
~ 11.114 

~ 
~ 0.0] 

~ 
IIr!':O.02 
is ... 
~ 11.111 

~ .'0 

.. 
o • 

~ 
z 
~ 

" o 

GATE NO.2-TO-SOURCE VOLTS (Vaal 

Fig. 16· Yi5 VS. VG2S 

COMMON· SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T;.1 = 250 C 
FREQUENCY (f) ~ 200 MH& 
DRAIN· TO-SOURCE VOL n (Vosl = IS 
SET vG1S FOR 10 • 10·."A AT VG2S = 4 V 

8" 

-2 -1 

G.l TE NO. 2 -TO-SOURCE VOLTS (VGZS) 

Fig. 19. Yr. V5. VG2S 

100 200 300 
FREQUENCY (f) -MHI 

Fig. 22· y,. VS. frequency 

92CS-14776R1 

'2S5-4010 

20 0 

i 
-]0 

5 

mS·4515 

• 0 

COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA)-2S-C 
FREQuENCY (f)·200 MHI: 

I DRAIN-TO-SOURCE VOLTS (VOSI-IS 
GATE No.2-TO-SOURCE VOLTS tl/c;2S)·4 

o 

~ 
~ 0.5 

" ! .. 0.4 

!!o 

~ 0.3 

~ 
Q 0.2 

8 
i 0.1 

§ 

'0 
" DRAIN MILLIAMPERES-UD) 

Fig. 14· Y'5 v •• 10 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl. 2S·C 
FREQUENCY (f). 200 MHI 
DRAIN-TO-SOURCE VOLTSIYDS)-IS 
GATE No.l- TO-SOURCE VOLTSIVGiS).-O.6 

-2 I I ! 4 

GATE NO. 2-TO-SOURCE VOLTS IVG2S) 

Fig. 17· Y05 VI. VG2S 

COMMON SOURCE CIRtUlT 

~::'~N,.To TSE~R~REAT~~~T~T~I. 2~~~ 
~ 6 DRAIN MILLIAIrIPERES (Ie). '{gsJ 3 GATE NO.2-TO-SOURCE DLTS CYG2s)o+~ 

i • 
..!.. 
if4 

i. 

Oi, 

tOO 200 300 
FREQUENCY (1)- MHz 

Fig. 20. Yi5 V5. frequency 

100 2DO "" FREQUENCY (MHI) 

Fig. 23.· Yr. vs. frequency 

iii 
i!l 
Ii 

~ 
" I 

-20 ~ 

·50 ~ I!s 

·10 j 
·10 ~ 

82$S-40" 

... 
-.. 

92CS -14717"1 

400 



3N187 

COMMON-SOURCE CIRCUIT,GATE NO. I INPUT 
......... 100 A.I'ENT TEMPERATURE (T.).ZS"C 
~ ': DRAIN-TO-SOURCE VOLTS ,vDS'-IS 
3- GATE NO. I-TO SOURCE: VOLTS CV01S)--O.5Y ~--I-__ --1 ¥; 102 GATE NO. 2: AT At-GROUND POTENTIAL 

~~ 6~ XC g= 4,--~ ~ 
i:i 2 ./ -" 
8-' 0 

i • ~. 
O:z 47 
;~ 2 =:0 OJ 

~~ 4 f 
~I 2 

o 
GATE NO. i-TO-SOURCE VOLTS (Vazs) 

Fif· 24- gfs and'D VS. VG2S 

-2 

GATE NO.2-TO-SCURCI VOLTSCV: -+4 

-0 

-I 

o 

>2 

., 
o 

" GATE NO.I-TO-SOURCE YOLTS (VGIS) 

Fig. 25. - fls vs. VC;1S 

MOS FIELD-EFFECT DEVICES 

-2 ..... - GATE NO. 2-TO-SOURCE VOLTS tVe2S) 

Fig. 26 - g'52 V5. VG2S 
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MOS FIELD-EFFECT DEVICES 

3N200 

Silicon Dual Insulated· Gate Field· Effect Transistor 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 500 MHz 

RCA-3N200 is an n..:hannel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 3N200 to retain the wide input signal dynamic 
range inherent in the MOSFET. 1n addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate: 

The excellent overall performance characteristics of the 
RCA-3N200 make it useful for a wide variety of rf-amplifier 

Maximum Ratings. Absolute·Maximum Values. at TA ... 250 C 

DRAIN-TO·SOURCE VOLTAGE, VoS.... -0.2 to +20 
GATE NO.l·TO.sOURCE VOLTAGE. VG1S' 

Continuous (de) . -6 to +3 
Peak ac ......................... -6 to +6 

GATE NO.2·TO-SOURCE VOLTAGE. VG2S' 
Continuous (de). -6 to 30% of VOS 
Peak ae . ·6 to +6 

"ORAIN·TO-GATE VOLTAGE. 
VDGI OR VDG2 

"DRAIN CURRENT.ID ...... , .. ' 
"TRANSISTOR DISSIPATION, Pr 

At ambient t up to 250 C 
temperatures f above 250 C 

+20 
50 

330 

V 

V 
V 

V 
V 

V 
rnA 

rnW 

applications at frequencies up to 500 MHz. The two 
serially..:onnected channels with independent control gates 
make possible a greater dynamic range and lower eross
modulation than is normally achieved using devices having 
only a single control element. 

The twoilate arrangement of the 3N200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im
portance in rf-amplifiers. it reduces local oscillator 
feedthrough to the antenna. 

The 3N200 is hermetically sealed in the metal JEDEC TO-72 
package. 

Per/ormance Features 
• Superior cross-modulation performance and greater 

dynamic range than bipolar or Single-gate FET s 
• Wide dynamic range permits large-signal handling 

before overload 
• Dual-gate permits simplified agc circuitry 
• Virtually no agc power required 
• Greatly reduces spurious responses in FM receivers 

Device Features 
• Back-to-back diodes protect each gate against 

handl ing and in-circuit transients 

Applications 

• RF amplifier, mixer, and IF amplifier in military and industrial 
communications equipment 

• Aircraft and marine vehicular receivers 
• CATV and MATV equipment 
• Telemetry and multiplex equipment 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2·GATE No.2 
LEAD 3-GATE No.1 
LEAD 4 -SOURCE, SUBSTRATE 

AND CASE 

I-+-+-'-__ ~.-~,.....,IF-(Q)OUTPUT 

13~ CER 

IU"""l .ISe 

I = 
T 
I 

"AMBIENT TEMPERATURE RANGE, 

derate linearlv at 
2.2rnW/oC 

Storage and Operating . ·65 to +175 DC 
* LEAD TEMPERATURE (During soldering): 

At distances21 132 inch from 
seating surface for 10 seconds max. 265 DC 

• High forward transconductance -
gfs = 15,000 I1mho (typ.) 

• Hi gh unneutral i zed RF power gai n -
Gps = 12.5 dB (typ.) at 400 MHz 

= 19 dB (typ.) at 200 MHz 

I~- I 

"PUT f e3 8~K IFu~~::~ I 
I I liFe _STANDOFF I 

*In accordance with JEDEC registration data'format (J5--9 RDF·19A) 
• Low VHF noise figure - 3.9 dB (typ.) at 400 MHz 

3.0 dB (typ.) at 200 MHz 

y and 5 Parameters vs. Frequency 
TEST CONOITtDNS, Oro;n-to-Sou«. Volt. (VOS) = IS, O,oln MUUamper •• (10) = 10, 

Gate No. 2-to-Source Volts (V G2S) = .. 

CHARACTERISTICS SYMBOL FREQUENCY (MHz) 

100 200 300 400 

Maximum Available Power Gain MAG 32 24 17.5 13 

Maximum Usable Power Gain (Unneutralized)* MUG 32 24 17.5 13 
Y Parameters 

Input Conductance gis 0_25 0.8 2.0 3.6 
Input Susceptance bis 3.4 5.8 8.5 11.2 
Magnitude of Forward Transadmitlance 1 Yfsl 15_3 15.3 15.4 15.5 
Angle of Forward Transadmitlance LYfs -15 - 25 - 35 -47 
Output Conductance ~s 0.15 OJ 0.5 0.8 
Output Susceptance bos 1.5 2.7 3.6 4.25 
Magnitude of Reverse Transadmitlance I Yrsl 0.012 0.025 0.06 0.14 
Angle of Reverse Transadmittance LYrs -60 - 25 0 14 

S Parameters 

Magnitude of Input Reflection Coef!. I sisl 0.97 0.90 0.84 0.78 
Angle of Input Reflection Coell. LSis -20 - 32 -55 -68 
Magnitude of Forward Transmission Coen_ 1 sfsl 1.50 1.40 1.25 Ll 
Angle of Forwar~ Transmission Coell. LSfs 153 133 112 90 
Mangitude of Output Reflection Coell. 15051 0.985 0.95 0.93 0.92 
Angle of Output Reflection Coell. LSos -7.5 -16 -22 -28 
hlagnitude of Reverse Transmission coen_ ISrsl 0.001 0.0025 0.005 0_010 
Angle of Reverse Transmission Coell. LSrs 100 125 141 150 

'Limited only by practical desilJ1 consi,derations 
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UNITS 
500 

10 dB 
JO dB 

6.2 mmho 

15.5 mmho 
16.3 mmho 
-60 degrees 
Ll mmho 
5.0 mmho 
0.26 mmho 

20 degrees 

0.70 
-82 degrees 
0_9 

70 deglees 
0.91 
-34 degrees 
0.0165 
142 degrees 

L -=- UlOOlOOO-L g~~TEiOOO-J 
----F-F--:L- -----Fl-

-=- Vos-=-

All resistances in ohms 
All capacitances in pF 

Cl • C2: 1.3--5.4 pF variable air capacitor: 
Hammerland Mac 5 type or 
equivalent 

C3: 1.9-13.8.pF variable air capacitor: 
Hammer land Mac 15 type or 
equivalent 

C4: Approx. 300 pF ~capacitance farm
ed between socket cover & chassis 

C5: 0.8-4.5 pF piston type variable 
air capacitor: Erie 560-013 or 
equivalent 

L1,L2: Inductance to tune circuit 

Fig. 1 - 400 MHz power gain Gnd noise figure test circuit 
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12.5 

~ 

~ 10 

:: 7.5 

• 
~ 5 

2.' 

-. 

.' 

AMBIENT TEMPERATURE (T ... ) " 2SOC 
DRAIN-TO-SOURCE VOLTS (YDS) " lS 

GATE NO_ 1-TO-SOURCE vOLTS (VGU) 

Fig. 2-10 vs. VGIS 



3N200 

• 

• 

· 
• 

• 

• 
• 

• 

ELECTRICAL CHARACTERISTICS 
at TA" 25°C 
u,,1 ... Offtorw/ •• • poelll.J 

Gate No. I·to-Saurce Cutoff Voltage 

Gate No. 2·to-Source Cutoff Voltage 

Gate No. I-Terminal Forward Current 

Gate No. I-Termi nal Reverse Current 

Gate No.2-Terminal Forward Current 

Gate No.2-Terminal Reverse Current 

Zero-Bias Orain Current 

Forward Trlllsconductance 
(Gate No_ I-ta-Orain) 

Small-Signal~ Short·Circuit Input 
Capaci tance 

Small·Signal, Short-Circuit, 
Reverse Transfer Cap.3citance 
(Orain-to-Gate-No. I). 

Small·Signal, Short-Circuit Output 
Capacitance 

Power Gain (see Fig. I) 

Noise Figure (see Fig. I) 

Bandwidth 

Gate-to-Source Forward 
Breakdown Voltage Gate No. I 

Gate No.2 

Gate-ta-Source Reverse 
Breakdown Voltage Gate No. I 

Gate No.2 

-In accordance with JEDEC 'ee:istration data format 
(J5-9 RDF-19A) 

15 

12,5 a.' 

SYMBOLS 

VGIS:Olf) 

VG23;off) 

IGISSF 

IGISSR 

IG2SSF 

IG2SSR 

lOS 

g,s 

Ciss 

(' 

""rss 

Coss 

GpS 

NF 

BW 

V(BR)GISSF 

V(BR)G2SSF 

V(BR)GISSR 

V(BR)G2SSR 

7.' . AMBlEHT TEMPERATURE (TAJ" 2$'C 
DRAIN·T()'SOURCE VOLTS (Vpsl- IS 

! 
I!i • 

2.S 
_0.5 

_2 _I 

GATE NO. 2·TD·SOURCE VDLn (VGZSI 
92S1-4579 

Fig. 3-10 vs. VG2S 

LIMITS 
TEST CONDITIONS UNITS 

Min. Typ. Max. 

VOS = + 15 V, 10· soloiA -0.1 -I -3 V 
VG2S = +4V 

VOS = + 15 V, 10 = 50loiA 
-0.1 -I -3 V VGlS = 0 

VGlS=+IV TA = 250C - - 50 nA 
VG2S = VOS '1 0 TA = lOOoC - - 5 "A 

VGlS =-6V TA = 250C - - 50 nA 
VG2S=VOS=0 TA = lOOoC - - 5 "A 

VG2S = +6V TA = 25°C - - 50 nA 
VGIS=VOS ~O TA = 100°C - - 5 "A 

VG2S = -6V TA = 25°C - - 50 nA 
VGIS = VOS = 0 TA = 1000e - - 5 "A 

VOS = +15V, VGIS =0 0_5 5_0 12 mA 
VG2S = +4V 

f = 1kHz 10,000 15,000 20.001 "mho 

4.0 6.0 8.5 pF 

VOS=+15V 
lu= lemA f ~ 1 MHz 0.005 0.02 0.03 pF 
VG2S = +4V 

- 2.0 - pF 

10 12.5 - dB 

fa 400 MHz - 3_9 6.0 dB 

28 - 38 MHz 

IGtSSF = 

IG2SSF = VG2S aVos· 0 
6.5 - 13 V 

100 "A VGIS=VOS=O 

IGtSSR = 
IG2SSR = VG2S = VOS = 0 
100 "A -6.5 - -13 V 

VGIS = VOS = 0 

t Capacitance between Gate No.1 and all othel telmiRals. 
,Thl.,...le,min./l' mC.$UreRIeni wdh Gate No.2 and 

" 
12.5 

a 

I :: 
2.S 

SeMce returned to pard terminal. 

AMBIENT TEMPERATURE (TAl· 25"C 
GATE NO. 2-Ta-SOURCE VOLTS (YG2s) ~ 4 

GATE MO. I·To-SOURCE vOLTS IV IS)" lI.a 

0.6 

.. 
0.2 

_0.2 

-0.. 

10 12 14 16 

DRAIM·ro·SOLRCE VClLlS (Vpsl 

Fig. 4-10 v •• Vos 
...... 

MOS FIELD-EFFECT DEVICES 

·S 

-10 

!II 

~-15 
.. 
~ -20 

i 
-zs 

.. 
-. 

Cps AMBIENT U,.PERATURE (TA) " 25'C 
UX. POWER GAIN (Gpo,). IIdB 

AUTOMATIC CArN CONTROL. VOLTS (V AGe) 

Fig. 5-VAGC vs. VG1S 

""8IeMT TEMP'!.RATIJRE (TAl. 2511(: 
fREQUENCY (f) • tOOlIItt& 

g:~: :L~.':.~Rf~i'~~ ~~ (Vezs) • 4 

10 

DRAIN·To-SOURCE VOL. T51Vps) 

Fig. 6 - Yis VI. Vos 

1 
i a 12.S 

01 
Ii 10 

J 

... 

. .. 
10 1Z 

ORAIN·To-SOURCE VOLTS IVDV 

Fig. 7 -Yo. v •• Vas 

AMBIENT TEMPERATURE ('t AJ .. ZSOC 
FREQUENCY (f) " .00 MHz 
DRAIN MILL.IAMPERES (lDI ~ 10 
GATE "0. l·TD·SOURCE VOLTS (VG2sl ~ • 

12 14 

'4 16 

0.50 

11.25 

-us 

-o.SO 

" 
10 

• 
16 

9ZSS-451? 

" 20 

10 12 '4 16 

DRAIN·To-SOURCE VOLTS (VDS) 

Fig. 8-YI. VI. Vas 
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MOS FIELD-EFFECT DEVICES 

3N200 

A.III81ENT TEMPERA1URE (1A) .. 25G( 
FREQUENCY (f) • oUIIIMHa 
DRAIN MILLIAMPERES liD) " 10 i GATE NO. 2·TO-SOURCE VOl.. 15 (VGZs)· 4 

I ': 
J 
!:I1S .. 5 

tfj~ 
i 1 

l't_1 

" ORA'H·TO·SOURCE VOLTS (VOy 

Fig. 9· Yr$ V$. VOS 

IT!· 

.. 
ORAIN MILLIAMPERES (lo) 

Fig. 12 -YI$ VS. 'D 

AMBIENT TEMPERATURE (T tV .. 150C 
FREClUEMCY (I) • oItIIHIHa 

:='!~~"i:R~~~ ':'~f A:' 
15 

~ 
VG2S" 4V 

... 
j 

~ ... 
l! 0.75 

~ 
~ 

O.S 

8 o. 

-, -, 1 1 

" 

" 

GATE NO. l·TO·SOURCE VOL n (VGZS) 

Fi'l. 15- Yos vs. VG2S 

14 

" 

" 

25 ~ 

~ 
~ 

i 
_25 ! 

~ 
-SO ~ 

L 
o 

_75 w 
.; 
li 

16 

5 ! 
;; 

1 
, ! 

;t , 
~ 

92~'591 

AMBIENT TEMPERATURE (TAJ" 2511( 
DRAIN-TO-SOURCE VOl. T1 (VOS) ~ 15 

0.5 

GAT! NO. l·TO·SOURCE VOI.TS,VOZS> 

Fig. 18- '11.2 YB. VG2S "'''''' 
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10 

ORAIN MILLIAMPERES(lo) 

Fig. 10- Yi. vs. '0 

AMBIENT TEMPERATURE (TAl" 250C 
FREQUENCY If) .. 400MHa 
DRAIN·TO·SOURCE VOLTS (Vas)" 15 
GATE NO. 2·TD-SOURCE VOLTS fYG2Y " • 

10 
DRAIN .ILLIAMPERES (10) 

Fig. 13 - Yrs V$. 'D 

.\aENEMT TEMPERATURE IT.tJ " 250( 
FREQUENCY (I) • 400 MH. 
DRAIN· TO-SOURCE VOL n (VDY It 15 

~ DRIdN MILLI .... PERES (101 .. 10 AT VGn .. "y 
~ 

I 
I! .. 

Ln. 

Ii1 

" 

" 

iSl5 \1k\ 
.. z 

!i~ 
~~lD 

Io!, 

GATE NO. l·TO·SOURCE VOLTS {VGlsl 

Fi'l. 16 - YI. V$. VG2S 

" " 

" 

, 
;. 

-25 g 
-so !: 

~ z 
_75 ~ 

I 
I!; 
~ 

! 

.... W 

~ 15 

~12.5 
AMalENT TEMPERATURE ITA)" MOC 
DRAIN· TO·SOURCE VOL T5 1VOS) .. 15 

:! ! 10 

17., 

_1 

GATE NO. I·TO-SOURCE VOL 15 (VGIs) 

Fig. 19- 91s vs. VG1S 
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~ 
1 
~ 0.15 

~ 
~ 0.5 

~ 
60.25 

AMBIENT TEMPERATURE (TA) " 250C 
FREQUENCY (f) ., .DO MHI 

g:~~H~'~~~O~~~U~~T~ci~~~)(~:S)" 4 

10 

DRAIN MILLIAMPERES (101 

Fig. II-Y05 vs.'O 

o , 

AM81ENT TEMPERATURE (T.l" 250( 
FREQUENCY (I) = 40IIMth 
ORAOf.TO-SOURCE VOLTS (Vas) " 15 
DRAIN MILLlA.PERES (10) = 10 AT VIOlS = ,V 

'i' 

" 

GATE NO. Z·TO·SOURCE VOLTS (Ve2S) 

Fig. 14 - Yi$ V$. VG2S 

.... BIENT TEMPERATURE (TA) ~ 250( 
FREQUENCY (I) '" 400IIIHI 
DRAIN·TO-SOURCE VOl T5 (VOS> .. IS ; 
DRAIN MILLIAMPERES (10) .. 10 AT VG2S " 4 V 
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Fig. 20 - Noise ligure vs. generator source admittance 



MOS FIELD-EFFECT DEVICES 

3N211, 3N212, 3N213 

Silicon Dual-Insulated-Gate Field-Effect Transistors 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For VHF TV Applications 

The RCA-3N211, 3N212, and 3N213 are 
n-channel silicon, depletion type, dual-insu
lated gate, field-effect transistors intended 
for VHF TV applications_ Integrated back
to-back diodes protect the gates from ex
cessive input voltages. 

MAXIMUM RATINGS, 
Absolute Maximum Values at T A = 25° C 

DRAIN-TO-GATE No.1 VOLTAGE ......... . 
DRAIN-TO-GATE No.2 VOLTAGE.; ....... . 
ORAl N-TO-SOU RCE VOLTAGE .......... _ 

3N211 - R F Amplifiers 
3N212 - Mixers 
3N213...,. TV IF Strips 

The 3N211 is intended for use in VHF RF 
amplifiers and delivers linear, low-noise ampli
fication. Its extremely low feedback capaci
tance allows high-gain stable operation with
out neutralization. The 3N212 is specified for 
low-noise VHF mixer applications. The 
3N213 is intended for use in tuned high
frequency amplifiers such as TV I F strips. 

3N211, 3N212 3N213 

35 40 V 
35 40 V 
27 35 V 

Features: 
• Low Crss - 0.05 pF max. 
• High IVfsl- 30 mmho typo for 3N211and 3N212 
• Integrated gate-protection diodes 

TERMINAL DIAGRAM 
Bottom View 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE, 

SUBSTRATE AND CASE 

GATE No.1-TERMINAL FORWARDCURRENT* 
GATE No.2-TERMINAL FORWARDCURRENT* 
GATE No.1-TERMINAL REVERSE CURRENT . 
GATE No.2-TERMINALREVERSECURRENT. 

10 rnA 

CONTINUOUS DRAIN CURRENT .......... . 
DEVICE DISSIPATION: 

Up to TA = 25°C .............. _ ...... . 

Above T A = 25°C derate linearly ......... . 
Upto.TC=25°C .•...•................ 
Above TC = 25°C derate linearly ......•. _ 

AMBIENT TEMPERATURE RANGE: 
Operating ........................... . 
Storage ............................. . 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. 

10 rnA 
-10 rnA 
-10 rnA 

50 rnA 

360 mW 
2.4 mWtC 
1.2 mW 

8 mWfC 

-- -65 to +175 -- °c 

-- -65 to +200 -- °c 

--- +300 ----

• Forward gate-terminal current is the current into a gate terminal with a forward gate-to-source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 

1 
I a 
!:leo 

I 
!! 

i 

o 

4V 
IV 

IV 

IV 

.... "NT TEMPERATURE (TA)-2S-C 
GATE No.2-TO-SOURCE VOLTAGE eVats)- 4 v 

&ATE No.I-TO-

-IV 
5 10 15 20 

DRAlff-TO-SOURC[ VOLTAGE (VDS)-V 

S2CS-ZIlsa 

. Fig. , -Drain current VB. drain-to-source 1I0/tage 

for all types. 

1 
I 
a 
!:! 
Ii w .. 
"' :> 
u 
z 

• r. _lENT nWERATUIIE (TA'. U"C 
DIIAIN-TQ-IOURCE VOLTAIE (VoS'-IIIV 

71 
~ 

." ... 
" '#. 

i 

IV 

V 

~ 
C 25 .; IV .. 
a '# 

',t'" 
ov 

o -IV 
-3 -2 -I 0 I ! 4 

GATE No. I-TO-SOURCE VOLTAGE (VGlS)-V 

"CSi-I.11I 

Fig.2-Drain current liS. gate No. '-to-source 
I/O/taga for all types. 

.. • 

eATE No.l-1D-SOIJRC[ VOLTAGE (VSIS)- V 

12C$-nI70 

Fig.3-Drain current liS. gate No. '-to-source 
lIo/tege for all types . 

I. 

AMBIENT TEMPERATURE (TA)- 25-C 
DRAIN-TO-SOURCE VOLTAGE (VDS)-.5V 

... 
,0 

;: 
I 
a 
t! 10 .. 
I 
u 
z .. . 
Ii 

-4 -3-2-101 3 
GATE No. 2-TO-SOUACE VOLTAGE (VG2S)-Y 

-(l4V 

-O.6V 

-o.eV 
I~tt 

4 

92CS-21m 

Fig.4-Drain current VB. gate No. 2-to-source 
lIo/tage for all types. 

(Figures 1 - 4 are pulse tested_ Pulse duration = 300 ps, duty cycle <2%.) 
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MOS FIELD-EFFECT DEVICES 

3N211, 3N212, 3N213 

ELECTRICAL CHARACTERISTICS, At T A = 25°C (unless otherwise specified) 

LIMITS 
CHARACTERISTI C TEST CONDITIONS 

MIN. MAX. 

* Orain-to-Source Breakdown 10 = 10llA, 3N211 27 -
Voltage, V(BR)OS VG1S=VG2S= -4V 3N212 27 -

3N213 35 -
Gate No.l-to-Source Forward 

IG1=10mA, VG2S=VOS=0 6 -
Breakdown Voltage, V(BR)G1SSF1 

* 

Gate No.l-to-Source Reverse 
IG1= -lOrnA, VG2S=VOS=0 -6 -

Breakdown Voltage, V(BR)G1SSR1 
* 

Gate No.2-to·Source Forward 
IG2=10mA, VG1S=VOS=0 6 -

Breakdown Voltage, V(BR)-G2SSF1 
* 

Gate No.2-to·Source Reverse 
IG2= -lOrnA, VG1S=VOS=0 -6 -

Breakdown Voltage, V(BR)G2SSR1 
* 

* Gate No.l·Terminal Forward 
VG1S=5V. VG2S=VOS=0 10 -

Current.IG1SSF 

Gate NO.1·Terminal Reverse VG1S= -5V, TA=25°C - -10 * 
Current. I G1 SSR VG2S=VOS=0 T A=150°C - -10 

Gate NO.2·Terminal Forward 
VG2S=5V, VG1S=VOS=0 10 -

Current. IG2SSF 
* 

Gate NO.2·Terminal Reverse VG2S= -5V, TA=25°C - -10 * 
Current.IG2SSR VG1S=VOS=0 TA=150°C - -10 

* Zero· Gate NO.1· Voltage VOS=15V, VG1S=0. 
6 40 

Orain Current, IOS2 VG2S=4V 

VOS=15V, 3N211 -0.5 -6.5 

* Gate NO.l·to-Source Cutoff 
VG2S=4V. 3N212 -0.5 -4 

Voltage, VG1S(off) 10=201lA 3N213 -0.5 -5.5 

VOS=15V, 3N211 -0.2 -2.5 
* Gate NO.2·to-Source Cutoff 

VG1S=0, 3N212 -0.2 -4 
Voltage, VG2S(off) 

IO=20IlA 3N213 -0.2 -4-

* Small-Signal Common·Source VOS=15V, 3N211 17 40 

Forward Transfer Admittance, VGlS=O, 3N212 17 40 
IVfsl3 VG2S=4V. 

3N213 15 35 f=l kHz 

* Small-Signal Common-Source 

Reverse Transfer Capacitance, VOS=15V. VG2S=4V, 
0.005 0.05 

Crss 
10=lmA, f=lMHz 

*In accordance with JEDEC registration data format (JS·9 RDF-19B). 

1 ~ All gate breakdown voltages are measured while the device is conducting rated gate cl,lrrent. 
This ensures that the gate-voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques (tw = 300"s,duty cycle ~ 2%). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoid overheating. The signal is applied to gate No.1 with gate No.2 at ac ground. 
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UNITS 

V 

V 

V 

V 

V 

nA 

nA 

IlA 

nA 

nA 

IlA 

mA 

V 

V 

mmho 

pF 

, , 
r 
i 
I o -, 

....,.T TEIIPIRATURE CTA)e Is·e 
DlWN-TO-IOURCE VOLTAGE IVos).15 II 
'IIEQUJ:NCY (Ue IIiHI 

GATE No.I-TO"SOURC[ 
VOLTAGE CVQIS)·OV 

-Q5Y 

o , • 
GATE No.2-TO-SOUACE VOLTAGE (VG2S)-V 

.2C$-26172 

Fig. 5-IYfslvs. VG2S for3N211and3N212. 

GATE No.l-lO-SOURCE 
VOLTAGE IVGIS)-OV 

CIt I -0.5 V 

1,0 
Q 

i • e o 
-I 0 I 2 3 4 5 

I 
.L 
! 

GATE No. 2-TO-SOURCE VOLTAGE (VG2S)-V 

!UCS-2617! 

Fig. 6-IYfs lvs. VG2S for3N213. 

A .. ItNT TEMPERATURE (TA}a25-C 
DRAIN-lO-SOURCE VOLTAGE (VOS)-15 v 
fREQUENCY (f)-IIr.HI 

GATE- NIl. 2-TO-SOURCE _ .. VOLT_' -4Y 

I 
! 

IV 

'V 

QlIV 

.... 5-1 00.51 US 
lATE No.I"TO ... SOURCE: VOLTAGE CVGfS)-V 

.tcS-2.17~ 

Fig. 7-IYfs lvs. VG1Sfor3N211,and3N212. 

I AMBIENT TEMPERATURE (TA)-2!)-C 
DRAIN-TO-$OURCE VOLTAGE (Vost-" v 

1. ~ FREQUENCY If)-IIIH, 

! 

2V 

'V 
V 

-0.5 v OV 

-2 "'1.5 -I -Q5 0 0.5 I 1.5 
GATE No.l-TO-SOURCE VOLTAGE CVGIS)-Y 

9ZCS-ZtITS 

Fig. 8-IYfs lvs. VG1Sfor3N213. 



MOS FIELD-EFFECT DEVICES 

3N211, 3N212, 3N213 

OPERATING CHARACTERISTICS at Tp.. = 25°C 
" 

LIMITS 
CHARACTERISTIC TEST CQNDITIONS UNITS 

!VIin. Typ. Max. 

3N211 

* Common·Source Spot Noise 
Figure, F - - 3.5 dB 

* Small-Signal Common·Source VOO=18V, VGG=7V, 
Insertion Power Gain, Gps f = 200MHz, SIle' Fi~.9 24 - 35 dB 

Bandwidth, B 5 - 12 Ml1z * 
* Gain-Control Gate-Supply VOO=18V ,~Gps= -30dB,1 

Voltage, V GG(GC) f=200MHz, See FiQ.9 0 - -2 V 

* Common-Source Spot Noise 
Figure, F - - 4 dB 

* Small-Signal Common-Source VOO=24V, VGG=6V, 
Insertion Power Gain, Gps f=45MHz, See Fig.10 29 - 37 dB 

Bandwidth, ,B 3.5 - 6 MHz * 
Gain-Control Gate-Supply VOO=24V, ~Gps= -30dB,2 
Voltage, VGG(GC) f=45MHz, See Fig.10. - - ±1 V 

* 

3N212 

* Small-Signal Conversion VOO=18V, fLO=215MHz,3 
" 

Power Gain, Gps (conv) fRF=200MHz, See Fig.l1 21 - 28 dB 

Bandwidth, B 4 - 7 MHz * 
3N213 

* Common·Source Spot Noise 
Figure, F - - 4 dB 

Small-Signal Common·Source VOO=24V, VGG=6V, 
Insertion Power Gain, Gps f=45MHz, See Fig.9 27 - 35 dB 

* 

Bandwidth, B 3.5 - 6 MHz * 
* Gain-Control Gate-Supply VOO=24V, ~Gps= -3OdB,2 

Voltage, V GG(GC) f=45MHz, See Fig.9 - - ±1 V 

*In accordance with JEDEC registration data format (JS-9 RDF-19B). 2. OOps is defined as the change in Gps from the value at VGG = 6V. 

1. OOps is defined as the change in Gps from the value at VGG = 7V. 3. Amplitude at input fro!TIlocal oscill~tor is adjusted for maximum Gps(c 

FROM 50 Q ~OII'F 
SOURCE ~I~-'~~~~--~~~~ 

I 

: PFI 
L __ 

NOTE' 
CI, C2, a C3: LEAOLESS DISC CERAMIC. 0.001 I'F 
C4, ARCO 462, 5-80 pF, OR EQUIVALENT 
LI: 3 TURNS No. 18 WIRE, 3116 INCH-DIA. ALUMINUM SLUG 
L2'8 TURNS No, 20 WIRE, 3116 INCH-OIA. ALUMINUM SLUG 

* JEOEC REGISTERED DATA -- JEOEC 
RELEASE 1;0. 6438. 

92CM-26176 

Fig.9-200 MHz power gain, gain control voltage, and noise figure test circuit for 3N2, '*. 
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MOS FIELD-EFFECT DEVICES 

3N211, 3N212, 3N213 
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3N211 I 390n 

470 
pF 

VOD 

I 
I 
I OR I 

3N212 L2 

2.2 Mn r---''r-l_.-. __ ---;12, ~ TO 50 n 
t-JV~~~~~-~+-~~~ \ II LOAD 

FROM son 
SOURCE ~

5PF 

I 
I 
I 

ISO 
kn 

I 
LI I lJC2 

I 
I 
I 
I 

NOTE: 
I---J L __ _lo.oo:_L-=[~-~ __ 

* 
CI: LEADLESS DISC CERAMIC, 0.001 "F 
C2: LEADLESS DISC CERAMIC, 0.01 "F JEDEC REGISTERED DATA --
LI:S TURNS No.2S WIRE, 5/32 INCH-DIA. FORM, TYPE "J" SLUG 
L2:9 TURNS No.28 WIRE, 5/32 INCH-DIA. FORM, TYPE "J" SLUG 

JEDEC RELEASE No. 6438. 

Fig. 10-45 MHz power gain and noise figure test circuit for 3N211 and 3N213*. 

1----

245 MHz trl I pF 
.. 250 mV 
50 n 

I CI 

I L2 

110 
kn 

110 
kn 

TEST CIRCUITS (CONT'D) 

92CM-26171 

200 MHz rh __ ~/IF 0.001 "F 
son I' 

L ___ _ _ ____ ..J 

NOTE: 
LI: 7 TURNS No. 34 WIRE, 1/4 INCH DIA. ALUMINUM 'SLUG 
L2:5 1/2 TURNS NO.20 WIRE, 1/4 INCH DIA. ALUMINUM SLUG 
L3:7 TURNS No. 24 WIRE,I/4 INCH DIA. AIR CORE 92CM-26178 
T I: PRI: 25 TURNS No. 30 WIRE CLOSE WOUND ON 1/4 INCH DIA. FORM, TYPE 'J' SLUG 

SEC: 4 TURNS No. 30 WIRE CENTERED OVER PRIMARY 
CI: ARCO TYPE 462, 5-S0 pF 
C2: 0.001 "F LEADLESS DISC * JEDEC REGISTERED DATA - - JEOEC 
C3: 0.01 "F LEADLESS DISC RELEASE No. 643S. 

Fig. 11-200 MHz-to-45 MHz circuit for conversion power gain for 3N212*. 



40467A 

Silicon MOS Transistor N-Channel Depletion Type 

For VHF Tuners and Other VHF Amplifier 
Applications in Industrial & Commercial Electronic Equipment 
Operating up to 220 MHz 

RCA-40467A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS· 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 

The 40467 A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467 A features high forward transconductance, 
high dc gate-t.o-source resistance, and low feedback 
capacitance. Because of the improved transfer charac
teristic and increased dynamic range, the 40467 A 
provides substantially better cross-modulation per
formance in linear-amplifier applications than con
ventional (bipolar) transistors and is free from diode
current loading, a problem that exists in junction type 
FET s. This device is hermetically sealed in the 
To-72 metal case and utilizes full-gate construction. 

• Metal-Oxide Semiconductor 

Maximum Ratings, Absolute·Maximum Values at TA =25oC 
DRAIN·TO·SOURCE VOLTAGE, VDS ............ +20 V 
DRAIN·TO·GATE VOLTAGE, VDG .............. +20 V 
GATE·TO·SOURCE VOLTAGE, VGS: 

CONTINUOUS (de) ...................... +1, -8 V 
PEAK ac ................................. +15 V 

DRAIN CURRENT, ID ....................... 50 rnA 
TRANSISTOR DISSIPATION: 

At ambient fup to 25°C .................. 330 mW 
temperatures labove 25°C ........ derate at 2.2 mWfOC 

AMBIENT TEMPERATURE RANGE: 
Storage. . . . . . . . . . . . .. . . . . . . .. . . . .. -65 to +1750 C 
Operating . . . . . . . . . . . . . . . . . . . . . . . .. -65 to +1750 C 

LEAD TEMPERATURE (During Soldering): 
At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum ........ 2650C 

MOS FIELD-EFFECT DEVICES 

Device Features: 
• Low feedback capacitance' Cros - 0.25 pF typo 
• High forward transconductance . Its - 7500 "mho typo 
• High vhf pow .. gain - GpS = 16 dB ty" at 200 MHz 
• Low vhf noise figure - NF = 3.5 dB typ at 200 MHz 
• Exceptionally good cross-modulation characteristics 

Performance Features: 

• Larue dynamic ranGe 
• Greatly reducad spurious responses 
• Permits use of vacuum-tube biasing techniques 
• Excellent thermal stability 
• SUperior cross-modulation performance and greater 

dynamic range than bipolar transistors 

TERMINAL DIAGRAM 

~ 
~ 

I • Drain 
2 .. Source 

3 .. Insuloted Gore 
4 .. Bulk (Substrate) 

and Case 

R CT ELECTRICAL CHA A ERISTI CS T T A le= 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 

TEST CONDITIONS LIMITS 

DC 
DRAiN· DC 

CHARACTERISTICS SYMBOLS FREQUENCY TO- DRAIN RCA UNITS 
SOURCE CURRENT 40467A 
VOLTAGE 

f VOS 10 

MHz V mA Min Typ. Max. 

Gate·to·Source Cutoff Voltage VGS(olf) 12 0.1 ·8 V 

0 VGS = -IV' I nA 
Gate Leakage Curren I IGSS 0 VGS =·8V I nA 

Zero· Bias Drain Current lOSS IS VGS =0 5 15 30 mA 

Small·Signal, Short·Circuit 
Forward Transcond uctance gfs I KHz 15 5 4000 7500 I'mho 

Small·Signal, Short·Circuit 
Reverse·Transfel Capacitance Crss I 15 5 0.12 0.25 0.35 pF 
(Drain·to·Gale) 

Small Signal Shorl·Circuit Ciss I 15 5 5.5 pF 
Input Capac itance 

Input Admi ttance Yis Common Source Configuration 0.4 - i7.3 
f =200 mHz 

7· Jl. Forward Transfer Admittance Yfs VDS = 15V 

Output Admittance Yos 10 = 5 rnA 0.28 - Jl.8 

Maximum Available Power Gain MAG 200 15 5 21 dB 

Maximum Usable Power Gain 
(unneutralized) MUG 200 IS 5 12 dB 

Maximum Usable Power Gain MUG 200 15 5 12 16 dB 
(neutralization) 

Noise Figure NF 200 IS 5 3.5 5 dB 

For characteristics curves, refer to types 3N128 and 3N 143. 
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MOS FIELD-EFFECT DEVICES 

40468A,40559A 

MOS Silicon Transistors 
For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 

RCA-40468A and 40559A are silicon insulated-gate 
field-effect transistors of the n-channel depletion type 
utilizing the MOS· construction. They are intended 
primarily for use as the rf amplifier and mixer, respec
tively, in FM receivers covering the 88 to 108 MHz 
hand, but can he used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and 
typical performance data refer to RCA Application Note 
AN3535 "An FM Tuner Using Single-Gate MOS Field
Effect Transistors as RF Amplifier and Mixer". 

The wide dynamic range of these transistors re
duces cross-modulation effects in AM receivers and 
minimizes the generation of spurious responses in 
FM receivers. 

Operating as a neutralized ampi ifier at 100 MHz, the 
40468A can provide a power gain of 17 dB (typ.). A 
power gain of 14 dB (typ.) can he realized without 
neutralization. 

* Metal-Oxide-Semiconductor. 

N-Channel Depletion Types 

Performance Features: 
e raduCild spuriOus ....... n_ in FM tunerS 
e __ bias on IUbltrate imProvios lin_ity 

• raduCild cro ... mcidulation affects in AM niceivers 

Maximum Ratings, Absolute-Maximum Values at TA = 25°C: 

VRAIN-T(}-SOURCE VOLTAGE. VVS' • . • • . +20 V 
VRAIN-To-GATE VOLTAGE. VVG .•..•.• +20 V 

GATE-TO-SOURCE VOLTAGE. VGS: 
CONTINUOUS (dc~ . . . . . . • . . . . . . . .. + I. -8 V 

PEAK Be. • • . . . • . • . • . • . . . • • . . . . • i 15 V 

VRAIN CURRENT. IV •............•. 25 .. A 

TRANSISTOR DISSIPATION: 
At ambient } up to 25°C. . . . . . • . • • . 330 mW 
temperatures above 25°C •....... derate at 2.2 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Storage. . . . . . . . . . . . . . . . . . . . . . . -65 to + 175 °c 
Operating . . . . • . . . . . . . • . . . . . . •. -65 to + 175°C 

LEAV TEMPERATURE (During Soldering): 
At distances not closer than 1132 inch to 
seating surface for 10 seconds maximum . 265 

ELECTRICAL CHARACTERISTICS, at TA = 25°C 
With Bulk (Substrate) Connected to Source Unl ... Otherwise Specified 

Device Features: 
e high forward tnnscandu_ - -

gfs • 7500 "",,,0 tyPo for 40488A 

e 1_ feedback _pad_nee - -
"no = 0.35 pF max. for 40488A 

0.38 pF max. for 40559A 

e high useful pow. gains - -
neutnlized - 17 dB typo 
unneutralized - 14 dB typo 

e hermetically _lad in TO-72 metal pack ... 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - SOURCE 
LEAD 3 - INSULATED GATE 
LEAD 4· BULK (SUBSTRATE) AND CASE 

TEST CONOITIONS LIMITS 

OC DC 

Characteristi cs Symbols Frequency Drain-to· Drain RCA-40468A RCA-40559A Units 
Source Current RF Ampl ilier Mixer 

I VpS 10 
MHz V mA Min. Typ. Max. Min. Typ. Max. 

Drain-to·Source Cutoll Current ID(oll) 12 VGS = -BV 100 500 }JA 

Gate Leakage Current IGSS 0 VGS = -BV 1. - 1 nA 
0 VGS = il.V I - I nA 

Zero·Bias Drain Current lOSS IS VGS = 0 5 IS 30 5 15 30 mA 

Small·Signal, Short·Circuit gls I kHz 15 5 7500 }JIIIho 
Forward Transconductance 

Small-Signal, Short-Circuit 
Reverse·Transler Capacitance Crss I 15 5 0.25 0.35 0.25 0.38 pF 
(Drain-ta-Gate) 

Input Capacitance Ciss I IS 5 5.5 - - 5.5 - pF 

Admittance - RF IMixer RF Mixer - - -
Input Admittance Vis 100 MHz 15 5 3 0.155 + j 3.45 0.14 + j 3.38 mmho 
Forward Transler Admittance VIs 100 MHz 15 5 3 7.4 + . 0.9 mmho 

Output Admittance Vas 100!110.7 
MHz MHz 

15 5 3 0.21 + j 0.9 0.076 + j 0.153 mmho 

Forward Conversion Transconductance gls(c) I kHz 15 3 2800" }JIIIho 

Maximum Available Power Gain MAG 100 15 5 26 dB 
Maximum Usable Power Gain MUG 100 15 5 - 14 - dB 

(Unneutralized) 

Maximum Usable Power Gain MUG 100 15 5 14 17 - dB 
(Neutralized) 

Maximum Available Conversion MAGc lin = IQO 15 3 22 dB 
Gain lout = 10.7 

Noise Figure NF 100 15 5 3.5 5 - dB 

• Bulk (Subsl,ale)'lo-$ou,ce Volls (Ves) = -3. 

For characteristics curves, refer to types 3N128 and 3N143. 

346 



40600,40601,40602 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 
M-Channel Depletion Types 
For VHF TV Receiver Applications 

RCA 40600, 40601, and 40602 are n-channel de
pletion type. dual-insulated-gate, field-effect transistors 
utilizing the MOSconstruction. These devices have char
acteristics which make them highly desirable for rf-ampli
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re
ceivers and other types of commercial equipment oper
ating at frequencies up to approximately 250 MHz. 

These transistors feature a series arrangement of 
two separate channels, each channel having an inde
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran
sistors. In mixer applications the 40601 provides ex
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic range 
of the 40601 minimizes cross-modulation which is gener
ally, encountered in mixer stages. 

Provision of two insuiated gates aiso results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneutralized 
circuits - for example, 20 dB at 200 MHz typo for the 

ELECTRICAL CHARACTERISTICS, at T A = 25°C 

40600, and 3S dB typo at 44 MHz for the 40602. The 
gain of the rf and if stages can be conlroIled by apply
ing agc voltage to gate No.2 and agc delay is easily ob
tained. Virtually no age power is required for full gain 
reduction. 

Types 40600, 40601, and 40602 are hermeticaIly 
sealed in metal JEDEC TO-72 packages. 

APPLICA TIONS 

• VHF TV Receiver 
40600 for rf amplifier applications 
40601 for mixer applications 
40602 for first.if-amplifier applications 

PERFORMANCE FEA TURES 

• superior cross.moclulation performance ancl greater 
dynamic range than bipolar and single.gate field-effect 
transistors 

• permits use of vacuum .. tube biasing technique, 

• excellent thermo I stability 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
40600, 40601, 40602 

UNITS 

Min. Typ. Max. 

Gate No.1·to-SOurce Cutoff Voltage VGIS(oft) 
VOS = +15V, 10 = 200 "A 

·2 V 
VG2S = +4V 

Gate No.2·to·Source Cutoff Voltage VG2S(off) 
VOS = +15V, III = 200 "A 

-2 V 
VGIS = 0 

Gate No.1 Leakage Current IGISS VGIS = ·20V, VG2S = 0, VOS = 0 - I nA 

Gate No.2 Leakage Current IG2SS VG2S = -20V, VGIS = 0, VOS = 0 I nA 

Drain CUlreot lOSS VOS = +13V, VGlS = 0, VG2S " +4V 1& - mA 

Forward Transconductance gls 
VOS = +13V. 10 = 10 mA 

VG2S = +4V, I = I kHz 
10000 - jtmho 

TYPICAL PERFORMANCE CHARACTERISTICS, at TA '" 25DC 

40600 40602 40601 
RF AMPLIFIER IF AMPLIFIER MIXER 

1= 200 MHz I = 44 MHz 1= 200 MHz 

CHARACTERISTICS SYMBOLS Local·oscilla.tor injection UNITS 

riJl~SN~.~~tU~~dg:~~~H p~t~n~:1 
Voltage on 

Gate No.2 = 750 mV 
VOS = 15V VDS = 13V, VG2S = +4V VG2S = +0.6V 

VGIS : 0.75V 

Small·Signal~ Short Circuit 0.02 typo 0.02 typo 0.02 typo 
Reverse-TranSfer Capacitance Crss 0.03 ma;(. 0.03 max. 0.03 max. pF 
(Drain-to-Gate No.1) at f = 1 MHz 

Output Capacitance Coss 2.2 2.2 2.2 at I = 44 MHz pF 

Input Capacitance Ciss 5.5 5.5 5.5 pF 

Input Resistance 'iss 1.2 10 1.2 Kfl 

OUtput Resistance 'oss 2.8 12 12 at I = 44 MHz K() 

Magnitude of forward Transadmittance IYlsl 11000 11000 2700' I'fTlho 

Phase Angle of Forward La ·46 ·11 degrees Transadmittance 

Maximum Available Power Gain MAG 20 35 14" dB 

Maximum Usable Power Gain 20-" 
I Stage 28 - dB 

MUGu 2 Stages 26 - dB (Unneutralized) 3 Stages 24 - dB 

Power Gain 
Gps 17.5 - - dB See Fig.l fOI measurement circuit 

Noise Figure NF 5 max. - - dB 

.. Magnitude of forward conve,slon transadmlttance •• Maximum available conversion gail'! .& Limited by practical design (;onSlderatlOns 

MOS FIELD-EFFECT DEVICES 

DEVICE FEATURES 

• extremely low feedback capacitance 
Cr •• = 0.02 pF typo 

• high power gain 
MUGu'" 20 dB typo for 40600 
MAG = 35 dB typo for 40602 
MAGe = 14 dB typo for 40601 

TERMINAL DIAGRAM 

lead I-Dl'Oin 
lead 2 - Gol. No. 2 
lead 3 - Gat. No. 1 ~

3 

lead .. - Source. $ubltnrte ond COM 

o 4 

Maximum Ratings, Absolute·Maximum Values at TA = 2SoC: 

DRAIN·TQ-SOURCE VOLTAGE, VDS. . . .• 0 to +20 V 

GATE No.l-TO-SOURCE VOLTAGE, VGlS: 

Continuous (de) ... _ . . . . . . . . . . . .. + 1 to -8 V 

Peak Be • • • • • . • • • • • • . . . • • • • • •. +20 to -8 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2S: 

Continuous (de) . . . • . . . . . . . • . . .. -8 to 4f»'G DfVoS V 

Peak ac . . . . . . . . . • . • . . . . . . . . •. ·8 to +20 V 

DRAIN-TO-GATE VOLTAGE, VDGlo,VOG2. +20 V 

DRAIN CURRENT, ID (Pulsed): 

Pulse durati90 L 20 ms, 
duty factor f. 0.15. . . • • . . . . . . • • . . . 50 rnA 

TRANSISTOR DISSIPATION, PT: 

At ambient l up to 25°C. . . • . . . . . . 400 mW 
temperatures f above 25°C ..••...... derate linearly at 

2.67 mW/oC 
AMBIENT TEMPERATURE RANGE: 

Storage and Operating .......•..... -65 to +175 DC 

LEAD TEMPERATURE (During soldering): 

At distances> 1/32" from seating 
surface for l(}"seconds max. . ....... . 265 

'6K 

• Tubular ceramic. 

Y Disk cer amic. 

210 
'''I. 

1/2 W-4=-: 

I 

1100'" 

.",. RF"C 
(OHM1T£ TYPE: 
Z235 OR EQUIV. J 

# Ferrite bead (\2 used); Indiana General No. HI742C-(A-147) 
or F1157-1-H, or equivalent. 

CI, C2: 1.5-5 pF variable air capacitor: E. F. Johnson Type 16(}'102, 
or equivalent. 

C3: 1-10 pF piston-type variable air ca~acitor: JFD Type VAM-OIO, 
Johanson Type 4335, or equivalent. 

C4: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH·13,.or equivalent. 

5 turns Silver-plated 0.02" thick, 0.07"- O.OS"wide copper 
ribbon. Internal diameter of winding:::: 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding. 

Li Same as Ll except winding length approx. 0.7"; no tap. 

Fig. I - 200 MHz Power Gain and Noise Figure Test Circuit 
for 40600 ami 40602 

For characteristics curves, refer to type 3N140. 
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MOS FIELD-EFFECT DEVICES 

40603,40604 

SILICON DUAL INSULATED· GATE FlELD·EFFECT TRANSISTORS 
N·Channel Depletion Types 
For FM Tuner Applications 

RCA 40603 and 40604 are n-channel silicon, deple
tion type, dual insulated-gate, field-effect transistor~ 
utilizing the MOS construction. 

Maximum Ratings, Absolute-Maximum Values a~ TA = 25°C: 

These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other commercial equipment operating 
at frequencies up to approximately 150 MHz. These tran
sistors feature a series arrangement of two separate 
channels, each channel having an independent control 
gate. For amplifier applications the 40603 with its wide 
dynamic range provides substantially better cross-modu
lation performance and relative freedom from spurious 
responses than is obtainable with bipolar or single-gate 
field-effect transistors. The mixing function performed 
by the 40604 is unique in that the signal applied to gate 
No.2 is used to modulate the input-gate (gate No.1) 
trans fer characteristic. This technique is superi9t to 
conventional "square law" mixing, which can only be 
accomplished in the non-linear region of tbe device trans
fer characteristic. 

ORAIN-TO-SOURCE VOLTAGE. VOS • • . • 0 to +20 V 

GATE No.I-To-SOURCE VOLTAGE, VGIS: 

Continuous (de) . . . . . . . • . . . . . . .. -8 to +1 V 

Peak ae . . . . . . . . . . . . . . . . . • . .. -8 to +20 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2S: 

Continuous (de) •..••.•••....... -8 to 40% oC VDS V 

Peak ac . • • . . . . . . . . • • . . . . • • .. -8 to +20 V 

ORAIN-TO-GATE VOLTAGE, 
VOGI or VDG2 ...•••.•.•••••..• +20 V 

DRAIN CURRENT, ID (Pulsed): 

Pulse durati9n t:. 20 ms, 

Because of the low feedback capacitance (0.02 typo 
pF) the 40603 can provide a power gain of 25 dB (typ.) 
at 100 MHz in an uMeutralized amplifier circuit. 

duty factor f 0.15. . . . . . . . . . . . . . • SO mA 

TRANSISTOR DISSIPATION. PT: 
At ambient l up to 25°C . • • . • • . . . 400 mW 
temperatures f above 25°C ••...••.. derate linearly at 

2.67 mWI"C 
AMBIENT TEMPERATURE RANGE: The gain of the rf stage can be controlled by apply

ing agc voltage to gate No.2. Virtually no age power is 
required for full gain reduction. 

The 4Q603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 

Storage and Operating . . • . . • . . • . .. -6S to +175 °c 
LEAD TEMPERATURE (During sold.ering): 

At distances> 1/32" from seating 
surface Cor lo-seconds max ••....... 

ELECTRICAL CHARACTERISTICS, at T A = 25aC 

LIMITS 

40603 40604 
CHARACTERISTICS SYMBOLS TEST CONDITIONS RF AMPLIFIER MIXER 

Typ. Max. Typ. Max. 
Gate No.l-to-Source Cutoff 

VGIS(ofl) 
VOS = +15 V, 10 = 200 /LA -2 -2 - -Volt.ge vG2S = '" V 

Gate No.2-to-Source Cutoff 
vG2S(ofl) 

VOS = +15 V, 10 = 200 "A 
Voltage VGlS = 0 

-2 - -2 --
Gate No.1 Leakage Current IGISS VGIS = -20 V, VG2S = 0, vOS = 0 _. I - I 

Gate No.2 Leakage Current 'G2SS VG2S = -20 V, vGlS = 0, vos = 0 - I -- I 

Zero-Bias-Voltage Drain Current lOSS VG2S = '" V, VGIS = 0, VOS = +13 V 18 .- 18 -
Small-Signal, Short-Circuit 

VOS = +13 V, 10 = 10 mAo f = \ MHz Reverse-Transfer Capacitance Crss 0.02 0.03 0.02 0.03 
(Orain-to-GaIe-No.l) VG2S = '" V 

Input Capacitance Ciss 
VOS = +\3 V. 10 = \0 mA 

5.5 - 5.5 -
VG2S = '" V. f = \ MHz 

Output Capacitance Coss 
VOS = +13 V, 10 = 10 mA 

VG2S = '" V. f = lOll MHz 
2.\ - 2.3 -

Input Resistance lis 
VOS = +13 V. 10 = 10 mA 

3.5 - 3.5 -
VG2S = '" V. f = 100 MHz 

V9~: ;J~~ f = 100 MHz 4 .- - -
OutPut Resistance 'os 

VG2S 0 +4V f = 10.7MHz - - 20 -
Forward Transconductance ifs 

VOS = +13 V, 10 = 10 mA 
10.000 - 2800' -VG2S = +4 V. f = I kHz 

Maximum Available Power Gain MAG VOS = +\3 V. 10 = 10 mA 
26 - 21 .. 

Maximum Uaable Power Gain 
MUG VG2S 0 '" V 25& -. -(Unneutral ized) f 0 100 MH z, fout for 40604 

Noise Figure Nf (mix.rl = 10.7 MHz 2.5 - - -
.. conversion transconductance 

.6.or limited by practical design considerations 
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UNITS 

V 

V 

nA 

nA 

mA 

pf 

pF 

pF 

kG 

kD 
kD 

""ho 

dB 

dB 

dB 

PERFORMANCE FEATURES 

• large dynamic range permits large-signal handling be
fore overload 

• dual gates allow product mixing with extremely low 
harmonic generation 

• greatly r.duces spurious responses in FM receivers 

• permits use of vGcuum.tub. hiasing techniques 

• excellent thermal stabi lity 

• sup.rior cross-modulation performance and great.r dy
namic range than bipolar and single-gate field-effect 
kan s i stors 

DEVICE FEATURES 

• extremely low feedback capecitance 
Crss = 0.02 pF typo 

• high unneutralized RF pawer gain 
MUG = 25 dB (typ.) for 40603 

• low noise figure 
HF = 2.5 dB typo for 40603 

TERMINAL DIAGRAM 

~ 
~ 

lMd l-Dtoi. 
l_42-Ga ...... ! 
L .... 3 - GaItr He. I 
L ...... -SOUru • .s ........... c... 

For characteristics curves, refer to type 3N 140. 



40673 

SILICON DUAL INSULATED·GATE FIELD· EFFECT TRANSISTOR 
N·Chlnel DepletiDI Type With Intelrated 
Gate .prDtectiDI Circuits 
Far RF Allplifier Applications up to 400 MHz 
RCA40673 is an n-channel silicon, depletion type, dual 
insulated-gate field~ffect transistor. 

Special back·to-back diodes are ~ffused directly into tjle 
MOS· pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
il0 volts. This protects the gates apinst damage in all 
normal handling and usage. 

the coromon-source configuration and a<>grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
pin without neutralization; and, of special im· 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetically sealed in the metal JEDEC TO·72 
package. 

"Mebll..()xlde-Semlconductor. 

A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input sigoal dynamic 
range ioherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the sigoal gate. 

Maximum Ratings. Absolute-Maximum Values, at TA = 2SoC 

DRAIN·TO.sOURCS VOLTAGE. Vos . . • . -0.2 to +20 
GATE NO.'·TO.sOURCE VOLTAGE. VGlS: 

Continuous (de) • • • . • • • • . • • • • • • • • • . -6 to +1 
Pak SIC ...••.•..•..••.•...•.•••• -6 to +6 

The excellent overall performance characteristics of the 
RCA40673 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 400 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross
modulation than is normally achieved using devices having 
only a single control element. 

GATS NO.2·TO.sOURCE VOLTAGE. VG2S: 
Continuous Idc). . . . . . . . . . . . .. . .. -6 to 30% of Vos 
Peak ac .. .. . . . . . . . . .. . . . . . .. . . -6 to +6 

DRAIN·TO·GATE VOLTAGS. 
VDGI OR VDG2 ............. . 

~~:~~I~¥~=SD~~I,PA"'ION: p,j.:' .. . 
At ambient l up to 2SOC .... . 
temPll'8tures r above 250C .. : .. 

AMBIENT TEMPERATURE RANGS: 

+20 
50 

330 
derate linearly at 

2.2 mWJDC 

Storage and Operating ... _ . .. . . . -65 to +175 
LEAD TEMPERATURE lOuring soldering): 

At distances~1I32 inch from The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in II8tlng surface for 10 seconds max. 266 

ELECTRICAL CHARACTERISTICS, at T A - 25"C unl .. otherwise specified 

CHARACTERISTICS SVMBOLS 

Gate-No.l-to-Sourc6 Cutoff Voltage VG1S(off) 

Gata·No.2·to-Source Cutoff Voltage VG2S(off) 

Gate-No.1· L.akage Current IGISS 

Gate-No.2·Loakage Current IG2SS 

Zero-Bias Drain Current lOSS 

Forward Transconductance 
(Gate-No.l·!O·Orain) 9fs 

Small,Signal. Short-Circuit Input 
Ciss Capacitance t 

Small,Signal, Short,Circuit. 
Reverse Transfer Capacitance Crss 
(Drain·!O-Gate No.1) • 

Small·Signa). Short·Circuit Output 
Coss Capacitance 

Power Gain (see Fig. I) GpS 

Maximum Available Power Gain MAG 

Maximum Usable Power Gain 
MUG (unneutralizod) 

Noise Figure (see Fig. I) NF 

Magnitude of Forward Transadmittance IVfsl 

Ph_ Angle of Forward T'a .... e admittance 
Input ResiSUll1C8 riss 

Output Resistance ross 

Protac:tlve Diode Knee Voltage Vknee 

·Limited only by practical design considerations. 

tCIiIPacit81ce between Gate No.1 and all other terminals 

TEST CONDITIONS 

VOS = +15V. 10 = 200jJA 
VG2S= +4V 

VOS= +15V. 10 = 200jJA 
VGII. = 0 

VGIS=+lor-6V 
VOS=0.VG2S=0 

VG2S= 16V 
VOS=0.VG1S=0 

VOS=+15V 
VG2S = +4V 
VG1S = 0 

VOS = +15V,10 = 10mA 
VG2S = +4V. f = 1kHz 

VOS = +15V, 10 = lOrnA 

VG2S = +4V. f-1MHz 

VOS· +15V. 10 = 10mA 

VG2S = +4V. f';; 200 MHz 

10IOOE(REVERSE)='loojJA 

• Three-terminal measurement with Gate No.2 and Source returned to luard terminal. 

LIMITS 

Min. Typ. Max. 

- -2 -4 

- -2 -4 

- - 50 

- - 50 

5 15 35 

- 12.Il00 -

- 6 -

0.005 0.02 0.03 

- 2.0 -

14 18 -
- 20 -

- 20' -

- 3.5 6.0 

- 12.Il00 -
- -35 -
- 1.0 -
- 2.8 -
- '10 -

UNITS 

V 

V 

nA 

nA 

mA 

).I11ho 

pF 

pF 

pF 

dB 

dB 

dB 

dB 

IJmho 

degnes 

len 

I<n 

V 

V 

v 
V 

V 
V 

V 
mA 

mW 

OC 

OC 

For characteristics curves, refer to type 3N187. 

MOS FIELD·EFFECT DEVICES 

APPLICATIONS 

• RF amplifier. mixer, and IF amplifier 
in military, industrial. and consumer 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar Or single·gate F ET s 

• wide dynamic range permits large-signal handling 
before overload 

• dual·gate permits simplified age circuitry 

• virtually no age power require<l 

• greatly reduces spuriOUS responses in fm receivers 

• permits use of vacuum· tube biasing techniques 

• excellent thermal stability 

DEVICE FEATURES 

• back-to .. back diodes protect each gat. against 
handling and in-circu it transients 

• low gate leakage currents --
IGISS & IG2SS = 20 nA(max.) at TA = 25°C 

• high forward transconductance --
!Its = .12,000 IJmho (typ.) 

• high un neutralized R F power gain -
Gps = lB dB(typ.) at 200 MHz 

• low VH F noise figure - .3.5 dB(typ.) at 200 MHz 

TERMINAL OIAGRAM 

LEAD 1· DRAIN 
LEAD 2 -GATE No.2 
LEAD 3·GATS No.1 
LEAD 4·S0URCE, SUBSTRATE 

AND CASE 

i--- -~;..~ ;;7~--Q-- - ---------1 
I I eo. OUTPUT 

I 
I 
I 
I 
I 
I _ 

I 
I 
I 
I 

-: ~~~~T~IV.I ~ 
1-= ----1---1-= ____ -l 
1000- 1000-

'Ferrit~ bead (4); ~roterric Co •. "Car~onyl J" 
0.09 In. 00; 0.03 In. ID; 0.063,". thickness. • Disc ceramiC. 

All resistors in ohms -Tubular ceramiC. 
All capacitors in pF 
C1: 1.8- 8.7 pF variable air capacitor: E.F. Johnson Type 16D-l04, 

or equivalent. 
C2: 1.5- 5 pF variable air capacitor: E.F. Johnson Type 16()'102, 

Dr equivalent. 

C3: 1- 10pF piston·type variable air capacitor: JFD Type VA~lO; 
Johanson Type 433~, or equivalent. 

C4: 0.8- 4.5pF piston type variable air capacitor.Erie 560-013 Dr 
equivalent. 

LI: 4 turns silver'plated 0.02·in. thick,0.075-o.085·in. wide,copper 
ribbon. Internal diameter of winding. 0.25 in, winding length 
approx. 0.80 in. 

L2: 4\2 turns silver:plated 0.02·in. thick, 0.085-o,095-in. wide, 5/16·in. 
10. COil '" .90 m. long. 

Fig. I. 20O-MHz Power gain and noise
ligure test circuit 
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MOS FIELD-EFFECT DEVICES 

40819 

Silicon Dual-Insulated-Gate Field-Effect Transistor 
N-Channel Depletion Type 

With I ntegrated Gate-Protection Circuits 

For RF Amplifier Applications up to 250 MHz 
The two-gate arrangement of the 40819 also makes possible 
a desirable reduction in feedback capacitance by operating 
in the common-source configuration and ae grounding Gate 
No.2. The reduced capacitance allows operation at maxi
mum gain without neutralization and reduces local oscillator 
feed through to the antenna - features of special importance 
in r1 and if amplifiers. 

RCA·40819 is an n·channel silicon, depletion type, dual in
sulated·gate lield·effect transistor (FETI. 

The excellent overall performance characteristics of the 
RCA·40819 make it uselul lor a wide variety 01 rl·amplifier 
applications at frequencies up' to 250 MHz. The two serially
connected channels with independent control gates make 
possible a greater dynamic range and lower cross·modula· 
tioo than is normally achieved using devices having only a 
single control element. 

Special back-to·back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
± 10 volts and protect the gates against damage in all normal 
handling and usage. 

ELECTRICAL CHARACTERISTICS, at TA = 250 C unless otherwise specified 

LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS UNITS 

Min. Typ. Max. 

Gate·No.l·to·Sou"e Cutoff Voltage VG1S(off) 
VOS = +15 V, 10 = 200 pA 

- ·-2 -4 V 
VG2S = +4 V 

Gate·No.2·to·Source Cutoff Voltage VG2S(offl 
VOS = +15 V, 10 = 200 pA 

- -2 -4 V 
VG1S = 0 

Gate·No.l·Leakage Current IG1SS 
VG1S = ±6 V - - 50 nA 
VOS = 0, VG2S = 0 

Gate·No.2·Leakage Current IG2SS 
VG2S = ± 6 V - - 50 nA 
VOS = 0, VG1S = 0 

Zero·Bias Drain Current lOSS 
VOS=+15V 

5 15 35 mA 
VG2S = +4 V, VG1S = 0 

_ ..... _.-

Forward Transconductance (Gate-No.l·to-Drainl 
VOS = +15 V, 10 = 10 mA - 12,000 - J1l11ho 9l, VG2S=+4V,1 = 1 kHz 

Small-Signal, Short-Circuit Input Capacitancet Ciss - 6 - pF 

Small·Signal, Short,Circuit, VOS=+15V,10= 10mA 
Reverse Transfer Capacitance 
(Orain·to·Gate No.1I' 

Crss VG2S = +4 V, f = 1 MHz 0.005 0.02 0.03 pF 

Small-Signal, Short· Circuit Output Capacitance Coss - 2 - pF 

Power Gain (see Fig. 11 GpS 14 18 - dB 

Maximum Available Power Gain MAG - 20 - dB 

Maximum Usable Power Gain (unneutralized) MUG - 20' - dB 
VOS = +15 V, 10 = 10 mA 

6.0 dB Noise Figure (see Fig. 1) NF 
VG2S = +4 V, I = 200 MHz 

- 3.5 

Magnitude of Forward Transadmittance IYfs l - 12,000 - J1l11ho 

Phase ,\ngle of Forward Transadmittance 8 - -35 - degrees 

Input Resistance riss - 1 - kn 
Output Resistance ross - 2.8 - kn 

Protective Diode Knee Voltage Vknee Idiode (reversel = ± 100 pA - +10 - V 

* Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terminals. 

, Three·terminal measurement with Gate No.2 and Source returned to guard terminal. 
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#Ferrite bead (4); Pyrolerric Co. 
"CarbonYl J" 0.09 in 00; 0.03 
in 10; 0.063 in thickness. 

All resistors in ohms 

All capacitors in pF 

Q= 40673 
.,. Disc ceramic. 
* Tubular ceramic. 

Cl: 1.8 - 8.7 pF variable air capacitor: E. F. Johnson 
Type 160-104, or equ ivaleot. 

C2~ 1.5 - 5 pF variable air capacitor: E. F. Johnson Type 
160·102, or equivalent. 

C3: 1 - 10 pF piston·type variable air capacitor: JFD 
Type VAM-Ol0; Johanson Type 4335, or equivalent. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 
560·013 or equivalent. 

L ,: 4 turns silver·plated 0.02·in thick, 0.075·0.085 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2: 4·1/2 turns silver·plated 0.02 in thick, 0.085-0.095· 
in wide, 5116·in; 10 Coil = .90 in long. 

Fig. 1. 200 MHz power gain and noise figure test circuit 

For characteristics curves, refer to type 3N187. 

The back·to·back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition, the low junction capacitance of these 
Qiodes adds little to the total capacitance shunting the signal 
gate. 

The 25-valt drain-ta-source rating permits the use of higher 
voltage power supplies_ 

The 40819 is hermtically sealed in the metal JEDEC TO·72 
package. 

TERMINAL DIAGRAM 

LEAD 1 . DRAIN 
LEAD 2· GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4· SOURCE,. 

SUBSTRATE, AND CASE 

Device Features 

~ 
~ 

• back-to·back diodes protect each gate against handling aQd 
in-circuit transients 

• high forward transconductance: 9fs = 12,000 Ilmho (typ.) 

• high unneutralized RFpower gain: Gps = 18 dB (typ,lat 
200 MHz 

• low VHF noise figure: 3,5 dB (typ.) at 200 MHz 

• low gate leakage currents: IG1SS & IG2SS = 50 nA at TA = 250 C 

• increased drain·to·source voltage rating: VDS = -0.2 to +25 V 

Performance Features 
• superior cross-modulation performance and greater 

dynamic range than bipolar or· single-gate FET 5 

• wide dynamic range permits large-signal handling before 
overload 

• virtually no age power required 

• greatly reduces spurious responses in FM receivers 

• dual gate permits simplified AGC circuitry 

Applications 

• RF amplifier. mixer, and IF amplifier in military. 
industrial, and consumer communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

Absolute Maximum Values. at TA = 25"C: 

Drain-to·Sour-ce Voltage, Vos. 

Gate Terminal Current, 
'G1S or IG2S . 

Orain-to-Gate Voltage, 
VOG10rVOG2' 

Drain Current, 10' ... 
Transistor DiSSipation, PT: 

At T A up to 2!f1C 

-0.2 to +25 

.:!:1oo 

+31 

50 

330 

v 

V 

mA 

mW 
At T A above 2!f1C ... derate linearly 2.2 mW/oC 

Ambient Temperature Range: 

Operating and Storage . _ .. -65 to +175 
Lead Temperature (During Soldering); 

At distances 1/32 in from seating 
surface for 10 5 max_ 265 

Maximum Ratings 

Continuous Working Voltage#, at TA = 25"C: 

Gate NO.1-to-Source VOltage. VG1S _ -6 to +3 

Gate No.2-ta-Source Voltage. VG2S -6 to +6 or 

40% of VDS 

(whichever value is less) 
Drain-to-Gate Voltage, VOG1 or 

VOG2 ............. . +25 

v 
v 

v 

Continuous Working Voltage Ratings must be observed to maintain 
device characteristics. These ratings are based on long-term con· 
tinuous voltage operation but may be exceeded for short durations 
(e.g. testing of device characteristics), provided the absolute Maxi
mum Ratings are not exceeded. 



MOS FIELD-EFFECT DEVICES 

40820, 40821 

Silicon Dual-Insulated - Gate Field-Effect Transistors 
N-Cliannel Depletion Types 

Device Features 
With I htegrated Gate-Protection Circuits 
For VHF-TV Tuner Applications 

• back-to-back diodes protect each gate against handling and in-circuit transients 

• high forward transconductance: 9ts = 12,000 Ilmho (typ.) 

40820 - RF Amplifier 40821 - Mixer 
• high unneutralized RF power gain: Gps = 17 dB (typ.) at 20Q MHz (40820) 

RCA-40S2O.and 40821 are n-channel silicon, depletion type, 
dual-insulated-ga.te, MOS'" field-effect transistors for R F 
amplifier (40820) and mixer (4OS21) applications in 
VHF·TV receivers and other commercial equipment 
operating at frequencies up to 250 MHz. 

• low VHF nOise figure: 3.5 dB /typ.) at 200 MHz (40820) 

• low gate leakage currents: IGI55 & IG2SS = 50 nA 

Performance Features 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate F ET s 

• wide dyn,mk: range permits large·$ignal handling 
before overload 

• virtually no agc power required 

• dual gate permits simplified AGC circuitry 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature. offers good cross
modulation performance OVer the AGe range and reduces 
feedback capacitance by shielding Gate No. I from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces locai oscillator feed
through to the antenna. 

~ 
~ 

LEAD 4 - SOURCE. SUBSTRATE. AND CASE 

The dual-gate arrangement also makes it possible to isolate 
the local oscillator signal from the incoming signal by 
applying each signal to a separate gate. 

Virtually no AGC power is required because of the high gate 
input resistance of the MOS F ET types. Automatic AGC 
delay can be achieved with a very slight change in the input 
impedance by the application of AGC voltage to Gate No.2. 

Intelral back-to-back diodes protect the gates against damage 
in normal handling and usage by limiting transient voltages 
that exceed ±IO volts. The 40820 and 40S21 are hermeti
cally sealed in metal JEOEC TO·72 packages. 

A Metal-Oxide..semiconductor. 

Maximum Ratings 
Continuous Working Voltage#, at TA = 25"C: 

40820 40821 

Gate No. I-to-Source Voltage, VGIS -6 to +3 -4.5 to +3 
Gate No. 2-to-Source Voltage, VG2S -6 to +6 or 40% of VDS 

(whichever value is less) 
4_5 to +4.5 or 4.5 to 40% of VOS 

(whichever value is less) 

V 
V 

Orain·to-Gate Voltage, VOG I or VOG2' . . . . . . . . . . . . . . . . . +20 +20 V 

Absolute Maximum Values, at TA = 25" C: 

Drain-to-Source Voltage, VOS .•.. _ ........ _ .... _ . _ .. . 
Gate Terminal Current, IGIS or IG2S ................. . 
Orain-to-Gate Voltage, VOGI or VOG2 ......... - .. - ... . 
Drain Current, 10 ... _ .... _ . _ .................. __ .. . 
Transistor Dissipation: 

At TA up to 25°C ............................. . 
At TA above 25°C .......................... . 

Ambient Temperature Range: 
Operating and Storage ....................... . 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating 

surface for lOs max. . .................... . 

-0.2 to +20 
±IOO 
+26 
50 

330 

-0.2 to +20 
±IOO 
+24.5 

50 

330 
derate linearly 2.2 mWfC 

-65 to +175 -65 to +175 

265 265 

V 
IlA 

V 
mA 

mW 

°c 

°c 

:# Continuous Working Voltage Ratings must be obselVed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristicsl. provided the Absolute Maximum Ratings are 
not exceeded. 

"Lo 
2"~--~~-----i 
IIH. 

I 
I 
I 
I 
I 
I 

I I : 

I : ) 
I I I 
L __ 'T---T-l.---T-----J 

• ICS-I., .... 

Q= 40821 
.... Disc. ceramic. 
* Tubular ceramic. 
All resistors in ohms 
All capacitors in pF 

CI, C2: 1.5-5 pF variable air capacitor: E.F. Johnson Type 
160-102 or equivalent. 

C3: 1-10 pF piston-type variable air capacitor: JFO Type 
VAM'()10, Johanson Type 4335, or equivalent. 

C4: 0.9-7 pF compression-type capacitor: ARCO 400 
or equ ivalent. 

L I: 5 turns silver-plated 0.02" thick, 0.07" -O.OS" wide 
copper ribbon. Internal diameter of winding .= 
0.25"; winding length approx_ 0.65". Tapped at 
1-1/2 turns from CI end of winding. 

L2: Ohmite Z·235 RF choke or equivalent 

L3: J. W: Miller Co. #4580 0.1 IlH RF choke or 
equivalent. 

Note: If 5011 meter is used in place of sweep detector, a 
low pass filter must be provided to eliminate local 
oscillator voltage from load . 

Fig.I- Conversion power gain test circuit for type 40821. For characteristics curves, refer to tYpe 3N 187. 
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MOS FIELD-EFFECT DEVICES 

40820, 40821 

352 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 40820 40821 UNITS 

Mm. Typ. Max. Mm. Typ. MalIC, 

Gate No.1 to Source Cutoff Voltage VG1S(offi VOS'" +15V,'O-200",A,VG2S· +4V - -, -3 -, -3 V 

Gate No.2 to Source Cutoff Voltage VG2Sloff) VOS· +15V.'O-200JlA,V.G1S-0 -, -3 -, -3 V 

Gate·ta-Source Forward Breakdown Voltage 'GISSF 
Gate No.1 V(BRIGISSF 'G2SSF • VG2S VDS a 11 V 

Gate No.2 VIBRIG2SSF l00IJ.A 
VG1S VOS a 11 V 

Gate·to Source Reverse Breakdown Voltage: 'GTSSR 
Gate No 1 VIBRIGISSR 

'G2SSR VG2S VOS a 11 V 

Gale No.2 V1BR1G2SSR l00j.JA 
VG1S VOS a 11 V 

VG1S 6V 50 nA 
Gate No 1 Terminal Forward Current IGISSF VOS VG2S 0 

VG1S ·4.5 V 50 nA 

VG1S 6V 50 nA 
Gate No. '·Termlnal Ae\erse Current 'GISSR VOS VG2S 0 

VC,lS 45V 50 nA 

VG2S 6V 50 nA 
Gate No 2 Terminal Forward Current 'G2SSF VDS VGlS 0 

50 nA VG2S 45V 

VG2S -6 V 50 nA 
Gate No.2· Terminal Reverse Current 'G2SSR VDS VG1S 0 

VG2S 45V 50 nA 

Zero·Bias Drain Current 'DS VDS t15 V, VG1S O,VG2S '4V 0.5 '5 05 20 mA 

Forward Transconductance 
lGate No. l-to-Orainl "" 

, 1 kHI '2000 2000 "mho 

Sm~tt·Slgnal. Short·Circuit Input Capacitance. CISS 85 pF 

Small·Signal. Short·Clrcuit. Reverse Transfer 
Crsos VDS "5 V , 1 MHI 0005 002 0.03 0.005 002 0.04 pF 

Capacitanc;e lDrain·to·Gate·No. 11' 
'D lOrnA 

Small·Signal. Short·Circuit Output capacitance Coss VG2S .4V pF 

Power Gain (sa. Fig. 6) GpS '4 11 d8 

Noise Figure lsae Fig. 6) NF , 200 MH1 45 d8 

Conversion Gain GpS1CI 
, 200/44 MHI 11 d8 

• Capacitance between Gate No 1 and all other terminals , Three·termlnal measurement with Gate No.2 and Source returned to 9Iard termiNi . 

r ----E;,.;N~-;.;;L7-::---- - ----------; 
1 AGe: -4 TO +8 V '- '- 0 C4 OUTPUT 

2 

.:tFer-rite bead (4); Pyro1erric Co. 
"Carbonyl J" 0.09 in 00; 0.03 
in 10,0.063 in thickness. 

All resistors in ohms 

All capacitors in pF 

Q= 40820 
T Disc ceramic. 
* Tubular ceramic. 

Cl: 1.8 ~ 8.7 pF variable air capacitor: E. F. Johnson 
Type 160·104. or equivalent. 

C2: 1.5 - 5 pF variable air capacitor: E. F. Johnson Type 
160-102, or equivalent. 

C3: 1 - 10 pF piston-type variable air capacitor: JFo 
Type VAM·OlD; Johanson Type 4335. or equivalent. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 
560·013 or equivalent. 

L,: 4 turns silver-plated O.02·in thick, 0.075·0.085 in 
wide, copper ribbon. Internal diameter of winding = 

0.25 in, winding length approx. 0.80 in. 

L ____________ ~'-_ ~5D8' 92CS-17465 

L2: 4·1/2 turns silver-plated 0.02 in thick. 0.085-0.095-
in wide. 5/16-inj 10 Coil ~ 0.90 in. long. 

Fig.2 - 200 MHz power gain and noise figure test circuit for type 40820. 

Table 1 - V parameters YS. frequency 

CHARACTERISTICS SYMBOL 
FREQUENCY (MHz) 

UNITS 
50 100 200 250 

Y Parameters 

Input Conductance gis O.OB 0.33 1.0 1.6 mmho 

Input Susceptance bis 1.8 3.6 7.5 9.8 mmho 

Magnitude Forward Transadmittance IVfsl 12 12 12 12.3 mmho 

Angle of Forward Transadmittance <Vfs -2 -13 -35 -45 degrees 

Output Conductance gos 0.10 0.18 0.36 0.42 mmho 

Output Susceptance bos 0.5 1.0 2.0 2.6 mmho 

Magnitude of Reverse Transadmittance IVrsl 8 12 25 40 j.lmho 

Angle of Reverse Transadmittance <Vrs -88 -73 -25 -10 degrees 



MOS FIELD·EFFECT DEVICES 

40822-40823 

Silicon Dual-Insulated - Gate Field-Effect Transistors 
N·Channel Depletion Types Device Features 
With I nteg.-ated Gate- Protection Circu its 

For FM Tuner Applications 
• back-to-back diodes protect each gate against handling and in-circuit transier 

• high forward transconductance: gf. = 12,000 /lmho (typ.) 

40822 - RF Amplifier 40823 - Mixer • high unneutralized RF power gain: Gps = 24 dB (typ.) at 100 MHz (40822) 

• low VHF noise figure: 2 dB (typ.) at 100 MHz (40822) 
RCA-40822 and 40823 are n-channel sili~on, depletion type, 
dual-insulated-gate, field-effect transistors for RF amplifier 
(40822) and mixer (40823) applications in FM receivers and 
other cD.mmercial equipment operating at frequencies up to 
150 MHz. 

Performance Features • low gate leakage currents: IG1SS & IG2SS = 50 nA at TA = 25°C 

These devices designed for VHF performance, provide 
excellent power gain, low·noise figures and have wide 
dynamic range. The dual-gate feature offers good cross
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No.1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed
through to the antenna. 

Virtually no power is required in AGC utilizing the 40822 
and 40823. In addition, these devices minimize input 
impedance variations and automatically achieve AGC delay 
when AGC is applied to Gate No.2. The dual.gate 

Maximum Ratings 
Continuous Working Voltage #, at TA = 25" c: 

• superior cross-modu1ation performance and greater 
dynamic range than bipolar or single-gate FET's • 

• wide dynamic range permits large-signal handling 
before overload 

• virtually no age power required 
• greatly reducl!$ !puriou& responses in FM receivers 

• dual gate permits simplified AGC circuitry 

arrangement also makes it possible to isolate the local 
oscillator signal from the incoming signal by applying each 
signal to a specific gate. 

Back-to-back diodes, diffused directly into the MOS pellet, 
protect the gates against damage in normal nand ling and 
usage by limiting transient voltages that exceed +10 volts. 
The 40822 and 40823 are hermetically sealed in metal 
JEDEC TO·72 packages. 

40822 40823 

Gate No. l-to-Source Voltage, VG1S ................... -6 to +3 -4.5 to +3 v 
V Gate No. 2-to-Source Voltage, VG2S ........... ·6 to +6 or 40% of VDS 

(whichever value is less) 
Drain-to-Gate Voltage, VDGl or VDG2' _ . . . . . . . . . . . . . . . . +20 

Absolute Maximum Values, at T A = 25" C: 

Drain-to-Source Voltil!Je, VOS ....... _ ............... . 
Ga~e Terminal Current, IGlS or IG2S ................. . 
Drain-to·Gate Voltage, VOGl or VDG2 ................ . 
Drain Current, 10 ................................. . 
Transistor Dissipation: 

At T A up to 25°C ............................. . 

-0.2 to +18 
±loo 
+24 
50 

330 

-4.5 to +4.5 or 40% of VOS 
(whichever value is less) 

+20 

-0.2 to +18 
±loo 
+22.5 

50 

330 
At TA above 25°C ..... _ .................... . derate linearly 2.2 mWtC 

Ambient Temperature Range: 
Operating and Storage ....................... . -65 to +175 -65 to +175 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating 

surface for lOs max. _ .................... . 265 265 

V 

V 
/lA 

V 

rnA 

mW 

°c 

°c 

# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratingsare 
not exceeded. 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS .... _-r-4.;.:08=22:..,.._-+ __ -r-408=2:.;;3~_-f UNITS 
Min. Tvp. Max. Min. Typ. Max. 

Gate No. '·to·Source Cutoff Voltage VG1Sloff) 

Gate No. 2·to·Source Cutoff Voltage VG2S(off) 

Gate·to-Source Forward Breakdown Voltage: 
Gate No.1 VIBRIG1SSF 

Gate No.2 V(BR)G2SSF 

IG1SSF' 
IG2SSF' 
100MA 

Gate·to·Source Reverse Breakdown Voltage: 
Gate No.1 

Gate No.2 

IGlSSR' 
VIBRIG1SSR IG2SSR' 
VIBRIG2SSR lOOMA 

VGlS' VDS =0 

-2 -4 -2-4 v 
2 -4 2 v 

9 11 v 

11 v 

1.3-5 pF variable air capacitor: E.F. Johnson Type 16CJ.l02or 

equivalent. 

2.7-19.6 pF variable air capacitor: E.F. Johnson Type 
160-110 or equivalent. 
80 pF max. compression-type capacitor: Areo 405 or 
equivalent 
8 turns No. 22 wire on 1/4" diameter air core. One turn 

spacing between windlngs_ Tapped at one turn from low end. 
37 turns No. 34 wire on 3/16" diameter air core. Unloaded Q 
=63 
40823. 

Fig.1 - 100110. 7-MHz conversion power gain test circuit 
for type 40823. 

100 
.n 

1000 
pF 

". 500n 

I 
I 
I 
I 
I 

:~ I 
EXTERHAL _1 

. SHI[LD---""'I _____ L_ 

.01 ,,' 
100D 

pF 

0: 

~ """D 
vGlS' BV 50 nA 

'"'V=Gl:.:!..S''''4'''.5'''V~-''''-+-....,r--t--....,r--;'''50:::-+-n'''A:-i Cl,C2' 1.3-5.4 pF variable air capacitor 
VG1S'" 6 V 50 nA C3: '-10 pF variable air capacitor, piston type: 

Gate No. 1·Terminal Forward Current IG1SSF VDS = VG2S = a 

Gate No. I·Terminal Reverse Current IG1SSR VG1S' -4.5 V 50 nA Johanson Co .. No. 4335 
50 nA C4: 1-15 pF variable air capacitor, precision piston type: 

Gate No. 2·Ter-minal Forward Current IG2SSF V V 0 Vr;2!; "" 6 V Roanvvell Corp. SG 11129/AG 
~ _____________ ~ ___ ~_D_S_-__ G_1S_-_-_+V_G=2~S~'_4_._V_~ __ ~_+_~ __ +_~~50_~_~~Ll,~~22~RFC~~(7n:Mih~N~UM 

Gate No. 2·Terminal Reverse Current 

Zero·Bias Drain Current 

Forward Transconductance 
(Gate No. '·to-Drain) 

IG2SSR 

IDS 

!lis 

Small·Signal. Short·Circuit Input Capacitance t Ciss 

Small·Signal, Short·Circuit Output Capacitance Coss 
Power Gain lsee Fig. 5) GpS 

Noise Figure lsee Fig. 5) NF 
Con\lersion Gain GpSICI 

t Capacitance between Gate No 1 and ali other terminals. 

VDS=+15V 
ID = 10mA 
VG2S=- +4 V 

VG2S=-6V 50 nA ·Ferramic toroid (1/2 used): Indiana General, 

VG2S'-4.5V 50 nA No.CF10l-IO-61 

15 30 15 35 rnA 

f: 1 kHz 12000 2000 ~ho 

6.5 9.5 6.5 10 pF 

t.' 1 MHz 0.005 0.020 O.OJ( 0.005 0.025 0.04 pF 

pF 

19 24 dB 

t'100MHz 3.5 dB 
f =-100 to 10.7MH 14 18 dB 

Fig.2 • 100-MHz power gain and noise figure test circuit 

for type 40822. 

TERMINAL OIAGRAM 

~ 
~ 

LEAD I - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE. SUBSTRATE ANO CASE 

• Three·terminal measurement with Gate No. 2 and Source returned to 9Jard terminal, 
For characteristics curves, refer to tYpe 3N187. 
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MOS FIELD-EFFECT DEVICES 

40841 

Silicon Dual-Insulated Gate Field-Effect Transistor 
N·Chanilel Depletion Type 

With Integrated Gate-Protection Circuits 
General-Purpose Economy Type for Applications 
from DC to 500 MHz 

RCA·40841 is an n·channel silicon, depletion type, dual· 
insulated gate, field·effect transistor intended for general· 
purpose applications from DC to frequencies up to 500 MHz. 

This MOS/FET provides excellent power gain, linear·circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the AGC range. Its dual-gate construction 
reduces feedback capacitance by shielding Gate No. 1 from 
the drain, and makes it possible to isolate the local oscillator 
signal from the incoming signal bv applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual-gate configuration. Use of the device in the R F 
input stage of a receiver reduces local oscillator feed·through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 
2, and exhibits slight input impedance variations during AGC 
functioning. The device has exceptionally high input im· 
pedance, an attribute for timing-circuit design. 

Back·to·back diodes are fabricated on the same monolithic 
silicon pellet as the MOS/F ET to protect the gates against 
damage due to electrostatic charges frequently encountered 
during normal handling. These back·to·back diodes also 
function as "transient trappers" by limiting in-circuit 
transient voltageS that exceed ±10 volts. 

Maximum ratings and electrical characteristics are included in 
the data for operation of the 40841 as the equivalent of a 
sing!e-gate device. For single-gate operation, connect Gate 
No.1 (Term. 2) to Gate No.2 (Term. 3), as shown in the 
Terminal Diagrams on Page 2 .. The 40841 MOS/FET is 
hermetically sealed in the metal JEDEC TO·72 package. 

Maximum Ratings 

Absolute Maximum V.lufI$, at TA = 2!PC: 

Device Features: 

• back·to-back diodes protect gate insulation against damage 
duo to static changes frequently encountered during haodling 

• high forward transconductance: 9fs = 12,000 j1mho (typ.) 
• high power gain: Gps = 32 dB (typ.) at 44 MHz 
• gate leakage clI'rents: IG1SS and IG2SS = 60 nA (max.) 

atTA=25OC 

• high input impedance 
• excellent thermal stability 

Performance Features: 

• superior cross·modulation performance and greater dynamic 
range than bipolar and junction-gata FETs 

• wide dynamic range permits large-signal handling before 
overloading 

• virtually no age power required 
• greatly reduced spurious respon.s in AM and FM receivers 
• dual-gate configuration permits simplified AGC circui1ry 
• operates at frequencies to 500 MHz wilhout neutralization 

in circuits utilizing the dual-gate configll'ation 

• operet .. up to UHF with I.;.. ..... i .. porformance 

The following dual-gate MOS/FET types are specified for 
applications requiring premimum..grade performance: 3N200, 
3N187, 40673, 408,.9, 40820, 40821, 40822, and 40823. 

Detailed information, utilizing RCA dual-gate protected 
MOS/FETs in RF applications, is given in the following RCA. 
Application Notes: AN-4431 "RF Applications of the 
Dual·Gate MOS/FET up to 500 MHz" and AN-4018 "Design 
of Gate·Protected MOS Field·Effect Transistors". 

Dual-Gate Single-Gate 
Configuration Conf'lgUration 

Drain·to·Source Voltage, VDS ............................ . -0.2 to +18 -0.2 to +18 V 
Gate Terminal Current, IGIS or IG2S ...................... . 
Gate Terminal Current, IGS .....••.••.....•..•............ 
Dra.in·to·Gate Voltage, VDGI or VDG2 •............•••...... 
Drain·to·Gate Voltage, VDG ..................•.•••........ 
Drain Current, 10 ..••••.....•........................... 
Transistor Dissipation: 

AtTAuPto250C .................................. . 
At T A a""ve 250 C .................................. . 

Ambient Temperature Range: 
Operating and Storage ................................ . 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating surface for 10 s max. 

Continuous Working Voltage#, at TA = 2SOC: 

Gate No. l·to·Source Voltage, VG1S 
Gate No. 2·to·Source Voltage, VG2S 

Gate·to·Source Voltage, V GS ............................. . 
Drain·to·Gate Voltage, VDG 1 or VDG2 ...................... . 
Drain·to·Gate Voltage, VDG ..............•....•........... 

±100 
±100 

+24 

+24 
50 50 

330 330 
derate linearly 2.2 mW PC 

-65 to +175 

265 

-4.5 to +3 
·4.5 to +4.5 or 40% of VDS 

(whichever value is less) 

+20 

-65 to +175 

265 

-4.5 to +3 

+20 

#Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long·term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings 
are not exceeded. 

10 

GATE NO.2-TO-SOURCE VOLTS (VGZS)-4 
AMBIENT TEMPERATURE (TA 1 ·25·C 

IlA 
IlA 

V 
V 

mA 

mW 

V 
V 

V 
V 
V 

10 
GATE NO.I-TO-SOURCE VOLTS (VGIS}-O 

... ... . 
" 
I 

o -. 

-o.S 

DRAIN-Tn-SOURCE VOLT~ ~ -IS 

ANBIErn TENPERATURE (TAl - 25·C 

~W 

-I 0 I 2 3 .. 
GATE NO.2-TO-SOURCE VOLTS (VG2S) 

92CS-18042 

Fig.2-IO I/$. VG2S. 
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... = • 
" 

o _ 10 12 
DRAIN-TO-SOURCE VOLTS (Vos) 

Fig.3-lo I/$. VOS. 

-0.2 

-0.4 

-0.6 

-0.8 

-1.2 

14 16 

92C$-18043 

Applications: 

• DC amplifiers • chopperi 
• R F amplifiers • voltage·mntrolled attenuaton 
• mixers • constant-currant source 
• I F amplifiers • voltage regulators 
• video amplifiers • telemetry If< mUltiplex 
• differential amplifiers • servo amplifiers 
• frequency mUltipliers • proximity switches 
• phase splitters 
• industrial timers - long time delays 
• thyristor trigger circuits 

TERMINAL DIAGRAMS 

SINGLE·GATE CONFIGURATION 

LEAD I-DRAIN 
LEADS-2 AND 3-GATE 
LEAD 4-SDURCE, 

SUBSTRATE AND CASE 

DUAL·GATE CONFIGURATION 

LEAD I-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No.1 
LEAD 4-sDURCE 

SUBSTRATE AND CASE 

ORAIN-lO-SOURCE VOLTstvOS)-1 

10 AMBIENT TEMPERATURE (TA)-mac 

'" H 

m 
w .. 
~ 

" .. 
:I 
" z 

i 

o -. -I 
GATE NO.I-TO-SOURCE VOLTS (VGIS' 

Fig. 1-10 I/$. VG15-

~ 
COMNON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)-25·C 

" 
FREQUENCY (1)-' KHz 

:I DRAiN-lO-SOURCE VOLTS (VOS'-" 

i 
.!;.I2..S GATE NO.2-TO-SOURCE VOLTSIVG )-+4 
§ 
... 
~ 
~ 
iI 1.. +. 

~ 
~ 5.0 
I!' +. 

'" ~2.5 +1 

~ -I 0 

-2 -I +1 
GATE NO.I-TO-SOURCE VOLTS (VGIS) 

-I 

928$-40., 

Fig.4-gft; VS. VG1S· 



40841 

ELECTRICAL CHARACTERISTICS at TA- 25"<: 

LlMITI 

CHARACTERISTICS SVMBOLS TEST CONDITIONS CONFIGURATION 
DUAL4ATE SINGLE4ATE 

UNITS 

MIN. TVP. MAX. MIN. TVP. MAX. 
Gate-la-Source Cutoff Voltage: 

Dual-Gate INo. 1) VGIS(olf) -2 v 
Duel-Gate (No. 2J VG2S off -2 V 
Single Gate VGSlolf) U V 

Gate-ta-Source Forward Breakdown Voltage: IG1SSF '"' 

Dua'·G ... INo.lI VIBR)G1SSF 'G2SSF' hViG;:2"S-::·,V:,;D;:S!-:·;-0n_-f....., .... f-:_r __ +-_+ __ +-ir-l 
Duo'·G ... INo. 2) VIBR)G2SSF 100"" VG1S' VOS· ° V 

V 
Single·Gate VIBR)GSSF IGSSF' 100"". vos ~ 0 V 

Gate-to-Source Reverse Breekdown Voltage: IG1SSR '" 
V 
V 

Dual-Gate IND. 11 VIBR1G1SSR IG2SSR'" VG2S '" VOS IE 0 
Oual-Gate (No.2) V(BR)G2SSR l00~ .,V"G"'I"S""··V"o"S'"=·:-oirl---I-Cg ..... I--+--+--+-+..."..-I 
Single-Gate V(BR)GSSR IGSSR '" 'OO~. VOS" 0 

Gate Terminal Forward Current: 

Dual-Gate (No. 1) IG1SSF VOS' VG2S' O.VGIS· BV 
Dual Gate (No.2) 'G2SSF VOS VGlS - O. VG2S - 6 V 
Single-Gate 'GSSF VOS O.VGS BV 

Gate Termmal Reverse Current: 

Dual-Gate (No. 11 IG1SSR VOS' VG2S' O. VGIS' -6 V 
Dual-Gate (No.2) IG2SSR VOS VGIS O. VG2S - 6 V 
Single-Gate 'GSSR VOS- O.VGS- 6V 

Zero-Bias Drain Current: 
Dual-Gate lOS Vas"" +15 V, VG1S = 0, VG2S" +4 V 
Single-Gate lOSS VOS- +lSV.VGS" 0 

Forward Transconductance IGate·to·Orain) 

Dual-Gate 9f, 1 kHz 
Single-Gate 9fs 

Small·Signal. Short·Circuit Input Capacitancet Ciss 

f = 1 kHz 

f - 1 kHz 

Power Gain Gpo 44 MHz 
Conversion Gain GpolCI 

t Cilpacltance between Gate No.1 and all other terminals (Dual-Gate). Gate and all other terminals (Slngle-Gatel 

, Three·terminal measurement with Gate No.2 and Source returned to guard terminal (Dual·Gate. 

eo 

eo 

10 

12000 -

6.5 -

0.02 

2 -

0.46 -

24 

.. Noise Figure = 10109,0 [, + 'n 
2 1 wh .... K. 1.38 x 10-23. T • Tom ..... ..,.;n "KeMn; BW' Bandwldth;n Hz: 

4 KT BW RJ Rg " Generator resistance 

V 

nA 
nA 

120 nA 

nA 
nA 

120 nA 

mA 
'.7 mA 

pm ... 
7000 ....... 

II pF 

0.54 pF 

pF 

dB 
0.29 dB 

dB 
dB 

MOS FIELD-EFFECT DEVICES 

GATE NO Z-TO-SOURer: VOLTS (Vazs) 
92CS-14787R2 

Fig.5-9fs2 lIS. VG2S. 

I~oooe INITIAl.. ADJUSTMENT: GAfE No.I-TO-SOURCE VOLTAGE IVGIS) 
!S.. 6 FOR ORAIN CURRENT IIO)"IO rnA WITH VG2S"'+-4.0V 
~ 4 DRAIN-fO-SOURCE VOLTS (VOSI"I~ 

~ z~8 ! 

~ 100~Ic>,;~Dt~=I!!;;m~~m=!:=tE1Ci~=rn I! • g • 
w 'r-~-I-+~--r--r~'-~--rf-H--+--+~H 

i zr-~~~~~L-J-~~~--~---~ __ ~--t--C~H 
l GATE No. 2-TO-SOUACE VOLTS (VG2SI:~n~~;;;;;~~iD~.~ 
~ 10. A"+-4.0 

.... 6 8"+-2.0 *s 
~ 4 C .. 0.0 H-f-+-+-t-H 
~ 0*-1.0 I 
- .~+-~++t-+-~++t-+--+~+-~-+-HH 2 I I 

2 4 6. 2: 4 68 2: 4 68 2. 4 6. 

10 100 Ik 10k lOOk 
FREQUENCY {f)-Hz 

92CS-18050 

Fig.6-en OS. f. 

TYPICAL CHARACTERISTICS FOR 40841 IN SINj;LE-GATE CONFIGURATION 
(Terminals 2 and 3 tied together to comprise effective singl ..... ' 

c 
!:! 
o 
w 

'" ~ 10 

" ... 

o 

AMBIENT TEMPERATURE 'TAI-2~-C 

-2 -1.5 -0.5 0.5 I 1.5 
DRAIN-TO-SOURCE VOLTS (VOS' 

92C$-18044 

Fig.7-IO OS. VOS. 

TYPICAL CHARACTERISTICS FOR 40841 IN 
SINGLE·GATE & DUAL-GATE CONFIGURATION 

10001ll AMBIENT TEMPERATURE (TAI~25"C · ~ · SINGLE-GATE CQt.FIGURATION: 

~ 
2~ I I I ADJJbt+A~f~~-~~~EAIN 

1 r-.;::: I I I DR;~R_~~T~~~~O~S"15 
~ 100. r-r- "~ !:i • {E"~G.47"&t 1: C ~.e-Jj §! • 

~ 2 
I I r Co.v~/G"(JJ? 1"; '" 

~ 
I I I I I I .>,"" ....... b-'0 DUAL-GATE CONFIGURATION 

'" · ADJUST GATE No.l-lO-SOURCE 
0- · VOLTAGE (IJGISI FOR DRAIN z 

i · 
CURRENT (10) -10 mA 

DRA1N-TO-SOURCE VOLTS 

2 
(YDS)-15 

I 
GATE No. 2-TO-SOURC~ VOI.Tf" 4 .. . .. 2 ... 2 4 •• . . .. 

10 100 Ik '0' lOOk 
FREQUENCY (fI- Hz 

Fig.1O-en OS. f. 
\ 92:CS-IB046 

Fig.8-IO lIS. VOS. 

VOLTAGE RAt.lGE r-----, 
, I 

I I 

GNO 

3-12 
pF 

ALL RESISTAt.lCE VALUES 
ARE IN OHMS 

o 

DRAIN-TO-SOURCE VOLTS {VDS)-I!!I 
FREQUENCY el)-I 11Hz 
AMBIENT TEMPERATURE (TA)~~S·C 

5 10 15 
ORAIM MILLIAMPERES tID) 

92C$-18045 

Fig.9-9fs OS. '0. 

VERTICAL 
GAIN/CAL 

2.4K 

600 

2.7K 

~---+13V 

L-_______ .I:~V 
92CII-18048 

Fig." - Typical differential amplifier utilizing the 4084' in the _tical input .. of a solid .. ,.,,,, MCillorcopll. 
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MOS FIELD-EFFECT DEVICES 

40841 

SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 

~~~~--~~--------~~--------------------~--, t I IOOp.F + 

356 

120VAC+ !50YDC-
60Hz 

1.2 k 
2W 

R" 

1 I~J~56 RI • 0, 
RCA 

40841 

" 8W 

Cornell-Oubilier Electronics-TyPf MMW or equivalent. 
• R controls duration of time delay. At R "" 60 Mn up to 

5-minute delay (IRe resistor. Type CGH or equivalent) 

This t;:ircuit can also be used at suppty voltages of 240 V AC 
and 24V AC (60Hzl by changing .he values of Rt and 03. 

220' 

0, 
TYPE 
IN~754 

" 1/2W 

TIMING CIRCUIT CHARACTERISTICS 

T A - -25oC.o +6O"c 
Accuracy: ±10% fover temperature) 

Repeatability: ±3% (at 25°C) 

Reset Time: Less than 160 ms 

Fig. 72-Typical timing circuit utilizing the 40841 in a single-gate configuration. 

'00 

92CM-I8049 

02: YORM - 60Y 

IGT - 2OO~A 
IT= O.SA 

03: IR - t nA 

VR = 60Y 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

COS/MOS Ie Standard (CD4000A) Series Function Classification Chart 

NOR/NAND 

CD4000A 
CD4001A 
CD4002A 
CD4011A 
CD4012A 
CD4023A 
CD4025A 

SHIFT 

Static 
CD4006A 
CD4014A 
CD4015A 
CD4021A 
CD4031A 
CD4034A 
CD4035A 

Dynamic 
CD4062A 

SINGLE-LEVEL 

OR/AND 

REGISTERS 

STORAGE 

GATES 

BUFFERS& 
INVERTERS 

CD4007A 
CD4009A 
CD4010A 
CD4041A 
CD4049A 
CD4050A 

MULTIFUNCTION/ 
AOI 

CD4019A 
CD4030A-
CD4037A 
CD4048A 

-See 
Comparators 

COUNTERS 

MULTI-LEVEL 

DECODERS/ 
ENCODERS 

CD4028A 

SCHMITT 
TRIGGER 

MULTIVIBRATORS 

FLIP-FLOPS/ 
LATCHES 

CD4013A 
CD4027A 
CD4042A 
CD4043A 
CD4044A 

DISPLAY DRIVERS 

ASTABLEI 
MONOSTABLE 

CD4047A 

FIFO 
BUFFER BINARY RIPPLE SYNCHRONOUS WITH COUNTER FOR LCD'" DRIVE FOR LED- DRIVE 

CD4020A 
CD4024A 
CD4040A 
CD4045A 
CD4060A 

CD4(J17A 
CD4018A 
CD4022A 
CD4029A 
CD4059A 

ARITHMETIC CIRCUITS 

CD4026A 
CD4033A 

MEMORIES MULTIPLEXERS/ 
DEMULTIPLEXERS PHASE- RAM'S OUAD 

ANALOG/ 
DIGITAL 
DATA SELECTORS 

:j:See 

CD4016A .... 

CD4019A:j: 
CD4066A .... 

Multifunction A01 
.... See Quad 
Bilateral 
Switch 

358 

LOCKED ~----------~----------~P-A-R-I-T-Y----~----------~--------~--------~ BILATERAL 

LOOP ADDERS! ALU!RATE GENERATOR! MULTIPORT WORD- BIT- SWITCHES 

CD4046A 

COMPARATORS MULTIPLIERS CHECKER 

CD4008A 
CD4032A 
CD4038A 

CD4030A' 

'See 
Multifunction/ 
AOI 

CD4057A 

REGISTER ORGANIZED ORGANIZED 

CD4036A 
CD4039A 

CD4061A CD4016A+ 
CD4066A+ 

+See 
Multiplexers 

~ Liquid Crystal Display -Light-Emitting Diode 



____ ..;.... ____________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

COS/MOS IC High-Voltage (CD4000B) Series Function Classification Chart 

NOR/NAND 

CD4000B 
CD4001B 
CD4002B 
CD4011B 
CD4012B 
CD4023B 
CD4025B 
CD4068B 
CD4078B 
CD40107B 

SHIFT 

Static 
CD4094B 
CD40100B 
CD40104B 
CD40194B 

SINGLE-LEVEL 

OR/AND 

CD4071B 
CD4072B 
CD4073B 
CD4075B 
CD4081B 
CD4082B 

REGISTERS 

STORAGE 

CD4076B 
CD4099B 
CD40108Be 

-See 
Multipart 
Register 

MULTIPLEXERS/ 
DEMULTIPLEXERS 

ANALOG/ 
DIGITAL 
DATA SELECTORS 

CD4016B· 
CD4051B 
CD4052B 
CD4053B 
CD4067B 
CD4097B 
CD4555Bill 
CD4556BIIl 
CD40267B 

~eauad 

Bilateral 
Switch 

mSee 
Decoders/ 
Encoders 

GATES 

BUFFERS & 
INVERTERS 

CD4009B 
CD4010B 
CD4041B 
CD4049B 
CD4050B 
CD4069B 
CD4502B 
CD40107B 
Level Sh ifter 

CD40109B 

MULTIFUNCTION/ 
AOI 

CD4070B-
CD4077B-
CD4085B 
CD4086B 

-See 
Comparators 

COUNTERS 

MULTI-LEVEL 

DECODERSI 
ENCODERS 

CD4514B 
CD4515B 
CD4532B 
CD4555B* 
CD4556B* 

*See 
Demultiplexers 

MULTIVIBRATORS 

SCHMITI FLIP-FLOPS/ ASTABLE/ 
TRIGGER LATCHES MONOSTABLE 

CD4093B CD4013B C.D4098B 
CD4027B 
CD4042B 
CD4043B 
CD4044B 
CD4076B** 
CD4095B 
CD4096B 
CD4099B** 
CD4508B 

• 'See Storage 
Registers 

DISPLAY DRIVERS 

FIFO 
BUFFER BINARY RIPPLE SYNCHRONOUS WITH COUNTER FOR LCD'" DRIVE FOR LED- DRIVE 

CD40105B 

ADDERSI 
COMPARA TORS 

CD4008B 

CD4063B 
CD4070B6 
CD4077B6 

'See 
Multifunction/ 
AOI 

CD4510B 
CD4516B 
CD4518B 
CD4520B 
CD40102B 
CD40103B 
CD40192B 
CD40193B 

ARITHMETIC CIRCUITS 

PARITY 
ALUIRATE GENERATOR/ 
MU L TlPLIERS CHECKER 

CD4089B CD40101B 
CD4527B 
CD40181B 
CD40182B 

MULTIPORT 
REGISTER 

CD40108B 

CD4054B 
CD4055B 
CD4056B 

WORD-
ORGANIZED 

CD40108B-

-See 
Multipart 
Register 

BIT· 
ORGANIZED 

CD4511B 

CD4016B. 

.See 
Multiplexers 

'" Liquid Crystal Display -Light-Emitting Diode 

-----------------------------------------------------------------------~9 



COS/MaS DIGITAL INTEGRATED CIRCUITS 

Replacement Guide 

For inf?rma~ion ~n the package type~ available fo~ any given type, refer to the manufacturer's published data. RCA Similar Type may 
not be Identical with other Mfg. Type In every detail. Refer to manufacturer's published date for further information. 

Analog RCA Fairchild RCA Harris RCA RCA RCA 

Devices Similar Semiconductor Similar Semiconductor Similar Motorola Similar National Similar 

Type Type Type Type Type Type Type Type Type Type 

A07502 C04052 34555 C04555 H04066 C04066 MC14501 C04068 MM4012 C04012 

A07506 C04067 34556 C04556 H04093 C04093 MC14502 C04502 MM4013 C04013 
A07507 C04097 34585 C04063 H04094 C04094 MC14506 C04085 MM4014 C04014 

34703 C040105 H04507 C04097 MC14507 C04030 MM4015 C04015 
Fairchild RCA 34731 C04031 H04518 C04518 MC14507 C04070 MM4016A C04016 
Semiconductor Similar 340083 C04008 H04520 C04520 MC14508 C04508 MM4017 C04017 
Type Type 340085 C04063 H04529 C04052 MC14510 C04510 MM4018 C04018 

4528 C04098 340192 C040192 H04811 C04077 MC14510 C04029 MM4019 C04019 

4581 C040181 340193 C040193 H04814 C04069 MC14510 C040192 MM4020 C04020 

4582 C040182 340194 C040194 HI506A C04067 MC14511 C04511 MM4021 C04021 

34001 C04001 34710 C04036 HI507A C04097 MC14514 C04514 MM4022 C04022 

34002 C04002 34710 C04039 HI508A C04051 MC14515 C04515 MM4023 C04023 

34006 C04006 34720 C04061 HI509A C04052 MC14516 C04516 MM4024 C04024 

34007 C04007 HI1818A C04051 MC14516 C040193 MM4025 C04025 

34008 C04008 General 
HI1828A C04052 MC14518 C04518 MM4027 C04027 

RCA MC14519 C04019 MM4028 C04028 
34011 C04011 Instrument 
34012 C04012 

Similar RCA MC14520 C04520 MM4029 C04029 

34013 C04013 
Type Type Intersil Similar MC14521 C04045 MM4030 C04030 

34014 C04014 MEM4001 C04001 Type Type MC14522 C04018 C04070 

34015 C04015 MEM4007 C04007 MC14525 C04089 MM4031 C04031 

34016 C04016 MEM4011 C04011 
TM6523 C04061 MC14527 C04527 MM4035 C04035 

34017 C04017 MEM4013 C04013 MC14528 C04098 MM4040 C04040 

34018 C04018 MEM4016 C04016 MC14529 C04067 MM4042 C04042 

34019 C04019 MEM4016 C04066 
RCA MC14531 C040101 MM4043 C04043 

34020 C04020 MEM4049 C04049 Motorola Similar MC14532 C014532 MM4044 C04044 

34021 C04021 MEM40:00 C04050 Type Type MC14543 C04056 MM4048 C04048 

34022 C04022 MEM4051 C04051 MC14000 C04000 MC14555 C04555 MM4049 C04049 

34023 C04023 MEM4053 C04053 MC14001 C04001 MC14556 C04556 MM4050 C04050 

34024 C04024 MC14002 C04002 MC14557 C04031 MM4051 C04051 

34025 C04025 MC14006 C04006 MC14558 C04055 MM4052 C04052 

34027 C04027 
Harris RCA MC14007 C04007 MC14562 C04062 MM4053 C04053 

34028 C04028 
Semiconductor Similar MC14008 C04008 MC14569 C04059 MM4066 C04066 

34029 C04029 
Type Type MC14011 C04011 MC14572 C04069 MM4069 CD4069 

34030 C04030 H074COO C04011 MC14012 C04012 MC14580 C040108 MM4070 C04070 

CD4070 H074C02 C04001 MC14013 C04013 MC14581 C040181 MM4076 C04076 

34035 C04035 H074C04 C04069 MC14014 C04014 MC14581 C04057 MM4086 C04086 

34040 C04040 H074C10 C04023 MC14015 C04015 MC14582 C040182 MM4510 C04510 

34041 C04041 H074C20 C04012 MC14016 C04016 MC14583 C040100 MM4511 C04511 

34042 C04042 H074C42 C04028 MC14017 C04017 MC14584 C04016 MM4516 C04516 

34043 C04043 H074C74 C04013 MC14020 C04020 MC14585 C04063 MM4518 C04518 

34044 C04044 H074C76 C04027 MC14021 C04021 MCM14537 C04061 MM4520 C04520 

34046 C04046 H074C173 C04076 MC14022 C04022 MM4601 C04oo1 

34049 C04049 H074C192 C040192 MC14023 C04023 MM4602 C04OO2 

34050 C04050 H074C193 C040193 MC14024 C04024 RCA MM4606 C04006 

34051 C04051 H04000 C04000 MC14025 C04025 National Similar MM4607 C04007 

34052 C04052 H04001 C04001 MC14027 C04027 Type Type MM4609 C04009 

34053 C04053 H04002 C04002 MC14028 C04028 MM14511 C04511 MM4610 C04010 

34066 C04066 H04006 C04006 MC14032 C04032 MM74COO C04011 MM4611 C04011 

34067 C04067 H04007 C04007 MC14034 C04034 MM74C02 C04001 MM4612 C04012 

34068 C04068 H04008 C04008 MC14035 C04035 MM74C04 C04069 MM4613 CD4013 

34069 C04069 H04009 C04009 MC14038 C04038 MM74C08 C04081 MM4614 C04014 

34070 C04070 H04010 C04010 MC14040 C04040 MM74C10 C04023 MM4616 C04016 

34071 C04071 H04011 C04011 MC14042 C04042 MM74C20 C04012 C04066 

34072 C04072 H04012 C04012 MC14043 C04043 MM74C30 C04068 MM4617 C04017 

34073 C0407 3 H04013 C04013 MC14044 C04044 MM74C32 C04071 MM4619 C04019 

34075 C04075 H04014 C04014 MC14046 C04046 MM74C42 C04028 MM4620 C04020 

34076 C04076 H04015 C04015 MC14049 C04049 MM74C74 C04013 MM4621 C04021 

34077 C04077 H04016 C04016 MC14049 C04009 MM74C76 C04027 MM4622 C04022 

34078 C04078 H04017 C04017 MC14050 C04050 MM74C83 C04008 MM4623 C04023 

34081 C04081 H04018 C04018 MC14050 C04010 MM74C85 C04063 MM4624 C04024 

34082 C04082 H04019 C04019 MC14051 C04051 MM74C86 C04030 MM4625 C04025 

34085 C04085 H04020 C04020 MC14052 C04052 C04070 MM4627 C04027 

34086 C04086 H04021 C04021 MC14053 C04053 MM74C173 C04076 MM4630 C04030 

34097 C04097 H04022 C04022 MC14066 C04066 MM74C192 C040192 MM4635 C04035 

34099 C04099 H04023 C04023 MC14068 C04068 MM74C193 C040193 MM4649 C04049 

34104 C040104 H04024 C04024 MC14069 C04069 MM74C200 C04061 MM4650 C04050 

34510 C04510 H04025 C04025 MC14070 C04070 MM74C221 C04098 MM4676 C04076 

34511 C04511 H04027 C04027 MC14071 C04071 MM4000 C04000 MM40106 C040106 

34514 C04514 H04028 C04028 MC14072 C04072 MM4001 C04001 MM40192 C040192 

34515 C04515 H04029 C04029 MC14073 C04073 MM4002 C04002 MM40193 C040193 

34516 C04516 H04030 C04030 MC14075 C04075 MM4006 C04OO6 
34518 C04518 C04070 MC14076 C04076 MM4007 C04007 

RCA 

34520 C04520 H04035 C04035 MC14077 C04077 MM4008 C04008 
Ragen Similar 

34527 C04527 H04040 C04040 MC14078 C04078 MM4009 C04009 
Type Type 

34528 C04098 H04049 C04049 MC14081 C04081 MM4010 C04010 MS504 C04051 

34532 C04532 H04050 C04050 MC14082 C04082 MM4011 C04011 MS612 C04006 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

Replacement Guide (Cont'd) 

RCA Solid State RCA Stewart RCA RCA COS/MOS 
SGS Similar Scientific Similar W-arner Similar Teledyne Similar T2L Fu nctionally 
Type Type Type Type Type Type Type Type Type No. Equivalent 

HBF4001 CD4001 SCL4021 CD4021 SW4049 CD4049 MM74Cl0 CD4023 Type No. 

HBF4002 CD4002 SCL4022 CD4022 SW4050 CD4050 MM74C20 CD4012 7428 CD4001 

HBF4007 CD4007 SCL4023 CD4023 RCA MM74C42 CD4028 7430 CD4068 

HBF4008 CD4008 SCL4024 CD4024 Solitron Similar MM74C74 CD4013 7432 CD4071 
HBF4009 CD4009 SCL4025 CD4025 Type Type MM74C76 CD4027 7437 CD4011 
HBF4010 CD4010 SCL4026 CD4026 MM74C173 CD4076 7440 CD4012 
HBF4011 CD4011 SCL4027 CD4027 CM4000 CD4000 MM74C192 CD40192 7442 CD4028 
HBF4012 CD4012 SCL4028 CD4028 CM4001 CD4001 MM74C193 CD40193 7445 CD4028 
HBF4013 CD4013 SCL4029 CD4029 CM4002 CD4002 Texas RCA 

7446 CD4511. C D4055 
HBF4014 CD4014 SCL4030 CD4030 CM4006 CD4006 7447 CD4511. CD4055 
HBF4016 CD4016 SCL4030 CD4070 CM4007 CD4007 Instruments Similar 7448 CD4511 • C D4055 

CD4066 SCL4033 CD4033 CM4000 CD4000 Type Type 7449 CD4511. CD4055 
HBF4017 CD4017 SCL4034 CD4034 CM4009 CD4009 TP4000 CD400 7450 CD4085 
HBF4020 CD4020 SCL4035 CD4035 CM4010 CD4010 TP4001 CD4001 7453 CD4086 
HBF4021 CD4021 SCL4040 CD4040 CM4011 CD4011 TP4002 CD4002 7454 CD4086 
HBF4022 CD4022 SCL4041 CD4041 CM4012 CD4012 TP4007 CD4007 7470 CD4096 
HBF4023 CD4023 SCL4042 CD4042 CM4013 CD4013 TP4008 CD4008 7472 CD4095 
HBF4024 CD4024 SCL4043 CD4043 CM4014 CD4014 TP4009 CD4009 7473 CD4027 
HBF4025 CD4025 SCL4044 CD4044 CM4015 CD4015 TP4010 CD4010 7474 CD4013 
HFB4027 CD4027 SCL4045 CD4045 CM4016 CD4016 TP4011 CD4011 7475 CD4042 
HBF4028 CD4028 SCL4046 CD4046 CD4066 TP4012 CD4012 7476 CD4027 
HBF4029 CD4029 SCL4049 CD4049 CM4017 CD4017 TP4013 CD4013 7477 CD4042 
HBF4035 CD4035 SCL4050 CD4050 CM4018 CD4018 TP4014 CD4014 7478 CD4027 

SCL4051 CD4051 CM4019 CD4019 TP4015 CD4015 7483 CD4008 
RCA SCL4052 CD4052 CM4020 CD4020 TP4016 CD4016 7485 CD4063 

Signetics Similar SCL4053 CD4053 CM4021 CD4021 CD4066 7486 CD4030. CD4070 
Type Type SCL4060 CD4060 CM4022 CD4022 TP4017 CD4017 7490 CD4518 

N4000 CD4000 
SCL4066 CD4066 CM4023 CD4023 TP4018 CD4018 7491 CD4015. CD4094 

N4001 CD4001 
SCL4069 CD4069 CM4024 CD4024 TP4019 CD4019 7493 CD4520 

N4002 CD4002 SCL4070 CD4070 CM4025 CD4025 TP4020 CD4020 7494 CD4035 

N4006 CD4006 
SCL4071 CD4071 CM4026 CD4026 TP4021 CD4021 7495 CD40104. CD4019 

N4007 CD4007 
SCL4072 CD4072 CM4027 CD4027 TP4022 CD4022 7499 CD40104. CD4019 

N4009 CD4009 
SCL4073 CD4073 CM4028 CD4028 TP4023 CD4023 7690 CD4017 

N4010 GD4010 
SCL4075 CD4075 CM4029 CD4029 TP4024 CD4024 74100 CD4034 

N4011 CD4011 
SCL4076 CD4076 CM4030 CD4030 TP4025 CD4025 74104 CD4095 

N4012 CD4012 
SCL4081 CD4081 CD4070 TP4027 CD4027 74105 CD4095 

N4013 CD4013 
SCL4082 CD4002 CM4032 CD4032 TP4028 CD4028 74107 CD4027 

N4015 CD4015 
SCL4302 CD4085 CM4033 CD4033 TP4029 CD4029 74110 CD4095 

N4016 CD4016 SCL4302 CD4086 CM4034 CD4034 TP4035 CD4035 74111 CD4027 

N4019 CD4019 SCL4402 CD4048 CM4035 CD4035 TP4040 CD4040 7414 CD40106 

N4021 CD4021 SCL4412 CD4068 CM4036 CD4036 TP4042 CD4042 74121 CD4047. CD4098 

N4023 CD4023 SCL4445 CD4045 CM4037 CD4037 TP4043 CD4043 74122 CD4047. CD4098 

N4025 CD4025 SCL4449 CD4069 CM4038 CD4038 TP4044 CD4044 74123 CD4098 

N4027 CD4027 SCL4502 CD4502 CM4039 CD4039 TP4049 CD4049 74125 CD4502 

N4030 CD4030 SCL4510 CD4510 CM4040 CD4040 TP4050 CD4050 74126 CD4502 

CD4070 SCL4511 CD4511 CM4041 CD4041 TP4051 CD4051 74132 CD4093 

N4049 CD4049 SCL4514 CD4514 CM4042 CD4042 TP4052 CD4052 74136 CD4030. CD4070 

N4050 CD4050 SCL4!J15 CD4515 CM4043 CD4043 IP4053 CD4053 74141 CD4028 

N4066 CD4066 SCL4516 CD4516 CM4044 CD4044 TP4071 CD4071 74145 CD4028 

N4068 CD4068 SCL4518 CD4518 CM4045 CD4045 TP4072 CD4072 74148 CD4532 

N4069 CD4069 SCL4520 CD4520 CM4047 CD4047 TP4073 CD4073 74150 CD4067 

N4071 CD4071 SCL4528 CD4098 CM4048 CD4048 TP4075 CD4075 74151 CD4051. CD4097 

N4072 CD4072 SCL4585 CD4063 CM4049 CD4049 TP4076 CD4076 74152 CD4051. CD4097 

N4073 CD4073 SCL5520 CD4061 CM4050 CD4050 TP4077 CD4077 74153 CD4052 

N4075 CD4075 SCL4527 CD4527 CM4051 CD4051 TP4081 CD4081 74154 CD4514. CD4515 

N4078 CD4078 SCL4555 CD4555 CM4052 CD4052 TP4082 CD4082 74155 CD4555. CD4556 

N4081 CD4081 SCL4556 CD4556 CM4053 CD4053 TP4085 CD4085 74156 CD4555. CD4556 

N4528 CD4098 CM4066 CD4066 TP4305 CD4093 74157 CD4019 
Stewart RCA CM4068 CD4068 TP4315 CD4069 74164 CD4015 

Solid State RCA Warner Similar CM4069 CD4069 TP4320 CD4067 74165 CD4021 
Scientific Similar Type Type CM4070 CD4070 TP4507 CD4030 74166 CD4014 
Type Type SW4001 CD4001 

CM4071 CD4071 CD4070 74167 CD4527 
CM4073 CD4073 TP4518 CD4518 74173 CD4076 

SCL4000 CD4000 SW4002 CD4002 CM4075 CD4075 TP4520 CD4520 74178 CD4035 
SCL4001 CD4001 SW4011 CD4011 CM4076 CD4076 74179 CD4035 
SCL4002 CD4002 SW4012 CD4012 CM4077 CD4077 COS/MOS 74180 CD40101 
SCL4006 CD4006 SW4013 CD4013 CM4078 CD4078 T2L 

Functionally 74181 CD40181 
SCL4007 CD4007 SW4015 CD4015 CM4081 CD4081 Equivalent 74182 CD40182 
SCL4000 CD4000 SW4016 CD4016 CM4508 CD4508 Type No. Type No. 74190 CD4510 
SCL4009 CD4009 CD4066 CM4510 CD4510 7400 CD4011 74191 CD4516 
SCL4010 CD4010 SW4017 CD4017 CM4511 CD4511 7401 CD40107 74192 CD40192 
SCL4011 CD4011 SW4019 CD4019 CM4514 CD4514 7402 CD4001 74193 CD40193 
SCL4012 CD4012 SW4020 CD4020 CM4515 CD4515 7404 CD4009. CD4049 74194 CD40104. CD4019 
SCL4013 CD4013 SW4021 CD4021 CM4518 CD4518 7404 CD4069 74195 CD4035. CD40195 
SCL4014 CD4014 SW4023 CD4023 CM4520 CD4520 7406 CD4009. CD4049 74198 CD4034 
SCL4015 CD4015 SW4024 CD4024 7407 CD4010. CD4050 74200 CD4061 
SCL4016 CD4016 SW4025 CD4025 RCA 7408 CD4081 74221 CD4098 

CD4066 SW4027 CD4027 Teledyne Similar 7410 CD4023 74251 CD4051. CD4097 
SCL4017 CD4017 SW4028 CD4028 Type Type 7411 CD4073 74279 CD4044 
SCL4018 CD4018 SW4029 CD4029 MM74COO CD4011 7420 CD4012 74283 CD4008 
SCL4019 CD4019 SW4030 CD4030 MM74C02 CD4001 7425 CD4002 74290 CD4518 
SCL4020 CD4020 CD4070 MM74C04 CD4069 7427 CD4025 74293 CD4520 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

General Considerations 
General Considerations 

Ratings and Characteristics 

RCA COS/MaS digital integrated circuits are 
specified in one of two voltage-supply ranges: 
standard ("A"-series) types operate from 3 to 
15 volts, and high-voltage (UB"-series) types 
from 3 to 20 volts. The maximum ratings for 
the devices depend on both the series and the 
package type, as shown at the right. 

COS/MaS circuits are available in a wide variety 
of packages: dual-in-line white ceramic (D suf
fix), dual-in-line frit-seal ceramic (F suffix), 
dual-in-line plastic (E suffix), and ceramic flat 
pack (K suffix). Both standard and high-voltage 
types in dual-in-line packages are also available 
with special screening and testing, as shown 
below: 
• Stabilization bake 
• Temperature cycling 
• 168-hour, 125° C,12-V bias burn-in 
• 0.25% dc parameter AOL 
• 0.15% functional AOL 
These "extra-value" types are identified by an 
additional suffix "X" following the standard 
package suffix notation. 

Standard A-Series Characteristics 

C040ooA-series types have a maximum dc 
supply-voltage rating of -0.5 to 15 volts, and a 
recommended operating supply-voltage range 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE- TEMPERATURE RANGE (Tstg) ..•••................•.• -65 to +150°C 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K, H ................................ -55 to +125°C 
PACKAGE TYPES E, Y ....•............................... -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VOO) 
(Voltages referenced to VSS Terminal): 
STANDARO"A"-SERIES TYPES. • . . . . . . . . . . . . . . . • . . . . . . . . . . .• -0.5 to +15 V 
HIGH-VOLTAGE "B"-SERIES TYPES ..........•.•..••......... -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR TA=-40 to +60°C (PACKAGE TYPES E, Y). . . . . . . . . . . . . . . . . . . 500 mW 
FOR TA=+60 to +85°C (PACKAGE TYPES E, Y) ..•.• Oerate linearly at 12 mWfCto 200 mW 
FOR TA=-55 to +100°C (PACKAGE TYPES 0, F, K) ................... 500 mW 
FOR TA=+100 to +125°C (PACKAGE TYPES 0, F, K) Derate linearly at 12mWtCto 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA=FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS •.......................... -0.5 to VOD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16±1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ......•• 

of 3 to 12 volts. The major features of this 
series are as follows: 
• Quiescent current specified to 15 volts 
• 5-volt and 1 O-volt parametric ratings 
• Maximum input leakage of 1 /LA at 15 

volts over the full package operating-temper
ature range 

• l-volt noise margin (full package tempera
ture range) 

Static Electrical Characteristics. Table I shows 
the standardized dc electrical characteristics 

for A-series types. The data sheet for each of 
these types contains the family characteristics 
shown in Table I plus additional dc character
istics that are type-dependent. 

Dynamic Electrical Characteristics. A-series dy
namic electrical characteristics are specified for 
individual types under the following conditions: 
VDD = 5 V and 10 V; TA = 250 C (tempera
ture coefficient is typically 0.3%t C); CL = 
15 pF; tr and tf of inputs = 20 ns. 

TABLE I - A-Series Static Electrical Characteristics (Full Package Temperature Range) 

CONDITIONS 

SYMBOL PARAMETER VIN Va (volts) VDD LIMITS 

VOLTS MIN. MAX. VOLTS MIN. TYP. MAX. UNITS 

VOL Output Low 5 - - 5 - 0 0.05 V 
Voltage 10 - - 10 - 0 0.05 V 

VOH Output High 0 - - 5 4.95 5 - V 
Voltage 0 - - 10 9.95 10 - V 

VNL Noise Voltage - 3.6 - 5 1.5 2.25 - V 
(SSI Types) (Input Low) - 7.2 - 10 3 4.5 - V 

VNH Noise Voltage - - 1.4 5 1.5 2.25 - V 
(SSI Types) (Input High) - - 2.8 10 3 4.5 - V 

VNL Noise Voltage - 4.2 - 5 1.5 2.25 - V 
(MSITypes) (Input Low) - 9.0 - 10 3 4.5 - V 

VNH Noise Voltage -- - 0.8 5 1.5 2.25 - V 
(MSITypes) (Input High) - - 1.0 10 3 4.5 - V 

VNML Noise Margin - 4.5 - 5 1 - - V 
(Input Low) - 9.0 - 10 1 - - V 

VNMH Noise Margin - - 0.5 5 1 - - V 
(Input High) - - 1.0 10 1 - - V 

IIL,IIH Input Leakage - - - 15 - ±10-5 ±1 j./A 
Low 

IL 
QUiescent DeVice - - - 5,10,15 See Data Sheets j./A 
Leakage 

ION,IDP Output Source and - - - 5,10 See Data Sheets ma 
Sink current 

Note: Logic Level Inversion Assumed in Table I 
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General Considerations (cont'd) 
High-Voltage B-Series Characteristics 

CD4000B-series type~ have a maximum dc 
supply-voltage rating of -0.5 to 20 volts, and a 
recommended operating supply-voltage range 
of 3 to 18 volts. The major features of i:his 
series are as follows: 
• Quiescent current specified to 20 volts 
• 5-, 10-, and 15-volt parametric ratings 
• Standardized symmetrical output character

istics 
• Maximum input leakage of 1 p.A to 20 volts 

over the full package operating-temperature 
range 

• 1-volt noise margin (full package tempera
ture range) 

Static Electrical Characteristics. Tables II, III, 
and IV show the standardized dc electrical 
characteristics for B-series types. The data sheet 
for each of these types contains all the family 
characteristics shown in these tables, plus addi
tional dc characteristics that are type-dependent. 

CD4000B-series types are classified as SSI and 
MSI functions as shown at the right. 

SSI Types 

CD4000B CD4071 B 
CD4001 B CD4072B 
CD4002B CD4073B 
CD4009B CD4075B 
CD4010B CD4077B 
CD4011 B CD4078B 
CD4012B CD4081 B 
CD4016B CD4082B 
CD4023B CD4085B 
CD4025B CD4086B 
CD4041B CD4093B 
CD4049B CD4502B 
CD4050B CD40107B 
CD4068B 
CD4069B 
CD4070B 

551 noise-immunity specifications shown in 
Table II apply to inverters and buffered gates. 
Non-buffered gates have a noise immunity of 
±0.2 VOO (all inputs), as specified on the 
individual data sheets for these types. 

Tables III and IV show that B-series quiescent 
device current and output sink and source 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

MSITyp8S 

CD4008B CD4094B CD4555B 
CD4013B CD4095B CD4556B 
CD4027B CD4096B CD40100B 
CD4042B CD4097B CD40101B 
CD4043B CD4098B CD40102B 
CD4044B CD4099B CD40103B 
CD4051B CD4508B CD40104B 
CD4052B CD4510B CD40105B 
CD4053B CD4511B CD40108B 
CD4054B CD4514B CD40109B 
CD4055B CD4515B CD40181B 
CD4056B CD4516B CD40182B 
CD4063B CD4518B CD40192B 
CD4067B C04520B C040193B 
C04076B C04527B CD40194B 
C04089B C04532B C040257B 

current at 25° C are the same for all package 
styles. Figs. 1 through 4 show the standardized 
output n-channel and p-channel drain character
istics for B-series types, and Figs. 5 through 8 
show the normalized variation of output source 
and sink currents with respect to temperature 
and voltage. 

TABLE II - B-Series Static Electrical Characteristics (Full Package Temperature Range) 

CONDITIONS 

SYMBOL PARAMETER VIN Vo (volts) VDD LIMITS 

VOLTS MIN. MAX. VOLTS MIN. TYP. MAX. UNITS 

VOL Output Low 5 - - 5 - 0 0.05 V 
Voltage 10 - - 10 - 0 0.05 V 

15 - - 15 - 0 0.05 V 

VOH Output High 0 - - 5 4.95 5 - V 
Voltage 0 - - 10 9.95 10 - V 

0 - - 15 14.95 15 - V 

VNL Noise Voltage - 3.6 - 5 1.5 2.25 - V 
(551 Types) (Input Low) - 7.2 - 10 3 4.5 - V 

- 10.8 - 15 4.5 6.75 - V 

VNH Noise Voltage - - 1.4 5 1.5 2.25 - V 
iSSi Types) ilnput High) - - 2.8 10 3 4.5 - V 

- - 4.2 15 4.5 6.75 - V 

VNL Noise Voltage - 4.2 - 5 1.5 2.25 - V 
(MSI Types) (Input Low) - 9.0 - 10 3 4.5 - V 

- 13.5 - 15 4.5 6.75 - V 

VNH Noise Voltage - - 0.8 5 1.5 2.25 - V 
(MSI Types) (Input High) - - 1.0 10 3 4.5 - V 

- - 1.5 15 4.5 6.75 - V 

VNML Noise Margin - 4.5 - 5 1 - - V 
(Input Low) - 9.0 - 10 1 - - V 

- 13.5 - 15 1 - - V 

VNMH Noise Margin - - 0.5 5 1 - - V 
(Input High) - - 1.0 10 1 - ~ V 

- - 1.5 15 1 - - V 

IIL,IIH Input Leakage - - - 20 - ±10-5 ±1 p.A 

Low 

IOL,IOH 3-State - Force 20 V /0 V 20 - ±104 ±2 Jl.A 
Output Lkg I 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

General Considerations (cont'd) 
TABLE III - B-Serias Standard Quiescent Device Current 

LIMITS 

SSI TYPES MSI TYPES 

ALL PACKAGES ALL PACKAGES 

* -40° C/ * _40" C/ 
Symbol VDD A -55°C +25°C * +85° C A +125° C A -55° C +25°C * +85° C A +125° C 

VOLTS MAX. TYP. MAX. MAX. MAX. MAX. TYP. MAX. MIN. MAX. UNITS 

5 0.5 0.01 

10 1 0.01 
IL 

15 2 0.01 

20 10 0.02 

A Applies only to D, F, K, H, and T packages 
* Applies to E and Y packages 

0.5 5 

1 10 

2 20 

10 100 

10 5 0.02 5 50 100 /LA 

20 10 0.02 10 100 200 /LA 

40 20 0.02 20 200 400 /LA 

200 100 0.04 100 1000 2000 /LA 

TABLE IV - B-Series Standard Output Drive Current 

TEST CONDITIONS 

PARAMETER Vo VDD 

VOLTS VOLTS 

0.4 5 
N-Channel 

0.5 10 
(Sink, ION) 

1.5 15 

4.6 5 

P-Channel 2.5 5 

(Source, lOp) 9.5 10 

13.5 15 

A Applies only to 0, F, K, H, and T packages 
* Applies to E and Y packages 

z 
~ 15 

d 10 

! ., 
't 5 

o 

10. 

5. 

10 

GATE-YO-SOURCE vOLTAGE 
IV65I.ISV 

DRAIN-lO-SOURCE YOLTAGE 1V05)-Y 

Fig. 1 - Typical output n-channel drair. char
acteristics. 

DRAIN-TO-SOURCE vOLTAGE (Vos)- v 

-I -10 .. I 
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GAT[-TO-SOURC[ VOLTAGE IVGS)-· 5 v 
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-15Y 

UCS-MSZI 

o 

Z 

10 ~ 
~ .. 
z 
z . o 

-15 :a. 

Fig. 4 - Minimum output p-channel drain 
characteristics. 

LIMITS - ALL PACKAGES UNITS 

A_55° C * -40°C +25°C * +85°C A +125° C 
MIN. MIN. MIN. 

0.5 0.45 0.4 

1.1 1 0.9 

3.3 3.2 3 

-0.5 -0.45 -0.4 

-2 -1.8 -1.6 

-1.1 -1 -0.9 

-3.3 -3.2 -3 

AMBIENT TEMPERATuRE ITA 1-25-C 

GATE-lO-SOURCE VOLTAGE IVGS)-15V 

10. 

10 15 
DRAIN - TO - SOURCE VOLTAGE I V051- V 

Fig. 2 - Minimum output n-channel drain 
characteristics. 

2.5 

OUTPUT VOLTAGE I Va)· 0.5 Y 

SUPPLY ~OL TAGE I VooJ • 10 v, I!S v 

5. 

" .~, 

5V 

-,- IOY,I!SV 

o 

-75 -50 -25 0 25 50 .5 100 125 
M8IENT TEMPERATURE (T A ) _·c 

92CS-11i1O 

Fig. 5 - Variation of normalized sink current 
(lDN) with temperature. 

TYP. MIN. MIN. 

0.8 0.36 0.30 rnA 

1.8 0.75 0.65 rnA 

6 2.5 2.2 rnA 

-0.8 -0.36 -0.3 rnA 

-3.2 -1.3 -1.15 rnA 

-1.8 -0.75 -0.65 rnA 

-6 -2.5 -2.2 rnA 

DRAIN-lO-SOURCE VOLTAGE (YDsl-V 

GATE-TO-SOURCE VOLTAGE Iv )--5V 

-IOV 

-15Y 

UCS-24UOR2 

Fig. 3 - Typical output p-channel drain char
acteristics. 

o 
-75 -50 

5' 

-e 0 e ~ ~ ~ ~ 

AMBIENT TEMPERATURE l TA) - "'C 
t2CS-28111 

Fig. 6 - Variation of normalized source current 
floP) with temperature. 
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General Considerations (cont'd) 

SUPPLY VOLTAGE IVDDl - V 

Fig. 7 - Variation of normalized sink current 
(IoN) with supply voltage. 

1.5 

'" I 
;;Ii: 
I~ I 
",-
u .. 
'''' 21 
!!u 

II Q5 

I 

o 

H+ 
ft+ 

51015 
SUPPLY VOLTAGE ('100) - VOLTS 

20 

Fig. 8 - Variation of normalized source current 
(loP) with supply voltage. 

Dynamic Electrical Characteristics. B·series dy
namic electrical chliracteristics are specified for 
individual types under the following conditions: 
VOO = 5 V. 10 V. and 15 V; TA = 25° C; 
CL = 50 pF; Rl = 200 k.n; tr and tf = 20 ns. 
Figs. 9 through 12 show the variation of B-series 
dynamic parameters with temperature. Figs. 
13 and 14 show the variation of output transi
tion time with supply voltage. Fig. 15 shows 
the variation of the standardized output transi
tion time with load capacitance. 

Dynamic (AC) Switching Parameters 

Table V defines the major COS/MaS ac charac
teristics. with reference to the waveforms shown 
in Figs. 16 through 19. Test conditions of VOO. 
load capacitance (Cll. and input conditions 

LOAD CAPACITANCE ttl) • 50 pF 

5 1.5 .. 
ii z .. 
0: 

10'1. ,5 '1 .. 
~-:. Gl WoOl· !IV. • 

... '" S\II'PL' VOllA ," 0:: 
~W 
2'- .1. ~ 
% ~ . + . 0 "-:::.+ 
id 0.5 

~ 

I ++ ++ ft+ 

-75 -~ -25 0 25 ~ 75 100 125 

AIIIIENT TEMPERATURE eTAl _·C 

92C5-2.5113RI 

Fig. 9 - Variation of high-to-Iow transition 
time (tTHL) with temperature. 

LOAD CAPACITANCE (Cl) • &0 pF 

li 1ft- H 

-n -~ -25 0 25 50 n 100 125 
AMBIENT TEMPERA.TURE ITA) - -c 

92CS-2&112RI 

Fig. 10 - Variation of low-to-high transition 
time (tTLH) with temperature. 

:\. tH: : ... 
+- .... -. 

-75 -so -20 0 2& !)() JIS 100 125 
'MBIENT TEMPERATURE (T 1.1 - -c 

t2cS-IlSllelill 

Fig. 1 i-Variation of high-to-low propagation 
delay time (tpHL) with temperature. 

o 

LOAD CAPACITANCE CtLI • 50 pF 

~ .. +

++- .-+-<+ 
"'!-,+ ....... -

-75 -~o -25 0 25 50 75 tOO 125 
AMBIENT TEMPERATURE (TA ) - "C 

Fig. 12 - Variation of low-to-high propagation 
delay time (tpLH) with temperature. 

SUPPLY VOLTAG[ (Voo)- V 

92CS-I!5I08Al 

Fig. 13 - Variation of low-to-high transition 
time (tTLH) with supply voltage. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

• 
SUPPLY VOLTAGE (Voo) - VOLTS 

HCS-Z'IQ7RI 

Fig. 14 - Variation of high-to-Iow transition 
time (tTHL) with supply voltage. 

LOAD CAPACITANCE (I:LI- pF 

Fig. 15 - Variation of transition time (tTHL. 
tTLH) with load capacitance at three 
levels of supply voltage. 

are given for individual types in the published 
data. 

Test Circuits 

Figs. 20 through 24 show standard test circuits 
used to measure noise immunity. quiescent 
device current, input leakage current. 3-state 
device output leakage. and output current of 
COS/MaS devices. 

Design and Operating Considerations 

Operating Supply-Voltage Range. Because logic 
systems occasionally experience transient con
ditions on the power-supply line which, when 
added to the nominal power-bus voltage. could 
exceed the safe limits of circuits connected to 
the power bus. the recommended operating 
supply-voltage ranges are 3 to 12 volts for 
A-series devices and 3 to 18 volts for B-series 
devices. The recommended maximum power
supply limit is Slibstantially below the minimum 
primary breakdown limit for the devices to 
allow for limited power-supply transient and 
regulation limits. For circuits that operate in a 
linear mode over a portion of the voltage 
range. such as RC or crystal oscillators. a mini
mum supply voltage of at least 4 volts is rec
ommended. 
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General Considerations (cont'd) 
TABLE V - Dynamic lAC) Switching Parameters 

CHARACTERISTICS SYMBOL liMITS WAVEFORMS 

MAX. MIN. 

Propagation Delay: 
Outputs going High to Low TPHL X Figs. 16,17, 18 
Outputs going low to High TpLH X 

Output Transition Time: 
Outputs going High to Low TTHL X Figs. 16, 17, 18 
Outputs going Low to High TTLH X 

Min. Pulse Width - Set, Reset, Preset, 
Enable, Disable tw X Figs. 17, 18 
Strobe, Clock 

Max. Clock Input Frequency fCl X Figs. 17,18 (1/2twl 

Clock Input Rise and Fall Time trCL, tfCL X Figs. 17,18 

MinR~;;!~~~ !.\me or Min. Reset 
I Time ts X Figs. 17,18 

Min. Hold Time tH X Figs. 17,18 

Three-State Disable Delay Times: 
Output 1 to High Impedance tpHZ X 
High Impedance to Output 1 tpZH X 
Output 0 to High Impedance tPLZ X 
High Impedance to Output 0 tPZL X Fig. 19 

Average Input Capacitance (Typ) (1) C, -

Output Capacitance (Typ) (2) Co -

(1) 5 pF typical - incremented by 5-pF increments. 
(2) Specified as typical value for all High-Impedance-Output 3-state devices; 

specified in increments of 5 pF. 

-..j r- 20ns 
J..---~=";--I -- -~ ---Voo 

10% Vss 

IPlZl ~IPZL 1 ____ voo 

DATA 
INPUT 

OUTPuT LOW ~ 90 ... 
TO OFF 10 % "oL J!f VOO 

'PHZ·"'" IpZH 1 '~VOD 
OUTPUT~IGH 90% VOHiIII-3-
TO OFF 

10% VSS 

- c~~~gi~o +DIS~~C~~D +- cg~~~~ffD -
tTHL too 

----90% 
----50% 

OUTPUT ----10%0 

92CS-ZQ068 

OUTPUT 
DISABLE 

OUTPUT RL· t kG [VDO for tpLZ and tpZl 

VSS for tpHZ and tpZH 
Cl 

1 50 0' 

Fig. 18 - Setup times, hold times, and propaga· 
tion delay times for negative-edge
triggered sequential logic circuits. 

Fig. 19 - Three·state propagation delay wave
shapes and circuit. 

o 
Vss 

INPUTS 

9ZCS- 27401 

SEQUENTlACl Y. 

TO BOTH Voo AND Vss· 
CO\IINECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR Vss· 

Vss 

92C5-27402 

IN PUTS 
SET 
FOR 

OUTPUT 
OFF 

Voo 

INPUTS 
SET 
FOR 

OUTPUT 
OFF 

CLOCK PULSE RISE AND FALL TIMES 

VDD 
.L 

Fig. 16 - Transition times and propagation de· 
lay times for combinational logic 
circuits. 

Ir CL 

OUTPUT 

,- 'v'oo 
----:=!-90"Yw 
-----50% 
- - - - -10% 0 

Fig. 17 - Setup times, hold times, and propaga· 
tion delay times for positive-edge
triggered sequential logic circuits. 

Vss 

NOTE: 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

92 cs _ 27400 Voo OR Vss· 

Fig. 20 - Noise immunity test circuit. 

COS/MaS 
Le 

(3-STATE) 

IN PUTS 
SET 
FOR 

OUTPUT 
lOW 

INPUTS 
SET 
FOR 

OuTPUT 
HIGH 

COS! MOS 
Ie 

~ 
FORCE 

Vss !!.GND 
Vo 

TEST ION 

Voo 

COS/MOS 
IC 

FORCE 

VSS=GNO 
Vo 

TEST I DP 

Fig. 21 - Quiescent device 
current test 
circuit. 

Fig. 22 - Input leakage current 
test circuit. 

Fig. 23 - Three-state device output leakage test 
circuit. 

Fig. 24 - Output current 
test circuit. 
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General Considerations (cont'd) 
Power Dissipation and Derating. All COS/MaS 

devices are rated at 200 mW per package at the 
maximum opera~ing ambient temperature rat
ing (TAl for the package type (850 C for E. Y 
suffixes and 1250 C for O. F. K suffixesl. 
Power ratings for temperatures below the maxi
mum operating temperature are shown in the 
standard COS/MaS thermal derating chart in 
Fig. 25. This chart assumes that (al the device 
is mounted and soldered (or placed in a 
socketl on a PC board; (b) there is natural 
convection cooling. with the PC board mounted 
horizontally; and (c) the pressure is standard 
(14.7 PSIAI. In addition to the over-all package 
dissipation rating. device dissipation per output 
transistor is limited 100 mW maximum over the 
full package operating-temperature range. 

I 
I 600 

~ :500 
iii 400 
i5 

i 300 

11200 : 
100 

CD PACKAGES E. Y (85·C RATINGI 

@PACKAGES D.F .. K (l25*C RATING) 

2Q 

Fig. 25 - Standard COS/MOS thermal derating 
. chart. 

System Noise Considerations. In general. COS/ 
MaS devices are much less sensitive to noise on 
power and ground lines than bipolar logic 
families (such as TTL or OTLl. However. this 
sensitivity varies as a function of the power
supply voltage. and more importantly as a 
function of synchronism between noise spikes 
and input transitions. Good power distribution 
in digital systems requires that the power bus 
have a low dynamic impedance; for this PUr
pose. discrete decoupling capacitors should be 
distributed across the power bus. 

Power-Source Rules. Fig. 26 shows the basic 
COS/MaS inverter and its gate-oxide protection 
network plus inherent diodes. The safe operat
ing procedures listed below can be understood 
by reference to this inverter: 
1. When separate power supplies are used for 

the COS/MaS device and for the device 
inputs, the device power supply should 
always be turned on before the independent 
input signal sources. and the input signals 
should be turned off before the power 
supply is turned off (VSS " VI " VOO as a 
maximum limitl. This rule will prevent over
dissipation and possible damage to the 02 
input-protection diode when the device 
power supply is grounded. When the device 
power supply is an open circuit. violation 
of this rule can result in undesired circuit 
operation although device damage should 
not result; ac inputs can be rectified by 
diode 02 to act as a power supply. 

2. The power-supply operating voltage should 
by kp.pt safely below the absolute maximum 
supply rating. as indicated previously. 

n-SUB 

02 02 02 
p+ p+ 

INPUT OUTPUT 

,+ ,+ 
01 01 03 

p+ 

Fig. 26 - Basic COS/MOS inverter. 

3. The power-supply polarity for COS/MaS 
circuits should not be reversed. The positive 
(V ~Ol terminal should never be more than 
0.5 volt negative with respect to the negative 
(VSSI terminal (VOO-VSS > -0.5 VI. Re
versal of polarities will forward-bi~s and short 
the structural and protection diode between 

VOO and VSS' 
4. "bo should be equal to or greater than 

VCC for COS/MaS buffers which have two 
power supplies (in particular, for C04009 
and C04010 COS/MOS-to-TTL udown"-con
version devices). 

5. Power-source current capability should be 
limited to as Iowa value as reasonable to 
assure good logic operation. 

6. Large values of resistors in series with VOO 

or VSS should be avoided; transient turn-on 
of input protection diodes can result from 
drops across such resistors during switching. 

Gate-Oxide Protection Networks. A problem 
occasionally encountered in handling and test
ing low-power semiconductor devices, including 
MOS and small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n junctions. 
Fig. 27 shows the gate-oxide protection circuits 
used to protect COS/MOS devices from static 
electricity damage. ICAN-6218 gives further 
information on protection circuits. Although 
these circuits are included in all COS/MOS 
devices. the handling precautions in ICAN-6218 
and ICAN-6000 should be observed. 

Input Signals and Ratings 

1. Input signals should be maintained within 
the power-supply voltage range, VSS "VI" 
VOO. In applications such as astable and 
monostable multivibrators, input current 
can flow and should be limited to the 
microampere level by use of a resistor in 
series with the input terminal affected. 

2. All COS/MOS inputs should be terminated. 
When COS/MaS inputs are wired to edge 
card connectors with COS/MOS drive com
ing from another PC board, a shunt resistor 
should be connected to VOO or VSS in case 
the inputs become unterminated with the 
power supply on. 

3. When COS/MOS circuits are driven by TTL 
logic. a "pull-up" resistor should be con
nected from the COS/MaS input to 5 volts 
(further information is given in ICAN-6602). 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

.---_-_VDD 

0 ....... -'\.1\/\,...... ..... _ GATES 
DI .- 25 V 
D2-IIOV 

DI 

Vss 
92CS'22881RI 

(a) 

R .. 200 TO 2000 A 

r------~-~VDD 

.~02 _1t>02 
~ ~·~v 

02·50V 

9ZCS-Z1789 

(b) 

IN TEGATES 

01 DI 
'-__ ..... _.VSS 

DI' 25 V 

INPUT 

p+ 

voo 

vss 

92CS-22888RI 

(e) 

vss OUTPUT 

01* voo 01* 

GATE g 
n-SUB p+ 

DI = 25 V 
02=50V 

92C$-22883 

(d) 

DI 

01 • 25 V 
02 • 50 V 

* THESE DIODES ARE 
INHERENTLY PART OF 
THE MANUFACTURING 
PROCESS 

92CS~ 22884RI 

(e) 

Fig. 27 - Protection circuits used in COS/MOS 
devices: (a) normal gate-input protec
tion; (b) improved gate-input protec
tion; (c) CD4049 and CD4050 gate
input protection; (d) transmission
gate input-output protection; (e) 
active (inverter) output protection. 

4. Input signals should be maintained within 
the recommended input-signal-swing range. 

Output Rules 

1. The power dissipation in a COS/MOS pack
age should not exceed the rated value for 
the ambient temperature specified. The ac
tual dissipation should be calculated when 
(al shorting outputs directly to VOO or VSS, 
(bl driving low-impedance loads, or (c) 
directly driving the base of a p-n-p or n-p-n 
bipolar transistor. 

2. Output short circuits often result from 
testing errors or improper board assembly. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

General Considerations (cont'd) 
Shorts on buffer outputs or across power 
supplies greater than 5 volts can damage 

COS/MOS devices. 
3. COS/MOS, like active pull-up TTL, cannot 

be connected in the "wire-OR" configuration 
because an "on" PMOS and an "on" NMOS 
transistor could be directly shorted across 

the power-supply rails. 
4. Paralleling inputs and outputs of gates is 

recommended only when the gates are within 
the same IC package. 

5. Output loads should return to a voltage 
within the supply-voltage range (VDD to 

VSS)· 
6. Large capacitive loads (greaterthan 5000 pF) 

on COS/MOS buffers or high-current drivers 
act like short circuits and may over-dissipate 
output transistors. 

7. Output transistors may be over-dissipated 
by operating buffers as linear amplifiers or 
using these types as one-shot or astable mul
tivibrators. 

Noise Immunity. The complementary structure 

of the inverter, common to all COS/MOS logic 
devices, results in a near-ideal input-output 
transfer characteristic, with switching point 
midway (45% to 55%) between the 0 and 1 
output logic levels. The result is high dc noise 
immunity. 

Fig. 28 illustrates minimum and maximum 
transfer characteristics useful for defining noise 
immunity and an inverter and a non-inverter. 
The noise-immunity voltage (VNL, VNH) is 
that noise voltage at anyone input which will 
not propagate through the system. Minimum 
noise immunity is 30% of the supply voltage 
(20% for some un-buffered gate and inverter 
types). 

Noise immunity increases as the input noise 
pulse width becomes less than the propagation 
delay of the circuit. This condition is often 
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INPUT VOLTAGE (VI) - VOLTS 
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92CS-25103 

Fig. 28 - Minimum and maximum transfer 
characteristics for (a) inverting logic 
function, and (b) non-inverting logic 
function. 

described as ac noise immunity. (Further infor
mation on noise immunity is given in ICAN-
6176). 

Clock Rise- and Fall-Time Requirements. Most 
COS/MOS clocked devices have maximum rise
and fall-time ratings (normally 5 to 15 micro
seconds). With longer rise or fall times, a de-

vice may not function properly because of data 
ripple-through, false triggering problems, etc. 
Long rise and fall times on COS/MOS buffer
type inputs cause increased power dissipation 
which may exceed device capability for power 
supplies above 5 volts. 

Parallel Clocking. Process variations leading to 
differences in input threshold voltage among 
random device samples can cause loss of data 
between certain synchronously clockedsequen
tial circuits, as shown in Fig. 29. This problem 
can be avoided if the clock rise time (trCL) is 
made less than the total of the fixed propaga
tion delay plus the output transition time of 
the first stage, as determined from the device 
data for the specific loadi ng condition in effect. 

CL 

0, 

CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 

~VDD 

~ool 
I I 

__ ---I.,I I 
\ I SW'TCH'NG PO'NT- 0"00 

I 
__________ -.1.1..... ~ _ - - --PROPER 

'I.,_SW_'T_C_H'_NG_P_0_'NT_'_O.7 "DO 

\ ERROR 

Fig. 29 - Error effect that results from a slow 

clock in cascaded circuits. 

Schmitt trigger circuits such as the CD40938 
are an ideal solution to applications requiring 
wave-shaping. 

Three-State Logic. Three-state logic can be 
easily implemented by use of a transmission 
gate in the output circuit; this technique pro
vides a solution to the wire-OR problem in 
many cases. 
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__________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4000A, CD4001 A, CD4002A, CD4025A Types 

COS/MOS NOR Gates 
Dual 3 Input 

plus Inverter-CD4000A 
Quad 2 Input-CD4001 A 
Dual 4 Input-CD4002A 
Triple 3 Input-CD4025A 

The RCA-CD4000A, CD4001A, CD4002A, 
and CD4025A NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of COS/MOS gates. 

The CD4000A, CD4001A, CD4002A, and 
CD4025A types are supplied in 14-lead her
meticdual-in-line ceramic packages (D, F, and 
Y suffixes), 14-lead dual-in-line plastic pack
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix)' 

Features: 

• Quiescent current specified to 15 V 
• Maximum input leakage of 1 J1A at 15 V 

(full package-temperature range) 
• l-V noise margin (full package-tempera

ture range) 

NC K=DtE+F 

NC 

92C5-24757 
92C$-24762 

CD4000A CD4001A 92'CS- 24758 

CD4002A 

I" 
VDD 

92C5- 24760 

CD4025A 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) .........•..........•..... -65 to +1500 C 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGETYPESD,F,K,H ................................ -55to+125°C 
PACKAGE TYPES E, Y ..........................•........•. -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltagesreferenced to VSS Terminal): ......... . . . . . . . . . . . • • . • . . . .. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD): 
FOR TA = -40 to +600 C (PACKAGE TYPES E, Y) ........................ 500 mW 
FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) ...... Derate Linearly at 12 mW/ C to 200 mW 
FOR TA = -55 to +100° C (PACKAGE TYPES D, F, K) . . . . . . . . . . . . . . . . . . . . .. 500 mW 
FOR T A = +100 to +125° C (PACKAGE TYPES D, F, K) .... Derate Linearly at 12 mWl C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......................... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mmlfrom case for 10 s max. ............. +2650 C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTE R ISTIC 
LIMITS 

UNITS 
MIN. MAX. 

Supply-Voltage Range (For T A = 

Full Package-Temperature 
Range) 3 12 V 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, CL = 15pF, Inputt" tf= 20ns 

LIMITS 
TEST 

D,F,K,H E, Y 
CHARACTER ISTIC CONDITIONS 

PACKAGES PACKAGES 
UNITS 

VDD 

(Volts) TYP. MAX. TYP. MAX. 

Propagation Delay Time: 5 35 50 35 80 
High-to·Low Leyel, 10 25 40 25 55 ns 

tpHL 

Low-to-High Level, 5 35 95 35 120 

tpLH 10 25 45 25 65 ns 

Transition Time: 5 65 125 65 200 
High-to-Low Level, 10 35 70 

ns 
35 115 

tTHL 

Low-to-High Level, 5 65 175 65 300 

tTLH 
ns 

10 35 75 35 125 

Input Capacitance, CI Any Input 5 - 5 - pF 

> 
1 

> 
I 

! 

~.l8IENT,TEMPERATUR[ ITA1·2'·C 

15 SUPPLY VOLTAGE (VDD'-15 V 

~ 10 10 .. 
~ 
o 
> 

i .. 
6 • • 

o 10 

INPUT VOL TAG[ (VII-Y 
!t2CS-I7179R2 

Fig. 1 - Minimum & maximum voltage transfer 
characteristics. 

IS 
~LY VOLTAGE 

IYDDl.I5Y 

TA"'12!5-C 
0 -55·C :: .. .. .. 
~ 
11 

~ .. 
:> 
0 

10 
IOV 

- 55·C 

tft'25 "C 

• V 

±l 55-C 

125"C 

10 

INPUT VOLTAGE (Yr1-Y 
'2CS-I7780 

Fig. 2 - Typical VOltage transfer characteristics 
as a function of temperature. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4000A, CD4001 A, CD4002A, CD4025A Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES rCI 
CONDITIONS 

0, K, F, H PACKAGES E, Y PACKAGES 
CHARACTERISTICS 

Vo V IN VDO 
-55 

(VI (VI (VI 

- - 5 0.05 
Ouiescent Device - 10 0.1 -

Current, I L Max. 
15 2 - -

Output Voltage: -
Low Level, 

0,5 5 

VOL - 0,10 10 

High Level - 0,5 5 

VOH - 0,10 10 

Noise Immunity: 3.6 - 5 
Inputs Low, 
VNL 7.2 10 

Inputs High 1.4 - 5 
VNH 2.8 - 10 

Noise Margi n: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 

Inputs High, 0.5 - 5 

VNMH 1 - 10 

Output Drive 
Current: 
N-Channel 
(Sink), 0.4 - 5 0.5 

ION Min. 0.5 - 10 1.1 

P-Channel 
(Source): 2.5 - 5 -0.62 

lOP Min. 9.5 - 10 -0.62 

Input Leakage Any Input 
Current, 15 

IIL,IIH 

... ENT TEMPERATURE (TA) • 25·C 

TYPK:AL, TlEMP. COEFFICIENT AT ALL w.L.U(S OF VOS*-O.3%/·C 

" r 12.' 

o!? 
!i 

10 

I 7.' 

~ 
2.' 

j'hv 

:fE-YO-SOURCE VOLTAGE ( )-15Y 

10V 

10V 

CERAMIC PA 11;" 
A~TI pACKA 

2.5 5 7.5 10 12.5 15 
DRAIN - TO - SOURCE ¥OLTAGE (..,o~)-y 

+25 +25 
+125 -40 

TYP. LIMIT TYP. LIMIT 

0.001 0.05 3 0.5 0.005 0.5 

0.001 0.1 6 5 0.005 5 

0.02 2 40 50 0.5 50 

o Typ.; 0.05 Max 

o Typ.; 0.05 Max 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

1 0.4 0.28 0.35 1 0.3 

2.5 0.9 0.65 0.72 2.5 0.6 

-2 -0.5 -0.35 -0.35 -2 -0.3 

-1 -0.5 -0.35 -0.3 -1 -0.25 

±10-5 Typ., ±1 Max. 

DRA'"-TO-SOlltCE VOLTS (YDS) 

-15 -10 -0 

CERAMIC PACKAGES 
PLASTIC PACKAGES __ _ 

-10 

-10 

GATE-YO-SQURCE VOLTS- 15 

+85 

15 

30 

500 

0.24 

0.48 

-0.24 

-0.2 

UNITS 

IlA 

V 

V 

V 

mA 

IlA 

-2.5 ~ .. 
z 
" ~ 

-7.5 

92CS-Ire5) 

Fig. 6 - Minimum n-channel drain characteristics. Fig. 7 - Minimum p-channel drain Characteristics. 
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,°'2 .5 

i=? 10 
~ 10 

~ 7.5 

~ .. 
2.' 

Y VOLTS ( 

10 

2.5 7.5 10 12.5 15 
INPUT VOLTS IVI) 

9ZCS-,7778 

c 
E 

1 
{J 

Fig. 3 - Typical current & voltage transfer 
characteristics. 

~ T£IPERATURE (TA). 25·C 

TYPICAL TEMPERATURE COEFFICIENT FOR 10· -0.3'% I*e 

2. 
GATE-TO-SOURCE 'vOL.TAGE{YG~).rsv 

~ 20 

a .. 
14 ~VDD '" 10V 

c VGS i!i 10 

~\ Vos 

• OTHER _ } 

GATE ~ 5v INPUTS Vss 7 10 
GROUNDED _ 

2.' 10 12.~ 1$ 

DRAIN - TO - SOURCE VOLTAGE (Vos) 

Fig. 4 . - Typical n-channel drain characteristics. 

NOR GATES 

DRAIN-TO-SOURCE VOLTS tVosl 

-15 -12.5 -10 -7.5 -5 -2.S 

.~ 
I VDS 

- ' 

-. 
-Z.5 

-. 
OTHER GATE 

INPUTS GROUNOED 
-10 " -7.S != 

~ 

GATE 'TO_ SOURCE VOLTS (vr.~) • -,15 

Al8ENT TEMPERATURE ITA) '" 25-C 

TYPICAL TEMPERATURE COEFFICIENT FOR 10'" - 0.3% t-c 

-10 ~ .. 
-12.S~ 

9Z($-17116 

Fig. 5 - Typical p-channel drain characteristics. 

Ml8IENT TEMPERATURE (TA .2&-C 
LOAD CAPACITANCE {ell· 15 pF 

.0 -

10 
SUPPLY 'v'OL TS (Voo' 

20 

<;I!2CS'19866 

Fig. 8 - Typical propagation delay time vs. VOD. 



CD4000A, CD4001 A, CD4002A, CD4025A Types 

AMBIENT TEMPERATURE (TAl • 2~·C 
TYPICA\. TEMPERATURE COEFFICIENT FOR ALL VALUES 
OF Yeo • 0.'" ,·c 

10 

10 20 1040 50110 10 ao 

HC$-1778' 

Fig. 9 - Typical propagation delay time vs. CL. 

. 
Vss 

INPUTS 

'H:CS-l?401 

Fig. 12 - Quiescent device current test circuit. 

AMBIENT TEIF£RATURE (1,,1· 25-C 
TYPICAL TElIFERATUR£ COEFFICIENT FOR ALL VALUES 
OF Voo·0.3 .. '·C 

lOao50~50107080 

92C5- 17782 

Fig. 10 - Typical transition time vs. CL. 

"DO 

NOTE. 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT V5S 

<)2 CS _ .2:1400 liDO OR \ISS 

NOTE' 

CD4000. C04002.CD4025-
TEST ANY ONE INPUT WITH 
OTHER INPUTS AT Voo OR Vss· 

CD4001- TEST ANY 
COMBINATION OF INPUTS. 

Fig. 13 - Noise immunity test circuit. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

10' 
~:~~T oi::~~~~~ '(~~)D~f: ;CPgUIESCENT 

,. .. 
1 104 

~ 
~ 103 SUPPL.Y VOLTS (V ,&,~ 

~ 10 
:t 102 

~ 
!C 10 .. 
~ LOAD CAPACITANCE {CLJ'"15pF 

I 
CL -50pf---

-I r rr T 'n r'-'fA 
106 

INPUT FREQUENCY (til - Hz 

Fig. 11 - Typical dissipation characteristics. 

NOTE 

M[ASURE INPuTS 
SEQUENTIALLY. 

TO 80TH 1100 AND Vss 
CONNECT All UNUSED 

L--_-._~ INPIJTS TO [ITHER 

"00 OR \Iss 

Fig. 14 - Input leakage current test circuit. 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4006A Types 

COS/MOS 18-Stage 
Static Shift Register 
The RCA-CD4006A types are comprised of 
4 separate shift register sections: two sec
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rai I data path. 
A common clock signal is used for all stages. 
Data are sh if ted to the next stage on nega
tive-going transitions of the clock. Through 
appropriate connections of inputs and out
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006A package. 
longer shift register sections can be assem· 
bled by using more than one CD4006A. 

Features: 

• Fully static operation 
• Shifting rates up to 5 MHz 
• Permanent register storage with clock line high or 

low - - no information recirculation required 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper

ature range) 

The CD4006A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), 14-lead dual-in 
line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE·TEMPERATURE RANGE (Tstgl ......... . 

OPERATlNG·TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K. H . . . . . .. . ..... . 

PACKAGE TYPES E, Y ................... . 

DC SUPPLY-VOLTAGE RANGE. (VDD) 

..... -65 to +150oC 

..• -55 to +125 0C 

... -40 to +85°C 

(Voltages referenced to VSS Terminal). . . . . . . • . . . . . . . . . . . . . . . . . . .. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA~ -40 to +60oC (PACKAGE TYPES E,YI. . . . . . . . • . . . . . . . . . . ...... 500 mW 

FOR T A~ +60 to +85 0 C (PACKAGE TYPES E,Y) ......... Derate Linearly at 12 mW/oc to 200 mW 

FOR TA~ -55 to +100oC (PACKAGE TYPES 0, F, K) ......................... 500 mW 

FOR T A~ +100 to +125 0 C (PACKAGE TYPES 0, F, K) ..... Derate Linearly at 12 mW/C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A~ FULL PACKAGE~TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS .......................... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10smax ................ +265 0C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTE R ISTIC VDD D,F,K,H EY 
(V) Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 Package· Temperature Range) 

5 80 - 100 -Data Setup Time, ts 
10 40 - 50 -
5 500 - 830 -

Clock Pulse Width, tw 
10 200 - 250 -

Clock Input Frequency, fCl 5 dc 1 dc 0.6 
10 dc 2.5 dc 2 

Clock Rise and Fall Time, trCl, tfCL * 5 - 15 - 15 
10 - 5 - 5 

UNITS 

V 

ns 

ns 

MHz 

/JS 

• If more than one unit is cascaded t,Cl should be made less than or equal to the sum of the transition time 

and the fixed propagation delay of the output of the driving stage fo, the estimated capacitive load. 
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01 1301+4 

02 
4 12D2'!5 

CLOCK 3 1ID2+4 

03 
!5 

04 6 

CD4006A vss 
92c5-25049 

FUNCTIONAL DIAGRAM 

Applications: 

• Serial shift registers 
• Time delay circuits 
• Frequency division 

CL • 
0+' @ --... OUT 

Ci. 0 IF41"OR 
5." STAGE 

TRUTM TABLE FOR SHIFT REGISTER STAGE 

0 

0 

• 
x 

CL· 

\. 
\. 
J 

Ne. NO CHANGE 
X· DON'T CARE 

0+' 

0 

• 
Ne 

.... LEVEL CHANGE 

92CS-'7887 

Fig. 1 - Logic diagram and truth table 

(one register stage). 
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-------------____________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4006A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

Characteristic Vo VIN VOO 
(V) (V) (V) 

Quiescent Device - - 5 

Current, I L Max. 
_. - 10 
- - 15 

Output Voltage: - 5 5 
Low·Level. 
VOL - 10 10 

High Level, - 0 5 
VOH - 0 10 

Noise Immunity: 
4.2 - 5 Inputs Low, 

VNL 9 - 10 

Inputs High, 0.8 -. 5 
VNH 1 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 

VNML 9 - 10 

Inputs High, 0.5 - 5 

VNMH 1 - 10 

Output Drive 
Current: 
n·Channel 0.5 - 5 
(Sink). 
IDN Min. 

0,5 - 10 

p·Channel 4.5 - 5 
(Source): 
IDP Min. 9.5. - 10 

I nput Leakage 
~nll~T15 Current. 

IIL.IIH 

4 
V5S 

* ALL INPUTS ARE PROTECTED 
BY COS/MaS PROTECTION 
NETWORK. 

NOTE: ALL "P"-UNIT sueSTRATES 
ARE CONNECTED TO Voo 

ALL "N" -UNIT SUBSTRATES 
ARE CONNECTED TO Vss 

* 

Limits at Indicated Temperatures (oC) 

D,K,F,H Packages E, Y Packages 

-55 
+25 

+125 -40 
+25 

+85 
Typ. Limit Typ. Limit 

0.5 0.01 0.5 30 5 0.03 5 70 

1 0,01 1 60 10 0.05 10 40 

25 0.5 25 1000 250 2.5 250 2500 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min,; 5 Typ. 

9.95 Min.; 10 Typ, 

1.5 Min.; 2.25 Typ, 

3 Min.; 4,5 Typ. 

1.5 Min,; 2.25 Typ. 

3 Min,; 4.5 Typ. 

1 Min. 

1 Min, 

1 Min. 

1 Min. 

0,155 0.25 0.125 0.085 0,072 0.25 0.06 0.048 

0.31 0.5 0.25 0.175 0.15 0,5 0,125 0.1 

·0.125 ·0.15 ·0.1 ·0,07 ·0.06 ·0,15 ·0.05 ·0.04 

·0.25 -0.3 ·0.2 ·0.14 ·0.12 ·0.3 ·0.1 ·0.08 

±10-5 Typ., ±1 Max. 

VDO 

J 
I r~+-__ IF_'-~-<~ i1J I---j 51. STAGE) 

~T 

FROM 
PREVIOUS :t 

STAGE k 
(OR INPUT CL 

IF 1st 
STAGEl 

I VSS~ 
I 
I 
I 
I Dtl 

Units 

J.I.A 

V 

V 

V 

mA 

jJ.A 

92CS-17894RI 

w 

AMBIENT TEMPERATURE {TAl- 25·C 
TYPICAL TEMPERATuRE COEFFICIENT 
FOR ALL VALUES OF Voo • 0.3 %/OC 

10 

o 20 30 40 so 60 7'0 80 
LOAD CAPACITANCE (CL)-pf 

Fig. 2 - Typical propagation delay time vs. 
load capacitance. 

AMBIENT TEMPERATURE IT,II,I-2S-C 
TYPICAL TEMPERATURE COEFfiCIENT 
FOR ALL VALUES OIF Voo .. O.3 .... /-e 

~300 

~200 

~ 100 

10 

20 30 40 50 60 
LOAD CAPACITANCE (CLJ-pF 

92(:S· 17805 

Fig. 3 - Typical transition time vs. load 
capacitance. 

ORAIN~TO-SOURCE VOLTS (IIOsl 
92C$-11841 

Fig. 5 - Typical output n-channel drain 
characteristics. 

• .0 
ORAIN-TO-SOURCE IIOLTS ("DS) 

92CS-17B40 

Fig. 6 - Minimum output n-channel drain 

characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _________________________________ _ 

CD4006A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r, tt = 20 ns, 

Cl = 15 pF, Rl = 200 kSl 

LIMITS 

TEST O,F,K,H E,Y 
CHARACTERISTIC CONDITIONS Packages Packages UNITS 

VDD 
Min. Typ. Max. Min. Typ. Max. (V) 

Propagation Delay Time; 5 - 250 400 - 250 500 
tpLH ,tpHL 

ns 

10 - 125 200 - 125 250 

Transition Time; 5 - 250 400 - 250 500 
tTHL, tTLH 

ns 
10 - 125 200 - 125 250 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 -
Frequency, fCL MHz 

10 2.5 5 - 2 5 -

Minimum Clock Pulse 5 - 200 500 - 200 830 
Width, tw 

ns 

10 - 100 200 - 100 250 

Clock Rise & Fall Time; 5 - - 15 - - 15 
trCL, tfCL * IJ.S 

10 - - 5 - - 5 

Minimum Data Set Up 5 - 50 80 - 50 100 
Time, ts 

ns 
10 - 25 40 - 25 50 

Average Input Data Input - 5 - - 5 - pF 
Capacitance, CI 

Clock Input - 30 - - 30 - pF 

If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

CL'I~pF 

--- cL -5OpF 

'0 '0' 10' 10· ....... v \/IILTSlVgoI 
INPUT FREQUENCY If.J-HJ: 92(:S-17937 

92tS-11845 

Fig. 7 - Typical output p-channel drain 
characteristics. 

91CS-17142 

Fig. 8 - Minimum output p·channel drain 
characteristic$. 

15 20 

Fig. 9 - Typical dissipation characteristics. Fig. 10 - Typical clock input frequ(lncy V$. 
supply voltage. 

o 
Vss 

INPUTS 

Fig. 11 - Quiescent-clevicll-current test circuit. 

Vss 
NOTE: 

TEST ANY ONE INPUT. 
WITH OTHER III'UTS AT 

,2CS-27400 Voo OR Vss· 

Fig. 12 - NoiSll-immunity test circuit. 

NOTE' 
MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH VDD AND "ss' 
CONNECT ALL UNUSED 

'--_.---.....J INPUTS TO E,THER 
Veo DRVss ' 

Vss 

921:5-2'1'402 

Fig. 13 - Input-Ieakage·current test circuit. 
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____________________ .--____________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4007A Types 

COS/MOS 
Dual Complementary 
Pair Plus Inverter 

The RCA-CD4007A types are comprised of 
three n-channel and three p-channel enhance
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren· 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 

The CD4007·A Series types are supplied in 
14·lead hermetic dual-in-line ceramic ""pack
ages (D,F, and Y suffixes). 14-lead dual-in
line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in 
chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ITstgi 

OPERATING-TEMPERATURE RANGE ITA) 

PACKAGE TYPES D. F. K. H 

PACKAGE TYPES E. Y 
DC SUPPLY-VOL TAGE RANGE. (V DD ) 

(Voltages referenced to V SS Terminal) ..... . 

POWER DISSIPATION PER PACKAGE IPDI 

FOR T A = -40 to +600 C (PACKAGE TYPES E. Y) 

FOR TA = +60 to +85 0 C (PACKAGE TYPES E. YI 

FOR T A= -55 to +1000 C (PACKAGE TYPES D. F. KI 

FOR T A = +100 to +125 0 C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-55 to + 125 0 C 

-40 to +850 C 

-0.5 to +15 V 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . 100 mW 

INPUT VOL TAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 
LEAD TEMPERATURE lOURING SOLDERINGI 

At distance 1/16 ± 1/32 Inch 11.59 ± 0.79 mm) from case for 10 s max. +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC 
D,F,i<,H E,Y 

UNITS 
Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For TA = Full 
3 12 3 12 V 

Package Temperature Range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Input t r, tt = 20 ns, CL = 15 pF, 
RL =200 kn 

LIMITS 

CHARACTERISTIC TEST CONDITIONS D,F,K,H E,Y UNITS 
r-:-;--

VDD Packages Packages 

(V) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay 
5 - 35 60 - 35 75 

Time; 
20 

ns 
tPLH, tPHL 10 - 40 - 20 50 

Transition Time; 5 - 50 75 - 50 100 
ns 

tTHL. tTLH 10 - 30 40 - 30 50 

Average Input 
Any Input 5 5 pF 

Capacitance. CI 
- - - -

92CS- 25035 

Terminal No.14 - VDD 

Terminal No. 7 - VSS 

CD4007A 
FUNCTIONAL DIAGRAM 

Features: 
• Medium-speed operation. 

tPHL = tPLH = 20 ns (typ.) at CL = 15 pF, 
+VDD= 10 V 

• Low "high" and "low" output impedance. 
500 n (typ.) at VDD - VSS = 10 V 

• Quiescent current specified to 15 V 

• Maximum input leakage current of 1 Jl.A 
at 15 V (full package-temperature range) 

• 1-V noise margin (full package-temper-
ature range) 

App/ ica tions: 
• Extremely high·input impedance amplifiers 

• Shapers 
• Inverters 
• ThreShold detector 
• Linear amplifiers 

.. MBIENT TEMPERATURE 

I~ is'JPPLy VOLTS ''too) • 15 

12.5 

>0 10 

~ 10 

~ 7.' 

~ .. .. 
'.5 

o 2.5 1.5 10 12.' 15 
INPUT VOLTS lVI' 

92CS-17785 

Fig. 1 - Minimum and maximum voltage-transfer 
characteristics for inverter. 

0 
~ 

" 

12.& 

10 
10 

7.' 

... 
... 

PPLY VOLTS ( ) • I 

,. 

10 

a 

VI II< 
I YO 10 r ~

4 II YD 12.5~ 

., ~) 127.5~ 
7 9 \ a 

z 
to Yo s i 

ID a 

TERM. "-.610 GNO. 2.5 

7,' 10 12.& 15 
INPUT VOLTS (VI) 

92C$-17787 

Fig.2 - Typical current and voltage-transfer 
characteristics for inverter. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4007 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatura. lOCI 

Characteristic D.K.F.H Packages E. V Packages 
Units 

Va VIN VDO -55 +25 +125 -40 +25 +85 
IVI (V) (VI Typ. 

Quiescent Device - - 5 0.05 0.001 
Current: - - 10 0.1 0.001 

IL Max. - - 15 2 0.02 

Output Voltage 
- 5 5 

Low Level 
10 10 

VOL 
-

High Level - 0 5 
VOH - 0 10 

Noise Immunity: 
3.6 - 5 

Inputs Low 
7.2 - 10 

VNL 
Inputs High 1.4 - 5 

VNH 2.8 - 10 

Noise Margin: 
4.5 - 5 

Inputs Low 
9 - 10 

VNML 
Inputs High 0.5 - 5 

VNMH 1 - 10 

Output Drive 
Current: 
N-Channel 

~ VI= 5 0.75 1 
(Sink) 

ION Min. 
0.5 VDD 10 1.6 2.5 

P-Channel 
(Source) : VI= 5 -1.75 -4 

lOP Min. 
~ 
9.5 VOD 10 -1.35 -2.5 

Input Leakage 
Any Input Current: 

IIL.IIH -I - 115 

DRAIN - TO - SOURCE VOLTS 1Vosi 
-175 -15 -125 -10 -7.5 -5 -25 0 -. ~ c~~;cj ~~CI(AGES +t+t-

P PLAST'C PACKAGES---:± r 
'1 

2.' 

-17.5 

Fig.5 - Minimum output p-channel 
drain characteristics. 

AMBIENT TEMPERATURE (TAl· 2'·C tl 
TEMPERATURE COEFFICIENT FOR IO = - 0 3%"C rr1n1 

30 -:1ffW fj liliff _ ~!t ~ 

:f 25 GATE _ TO - SOURCE VOLTS (YGS) .151+t+t-
~ 

I 20 

3 15 
2 
~ 

~ '0 

• 
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fH ,tttt 
". ... t :tttt 

JOO ~ to 

'0 " uJSlVDS Vos . .J. 
~-• TERM. 7 TO GND, 

CONN. 14 TO 3 

2.' 7.5 10 12.5 15 
92CS-17866 

DRAIN - TO - SOURCE VOLTS evos) 

Fig.8 - Typical output n-channel 
drain characteristics. 

Limit Typ. Limit 

0.05 3 0.5 0.005 0.5 15 
0.1 6 1 0.005 1 30 pA 
2 40 50 0.5 50 500 

o Typ.; 0.05 Max. 
o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 
V 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. V 

3 Min.; 4.5 Typ. 

1 Min. 
1 Min. 

1 Min. 
V 

1 Min. 

0.6 0.4 0.35 1 0.3 0.24 
1.3 0.95 1.2 2.5 1 0.8 

rnA 

-1.4 -1 -1.3 -4 -1.1 -0.9 
-1.1 -0.75 -0_65 -2.5 -0.55 -0.45 

±10-5 Typ .• ±1 Max. p.A 

DRAIN -TO - SOURCE VOLTS (VOl) 

-15 12' 10 75 5 - - - - -2! 0 

-} x. t -. 21 
~5i'DS Vas '...l y-:; -10 

TERll.C. TOGNo. 
CONN. 7 TO :s 

" GAtI-TO-_ VOL1S ' ... '--,. 

MaENT TllIIP!MnR ITa) • 2ft 
TYPICAL TE ...... TUM: COI"ICtOT FOIt ID • - 0.5" I-C 

,. 
> 
1 
f .. '0 .. 
i 

Fig.6 - Typical output p-channel 
drain charactllristics. 

TA~125~ 

-M-C 

'0 v 
-sS·C 

m~-c 
.v 

+J:l ~~ .. 
12'-C 

-. 
-10 §I: .. 

z 
-IS ~ 

• -20 ~ 

!! -u€ 

12(5 177,. 

o 10 15 laC5-11110ftt 

Fig.9 - Typical voltage-transfer charactllristics 
as a function of tIImperature. 

INPUT YOLTS lVI' 
92C5-17786 

Fig.3 - Typical voltage-transfer characteristics 
for NAND gatll. 

7.' 

A - SINGLE INPUT ONLY} 
B - TWO INPUTS ONlY 

C - THREE INPUTS 

• OTHER INPUTS 

: SWITCHED TO GROUNO 

12.5 

INPUT VOLTS lVI' 

Fig.4 - Typical voltage-transfer characteristics 
. for NOR gate. 

-Q 

!:: 12.5 
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r '0 
2 
~ 
J 
J 7.' 
2 

;!; 
~ .. 
Q 

2.' 

: 
I 

} 
t ::100 
!I 
F 

; 
8 50 

~ 

i 

",ENT TEMPERATURE (TA' • 2S-C 
TYPICAL TEWERATURE COEFFICIENT FOR to • - O.,,,"C 

ATE - TO - soURCE VOLTS IYos)· I 

,. 
'0 

CERAMIC PACKAGEs 

'0 
PLASTIC PACKAGE'S---

25 1.5 10 125 15 
DRAIN - TO - SOURCE VOLTS (YDS' 92(:$-11872 

Fig.7 - Minimum output n-channel 
drain characteristics. 

AIIIIIENT T£WERATURE (TAl -nee 
TYPICAL TEWE.lItATUItE COEFFICIENT FOIl 
ALL \aLun OF Voo-O.,-.,·C 

v.., -
10 

'5 

1020504050107010 

Fig. to - Typical propagation-delay time 
vs. load capacitance. 



___________________________________ COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4007 A Types 

..... ENT TEMPERATURE (TA 1 • 25·C 

_=, TYPICAL TEMPERATURE COEFFICIENT FOR 
150 ALL VALUES OF VDD.O.3"'/~ 

1 
~ 

::! 100 

o 

A • 

c. 

SUPPLY VOLTS (Yoo)-' 

15 

10 20 50 40 so 80 TO eo 
CAPACITANCE teL J - pF' 

t2CS-lntO 

Fig. 17- Typical transition time vs. 
load capacitance. 

~ 92(5-15350 

(14,2,11); (8,13); 
(1,5); (7,4,9) 

a) Triple Inverters 

(13,12,5); (4,9,8); 
(14,2); 11,11) 

,. ALL p. UNIT SUBSTRATES 
ARE CONNECTED TO Voo 
ALL N-IMIT SUBSTRATES 
ARE CONNE:CTED TO 'Vss 

,reS-15329 

d) Tree (Relay) Logic 

(6,3,10); (14,2,11); 
(7,4,9); (13,8,1,5,12) 

U 

.... IENT TEMPERATUREtT..,'-25ec 
LOAD CAPACITANCE (ell -15 pF 

1-50 CD4007~,[ 

i ~g:g~ 

IO~ 

• .. 
I 10. 

? 
~ 103 

.. 
~ 102 

~ 
~ 
il: '0 

il , 

AMBIENT TEMPERATURE (T,l. 2,-C 
POWER DlSSIPATIOJiI P.CYDD2f + 'QUIESCENT 

SUPPLY VOLTS tVl'm'-' 

'0 

." 
LOAD CAPACITANCE (Cll-15pF 

1 '" 

CL-50pF---
-lIIT-rrI 

o 10 15 20 • • ,02 10 10 105 ,0' 
SUPPLY vCLTS IYDD) INPUT FAEOt.£NCV If I) - Hz 92C$-178&:' 

12eS-IT'.,RI 

Fig. 12 - Maximum propagation~elay time 
vs. supply voltage. 

Fig. 13 - Typical dissipation characteristics. 

Voo 

Vss 

9ZtS-I!l2. 

(13,2); (1,11); 
(12,5,8); (7,4,9) 

b) 3-lnput NOR Gate 

{6,3,10); (8.5,12); 
(11,14); (7,4,9) 

(OPTIONAL Voo PUL.L-UP) 

t-----.---_-@ 

92CS-15!30 

e) High Sink-Current Driver 

CLOCK 

(1,12,13); (2,14,11); 
(4,8); (5,9) 

92C$-15348 

c) 3-lnput NAND Gate 

'00 
(6,3,10); (13,1,12); 
(14,2,11); (7,9) 

r-----------I---.<@ 

(OPTIONAL VSSPULL-OOWN) 

'55 

92CS-15!o27 

f) High Source-Current Driver 

(oJ:.®-+-----. 

11,5,12); (2,9); 
(11,4); (8,13,10); 
(6,3) 

g) High Sink- and Source-Current Driver h) Dual Bi-Directional Transmission Gating 

HCS-27441 

Fig. 15 - Noise·immunity test circuit. 

Fig. 14 - Sample COS/MOS logic circuit arrangements using type CD4007A (Cant'd). 
\IUD 

INPUTS 
o 
va 

"ss 
'teS-2?401 

NOTE: 

"USURE INPUTS 
SEQUENTIALLY. 
TO 10TH VDO AND \Iss' 
c:cJMECT ALL UNUSED 

'--,.-_ .... IWUTS TO EITHER 
Vou (IIVss ' 

Vss 
'ZCS·U40l 

Fig. 16 - auiescent~evice-current test circuit. Fig.17 - Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4008A Types 

COS/MOS 4-Bit Full Adder Features: 

With Parallel Carry Out 

The RCA-CD4008A types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage. Circuitry is in
cluded to provide a fast "parallel-carry-out" 
bit to permit high-speed operation in arith
metic sections using several CD4008A's. 
CD4008A inputs include the. four sets of bits 
to be added, Al to A4 and 81 to 84, in ad
dition to the "Carry In" bit from a previous 
section. CD4008A outputs include the four 
sum bits, Sl and S4, in addition to the high
speed "parallel-carry·out" which may be 
utilized at a succeeding CD4008A section. 
The CD4008A types are supplied in 16·lead 
hermetic dual-in-line ceramic packages (0, F, 
and Y suffixes), 16-lead dual-in·line plastic 
package (E suffix),16-lead ceramic flat pack
age (K suffix). and in chip form (H suffix). 

STATIC ELECTRICAL CHARACTERISTICS 

Applications 
• 4 sum outputs plus parallel look-ahead carry-output 
• Quiescent current specified to 15 V 
• Maximum input leakage of 1 pA at 15 V 

(full package-temperature range) • Binary addition/arithmetic units 
• 1-V. noise margin (full package-temperature range) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

° STORAGE·TEMPERATURE RANGE (Tstg) ..........•............•... -65 to +150 C 
OPERATING-TEMPERATURE RANGE (TA): ° 

PACKAGE TYPES D. F, K. H .... _ ............................. -55 to +125
0
C 

PACKAGE TYPES E.Y .......... _ ...• _ .....•........... _ .... -40 to +85 C 

DC SUPPLY·VOLTAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal!: ....•.•..................... -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (PO): 

FOR TA=-40to +60oC(PACKAGE TYPES E.Y) ...... _ .................. 500mW 

FOR TA = +60 to +850C (PACKAGE TYPES E. y) ...... Derate Linearly at 12 mW/oC to 200 mW 
FOR TA = -55 to +1000C (PACKAGE TYPES D. F. K) ...•.................. 500 mW 

FOR T A = +100 to +1250C (PACKAGE TYPES D. F. K) ... Derate Linearly at 12 mW/oC to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS ....................... _ -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): ° 

At distance 1/16±1/32 inch (1.59 ±0.79mm) from case for lOs max .............. +265 C 

Conditions 
Limits at Indicated Temperatures (oC) 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera
tion is always within the following ranges_ Characteristic 

Vo VIN VDO 
(V) (V) (V) 

Quiescent Device - 5 

Current, I L Max. - 10 

15 

Output Voltage: - 0,5 5 
Low-Level, 
VOL - 0,10 10 

High Level, - 0,5 5 
VOH 0,10 10 

Noise Immunity: 
Inputs Low, 

4.2 - 5 

VNL 9 - 10 

Inputs High, 0.8 - 5 
VNH 1 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 
Inputs High, 0.5 5 
VNMH 1 10 

Output Drive * 0.5 5 
Current: 

* 0.5 10 n-Channel -
(Sink), • 3 - 5 
ION Min. 

• 3 10 -
* 4.5 5 p-Channel 
* 9.5 10 (Source). -

lOP Min. • 2 - 5 .. 7 - 10 
Input Leakage Any 

Current, Input 
15 

IlL. IIH Max. 

• Carry Output .Sum Output 

D,K,F,H Packages E, Y Packages 

-55 +25 +125 -40 +25 

Typ. Limit Typ. Limit 
5 0.3 5 300 50 0.5 50 

10 0.5 10 600 500 1 100 

50 1 50 2000 500 5 500 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 

9.95 Min.; 10Tvp. 

1.5 Min.; 2.25 Typ. 

3 NIln.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 
1 Min. 

0.31 0.5 0.25 0.175 0.155 0.5 0.13 

0.93 1.5 0.75 0.53 0.6 1.5· 0.5 

0.012 0.2 0.01 0.007 0.009 0.2 0.007 

0.31 0.5 0.25 0.175 0.24 0.5 0.2 

-0.31 ·0.5 -0.25 -0.175 -0.155 -0.5 -0.13 
-0.93 -1.5 -0.75 -0.53 -0.6 -1.5 -0.5 
-0.01~ -0.2 -0.01 -0.007 -0.008 -0.2 -0.007 

·0.185 -0.3 -0.15 -0.105 -0.12 -0.3 -0.1 

±10-5 Typ.; ±1 Max. 

Units 
+85 

700 

1400 JJA 
5000 

V 

V 

V 

0.105 

0.4 

0.005 

0.16 mA 
-0.105 

-0.4 
-0.005 

-0.08 

p.A 

Characteristic Min. 

Supply-Voltage Range 
(T A= Full Package- 3 
Temp. Range) 

BI C*~6+ ...... __ --r_-' 
AI C*)!7+ ...... __ -t._...l 

CI 
*9 

(CARRY IN) 

Voo -16 

Vss - 8 

*ALL INPUTS ARE 
PROTECTED BY 

Max. 

12 

COSI MOS PROTECTION 
NETWORK 

Units 

V 

VSS 

92CS- 25077"2 

Fig. 1 - CD4008A logic diagram. 

TRUTH TABLE 

Ai Bj Cj Co SUM 

0 0 0 0 0 

1 0 0 0 1 

0 1 0 0 1 

1 1 0 1 0 

0 0 1 0 1 

1 0 1 1 0 
0 1 1 1 0 

1 1 1 1 1 
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CD4008A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS atTA = 25°C; Inputtr, tf = 20 ns, CL = 15 pF, 

RL = 200 Kn 

CHARACTERISTIC VDD 

(V) 

Propagation Delay Time: tpHL' tpLH 5 
Sum In to Sum Out 10 

Carry In to Sum Out 5 
10 

Sum In to Carry Out 5 
10 

Carry In to Carry Out 
5 

10 

Transition Time: tTHL, tTLH 5 
At Sum Outputs 10 

At Carry Output 5 
10 

Input Capacitance, CI -
(Any Input) 

Fig. 4 - Typical carry-in to carry-out propagation 
delay time vs. CL' 

INPuTS 

Fig. 7 - Quiescent device current test circuit. 

LIMITS 

D,FXH E,Y UNITS 
Packages Packages 

Typ. 

900 
325 

900 
325 

320 
120 

100 
45 

1250 
550 

125 
45 

10 

I 
I 
:0: 

:1 
'( 
-= .... 
~ 

o 

Max. Typ. Max. 

1300 900 2000 
500 325 650 

1300 900 2000 
500 325 650 

600 320 800 
200 120 240 

175 100 200 
75 45 90 

2200 1250 2900 
900 550 1100 

225 125 290 
75 45 90 

- 10 -

&II_NT TEIIN.A11ME na' -nee 
LOAD CAPACtTMCI tel)-I!" 

-
10 115 

SU'PLY ~LTS (Vao I 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

20 

Fig. 5 - Typicel maximum propagation delay time 
vs. V DD for carry-in to carry-out. 

Vss 

NOTE: 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

9lCS. ,,7400 Voo OR Vss' 

Fig. a - Noise immunity test circuit. 

NOTE 
N[ASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VDD AND V5S 
CONNECT ALL UNUSED 

'---_.---....J INPUTS 10 [ITHER 

Voo OR "'ss 
Vss 

Fig. 9 - Input leakage current test circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

! .... alENT TEMPERATURE' TA) ·2'·C ~. I ~. 
TYPICAL TEMPERATuRE CO£FFlCIENT + .... 

~I 100 FOR ALL VALUES OF VDD -0.3 %'-e 

ill 

I~: s\)PP\.'f 
~Q\.."S l"DO'·') 

ij:; ,.,. 
,~ i L . 

10 ;5~i! 200 

" fU' .. ~ 
i 

100 

il 
• 40 o 20 30 , 0 10 70 00 

LOAD CAPACITANCE (C L)- pF 

Fig. 2 - Typical sum-in to carry out propagation 
delay time vs. CL' 

.0 

IS 

JO 20 30 40 50 60 70 10 
LOIO CAPilCITANCE {CL1- pf' 

Fig. 3 - Typical sum-in or carry-in to sum-out 
propagation delay time vs. CL' 

10 AM_NT TDIPERATlJIt£ CTA)-25-C 

':. loS 
I 
l 4 , 
! "' .\~ 

i "" 
,~ , 

't - r- ~~ 
i ... .-, 
III 
" 

, , 

'"' 
LOAD CAPACITANCe: (ell-ISpF 

--ClaSOpF 

10 102 10' 
INPUT FREOUENCY ('.)-kHz 

92(:$-17825"1 

Fig. 6 - Typical dissipation characteristics. 

813-16 AI3"6 { },"3-16 

A9.,2{ 
89-12 }S9-12 

AS-8{ 85-8 }S5'8 

AI'4[ 81-4 }SI-4 

Vss 

92CS-11161RI 

10' 

Fig. 10 - Typical connection for a 16-bit adder. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4009A, CD4010A Types 

COS/MOS Hex Buffers/Converters 

Inverting Type: CD4009A 
Non-Inverting Type: CD4010A 

The RCA-CD4009A and CD4010A Hex 
Buffer/Converters may be used as COS/MaS 
to TTL or DTL logic-level converters or 
COS/MaS high sink-current drivers_ 
The CD4049A and CD4050A are preferred 
hex buffer replacements for the CD4009A 
and CD4010A, respectively, in all applica
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069B Hex Inverter is 
recommended. 
The CD4009A and CD4010A types are sup
plied in 16-lead hermetic dual-in-line ceramic 
packages (0, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16-
lead ceramic flat packs (K suffix), and in 
chip form (H suffix). 

For MAXIMUM RATINGS see "Ratlngs and 
CharacteristiCS" at ihe begmnmg of the COS/MaS 
section. 

Features: 

NC c:rJJ 
Vee o-L 
vsse-! 

'1DDe-!! 

• Quiescent current specified to 15 V 
• Maximum input leakage of 1 JJA at 15 V 

(full package-temperature range) 
• High sink current for driving 2 TTL loads 
• High-to-Iow level logic conversion 

App/ ications: 

• COS/MOS to DTl/TTL hex converter 

..<~.~ -
B~H'8 

~' r----..--..~ -
C~I'C 

~. r----..--. 'O~ -
O~J'O 

re' r----..--. '',-, -
E~I('E 

Ne o--!-' 
veco---'

vsso--J! 

voo~ 

r-L ~ 2,... 
A~G'A 

~4,... 
B~H'B 

~6,... 
C~'.C 

~,O,... 
O~J.D 

r.." ~ 12,... 
E~K.E 

~5" 
F~L.F 

,29S·4142H.l 

CD4009 CD4010 
Fig_ 1-Logic diagrams. 

-MAX 

-MtN. 

6----r>--3 

'> ' 
5 
o 

... t'> 

• COS/MOS current "sink" or "source" driver 
• COS/MOS high-to-Iow logic-level converter 
• Multiplexer - 1 to 6 or 6 to 1 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTER ISTIC 
LIMITS 

UNITS 
Min. Max_ 

Supply-Voltage Range (For T A = Full Package-
3 12 V Temperature Range: VDD ' VCC ) 

Input Voltage Range (V I) VCC* 12 V 

• The C04009 and C04010 have high-to-Iow level voltage conversion capability but not low-to-high level, 

therefore it is recommended that VOO ;;;. VI ;;;. VCC . 

..... BIENT TEMPERATURE lTAJ-ZSC 
COLLECTOR SUPPLT VOLTAGE (Vcd-$V 
ORAIIrrt SUPPLY VOLTAGE (V 0)· "V 

IIIN. MAle. 

" s • • 
I."'" VOLTS ' .. ' 

"CI·, •• IS 

Fig_ 4 - Minimum & maximum voltBgB tranlfsr 

charBCtBriltics (V DD = 5) - CD4010A. 

380 

92SS-4195Rl 

Fig_ 5 - Minimum & maximum voltBgB trsnsfar 

charBCtBristics (VOO = 10) - C04010A. 

6 8 10 12 I. 
INPUT VOl.TS (v,1 

92CS-200f;7 

Fig. 2 _. Minimum & maximum voltage transfer 

charBCteristics - CD4009A. 

• • 8 
INPUT VOLTS (V, J 

10 12 

9ZC$-17137 

Fig. 3 - Typical voltage transfer characteristics 

as function of temp. - C04009A. 

Fig_ 6 - Minimum & maximum volt. transfsr 
charBCteristics (V 00 = 15) -C04010A. 



CD4009A, CD4010A Types 

STATIC ELECTRICAL CHARACTER ISTICS 

Conditions 
Limits at Indicated Temperatures (oC) 

Characteristic O,K,F,H Packages E, Y Packages Units 
Vo V,N VCC· +25 +25 
(V) (V) (V) -55 +125 -40 +85 

Typ. Limit Typ. Limit 

Quiescent Device - - 6 0.3 0.01 0.3 20 3 0.03 3 42 

Current, I L Max. - - 10 0.5 0.01 0.5 30 5 0.05 5 70 J.LA 
- - 15 10 0.02 10 100 50 0:5 50 500 

Output Voltage: . 

Low-Level, - 0,5 5 o Typ.; 0.05 Max. 

VOL - 0,10 10 o Typ.; 0.05 Max. 
V 

High Level - 0,5 5 4.95 Min.; 5 Typ. 
VOH - 0,10 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 3.6 - 5 1.5 Min.; 2.25 Typ. 
VNL 
C04010A 7.2 - 10 .3 Min.; 4.5 Typ. 

Inputs High 1.4 - 5 1.5 Min.; 2.25 Typ. 
VNH V 

All Types 2.8 - 10 3 Min.; 4.5 Typ. 

Inputs Low, 3.6 - 5 1 Min.; 1.5 Typ. 
VNL 
C04009A 7.2 - 10 2 Min.; 3 Typ. 

Noise Margin: 
Inputs Low, 4.5 - 5 1 Min. 
VNML 
C04010A 9 - 10 1 Min. 
Inputs High, 

V 

VNMH 
0.5 - 5 1 Min. 

C04010A 1 - 10 1 Min. 

Output Drive 
Current: 
N,Channel 0.4 - 5 3.75 4 3 2.1 3.6 4 3 2.4 

(Sink), 
ION Min. 0.5 - 10 10 10 8 5.6 9.6 10 8 6.4 mA 
P-Channel 4.6 - 5 -0.31 -0.5 ·0.25 -0.175 -0.3 -0.5 -0.25 -0.2 
(Source), 2.5 - 5 ·1.85 ·1.75 -1.25 -0.9 -1.5 -1.75 -1.25 -1 
lOP Min. 9.5 - 10 -0.9 -0.8 ·0.6 -0.4 -0.72 -0.8 -0.6 -OAQ 

Input Leakage 
±10-5 Typ.; ±1 Max. Current, Any Input 15 p.A 

IIL,IIH 

• vee: voo 

10 

10 

o 10 15 zo 
DRAIN-YO-SOURCE VOLTS lVosl t2CS-17.70 

.tCI-I7I7. 

Fig. 10 - Minimum n-channal drain 

characttlrist/c$. 

Fig. 11 - Typical high-to-/ow la".1 propagation 

delay time VI. CL• 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

INPUTvtanlYl' 

Fig_ 7 - Typical voltaga transfer characteristics 
as a function of ttlmperatuf'fl - CD40 toA. 

PLASTIC ~A.CKAGE"S IlpHL) R= 
+ t+++t-t 

o 10 15 
SUPPLY VOLTS (liDO a Vce) 

Fig. 8 - Maximum propagation delay time VI. 

VDD - CD4010A. 

92CS-i7,:se 

Fig. 9 - Typical n-channel drain characteristics. 

uw) CMJACITANCE (el )-" 
'2CS- 11.13 

Fig. 12 - Typical low-to-high lavel propagation 

delay tima VI. CL' 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4009A, CD4010A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input t, ,tf" 20 nl, CL .. 15 pF, 

RL" 200 KO 

CONDITION 
CHARACTERISTIC 

Voo VI 
(V)i (V) 

D, F, K, H Packages 

5 5 
Propagation Delay Time: 

10 10 Low-to-High, tpLH 

10 10 

5 5 

High-to-Low, tpHL 10 10 

10 10 

Transition Time: 5 5 
Low-to-High, tTLH 

10 10 

High-to-Low, tTHL 
5 5 

10 10 

Input Capacitance, CI 
CD4009 

- -
CD4010 - -

E, Y Packages 

ProR~Aation Delay Time: 
5 5 

Low-to-high, tpLH 10 10 

10 10 

5 5 

High-to-Low, tpHL 10 10 

10 10 

Transition Time: 5 5 
Low-to-High, tpLH 

10 10 

High-to-Low, tTHL 5 5 

10 10 

Input Capacitance, CI - -
CD4009 
CD40lej - -

o 100 

Vee 
(V) 

5 

10 

5 

5 

10 

5 

5 

10 

5 

10 

-

-

5 

10 

5 

5 

10 

5 

5 

10 

5 

10 

-

-

LIMIT 

Typ. Max. 

50 80 

25 55 

15 30 

15 55 

10 30 

10 25 

80 125 

50 100 

20 45 

16 4Q 

15 -

5' -

50 100 

25 70 

15 40 

15 70 

10 40 

10 35 

80 160 

50 120 

20 60 

16 50 

15 -

5 -

tHtHHHft 
t t!.~Jttlnt 

CERAMiC PACKAGES I'PLH' 
t+ 

PLA'STrC PACKAGES ItplHl 

UNITS 

ns 

ns 

pF 

ns 

ns 

pF 

CERAMIC PACKAGES U pH ) 

PLASTIC PA(:KAG[$ UPHL} 

10 15 
SUPPLY VOLTS tvoo· Veel 

92(S-17857 LOAD CAMCIT.HC~ tCL)-pF 9ZC;:S.11811 

Fig. 16 _ Typicallow-to-high level transition time Fig. 17 - Maximum propagation delay time vs. 

vs. CL. V DO - C04009A. 

Fig. 13 - Typical high-to·low level propagation 

delay time vs. CL (driving TTL, OTLJ. 

LOAD CAPACITANCE: CCL'-pF '!I2C$-17815 

Fig. 14 - Typical low· to-high level propagation 

delay time vs. CL (driving TTL, OTLJ 

.... ,!E1IfT TEMPERATU"E (TA' -a·e 
TYPICAL TEUp£RATURIE COEFFICIENT 
FOR ALL VALU(5 Of 'YOD • O.5'1"~ 1100:_111 

20 40 10 eo 100 
LOAD CAPACITANCE IC'L'- pF 

92(S-I'7871 

Fig. 15 - Typical high· to-low level transition time 

vs. CL' 

INPUT FREQuENCY If.) IIMI 
'2CS-191107 

Fig. 18 - Typical dissipation characteristics. 

For quiescent device current. noise immunity. and input leakage current test circuits see "Ratings and 
Characteristics·· at the beginning of the COSIMOS section. 
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CD4011A, CD4012A, CD4023A Types 

COS/MOS NAND Gates Features: 

Quad 2 Input - CD4011A 
Dual 4 Input - CD4012A 
Triple 3 Input - CD4023A 

The RCA-CD4011A, CD4012A, and CD-
4023A NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of COS/MaS gates. 
The CD4011A, CD4012A, and CD4023A 
types are supplied in 14-lead hermetic dual
in-line ceramic packages (0, F, and Y suf
fixes), 14-lead dual-in-line plastic packages 
(E suffi?<), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 

• Quiescent current specified to 15 V 
• Maximum input leakage of 1 J.LA at 15 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera
tion is always within the following ranges: 

Characteristic Min. Max. Units 

Supply Voltage Range 
(over full package 3 12 V 
temperature range) 

MAX IMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) ........•..•.••.•.•....... 
OPERATING-TEMPERATURE RANGE (TA); 

PACKAGE TYPES D, F, K, H ........ . 
PACKAGE TYPES E,Y .......•.. 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

.-55 to + 125°C 

. -40 to +850C 

(Voltages referenced to VSS Terminal); .................••.•...•... -·0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR T A = -40 to +60DC (PACKAGE TYPES E,Y) .................... . 500 mW 

FOR TA = +60 to +850C (PACKAGE TYPES E, Y) •. Derate Linearly at 12 mW/DC to 200 mW 

FOR TA = -55 to +100oC (PACKAGE TYPES 0, F, K) ......••.•.•.....•... • 500 mW 
FOR T A = +100 to +125DC (PACKAGE TYPES 0, F, K) ..• Derate Linearly at 12 mW/DC to 200 mW 

DEVICE DISSIPATION PER OUTPUt TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ..•... ,lOa mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . . . . . . . . . . . . . . . . . . -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max. 

.IIEtO' TEMPERATURE 

15 ~ \/DLTS 'Vool • 15 
(Ta) ·as·c 

"Do 

12.5 

>0 10 
.. 10 

~o 
~ Ii 7.' 

F" 
... 

2.' 7.5 10 12.5 15 
INPUT \IOLTS (VI) 

92C5-17791 

Fig. 2 - Minimum & maximum voltage transfer 

characteristics. 

AMBIENT TEMPERATuRE (TA)· 25·C 

s 

-~""";.;"W-
,. 

_ 12.5 " ~ 
~ • 

10 
.0 . 

~ 
~ 7.' " • " VDO :: 
" • • • -, INPUT 0 

H'I"I • iii -2 INPUTS 
IT" c-a INPUTS 

2.' d-4 INPUTS 

F;~' . 
ALL O~~ER INPUTS TO VDD ... 7.5 10 12.5 15 

INPUT VOLTS IVI ) 

Fig. 4 - Typical multiple input switching transfer 

characteristics for CD4012A. 

•• 
~L' VOLTAGE 

CVal-I.V 

,. 
! .. -12S-<: 

0 -S5-t 
~ IOv ,"' .0 . 
~ -55'C 

~ 1:\:1.25 

~ ,V 
il 1:\:1 ~~'C 

12'-C 

.0 
INPUT VOLTAGE. 1Yl'-V 

nCS-lnlO 

Fig. 3 - Typical voltage transfer characteristics 

as a function of temperatute. 

~ 
12.5 

... 
o 

PPLY VOLTS ( I • I 

1$ 

.0 

7.5 10 12.5 
INPUT VOLTS IVI ) 

92CS-IT792 

Fig. 5 - Typical curtent & voltags transfer 

characteristics. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

92CS~24763 

CD4011A 

NC 

Vss 1 K=~ Ne 

92CS-24759 

CD4012A 

14 Voo 

13 

Vss 

92CS- 24761 

CD4023A 
Fig. 1 - Functional diagrams. 

AMBIENT TEMPERATURe IT ... 1 ·25-C 

~ 
TYPICAL TE .. PERATURE COEfFIQ(NT .4 

15 FOR ID--O·)"" I ·C .. r: ~ .. . .u:-u., 
5 GATE .. TO ~ SOURCE VOLTS IVos) ·15 

t lO 0TItUt 10 
:: G ... TE 

INl'UTS ,. 
" 

....... OED 
z 
c .0 l!i • ~ } CD40IIAO.Al.AF •• K 

CD40UAD,AE ••• AI( 

.0 
___ }C04Ol2AO.AE.U .... K • I:! 

o 10 15 
DRAIN - TO -SOURCE VOLTS IVDS) 

92CS-t7850 

Fig. 6 - Typical n-channel drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4011A, CD4012A, CD4023A Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

Characteristic 
Vo VIN VOO 
(V) (V) (VI 

Quiescent Device - - 5 
Current, I L Max. - - 10 

- - 15 
Output Voltage: - 0;5 5 

Low-Level 
VOL - 0,10 10 

High Level, - 0~5 5 
VOH - 0,10 10 

Noise Immunity: 
Inputs Low, 

3.6 - 5 

VNL 7.2 - 10 

Inputs High, 1.4 - 5 
VNH 2.8 - 10 

Noise Margin: 4.5 - 5 
Inputs low, 
VNMl 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 
Current: 
N-Channel 
(Sink) 
ION Min. 

0.5 5 -
C04011A 
CD4023A 0.5 - 10 

C04012A 0.5 - 5 

0.5 - 10 

P-Channel 
(Source), 4.5 - 5 
lOP Min. 
All Types 9.5 - 10 

Input leakage Any 
Current, Input 15 
Ill,IIH 

DRAIN - TO -SOURCE VOLTAGE (Yosl-IJ 
-15 -10 -5 

AMBIENT TEMPERATURE ITA). 25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR IOa-O.:s"""-c lOY 

lOY 
lOY 

GATE-TO-SOURCE YOLTAGEIYG pl!5V 

CERAMIC PACKAGES 

Limits at Indicated Temperatures (oC) 

D,K,F,H Packages E, Y Packages 

-55 
+25 +125 -40 +25 

Typ. 

0.05 0.001 
0.1 0.001 

2 0.02 

0.31 0.5 

0.62 0.6 

0.15 0.25 

0.31 0.6 

-0.31 -0.5 

-0.75 -1.2 

o 

. 
-. E 

I 
~ 
~ 

Limit Typ. Limit 

0.05 3 0.5 0.005 0.5 

0.1 6 5 0.005 5 

2 40 50 0.5 50 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ.; 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

0.25 0.175 0.145 0.5 0.12 

0.5 0.35 0.3 0.6 0.25 

0.12 0.085 0.072 0.25 0.06 

0.25 0.175 0.155 0.6 0.13 

-0.25 -0.175 -0.145 -0.5 -0.12 

-0.6 -0.4 -0.35 -1.2 -0_3 

±10-5 Typ.; ±1 Max. 

AMBIENT TEMPERATURE (TAl- 25·C 
T'I'ptCAL TEMPERATURE COEFFICIENT 

:! I~ FOR ALL VALUES OF VDD· O.:s%rc 

I 

SUPF\.Y VOLTS (YOO.-5 

A TIC PACKAGE ---

10 

,. 

-15 

+85 

15 
30 

500 

0.095 

0.2 

0.05 

0.105 

0.095 

-0.24 

o 10 20 30 40 so eo 70 80 

Units 

IJA 

V 

V 

V 

mA 

IJA 

92CS-I7S4~ 
Fig. 70 - Minimum p-channel drain 

characteristics. 

LOAD CAPACITANCE tel» - pF ,ZCs-ltn4 

Fig. 11 - Typicallow-to-high level propagation 

delay time vs. CL. 
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DRAIN-TO-SCJlIiK:E VOLTAGE 1YOS1-V 
-15 -10 -5 

y~s I. ,": 
J 'los lOY 

-_~ __ J 

OTHER GATE 
INPUTS GROUNDED 

GATE-TO-SQURCE 'VOLTAGE ( )a15V 

o 

-5 

10 

-I' 

AMBIENT TEMPERATuRE (TA) ·2S·C 
TYPICAL. TEMP. COEFFICIENT AT ALL VALUES OF VGS·-O.3"Y.'oC 

Fig. 7 - Typical p-channel drain characteristics. 

.....,. nllP'lR.ICI\.tM: IT., )·n-t Ii 
~ ftWII:RI1IT\IM COIWtClENT RIR IDa-o.!'ItJ-c 

• 

lATE-tO-SOURCE VOLTS '~).15 

10 

10 CERAMIC PACKA 
PLASTIC PACKAGES---' 

!5 10 15 
DRAIN - TO - SOtKE VOLTS ('IDS) 

Fig. 8 - Minimum n-channel drain characteristics 

-CD4077A & CD4023A. 

• 
" -
~ 

-s IlOl: (Ye -I 

'" ~2 
" I. e 
3 10 
i 
i!: p .:.~,'c ~:c;: ... --
~1 

10 

AMalENT TEIIIP£III"1\I"e: (TAJ. 25~ 

• TYPICAL TEMPERATURE COIF',CtENT 
FOR lOa - D.S" -c 

~ I o IS 
SOURCE - TO - DRAIN VOLTS (Yos) 

92C5-171SI 

Fig. 9 - Minimum n-channel drain characteristics 

- CD4072A. 

AMIIENT TEMPERATURE (TA' • 25'"C 
TYPICAL TEMPERATURE COEFFICIENT f 300 FOR ALL VALUES OF '100 aO.5'1./-C 

:~ 

~ SUPPLY VOLTS V. 

!Ii 100 

i 10 

o 10 ZO JO 40 50 eo 70 eo 
LOAD CAPACITANCE CCL)- ,F 92CS-I7795 

Fig. 12 - Typical high·to-Iow lel/lll propagation 
delay time vs. CL - CD4011A, & 
CD4023A. 



CD4011 A, CD4012A, CD4023A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA '" 25°C, CL '" 15 pF, Input t r, tf '" 20 ns, 

RL"'200Kn 

TEST 
CONDITIONS 

CHARACTERISTICS 

Propagation Delay Time: 
Low-to-High Level, tpLI-1 

High-to-Low Level, tpHL 

CD4011 A and CD4023A 

CD4012A 

Transition Time: 
Low-to-High Level, t-rLH 

High-to-Low Level, tTHL 

CD4011 A and CD4023A 

CD4012A 

Input Capacitance, CI 

AMBIENT TEMPERATURE ITA'· 25·C 
TYPICAL TEMPERATuRE aJEFFICIENT 
FaA ALL VALLES OF Vgo ·O.~1I./-C 

SUPPLY WLTSIYDDJ-' 

'0 ,. 

01010104050107080 
LoaD CAPACITANCE tCl) - ,F 

VDD 
(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

Any Input 

. 
~500 .. 
% 

~400 

! 300 

l'i 
i 200 

! 
'00 

'2CS~ 1718' 

LIMITS 

D,F,K,H E,Y 
Packages Packages 

Typ. Max. Typ. Max. 

50 75 50 100 

25 40 25 50 

50 75 50 100 

25 40 25 50 

100 150 100 200 

50 75 50 100 

75 100 75 125 

40 60 40 75 

75 125 75 150 

50 75 50 100 

250 375 250 500 

125 200 125 250 

5 - 5 -

AIIIltENT TEMPERATURE (T A) • 2S·C 
TYPICAL TEMPERATURE COEFfiCIENT FOR 
ALL VALUES OF Voo • O.5"1·~ 

SUPPLY VOLTS VDD ·5 

o 

15 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (CL ) - pF 

92CS-I7799 

Fig. 15 - Typical high·to-Iow level transition 
time VB. CL - C0401 1A & C04023A. 

Fig. 16 - Typical high-to·low level transition time 
vs. CL - C04012A. 

,0" 
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I ,<>", 

C 
~.,. .. r 102 

~ 
L ,0 

~ 

=~~ DlTis':~=:!6~~~f~ ;CPQUIESCENT ~ 

SUPPLY VOLTS (V )-115 

0 

..-: .. 
LOAD CAPACITANCE 1Cl)-15pF 

. 
VSS 

INPUTS 

NOTE: 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

AMBIENT TEIiPEIUTUM (lA) -25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR ! SOO All VALUES OF YoD-O.3'1./·C 

~ .. 
! 
~ 200 

SUPPLY VOLTS Y, ) - " 

I. 

o 10 203040 !M)60 70 10 
LOAD CAPACITANCE (CL ) - p' 

92CS-L7796 

Fig. 73- Typical high-to·low level propagation 
delay time vs. CL - C04012A. 

'50 
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2: 

1Y.'¢ .. .. 
; 100 " " ;:: 

~ 
i 50 

,. 
e 
I!: .... lENT TEMPERATURE CTA)- 25·C 

TYP ICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOO-O.'''''-c 

0 '0 20 50 40 50 60 10 ao 
LOAD CAPACITANCE ceLI-ILIF 

92CS-L7797 

Fig. 14 - Typicallow·to-high transition time VI. 

CL· 

AMBIENT TEMPERATURE CTA I ·2,,-C f 600 LOAD CAPACITANCE (ell· IS pF 

i 
i~oo 

~ 400 
.... 
~ 300 
i!l 
l'i 200 

~ i 100 

CD4Ot2AD.AE 
tpLH 

ALL OTHER 
TYPES tPUt.lpHL 

'0 ,. 20 

SUPPLY VOLTS (YoDI 
92CS·L7S .. eRI 

Fig. 17 - Minimum propagation delay 

time vs. VOl> 

NOTE' 
MEASURE INPUTS 
SEOUENTIALL Y. , 

C~;~~;F ;;:;, Vss 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

'JI2eS- 27600 Voo OR Vss· 

TO BOTH VOO AND IIss· 
CONNECT All UNUSED 

'-_,-_-' INPUTS ro EITHER 
vOOORVSS' ,02 ,0" 104 10' .rI' .,7 

92CS-L7B6S 

Fig. 18 - Typical dissipation characteristics. 
92CS-2740L 

Fig. 19 - Quiescent device current 

test circuit. 

Vss 

Fig. 20 - Noise immunity test circuit. ')12($-21402 

Fig. 27 - Input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4013A Types 

Dual fD'_ Type Flip-Flop 

The RCA-CD4013A consists of two identical, 
independent data-type flip-flops. Each flip
flop has independent data, set, reset, and 
clock inputs, and Q and Q outputs. These 
devices can be used for shift register appli
cations, and by connecting Q output to the 
data input, for counter and toggle applica
tions. The logic level present at the D input 

MAXIMUM RATINGS, Absolure-Maximum Values. 

STORAGE· TEMPERATURE RANGE IT"g' 

OPERATING·TEMPERATURE RANGE ITA' 

is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set or reset line, respectively. 

The CD4013A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack
ages (D,F, and Y suffixes), 14-lead dual-in
line plastic packages (E suffix). 14-lead cer
amic flat packages (K suffix). and in chip 
form (H suffix)' 

Features: 
PACKAGE TYPES D. F. K. H -55 to +l25 0C 

VOD 

CD4013A 
Functional Diagram 

PACKAGE TYPES E. Y -40 to +850C - Set-Reset capability 
DC SUPPL Y-VOL TAGE RANGE. IV Dol - Static flip·flop operation - retains state indefinitely 

IVoltages referenced to V SS Termlnall . -0.5 to +15 V with clock level either "high" or "low" 
POWER DISSIPATION PER PACKAGE IPD' - Medium-speed operation - 10 MHz (typ.) clock 

FOR TA = -40 to +600C IPACKAGE TYPES E, YI 500 mW toggle rate at 10 V 
FOR T A = +60 to +850C IPACKAGE TYPES E. YI Derate LInearly at 12 mW/oC to 200 mW - Quiescent current specified to 15 V 
FOR T A= -55 10 +1000C IPACKAGE TYPES D. F~ KI 500 mW - Maximum input leakage of' f.1A at 15 V 
FOR T A= + 100 to +125 0 C IPACKAGE TYPES D. F. KI.. . .. Derate Lonearly at 12 mW/oC 10 200 mW (full package·temperature range) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR - '·V noise margin (full package-temperature 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE IALL PACKAGE TYPESI.. 100 mW range) 

INPUT VOL TAGE RANGE. ALL INPUTS. -0.5 to V DD +0.5 V 

LEAD TEMPERATURE lOURING SOLDERING) 
At distance 1/16 ± 1/32 oneh 11.59 ± 079 mml irom case for 10 s max. 

*6(8)o-~ ____ ~ ________________ ~ ________ ~ 

SET • 

* 5(9) 

* 411O)o------------4-----l<.k..-----...l 
RESET 

TltUTlt TABLE 

CL' D • 
.../ , , 
.../ 1 , 
.......... x , 

X X 1 

X X , 
X X 1 

LOGIC O' LOW 
LOGIC I. HIGH 

, Q Q , , 1 

0 I 0 

0 • ij 

0 , 1 

I 1 , 
I 1 t 

• a LEVEL CHANGE 

X. DON'T CARE 

N 
C 

D 
HANGE 

App/ ica tions: 
• Registers, counters, control circuits 

10 15 

ORAIN-TO-SOURCE VOLTS (VoSI 
'92CS-17600 

Ct CL BUFFERED OUTPuTS 

11131 

Fig.2 - Typical n-channel drain characteristics_ 

*31111 - r--... t r--... _ t 
~ 

• NIN)'FFIIFF2 TERMINAL 
ASSIG NMENTS 

£\OD 

* AU INPUTS ARE 
PROTECTED BY 
COS/"OS PROTECTION VSS 
NETWORK 

92SS-4'S86AI 

Fig_ 1 - Logic diagram and truth table for CD4013A (one of two identical flip flops). 
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DRAIN - TO - SOURCE VOLTS {Vos' 
-I~ -10 -5 

·H 
H· 

::: r .. 0 

Fig.3 - Typical p-channel drain characteristics. 



CD4013A Types 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C, Except as Noted: 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges -

LIMITS 

CHARACTERISTIC D,F,K,H E,Y 
UNITS 

VDD Packages Packages 

(V) Min. Max. Min. Max. 

Supply-Voltage Range 
(For TA = Full Package - 3 12 3 12 V 
Temperature Range) 

5 40 - 50 -
Data Setup Time ts 10 20 - 25 - ns 

5 200 - 500 -
Clock Pulse Width tw 10 80 100 ns 

- -

Clock Input 5 2.5 1 
MHz 

Frequency fCl 10 dc 7 dc 5 

Clock Rise or Fall 5 - 15 - 15 
Time trCl *, tfCl 10 - 5 - 5 Ils 

Set or Reset Pulse 5 250 -- 500 -
Width 10 100 - 125 -

ns 

* If more than one unit is cascaded in a parallel clocked operation, trCl should 
be made less than or equal to the sum of the fixed propagation delay time at 
15 pF and the transition time of the output driving stage for the estimated 
capacitive load. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Input t" 4 = 20 ns, 

CL = 15 pF, RL = 200 kn 

LIMITS 

CHARACTER ISTIC 
D,F,K,H E,Y 

UNITS 
VDD Packages Packages 

(V) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay Time: 5 - 150 300 - 150 350 
Clock to Q or 0: Outputs ns 

10 - 75 110 - 75 125 
tpHl, tPLH 

Set to Q or Reset to Q 5 - 175 300 - 175 350 
ns 

tPLH 10 - 75 110 - 75 125 

Set to Q or Reset to Q 5 - 175 300 - 175 350 
tpHl 10 - 75 110 75 125 ns -

Transition Time, 5 - 75 125 - 75 150 
ns 

tTHl' tTLH 10 - 50 70 - 50 75 

Maximum Clock Input 5 2.5 4 - 1 4 -
MHz 

Frequency, fCl 10 7 10 - 5 10 -

Minimum Clock 5 - 125 200 - 125 500 
Pulse Width, 10 50 80 50 100 ns 

tw - -

Minimum Set or Reset 5 - 125 250 - 125 500 
Pulse Width, tw 10 50 100 50 125 ns 

- -

Minimum Data Setup 5 - 20 40 - 20 50 
Time, 10 10 20 10 25 ns 

ts - -

Clock Rise or Fall Time 5 - - 15 - - 15 
trCL, tfCL 10 - 5 - - 5 

p.s 
-

Average Input Any 
5 5 pF 

Capacitance, CI Input 
- - - -

COS/MOS DIGITAL INTEGRATED CIRCUITS 

AMBIENT TEMPERATURE (TAl· 2"·C 
TYPICAL TEMPERAtURE COEFFICIENT FOR to--0.3% I-e 

~ ~ 

GATE - TO· SOURCE VOLTS IVGS)· 15 

n+tit 

} ,v: ;'":r -'+ 
2.5 7.5 10 12.5 15 

DRAIN - TO - SOURCE VOlTS (VDS\ 
92CS-118S~ 

Fig.4 - Minimum n-channel drain characteristics. 

ORAIN ~ TO - SOURCE VOLTS 1Vosl 

.-___ --=-"'''--=-CfoI25 -10 -7.5 -5 -Z.5 

CERA""IC PACKAGES 
PLASTIC PACKAGES--- -. 

-10 

GATE-TO-SOURCE WlTS(YG )·-15 

..... IENT TEMPERATUREITA'.2"·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR I --o.s .. lee 

o 
- 2.S -: 

z 
E 

F 
~ 

-~ ~ 

-7.~ 

9ZC$-17856 

~ 
~ 

o 

Fig.5 - Minimum p-channel drain characteristics. 

AMSlttlT TEMPER ... TURE (TA)·25-C 
• TYPtCAL TEMPERATURE COEFFICIENT FOR isoo ALL VALUE$ OF YDD-O.3%'-C 

1 

Fig.6 - Typical propagation delay time VS. Ct. 

AMBIENT TEMPERATURE {TA)*2.S-C 
TYPICAL TEMPERATURE COEFFICIENT FOA 
ALL V ... LUES OF YOD. o.s %"-C 

LOAD CAPACITANCE tCL)-pF 
92cs-r909"1 

Fig. 7 - Typical transition time vs. CL' 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4013A Types 
STATIC ELECTRICAL CHARACTERISTICS 

Characteristic 
Conditions 

Va VIN VDD -55 
(V) (V) (V) 

Quiescent Device - - 5 1 

Current, ~- - 10 2 

IL Max. - - 15 25 

Output Voltage: 
- 0.5 5 

Low-Level, 

VOL 
- 0.10 10 

High-Level - 0.5 5 

VOH - 0..10 10. 

Noise Immunity: 

Inputs Low, 4.2 - 5 

VNL 9 - 10 

Inputs High 0..8 - 5 

VNH 1 - 10 

Noise Margin: 
Inputs Low, 4.5 - 5 

VNML 9 - 10 

Inputs High, 0.5 - 5 

VNMH 1 -- 10 

Output Drive 
Current: 

0..5 5 0..65 -
N-Channel 
(Sink) 0..5 - 10 1.25 

ION Min. 

P-Channel 
4.5 5 -0..31 -

(Source) 
9.5 -0.8 

lOP Min. 
- 10 

I nput Leakage 
Any Current, 15 

IIL,IIH 
Input 

Limits at Indicated Temperatures (OC) 

D,K,F,H Packages E,Y Packages 

+25 +125 -40 +25 +85 
Typ. Limit Typ. Limit 

0.005 1 60. 10. 0.0.1 10 140. 

0.005 2 120. 20. 0_0.2 20 280. 

0..5 25 100.0 250 2.5 250. 2500 

o Typ.; 0..05 Max. 
o Typ.; 0..05 Max. 

5 Typ.; 4.95 Min. 

10 Typ., 9.95 Min. 

2.25 Typ.; 1.5 Min. 

4.5 Typ.; 3 Min. 

2.25 Typ.; 1.5 Min. 

4.5 Typ.; 3 Min. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

1 0..5 0..35 0..35 1 0..3 0..24 

2.5 1 0..75 0.72 2.5 0..6 0..5 

-0.5 -0..25 -0..175 -0.17 -0.5 -0..14 -0..12 

-1.3 -0.65 -0.45 -0..4 -1.3 -0..33 -0..27 

±lG-5 Typ.;±1 Max. 

NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

Units 

/lA 

V 

V 

V 

mA 

/lA 

Vss TO BOTH Voo AND Vss 
CONNECT ALL UNUSED 

388 

Vss 

NOTE: 
TE;ST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

92C5- 27400 VDO OR Vss 

Fig. 10 - Noise immunity test circuit. 

L-_,-----' INPUTS TO EITHER 

Voo OR VSS· 

Vss 

Fig. 11 - Input leakage test circuit. 
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Fig.S - Tvpical maximum clock input 
frequency VS. V DO' 
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Fig.9 - Tvpical dissipation characteristics. 
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Fig. 12 - Quiescent device-current test circuit. 



CD4014A Types 

COS/MOS a-Stage Static Shift Register 
Synchronous Parallel or 
Serial Input/Serial Output 

RECOMMENDED OPERATING CONDITIONS at TA = 2SoC. Except as Noted. 
For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTE R ISTIC VDD D,F,K,H E,Y UNITS 
Packages Packages (V) 

Min. Max. Min. Max. 

Supply· Voltage Range (For T A= Full 
3 12 3 12 V Package-Temperature Range) 

Data Setup Time, ts 
5 350 - 500 -
10 80 100 

ns 
- -

Clock Pulse Width. tw 5 500 - 830 -
10 175 200 

ns - -
Clock Input Frequency. fCl 5 dc 1 dc 0.6 MHz 

10 dc 3 dc 2.5 

Clock Rise and Fall Time, trCl. ttcL * 5 - 15 - 15 
10 - 15 - 15 

jJS 

• If more than one unit is cascaded trCL should be made less than or equal to the ~um of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperature. (gC) 

Characteristic 
D,K,F,H Packages E, Y Packages Units 

Vo VIN VDD 
-55 

+25 +125 -40 +25 +85 (V) (V) (V) Typ. Limit Typ. Limit 

Ouiescent Device - - 5 5 0.5 5 300 50 0.5 50 700 

Cu'rrent I L Max. - - 10 10 1 10 600 100 1 100 1400 IJA 
- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low-Level, 
VOL - 10 10 ,0 Typ.; 0.05 Max. V 
High Level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low. 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 
Noise Margin: 4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

V 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
n-Channel 0.5 - 5 0.15 0.3 0.12 0.085 0.072 0.3 0.06 0.05 
(Sink). 
ION Min. 

0.5 - 10 0.31 0.5 0.25 0.175 0.12 0.5 0.1 0.08 
rnA 

p·Channel 4.5 - 5 -0.1 -0.16 -0.08 ·0.055 ~0.06 -0.16 -0.05 -0.04 
(Source): 
lOP Min. 9.5 - 10 0.25 -0.44 -0.20 -0.14 ·0.12 -0.44 ·0.1 -0.08 

Input Leakage 
Ar Inrt Current, - - 15 ±10-5 Typ.; ±1 Max. IJA 

IIL,IIH 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

;::.-! 
CaNT 

SER. II 
IN, 

CLOCK!Q. 

8 

... 
" Q6 0 
o 

12 07 ~ 

, 08 ~ .. 

Vss 92:5 25041 

CD4014A 
FUNCTIONAL DIAGRAM 

For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 

The RCA-CD4014A types are 8-stage parallel
input/serial output registers having common 
CLOCK and PARAllEL/SERIAL CON
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel "JAM" IN
PUTS to each register stage. Each register 
stage is a Ootype, master-slave flip-flop. In 
addition to an output from stage 8, "0" out
puts are also available from stages 6 and 7. 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL 
input is low, data is serially shifted into the 
8-stage register synchrr ously with the POll" 

itive transition of th .. clock line. When the 
PARALLEL/SERIAL CONTROL input is 
high, data is jammet! into the 8-stage register 
via the parallel input lines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 
The CD4014A·Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes). 16- lead dual-in
line plastic packages (E suffix), 16·lead ceo 
ramie flat packages (K suffix), and in chip 
form (H suffix). 

CL"'-
SER. PAR SER !P1-1 PI·n 

a1 

IN CONTROL IINTER- an 
NAL) 

/" X 1 0 0 0 0 

./ X 1 1 0 1 0 

./ X 1 0 1 0 1 

./ X 1 1 1 1 1 

./ 0 0 ~ X 0 a n-1 

./ 1 0 X X 1 On-1 

I, X X X X a1 On NC 

X = DON'T CARE CASE A = LEVEL CHANGE 

NC = NO CHANGE 

Fig. 1 - Truth table. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4014A Types 
Features: • Quiescent current specified to 15 V 

Maximum input leakage current of 1 JJA 
at 15 V (full package-temperature range) 

• Medium speed operation ..... 5 MHz (typ.) clock • 
rate at VDD - VSS = 10 V 

• Fully static operation 
• 8 master-slave flip.-flops plus output 

buffering and control gating 

• 1-V noise margin (full package-temper
ature range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2SoC, Inputtr, 11 = 20 ns, CL = 15 pF, 

RL = 200 kn 
LIMITS 

TEST D,F,K,H E,Y 
CHARACTER ISTIC CONDITIONS Packages Packages UNITS 

VDD Min_ Typ. Max. Min_ Typ. Max. 
(V) 

Propagation Delay Time; 5 - 300 750 - 300 1000 
ns 

tplH·tpHl 
10 - 100 225 - 100 300 

Transition Time; 5 - 150 300 - 150 400 
tTHl' tTlH 

ns 
10 - 75 125 - 75 150 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 - MHz 
Frequency. fCl 

10 3 5 - .2.5 5 -
Minimum Clock Pulse 5 - 200 500 - 200 830 ns 
Width. tw 

10 - 100 175 - 100 200 

Clock Rise & Fall Time; 5 - - 15 - - 15 
trCl. ttcl * JI.S 

10 - - 15 - - 15 

Minimum Data Set Up 5 - 100 350 - 100 500 
Time. t5 

ns 
10 - 50 80 - 50 100 

Average Input 
Capacitance. CI Any Input - 5 - - 5 - pF 

.. • If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

PARALLEL 
SERIlL 
CONTROL 

SERIAL 
INPUT 

CLOCK 

*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

PARALLEL 
INPUT - 1 ... 

VSS 

PI-2 * PI-3 * 

2 
Q-' Q.! 

Fig. 5 - Logic block diagram. 

PI·4 * 

TERMINAL NO. 16'" Yoo 

TERMIJrlAL NO.8'" GHD 
92S5-4151R2 

Applications: 
• Synchronous parallel inputlserial output 

data queueing 
• Parallel to serial data conversion 
• General-purpose register 

10 AMBIENT TEMPERATURE IT,'-25-C 
ALTERNATING ·0· 

II AND -,- PATTERN 

'-

LOAO CAPACI1I.NCE (ell-IS" 
-- CL -50" 

10 102 .0' If)4 

INPUT CLOCK FREQUENCY IfCLJ-kHl9ZCS_11I01ft' 

Fig. 2 - Typical dissipation characteristics. 

• 

~ . 
L 
~ 
d I 

AMBIENT TEMP£RAT\.IAE (T A) • 25·C 
LOAD CAPACITANCE eeL) • I' pF 

10 
..... Ly VOLTSIVool 

15 20 

tlCS-I.IU 

Fig. 3 - Typical clock input fraquency 
vs. supply voltage . 

! 
I 

J 
i 
w 
;: 

5 
:!l 
is 

I 100 

AMBIENT TEMPERATURE (TA ,. 25~ 

TYACAL TEWERATURE COEFFICIENT FOR 
ALL VAl.UES OF VOO ·O.3 ... '*C 

10 I. 
10 20 lO 40 ~o 60 70 80 

LOAD CAPACITANCE (CL1-pF 
9ZCS-17807 

Fig. 4 - Typical propagation delay time 
vs. load capacitance. 

~ 
~400 

W 
t: 300 

g 
iii 200 
z :: 
I- 100 

AMBIENT TEMPERATURE (TAJ .2,-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Yoo. 0.3'" , .\: 

" 
\ 

\~ 

10 20 30 40 so 60 70 80 
LOAD CAPACITANCE tCL) - pF 

HCS-17101 

Fig. 6 - Typical transition time vs. load 
capacitance. 

For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MaS section. 
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CD4015A Types 

COS/MOS Dual 4-Stage Static Shift Register 
With Serial Input/Parallel Output 
The RCA-CD4015A consists of two identical, 
independent, 4-stage serial-input/parallel
output registers_ Each register has indepen
dent CLOCK and RESET inputs as well as 
a single serial DATA input_ "a" outputs are 
available from each of the four stages on 
both registers_ All register stages are D-type, 
master-slave flip-flops_ The logic level pre
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition_ 

Resetting of all stages is accomplished by a 
high level on the reset line_ Register expan
sion to 8 stages using one CD4015A package, 
or to more than 8 stages using additional 
CD4015A's is possible. 

The CD4015A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), 16-lead dual-in
line plastic package (E suffix)' 16-lead cer
amic flat package (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS,Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) ..........•. _ ......• , . _ . . . .. -65 to +150°C 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGETYPESD,F,K,H ..................•..•...... __ '" _. -55to+125°C 

PACKAGE TYPES E, Y . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . .. -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ....................... , . . . . .. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO) 

FOR TA = -40 to + 60°C (PACKAGE TYPES E, Y). . . . . . . . . • . . . . . . . . . . . . 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) ......•. Derate Linearly at 12mWfC to 200 mW 

FOR TA = -55 to + 100°C (PACKAGE TYPES 0, F, K) . • . . . . . . . . . . . . . . . . . 500 mW 

FOR T A = + 100 to +125°C (PACKAGE TYPES D, F, K) .... Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . . . 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS ........................... -0.5 to VDO +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......... . 

RECOMMENDED OPERATING CONDITIONS at TA = 2ttC, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following rangss: 

LIMITS 

CHARACTERISTIC VDD D,F,K,H E, Y 

(V) PACKAGES PACKAGES 

MIN. MAX. MIN. MAX. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 

Package-Temperature Range) 

Data Setup Time, ts 
5 350 - 500 -

10 80 100 - -

Clock Pulse Width, tw 5 500 - 830 -
10 175 200 - -

Clock Input Frequency, fCl 
5 dc 1 dc 0.6 

10 dc 3 dc 2.5 

Clock Rise and Fall Time, trCl, tfCl * 5 - 15 - 15 
10 - 15 - 15 

Clock Reset Pulse Width, tw 
5 500 - 830 -

10 175 200 - -

UNITS 

V 

ns 

ns 

MHz 

IlS 

ns 

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

COSIMOS DIGITAL INTEGRATED CIRCUITS 

·00 

DATAA '" 
CLOCK .. • '" 
RESET A • ST_ • '" 

'" 
DATAB 

.. " "8 
CL.OCKs 

, 12 

'" . 
RESET. 

0< STAGE 

'" 
' .. 

CD4015A 
FUNCTIONAL DIAGRAM 

Features: 
• Medium speed operation ... _ ......•. 

5 MHz (typ.) clock rate at V DO 
-VSS=10V 

• Fully static operation 
• 8 master--slave flip-flops plus output 

buffering 
• Ouiescent current specified to 15 V 
• Maximum input leakage current of 1 IlA 

at 15 V (full package-temperature 
range) 

• 1-V noise margin (full package-tempera· 
ture range) 

Applications: 
• Serial-input!parallel-output data queueing 
• Serial to parallel data conversion 
• General·purpose register 

TRUTH TABLE 

Cl.t. D R 01 On 

.../ 0 0 0 °n·l 

J 1 0 1 °n-l 

""'-. X 0 01 an (N 

X X 1 0 0 

.t.= LEVEL CHANGE 

X = DON'T CARE CASE 

Fig. 1 - Truth table. 

_IEIIT TE/IIP£"'~ (TAI-l8"C 
UIAD CAJlllCITA_ (CL'- 15", 

o CHANGE) 

o 10 " to 
$l.l'PLY VClLTS(VaoI 

Fig. 2 - Typical clock input frequency 
1($. supply voltllfle. , " 
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Cos/MOS DIGITAL INTEGRATED CIRCtllTS 

CD4015A Types 
STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

Quiescent Device 
Current, IL Max. 

Output Voltage: 
Low Level, 

VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margin: 
Inputs Low, 
VNML 

Inputs High, 
VNMH 

Output Orive 
Current: 
N-Channel 
(Sink), 

ION Min. 

P,Channel 

(Source): 

lOP Min. 

Input Leakage 
Current, 

IIL,IIH 

.... 
D. 

* ". 

£\-'" : 
CL. 

VSS 

* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

CONDITIONS 

Vo VIN VDD 

(V) (VI (V) 

- - 5 

- - 10 

- 15 

- 5 5 

- 10 10 

- 0 5 

- 0 10 

4.2 - 5 

9 - 10 

0.8 - 5 

1 - 10 

4.5 - 5 

9 - 10 

0.5 - 5 

1 - 10 

0.5 - 5 

0.5 - 10 

4.5 - 5 

9.5 - 10 

Any Input 

- 1-/ 15 

LIMITS AT INDICATED TEMPERATURES 1°C) 

0, K, F, H PACKAGES E, Y PACKAGES 
UNITS 

+25 +25 
-55 +125 -40 +85 

TYP. LIMIT TYP. LIMIT 

5 0.5 5 300 50 0.5 50 700 

10 1 10 600 100 1 100 1400 /J.A 

50 1 50 2000 500 5 500 5000 

o Typ.; 0.05 Max 

o Typ.; 0.05 Max 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

V 
1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

V 
1 Min. 

1 Min. 

0.15 0.3 0.12 0.085 0.072 0.3 0.06 0.05 

0.31 0.5 0.25 0.175 0.12 

-0.1 -0.16 -0.08 0.055 -0.06 

-0.25 -0.44 -0.20 -0.14 -0.12 

±10-5 Typ., ±1 Max. 

Fig. 6 - Logic disgrllm. 
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~.?SS-41~5"'3 

f 
I 

~ 
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TYPICAL TEIFERATURE COEFFICIENT fOR 
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J 
!II 
;: 
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Fig. 3. - Typical propagation-<ielay time 
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Fig. 4 - Typical tranliition time 118 
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Fig. 5 - TypiCilI dissipation characteristiCIi. 
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CD4015A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 

at TA = 25°C, Input tr , tf= 20 ns, CL = 75 pF, R L = 200 krl. 

TEST LIMITS 

CHARACTERISTIC CONDITIONS D.F.K.H E. Y UNITS 
PACKAGES PACKAGES 

VDD 
MIN. TYP. MAX. MIN. TYP. MIN. 

(V) 

CLOCKED OPERATION 

Propagation Delay 
5 - 300 750 - 300 1000 

Time; ns 
TPlH, TpHL 10 - 100 225 - 100 300 

Transition Time; 5 - 150 300 - 150 400 
tTHL, tTlH 

ns 
10 - 75 125 - 75 150 

Minimum Clock Pulse 5 - 200 500 - 200 830 
ns Width, tw 10 - 100 175 - 100 200 

Clock Rise & Fall 5 - - 15 - - 15 
Time; t Cl, tfCl" r, 10 - - 15 - - 15 

J.LS 

Minimum Data Set- 5 - 100 350 - 100 500 
upTime, ts ns 

10 - 50 80 - 50 100 

Maximum Clock 5 1 2.5 - 0.6 2.5 -
Input Frequency, MHz 

fCl 
10 3 5 - 2.5 5 -

Average Input 
Capacitance, C, - 5 - - 5 - pF 

RESET OPERATION 

Propagation Delay 5 - 300 750 - 300 1000 
Time, TplH. TpHL ns 

10 - 100 225 - 100 300 

Minimum Set and 
5 200 500 200 830 

Reset Pulse Widths 
- -

ns 

tw 10 - 100 175 - 100 200 

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitve load. 

Test Pllrformed with the following 
sequence of "1 '5" and "O's" 

10V 
Test 

Don't Test 
Don't Test 
Don't Test 
Don't Test 
Don't Test 

Test 
Don't Test 

92C5-17909 Test 

Fig. 9 - Quiescent-device-current 
test circuit. 

51 52 

0 1 
0 0 
1 0 
0 0 

0 
0 0 

0 
0 0 , 0 

53 
0 

0 
0 , , 
0 
0 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

92:CS-2'''''' 

Fig. 7 - Noise-immunity tflst circuit. 

NOTE 

MEAsuRE INPUTS 
SEOUENTIALLY. 
TO BOTH Voo AND Vss' 
CONNECT All UNUSED 

L-~_-' INPUTS lQ EITHER 

Voo OR VSS' 

Vss 
92CS- 21402 

Fig, 8 - Input-leakage-current test 
circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4016A Types 

COS/MOS Quad 
Bilateral Switch 
For Transmission or MUltiplexing 

of Analog or Digital Signals 

The RCA-CD4016A Series types are quad 
bilateral switches intended for the trans
mission or mUltiplexing of analog or digital 
signals. Each of the four independent bi
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
The CD4016 "A" Series types are supplied 
in 14-lead hermetic dual-in-line ceramic pack
ages (D,F ,Y suffixes). 14-lead dual-in-line 
plastic packages (E suffix). 14-lead ceramic 
flat package (K suffix), and in chip form 
(H suffix). 

Features: 
• 15-V digital or ± 7.5-V peak-to-peak switching 
• 2SO-fl typical ON resistance for 15-Voperation 
• Switch ON resistance matched to within· 10 n 

typ_ over 15-V signal-input range 
• High ON/OFF output-voltage ratio: 

65 dB typo @fis= 10 kHz, RL = 10 kn 

• High degree of linearity: <0.5% distortion 
typo @fis = 1 kHz, Vis = 5 Vp_p, 
VDD-VSS ~ 10 V, RL = 10 kn 

- Extremely low OFF switch leakage result
ing in very low offset current and high ef
fective OFF resistance: 
10 pA typ_ @ VDD-VSS = 10 V, T A = 250 C 

• Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 n typo 

- Low crosstalk between switches: 
-50 dB typo @ fis = 0.9 MHz, R L = 1 kn 

- Matched control-input to signal-output 
capacitance: 
Reduces output signal transients 

• Frequency response, switch ON = 40 MHz 
(typ-) 

- Quiescent current specified to 15 V 
- Maximum input leakage current of 1 p.A 

at 15 V (full package-temperature range) 

For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max_ 

Supply Voltage Range (For T A = Full Package 
3 12 V Temperature Range) 

TYPICAL "ON" RESISTANCE CHARACTERISTICS 

CHARAC- SUPPLY LOAD 
TERISTIC* CONDITIONS CONDITIONS 

RL = lkn RL -10kQ Rt 100kQ 
VDD VSS VALUE Vis VALUE Vis VALUE Vis 
(V) (V) (m (V) (m (V) (n) (V) 

200 +15 200 +15 180 +15 
RON +15 0 

200 0 200 0 200 0 

RON(max.) +15 0 300 +11 300 +9.3 320 +9.2 

290 +10 250 +10 240 +10 
RON +10 0 

290 0 250 0 300 0 

RON(max.) +10 0 500 +7.4 560 +5.6 610 +5.5 

860 + 5 470 + 5 450 + 5 
RON + 5 d 

0 600 0 580 0 800 

RON(max.)· + 5 0 1.7k +4.2 7k +2.9 33k +2.7 

200 +7.5 200 +7.5 180 +7.5 
RON +7.5 -7.5 

180 -7.5 200 -7.5 200 -7.5 
RON(max.) +7.5 7.5 290 ±0.25 280 ±25 400 +0.25 

260 + 5 250 + 5 240 + 5 
RON + 5 - 5 

-5 240 -5 310 - 5 250 

RON(max.) + 5 - 5 600 ±0.25 580 tD.25 760 ±0.25 

590 +2.5 450 +2.5 490 +2.5 
RON +2.5 -2.5 

520 -2.5 520 -2.5 720 -2.5 

RON(max.) +2.5 -2.5 232k ±D.25 300k ±0.25 870k ±0.25 

* Variation from a perfect switch, RON = on. 

IN/OUT I 

SIG A 

92CS-21627 

Functional Diagram 

Applications: 
- Analog signal switching/multiplexing 

Signal gating - Modulator 
Squelch control _ Demodulator 

Chopper - Commutating switch 
• Digital signal switching/multiplexing 
- COS/MOS logic implementation 

- Analog-to-digital & digital-to-
analog QOnvenion 

• Digital control of frequency, impedance, 
phase, and analog-signal gain 

INPUT SNINAL VOLTS (VIS) 

Fig. 1 ,- Typ. "ON" characteristics for 1 of 4 
SWitches with Voo = +15 V. Vss = 0 V. 

l~~~'111111 .. ~ 
INPUT SIGNAl.. VOLTS (VIS) 

92C$-1?'833 

Fig. 2 - Typ. "ON" characteristics for 1 of 4 
switches with Voo = +10 V. Vss = 0 V. 
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CD4016A Types 

ELECTRICAL CHARACTERISTICS (All inputs. . . • • . . . . . . . VS~ VI"; VOO) 

Recommended DC Supply Voltage (VOO-VSS) •. 3 to 15 V) 

Test Conditions Limits 
All Voltage Values Valuesat-550C,+2fiDC,+1250C Apply to D,F,K,H Packages 

Characteristic are in Volts Values at -4(fJC,+2fiDC,+850 C Apply to E, Y Packages Unit 

VOO _55° _40° +85° +125° 
+25oC 

(V) Typ. Max. 

Quiescent Device 
Current, I L max 
(All switches ON 
or all Switches 5 0.25 - - 10 0.01 0.25 
OFF) 10 0.5 - - 20 0.01 0.5 I1A 

D,F,K,H Pkgs. 15 2 - - 40 0.01 2 

5 - 0.25 5 - - 0.25 
E,Y Pkgs. 10 - 0.5 10 - - 0.5 I1A 

15 - 2 20 - - 2 

Signal Inputs (Vis) and Outputs (Vos) 

VC= 
VSS Vis 

VOD Typ/Max Typ/Max Typ/Max Typ/Max 
RL=10kn· 

+7.5 120/360 130/370 260/520 300/600 200 400 

+7.5 ·7.5 -7.5 120/360 130/370 260/520 300/600 200 400 

±0.25 1301775 1601790 400/1080 470/1230 280 850 
+5 130/600 150/610 340/840 400/960 250 660 

+5 -5 -5 130/600 150/610 340/840 400/960 250 660 

ON Resistance, 
±0.25 325/1870 370/1900 770/2380 90012600 580 2000 

n 
RON 

+15 120/360 130/370 260/520 300/600 200 400 
+15 0 +0.25 120/360 130/370 260/520 300/600 200 400 

+9.3 150/775 1801790 400/1080 490/1230 300 850 
+10 130/600 150/610 340/840 400/960 250 660 

+10 0 +0.25 130/600 150/610 340/840 400/960 250 660 

+5.6 300/1870 350/1900 750/2380 88012600 560 2000 

L'.ON Resistance RL = 10 kn· 
Between Any +7.5 -7.5 ±7.5 - - - -- 10 -
2 of 4 Swi tches +5 

n 
-5 ±5 - - - - 15 -

L'.RON 

+5 -5 5 
Sine Wave p-pot. 

Response 
RL = 10 kn 

(Distortion) - - - - 0.4 -- % 
lis = 1 kHz 

Frequency Response VOO +!> 1~5 
Switch ON VCVSS=-5 p-p 

(Sine-Wave RL=lk.:2 
Input) 

Vos 
2010910-= - - - - 40 - MHz 

Vis 
-3dB 

+5 -5 -5 
POp 

Feedthrough RL= 1 kn 
Switch OFF 

20 1091 0 Vas = 
- - - - 1.25 - MHz 

-50 d~iS 
I nput or Output 

VC= 
Leakage Current 

VDD VSS 
Switch OFF ±7.5 - - - - :tl00 - pA 
(Elfective OFF +7.5 -7.5 

Resistance) +5 -5 :t5 - - - - ±10xl0~3 :t125* nA 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

SUPPLY VOLTS:VOO .+5,ySS"O 

AMBIENT TEMPERATURE ITA) -2S·C 

4 

INPUT SIGNAL VOlTS IVIS) 
92CS-17&34 

Fig.3 - Typ. "ON" characteristics for 1 of 4 
switches with V DO = +5 V, Vss = 0 V. 

INPUT SIGNAL VOL T5 (VIS) 
92CS-11835 

Fig.4 - Typ. "ON" characteristics for 1 of 4 
switches with Voo = +7.5 V, Vss = ·7.5 V. 

6 SUPPLY VOLTS: Voo-+5j YSs·-e 
AMBIENT TEMPERATURE ITAJ -2!5-C 

-4 

2 
INPUT SIGNAL VOI.TS (VIS) 

92CS-IT836 

Fig.5 - Typ. "ON" characteristics for 1 of 4 
switches with VOO - +5 V, VSS = -5 V. 

~ 
.. 0 

~ -I 
-2 

SUPPLY VOLTS: VoD" + 2.5Vi Vss • -2.5V 
AMBIENT TEMPERAT\.RE (TAl" 2S·C 

I. 

. ;£ 
vc.~~(~~ , v.,. 

RL 

-3 -2 -I 0 I 2 3 
INPUT SIGNAL VOLTS (VIS) 92CS-17839 

Fig.6·- Typ. "ON" characteristics for 1 of 4 
switches with VOO = +2.5 V, VSS = ·2.5 V. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4016A Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 

Recommended DC Supply Voltage (VDD-VSS) .. 3 to 15 V) 

Tert Conditions Limits 

All Voltage Values Valuesat-5SOCJ2SOC,+12SOC Apply to O,F,K,H Packages 
Characteristic are in Volts Values at -4(fJC, +250 C, +85QC Apply to E, y, Packages 

VOO 
-55° -40° +85° +125° 

+25oC 
(V) TVp. Max. 

VC(A)~VOO=+5 

Crosstalk Between 
Vc(B)=VSS=-5 

Any 2 of 4 VistA) = 5 p-p 

Switches RL=lkSl -- - 0.9 -

(f; -50 dB) Vos(B) 
20 lo91OVis(A) = 

-50dB 

VC; VOO VOO 

Pro pagat ion 
; 10 5 20 50 

Delay (Signal 
VSS = GNO 

10 10 25 CL = 50 pF 
Input to Vis = 10 Sq. 

Signal Output) tpd Wave 
t" tf = 20 ns 

Capacitance: 

I nput,Cis VOO;+5 - - - - 4 -

Output,Cos VCC;VSS=-5 - - - - 4 

Feedthrough,Cios - - - - 0.2 -

Control (Vel 

Switch Threshold Vis';;;VOO,1 is=10JJA 0.7min - - 0.2min 0.5min 
Voltage, VTH VOO-VSS;15,10,5 2.9max - - 2.4max 2.7 1.5 

Input Leakage 
Vis';;;VOO 

VOO 
±10-5 typ; 

Current,11 L max -15 
±1 max. 

Crosstalk VC=10 (SqWave) 

(Control Input t r ,tf;20 ns I VOO - - - 50 
to Signal Output) RL =10 kSl ;10 

VOO-VSS-10 VOO 
Turn-On Vc = 10 5 - - -- - 20 40 
Propagation Delay, (See F ig.25) 10 - - - - 10 20 

tp dc t r ,If=20 ns 
CL;15pF 

RL = 1 kS2 

VOO;10, 

Maximum VSS=GNO 

Allowable Control RL=l kn. 
- - - 10 -

CL=15pF 
--

Input Repetition 
Rate VCC= lO(Sq.Wave) 

tr,tf = 20 ns 

Av. Input _. - - - 5 -

Capacitance, CI 

* Limit determined by minimum feasible leakage current measurement for automatic testing. 
... Symmetrical about 0 volts. 

• For all test conditions. 

SUPPLY YOLTS: VOD"+5.VSS"-5 CiOS :O.8pF R F VOLTMETEROI 
INPUT SIGNAL VOLTS (Vil)~ 5 Vp-p r~lt-- "1 ~~~rO~r_~:D)O 

CO~~!o~A:L~;~:~~5 ; l i OR (QUI'll 
_LOAD CAPACITANCE'{CF'X+CMETER1~ ?"9TT I '1105 

Vis N I (RMS) 
2.3.2.5 •• 8.' 1. .. ,1 } 

T RLTCL* 

VC:VOD -c- "*" 
I I I I I I I I I I I 

~ 

~ 
2 

r---"""lOAORESISTANCE(Rll1lIMn J t,J 
~- ~ ~~~s ... 
z~ 1.5 
>2-
~~ 

~~ la 
~> 
~ 
0 0 

0.1 2 

IOkil 

I 'Tln ~rf Ikn 

I II 
4 6 • 2 4 6 • 10 

INPUT SIGNAL FREQUENCY (f ls) MHz 

~I 
2 4 6 • 

Fig.10 - Typical switch frequency response 
- switch "ON". 

100 
ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 

92CS-27610 

Fig. 11 - "OFF" switch input or output 
leakage current test circuit. 

Unit 

MHz 

IlS 

pF 

V 

IJ.A 

mV 

flS 

MHz 

pF 

INPUT SIGNAL VOLTS (VI,) 

Fig.7 - Typ. "ON" characteristics as a function of 
temp. for 1 of 4 switches with VOO = +5 V, 
VSS=-5 V_ 

> 
~ 

:; 
g 
j 
i 
~ 

~ 
~ .. 
z 
0 
in 
~ 
~ 
~ 
~ 

5 

Fig.8 -- Typ. feedthru vs. frequency - switch 
"OFF". 

:,;;~y S~~NL:~~~~;~:i~~S;:;~p SINE ~Lk!(1.7~ ~lll 
30 FIXTURE A.NO METER NULLED OUT 35.5 

I I I II I vcl,JDI~ I 11 
25 ..Q.. +-- 37 L5VV'f,P1 20,S:r p 1 

7 39 i 
~ ~lKn6 ~lKn I, I Q 

15 - V ~ R F VOLTMETER - .r5~ ~ c vss BOONTON RADIO 
~ _ 'L MODEL 91-CA 

tOt- N l-l T OR EaUtv. .5 .. 
t C- ttif i " p....L - ..;: Vos (8) 

5~ l"nT"nl "I~ 51 

or Z--'--OF 4 SWITCH~ I-,o-j, I 
"I 10 

INPUT StGNAl FREQUENCY (fIS)- kHI 

92C5-16080 

Fig.9 - Typical crosstalk between switch 
circuits in the same package. 

VDO F\...VC·VDO VDD 

o 
tr,tf"20na 

ALL UNUSED TERMINALS ARE 
CONNECTED TO VSS 

VOl 

10 
kll 

92CS-27611 

Fig. 12 - Test circuit for square-wave 
response. 
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CD4016A Types 

SCALE: X = 0.2 ms/OIV Y "- 2.0 V/OIV 
VDD = Vc = +7.5V. Vss = ·7.5V. RL = 10K!l 
CL= 15pF 
f,S'::: 1 KHz V,S = 5V p-p 
DISTORTION'" 0.2 % 

92CS-27612 

Fig.13 Typical sine wave response of VDD = 
+7.5 V, VSS = -7.5 V. 

SCALE X - 100 ns DIV 
Y 5.0V DIV 

92C5-27615 

SCALE: X = 0.2 ms/DIV Y = 2.0 V/OIV 
Voo = Vc = +5 V. Vss =·5 V, RL "'- lQKU 
CL = 15 pF 
tiS'" 1 KHz VIS'" 5 v pop 
DISTORTION = 0.4 % 

92CS-27613 

Fig. 14 - Typical sine wave response of VDD = 
+5 V, VSS = -5 V. 

SCALE X = 100 nsiDlV 
Y=5.0V/DIV 

92CS-27616 

Fig. 16 - Typical square wave response at 
VDD = Vc = +15 V, VSS = Gnd. 

Fig. 17 - Typical square wave response at VDD = 
VC=+10 V, Vss = Gnd. 

·1~t!rT~ 
ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

92(S-21600 

Vas WITH TEST UNIT 
( 1 SWITCH OF CD4016A 

PLUGGED IN TEST 
FiXTURE) 

Vc = 10V PER DIV. 
Vos '" 0.2V PER DIV 
t'" lOOns PEA OIV. 

92CS-27618 

Fig. 19 - Crosstalk·control input to signal output. 

'1'90nt: v '0' 10% 
.. 20 

Voo nl 20nl 

ALL UNUSED TERMINALS ARE 
CONNECTED TO VSS 

92C5-27620 

Fig.21 - Max. allowable control·input 
repetition rate. 

92CS-27621 

SW1TCH THRESHOI.D YOLTAGE IS DEfINED 
AS THE VOLTAGE APP\.IE[; TO A TRANS
MISSION GATE CONTROl WHICH CAUSES 
10 "A Of TRANSMISSION GATE CUARENT. 

Fig.22 - Switch threshold voltage. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

SCALE: x'" 0.2 ms/DIV Y = 2.0 V/DIV 
VOD = vc = +2.5V. VSS "" -2.5V, RL '" 10K!"! 
CL=15pF 
tiS'" 1 KHz VIS = 5V pop 
DISTORTION = 3 % 

92CS-27614 

Fig. 15 - Typical sine wave response of VDD = 
+2.5 V, VSS = -2.5 V. 

SCALE' X = 100 ns/DIV 
Y=2ViDIV 

92CS - 27617 

Fig.1B - Typical square wave response at VDD 
= VC=+5 V, VSS= Gnd. 

Voo 

ALL UNUSED TERMINALS 
ARE COIINECTED TO IIss 

92CS-27619 

Fig.20 - Propagation delay time signal input 
(VIS) to signal output (Vas). 

MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 7~ A (I MHz) 

Vc--$V 

VSS·-5V 

VOO-+!SV 

ALL UNUSED TE_NALS 
ARE OONNECTED TO IIss 92CS-27622 

Fio.23 - Capacitance CIOS and COS. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4017 A Types 

COS/MOS Decade 
Counter/D ivider 
Plus 10 Decoded Decimal Outputs 

The RCA-CD4017A consists of a 5-stage 
Johnson decade counter and an output de
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 

The decade counter is advanced one count at 
the positive clock signal transition If the 
CLOCK INHIBIT signal is low. Counter ad
vancement via the clock line is inhibited 
when the clock INHIBIT signal is high. A 
high reset signal clears the decade counter to 
its zero count_ Use of the Johnson decade 

counter configuration permits high speed 
operation, 2-input decimal decode gating, 
and spike-free decoded outputs_ Anti-lock 
gating is provided, thus assuring proper 
counting sequence_ The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY-OUT (COUT) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

The CD4017A-Series types are supplied in 
l6-lead hermetic dual-in-I ine ceramic pack
ages (0, F, and Y suffixes). 16-lead dual-in
line plastic package (E suffix), 16-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstgl •..••••••••••••..••.•••.••• -65to+150°C 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGETYPESD,F,K,H ...••....••••.•••••.••.••.••••.••. -55to+125°C 

PACKAGE TYPES E, Y ......•••••••••••.••••.•••.•.•••••••• -40 to + 85°C 

DC SUPPl Y-VOl TAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal) ....•••..•..•.......••........ -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR r A = -40 to +60° C (PACKAGE TYPES E, YI ...••.....•.•..•.•••.•..• 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, YI .•.•.• Derate linearly at 12 mWfC to 200 mW 

FOR T A = -55 to 100°C (PACKAGE TYPES 0, F, KI • • . . • • • • • • • • . . • • • • . . • • .• 500 mW 

FOR TA = +100 to +125°C (PACKAGE TYPES 0, F, KI ••• Derate linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FUll PACKAGE-TEMPERATURE RANGE (All PACKAGE TYPESI •..•.•• 100 mW 

INPUT VOLTAGE RANGE, All INPUTS .•.•••.••.••.•...•..••••• -0.5 to VDD +0.5 V 

lEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm)from case for 10 s max •••.•••.•••..• , +265°C 

CLOCk 

CLOCK 14 

CLOCK 13 
INHIBIT 

RESET 15 

"0" 

"I" 

"2" 

"3" 

/0 "4" 

"6" 

"7 " 

"s" 

II "9" 

'2 
CARRY 
OUT 

92 CS·25072 R2 

CD4017A 
FUNCTIONAL DIAGRAM 

Features: 

• Synchronous decade counter plus 10 de
coded outputs 

• Fully static operation 
• Medium speed operation ... 

... 5 MHz hyp.l at VDD - VSS = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IlA 

at 15 V (full package-temperature range 
range) 

• 1·V noise margin (full package-tempera· 
ture range) 

Applications .-

• Decade counter/decimal decode display 
• Frequency division 
• Counter control/timers 
• Divide by N counting 

N = 2 - 10 with one CD4017A and one 
one CD4001A 

N> 10 with multiple CD4017A's 
• For further application information, see 

ICAN·6166 "COS/MaS MSI Counter 
and Register Design & Applications" 

RESET '1.. ________________ _ 
CLOCK INHIBIT 

"0" 

* ALL INPuTS ARE "I" 

* 
TERMIMAL NO 8. eMO : Vss 
TERMINAL HO 16· "'DO 

"0" ."'. "t' "S" 

Fig. 1- Logic diagram. 

PROTECTED BY 
COS/MOS PROTECTION "2" 
NETWORK 

"3" ____ ~f3\~ ____________ ~,_ 

"4" ________ -Jf4l~ __________________ _ 
"5" ___________ -J",~ ______________ _ 

"6" _____________ ~f61~ ______________ _ 

"7" ______________ ~f7IL ____________ __ 
"8" ______________ -JrBI~ ________ _ 

==========~----~r.\ CARRY OUT 

"9" 

Fig. 2 - Timing diagram. 
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CD4017 A Types 

RECOMMENDED OPERATING CONDITIONS at T A = 2~ C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges; 

CHARACTERISTIC 

Supply Voltage Range (For T A =Full 
Package·Temperature Range) 

Clock Inhibit 
Setup Time. ts 

Clock Pulse Width. tw 

Clock Input Frequency. tCl 

Clock Rise or Fall Time. trCL. ttCl 

Reset Pulse Width. tw 

Reset Removal Time 

AMBIENT TEMPERATURE (TA 1-25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 

~ 1500 ALL VALUES OF Voo" O. 3 'tit ,·e 

I 

} _. ___ 0 

.~ ~:: •• + 
!"IOOO +... .. _ .. __ .. 

VDD 
(V) 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (CLI-pf 
92CS-ITeze 

Fig. 5 - Typical transition time lIS. CL for 
decoded outputs. 

10 ..... BlENT TEMPERATURE "A)-25*C 
INPUT'r·"·20,,. 

LOAD CAPACITANCE eel )*15p' 
--CL .~OpF 

10 102 103 104 
''*'lIT CLOCK FREQUENCY IfeL' - kHz 

- LIMITS 

D,F,K,H 
PACKAGES 

MIN. MAX. 

3 12 

500 -

200 -

500 -
170 -

de 1 
de 3 

- 15 
- 15 

500 -
165 -

750 -
225 -

~ 
z e 100 

~ 
10 

E,Y UNITS 
PACKAGES 

MIN. MAX. 

3 

700 
300 

830 
250 

dc 
de 

-
-

830 
250 

1000 
275 

15 

12 

-
-

-
-

0.6 
2 

15 
15 

-
-

-
-

V 

ns 

ns 

MHz 

p.s 

ns 

ns 

,::::ttttt '1if ':: 
it -::: 

20 30 40 50 60 70 aD 
LOAD CAPACITANCE ICL)- pF 

'2CS-17879AI 

Fig. 6 - Typical transition time lIS. CL for 
carry output. 

16 

15 
14 

13 

12 
6 II 
7 10 

8 9 

-= 
-= 

92CS-17911RI 

51 
1 
0 
0 
0 
0 
0 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

AIIIIENT TEMPERATUA£ cr.)· 25·C ::t::: :-::: 
• Tl'PtCAL TEMPERATURE COEFFICtENT FOR ___ ....... .. .... .. i 1500 ALL VALUES OF Voo· 0.3'10 ,·e -+-- r.-- .... -

} 

} 1000 

~ 
;:: 

Ii 

5 500 

I 10 

-:.=-- ::~ 
10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (CLI - pF 

Fig. 3 - Typical propagation delav time vs. 
CL for decoded outputs. 

AMBIENT TEMPERATURE (TAt. 25·C 
TYPICAL TEMPERATURE FOR ALL 
VALUES OF Voo ·0.3"-'·C 

:~ .... 

10 

1& 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (Cl' -pF 
92CS-I?a2? 

Fig. 4 - Tvpical propagation delav time vs. CL 
for carry output. 

• I 
.! 5 

I 
I • 
i 
A 
d I 

AMlIEWf TalPEIU,1\IE ITA)· we 
LOAD CAJIIOCITANCE (eL I • III.F 

10 
stPPL'( YO&.. TS (YDD' 

15 20 

92eS-It .. ? 

Fig. 7 - Typical clock input frequency lIS. VDD. 

Test performed with the following 
sequence of "1's and "O's" at each switch. 

52 53 51 52 53 
1 1 0 1 0 
0 0 0 0 0 
1 0 0 1 0 
0 0 0 0 0 
1 0 0 1 0 
0 0 0 0 0 

0 1 0 

Fig. 8 - Typical dissipation characteristics. Fig. 9 - Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4017 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

Quiescent Device 
Current. I L Max. 

Output Voltage: 
Low·Level. 

VOL 

High Level 

VOH 

Noise Immunity: 

Inputs Low. 

VNL 

Inputs High 

VNH 

Noise Margin 
Inputs Low 

VNML 

Inputs High. 

VNMH 

Output Drive 
Current: 
N-Channel (Sink) 

Decoded 

ION 
Outputs 

Min 
Carry 
Output 

P·Channel (Source) 

Decoded 

lOP 
Outputs 

Min 
Carry 
Output 

I nput Leakage 
Current, 

IIL·IIH 

CONDITIONS 

Vo VIN VDD 
(V) (V) (V) 

- - 5 

- - 10 

LIMITS AT INDICATED TEMPERATURES (C) 

0, K, F. H PACKAGES E. Y PACKAGES 

+25 +25 
-55 

TYP. LIMIT 
+125 -40 

TYP. LIMIT 

5 0.3 5 300 50 0.5 50 

10 0.5 10 600 100 1 100 

UNITS 

+85 

700 

1400 p.A 

NOTE, 

MEASURE INPUTS 
SEQUENTIALLY I 
TO BOTH YDO ANDVss' 
CONNECT ALL UNUSED 

- - 15 50 1 50 2000 500 5 500 5000 '--_,..---' INPUTS TO EITHER 

- 5 5 o Typ.; 0.05 Max. 

- 10 10 o Typ.; 0.05 Max. 

- 0 5 4.95 Min.; 5 Typ. 

- 0 10 9.95 Min.; 10 Typ. 

4.2 - 5 1.5 Min.; 2.25 Typ. 

9 - 10 3 Min.; 4.5 Typ. 

0.8 - 5 1.5 Min.; 2.25 Typ. 

1 - 10 3 Min.; 4.5 Typ. 

4.5 - 5 1 Min. 

9 - 10 1 Min. 

0.5 - 5 1 Min. 

1 - 10 1 Min. 

0.5 - 5 0.06 0.1 0.05 0.035 0.03 0.1 

0.5 - 10 0.12 0.4 0.1 0.07 0.085 0.4 

0.5 - 5 0.185 0.4 0.15 0.105 0.095 0.4 

0.5 - 10 0.45 1 0.35 0.25 0.3 1 

4.5 - 5 -0.0375 -0.075 -0.03 -0.021 -0.018 -0.075 

9.5 - 10 -0.12 -0.2 -0.1 -0.07 -0.085 -0.2 

4.5 - 5 -0.185 -0.4 -0.15 -0.105 -0.095 -0.4 

9.5 - 10 -0.45 -1 -0.35 -0.25 -0.3 -1 

- Ar_lnT\5 ±10·5 Typ .. +1 Max. 

_~~~I-----l-_______ ... COUT 
FOR N ~ 6 
;"'ClOCK~N 

V 

V 

V 

0.025 0.02 

0.07 0.055 

0.08 0.065 

0.25 0.2 
mA 

-0.015 -0.012 

-0.07 -0.055 

-0.08 -0.065 

-0.24 -0.20 

p.A 

YooORYss' 

V55 

92CS-Z7402 

Fig. 10 - Input·/eakage-current test circuit. 

V55 

NOTE' 
TEST ANY C(W8INATION 
OF INPUTS 

92CS-270441 

Fig. 11 - Noise·immunity test circuit. 

+-,=="-+--,=""",,,,,-,,=,,,-,-_+-_~~~EHR~A2T~OC~~T 

When the Nth decoded output is reached 
(Nth clock pulse) the S-R flip flop (con
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the Nth decoded output is 
greater than or equal to 6, the COUT line 
goes high to clock the next CD4017A 
counter section. The "0" decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded "0" output low 
resets the S-R flip flop to enable the 
CD4017A. If the Nth decoded output is 
less than 6, the COUT line will not go high 
and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 

f:CLOCK';'N 

I I L ___________________ J 92SS·4537Rl 

Fig. 12 - Divide by N counter (N .;;:; 10) with N 
decoded outputs. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4017A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA = 25°C, Input tr,'tf = 20 ns, CL = 15 pF, RL = 200 kQ 

LIMITS 
TEST 

CHARACTERISTIC CONDITIONS D,F,K,H E,Y 
UNITS 

PACKAGES PACKAGES 

0f (V) MIN. TYP. MAX. MIN. TYP. MAX. 

CLOCKED OPERATION 

Propagation Delay 

Time; tpHl tplH 

5 - 350 1000 - 350 1300 
Carry Out Line 

10 - 125 250 I - 125 300 
ns 

5 - 1500 1200 - 500 1600 
Decode Out Lines 

10 - 200 400 - 200 500 

Transition Time; 

tTHl, tTlH 
5 - 100 300 - 100 350 

Carry Out Line 
10 - 50 150 - 50 200 

ns 
5 - 300 900 - 300 1200 

Decode Out lines 
10 - 125 350 -- 125 450 

5 1 2.5 - I 0.6 2.5 -, Maximum Clock Input 
! Frequency, tCl 

. MHz 
10 3 5 - 2 5 -

Minimum Clock Pulse 5 - 200 500 - 200 830 
Width, tw 

ns 
10 - 100 170 - 100 250 

Clock Rise & Fall Time; 5 - - 15 - - 15 

trCl, tfCl 
Ils 

10 - .- 15 - - 15 

5 175 500 
I 175 700 Minimum Clock Inhibit - I -

Data Set-Up Time, Is 
ns 

10 - 75 200 -- 75 300 

Average Input Any Input - 5 I 
- - 5 - I pF 

Capacitance, CI 

RESET OPERATION 

Propagation Delay 

I I I Time; tpHL 

5 - 350 1000 - 350 1300 
To Carry Out Line 

10 - 125 250 - 125 300 
ns 

5 - 450 1200 - 450 1600 
To Decode Out Lines 

10 - 200 400 - 200 500 

Minimum Reset Pulse 5 - 200 500 - 200 830 
Width, tw 

ns 
10 - 100 165 I - 100 250 

Minimum Reset Removal 5 - 300 750 - 300 1000 
Time ns 

10 - 100 225 - 100 275 

~Measured With respect to carry output line 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4018A Types 

COS/MaS Presettable Divide-By-~N' Counter 

The RCA-CD4018A types consist of 5 
Johnson-Counter stages, buffered 0 outputs 
from each stage, and counter preset control 
gating_ CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided_ Divide by 10,8,6,4, or 2 counter 
configurations can be implemented by 
feeding the 05, 04, 03, ('12, 01 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura
tions can be implemented by the use of a 
CD4011A gate package to properly gate the 
feedback connection to the DATA input. 

* ALL INPUTS ARE 
PROTECTED BY 
COSt MOS PROTECTION 
NETWORK 

Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018A 
units_ The counter is advanced one count at 
the positive clock-signal transition. A high 
RESET signal clears the counter to an all
zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
provided to assure the proper counting 
sequence. 
The CD4018A-Series types are supplied in 
16·lead hermetic dual-in-line ceramic pack· 
ages (D, F, and Y suffixes), 16-lead dual-in· 

~
DD TERM1HAL NO.8 = GND 

Vss Fig. 1 - Logic diagram. 

("DATA" INPUT TIED TO OS FOR DECADE COUNTER CONFIGURATION) 

CLOCK ru rt r-t. n... ~ rw ~ h.. rL. r"\.. l.J rt rt rt ~ ~ ~ ~ ~ ~ I\. I\. rt r-
RESET 1-[\ 

PRESET Ir '1 

Jam3 DON'T CARE UNTIL "PRESET" GOES HIGH 

I - ...J 

Jams - .oJ 

"r-...., 
r-- ~ 

ciJ 

I ..... ~ 
r-

Os 

92SS-4148R2 

Fig. 2 - Timing diagram. 

IN1.t'fS VOD 
~ 
"I" ":5" "5" 

~:~~u 10 

'J 

., 
CLOCK 14 4 -., 
DATA . -., 
RESET 

IS " -•• 
I! Q$ 

'S, 

CD4018A 

FUNCTIONAL DIAGRAM 

line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Features: 
• Medium speed operation .... 5 MHz (typ.) 

at VDO - VSS = 10 V 
• FUlly static operation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 j.JA 

at 15 V (full package·temperature range) 
• 1-V noise margin (full package-temper

ature range) 
Applications: 

• Fixed and programmable divide-by-10, 
9,8,7,6,5,4,3,2 counters 

• Fixed and programmable counters 
greater than 10 

• Programmable decade counters 
• Divide-by-"N" counters/frequency 

synthesizers 
• Frequency division 
• Counter control/timers 

EXTERNAL CONNECTIONS fOR OIVIDE 
BY 10, 9, 8, 7, 6, 5, 4, 3 OPERATION 

DIVIDE BY 10 
DIVIDE BY 8 
DIVIDE BY 6 

DIVIDE BY 4 
DIVIDE BY2 

g:] CONNECTEJ NO EXTERNAL o BACK TO COMPONENTS 
3 "DATA" REQUI RED 

02 
01 

DIVIDE BY 9 
112 CD401lA 

1 CONNECTED BACK TO ·OATA" 
~ (SKIPS "ALL-I'." STATE) 

L ____________ J 

OlvlOE BY 7 
1/2 C040llA - r------------, 

~.' I I I CONNECTED BACK TO "DATA" 
0 .. I I (SKIPS "ALL-I's·STATEJ 

L ___________ .J 

DIVIDE BY 5 
112 C040llA 

- r------------, 

~' 1 
t I CONNECTED BACK TO "DATA" 

_ I (SKIPS "ALL- ro" STATE) . 
03 I I L ___________ J 

DIVIDE BY 3 
112 CD401lA 

~
-, i-----------: 

I I CONNECTED BACK TO "OATA" 
_ I (SKIPS "ALL-rs" STATE) 
02 I I L __________ ...J 

92CS-17071R2 

Fig. 3 - External connections for divide by 10, 

9,8, 7,B, 5,4,3,2 operation. 
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CD4018A Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 

° STORAGE-TEMPERATURE RANGE (Tstg) ..•.................•........ -65 to +150 C 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F. K, H .............•..•.................• -55 to +125°C 

PACKAGE TYPES E, Y .....................••................ -40 to +850 C 

DC SUPPL V-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal!: .....•..•....•.........•...... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO)· 
FOR T A= -40 to +60oC (PACKAGE TYPES E,Yl. .•...••.....•.....•.......• 500 mW 
FOR T A= +60 to +85°C (PACKAGE TYPES E,V) .......•. Derate Linearlv at 12 mW/oC to 200 mW 
FOR T A= -55 to +100oC (PACKAGE TYPES D, F, K) ...................•......• 500 mW 

0' ° FOR TA= +100 to +125 C (PACKAGE TYPES D, F, K) ...•. Derate Linearlv at 12 mWI C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ..•...... 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS ....•..•.....•...•.•••.... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (~.59 ± 0.79 mm) from case for lOs max •..•.•.........• +2650 C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr ,tr = 20 ns, 
CL = 15 pF, RL = 200 kil 

LIMITS 
TEST 

D,F,K,H E,Y 
CHARACTER ISTIC 

CONDITIONS 
Packages Packages UNITS 

VDD 
Min. Typ. Max. Min. Typ. Max. IV) 

CLOCKED OPERATION 

Propagation Delay Time; 5 - 350 1000 - 350 1300 
tpLH. tPHL 

To 05 Output 
10 - 125 250 - 125 300 

ns 

To Other Outputs 
5 - 500 1200 - 500 1600 
10 - 200 400 - 200 500 

Transition Time; 5 - 100 300 - 100 350 
tTHL' tTLH ns 

To 05 Output 10 - 50 150 - 50 200 

To Other Outputs 
5 - 300 900 - 300 1200 ns 
10 - 125 350 - 125 450 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 - MHz 
Frequency. tCL 10 3 5 - 2 5 -

Min. Clock Pulse Width, 5 - 200 500 - 200 830 
tw 

ns 
10 - 100 170 - 100 250 

Clock Rise & Fall Time; 5 - - 15 - - 15 
trCL, tfCL 10 15 15 

~ - - - -
Min: Data Input Set·Up 5 - 175 500 - 175 700 
Time, ts ns 

10 - 75 200 - 75 300 
Average Input 

Any Input 5 5 pF Capacitance, CI - - - -

PRESET* OR RESET OPERATION 

Propagation Delay Time: 
5 - 350 1000 - 350 1300 

tpLH. tpHL 

To 05 Output 10 - 125 250 - 125 300 

To Other Outputs 5 - 500 1200 - 500 1600 
ns 

10 - 200 400 - 200 500 

Min. Preset or Reset 5 - 200 500 - 200 830 
Pulse Width 
tw 10 - 100 165 - 100 250 ns 

Min. Preset or Reset 5 - 300 750 - 300 1000 
Removal Time 10 - 100 225 - 100 275 

• At PRESET ENABLE OR JAM Inputs. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

+~:; ~::! 
+++ ..... !J:l;; 

SU~LY vom lVooI '" ~~~ .~J 

• ;:::!.E: 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (ell - pF 

Fig. 4 - Typical propagation delay time vs. 

load capacitance for decoded outputs. 

r::----'I- .AMBIENT TuiPER"AT'URE (TAl- 2~·C 
c: TYPICAL. TEMPERATURE FOR ALL 
l~ 600, VALUES OF VOD ·0.3 "'I·e 

:'...1 500 1 

::' I 

~ 400 

" ~ 300 

g 
i! 200 

i loot 
i 

.0 

.& 

I0203040~60701ll0 

LOAD CAPACITANCE (Cl) - pF 
9ZCS-I7827 

Fig. 5 - Typical propagation delay time vs. 

load capacitance for 05 output. 

AMBIENT TEMPERATURE ITA 1· 2S·C 
TYPICAL. TEMPEUTURE COEFFICIENT FOR 
ALL VALUES OF Voo· 0.3 % I·e 

10 

'0 

1020304050 607080 
LOAD CAPACITANCE ICLJ-pF 

92CS-171za 

Fig. 6 - Typical transition time vs . .I~d 

capacitSnce for decoded outputs. 

~;+ ~S~lli

mTI 

~ '00 

! 
10 

.. 
10 2 0 ~o 40 ~o 60 70 BO 

lOAD CAPACITANCE IC L)- pr 
92CS-1781<;1RI 

Fig. 7 - Typical transition time vs. load 

capacitance for 05 output . 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4018A Types 
RECOMMENDED OPERATING CONDITIONS at TA = 2SoC, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTE R ISTIC 
VDD D,F,K,H E,Y 

(V) Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 3 12 3 12 
Package-Temperature Range) 

Data Setup Time, ts 5 SOO - 700 -
10 200 - 300 -

Clock Pulse Width, tw 
5 500 - 830 -
10 170 - 250 -

Clock Input Frequency, tCl 
5 dc 1 de 0.6 
10 de 3 de 2 

Clock Rise and Fall Time, trCL, tfCl S - 15 - 15 
10 - 15 - 15 

Preset or Reset Pulse 5 500 - 830 -
Width, tWI 

10 165 - 250 -

Preset or Reset Removal Time 5 750 - 1000 -
10 225 - 275 -

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at IndiC818d Temperatures (oC) 

Characteristic 
D,K,F,H packages E, Y Packages 

Vo VIN VDD 
-55 

+25 +125 -40 +25 +85 
(V) (VI (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 5 0.3 5 300 50 0.5 50 700 

Current IL Max. - - 10 10 0.5 10 600 100 1 100 1400 

- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low Level, 
VOL - 10 10 o Typ.; 0.05 Max. 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity; 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low. 
VNL 9 - 10 3 Min.; 4.5 Typ. 

Inputs High 0.8 - I) 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low. 

4.5 - 5 1 Min. 

VNML 9 - 10 1 Min. 

Inputs High. 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive Q5 0.5 - 5 0.18 0.4 0.15 0.105 0.095 0.4 0.08 0.065 
Current: 0.5 - 10 0.45 1 0.35 0.25 0.3 1 0.25 0.2 
n·Channel 

01.0 2 0.025 0.02 (Sink) 0.5 - 5 0.06 0.1 0.05 0.035 0.03 0.1 

ION Min. 03.<4 0.5 - 10 0.25 0.4 0.2 0.14 0.18 0.4 0.15 0.12 

Q5 4.5 - 5 ·0.185 ·0.4 -0.15 ·0.105 ·0.095 ·0.4 ·0.08 ·0.065 
p·Channel 

9.5 10 -0.45 -1 ·0.35 ·0.25 ·0.3 ·1 ·0.25 ·0.2 (Source) -
lOP Min. Ql,02 4.5 - 5 -0.075 ·0.15 -0.06 -0.04 ·0.035 ·0.15 ·0.03 ·0.024 

03,'4 9.5 - 10 ·0.25 ·0.4 ·0.2 ·0.14 ·0.18 ·0.4 -0.15 -0.12 

Input Leakage 
-AT ~nr15 Current, ±10-5 Typ., ±1 Max. 

IlL. IIH Max. 

UNITS 

V 

ns 

ns 

MHz 

IJ.S 

ns 

ns 

Units 

!lA 

V 

V 

V 

mA 

!lA 

i r 
! • 
L 
§ 
d , 

'0' 
• . 10' 
I 

" 11> 
'0' 

~ 
" f to:! 

t 
i '0' ; 
i 10 

10 1!5 20 

SUPPLY YOLTS{YooI 92C5-19867 

Fig. 8 - Typical maximum input clock 
frequency VS. supply voltage. 

AMBIENT TEMPERATURE ITAI-2S·C 
INPUT'r*'f*20ns 

:-.,,\';) 

\-.100 ,0 
~,,'\t; 

;$!.J. -Jij 

i-.? ./ 
~. 

LOAD CAPACITANCE (CLI.I~pF 

"/' -- CL -!loOpF 

10 102 101 10· 
INPUT CLOCk FREQUENCY (fell-11Hz 92CS-17829AI 

Fig. 9 - Typical dissipation characteristics 
Veo 

Vss 
NOTE' 

TEST ANV CIWBINATION 
OF INPUTS 

92CS-Z104041 

Fig. 10 - Noise·immunity test circuit 

r-----------~~S~,~O 

-= 
92CS-17913RI 

VOO 

Test performed with 
the following sequence 
of "l's" and "a's" at 
each switch. 

Sl S2 S3 S4 S5 S6 S7 

0 1 0 0 0 0 
1 1 0 0 

1 0 1 0 1 1 

0 0 0 0 0 
0 0 0 0 

0 0 0 
0 0 0 1 0 0 0 
0 0 0 0 0 0 0 
1 0 0 0 1 0 0 
0 0 0 0 0 1 0 
0 0 0 0 0 0 0 

Fig. 11 - Quiescent·device·current test circuit. 
Veo 

Voo NOTE' 

?@- MEASURE INPUTS 
SEOUE .... 1Al.LY. 

Vss TO BOTH VOD AND Vss. 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
voo ORVSS · 

Vss 
92CS-U40Z 

Fig. 12 - Input·leakage-current test circuit. 
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CD4019A Types 

COS/MOS Quad AND/OR Select Gate 
The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate. Selection 
is accomplished by control bits Ka and Kb· 
In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function. 
The CD4019A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

92CS-250l& 

CD4019A 
FUNCTIONAL DIAGRAM 

° STORAGE-TEMPERATURE RANGE (Tstg) ........•••.•..•••.•.••...• -65 to +150 C 
OPERATING-TEMPERATURE RANGE (TA): ° 

PACKAGE TYPES 0, F, K, H .•.•..•.....••..•.•.•.•.•.......•• -55 to +125 C 
PACKAGE TYPES E,Y ....•..•..•....••••.......••••....•.•• -40 to +850 C 

DC SUPPLY·VOLTAGE RANGE, (VDD) 

(Voltages referenced to Vss Terminal!: ............................. -0.5 to +15 V 
POWER DISSIPATION P~R PACKAGE (PO) 

FOR T A = -40 to +60 C (PACKAGE TYPES E,Y) ..•......•........•••.... 500 mW 
FOR T A = +60 to +850C (PACKAGE TYPES E, Y) ....•. Derate Linearly at 12 mW/C to 200 mW 
FOR T A = -55 to +100oC (PACKAGE TYPES D, F, K) ...•......•..•......•• 500 mW 
FOR TA = +100 to +1250C (PACKAGE TYPES D, F, K) ..• Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ..•••.. 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS .••••••••...••••.....•.• -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ••...••.•..•.• +2650 C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability. nominal operating conditions should be selectad so that 
operation is always within the following ranges: 

LIMITS 

CHARACTE R ISTIC VDD D,F,K,H E,Y 
(V) Packages Packages 

Supply.Voltage Range (For T A = Full 
Package· Temperature Range) 

vss 
* ALL INPUTS ARE 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

* An 

Min. Max. 

3 12 

Fig. 1 - Schematic diBflram for 1 of 4 identical 8tB(Je8. 

Min. MiIx. 

3 12 

VOD 

9255-4417 R1 

UNITS 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

Features: 

• Medium-speed operation. _ ... 
. . - tpHL = tpLH = 50 ns (typ.) at CL = 15 pi 

VDD = 10' 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IJA. 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper

ature range) 

Applications: 

• AND-OR select gating 
• Shift-right/shift-Ieft registers 
• True/complement selection 
• AND/OR/Exclusive-OR selection 

j 
.... 200 

! 
Ii 
~ 
2 100 

j 
IE 

'0 20 

SUPPLY VOLTS "Do • 

10 

+_ 15 
•• ~.. ..... ~ ++ .... 

i::::: :f:' ::::- :-:: .. _. 
30 40 50 60 70 80 

LOAD CAPACITANCE ICL I • pF 
92CS·11$30 

Fig. 2 - Typical propagation delay time VI. 

load capacitance. 

10 20 30 40 50 60 10 80 
LOAD CAPACITA""CE (CI..)-pF 

Fig. 3 - Typical transition time VI. load 

capacitance. 

w 
I 60 

% 

s~oo 

1'00 
! 
li 300 
g 
~ 200 

,'00 

AMBIENT TEMPERATURE tTAI'25~:-:.:: !:::- : ... :- : ::~ 
LOAD CAPACITANCE teL)' l~pF .... - •••• - --~ ........ -

H+ ::;: ;;;~.Ffi~~ ::~~ ~;~~ ~:~~ 
-.- ........ "t~ ...................... . 

~ ~:: :J:- :::: :::: :::: 
- fu: :::: :::- :::: .................... 

10 15 
SUPPLY YOI..TS 1Yao) 

9zeS·'7U2 

Fig. 4 - Maximum propagation delay time v •. 

supply voltage. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4019A Types 
STATIC ELECTRICAL CHARACTERISTCS 

Conditions 
Limits at Indicated Temperatures (oC) 

Characteristic 
O,K,F,H Packages E, Y Packages Units 

Vo VIN VDD +25 
-40 

+25 
+85 

(V) (V) (V) -55 +125 
Typ. Limit Typ. Limit 

Quiescent Device - - 5 5 0.03 5 300 50 0.1 50 700 

Current,IL Max. - - 10 10 0.05 10 600 100 0.2 100 1400 p.A 

- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: -
Low·Level, 

5 5 o Typ.; 0.05 Max. 

VOL - 10 10 o Typ.; 0.05 Max. V 
High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

3.6 - 5 1.5 Min.; 2.25 Typ. 

VNl 7.2 - 10 3 Min.; 4.5 Typ. 
V 

Inputs High 1.4 - 5 1.5 Min.; 2.25 Typ. 
VNH 2.8 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs low, 

9 10 1 Min. VNML - V 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
n·Channel 0.5 - 5 0.6 0.9 0.45 0.3 0.37 1 0.3 0.23 

(Sink) 
IDNMin. 

0.5 10 0.9 1.5 0.75 0.55 0.8 1.5 0.65 0.5 -
mA 

p·Channel 4.5 - 5 ·0.31 -0.5 -0.25 -0.175 -0.145 -0.5 ·0.12 -0.095 
(Source) : 
IDFMin. 9.5 - 10 -0.95 -1.5 ·0.7 ·0.5 ·0.6 ·1.5 -0.5 -0.4 

Input Leakage 
-AT ~nT\5 Current, ±10-5 Typ., ±1 Max. jJA 

Ill,IIH 

DYNAMIC ElECTR ICAl CHARACTERISTICS at T A = 25°C, Input tr, tf = 20 ns, CL = 15 pF, 

RL == 200 kfl 

LIMITS 

TEST O,F,K,H E,Y 
CHARACTE R ISTIC CONDITIONS Packages Packages UNITS 

VDD 
Min. Typ. (V) Max. Min. Typ. Max. 

Propagation Delay 5 - 100 225 - 100 300 
Time; ns 

tplH. tpHl to - 50 100 - 50 125 

Transition Time; 5 - 100 200 - 100 275 

tTHl,lTLH 10 - 40 65 - 40 80 
ns 

All A and B 5 5 - pF Average Input - - -
Inputs 

Capacitance, CI 
Ka and Kb 

- 12 - - 12 - pF 
Inputs 

v 

10 102 101 to'" 
INPUT FR[OU£NCY U.) - ~Hl 

92CS"17832AI 

Fig. 5 - Typical dissipation characteristics. 
(per output). 

INPUTS 

Vss 
'IKS-27401 

Fig. 6 - Ouiescent-dellice-current test circuit. 

L--~_..J NOTE: 
TEST ANY ONE INPUT, 

vss WITH OTHER INPUTS AT 
nCS-11400 Voo OR Vss· 

Fig. 1- NoiS{j·immunity test circuit. 

NOTE: 
MUSUIIE INPUTS 
SEQUENTIALLY, 
TO _ .. Voo -Va-
CONNECT ALL UIIUSEII 

L-.~---.J N'UTS 10 'ITIIER 
Voo CIIVss· 

Vss 

Fig. 8 - Input-Ieakag/l-current test circuit. 
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CD4020A Types 

COS/MOS 
14-Stage Ripple-Carry 
Binary Counter/Divider 

The RCA-CD4020 consists of a PULSE 
INPUT shaping circuit, RESET line driver 
circuitry, and 14 ripple-carry binary counter 
stages. Buffered outputs are externally avail
able from stages 1 and 4 through 14. The 

counter is reset to its all-zeroes state by a 
high level on the RESET inverter input line. 
Each counter stage is a static master-sl ave 
flip-flop. The counter is advanced one count 
on the negative-goi ng transition of each 
INPUT PULSE. 

The CD4020A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), 16-lead dual·in-line 
plastic packages (E suffixl. 16-lead ceramic 
flat packages (K suffix), and in chip form 
.!H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg ) ........ 0 ••• o' ••••• 0 0" •••••••••••• -65 to +1500 C 
OPERATING-TEMPERATURE RANGE (T A): 

PACKAGE TYPES D. F, K, H .. 0 •• 0 • 0 0 0 ••••••••••••• o' ••••• , •••••••••••• 0 -55 to +125 0 C 
PACKAGE TYPES E, Y ......... 0 • 0 •••• 0 ••••• 0 ••••• 0 ••••••••••• 0 •••••• 0 • -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 
(Voltages referenced to VSS Terminal) ........ 0 • 0 ••• 0 • • • • • • • • • • • • • • • • • • • • • • • -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR T A = -40 to +600 C (PACKAGE TYPES E, Y) .......... 0 •••••••••••••• 0. 500 mW 
FOR T A = +60 to +85 0 C (PACKAGE TYPES E, Y) ......... Derate Linearly at 12 mW/oC to 200 mW 
FOR T A = -55 to +1000 C IPACKAGE TYPES 0, F, K) 0....................... 500 mW 
FOR T A = +100 to +125 0 C (PACKAGE TYPES 0, F, K) .. 0.0 Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . .. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......... 0 •••• 0 •••• 0 •••••••••• 0 •• -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 1.0 s max. .00. 0 • 0 0 0 0 

RECOMMENDED OPERATING CONDITIONS at T A = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC 
VDD 
(V) 

Supply·Voltage Range (For T A = Full 
Package-Temperature Range) 

5 
Clock Pulse Width, tw 

10 

Clock Input Frequency, fCl 
5 

10 

5 
Clock Rise or Fall Time, trCl, tfCl 

10 

Reset Pulse Width, tw 5 
10 

LIMITS 
D,F,K,H 
Packages 

Min_ 

3 

335 
125 

dc 

dc 

-
-

2500 
475 

INPUT 
PULSE 
SHAPER 

Max. 

12 

-

-

1.5 
4 

15 
15 

-
-

E,Y 
Packages 

Min. Max. 

3 12 

500 -
165 -

de 1 
dc 3 

- 15 

- 15 

3000 -
550 -

UNITS 

V 

ns 

MHz 

JLs 

ns 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

10 

INPUT 
PULSES 

" RESET 

CD4020A 

VDD 

16 

14-STAGE 
RIPPLE 

COUNTER 

Vss 

Functional Diagram 

Features: 

QI 
7 Q4 

5 Q5 

'" t-
O> 
Q. 
t-

4 Q6 g 
6 07 c 
13 08 ~ 
12 09 ~ 
14 010 ~ 
15 Oil ~ 
I Q!2 

QI3 
3 QI4 

92CS·25053R2 

• Medium speed operation .. _ 
7 MHz (typo) at VOD-VSS = 10 V 

• low output impedance 
• Common reset 
• Fully static operation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JLA 

at 15 V (full package-temperature range) 
• l-V noise margin (full package-temperature 

range) 

Applications: 
• Frequency-dividing circuits 
• Time.delay circuits 
II!' Counter control 
• Counting functions 

• R: HIGH DOMINATES (RESETS ALL STAGES) 

... ACTION OCCURS ON NEGATI ..... E GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE: • TRANSITION (16,384 TOTAL BINARY COUNTS) 

Fig. I-Logic diagram for I of 14 binary stages. 92CM-16017FtI 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4020A Types 

Voo VOD Voo 

~ tJ r~ rd 
v :~~tu~~J 

,-----a 
TONEXTST~E 

~---Q 

Voo 

d = = ~ L 
voo Voo Voo rT 

~'~_iL~= ~_~ ______ ~_A:~~~ 
. 1. . 1 NOTE: SuBSTRATES FOR ALL "p" UNITS ARE CONNECTIED TO Voo 

SUBSTRATES FOR ALL" n" UNITS. UNLESS OTHERWISE SHOWN. ARE CONNECTED TO GROUND . 
• Su8STRATES FOR THESE ",," UNITS ARE CONNECTED TORESET LINE UC,,-1.0I4"2 

Fig. 2-Schematic diagram of pulse shapers and 1 of 14 binary stages. 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

D,K,F,H Packages E, Y Packages 
Olaracteristic 

-55 +25 +125 -40 +25 +85 Units 
Va VIN VDO 
(V) (V) (V) Typ. Limit Typ. Limit 

Quiescent 
5 15 0.5 15 900 50 1 50 700 - -

Device 
10 25 1 25 1500 100 2 100 1400 /lA Current, 

- -
15 50 2.5 50 2000 500 5 500 5000 

IL Max. 
- -

Output 
Voltage: 
Low-Level, - 5 5 o Typ.; 0.05 Max. 

VOL - 10 10 o Typ.; 0.05 Max. 
V 

High· Level, - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise 
Immunity: 
Inputs Low, 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNL 9 - 10 3 Min.; 4.5 Typ. 
'J 

Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise 
Margin: 
Inputs Low, 4.5 - 5 1 Min. 

VNML 9 - 10 1 Min. 
V 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output 
Drive Cur· 
rent: 
N·Channel 

0.5 5 0.09 0.2 0.075 0.05 0.09 0.33 0.08 0.065 (Sink), 
-

ION Min. 
0.5 - 10 0.185 0.4 0.15 0.105 0.16 0.5 0.10 0.10 

P-Channel mA 

(Sourcel 4.5 - 5 -0.11 -0.25 -0.09 -0.065 -0.09 -0.25 -0.06 -0.05 

lOP Min. 9.5 - 10 -0.25 -0.5 -0.20 -0.14 -0.18 -0.5 -0.15 -0.12 

Input Any Input 

Leakage 
- - 15 ±10-5 Typ., ±1 Max. /lA Current, 

IIL,IIH 

o 
H 

i 
z 

AMltENT TEMPERATURE (TA). 25-C 
TYPICAL TEMPERATURE COEFFICIENT FOR ID'" - 0.3%"C 

GATE -TO- SOURCE VOLTS (VGS) *15 

10 

g • 

o ~ 10 15 
DRAIN-YO-SOURCE VOLTS (YDS) 

92(;5-11813 

Fig. 3-Typical output n-channel drain charac· 
teristics . 

o 

GATE - TO - SOURCE VOLTS IYQsI ,. 1!5 

AMBIENT TEWER.lTURE ITAI • 25·C 
TYPICAL TEIFERATURE COEFFICIENT 
FOR ID· - 0.3 .... I"e 

10 

10 

10 

" 

CmMIC PACKAGES 
PLASTIC PACKAGES--7'~ 

15 

H+I

rntlff 

DRAIN-TO-SOURCE VOL T5 1VOS) 
92CS-11862 

Fig. 4-Minimum output n-channel drain charac· 
teristics. 

DRAIN-TO-SOURCE VOLTS (Yes) 
-1!5 -10 -5 

-5 

-10 

GATE TO- SOURCE VOLTS (YGS)· I~ 

AMBIENT TEMPERATURE (TAl .25·C 
-I 

TYPICAL TEMPERATURE COEFFICIENT FOR I D " -O,3"-'·C 

Fig. 5-Typical output p-channel drain charac
teristics. 

DRAIN-TO- SOURCE VOLTS (VDS I 
-I~ ~ -5 0 

-10 

-10 

-I' 

--15 

AMBIENT TEMPERATUR£ (TA)- 25·C 
TVPtCAL TEMPERATURE COEFFICIENT FOR I .. - - 0.5111 ~ 

i 
-I 2 

-, 

'" ! 
E 

.. 
"-

Fig. 6-Minimum output p-channel drain charac· 
teristics. 
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CD4020A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tr,tt = 20 ns, 

CL= 15 pF, RL 200 kn 

LIMITS 

CHARACTER ISTIC 
TEST D,F,K,H E,Y 

CONDITIONS Packages Packages 

VDD 
(V) Min. Typ. Max. Min. Typ. Max. 

Cocked Operation 

Propagation Delay 
5 - 450 600 - 450 650 

Time,* 
10 150 225 150 250 - -

tplH, tpHl 
Transition Time, 5 - 450 600 - 450 650 

tTHl, tTlH 10 - 200 300 - 200 350 

Maximum Clock Input 5 1.5 2.5 - 1 2.5 -
Frequency, fCl 10 4 7 - 3 7 -

Minimum Clock Pulse 5 - 200 335 - 200 500 
Width, tw 10 - 70 125 - 70 165 

Clock Rise & Fall Time, 5 - - 15 - - 15 
trCl, tfCl 10 - - 15 - - 15 

Average Input 
Any Input - - 5 - 5 

Capacitance, CI 
-

Reset Operation 
Propagation Delay 

Time, * 5 - 2000 3000 - 2000 3500 

tpHl 10 - 500 775 - 500 300 

Minimum Reset Pulse 
5 1800 2500 1800 3000 

Width, 
- -

10 300 475 300 550 - -
tw 

* Propagation delay is from clock input to Q1 output. 

o 10 1& 20 IO~ 106. 
SUPPLY VOLTSIVoo} INPUT FREOuENCY U.) -Hz 

UNITS 

ns 

ns 

MHz 

ns 

/J.s 

pF 

ns 

ns 

Fig. 9- Typical clock input frequency vs. V DO' Fig. 10- Typical dissipation characteristics. 

Vss 
NOTE' 

TEST ANV COMBINATION 
OF INPUTS 

9ZC;S-27441 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

I 
"i 
5 
:"'000 

! 
w 800 

~ 

5 600 

I!I 
z 400 2 
!C 

I 200 

0 

AMBIENT TEMPERATURE (TAt,. 2S·C 
TYPICAL TEMPERATURE COEFFICIENT fOR 
ALL VALUES OF '100 = 0.3"10 I·e 

'''" s "O\."'\~ ~"oO 
sU"',,\..'f 

\0 

15 

" 20 30 40 00 60 
LOAD CAPACITANCE (Cll-pF 

70 80 

!lI2CS·17815 

Fig. 7- Typical propagation delay time vs. CL' 

-' 
~IOOO 

AMBIENT TEMPERATURE (TA). 2S·C 
TYPICAL TEItAPERATURE COEFFICIENT 
FOR ALL VAL.UES OF Voo. 0.3% f·e 

\0 .. 

90 

0102030405060708090 
LOAD CAPACITANCE {Cll-pF 

92C5-17816 

Fig. 8-Typical transition time vs. CL' 

o 
Vss 

INPUTS 

Fig. ,,-Quiescent·device·current test circuit. 

NOTE' 
MEASURE INPUTS 
SEQUENTIALLV. 
TO BOTH Voo AND Vss· 
CONNECT ALL UNUSED 

'--_,-_...J INPUTS TO EITHEA 

Voo OR VSS' 

Vss 

'JlCS-2140l 

Fig. 12-Noise·immunity test circuit. Fig. 13-lnput-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4021A Types 

COS/MOS a-Stage Static Shift Register 
Asynchronous Parallel Input/Serial Output, 

Synchronous Serial Input/Serial Output 

Features: ~~::~ 
CONT. The RCA-CD4021A types are 8-stage paral

lel or serial-inputlserial-output shift registers 
having common CLOCK and PARALLEL/ 
SERIAL CONTROL inputs, a single SER· 
IAL DATA input, and individual parallel 
Jam inputs to each register stage. Each regis· 
ter stage is a D-type, master-slave flip-flop. 
Q outputs are available from the sixth, 
seventh, and eighth stages. 

• Asynchronous parallel or synchronous serial operation SER. II 
IN. 

When the PARALLEL/SERIAL CONTROL 
input is low, data are serially shifted into 
the 8·stage register synchronously with the 
positive-going transition of the CLOCK 
pulse. 

STATIC ELECTRICAL CHARACTERISTICS 

under control of parallel/serial control-input 
• Individual JAM inputs to each register stage 
• Master-slave flip-flop register stages 
• Fully static operation ...... DC to 5 MHz 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 J.1.A 

at 15 V (full package-temperature range) 
• '-V noise margin (full package-temper

ature range) 

When the PARALLEL/SERIAL CONTROL 
input is high, data are jammed into the 8-
stage register via the parallel input lines asyn
chronously with the clock line. 

Register expansion is possible using addi-

LIMITS AT INDICATED TEMPERATURES (oCI 
CONDITIONS 

0, K, F, H PACKAGES E, Y PACKAGES 
UNITS CHARACTERISTICS 

Vo V IN VDD +25 +25 
-55 +125 -40 +85 

(VI (VI (VI TYP. LIMIT TYP. LIMIT 

- - 5 5 0.5 5 300 50 0.5 50 700 
Quiescent Device - - 10 10 1 10 600 100 1 100 1400 JJ.A 

Current I L Max. 
15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low·Level, 

10 10 o Typ.; 0.05 Max. 
VOL 

-
V 

High Level - 0 5 4.95 Min.; 5 typo 
VOH - 0 10 9.95 Min.; 10Typ. 

Noise Immunity; 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 

9 10 3 Min.; 4.5 Typ. VNL 
-

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low. 
V NML 

9 - 10 1 Min. 

V 
Inputs High. 0.5 - 5 1 Min. 
V NMH 1 - 10 1 Min. 

Output Drive 
Current: 
N·Channel 
(Sink!, 0.5 - 5 0.15 0.3 0.12 0.085 0.072 0.3 0.06 0.05 

IDNMirl. 0.5 - 10 0.31 0.5 0.25 0.175 0.12 0.5 0.1 0.08 
mA 

P·Channel 
(Sourcel 4.5 - 5 -0.1 -0.16 -0.08 -0;055 -0.06 -0.16 -0.05 -0.04 

IDP Min. 9.5 - 10 -0.25 -0.44 -0.20 -0.14 -0.12 -0.44 -0.1 -0.08 

Input Leakage 

_Ar ~nT15 Current, 

IIL·IIH ±1O-5 Typ., ± 1 Max. 

CLOCK~ 

CD4021A 

8 
VS5 

FUNCTIONAL DIAGRAM 

tional CD4021A packages. 

The CD4021A-Series types are supplied in 
16-lead hermetic dual·in-line ceramic pack
ages (D, F, and Y suffixes), 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix), 

Applications: 
• Parallel to serial data conversion 
• Asynchronous parallel input/serial output 

data queueing 
• General purpose register 

I 

L 
~ 
d I 

AMBIENT TEMPERATURE (T A) • 2~·C 
LOAD CAPACITANCE (.CL 1 • I~ pF 

10 
SUPPLY VOLTSIVoo) 

15 20 

!H!:CS-I'il861 

Fig. 1 - Typical clock input frequency vs. 
supply voltage. 

5 
"MBIENT TEMPERATURE (TAl· 25-c 
TYPICAL TEMPERATURE COEFFICIENT FOR 
Al.L VALUES OF Vou· 0.3 "',·e 

~ 

S-
ill .. 
~ 
~ 

i5 

I 
10 

100 

10 20 lO 40 50 60 70 80 
LOAD CAPACITANCE ICL)-pF 

Fig. 2 - Typical propagation deisy time V6. 

load capacitance. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4021 A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstgl .•........•..............•. 

OPERATING-TEMPERATURE RANGE (TA)\ 

PACKAGE TYPES 0, F, K, H .........•••................•...•. 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (Vool 

-65 to +150°C 

-55 to +125°C 

-40 to +85°C 

(Voltages referenced to VSS Terminail .•.••••..•.•••.•....•..•..••.. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (POl 

FOR T A = -40 to +60°C (PACKAGE TYPES E, YI ..............•.•...•.... 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, YI ...... Derate Linearly at 12 mWfC to 200 mW 

FOR TA = -55 to +1OO°C (PACKAGE TYPES D, F, KI ................•.•.••• 500 mW 

FOR TA = +100 to +125°C (PACKAGE TYPES D, F, KI •.• Derate Linearly at 12 mWfC to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ......•...•.............. -0.5 to VoO +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . . . . . . . . . . .. +265°C 

Pl-Z Pl-5 PI" Pl-' PI-. PI-7 Pl·, 
PARALLEL! 

KAlAL * I 

CONTIIOl 

9* 

r PI :0---
I "-STAGES 

SAME AS STAGE I I Cl Cl 
I 

I ~ ~ ~ 
I 
L ~ 

CLOCK 

j: 300 

~ 
~ 200 ,. 
: 
~ 100 

AMBIENT TEMPERATuRE {TAl. 25"<: 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL. VALUES OF VOD. O.SfXo Ie\: 

" 

10 20 30 40 50 60 70 
LOAO CAPACITANCE (ell - pF 

92CS-1780B 

Fig. 3 - Typical transition time vs. 
load capacitance. 

106 AMSIENT TEMPERATURE 11."25-C 
ALTEIUtATlNG ·0· 

• 10' 
AIliD -,- PATTERN . 

I :ct_ 
:f> ~ , - 10· 

~ ~o ~ 
~---' 

... ~ f--~ if lOS 

~ ~ ~~ ~ ~. 
~. 

If 10' ..... 2 
~ 
'" ~ 10 

LOAD CAPACITANCE tel )-"pF 

[7- F- e--t- -- Cl-50pF 

. 10 102 la' 10 

VDO • TERMINAL 16 

VSS' TERMINAL 8 

07 

12(;"-17141112 

INPUT CLOCK F'REQUENCY IfeL ) -kHz 92CS.t7101ltS 

Fig. 4 - Typical dissipation 
characteristics. 

Fig. 5 - Logic diagram. 

TRUTH TABLE 
Parallell 

Serial Serial 
CL" Input Control 

x x 1 

x X 1 

X X 1 

X X 1 

r 0 0, 

r 1 0 

'-- X 0 

.. = LEVEL CHANGE 

• NO CHANGE 

01 
PI-l PI·n (Internall an 

0 0 0 0 

0 1 0 1 

1 0 1 0 

1 1 1 1 

X X 0 On-1 

X X 1 °n·1 

X X 01 On* 

X = DON'T CARE CASE 

92CS-17141 R3 

Fig. 6 - rTuth table. 

RECOMMENDED OPERATING CONDITIONS at TA = 2SoC, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

LIMITS 

CHARACTERISTIC VDD D,F,K,H E, Y 
(V) PACKAGES PACKAGES 

MIN. MAX. MIN. MAX. 

Supply-Voltage Range (For TA=Full 
3 12 3 12 

Package-Temperature Range) 

5 350 - 500 -
Data Setup Time, ts 10 80 100 - -

5 500 - 830 -
Clock Pulse Width, tW 

10 175 200 - -

Clock Input Frequency, fCl 
5 dc 1 dc 0.6 

10 de 3 de 2.5 

Clock A ise and Fall Time, trCL, tfCl 
5 - 15 - 15 

10 - 15 - 15 

UNITS 

V 

ns 

ns 

MHz 

lIS 

'If more than one unit is cascaded trCL should be made less than or equal to the sum of the transItion time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4021 A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 

at TA = 2fjOC, Input t" tf= 20ns, CL = 15 pF, RL = 200kO 

LIMITS 
TEST 

CHARACTERISTIC CONDITIONS D,F,K,H E, Y UNITS 
PACKAGES PACKAGES 

VDD 
(V) MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay 5 - 300 750 - 300 1000 
Time,** ns 

tPlH, tPHl 10 - 100 225 - 300 300 

Transition Time; 5 - 150 300 - 150 400 
ns 

1THL. tTlH 10 - 75 125 - 75 150 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 -
MHz 

Frequency, tCl 10 3 5 - 2.5 5 -

Minimum Clock Pulse 5 - 200 500 - 200 830 

Width, tw 
ns 

10 - 100 175 - 100 200 

Clock Rise & Fall 5 - - 15 - - 15 
p.s 

Time; trCL & ttCl * 10 - - 15 - - 15 

Minimum Data Set 5 - 100 350 - 100 500 

Up Time, 15 
ns 

10 - 50 80 - 50 100 

Minimum High-Level 
Parallel/Serial 5 - 200 500 - 200 830 

Control Pulse 
ns 

10 - 100 175 - 100 200 
Width t.w 

Input Capacitance CI Any Input - 5 - - 5 - pF 

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delav of the output of the driving stage for the estimated capacitive load. 

"From Clock or Parallel/Serial Control Input 

Q -, 
I 

t!:f7 
ONJiY 

* D 

o 

£;00 

* AU. INPUrS ARE 
PROTECTED IY 
COS/liDS PROTECTION Vss 
NE~K 

-* PIS 

tL 

Fig. 10 - One typical stage and its equivalent detailed cin:uit 

I 
I 

TO NEXT 
STAGE 

i~l'~~. I ONLY 
o 

SlFf'ERED 
0UlPUT 

t2CIII-1713W"Z 

vss 
NOTE: 

TEST ANY C_INATION 
OF INPUTS . 

t2C$-!144t 

Fig • .7 - Noise-immunity test circuit. 

Test performed with the following sequence 
of "One's" and "Zero's". 

51 5 2 53 5 4 5 5 
0 0 0 0 

0 
1 0 0 
0 1 1 1 
0 1 0 0 0 

92CS -17920R I 

Fig. 8 - Quiescent device current test circuit. 

NOTE: 

MEASURE INPUTS 
SEOUENTIALLY, 
TO 10TH vDO AND "ss. 
CONNECT ALL UNUSED 

L----,,----J INPUTS 10 EITHER 
Voo OIIVss· 

VSS 

Fig. 9 - Input·leakage-current 
test circuit. 
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CD4022A Types 

COS/MOS Divide-By-a 
Counter /Divider 
With a Decoded Outputs 
The RCA-CD4022A types consist of a 4-
stage divide-by-8 Johnson counter. associ
ate decode output gating and a CARRY
OUT B IT. The counter is cleared to its zero 
count by a hillh RESET signal. The counter 
is advanced on the positive CLOCK-signal 
transition provided the CLOCK INHIBIT 
signal is low. 
Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation. 
2-input decode gating. and spike-free de
coder outputs. Anti-lock gating is providpd. 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 

and 9'> high only at their respective decoded 
time slot_ Each decode gate output remains 
high for one full clock cycle. The CARRY
OUT signal completes one cycle every 8 
CLOCK-INPUT cycles and is used as a 
ripple-carry signal to directly clock a suc
ceeding counter package in a multi-package 
counting system. 
The CD4022A-Series types are supplied 
in 16-lead hermetic dual-in-line ceramic 
packages (D. F. and Y suffixes). 16-lead 
dual-in-line plastic packages (E suffix). 
16-lead ceramic flat packages (K suffix). 
and in chip form (H suffix). 

MAXIMUM RATINGS. Absolute-Maximum Values: 

° STORAGE·TEMPERATURE RANGE (Tstg) ............................. -65 to +150 C 
OPERATING-TEMPERATURE RANGE (TA): ° 

PACKAGE TYPES D. F, K, H ..••.•.•••.•••.••••..•.•........•.. -55 to +1250 C 
PACKAGE TYPeS E. Y ....................................... -40 to +85 C 

DC SUPPLY·VOLTAGE RANGE. (V DO) 
(Voltages referenced to VSS Terminal): .............................. -0.5 to +15 V 

POWER DISSIPATION P~R PACKAGE (PO) 
FOR TA= -40 to +600 C (PACKAGE TYPES E,Y) ......... ~ ..............• , .. 500 mW 
FOR TA= +60 to +85 ~ (PACKAGE TYPES E.Y) ......... Derate Linearly at 1=/ mWI C to 200 mW 
FOR T A= -55 to +100 C (PACKAGE TYPES 0, F. K). ........................ 500 mW 
FOR TA= +100 to +1250 C (PACKAGE TYPES 0, F. K) ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA= FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS .......................... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): ° 

At distanca 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max ................ +265 C 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C. Except as Noted. 
For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD Q,F,K,H E,Y UNITS 
(V) Pac;kages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 V Package-Temperature Range) 

Clock Inhibit 6 175 - 175 - ns 
Setup Time. ts .0 75 - 75 -

Clock Pulse Width, tw 5 500 - 830 -, ns 
10 170 - 250 -

Clock Input Frequency. fCl 
5 dc 1 dc 0.6 MHz 

10 dc 3 dc 2 

Clock Rise and Fall Time. trCl.1tCl 5 - 15 - 15 
10 - 15 - 15 /.IS 

, Reset Pulse Width 
6 300 - 600 -
10 150 300 

ns -
Reset Removal Time 

5 752 - 1000 - ns 
10 225 - 275 -

COS/MOS DIGITAL INTEGRATED CIRCUITS 

Voo 

16 

CLOCK 
14 "0" 

CLOCK 13 "I" 
INHIBIT 

'1 2 " ~ RESET 
15 

"3 11 ~ 
114" 0 

0 
u 

"5" ~ 
1'6" 

10 "7" 

12 

CARRY 
OUT 

VSS 92CS- 25073Rl 

CD4022A 
FUNCTIONAL DIAGRAM 

Features: 

• Medium speed operation ...• 5 MHz (typ.) at 
VDD - VSS = 10 V 

• Divide by N counting; N = 2 to 8 with one 

CD4022A plus one CD4001A package 

• Quiescent current specified to 15 V 
• Mllximum input leakage current of 1 IJA 

at 15 V (full package-temperature range) 
• l-V noise margin (full package-temper· 

ature range) 

Applications: 

• Binary counting/decoding 
• "Binary frequency division 
• Binary counter control/timers 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4022A Types 

~w 

*.~IN::tSS PROTECTED BY 
COSIMOS PROTECTION 
NETWORK 

Fig. 1 - Logic diagram. 

STATIC ELECTRICAL CHARACTERISTICS 

CLOCK 
RESET~L ______________________________________________ ___ 

f~~~T __________________________ -J~~ ______________ _ 

'0' ----olL-______ ....Jf'OIl..-------------T'OL-

'I" -1'i1 -=======~m~1 ~===iL======~rr~l_ '2" ~_ 2' 
______ ~nnl.. ________________ ~nn~ __________ _ 
_____ ~r.n r.nL ____ __ 
_________ ....Jnn nn~ ____ _ 
_______ --Jrtn ~~-----
________________ ~f7l ~ 

C~y ~ 
92SS-4457R2 

Fig. 2 - Timing diagram. 

10 

o 20 40 60 eo 
LOAD CAPACITANCE 'CL)- pF 

":ZC5-11818 

Conditions 
Llmltlllt IndlCllllld T""p.ntu,.. (oC) 

Fig. 3 - Typical proPllfJlJtion delay time VI. 

load capacitance for decoded outputs. 

CharllCteristic 
Vo VIN VOO 
(V) (V) (V) 

- - 5 
Quiescent Device 

10 
Current IL Max. 

- -
- - 15 

Output Voltage: - 5 6 
Low Level 
VOL - 10 10 

High Level - 0 6 
VOH - 0 10 

Noise Immunity: 
Inputs Low, 

4.2 - 6 

VNL 9 - 10 

Inputs High 0.8 - 6 
VNH 1 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 
Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive Decoded 0.5 - 5 
Current: Outputs 0.5 - 10 
n-Channel 

Carry 0.5 5 (Sink) -
ION Min. Output 0.5 - 10 

Oecoded 4.5 - 5 
p-Channel Outputs 9.5 - 10 
(Source): 

Carry 4.6 6 lOP Min. -
Output 9.6 - 10 

Input Leakage 

~T ~nr~5 Current, 
IIL.IIH 

D,K,F,H Pack."., E, Y PIICk."., 

-55 
+26 

+126 -40 
+26 

TVD. Umit TVD. Umlt 
6 0.3 6 300 50 0.6 60 
10 0.5 10 600 100 1 100 
50 1 50 2000 600 5 500 

o Typ.; 0.06 Max. 

o Typ.; 0.06 Max. 

4.95 Min.; 5 Typ. 
9.96 Min.; 10 Typ. 

1.5 Min.; 2.26 Typ. 

3 Min.; 4.5 Typ. 

1.6 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 
1 Min. 

0.062 0.15 O.~ 0.03& 0.03 0.16 0.025 
0.12 0.3 0.1 0.07 0.06 0.3 0.06 
0.186 0.5 0.16 0.106 0.D96 0.6 0.08 
0.376 1 0.3 0.21 0.156 1 0.13 
·0.038 -0.076 -0.03 -0.021 -0.018 -0.076 -0.016 
-0.12 -0.15 -0.1 ·0.07 -0.06 -0.16 -0.06 

-0.186 -0.4 -0.16 ·0.106 -0.096 -0.4 -0.08 
-0.375 ·0.8 -0.3 -0.21 -0.166 -0.8 -0.13 

±1o-6 Typ., ±1 Max. 

Unltl 

i86 

700 
1400 IJA 
6000 

V 

V 

V 

0.02 
0.04 
0.066 
0.106 

mA 
-0.012 
-0.04 

-0.066 
-0.106 

IJA 

AMalENT TEMPERATURE (TA) • Z5·C 
TYPICAL TEMPERATURE CQ£"-ICIENT FOR 

t 600 ALL VALUES OF '100· O.!'110 fee 

~ .. 

,. 

o '" 40 60 
80 

LOAD CAPACITANCE (ell-pF ,zeS-IUII 

Fig. 4 - Typical propagation delay time VI. 

load capecitance for carry output. 

! 1500 

I 
312~O 
!; 

11000 

! 7~O 

o 

.... T TE..-oATURE IT.l. 25·c 
TYPtCAL TlIilF£RATURE. COEFFICIENT FOR All VALUES 
f11 YbO • 0.5 .... I-c 

rrn 

15 

20 40 60 80 
LOAD CAPACITANCE ICL)-pf' 

Fig. 5 - Typical tran,ition time VI. load 

capacitance for decoded outputs. 
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CD4022A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input t, ,tr = 20 ns, 

TEST 

CHARACTERISTIC CONDITIONS 

VDD 
(V) 

CLOCKED OPERATION 

Propagation Delay Time: 5 

tpt!L '~LH 
rry· ut Line 10 

Decode Out Lines 5 
10 

Transition Time: 5 
tTHL, tTlH 
Carry·Out Line 10 

Decode-Out Lines 5 
10 

Min. Clock 5 
Pulse Width, tw 10 

Clock Rise and 5 
Fall Time, 
trCl, tfCl 10 

Min. Clock Inhibit 5 
Set-Up Time, 

ts 10 

Max. Clock Input 5 
Frequency, fCl * 10 

Input Capacitance, CI Any Input 

RESET OPERATION 

Propagation Delay Time: 5 
tPHl, tPlH 

Carry·Out Line 10 

Decode-Out Line 5 

10 
Min. Reset Pulse 5 

Width,tW 10 

Min. Reset 5 
Removal Time 10 

* Measured with respect to carry output line 

o 
Vss 

~NPUTS 

Vss 
9lCS-2?401 

Fig. 9 - Quiescent-device-current test circuit. 

CL = 15 pF, RL = 200 kn 

LIMITS 

D,F,K,H E,Y 
Packages. Packages UNITS 

Min. 

-
-
-
-
-

-
-
-
-
-

-

-

1 
3 

-

-

-
-
-
-
-
-
-

Typ. Max. Min. 

325 1000 -
125 250 -
400 1200 -
200 400 -
85 300 -

50 100 -
300 900 -
125 250 -
250 500 -
85 17U -
- 15 -

- 15 -

175 350 

75 150 

2.5 - 0.6 
5 - 2 

5 - -

300 900 -

125 250 -
500 1250 -
200 400 -
150 300 -
75 150 -

300 752 
100 225 -

·55 

Typ. Max. 

325 300 
ns 

125 500 

400 1600 
200 

ns 
800 

85 340 
ns 

50 200 

300 1200 ns 
125 500 
250 830 ns 
85 250 

- 15 
IJS 

- 15 

175 700 
ns 

75 300 

2.5 - MHz 
5 -
5 - pF 

300 1200 
ns 

125 500 

500 2500 ns 
200 BOO 
150 600 ns 
75 300 

300 1000 ns 
100 275 

NOTE; 
TEST AllY C_IMATIOII 
Of'INPUTS 

RCS-2M.1 

Fig. 10 - Noise·immunity test circuit. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

." 

10 

IS 

o 20 40 60 80 

• i 
1 • 
d 

i 
E • 

L 
~ 
d I 

o 

LOAD CAPACITANCE ICL)-pF 
921:5-17121 

Fig. 6 - Typical transition time vs. load 
capacitance for carry output. 

Ml8IENT TEliPERA.'Jl.R' ITA). 2~ 
LOAD CAPACITANCE (CL ) • is pF 

1& 20 

Fig. 7 - Typical clock input frequency VB. 

supply voltage. 

LOAD CAPACITANCE let-)-ISp' 
---- CL -50pF' 

10 102 10' 104 
INPUT CLOCK FREQUENCY lteLI-IIHZ 

Fig. 8 - Typical dissipation characteristics. 

NOTE; 

MEASURE INPUTS 
SEOUENTIALLY, 
TO BOTH VDO A>ID VSS· 
COOINECT Ace UNUSED 

L._~--l INPUTS TO EITHER 

VDO OR VSS· 

VSS 

921:5-27402: 

Fig. 11 - Input-leakage-current test Circuit 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4024A Types 

COS/MOS 7-Stage Binary Counter 12 

With Buffered Reset 
The RCA-C04024A consists of an INPUT 
PULSE shaping circuit, RESET line driver 
circuitry, and seven binary counter stages. 
The counter is reset to "zero" by a high level 
on the RESET input. Each counter stage is a 
static master-slave flip-flop. The counter 
state is advanced one count on the negative
going transition of each INPUT PULSE. 
The C04024A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack-

* ALL INPUTS ARE 
PAOTECTED BY 
COS/MOS PROTECTION 
NETwORK 

dDO 

tss 
92C5- 19074AI 

INPUT I 
PULSES 

2 
RESET 

NC a 8.IOtI3 

VDD 

14 

7 

ages (0, F, and Y suffixes!, 14-lead dual-in-
line plastic packages (E suffix!, 14-lead 

Fig. 1 - Functional diagrams for CD4024AD, 
AE, AF, AK. A Y. 

VSS 92CS-250SIP 

ceram ic flat packages (K suffix), 12-lead 
hermetic TO-5 packages (T suffix), and in 
chip form (H suffix). 

Applications: 

• Frequency-dividing circuits 
• Time-delay circuits 
• Counter control 
• D/A counter and switch on one chip * ALL INPUTS ARE 

PROTECTED By 
COSI MOS PROTECTION 
NETWORK 

10 

*-~{DO 

tss 

4 

INPUT I 
PULSES 

RESET 

NC=8 12 

a, 

10 02 

06 

Vss 

92CS~25052 

MAXIMUM RATINGS, Absolute-Maximum Values: Fig. 2 - Functional diagrams for CD4024A T 

STORAGE-TEMPERATURE RANGE (Tstg) ....... . 

OPERATING-TEMPERATURE RANGE (T A): 

PACKAGE TYPES D, F, K, H, T ... _ . 

PACKAGE TYPES E, Y ............. . 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal): ..... 

POWER DISSIPATION PER PACKAGE (PD) 

FOR T A~ -40 to +600 C (PACKAGE TYPES E,YI. .. 

FOR T A~ +60 to +85°C (PACKAGE TYPES E,Y) ... 

FOR T A~ -55 to +1 OOOC (PACKAGE TYPES D, F, K, Tl .. 

FOR TA~ +100 to +125°C (PACKAGE TYPES D, F, K, T) . 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

... -55 to +125 0 C 

. -40 to +850 C 

. -0.5 to +15 V 

. .................. 500mW 

· .Derate Linearly at 12 mW/oC to 200 mW 

· .................... 500mW 
· .Derate Linearly at 12 mW/oC to 200 mW 

FOR TA~ FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . . . . . . . . . . . . . . . . . . . -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 

LIMITS 

CHARACTERISTIC VDD D,F,K,H,T E,Y 
(V) Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 Package-Temperature Range) 

Clock Pulse Width, tw 5 330 - 500 -
10 125 165 - -

Clock Input Frequency, fCl 5 dc 1.5 dc 1 
10 dc 4 dc 3 

Clock Rise or Fall Time, trCl. tfCl 5 15 - 15 -
10 15 15 - -

Reset Pulse Width, tw 5 500 - 600 -
10 300 350 - -

UNITS 

V 

ns 

MHz 

IJ.S 

ns 

Features: 

• Medium-speed operation .... 
.. 7-MHz (typ.) input pulse rate at 

'VDD - VSS = 10 V 

• low high-and-Iow level output impedance ... 
.. 700n and 500n (typ.), respectively at 
VOD - VSS = 10 V 

• Fully static operation 
• Common reset 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IlA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper

ature range) 

L 

AMBIENT TEMPERATURE I TAJ = 25 .c 
15 TYPICAL TEMPERATURE COEFFICIENT FOR IO :-03"1./"C 

10 

10 15 
ORAIN-TO- SOURCE VOL.TS (liDS! 

Fig. 3 - Typical output n-channel drain 

characteristics_ 
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CD4024A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (oC) 

Characteristic 
D,K,F,H, T Packages E, Y Packages 

Vo VIN VOO 
-55 

(V) (V) (V) 

Quiescent Device - - 5 5 

Current ,IL Max - - 10 10 

- - 15 50 
Output Voltage: - 5 5 

Low· Level , 
VOL - 10 10 

High Level, - 0 5 
VOH - 0 10 

Noise Immunity: 
4.2 - 5 Inputs Low, 

VNL 9 - 10 

Inputs High, 0.8 - 5 
VNH 1 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 
Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 
Current: 
n·Channel 0.5 - 5 0.31 
(Sink), 

IDNMin. 
0.5 - 10 0.62 

p-Channel 4.5 - 5 -0.19 
(Source) 
IDPMin. 9.5 - 10 -0.45 

Input Leakage 

~"I ~T\5 Current, 
IIL,IIH 

INPUT 
PULSE 

~-
· 1 I~ · Lt>-. 

• R = HIGH DOMINATES (RESETS ALL Sf AGES) 

• I 

MASTER 
SECTION 

-ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT PULSE • 

~~~~~~r:::;~:=:s'r'RY COUNT ON EACH NEGATIYE • TRANSITION 

+25 
+125 -40 

+25 
Typ. 

0.3 

0.5 

1 

0.5 

1 

-0.3 

-0.7 

Limit Typ. Limit 
+85 

5 300 50 0.5 50 700 

10 600 100 1 100 1400 

50 2000 500 5 500 5000 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

0.25 0.175 0.15 0.5 0.12 0.095 

0.5 0.35 0.31 1 0.25 0.2 

; -0.15 -0.105 -0.145 -0.3 -0.12 -0.095 

-0.35 -0.25 -0.31 -0.7 -0.25 -0.2 

±10-5 Typ.; ±1 Max. 

• I 

SLAVE 
SECTION O}IPllPuTS TO 

_ 2n, STAGE 

XJ ............... -0o, 

0, OUT' 
(OIH~lIrl) 

92CM-19017 

-0 

EOUA liONS FOR Sf AGES 2 TO 7 
A 

020UT' (02)(01)(i)(R) 050UT • (Q5l101 )(02l10)1 (O,lI: )(R) 

060UT' (O,)(0Ill02l10)lIO,lIOSll:KR) 

Units 

p.A 

V 

V 

V 

mA 

p.A 

O)OUT' (O]lIOIK02K!){II) 

O,OUT • (O,KQI)(Q2KO))(~(ii) - . A 
Q70UT • (07KOI lI02KO)KO,lIOSllO,KeKR) 

Fig. 7 - Logic block diagram (pulse shaper 
and 1 binary stage). 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

.. 

DRAIN-TO-SOURCE VOLTS (YDS) -. 
•• 

-IOV 

AU'IENT TEMPERATURE: tT,.,I-2S·C 
TTPlCaL TlIIP£RATURE CO£,FICI[tlT FOR lo.~O_3~J-C 

o 

-I' 

Fig_ 4 - Typical output p-channel drain 
characteristics. 

AMBIENT TEMPERATUftE tlAl-2!5-C 
7.5 TYPICAL. TEMPERATURE COEFFICIENT FOR IO--o.' .. J-e 

GATE-lO-SOURCE VOLTS 1YGS)-15 

ro 

" 

C04024AD.CD1024AK,CD402.4AT 
C0402.4A[ - - -

10 IS 

DRAIN-lO-SOURCE VOL.TS (VDS ' 92C5-19078 

Fig. 5 - Minimum output n-channel drain 
characteristics. 

DRAIN-TO- SOURCE ),OL.TS (Vos 1 

-15 -10 -5 0 

CD4024AD.CD4024AK.CD4024AT 
CD4024AE __ -f -. 

r 
I 

} 
t ., 

-10 

-10 

-I' 

-. J AMBIENT TEMPERATURE t lA)· a-c -
--! TYPltAL TEMPERATURE COEFFICIENT FOR In. -0_3 %/-c 

92CS-1I079 

Fig. 6 - Minimum output p-channel drain 
characteristics. 

AMBIENT TEMPERATURE (TA)" 25 "C 
TYPtCAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Voo· 0_$ OIJIt/"C 

.. 

'" 

10 2.0 30 .a so 60 70 80 90 
LOAD CAPACITANCE (CL1-pF 

Fig. 8 - Typical propagation delay time vs. CL-
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4024A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r, tr = 20 ns, 

CL = 15pF,RL = 200 kS"l 

LIMITS 

TEST D,F,K,H,T 

CHARACTERISTIC CONDITIONS Packages 

VDD Min. Typ. Max. Min. 
(VI 

tP INPUT OPE RATIO!\! 

Propagation Delay Time;* 5 - 175 350 -
tplH, tpHl 10 - 80 125 -

Transition Time; 5 - 175 225 -
tTHl,tTlH 10 - 80 125 -

Maximum Clock Input 5 1.5 2.5 - 1 
Frequency, tel 10 4 7 - 3 

Minimum Clock Pulse 5 - 200 330 -
Width, tw 10 - 140 125 -

Clock Rise & Fall Time; 5 - - 15 -
trCl, ttGl 10 - - 15 -

Average Input Any Input - 5 - -
Capacit""ce, CI 

RESET OPERATION 

Propagation Delay Time; 5 - 500 700 -

TpLH' TpHL 10 - 250 350 -
Minimum Reset Pulse 5 - 375 500 -
Width; tw 10 - 200 300 -
• Propagation delay time is from clock input to 01 output. 

. 
Vss 

INPUTS 

Vss 

92CS-2Y4QI 

E,Y 
Packages UNITS 

Typ. Max. 

175 400 
ns 

80 150 

175 250 

80 150 
ns 

2.5 - MHz 
7 -

200 500 ns 
140 165 

- 15 
IJS 

- 15 

5 - pF 

500 800 ns 
250 400 
375 600 

ns 
200 350 

NOTE' 
TEST ANY COMBINATION 
Of INPUTS 

92CS-2744t 

Fig. 72 - Quiescent-device-current test 
circuit. 

Fig. 13 - Noise-immunity test circuit. 

418 

CD4024AD, AK, AE, AF, AY 

Vss 

92(5 -21402 

NOTE 

MEASURE INPUTS 
SEOUENTIALLY. 
TO BOTH Voo ANO Vss' 
CONNECT ALL UNUSED 
IflWUTS TO EITHEA 

Voo OR VSS' 

Fig. 74 - Input-leakage-current test circuit. 

CD4024AT 

92C5-27684 

~ 
I 

} 500 

~400 
" 
~ 
~ 300 

~ 
~200 

''''' 

AMBIENT TEMPERATURE nA}·~·c 

TYPIC/I.L TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VoO-O.3%/·C 

10 20 30 40 50 60 70 8090 
LOAD CAPACITANCE tCL)~pF 

Fig. 9 - Typical transition time vs. CL. 

~ 

~ 
~ : : 
~ 
Q 

i 
::: 
0 

~ 

1O' AMBIENT TEMPERATURE IT.)-25-C 

I()' 

.\~~ 
1()4 ,'Q~:\O~ 

~ovt; ~';)~ 
.p 

,,' o;~ l/~ 

~ 

1O' 

........ L 
1O 

LOAD CAPACITANCE (CL)~I~pF - - CL a50pF 

I 

104 105 IOf, 

INPUT FREOUENCY (f.)-Hz 
92CS-11812 

Fig. 70- Typical dissipation characteristics. 

I • 

AMBIENT TEMPERATURE (T A ) ·2S·C 
LOAD CAPACITANCE (C )·15 pF 

10 15 20 
SUPPL '( VOlTS (VOOI 

Fig. 11 - Typical input pulse frequency vs. V DO' 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4026A, CD4033A Types 

COS/MOS Decade Counters/Dividers Voo 

With Decoded 7-Segment Display Outputs and: .. 16 
10 • 

Display Enable - CD4026A 
Ripple Blanking - CD4033A 

The RCA-CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7-segment decoded 
output for driving each stage in a numerical 
display. 
These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 
Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CAR RY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi
tional inputs and outputs for the CD4026A 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C
SEGMENT" outputs. Signals peculiar to the 
CD4033 are RIPPLE·BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE
BLANKING OUTPUT. 
A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistion if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN
HIBIT signal is high. Antilock gating is 
provided on the Johnson counter, thus 
assuring proper counting sequence. The 
CARRY-OUT (Cout) signal completes one 
cycle every ten CLOCK INPUT cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; in the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 

CD4026A 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re
gardless of the state of the counter. Acti
vation of the display only when required 
results in significant power savings. This 
system also faCilitates implementation of 
display-character multiplexing. 
The CARRY OUT and UNGATED"C·SEG
MENT" signals are not gated by the DIS
PLA Y ENAB LE and therefore are available 
continuously. This feature is a requireme!)t 
in implementation of certain divider func
tions such as divide-by-60 and divide-by·12. 

CD4033A 

The CD4033A has provisions for automatic 
blanking of the non-significant zeros ina 
multi-digit decimal number which results in 

--'-.1 .J""-""""1-I",O a ~ 
CLOCK 12 b ~ 

CLOCK 
.. tHI8IT 

15 
RESET 

:> 
13 c 0 

c 

• d ~ 
If 8 • l!l 
• f ... 
1 • 
5 CARRVQuT' 

CLOCK 

CLOCK 
INHIBIT 

RESET 

LAMP 

.. 
12 .. 

b :> .. .. 
13 . :> 

° 0 
9 d '" 0 

° II 'J . ... 0 

15 

., 
14 

9 

an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an a.ight digit display 
would be displayed as 50.07. Zero suppres
sion on the integer side is obtained by con
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position in the dis
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 

4 TEST CARRY 
5 OUT 

On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033A's on the fraction side of the 
display. 
In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage(instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero ~0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the R~I of 
the CD4033A associated with it to a high
level Voltage. 
Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 
The CD4033A has a LAMP TEST input 
which, when connected to a high-level volt
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 
The CD4026A- and CD4033A-Series types 
are supplied in 16-lead hermetic dual-in-line 

4 
RIPPLE 

DISPLAY DISPLAY 
[N.alE ENABLE 
IN OUT 

14 RIPPLE 
eLK. 
OUT. 

UNGATED·C· BlK. 
SEGMENT IN 

Vss ·.s 92C5~25078RI 92CS-2~016AI 

CD4026A CD4033A 

FUNCTIONAL DIAGRAMS 

Features: 
• Counter and 7-segment decoding in one packag 
• Easily interfaced with 7-segment display type. 
• Fully static counter operation: 

DC to 2.5 MHz (typ.) 
• Ideal fOr low-power displays 
• Display Enable Output (CD4026A) 
• "Ripple Blanking" and Lamp Test (CD4033A) 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 

1 JJA at 15 V (full package-temperature 
range) 

• 1-V noise margin (full package-temper
ature range) 

Applications: 

• Decade countingn-segment decimal 
display 

• Frequency divisionn-segment decimal 
displays 

• Clock/watches/timers 
(e.g. 7 60,760,712 counter/display) 

• Counter/display driver for meter 
applications 

ceramic packages (0, F, and Y suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) .........•...•............• __ -65 to +150oC 

OPERATING-TEMPERATURE RANGE (TA): 0 

PACKAGE TYPES 0, F, K, H ....•..•....•....•....... _ .•....•.. -55 to +125 C 

PACKAGE TYPES E, Y ................................................ .' ............................ -40 to +8SoC 

OC SUPPLY-VOLTAGE RANGE. (VDD) 
(Voltages referenced to VssTerminal): . __ . _" _. _____ .... _. _ . __ ••.•.. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO) 
FOR TA; -40 to +so°C (PACKAGE TYPES E,YI. .•••.•......•......•......• 500 mW 

FOR TA= +60 to +850C (PACKAGE TYPES E,Y) ..•...•.• Derate Linearly at 12 mW/oC to 200 mW 
FOR TA; -55 to +100oC (PACKAGE TYPES 0, F, K). .•• _ .. _ •..•.•••••......• 500 mW 
FOR "J:A; +100 to +1250C (PACKAGE TYPES 0, F, K) •.. _ .Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A'" FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) _ .••.•.•• 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS ..•....•..• __ •.... _ ..•..• _ -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ±0.79 mm) from cass for 10 s max .....• _ •..•....• +265°C 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4026A, CD4033A Types 

COUT 
(CLOCK + 10) 

o 

b 
UNGATED "e" 

>---~~SEGMENT 
c 

d 

e * CLOCK~ 
* CLOCK ~CLLI-t====~~»-t!9~grJ INHIBIT 2 

IS * RESET 
*~~:~f~o3 ___________ ~)-__ ~ _____ ~ 

IN 16 
VDDO 
GND0 8 

a 

g 

DISPLAY 
ENABLE 
OUT 

* ALL INPUTS ARE PROTECTED BY 
COS/ MOS PROTECTION NETWORK 

f: 9 :~ SEGMENT 
e d DESIGNATIONS 

Fig. 1 - CD4026A logic diagram. 

SEGMENT 
DESIGNATIONS 

* 1 CLOCK~CL 

*CLOCK ~ L~-i====r=>-~~gr-; INHIBIT 2 
15 

*RESET 
3 * RBI O---------------<l-..J 

vDO b6 
GNOO 8 

*ALL INPUTS ARE PROTECTED~DD 
BY COS/MOS PROTECTION __ _ 
NETWORK. 

Vss 
Fig. 3 - CD4033A logic diagram. 

92C:"- ltoellll' 

e 

RBO 

DRAIN-TO-SOURCE VOLTS(YDO-VoHl 

Fig. 6 - Minimum and typical output p-channel 

decoded drain characteristics @ VDD=10 

& 15V. 

Fig. 7 - Typical output p-channel decoded 

drain characteristics as a function 

of temperature. 

COUNT 0 I I I 2 I 3 

CL 

RESET 

CLOCK 
INHIBIT 
DISPLAY 

ENAILE IN 
DISPLAY 

ENABLE OUT 

• 

i 
CARRY OUT 

UNGATED 
·C· SEG. 

Fig. 2 - CD4026A timing diagram. 
"CI-IIOIIIIIZ 

RESET-,l..--------------------

CLOCK IN HIBtT 
~l.. __________________ _ 

L •• P~TE~S~T ______________ ~~~ _______ ___ 

RBI 

COUT (CLC¥:K ... 10) 

Fig. 4 - CD4033A timing diagram. 52SM-4471R' 

DRAIN -TO-SOURCE VOLTS (VOD-VOH) 
-4 -3 - 2 -I 

'lIIalE"T TEMPERATURE ITA) • 2S·c 
TYPICAL TEMPERATU"E COEFFICIENT 
FOR ID-·o.a"'-t: 

h MI• 
1"'." MIN 

TYP 1.!I 

o 
o 

-0.2 

-O.4Q: 

~ 
-o .• ~ 

~ 
-o.lj 

SUP,PLY VO~TIS, (VDD/.~...l~ 
TVP I ~ •• _.:::i 

CURRENT • 

92eS-llon 

Fig. 5 - Minimum and typical outPut p-channel 
decoded drain characteristics@ VDD=3.5 

&5V. 

I.. AI-Z$"C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF YOD-O.""'-C 

LOAD CAPACITANeEICLI-pF 

15 

92CS-19086 

Fig. 8 - Typical propagation delay time vs. 

CL for decoded outputs. 
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CD4026A, CD4033A Types 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal oparating conditions should be selected so that 
operation is always within the following ranges: 

liMITS 
VDO D,F,K,H E,Y CHARACTERISTIC 
(V) Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 Package-Temperature Range) 

Clock Inhibit 5 500 - 700 -
Setup Time, ts 10 200 - 300 -

Clock Pulse Width, tw 5 330 - 500 -
10 170 250 - -

Clock Input Frequency. tCl 5 dc 1.5 dc 1 
10 dc 3 dc 2 

Clock Rise or Fall Time, trCl, ttcl 5 - 15 - 15 
10 - 15 - 15 

Reset Pulse Width, tw 5 330 - 550 -
10 165 250 - -

Reset Removal Time 5 750 - 1000 -
10 225 275 - -

STATIC ELECTRICAL CHARACTERISTICS 

UNITS 

V 

ns 

ns 

MHz 

JlS 

ns 

ns 

Conditions 
Limits at Indicated Temperatures (oC) 

Characteristic 
o ,K,F,H Packages E, Y Packages 

Vo VIN VDD +25 +25 
(V) (V) (V) 

-55 +125 -40 
Typ. limit Typ. Limit 

Quiescent Device - - 5 5 0.3 5 300 50 0.5 50 

Current Il Max. - - 10 10 0.5 10 600 100 1 100 
- - 15 50 1 50 2000 500 5 500 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low-Level. 
VOL - 10 10 o Typ.; 0.05 Max. 

High Level, - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: -
Inputs Low. 

5 1.5 Min.; 2.25 Typ. 

VNL - 10 3 Min.; 4.5 Typ. 

Inputs High. - 5 1.5 Min.; 2.25 Typ. 
VNH 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low. 

4.5 - 5 1 Min. 

VNML 9 - 10 1 Min. 

Inputs High. 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive Decoded 0.5 - 5 0.15 0.24 0.12 0.09 0.08 0.24 0.06 
Current Outputs 0.5 - 10 0.32 0.5 0.25 0.18 0.15 0:5 0.12 
n-Channel 

0.5 5 0.12 0.4 0.15 0.1 0.095 0.4 0.08 (Sink). Carry -
ION Min. Output 0.5 - "10 0.45 1 0.35 0.25 0.3 1 0.25 

p-Channel Decoded 4.5 - 5 -0.21 -0.28 -0.14 -0.1 -0.09 -0.28 ·0.07 
(Source). Outputs 9.5 - 10 -0.45 -0.6 -0.3 -0.22 -0.2 -0.6 -0.15 
lOP Carry 4.5 - 5 -0.12 -0.4 -0.15 -0.1 -0.095 -0.4 -0.08 
Min. Output 9.5 10 -0.45 -1 -0.35 -0.25 -0.3 -1 -0.24 -

Input Leakage 
-AT~nr~5 ±10-5 Typ .• ±1 Max. Current, 

IIL,IIH 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

+85 

700 

1400 

5000 

0.05 

0.1 

0.06 

0.2 

-0.06 

-0.13 

-0.06 
-0.2 

[1- A-MBIENT TEMPER-ATURE iTA J. 25·C 

~ I TYPICAL TEMPERATURE FOR ALL 
1:J: 600 VALUES OF Voo ·0.3%I·C 

.. ci.. H+ t 
·t 500 lli - ,.~ 
.. 0. H=. ..( ':I \" .. 'CQ 

:; 400~ ~ .... o\."'1 

~ H=r,~>J~~\' 
~ 300 

~ 
~ zoo 10 

1'00 

,. 

10 20 30 40 50 60 10 80 

LOAD CAPACITANCE (CLJ-pF 
9ZCS-11821 

Fig. 9 - Typical propagation delay time vs. 

CL for carry outputs. 

AMBIENT TEMPERATURE ! TAl. 25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 

~ 1500 ALL VALUES OF Voo. 0.3 "" ,·e 

Units 

iJA 

V 

V 

V 

mA 

iJA 

10 20 30 40 50 60 10 80 

92CS-Iflll 

Fig. 10 - Typical transition time vs. CL for 

decoded outputs. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4026A, CD4033A Types 

DYNAMIC ELECTRICAL CHARACTER ISTICS at T A = 25°C, Input tr ' t, = 20 ns, CL = 15 pF, 

RL = 200 kn 

TEST 
CONDITIONS 

CHARACTERISTIC 

VDD 
(V) 

CLOCKED OPERATION 

Propagation Delay Time; 5 

tpLH, tPHL 
Carry Out Line 10 

5 
Decode Out lines 10 

Transition Time; 5 
tTHL ,tTLH 

Carry Out Line 10 

Decode Out Lines 5 
10 . 

Maximum Clock Input 5 
Frequency, fCL ... 

10 

Min. Clock Pulse Width, 5 
tw 

10 

Clock Rise & Fall Time; 5 
trCL, tfCL 10 

Min. Clock Inhibit Set 5 
UpTime, ts 10 

Average Input Any Input 
Capacitance, CI 

RESET OPERATION 

Propagation Delay Time: 5 
tPLH, tPHL 
To Carry Out Line 10 

5 
To Decode Out lines 

10 
Min. Reset Pulse Width 5 
tw 10 

Min. Reset Removal 5 
Time 10 

... Measured with respect to carry out line. 

I2CS-Z7441 

Fig. 14 - Noi_ immunity trJSt circuit 

LIMITS 

O,F,K,H E,Y 
Packages Packages UNITS 

Min. Typ. Max. Min. Typ. Max. 

-

-

-
-
-

-
-
-
1.5 

3 

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-

350 1000 

125 250 

600 1700 
250 500 

100 300 

50 150 

300 QIlO 

125 350 

2.5 -
5 -

200 330 

100 170 

- 15 

- 15 

175 500 
75 200 

5 -

350 1000 

125 250 

550 1400 

240 500 
200 330 

100 165 
300 750 

100 225 

Vao 

- 350 1300 
ns 

- 125 300 

- 600 2200 
250 700 

ns 
-

- 100 350 
ns 

- 50 200 

- . 300 1200 ns - 125 450 

1 2.5 -
MHz 

2 5- -
- 200 500 

ns 
- 100 250 

- - 15 
15 

lIS - -
- 175 700 

75 300 
ns 

-

- 5 - pF 

- 360 1300 
ns 

- 125 300 

- 550 1900 ns 
- 240 600 
- 200 500 ns 
- 100 250 

- 300 1000 
ns 

- 100 275 

TEST PEfOIIMED WITH THE fOLLDWING 
SEQUENCE OF 'I'. AND '0'. AT EACH INPUT 

51 $25354 S5 

I 0 000 

I 0 I 0 0 
o O. I 0 I 
o I I I I 

* DISCONNECT PIN 14 
FOR CD402eA 

92CS·ltoIlRI 

Fig. 15 - OUiescent-deviC8-current test circuit. 

1 
) 
·...,,200 

! 
10 

IS 

o 10 20 30 40 &0 60 70 80 
LOAD CAPACITANCE (Cll- pf 

92CS·I78791'tr 

Fig. 11 - Typical transition time V$. CL for 

carry output. 

i .. MBlENT nWERATURE (T ... ). 25-C 

.l;. • LOAD CAPACITANCE teL) ·15 " 

; 
g , ,. 

~O~,'AO. 

~40~ttl 

10 " supp..., VOLTS IYDOI 
'2<:1-ltoI1' 

Fig. 12 - Maximum input clock frequency VI. 

VDD· 

LOIO CANttTANCE (CL)-I'pF 
--CL -so" 

Fig. 13 - Typical dillipation characteristic$. 

NOTE' 

MEASURE INPUTS 
SEQUENTIALLY. 
TO II01'H "liD AND \Iss 
CONNECT ALL UNUSED 

'---,-_-' INPI/I'S 111 EITHER 
Vao OIIVSS' 

Vss 
9ZCS-2140Z 

Fig. 16 - ·Input-Ieakage-current test circuit. 
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CD4027 A Types 

COS/MOS Dual J-K Master-Slave Flip-Flop 

The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden
tical complementary-symmetry J-K master
slave flip-flops_ Each flip-flop has provisions 
for individual J, K, Set, Reset, and Clock in
put signals. Buffered Q and Q signals are 
provided as outputs. This input-output ar
rangement provides for compatible opera
tion with the RCA-CD4013A dual Ootype 
flip-flop. 

The CD4027 A is useful in performing con
trol, register, and toggle functions. logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive-going 
transition of the clock pulse. Set and reset 
functions are independent of the clock and 
are initiated when a high level signal is pres

ent at either the Set or Reset input. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) . . . . . . . . . . . . . . . . . . . . . . . . . . .. -65 ta +150'C 

OPERATING-TEMPERATURE RANGE (T A): 

PACKAGE TYPES 0, F, K, H. . . . . . -55 ta +125'C 

PACKAGE TYPES E, Y ......... . 

DC SUPPLY-VOLTAGE RANGE, (V DO) 

(Valtages referenced to V SS Terminal): . 

POWER DISSIPATION PER PACKAGE (PO): 

-0.5 to +15 V 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) . _ .. ' ...... _ .......... . 500mW 

FOR T A = +60 to +85'C (PACKAGE TYPES E, Y) .... 

FOR TA = -55 to +100°C (PACKAGE TYPES D, F, K) .. 

FOR TA = +100 to +125°C (PACKAGE TYPES D, F, K). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

· Derate Linearly at 12 mWfC ta 200 mW 

· . . . . . . . . . . . . . . . . . 500mW 

· Derate Linearly at 12 mWfC ta 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . 100mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......................... -0.5 ta V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING'!: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25'C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 

LIMITS 

CHARACTERISTIC VDD D, F. K,H E. V 

(V) PACKAGES PACKAGES 

MIN. MAX. MIN. MAX. 

Supply-Voltage Range (For TA = Full 
3 12 3 12 

Package·Temperature Range) 

5 150 - 200 -
Data Setup Time, ts 50 75 10 - -

5 330 - 500 -
Clock Pulse Width, tw 

10 110 165 - -

Clock Input Frequency (Toggle 5 
dc 

1.5 
dc 

1 

Mode) fCl 10 4.5 3 

Clock Rise or Fall Time, trCl, * tfCL 
5 - 15 - 15 

10 5 5 - -

5 

I 
200 - 300 -

Set or Reset Pulse Width, tw 
10 80 120 - -

UNITS 

V 

ns 

ns 

MHz 

J.ls 

ns 

*If more than one unit is cascaded in a parallel clocked operation, tpL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4027A 
FUNCTIONAL DIAGRAM 

The CD4027A types are supplied in 16-lead 
hermetic dual·in-line ceramic packages (0, 
F, and Y suffixes), 16-lead dual-in-line plas
tic packages (E suffix), l6-lead ceramic flat 
packages (K suffix), and in chip form (H 

suffix). 

Features: 
• Set-Reset capability 
• Static flip-flop operation-retains state 

indefinitely with clock level either 
"high" or "low" 

• Medium-speed operation-l0 MHz (typ.) 
clock toggle rate at 10V 

• Quiescent current specified to 15 V 
• Maximum input leakage of 1 J.lA at 15 V 

(full package-temperature range) 

• l-V noise margin (full package-tempera
ture range) 

Applications 
• Registers, counters, control circuits 

Fig. 1 - Tvpical n-channel drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4027A Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (oC) 
CONDITIONS 

D, K, F, H PACKAGES E, Y PACKAGES 
CHARACTERISTICS 

Vo V IN VDD +25 +25 
-55 +125 -40 

(VI (VI (V) TYP. LIMIT TYP. LIMIT 

5 1 0.005 1 60 10 0.01 10 
Ouiescent Device 

10 
Current, I L Max. 2 0.005 2 120 20 0.05 20 

15 25 0.5 25 1000 250 2.5 250 

Output Voltage:. - 0.5 5 o Typ.; 0.05 Max 
Low Level, 

VOL - O.le 10 o Typ.; 0.05 Max 

High Level - 0.5 5 5 Typ.; 4.95 Min. 
VOH - O.H 10 10 Typ.; 9.95 Min. 

Noise Immunity: - 2.25 Typ.; 1.5 Min. 
Inputs Low, 4.2 - 5 

VNL 9 - 10 4.5 Typ.; 3 Min. 

Inputs High 0.8 - 5 2.25 Typ.; 1.5 Min. 

V NH 1 - 10 4.5 Typ.; 3 Min. 

Noise Margin: 
4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 
V NMH 1 - 10 1 Min. 

Output Drive 
Current: 
N Channel 0.5 - 5 0.65 1 0.5 0.35 0.35 1 0.3 
(Sink), 0.5 - 10 1.25 2.5 1 0.75 0.72 2.5 0.6 

IDN Min. 

P·Channel 4.5 - 5 -0.31 -0.5 -0.25 -0.175 -O.ll ·0.5 -0.14 
(Source) : I 
IDPMin. 9.5 - 10 -0.8 -1.3 -0.65 -0.45 -0.4 -1.3 -0.33 

Input Leakage 
Current, Any 

IIL,IIH 
Input 

15 ± 1 0-5 Typ., ± 1 Max. 
I 

• &T ;-----------------------------------------------------------, 
71~cr_+------------------------~--------------------------------_i----_. 

60 

. 
5(11,....,-----..,'-______ 

* RESET 

4112Icr----------------------------------------4-----------' 
Cl. CL 

+85 

140 

280 

2500 

0.24 
0.5 

-0.12 

-0.27 

UNITS 

pA 

V 

V 

V 

mA 

pA 

f (151 
a 

204J 
Q 

* CLOCk ~ f ~ i 
3(13) 

PRESENT STATE NEXT STATE 

~DD 

*A~IN::tss 
PROTECTED BY 
COSI MOO PROTECTION 
NETWORK 

Fig. 2-Logic diagram & truth table for CD4027A 
(one of two identical J-K flip flops). 

INPUTS OOTPIJ1 

J K S R 0 

I • 0 0 0 

• 0 0 0 I 

a x a a 0 

• I 0 a I 

x X a a • 
x x I a x 

• • 0 I X 

x X I I X . lOGIC I HIGH LEVEL 
LOGIC 0- LOW LEVEL 

... - lEVEL CHANGE 

X - DON'T CARE 

CL· OUTPUTS 

0 ~ 

./ I 0 

./ I 0 

./ a I 

./ a I 

"- 4-NOCHANGE 

• I a 
X a I 

X * * 
92CM-17188R3 

DRAIN - TO - SOURCE VOlTS (Vos) 
-15 -10 -5 

-. -. 

GATE - TO SOURCE VOLTS (VGS). -I~ 

AttlelENT TEMPERATURE ITAI ~ 25-C 

TYPICAL. TEMPERATURE COEFFICIENT FOR 10.-0.3 -.., -C F 

10 : 

z 

Fig.3 - Typical p-channel drain characteristics. 

AMBIENT TEMPERATURE (TAl· 2S-C 
,d TYPICAL TEMPERATURE COEFFICIENT FOR ID"'-O.3% I-C 

;f'2.5 GATE - TO - SOURCE VOLTS (VGS) • 15 

It+ 
~ 10 

5 
CERAMIC PACKAGES 
PLASTIC PACKAGES---

~ 7.' 
" i< 

! 
2.' 

toV 

10V 

2.5 5 7.5 10 12.5 15 

DRAIN-TO-SOURCE VOLTS (VOS) 
92eS-t785!5 

Fig.4 - Minimum n-channel drain characteristics. 

-15 -12.5 -10 -7.5 -5 -2.5 0 

CERAMIC PACKAGES 
PLASTIC PACt(AGES--- -5 

-10 

-15 

'GATE- TO- SOURCE VOLTS tvGS) '" -1$ 

"AMBIENT TEMPERATURE (TAl. 25-c 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ID. -0.3 %/-t 

DRAIN - TO - SOURCE VOl.TS IVDS ) 

-7.5 

92CS-178!56 

Fig.5 - Minimum p-channel drain characteristics . 

10 20 30 40 50 60 70 80 90 tOO 

LOAD CAPACITANCE 'CL)-pF 
9-ZC::S-19093 

Fig.6 - Typical propagation delay time vs. CL 
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CD4027 A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 

at 1A ; 25'C, Input tr , tf : 20 ns, C L ; 15 pF, R L : 200 kD. 

CHARACTERISTIC 

Propagation Delay 
Time: Clock to 0 

-
or 0 Outputs 

tpHL tPLH 

Set to 0 or Reset to 0, 

tPLH 

Set to 0 or Reset to 0, 

tpHL 

Transition Time 

tTHL, tTLH 

Maximum Clock Input 

Frequency (Toggle 

Mode)fCL 

Minimum Clock Pulse 

Width, tw 

Minimum Set or 
Reset Pulse Width i 

tw 

Minimum Data Setup 

Time, ts 

Clock Rise or Fall 

Time, t rCL' t fCL 

Average Input 

Capacitance, CI 

VDD 

(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

I 5 

10 

5 

10 

5 

10 

Any 

Input 

NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO 80TH "00 AND Yss 
CONNECT ALL Ufrltvsro 

L_~_...J INPUTS 1'0 EITHER 

veo OR "'ss 
Vss 

Fig. 11 - Input leakage current test circuit. 

LIMITS 

D,F,K,H E, Y UNITS 

PACKAGES PACKAGES 

MIN. TYP. MAX. MIN. TYP. MAX. 

- 150 300 - 150 400 
ns 

- 75 110 - 75 150 

- 175 225 - 175 350 

110 75 150 
ns 

- 75 -

- 175 225 - 175 350 

75 110 75 150 
ns 

- -

- 75 125 - 75 250 

50 70 50 140 
ns - -

1.5 3 - 1 3 -

4.5 8 3 8 
MHz - -

- 165 330 - 165 500 

65 110 65 165 ns - -

- 125 200 - 125 300 

50 80 50 120 
ns - -

- 70 150 - 70 200 

25 50 25 75 
ns - -

- - 15 - - 15 

5 
us - - - - 5 

- 5 - - 5 - pF 

Voo 

YOD'v
N

" ,"PUTOS ouTPUTS 
v~~ t 

NOTE 
TEST ANY ONE INPUT, \Iss 
WITH OTHER INPUTS AT 

"DO OR Vss 

Fig. 10 - Noise immunity test circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

AMBIENT TEMPERATURE {TA)-2S0C 
TYPICAL TEMPERATuRE COEFFICIENT FOR 
ALL VALUES OF 1100.0.3 % ,oe 

LOAD CAPACITANCE lel)-pF 

10 

.. 

92C$-I9094 

Fig.7 - Typical transition time vs. CL. 

AMBI£NT TEMPERATURE (TA)-25-C 
% I TOGGLE MODE i I) LOAD CAPACITANCE ICL)aI5pF 

S 
~ . 
~ 

(04027AO 
CD4027AI( 

10 

CD4027AE 

SUPPLY VOLTS (VOOI 

20 

92CS-19095 

Fig.B - Typical maximum clock input frequency 

vs. supply voltage. 

AMBIENT TEMPERATURE (TAl ~25 ·c 
INPuT 'r' It ·20 ns 

~ 
LOAD CAPACITANCE (eLl" 15 pF ~I04 

~ II 1111 1111 8..f 15 pF 

50pF 
1 

SuPPLY VOLTS (Vool·15 ......... 15 pf 
~ 103 

~ rill 15 pf 

~ V tz-' ~ !02 
z 
0 

~ 
~ 10 

5 

. 10 3 10 10 5 106 

INPUT FREQUENCY('ll-Hz 
92C5-17602"2 

Fig.9 - Typical dissipation characteristics. 

o 
VSS 

INPUTS 

Fig. 12 - Quiescent device current test circuit. 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4028A Types 

COS/MOS 
BCD-to-Decimal Decoder 

The RCA-C04028A types are BCD-to
decimal or binary-to-octal decoders consist
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. 
A BCD code applied to the four inputs, A to 
0, results in a high level at the selected one 
of 10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 
o to 7. A high-level signal at the 0 input 
inhibits octal decoding and causes outputs 
o through 7 to go low. If unused, the 0 

input must be connected to VSS. High drive 
capability is provided at all outputs to en· 
hance de and dynamic performance in high 
fan-out applications. 

The CD4028A-Series types are supplied in 
HI-lead hermetic dual-in-Iine ceramic pack

ages (0, F, and Y suffixesl, 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffixl. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg) •.••.••.•....•..•..•.••.••. ~5 to +l50·C 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H .. . • . . . . • • . . • . . . • . . • • . • . . • • • • • . • .• -55 to +12S·C 

PACKAGE TYPES E, Y ...•..•..•.•..•.••.• -40 to +8S·C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages references to Vss Terminal) .......•...........•.••.••..•• -Q.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD): 

FOR T A ~ -40 to +60·C (PACKAGE TYPES E, Y) •.•..••....•.•••........• 500 mW 

FOR TA ~ +60 to +8So C (PACKAGE TYPES E, YI ...... Derate Linearly at 12 mWiC to 200 mW 

FOR TA ~ -55 to +100·C (PACKAGE TYPES D, F, K) ......••.•..•..••...... 500 mW 

FOR TA ~+100to+125°C (PACKAGE TYPES D, F,KI ... Derate Linearly at 12mWrC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA ~ FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ..•.... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ............•...•........ -Q.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . • . . . • . . . . •. +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTE R ISTIC VDD 
(V) 

Supply-Voltage Range (For T A=Full 
Package-Temperature Rangel 

~~::~:~ ~:=:~=:~~=~ ~~;f~g~NT '011 
:50 ALL ~Ul:S OFVGS--O.3'1./"C 

~ GATE-TO.o.SqUItCE VOLTS lVGS.-15 

tl 
: 20 

" C 

:l 10 
i 
! 10 
c 
i!i 

0 
5 10 15 20 

DIIAIN-TO-SOURCE YOLTS CVOD) 
92CS-19098"' 

Fig. 1 - Typical output n-channel drain 
characteristics. 

LIMITS 

D,F,K,H E, Y UNITS 
PACKAGES PACKAGES 

MIN. MAX. MIN. MAX. 

3 12 3 12 V 

DRAIN-TO-SOUftc:E VOLTS (¥DS' 

,,~ -" -10 -5 
AMBIENT TEMPERATURE (TA)-2'''(: 0 
TYPICAL TEMPERATURF COEFFICIENT • 
FOR ALL VALUES OF vGs· - 0.3 %/-c 

-IO~ 
10 tl 

0: .. .. 
" .. 

-20:::; 
:! 

" z 

GATE-lO-SOURCE VOLTSlVGS'l a I5 
c 
! 

-50 

92<:S-19099.-1 

Fig. 2 - Typical output p-channel drain 
characteristics. 

Voo 

3-BIT 
BUFFEREO 
OCTAL 

~~::1': : DECODED 
OUTPuTS 
II OF III 

oco BUf"FER[D 
INPuTS IZ C DECIMAL 

DECOO£D 
OUTPuTS 

" 0 
IIOFIO) 

vss 
'il2eS-I.I'1 

CD4028A 
FUNCTIONAL DIAGRAM 

Features: 

• BCD-to-decimal decoding or binary-to-()ctal 
decoding 

• High decod8d output drive capability ... 
... 8 mA (typ.l sink or source 

• "Positive logic" inputs and outputs ... 
... decoded outputs go high on selection 

• Medium-speed operation ... 
... tTHL tTLH = 30 ns hyp.l @ VOO = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 f1A 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper· 

ature rangel 

Applications: 

• Code conversion 
• Address decoding-memory selection 

control 
• Indicator-tube decoder 

z 

AMBIENT TEMPERATUREITAI·25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VDO-O.3 "'I-e 

2 zoo 10 

" ~ 
~ 100 

o 
o • 40 10 10 tOO 120 140 110 

LOAD CAPACITANCE ICL)- pF 
92CS-19100 

Fig. 3 - Typical propagation delay time 
vs. CL. 
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CD4028A Types 

lO* 
AQ-------I .>o---..... -~ '>O-------II--I--I-~ 

12* 

co---t==i~--~~-1 L-_____ ---I ____ ~-+_~ 

II" 
00--------1 >--........ --1 

4 DD 
-- *ALL INPUTS ARE 

PROTECTED BY 
. COS/MOS PROTECTlOIII 

NETWORK 

Vss 

92CM -17 291R:2 

Fig. 4 - Logic diagram. 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS 

I D. K. F. H PACKAGES E. Y PACKAGES UNITS 

CHARACTER ISTIC +25 +25 
Va VIN VDD -55 125 -40 +85 
IV) (V) (V) TYP. LIMIT TYP. LIMIT 

- - 5 5 0.5 5 300 50 5 50 700 
Quiescent Device 

Current. I L Max. - - 10 10 1 10 600 100 10 100 1400 /lA 

- - 15 50 1 50 2000 500 10 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Lllw·Level. 

VOL - 10 10 o Typ.; 0.05 Max. 
V 

High Level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 

VNL 9 - 10 3 Min.; 4.5 Typ. 
V 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 

VNML 9 - 10 1 Min. 
V 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current 
N-Channel 

0.5 5 0.75 1.2 0.6 0.45 0.35 1.2 0.3 0.25 (Sink), 
-

ION Min. 0.5 - 10 1.5 2.4 1.2 0.9 0.7 2.4 0.6 0.5 

P·Channel 
mA 

4.5 - 5 '-0.7 -<>.9 -0.45 -<>.32 -0.32 -<>.9 -0.22 -0.18 
(Source), 
IDPMin. 9 - 10 -1.4 -1.9 -<>.95 -<>.65 -0.65 -1.9 -<>.48 -0.4 

I nput Leakage 
jny Input 

Current, - -1 15 ±10-5 Typ .• ±1 Max. /lA 
IILIIH 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

TABLE I - TRUTH TABLE 

D C B A 0 1 2 3 4 5 6 7 B 9 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 o 0 1 0 1 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 1 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 ) * 0 1 0 1 0 0 0 0 0 1 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 
0 1 1 1 0 0 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 0 0 1 0 0 0 0 0 0 0 0 0 1 

1 0 1 0 0 0 0 0 0 0 0 0 , 0 , 0 1 1 0 0 0 0 0 0 0 0 0 1 I 1 1 0 0 0 0 0 0 0 0 0 0 1 0 
1 1 0 1 0 0 0 0 0 0 0 0 

f 
** 

1 1 1 0 0 0 0 0 0 0 0 
1 , 1 1 0 0 0 0 0 0 0 

* WHERE I ~ HIGH LEVEL 
O~ LOW LEVEL 

* * EXTRAORDINARY 
STATES 

AMBIENT TEMPERATURE ITAI-25-C 
TYPICAL TEMPERATURE COEFFICIENT 

• sao FOR ALL VALUES OF VDO-O.5"-'-C 

f 
~ ,.~ 

.:; .. ~ 
;200 

,0 
'00 

o 

0 1 
0 1 0 
0 o 1 

o ~ ~ ~ ~ ~ ~ ~ ~ 
1..OI\D CAPACITANCE,eLI-pF 

92"5-19101 

Fig. 5 - Typical tran$ition time lIS. CL. 

.....BlENT TEMPERATuRE ITA1-U--t 
LOAO CAPACITANCEtCL) -I' ,F 

ll"'" 

I-
i .00 

i 0 
o 10 •• 

SUPPLY YOLTSCVDDI 
20 

92CS-19t02Rt 

Fig. 6 - Maximum propagation delay time lIS. 

VDD· 

10' ""o.DoiO IJ 

CIJ (ALL OUTPUTS) 05 pF 

/ 'r ~ lIS 20nt. 

10' 
lALL INPuTS) 

V 
/' 

10' 

~ 
,../ 

-10 

I 

10 3 10 . 10 5 .0'" 
FREQUENCY (f)- Hz 

t2C$ ~ 11292 

Fig. 7 - Dissipation lIS. input frequency. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4028A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA = 2gJC, Input t r, tf= 20 ns, CL = 15 pF, RL = 200 kn 

LIMITS 
TEST 

CHARACTER ISTIC CONDITIONS D,F,K,H E, Y UNITS 
PACKAGES PACKAGES 

VDD 
(vI MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay 
Time; 
tPLH, tPHL 

Transition Time; 

tTHL tTLH 

A verage Input 
Capacitance, CI 

INPUTS 

01234567 
~~-~~---~UrPUTS 

5 -

10 -

5 -

10 -

Any Input -

1/6 CD4069B 

92CS - ,7293R2 

Fig. 8 - Code conversion circuit. 

250 480 - 250 700 
ns 

100 180 - 100 290 

60 150 - 60 300 
ns 

30 75 - 30 150 

5 - - 5 - pF 

The circuit shown in Fig. 9 converts any 4-
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028A to select a partic
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex
pressed in Excess·3 code. 

TABLE II - CODE CONVERSION CHART 

INPUT CODES 

Hexa_ Decimal 
Decimal 

INPUTS '" '" OUTPUT NUMBER >- en en 
II: 1->- <fl <fl>- z_ 

I-<t LU ~<t LU' 

~~ 
-<t u ~":' 

DC B A 
COlI: X XII: _ N 

0 1 2 3 4 5 6 7 8 9101112131415 .rco ";'I!) LU LUI!) <t";' 

0 o 0 0 0 0 0 o 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 0 2 3 0 2 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 1 3 2 0 3 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 4 7 1 4 4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 1 5 6 2 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

0 1 1 0 6 4 3 1 4 0 0 0 0 0 0 1 0 0 0 0 0 0 o 0 0 

0 1 1 1 7 5 4 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

1 0 0 0 8 15 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

1 0 0 1 9 14 6 5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

1 0 1 0 10 12 7 9 6 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

1 0 1 1 11 13 8 5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

1 1 0 0 12 8 9 5 6 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

1 1 0 1 13 9 6 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

1 1 1 0 14 11 8 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

1 1 1 1 15 10 7 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

428 

'" (Trademark) Burroughs Corp_ 92CS - J729'5RI 

TUBIE REOUIREMENTS-

Typo VTIVdC:, mA/num ..... 

Burrou!t'os 84081 110 1.' 
B4JJ6n18 110 2 
84031 110 1 ~. 
84021 120 1.' 

TRANSISTOR CHARACTERISTICS. 

leJlkage ..... ith 1faosistor cutoff S; 005mA 

V(SAICEO .:?: 70V 

Fig_ 9 - Neon readout (Nixie Tube"') 
display application. 

o 
Vss 

INPUTS 

92C5-i/:7401 

Fig. 10 - Quiescent-device-current 
test circuit. 

9ZCS-Z7441 

Fig. 11 - Noise·immunity test circuit. 

~OTE· 

NEA$UR( INPUTS 
SEOUENTIALLY, 

TO BOTH VOD ~ Vss 
CONNECT ALL UNUSED 

'---_.----' INPUTS 10 EITHER 

VOO OR VSS· 

Vss 

92tS-U"Ol 

Fig. 12 - Input·leakage-current test circuit. 



CD4029A Types 

COS/MOS Presettable Up/Down Counter 
Binary or BCD-Decade Features: 

• Medium speed operation _ . _ 5 MHz (typ_) 
@ CL =15 pF and VDD-VSS=10 V 

• Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 
for slow clock input rise and fall times 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

PRESET 
ENABLE 

CARRY IN 
(CLOCK 
INHIBIT) 5 

BINARY I 
OECAOE 9 

UP/DOWN 10 

IIQ2 ~~ 
~it 

14 Q3 ~5 
,",0 

The RCA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes_ The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK INHI
BIT), BINARY/DECADE, UP/DOWN, PRE
SET ENABLE, and four individual JAM sig
nals and a CAR RY OUT signal are provided 
as outputs_ 

• "Preset Enable" and individual "Jam" inputs provided 
CLOCK 15 

6
0

1 ] 

204 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A Iowan each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count_ The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE
SET ENABLE signals are low. Advancement 
is inh;bited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CAR RY-IN sig
nal is low. The CARRY-IN signal in the low 
state can thus be considered a CLOCK 
INHIBIT_ The CARRY-IN terminal must be 
connected to VSS when not in use. 

Binary counting is accomplished when the 
BI NARY/DECADE input is high; the counter 
counts in the decade mode when the BI
NARY /DECAOE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 

• Binary or decade up/down counting 
• BCD outputs in decade mode 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 I1A 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package

temperature range) 

Applications: 
• Programmaqle binary and decade 

countinglfrequency synthesizers-BCD output 
• Analog to digital and digital to 

analog conversion 
• Up/Down binary counting 
• Magnitude and sign generation 
• Up/Down decade counting 
• Difference counting 

is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple
clocking arrangement. 

Parallel clocking provides synchronous con
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The C04029A-Series types are suppl ied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

RECOMMENDED OPERATING CONDITIONS at TA=250 C, Except as Noted_ 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC D,F,K,H E,Y 

VDD Packages Packages 

{V} Min_ IVlax. !V!;n. Max. 

Supply-Voltage Range (For T A=Full 
3 12 3 12 

Package-Temperature Range) 

5 650 - 1300 -
Setup Time, ts * 

460 10 230 - -

5 340 - 500 -
Clock Pulse Width, tw 

250 10 170 - -

5 de 1.5 dc 1 
Clock Input Frequency, fCL 

10 de 3 de 2 

Clock Rise or Fall Time, trCL,tfCL * * 
5 - 15 - 15 
10 15 15 - -
5 330 - 660 -

Preset Enable Pulse Width, tw 
320 10 160 - -

*F-rom Up/Down, Binary/Decode. Carry In. or Preset Enable Control Inputs to Clock Edge. 
**If more than one unit is cascaded in the parallel clocked application, trCL should be made 

less than or equal to the sum of the fixed propagation delay at 15 pF and the transition 
time of the carry output driving stage for the estimated capacitive load. 

UNITS 

V 

ns 

ns 

MHz 

I1s 

ns 

7 CARRY 
OUT 

92CS ·17190R2 

CD4029A 
Functional Diagram 

eo 
LOAD CAPACITANCE (CL)-pF 

92CS-IIII05 

Fig. 1- Typical propagation delay time vs. 
CL for Q outputs. 

LOAD CAPACITANCE tCt,)-pF" 
92cS-19106 

Fig_ 2- Typical propagation delay time vs. 
CL for carry output. 

LOAD CAPACITANCE ICLI-pF 

92CS-19101 

Fig. 3- Tvpical transition time vs. CL 
for Q outputs. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4029A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) ........•........................... -66 to +1500 C 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D,F,K,H ..................... ,........................ -55 to +1250 C 
PACKAGE TYPES E,Y .................................................. -40 to +85 0 C 

DC SUPPLY-VOLTAGE RANGE, (V DO) 
(Voltages referenced to VSS Terminal) ...................................... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD): 
FOR T A=-40 to +60oC (PACKAGE TYPES E,Y) .................................. 500 mW 

FOR TA=+60 to +85 0 C (PACKAGE TYPES E,Y) ........ .. Derate Linearly at 12 mW/oC to 200 mW 

FOR TA=-55 to +1000 C (PACKAGE TYPES D,F,K)... .. ........ ..•... .. ..... .. .... 500 mW 

FOR TA=+100 to +1250 C (PACKAGE TYPES D,F,Kl ....... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
FOR T A=FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TyPES)...... .... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ................................ -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. ............... +2650 C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A-25°C, Input t"tr=20 ns, 
Cl =15 pF, Rl -200 kil 

CHARACTER ISTIC 
TEST LIMITS 

CONDITIONS D,F,K,H E,Y 
VDD Packages Packages 

(V) Min. Typ. Max. Min. Typ. Max. 

Clocked Operation 
Propagation Delay Time: 

tpHL' tpLH 5 - 325 650 - 325 1300 
a Outputs 10 - 115 230 - 115 460 

5 425 850 425 1700 
Carry Output 

- -
10 - 150 300 - 150 600 

Transition Time: 

tTHL' tTLH 5 - 100 200 - 100 400 
a Outputs 10 - 50 100 - 50 200 

5 200 400 200 800 
Carry Output 

- -
10 - 100 200 - 100 400 

Minimum Clock Pulse 5 - 200 340 - 200 500 
Width, tw 10 - 100 170 - 100 250 

Clock Rise & Fall Time, 5 - - 15 - - 15 
trCL, tfCl ** 10 - - 15 - - 15 

Minimum Setup Times, 5 - 325 650 - 325 1300 
ts * 10 - 115 230 - 115 460 

Maximum Clock Input 5 1.5 2.5 - 1 2.5 -
Frequency, fCl 10 3 5 - 2 5 -

Input Capacitance, CI Any Input - 5 - - 5 -

Preset Enable 
Propagation Delay Time: 

tpHl, tplH 5 - 325 650 - 325 1300 
Q Outputs 10 - 115 230 - 115 460 

5 425 850 425 1700 
Carry Output 

- -
10 - 150 300 - 150 600 

Minimum Preset Enable 5 - 115 330 - 115 660 
Pulse Width, tw 10 - 80 160 - 80 320 

Minimum Preset Enable 5 - 325 650 - 325 1300 
Removal Time 10 - 115 230 - 115 460 

Carry Input 
Propagation Delay Time: 

tPHl, tplH 5 - 175 350 - 175 700 
Carry Output 10 - 50 100 - 50 200 

For footnotes, see Recommended Operating Conditions. 

430 

UNITS 

ns 

ns 

ns 

p.s 

ns 

MHz 

pF 

ns 

ns 

ns 

ns 

~2CS·1910. 

Fig. 4-' Typical transition time vs. C L 
for carry output. 

SuPPLY VOLTS f YDOl 

9tCS-19109 

Fig. 5- Maximum clock input frequency 

vs. VOO' 

o 
Vss 

INPUTS 

Fig. 6- Ouiescent·device-current 
test circuit. 

NO~ ANY ONE INPUT, Vss 
WITH OTHER INPUTS AT 

VDO ORVss' 
'2(5-2'7400 

Fig. 7-;Noise-immunity test circuit. 

IIUSUII[ INPUTS 
S[QUENTIALL Y, Vss 
TO 10TH Voo .INO \Iss' 
CONNECT ALL UNUSED 
""""5 TOEITH[A 
Voo OAVSS ' 

92CS-Z140l 

Fig. 8-lnput·leakage-current test circuit. 



CD4029A Types 

STATIC ELI:CTRICAL CHARACTERISTICS 

Characteristic 

Quiescent 
Device 
Current, 
IL Max. 

Output 
Voltage: 
Low· Level, 

VOL 

High· Level, 

VOH 

Noise 
Immunity: 
Inputs Low, 

VNL 

Inputs High, 

VNH 

Noise 
Margin: 
Inputs Low, 

VNML 
Inputs High, 

VNMH 

Output 
Drive Cur· 
rent: 
N·Channel 
(Sink). ION 
Min. 

Q Outputs 

Carry Out· 
put 

P·Channel 
(Source!. 
lOP Min. 

Q Outputs 

Carry Out· 

put 
Input 

Leakage 
Current, 

IIL,IIH 

Conditions 

Va V IN VDD 
(V) (V) (V) 

- - 5 
- - 10 
- - 15 

- 5 5 
- 10 10 

- 0 5 
- 0 10 

4.2 - 5 
9 - 10 

0.8 - 5 
1 - 10 

4.5 - 5 
9 - 10 

0.5 - 5 
1 - 10 

0.5 - 5 
0.5 - 10 
0.5 - 5 
0.5 - 10 

4.5 - 5 
9.5 - 10 
4.5 - 5 

9.5 - 10 

Any Input 

- -

... 
BINARYI 
DECADE 

• 

15 

Limits at Indicated Temperatures (OC) 

D,K,F,H Packages E,Y Packages 

-55 

5 
10 
50 

0.5 
0.74 
0.1 
0.4 

-0.18 
-0.3 

-0.09 

-0.15 

... 
4 J, 

+25 +125 -40 +25 

Typ. Limit Typ. Limit 

0.3 5 300 50 0.5 50 
0.5 10 600 100 1 100 

1 50 2000 500 5 500 

o Typ.; 0.05 Max. 
o Typ.; 0.05 Max. 

4.95Min.; 5 Typ. 
9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 
1 Min. 

1 Min. 
1 Min. 

0.8 0.4 0.28 0.24 0.8 0.2 
1.2 0.6 0.42 0.36 1.2 0.3 

0.16 0.08 0.06 0.05 0.16 0.04 
0.64 0.32 0.22 0.19 0.64 0.16 

-0.24 -0.12 -0.08 -0.07 -0.24 -0.06 
-0.4 -0.2 -0.14 -0.14 -0.4 -0.1 

-0.12 -0.06 -0.04 -0.04 -0.12 -0.03 

-0.2 -0.1 -0.07 -0.07 -0.2 -0.05 

±10-5 Typ .. ±1 Max. 

Units 

+85 

700 
1400 JlA 
5000 

V 

V 

V 

0.16 
0.24 
0.03 
0.13 

mA 

-0.05 
-0.08 
-0.02 

-0.04 

JlA 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

vss·e 

10 IOi! 10J 10" 
INPUT CLOCK fREQuENCY IfCL1- kHz 

Fig. 9- Typical dissipation characteristics. 

r=-- -----, 

Fig. 10-Conversion of clock up, clock down 
input signals to clock and up/down 
input signals. 

The CD4029A CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided. conversion to 
the CD4029A CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
shown below. 

CD4029A changes count on positive transi· 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 

TRUTH TABLE FOR F-F No I 

PE J 
TE QI 

Ci. 

0, 

CLOCK TE PE 

x x 0 

1.. , , 
x x 0 -- -

1.. 0 , 
I X , 

J 

0 

x 
, 
x 
X 

0 a 
0 , 
a 0 , 0 

0 Q 

0 ij 

IIIC-NOCHANGE TE-TOGGLE ENABLE 

Nt 

He 

.. TRUTH TABLE FOR F-F '5 Z,3.4 

CLOCI< TE PE J 0 

x x 0 0 0 
_ TE Q 

CL 1.. 0 , x 0 

x x 0 , , 

0 
, 
a 
0 

.. ~~~~~~+~-{-,~:;:===:t:;==t-~~~~~hVOD.U; 
fiE, 

ij 
1.. , 
.r x 

, X , x 
Q 

0 

ii 
Q 

NC 

He 

*ALL INf>UTS ARE 
PROTECT EO 8y 
COS/MOS PROTECTION 
NETWORK 

Fig. 11-Logic diagram. 

X-DON'T CARE 

CONTROL LOGIC 
INPUT LEVEL 

BINIOEC , 
IBIDJ 0 

UP/DOWN , 
(U/D) 0 

PRESET ENABLE" , 
(PEl 0 

CARR'!' IN (el) 
, 

(CLOCK JNHIBIT) 0 

ACTION 

BINARY COUNT 
DECADE COUNT 

UP COUNT 
DOWN COUNT 

JAM IN 
NO JAM 

NO COUNTER 
ADVANCE AT POS 
CLOCK TRANSITION 

ADVANCE COUNTER 
AT POS CLOCK 
TRANSITION 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4030A Types 

COS/MOS 
Quad Exclusive-OR Gate 

The RCA-CD4030A types consist of four in
dependent Exclusive-OR gates integrated on 
a single monolithic silicon chip_ Each Ex
clusive-OR gate consists of four n-channel and 
four p-channel enhancement-type transistors_ 
All inputs and outputs are protected against 
electrostatic effects. 

TheCD4030A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack
ages (D,F, and Y suffixes), 14-lead dual-in
line plastic packages (E suffix), 14-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstgl 

OPERATING TEMPERATURE RANGE (TAl 

PACKAGE TYPES D. F. K. H 

PACKAGE TYPES E. Y 

DCSUPPLY·VOLTAGE RANGE. (VDDI 
(Voltages referenced to V S5 TermInal) . 

POWER DISSIPATION PER PACKAGE (PD ) 

FOR T A =·40 to +60oC (PACKAGE TYPES E. Y) 

FOR T A - +60 to +85 0 C (PACKAGE TYPES E. Y) 

FOR T A = -55 to + 100DC (PACKAGE TYPES D. F. KJ 

FOR T A = + 100 to t 125 D C (PAC KAGE TYPES D. F. K J 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-55 to +125 0 C 

-40 to +850 C 

-0.5 to '+15 V 

500mW 

Derate L,nearly at 12 mW/oC to 200 mW 

500mW 

Derate L,nearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPESI. 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE lOURING SOLDERINGI 
At distance 1/16 ± 1/32 H1Ch (1 59 :+: 0 79 mm) from case for lOs max 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

D,F,K,H E,Y 
UNITS CHARACTERISTIC Packages Packages 

Min. Max. 

Supply Voltage Range (For T A = Full 
Package Temperature Range) 3 12 

* ALL INPuTS ARE 
PROTECTED BY 
caS/MOS PROTECTION 
NETwORK 

TRUTH TABLE FOR ONE OF 
FOUR IDENTICAL GATES 

A B J 

0 0 0 
1 0 1 

0 1 1 

1 1 0 

WHERE "1" = HIGH LEVEL 
"0" = LOW LEVEL 

2(5.9.12) 
A C. F.G 

I (G.6.13) 
B D.E.H 

ALL P - CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO VDD 
ALL N- CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTEO TO VSS 

Min. Max. 

3 12 V 

92C S ~'91t2 

Fig. 1 - Schematic diagram for 1 of 4 identical exclusive-OR gates_ 

For quiescent device current. noise immunity. and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 
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CD4030A 
FUNCTIONAL DIAGRAM 

Features: 
• Medium speed operation. 

- .. tPHL = tPLH = 40 ns (typ.) @ CL 

= 15 pF and VDD-VSS = 10 V 

• Low output impedance. __ 
... 500 n (typ.) @ VDD-VSS = 10 V 

• Quiescent current specified to 15 V 

• Maximum input leakage current of 1 I1A 
at 15 V (Full package-temperature range) 

• 1-V noise margin (full package-temper
ature range) 

Applications: 
• Even and odd-parity generators 

and checkers 
• Logical comparators 
• Adders/subtractors 
• General logic functions 

AMBIENT TEMPERATURE IT,,'-25 ec 
TYPICAL TEMPERATURE COEFFICIENT 

30 FOR I • -0.3 %'-e 

GATE-lQ-SOURCE VOLTSIVGSI-15 

.0 

o 
o 5 10 15 20 

-20 

DRAIN-lO-SOURCE VOLTS (VDS) 

92CS-19113 

Fig.2 ~ Typical output n-channel 
drain characteristics. 

DRAIN-TO-SOURCE VOLTSIVDSI 
-I' -10 -, 0 

_. 0 

-10 

AT£~TO-SOURCE VOLTSIVGS'--/5Y ::; 
-20'" i 

AMBIENT TEMPERATuRE (TA). 25 "C 
TYPICAL TEMPERATuRE COEFFICIENT 
FOft ALL VALUEs OF Va -·0.3%/"C 

Fig_3 ~ Typical output p-channel 
drain characteristics. 
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CD4030A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characteristic 
e,K,F,A Packages E, Y Packages 

Vo VIN Vee -55 +25 +125 -40 +25 
(V) (V) (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 0.5 0.005 0.5 30 5 0.05 5 

Current I L Max. - - 10 1 0.Q1 1 60 10 0.1 10 
- - 15 25 0.5 25 1000 250 2.5 250 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low Level. - 10 10 o Typ.; 0.05 Max. 
VOL 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low. 3.6 - 5 1.5 Min.; 2.25 Typ. 
VNL 7.2 - 10 3 Min.; 4.5 Typ. 
Inputs High 1.4 - 5 1.5 Min.; 2.25 Typ. 

VNH 2.8 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low. 4.5 - 5 1 Min. 
VNML 9 - 10 1 Min. 
Inputs High. 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N Channel 
(Sink) 0.5 - 5 0.75 1.2 0.6 0.45 0.35 1.2 0.3 
IDNMin. 0.5 - 10 1.5 2.4 1.2 0.9 0.7 2.4 0.6 

PChannel 
(Source): 4.5 - 5 -0.45 -0.6 -0.3 -0.21 -0.21 -0.6 -0.15 
lOP Min. 9.5 - 10 -0.95 -1.3 -0.65 -0.45 -0.45 -1.3 -0.32 

Input Leakage :r ~nrt15 Current 

IIL.IIH ± 10-S Typ .• ± 1 Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Inputtr, tt = 20 ns, 

CL = 15 pF, RL =200 kn 

LIMITS 

Characteristic Test Conditions D,F,K,H E,Y 

VOO Packages Packages 

(V) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay 
5 - 100 200 - 100 300 

Time: 
10 40 100 40 150 

tPLH. tPHL 
- -

Transition Time: 

High·to-Low 5 - 70 150 - 70 300 

Level, tTHL 
10 - 25 75 - 25 150 

Low-to-H igh 5 - 80 150 - 80 300 
Level, tTLH 10 - 30 75 - 30 150 

Average Input 
Capacitance, CI Any Input - 5 - - 5 -

Units 
+85 

70 
140 p.A 

2500 

V 

V 

V 

0.25 
O.S 

mA 

-0.12 
-0.25 

p.A 

Units 

ns 

ns 

pF 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

; 
;: 

200 

100 

o 
o 

20 40 10 10 100 120 140 160 
LOAD CAPACITANCE tell - pF 

Fig.4 - Typical propagation-delay 
time vs. load capacitance. 

AIIBIENT TEMPERATUREI'tA).Z5*C 
LOAD CAPlt.CITANCEICLl-.:lpF 

CD4030AD 
CD4050AK 

10 

CD40:50AE 

SUPPl..y VO ... TS (VDD' 
20 

92C:5-19117". 

Fig.S - Maximum propagation-delay 
time vs. supply voltage. 

10': ..... BlENT TUPatATUREITj,)" ZS8C 

102 1 "',al! "~04 l • '1105:Z 4 & '106 
INPUT FREClUENCYClil-tb 

t2CS-17412RI 

Fig.6 - Typical dynamic power dis
sipation characteristics. 

-,"I'< 

}o 
"'''\.." 
:.-.."" 

~ 100 .~ 
}. 

.. 
;; 
z 

~ 
~~ 

o 
o w ~ ~ ~ ~ ~ ~ ~ 

L.OAD CAPACITANCE (eLI - pF' 
92C;S-19116 

Fig.7 - Typical transition time 
VS. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4031A Types 

COS/MOS 64-StageStatic Shift Register 
The RCA-CD4031A is a 64-stage static shift 
register in which each stage is aD-type, 
master-slave flip-flop. 

The logic level present at the OAT A input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be
cause fully static operation is allowed, 
information can be permanently stored with 
the clock line in either the low or high state. 
The CD4031A has a MODE CONTROL in
put that, when in the high state, allows 
operation in the recirculating mode. Register 
packages can be cascaded and the clock lines 
driven directly for high speed operation. 
Alternatively, a delayed clock output (ClD) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition-time requirements. 

Data (Q) and Data (Q) outputs are provided 
from the 64th register stage. The Data (Q) 
output is capable of drYing one TTL or DTl 
load. 
The CD4031A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), l6-lead dual
in-line plastic package (E suffix), 16-lead 
ceramic flat package (K suffix), and in 
chip form (H suffix). 

Features: 

• Fully static operation: DC to 4 MHz typ_ 
@VDD-VSS=lOV 

• Operation from a single 3 to 15 V positive 
or negative power supply 

• High noise immunity 
• Microwatt quiescent power dissipation: 

10 fJ.W (typ.) for ceramic packages; 100 fJ.W 
(typ.) for plastic packages 

MAXIMUM RATINGS,Absolute-Maximum Values: 
STQRAGE-TEMPERATURE RANGE (T st9) .........•................ -65 to +1500 C 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H ............................•... -55to+125°C 
PACKAGE TYPES E, Y .............................•...•.. -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
Voltages referenced to VSS Terminal): ............•............... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO) 
FOR TA = -40 to +60° C (PACKAGE TYPES E, Y) .••..................... 500 mW 
FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) ..... Derate .Linearly at 12 mWlo C to 200 mW 
FOR TA = -55 to +1 00° C (PACKAGE TYPES D, F, K) ..................... 500 mW 
FOR TA = +100 to +125° C (PACKAGE TYPES D. F, K) . .. Derate Linearly at 12 mW/o C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . . . . . . . . . . . . . . . • . . . . . . .. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25· C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC 
0, F,K,H E,Y 

VDD PACKAGES PACKAGES 

(V) MIN. MAX. MIN. MAX_ 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 3 12 3 12 

5 100 - 100 -
Data Hold Time, tH 

10 200 - 200 -

5 0.62 - 1.3 -
Clock Pulse Width, tw 

10 1.25 0.5 - -

5 dc 0.8 dc 0.4 
Clock Input Frequency, fCl 

10 dc 2 dc 1 

5 - 2 - 2 
Clock Rise and Fall Time, trCl, tfCl * 

10 1 1 - -

IUNITS 

V 

ns 

fJ.s 

MHz 

fJ.s 

* If more than one unit is cascaded in the parallel clocked application, trCL should be made less than or equal 
to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 

NC" 3, 4, 5.11,12, 13, 14 
92CS - 250!50RI 

CD4031A 
FUNCTIONAL DIAGRAM 

• Single phase clocking requirements 
• Recirculation capability 
• Data compatible with TTL-DTl 
• Two cascading modes: 

Direct clocking for high-speed opera
tion 
Delayed clocking for reduced clock 
drive requirements 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 fJ.A 

at 15 V (full package-temperature range) 
• l-V noise margin (full package-tempera-

ture range) 

Applications: 

• Serial shift registers 
• Time delay circuits 

AMBIENT TEMPERATURE" ITAI*2'·C 
TYPICAL TEMPERATURE COEFFIC[NT FOR 

30 ALL VALUES OF VOO--0.3%'''C 

TYPICAL 

NOTE: 
CARE SHOULD BE TAKEN 
NOT TO EXCEED MAXIMUM 
DISSIPATION I200MW) 

o 
o 

Fig. 1 

-20 

MINIMUM 

3 

DRAIN-TO-SOuRCE VOLTS (YOS) 

DRAIN-~-SOURCE VOLTSIVOSI 
-15 -10 -5 -, 

-10 

9ZCS-19748 

o 
o 

TE - TO -SOuRCE VOLT$« vGS).;- 1$ v 
-' 

AMBIENT TEMPERATURE (TAl- 25-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOD--o.3%'-C 

-20-' 

-30 

t2CS-19114RI 

II 
z 

i 

Fig. 2 - Typical output p-channel drain character
istics for Q output. 
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CD4031A Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

auiescent Device 
Current, IL Max. 

Output Voltage: 
Low Level, 

VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margin: 
Inputs Low, 
VNML 

Inputs High, 
VNMH 

Output Drive 
Current: 
N·Channel 
(Sink), 

ION Min. 

I 
P- Channel 
(Source): 

IDPMin. 

Input Leakage 
Current, 

11l'IIH 

* -CONTAO~ 
* 

* 

a 

i) 

CLO 

a 

a 

CLO 

AECIRCUL,:!4::,:T",IO",N'-_-L./ 

CoNDITIONS 

Vo VIN VDD 

(V) (VI (VI 

- - 5 

- - 10 

- - 15 

- 5 5 

- 10 10 

- 0 5 

- 0 10 

4.2 - 5 

9 - 10 

0.8 - 5 

1 - 10 

4.5 - 5 

9 - 10 

0.5 - 5 

1 - 10 

0.4 - 4.5 

0.5 - 10 

0.5 5 

0.5 - 10 

0.5 - 5 

0.5 - 10 

4.5 - 5 

9.5 - 10 

4.5 - 5 

9.5 - 10 

4.5 - 5 

9.5 - 10 

-rr:, 

LIMITS AT INDICATED TEMPERATURES (oC) 

D, K, F, H PACKAGES E, Y PACKAGES 

-55 

10 

25 

50 

1.6 

5 

0.11 

0.24 

0.48 

1.5 

-0.4 

-0.85 

-0.11 

-0.24 

-0.48 

-1 

CL 

UNITS 
+25 +25 

TYP. 

0.5 

1 

1 

2.6 

8 

0.18 

0.4 

0.8 

2.4 

-0.64 

-1.4 

-0.18 

-0.4 

-0.8 

-1.6 

+125 -40 +85 
LIMIT TYP. LIMIT 

10 600 50 1 50 700 

25 1500 100 2 100 1400 fJ.A 

50 2000 500 5 500 5000 

o Typ.; 0.05 Max 

o Typ.; 0.05 Max 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 
V 

1.5 Min.; 2.25 Typ.· 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 

1 Min. 

1.3 0.91 1.6 2.6 1.3 1.05 

4 3.2 5 8 4 3.2 

0.09 0.06 0.05 0.18 0.045 0.037 

0.2 0.14 0.12 0.4 0.1 0.08 

0.4 0.28 0.24 0.8 0.2 0.16 

1.2 0.84 0.75 2.4 0.6 0.5 
mA 

-0.32 -0.22 -0.20 -0.64 -0.16 -0.13 

-0.70 -0.49 -0.42 -1.4 -0.35 -0.29 

-0.09 -0.06 -0.05 -0.18 -0.045 -0.037 

-0.20 -0.14 -0.12 -0.4 -0.10 0.08 

-0.40 -0.28 -0.24 -0.8 -0.20 -0.16 

-0.80 -0.56 -0.5 -1.6 -0.40 -0.32 

:1:10-5 Typ., :1:1 Max. fJ.A 

f-D-_,<C>--Q 

'----0 
INPUT CONTROL CIRCUIT TRUTH TABLE 

DATA RECIRC. MODE ~iA~'f~ 
CL I X 0 I CL~~L 

~CLO 
TYPICAL STAGE TRUTH TABLE o 0 0 

* AU. INPUTS ARE Voo 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

D CLA 

0 J 
I ../ 
X "-

N'; : NO CHANGE 
X'DONT CARE 

D~I 

0 

I 

NC 

• ~ LEVEL CHANGE 

o o 
x • DON'T CARE 

Input to Output is: 
la) A Bidirectional Short Circuit when Control 

Input 1 is H Low" and Control Input 2 is 
"High" 

(b) An Open Circuit when Control Input 1 is 
"High" and Control Input 2 is "Low" 

Fig. 7 - Logic diagram and truth tables. 92C:S-19019R I 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

AMBIENT TEMPERATuRE (TA)~25·C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF VDO"O.3%'-C 

SUPPLY VOLTS tVool"& 

0" 

10 

0" ,. 
0" 

*I..OAD CAPACITANCE OF ~ al5pF 

LOAD CAPACITANCE {CLI-pF 
• LOAD CAPACITANCE OF a!: 15 pF' 

9~CS-19141 

Fig. 3 - Typical propagation delay time vs. load 
capacitance for data outputs. 

1 
" J .. 
-. soo 

1 
Ii 
J 300 
l!! 
z 
~ 200 

:i 
~ 100 

o 

AMBIENT TEMPERATURE (fA)' 25-C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF YeD * 0, 3.,., I~ 

10 

'" 

~ ~ ~ ~ ~ 00 ro ~ ~ ~ 

LOAD CAPACITANCE tCL1-pF 92CS-I9148 

Fig. 4 - Typical propagation delay lIS. load capaci
tance for delayed clock output. 

x 

~ 

AMBIENT TEMPERATURE ITA J. 25-C 
TYPIC4L TEMPERATURE CQEFFICENT FOR 

!IOO ALL VALUES OF '100.0 3""/~ 

SUPPLY VOLTS 1Voo )-10 

x 
~200 

w 
;:: 

~ 
'" ~ 100 

~ 0 
10 

" 

~ ~ ~ ~ ~ w ro ~ ~ ~ 

LOAD CAPACITANCE ICLI- pF '2CS-1914!t 
NOTE: tTt.fOR Q OUTPUT IS stGNFtCAN'TLY LESS TttAN ITlH 

Fig. 5,- Typical transition time vs. load capaci
tance for data outputs. 

AMBIENT TEMPERATuRE tTA)'2S-C 
TYPICAL TEMPERATURE COEFFICENT fOR 

300 ALL VALUES OF Voo' 0 3 % lee 

SUPA.y VOLTS IV'DOI=S 

10 

,. 

LOAD CAPACITANCE ICLI-pF t2C$-lt750 

Fig. 6 - Typical transition time lIS. load capaci· 
tance for delayed clock output. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4031 A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA=250 C. Input t r.t'f=20 ris. CL =15 pF (unless otherwise specified), RL =200 kU 

LIMITS 
TEST 

CHARACTERISTIC CONOIT~ O.F.K.H E.Y UNITS. 

VOO 

(v) MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay Time; 

tpLH. tpHL 5 - 400 SOO - 400 lS00 

Clock to Data ns 

Output Q & 0* 
10 - 200 400 - 200 800 

5 - 400 SOO - 400 lSoo 
Clock toCLD CL = SOpF 

200 400 200 SOO 10 - -
Transition Time; 

tTHL' tTLH 5 - 75 150 - 75 300 a Output 
10 - 30 SO - 30 120 

a Output 
5 - 300 600 - 300 1200 

ns 
10 - 150 300 - 150 SOO 

5 - 200 400 - 200 800 
CLD Output CL =SOpF 

100 200 100 400 10 - -
Clock Rise and Fall Time; 5 - - 2 - - 2 

trCL. tfCL •• 
Ils 

10 - - 1 - - 1 

Minimum Data Set-Up 5 - 200 400 - 200 800 

Time. ts Hi - 50 100 
ns - 50 200 

Maximum Clock Input 5 0.8 2 - 0.4 2 -
Frequency. fCL 

... MHz 
10 2 4 - 1 4 -

Minimum Data Hold 5 - 50 100 - 50 100 

Time. tH ns 
10 - 100 200 - 100 250 

Minimum Clock Pulse 5 - 1.3 0.S2 - 2.6 1.3 
Width. tw 10 2.5 1.2S 1 0.5 

JlS - -
Average Input Capaci-

tance. Cl Clock - SO - - 60 - pF 

All Others - 5 - - 5 -

• Capacitive loading on Q output affects propagation delay of a output, These limits apply for 0 load 
CL,,15pF-

•• If more than one unit is ca5cai:led in the paraliel clocked application. trCL Should be made less than or 
equal to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 

••• Maximum Clock Frequency for Cascaded Units; 

a) Using Delayed Clock Feature -

f = . . where n = number of packages 
max In-l) CLD prop. delay + a prop. delay + set-up time 

b) Not Using Delayed Clock - fmax = I dell. 
propagat on ay + set-up time 

* ALL INPIITS ARE 
PROTECTED BY 
COSINOS PROTECTION 
NETWORK 

*10--......1 
RECIRCULATION 

IN 

Fig. 12 - Functional diagram. 
92C5-1974'"2 

"'MlIEttT TEMP!:RATURE ITAI-25·C 
T'fPtCAL TEMPERATURE COEFFICENT FOR 

, 3 All VALUES OF VDD·O.3"'/~ 

~ 

,. 1 

i 
i 

10 1 
SUPPLY VOLTS IYDD I 

CD403IAD 
C0403141( 

CD403 A 

20 
ftCS-IW751 

Fig. 8 - Maximum clock input frequency I'S. 

supply voltage. 

10 AtteENT TEMPERATuRE ITA ,- 25·C 

• TYPICAL TEMPERATuRE COEFFICIENT 
;0 

/: 4 FOR ALL vALUES OF YOD-O.3 .. ,-C 

,-~ .. ~=,."" II • I , "'~ ~ ! 1 ~--:Il~ ",+ 
~ • 'CI'.~~~~ ~~~I :l • ~ . !'J". ~ .. ,;~ 
I z 

,,~ o~.,.r.J' 
~"-f' "':Ii.'''' I.''''~II. ,~, 

~ Q: "'1 '",~." 

; . 2~1$ 
f Af1 X z 

V jY 
0.01 A . . , 104 2 . ... 

CLOCK FREOUENCY (feLl-HZ 92CS-191!52 

Fig. 9 - Typical po_r dissipation VB, frequency. 

Voo 

V55 

NOTE: 
TEST AIOY ONE INPUT. 
WITH OTHER INPUTS AT 

92CS-27400 Voo OR Vss-

Fig_ 10 - Noise-immunity test circuit. 
Voo 

NOTE 

MEASURE: INPUTS 
S(OU(NTl.ALL Y, 

TO lOT H Voc AND Vss 
CONNECT ALL UHusm 

'----,,-----' INPUTS 10 EITH£" 
"'DO OR Yss 

Fig. 11 - Input-leakage-current test circuit_ 

vDO 

WITH 51 AT GROUND,CLOCK UNIT 64 TIMES 
BY CONNECTING 52 TO PULSE GENERATOR. 
RETURN S2 TO GND ANO MEASURE LEAI<AGE 
CURRENT. REPEAT WITH 51 AT voo. 

Fig. 13 - Quiescent-device-current test circuit. 
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CD4032A, CD4038A Types 

COS/MOS Triple Serial Adders 
Features: 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

Positive Logic Adder - CD4032A 

Negative Logic Adder - CD4038A • Invert inputs on all adders for sum complementing 
applications 

The RCA-CD4032A and CD4038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in· 
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical "1 ", the sum is complemented. 
Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 
plus the carry from the previous bit position. 
The carry is onl y added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 
for spike free operation the input data trans
itions should occur as soon as possible after 
the triggering edge. 

• Fully static operation. . .... dc to 5 MHz (typ.) 

• 2 ....... -"-.u-----, 
82 I 

"WERT 2 ' 

• Buffered outputs 
• Single·phase clocking 
• Microwatt quiescent power dissipation .... 5 p.W (typ.) I SUM3 

• Quiescent current specified to 15 V 

• Maximum input leak'!.ge current of 1 p.A 
at 15 V (full package·temperature range) 

• l·V noise margin (full package-temper
ature range) 

signal to a CARRY-RESET input one bit· 
position before the application of the first 
bit of the next word. Figs. 2 and 4 show 
definitive waveforms for all input and output 
signals. 

The CAR RY is reset to a logical "0" at the The CD4032A and CD4038A·Series types are 
end of each word by applying a logical "1" supplied in 16-lead hermetic dual-in-line 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) 

OPERATI NT GEMPERATURE RANGE (T A): 

PACKAGE TYPES 0, F, K, H . 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (V DD) 

(Voltages referenced to V SS Terminal) 

POWER DISSIPATION PER PACKAGE (PO) 

FOR T A ~ -40 to +60oC (PACKAGE TYPES E, Y) 

FOR T A ~ +60 to +85°C (PACKAGE TYPES E, YI 

FOR T A ~ -55 to +100oC (PACKAGE TYPES 0, F, K) 

FOR T A = +100 to +125°C (PACKAGE TYPES 0, F, K) . 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

. -55 to +1250 C 

-40 to +85°C 

-0.5 to +15 V 

500mW 

Derate Linearly at 12 mWtC to 200 mW 

.500 mW 

Derate Linearly at 12 mWtC to 200 mW 

FOR T A ~ FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. -0.5 to V DD +0.5 V 

LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC D,F.K.H E. Y 

VDD Packages Packages 

(V) Min. Max. Min. Max. 

Supply-Voltage Range (For T A = 

Full Package-Temperature Range) 3 12 3 12 

Input Setup Time, ts 
5 

trCl trCl - -
10 

Clock Input Frequency. fCl 
5 dc 1.5 dc 1 
10 dc 3 dc 2 

5 - 15 - 15 
Clock Rise or Fall Time, trCl, tfCl 

10 - 15 - 15 

UNITS 

V 

ns 

MHz 

p.s 

"55.;e 
VOO'"16 

FUNCTIONAL DIAGRAM 

ceramic packages (D, F. and Y suffixes). 
16-lead duaHn-line plastic packages (E suffix). 
16·lead ceramic flat packages (K suffix). and 
in chip from (H suffix). 

Applications: 

• Serial arithmetic units 

• Digital correlators 

• Digital datalink computers 

• Flight control computers 

• Digital servo control systems 

LOAI) CAPACITANCE leLI - pF 
9lCS-li122 

Fig. 1 - Typical propagation delay rime VS. load 
capacitance for A, B, or INVERT inputs 
to sum outputs. 

Fig. 2 - Typical transition time vs.load capacitance 
for sum outputs. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4032A, CD4038A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A" 25°C, Input t" tt = 20 ns. 

Cl = 15pF. Rl = 2OOk!l 

LIMITS 

CHARACTERISTIC TEST CONDITIONS D.F.K.H E. Y UNITS 

VDD Packages Packages 

(V) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay 
TIme; 

tpLH' tpHl 
A, B. or Invert 

400 1100 400 1400 Inputs to Sum 5 - - ns 
Outputs 10 - 125 250 - 125 300 

Clock Input 5 - 800 2200 - 800 2400 
to Sum Outputs 10 - 250 500 - 250 600 

Transition Time; 
5 125 375 125 425 

tTHl' tTLH 
- - ns 

(Sum Outputs) 10 - 50 150 - 50 200 

Maximum Clock Input 5 1.5 2;5 - 1 2.5 - MHz 
Frequency, fCl 10 3 5 - 2 5 -

Clock Rise & Fall 
TIme; 5 - - 15 - - 15 

JlS 
trCl, tfCL ** 10 - - 15 - - 15 

Minimum Input Set Up 5 
TIme, tS· - - trCl - - trCl ns 

10 

Average Input - 5 - - 5 - pF 
Capacitance. CI 

4Th is characteristic refers to the minimum time required for the A. B. or Reset Inputs to change state 
following a positive clock transition (CD4032AI or negative transition (CD403BAI. 

**If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. 

10' MaHt'TEMPERATURE. (TAl-H-C 
INPUT t,. t, -2O", 
LOAD CAPACITANCE (el)al'". 

IrJ .. SuPPLY VOLTS (Yool-' 

~ 10' • 
! IfJ 

I 
E 

; 10 

f 
I 

06' f- -~ 

I 10 10' 10' 

CLOCK FREQUENCY IfCll--kttl 
92CS-19J2C 

Fig. 3 - Typical dissipation characteristics. 

CL 

INVERT -~~I-I-~-l--l--l--r-IITTTTli 
CARRY 
RESET 

SUM 

A 

8 

CL 

WORD I 0.0111100" +60 
WORD 2 0.0 11001 0 .. +50 

0.1101110 -.110 

WORD 31.1011011--37 
WORD 4 1.1001110--:50 

1.010100 I' =i7 
92CS-!76t12 

Fig. 4 - CD4032A timing diagram. 

INVERT -1!11:::t:::t=l=!l~~~~~t=t=t-i= CARRY 
RESET 

SUM 

L -~- TRUE SUM 

WOAD I 1.1000011 --61 
WORO 2 1.100 II 01 :-51 

1.0010000 ·-112 

- COMPLEMENTED SUM ~ 

WORD 3 O~OIOOIOO '+36 
wOAO 4 0.0110001 -+49 

0.1010100 -+85 

Fig. 5 - CD4038A timing diagram. 

*AI===~~AD;D~EjR['-~-~~ ______________ ~r-~ 

:::=+[ii;OD~E~R['-:)->--__ -__ -_-__ -_-__ -_-__ -_-__ -::-J-)~ - -- -lsuM 
I 
I 
I *81 

I 
I 
I 
I 
I 

_____ ~ __ ~~ _____ ...J 

l~~DERS ~)~~~--------~---283 

* ALL INPUTS ARE PROTECTED VSS 
BY COS/MIlS PROTECTION 
NETWORK 92tS~I7&6IR2 

Fig. 6 - CD4032A logic diagram of one of three serial adders. 

, 

* INVERTI'l-L __ ~-~-~ ~-.-~-~ -_-_--_----f-+----~--' ____ ~~ __ ~ __ J 

* CARRY 
RESET 

* CLOCK 
J ~~DERS ~-VDD 

0----------+--- 2 So 3 

*ALL INPUTS ARE PROTECTED 
BY COS/MOS PftOTECTiON V5S 
NETWORK 

92($- '9020~' 

Fig. 7 -, CD4038A logic diagram of one of three 
serial adders. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4032A, CD4038A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits it Indicated Temperatures (oCI 

Characteristic 
O. K. F. H Packages E. Y Packages 

Units 
Va VIN Voo -55 +25. +125 -40 +25 +85 
(VI (VI (VI Typ. Limit Typ. Limit 

- - 5 5 0.3 5 300 5d 0.5 SO 700 
Quiescent Device 

Current I L Max. - - 10 10 0.5 10 6Q9 100 1 100 1400 p.A 

- - 15 50 1 50 2000 500 5 SOO 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low-Level 

10 10 o Typ.; 0.05 Max. 
VOL 

-
V 

High Level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 4.2 - 5 1.5 Min.; 2.25 Typ_ 

VNL 9 - 10 3 Min.; 4.5 Typ. V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 4.5 - 5 1 Min. 

VNML 9 - 10 1 Min. V 
Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current 
N·Channel 
(Sink), 0.5 - 5 0.6 0.9 0.5 0.3 0.25 0.9 0.2 0.14 

ION Min. 0.5 - 10 0.75 2.4 0.7 0.6 0.6 2.4 0.5 0.4 
mA 

P-Channel 
(Source), 4.5 - 5 -0.21 -0.4 -0.15 -0.075 -0.14 -0.4 -0.1 -0.095 

lOP Min. 9.5 - 10 -0.7 -7.2 -0.55 -0.35 -0.3 -1.2 -0.27 -0.22 

Input Leakage Any Input 
Current, 

o 
Vss 

INPUTS 

I'L,I'H -

lL 

92CS-27401 

Fig. 8 - Quiescent-device-current test circuit. 

-
±10-5 Typ., ±1 Max. 

15 

VDO-V
NH 

INPUTQ. Voo OUTPUTS 

:-- ~--VNL r 
NOTE: 

t2C$-2'441 YSS W.N~~CIM8INATIClN 

Fig. 9 - Noise·immunity test circuit. 

p.A 

NOTE' 

MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH VOD ANO VSS· 
CONNECT ALL UNUSED 

L---._....J INPUTS TO EITHER 

Veo OR VSS· 

YSS 

Fig. 70 - Input·leakage-current test circuit. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4034A Types 

COS/MOS MSI a-Stage Static Bidirectional 
Parallel/Serial Input/Output Bus Register * 'A' 

ENABLE * AlB 

T!1e RCA-CD4034A is a static eight-stage 
parallel-or serial-input parallel-output regis
ter. It can be used to: 

1) bidirectionally transfer parallel informa
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(Cl), A DATA ENABLE (AE), ASYNCHRO
NOUS/SYNCHRONOUS (A/S), A-BUS-TO· 
B-BUS/2B-B.US-TO-A-BUS (AlB), and PAR
AllEL/SERIAL (PIS). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out
puts (inputs) depending on the signal level 
on the AlB input. In addition, an input for 
SERIAL DATA is also provided. 

All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave . .Isolation from external 
noise and the effects of loading is provided 
by output buffering. 

PARALLEL OPERATION 

A high PIS input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
If the A/S input is high the transfer is in
dependent of the clock. The direction of 
data flow is controlled by the AlB input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
AlB signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak· 
ing the AlB signal high and the AE signal 
low. 

SERIAL OPERATION 

A low PIS signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in· 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera· 
tion is not allowed). 
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The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034A packages. 

The CD4034A·Series types are supplied in 
24-lead hermetic dual·in-line ceramic pack
ages (D suffix), 24-lead dual-in-line plastic 
packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

* A/S 
.. PIS 

.. CLOCK 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STEERING 
LOGIC 

* ALL INPIITS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

Fig. 1 ~ Functional diagram. 

92CS~ 1920ZA. 

STORAGE-TEMPERATURE RANGE (Tstg) ........... . . ...... -65to+150°C 

OPERATING·TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, K, H ........... . 

PACKAGE TYPE E .......... . 

....... -55 to +125°C 

..... _ .... -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to VSS Terminal). . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO) 

FOR T A = -40 to +60°C (PACKAGE TYPE E). . . . . . . . . . . . . . . . . . . . . . 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E). .......... Derate Linearly at 12 mWfC to 200 mW 

FOR T A = -55 to +1 OO°C (PACKAGE TYPES D. K) ................ _ . . . . . . 500 mW 

FOR T A = +100 to+125°C (PACKAGE TYPES 0, K) ...... Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . . . . . . . . . . . . . . . . . ... -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD D,F,K,H E, Y 

(V) PACKAGES PACKAGES 

MIN. MAX. MIN. MAX. 

Supply-Voltage Range (For T A = Full 
3 1~ 3 12 

Package-Temperature Range) 

Data Setup Time, ts 
5 500 - 500 -

10 200 200 - -

Clock Pulse Width, tw 
5 400 - 400 -

10 175 175 - -

Clock Input Frequency, fCl 
5 dc 1.5 dc 1.5 

10 dc 3 dc 3 

Clock Rise and Fall Time, trCl, tfCl * 5,10 - 15 - 15 

+265°C 

UNITS 

V 

ns 

ns 

MHz 

p.s 

"If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



CD4034A Types 

Table I - Truth Table for Register Input-Levels and the Resulting Register Operation (L= Low 
Level H = High Level X = Don't Care) , , 

"A" 
Enable PIS A/B A/S Operation* 

L L L X S~rial Mode; Synch. Serial Data Inputll+" A" Parallel Data Outputs 
Disabled . 

L L H X Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

L H L L 
Parallel Mode; "B" Synch. Parallel Data Inputs, "An Parallel Data 
Outputs Disabled 

L H L H 
Parallel Mode; "B" Asynch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

L H H L 
Parallel Mode; "An Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Synch. Data Recirculation 

L H H H 
Parallel Mode; "An Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Asynch. Data Recirculation 

H L L X Serial Mode; Synch. Serial Data Input, "AU Parallel Data Output 

H L H X Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

H H L L 
Parallel Mode; "B" Synch. Parallel Data Input, "A" Parallel Data 
Output 

H H L H 
Parallel Mode; "B" Asynch. Parallel Data Input, "A" Parallel Data 
Output 

H H H L 
Parallel Mode; "A" Synch. Parallel Data Input, "B" Parallel Data 
Output 

H H H H 
Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 

.. . . ·Outputs change at posItIve transItIon of clock on the serial mode and when the A/S control input is "low" 

in the parallel mode. 

.,.. TG- TlANS.ISSIQfl GATE ~ 

IN TG OUT 

INPUT 10 OUTPUT 15· 
.) A .IECnQNAL LOW IMPEDANCE 
WMEN CJJMDOL INPUT 1 15 "LOW" 

6 STAGES 
SAME AS STAGE 

FLlP"~FL.CP 

TRUTH TABL.E 

o CL~ Ci.~ D Q 

A LEVEL CHANGE 

COS/MOS DIGITAL INTEGRATED CIRCUIT~ 

Features: 

• Bidirectional parallel data input 
• Parallel or serial inputs/parallel outputs 
• Asynchronous or synchronous 

parallel data loading 
• Parallel data·input enable on 

"A" data lines 

• Data recirculation for register expansion 
• Multipackage register expansion 

• Fully static operation DC-to-5 MHz hvp.) 
At VDD-VSS = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JlA 

at 15 V (full package-temperature 
range)" 

• 1-V noise margin (full package-temper
ature range) 

Applications: 

• Parallel Input/Parallel Output, 
Parallel Input/Serial Output, 
Serial Input/Parallel Output, 
Serial Input/Serial Output ReQist\!r 

• Shift right/shift left register 
• Shift right/shift left with parallel loadin~ 
• Address register 
• Buffer register 
• Bus system register with enable parallel 

lines at bus side 
• Double bus regis.r system 
• lip-Down Johnson or ring counter 
• Pseudo-random code generators 
• Sample and hold register (storage, count· 

ing, display) 
• Frequency and phase comparator 

""~I ~;;;;;;~~L---
.,.n~ ______ ~r-1L ______________ ~ 

'~:L _______________ __ 
., 
•• r1~ _________________ ___ 

•• 
.. .. n~ ________________ ___ 

.. n~ _______________ ...J 

"' • .. 
Me COtITItOL INPUT 2 IS "HltiH" 2 

'" AN DHN CIRCUIT WHEN CCifTROl ~ 

INPUT liS "HlGH" AND CONTROL ',",PulA" "LOW'__ DO 

'\. \. 0 0 
f \. 00 
\. f 0" 
f f X Q 

'- '-

X OQt.l'T CARE 

·I~VALID CONDITION 

* AU. INPUTS ARE 
PROTECTED 8Y 
CDS/MOS PROTECTION 
NETWORK Vss 

Fig.2 - Logic diagram. 

J " 
"\ r I" 

-rl------------L-__ __ 

Fig.3 - Timing dillgrllm. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4034A Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°C) 
CONDITIONS 

0, K, H PACKAGES E PACKAGE 
CHARACTERISTICS UNITS 

Vo V IN Voo +25 +25 
-55 

(V) (V) (V) TYP. 

- - 5 5 0.3 
Quiescent Device 

10 10 0.5 
Current, IL Max. 

- -
- - 15 50 1 

Output Voltage: - 5 5 
Low Level, 

VOL - 10 10 

High Level - 0 5 
VOH - 0 10 

Noise Immunity: 
4.2 5 Inputs Low, -

VNL 9 - 10 

Inputs High 0.8 - 5 
VNH 1 - 10 

Noise Margin: 
4.5 5 Inputs Low, 

-

VNML 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Orive 
Current: 
N-Channel 
(Sink), 0.5 - 5 0.124 0.2 

ION Min. 0.5 - 10 0.31 0.5 

P-Channel 
(Source): 4.5 - 5 -0.075 -0.1 

lOP Min. 9.5 - 10 -0.188 -0.25 

Input Leakage Any Input 
Current, 

-I -1 15 IIL,IIH 

106 AMBIENT TEMPERATuRE (T,,)-25"C 
Al,.TERNAT''''G "0· _..L • 1O' 
AND "." PATTERN r-v . , 

I 

f -j-. .-1O' 

~* "_1= ~ c--. \" 
~ 10' 

... $J? ~-'-
~ r= F= =:?ut/l\.. 

"'~" ~ 
~ 10' il 
2i 
~ 

:/ 
~ 1O 

LOAO CAPACiTaNCE tel }'I~pF 

V ---- CL ·~OpF 

. 10 K)2 101 10 

INPUT ClOCK FREQUENCY (feL) - kHz 9ZCS-17101R3 

Fig.7 - Typical dissipation characteristics. 
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+125 -40 +85 
LIMIT TYP. LIMIT 

5 300 50 5 50 700 

10 600 100 1 100 1400 IlA 

50 2000 500 5 500 5000 

o Typ.; 0.05 Max 

o Typ.; 0.05 Max 

V 
4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

V 
1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 

1 Min. 

0.1 0.07 0.124 0.2 0.1 0.07 

0.25 0.175 0.31 0.5 0.25 0.175 
rnA 

-0.05 ·0.035 ·0.075 -0.1 ·0.05 0.035 

-0.125 0.088 0.188 

±10-5 Typ., ±1 Max. 

-./It 0111"" 
DATA 

IfrIIPUTS 

"."OR".· 
DATA 

OUTPUTS 

'Pl.H 

-0.25 -0.125 0.088 

IlA 

.jc-,==,-!==,-,!..L _I:~ _ 90:-\"'°0 
----50.,. 
---- 10"'0 

Fig.8 - Asynchronous operation propagation delay 
time and transition time . 

UCS-loon 

Fig.9 - Clock pulse rise and fall times. 

LOAD CAPACITANCE {CLJ- pF 
92C5-19212 

Fig.4 - Typical propagation delay time 
lIS. load capacitance. 

LOAD CAPACITANCE lCLI- pF 
92C5- 19213 

Fig.5 - Typical transition time vs. load 
capacitance. 

10 
SUPPL Y VOLTS ("DOl 

92CS-I!l91O 

Fig.6 - Typical clock input frequency vs. 
supply voltage. 

,VDD 

---=-=-90% 
-----50% 

-INPUT REfERS TO ANY OF THE -A-aft-B- DATA INPUTS:A-ENA8LE, 
SERIAL INPUT, A'B, PIS, OR AIS INPuTS 

··'SLH AND tSHL ARE SET-UP TIMES 

Fig.tO - SynchronouNJperation propagation 
delay times, transition times, and set-up 
times. 



CD4034A Types 

DYNAMIC elECTRICAL CHARACTERISTICS 
At TA = 2!JC, Input tr, tf= 20ns, CL = 15 pF, RL = 200rkD 

TEST LIMITS 

CHARACTERISTIC CONDITIONS D,K;H E UNIT 

VDD 
PACKAGES PACKAGES 

(V) MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay 5 - 600 1200 - 600 1200 
Time;tplH, tpHl 

ns 
10 - 240 480 - 240 480 

Transition Time; 5 - 250 750 - 250 750 
tTHl, tTlH 

ns 
10 - 100 300 - 100 300 

Maximum Clock Input 5 1.5 2.5 - 1.5 2.5 -
MHz 

Frequency, fCl 10 3 5 - 3 5 -

Clock Pulse Width, 5 - 200 400 - 200 400 
tw 

ns 
10 - 100 175 - 100 175 

Min. High·level 5 - 240 480 - 240 480 
AE, PIS, A/S ns 
Pulse Width 10 - 85 195 - 85 195 

Clock Rise& Fall Time 5 - - 15 - - 15 
trCl, tfCl * 10 15 15 

Ils 
- - - -

Data Set·Up Time, 5 - 250 500 - 250 500 
ts 

ns 
10 - 100 200 - 100 200 

Average Input 
Any Input 5 5 pF Capacitance, CI 

- - - -

*If more than one unit is cascaded trel should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

APPLICA TlONS 

Sf RIAL 
OATA 

COSIMOS DIGITAL INTEGRATED CIRCUITS 

VSS 

NOTE: 
TEST ANY ONE INPUT. 
WITH OTHfJI INPUTS AT 

'J2CS-17400 Voo ORVss' 

Fig. 11 - Noise·immunity test circuit. 

o 
vss 

INPUTS 

UCS-U401 

Fig. 12 - Ouiescent-device·current test circuit. 

NOT[ 

M[ASURE INPUTS 
SEQUENT IAll Y, 

TO 80TN Yoo &NO Vss 
CONNEct ALL UNUSED 

'--_~--' ....".5 lOEi1"E" 
Yoo ~vSS 

VSS 

Fig. 13 - Input·le6k6ge·current test circuit. 

A/.>-::=t:======~t:::=====::: cc>-

Fig. 14 16·8it parallel in/parallel our, parallel 
in/serial out, serial in/parallel out, serial 
in/serial out register. 

Fig. 15 - T 6·8it serial in/gated p6rallel out register. 

TIMING DIAGRAM 

" 

CLOCK 

PIS 

OUTPU~ 

'----_OUTPUT 
----'1:»'2 -I.. '1"'2*- -1.',<'2-----1 * WHEN f,-'21t .. IS PROPORTIONAL TO THE PHASE OF f, WITH RESPECT TO f2 

9ZCS· 19204 

Fig.16 - Frequency and phase comparator. 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4035A Types 

COS/MaS 4-Stage 
Parallel In/Parallel Out 
Shift Register 
with J-K Serial Inputs and True/ 
Complement Outputs 

Features_-

• 4-5tage clocked shift operation 
• Synchronous parallel entry on all 4 stages 
• JK inputs on first stage 
• Asynchronous True/Complement control 

on all outputs 
• Static flip-flop operation; Master-slave 

configuration 
• Reset control 
• Buffered outputs 
• Low power dissipation - 5J..!W typo (ceramic) 
• High speed - to 5 MHz 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1J.LA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper

ature range) 

The RCA-CD4035A is a four-stage clocked 
signal serial register with provision for 
SYNCHRONOUS PARALLEL inputs to 
each stage and SERIAL inputs to the first 
stage via JK logic. Register stages 2, 3, and 
4 are coupled in a serial D flip-flop config
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 

Parallel entry via the D line of each reg
ister stage is permitted only when the 
PARALLEL/SERIAL control is high. 

In the parallel or serial mode information 
is transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high, the TRUE contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re
pect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require
ments particularly in counting and sequence· 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

The CD4035A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (D, F, and Y suffixes), 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Applications 

• Counters, Registers 
Arithmetic-unit registers 
Shift left - shift right registers 
Serial-to-parallel/parallel-to-serial conversions 

• Sequence generation 
• Control circuits 
• Code conversion 

MAXIMUM RATINGS, Absolute-Maximum Values: 

PARALLEL IN 

~I' 101 2 111 3 ---------1214 

('J~ 
sER t 3 IN 'K"":':'-

CLK~ CD4035A 
p,,2- 4-STAGE REGISTER 

TIC L 

RESET ~ 

VOD"16 

I' 1'5 1'4 1'3 Vss =8 

, OJ/Ol Q!02 0,/0, 04/04 
.~ 

TIC OUT 

92CS-19966RI 

CD4035A 

FUNCTIONAL DIAGRAM 

STORAGE-TEMPERATURE RANGE (Tstg) ............................ -66 to +150oC 

OPERATING-TEMPERATURE RANGE (T A); 

PACKAGE TYPES D, F, K, H .........................•......... -55 to +125°C 

PACKAGE TYPES E, Y ....................................... -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (VDD ) 

(Voltages referenced to VSS Terminal); .............................. -0.5 to +15V 

POWER DISSIPATION PER PACKAGE (P D); 

FOR T A = -40 to +60oC (PACKAGE TYPES E, Y). . . . . . . . . . . . . . . . . . . . . . . . .. 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E,Y) ........ Derate Linearly at 12mWtC to 200 mW 

FOR T A = -55 to +l00oC (PACKAGE TYPES D. F, K) ....................... 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K). . .. Derate Linearly at 12mWtC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . . . . . .. 100mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......................... -0.5 to V DD +O.5V 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16± 1/32 inch (1.59±0.79 mm) from case for lOs max ............... +265°C 

RECOMMENDED OPERATING CONDITIONS at TA=250 C, except as noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD D, F,K,H E, Y UNITS 
{V} PACKAGES PACKAGES 

MIN. MAX. MIN. MAX. 

Supply Voltage Range {For T A = Full 
3 12 3 12 V 

Package-Temperature Range 

I Data Setup Time. tS: 

J/K Lines 
5 500 - 750 -

10 200 - 250 -
ns 

5 350 - 500 -
Parallel-In Lines 

10 80 100 - -

5 335 - 500 -
Clock Pulse Width, tw 

10 165 250 
ns 

- -

Clock Rise and Fall Time, trCL,tfCL 
5 - 15 - 15 

10 - 5 - 5 
I-Is 

5 400 - 500 -
Reset Pulse Duration, tw 

10 175 200 
ns 

- -
-

~---------------------------------------------------------------------



CD4035A Types 
PARAL.LEL 
SERIAL 
CONTROL (PIS) 

.70------1 

., RESET 

TRUE/CQMPL. 

·2 eTIC) 

FIRST STAGE TRUTH TABlE 

tn-I IUfPUTS I 

CL oJ Q".I 

J 0 • 0 

..r 0 

F • 0 0 ..r 0 0 0.-1 

J 0 

\.. 0 0.-1 

• • 

PARALLEL 
INPUT-I 

• 

P/S-O-SERIAL MODE 
TIC. I- TRUE OUTPUTS 

tn(OUTPUTS) 

o. 
o 

o 

01 

vss 
ALL INPUTS PROTECTED BY 
COS/YOS PROTECTION NETWORK 

INPUT TO OUTPUT 'S: 
01 A BIDIRECTlC*AL LOw 'MPEDAHCE 

WHEN CONTROL ItoIPUT I IS LOW 
AND CONTROL INPUT 2 IS HIGH 

Fig_ 1 - Logic block diagram_ 

STATIC ELECTRICAL CHARACTERISTICS 

b) AN oPEN CIRCUIT WHEN CONT~ 
INPUT I IS HIGH AND CONTROL 
INPUT 2 IS LOW 

HCM-I,,,7RI 

LIMITS AT INDICATED TEMPERATURES (oC) 
CONDITIONS 

0, K, F, H PACKAGES E, Y PACK~GES 
CHARACTERISTICS I--,---.--+--,'---'"---'----r--t--,---.---"'--r---t UNITS 

Vo V,N VDD -55 1--_"" .... 25_--1+125 -40 1-_+2~5=---I +85 

Quiescent Oevice 
Current, I L Max. 

Output Voltage: 
Low Level, 

VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margin: 
Inputs Low, 
VNML 

Inputs High, 
VNMH 

Output Drive 
Current: 

N-Channel 
(Sink), 

ION Min. 

P-Channel 
(Source): 

'OPMin. 

'nput Leakage 
Current, 

'IL,I'H 

(V) IV) (V) TYP. LIMIT TYP; LIMIT 

5 5 0.3 5 300 50 0.5 ~O 700 

10 10 0.5 10 600 100 100 1400 /JA 

15 50 50 2000 500 5 500 5000 

5 5 o Typ.; 0.05 Max 

10 10 o Typ.; O.OS Max 

V 
o 5 4.95 Min.; 5 Typ. 

o 10 9.95 Min.; 10 Typ. 

4.2 5 1.5 Min.; 2_25 Typ. 

9 10 3 Min.; 4.5 Typ. 

V 
0.8 5 1.5 Min.; 2.25 Typ. 

10 3 Min.; 4.5 Typ. 

4.5 5 1 Min. 

9 10 1 Min. 

v 
0.5 5 1 Min. 

10 1 Min. 

0.5 5 0.62 1 0.5 0.35 0.43 1 0.35 0.24 

0.5 10 1.55 2.5 1.25 0.87 1.05 2.5 0.85 0.59 
mA 

4.5 5 -0.31 -0.5 -0.25 -0.17 -0.2 -0.5 -0.18 -0.12 

9.5 10 -0.81 -1.3 -0.65 -0 .. 45 -0.56 -0.:31 -0.45 -0.31 

tl0-5 Typ., tl Max. 
/JA 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

~~:I~:Z ~~:~~::~~:~ ~~~;:,~;iNT FOR ALL VALUES ~~ OF VDD -0.3 .... ,·C 
i CLOCK.ED OPERATION ~ 
~ 

f 
-~ 
= 400 

su,~~:"~~SNOO'.:!. ~ :c 
~ sao 

:::j::. c, ~ a 200 10"; Il;;;; 
I:t;;;;;: :!; 

f 

r 
;: 

-
~~~ -~ .. t 

100 
1:":: --- ..... 

,.++ -- .. .... 
0 10 00 0 40 '0 60 70 80 90 

LOAD CAPACITANCE (CLI- pF 
92CS-19i611 

Fig. 2 - Typical propagation delay time vs. 
load capacitance. 

AMBIENT n"PERATuRE ITA'*Z5-C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUts:!:: 0'''00*°'''''-' .~+. 
CLOCK'O ""<Rm"" i.E:j!..~:' _. :IT .......... 

10...±:t 

" 

~ ~ ~ ~ ~ 60 ro 60 ~ 
LOAD CAPACITANCE ICLI-pF 

Fig. 3 - Typical transition time vs. load 
capacitance. 

SUPPLY VOLTS (YDO' 
92cs-r9970 

Fig. 4 - Typical clock input frequency vs. 
supply voltage. 

10 AMIIENT TEMPERATURE CT.'-25-C 
ALTERNATING ·0· 

• AND -,- PATTERN i 10' 

~ 

L~D CAPACI1J.NCE (!;",I-USpF 
-- CL -SOpF 

10 102 103 10" 
IIII'UT CLOCK FREQUENCY Ifel) - kHz 92CS-17I01R3 

Fig. 5 - Typical dynamic power dissipation 
charac te ris tics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4035A Types 
DYNAMIC ELECTRICAL CHARACTERI$TICS 

At TA = 250 C, Input tr,t'f = 20 ns, CL = 15 pF, RL = 200 kn 

LIMITS 

CHARACTERISTICS 
TEST D,F,K,H E, Y 

UNITS 
CONDITIONS PACKAGES PACKAGES 

VDD 
(V) Min. Typ. Max. Min. Typ. Min. 

CLOCKED OPERATION 

Propagation Delay 
5 - 250 500 - 250 700 

Time: ns 
tplH, tpHL 10 - 100 200 - 100 300 

Transition Time: 5 - 100 200 - 100 300 

tTHL, tTLH 
ns 

10 - 50 100 - 50 150 

Minimum Clock 5 - 200 335 - 200 500 
Pulse Width, tw ns 

10 - 100 165 - 100 250 

Maximum Clock 
5 15 15 

Rise & Fall Time - - - -
IlS 

trCl' tfCl * 10 - - 5 - - 5 

Minimum Setup Time: 5 - 250 500 - 250 750 
- ns 

J/K Lines 10 - 100 200 - 100 250 

5 - 100 350 - 100 500 
Parallel-In Lines 

10 - 50 80 - 50 100 

Maximum Clock 5 1.5 2.5 - 1 2.5 -
Frequency, fel 10 3 5 - 2 5 - MHz 

Input Capacitance, CI Any Input - 5 - - 5 - pF 

RESET OPERATION 

Propagation Delay 
5 - 250 500 - 250 700 

Time: ns 
tpHl' tplH 10 - 100 200 - 100 300 

Minimum Reset Pulse 5 - 200 400 - 200 500 
Width, \v ns 

10 - 100 175 - 100 200 

<If more than one unit is cascaded trCL should be made less than, or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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NOTE: vss 
TEST ANY COMBINATION 
OF INPUTS 9ZtS-2744 I 

Fig. 6 - Noise-immunity test circuit. 

INPUTS 

• Y1S 

Fig. 7 - Ouiescent·dev;ce-current 
test circuit. 

NOTE 

"USUIIf: INPUTS 
SEQUENTIALLY. Vss 
TO 10TH "00 AND \/SS. 
CONNECT ALL-.aI 
....,,5 10 EITHER 
Yeo Qlltyss· 'IlCS-l'OIOI 

Fig. 8 - Input-!eakage-current 
test circuit. 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD403 7 A Types 

COS/MOS Triple AND/OR Bi-Phase Pairs 
The RCA-CD4037A consists of three AND/ 
OR pairs driven by common control signals 
A and B_ 

TRUTH TABLE 
9A 

INPUT 

Each circuit has a data input (C), and two out
put terminals (D and E) that provide outputs 
in accordance with the truth table shown in 
Fig. 1. The circuit is useful for coding or de
coding signals for split-phase (Bi-phase) com
munication systems, magnetic recording, and 
plated wire and core memory systems. A sep
arate VCC terminal is provided to allow level 
conversion to any voltage from 3 volts to V D D. 

* C I 

* C2 

* 

01 

EI 

02 

E2 

03 

L-________________ ~E3 

* AU. INPUTS ARE 
PROTECTED BY 
COS'MOS PROTECTION 
NETWORK 

A 

0 

I 

0 

I 

The CD4037 A-Series types are supplied in 14-
lead hermetic dual-in-line ceramic packages 
(0, F, and Y suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

£\_ Vo;3 

Vss 
Fig. 7 - Logic diagram and truth table. 

RECOMMENDED OPERATING CONDITIONS. For maximum reliability, nominal operating 
conditions should be selected to that operation is always within the following ranges: 

LIMITS 

CHARACTE RISTIC VDD D,F,K,H E, Y UNITS 
(V) PACKAGES PACKAGES 

MIN. MAX. MIN_ MAX. 

Supply-Voltage Range (For T A = Full 3 12 3 12 V 
Package-Temperature Range) 

CAUTION: VCC VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN VDD 

DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA = 25·C, Input t r, tf= 20 ns, CL = 15 pF, RL = 200 kn 

TEST 
LIMITS 

CHARACTE RISTIC CONDITIONS D,F,K,H E, Y UNITS 
PACKAGES PACKAGES 

VOD 
(V) MIN. TYP_ MAX. MIN_ TYP_ MAX_ 

Propagation Delay Tirre: 5 - 225 450 - 325 650 ns A and B Inputs 
10 75 150 100 200 - -

tpHL· tpLH 

C Inputs 5 - 250 500 - 350 700 

tpHL 10 - 75 150 - 100 200 ns 

tpLH 5 - 225 450 - 325 650 

10 - 90 180 - 125 250 

Transition Time: 5 - 40 80 - 60 120 
High-to- Low Level, 10 15 30 - 20 40 ns -

tTHL 

Low-to-High Level, 5 - 75 150 - 100 200 ns 

tTLH 10 - 60 120 - 90 180 

Input CapaCitance, CI Any Input - 5 - - 5 - pF 

B 

0 

0 

I 

I 

OUTPUT 

0 

I 

C 

C 

0 

E 

I 

C 

C 

0 
5 r- - - - ----- - -- ""!.!f 02 

c:;11 ANDIOR PAIR I" 
IL----rr --------FE2 

6 r ---- --------.!D3 

it ___ ~N~~ ~A~ ___ J..!E3 

CO 4037 A 92CO-O""., 
FUNCTIONAL DIAGRAM 

Features: 

• Outputs compatible with low-power TTL 
systems. 

• High sink and source current (1_6 mA typ_1 

capability at VOO = VCC = 10Vand 

VOS =0.5 V. 

• Microwatt quiescent power dissipation; 
Po = 0_5 J.LW/ceramic pkg_ (typ.), Po = 
2 J.LW/plastic pkg_ (typ.l at V OD = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 J.LA at 

15 V (full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 

Applications: 

• Split-phase (Bi-Phase) communication sys
tems. 

• Disc, drum, and tape digital recording 
systems. 

• Plated wire and core memory systems. 
• High-t~low logic level converter. 

A,H,ORC 
INPUT 

INVERTING 
OUTPUT 
o OR E 

"CS-2D07t 

Fig.2 - Waveforms for measurement of dynamic 

characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4037 A Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg) .,. 

OPERATING·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H ••...•... 

P ACKAG E TYPES E, Y ••.. . . . . . • 

DC SUPP L Y ·VO L TAG E RANG E, (V DO) 

(Voltages referenced to VSS Terminal) .. 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA ~ -40 to +60· C (PACKAGE TYPES E, Y) 

-65 to +150· C 

-55 to +125· C 

-40 to +85· C 

-0.5 to +15 V 

500 mW 

FOR T A ~ +60 to +85 0 C (PACKAGE TYPES E, Y) ' .. Derate Linearly at 12 mWJ" C to 200 mW 

FOR T A ~ -55 to +100· C (PACKAGE TYPES 0, F, K) . . . . . . . . . . . . . . . 500 mW 

FOR TA ~ +100 to +125 0 C (PACKAGE TYPES 0, F. K)Derate Linearly at 12 mWi" C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A ~ FULL PACKAGE· TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . . . . . .. +265' C 

STATIC ELECTRICAL CHARACTERISTICS. 

LIMITS AT INDICATED TEMPERATURES (oC) 
CONDITIONS 

D. K, F, H PACKAGES E. Y PACKAGES 
CHARACTERISTICS UNITS 

Vo V IN VDD +25 +25 
-55 +125 -40 +85 

(V) (V) (V) TYP. LIMIT TYP. LIMIT 

- - 5 5 0.03 5 300 50 0.1 50 700 
Quiescent Device 

Current. I L Max. - - 10 10 0.05 10 600 100 0.2 100 1400 JiA 

- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max 
Low Level. 

VOL - 10 10 o Typ.; 0.05 Max 
V 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - a 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
4.2 5 1.5 Min.; 2.25 Typ. 

Inputs Low. 
-

V NL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
V NH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margi n: 
4.5 - 5 1 Min. 

Inputs Low. 
VNML 9 - 10 1 Min. 

V 
Inputs High. 0.5 - 5 1 Min. 
V NMH 1 - 10 1 Min. 

Output Orive 
Current: 
N-Channel 
(Sink). 0.5 - 5 0.85 0.7 1.2 0.45 0.4 0.35 0.7 0.3 

ION Min. 0.5 - 10 1.3 1.1 2 0.7 0.65 0.55 1.1 0.45 
mA 

P-Channel 
(Source): 4.5 - 5 -0.65 -0.55 -1 -0.35 -0.35 -0.3 -0.55 -0.2 

lOP Min. 9.5 - 10 -0.9 -0.75 -1.6 -0.45 -0.5 -0.4 -6.75 -0.3 

Input Leakage 

-T~r5 Current, 

IIL·IIH ±10-5 Typ .• ±1 Max. JiA 

For quiescent device current, noise immunity. and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 

'0 

20 
LOAD CAPACITANCE'CLI~pF 

Fig.3 - Typica/ transition time vs. 
load capacitance. 

Fig.4 - Typical transition time vs. 
load capacitance. 

I 
LOAD CAPACITANCEICL}-pF 

9ZCS-tU25 

Fig.5 - Typical propagation delay time lIS. 

load capacitance. 

�0·r------,r------,------~-------, 

~ 
I 10'~----~~----~------~~~~~ 

.~ 

~ 
U 10l r-------r-------:P"""~r.~.L-7""'----l 
~ 
o 
c 
~ 10 I ~------l,..£_..,....;...:....,LL ___ <::. --+--------1 

~ 
~ 
is 
~ 

~ OJ ~-7"'''---f_.-------'~::::~~CL __ "-'-5 -P'---i 

" i IO-Z'--______ '--______ L.. ____ ~ _____ .....J 
100 103 10" IO~ 10' 

INPUT FRE.QUENCY \ f 1 - HI 

_PACKAGE CONTAINS 6 AND-OR CIRCUITS 
92.CS-19222 

Fig.6 - Typical dissipation characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4040A Types 

Features: COS/MOS 12 ... Stage 
Ripple-Carry - Medium-speed operation . 5 MHz (typ.) input pulse 

rate at VDD - VSS = 10 V QI2 I. 16 VDD 

Binary Counter/Divider - Low output impedance .. 750 n (typ.) at VDD - VSS 06 Z 15 011 
05 14 010 = 10 V and VDS = 0.5 V 07 4 13 08 

The RCA·CD4040A consists of an input· 
pulse-shaping circuit and 12 ripple-carry 
binary counter stages. Resetting the counter 
to the all-O's state is accomplished by a 
high-level on the reset line. A master
slave flip·flop configuration is utilized for 
each counter stage. The state of the counter 
is advanced one step in binary order on the 
negative-going transition of the input pulse. 
All inputs and outputs are fully buffered. 

- Common reset - Fully static operation Q4 

Q3 

5 12 OS 
6 II 

- All 12 buffered outputs available 
- Low-power TTL compatible 
- Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
- 1-V noise margin (full package-temper· 

ature range) 

Applications: 
- Frequency-dividing circuits The CD4040A·series types are supplied in 

16-lead hermetic dual-in-line ceramic pack
ages (D,F, and Y suffixes), 16-lead dual-in
line plastic package (E suffix). 16-lead cer. 

- Time-delay circuits - Control counters 

amic flat package (K suffix), and in chip 
form (H suffix). 

RECOMMENDED OPERATING CONDITONS at T A = 250 C, Except as Noted: 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 

LIMITS 

D,F,K,H 
CHARACTERISTIC 

VDD Packages 

(V) Min. Max. 

Supply Voltage Range (For T A = Full 
3 12 Package-Temperature Range) 

Input Pulse Width, tw 5 400 -
10 110 -

Input-Pulse Frequency, frp 5 dc 1 
10 de 3.5 

Input-Pulse Rise or Fall Time, trlp,tfrp 
5 15 -

10 15 -

5 1000 -
Reset Pulse Width, tw 

500 10 -

liDO 

* AU. INPUTS ARE 
PROTECTED BY • R-HIGH DOMINATES (RESETS ALL STAGES) 

COS/MOS PROTECTION -ACTION OCCURS ON NEGATIVE GOING 
NETWORK TRANSITION OF INPUT PULSE. COUNTER 

ADVANCES ONE 81NARY COUNT ON EACH 
NEGATIVE. TRANSITION (4096 TOTAL 
BINARY COUNTS). 

E,Y 
Packages 

Min. Max. 

3 12 

500 -

125 -

dc 0.9 
de 3.25 

15 -

15 -

1250 -

600 -

0, OUT - (QllCa)(ii) 
9 

'} INPUTS 
TO 2nd 
STAGE 

hp--ojo--Q, 

92CM-20748R2 

Fig. 1 - Logic diagram of CD4040A input pulse shaper and 1 of 12 stages. 

UNITS 

V 

ns 

MHz 

/1s 

ns 

.. i 12.5 

~ 
10 

a 1.5 

z 

~ 5 

25 

R 
Q2 7 10 • VSS B 9 QI 

92CS-20747RI 

CD4040A 
TERMINAL DIAGRAM 

AMBIENT TEMPERATURE (TAJ .. 2!5-C 
TYPICAL TEMP. COEFFICIENT AT ALL VAlUES OF VGS· -O.3'%'"'C 

10V 

5V 

2.5 ~ 7.5 10 12.5 15 
DRAIN - TO - SOURCE VOLTAGE {Yos'-V 

92C5-2'1510 

Fig.2 - Typical output n-channel 
drain characteristics. 

DRAI~- TO-SOlIICE VOLTAGE (Vosl-V 
-15 -10 0 

'.V 

10V 

-5 = z 

! -10 _ 
GATE-TO-SQI.R:E VOLTAGE (t:ot)-r5v 

~ 

AMBIENT TEMPEAATURE ITA 1 .2S·c 

TYPICAL TEMP. COEF'FICIENT AT ALL VALUES OF VGSa-Q.3%I-C 

Fig.3 - Typical output p-channel 
drain characteristics. 

12-5TAGE 
RI PPLE COUNTER 

v 

-!5 

12 BUFFERED OUTPUTS 

~ 

92CS-20522 

FigA - Functional diagram. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4040A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANG~ (Tstg) ................................. -66 to +1500 C 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F. K. H ................ , .... _ . .. .. . .. . .. . . . . . ... .. -55 to +125 0 C 
PACKAGE TYPI:S E. v ....................... _ . . . . . . . . . . . . . . . . . . . . . . . . -40 to +850 C 

OC SUPPLV-VOL TAGE RANGE. (V DD ) 
(Voltages referenced to VSS Terminal). . . . . . . .. . . . .. . . . . . . .. . . . . . . . . . . . .. . . . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A= -40 to +60oC (PACKAGE TYPES E. V) ............................... 500 mW 

FOR T A = +60 to +85 0 C (PACKAGE TVPES E. V) . . . . . . . . Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = -55 to .1000 C (PACKAGE TVPES D. F. K) .... . ........ _ . . . . . . 500 mW 

FOR TA=+100 to +1250 C (PACKAGE TVPESD. F. K) ...... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TVPES) .. ... . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS .. _ .............. ' ..... _. .. . .. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ............. . 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at IndiClted Temperatures (OC) 

Characteristic D,K,F,H Packages E,V Packages Units 

Va VIN VDD -55 +25 +125 -40 +25 +85 
(VI (V) (VI Typ. Limit Typ. Limit 

Quiescent Device - - 5 15 0.5 15 900 50 1 50 700 
Current. - - 10 25 1 25 1500 100 2 100 1400 p.A 

Il Max. - - 15 50 2.5 50 2000 500 5 500 5000 

Output Voltage: 
Low-Level. - 5 5 o Typ.; 0.05 Max. 

VOL - 10 10 o Typ.; 0.05 Max. 

High-Level 0 5 4.95 Min.; 5 Typ. 
V -

VOH - 0 10 9.95 Min:; 10 Typ. 

Noise Immunity: 

Inputs Low, 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNL 9 - 10 3 Min.; 4.5 Typ. 
V 

Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.: 4.5 Typ. 

Noise Margin: 
4.5 5 1 Min. -

Inputs Low. 
9 10 1 Min. -

VNML V 
Inputs High. 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N·Channel 
(Sinkl. 0.5 - 5 0.22 0.36 0.145 0.102 0.21 0.36 0.08 0.056 

ION Min. 0.5 - 10 0.44 0.75 0.4 0.250 0.42 0.75 0.2 0.14 
mA 

P-Channel 
(Source): 4.5 - 5 -0.15 -0.25 -0.1 -0.07 -0.45 -0.25 -0.06 -0.04 

lOP Min. 9.5 - 10 -0.03 -0.5 -0.25 -0.175 -0.29 -0.5 -0.15 -0.1 

Input Leakage 
Current, Any Input 

IIL.IIH - - 15 ±1 0-5 Typ., ±1 Max. p.A 

~NT TEMPERATURE nA)· 25·C 
TYPICAL TEMP. COEFFICIENT AT ALL ~UES OF "GS· -O.3%'-C 

7-" 

.. 
1&25 
{t .. 
z .. -.. a 3.75 

TE-TO-SOI.RCE VOlTAGE IVa )-15Y 

z 10V i 2.5 

I." 
5V 

o 2.5 5 1.5 10 12.5 15 
DRAIN - TO - SQURCE VOLTAGE: tVosl-V 

92C5-21512 

Fig.5 - Minimum output n-channel 
drain characteristics. 

ORAIN-TO-SQI..A:E VOLTAGE (Vcs1-Y 
-15 -10 -5 

ov 

10V -2.5 ~ .. 
z 

GATE - TO - SCIU'CE VOLTAGE (VGsl" I~ V 

AMBIENT TEMPI::RA1URE (TAl • 2~·C 
-7.5 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGS· -o.3%/-t 

9ZCS-2ISI3 

Fig.6 - Minimum output p-channel 
drain characteristics. 

Fig.7 - Typical propagation delay time vs. 
load capacitance (per stage). 

9ICS-t07e4 

Fig.S _I Typical transition time vs. load 
capacitance. 

!i 
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CD4040A Types 

DYNAMIC elECTRICAL CHARACTERISTICS at T A = 25°C, Input t r• tt = 20 ns, 

Test Conditions 
Characteristic 

~ (V) 

Input-Pulse Operation 

Propagation Delay 
5 Time, 

tPLH, tpHL· 10 

Transition Time, 5 

tTHL, tTLH 10 

Maximl.jm Input-Pulse 5 
Frequency, f¢ 10 

Minimum Input-Pulse 5 
Width, tw f=100 kHZ 

10 

Input-Pulse Rise & 5 

Fall Time, t r¢, tf¢& 10 

Average I n put 
Any Input Capacitance, C, 

Reset Operation 

Propagation Delay 5 
Time, tPHL . 10 

Minimum Reset 5 
Pulse Width, tw 10 

• Measured from the 50% level of the nega
tive clock edge to the 50% level of either 
the positive or negative edge of the 01 out
put (pin 9); or measured from the nega
tive edge of 01 through 011 outputs to 
the positive or negative edge of the next 
higher output. 

NOTE 
TEST ANY ONE INPUT, 

'Iss WITH OTHER INPUTS AT 
ncs- Z1-400 1/00 OR VSS 

Fig. 11 - Noise·immunity test circuit. 

Min. 

-

-

-
-

1 
3.5 

-
-

-

-

-

-

-

-
-

CL = 15 pF, RL = 200 kn 

LIMITS 

D,F,K,H E,Y 
Units 

Packages Packages 

Typ. Max. Min. Typ. Max. 

450 900 - 450 950 

225 450 - 225 475 
ns 

150 300 - 150 350 

75 150 -
ns 

75 175 

1.75 - 0.9 1.75 -

MHz 
5 - 3.25 5 -

200 400 - 200 500 
75 110 75 125 ns -

- 15 - - 15 

7.5 7.5 
I1S - - -

5 - - 5 - pF 

500 1000 - 500 1250 
500 600 

ns 
250 - 250 

500 1000 - 500 1250 
250 500 250 600 

ns -

... Maximum input rise or fall time for func
tional operation. 

* Measu red from the positive edge of the re
set pulse to the negative edge of any output 
(01 to 012). 

o 
·ss 

INPUTS 

92C$-27.01 

Fig. 12 - Quiescent-device-current test circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

10 AMBIENT TEMPERATURE (TA)-?5-C 

• 10' ~ 

i 
~ ~.·7 

""--- ~.p 

10' ~'..., ...", ".: F 
~ t-. ~' " ~ 10l 

_~.;J .~~~ 

~ 

i 
" I 

10' 

, -
10 .. 

LOAD CAPACITANCf: (CL).I~pF 
---- CL ·SOpF 

I 

10 102 103 

INPUT FREQUENCY If .1-kHz 
92CS-ZI5I~RI 

Fig. 9 - Typical dissipation characteristics. 

BIENT TEMPERATURE (TA l-25·C 
LOAO CAPACITANCE (C )·15" 

10 15 20 
.. PLy YOLTS("'~ 

92CS-27544 

Fig. 10 - Typical input-pulse frequency 
, vs. supply voltage. 

NOTE 

MEASURE INPUTS 
S£OUENTIALLY. 

TO BOTH Yoo AN[) Vss 
CONNECT ALL UHUSEO 

L--r----' INPVTS TO EITHEA 
Voo OR'V'SS 

·ss 
"2CO$- 2740Z 

Fig. 13 - Input-Ieakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4041 A Types 

COS/MOS Quad 
True/Complement 
Buffer 

The RCA-CD4041A types are quad truel 
complement buffers consisting of n- and 
p-channel ~nits having low channel resistance 
and hiqh current (sourcinq and sinking)capa
bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/MOS-to-TTL 
driver. I t can be used as' an ultra-low power 

resistor-network driver for AID and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im
munity and low-power dissipation are pri
mary design requirements. 
The CD4041A types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D,F, 
Y suffixes). 14-lead dual-in-line plastic pack
ages (E suffix). 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE· TEMPERATURE RANGE (Tstg ) . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . .. . -65 to +1500 C 

OPERATING· TEMPERATURE RANGE (T A): 

PACKAGE TYPES 0, F, K, H -55 to +l25oC 
PACKAGE TYPES E, Y ........ . -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 
(Voltages referenced to VSS TermInal) ............................... . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +60oC (PACKAGE TYPES E, Y) 

FOR T A = +60 to +850 C (PACKAGE TYPES E, Y) 

FOR T A= -55 to +1000 C (PACKAGE TYPES 0, F, K) 

500mW 

Derate linearly at 12 mW/oC to 200 mW 

............ 500 mW 

FOR T A = +100 to +125 0 C (PACKAGE TYPES D, F, Kl. ... Derate linearly at 12 mWloC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FUll PACKAGE· TEMPERATURE RANGE (ALL PACKAGE TYPES) . 100mW 

INPUT VOLTAGE RANGE, All INPUTS. . . . . . . . . . -0.5 to V DD +0.5 V 
lEAD TEMPERATURE lOURING SOLDERING) 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mml from case for 10 s max. 

, 

RECOMMENOED OPE.RATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply Voltage Range (For T A = Full Package 
3 12 Temperature Range) 

* ALL INPUTS PROTECTED 
By COSI MOS PROTECTION 
~ETWORK 

&{ ~'". 
~ L~OUTPUT 

1 1 
Vss Vss 

Voo 

J 
}-----~OCOMPLEMENT 

OUTPUT 

! 
Vss 92CS- 20035 A I 

Fig_1 - CD4041A schematic diagram. 

V 

Features: 
True Output 

CD4041A 
Functional Diagram 

• High current source and sink capability 
8 mA (typ.) @ VOS=0.5 V, Voe = 10 V 

3.2 mA (typ.) @VDS=0.4 V, Voe = 5 V 

(two TTL loads) 
Complement Output 
• Medium current source and sink capability 

3.6 mA (typ.) @ VOS = 0.5 V, Vee = 10 V 
1.6 mA (typ.) @VDS= 0.5 V, VOD = 5 V 

• Quiescent current specified to 15 V 
• Maximum input peakage of 1 /lA at 15 V 

(fuil package-temperature range) 
• 1-V noise margin (full package temperature 

range) 

Applications: 
• High current sourcelsink driver 
• COS/MOS-to-DTL/TTL converter 
• Oisplay driver 
• MOS clock driver 
• Resistor network driver 

(Ladder or weighted R) 

• Buffer 
• Transmission line driver 
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CD4041 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characteristic 
D,K,F,H Packages E,V Packages 

Units 
Vo VIN VDD -55 
(V) (V) (V) 

Quiescent Device - - 5 1 
Current, I L - - 10 2 

Max. - - 15 25 

Output Voltage: 
0.5 5 Low·Level, -

VOL 
- 0 .• 0 10 

High·Level, - 0.5 5 
VOH - 0.10 10 

Noise Immunity: 
3.6 5 Inputs Low, -

VNL 
7.2 - 10 

Inputs High, 1.4 - 5 
VNH 2.S - 10. 

Noise Margin: 
4.5 5 Inputs Low, -

VNML 
9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 

~ 5 2.1 Current: True 
N·Channel 0.5 10 6.25 

(Sink), ~ Compo 
5 1 

ION Min. 0.5 10 2.5 

P·Channel ~ True 
5 -1.75 

(Source) 9.5 10 -5 

lOP Min. ~ Compo 
5 -0.75 

9.5 10 -2.25 

I nput Leakage 
Current, Any Input 15 

IILIIH 

DRAIN-TO-SOUACE VOLTAGE I"DSI-V 

HCS-2005t 

Fig.S - Typical output p·channel drain charac· 
teristics - complement output. 

+25 +125 ~O +25 +85 
Typ. 

0.005 
0.005 
0.25 

3.2 
10 
1.6 
4 

-2.S 
-S 

-1.2 
-3.6 

Limit Typ. Limit 

1 60 10 0.01 10 140 
2 120 20 0.02 20 2S0 p.A 

25 1000 250 2.5 250 2500 

o Typ.; 0.05 Ma/(. 
o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 
V 

9.95 Min.; 10Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
V 

3 Min.; 4.5 Typ. 

1 Min. 
1 Min. 

V 
1 Min. 
1 Min. 

1.6 1.2 1 3.2 O.S 0.7 
5 3.5 3 10 2.5 2.2 

O.S 0.55 0.5 1.6 0.4 0.35 
2 1.4 1.2 4 1 0.9 

rnA 
-1.4 -1 -0.S5 -2.S -0.7 -0.6 
-4 -2.S -2.4 -S -2 -1.8 

-0.6 -0.4 -0.35 -1.2 -0.3 -0.27 
-loS -1.25 -1.1 -3.6 -0.9 -0.8 

±10-5 Typ.; 1 Max. p.A 

IKS-20040 

Fig.6 - Minimum output n-channel drain charac· 
teristics - true output. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

10 * DRAIN VOLTAGE (Yos)-V 

SEIE FIG. 17 FOIl INPUT RISE AM) FAU. I2CS-20036 
TillE LlMlT .. TIOIWS 

Fig.2 - Typical output n-channel drain charac
teristics - true output. 

DRAIH-TO-SOURCE VOLTAGE IVDS)-Y 

Fig.3 - Typical output p-channel drain cherac
teristics - true output. 

*5[( FIG.,1 FOR 'fr\lPuT RISE ANDFAL.L 
TI"£ LIMITATIONS 

Fig.4 - Typical output n-channel drain charac
teristics - complement output. 

DRAIN-fO-SOURCE VOLTAGE Nos)-v 

Fig.7 - Minimum output p-channel drain charac
teristiCS - true output. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4041 A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C and CL = 15 pF, RL = 200 kn 

TEST 

CHARACTERISTIC 
CONDITIONS 

VDD 
(Volts) 

Propagation Delay Time: True 5 

High-to-Low Level Output 10 

tpHL Compo 5 
Output 10 

True 5 

Low-to-High Level Output 10 

tpLH Compo 5 

Output 10 

Transition Time: True 5 

High-to-Low Level Output 10 

tTHL Compo 5 
Output 10 

True 5 

Low-to-High Level Output 10 

tTLH Compo 5 
Output 10 

Input Capacitance CI Any Input 

SUPPLY voL'fAGEtVDD).15V 

IZ 

> 

~ 10 

~ • I! 

i • oo··v 

!tv. •. •• 

0 4 

V -IOV 

6 

~o 
AMBIENT TEMPERATURE 

ITA 1-2S·C 

10 12 14 16 18 
INPuT VOLTAGE 1V11- V 

92CS-20044 

Fig. 10 - Minimum and maximum transfer charac
'teristics - true output. 

'" ~50 
!! 
~401--+-+---+-
... 
~ 30 

~ 201--4"7'4-

I ~ IOI~~~~~~~ 
10 20 50 60 70 80 90 

LOAD CAPACITANCE (CLI-PF 
92CS-20047 

Fig. 13 - Typical hlgh-to-Iow level transition 
time vs. CL - complement output. 

LIMITS 

D,F,K,H E,Y UNITS 
Packages Packages 

TYP. MAX. TYP. MAX. 

65 115 

40 75 

55 100 

30 45 

75 125 

45 75 

45 100 

25 40 

20 40 

13 25 

40 60 

25 40 

20 40 

13 25 

35 55 

25 40 

15 -

IS 

=:- IUS 

~ lOY 
il! 10 

~ 
g 7.' .. 
~ • •• ... 

•• 
0 . .. 

65 140 

40 100 
ns 

55 125 

30 65 
ns 

75 150 

45 100 
ns 

45 125 

25 60 
ns 

20 60 

13 40 
ns 

40 80 

25 50 
ns 

20 60 ns 

13 40 

35 75 

25 50 
ns 

15 - pF 

AMBIENT TalPERATuRE 
ITA)-25-C 

7.5 10 12.5 15 
INPUT VOLTAGE 1Vt)-V 

Fig. 1 1 - Minimum and maximum transfer charac
teristics - complement output. 

':l 
~KlO 
~8011--4-~~~~-~~1--+-+--; 
;:: 

56011--t-+-
l!l 
i5 4011--f=----+:=~_.~ -'I--+-+--;----j 
!;;i 
~~~-+--4--~-+-+--1-~-+-~ 
~ 

LOAD CAPACITANCE (CLI-PF 
92C$-20048 

Fig. 14 - Typicallow·to-high level propagation 
delay time VB. CL - true output. 

92CS-ZOO4! 

Fig.8 - Minimum output n-channel drain charac
teristics -complement output. 

DRAIN- TO-SOURCE vOLTAGE 1Vos)-V 92'5-20043 

Fig.9 - Minimum output p-channel drain charac
teristics - complement output. 

92C5-20046 

Fig. 12 - Typical transition tIme vs. 
CL - true output. 

~80~-+--+--= 
;:: 

~60 
l!l 
~40 

~ 201----;:=--+--

~ 
10 20 30 40 so 60 70 80 90 

LOAD CAPACITANCE (CLI-PF 
92CS-20049 

Fig. 15 - Typicallow-to-high level propagation 
delay time vs. CL - complement output. 
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CD4041 A Types 

Fig. 16 - Typical power dissipation vs. 
frequency per output pair. 

VS5 

NOTE: 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

92C5- 27400 Voo OR Vss 

Fig. 19 - Noise immunity test circuit. 

~ 
ft- rtit-

" III 
,-"..Jo' 

tBY " f-' ,.f> 
" .-. .-

.,dl 

~ 
;7i 

VOO"'V, '.100 .... ;: 

.~ 
,#, 

~f[IIPfMT\JM: 

I« (V.IlIl..0 ., \T~~. ZSOCJff£Et 
, ,. .. ' .. ' .. ' 00' 00' 

'''~UT IUSe: _ ' ... ll TIME - ... 

Fig. 17 - Typical power dissipation vs. input 
rise & fall time per output pair. 

NOTE: 

MEASURE INPUTS 
SEOUENTIALLY. 

TO BOTH Voo AND Vss' 
CONNECT ALL UNUSED 

'-_,--_-' IIIPUTS YO EITHER 
Voo CRVss· 

Vss 

92C5-21402 

Fig.20 - Input leakage current test circuit. 

... 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

o 
Vss 

INPUTS 

,ze5-21"401 

Fig. 18 - Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4042A Types 

COS/MaS Quad Clocked "0" Latch 
The RCA-CD4042A types contain four latch 
circuits, each strobed by a common clock_ 
Complementary buffered outputs are availa
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 

and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 
The CD4042A types are supplied in 16-lead 
hermetic dual-in-Iine ceramic packages (0, 
F, and Y suffixes), 16-lead dual-in-Iine plas
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H suf
fix). 

MAXIMUM RATINGS, Abso/ufll-Maximum Values: 

STORAGE-TEMPERATUR·E RANGE (Tstg) ........•........•.•....... -65 to +1500C 
OPERATING·TEMPERATURE RANGE (TA): ° 

PACKAGE TYPES 0, F, K, H .•.•.•............................ -55 to +125 C 
PACKAGE TYPES E,Y ..•.•........•....•................... -40 to +850C 

DC SUPPLY-VOLTAGE RANGE, (VDO) 
(Voltages referenced to Vss Terminal!: ..................•.......•. -0.5 to +15 V 

POWER DISSIPATION P~R PACKAGE. (PO): 
FOR TA = -40 to +60 C (PACKAGE TYPES E.Y) ......................... 500 mW 
FOR T A = +60 to +85°(: (PACKAGE TYPES E. Y) ....•. Derate Linearly at 12 mW/oC to 200 mW 
FOR TA = -55 to +100oC (PACKAGE TYPES D. F, K) '" ................... 500 mW 
FOR T A = +100 to +1250C (PACKAGE TYPES 0, p. K) ... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .....•. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........................ -0.5 to VOD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ...•.......... +2650 C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tr ' tr = 20 ns, CL = 15 pF, 

RL =200Kn 

LIMITS 

i VDD O,F,K,H E,Y UNITS CHARACTERISTIC 
(V) Packages Packages 

Typ. Max. Typ_ Max. 

Propagation Delay 5 150 300 150 400 ns Time: tPHL, tPLH 10 75 150 75 200 
Data In to Q 

Data In to Q 
5 250 500 250 600 ns 

10 100 200 100 250 

5 300 600 300 750 ns Clock to Q 
10 125 250 125 300 

Clock to Q 
5 400 800 400 1000 ns 
10 175 350 175 400 

Transition Time: 5 100 200 100 300 ns 
tTHL, tTLH 10 50 100 50 150 

Minimum Clock 5 175 250 175 350 ns 
Pulse Width, tw 10 60 120 60 175 

Minimum Hold 5 150 300 150 350 ns 
Time, tH 10 60 120 60 150 

Minimum Setup 5 0 50 0 50 ns 
Time, ts 10 0 30 0 30 

Minimum Clock Rise 5 Not rise or fall time sensitive. JJ.S or Fall Time: tr , tf 10 

Input Capacitance, CI - 5 - 5 - pF 
(Any Input) 

0, 
4 

02 
7 

0, 
13 

O. 
'4 

CLOCK 
5 

POLARITY 
6 

VDD~ 
VssO-:-

SICS-ZOISI 

C04042A 
FUNCTIONAL DIAGRAM 

Features: 

• Clock polarity control 
• Q and Q outputs 
• Common clock 
• Low power TTL compatible 

'0 

" 
'2 

'I!! 

• Quiescent current specified to 15 V 
• Maximum input leakage of 1 p.A at 15 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 

0, 

CLOCK 

5 

Applications: 

• Buffer storage 
• Holding register 
• General digital logic 

roNE' OF FOuiiTAi'cHEs-' 
I CL I 

>-+--001 

fCoNi-Aoi..---r - - ----l 
CL I 

I 
EL I 

I 
I ., I 

POLA~TYII r>--rt>=; : 
L ____________ .-J' 

92CS·20IIO 

CLOCK POLARITY Q 
0 0 D 

~ 0 LATCH 

1 1 D 

"'""-- 1 LATCH 

Fig. , - Logic block diagram & truth table. 
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CD4042A Types 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC 
VDD O,F,K,H E,Y UNITS 
(V) Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range 
(For T A = Full Package - 3 12 3 12 V 

Temperature Range) 

Clock Pulse 5 350 - 250 - ns 
Width,tw 10 175 - 120 -

5 50 - 50 - ns Setup Time, ts 10 30 - 30 -
5 350 - 300 - ns Hold Time, tH 10 150 - 120 -

Clock Rise or Fall 5 
Not rise or fall time sensitive. JlS 

Time: tro tf 10 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at IndicaWd Temperatures (oC) . 

Characteristic D,K,F,H Packs 18S E, Y Packages Units 
Vo ~IN VDD -55 +~5 +125 -40 

+25 
+85 

(V) (V) (V) Typ. Limit TVp· Limit 

Quiescent Oevice - - 5 1 0.005 1 60 10 0.01 10 140 

Current, IL Max. - - 10 2 0.005 2 120 20 0.02 20 280 JlA 
- - 15 25 0.25 25 1000 250 2.5 250 2500 

Output Voltage: - 0,5 5 o Typ.; 0.05 Max. 
Low-Level, 
VOL - 10,10 10 o Typ.; 0.05 Max. 

V 
High Level, - 0,5 5 4.95 Min.; 5 Typ. 
VOH - 10,10 10 9.95 Min.; 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 
VNML 9 - 10 1 Min. V 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Orive 
Current: 

0.5 5 0.5 1 0.4 0.27 0.24 1 0.2 0.18 n-Channel -
(Sink), 
ION Min. 

0.5 10 1.25 2 1 0.7 0.6 2 0.5 0.45 -
mA 

p-Channel 4.5 - 5 -0.45 -1 -0.35 -0.25 -0.2 -1 0.175 -0.15 
(Source), 

9.5 loPMin. - 10 -1.15 -2 -0.9 -0.6 -0.34 -2 ·0.45 ·0.4 

Input Leakage Any 
±10-5 Typ.; 1 Max. Current, 15 JlA 

IIL"IIH Max. 
Input 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

z 
c 
l! 10 

AMBIENT TEMPERATURE (TAl. 2S·C 

TYPICAL TEMPERATURE COEfFICIENT FOR Io--o.3%'-C 

GATE -TO-SOURCE VOLTAGE ('lOS 1-15 V 

10V 

eV 

2.S 7.5 10 12,5 IS 

DRAIN-lO-SOURCE VOLTAGE (VDSJ-V 

szes- lOlieRI 

Fig. 2 - Typical output n-channel drain 

charactrlriericlI. 

DRAIN-TO-SOUICE YOLTAGE 'YoSl-V 
-I "10 

IV .. 
lOY 

-10 !i 
~ 

GATE-TO-SOtfiCE VOLTAGE ( l-r5V 

AMBIeNT TEMPERATURE fTA 1 • 25-C 

TYPtCAL TEMPERATURE COEFFICIENT FOR ID .-03%1ec 

UCS-2OIa? 

Fig. 3 - Typical output p-channel drain 

charactrlristics. 

MeEHl TblPEAATIME CTA)- 25-C 
TYPICAL TEMPERATUtE: COEFFICIENT FOR 10 • -0.," J-C 

'" :fE-TO-iIOIRZ VOLTAGE J-15Y 

lOY 

lOY } 
CD4042AD.C~2AK, 

CD4042A.F 

n 

-3D 

CO_2AE }---
".0 

lOY 

f}ov 
o 2.!i 5 7.5 10 125 15 

DRAIN - TO - SOURCE 'IOl..TAGE ("os) 
92CS~20" 

Fig. 4 - Minimum n-channel drain chafBCtrlristicl$. 

DRAIN - TO -SOURCE VOLTAGE (Yos)-Y 
-I' -10 -5 0 

AMBIENT TEMPERATURE ITA)- ZS-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOA ID--0.3""-<: 

lOY 
10V 

GATt-TO-SOURCE WLTAGE( )01S 

}
CD ___ • 

CD4042AF' 

---}CD4CI4UE -. 
.... -

Fig, 5 - Minimum p·channel drain characterierics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4042A Types 

1 NOTE I 

CL8.
CK -=-::--"1~r--

NOTE 2 I_ 
I 

DATA 'I..J 

LATDl HlGHI I 
1=i i I 

IN~UT j-'ST'H I 
~ I L-__ ~ ______ ___ 

l~~~i I I 
~ ~I 1r----------++-i~11 ~I HIGH DATAl 

LATCHED_ 

tPHl.,llPLH tpHLI tPLH 
D1OQORII CL TOQORlI 

NOTES: 
I. FOR POSITIVE CLOCK EDGE,INPUT DATA IS LATCHED WHEN 

POLARITY IS LOW. 
2. RIll NEGATIVE CLOCK EDGE, INPUT OATA IS LATCHED WHEN 

POLARITY IS HIGH. 

')2C5-27650 

Fig. 6 - Dynamic test parameters. 

10' .,. ,0' '0' 
CLOCK FREQUENCY (tel)-Hz 

'2(;S-202OO 

Fig. 11 - Typical dissipation characteristicfL 

92C5-27631 

Fig. 7 - Typical propagation delay time VS. 

load capacitance- data to Q. 

LOAD CAPACITANCE (ell - pi=' 

92C5-27633 

Fig. 9 - Typical propagation delay time VI. load 
capacitance - clock to Q. 

o 
Vss 

INPUTS 

UCS-lJ'401 

Fig. 12 - Quiescent device current test circuit. 

NOTE' 

MEASURE INPUTS 
st:QUENTIALLY. 
TO BOTH VDD AND 1Iss· 
CONNECT ALL UNUSm 

'---'T""-..J INPUTS 10 EITHER 
VooCll!VSS' 

'2'C'-27402 

Fig. 14 - Input leakage currant test circuit. 

LOAD CAPACITANCE (CL) - pF 

92C5-27632 

Fig. 8 - Typical propagation delay time VS. load 
capacitance - data to Q. 

LOAD CAPACITANCE {ell - pF 

tZQ-Z?e,4 

Fig. 10 - Typical propagation delay time vs. load 
capacitance - clock to ii 

Fig. 13- Noise immunity test circuit. 
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CD4043A, CD4044A Types 

COS/MOS Quad 3 .. State 
R/S Latches 
Quad NOR R/S Latch - CD4043A 
Quad NAND R/S Latch - CD4044A 

The RCA-CD4043A types are quad cross
coupled 3-state COS/MOS NOR latches and 
the CD4044A types are quad cross-coupled 
3-state COS/MOS NAND latches_ Each latch 
has a separate Q output and individual SET 
and RESET inputs_ The Q outputs are con
trolled by a common ENABLE input. A log
ic "1" or high on the ENABLE input can
nect~ the latch states to the Q outputs_ A 
logic "0" or Iowan the ENABLE input 
disconnects the latch states from the Q out
puts, resulting in an open circuit condition 
on the Q outputs. The open circuit feature 
allows common busing of the outputs. The 
logic operation of the latches is summarized 
in the truth table shown in Fig. 1. 

SI 

RI 
01 

52 

R2 
02 

53 

R3 
03 

S4 
04 

R4 

ENABLE 
13 

NC 

B 

C04043A V55 92es- 2022lRI 

FUNCTIONAL DIAGRAM 

Applications: 

• Holding register in multi
register system 

The CD4043A and CD4044A types are sup
ply in 16-lead hermetic dual-in-line ceramic 
packages (D, F, Y suffixes). 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix). and in chip 
form (H suffix). 

• Four bits of independent 
storage with output ENABLE 

• Strobed register 
• General digital logic 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) ............•...••.•...•.•. -65 to +1500C 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F. K, H ...••........•....•..••...•...•••. -55 to +125QC 
PACKAGE TYPES E,Y ..•. _ •. _ .............•....•...•....... -40 to +85QC 

DC SUPPLY-VOLTAGE RANGE. (VOD) 
(Voltages referenced to VSS Termina)): ........•................... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD); 

FOR TA = -40 to +60QC (PACKAGE TYPES E,Y) ......................... 500 mW 
FOR TA = +60 to +85°C (PACKAGE TYPES E, V) ...... Derate Linearly at 12 mWlC to 200 mW 
FOR TA = -55 to +100oC (PACKAGE TYPES D, F, K) ...................... 500mW 
FOR T A = +100 to +125QC (PACKAGE TYPES D, F, K) ... Derate Linearly at 12 mWlC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 

INPUT VOLTAGE RANGE, ALL INP'JTS ........•.......••..•... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max .............. +2650C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges; 

LIMITS 
VDD D,F,K,H E,Y CHARACTERISTIC (V) Packages Packages 

Min_ Max_ Min_ Max_ 

Supply-Voltage Range 
(For T A = Full Package - 3 12 3 12 
Temperature Range 

Set or Reset Pulse 5 200 - 225 -
Width, tw 10 100 - 110 -

UNITS 

V 

ns 

COSIMOS DIGITAL INTEGRATED CIRCUITS 

ENABLE NC 

CD4044A V5S 
92CS~202Z2 

FUNCTIONAL DIAGRAM 

Features: 

• 3-Level outputs with common 
output ENABLE 

• Separate SET and RESET inputs 
for each latch 

• NOR and NAND configurations 
• Quiescent current specified to 15 V 

• Maximum input leakage of lIlA at 15 V 
(full package-temperature range) 

• l-V noise margin (full package-temperature 
range) 

CD4D43A-NOR 

lONE OF FoUR'LATCHE51 
I E I 

4 I 
51 I 0 1 

I 
I 

RI 3 I I 
L ______ .J 
5 

EN~: 
S R E Q 

x x 0 Oc* 
o 0 I NC+ 
I 0 I I 
o I I 0 
I I I I!. 

*OPEN CIRCUIT 
.. NO CHA'IIGE 
1!1 DOMINATED BV $" I INPUT 

92CS-20211 

SI 

CD4D44A-NAND 

r ONEOFFOUR LATCH~ I 
I E I 

x x 0 OC* 
I I I NC+ 
o I I I 
I 0 0 
o a I!. I!. 

*OPEN CIRCUIT 
+ NO CHANGE 
I:t,/j DOMINATED BY R=O INPUT 

92CS~20212 

Fig_ 1 - Logic diagrams and truth tables. 
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CO~M~DIGITALINT~RATEDCIRCUln __________________________________ _ 

CD4043A, CD4044A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (oC) 

Characteristic 
D ,K,F,H Packages £, Y Packages Units 

Vo VIN VOO +25 +25 
(V) (V) (V) -55 

Typ. Limit 
+125 -40 

!ryp. Limit 
+85 

-
Quiescent Device 

- 5 1 0.005 1 60 10 0.01 10 140 

Current, IL Max. - - 10 2 0.005 2 120 20 0.02 20 280 J.l.A 
- - 15 25 0.25 25 1000 250 2.5 250 2500 

Output Voltage: - 0,5 5 o Typ.; 0.05 Max. 
Low-Level, 
VOL - 0,10 10 o Typ.; 0.05 Max. 

V 
High Level, - 0,5 5 4.95 Min.; 5 Typ. 

VOH - 0,10 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
4.2 - 5 1.5 Min.; 2.25 Typ. 

Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ.; 

VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 
Inputs Low, 

- 5 1 Min. 

VNML 9 - 10 1 Min. 
V 

Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
n-Channel 0.5 - 5 0.25 0.5 0.2 0.19 0.12 0.5 0.1 0.09 

(Sink), 
IDN Min. 

0.5 10 0.61 1 0.5 0.35 0.3 1 0.25 0.22 -
mA 

p-Channel 
4.5 - 5 -0.22 ·0.5 -0.175 -0.12 0.11 -0.5 ·0.09 -0.08 

(Source), 
IDPMin. 9.5 - 10 -0.5 -1 -0.4 -0.28 0.24 -1 -0.2 -0.18 

Input Leakage 
Any ±10-5 Typ.; ±1 Max. Current, 15 J.l.A 

IIL,I'H 
Input 

DYNAMIC ELECTRICAL CHARACTER ISTICS at T A = 2SoC; Input t r , tt = 20 ns, CL = 15 pF, 

RL = 200 kU 

LIMITS 
VDO D,F,K,H £,Y 

CHARACTER ISTIC UNITS 
(V) Packages Packages 

Typ. Max. Typ. Max. 

Propagation Delay 
5 175 350 175 400 

Time: tpH L, tPLH ns 

SET or RESET to Q 
10 75 175 75 200 

3-State Propagation Delay 
5 100 200 100 200 Time: ENAB LE to Q ns 

tpHZ, tpZH 
10 50 100 50 100 

5 80 160 80 160 ns tpLZ, tpZL 10 40 80 40 80 

Transition Time: 5 100 200 100 250 ns 
tTHL, tPLH 10 50 100 50 125 

Minimum SET or RESET 5 80 200 80 225 ns 
Pulse Width, tw 10 40 100 40 110 

Average Input Capacitance, CI - 5 - 5 - pF 
(Any Input) 

460 
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DRAIN-TO-SDURCE VOLTAGE {Vos)-\I 

Fig. 2 - Typical output n·channel drain 
characteristics. 

DRAIN-TO-SOURCE vOLTAGE ('1051-'0' 
-15 -10 ~!\ 

.-

Fig. 3 - Typical ou tput p-channel drain 
characteristics. 
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I 
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Fig. 4 - Minimum n·channel drain characteristics. 
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Fig. 5 - Minimum p·channel drain characteristics. 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4043A, CD4044A Types 

,4"81£,.T TEMPERATURE I TAla 25·C 
TYPICAL TEMPERATURE COEFFICIENT f 300 fOR 10' o·! % ,-e 

-:. 
f 
':' 260 

~ 
- 200 
W 

o 10 20 30 40 50 60 
LOAD CAPACITANCE (Cl)-pF 

70 80 90 

.: ISO 
!;l 

'" z 100 

!? 
~ 50 
e: 

AMBIENT TEMPERATURE ITA)- 25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR [D- 0.3 % lac 

~ ~ ~ ~ w ~ ro ~ ~ 

LOAD CAPACITANCE ICL'-pF 

10' AMIIE:rrn TEMPERATURE I fA ,- 215-C 

o 

: = 10 2 

o 

l!i 2 10 

I 

10' 10. 10' 

LOAD CAPACITANC 
CLa!!) pF 
CL·50,F 

OUTPUT FREQUENCY-Hz 

Fig. 6 - Typical propagation delay time vs. CL. 
j92Cs-20220 

Fig. 7 - Typical transition time III. CL. 
92CS-20201 

INPUTS 

Vss 

NOT[: 
TEST AN' ONE INPUT. 
WITH OTHER INPUTS AT 

92CS-17.00 Voo OR Vss 

Fig. 8 - Typical dissipation charactrlristics. 

NOTE' 

MEASURE INPUTS 
SEQU[NTIALL' • 
TO 80TH VOD AND VsS· 
CONNECT ALL UNUSED 

L-_..,-._-' 1NP\IT5 10 EITHER 
Yoo OR VSS' 

Vss 

,ZCS-l740Z 

Fig. 9 - Quiescent device current rest circuit. Fig. 10 - Noise immunity trlstcircuit. Fig. 11 - Input leakage current test circuit. 

TEST IN IN A 

'PHZ Voo Vss VSS 

'PLZ Vss Voo Voo 

ENABLE 'PZH Voo Vss VSS 

'PZL Vss voo Voo 

z. HIGH IMPEDANCE 

50'110 v---------'\J So; Voo 

ENABLE --=::.;'r ~vss 

'PZH-1r-........ I ~ - 213 Voo 

(lN~::.&.vss) >1"'"'0'110 -1I3Voo 

POINT A .213 Voo 
(IN.VS$.iN-voo) 

fpZl -+ -. (/3VOO 

Fig. 12 - ENABLE propagation delay time trlst circuit and waveforms. 

APPLICATIONS 

Voo 

IMn 

Voo 

92CS-20209RI 

Fig. 13 - Switch bounce eliminator. 
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LOAD A 

ENABlEAo-----------+-~ 

• 
6 
12 
I. 
3 C04043 

7 

15 

LOAD B 

ENABLE B 0-_________ -+ __ --' 

12 

BuS C I. 
3 C04043 

7 

" 
LOAD C 

ENABLE C o-----------+-----l 

4 

6 
12 

" 

10 

10 

10 

3 C04043 10 

7 

" 15 _____ J 

LOAD D 

ENABLE oo-----------+-----l 
RESET 

Fig. 14 - Multiple bus storage. 

} '"""' DATA 
BUS 

2/3 C04009 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4045A Types 

COS/MOS 21-Stage Counter 
The RCA-CD4045A is a timing circuit con
sisting of 21 counter stages, two output
shaping flip-flops, two inverter output 
drivers, three 5.5-V zener diodes (providing 
transient protection at 16.5 V), and input 
inverters for use in a crystal oscillator. The 
CD4045A configuration provides 21 flip
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3.125% 
duty cycle. Push-pull operation is provided 
by the inverter output drivers. 
The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to VOO' Sn to VSS). See Fig. 3. 

The C04045A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (D, F, and Y suffixes), 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Applications: 

• Digital equipment in which ultra-low 
dissipation andlor operation using a 
battery source are primary design 
requirements. 

• Accurate timing from a crystal 
oscillator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervals in the counting 
sequence. 

• Driving miniature synchronous motors, 
stepping motors, or. external bipolar 
transistors in push-pull fashion. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) ............................. -65 to +l50oC 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H ................................... -55 to +1250C 

PACKAGE TYPES E, Y ..•...•.• ' •............................. -40 to +850 C 

DC SUPPLY-VOL TAGE ~ANGE, (VOO) 

(Voltages referenced to VSS Terminal!: .............................. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +60oC (PACKAGE TYPES E,Y). ............. ' .............. 500 mW 

FOR T A= +60 to +850 C (PACKAGE TYPES E,Y) ......... Oerate Linearly at 12 mWtC to 200 mW 

FOR T A= -55 to +1000 C (PACKAGE TYPES 0, F, K), ........................ 500 mW 

FOR T A= +100 to +125 0 C (PACKAGE TYPES D, F, K) ..... Derate Linearly at 12 mWtC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......•....... ' ........... -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ±1/32 inch (1.59 ±0.79 mm) from case for 10 smax ................ +265°C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTE R ISTIC VOO 
D,F,K,H E,Y 
Packages Packages 

(V) 
Min. Max. Min. Max. 

Supply-Voltage Range (For T A=Full 3 12 3 12 
Package-Temperature Range) 

Input-PUlse Width, tw 5 115 - 140 -
10 60 - 75 -

Input-Pulse Frequency, frp 5 dc 4.4 dc 3,5 
10 de 8.5 dc 6.5 

Input-PUlse Rise or Fall Time, trrp, ttI/J 5 - 15 - 15 
10 - 10 - 10 

462 

UNITS 

V 

ns 

MHz 

IJS 

Features: 

VDD) 4,5,6,9,10,11,12,13= 
NO CONNECTION 

92($ - 20 943 

14 

V5S CD4045A 

FUNCTIONAL DIAGRAM 

• Microwatt quiescent dissipation ... , , . 
2.5 fJ.W (typ.) @ VDD =0 5 V; 
10 fJ.W hyp.) @ VDD =0 10 V 

• Very low operating dissipation ..... . 
1 mW (typ.);@ VDD = 5 V, fcJ> = 1 MHz 

• Output drivers with sink or source 
capability ..... . 

7 mA hyp,) @VO=0.5V, 
VDD = 5 V (sink) 
5 mA (typ.) @ Vo = 4.5 V, 
VOD = 5 V (source) 

• Medium speed (typ.) ..... . 
frp= 5 MHz@VOO=5V 
f¢ = 10 MHz @ VDD E 10 V 

• 16.5 V zener diode transient protection 
on chip for automotive use 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper

ature range) 

NOTE 1: To minimize power dissipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a 150 n 
current-limiting resistor must be placed 
in series with the power supply for 
VDO>13 V. 

NOTE 2: Observe power-supply terminal connec
tions, VOD is terminal No.3 and VSS is 
terminal No. 14 (not 16 and 8 respec
tively, as in all other CD4000A Series 
16-lead devices). 



CD4045A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tr ,tf = 20 ns, 

CL = 15 pF, RL = 200 kU 

TEST 
CONDITIONS D,F,K,H 

CHARACTER ISTIC Packages 
VDD 

Min. Typ. 
(VI 

Propagation Delay Time: 5 - 2.2 
¢ to y or y+d out 
tPLH,tPHL 10 - 1.2 

Transition Time: 5 - 450 

tTHL, tTLH 10 - 375 

Maximum Input-Pulse 5 4.4 5 

Frequency, fm¢ 
10 B.5 10 

Minimum Input-Pulse 5 - 100 
Width, tw 

10 - 50 

Input-Pulse Rise & Fall 5 - -
Time; t r¢, tf¢ 10 - -

Average Input 
Capacitance, CI Any Input - 5 

Voo 

REFER TO APPLICATION r 
NOTES ICAN 6086 I OR 

T~~ CI~~~;~3F9 FOR I 

gg~~L~NAE~O: VALUES L'-<*<r-
AND TYPICAL OSCILLATOR 
CURRENTS 

2.097152 
MHz 

= 

LIMITS 

Max. 

4.4 

2.4 

BOO 

650 

-

-

115 

60 

15 
10 

-

E,Y 
Packages UNITS 

Min. 

-

-

-

-

3.5 

6_5 

-

-

-
-

-

Typ. Max. 

2.2 5.5 
fJS 

1.2 3.3 

450 900 
ns 

375 750 

5 -
MHz 

10 -

100 140 
ns 

50 75 

- 15 fJS 
- 10 

5 - pF 

r' "'--j 
,..JLJLJL 
j ~1/325Et 

1/2 se:c '-

,+.~ 

L EXTERNAL -----1 
COMPONENTS 

S(M(MAlJC Of 

92CM·20895 

Fig. 3 - CD4045A and outboard components in a typical 21-stage counter application_ 

DRAIN TO SOURCE VOLTAGE (\105)-V 

-12 

92CS-20699RI 

Fig_ 5 - Minimum output p-channel drain 
characteristics. 

106 PLASTIC F'ACKAGE-- AMBIENT TEMPERATURE ITA 1:25-C 
CERAMIC PACKAGE-

104 105 106 

INPUT FREQUENC'" If+)-Hz 
92CS-2011!if;!1 

Fig. 6 - Typical dissipation vs input frequency 
(21 counting stages). 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

.. I AMBIENT TEMPERATURE (TA)~2~·C '" 
TYPICAL TEMPERATuRE COEFFICIENT 

AT ALL VALUES aF VGS&-O.3'"1./-C 

E 250 
I 
z 
o 

z 

200 

~ 100 
~ 
w 
~ 

~ 

-I 

;;;; .. 

4 " DRAIN-Ta-SOURCE VOLTAGE (Vosi-V 
9ZCS-ZOB96RI 

Fig. 1 - Typical output n-channel drain 

characteristics_ 

DRAIN TO SOURCE VOLTAGE (VOSi-V 
9ZCS-20897RI 

Fig. 2 - Minimum output n-channel drain 

characteristcs_ 

DRAIN TO SOURCe: VOLTAGE (Vos}-V 

92CS-Z0698RI 

Fig. 4 - Typical output p-channel drain 
characteristics. 

Fig. 7 - Typical zener diode characteristics. 
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COS/MOS DIGITAL INTEGRATED CI RCUITS 

CD4045A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Characteristic 

Quiescent Oevice 
Current I L Max. 

Output Voltage: 
Low-Level, 
VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 

Output Drive 
Current: 
n-Channel 
(Sinkl 
ION Min. 

p-Channel 
(Source): 
lOP Min. 

Input Leakage 
Current, 
IIL,IIH 

Zener Breakdown 
Voltage, V(BRIZ 

. 
Vss 

INPUTS 

Conditions 

Vo VIN VDD 
(V) (V) (V) 

- - 5 
- - 10 
- - 15 

- 5 5 

- 10 10 

- 0 5 

- 0 10 

4.2 - 5 

9 - 10 

0.8 - 5 
1 - 10 

4.5 - 5 

9 - 10 

0.5 - 5 
1 - 10 

0.5 - 5 

0.5 - 10 

4.5 - 5 

9.5 - 10 
Any Input 

- 1- 15 

Min. 
1-1001JA Typ. 

Max. 

Fig. 11 - Quie&cenr-de"ice-current 
test circuit. 
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Limits- at Indicated Temperatures (oCI 
D,K,F,H Packages E, Y Packages 

Units 

-55 

15 
25 
50 

4.4 

6.9 

-3.1 

-5.6 

13.3 
-

17.8 

+25 
+125 -40 

+25 
+85 

Typ. 

0.5 
1 
1 

7 

11 

-5 

-9 

-

1~.5 

-

Limit Typ. Limit 

15 900 50 1 
25 1500 100 2 
50 2000 500 5 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

3.5 2.5 2.2 7 

5.5 3.9 3.5 11 

-2.5 -1.8 -1.6 -5 

-4.5 -3.2 -2.8 -9 

±10-5 Typ., ±1 Max. 

13.5 13.7 13.3 -
- - - 16.5 
18 18.2 17.8 -

VSS 

50 700 
100 1400 IJA 
500 5000 

V 

V 

V 

1.8 1.3 

2.8 2 
rnA 

-1.3 -0.9 

-2.3 -1.6 

IJA 

13.5 13.6 
- - V 

18 18.1 

NOTE: 
TEST ANY COMBINATIClN 
OF INPUTS 

92CS-21441 

Fig. 12.- Noise-immunity test circuit. 

I 
SUPPLY VOLTAGE (Voo)- V 

9ZCS-Z09SS 

Fig. 8 - Typical propagation delay rQ>, to 
y or y+d out) IfS V DD . 

LOAD CAPACITANCE (CL1-pF ~ 92.C5-20902 

Fig. 9 - Typical transition time "s CL' 

SUPPLY VOLTAGE (VOD)-V 

92C$-27475 

Fig. 10 - Typical maximum input-pulse 
frequency. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO 80TH VOD AND VSS' 
CONNECT ALL UMUSED 

'------,-_.J INPUTS TO EITHER 

VOO ORVSS' 

Vss 

Fig. 13 - Input-Ieakage-current test circuit. 



_________________________________ COS/MOS DIG1TAL INTEGRATED CIRCUITS 

CD4046A Types 

COS/MOS Micropower Phase-Locked Loop • Choice of two phase comparators: 
1. Exclusive-OR network 

The RCA-CD4046A COS/MOS Micropower 
Phase-Locked Loop (PLL) consists of a low
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. The CD4046A is supplied in a 
16-lead dual-in-line ceramic package (CD-
4046AD), a 16-lead dual-in-line plastic pack
age (CD4046AE), and a 16-lead flat pack' 
(CD4046AK). It is also available in chip 

Features: 
• Very low power consumption: 

70 jJ.W (typ.) at VCO fo = 10 kHz, VDD = 5 V 
• Operating frequency range up to 1.2 MHz (typ.) 

at VDD= 10 V 
• Wide supply-voltage range: VDD - VSS = 5 

to 15 V 

• Low frequency drift: 0.06%/oC (typ.) 

form (CD4046AH). 

VCO Section 
The VCO requires one external capacitor Cl 
and one or two external resistors (R 1 or R 1 
and R2). Resistor R1 and capacitor C1 
determine the frequency range of the VCO 
and resistor R 2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (1 012.Q) of the VCO simplifies 
the design of low-pass filters by permitting CI 

at VDD = 10 V 
Sl~ 4 

2. Edge-controlled memory network with 
phase-pulse output for lock indication 

• High VCO linearity: 1% (typ.) 
• VCO inhibit control for ON-OFF keying 

and ultra-low standby power consumption 
• Source-follower output of VCOcontrol input 

(Demod. output) 
• Zener diode to assist supply regulation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 /lA 

at 15 V (full package-temperature range) 

Applications: 
• FM demodulator. and modulator 
• Frequency synthesis and multiplication 
• Frequency discriminator 
• Data synchronization 
• Voltage-to-frequency conversion 
• Tone decoding 

the designer a wide choice of resistor-to- -""--""rT"'" • FSK - Modems 
• Signal conditioning capacitor ratios. I n order not to load the 

low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (RS) of 10 
kn or more should be connected from this 
terminal to VSS. If unused this terminal 
should be left open. The VCO can be con
nected either directly or through frequency 
dividers to the comparator. input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset
table Divide-by-N Counter) or CD4029 (Pre
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-"N" Counter), to
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input "enables" the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump-
tion. 
Phase Comparators 
The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
"0" ";;30% (VDD-VSS), logic "1" ~ 70% 
(VDD-VSS»). For smaller swings the signal 
must be capacitively coupled to the self
biasing amplifier at the signal input. 
Phase comparator I is an exclusive-OR net
work; it operates analagously to an over
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to VDD12. The low-pass filter 
connected to the output of phase comparator 
I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fo). 
The frequency range of input signals on 
which the PLL will lock if it was initially 

~RS 
~ 

Vss 92CS-20006RI 

Fig. 1 - COS/MaS phase-locked loop block diagram. 

• (See ICAN·6101) "RCA COS/MOS 
Phase-Locked Loop - A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES D. F. K. H 
PACKAGE TYPES E. Y .. 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

-55 to +125oC 
-40 to +8SoC 

(Voltages referenced to VSS Terminal) .. _ ............. . -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (POi: 

FOR T A= -40 to +60oC-(PACKAGE TYPES E. Y) 

FOR TA = +60 to +850 C (PACKAGE TYPESE. Y) . 

FOR T A = -55 to +100oC (PACKAGE TYPES D. F. K) 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

......................... 500 mW 

FOR TA= +100 to +125 0 C (PACKAGE TYPES D. F. K). . .. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. . . . . . . . . . .. . .. -0.5 to Voo +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 Inch ./1.59 ± 0.19 mm) from ca.se for 105 max. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply Voltage Range (For T A = Full Package 
3 12 V Temperature Range 

out of lock is defined as the frequency cap
ture range (2fcl. 
The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2fL). The capture range is";; the 
lock range. 
With phase comparator I the range of fre
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com-

parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 
One characteristic of this type of phase com
parator is that it may lock onto input fre
quencies that are close to harmonics of the 
veo center-frequency. A second charac
teristic is that the phase angle between the 
signal and the comparator input varies be
tween 00 and 1800 , and is 900 at the center 
frequency. Fig. 2 shows the typical, trian
gular, phase-to-output response characteristic 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4046A Types 
> 
I IlZ ~ Vee VOLTAGE 

~ 5 VDD/2 

I 0 goo 110" 

SIGNAL-TO- COMPARATOR 
INPUTS PHASE DFFERENCE 

92CS-20009 

Fig.2 - Phase-comparator I characteristics 
at low-pass filter output. 

of phase-comparator I. Typical waveforms 
for a COS/MOS phase-locked-loop employ
ing phase comparator I in locked condition 
of fo is shown in Fig. 3. 

SIGNAL INPUT ITERM. 141 

veo OUTPUT ITERM 41-
COMPARATOR INPUT 
ITERM31 
PHASE COMPARATOR I 
OUTPUT ITERM. 21 

veo IIF\1T ITERM.91. 
- LOW- PASS FI LTER 

OUTPUT 

~ 

---I""L-..J 
~ 

-VDD 

~ 

-\Iss 
92CS-200t0RI 

Fig.3 - Typical waveforms for COS/MaS phase
locked loop employing phase comparator 
I in locked condition of f o. 

Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or noMOS drivers are ON they 
pull the output up to VOO or down to 
VSS, respectively. This type of phase com
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre
quency is higher than the comparator-input 
frequency, the p-type output driver is main
tained ON most of the time, and both the 
nand p drivers OFF (3 stat-e) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen
cy, the n·type output driver is maintained 
ON most of the time, and both the nand 
p drive~s OFF (3 state) the remainder of 
the time. If the signal- and comparator
input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main
tained ON for a time corresponding to the 
phase difference. If the signal- and com
parator-input frequencies are the same, but 
the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif
ference. Subsequently, the capacitor voltage 
of the low·pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency_ At this stable point both p
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 

Limits 
Test Conditions All Package Types 

Characteristic Va VDD D,E,F,H,K,Y 

Volts Volts Min. Typ. I Max. 

Phase Comparator Section 

VCO Operation - 5 - 15 
Operating Supply VOltage, VDD-VSS 

Comparators onlY.. - 3 - 15 

Total Ouiescent Device Current, IL: 5 - 25 55 
Term. 14 Open Term. 15 open 10 - 200 410 

Term. 5 at VDO 5 - 5 15 
Term. 14 at VSS or VDD 

Terms. 3 & 9 at VSS 10 25 60 -

15 - 50 500 

5 1 2 -
Term. 14 (SIGNAL IN) 

10 0.2 0.4 I nput Impedance, Z14 
-

15 - 0.2 -

AC·Coupled Signal Input 5 - 200 400 
Voltage Sensitivity* See Fig.7 10 - 400 800 

(peak·to·peak) 15 - 700 -
OC·Coupled Signal Input 

5 1.5 2.25 and Comparator Input -
Voltage Sensitivity 10 3 4.5 -

Low Level 15 4.5 6.75 -
r---

5 ~ 2.75 3.5 
High Level Vo 10 - 5.5 7 

Volts 15 - 8.25 -
Output Drive Current: Phase Comparator 0.5 5 0.43 0.86 -

I & II Term. 2 & 13 0.5 10 1.3 2.5 -
n·Channel (Sink), ION 

0.5 0.47 5 0.23 -
Phase Pulses 

0.5 10 0.7 1.4 -

Phase Comparator 4.5 5 -0.3 -0.6 -

I & II Term. 2 & 13 9.5 10 -0.9 -1.8 -
p·Channel (Source), IDP 

4.5 5 -0.08 -0.16 -
Phase Pulses 

9.5 10 -0.25 -0.5 -
I nput Leakage Current, II L. I I H Max. Any Input 15 - ±10-5 ±1 

• For sine wave, the frequency must be greater than 1 kHz for Phase Comparator II. 

SIGNAL INPUT ITERM. 141 

veo OUTPUT ITERM 41-
COMPARATOR INPUT 
I1EIIIII31 
PHASE COMPARATOR n 
OUTPUT ITERM.131 

veo INPUT ITERM. 91-
-LOW-PASS FILTER 

OUTPUT 

PHASE PULSE ITERM. " 

_J- - - +- - - - --R- -"._-Voo 
-\Iss 

I I ,--Voo 
-VSS 

11 
NOTE: DASHED LINE IS AN OPEN·CIRCUIT CONDITION 

Ir-Voo 
-Vss 

92CS-200URI 

FigA - Typical waveforms for COS/MaS phase·locked loop 
employing phase comparator II in locked condition. 

Units 

V 

J.1A 

MD 

mV 

V 

mA 

J.lA 

Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More
over, the power dissipation due to the low· 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 

the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave
forms for a COS/MOS PLL employing phase 
comparator II in a locked condition. 



CD4046A Types 

DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 
The selected external components must be 
within the following ranges: 

10kU";;R1,R2.RS";;1 MU 

Cl ~ 100 pF at VDD ~ 5 V; 
Cl ~ 50 pF at VOO ~ 10 V 

In addition to the given design information 
refer to Fig.5 for R 1, R 2, and C1 component 
selections. 

Characteristics 

VCO Frequency 

For No Signal Input 

Frequency Lock 

Range, 2 fL 

Frequency Capture 
Range, 2 fC 

Loop Filter 
Component 

Selection 

Phase Angle Between 
Signal and Comparator 

10-~ 

Phase 
Comparator Design Information 

Used 

VCO WITHOUT OFFSET VCO WITH OFFSET 
R2=co 

'-tz{ i:L - 21L 

II) --
I -

1 I lfL I 
I I 

'1i1N 
\100/2 YDD ~2 VDO 

VCO IN~UT VOLTAGE yeo INPUT VOLTAGE 
t2CS-ZOOIZltt 

2 Same as for No.1 

1 VCO will adjust to center frequency, fo 

2 VCO will adjust to lowest operating frequency, fmin 

1 
2 fL = full VCO frequency range 

2 fL = fmax-fmin 

2 Same as for No.1 

IN AS OUT 
(11. (2) 

~ 1 21TfL 
2 fC'" 11 rl 

1 
IN AS OUT 

t For 2 fC, see Ref. (2) 

.C2 

92C$-2I.o. 

2 fC = fL 

1 
900 at center frequency (fo) approximating 00 
and 1800 at ends of lock range (2 fU 

2 Always 00 in lock 

TYPICAL CENTER FREQUENCY 
I UNIT-TO-UN'T VARIATION 

.It.flfO- .,. 

TYPICAL 'MIN 
UNIT· TO-UNIT VARIATION 

; 104 6 .. , 
~ , 

(At.,nN IfU'N J- 'If. 

~~? D.Fp~;,S E, ~KGI$ . "-
is .t,5 
_ 5 tiD 

>- 10' ~--r----'~~--''''"..-''''~.,-
u • z , 
... , 
S t02 £ 1=---t----t-----=l"i!!'tIs;;--=~~-""f'S,=.' ;;-It-l 
~ 4 ~v 
IL 2 5V 

10 : ~A-"-.-' E-.-TI-T-E-M-PE-.-Ol-TU-.-E-' T=-O=-,I-, .=-=,-:--=-c --=l"i!!'tIs;;:-'r,5 It 
2 VCOII'~~VSS INHIBIT: Vss . '~~ 

veo TIMING CAPACITOR ICII-p.F 
92:CS-21884R' 

Fig.5(a) - Typical center frequency vs C1 for 
R1 = 10 kn, and 1 Mn and fo '-11R1 Ct. 

Fig.5 (b) - Typical frequency offset V$ Ct for 
R2= to HI, tOOkn,and t Mn. 

NOTE: Lower frequency values are obtainable if larger values of Cl 
than shown in Figs. 5(a) and 5(b) are used. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

100, 

z • 
~ 4 

" .. 
:I 

i 
8 
> 

10 , . 

AII81EIIIT TEMPERATURE (TA 1-25·C 

fMAX WHEN VCOI'V''''DD,INHIIIToVSS 

TYPICAL 'yo.ttyi• I .. _. __ _ __ • 
'MIN WHEN VCOIN""SS t 

UNIT -TO-UNIT VAlUATION 1 o~ 
V D.E.F.H.' I I ,-' 
5" !JO~ ..,.~i, ~ ., 

DO Y PKG'S t- .... ~<t§l ..\. 

10 y _ _ __ ..Jr.o":-~'----i 
I~ v I '1.";-

. .. 
0.1 

~"" 

, .. 
10 

, 6' 
100 

92CS·ZI885IU 

Fig.5(c) - Typical fmaxlfmin vs R2IRl. 

. AMBIENT TEMPERATuRE IT.1 0 25"C 
VCOIN oYoo/2. R2·CO 
INHIBIT· Vss 

50 " I~F 

50 pF 
I~F 

10 

92C5-21886 

Fig.6(a) - Typical VCO power dissipation at center 
frequency vs R 1. 

AMBIENT TEMPERATURE IT.l·25·C 
VCOIN"Vss 

50" 
I~F 

50 pF 
r------r-----'''''-f- I ",F ---

10 
, " 

10' 
. ., 

Fig.6(b) - Typical VCO power dissipation at 
fmin vsR2. 

. ., 
10 

, " 
10' 

92C$-21888 

Fig.6(c) - Typical source follower power dissipation 
vsRS· 

NOTE: To obtain approximate total power dissipation of PLL system for no~ignal input 
Po (Total) = Po (fa) + Po (fMIN) + Po (RS) - Phase Comparator I 

Po (Total) = Po (fMIN) - Phase Comparator II 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4046A Types 

2 

DESIGN INFORMATION (Cont'dt: 

Ph8. 
Characteristics Comparator Deiign Information 

Locks On Harmonic of 
Center Frequency 

Signal Input 
Noise Rejection 

VCO 
Component 
Selection 

For further information, see 

U.d 

1 Y~ 

2 No 

1 High 

2 Low 

2 

veo WITHOUT OFFSET VCO WITH OFFSET 
R2= 00 

- Given: to 
- Use fo with Fig.5a to 

determine R 1 and C 1 

- Given: fmax 

- Calculate fo from 
the equation 

f max 
fO =-2-

-Use fo with Fig.5a to 
determine Rl and Cl 

- Given: fo and fL 
- Calculate fmin from 

the equation 

fmin = fo-fL 
- Use fmin with Fig.5b 

to determi ne R 2 and C 1 
f max 

- Calculate fmin 

from the equation 

fmax = fo + fL 

fmin fo - fL 

fmax 
- Use -f-' - with 

min 

Fig.5c to determine 
ratio R2/R 1 to obtain 
Rl 

- Given: fmin & fmax 

- Use fmin with Fig.5b 
to determine R2 and Cl 

_ Calculate fmax 
fmin 

fmax . . 
- Use-f-.-wlth Flg.5c 

min 

to determine 
ratio R2/R 1 to 
obtain Rl 

(1) F. Gardner, "Phase· Lock Techniques" John Wiley and Sons, New York, 1966 

(2) G. S. Moschytz, "Miniaturized RC Filters l!sing Phase·Locked Loop" , BSTJ, May, 1965. 

AMBIENT TEMp£RATUR~ 'T~) •• 25.c.1 t J 
SUPPLY VOLTAGE YDD*5Y. '0. 250KHz 

10 • 
• AMBIENt TEMPERATURE (T..,)-25·C 

VDO·15Y. YCOINa 7.5 V i!5V. R2_C!) 

I 
AMBIENT TEMPERATURE ITAla2'·C 

" VDD~IOV.VCOIN.5V!2.5Y ,MZa(Q 

~ - / .. I.' 

I .. 
V 

IIO~.tO·7J KHz 

CI-50 pf 
IOOpF 

10.t-------t-----~~~~--~------~ e I08~------+-~~~~-------+-------~ 
! 
~ 
~ 
;j 
'" ; 

.....-
1.6 

I )/ IV-
.. v. fo~ .50 iHI 

I.' 

II ! 
I i I.il-

l I 

100 6 8 1000 

PEAK-TO-PEAK SIGNAL INPUT VOLTAGE 1Yl)-mV 

92C$-21889 

Fig,7 - Typical lock range vs signal input ampliwde. 
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• 

I.~------+-------~----~~~--~~ 
6 

0,1-

10,·1 

t~ 

~ltNEARITY. fO-~C7·5Y) 
'0 

.. S8'02 2 .. 68103 

92CS-21891 

.. 6 

7" 
~ 
~ 
~ ': f~ 

0.1 
••• to 

AI-KO 

Fig.B(a) and (b) - Typical VCO linearity vs R1 and C1. 

9ZC$-2I1tO 



------------------_______________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4046A Types 

ELECTRICAL CHARACTERISTICS at T A = 2SoC 

Limits 
Tast Conditions AI/ Package Types 

Characteristic Units 
Vo VOO D,E,F,H,K, Y 

Volts Volts Min. Typ. Max. 

VCOSaction 

Operating Supply Voltage As fixed oscillator only 3 - 15 
V 

VDD-VSS Phase·lock-Ioop operation 5 - 15 

fo= 10kHz Rl = 1 Mfl 5 - 70 -
Operating Power 

R2=oo VOD 10 - 600 - p.W 
Dissipation, Po VCOIN=-2-

15 2400 - -
Rl = 10 kfl Cl = 100pF 5 0.25 0.5 -

Maximum Operating R2 =00 10 0.6 1.2 - MHz 
Frequency, fmax 

VCOIN = VDD 
Cl = 50 pF 

15 - 1.5 -

Center Frequency (fo) and 

Frequency Range, Programmable with external components R 1, R2, and Cl 
fmax-fmin See Design Information 

VCOIN = 2.5 V ± 0.3 V, Ri > 10 Hl 5 - 1 -
Linearity = 5 V ± 2.5 V, Rl > 400 kfl 10 - 1 - % 

= 7.5 V ± 5 V, R 1 = 1 Mfl 15 - 1 -
Temperature·F requency %/oCex __ 1_ 

5 - 0.12-0.24 -
Stability·: foVOO 10 - 0.04-0.08 -
No Frequency Offset 15 - 0.015-0.03 -

fMIN = 0 R2 = 00 

5 0.06-0.12 
%JOC 

%/oCex_l_ 
- -

Frequency Offset 
10 0.05-0.1 f.VOO - -

fMIN'*O 
15 - 0.03-0.06 -

I nput Resistance of 
5,10,15 - 1012 - fl 

VCOIN (Term 9), RI 

VCO Output Voltage 
(Term 4) 5,10.15 - - 0.01 
Low Level, VOL 

Driving COS/MOS·Type 5 4.99 - - V 

High Level, VOH Load (e.g. Term 3 10 9.99 - -
Phase Comparator Input) 15 14.99 - -

VCO Output Duty Cycle 5,10,15 - 50 - % 
.----- 5 - 75 150 

VCO Output Transition Vo 
10 - 50 100 

Times, Volts 
ns 

tTHL, tTLH 
15 - 40 -

VCO Output Drive 
0.5 5 0.43 0.86 Current: -

n-Channel (Sink), IO.N 0.5 10 1.3 2.6 -
mA 

4.5 5 -0.3 -0.6 -
p·Channel (Source), lOP 

9.5 10 -0.9 -1.8 -

Source-Follower Output 
(Demodulated Output): 5,10 - 1.5 2.2 

AS> 10kfl V 
Offset Voltage 15 - 1.5 -

(VCOIN-VOEM) 

VCOI N = 2.5tO.3 V 5 - 0.1 -

Linearity RS>50kfl = 5±2.5 V 10 - 0.6 - % 
= 7.5±5 V 15 - 0.8 -

Zener Diode Voltage (Vz): 
CD4046AO,AF,AK 

IZ = 50 p.A 
4.7 5.2 5.7 

CD4046AE,AY 4.5 5.2 6.1 
V 

Zener Dynamic 
IZ = 1 rnA - 100 - fl 

Resistance, RZ 

• Positive coefficient. 
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COS/MOS Low-Power 
Monostablel Astable 
Multivibrator 
The RCA-C04047A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to permit positive or negative 
edge-triggered monostable multivibrator 
action with retriggering and external count
ing options_ 
Inputs include +TRIGGER, -TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET_ Buffered outputs are 
0, Q, and OSCILLATOR. In all modes of 
operation an external capacitor must be con
nected between C-Timing and RC-Common 
term inals, and an external resistor must be 
connected between the R-Timing and RC
Common terminals_ 
Astable operation is enabled by a high level 
on the ASTABLE input. The period of the 
square wave at the 0 and Q Outputs in this 
mode of operation is a function of the ex
ternal components employed. "True" input 
pulses on the ASTABLE input or "Com
plement" pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator. The OSCI LLATOR output 
period will be half of the 0 terminal output 
in the astable mode_ However, a 50% duty 
cycle is not guaranteed at this output. 

In the monostable mode, positive-edge 
triggering is -accomplished by application of 
a leading-edge pulse to the +TRIGGER 
input and a low level to the - TR IGGER 
input_ For negative-edge triggering, a trailing
edge pulse is applied to the - TR IGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and +TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the input pulse period is shorter than 
the period determined by the RC compo
nents. 
An external countdown option can be imple
mented by coupling "0" to an external 
UN" counter and resetting the counter with 
the trigger pulse. The counter output pulse is 
fed back to the ASTABLE input and has a 
duration equal to N times the period of the 
multivibrator _ 
A high level on the EXTERNAL RESET 
input assures no output pulse during an 
"ON" power condition_ This input can also 
be activated to terminate the output pulse at 
any time_In the monostable mode, a high
level or power-on reset pulse, must be 
applied to the EXTERNAL RESET when
ever VOO is applied_ 

The C04047A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack
ages (O,F, and Y suffixes), 14-lead dual-in
line plastic packages (E suffix). 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix)_ 

Features: 

• Low power consumption: special 
COSIMOS oscillator configuration 

• Monostable (one-shot) or astable 
(free-running) operation 

• True and complemented buffered 
outputs 

• Only one external Rand C required 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 

11J.A at 15 V (full package-temperature 
range) 

• 1-V noise margin (full package-temper
ature range) 

Monostable Mu/tivibrator Features: 
• Positive- or negative-edge trigger 
• Output pulse width independent of 

trigger pulse duration -
• Retriggerable option for pulse width 

expansion 
• Long pulse widths possible using small 

RC components by means of external 
counter provision 

• Fast recovery time essentially independent 
of pulse width 

• Pulse-width accuracy maintained at duty 
cycles approaching 100% 

ASlIIBLE 5 __ 
4 ASmBLE 

I 

I 
-TRIGGER 

8 +TAlGGER 

R 

92CS-21431RI 

CD4047A 
Terminal Diagram 

Astable Multivibrator Features: 
• Free-running or gatable operating modes 
• 50% duty cycle 
• Oscillator output available 
• Good astable frequency stability: 

Frequency deviation: 
=±2% + 0_03%tC @ 100 kHz 
=±O.5% + 0_015%tC @ 10 kHz 
(circuits "trimmed" to frequency 
VOO = 10 V ± 10%) 

Applications: 
Digital equipment where low-power dissipa
tion andlor high noise immunity are primary 
design requirements: 
• Envelope detection 
• Frequency multiplication 
• Frequency division 
• Frequency discriminators 
• Timing circuits 
• Time-delay applications 

Fig. 1 - CD4047A logic block diagram. 92CS-20026" 

MAXIMUM RATINGS, Absolute-Maximum Values: ° 
STORAGE-TEMPERATURE RANGE (Tstg). __ •. _ •• __ • _ •......•.... _ ••.• -65 to +150 C 

OPERATING-TEMPERATURE RANGE (TA): ° 
PACKAGE TYPES 0, F. K, H _ •. __ .... __ ... _ .. __ . _ .•.......... - .-55to+1250 C 
PACKAGE TYPES E, Y • ____ • __ ••.. _ . ___ . __ .... _ ......• __ ••••. -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltages referenced to Vss Terminall: ...•.• _ • _ .•...........•....... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO) 
FOR T A= -40 to +60oC (PACKAGE TYPES E,Y) ......... _ •• _ ...........•.•. 500 mW 
FOR TA= +60 to +850 C (PACKAGE TYPES E,Y). ___ ..... Derate Linearly at 12 mW/oC to 200 mW 

FOR T A= -55 to +l00oC (PACKAGE TYPES 0, F, K) ..•.............•........ 500 mW 
FOR T A= +100 to +1250 C (PACKAGE TYPES 0, F, K) ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS •....• __ .. _ . __ . _ ..•...••.• -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max .•...•....••.•.. +2650 C 
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RECOMMENDED OPERATING CONDITIONS at T A= 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

D,F,K,H E,Y UNITS 
CHARACTERISTIC VDD Packages Packages 

Min. Max. Min. Max. 

Supply·Voitage Range (For T A=Fuil 3 12 3 12 V 
Package· Temperature Range) 

input Puise Width, tw 5 1000 I - 1300 - ns (Any Input) 10 400 - 600 -

Trigger, Retrigger 5 - 15 - 15 J.l.S Rise or Fall Time, tr ' tf 10 - 5 - 5 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

D,K,F,H Packages E, Y Packages 
Characteristics Units 

Vo VIN VDD +25 +25 
-55 +125 - 40 +85 (V) IV) (V) Typ. Limit' Typ. Limit 

Ouiescent Device -- - 5 5 0.03 5 300 50 0.1 50 700 

Current I L Max. - - 10 10 0.05 10 600 100 0.2 100 1400 p.A 
- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low· Level, 

o Typ.; 0.05 Max. VOL - 10 10 
V 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min., 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 

3 Min.; 4.5 Typ. VNL 9 - 10 
V 

Inputs High O.B - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 5 1 Min. 
Inputs Low, 
VNML 9 10 1 Min. 

Inputs High, 0.5 5 1 Min. 
V 

VNMH 1 10 1 Min. 

Output Drive 
Current: 

(0,0: Outputs) 0.5 - 5 0.5 0.8 0.4 0.28 0.34 0.8 0.28 0.23 n·channel 
(Sink), 
IDN Min. rnA 

0.5 - 10 1.25 2 1 0.7 0.85 2 0.7 0.6 

p-Channel 4.5 - 5 -0.5 -0.8 
(Source): 

·0.4 -0.28 -0.34 ·0.8 -0.28 ·0.23 

IDPMin. 9.5 - 10 1.2E -2 ·1 ·0.7 -0.85 ·2 ·0.7 -0.6 

Input Leakage Any Input 
±10-5 Typ., ±1 Max. Current, - I' - '1 15 p.A 

IIL,IIH 

~ 20 

~ 10 
5v 

10 15 

DRAIN-TO- SOURCE VOLTAGE (1105)- v 

Fig. 2 - Typical output n-channel drain 

characteristics for Q and Q buffers. 

rO 15 

DRAIN -TO- SOURCE VOLTAGE 111051- \I 

Fig. 3 - Minimum output n-channel drain 

characteristics for Q and Q buffers. 

DRAIN-TO-SOURCE VOLTAGE (vOSI-v 

15 -10 -5 

10 V 

GATE-lO-SOURCE VOLTAGE (VGsJ. 15 V I 

~ 
e 

., I 
~ 
c 
~ 

-10 ~ 

-15 a 
z 

Fig. 4. -. Typical output p-channel:!rain 

characteristics for Q and Q buffers. 

DRAIN-TO-SOURCE VOLTAGE '"OS)-\I 
-/5 -10 -5 

i AMSIOtT TEMPERATURE (TAI"2'5.C~§ 
I TYPICAL TEMPf.RATURE COEFFICIENT 5,'0' 

AT ALL VA-LUES pr VGS~-O-3 ""-I·C 5 V 

ail. 
CD404 7Al< ,AD 
CD4047 AE 

4 
e 
I 
~ 
c 

-5 ~ 

z 

-10 ~ 

" ~ z 
z 
~ 
z 

-1'5 I 

Fig. 5 - Minimum output p-chann.!!1 drain 

characteristics for Q and Q buffers. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input t r , tt = 20 ns, CL = 15 pF, 

RL = 200 kn 

LIMITS 
TEST 

D,F,K,H E,Y 
CHARACTERISTICS CONDITIONS Packages Packages UNITS 

VDO 
Min. TYP. MAX. MIN. TYP. MAX. 

(Volts) 

Propagation Delay Time: 
tpHl, tpLH 5 - 200 400 - 200 550 

Astable, Astable 
to Osc. Out 10 - 100 200 - 100 275 

Astable, Astable 
5 - 550 900 - 550 1200 

toO,O 10 - 250 500 - 250 650 

+ Trigger, -Trigger 
5 - 700 1200 - 700 1600 

ns 
to 0,0: 10 - 300 600 - 300 800 

+ Trigger, Retrigger 5 - 300 600 - 300 800 

toO,O 10 - 175 300 - 175 400 

External Reset 5 - 300 600 - 300 800 

to 0,0 10 - 125 250 - 125 350 

Transition Time: 5 - 75 125 - 75 150 
tTHL' tTLH 

OD 10 - 45 75 - 45 100 
ns 

5 - 75 150 - 75 180 
Osc. Out 

10 - 45 100 - 45 130 

Minimum Input Pulse 5 - 500 1000 - 500 1300 
ns 

Width (any input), tw * 10 - 200 400 - 200 600 

+Trigger, Retrigger 5 - - 15 - - 15 
IJS 

Rise & Fall Time, tr , tf 10 - - 5 - - 5 

Average Input Any 
·5 5 pF 

Capacitance, CI Input - - - - -

* Input pulse widths below the minimum specified may cause malfunction of the unit. 
See Application Note ICAN - 6230 

CD4047A FUNCTIONAL TERMINAL CONNECTIONS 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2AND 3A 

EXTERNAL CAPACITdR BETWEEN TERMINALS 1 AND 3A 

TERMINAL CONNECTIONS OUTPUT 

FUNCTION 
TOVOD TOVSS 

Astable Multivibrator: 
Free Running 4,5,6,14 7,8,9,12 
True Gating 4,6,14 7,8,9,12 
Complement Gating 6,14 5,7,8,9,12 

Monostable Multivibrator: 
Positive-Edge Trigger 4,14 5,6,7,9,12 
Negative-Edge Trigger 4,8,14 5,7,9,12 
Retriggerable 4,14 5,6,7,9 
External Countdown* 14 5,6,7,8,9,12 

* Input Pulse to Reset of External Counting Chip 
External Counting Chip Output To Terminal 4 
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INPUT PULSE 
PULSE FROM 

TO 

- 10,11,13 
5 10,11,13 
4 10,11,13 

8 10,11 
6 10,11 

8,12 10,11 
- 10,11 

... See Text. 

OUTPUT PERIOD 
OR 

PULSE WIDTH 

tA(10,11 )=4.40 RC 
tA(13)=2.20 RC 

tM(10,11)=2.48 RC 

AMBIENT TEMPERATURE (TAJ -2,·C 
TYPICAL TEMP. COEFFICIENT AT ALL. VALUES OF VOOoO.3 '%/-c. 

10V 

,'V 
::;:+~ 

~ w ~ ~ ~ ~ ro ~ 00 

LOAD C~PACITANCE (Cll-pF 
92CS-21.39 

Fig. 6 - Typicallow-to-high level propagation 

delay time vs load capacitance for Q 
and (; buffers. 

i 
~ 
'i2oo 

~ 
1150 

! 100 

~ ~ 

10V 

LOAD CAPACITANCE (ClJ-pF 
92CS-21440 

Fig. 7 - Typical transition time vs load capa

citance for Q and Q buffers_ 

I. Astable Mode Design Information 
A. Unit-to·Unit Transfer-Voltage 

Variations. 
The following analysis presents worst
case variations from unit to unit as a 
function of transfer-voltage (VTR) 
shift (33%-67% VOO) for free
running (astable) operation. 

TERMINAL 13~ 

TERlllNALIO~ 
f--tA-1 

9ZCS-20027 

Fig. 8 - Astable mode waveforms. 

VTR 
t1 = -RC In -----

Voo - VTR 
t2 = -RC In """;;";;"'--'--

2VOD -VTR 

tA = 2 (t1 + t2) 

Typ: 

Min: 

Max: 

VTR = 0.5 VOO 

VTR = 0.33 VDD 

VTR = 0.67 VOO 

tA = 4.40 RC 

tA = 4.62 RC 

tA = 4.62 RC 

thus if ItA = 4.40 RCI is used, the maximum 

variation will be (+5.0%,-0.0%). 
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ASTABLE (5'. ):.*---------.... 

* INPuTS PROTECTED BY 
COS/MOS 
RESISTQH- DIODE NETWORK 

£JfC 

* r<J-Q-f-....,.------(i12 
R[TRIGGER 

* L-____ -{. 

vss 
CAUTION: TERMINAL 3 IS MORE SENSITIVE EXTERNAL 

RESET * * MODIFIED INPUT PROTECTION 
CIRCUIT TO PERMIT LARGER 
INPUT· VOLTAGE SWINGS 

TO STATIC ELECTRICAl. DISCHARGE. 
[XTRA. HANDLING PRECAUTICiNS 
ARE RECOMMENDED 

Fig. 9 - CD4047A logic diagram. 

B. Variations Oue to VOD and Temperature 
Changes 
In addition to variations from unit to 
unit, the astable period may vary as a 
function of frequency with respect to 

SUPPLY VOLTAGE 1\/'00)- V 

Fig. 12 - Typical Q-and·O·period accuracy 

vs supply voltage (low frequency) . 

SUPPLY VOLTAGE ('100)- V 92CS-21445 

Fig. 15 - TypicaIO$cillator-output·period 

accuracy vs supply voltage (high 

frequency). 

V DO and temperature. Typical variations 
are presented in graphical form in Figs. 
10 to 20 with 10 V as reference for 
voltage variation curves and 25°C as 
reference for temperature variation curves. 

SUPPLY VOLTAGE {VOOI-V 

Fig. -13 - Typical Q·and·a· period accuracy 

vs supply voltage (very low frequency). ~ 

SUPPLY VOLTAGE (VOOI-V 

Fig. 16 - Typicaloscillator·output·period 

accuracy vs supply voltage 

(medium frequency) . 

COS/MOS DIGITAL INTEGRA,TED CIRCUITS 

SUPPLY VOLTAGE (Yool-V 
92C5-21441 

Fig. 10 - Typical Q-and·r!·period accuracy 

vs supply voltage (high frequency). 

SUPPLY VOLTAGE '''DOl-V 92C5-2:1442 

Fig. 11 - Typical Q-and·O·period accuracy 

z 
w 
u 

~ 
I 
~ 
'!i 
~ 
g 

~ 
'" 0 z .. 
0 

vs supply "oltage (medium frequency) 

:t6 AMBIENT TEMPERATURE (TA .'2S-C 
ASTABLE MODE 

J ±5 

II / 
!4 

.. SUPPLY ~CLTA.EIIVOO 1· .. ,,0"4 /, 
I I I II IOvi 10% 

~2 

Vz 'I 
" .1.----""" ~"rIO" 

0 

10 
-, 0 

10 
I , 

10 IO? 10 10· 10' 

FREQUENCY tll-H, 

Fig. 14 - Typical Q-and (i·period ~~:;~~~ 
vs frequency for V DO variation 

of ± 1096 from value indicated. 

10' 

.... +4 .STABLE ,..OOE 
,dS t:1 ll~: • .::r. ... it'u 
I +. 
i +2 

~ 
~ +1 

[;l 

• ill" .. 
. +t""":~""""""~ 

,0 -: .... 
_-::1:1;2 

.. ,.+-1Eqf 
~'1 fie R VOO 

KHzl pF KD. \I 

A 50 100 47 '5 
B 50 100 41 10 

10 rOO 220 5 

10 10 220 10 
I 1000 220 I 5,10 

-55 -35 -15 .5 +25 +45 +65 +85 +11)5 +125 

AMBIENT TEMPERATURE ITAI--C 

Fig. 17 - Typical Q. and (i·period accuracy 

vs temperature (medium frequency). 
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AMBIENT TEMPERATURE ITA)-·C 

Fig. 18 - Typical Q. and O-period accuracy 

vs temperature (high frequency). 

II. Monostable Mode Design Information 
The following analysis presents worst
case variations from unit to unit as a 
function of transfer-voltage (VTR) shift 
(33% - 67% VOO) for one-shot (mono
stable) operation. 

TERMINAL8~ 

TERMINAL 13 ~ 

TERMINAL 10 ~ 
9ZCS~Z0028 

Fig. 21 - Monostable waveforms. 

tM = -RC In 
(VTR) (VOO - VTR) 

(2V OO - VTR ) (2V OO) 

where tM = Monostable mode pulse width. 
Values for tM are as follows: 

Typ: VTR = 0.5 VOO 
Min: VTR = 0.33 VOO 

Max. VTR = 0.67 VOO 

tM = 2.48 RC 
tM = 2.71 RC 

tM = 2.48 RC 

Thus if ItM = 2.48 RC I is used, the maximum 
variation will be (+9.3%, -0.0%). 

Note: 
In the astable mode, the first positive half 
cycle has a duration of TM; succeeding 
durations are tA/2. 

In addition to variations from unit to unit, 
the monostable pulse width may vary as a 
function of frequency with respect to VOO 
and temperature. These variations are 
presented in graphical form in Fig. 22 to 27 
with 10 V as reference for voltage-variation 
curves and 25°C as reference for temper
ature-variation curves. 

~ffi +4 ASTABLE !"'OOE 

I u +3 

O~ .2 

fCRVOO 
KHz pF KD II 
100 100 47 

100 rOO 47 10 

;~ :: ~~+o 
E 2 IOOO/-;~~ +. +25 +45 +65 +85 +OS +125 

AMBIENT TEMPERATURE ITAI-·C 

Fig. 19 - Typical oscillator-period accuracy 

z 
w 
u 

vs temperature (medium frequency). 

SUPPLY VOLTAGE IVD01-V 

Fig. 22 - Typical Q- and O-pulse-width 

accuracy vs supply voltage 

(tM = 15,60, 120 P.s). 

r() " 
SUPPLY VOLTAGE lVool-V 

Fig. 24 - Typical Q- and cr--p~i;~~:;;:dth 
accuracy vs supply voltage 

(tM ~ 100 ms). 

MONOSTABLE MODE 

a: -+-15 
It' 
I 

10 +10 

~ 
~ +5 

1< 

C R Vee 
pI'" K.Il V 

1'5 100 47 5,10 
B 60 100 220 5,10 

~'5' ~35 -15 +5 +25 +45 +65 +85 +10!5 +125 

AMBIENT TEMPERATURE (TA1--C 

Fig. 26 - Typical Q and Q pulse-width 

accuracy vs temperature 

(high frequency). 

1f)#.p-.1 

£ ,,, ~ 

o,(J ..... "'rJi ,. 
~o$fI~ 8 

8 

f C R 
MH, .~ Ka 

• I 10 47 

• 0.2 100 22 

'8' +Kl!5 +125 

Fig. 20 - Typical oscillator-period accuracy 

vs temperature (high frequency). 
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SUPPLY VOLTAGE tvool-V 92CS-21452 

Fig. 23 - Typical Q- and ii-pulse-width 

accuracy vs supply voltage 

(tM=0.5, 1,10ms). 

AMBIENT TEMPERATuRE ITA ,- 25"C 
MONOSTABLE MODE 

:t, 

.. 
!3 

+2 5v t 10-to. 

~,Yr' S,PPLY VOLTAGE eVool-r5v!rO"lo 

I 'vi 10"" I 

-~ ~ 
10 5. 10 4 10 3 10 2 10 I 10° 101 

Q AND 0: -PULSE Wlon+-SECONDS 

Fig. 25 - Typical Q- and lJ pulse-width 

accuracy vs Q and Q pulse width 

for a variation of ± 10% from 

value indicated. 

(>-I 

10' 

-55 -35 -I' +5 +25 +4' +65 +85 +10!5 +125 

Fig. 27 - Typical Q and Q pulse-width 

accuracy range vs temperature. 
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III. Retrigger Mode Operation 
The C04047A can be used in the 
retrigger mode to extend the output
pulse duration, or to compare the fre
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals Band 12, and the output is 
taken from term inal 10 or 11. As shown 
in Fig. 29, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse is 
applied. For two input pulses, tR E=t1' 
+ t1 + 2t2' For more than two pulses, 
tRE (Q OUTPUT), terminates at some 
variable time, to, after the termination 
of the last retrigger pulse, to is variable 
because tRE (Q OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. g). 

IV. External Counter Option 
Time tM can be extended by any a
mount with the use of external counting 
circuitry. Advantages include digitally 
controlled pulse duration, small timing 
capacitors for long time periods, and 
extremely fast recovery time. A typical 
implementation is shown in Fig. 28. 
The pulse duration at the output is 

text = (N-1) (tA) + (tM + tA/2) 
where t ext= pulse duration of the cir
cuitry, and N is the number of counts 
used. 

V, Timing-Component Limitations 
The capacitor used in the circuit should 
be non-polarized and have low leakage(Le. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used). There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 
However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 
larger than the COS/MaS "ON" resist
ance in series with it, which typically is 
hundreds of ohms. In addition, with 
very large values of R, some short-term 
instability with respect to time may be 
noted. 
The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 

C ~ 100 pF, up to any practical value, for 
astable modes; 
C ~ 1000 pF, up to any practical value 
for monostable modes. 

10kn~R ~1 Mil 

VI. Power Consumption 
In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
following formulae: 

Astable Mode: P = 2CV2f. (Output at 
terminal No. 13) 
P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 

(2.9CV2) (Outy Cycle) 
P = 

(Output at terminal 
Nos. 10 and 11) 

T 

The circuit is designed so that most of 
the total power is consumed in the 
external components. In practice, the 
lower the values of frequency and 
voltage used, the closer the actual power 
dissipation will be to the calculated 
value. 
Because the power dissipation does not 
depend on R, a design for minimum 
power dissipation would be a small 
value of C. The value of R would 
depend on the desired period (within 
the limitations discussed above). See 
Figs. 30-32 for typical power con
sumption in astable mode. 

AST~----..., 

o 
INPUT ..n. CD~lII 
PULSE -------' 

b~:..r:l--oOUT 

92CS-Z0030R2 

Fig. 28 - Implamentation of external 

counter option. 

10 ASTABLE MODE 
SUPPLY VOL.TAGE (VOD1.~V 

10"+---I--+--t----t---l--f---I 

o 10 
10 10° 10 10 2 10 3 104 

OOR Q FREQUENCY (I)-I-n 

Fig. 30 - Power dissipation vs output 

frequency (V DD = 5 V). 

106 ASTABLE MODE 
SUPF>L Y VOLTAGE {VOO 1- 10 V 

10° 10 la' 103 104 

aORQ FREQUENCY If)-Hz 

92CS-2:14r3 

Fig. 31 - Power dissipation vs output 

frequency (V DD = 10 V). 

ASTABLE WaDE 
SUPPLY' VOLTAGE tV001-i5V 

10' 

~ I~I+---~--~--+----l----~---+-~ 

~ 
e; I04-t-_+-_+-~+-;; 
z 
2 : ~ ,O'-t==::t=:-..:j:::::::="f:::::::---i=----jf---+----j 
;; 
~ i K)2'-1--+--t----t-----j~-+--+-_j 

L---10~~~IOO~u410-LLllI0~'~~I~O'~~I~~LU,0~5~~,~ 
QOR Q FREQUENCY (O-Hr 

92tS-Z1414 

Fig. 32 - Power dissipation vs output 

frequency (V DO = 15 V). 

JUU1.- :.-.::::.-.1L 

7 ~ 
92CS~20029 

Fig. 29 - Retrigger-mode waveforms. 
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COSIMOS DIGITAL INTEGRATED CIRCUITS - _______________________________ _ 

CD4048A Types 

COS/MOS Multi-Function 
Expandable a-Input Gate 

The RCA· CD4048A is an 8·input gate 
having four control inputs. Three binary 
control inputs - Ka, Kb, and Kc - provide 
the implementation of eight different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 

A fourth control input -Kd - provides the 
user with 3-state outputs. When control 
input Kd is high the output is either a logic 
1 or a logic 0 depending on the input states. 
When control input Kd is low, the output is 

an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 

In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs to one 
CD4048A, (see Fig. 6). For example, two 
CD4048A's can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to VSS. 

The CD4048A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16-
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

° STORAGE·TEMPERATURE RANGE (Tstg) .....•.•.•.............•..... -65 to +150 C 

OPERATING·TEMPERATURE RANGE (TA): ° 
PACKAGE TYPES D,F K,H .........•.•.•......•••.. , •...•.... -55 to +125 C 

PACKAGE TYPES E, Y ........•..•.......•................... -40 to +850C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to Vss Terminal): .........•..........•..•..•... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD) 

FOR TA= -40 to +60oC (PACKAGE TYPES E,Y) ..........•..............•.• 500 mW 

FOR TA= +60 to +850 C (PACKAGE TYPES E,Y) ......... Derate Linearly at 12 mW/oC to 200 mW 

FOR TA= -55 to +100oC (PACKAGE TYPES D, F, K). ........................ 500 mW 
° . ° FOR TA= +100 to +125 C (PACKAGE TYPES D, F, K) ..... Derate Linearly at 12 mWI C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A= FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) .•....... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ...........•.............. -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ................ +2650C 

NOR OR NAfrtO AND Ay A~ C 0 C 0 
E F E F 
G H G H 

EXP EXP 

ORlAND OR INANO 
A A--'-~ 
B B 
C C o 0 

E 
F 
G 
H 

E 
F 
G 
H 

AND/OR 
A 
B 
c 
D 

E 
F 
G .. 

Fig. 1 - Basic logic configurations. 

RECOMMENDED OPERATING CONDITIONS 

A 
a 
C 
0 

E 
F 
G 
H 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTER ISTIC VDD D,F,K,H E,Y UNITS 
(V) Packages Packages 

Min. Max. Min. Max. 

Supply·Voltage Range (For T A = Full 
Package-Temperature Range) 

3 12 3 12 V 

476 

ANO/NOR 

92CM-22Z'O 

BINARY CON!ROL INPUTS 

'FUNCTION CONTROL' 

INPUTS {~ '3 
12 

" 
EXPAND .5 

INPUTS {~ 
6 

5 
4 

CD4048A 

3'STATE 
CONTROL 

J 
OUTPUT 

VSS'B 
VOO"16 

92C5-22249 

Functional Diagram 

Features: 

• Medium-power TTL drive capability 

• Three·state output 
• High·current source and sink capability 

9 mA (typ.) @ VOS = 0.5 V, VDD = 10 V 
• Many logic functions available in one 

package 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JJA 

at 15 V (full package-temperature range) 

• l-V noise margin (full package· 
temperature range) 

Applications: 

• Selection of up to 8 logic functions 
• Digital control of logic 
• General-purpose gating logic 

Decoding 
- Encoding 

WBIENT TEMPERATURE (T,)-25-C 

TYPICAL TEMP. cOEFFICIENT AT ALL VAWES OF VGs.-o.~ 

G~TE-TO-SOUACE vOLTAGE (VGS )-15 v 

'0 v 

'V 

Q 5 ~ 15 
DFiAIN-TO'"'SOURC[ YOLTM[ {YosJ-Y 

Fig. 2- Typical output n-channel drain 

characteristics. 



CD4048A Types 
STATIC ELECTRICAL CHARACTERISTICS 

Limits at Indicated Temperatures (oC) 
Conditions 

O,K,F,H Packages E, Y Packages 
Characteristic 

Vo VIN VOO -5F; +25 +125 -40 
+25 

+85 
(V) (V) (V) 

Typ. Limit Typ. Limit 

Quiescent Device 
- - 5 1 0.005 1 60 10 0.01 10 140 

Current IL Max. - - 10 2 0.01 2 120 20 0.02 20 280 

- - 15 25 0.5 25 1000 250 2.5 250 2500 

Output Voltage: 
5 5 o Typ.; 0.05 Max. 

low level, -

VOL - 10 10 o Typ.; 0.05 Max. 

High level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs low, 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNl 
9 - 10 3 Min.; 4.5 Typ. 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 

1 10 3 Min.; 4.5 Typ. -

Noise Margin: 
Inputs Low, 4.5 - 5 1 Min. 
VNML 

9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current: 0.4 - 4.5 2 3.2 1.6 1.1 1.9 3.2 1.6 1.3 
n-Channel (Sink) 
ION Min. 0.5 - 10 5.6 9 4.5 3.1 5.4 9 4.5 3.7 

p-channel 
(Source), 4.6 - 5 -2 -3.2 -1.6 -1.1 -1.9 -3.2 -1.6 -1.3 
lOP Min. 

9 .. 5 10 -5.6 -9 -4.5 -3 . .1 -3.8 -9 -3.15 -2_6 -

I nput leakage 
Any Input 

Current, - - 15 ± 10-5 Typ., ± 1 Max. 
Ill,IIH 

3-State Output Forced 
Leakage Current (Output Disabled) 
IOl,IOH - I - 1 15 ±10-4 Typ., ±2 Max. 

Units 

pA 

V 

V 

V 

mA 

/JA 

/JA 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

~ 
I 
~ 
!; 5 .. 
z 
~ 

~ 40 

B 
z 

AMBIENT TEMPERATURE {TA)~25·C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGS~-O.3 %/·c 

'" 
10V 

10V 

5V 

5V 

" 15 

DRAIN-lO-SOURCE VOLTAGE (Vos}-V 

CD4048AD, AK 

CD4Q4BAE 

92C$-22254RI 

Fig. 3- Minimum output n-channel drain 

characteristics. 

DRA.IN-lO-SOURCE VOLTAGE (YDS~V 
-15 -10 -5 0 

-5V 

-10 V 

GATE"TO-SOURCE'VOLTAGE IVGs)--15Y 

.0 .. 
E 

40 I 

~ 
60 -

~ 
80 B 

z 
-IOO~ 

.MIBIENT TEMPERATURE ITA,}-ZS-C I 
TYPICAL TEMP. COEFFH;IENT AT ALL VALUES OF YGs. - 0.3 %j-C !. 

tICI-IOU"" 

Fig. 4- Typical output p-channel drain 

characteristics. 

DRAIN-TO-SOURCE VOLTAGE (VoSl-V 
-15 -10 -5 o 

AMBIENT TEMPERATURE (TA1~25·C 
TYPICAL TEMP. COEFFICIENT AT ALL 

VALUES OF VGs·-o.3 %/-t 

5V .. 
10 E 

-lOY 

i 
-20~ .. 

z 
-30 ~ 

GATE-YO-SOURCE VOLTAGE IVGs)~-15V 
a 

~ 

C04048AD. AK 

CD4048AE 

92CS-222~!5RI 

Fig. 5- Minimum output p-channef drain 

characteristics. 

: ~~------~~~~~~~~~----~ 
iii 
is 
E 

~ 

INPuT FREQUENCY (tIl -HI 

F i9. 6 - Typical power dissipation as a 
function of input frequency. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4048A Types 
DYNAMIC.ELECTRICAL CHARACTERISTCS at TA = 25°C and CL = 15 pF and 50 pF. 

Typical Temperature Coefficient for all values of VDD = 0.3%/oC RL = 200 kG 

CL = 15 pF 

LIMITS 

TEST D,F,K,H E,Y 
UNITS CHARACTERISTIC CONDITIONS Packages Packages 

VDD 
(Volts) 

TYP. MAX.* TYP. MAX.* 

Propagation Oelay Time 5 750 1300 750 1600 
ns 

tPHL 10 225 400 225 500 

Transition Time: 5 90 140 90 170 
High-to-Low Level tTHL 

ns 
10 30 50 30 65 

Low-to-High Level tTLH 
5 130 250 130 300 ns 
10 40 60 40 75 

Input Capacitance C1 Any Input 5 - 5 - pF 

CL = 50 pF 

Propagation Delay Time 5 775 1350 775 1650 
ns 

tpLH.tpHL 10 240 430 240 530 

Transition Time: 5 105 170 105 200 
High-to-Low Level tTHL 

ns 
10 40 70 40 85 

Low-to-High Level tTLH 
5 145 280 145 330 ns 
10 50 80 50 95 

Input Capacitance CI Any Input 5 - 5 - pF 

* Max. Limits represent worst-case limits for worst-case modes of operation shown In Figs. 15, 16, and 17. 

z 150 o 

.0 

AMBIENT TEMPERATURE {TA)-2S·C 

TYPICAL TEMP COEFFICIENT AT ALL VALUES OF VOO-Q.3 "'/~ 

20 40 60 80 100 120 

LOAO CAPACITANCE (ell - pF 

10V 

,.V 
140 160 180 

Fig. 9- Typical high-to-Iow level transition 
time as a function of load capacitance. 

. 
Vss 

INPUTS 

92CS- 27401 

Fig. 1dr- Quiescent-device-current 
test circuit. 

AMMNT TbIIIE"ATU"E (1,,)-25-( 
TYPICAL TEMP. CO!FFICIfNT AT ALL 'oAlWES OF' V 

SUPPLY VOLTjG[ IVoo)-SV 

10V 

15v 

92C5-22236 

Fig. 7- Typical propagation delay time as a 
function of load capacitance. 

.MIIIENT TDPERATURI! (T,,)-U-C 
TYP1C.IL TiEMP. COEFFICIENT AT ALL \IlLUES OF YDI)"'O.3 "/*'C 

, .. 

Fig. 8- Typicallow-to-high level transition 
time as a function of load capacitance. 

V5S 

NOTE: 
TE$T ANY ONE INPUT, 
WITH OTHER INPUTS AT 

91CS-;?1.00 Voo OR Vss 

Fig. 111- Noise-immunity 
test circuit. 

TEST CIRCUITS - DYNAMIC MEASURMENTS 

Vss 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Voo AND Vss· 
CONNECT ALL UNUSED 

'---,,----' INPUTS TO EITHER 
VOD OR Vss· 

V5S 

'!lZCS-21401 

Fig. 12- Input-Ieakage·current 
test circuit. 

'Iss 

16 

15 

Voo 

14 INPUT 
13 
12 

" 10 

9 

INPUT~50'" 

OUTPUTH--- --90". - -- --10% 

tTHL tTLH 

92tS-22265 

Fig. 13- tTHL' tTLH - ANDINOR. 
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CD4048A Types 
NOR 

"~ 
'2 
'3 
14 
'5 , 

: Ko-Kb-Kc 
0-0-0 

AND 

OR 

NAND 

ANDIOR 

ANDINOR 

J (OUTPUT) VDD __ ",Kd'-l 

H 

G 

VSS 

'2- '''PUT ORlAND GATE 

VSS 

J. (A+B+C+DI- (E+F+G+HI' (X'+X2+X3+X41 

Fig. 14 (a) - 12-input OR/AND gate. 

OR FUNCT'ON 

VSS 

'6-'NPUT NOR GATE 

Fig. 14 (b) - 16-input NOR gate. 

Applications of Expand Input 

XI 
X2 
X3 
X4 

92C5-20240 

Vss 
IZCS-Z0241 

IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 

OUTPUT FUNCTION OUTPUT BOOLEAN 
FUNCTION NEEDED AT EXPRESSION 

EXPAND INPUT 

NOR OR J=(A+B+C+D+E+F+G+H)+(EXP) 

OR OR J=(A+B+C+D+E+F+G+H)+(EXP) 

AND NAND J=(ABCDEFG H)' (EXP) 

NAND NAND J=(ABCDEFGH)-(EXP) 

OR/AND NOR J=(A+B+C+D)'(E+F+G+H)'(EXP) 

OR/NAND NOR J=(A+B+C+D)'(E+F+G+H)'(EXP) 

AND/NOR AND J=(ABCD)+(EFGH)+(EXP) 

AND/OR AND J=(ABCD)+(EFGH)+(EXP) 

Note: (EXP) designates the EXPAND function (Le., X1+X2+ ... XN). 

ORINAND ORlAND 

etCs-2ZISI 

Fig. 14 (e) - Acutal-eircuit logic configurations. 

Fig. 14 - Expansion logic and truth tabl •• 

Voo 

OUTPUT , 
'6 

CL"5~ 
2 '5 

OR50 = 3 '4 'NPUT 
4 '3 

,2 
6 " 7 ,0 

8 9 

IIss 

INPUT~-- - -50% 

OUTPUT - - - -- - -50"1. 

'PLH 

92CS-22263 

Fig. 15- tpLH - NAND. 

'NPUT 

VSS 

'NPUT~O% 

OUTPUT ~50% 
--.J tPHL~ f 

92C5-22264 

Fig. 16- tpHL - AND. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4048A Types 

A - ...... ""I\r .......... -1 

K. 

,---------
:---. 3 CONFIGURATIONS 
I SAME AS FOR INPUT "A" I 
D~ _______ ..J 

,.---__ ... VDD 

ExP'-~""I\r-'~----------------------~ 

Vss E----,----------
F --, 4 CONFIGURATIONS 
G - SAME AS FOR INPUT "A" H-l ________ _ 

, .. ~ ~-
Vss gKb Kb--j--------- ~b 

KCJ 3 CONFIGURATIONS Kc 
Kd--l SAME AS FOR "K; INPUT ~~c 

'-_________ ..J------L:Kd 

Kd Transmission Gate Definition 

TG ~ Transmission Gate 
Input to Output is: 
al A bidirectional low impedance when 

control input" 1 is low and control 
2 is high. 

bl An open circuit when control input 1 
is high and control input 2 is low. 

9ZCM-22251RI 

FUNCTION TRUTH TABLE 

OUTPUT BOOLEAN EXPRESSION Ka Kb Kc 
UNUSED 

FUNCTION INPUT* 

NOR J-A+B+C+D+E+F+G+H 0 0 0 VSS 
OR ~A+B+C+D+E+F+G+H 0 0 1 Vss 
OR/AND J=(A+B+C+D)-(E+F+G+H) 0 1 0 VSS 
OR/NAND ~(A+B+C+D)'(E+F+G+H) 0 1 1 Vss 
AND ~ABCDEFGH 1 0 0 VDD 
NAND J=ABCDEFGH 1 0 1 VDD 
AND/NOR J-ABCD+EFGH 1 1 0 VDD 
AND/OR J=ABCD+EFGH 1 1 1 VDD 

Kd=l Normal Inverter Action 

Kd=O High Impedance Output 

EXPAND Input=O ·See Figs. 1 and 7. 

Fig. , ~ Logic diagram and truth table. 
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COs/MOS DIGITAL INTEGRATED CIRCUITS 

CD4049A, CD4050A Types 

COS/MOS Hex Buffer/Converters 
CD4049A-lnverting Type 
CD4050A-Non-lnverting Type 

RECOMMENDED OPERATING CONDITIONS at TA=250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

The CD4049A and CD4050A are inverting 
and non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (VCC). The input-signal 
high level (VIH) can exceed the VCC supply 
voltage when these devices are used for logic
level conversions. These devices are intended 
for use as COS/MaS to DTL/TTL converters 
and can drive directly two DTL/TTL loads. 
(VCC=5 V, VOL ~.4 V, and IDN~3.2 mA.) 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

The CD4049A and CD4050A are designated 
as replacements for CD4009A and CD4010A, 
respectively. Because the CD4049A and 
CD4050A require only one power supply, 
they are preferred over the CD4009A and 
CD4010A and should be used in place of the 
CD4009A and CD4010A in all inverter, cur
rent driver, or logic-level conversion appli
cations. In these applications the CD4049A 
and CD4050A are pin compatible with the 
CD4009A and CD4010A respectively, and 
can be substituted for these devices in 
existing as well as in new designs. Terminal 
No. 16 is not connected internally on the 
CD4049A or CD4050A, therefore, connection 
to this terminal is of no consequence to cir
cuit operation. For applications not re
quiring high sink-current or voltage conver
sion, the CD4069 Hex Inverter is recom
mended. 

The CD4049A and CD4050A types are sup
plied in 16-lead hermetic dual-in-line ceramic 
packages (0, F, and Y suffixes), 16-lead 
dual-in-line plastic package (E suffix), 16-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

Features: 
• High sink current for driving 2 TTL loads 
• High-ta-Iow level logic conversion 
• Quiescent current specified to 15 V 
• Maximum input leakage of 1 p.A at 15 V 

(full package-temperature range) 

Applications: 
• COSIMOS to DTLITTL hex converter 
• COSIMOS current "sink" or "source" 

driver 
• COSIMOS high-to-Iow logic-level 

converter 

A~G.ii 

B~H-ii 

C~I'C 
D~ -
~J'D 

E~ -
~K'E 

F ~'5 -
~L'F 

vce_'_ 
vss-8-
Ne =13 

92C5-2"'0{' 
Ne -'6 

CD4049 

A .!.{::>--! G.A 

8~H'B 

c~I.e 
D~ V- J'D 

E ~ V- K-E 

F ~~ ~LI:F' 

Vee-'-
Vss _8_ 

NC a 13 'ZC5·Z.,~t 

Ne -'6 
CD4050 

Fig. I.-Functional diagrams. 

Supply-Voltage Range (Vee) (For T A=Full Package· 
3 12 V 

Temperature Range) 

Input Voltage Range (V I) Vec 
« 12 V 

'The CD4049 and CD4050 have h,gh-IO-Iow-Ievel voltage conversion capability but not 

low-to-high-Ievel; therefore it is recommended that VI ~ VCC' 

STATIC ELECTRICAL CHARACTERISTICS 

Limits at Indicatad Temperatures (Oct 
Characteristic Conditions D,K,F;H Pac~ 'fI!s E, Y Pack8fltls 

Vo VIN Vce -55 +25 +125 -40 +25 
(V) (V) (V) Typ. Limit Typ. limit 

Quiescent 
5 0.3 0.01 0.3 20 3 0.03 3 

Device - -
Current, 

- - 10 0.5 0.01 0.5 30 5 0.05 5 

ILMax. 
- - 15 10 0.02 10 100 50 0.05 50 

Output 
Voltage: 
Low-Level, - 0,5 5 o Typ.; 0.05 Max. 
VOL - 0,10 10 o Typ.; 0.05 Max. 
High·Level, - 0,5 5 4.95 Min.; 5 Typ. 

VOH - 0,10 10 9.95 Min.; 10 Typ. 

Noise 
Immunity: 
Inputs Low, 3.6 - 5 1.5 Min.; 2.25 Typ. 

VNL 7.2 - 10 3 Min.; 4.5 Typ. 
CD4050A 
Inputs Hi!t1, 1.4 - 5 1.5 Min.; 2.25 Typ. 

VNH 2.B - 10 3 Min.; 4.5 Typ. 
All Types 
Inputs Low, 3.6 - 5 1 Min.; 1.5 Typ. 

VNL 7.2 - 10 2 Min.; 3 Typ. 
CD4049A 

Noise 
Margin: 
Inputs Low, 4.5 - 5 1 Min. 

VNML Min. 9 - 10 1 Min. 
CD4050A 
Inputs High, 0.5 - 5 1 Min. 

VNMH Min. 1 - 10 1 Min. 

CD4050A 
Output Drive 
Current: 
N-Channel 0.4 - 4.5 3.3 5.2 2.6 1.B 3.1 5.2 2.6 
(Sink), 0.4 - 5 3.75 6 3 2.1 3.6 6 3 
ION Min. 0.5 - 10 10 16 B 5.6 9.6 16 B 
P-Channel 4.5 - 5 -0.62 -1 -0.5 -0.35 -0.6 -1 .... 0.5 
(Source), 2.5 - 5 -1.85 -2.5 -1.25 -0.9 -1.5 -2.5 -1.25 
lOP Min. 9.5 >- 10 -1.85 -2.5 -1.25 -0.9 -1.5 -2.5 -1.25 

Input 
Leakage 
Current, Any Input 15 ±10-5 Typ., ±1 Max. 

IIL,IIH 
Max. 

+85 

42 
70 

500 

2.1 
2.5 
6.6 

-0.4 
-1 
-1 

Units 

IlA 

V 

V 

V 

rnA 

p.A 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4049A, CD4050A Types 

MAXIMUM RATINGS. Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES D. F. K. H ............ . 

PACKAGE TYPES E. Y ........ . 
DC SUPPLY·VOLTAGE RANGE. (Vee! 

-66 to +1500 C 

-55 to +125oC 
-40 to +850 C 

(Voltages referenced to V SS Terminal) ..................................... . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA = -40 to +60oC (PACKAGE TYPES E. Y) 

FOR T A = +60 to +850 C (PACKAGE TYPES E. Y) 

FOR T A= -55 to +1000 C (PACKAGE TYPES D. F. K) 

FOR T A = +100 to + 1250 e (PACKAGE TYPES D. F. K) .. 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

500mW 

Derate lonearly at 12 mW/oC to 200 mW 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . 100mW 

INPUT VOLTAGE RANGE. ALL INPUTS. 
LEAD TEMPERATURE lOURING SOLDERING) 

-0.5 to V DD +0.5 V 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max. 

> 
I 4 

! 

AM.IENT TEMPERATURE (TA1·2~·C 
SUPPLY VOLTAGE (Yee)·' v 

MINIMUM MAXIMUM 

Q I 2 3 
INPUT VOLTAGE (Vr)-Y 

Fig_ 3-Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 

.. 
INPUT VOUAGE IVI)- 'II 

Fig. 6-Tvpical voltage transfer charac
teristics as a function of tempera
ture for CD4049A. 

_-lIHIOUOCE _TMlIVotl-y 

Fig_ 9-Tvpical and minimum p-channel drain 
characteristics as a function of gate-to
source voltage (V GS) for CD4049A, 
CD4050A. 
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INPUT VOLTAGE IV~I-V 

ItCS-lO".' 

Fig. 4-Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 

Fig. 7-Typical voltage transfer charac
teristics as a function of tempera
ture for CD4050A. 

LOAD CAPACITANCE ICL)-pF 92CS _ 20~2'J 

Fig. 70- Typical high-to-Iow level propagation delay 
time vs. CL for CD4049A. 

AMBIENT TEMPERATURE ITA '-25-C 

SUPPLY VOLTAGE (YCCI-5 v 

.. . MINIMUM MAXIMUM 

S g 2 
0-

" .. 
0- I 

i! 

o I 2 3 
INPUT VOLTAGE (VI'-V 

Fig. 2-Minimum and maximum voltage 
transfer characteristic's 'for 
CD4049A. 

INPOT VOLTAGE ('111.1- v 
9ZCS-204e:! 

Fig. 5-Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 

Fig. 8-Typical and minimum n-channel drain 
characteristics as a function of gate-to-
source voltage (V GS) for CD4049A, CD4050A. 

Fig. 77- Typical high-to-Iow level propagation delay 
time vs. CL for C04050A. 



CD4049A, CD4050A Types 

DYNAMIC ELECTRICAL CHARACTERISTI~S at TA=250 C; Input t,.ft-20 M. 

Cl =15 pF. Re200 kn 

CHARACTERISTIC 

Propagation Delay Time: 
Low-to-High, tpLH 

CD4049A 

CD4050A 

High-to-Low, tpHL 

CD4049A 

CD4050A 

Transition Time: 

Low-to-High, tTLH 

High-to-Low, tTHL 

Input Capacitance, CI 
CD4049A 
CD4050A 

Fig_ 14-Typical high-to-Iow level transition time 
VI_ CL for CD4049A, CD4050A. 

INPUT RISE AND FALl.. TIM! It, ,tf 1 
9~CS·Z04'310R 

Fig_ 17-Typical power dissipation vs_ transition 
time per inverter CD4049A. 

NOTE: 
TEST ANY ONE INPUT, 

Vss WITH OTHER INPUTS AT 
92C5- 2'7400 Voo ORVss' 

Fig_ 19-Noise immunity test circuit_ 

CONDITIONS 
LIMITS 

All PKGS, 
UNITS 

5 
10 
5 
10 

5 
10 
5 
10 

5 
10 
5 
10 

VCC Typ_ Max_ 

5 50 80 
10 25 55 
5 75 140 

ns 

10 35 85 

5 15 55 
10 10 30 
5 55 110 

ns 

10 25 55 

5 50 100 
10 30 60 
5 20 45 

ns 

10 16 40 

15 
5 

pF 

IICS-~" 

Fig. 15-Typicallow-to·high level transition time 
vs. CL ff!r CD4049A, CD4050A. 

;0 10 AMBIENT TEMPERATURE CT, I -FULL PKG. 'ft .......... [.::; 

~ 10' 

I 

fBlt' +' +-~ 

'" \f;;J'II\' 
'rP.'+' , ..... .p 

~ ,..' ~ 10 
~'I-'1" F.~+' 

~'E 
~ ,.-,00 ~~ 
~ 103 

\~ . .... -1> .I( .. e 
,0 ... 

~ ~'" ¥ ~." 
~ 

10' 
\~ . .. ,,<. 

11 (I.' 
ill J,' \ ... ~~ 
0 ..~ 
~ 

10 <f>t~ 
0 .. 

I 

10 10' 10' 10' 10' 10' 10' 

INPUT RISE AND FAll TillE. IIf ,t, 1 
92C$-20"9.11 

Fig. 18-Typical power dissipation vs. transition 
time per inverter CD4050A. 

NOTE: 

MEASURE INPUTS 
UQUENTIALLY. 
TO 10TH Yoo ANOVss' 
CONNECT ALL UNUSED 

'---..-_-' N'UTS TO EITHEII 
Yoo (III Vss-

Vss 

Fig. 20 -Input leakage current tllst circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

I 
I 

) •• 0 •• 

! 200 

; 

I 
§ 
I 

40 
LOAD CAPACtTANCIE: ICLI-pF '2CS-2M2. 

Fig_ 12-Typicallow-to-high level propagation delay 
time VI. C, for CD4049A. 

Fig. 13-Typicallow-to-high level propagation delay 
time vs. C L for CD4050A. 

INPUT ,' .. EQUINCY tt.1 kHz .eS-IOU7 

Fig. 16-Typical dissipation characteristics for 
CD4049A, CD4050A. 

IPUTS 

Fig. 21-0uiescent device current test circuit. 
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CD4057A Types 

COS/MOS LSI 4-Bit Arithmetic Logic Unit 
Applications: 

• Parallel Arithmetic Units 
RIGHT SERIAL 

OATA LINE 

The RCA-CD4057 A is a low-power arithme
tic logic unit (AlU) designed for use in LSI 
computers_ An arithmetic system of virtually 
any size can be constructed by wiring to-
gether a number of CD4057A AlU's_ The 
CD4057 A provides 4-bit arithmetic opera
tions, time sharing of data terminals, and full 
functional decoding for all control lines_ The 
distributed control system of this device 
provides great flexibility in system designs 

• Process Controllers 
• Remote Data Sets 

rUNCTION j 
SELECT -I 

• Graphic Display Terminals 

CLOCK 

CONOITlONAl, 
INPUTS ''--_--,-_----' 

. by allowing hard-wired connection of N 
units in 4N unique -combinations_ Four 
control lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up-Down Counting, AND, 
OR, and Exclusive-OR logic operations_ 

Two mode control lines allow the CD4057 A 
to function as any 4-bit section of a larger 
arithmetic unit by controlling the bidirec
tional serial transfer of data to adjacent 
arithmetic arrays_ By means of three "Con
ditional Control" lines Overflow, All Zeros, 
and Negative State conditions may be 

detected and used to establish a conditional 
operation_ Predetermined operation of the 
CD4057A on a conditional basis ailows 
greater AlU flexibility. Although especially 
applicable as a parallel arithmetic unit, the 
CD4057A also finds use in virtually any 
application requiring one or more of its 
16 basic instructions. The CD4057A is 
supplied in a hermetically sealed 28-lead 
dual-in-line ceramic package (CD4057AD), 
in a flat-pack (CD4057AK), and in chip 
form (CD4057AH)_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) .. _ . _ . ___ .. __ . _ . _ ............... _ -66 to +1500 C 

OPERATING-TEMPERATURE RANGE ITA): 

PACKAGE TYPES O. K. H ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to +l25oC 

OCSUPPLY-VOLTAGE RANGE. (Voo) 
(Voltages referenced to VSS Terminal). . . . . . .. . . . . .. . . . . . . . . . . . .. . . . . . . .. . . . -0.5 to +16 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A= -55 to +100oC (PACKAGE TYPES O. K) 

FOR T A = +100 to +1250 C (PACKAGE TYPES O. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

500mW 

... Derate linearlv at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) .. . . . . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. . . . . . .. . . . . . .. . .. .. . . .. -0.5 to Voo +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs mal<. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

VDD liMITS 
CHARACTERISTIC (V) Min. Max. 

UNITS 

Supply-Voltage Range (For T A = Full 3 12 V 
Package-Temperature Range) 

Setup Thne, ts 5 40 -
DATA 10 20 -

ns 
OPCODE 5 4590 -

10 1320 -
5 1200 - ns Clock Pulse Width, tw 10 375 -

Clock Inp!it Frequency, fCl 5 0.13 -
Count Mode 10 0.46 -

MHz 
Shift Mode 5 0.33 -

10 1.4 -
Clock Rise or Fall Time, trCl, tfCl 5 - 15 

PI 10 - 15 

vss 

VOO" 26 
Vss '25 

TO 
REGISTER 

Fig. 1 - Block diagram - CD4057A. 

Features: 

• lSI Complexity on a Single Chip 
• 16-lnstruction Capability 

-Add, Subtract, Count 
-AND, OR, Exclusive-OR 
-Right, left, or Cyclic Shifts 

• Bidirectional Data Busses 
• Instruction Decoding on Chip 
• Fully Static Operation 
• Single-Phase Clocking 
• Easily Expandable to 8, 12,16,. 

... Bit Operation 

92C S - 202 ""Z 

• Low Quiescent Device Dissipation .• 
.... 10 p.W hyp.) 

• Conditional-Operation Controls on Chip 
• Add Time (Data In-To Sum Out) 

=375 ns (typ) at 10V 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IJA 

at 15 V (full package-temperature range) 

• 1-V noise margin (full package·temperature 
range) 

'po 101 - Col + 3 'po ICI- Col' 190 n. 

I 013-16 
'po IDI - COl' 2 'PO ICI - Col + 'PO ICI - Sol • 925 n. 

513·16 

'po IDI - Col + 2 'PO ICI- COl' 615 ns 

I 0912 
'PO 101 - Col + 'PO ICI - COI+ tpO ICI - Sol • 750 n. 

5912 

'PO IOJ - Col + 'PO ICI - COl' 440 ns 

I 058 'PO IOJ - Col + 'PO ICI - Sol = 575 ns 
558 

'PO IOJ - COl' 266 ns 

I 01·4 

51·4 
'PO IOJ: - Sol • 375 ns 

92C5-21875 

Fig. 2 - Typical8pt1f1d Chllf'8Ctllri8tiC8 of a 16-bit ALU at V DO - 10 V. 
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CD405 7 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Limits at Indicated Temperatures (oCI 
CONDITIONS 

CD4057AD. CD40S7AK. CD4057AH 
CHARACTER ISTIC 

Vo VIN VDD -S5°C 2SoC 12SoC 

(VI (VI (VI Min. Max Min. Typ. Max. Min. Max. 

-Quiescent Device - 5 - 5 - O.S 5 - 150 

Current IL - - 10 - 10 - 1 10 - 300 

- - 15 - 50 - 1 SO - 2000 

Output Voltage; - 5 5 o Typ.; 0.05 Max. 
Low· Level ,VOL - 10 10 o Typ.; 0.05 Max. 

- 0 5 4.95 Min.; 5 Typ. 
High Level, VOH 

- 0 10 9.95 Min.; 10 Typ. 

Noise Immunity 0.8 - 5 1.5 Min.; 2.25 Typ. 

(All Inputs) 1 - 10 3 Min.; 4.5 Typ. 
VNL, VNH 

4.2 - 5 1.5 Min.; 2.25 Typ. 

9 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 
VNML 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive Current: 0.5 - 5 0.11 - 0.09 0.16 - 0.06 -
ION, lOP 
Zero Indicator 

n·channel 0.5 - 10 0.12 - 0.10 0.16 - 0.07 -
p·channel 3 - 5 0.04 - 0.03 0.06 - 0.02 -

7 - 10 O.OS - 0.07 0.13 - 0.05 -

Neg!ltive Indicator 0.5 - 5 0.11 - 0.09 0.30 - 0.06 -

n·channel 0.5 - 10 0.12 - 0.10 0.40 - 0.07 -

p·channel 4.5 - 5 0.07 - 0.06 0.19 - 0.04 -

9.5 - 10 0.12 - 0.10 0.30 - 0.07 -

Overflow Indicator 0.5 - 5 0.25 - 0.20 0.50 - 0.14 -

n·channel 0.5 - 10 0.37 - 0.30 0.90 - 0.21 -

p·channel 4.5 - 5 0.08 - 0.07 0.21 - 0.05 -
9.5 - 10 0.12 - 0.10 0.38 - 0.07 -

All Other Outputs 0.5 - 5 0.11 - 0.09 0.10 - 0.06 -

n·channel 0.5 - 10 0.06 - 0.05 0.12 - 0.03 -
p-channel 4.5 - 5 0.02 - 0.02 0.05 - 0.01 -

9.5 - 10 0.06 - 0.05 0.08 - 0.03 -
Input Leakage 

-AT ~nrt15 ± 10-5 Typ., ± 1 Max. Current 
IIL,IIH' 

UNITS 

pA 

V 

V 

V 

V 

mA 

J.IA 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

15 

AMIIIENT TEMPERATURE (TAJ -25·C 
COUNT-UP MODE 

o Q25 0.5 Q15 LIS L5 L75 2 2.25 

IIIX. COIMTI'" FREQUENCY If .. )-MHI . 
1KS-2t11O 

Fig. 3 - Maximum counting frequency vs. 
supply voltage for a typical C04057 A. 

o 100 

LOAD CAPACITANCE (CL)-pF 
ueS-II'" 

Fig. 4 -i Transitlon time vs. load capacitance 
for data outputs (01·04). 

CLOCI( PULSE RSE AND FALL TIMES 

YDD 
.L 

92(S-21872 

Fig. 5 - Clock pulse rise and fall times. 

·'r,lf"20", 

__ - - -- - - --- "0"," 
I~~ ___________ O 

Fig. 6 - Dat8letup time. 

DATA OUT
CONTRIIL 

_---Voo 

VOD 

92eS-21873 

9Zcs-21874 

F ;g • .1 - Data hold time. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD405 7 A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C and CL = 15 pF, RL = 200 kG, 
. tr,tf = 20 ns 

Typical Temperature Coefficient at all values of VDO = 0.3%fC 

TEST LIMITS 
CHARACTERISTICS CONDITIONS CD4057 AD, CD4057AK 

UNITS 
VDD Min. Typ. Max. 

Propagation Delay Time: 
5 - 1430 3900 tpLH,tPHL 

DATA IN-to- 10 - 375 720 SUM OUT 

CARRY IN-to- 5 - 915 255q 
SUM OUT 10 - 310 840 

5 - 950 2580 ns DATA IN-to-
CARRY OUT 10 - 265 720 

CARRY IN-to- 5 - 485 1320 
CA~RYOUT 

10 - 175 480 

5 - 1980 5400 
Zllnput 

10 750 2040 ·to- -
ZIOutput 5 - 265 720 

10 - 110 300 

Transition Time: 5 - 3700 10350 

tTLH,tTHL 10 - 1650 4500 
ZIOutput 5 - 420 1140 

10 - 220 600 
ns 

Negative Indicator and 5 - 300 825 
Overflow Indicator 10 - 165 450 

All Other 5 - 1000 2775 
Outputl! 10 - 475 1275 

~ 

Minimum Clock Pulse 5 - 400 1200 
Width,tw ns 

10 - 125 375 

Clock Rise and Fall Time, 5 - - 15 
trCL,tfCL ps 

10 - - 15 

Minimum Set Up Time: tSLH,tSHL 5 - 20 40 
ns 

DATA 10 - 10 20 

OPCODE 5 - 1675 4590 
ns 

10 - 485 1320 

5 - 20 40 
Minimum Data Hold Time, tHLH' tHHL ns 

10 - 10 20 

Maximum Clock Frequency: fCL 5 0.13 0.36 -

Count Mode 10 0.46 1.35 -
MHz 

Shift Mode 5 0.33 0.90 -
10 1.4 3.8 -

Input Capacitance, CI ANY INPUT - 5 - pF 

LOGIC DESCRIPTION 

OPERATIONAL MODES 

The CD4057 A arithmetic logic unit operates 
in one of four possible modes. These modes 
control the transfer of information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 
the manner in which the four modes control 
the data on the serial-d~la lines. 

r--------., 
LEFT ~s: RIGHT ~ 
DATA _ ! ~ ~~DATA ~-~ 
LINE ~ __________ J LINE 

BYPASS 
r--------.., 

LEFT . :~RIGHT 
DATA~~~DATA LINE ~ _________ ...; LINE 

BYPASS 
r- - - --- ----.., 

L.EFT :V~S: RIGHT ~ 
LINE L __________ J LINE 92C$-202S2RI 
DATA~DATA ~ 

BYPASS 

Fig. 8 - Schematic of "Mode" concept. 

In MODE 0, data can enter or leave from 
either the left or the right 
serial-data line. 

In MODE 1, data can enter or leave only on 
the left serial-data line. 

In MODE 2, data can enter or leave only 
on the right serial-data line. 

In MODE 3, serial data. can neither enter 
nor leave the register,regardless 
of the nature of the operation. 
Furthermore, the register is 
by-passed electrically, i.e., 
there is an electrical bidirec
tional path between the right 
and left serial data terminals. 

The two input lines labeled C1 and C2 in 
the terminal assignment diagram define one 
of four possible modes shown in Table I. 
Through the use of mode control, individual 
arithmetic arrays can be cascaded to form 
one large processor or many processors of . 
various lengths. 

TABLE I - MODE DEFINITION 

C2 C1 NlODE 

0 0 0 

0 1 1 
1 0 2 

1 1 3 

Examples of how one "hard-wired II 

combination of three ALU's can form (a) a 
12·bit parallel processor, (b) one 8-bit and 
one 4-bit parallel processor, or (c) three 
4-bit parallel processors. merely by changes 
in the modes of each AL(J are shown in 
Fig. 10. 
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CD405 7 A Types 

{

G 

FUNCTION b I 
SELECT * c 6 

d 7 

CLOCK 

\

A 8 

CONDITIONAL e 
INPUTS * 

C 

,. 
OVERFL.OW 

1/0 

17 

OVERFLOW 
IND. 

'8 
BYPASS 

PARALLEL OATA 
INIOUT LINES . 

Zl 
OUTPUT 

ROTATE-2 
(Ro2) 

LEFT NEG. 
SERIAL IND. 
DATA 
LINE £3fDD 

* ALL. INPUTS PROTECTED BY 
COS/IlOS PROTECTION NETWORK 

92CM"ZIB76Ar 

vss 
Fig. 9 - Simplified logic diagram. 

'Data-flow interruptions are shown by shaded abc d 
areas. With these three ALU's and the four 
available modes, 61 more system combina

. tions can be formed. If 4 ALU's are used,-
44 combinations ('256) are possible. Fig.11 
shows a diagram of 4 CD4057 A's inter
connected to form a 16-bit parallel processor. 

G. C[;E 2 H MODE 0 H MODE I fiJ 
b. Lij MOCE 2 H MODE I H MODE 3 ijJ 

92CS-ZQZ!S4 

Fig. 10 - "Mode" connections for parallel 
proCtlSSor: 
fa) 1 :J.bit unit, 
fb) one 8-bit and one 4-bit unit 
fc) three 4-bit units. 

NOTE: The BYPASS terminal of the "most 
significant" CD4057A is connected to the 
bypass terminal of the "least significant" 
CD4057A. The bypass terminals on all other 
CD4057A's are left floating_ This inter
connection is performed : whenever more 
than one CD4057 A are used to form a 
processor. 

INSTRUCTION REPERTOIRE 

Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: 

o 0 0 0 
000 1 
001 0 
o 0 1 1 
o 0 0 

o 0 1 

0 1 1 0 
0 1 1 1 

0 o 0 
o 0 1 
010 
o 1 1 
100 

1 0 1 
1 1 0 
1 1 1 

NO-OP (Operational Inhibit) 
AND 
Countdown 
Count up 
Subtract Stored number 
from zero (SMZ) 
Subtract from parallel data 
Hnes (SM) (stored number from 
parallel data lines) 
Add (AD) 
Subtract (SUB) (Parallel data 
lines from stored number) 
Set to all ones (SET) 
Clear to all zeroes (CLEAR) 
Exclusive-OR 
OR 
Input Data (From parallel 
dati lines) 
Left shift: 
Right shift 
Rotate (cyele) right 

All instructions are executed on the positive 
edge of the clock_ 

PARALLEL COMMANDS 

a. CLEAR - sets register to zero. 
b. SET -sets register to all ones. 
e. OR -processes contents of register 

with value on parallel-data lines in 
II lOgical OR function. 

d. AND -processes contents of register 
with value on parallel-data lines in 
a logical AND function. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

e. Exclusive~OR - processes contents 
of register with data on parallel-data 
lines in a logical Exclusive-OR function. 

f. IN -loads data on parallel-data lines 
into register. 

g. DATA OUT CONTROL - unloads 
contents of register and overflow 
flip-flop onto parallel data lines and 
overflow I/O independent of all other 
controls. 

h. SUB: 
In Mode 0, adds to the contents of 

the register the one's com
plement of the data on the 
paraUel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
state. 

I n Mode 1, adds to the contents of the 
register the two's comple
ment of the data on the 
parallel-data lines_ Gener
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode 0, except 
carries cannot leave on the 
right serial-data line.The 
absence or presence of an 
overflow is registered. 

In Mode 3, same as Mode 1, ,"xcept 
carries cannot leave on the 
left serial-date line. The 
absence' or presence of an 
overflow is registered. 

i. COUNT UP: 
In Mode 0, adds to the contents of the 

register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial
data line. No data enters 
the parallel-data lines. 

In MOde 1, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the data on the 
right serial-data line. No 
data enterS or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leives 
the register on any serial
data or parallel·data line. 
In all modes, with the 
DATA OUT control high 

__________ ~ _______________________________________________ a7 
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CD405 7 A Types 

LEFT SERIAL 
DATA LINE 
(CARRY OUT) 

-----I ZERO INO 

BYPASS 

Rol 

• Roi 

VOO 

ZERO IND ZEROIND 

BYPASS • BYPASS 

• Rol • Rol 

• Ro2 • Ro2 

,----1 ZERO IND 

BYPASS 

• Rol 
Ro2 

IIIGHT SERIAL 
DATA LINE 

CCARRY IN) 

'---t---t--- VDD 

• TERMINAL INTENTIONALLY LEFT FLOATING VDD VSS 

tZCS- 2025' 

Fig. 11 - 'Connection for 16-bit arithrpetic logic unit. 

the count is presented on 
the parallel data lines (01-
04). 

j. COUNT DOWN: 

In Mode 0, subtracts a one (2's comple
ment form) from the con
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters on the parallel-data 
lines. 

In Mode " internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line. No 
data enters or leaves the 
right serial-data line. 

In Mode 2, subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line. 
No data enters or leaves on 
the left serial-data line. 

In Mode 3, internally subtracts a one 
from the contents of the 
register. No data enters or 
leaves on the serial-data 
lines. 

In all modes, with the DATA OUT control 
high the count is presented on the parallel 

data lines (01-04). 

k. AOD(AD): 

488 

In Mode 0, adds the contents of the 
register to the data on the 
parallel-data lines and the 
right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 

In Mode 1, adds the contents of the 
register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data line is 

open-circuited. The over
flow indicator does not 
change state. The CAR RY
IN is set to zero. 

In Mode 2, adds _ the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator. The left serial
data line is open-circuited. 
The absence or presence of 
an overflow is registered. 

In Mode 3, adds contents of the register 
to the data on the parallel
data lines. Any resulting 
carry sets the overflow indi
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY-IN is set to zero. 

I. SM - same operation as AD except the 
contents of the register are two's comple
mented during addition in Mode 1 and 
Mode 3. In Mode 0 or Mode 2, the con
tents of the register are one's comple
mented and added to the data on the 
right serial-data line and the parallel
data lines. Overflows occurring in Mode 
1 or Mode 0 do not alter the overflow 
indicator. The presence or absence of 
overflows is registered on the overflow 
indicator in Mode 2 or Mode 3. 

m. SMZ: 
In Mode 0, one's complements the 

contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register_ 
Any resulting carry can 
1eave on the left serial
data line. The overflow 
indicator does not change 
state. 

In Mode 1, two's complements the 
contents of the register 
and permits any carry to 
leave on the left serial
data line. No data can 
enter the right serial-data 

line. The overflow indi
cator does not change 
state. The CARRY-IN is 
set to zero. 

In Mode 2, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two's complements the 
contents of the register. 
Serial data can neither 
enter the right serial
data line nor leave the 
left serial-data line. The 
overflow indicator is at 
zero. The CARRY-IN is 
set to zero. 

n. NQ-OP - no operation takes place, 
The clock input is inhib
ited and the state Cif all 
registers and indicators 
remains unchanged. 

SERIAL-SHIFT OPERATIONS 
a. ROTATE (cycle) RIGHT - This opera

tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode O. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
O. The R01 terminal of the "Most 
Significant" CD4057 A must be connect
ed to the R02 terminal of the "Least 
Significant" CD4057A_ All other R01 
and R02 terminals must be left floating. 
When only one CD4057 A is used, Ro 1 
must be connected to R02. 

b. RIGHT SHIFT - The contents of the 
register shift to the right and serial opera
tions are as follows: 

In Mode 0, data can enter serially on 
the left data line, shift 
through the register, and 
leave on the 'right data 
line. 

In Mode 1, data can enter serially on 
the left data line. The 
right data line effectively 
is open - circuited, 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively is open
circuited. Vacant spaces are 
filled with zeros. 

In Mode 3, serial data can neither en
ter nor leave the register; 
however,the contents shift 
to the right and vacated 
places are filled with zeros, 
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In all modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (01-04). 

Co LEFT SHIFT - The contents of the 
register sh ift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

In Mode 1, data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros. 

In Mode 2, data can enter serially on 
the right data line. The 
left data Ii ne effectively is 
open-circuited. 

In Mode 3, data can neither enter nor 
leave the register; however, 
the contents shift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 
control high the data is presented on 
the parallel data lines (01-041-

Because the "DATA OUT" control" instruc
tion is independent of the other 16 instruc
tions, care must be taken not to activete 
this control when data are to be loaded into 
the processor. This instruction should only 
be activated when the processor is executing 
a NO-OP, any SHIFT, SMZ, COUNT UP or 
DOWN, CLEAR, or SET. 

If a data line, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (Le., the line is an open circuit),then 
the result of any operation using that line is 
undefined. 

OPERATIONAL SEQUENCE FOR 
ARITHMETIC ADD CYCLE 

1. Apply IN Instruction and Word A on 
Parallel Data Lines (01-04). 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE Instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply "DATA OUT" control to 
present result to Parallel Data Lines. 

NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously; i.e. 
separated by only one data-hold time. 

• 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

CLEAR , 
c 
, 

0 

, 
• 
,I---

9 
...... ou'" CONTROl ~~ 
c, , 

0 

C2 , 
't---: 
o '--

't---: o L_ 

't--; 
o L_ 

't---: o L_ 

, 
, 
0 

, 
lERO INO ~W-
NEG. IND. 

OY£RFLOW 
IND. 

, 

, 

, 

SET NO' CLEAR No 'N 

""r-- Of' 

r- ..... 

I--
f----I- '-f--

r- ;-

'--- I--

- I--

R: j: I--f--

h-~-
I-- f--

r-

IL s I-h r-

J '- I 

LT SHIFT NO 'N RT SHIFT ,. SM NO 'N co ""r--
'- f-----

'- -
r---

- I--
'--

r r- r ,.... 

I-- I-- -, 

-1-L_ _ r--- '---
,..- - r-L -L-.J , 

I--

--1 r- r---
~ f---- ~ 
r----- r-- -

L_~ '---

L L r-

I I r -"l 

DV£RF~ 
I/O O---'r-- ------ _.- . --- ---

CL ~JLLr ,-S ,-Lf"JLI-LJlILs S _...J 
NOTES: RoI CONNECTED TO R02; BY'PASS IS OPEN~ ZI COHN£CTED TO Yg). REIISTER IN MODE 3. 
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Fig. 12 - Timing diagram. 

NEGATIVE·NUMBER DETECTION 

The NEG IND terminal ofthe CD4057A is 
connected to the output of the flip-flop 
that is in the most significant bit position. 
A "1" on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also independent of modes. 

ZERO DETECTION 

The condition of "all zeros" is indicated 
by a "1" on the Zero Indicator terminal 
of the "Most Significant" CD4057 A. 
As shown in Fig. 11, terminal ZI of the 
CD4057A containing the least significant 
set of bits is connected to VDD' Zero 
indication is independent of modes. 

COMPLEMENTING NUMBERS 

1. One's complement of number in ALU 
register. 
a) ALU must be in MODE 0 or MODE 2. 
b) Zero on Rt. Data Line. 
c) Execute an SMZ instruction. 

-
INPUT .. -
INPUT c 

INPUT cI 

CLOCK 

DATA ,. 

DATA 2* -
DATA 3-

-
CARRY 'N 

CARRY()Ul: 

OVERFLOW 
INDICATOR 

NEGATIVE 
INDICATOR 

r--

SUI NO lit ~-NO 
co 011 OP. 

- r- -
,...---

I-
r-- I--

r- - i--

r--

r- rL 

I-- - f-- -L 
i--

I-- -L 
f-- --

f-- -L 
i--

I-- -- -L 
f--

- I--

J 

r l- I 
-, , .--

uUrLn,---
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r---L 
:l - ---L 

, 
~.:-:~-, , 

L--

, ----

HCS-ZI.17 

(Continued) Fig. 13 - Add cycle waveforms_ 
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2. One's complement of number to be 
loaded into ALU register. 
a) If zero indicator Ol,ltput is low, 

execute a CLEAR instruction, and 
make Rt. Data Line = O. 

b) ALU must be in MODE 0 or MODE 2. 

c) Execute an SUB instruction. 
3. Two's complement of number in ALU 

register. 
a) ALU must be in MODE 1 or MODE 3. 
b) Execute an SMZ instruction. 

4. Two's complement of number to be 
loaded into ALU register. 
a) If zero indicator output is low, 

execute a CLEAR instruction, 
and make Rt. Data Line = O. 

b) ALU must be in MODE 1 or MODE 3. 
c) Execute an SUB instruction. 

The following algorithms are given as a 
generaf guideline to demonstrate some of 
the capabilities of the CD4057A. 

MULTIPLICATION OF 

TWO N-BIT NUMBERS 

CD4057A 
ALU 

(2 N Bits) 

Register 1 
(2N Bits) 

00 .• . 0/00 .. 0 O ••• 0/As * a" .. aN-1 
\ 

Register 2 
(2N Bits) 

I 
Multiplier 

O .. . 00/Bs * b" .. bN-1 
\ I I 

Multiplicand 

* As and Bs are sign bits 

Multiplication Algorithm 
1. Clear ALU to Zero 

I 

2. Store As 0 Bs in External Flip-Flop. 
3. If As = 1, Complement Register 1. 
4. If Bs = 1, Complement Register 2. 
5. Load Register 2 into ALU. 
6. Do shift Left on ALU N Times 

(N = number of bits). 
7. Do N Times: 

(1) 
a) If MSB of ALU = 1 

(Negative Indicator = High). 
Then shift ALU left 1 bit; 
add Register 1 to ALU. 

b) If MSB of ALU = 0 
(Negative Indicator = Low) 
Then shift ALU left 1 bit. 

8. If As 0 Bs = " then Complement 
ALU. 

9. Answer in ALU. 

490 

Division Algorithm 

CD4057A 
ALU 1 
(N Bits) 

\ 

Dividend 

Register A 
(N Bits) 

I 
Divisor 

CD4057A 
ALU2 

(N Bits) 

aN" a2N-1 
I 

I 

1. Store As <±> Bs in External Flip·Flop. 
2. If As = 1, complement AL,U 1 and ALU 2. 

3. If Bs = 1, complement Register A. 
4. Check for Divisor = 0 

a) If Divisor = 0; stop, indicates 
division by O. 

~) If Divisor =PO; continue. 
5. Apply SUB instruction to ALU 1 

and Register A to ALU 1 data lines. 
a) If Co = 0 (Dividend < Divisor). 

Stop, indicates overflow. 
b) If Co = 1 (Dividend;;" Divisor), 

Continue. 
6. Put a zero on RT data line of ALU 

2 and shift ALU 1 & ALU 2 left 1 
bit. 

7. Do "N" times. 
a) If Co = 1, then clock ALU 1, and 

put a 1 on right data line of ALU 2. 
b) If Co = 0, then no clock, and put 

a 0 on right data line of ALU 2. 
8. If sign Flip Flop = " complement 

ALU 2. 
9, Answer in ALU 2. 

CONDITIONAL OPERATION 
Inhibition of the clock pulse can be accom
plished with a programmed NO-OP instruc
tion or through conditional input terminals 
A,B,and C.ln a system of many CD4057A's, 
each CD4057 A can be made to automati
cally control its own operation or the 
operation of any other CD4057A in the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators. 
Table II, the conditional inputs, truth 
tl!ble, defines the interactions among A,B, 
and C. 

TABLE 11- CONDITIONAL-INPUTS 
TRUTH TABLE 

A B C OPERATION 
PERMITTED 

0 X X Yes 

1 0 0 Yes 
1 0 1 No 
1 1 0 No 

1 1 1 Yes 

X = don't care 

Two examples of how the conditional 
operation can be used are as follows: 

1) For the Multiplication Algorithm 

A = 1, for step 7 (1) 
A = 0, for step 7 (2) 
B=1 
C = negative Indicator 

2) For the Division Algorithm 

A = 1, for step 7 (1) 
A = 0, for step 7 (2) 
B=1 
C = Co (left data line) 

OVERFLOW DETECTION 
The CD4057A is capable of detecting and 
indicating the presence or absence of an 
arithmetic two's-complement overflow. A 
two's-complement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener
ating instruction. 

0.011 
For example: (+) 0.110 

1.001 

Overflows can be detected and indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
anyone of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 
When any of tlie three subtraction instruc
tions is used, the sign bit of the data being 
subtracted is complemented and this value 
is used as one of the two initial signs to 
detect overflows. If an overflow has occur
red, the final sign of the sum or difference is 
one's complemented and stored in the most
significant-bit position of the register. 
The overflow flip-flop is updated at the same 
time the new result is stored iin the 
CD4057A. Whenever data on the parallel
data lines are loaded into the CD4057A, 
whatever is on the Overflow 110 line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057A, the contents 
of the overflow flip-flop are dumped on the 
Overflow I/O line. Thus overflows may be 
stored elsewhere and then fed into the 
CD4057A at another time. 



CD4057A Types 

OPERATIONAL SEQUENCE 
AND WAVEFORMS FOR 
PROPAGATION-DELAY MEASUREMENTS 

1. DATA-IN-ta-CARRY OUT and DATA 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 
B. Apply Clock to load word A into 

register 
C. Apply AD instruction 
D. Apply Word B (data in) 
E. Apply Clock to load result 

(sum out) 
F. Apply DATA OUT CONTROL 

to look at result 

INPUT 0 

INPUT b 

INPUT c 

INPUT If 

IM.TA OUT OOHTROL 

DATA 2· 

DATA .,. 

CLOCK 

CMRYOUT 

<D DATA I. 

® < ........ OUT 

® ',",OUT 

-
-

-
-
-

r--

<D -@ DATA tN TO CARRY OUT 

CD -..@ OATA IN TO SUM OUT 

IL --, 
• I "--

· --L 

· L. ____ 

r--t--h 
r f-W-

It 
• S-OLID LINE REPRESENTS INPUT 

{~ ~i'~~~~H~t~NES 
REPRESENT OUTPUT WHEN "DATA 
our- IS HIGH St2C'S-2117, 

Fig. 14(a) - DATA IN·to-CARRYOUTand 
DA TA IN-to-SUM OUT. 

2. CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 
B. Apply Clock to load word A into 

register 
C. Apply AD instruction 
D. Apply Word B 
E. Apply CARRY IN (carry in) 
F. Apply Clock to load result 

(sum out) 
G. Apply DATA OUT CONTROL 

to look at result 

F G . ~ 
- I 

INPUT Q 

INPuT b -
INPUT c J 

INPUT d 

DATA OUT CONTROL ~ 

- -----
- ------

I ----
DATA 4* - -----
CLOCK 

n h-
CARRY IN 

CARRY ouT 

CD CARRY IN 

® CARRY OUT 

® SUM OUT 

0-@CMRYIN TO CARRY OUT 

<D - Q)CMfn' IN TO SUM OUT 

r 
+ ! 

• SOLID LINE REPRESENTS INPUT 

t~ ~M~~~~~~;~H~~~~NES 
REPRESENT OUTPUT WHEN "DATA 
OUT~ IS HIGH 

Fig. 14(b) - CARRY IN·to·CARRY OUT and 
CARRY IN·to·SUM OUT. 
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VSS 

NOTE: 
TEST ANY ONE INPUT. 
WITH OTHER INPUTS AT 

92 cs- 27400 Voo OR Vss' 

Fig. 15 - Noise-immunity te.t circuit. 

o 
Vss 

INPUTS 

Vss 
92CS- 21401 

Fig. 16 -. Ouiescent-delfice-current 
test circuit 

NOTE: 

MEASUR~ INPUTS 
SEOUENTIALLY. 
TO BOTH Voo AND VSS· 
CONNECT ALL UNUSED 

L..._,-----' INPUTS TO EITHER 
Voo OR Vss· 

Vss 

'l2CS-21402: 

Fig. 17 - Input-Ieakage-current 
tfWt circuit. 

TYPICAL APPLICATION 
The CD4057 A has been designed for use as a 
parallel processor in flexible, programmable, 
easily expandable, special or general purpose 
computers, where minimization of external· 

(8) CD4061A 256)(1 RAMs 

connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 
8 bits in parallel. 

SERIAL 
DATA 
LINES 

CD4Q34A 

INPUT-OUTPUT 

REGISTER 

EXTERNAL 
DATA 

CLOCK CONtROL LINES 

92CM-21882 

Fig. 18 - Example of computer organization using CD4057 A. 
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COS/MOS Programmable 
Divide-by-HN" Counter 
RCA-CD4059 standard "A"-Series types are 
divide-by-N down-counters that can be pro
grammed to divide an input frequency by 
any number "N" from 3 to 15,999. The out
put signal is a pulse one clock-cycle wide 
occurring at a rate equal to the input fre
quency divided by N. This single output has 
TTL drive capability. The down-counter is 
preset by means of 16 jam inputs. 

The three Mode-Select Inputs Ka, Kb, and 
Kc determine the modulus ("divide-by" 
number) of the first and last counting sec
tions in accordance with the truth table 
shown in Table I. Every time the first 
(fastest) counting section goes through one 
cycle, it reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermE:diate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example, in 
the 7 2 mode, only one flip-flop is needed 
in the first counting section. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
7 10 is desired for the first section, Ka is 
set to 1, Kb to 1, and Kc to O. Jam Inputs 
Jl, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de
cade (7 10) counters presettable by means 
of Jam Inputs J5 through J 16. 

The Mode-Select Inputs permit frequency
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 
The three decades of the intermediate count
ing section can be preset to a binary 15 in
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the 7 N mode. For example, in 
the 7 8 mode, the number from which count
ing-down begins can be preset to: 

3rd decade: 1500 
2nd decade: 150 
1st decade: 15 

Last counting section 1000 

The total of these numbers (2665) times 
8 equals 21,320_ The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the 7 8 mode. 

The highest count of the various modes is 
shown in the column entitled Extended 
Counter Range of Table 1. Control inputs 
Kb and Kc can be used to initiate and lock 
the counter in the "master preset" state_ 

I n this condition the flip-flops in the counter 
are preset in accordance with the jam in
puts and the counter remains in that state 
as long as Kb and Kc both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 
Whenever the master preset mode is used, 
control signals Kb=O and Kc=O must be 
applied for at least 3 full clock pulses. 
A ''1'' on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
"0"_ If the Latch Enable is "0", the output 
pulse will remain high for only 1 cycle of 
the clock-input signal. 
After the Master Preset Mode inputs have 
been changed to one of the 7 modes, the 
next positive-going clock transition changes 
an internal flip-flop so that the countdown 
can begi.n at the second positive-going clock 
transition_ Thus, after an I MP(Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig_l illustrates a 
total count of 3 (-;.- 8 mode). If the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. 

Fig. 1 - Total count of 3_ 

As illustrated in the sample applications, this 
device is particularly advantageous in com
munication digital frequency synthesis (VHF, 
UH F, FM, AM, etc.) where programmable 
divide-by-"N" counters are an integral part 
of the synthesizer phase-locked-loop sub
system. The CD4059A can also be used to 
perform the synthesizer "Fixed Divide-by-R" 
counting function. It is also useful in general
purpose counters for instrumentation func
tions such as totalizers, production counters, 
and "time out" timers_ 

The CD4059A series types are available in a 
24-lead ceramic dual-in-line package, 24-lead 
dual-in-line plastic package, 24-lead ceramic 
flat pack, and in chip form. 

CL Voo 
L 2 23 OUT 

JI 22 J5 

J2 4 21 J6 

J3 5 20 J7 

J4 6 19 J8 

JI6 7 18 J9 
JI5 8 17 JIO 

JI4 9 16 JII 

J13- 0 15 JI2 

Kc II 14 Ka 

vSS 12 13 Kb 

TOP VIEW 
92CS- 22212RI 

TERMINAL DIAGRAM 

Features.-
• Synchronous Programmable 7 N Counter: 

N = 3 to 9999 or 15,999 
• Presettable down-counter 
• Fully static operation 
• Mode-select control of initial decade 

counting function (7 10,8,5.4,2) 
• T2L drive capability 
• Master preset initialization 
• Latchable 7 N output 

• Quiescent current specified to 15 volts 
• Max. input leakage current of 1 JJ.A at 15 

voltsiull package-temperature range 
• 1 volt noise margin, full package-

temperature range 
• 5-V and 10-V parametric ratings 

Applications 
• Communications digital frequency 

synthesizers: VHF, UHF, FM, AM,etc. 
• Fixed or programmable frequency 

division 
• "Time out" timer for consumer-appli

cation industrial controls 
• Companion Application Note,ICAN-6374, 

"Application of the COSIMOS CD4059A 
Programmable Divide-by-N Counter in 
FM and Citizens Band Transceiver 
Digital Tuners" 

OPERATING CONDITIONS AT T A = 250 C 
(Unless otherwise specified) 

For maximum reliability, nominal operating condi
tions should be selected so that operation is always 
within the fol/owing ranges_ 

Characteristic VDD Min_ Max_ Units 
Supply Voltage 

Range - 3 12 V 
(over full temp. 
range) 

Clock Pulse 5 200 - ns 
Width 10 100 -

Clock Input 5 - 1_5 
MHz Frequency 10 - 3 

Clock Input Rise 5 - 15 
and Fall Time 10 - 5 ns 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 250 C, CL = 50 pF,lnputtr,tf = 20 ns, 
RL=200kU 

1 
160 
z 
o 
!:!so .. z 
il!40 
§ 
u 
z3I) 

i 
-,20 

'" Z 

~ 10 
u 

o 

CONDI-
LIMITS 

TIONS 
CHARACTERISTIC 

Voo 
(V) 

Propagation Delay Time; tpHL, tPLH 
5 
10 

Transition Time: 
5 

tTHL 10 

5 
tTLH 10 

Maximum Clock Input Frequency, tCl 
5 

10 

Average I nput Capacitance, CI 
(any input) -

PROGRAM JAM INPUTS IIICDI 

FIRST 
COUNTING 
SECTION 

-:-10.8.5.4.2 +10 

ALL PACKAGES UNITS 

Min_ Typ_ 

- 180 
- 90 

- 35 
- 20 

- 100 

- 50 

1.5 3 
3 6 

- 5 

Max_ 

360 
180 

ns 

70 
40 

ns 
200 

100 

-
MHz -

- pF 

P.E. 

--, 
--to 

LAST 
COUNTING 

SECTION 
+1.2.2.4.8 

Y I 
I I ________ J I 

___________ J 

PRESET 
ENABLE 

Voo 

LATCH (i)-----::=====~ ENABLE 

DIVIDE-BY-N 
OUTPUT 

92CM-ZUI3RI 

ALL I NPUTS (TERMS. I-II, 13-22) PROTECTED 
BY COSIMOS PROTECTION NETWORK 

V'S 
Fig_2 - Functional block diagram_ 

15V 
OV. 

AMBI ENT TEMPERATURE 

ITA )'25'~. 

200-mW CONSTANT 
POWER LOCUS 

GATE-TO- SOURCE 
VOLTAGE IVGS)- 5 V 

12345678 
ORAIN-TO-SOURCE VOLTAGE IVosl-V 

92CS-2U40 

Fig.4 - Typical output n-channel 
drain characteristics. 

9 

DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

-15 -10 ., 

AMBIENT TEMPERATURE IT. )~25·C 

GATE-i'O-SOUACE VOLTAGE (VGS)~- 5 v 

10V 

-15v 

92($-2021 

F19_5 - Minimum output p-channel 
drain characteristics. 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE-TEMPERATUR E 
RANGE (TSTG) . 

OPERATING-TEMPERATURE 
RANGE (TA): 
Package Types D,K,H . 
Package Type E 

DC SUPPLY-VOLTAGE 
RANGE, VDO (Voltages 
referenced to V SS terminal! 

POWER DISSIPATION PER 
PACKAGE (PO): 
For T A = --40 to +600 C 
(Package Type E) . 
For T A = +60 to +850 C 
(Package Type E) 

Derate Linearly to 
For TA = -55 to +1000 C 
(Package Types D,K,H) 
For TA = +100 to +1250 C 
(Package Types O,K,H) 

Derate Linearly to 
DEVICE DISSIPATION PER 

OUTPUT TRANSISTOR: 
For T A = Full package-tem
perature range (All package 

--65 to 1500C 

-55 to +1250 C 
-40 to + 85°C 

-0_5 to + 15 V 

500mW 

200mW 

500mW 

100mW 

types) 100 mW 
INPUT VOLTAGE RANGE, 
ALL INPUTS _ -0.5 to VDD +0.5 V 

lEAD TEMPERATURE 
(During Soldering): 
At distance 1/16 ± 1/32 inch 
(1.59 ±0.79 mm) fro.m case 
for 10 s max. +2650 C 

1 AMBIENT TEMPERATURE ITA 1-25"C 

~ 60 200~:,iwCONWAN'" 
o POWER LOCUS 

!:!so .. 
~ 
!40 
u 
~ 30 

I'i 
-,20 

'" ~ 
~ 10 .., 

o 23456789 
DRAIN-TO-SOURCE VOLTAGE I vosl-V 

92C$·269U 

Fig.3 - Minimum output n-channel 
drain characteristics_ 

ORAIN-To-sou~eE VOLTAGE (Vos)- v 

-10 -00 -. 

AMBIENT TEMPERATURE ITA I ... Z5·C 

GATE-YO-SOURCE VOLTAGE (VGS'--!i-V 

2OO-mW CONSTANT 
POWER lOCUS 

-15V 

-lOY 

HCS·'4120RI 

Fig_6 - Typical output p-channel 
drain characteristics_ 
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CD4059A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Limits 
Conditions VilluBlilt -55"c, +250 C, + 12SOC Apply to D,K,H Pllckages 

Characteristic Va VIN VDD V.'ues at -400C, +250 C, +850 C Apply to E Packages Units 
(V) (V) (V) -550 _400 +850 +1250 

+250 

Min. Ty~ Max. 

Quiescent Device 5 10 10 700 300 - 0.02 10 
Current, 10 20 20 200 400 - 0.02 20 I.IA 

IL Max. 15 - - - - - - 500 

Output Voltage: 
Low Level, 05 5 0.05 - 0 0.05 

VOL Max. 0,10 10 0.05 - 0 0.05 
V 

High Level, 0,5 5 4.95 4.95 5 -
VOH Min. 0,10 10 9.95 9.95 10 -

Noise Immunity: 
Inputs Low, 5 1.5 1.5 2.25 -
~1 Min. 10 3 3 4.5 -

V 
Inputs High, 5 1.5 1 2.25 -
VNH Min. 10 3 3 4.5 -

Noise Margin: 

Inputs Low, 4.5 5 1 
VNML Min. 9 10 1 

V 
Inputs High, 0.5 5 1 
VNMH Min. 1 10 1 

Output Drive 
Current: 
N·Channel 

0.4 5 2.5 2.3 1.6 1.4 2 4 -
(Sink) 

0.5 10 5 4.7 3.3 2.8 4 9 -
ION Min. 

P-Channel 2.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 rnA -
(Source) 4.6 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
lOP Min. 9.5 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

I nput Leakage 
±1O-5 Current:'" 15 ±1 ±1 I.IA 

IIL,IIH Max. 

'" Any Input 

TABLE I 

MODE 
FIRST COUNTING LAST COUNTING COUNTER 

SELECT 
SECTION SECTION 

RANGE 
INPUT DESIGN EXTENDED 

MODE 
Can be 

MODE 
Can be 

--- preset --- preset 
Ka Kb Kc Di- to a Jam· OJ- to a JamA Max. Max. 

vides max inputs vides max inputs 
by: of: used: by: of: used: 

1 1 1 2 1 J1 8 7 J2,J3,J4 15,999 17,331 

0 1 1 4 3 J1,J2 4 3 J3,J4 15,999 18,663 

1 0 1 5 4 J1,J2,J3 2 1 J4 9,999 13,329 

0 0 1 8 7 Jl,J2,J3 2 1 J4 15,999 21,327 

1 1 0 10 9 J1,J2,J3,J4 1 0 - 9,999 16,659 

X 0 0 MASTER PRESET MASTER PRESET - -

X = Don't'Care 

• J 1 = Least sign ificant bit. 

J4 = Most significant bit. 

AMBIENT TEMPERATURE CT A 1'25"C:: 
- --.. _-- _. -. _. -. _ ... _. - .. 

~ w ~ ~ ~ w ro w ~ ~ 
LOAD CAPACITANCE (CLl-pF 

Fig. 7 - Typicallow-to-high propagation delay 
time vs. load capacitance. 

, ... 
IOV~ 

*~ ::t ' ..... -i-' +_.L.-_~. 
'" 50 
% -=-=-:1 :_::: o . -., •.... 

10 20 30 40 50 60 70 80 ~ 

LOAD CAPACITANCE (CL)-pF 

92C5-26942 

Fig.8 - Typical high· to-low propagation delay 
time vs. load capacitance. 

AMBIENT TEMPERATuRE "A'.""C ,.!: ",.'" "'" 

I +JL:= 
i 

L::. ': ;,. 
I ... ' .. .. ' .' . 

Ii 
I 'i, , ........ , ,;:; 

". I •••• 
•••• 

L '··~:i}' .. 
k • i, 

I., ,." . ~~ :;... 
I~ .';"':"", • ,0 H 
;'" "". ilf' I",; ii 

i 

80 10 

LOAO CAPACITANCE (CLJ-pF 

92CS-24322Ftl 

Fig.9 - Typicallow-to-high transition time 
vs. load capacitance. 

~ AMBIE.~~ .T~~:~R.A!.URE (T A );;25"C : . 

100 

~60~.~.~--~--~~--~--~~--+-~ 
I- .•..••••..•• 

i~ ': , -. 
+.--- -:+-. 15V:t:±:±± 

+-+ + I-:lrr ,. 
-ttrH,ttttt 
++tTtH+t -++ 

~ w ~ ~ ~ w ro ~ ~ ~ 
LOAD CAPACITANCE CCLI-pF 

92CS- 26943 

Fig. to - Typical high-to-Iow transition time 
VB. load capacitance. 
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i! AMBIENT TEMPERATURE (TA)' 25" 
,. LOAO CAPACITANCE (CL)·50pF 
I 15 ' 
-:. 
J,> ,. 
<.> 
z ... 

o 10 15 20 
SUPPLY VOLTAGE (VDO)-V 

92CS-Z6944 

Fig. 11 - Typical max. clock frequency 
vs. supply voltage. 

6 AMBI ENT TEMPERATURE (T A )'2S'C 

4 

~I05 • 
I ~ 
"0 4 .. 
z • 
~ 1048 
It 6 
iii 4 .. 
;:; • 
a:: 103 
... 8 
~ 6 
0 .. 

In'' 

I 
I 

. ~~ 
~ 

,0 ..... .. ~ 
",'-

..... <> 0" .. ~ }{, .. 
~q.j 

.,.;j -, - CLoSO ""-
--- CLolS pF 

V/I 1 T"rir 1 1-
1/ A 

2 4 68 • • 68 • 4 6. 2 . ··1 • • 68 
10 102 10' 

INP\,T FREQUENCY (f)-kHz 
92CS- 26954 

Fig. 12 - Typical power dissipation vs. 
input frequency. 

Iei' 

2 AMBIENT TEMPERATURE (TA)' 2S'C 

• LOAD CAPACITANCE (CL)'50PFIIII I ,I I 

2 

~I058 
I 6 
"0 4 
eo 2 

~ 1048 
i 6 
iii 4 .. 

2 is 
p:: 103 ... . 
~ 6 
!( 4 

2 
102 

SUPPLY VOLTAGE 
(Voe)-IOV 

i/ ill 
V I II 

5V _ L-

;'V 1/ III 
V --- N·3 

N° 10,000 

V V I III I I 
/ III 11 

2 4 6810 2 4 6102 2 4 6 To' 2 4 6T04 2 4 6 ~tY 

CLOCK INPUT FREQUENCY(fCL)-KHz 
92CS·Z694"S 

Fig. 13 - Typical power dissipation 
vs. clock input frequency. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

HOW TO PRESET THE CD4059A TO DESIRED + N 

The value N is determined as follows: 

N = [MODE*] [1000 x Decade 5 Preset + 100X Decade 4 

Preset + lOX Decade 3 Preset + 1 X Decade 2 Preset 1 + Decade 1 

MODE= First counting section divider (10, 8,5,4 or 2) 

Preset 

To calculate preset values for any N count, divide the N count by the Mode. 

The resultant is the corresponding preset values of the 5th through 2nd 
decade with the remainder being equal to the 1 st decade value. 

Examples: 

N 
Preset Value = Mode 

A) N = 8479, Mode = 5 

169~ Preset Values 

!5184~9 
Mode N 

4 

Jl J2 J3 J4 

o 0 

PROGRAM JAM INPUTS (BCD) 

5 9 
~~ 

J5 J6 J7 J8 J9 Jl0 Jl1 J12 

o 1 0 0 0 

To verify the results use equation 1 : 

N = 5 (1000X 1 + 100 X 6 + 10 X 9 + 1 X 5) + 4 

N = 8479 

B) N = 12382, Mode = 8 

1547 + 6 

8 12382 

6 

PROGRAM JAM INPUTS 

7 
.---"------., 

4 
~ 

MODE SELECT = 5 

Ka Kb Kc 

o 

6 
~ 

J13 J14 J15 J16 

011 0 

MODE SELECT = 8 

Ka Kb Kc 

o 0 

5 
~ 

Jl J2 J3 J4 

o 
J5 J6 J7 J8 J9 Jl0 Jl1 J12 J13 J14 J15 J16 

o 000 

To verify: 

N = 8 (1000 X 1 + 1 00 X 5 + lOX 4 + 1 X 7) + 6 

N = 12382 

C) N=8479,Mode=10 

0847 + 9 

10 18479 

PROGRAM JAM INPUTS 

9 
~ 

Jl J2 J3 J4 

o 0 

To Verify: 

7 
~ 

J5 J6 J7 J8 

o 

4 
~ 

J9 Jl0 Jll J12 

000 

N = 10 (1000 X 0 + 100 X 8 + lOX 4 + 1 X 7) + 9 

N = 8479 

o 0 

MODE SELECT = 10 

Ka Kb Kc 

o 

8 
~ 

J13 J14 J15 J16 

o 0 0 

(1 ) 

(2) 
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CD4059A Types 

APPLICATIONS 

1) DIGITAL Pll FOR FM BAND SYNTHESIZER 

OUTPUT 
98.8 to 118.6 MHz 

fo 
';'K fk .- VCO 1--<'" PRESCALER 

2.41 to 
2.965 
MHz 

XTAL 
OSCILLATOR ... , 

2.56 MHz 

LOW.PASS 
FILTER 

Calculating Min & Max "N" Values: 

Output Freq. Range ITO) = 98.8 to 118.6 MHz 

Channel Spacing Freq. (tel = 200 kHz 

~ CH SELECT 
ANNEL 

-HI! fn 
COUNTER l/>COMP 

CD4059A 5 kHz 

R; 51.2 

I' 
7R 

fr 
COUNTER 1-
CD4059A 5 kHz 

f;fn-fr 

Division Factor (k) = 40 fc 200 
Reference Freq. (fr) = -=- kHz = 5 kHz 

k 40 

118.6 MHz 98.8 MHz 
fkl\llax. = 40 = 2.965 MHz; fkMin = 40 = 2.47 MHz 

fa 
N=-

tc 

118.6 MHz 
NMax = = 593 

200 kHz 

98.8 MHz 
NMin = 494 

200 kHz 

2.56 MHz 
R - 512 

5 kHz 

2) .;.N Counter Configuration for UHF - 220 to 400 MHz 
Channel Spactng: 50 kHz or25 kHz 

--1 ~2/~4 H .;.10 H .;10 H ~10 H 74 

50/25 kHz 100 kHz 1 MHz 10 MHz 

400 MHz 400 MHz 
NMax = 25 kHz = 16,000 NMax = 50 kHz = 8,000 

220 MHz 
NMin = 25 kHz = 8,800 

220 MHz 
NMin 50 kHz = 4,400 

3)';'N Counter Configuration for VHF - 116 to 160 MHz 
Channel Spaciflg = 12.5 kHz 

12.5 kHz 100 kHz 1 MHz 10 MHz 

160 MHz 
NMax = - 12,800 

12.5 kHz 

116 MHz 
NM· = = 9 300 

In 12.5 kHz ' 

100 MHz 

100 MHz 

4)';'N Counter Configuration for VHF - 30 to 80 MHz 

Channel Spacing: 25 kHz 
5)';'N Counter Configuration for AM - 995 to 2055 kHz 

Channel Spacing = 10 kHz 

-1 .;4 H 710 H 710 H + 10 

25 kHz 100 kHz 

80 MHz 
NMax = 25 kHz = 3,200 

1 MHz 10MHz 

30 MHz 
NMin = --- = 1200 

25kHz 

-1 +10 H 710 H +10 

10 kHz 100 kHz 

2055 kHz 
---=205 

10 kHz 

1 MHz 

995 kHz 
NM· = - 99 

In 10 kHz 
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Fig.14 shows a BCD·switch compatible ar· 
rangement suitable for -;. 8 and -;. 5 modes, 
which can be adapted, with slight changes, 
to the other divide·by·modes. I n order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD· 
switch compatible character of the jam in· 
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces· 
sary because the CD4059A can never be pre· 
set to a count less than 3 and logic is needed 
to detect the condition that one of the num· 

REMAINDER 

CD4059A 

NOTE: 
EACH AND GATE is 114 CD40elB 
EACH OR GATE IS 113 CD40758 
EACH NOR GATE IS 112 CD4002A 
EACH INVERTER IS 1/6 CD4069B 

UNITS l.eOR5l 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

bers to be preset in the CD4059A is rather 
small. In order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 wouid 
be low during one count. If such a condition 
is detected, and if at least 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide·by mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 

TENse.eORSl 

92CL-ii!6946 

MS8 

COUNTER 

Fig. 14 - BCD switch-compatible +N system of the most general kind. 

The general circuit in Fig.14 can be simpli
fied considerably if the range of the cas
caded counters does not have to start at a 
very low value. Fig.15 shows an arrange
ment in the -;. 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar
rangement shown in Fig.15 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forCing jam in
puts high or low, as required. 
Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. F ig.16 shows such an arrangement 
where only one fixed divide-by number is 

desired which is close to three times the ex
tended counter range as shown in the last 
column of Table I.. The dual flip-flop wired 
to produce a -;. 3 count, can be replaced by 
other counters such as the CD4029, CD451 0, 
CD4516,CD4017, or the CD4022. In Fig.16 
the -;. N subsystem is preset once to a number 
smaller than the desired divide·by number. 
This smaller number represents the less sig
nificant digits of the divide-by number. The 
subsystem is then preset one or more times 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide·by 
mode (+ 2 in the example of Fig.16). It is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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CD4059A Types 

24 

23 
22 

4 ZI 

5 20 

19 

18 

8 17 

9 16 

10 15 

" 14 

12 13 

92CS-Z69.'J 

Fig. 17 - (luiescent device 
current test circuit. 
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Vss Vss I vss Vss I Voo 'Iss 

I 

C04059A 

2 

Vss voo voo 

Fig. IS - Dividing by any number from 88,003 to 103,999. 

VOD 

Fig. 16 - Division by 47,690 in ~ mode. 

Voo 

FCL I 24 

2 23 
3 22 :tCL 
4 21 

92CS-28950 

Fig. IS - Noise immunity 
test circuit. 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

" 14 

12 13 

,2CS-269SI 

Fig. 79 - Power dissilHltion 
!Vst circuit 
(e" + modes). 

92CL-26947 

Vo o 
Vss 

VSS 

NOTE: 
MEASURE INPUTS SEQIMNfIALLY. 
TO BOTH Voo NtD"ss.COMe:T 
ALL UNUSED INPUTS 10 EITllEIl 
VOl) OR VSS' 

9iCS- 26952 

Fig.20 - Input leakege current test circuit. 



CD4060A Types 

COS/MOS 14-Stage Ripple- Carry 
Binary Counter/Divider and Oscillator 

Features: 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

.0 g,}----, 

The RCA-CD4060A consists of an oscillator 
section and 14 ripple-carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O's state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi
tion of I{>I(I{>O).AII inputs and outputs are 
fully buffered. 

• 4-MHz operating frequency (typ.) at VDD -VSS = 10 V 
• Common reset 

The CD4060A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), 16-lead dual-in
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

• Fully static operation 
• 10 buffered outputs available 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JJA 

at 15 V (full package-temperature range) 
• '-V noise margin (full package-tamper

ature range) 

Oscillator Features: 

• All active components on chip 
• RC or crystal oscillator configuration 

Applications: 

• Timers 
• Frequency dividers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstgl •.•.•••••.•..••.•••.•...••... -66 to +150oC 
OPERATING-TEMPERATURE RANGE (TA)' ° 

PACKAGE TYPES O. F. K. H ....•. _ •.•.••••........•.•••....•.• -55 to +125 C 
PACKAGE TYPES E. Y .•.......•.••.•••.•••.•..••......•••••• -40 to +850c 

DC SUPPLY-VOLTAGE RANGE, (VOO) 
(Voltages referenced to VSS Terminal), ......•.•.................••.. -0.5 to +15 V 

POWER DISSIPATION P~R PACKAGE (PO) 
FOR T A"~ -40 to +600 C (PACKAGE TYPES E,Y) ..•••.•........••..•••.• ;" •• 500 mW 
FOR T A= +60 to +85 ~ (PACKAGE TYPES E,Y) ..•••.... Derate Lineerly at 12 mW/ C to 200 mW 
FOR TA= -55 to +100 C (PACKAGE TYPES 0, F. Kl. •.•..••••..••...•.•••..• 500 mW 
FOR T A= +100 to +1250 C (PACKAGE TYPES 0, F, K) .. : .• Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A= FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) .•.•••.•. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ..•.••.••••..•...•......•. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1{16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ...•...•.••.•.•• +2650 C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Notad. 
For maximum reliability, nominal operating conditions should be .. Iectad so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD O,F,K,H E,Y 

(V) Packages Packages 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 3 12 3 12 
Package-Temperature Range) 

Input-Pulse Width, tw 5 400 - 500 -
f = 100 kHz 10 110 - 125 -

Input-Pulse Rise & Fall 5 - 15 - 15 
Time, tr<f> ' tfl{> 10 - 7.5 - 7.5 

Input-Pulse Frequency, fl{> 5 - 1 - 0.9 
10 - 3 - 2.75 

Reset Pulse Width, tw 5 1000 - 1250 -
10 500 - 600 -

UNITS 

V 

ns 

IJS 

MHz 

ns 

92CS-23762AI 

CD4060A 
FUNCTIONAL DIAGRAM 

AleENT TEMPERATURE CTA). 2S·C 
TY"!CAL TEMP. COEFFICfINT AT ALL \AWES OF vGs·-a:s%,-c 

" 

1"" 9 
- 10 

i 
lOY 

2.5 

5V 

o Z 5 5 75 10 125 15 
DRAIN - TO - SOURCE VOLTAGE (VDSJ-V 

92CS-Zl510 

Fig_ 1 - TypiCB' n-chBnnB' dTBin charactBrisricl. 

.-e:NT T£MP£RATUR£ CTA) • 2S·C 
TYPICAL TEMP. COEff'ICENT AT ALL w.LUES OF "GSa -o.'''''·C 

~3..75 

z lOY 
: 2.5 
Q 

1.25 

5Y 

o 2.5 7.5 10 12.5 IS 
DRAIN - TO - SOURCE VOLTAGE IVDSJ-V 

nC$·ZI5LZ 

Fig. 2 - Minimum n-chBflnB' drBin chBractlui,ticl. 

DRAIN-TO-SOI.RCE VOLTAGE 'Vos)-V 
-I -10 

5v 

lOY 

GATE - TO - SCJI.IiICE VOLTAGE ( ) -IS V 

A.ENT TEMPERATURE IT.) "2S·C 
-15 

TYP-CAL TEMP. COEFFICIENT AT ALL VALUES OF VGS. -D.3%'-C 

Fig. 3 - TypiCB' p-chBflnB' draif! chBI'tICtBri'ticl. 
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CD4060A Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
limits at Indicated Temperatures (oC) 

D,K,F,H Packages E, Y Packages Units Characteristic Va VIN Voo 
(V) (V) (V) -55 

Quiescent Device - - 5 15 

Current I L Max. - - 10 25 

- - 15 50 

Output Voltage: - 5 5 
Low Level, 
VOL - 10 10 

High Level - 0 5 

VOH - 0 10 

Noise Immunity: 4.2 - 5 
Inputs Low, 

9 - 10 
VNl 
Inputs High 0.8 - 5 
VNH 10 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 
Current: * 

n-Channel 0.5 - 5 0.22 
(Sink), 
ION Min. 

0.5 - 10 0.44 

p-Channel 4.5 - 5 -0.15 
(Source), 
lOP Min. 9.5 - 10 -0.3 

Input Leakage 
-AT ~nr~5 Current, 

IIL.IIH 

• Data not applicable to Terminal 9 or 10 

OSC ILLATOR , 

• R'HIGH DOMINATES 'RESETS ALL STAGESI 

• COUNTER ADVANCES ONE BINARY COUNT 
ON EACH NEGATIVE -GOING TRANSITION 

OF </>r' AND </>01 

+25 +25 

Typ. limit 
+125 -40 

Typ. Limit 
+85 

0.5 15 900 50 1 50 700 
1 25 1500 100 2 100 1400 IJ.A 

2.5 50 2000 500 5 500 5000 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 
V 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 
1 Min. 

0.36 0.18 0.125 0.21 0.36 0.18 0.15 

0.75 0.36 0.25 0.42 0.75 0.36 0.3 
mA 

·0.25 -0.125 -0.085 -0.145 -0.25 -0.125 -0.1 

-0.5 -0.25 -0.175 -0.29 -0.5 -0.25 -0.2 

±10-5 Typ., ±1 Max. J.lA 

STAGE I 

OUTPUT BUFFER.STAGES 
4-10,12-14 

~--
I 

TO 2 nd 
OJ INPUTS .,£t 

Vss 
I NPUT PROTECTION 
CIRCUIT ON ALL 

92CS - 2376.3RI INPUTS 

Fig. 7 - LogiC diagram of CD4060A oscillator, pulse shaper, and 1 of 14 counter stages. 

500 

ORAIN-TO-SOI..R:E VOLTAGE (Vosl-V 
-15 -10 -, 

$v 

,ov 
2.5 ~ 

'" i 

GATE-TO-$()t.JRCE VOt.TAGE ( I-I$v 

AMBIENT TEMPERATURE {TAl. 2!5-C -7" 
TYPICAL TEMP. COEFFfClENT AT ALL VALUES OF VGS.-Q.3%'-C 

Fig. 4 - Minimum p-channel drain characteristics. 

LOAD CAPAClnNCIE (el) - pF 
ncS-24C98 

Fig. 5 - Typical propagation delay time "5. load 
capacitance (ifJ, to 04 output). 

Fig. 6 - Typical propagation delay time "5. load 
capacitance (On to 0n+1)' 

:aouI AMBIENT TEIllPERATURE (TA,)-25-C 

~2SO 

1200 

... 
" '"" ;:: 

20 40 60 
LOAD CAPACITANCE leL 1 - pF 

80 

92CS-245!115 

Fig. 8 - Typical output transition time "5. load 
capacitance. 



CD4060A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C, Input t r, 1f = 20 ns, 

TEST 
CHARACTER ISTIC CONDITIONS 

VDD 
(V) 

Input-Pulse Operation 

Propagation Delay 5 
Time, CPI to a4 Out; 

tpHL' tpLH 10 

Propagation Delay 5 
Time, an to a n+1; 

tpHL' tpLH 10 

Transition Time, 5 
~HL,tTLH 10 

Min. Input·Pulse 5 
Width tw f=1oo kHz 

10 

Input-Pulse Rise & Fall 5 
Time, trcp. tfcp 

10 

Max. Input-Pulse 5 
Frequency, fcp 

10 

Input Capacitance, CI Any Input 

Reset Operation 

Propagation Delay 5 
Time, tPHL 

10 

Minimum Reset 5 

Pulse Width, tw 
10 

NOTE: 
TEST ANY ONE INPUT. 

VSS WITH OTHER INPUTS AT 
92CS.27400 Voo ORVss-

Fig. 12 - Noise-immunity test circuit. 

CL = 15pF, RL = 200kn 

LIMITS 

D,F,K,H E,Y 
Pack.s Packages UNITS 

Min. 

-

-
-
-
-
-
-
-
-

-

1 

3 

-

-
-
-
-

Typ. Max. 

900 1800 

450 900 

450 900 

225 450 

150 300 

15 150 

200 400 

75 110 

- 15 

- 7.5 

1.75 -

4 -
5 -

500 1000 

250 500 

500 1000 

250 500 

Min. 

-

-
-
-
-
-
-
-
-

-

0.9 

2.75 

-

-
-
-
-

Typ. Max. 

900 1900 
ns 

450 950 

450 950 
ns 

225 475 

150 350 
ns 

75 175 

200 500 
ns 

75 125 

- 15 
p.s 

- 7.5 

1.75 -
MHz 

4 -
5 - pF 

500 1250 
ns 

250 600 

500 1250 
ns 

250 600 

~OTE: 

MEASURE INPUTS 
SEQUE~TIALL Y. 
TO BOTH Voo AND VSS' 
COIIINECT ALL UNUSED 

L---.._....I I~PurS TO EITHER 

Voo OR VSS' 

Vss 92C5-27402 

Fig. 13 - Input-leakage-current test circuit. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

AMBIENT TEMPERATURE (TA)- 2PC 

o 10 .. 20 
SUPPLY VOLTAGE (YDO) - v .... -..... 

Fig. 9 - Typical maximum-input-pulse frequency 
. V6. supply voltege. 

LOAD CAPACITANCE (CL.)·I~pF 
---- CL ·~OpF 

10 102 103 
INPUT FREQUENCY U.l-kHt 

92CS-215tSRI 

Fig. 10 - Typical dynamic power disSipation 
characteristic6. 

. TEST PERFORMED 
WITH UNIT IN ALL 
"O's" STATE AND 
ALL "I's" STATE 
AND INPUTS AT 10 V 
AND GROUND 

o 
Vss 

INPUTS 

92CS- 2'7401 

Fig. 11 - .Ouiescent-device current te6t circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4062A Types 
COS/MOS 200-Stage Dynamic Shift Register 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE.TEMPERATURE RANGE (Tstg) .••••••••••••.••.•••.•.•.. -65 to +1600 C 

OPERATING·TEMPERATURE RANGE (T A): 
PACKAGE TYPES K, T, H ..••••••.••••.....••.•••..•••••••• -55 to +125° C 

DC SUPPL Y·VOL TAGE RANGE, (VDD) 
(Voltages referenced to VSS Terminal): .....•••......... , . . . • • • • • • •• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO) 
FOR T A = -55 to +100° C (PACKAGE TYPES K, T) ....•....•...••....•... , 500 mW 

FOR TA = +100 to +125° C (PACKAGE TYPES K, T) .. Derate Linearly at 12mWf Cto200mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) •.••... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS .•........• - •.• -. _ ...... _. -0.5 to VDO +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

Atdistanee 1/16± 1/32 ineh (1.59± 0.79 mm) from ease for lOs max. +2650 C 

o ,. DATA 

~--- STAGE I---~ r---$TAGE200~ r-~~;:~~~ 

,. RECIRe 
AC CONTR 

3(3) 

REG "RECIRe 

4(4} 

.. TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12·LEAD TO-5 STYLE 
PACKAGE 

C04062A 

fl ALL INPUTS ARE PROTECTED 
BY COS/~OS 
PROTECTIO~ NETWORK 

Voo 

£\ 
VSS 

CL(b) 

Cl. (bl ella) 

• TRANSMISSION GATE 

INPUT TO OUTPUT IS· 
(oj A BIDIRECTIONAL lOW IMPEDANCE WHEN CONTROL INPUT 

IS "LOW" AND CONTROL INPUT 2 IS "HIGH" 

(b) AN OPEN CIRCUIT WHEN CONTROL INPUT liS "HIGH" AND 
CONTROL INPUT 2 IS "lOW" 

CL (al" INTERNAL CLOCK IN PHASE WITH CL I 
CL (bl=INTERNAL CLOCK IN PHASE WITH CL2 

92CIII.- ZZ695R2 

Fig. 1 - CD4062A logic block dillgrllm. 
I-PHASE 
CLOCK 

eM 

L----+CM 

-ALL INPUTS ARE PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 

VOD 

£\ 
Vss 

CL (01 t INTERNAL CLOCK IN PHASE WITH ell 
CL (b) ~ INTERNAL CLOCK IN PHASE WITH CL2 

.. TERMINAL NUMBERS IN 
PARENTHESES REfER TO 
12-LEAD TO-!5 STYLE 
PACKAGE r-

eM 

Fig. 2 - Clock circuit logic dillgrllm. 
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(INPUT TO 
TERMINAL 11 

92CM-22700Jl2 

o 
RC Q 

REC -"'1--r--r--r-...--J 

C04062A 

CLIO 

Cl 20 

92C$-24664 

FUNCTIONAL DIAGRAM 

The RCA-CD4062A is a 200-stage dynamic 
shift register with provision for either single
or two·phase clock input signals. Single· 
phase·clocked operation is intended for low
power, . low clock·line capacitance require
ments, Single-phase clocking is specified for 
medium'speed operation « 1 MHz) at sup
ply voltages up to 1 0 volts. Clock input ca
paCitance is extremely low « 5 pF). and 
clock rise and fall times are non-critical. The 
clock-mode signal (eM) must be low for 
single-phase operation. 

Two-phase clock-input signals may be used 
for high-speed operation (up to 5 MHz) orto 
further reduce clock rise and fall time re
quirements at low speeds. Two·phase opera
tion is specified for supply voltages up to 15 
volts. Clock input capacitance is only 50 pF/ 
phase. The clock-mode signal (CM) must be 
high for two-phase operation. The single· 
phase·clock input has an internal pull-down 
device which is activated when CM is high 
and may be (eft unconnected in two·phase 
operation. 

The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive'going clock transi· 
tion for single-phase operation, and at the 
positive-going transition of CL 1 for two-phase 
operation. 

The C04062A-Series types are supplied in 
16-lead . flat packages (K suffix). 12·lead 
hermetic TO-5 packages (T suffix!. and in 
chip form (H suffix). 

Features: 

• Minimum shift rates over full temper. 
ture range-

Single-phase dock: 3 V,.;; VOO";; 10 V; 
fmin = 10 kHz; _55° C";; TA ,.;; +125° C 
(fmin" 1 kHz up to TA";; 75°C) 

Two·pha. clock: 3 V ,.;; VOO ,.;; 15 V; 
fmin = 10 kHz; _55° C";; TA <; +1250 C 
(fmin .. 1 kHz up to T A" 75° C) 



CD4062A Types 
RECOMMENDED OPERATING CONDITIONS at T A = 25" C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS 
VDD MIN. MAX. 
(V) 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range): 

Single-Phase Clock 3 10 
Two-Phase Clock 3 12 

Clock Input Frequency, 5 0.15 500 
fCl * 10 0.15 1000 

Clock Pulse Width, tw * 5 250 66.7 X 10· 
10 500 66.7 X 10· 

Clock Rise or Fall Times, 5 - 10 
trCl or tfCl * 10 - 1 

Oata Hold Time. tH* 5 150 -
10 50 -

* For single-phase clock, 50% duty cycle 

UNITS 

V 

kHz 

ns 

Ils 

ns 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

Features (Cont'd): 

• low power dissipation 
0.3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1-0 data pattern) 

• Data output TTl-DTl compatible 
• Recirculating capability 
• Delayed two-phase clock outputs availa

ble for cascading registers 
• Asynchronous ripple-type presettable to 

all 1's or O's 
• Ultra-Iow-power-dissipation standby oper

ation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IlA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-tempera

ture range) 

Two-Phase Clock Operation (Cl1' Cl2); Clock Mode (CM) = High; 3 V';:; VOD';:; 15 V. See Figure 4. 
Applications: 

• Serial shift registers 
TEST CONDITIONS 

CHARACTERISTIC 
VDD 

V 

Maximum Clock Input Frequency. fCl 5 

10 

Minimum Clock Input Frequency. fCl 5 

10 

Clock Overlap Time 

Cl2 
9<J -- ~ 
10% 10% \ 

Cll L ~-ro2 ~ 

td l 

Average Input Capacitance. C, 
Cll. Cl2 

Propagation Delays; tpH l' tplH 5 
Cl l to Q 10 

ClltoCllD 5 

Cl2 to Cl2D 10 

Minimum Data Setup Time-

ts~ 5 

I 10 
D r 

",;m.m em. H.d To~J 

5 t~24 10 \-
Clock Rise and Fall Times trCll. Cl2 

tfCll, Cl2 

LIMITS 

MIN. TYP. MAX. 

1.25 2.5 -

2.5 5 -
150 10 -

150 10 -

40 - -

- 50 -

- 250 500 

- 100 200 

- 250 500 

- 100 200 

- 150 300 

- 50 100 

- - 0 

- - 0 

No Restrictions If 
Clock Overlap Require-
ment Is Met 

UNITS 

MHz 

Hz 

ns 

pF 

ns 

ns 

ns 

• Time-delay circuits 
• CRT refresh memory 
• Long serial memory 

~ DELAYED 200 CLOCK PULSES 

X.DATA SET-UP TIME 
HIGH TO LOW 

Y-DATA HOLD TIME 
Z'DATA SET-UP TIME 

LOW TO HIGH 
92CS-22702RI 

Fig. 3 - Timing diagram-single-phase clock. 

VDO-- ;--~ 
CLZ (\()% 

Q DELAYED 200 CLOCK PULSES 

MIN lw(CLII, twICLZI· ZO n. 

92CS-22703 

Fig. 4 - Timing diagram-twa-phase clock. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4062A Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED 
CONDITIONS 

TEMPERATURES (DC) 
CHARACTERISTICS 

Vo VIN VDD +25 
-55 +125 

(V) (V) (V) TYP. LIMIT 

Quiescent Oevice - - 5 12 0.5 12 720 
Current, I L Max. - - 10 25 1 25 1500 

CM=High, CL1=High 
CL2=Low - - 15 50 1 50 2000 

Output Voltage: - 5 5 o Typ.; 0.05 Max 
Low Level, 

VOL - 10 10 o Typ.; 0.05 Max 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 
VNML 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink), 

ION Min Q 0.4 - 4.5 1.6 2.6 1.3 0.91 

Output 0.5 - 10 5 8* 4 3.2 

CLm, 0.5. - 5 0.87 1.4 0.7 0.49 

CL20 0.5 - 10 2.2 3.6 1.8 1.26 

P·Channel 
(Source): 4.5 - 5 :-0.31 ' -0.5 -0.25 -0.17 

lOP Min. Q 2.5 - 5 i-0.93 -1.5 -0.75 -0.52 

Output 9.5 - 10 -0.87 -1.4 -0.7 -0.49 

CLm, 4.5 - 5 -0.43 -0.7 -0.35 -0.24 

CL20 9.5 - 10 -1.1 -1.8 -0.9 -0.63 

Input Leakage Any Input 
Current, 

IIL,IIH - - 15 ±10-5 Typ., ±1 Max. 

* Maximum power dissipation rating ..;; 200 mW. 
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UNITS 

p.A 

V 

V 

V 

mA 

mA 

p.A 

1 
I 
Z 
~ .. z 
lit 

100 0: 

il 
z 
:c 
0: 

75 

" ;;l 50 z z 
c 

'" " 05 
~ 

a 

AMBIENT TEMPERATURE CTA)-25-C 
TYPICAL TEMPERATURE COEFFICIENT IS -O.I .... '·C 

AT ALL VALUES OF Ves 

•• 

10V 

GATE-TO-SOURCE VOLTAGE 
(VGs)-UJV 

10 " 
DRAIN-rO-SOURCE VOLTAGE eVDS)-V 

9tes-U15411U 

Fig. 5- Typical n-channel drain characterstics for 
o output. 

DfWN-TO-SOUI:CE VOLTS CVOs1 
-00 -15 -10 -5 

5 

-10 

o 

° 

-IO~ 

I 
-20:! 

'" z 

~ 
AllBiENT TEMPERATUREtT,,)-Z'-';: 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VAWES OF v --o.3%/-C 

92<;1-11114" 

Fig. 6-- Typical p-channel drain characteristics for 

o output. 

AMBIENT E"PERATURE ITA ·2'-C 
TYPICAL TEMPERATuRE COE:FfICENT FOft 
ALL VALUES OF VOO.O.3 .... '-C 

\0. 

" v 

ID m ~ ~ ~ ro ro ~ ~ ~ 

LOAD CAPACITANCE teL 1- pF 92CS-M665 
NOTE: 'T .... FOR Q OUTPUT IS SlGMFICANTLY LESS THAN tTLH 

Fig. 7- TYpical transition time lIS. 

CL for data outputs. 

AMBIENT EMPERATURE tTA 1- 25-C 'f§' ., . ~ .. 
TYPICAL TEMPERATURE CO[FFICENT FOR ~ ..... :: :::: :::: 

300 ALL VALUES OF VDD"03-r.,-C _ .... --

f - ::::\=:;;. .::: 
% .. -:~~':f--.j.I"':':: :::: 
;! SUPPLY VOLT~ (vQQ ' .• ~t: :..::: :::; 
:. f200 

10 

15 

LOAD CAPACITANCE tCL'-pF "1:1-"'50 

Fig. 8- Typical transition time lIS. CL for 

delayed clock output. 



CD4062A Types 
DYNAMIC CHARACTERISTICS AT TA - 25" C, Vss = 0 V, CL = 50 pF, Input t r, tf = 20 n5, 
except trCL and ttCL 

Single-Phase-aock Operation; Clock Mode (CM) .. Low; 3 V OS;;; VDD OS;;; 10 V (See Figure 3) 

CHARACTERISTIC TEST cONDITIONS LIMITS 
UNITS 

VDD 
V MIN. TYP. MAX. 

Maximum Clock Input Frequency. fCl tr. tF20 ns 5 0.5 1 -
MHz 

(50% Duty Cycle) 10 1 2 -
Minimum Clock Input Fre-Quency. fCl 5 150 10 -

Hz 
(50% Duty Cycle) 10 150 10 -

Clock Rise and Fall Times·· 5 - - 10 
j.ls 

trCl. tfCl 10 - - 1 

Average Input Capacitance. Cl All Inputs Except - 5 - pF 
Cll and Cl2 

Propagation Delays: 5 - 1000 2000 
ns 

Cl to Q 10 - 400 800 

CL toCllO (Positive Going) 5 - 750 1500 

~ 
(50% Points) 

10 - 300 600 

CllD~ 
CL to CL2D (Positive Going) 5 - 500 1000 

(50% Points 

cJ 10 - 200 400 

Cl2D~ 
ns 

CL to CLlO (Negative Going) 5 - 450 900 
(50% Points) 

CL~ 10 - 175 350 

CllO ~ 
CL to Cl2D (Negative Going) 5 - 750 1500 

(50% Points) 

CL~ 10 - 300 600 

CL2D ~ 
Transition Time: tTLH' tTHL 5 - 100 200 

a Output 10 - 50 100 
ns 

5 - 200 400 
CLlO.Cl2D 

10 100 200 -
Data Set-Up Time 5 0 

I 
- -

ts~ t ns 
10 - - 0 

o t-e 
"'oata Hold Time 5 - - 150 

I 
ns 

tH·CL~ 10 - - 150 

D~ 
•• If more than one unit is cascaded in single-phase parallel clocked application. trCL Should be made less than 

or equal to the sum of the propagation delay et 15 pF. and the transition time of the output driving stage. 
(see Figs. 5 and 7 for cascading options.) 

.6. Use of delayed clock permits high-speed logic to precede CD4062A register (_ cascade register operation). 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

QOI 

.. 6 8 104 2 .... 8 105 

CLOCK FREQUENCY (fCL)-Hz 

Fig. 9- Typical power dissipation lIS. frequency. 

D 
Yss 

! 
l;l 
'!: 
iil 
:' .. 
i 
:Ii 
::> 
:Ii 
~ ., 

10. ~VS VOO510V SINGLE PHASE CLOCK 
63VSVOOSISV TWO PHASE CLOCK / • 
• 1/ 

10' · ", .. 
• ... +'" / • 

/' / , 
L.---- .. ';I' 

10' 
.,~ 

• ~ ... 
• / · / • V 10 
- - 75 75 so 25 0 25 50 tOO 12 

AMBIENT TEMPERATURE (TA)--C 

92CS-24'6? 

Fig. 10- Minimum shift frequency lIS. ambient 
temperature. 

YDD 

INPUTS 

,zc·s- ncol Yss 
Fig. 11- Quiescsnt-device-cu"ent 

test circuit. 
5V 
OR 
IOV 

92CS-24669 

Fig. 12- Noise-immunity test 
circuit . 

NOTE 

Mt:ASUR[ INPUTS 
SEQUENTIAlL. Y. 
TO 10TH Yeo _ Yss. 
CONNECT ALL UllUSm 

'---r-~ iNPuTs 10 EITHER 
Yeo ORVss· 

Vss 

Fig. 13-lnput-leakage-current 
test circuit. 
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CD4066A Types 

COS/MOS Quad Bilateral Switch $10 ... 

For Transmission or Multiplexing 
of Analog or Digital Signals 

RCA CD4066A is a quad bilateral switch 
intended for the transmission or multiplex
ing of analog or digital signals. Itis pin-foi
pin compatible with RCA-CD4016, but ex
hibits a much lower ON resistance. In addi
tion, the ON resistance is relatively constant 
over the full input-signal range. 

The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased ON or 
OFF simultaneously by the control signal. As 
shown in Fig. 1, the well of the n-chaimel 
device on each switch is either tied to the 
input when the switch is ON or to VSS when 
the switch is OFF. This configuration elimi
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
operating-signal range. 

The advantages over single-channel switches 
include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input
signal range. For sample-and-hold applica
tions, however, the CD4016 is recommended. 

The CD4066A is available in 14-lead ceramic 
dual-in line packages (D, F, Y suffixes), 14-
lead plastic dual-in-line packages (E suffix); 
14-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 

SPECIAL CONSIDERATIONS - CD4066A 

1. I n applications where separate power 
sources are used to drive VDD and the 
signal inputs, the VDD current capability 
should exceed VDD/R L (R L = effective 
external load of the 4 CD4066A bilateral 
switches!. This provision avoids any 
permanent current flow or clamp action 
on the VDD supplywhenpowerisapplied 
or removed from CD4066A. 

2. In certain applications, the external load
resistor current may include both VDO 
and signal-line components. To avoid 
drawing VDD current when switch cur
rent flows into terminals 1, 4, 8, or 11, 
the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calcu
lated from RON values shown). 

No VOO current will flow through RL 
if the switch current flows into terminals 
2,3,9, or 10. 

506 

Features: 
• 15-V digital or ± 7.5-V peak-to-peak switching 
• son typical ON resistance for 15-V operation 
• Switch 'ON resistance matched to within 5 n over 15-V 

signal-input range 
• ON resistance flat over full peak-to-peak 

signal range 
• High ON/OFF output-voltage ratio: 65 dB 

typ.@fis= 10 kHz, RL = 10 kn 

• High degree of linearity: < 0_5% distor-

OUT/IN 

CD4066A 

CONT 
... 

92CS-216Z7 

tion typo @ fis = 1 kHz, Vis = 5 Vp_p, FUNCTIONAL DIAGRAM 

VOO-VS~ 10 V, RL = 10 kn 
SWITCH 

• Extremely low OFF switch leakage result
ing in very low offset current and high 
effective OFF resistance: 10 pA typo @ 
VOO-VSS = 10 V, TA = 25°C 

,-_____ c_O~~~~ ____ _,\~ 

• Extremely high control input impedance 
(control circuit isolated from signal 
circuit): 1012 n typo 

• Low crosstalk between switches: -50 dB 
typo @ fis = 0.9 MHz, RL = 1 kn 

• Matched control-input to signal-output 
capacitance: Reduces output signal 
transients 

• Frequency response, switch ON = 40 MHz 
(typ.) 

• Quiescent current specified to 15-V 
• Maximum, control input leakage current 

NORMAL OPERATION 
CONTROL-LINE BIASING: 
SWITCH ON,Vc"I"- VOD 
SWITCH OFF, Vc '0" -VSS * AU, INPUTS ARE 

PROTECTED BY 
CDS/MDS PROTECTION 
NETWORK 

92CS-21628RI 

of ;-pA at 15-V (Full package-
temperature range) 

Fig. 1 - Schematic diagram of 1 of 4 identical 
switches and its associated control cir
cuitry. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE TEMPERATURE RANGE (Tstg) .•••.....•..•.••.•....••....• -65 to +125°C 

OPERATING TEMPERATURE RANGE (T A): 

PACKAGE TYPES D, F. K, H •.......•••••.•..•••••...••..•....•. -55 to +125°C 

PACKAGE TYPES (E, Y)' ...•..•.... _ ...........•............... -40 to +s5"c 

DC SUPPLY VOLTAGE RANGE, VDO 

(Voltages referenced to V SS) .• ~ .........•....•....•.•..........• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE: 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) ........•....•.....•..•. 

FOR T A = +60 to +S5°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/oC ..... . 

FOR T A = -55 to +l00°C (PACKAGE TYPES D, F, K) ......••....•..•.... 

FOR T A = +100 to +125°C (PACkAGE TYPES D, F, K) Derate Linearly at 12 mW/oC . .. 

DEVICE DISSIPATION PER SECTION: 

500mW 

200mW 

500mW 

200mW 

FOR T A =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . . . . . 100 mW 

ALL SIGNAL AND DIGITAL CONTROL INPUTS •.•..................•. VSS';;; VI .;;; V DD 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

OPERATING CONDITIONS ATTA = 25°C 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 

CHARACTER ISTIC VOO MIN. MAX. 

Supply Voltage Range 
(T A = Full Package Tempera- - 3 12 
ture Range) 

UNITS 

V 



CD4066A Types 
Applications: 
• Analog signal switching/multiplexing 

Signal gating Modulator 
Squelch control Demodulator 
Chopper Commutating switch 

• Digital signal switchingIMultiplexing 

ELECTRICAL CHARACTERISTICS 

TEST 
CONDITIONS 

All Vol. Values 

CHARACTERISTIC A", in Volts 

VDD 
IV) 

5 
Quie .... nt Devi ... Current. I L max. 

10 
D. F. K. H Pkgs. 

15 
5 

E. Y Pkgs. 10 
15 

SIGNAL INPUTS (Vi') AND OUTPUTS (VOl) 

VC= 

VDD Vss Vi. 

RL = 10kn" 

-7.5 to 
+7.5 -7.5 

+7.5 

+15 0 
010 

ON R •• i.tan .... RON Max. +15 

+5 -5 
-5 to 

+5 

+10 0 o to 
+10 

+2.5 -2.5 -2Pto 
+2.5 

-6 0 
o to 
+5 

RL = 10kO" 

+7.51 -7.5 
+7.5 to 

-7.5 
llON Resistan ... Between jr 1 +15to 

+15 0 
Any 2 of 4 Switches. to.O 

II RON +5 
Jr 

-5 
+5 to 

~ 
+10 0 

+10to 
0 

+5 -5 
5V . p.p 

Sine Wave Re.ponse 
(Distortion) RL = IOkO 

'i. = 1kHz 

+5 -5 -5 p.p 

Frequency Response RL - lkO 
Switch ON 

Vos (SineWave Input) 20109'0- = -3dB 
Vis 

+5 I -5 1-5 p.p 

Feedthrough-Switch OFF 
RL = lkO 

Vos 
20109,0 _=-5OdB 

Vis 

VDD 
VC= 

Input or Output Leakage -
Vss 

Switch OFF (Effective :1:7.5 
OFF R •• istan ... ) +7.5 -7.5 

+5 -5 :1:5 

V clA)=V 00=+5 (A) 

VC(B)=VSS= -5 5V 
Crosstalk p.p 

8etween Any 2 of the 4 RL = lkO '---

SWitChes If at -50 dB) VOI(B) 
2010910-- =-5Od8 

ViS (A) 

• Tranlmission-gate logic implementation 
• Analog-to-digital III digital-to-analog con

venion 
• Digital control of frequency, impedance, 

phase, and analog-signal gain 

LIMITS 
Values at _55°C. +25°C; +125°C Apply to 

D. F. K. H Packages 
Values at -4IfC. +25"C. +85"C Apply to E. Y 

Packages UNITS 

+25° 
_55° -40° +8So +125° 

TYP. MAX. 

0.25 - - 7.5 0.01 0.25 

0.5 - - 15 0.01 0.5 /JA 
2 - - 40 0.02 2 

- 2.5 15 - 0.26 2.5 

- 5 30 - 0.25 5 /JA 

- 50 500 - 0.5 50 

220 250 300 320 80 280 

0 

400 450 520 550 120 500 

3000 3500 5200 5500 270 5000 

- - - - 5 -

0 

- - - - 10 -

- - - - 0.4 -
% 

- - - - 40 - MHz 

- - - - 1.25 - MHz 

- - - - :to. 1 flOO· nA 

- - - - iO.1 ±100· 

- - - - 0.9 - MHz 

• Limit determined by minimum feasible leakage measurement for automatic testing. 

II Symmetrical about 0 volts. • For all test conditions. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

ISO AMBIENT TEMPERATURE 
• ITAl-2,·e 
5 300 
I 

'1 250 

SUPPLY VOLTAGE 
IIoD-vosl·5. 

.. 
lil 2 

~ 
~ 15 

it 10 
~ .. z 
~ 5 
is 

-8 -6 -4 -2 0 2 4 
SIGNAL VOLTAGE (V~ll - VOLTS 

IOV 

15. 

Fig. 2 (a) - Typical channel ON resistance VB. signal 
voltage for three values of supply volt

age (VOO-VSsJ· 

no SUPPLY VOLTAGE 
I' (YDD-VSS)-SY 
~ 300 
I 

1250 
w 

~ 200 

w 
~ 150 

z 
o 100 
-' .. 
! 50 
5 

o 

-55" 

-8 -6 -4 -2 0 2 4 
SIGNAL VOlTAGE (Vi..) -VOLTS 

UR 

92CS-23914 

Fig. 2 (b) - Typical channel ON resistance VB. signal 
voltage with supply voltage (V 00-
VssJ=5 V. 

j 
I 
1250 
!! ... 
~200 
:i 150 .. 
it .00 
~ .. 
I 50 

~ 
o 

SUPPLY VOLTAGE (Voo-Vss )-10'1 

'MBIENT TEMPERATURE (TA).125·C 

-I -6 -4 -2 0 2: " 
SIGNAL VOLTAGE (V",! - VOL T5 

92CS-23915 

Fig. 2 (c) - Typical channel ON resistance VB. signal 
voltage with supply voltage (V 00-
VssJ = 10 V. 

350 
11ft SUPPLY VOLTAGE <VDO-VSS)-15V 

! 300 
1 
z . 
1 250 .. 
120 

; 150 

~ 
100 

~ 
:I 50 
5 

-.... -4-202" 
SMiNAl VOL TAGE (V~.) - VOLTS 

IZCs-n916 

Fig. 2 (d) - Typical channel ON resistance liS. signal 
voltage with supply voltage (V 00-
VssJ = 15 V. 
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CD4066A Type.s 
ELECTRICAL CHARACTERISTICS (Cont'd) 

CHARACTERISTIC 

Propagation Delay (Signal 
Input to Signal Output) 

tpd 

Capacitance: 

Input. Cis 

Output, Cos 

Feedthrough, Cios 

CONTROL (VCI 

Noise Immunity. V NL 
Min. 

Input Leakage Current, IlL 
Max. 

Crosstalk 
Control I nput to 

Signal Output 

Propagation Oelay, tpdC 

Maximum Allowable Control 
I nput Repetition Rate 

Av. Input Capacitance, CI 

c~os 

,----·H------., 
: voo o+5V : 

I I 
I I 

TEST 
CONDITIONS 

AI/ Voltage Values 
Are in Volts 

r VDD 
(VI 

VC=VOO 
VDD VSS = GND 
=5 CL = 15pF 

-
V is"" sq. wave 

VDD t r, tf = 20 ns 
= 10 (Input Signal) 

VOD = +5 

VCC = VSS =-5 

Vis~VDD 

lis = 10000A 

VOD - VSS = 10 

Vis" VOO 

VOO-VSS=15 

VC"V OO -VSS 

VOO-VSS 

= 10 
Vc = 10 

RL = 10kn 
(sq. wavel 

trc =- ttc RL-300kn 
= 20 ns Vis ,,10 

CL = 15pF 

VDD=10, VSS=GND 

RL = 1kn, CL = 15pF 

Vc = 10 (sq. wavel 

tr! tf = 20ns 

MEASURED ON BOONTON 
CAPACITANCE BRIDGE 
MODEL 75A (I MHz) 
TEST FIXTURE CAPACITANCE 
NULLED OUT 

92CS-23918 

Fig. 6 - Capacitance test circuit. 

IOkn 

ALL UNUSEO INPUTS ARE CONNECTED TO VSS. 

92CS-23920RI 

Fig. 8 - Propagation delay time signal input (Vis) 
to signal output (Vosl. 

508' 

LIMITS 
Values at _55°C, +25°C, +125°C Apply to 

D, F, K, H Packages 
Values at -4o"C, +2SoC, +85°C Apply to E, Y 

UNITS 

_55° 

-

-

-

-

-

2 

-

-

-

-

Packages 

+25° 
_40° +85° +125' 

TYP. MAX. 

- - - 20 50 

ns 

- - - 10 25 

- - - 8 -

- - - 8 - pF 
- - - 0.5 -

2 min 
2 2 2 - V 

4.5 

I1 ±10-6 ±1 ~A 

- - - 50 - mV 

- - - 35 - ns 

- - - 10 - MHz 

- - - 5 - pF 

VSS 
ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS. 

92CS-2391g 

Fig. 7 - OFF switch input or output leakage. 

+IOV~ Vc 

tr:tf 
=20ns 

Voo 

IOkn 

ALL UNUSEO TERMINALS 
ARE CONNECTED TO Vss 

92C5-23921 

Fig. 9 - Crosstalk-control input to signal output. 

300n 

ALL UNUSED TERMINALS ARE CONNECTED TO Vss. 

92CS-23922RI 

Fig. 11 - Propagation delay tpLH- tpHL control
signa/ output. 

Voo KEITHLEY 
160 DIGITAL 
MULTIMETER 

1-_-4. ___ ......, 
X-Y 

PLOTTER 

H.P. 
MOSELEY 

7030A 

92C5-22716 

Fig. 3 - Channel ON resistance measurement circuit. 

INPUT SIGNAL VOLTAGE (Vi.a] - VOLTS 

92CS-297 

Fig. 4 - Typical ON characteristics for 1 of 4 
channels. 

~ 

t 
? 
~ 
~ 
~ 
~ 
~ 

z 
0 

~ 
2i 
" '" 
~ 

10 8 AMBIENT TEMPERATURE (TA)aZS-C , 
, 

V V , 
I \."V ./ 

10' " 8 \,"0\00 , f-~--f--o\..<."'<?f-- \op / . f---;? ~~..-£ , ~~../ 14 _ 

10' 
8 

• C04066A = , 
./ I _ 

4 , 
I?' /' y,~_ 

/ 
,'V 7 -

Vss 

'0 
, 

6 e 102 
SWITCHING FREQUENCY (f)-kHz 

. . • 
92C$-23924 

Fig. 5 - Power dissipation per package vs. switching 
frequency. 

Vc RATE 

t r"ff"20ns 

~
EP 

+IO~ 

t r "'t,=20"s 

90o/,W£-' 10% -0 
20 I 

n~~~l 

ALL UNUSED INPUTS ARE CONNECTED TO VSS. 

92CS-23'23 

Fig. 10 - Maximum allowable control input repeti
tion rate. 

NOTE: 

MEASURE INPUTS 
SEOUENTIALL Y. 
TO BOTH VOO AND VSS' 
CONNECT ALL UNUSED 

'--~_-' tNPl./TS 10 EITHER 

VSS 

Voo OR VSS' 
MEASURE CONTROL 
INPUTS ONLY 

92C$-27555 

Fig. 72 - Input leakage current test circuit. 



CD4000B, CD4001 B, CD4002B, CD4025B Types 
COS/MOS NOR Gates Features: 

High-Voltage Types (3-to-20-Volt Rating) 
Dual 3 Input 

plus Inverter-CD4000B 
Quad 2 Input-CD4001 B 
Dual 4 Input-CD4002B 
Triple 31nput-CD4025B 

The RCA·CD4000B, CD4001 B, CD4002B, 
and CD4025B NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of COS/MOS gates. 

The CD4000B, CD4001 B, CD4002B, and 
CD4025B types are supplied in 14-lead her
metic dual-in-line ceramic packages (D, F, 
and Y suffixes). 14-lead dual-in-I ine plastic 

• Standard "B--Series symmetrical output 
drive 

• Propagation delay time = 30 ns (typ.) at 
CL = 50 pF, VDD = 10 V 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 IJ.A at 20 V 

(full package-temperature range) 
• 5-V, 10·V, and 15-V parametric ratings 

packages (E suffix). 14-lead ceramic flat 
packages (K suffixl, and in chip form (H 
suffix). 

For MAXIMUM RATINGS see "Ratings and 
Characteristic~" at the beginning of the COS/MaS 
section. 

FUNCTIONAL DIAGRAMS 

,. ,. 
Voo Voo 

.,jzA., .. 
Ne K=~ .. " G.~ " • 
Ne " ILH 

.. 
'0 

10 
l .. 0 

Vss 
Ne V'S 

92CS 24757 

CD4000B 
92CS-24762 92CS 24758 92CS-24760 

CD40018 CD40028 (;D40258 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following rangel: 

CHARACTERISTIC LIMITS 

MIN. MAX. 

Supply-Voltage Range (For T A = Full 
3 18 

Package-Temperature Rangel 

UNITS 

V 

DYNAMIC ELECTR.ICAL CHARACTERISTICS at T A = 25°C, Input 1" tot = 20 ns, 
and CL = 50 pF, RL = 200 Kn 

TEST CONDITIONS 
ALL TYPES 

LIMITS 

.-

CHARACTERISTIC UNITS 
VDD 

Volts TYP. MAX. 

Propagation Delay Time, 5 60 120 

tpHL' tpLH 10 30 60 ns 

15 25 50 
5 100 200 

Transition Time, 10 50 100 ns 

tTHL' tTLH 15 40 80 

Average Input Capacitance, C1 Any Input 5 - pF 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

,. , 
'0 
! .. • c 
!:; 
0 ,. 
i 
0-
:> 
0 

> 
I 
-0 

~ 

II 
~ 
0 ,. 
!; .. 
i 

r-o-o .... ,TlWIOATUR. IT Al"".ac 

15 ...... ' VOLTA.IVDD1- lev 

tVDD 

10 

S 

o 

IS 

10 

.0 
£D-o~ 

5 

10 '5 

'ICS-I".,.,,1t1 

Fig. 1 - Minimum & maximum voltage 
transfer characteristics. 

~'L' _TAIIt 
'''DoI' IS • H-I 

.. -' ,'C 
-55'1: 

IOV 

-55'1: 

:U.S 
,V 

~~5'1: 
. 12!iI-C 

o 10 1$ 

IWuT VOl.TAIIIE 1'111-'1 
ueS-11?10 

Fig_ 2 - Typical voltage transfer characteristics 
as a function of temperature. 

,. 
>°12

' 

'" 10 10 

~ 
r.;75 

~ 5 ' 

•• 

YVOLTS' 1-' 

" 

~
oo 12.3> .. -

"" :: 1"0 10 r 
I 2 

- ~j TO 3 7 'iss :i 

Yo I. ! 
Irr- _ 5 i 

10 , ~ 2.' 

!.5 '1.$ 10 12.5 15 
INPUT VOLTS lVI' 

Fig. 3- Ty"ical current & voltage transfer 
ch6uacteristics. 

. 
~ 50 

~ .5 

20 

'. 
'0 

.V 

10 V 

GATE-TO-SOURC[ YOLTAGE 
IVGs:l,..15 'II 

v •• 

OTHER~ '>fvDS 
GATE ~l~~ __ )_ 
INPUTS 'Iss 7 1. 
GROUNDED _ 

10 15 

DRAIN-TO -SOURCE VOLTAGE I VosJ- v 

Fig. 4 - Typical output-N-channel drain 
characteristics. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS _______________________________ _ 

CD4000B, CD4001 B, CD4002B, CD40258 Types 
STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS LIMITS AT INDICATED TEMPERATURES (OC) 

CHARACTERISTIC 
Values at -55, +25, +125 Apply t9 D, K, F, H Package. 

UNITS Values at -'0, +25, +85 Apply to E, Y Packages 
Vo VIN VD.D +Z5 
(V) (V) (VI -55 -'0 +85 +125 MIN TYP. MAX. 

Qu iescent Device - - 5 0.5 0.5 5 10 - 0.01 0.5 
Current, I L Max. - - 10 1 1 10 20 - 0.01 1 

- - 15 2 2 20 
IJ.A 

40 - 0.01 2 

- - 20 10 10 100 200 - 0.Q2 10 

Output Drive 
Current: 
N·Chaflnel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink): 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
IDNMin. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

mA 
P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -

(Source), 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
IDPMin. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -

Output Voltage: 
Low·Level, - 0,5 5 0.05 - 0 0.05 

VOL Max. - 0, 10 10 0.05 - 0 0.05 

- 0,15 15 0.05 - 0 0.05 

H igh·Level, - 0,5 5 4.95 
V 

4.95 5 -
VOH Min. - 0, 10 10 9.95 9.95 10 -

- 0, 15 15 14.95 14.95 15 -

Noise Immunity: 
Inputs Low, 4.1 - 5 1 1 2.25 -
VNL Min. 8.2 - 10 2 2 4.5 -

12.3 - 15 3 3 6.75 -

·iJ 
V 

Inputs High 0.9 - 5 1 1 2.25 -
VNH Min. 1.8 - 10 2 2 4.5 -

2.7 - 15 3 3 6.75 -
I nput Leakage 
Current, Any Input 

IIL,IIH Max. 20 ±1 - ±10-5 ±1 IJA 

LOAD CAPACITANCE CCL)-" 
LOAO CAMCITANCE CCLI-oF 92CS·24322 

Fig. 8 - Typical transition time w. load 
capacitance. 

Fig. 9 - Typical propagation d6lay time 
w. load capacitance. 

A.,IIENT nMPERATUR[ t T A ,. ZS·C 

z i 15 
'OV 

~ .. , 
; 
x "1 2.t 'v e 

, 
DRAIN·TO-SOu"CE VOLTAGE {VOSI-V 

Fig. 5 - Minimum output·N-channel drain 
characteristics. 

., 
I.M81ENT TEMPUATUAE IT ... '·25·C 

c 
GATE-lO-SOURCE VOLT.6G£ I'll' 10. $'11' -I ~ 

Ii: 
o 

-to ~ 

'IIGS -IOV S 

'=. 

OTHER GATE 
INPUTS GROUNDED 

YDS ." I a 
z 

-204 
l'l 

DAAIN - TO - SOURCE VOLTAGE {Y051- v lacs-27"., 

Fig. 6 - Typical output-P-channel drain 
characteristics. 

-" "0 ., o 

GATE-lO-SOURCE YO~TAGE 1Y65"-'5V 

'DV 

-1$'11' 

DRAIN - TO - SOU ACE vOLTAGE (YosJ- v ncS-M:II1 

Fig. 7 - Minimum output.p-channel drain 
characteristics • 

.... NT T£IF£RAT\II[ ITAI "I' 'C 

,0' POWER DISSIPATION P- CVDD f + POUl£SCENT 

I.,. 

C 
i 103 

SUPPl.Y VOLTS tv I"' 

'" ~002 
is 
I '0 

~ LOAD CAPACITANCE (CL)·15pF , 
III ICL;~r;-;l 

,02 
INPuT FAEQ\£NCY (t,l - Hz ')2(5-11865 

Fig. 10 - Typical dissipation characteristics. 

For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 
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CD4008B Types 
COS/MOS 4-Bit Full Adder 
With Parallel Carry Out 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4008B types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage. Circuitry is 
included to provide a fast "parallel-carry·out" 

For MAXIMUM RATINGS see "Ratings and 
Characteristic!>" at the beginning of the COS/MaS 
section. 

sum bits, Sl to S4, in addition to the high
speed "parallel·carry·out" which may be uti
lized at a succeeding CD4008B section. 

bit to permit high-speed operation in arith
metic sections using several CD4008B's. 
CD4008B inputs include the four sets of bits 

The CD4008B types are supplied in 16-lead 
hermetic dual-in·line ceramic packages (0, F, 
and Y suffixes), l6·lead dual·in·line plastic 
packages (E suffix), 16·lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

to be added, Al to A4 and Bl to B4, in addi
tion to the "Carry In" bit from a previous 
section. CD4008B outputs include the four 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
LIMITS AT INDICATED TEMPERATURES (OCI 

CHARACTER· Values at -55, +25, +125 Apply to O,K,F ,H Plckages 

ISTIC Values at -40, +25, +85 Apply toE,Y Packages 

Vo VIN VOO +25 
(VI IV) (V) -55 -40 +85 +125 MIN. TYP. MAX. 

Quiescent Device -- -- 5 5 5 50 100 - 0.02 5 
Current, I L Max -. 

10 10 10 100 200 - 0.02 10 

- - 15 20 20 200 400 - 0.02 20 

- - 20 200 200 1000 2000 - 0.04 100 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -

(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
IDN Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 
(Source), 2.5 - 5 ~2 .1.8 -1.3 -1.15 -1.6 -3.2 -
IDP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -. 

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 

Output Voltage: 
Low·Level, _. 0,5 5 0.05 - 0 0.05 

VOL Max. - 0,10 10 0.05 - 0 0.05 

0,15 15 0.05 0 0.05 

High·Level, .- 0,5 5 4.95 4.95 5 -
VOH Min, - 0,10 10 9.95 9.95 10 -

- 0,15 15 14.95 14.95 15 

Noise Immunity: 
Inputs Low, 4.2 5 1.5 1.5 2.25 -

VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
Inputs High, 0.8 - 5 1.5 1.5 2.25 -

VNH Min. 1 10 3 3 4.5 

1.5 15 4.5 4.5 6.75 -

Noise Margin: 
Inputs Low, 4.5 - 5 1 1 -

VNML Min. 9 - 10 1 1 - -
13.5 .- 15 1 1 -- -

Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - _. 

1.5 _. 15 1 1 -

Input Leakage Any Input 
Current, 
IlL, IIH Max. 20 ±1 - ±10-s ±1 

UNITS 

JJA 

mA 

V 

V 

V 

JJA 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

Features: 

• 4 sum outputs plus parallel look-ahead 
carry-output 

• Standard -B"-Series symmetrical output 
drive 

• High-speed oper8tion~sum in-to·sum out, 
100 ns typ.; carry in-to-carry out, 55 ns 
typo at VOD = 10 V, CL = 50 pF 

• Quiescent current specified to 20 V 

• Maximum input leakage of 1 = JJ.A at 20 V 
(full package-temperature range) 

• 1-V noise margin (full package-tempera
ture range) 

• 5-V, 10-V, and 15-V parametric ratings 

Applications: 

• Binary addition/arithmetic units 

TRUTH TABLE 

Ai Bi Ci Co SUM 

0 0 0 0 0 
1 0 0 0 1 
0 1 0 0 1 
1 1 0 1 0 
0 0 1 0 1 
1 0 1 1 0 
0 1 1 1 0 
1 1 1 1 1 

~ *15 

~*-I 

CI *9 

(CARRY IN) 

Veo = 16 

Vss = 8 * AU. INPUTS ARE 
PROTECTED BY 
COS/ MOS PROTEC TlON 
NETWORK 

92CS-27643 

Fig. 1 - CD40088 logic diagram. 

LOAO CAPACITANCE (Cli - pF 

92eS-27'042 

Fig. 2 - Typical sum·in to sum-out propagation delay 
time vs. load capacitance. 

For qUiescent ?,evice current, noise immunitv, and input leakage current test circuits see "Ratings and 
Characteristics at the beginning of the COS/MaS section. ____________________ ~~~ __ ~~~ _________________________ 511 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4008B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25° C; Input tr, tf = 20 ns, 
CL =50pF, RL =200KQ 

CHARACTER ISTIC VDD 
(VI 

Propagation Delay Time: 5 
tpHL. tPLH 10 

Sum I n to Sum Out 15 

5 
Carry In to Sum Out 10 

15 

5 
Sum In to Carry Out 10 

15 

5 
Carry I n to Carry Out 10 

15 

Output. Transition Time: 5 
tpHL. tpLH 10 

All Outputs 15 

Input Capacitance, CI -
(Any Input) 

,LOAD CAPACITANCE (Cll - pF 
t2CS-276st 

Fig. 5 - Typical sum·in to carry-out propagation 
delay time VI. load capacitance. 

• M8IENT TEMPERATURE ITA ).25·C . 

." 
10" 

GATE-TO-SOURCE VOlTAtH: 
(VGSJ-IIV 

10 15 

DRAIIl-TO-SOURCE vOLTAGE lVosl-Y 

Fig. 8 - Typical output n-channel drain 
characteristiCli. 

LIMITS 
ALL TYPES UNITS 

TYP. 

255 
110 

75 

185 
80 
60 

240 
100 

75 

115 
55 
40 

100 
50 
40 

5 

MAX. 

510 
220 ns 

150 

270 
160 ns 
120 

480 
200 ns 
150 

230 
110 ns 
80 

200 
100 ns 
80 

- pF 

DRAIN-TO-SOURCE VOLTAGE 1Vos)-Y ., 
.",IENT TEMPERATURE CT. 1-25-C 

1 II 

i 
D 

~II.., 

i i KJ 

! 1.5 
I 
;;I 5 • 
= z 
't 2.1 . 

GA1t.-TO":SOURCE VOLTAGE IY ..... ,v 

-lOY 

,ZCS-24UORI 

Fig. 6 - Typical output p-channel drain 
characteristics • 

lOY 

5V 

DRAIN-TO-SouRCE vOLTAGE (VDS)-V 

Fig. 9 - Minimum output n-channel drain 
character/stiCli. 

TEMPERATURE (TA)· 2S-C 

LOAD CAPACITANCE (Cl) - pF 
92CS-2n41 

Fig. 3 - Typical carry·in to carry-out propagation 
delay time VI. load capacitance. 

LOAD CAPACITANCE (Cl) - pF 

92CS-Z7640 

Fig. 4 - Typical carry·in to sum·out propagation 
delay time VI. load capacitance. 

DRAIN-TO-SOURCE VOLTAGE 1Yos)-V 

-I' -10 ... , o 
AII81ENT nMPERATURE ITA )·25·C 

GATE-TO-SOURCE VOUAGE: (VIiS"- IV 

lOY 

. 
"'. -I$V 

"1-tn'l 

Fig. 7 - Minimum output p-channel drain 
characteristics. 

I 
3 .. :. 

10 10' ro' ... 
INPUT f'II£QI.IaCY (ff)-II.H. 

tlCS-17aUR. 

Fig. 10 - Typical dissipation characteristics. 
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CD4009B, CD4010B Types 

COS/MOS Hex Buffers/Converters 
High-Voltage Types (3-to-20-Volt Rating) 

I nverting Type: CD4009B 
Non-Inverting Type: CD4010B 

The RCA-CD4009B and CD4010B Hex Buf
fer/Converters may be used as COS/MaS to 
TTL or DTL logic-level converters or cost 
MaS high-sink-current drivers. 

The CD4049B and CD4050B are preferred 
hex buffer replacements for the CD4009B 
and CD4010B, respectively, in all applica
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069B Hex Inverter is 
recommended. 

The CD4009B and CD4010B types are sup
plied in 16·lead hermetic dual·in-line ceramic 
packages (0, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix)' 16-
lead ceramic flat packs (K suffix), and in 
chip form (H suffix). 

Applications: 

• COS/MOS to DTL/TTL hex converter 
• COS/MOS current "sink" or "source" 

driver 
• COS/MOS high-to-Iow logic-level 

converter 
• Multiplexer - 1 to 6 or 6 to 1 

Ne Q-!} 

Vcc o-L 
vsse-! 

VDDoJ! 

~ f"....... 4~ _ 
8~HZB 

~. ~_ '0 __ 

O~J'O 

CD4009B 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T stg) •.•.••••••••••••••••••••••• -65 to +150oC 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F. K. H ••• , • • • • • • • • • • • • • • • • . • • • . • • • • • • • •• -65 to +125°C 

PACKAGE TYPES E, Y •.•••••••••••••••••••• , ••••••••••••••• -40 to +8SoC 

DC SUPPLY-VOLTAGE RANGE. (VDD. VCC) 

(Voltages referenced to VSS Terminal) •.••••••••••••••••••••••.••••• ~.S to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A .. -40 to +6OoC (PACKAGE TYPES E. Y) ••••••.••••••.••••••••••• 500 mW 

FOR TA = +60 to +8S·C (PACKAGE TYPES E, Y) ••.•.. Derate linearly at 12 mWrC to 200 mW 

FOR T A = -5S to +100·C (PACKAGE TYPES D. F, K) ••••.•••••.•....••••••• 500 mW 

FOR TA = +100 to +12SoC (PACKAGE TYPES D. F. K) .•• Derate linearly at 12 mWrC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FUll PACKAGE-TEMPERATURE RANGE (All PACKAGE TYPES) ••••••• 100 mW 

INPUTVOlTAGERANGE,AlLINPUTS •.••••••• _ •.••••.•.•••••• ~.5toVDD+O.5V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from cese for 10 s max. • • • . . • . . . • . . .• +26SoC 

RECOMMENDED OPERATING CONDITIONS at TA = 2!tC, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
CHARACTER ISTIC UNITS 

MIN. MAX. 

Supply·Voltage Range: VDD, VCC 
3 18 V (For T A= Full Package Temperature Range) 

Input Voltage Range (VS) VCC· 18 V 

'The CD4009 end CD4010 have high-to-Iow level voltage conversion Cllpability but not low-to
high level, therefore it is recommended that VDD > VI> VCC. 

COSIMOS DIGITAL INTEGRATED CIRCUITS 

Features: 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 pA at 20 V 

(full package-temperature range) 
• 5-V. 10-V. and 15-V parametric ratings 
• High sink current for driving 2 TTL loads 
• High-to-Iow level logic conversion 

NC~ 
vcco--J. 

vsso-!! 

vooo-!! 

Fig. 1 - Logic diagrams. 

~ 10,... 
D~J.D 

~12" 
E~K.E 

~ 
F~L.F 

.Z ..... 41 ... "Z 

CD4010B 

AMBIENT TEMPERATURE (TA)-2s·e -IIAX. 
---IIIN· 

6-[>-8 
~~ITION: "cc·' 

co 6 .. 
o • • 10 12 ... 

INPUT VOLTS (v,1 

Fig. 2 - Minimum & maximum voltage transfer 
characteristics - CD4009B. 

o • 6 • 
'''PUT VOLTS (y,1 

10 12 

'ZCS-11'111 

Fig. 3 - Typical voltage transfer characteristics 
as function of temp_ - CD4009B. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS ________________________________ _ 

CD4009B, CD4010B Types 
STATIC ELECTRICAL CHARACTERISTICS ...... NT.TEMPER.TURE IT.I ••• e 

COLLECTOR SUPPLY VOLTAGE 1VcC.5Y 
.DRAIN SUPPLY VOLTAGE IV D)· 5V 

CONDITIONS 
CHARACTERISTIC 

Vo VIN VCC· 
(V) (V) (V) 

Quiescent Oevice - - 5 
Current. I L Max - - 10 

- - 15 

- - 20 

Output Orive 
Current: 
N·Channel 0.4 - 5 
(Sink). 

0.5 - 10 
ION Min. 

1.5 - 15 

P-Channel 4.6 - 5 
(Sourcei. 2.5 - 5 
lOP Min. 

9.5 - 10 

13.5 - 15 

Output Voltage: 
Low·Level, - 0.5 5 
VOL Max. - 0.10 10 

- 0.15 15 

High Level - 0,5 5 
VOH Min. - 0.10 10 

- 0.15 15 

Noise Immunity: 
Inputs Low. 3.6 - 5 
VNL Min. 7.2 - 10 
C04010B 

10.8 - 15 

Inputs Hi9h. 1.4 - 5 
VNH Min. 

2.8 - 10 
All Types 

4.2 - 15 

Inputs Low 3.6 - 5 
VNL Min. 7.2 - 10 
C04009B 

10.8 - 15 

Noise Mar9in: 
Inputs Low. 4.5 - 5 
VNMLMin. 9 - 10 
C04010B 

13.5 - 15 

Inputs High, 0.5 - 5 
VNMH Min 1 - 10 
CD4010B 

1.5 - 15 

Input Leakage Any Input 20 
Current. 
IIL.IIH Max. 

'vcc= VOD 

LIMITS AT INDICATED TEMPERATURES (OC) 
VALUES AT -55.+25.+125 APPLY TO 

D.K.F.H PACKAGES 
VALUES AT ..40,+25.+85 APPLY TO 

E.Y PACKAGES 

+25 

-56 -40 +85 +125 MIN. TYP. MAX. 

0.5 0.5 5 10 - 0.01 0.5 

1 1 10 20 - 0.01 1 

2 2 20 40 - 0.01 2 

10 10 00 1200 - 0.02 10 

3.75 3.6 2.4 2.1 3 4 -

10 9.6 6.4 5.6 8 10 -

30 40 19 16 24 36 -

-0.25 -O.~3 -0.18 -0.15 -0.2 -0.4 -
-1 -0.9 -0.65 -0.58 -0.8 -1.6 -

-0.55 -0.5 -0.38 -0.33 -0.45 -0.9 -
-1.65 -1.6 -1.25 -1.1 -1.5 -3 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -

9.95 9.95 10 -

14.95 14.95 15 -

1.5 1.5 2.25 -

3 3 4.5 -

4.5 4.5 6.75 -

1.5 1.5 2.25 -

3 3 4.5 -

4.5 4.5 6.75 -

1 1 1.5 -

2 2 3 -

2.25 2.25 3.5 -

1 1 - -
1 1 - -
1 1 - -
1 1 - -
1 1 - -

1 . 1 - -
±1 - ±10-5 ±1 

UNITS 

!lA 

mA 

V 

V 

V 

/J.A 

i • i 
MIN. MAX. 

o • • • INPUT VOLTS IVI ) 

92C5-19t55 

Fig. 4 - Minimum & maximum voltage transfer 
characteristics (VOO = 5) - C0401OB. 

INPUT VOL. TS (y,) 

Fig. 5 - Minimum & maximum voltage transfer 
characteristics (VOO= 10) - CD4010B. 

1.,,-
~--

10 " .. 
92ss..4XDRI 

Fig. 6 - Minimum & maximum voltage transfer 
characteristics (VOO = 15) - CD4010B. 

Fig. 7 - Typical voltage transfer characteristics 
as a function of temperature -C04010B. 

514 ________________________________________________________________ _ 



CD4009B, CD4010B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS.t T A-2ft>e; Input t,., tr20 fII, 
e L =50 pF, R L =200 KG 

CONDITIONS 

CHARACTERISTIC 
VDO VI 
IV) Iv) 

Propagation Delay Time: 
Low·to·High, tpLH 5 5 

10 10 

CD4009B 10 10 

15 15 

15 15 

5 5 

10 10 

CD4010B 10 10 

15 15 

15 15 

High·to·Low, tPHL 5 5 

10 10 

CD4009B 10 10 

15 15 

15 15 

5 5 

10 10 

CD4010B 10 10 

15 15 

15 15 

T ransillon Time: 
LOWl-to·High, tTLH 5 5 

10 10 

15 15 

High·to·Low, tTHL 5 5 

10 10 

15 15 

Input Capacitance, CI 
CD4009B - -
CD4010B - -

DRAIN-TO-SOURCE VOLTAGE (VgsI- Y 

neS-I'ss, 
Fig. 11 - Typical output pdl8mrel drain 

charactBrl$tlC$. 

VCC 
IV) 

5 

10 

5 

15 

5 

5 

10 

5 

15 

5 

5 

10 

5 

15 

5 

5 

10 

5 

15 

5 

5 

10 

15 

5 

10 

15 

-
-

LIMITS 
ALLPKGS 

UNIT 
TVP. MAX. 

70 140 

40 80 

35 70 ns 

30 60 

30 60 

100 200 

50 100 

50 100 ns 

35 70 

35 70 

30 60 

20 40 

15 30 ns 

15 30 

10 20 

65 130 

35 70 

30 70 ns 

25 50 

20 40 

150 350 

75 150 ns 

55 110 

35 70 

20 40 ns 

15 30 

15 -
5 - pF 

,2(S-27152 

FIg. 12 -. Minimum output pdl8nnel drain 
charactBrlstlC$. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

r 
I 300 

i 
t 
!200 

100 

AMBIENT TEMPERATURE (TA) • 25-C 
LOAD CANCITANC£~'. 15" 

CERAMIC PACKAGES I tpLM) 

PLASTIC PACKAGES ItpLN) 

CERAMIC PACKAGES ItPHll 

10 .. 
SUPPLY VOLTS (Voo • Veel 

92CS-1715. 

Fig. 8 - Max. propagation delay time lIS. 

Voo - C040t08. 

DRAIN-TO-SOURCE VOLTS (VDS 
92CS-118!8 

Fig. 9 -: Typical n-channel drain characteristics 
- CD40098, C040t08. 

60 

~ 30 

120 

10 

10 I. 20 
DRMN-YO-SOURCE VOLTS (Ves I 

'2CS-178" 

Fig. to - Minimum n-channeldraln 
characteristics. 

_ .acs-27&5' 
Fig. 13 - Typicallow-to""/", propagation delay 

time lIS. load capacitance (C04009B). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _______________________________ _ 

CD4009B, CD4010B Types 
AMBIENT TEMPERATURE (TAI"U"C 

:{/lBf;I"OO'"!>" 
sUl'p\.1 "Ol' 

10" 

I!>" 

o 10 20 30 «l !>O 60 70 80 90 100 
LOAO CAPACITANCE (eL)- of 92C5-27654 

Fig. 14 - Typical high·to·/ow propagation delay 
time lIS. load capacitance (CD4009B). 

92C5-2:7657 

Fig. 17 - Typicallow~o"'igh transition time 
lIS. load capacitance. 

INPUTS 

Vss 
9ZCI-ZHOI 

Fig. 20 - Quiescent device current 
test circuit. 

o 20 40 eo 10 100 120 
LOAD CAPACITANCE (C L 1-pF 

'2CS-2NS5 

Fig. 15 - Typicallow-to·high propagation delay 
time lIS. load capacitance (CD4010B). 

o 0 20 ~ 40 ~ m ro 90 
LOAD CAPACITANCE (CLI-pF 

92CS-Z7658 

Fig. 18 - Typical high-to-low transition time 
lIS. load capacitance. 

NOTE: 
TEST AN~ ONE INPUT. 
WITH OTHER INPUTS AT 

Voo ORVss' 

Vss 

Fig. 21 - Noise immunity test 
circuit. 

o 0 20 ~ «l ~ m ro 10 
LOAD CAPACITANCE (CLI-pF 92CS-'''S' 

Fig. 16 - Typical high·to-lowpropagation delay 
time lIS. load capacitance (CD4010B). 

104 • A.,aIENT TE .. PERATURE fTA)- 25·C / / • I .. Y' • 4 

t ~v ,-
z 

V ~ H)' 
~~ 'V I 

~ 

I • #7 }-
4 

V V- y( ,. V-l-E z 

r 101 V.v 1/ V- I .. • 
'" i .. ~ 

V V --~~:";:"C'l'.c·ri'"'7 
z 

10 VI..-' I, I I I 
z 4 •• IOZ, 

Z 4 • 'I~I • 4 •• 
10 

INPUT FRl:QUlMCY Iffl Jr.Hr tKI-IIM7 

Fig. 19 - Typical dissipation characteristics. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 
,TO BOTH VDD ANDVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VDD OIIVss 

Vss 

92CS-27402 

Fig. 22 - Input leakage current test 
circuit. 

10 
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CD4011B, CD4012B, CD4023B Types 

OS NAND G t For MAXIMUM RATINGS see "Ratings and COS/M a es Characteristics." at the beginning of the COS/MOS 

Quad 2Input-CD4011B 
Dual 4Input-CD4012B 
Triple 3 h;put-CD4023B 

The RCA·CD4011B, CD4012B, and 
CD4023B NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of COS/MaS gates. 

The CD4011B, CD4012B, and CD4023B 
types are supplied in 14·lead hermetic dual· 
in·line ceramic packages (0, F, and Y suf· 
fixes). 14·lead dual·in·line plastic packages' 
(E suffix), 14·lead ceramic flat packages 
(K suffix). and in chip form (H suffix). 

NC 

section. 

RECOMMENDED OPERATING 
CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera· 
tion is always within the following ranges. 

CHARACTERISTIC MIN. MAX. UNITS 

Supply Voltage 
Range 3 18 V 
(over full temp. 
range) 

NC Vss 

92C5- 24761 
92CS-2U6! 

9ZCS-241~9 

CD4011B CD4012B CP4023B 

Fig. , - Functional diagrams. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA =2!f'C, Input t" tf=20 ns, andCL =50pF, RL =200kO 

TEST CONDITIONS 
ALL TYPES 

LIMITS 
CHARACTERISTIC 

Propagation Delay Time, 

tpHL, tpLH 

Transition Time, 

tTHL' tTLH 

Average Input Capacitance, CI Any Input 

15 

/2.5 
~o 
If) 10 10 

~ 
~ 7.5 

6. 5 5 

2.0 

2.0 

PPLY VOLTS I I-I 

~
DO ~ 14 12.&_ 

VI \ Yo ; 
r 10 i 
I 

VDO -~~ '0 ~ 
Yo '0 ~~R ! 
10 ~ 0 ~ 

In 

15 

10 '.0 

7.5 10 12.5 
INPUT VOLTS IVII 

10 

Fig. 5 - Typical current & voftage transfer charllC' 
teristies. 

VDD 

VOLTS 

5 
10 
15 

5 
10 
15 

c 
f 30 
i .. 
~ 25 
~ 

~ 
~ 20 

a 15 

i!i 
ii1 10 z 
1i 
~ 51:±tf± . 

o 

TYP. 

60 
30 
25 

100 
50 
40 

5 

10 V 

o. 

10 

UNITS 

MAX 

120 
60 ns 
50 

200 
100 ns 
80 

- pF 

GATE-TO-SDURCE'VOLTAGE 

(VGS.:'15V~ 
14 

Ilt?-r~-;j .... 
OTHER' 
SATE .' l1'li1', 

DC· 

" DRAIN-TO·souRCE VOLTAGE IVDS)-Y 

Fig. 6 - Typical outPut-N-channel drain charllC' 
terilties. 

Features: 
• 5·V, 10-V, and 15-V parametric ratings 
• Standard i'B" Series symmetrical output 

drive 
• Propagation delay time = 30 ns (typ,l at 

CL- 50 pF, VDD = 10 V 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 JJ.A at 20 V 

(full pacbge-temperature range) 
.IIENT nMPERAtuM 

15 jSUPPLY VOLTS (Yeol -'5 
CTA) -25·C 

"00 

~o 12.5 

10 

. .. 
o '.0 7.5 10 12.5 15 

INPUT VOLTS (VI' 
fiCS-'l'791 

Fig. 2 - Minimum & maximum voltage transfer 
charllCt.eristics. 

~s'u~~~TAGE 
10 ~VDD):)5Y 

> 
1 T."12!PC 

0 - 55·C 
~ 10. w 10 .. 
i ~-00'C 

~ .. 
S ~.V 
~ 
0 

mt tris'C + 
125'"C 

o 10 15 
INPUT vOLTAGE. 1VI'-V 

92es- 17780 

Fig. 3 - Typical voltage transfer charllCteristies as 
a function of temperature. 

~ 7.5 

~ 
o 

2.0 

.... ENT TEMPERATURE CTA I· 2S·C 

.-, INPUT 

.,,-2 INPUTS 
c a! INPUTS 
cle. INPUTS 

AU. OTHER INPUTS TO "00 
2.5 5 7.5 10 12.5 I~ 

INPUT VOLTS (VI) !lleS-I"""1 

Fig. 4 - Typical multiple input switching transfer 
J charllCteristies for CD4012B. 

c 
t 1 
i 

~t2.5 
~ 

~ 
I 10 
13 
z 1., 
i 
;;l • 

! 
~ 1.5 

10 • 

o. 

1 
ORAIN-TO-SOURU VOLTAGE (YDsl-V 

Fig. 7 - Minimum outPut·N·channel 
characteristics. 

drain 
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CD4011B, CD4012B, CD4023B Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 

CONDITIONS 
Values at-55, +25, +125Apply to D, K, F, H 

Packages 
CHARACTER- Values at -40, +25, +85 Apply to E, Y Packages UNITS 

ISTIC 
Vo V IN VDD 

-55 
(V) (V) (V) 

Quiescent - - 5 0.5 
Device - - 10 1 

Current, I L - - 15 2 
Max. - - 20 10 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.5 
(Sink), 0.5 - 10 1.1 
ION Min. 1.5 - 15 3.3 

4.6 5 -0.5 
P·Channel 

-
(Source), 

2.5 - 5 -2 
9.5 - 10 -1.1 

lOP Min. 
13.5 - 15 -3.3 

Output Voltage: 
Low·Level, - O. 5 5 
VOL Max. - 0, 10 10 

- 0, 15 15 

High Level, 
- 0,5 5 
- 0,10 10 

VOH Min. - 0, 15 15 

Noise I rnmunity: 
Inputs Low, 4.1 - 5 
VNL Min. 8.2 - 10 

12.3 - 15 

Inputs High, 
0.9 - 5 

VNH Min. 
1.8 - 10 
2.7 - 15 

Input Leakage 
Current, Any Input 20 
IlL' IIH Max. 

'0' 
::~:T D~:S~:;'~~~~! .(~~~~I: :cpOUIESCENT C 

• "-
I 104 

~ 
i 103 

SUPPLY VOLTS!V I" .. '0 ~.,. 

~ 
~ 'L • : 10 

2i 
i5 LOAO CAPACITANCE tel l •• 5pF , 

1111 ICL • OO .. ---

,02 10' 10' 
"PUT FREQUENCY (f ,1 - Hz 

Fig. 1 1 - Typical dissipation characteristics. 
Voo 

voo_:::":UTQOUTP~.T: 
V:L :r 

IIOT[ 

+25 
-40 +85 +125 

MIN. TYP. MAX. 

0.5 5 10 - 0.01 0.5 
1 10 20 - 0.01 1 

p.A 
2 20 40 - 0.01 2 

10 100 200 - 0.02 10 

0.45 0.36 0.3 0.4 0.8 -
1 0.75 0.65 0.9 1.8 -
3.2 2.5 2.2 3 6 -

-0.45 -0.36 -0.3 -0.4 -0.8 
rnA 

-
-1.8. -1.3 -1.15 -1.6 -3.2 -
-1 -0.75 -0.65 -0.9 -1.8 -
-3.2 -2.5 -2.2 -3 -6 -

0.05 - 0 0.05 
0.05 - 0 0.05 
0.05 - 0 0.05 

V 
4.95 4.95 5 -
9.95 9.95 10 -

14.95 14.95 15 -

.1. 1 2.25 -

2 2 4.5 -

3 3 6.75 -
V 

1 1 2.25 -
2 2 4.5 -
3 3 6.75 -

±1 - ±10-5 ±1 pA 

VOl) t 
INPUTS 

0 
vss f-

f-
f---

t Vss 
92CS- 27«01 

Fig. 12 - Quiescent device current test circuit. 

vOl) 

NOTE' 

MEASURE INPUTS 
SEQUENTIALLY. 
TO aoTH VOD AND VSS· 
CONNECT ALL UNUSED 

'--_,----' INPUTS TO E'THER 
VDO OR VSS· 

')~cs- 21402 

'Iss ::S:N~':,';.~0MIIN~!:'l7441 
VSS 

Fig. 13 - Noise immunity test circuit. Fig. 14 - Input leakage current test circuit. 

DRAINwTO-SOURCE VOLTAGE (Vosl-V 
·1 -I 

AMBIENT TEMPERATURE (TA }-2S.C 

GATE-lO-SOURCE VOLTAGE IV I" 5 V 

V~SI' ,1.0 

, VOl 

-----~ 
OTHER GATE 

INPUTS GROUNDED 

-1!5V 

-IOV 

92C5- Z756D 

Fig. 8 - Typical output P·channel drain 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VosJ- y I 
-I' -to -I 0 

AMBIENT TEMPERATURE eT" ,-25-C 

GAT£-TO-SOURCE VOLTAGE IYGS1"'V 

lOY 

-ISV 

Fig. 9 - Minimum output P-channel drain 
characteristics. 

LOAD CAPACITANCE (CLI- pF 

Fig. 10 - Typical propagation delay time vs. load 
capacitance. 

Fig. 15 - Typical transition time vs. load 
capacitance. 
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CD4013B Types 

Dual 'D'-Type Flip-Flop 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4013B consists of two identical, 
independent data-type flip-flops. Each flip
flop has independent data, set, reset, and 
clock inputs and Q and Q outputs. These de
vices can be used for shift~gister applica
tions, and, by connecting Q output to the 
data input, for counter and toggle applica
tions. The logic level present at the 0 input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 

The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (0, F, 
and Y suffixes). 14-lead dual-in-line plastic 
packages (E suffix). 14-lead ceramic flat 
packages (K suffix), and in chip form 
(H suffix)' 

VDD 

14 

Vss 

CD4013B 
FUNCTIONAL DIAGRAM 

For MAXIMUM RATINGS see "Ratings and 
Characteristic .. " at the beginning of the COS/MOS 
section. 

! II 

~ 
iii 10 
~ 
C 

" ~ . . 
o 

o. 

10. 

GATE-TO-SOURCE VOLTAGE 
l(VGSI~I$V 

10 15 

DRAIN-TO-SOURCE vOLTAGE (Yosl-V 
92CS-243UIR2 

Fig. 1 - Typical output-N-channel drain 
characteristics. 

Features: 
• Set-Reset capability 
• Static flip-flop operation retains state 

indefinitely with clock level either 
"high" or "low" 

• Medium-speed operation - 16 MHz (typ.) 
clock toggle rate at 10V 

• Standard symmetrical output drive 

RECOMMENDED OPERATING CONDITIONS 

COSIMOS DIGITAL INTEGRATED CIRCUITS 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 IlA at 20 V 

(full package temperature range) 
• 1-V noise margin (full package-tempera-

ture range) 
• 5-V, 10-V, and 15-V parametric ratings 

Applications: 
• Registers, counters, control circuits 

At T A = 2ft C, Except as Noted For maximum reliability, nominal operating condi
tions should be selected so that operation is always within the fol/owing ranges: 

LIMITS 

CHARACTERISTIC 
VDD All PACKAGES 

UNITS (VI 
MIN. MAX. 

Supply-Voltage Range 
(For T A = Full Package - 3 18 V 
Temperature Rangel 

5 40 -
Data Setup Time ts 10 30 - ns 

15 25 -

5 140 -

Clock Pulse Width tw 10 60 - ns 

15 40 -

5 3.5 

Clock Input Frequency fCl 10 dc 8 MHz 

15 12 

5 - 15 
Clock Rise or Fall Time 

10 5 IlS 
trCl,* tfCl 

-
15 - 5 

5 200 -
Set or Reset Pulse Width 

10 100 - ns 
tw 

15 50 -

*If more than one unit is cascaded in a parallel clocked operation, trCl should be made less than or equal to 
the sum of the fixed propagation delav time at 15 pF and the transition time of the output driving stage for 
the estimated capacitive load. 

*5191 

""618111">----1 
SET 

LOGIC 0 * LOW 
LOGIC I = HIGH 

11131 

8U FFERED OUTPUTS 
-a-

2( 121 

* ALL INPUTS ARE 
PROTECTED By 

• : LEVEL CHANGE 

XaOON'T CARE 
N(N)sFFI/FF2 TERMINAL 

ASSIGNMENTS 

~
DD 

COSIMOS PROTECTlON VSS 
NETWORK 

92CM -27~oe 

Fig. 2 - Logic diagram and truth table for CD40138 (one of two identical flip-flops). 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4013B Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values at -55, +25, + 125 Apply to D,K,F,H Packages 

CHARACTER- Values at -40, +25, -185 Apply to E.Y Packages 

ISTIC 
Vo V IN V DO +25 

(V) (V) IV) 
-55 -40 +85 +125 

MIN. TYP. MAX. 

Quiescent - - 5 5 5 50 100 - 0.02 5 

Device - - 10 10 10 100 200 - 0.02 10 
Current, IL - - 15 20 20 200 400 - 0.02 20 
Max. 

- - 20 100 100 1000 2000 - 0.04 100 

Output Drive 
Current: 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -

N·Channel 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
(Sink). 

1.5 - 15 3.3 3.2 2.5 2.2 3 6 -
ION Min. 

4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
P·Channel 

2.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 
(Sourcel, 

- -

lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -
1--
13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·level, - 0,10 10 0.05 - 0 0.05 
VOL Max. 

- 0,15 15 0.05 - 0 0.05 

- 0,5 5 4.95 4.95 5 -
High Level, 
VOH Min. - 0,10 10 9.95 9.95 10 -

- 0,15 15 14.95 14.95 15 -

Noise 4.2 - 5 1.5 1.5 2.25 -
Immunity: 
Inputs Low, 9 - 10 3 3 4.5 -
VNL Min. 13.5 - 15 4.5 4.5 6.75 -

0.8 - 5 1.5 1.5 2.25 -
Inputs High, 
V NH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -
Noise Margin: 4.5 - 5 1 1 - -

Inputs Low, 9 - 10 1 1 - -
V NML Min. 

13.5 - 15 1 1 - -
0.5 - 5 1 1 - -

Inputs High, 
V NMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Input Leakage 
Current, Any Input 20 ±1 - ±10-5 ±1 
IlL' IIH Max. 

UNITS 

I1A 

mA 

V 

V 

V 

I1A 

.. 
~ I~ 

~ 
-12.~ 

~ a 10 GATE-TO-SOU"CE VOLTAGE IVGS).I~V 

10. 

o 10 
" 

DRAIN-lO-SOURCE vOLTAGE 1VosI-V 
92C5-24)19 

Fig. 3 - Minimum output-N-channel drain 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE {VoSI-V 

-I 

AMBIENT TEMPERATURE ITa )-25-C 

GATE-lO-SOURCE VOLTAGE ('I Ie. 5 Y -'5 ~ 

-lOY 

-15V 

Fig. 4 - Typical output-P-channel drain 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVnsl-v 

_",_ ';'1' -10 ., 

AMBIENT TEMPERATURE ITA )-25·C ~ 

GATE-TO SOURCE VOLTAGE IVGS"· 511 

-IOV 

+",tL +~ 
"t+-+ + .. 

-1!lV 

;;: 
Q 

-to !j 

! 
· .. 1 a 

.,. 

Fig. 5 - Minimum output·P-channel drain 
characteristics. 

LOAD CAPACITANCE(CL l-pF 
92CS-27~3) 

Fig. 6 - Typical propagation delay time vs. load 
capacitance (CLOCK or SET to Q, CLOCK 
or RESET to OJ. 
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__________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4013B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA = 2ff'C; Input t" tf= 20ns, CL = 50pF, RL = 200kn 

TEST 
CONDITIONS 

CHARACTER ISTIC VDD 

(VI 

Propagation Delay Time: 5 
Clock to a or a Outputs 10 
tpHl' tplH 15 

5 

Set to a or Reset to a tplH 10 

15 

5 
-

Set to a or Reset to a tpHl 10 

15 

5 

Transition Time tTHL, tTLH 10 

15 

5 
Maximum Clock Input Frequency 10 

Frequency # tCl 
15 

5 

Minimum Clock Pulse Width W 10 

15 

5 
Minimum Set or Reset Pulse 10 

Width W 15 

5 

Minimum Data Setup Time ts 10 

15 
5 

Clock Rise or Fall Time 10 
trCl, ttCL 

15 

Average Input Capacitance CI Any Input 

#1 nput tp tf = 5 ns. 

NOTE: 
TEST ANY ONE INPUT, 

vss WITH OTHER INPUTS AT 
92CS. Z7400 Voo OR Vss· 

Fig. 10 - Noise immunity test circuit. 

LIMITS 

ALL PACKAGES UNITS 

MIN. 

-
-
-

-
-
-
-
-
-
-
-
-
3.5 

8 

12 

-
-
-
-

-
-
-
-
-
-
-

-
-

TYP. 

150 

65 

45 

150 

65 

45 

200 

85 

60 

100 

50 

40 

7 

16 

24 

70 

30 

20 

90 

40 

25 

20 

15 

12 
-
-
-

5 

MAX. 

300 

130 ns 

90 

300 

130 ns 

90 

400 

170 ns 

120 

200 

100 ns 

80 

-
- MHz 

-
140 

60 ns 

40 

180 

80 ns 

50 

40 

30 ns 

25 
15 

10 p.s 

5 

- pF 

NOTE' 

MEASURE INPUTS 
SEQUENTIALLY. 
TO _H VOD ~ 'iss' 
CONNECT aLL UNUSED 

L----._.....I I11'III"5 TO EITHER 
VOOORVSS' 

t2e5-27402 

Fig. 11 - Input leakage current test circuit. 

Fig. 7 - Typical propagation delay time lIS. load 
capacitance (SET to Q or RESET to Q. 

o 20 

tICS-KIIU' 

Fig. 8 - Typical maximum clock frequency 115. 

supply voltage. 

AIIIIE NT TI"PERATURe: (TA). 25 -C 
I •• UT .,-It ·20~r 

• ~I04 CANC!TANtEC )-15P£ .. rrnllf 11111 J; J.t I5pF .. ITT 50 .. I 
!:! lOS 

I\PPLY WLTS IV ,·15 ...... " .. 
~ 15 •• 

0: L.- Y it.,. 
z 
II 
f 
~ 10 

10 • • . to 10 10' 10' 
INPUT FREOUENCY(f,I-HI 

IZCS-118021t2 

Fig. 9 - Typ. dissipation characteristics. 

Voo 

o 
Vss 

INPUTS 

Fig. 12 - Quiescent device current 
test circuit. 
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CO~MOSDIGITAlINTEGRATEDCIRCUln __________________________________ _ 

CD4016B Types 

COS/MOS Quad Bilateral Switch 
For Transmission or Multiplexing 

of Analog or Digital Signals 

High-Voltage Types (3-to-20-Volt Rating) 

input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
The CD4016 "8" Series types are supplied 

The RCA-C040168 Series types are quad in 14-lead hermetic dual-in-line ceramic pack-
bilateral switches intended for the trans- ages (0 ,F ,Y suffixes), 14-lead dual-in-line 
mission or multiplexing of analog or digital plastic packages (E suffix), 14-lead ceramic 
signals. Each of the four independent bi- flat package (K suffix), and in chip form 
lateral switches has a single control signal (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tslg) 

OPERATlNG·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D. F, K, H 
PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE. (VDDI 
(Voltages referenced 10 VSS Termonall ... 

POWER DISSIPATION PER PACKAGE (POl 

FOR T A= -4010 +60oC (PACKAGE TYPES E, YI 

FOR TA = +60 10 +850C (PACKAGE TYPES E, YI . 

FOR T A= -55 to +1000C (PACKAGE TYPES 0, F. KI 

FOR TA = +10010 +125 0 C (PACKAGE TYPES 0, F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-55 to +l25oC 
-4010 +850C 

-0.5 to +20 V 

500mW 

Derale linearly at 12 mW/oC to 200 mW 

500 mW 

Derate LInearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOL TAGE RANGE, ALL INPUTS -0.510 V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING) 

AI dlSlance 1/16 ! 1/32 Inch (159 ! 0.79 mm) from case for 10 s max. +2650C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min_ Max. 

Supply Voltage Range (For T A = Full Package 
3 18 V Temperature Range) 

TYPICAL "ON" RESISTANCE CHARACTERISTICS 
CHARAC- SUPPLY LOAD 
TERISTIC' CONDITIONS CONDITIONS 

RL = lkll RL - 10kll RL - 100kll 

VDD VSS VALUE Vis VALUE Vis VALUE Vis 
(V) (V) (ll) (V) (ll) (V) (ll) (V) 

200 +15 200 +15 180 +15 
RON +15 0 

200 0 200 0 200 0 

RON(max.) +15 0 300 +11 300 +9.3 320 +9.2 

290 +10 250 +10 240 +10 
RON +10 0 

290 0 250 0 300 0 

RON(max.) +10 0 500 +7.4 560 +5.6 610 +5.5 

860 + 5 470 + 5 450 + 5 
RON + 5 0 

600 0 580 0 800 0 

RON(max.) + 5 0 1.7k +4.2 7k +2.9 33k +2.7 

200 +7.5 200 +7.5 180 +7.5 
RON +7.5 -7.5 

200 -7.5 200 -7.5 180 -7.5 

RON(max.) +7.5 -7.5 290 !o.25 280 ±25 400 ±0.25 

260 + 5 250 + 5 240 + 5 
RON + 5 - 5 

310 - 5 250 - 5 240 -5 

RON(max.) + 5 - 5 600 ±0.25 580 ±025 760 ±0.25 

590 +2.5 450 +2.5 490 +2.5 
RON +2.5 -2.5 

720 -2.5 520 -2.5 520 -2.5 

RON(max.) +2.5 -2.5 232k ±0.25 300k ±0.25 870k ±0.25 

• Variation from a perfect switch, RON = on. 

IN/our I 

$IG A 

Vss 

92CS-21f>27 

Functional Diagram 

Features: 
- 20-Vdigital or ± 10-V peak-to-peak switching 
- 280-n typical ON resistance for 15-V operation 
- Switch ON resistance matched to within 10 n 

typ_ over 15-V signal-input range 
- High ON/OFF output-voltage ratio: 

65 dB typo @ fis = 10kHz, R L = 10 kn 

- High degree of linearity: <0.5% distortion 
typ_ @ fis = 1 kHz, Vis = 5 Vp_p, 
VDD-VSS:;' 10 V, RL = 10 kn 

- Extremely low OFF switch leakage result
ing in very low offset current and high ef
fective OFF resistance: 
10 pA typo @ VDD-VSS = 10 V, T A = 250 C 

- Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 n typ_ 

- Low crosstalk between switches: 
-50 dB typo @ fis = 0.9 MHz, R L = 1 kn 

- Matched control-input to signal-output 
capacitance: 
Reduces output signal transients 

- Frequency response, switch ON = 40 MHz 
(typ-) 

- Quiescent current specified to 20 V 
- MaximuJll input leakage current of 1 MA 

at 20 V (full package-temperature range) 

App/ications: 
- Analog signal switching/multiplexing 

Signal gating _ Modulator 
Squelch control _ Demodulator 

Chopper - Commutating switch 
- Digital signal switching/multiplexing 
- COS/MOS logic implementation 

- Analog-to-digital & digital-to-
analog conversion 

- Digital control of frequency, impedance > 

phase, and analog-signal gain 
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CD4016B Types 
ELECTRICAL CHARACTERISTICS (All inputs. 

Recommended OC Supply Voltage (VOO-VSSI •• 3 to 15 VI 

Tilt Condhlonl Llmh' 
All Volt. V.lulS V.'u.ut-5SOC,+2(jOC,+12SOC Apply to D,F,K,H Pllck8~S 

Chencte.lttlc IIr. in Volts Vlllu.ut -4rPC,+2(jOC,+8SOC Apply to E, Y PlICkll~s Unit 

VOO 
(V) 

Quiescent Device 

Current. Il max 5 
(All swilche, ON 

10 
or all Switches 
OFF} 15 

D.F.K.H Pkgs. 20 

5 

10 
E.Y Pkgs. 

15 

20 

Signsllnput. (Vi,) lind Output. (Voll 

VC· Vss Vii 
VOO 

AL = 10kne 
+7.5 

+ 7.5 75 -7.5 

.0.25 

+5 

+5 -5 -5 

ON Resistance, 

RON 

to.25 

+ 15 

+ 15 0 -025 

+9.3 

+10 

+ 10 0 +0.25 

+5.6 

~ON Resistance Rl = 10 k!l-
Between Any + 7.5 -7.5 '75 
2 of 4 SW'lches .5 -5 -5 

6RON 

.5 -5 5V 
Sine Wave 

PI>" 
Response Al = 10 kl! 
(Distortion) fos = 1 kHz 

Frequency Response '5 -5 5 
Swilch ON p.p 

(SoneWave Rl = 1 k!! 
InpuI} 

Vos 
2010910-= 

V's 
-3 dB 

VOO - +5 i 1-5 
VC=VSS=-5 p.p 

Feedlhrough Al = 1 k!! 
Swilch OFF 

20 logll'~oS = 

-50 dB" 

Inpul or Output VC= 
leakage Current 

VOO Vss 
Switch OFF ±7.5 
(Effective OFF +7.5 Hi 

Aesistan",) +5 -5 ±5 

ALL UNUSED TERMINALS 
ARE CONNECTED TO Yss 

92<:5-21'661 

-&&0 

0.25 

0.5 

2 

10 

-

-

Typ/Mox 

120/360 

120/360 

1301775 

130/600 

130/600 

325/1870 

120/360 

120/360 

1501775 

130/600 

130/600 

30011870 

-

-

-

-

-

Fig.4 - "OFF" switch input or output 
leakage current test circuit. 

-4CJO 

-
-

0.25 

0.5 

2 

10 

Typ/Mox 

130/370 

130/370 

1601790 

150/610 

150/610 

370/1900 

130/370 

130/370 

180/790 

150/610 

150/610 

350/1900 

-

-

-

-

+8&° +12&° 
+2&oC 

Typ. 

- 10 0.01 
- 20 0.01 

- 40 0.01 

- 200 0.02 

5 - -

10 - -

20 -

100 -

TVD/MIIK TVD/Mox 

2601520 300/600 200 

260/520 300/600 200 

40011080 470/1230 280 

3401840 400/960 250 

340/840 4001960 250 

77012380 90012600 580 

2601520 300/600 200 

260/520 3001600 200 

40011080 49011230 300 

3401840 400/960 250 

340/840 400/960 250 

750/2380 8BO/2600 560 

- 10 

15 

_. 0.4 

- - 40 

- - 125 

- - !loo 

- - lOxlO-3 

ALL UNUSED TERMINALS ARE 
CONNECTED TO VSS 

Mex. 

0.25 

0.5 

2 

10 

0.25 

0.5 

2 

10 

400 

400 

850 

660 

660 

2000 

400 

400 

850 

660 

660 

2000 

-

-

-

-

-

-

!l25* 

10 
.0 

92C5-27668 

IJA 

IJA 

!l 

!! 

% 

MHz 

MHz 

pA 

nA 

Fig. 5 - Test circuit for sQuare,wave 
response. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

, 
nfPUT SIGNAL VOLTS (V'S) 

92C$-27660 

Fig. 1 - Typ. "ON" characteristics for I of 4 
switches with VOO = + 15 V, VSS = 0 V. 

10_ 
i 

~ .•• i · ;; 

~ . 

92CS-2~1 

Fig.2 - Typ. "ON" characteristics for 1 of 4 
switches with VOO = +10 V. VSS = 0 V. 

SUPPLY YOLTS:YOO-+5;VSS·O 
A""~NT TEMPERATURE (TA) -2S-C 

INPUT SIGNAL VOLTS (V'S) 
92C5-27662 

Fig. 3 - Typ. "ON" characteristics for 1 of 4 
switches with VDD = +5 V, VSS = 0 V. 

INPUT SIGNAL VOLTS (V'S) 
92C5-27663 

Fig.6 - Typ. "ON" characteristics for 7 of 4 
switches with VDD = +7.5 V, VSS = ·7.5 V. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4016B Types 
ELECTRICAL CHARACTERISTICS (Cont'd) I.. Vss"; VI"; VoOI 

Recommended DC Supply Voltage (VOO-VSS) •• 3 to 15 VI 

T_CondItIon, LIMItI 
A /I Vo/r.ge Valutll Val .. at-5tPC,+2f1'C,+12f1'C Apply to O,F,K,H P.ck-r/ft 

Chllrlleterlttic an in Volt. Val,.. at -«PC, +2f1'C, +86f!C Apply to E, Y I Pack.,., Unit 
VOD 
IV) 

... 0 -4QO +810 +1250 
+2IIOC 

Typ. Max. 
VC(A)=VOO=+5 

Crosstalk Between VC(BI=VSS=-5 

Any 2 of 4 Vis (AI = 5 p.p I 

Switches RL =1 kn - - - - 0.9 - MHz 

(f = -50 dBI Vos(BI. 
20 10910Vi (AI' 

-50 d~ 

VC=VOO 1 VOO 

Propagation 
=10 5 40 100 

Oelay (Signal 
VSS = GNOi 

10 20 50 
ns 

CL = 50 pF 
Input to Vis = 10 Sq. 

SignalOutputltpd Wave 15 - - - - 15 40 

t r , t f = 20 ns 

Capacitance: 
Input,Cis VOO=+5 - - - - 4 -

Output,Cos VCC=VSS=-5 - - - - 4 - pF 

Feedthrough,Cios - - - - 0.2 -

Control (Vel 

VOO 

Switch Threshold 
5 1 min; 2.25 typo 

Voltage, VTH lis = lOJ.1A 10 2 mon; 4.5 typo V 

15 2 min; 6.75 typo 

Input Leakage 
Vis<VOO 

VOO 
+ 10-5 typ; 

Curren !,I I L max =20 :!1 max. J.1A 

Crosstalk VC'lO (SqWavel 
(Control Input t r,tf=20 ns VOO - - - - 50 .. mV 
to Signal Outputl RL =10 kH =10 

~OO-VSS'I( VOO 
Turn·On VOO-l0, 5 - - - - 35 70 

Propagati"n Oelay, (See F ig.251 10 20 40 
ns 

- - . -

tp de t"tf=20 ns 
CL =50 pF 

15 - - - - 15 30 

RL= 1 kH 

VOO=10, 
Maximum VSS=GNO 
Allowable Control RV1 kH, 

- - - - 10 . MHz 
Input Repetition CL=50pF 

Rate VCC=10(Sq,Wavel 

t"tf = 20 ns 

Av. Input - . co 5 - pF 
Capacitance, CI 

• Limit determined by minimum feasible leakage current measurement for automatic testing, 
... Symmetrical about 0 volts. 
• For all test conditions. 

~ 
~ 
~ 
2 

1I 
~ 

~ z 
~ 
~ 

~ 
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=: ~::. ~;;~~~:~:~:p SINE ~JkIU.7~ JJI 
30 FIXTU~ AND METER NULLED ruT 3&.5 

I 1111 I Illi I I 
2 

Vc-Voo 
>7 

eVv-.1Al N -%-
~1?-t~ :0 

20 

l 
39 ~ 

-=IKn 6 -=-IK11 

41·1 
,. 

Vc' Vss ~o~5~"~!5~ l MODEL 91-CA 1 10 trtfQUIV 

.. ~ 
Pt r·,·) • IKn IKl'l 01 

20F. SWITCHES II~ 
0-1 I 10 102 1032 4 6 04 

INPUT SIGNAL FREQUENCY (fi.l- IIH! 

Fig. 10 - Typical crosstalk between switch 
circuits in the same package. 

SUPPLY VOLTS: VDO-+5, VSS·-5 c lOS -O.BpF 
INPUT SIGNAL YOlTS(Vi.)-S Vp-p r-1f---

SINEWAVE(L77RMS) I 0 1 
CONTAOLVOLTS (Vc)-+!S : ...L 

R F. VOL TfroIETER 
BOONTON RADIO 
MODEL 91-CA 
OR EQUlv. 

v" • LOAD CAPACITANCE-(CFIX.+CMETERla ~T 
2.3>2 .• • •.•• F "I. N tt-'-~~--,ROMS) 

0,1 

'NPUT SIGNAL FREQUENCY (f,,) MHz 
92CS-t60"I'O 

Fig. 11 - Typical switch frequency response 
- switch "ON". 

INPUT SIGNAL VOlTS (VIS' 
92CS-2""/'664 

Fig, 7 - Typ. "ON" characteristics for 1 of 4 
switches with VOO = +5 V, VSS = -5 V. 

SUPPlY VOLTS: Voo· + 2.5V. Vss - -2.~v 
• AMIIEMT TEMPERAT\.ftE (TA) - 25-C 

~ 
.. 0 

X 
vC'~i~~ 
~ RL v.. 

-3 -2 -I 0 I 2 3 
INPUT SIGNAL VOLTS (V.S) 

Fig.S - Typ. "ON" characteristics for 1 of 4 
switches with VOO = +2.5 V, VSS = ·2.5 V. 

92(5-2"'" 

Fig.9 - Typ. "ON" characteristics as a function of 
temp. for 1 of 4 switches with VOO = +5 V, 
VSS=-5 V . 

.. 
! 
~ 

~ 
§! 
::; 

'" '" !II .. 
oj 
z 
lil 
~ .. 
§ 

SUOPLY VOLTS, VDO"', "ss'-' .J. 
CONTROL VOL. T5 (Ye)·-!5 

3<J INPUT SIGNAL VOLTS (Vi.J-5 Vp~ SINE WAV£ (1.77 AMS) 
3 LOAOCAMCITANCE (CL)aCFIXTURE+CNETERa2.1+2.5*4SpF 

~~~~~~~~'~8,!TER HULLE, iii 1 t 

2 ,je I" "UN"" ~~I"J : ..£..: tWc~I"':I~~ 

i3Tqff: " 20 Vit N.i 'e;. vow oj I 6 Rl T ~9... !i 

1 'c"" .1. ~~ " 
& 

I ~ 

- • . . 10 I 

l$~ / V 

VIII V V . ... • . . .' . I 10 102 101 

INPUT SIGNAL f"REOUENCY (f .. J "Hz 

37 

:0 
39 ~ 

~ 

~~ .. 
<' ~ .... 

" 
• . . 10' 

92CS-16019 

Fig. 12 - Typ. feedthru I'S. freqUjlncy - switch 
"OFF". 



_________________________________ COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4027B Typtts 

COS/MOS Dual J-K Master-Slave Flip-Flop 
The RCA-CD4027B is a single monolithic 
chip integrated circuit containing two iden
tical complementary-symmetry J-K master
slave flip-flops. Each flip-flop has provi
sions for individual J, K, Set, Reset, an.Q 
Clock input signals. Buffered Q and Q 
signals are provided as .outputs. This input
output arrangement provides for compatible 
operation with the RCA-CD4013B dual 0-
type flip-flop. 

The CD4027B is useful in performing con
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 

with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive
going transition of the clock pulse. Set and 
reset functions are independent of the clock 
and are initiated when a high level signal is 
present at either the Set or Reset input. 

The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (0, 
F, and Y suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE·TEMPERATURE RANGE tTs1g) 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F. K. H 
PACKAGE TYPES E. Y ......... . 

DC SUPPL Y·VOL TAGE RANGE. (VDD ) 

-55 to +12SoC 
-40 to +8SoC 

(Voltages referenced to V SS Terminal) .............................. . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA = -40 to +60oC (PACKAGE TYPES E, Y) 

FOR TA = +60 to +8SoC (PACKAGE TYPES E, Y) 

FOR T A = -5510 +1000 C (PACKAGE TYPES 0, F, K) 

SOOmW 

Derate Linearly at 12 mW/oC to 200 mW 

......... 500 mW 

FOR T A = +100 to +125oC (PACKAGE TYPES 0, F. K). . .. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

LIMITS 
All 

CHARACTERISTIC 
VDD Packages 

(V) Min. Max. 

Supply-Voltage Range 
- 3 18 

(For T A = Full Package Temperature Range) 

5 200 -
Data Setup Time ts 10 75 -

15 50 -

5 140 -
Clock Pulse Width tw 10 60 -

15 40 -
5 3.5 

Clock Input Frequency (Toggle Mode) fCl 10 de 8 
15 12 

5 - 15 
Clock Rise or Fall Time trCL ", tfCl 10 - 5 

15 - 5 

5 180 -
Set or Reset Pulse Width tw 10 80 -

15 50 -

UNITS 

V 

ns 

ns 

MHz 

/-Is 

ns 

.. If more than one unit is cascaded in a parallel clocked operation, trCl should be made less 
than or equal to the sum of the fixed propagation delay time at 15 pF and the transition 
time of the output driving stage for the estimated capacitive load. 

CD4027B 
Functional Diagram 

Features: 

• Set· Reset capability 
• Static flip·flop operation - retains state 

indefinitely with clock level either 
"high" or "low" 

• Medium speed operation -16 MHz (typ.) 
clock toggle rate at 10 V 

• Standard symmetrical output drive 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 /-IA at 20 V 

(Full package-temperature range) 

• 1-V noise margin (full package-temperature 
range) 

• 5-V, 10-V, and 15-V parametric ratings 

Applications: 
• Registers, counters, control circuits 

I I' 
I 

,;1 10 

I z 
'~ I . 

~ 'U 
I 
;;I 5 

! ., 
't 2.' . 

GATE-TO-SOURCE VOLTAGE 
IVGS):l15 V 

I •• 

5 • 

, 10 15 

DRAINwTO-saURCE vOLTAGE (Yos)-V 
t2CS-24;JIIRI 

Fig. 1 - Typical output N-channel 
drain characteristics. 

I •• 

5 • 

5 ,. 
ORAIN-TD-SOuRC[ VOLTAGE IYDS'-V 

Fig.2 - Minimum output N-channel 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4027B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limits at Indicated Temperatures (OC) 

Characteristic 
Values at -55,+25,+125 Apply to D,K,F,H Packages 

Units Values at -40,+25,+85 Apply to E, Y Packages 
Vo VIN VOO +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

- - 5 5 5 50 100 - 0.02 5 

Quiescent Oevice - - 10 10 10 100 200 - 0.02 10 p.A 
Current,1 L Max. - - 15 20 20 200 400 - 0.02 20 

- - 20 100 100 1000 2000 - 0.04 100 
Output Drive 

Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

rnA 
P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source), 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
IDPMin. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 -. 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Output Voltage: 

Low· Level. - 0, 5 5 0.05 - 0 0.05 
VOL Max. -- 0, 10 10 0.05 - 0 0.05 

- 0; 15 15 0.05 - 0 0.05 

4.95 
V 

High Level, - o 5 5 4.95 5 -
VOH Min. -- 0, 10 10 9.95 9.95 10 -

- o 15 15 14.95 14.95 15 -
Noise Immunity: 

Inputs Low, 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
Inputs High. 0.8 - 5 1.5 1.5 2.25 

V 
-

VNH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -
Noise Margi n: 

Inputs Low, 4.5 - 5 1 1 - -
VNML Min. 9 - 10 1 1 - -

13.5 - 15 1 1 - -
V 

Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -

I nput Leakage 
±10-5 IlA Current, Any Input 20 ±1 ±1 

IIL.IIH Max. 

* RESET 
4CI2Io-+------l ~>----~>-----------------__; 

* SET 
7C9Io----~ 

CL CL 

* CLOCK . "- t r-... t 
J(lal~ 

RDD 

*A~ IN:t=tss Pl!C)TECTED IY 
COS/MOS PROTECTION 
NETWORK 

DRAIN-YO-SOURCE vOLTAGE (Yosi-vl 

AIII'ENT TIEM"EItAT""C IT .. 1-25·C 

GAn-1Q-SOURCE VOLTAGIIY )--5v 

-IOV 

-11'1 

tlCS· •• "OIIII 

Fig.3 - Typical output P-channel 
drain characteristics. 

DRAIN-YO-SOURCE vOLTaGE (Vosl-Y 
-I -10 .. , o 

AMIIEMT TIMPER.TUIIE (T.I-ZS·C 

, 
I 

• 
0 

• 
• 
x 
x 
x 

GATE-TO-SOUftC[ VOL-TAGE IVGS)o-SY 

IOV 

HCS-I4J11 

Fig.4 - Minimum output P-channel 
drain characteristics. 

t2CS-2"'Z 

Fig.5 - Typical Propagation delay time vs. 
load capacitance (CLOCK or SET 
10 a, CLOCK or RESET to Q. 

'RUENT STATE NEXT STATE. 

INPun OUTOUl CLO OUTPUTS 

K • • Q Q 'Q' 

• 0 0 0 L I 0 

0 0 0 I ./ I 0 

• 0 0 0 ../ 0 I 

I 0 0 I ../ 0 I 

• a a x ="- .- NO CHANGE 

x I 0 X • I a 
x 0 I X X a I 

X I I X X I I 

LOGIC ,- "IGH LEVEL 
LOGIC O' LOW LEVEL 

• - LEvEL C"AMG! 

X - DQ.n CARE 

Fig.6 - Logic diagram & truth table for CD40278 (one of two identical J-K flip flop.). 
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CD40278 Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C; Input t r• tt = 20 ns. 
CL = 50 pF. RL = 200 kn 

CHARACTERISTIC 

Propagation Delay Time: 

Clock to Q or 5 Outputs 

tpHl. tplH 

-
Set to Q or Reset to Q tPlH 

Set to 5 or Reset to Q tpHL 

Transition Time tTHl. tTlH 

Maximum Clock Input 
Frequency# (Toggle Mode) 

fCl 

Minimum Clock Pulse Width tw 

Minimum Set or Reset Pulse 
Width tw 

Minimum Data Setup Time ts 

Clock Rise or Fall Time 

trCL. tfCl 

Average Input Capacitance CI 

# Input t r• tf = 5 ns. 

100 
LOAD CAPACITANCE (CL)-pF 

VDD 
(V) 

5 
10 
15 
5 
10 

15' 

5 
10 
15 

5 
10 
15 

5 

10 

15 

5 
10 

15 

5 
10 

15 

5 
10 
15 
5 
10 

15 
Any 

Input 

Fig. to - Typical propagation delay time vs. 
load capacitance (SET to a or 
RESET to QJ. 

Min. 

-

-

-

-
-

-
-

-
-

-

-

3.5 

8 
12 

-

-

-

-

-

-
-

-
-

-

-

-

-

LIMITS 

All Packages UNITS 

Typ. Max. 

150 300 
65 130 ns 

45 90 
150 300 
65 130 ns 

45 90 
200 400 
85 170 ns 

60 120 
100 200 

50 100 ns 

40 80 

7 -

16 - MHz 

24 -

70 140 
30 60 ns 

20 40 
90 180 
40 80 ns 

25 50 

100 200 
35 75 ns 

25 50 
- 15 
- 10 JJ.s 

- 5 

5 - pF 

~ 'r7 --t+i-~ .~ -.. 
~ 15 

.,J.. ..... 

S L'tt e: 
" 

10 

" g 
" 

-.-+~-+ ,. 
T' 

.-rtt-
0 5 10 15 20 

SUPPLY VOLTAGE (Vool-V 

Fig. 11 - Typical maximum clock frequency vs. 
supply voltage (toggle modeJ. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

AM81ENT TEMPERATURE (TAl: 25 ·C 
INPuT 'r' 't ,. 20 ns 1+ ~ ! ILOAD CAPACITANCE \ CL J • IS pf 

~ 104 

? IIII I IIII I J.r 15 pF 

50 pF 
I 

SUPPLY VOLTS I "0 1'15/ 15 pF 
~ 103 
;; ~IQ, 

15 pF 
:5 

R::: . 
~ 102 
z 
0 

~ 
~ 10 

" 

INPUT fREQUENCY(fl)-Hz 
92tS IlB02RZ 

Fig] - Typical dissipation characteristics. 

NOTE 

MEASURE INPUTS 
S[OUENTIALL,( • 

TO BOTH VOO .4NO VSS 
CONNECT ALL UNUSED 

'---r----' INPUTS TO EITHER 
VOO Oft VSS 

V55 

'12C5-21402 

Fig.8 -Input leakage current test circuit. 

Voo 

'o:~·Oo",; 
NOTE: 

TEST AN¥ ONE INPUT, 
VSS WITH OTHER INPUTS AT 

92C5- 27400 Voo OR Vss 

Fig.9 - Noise immunity test circuit. 

o 
Vss 

INPUTS 

Vss 
92C$- 27401 

Fig. 12 - Quiescent device current test circuit. 

_________________________________________________________________________ 527 



COS/MaS DIGITAL INTEGRATED CIRCUITS ________________________________ _ 

CD4041 B Types 

COS/MOS Quad True/Complement Buffer 
High Voltage Types (3 to 20-Volt Rating) Features: 

The RCA-CD4041 B types are quad true/ 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking) 
capability. The CD4041 is intended for use 
as a buffer, line driver, or COS/MOS-to-TTL 
driver. It can be used as an ultra-low power 
resistor·network driver for AID and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im
munity and low-power dissipation are pri· 
mary design requirements. 

• Balanced sink and source current; approximately 4 times 

The CD4041 B types are supplied in 14-lead 
hermetic dual·in·line ceramic packages (D,F, 

standard "B" drive 
• Equalized delay to true and complement outputs 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 

• 1-V noise margin (full package-temperature 
range) 

• 5-V, 10-V, and 15-V parametric ratings 

Y s'uffixes). 14-lead dual-in-line plastic pack
ages (E suffix). 14-lead ceramic flat packages 
(K suffix). and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstg) 

OPERATING-TEMPERATURE RANGE ITA): 

PACKAGE TYPES D. F. K, H ""',." .. ',.,.,.......................... -55 to +125 0 C 
PACKAGE TYPES E, Y .,.".,',." .. ,." .. ,.,., ...... , ... '............ -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 
(Voltages referenced to VSS Terminal) .................................. , . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA= -40 to +600 C (PACKAGE TYPES E, Y) ,., .. , ....... , ....... " ... ,',.. 500mW 

FOR T A = +60 to +850 C (PACKAGE TYPES E, Y) .. , .. , . , Derate Linearlv at 12 mW/oC to 200 mW 

FOR T A= -55 to +1000 C (PACKAGE TYPES 0, F, K) , ..... ,.................... 500 mW 

FOR T A = +100 to +1250 C (PACKAGE TYPES 0, F, KI. .. ' . ,Derate Lmearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ... ' .. , 100 mW 

INPUT VOL TAGE RANGE, ALL INPUTS, , . , . . . . .. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 mch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC LIMITS UNITS 

Min, Max. 

Supply-Voltage Range (For T A=F ull Package-
Temperature Range) 3 18 V 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C. Input t,.'tf = 20 nSF 

CL = 50 pF. R L = 200 kG 

CONDITIONS 
ALL TYPES 

LIMITS 
CHARACTERISTIC 

VDD 
UNITS 

Volts Typ. Max. 
Propagation Delay Time: 5 60 120 

tPHL, 10 35 70 ns 
tpLH 15 25 50 

5 40 80 
Transition Time tTHL, 10 20 40 ns 

tTLH 15 15 30 

Average I nput Capacitance CI Any Input 5 - pF 

Applications: 
• High current source/sink driver 

• COS/MOS-to-DTL/TTL Converter 
• Display driver 
• MOS clock driver 
• Resistor network driver 

(Ladder or weighted R) 

• Buffer 
• Transmission line driver 

o 

DRAIN-TO-SOURCE (Vos)-V 
"'$-27'37 

Fig. 1 - Typical ourput-N-channel 
drain characteristics. 

AMBIENT TEMPERATURE (TAl-2S-C 
" , . 

GATE-TO-SOURCE VOLTAGE (YGSJ-15 V 

IOV 

2 3 4 5 6 7 
DRAIN-TO-SOURCE VOLTAGE (Vos)-Y 

Fig.2 - Minimum ourput-N-channel 
drain characteristics. 
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CD4041B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

Characteristic 

Vo VIN VDD 
(VI (VI (VI 

Quiescent Device - - 5 
Current,1 LMax. - - 10 

- - 15 
- - 20 

Output Drive 
Current 0.4 - 5 
N·Channel 0.5 - 10 
(Sink) 1.5 - 15 
ION Min. 

4.6 - 5 
P·Channel 

2.5 - 5 
(Source) 9.5 - 10 
lOP Min. 

13.5 - 15 

Output Voltage: 
Low·Level, - 0,5 5 
VOL Max. - 0,10 10 

- 0,15 15 
0,5 5 

High·Level, 
-

VOH Min. 
- 0,10 10 
- 0,15 15 

Noise Immunity: 3.6 - 5 
Inputs Low, 7.2 - 10 
VNL Min. 10.8 - 15 

. I nputs High, 1.4 - 5 

VNH Min. 2.8 - 10 
4.2 - 15 

Noise Margin: 
Inputs Low, 4.5 - 5 
VNML Min. 9 - 10 

13.5 - 15 

Inputs High, 0.5 - 5 

VNMH Min. 1 - 10 
1.5 - 15 

I nput Leakage 
Current, Any Input 20 

IlL, IIH Max. 

LOAD CAPACITANCE (CL)-pF 

Fig. 6 - Typical transition time vs. 
load capacitance. 

Limits at Indicated Temperatures (OCI 
Valuesat-55,+25,+125 Apply to D,K,F,H Packages 
Values at -40,+25,+85 Apply to E, Y Packages Units 
-55 

0.5 
1 
2 
10 

2.1 
6.25 
24 

-2.1 
-8.4 
-6.25 
-24 

-40 +85 +125 +25 
Min. Typ. Max. 

0.5 5 10 - 0.01 0.5 
1 10 20 - 0.01 1 

/1A 2 20 40 - 0.01 2 
10 100 200 - 0.02 10 

1.8 1.44 1.2 1.6 3.2 1.6 
5.6 4.5 3.5 5 10 5 
23 17 13 19 38 19 

mA 

-1.8 -1.44 -1.2 -1.6 -3.2 -1.6 
-6.7 -5.4 -4.6 -6.4 -12.8 -6.4 
-5.6 -4.5 -3.5 -5 -10 -5 
-23 -17 -13 -19 -38 -19 

0.05 - 0 0.05 
0.05 - 0 0.05 
0.05 - 0 0.05 
4.95 4.95 5 

V -
9.95 9.95 10 -

14.95 14.95 15 -

1.5 
3 

4.5 
1.5 
3 

4.5 

1 
1 
1 

1 
1 
1 

±1 

~ 

~ 
t# 
~ 
11 

i 
& 

I. 
" 

10 

.,. 
"00' 
1. 

1.5 2.25 -
3 4.5 -

4.5 6.75 -
1.5 2.25 

V 
-

3 4.5 -

4.5 6.75 -

1 - -
1 - -
1 - -

V 
1 - -
1 - -
1 - -

- ±10-5 ±1 /1A 

SUPPLY VOLTME'~ l-15V 

v -tov ~o 
._ENT TEMPERATURI 

(TA '-25-C 

10 " 
14 .. .. 

INPUT VOLTAGE (V[I-V 
.aCI-!OI)44 

Fig.7 - Minimum and maximum transfer 
characteristics - true output. 

ORAIN-lO-SOURCE VOLTAGE (VQSI-V 

-8 -7 -. -. -. 
' .... 8IEN' "n~. ~~ •. :"'-., 

Fig.3 - Typicaloutput·P·channel 
drain characteristics. 

DRAIN-TO-SOURCE VOLlAGE ( .... 05)-'11 

-8 -7 -6 -. -. 
'AMBIENT .<~r<".'u"': !~~1,',2,'.·~, 

'GAT~:~~7~~CE. VOLTAGE II ·~OV 

FigA - Minimum output·P-channel 
drain characteristics. 

LOAD CAPACITANCE (Cll-pF 

,. :( 

Fig.5 - Typical propagation delay time 
vs. load capacitance. 

AMBIENT TEMF>ERATURE 
(TAI~25·C 

~ 12.~ 
~o 

~ 
II.! 10 IOV 

o>~ 
7.' 

! 0 •• 

1.' 

2.' 

o Z.O " 7.5 to ,12.5 I~ 17.5 2.0 

INPUT VOLTAGE 1Vt)-V 92CS-2004S 

Fig.S - Minimum and maximum transfer 
characteristics - complement output. 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4041 B Types 
AMBIENT TEMPERATURE (TAl" 2S"C 

~.~ 
~ 10' .{>.o.~'~/ 
l 
~ .o.<l'~'" ,.,,t"t'f-~ -.L- ,'0 

" § IO .. ...--a'.,~~ ".0. .' 
~ =~ .0.",'" 
~ 
~ V I 
~ 
~103 ,,'<>. ,.,p 
~ 
;:: Voo-SV, f-IOOkH&, .. )~' 
~ ,02 .. Ill 
::: ,.~~ 0 ...... III ~ 

~ la :r 
AGE (V~~" 'f~ 5UPPL 

10 10 • .,. 
INPUT RISE 6 FALL TIME -n$ 

92CS-20051AI 

Fig.9 - Typical power dissipation vs. input 
rise & fall time per output pair. 

AMBIENT TEMPEftATURE {Tp.)z zs"c r--

1~~'~NP~U~T~I'~'~'P~·f2~ofn.~~~~~~~~ : 
4 

v 
1032 4 68'042 468'052 468,06 2 

FREQUENCY (fI Hz 
92CS-200~ 

Fig. 10 - Typical power dissipation V$ 

frequency per output pair. 

o 
Vss 

INPuTS 

YSS 
92CS-Z1401 

Fig." - Quiescent device current test circuit. 

YSS 

NOTE: 
TEST ~y ONE INPUT, 
WITH OTHER INPUTS AT 

9ZCS-2T400 Voo OR 'Iss' 

Fig. 12 - Noise immunity test circuit. 

NOTE: 

OIEASURE INPUTS 
S(OIJENTIALL Y. 
TO BOTH Voo AND "ss' 
CONNECT AU UNUSm 

L-_,.._..J INPUTS TO EITHER 
VOOORVSS' 

9zeS-27402 

Fig. 13 - Input-Ieakage-current test circuit. 
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CD4042B Types 

COS/MOS Quad Clocked no" Latch 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4042B types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and IT during the 
CLOCK level which is programmed by the 
PDLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for PO LAR ITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 

Features: 
• Clock polarity control 
• Q and Q outputs 
• Common clock 
• Low power TTL compatible 
• Standard uBn-Series symmetrical output drive 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 JJA at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 
• 5-V, 10-V, and 15-V parametric ratings 

The CD4042B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix). and in chip form (H suf
fix). 

MAXIMUM RATINGS, Absolutr1-Maximum Values: 

STORAGE.TEMPERATURE RANGE (Tstg) ........•.....•.•.•...••... -65 to +150oC 

OPERATING-TEMPERATURE RANGE (TA): ° 
PACKAGE TYPES D, F, K, H .........•..•.••.................. -55 to +1250C 

PACKAGE TYPES E,Y ...................................... -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltages referenced to VSS Terminal): . . . . . . . . . . . . . . . . . . . . • . . . . .• -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA = -40 to +600 C (PACKAGE TYPES E,Y) ......................... 500 mW 

FOR TA = +60 to +850 C (PACKAGE TYPES E, y) ...... Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = -55 to +100oC (PACKAGE TYPES 0, F. K) ...................... 500 mW 

FOR TA = +100 to +1250 C (PACKAGE TYPES 0, F, K) ..• Derate Linearly at 12 mWtC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ......• 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS ..••.•.............••... -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ..•....•..•... +2650C 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

VDD 
LIMITS 

CHARACTERISTIC ALL TYPES UNITS 
(V) Min. Max. 

Supply-Voltage Range 
(For TA=Full Package - 3 18 V 
Temperature Range) 

5 150 -
Clock Pulse Width, tw 10 100 - ns 

15 60 -
5 50 -

Setup Time, ts 10 30 - ns 
15 25 -
5 120 -

Hold Time, tH 10 60 - ns 
15 50 -

Clock Rise or Fall 5,10 Not rise or fall J.!S Time: t r , tf 15 time sensitive. 

0 , 

CLOCK 

DI 
4 

°2 
7 

D3 
13 

°4 
14 

CLOCK 
50---...... .., 

POLARITY 

01 

QI 

02 

02 

0 

6 U--,----L..,I 
vooo!!- t2CS-2019i 

vsso!- CD4042B 

FUNCTIONAL DIAGRAM 

Applications: 

• Buffer storage 
• Holding register 
• General digital logic 

loNE OF FOU"CATcHi: 5 --, 
I CL I 

>+-0 01 

3 

2 

3 

10 

9 

" 
12 

[CONrRCi'L- --p- - - ----l 
CL I 

I 
L----cL I 

I 

~"i ~, i 
L ________ ~ ___ __.J 

t2CS-ZOIIO 

CLOCK POLARITY Q 

0 0 D 

...r 0 LATCH 

1 1 D 

'- 1 LATCH 

Fig, 1 - Logic block diagram & truth table. 

! 'I 

! 
;;loe 

! 
Of • . 

o 

AMBIi£NT TEMPERATURE (T. '-2S-C 

10V 

o. 

o 10 

GATE-TO-SOURCE VOLTAGE 
(Y }_IIV 

.. 
DRAIN-YO-SOURCE VOLTAGE (YDS'-V 

tiCS-'45I1RI 

Fig. 2 - Typical output n-channel drain 

charactllristics. 
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CD4042B Types 
STATIC ELECTRICAL CHARACTERISTICS AMI'ENT TEMPERATURE (TA,·"·c 

Limits at Indicated Temperatures (oC) 
Conditions Valueut-55,+25,+125 Apply to D,K,F,H 

PSCkllgll8 
Characteristic VIIIUfl811t -40. +25 +85-ADJ Iy to E Y PSCkllll88 Units 

Vo VIN VOO -55 
(V) (V) (V) 

- - 5 5 
Quiescent 'Oevice - - 10 10 

Current,lL Max. - - 15 20 
- - 20 100 

Output Orive 
0.4 5 0.5 Current: -

n-Channel 
(Sink), 0.5 - 10 1.1 
ION Min. 

1.5 15 3.3 -
4.6 - 5 -0;5 

p-Channel 2.5 - 5 -2 
(Source), 

9.5 10 -1.1 lOP Min. -
13.5 - 15 -3.3 

Output Voltage,: - 0,5 5 
Low-Level, - 0,10 10 
VOL Max. - 0,15 15 

- 0,5 5 
High Level, - 0,10 10 
VOH Min. 

0,15 15 -
Noise Immunity: 4.2 - 5 

Inputs Low, 9 - 10. 
VNLMin. 13.5 - 15 

Inputs High, 0.8 - 5 

VNH Min. 1 - 10 
1.5 - 15 

Noise Margin: 4.5 - 5 
Inputs Low, 9 - 10 
VNMLMin. 13.5 - 15 

0.5 5 Inputs High, -
VNMH Min. 1 - 10 

1.5 - 15 

Input Leakage Any 
20 Current, Input 

IlL, IIH Max. 

ORAIN-TO-SOURCE VOLTAGE (VosJ-V 

-I -. 
AMalENT TDiPERATURE IT .. I- 25-C 

GATE-YO-SOURCE YOLTACK Iv.t--SY 

-5 

'Oy 

10 

II 

........ 
Fig; 5 - Minimum output p-channel drain 

charactBristicl. 

-40 +85 +125 +25 
NIin. Typ. Max. 

5 50 100 - 0.02 5 
10 100 200 - 0.02 10 

pA 
20 200 400 - 0.02 20 
100 1000 2000 - 0.04 100 

0.45 0.36 0.3 0.4 0.8 -

1 0.75 0.65 0.9 1.8 -
3.2 2.5 2.2 3 6 -

mA 
.Q.45 -0.36 -0.3 -0.4 -0.8 -
-1.8 -1.3 -1.15 -1.6 -3.2 -
-1 -0.75 -0.65 -0.9 -1.8 -

-3.2 -2.5 -2.2 -3 -6 -
0.05 - 0 0.05 
0.05 - 0 0.05 

0.05 - 0 0.05 V 
4.95 4.95 5 -
9.95 9.95 10 -
14.95 14.95 15 -
1.5 1.5 2.25 -
3 3 4.5 -

4.5 4.5 6.75 - V 
1.5 1.5. 2.25 -
3 3 4.5 -

4.5 4.5 6.75 -
1 1 - -
1 1 - -
1 1 - -
1 1 V - -
1 1 - -
1 1 - -

±1 - ±1(rE ±1 pA 

HCS-Z7G5 

Fig. 6 - Typical propagation dalay tima V$. 
load capacitanCfl-data to a. 

1 , ,. 
Z 

~'2.5 
~ 

:; 
Ii 10 a GATE-YO-SOUNCE VOlTAGE (VasJeISY 

; T.S 

Ii ,oy 
;;I • 

! 
'" 't 2.1 
e 

, , 
D"AIN-TQ·SOURCE VOLTAGE IVOSI-V 

Fig. 3 - Minimum output n-channel drain 

characteristic$. 

0 ......... TO'" SOURCE YOLTAGE (YDS1- V 

-lOY 

"CI·141200, 

Fig. 4 - Typical output p-channel drain 

charactlJristic$. 

1 NOTE, 

CL~K ~~. -----!~ 
NOTE 2 I_ 

I 

DATAt'~ i I 
IN~UT I--lst'W-'1 

LATCIIHIGHI I 
~ I ~--~--------

1LOWDATA
: I I 

~ LATCHED pI 1r----++-i~;1 , __ 

HIGH DATA: 
LAlCHED_ 

tPHL." tPL.H tPHL' .PLH 
DTOOOR~ CL TOOOR~ 

NOTES: 
I. _ POSillVE CLOCK EDGE,INPUT DATA IS LATCHED WHEN 

POLARITY IS LOW. 
2. FOR NEGATIVE CLOCK EDGE. INPUT DATA IS LATCHED WHEN 

POLARITY IS HIGH. 

92CS-27650 

Fig. 7' - Dynamic tlJst paf7l(1lfltIJrs. 
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CD4042B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA· 25°C; InpUt t r , tr· 20 n" CL· 50 pF, 

RL -200KSl 

CHARACTERISTIC 

Propagation Delay 
Time: tPHL, tpLH 
Data In to Q 

Data In to Q 

Clock to Q 

Clock to Q 

Transition 
Time: tTHL, tTLH 

Minimum Clock 
Pulse Width, tw 

Minimum Hold Time, tH 

Minimum Setup 
Time, ts 

Clock Rise or Fall 
Time: t r, tt 

Input Capacitance, CI 
(Any Input) 

10 
LOAD CAPACITANCE (el» - rE 

92($-27&)1 

Fig. 10 - Typical propagation delay time V$. 

load capacitance-clock to a: 

Veo 

o 
Vss 

INPUTS 

Fig. 13 - Quiescent-device-current test 
circuit. 

VDD 
LIMITS 

ALL TYPES UNITS 
(V) 

Typ. Max. 

5 110 220 
1Q 55 110 ns 
15 40 80 

5 150 300 
10 75 150 ns 
15 50 100 

5 225 450 
10 100 200 ns 
15 80 160 

5 250 500 
10 115 230 ns 
15 90 180 
5 100 200 
10 50 100 ns 
15 40 80 

5 100 200 
10 50 100 ns 
15 30 60 

5 60 120 
10 30 60 ns 
15 25 50 

5 0 50 
10 0 30 ns 
15 0 25 

5,10 Not rise or fall 
fJS 15 time sensitive. 

- 5 - pF 

Fig. 11 - Typical transition time V$. load 
capacitance. 

Vss 

NOTE: 
TEST ANY C_,NAT,CIN 
01' INPUTS 

t2C5-U441 

Fig. 14 - Noise-immunity test 
circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

LOAD CAPACITANCE (CL~ - pF 

Fig. 8 - Typical propagation delay time V$. 

load capacitance-data to a: 

lOAD CAPACITANCE (ell -.F 

Fig. 9 - Typical propagation delay time vs. 
load capacitance-clock to 0 

ICII' 

':.. 10' 
.!. 
~ \,,~ 

t 10" " ,,,\Po ~\o" ,;.;. 
~ ~~~j;;;I'l""" 
, 10' .. ~.~. v 

" 
1,0' V 

Ii 

::i 
1 10 LOAD CAPACITANCE CL -15 pF .. tL-SOIIIF---

i.'" 
• ••• • . .. • • •• I .... I 

10" ,,' Id' to7 
CLOCK FREQuENCY "CL)- HI 

.aCS-I0200 

Fig. 12 - Typical diuipation charactlJristics. 

NOTE: 

MEASURE INPUTS 
SEOUENTIALlY. 
TO eoTH Voo AND Vss· 
CONNECT ALL UNUSEO 

'--_.----' INPUTS TO EITHER 
voo OR VSS' 

Vss 
,2:C$-Z7402 

Fig. 15 -Input-leakage-current test 
circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4043B, CD4044B Types 

COS/MOS Quad 3-State RIS Latches 
High-Voltage Types (3-to-2()'Volt Rating) 

auad NOR RIS Latch - CD4043B 
auad NAND RIS Latch - CD4044B 
The RCA-CD4043B types are quad cross· 
coupled 3-state COS/MOS NOR latches and 
the CD4044B types are quad cross-coupled 
3-state COS/MOS NAND latches. Each latch 
has a separate a output and individual SET 
and RESET inputs. The Q outputs are con
trolled by a common ENABLE input. A 
logic "1" or high on the ENABLE input 
connects the latch states to the Q outputs. 
A logic "0" or low on the ENABLE input 
disconnects the latch states from the Q 

" 
R, 

Q, 

'-
R_ 

Q. 

'3 

R3 
Q3 

'. 
R. Q. 

ENABLE Nt 

92CS- 20221RI 

CD4043B 

outputs. resulting in an open circuit condi
tion on the Q outputs. The open circuit 
feature allows common busing of the out
puts. 

The CD4043B and CD40448 types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D. F. Y suffixes). 16-lead 
dual in-line plastic packages (E suffix). 16-
lead ceramic flat packages (K suffix). and in 
chip form (H suffix). 

R, 

5, 
0, 

02 

Q3 

O. 

ENABLE 
II 2 Ne 

8 
CD4044B Vss 

'2CS-20222 

FUNCTIONAL DIAGRAMS 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE ITstgl .. .. .............. . ......... .... . -66 to +1500 C 

OPEF.lATING·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D. F. K. H ........................................... -55 to +l25oC' 
PACKAGE TYPES E, Y .....................•.......................... -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE. (VDDI 
(Voltages referenced to VSS Terminal)... .•.•.. .. . . . ..• . . . . . .. ... . .. . . . . . .. . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (POl: 

FOR TA= -40 to +60oC (PACKAGE TYPES E, Yl ............................... 500 mW 

FOR TA = +60 to +850 C (PACKAGE TYPES E, VI . ...... . Derate Linearlv at 12 mW/oC to 200 mW 

FOR T A= -55 to +100oC (PACKAGE TYPES 0, F, Kl ........................... 500 mW 

FOR TA= +100 to +1250 C (PACKAGE TVPESO. F, Kl ...... Derate linearlv at 12mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE· TEMPERATURE RANGE (ALL PACKAGE TVPESI . . .. . .. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. .. . .. .. . ...... . .. . .. .... .... .... -0.5 to VDD +0.5 V 
LEAD.TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) from case for 10 s max. . ........... . 

RECOMMENDED OPERATING CONDITIONS at TA = 25" C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges' 

LIMITS 
CHARACTERISTIC VDD ALL TYPES 

(V) MIN. MAX. 

Supply-Voltage Range 
(For T A = Full Package 
Temperature Range) - 3 18 

SET or RESET 5 160 -
Pulse Width. tw 10 80 -

15 40 -

UNITS 

V 

ns 

Features: 

• 3-Level outputs with common output 
ENABLE 

• Separate SET and RESET inputs for 
each latch 

• NOR and NAND configurations 

• Standard MB"-Series symmetrical output 
drive 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package temperature range) 
• 1-V noise margin (full package-tempera

ture range) 
• 5-V, 10-V, and 15-V parametric ratings 

Applications: 

• Holding register in multi-register system 
• Four bits of independent storage with 

output ENABLE 
• Strobed register 
• General digital logic 

EOUIVALENT 
NAND LATCH 

.. SI r-------., 
4 I 

I 
I 
I 
I 
I '-' ______ .J 

"5~: 
CD4044B 

"ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 

92CS-2171)'" 

Fig. 1 - Logic diagrams. 

; II 

I r: . • 

10. 

GAT£-TQ"'SOURCE VOLT", 
tv 1_15Y 

10 II 
DRAIN-TO-SOURCE vOLTAGE (VDII-V 

Fig. 2 - TVPicll1 output n~hllnntll drain 
characteristics. 
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CD4043B, CD4044B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES ("C) 

CHARACTER- CONDITIONS Values at -55,+25,+125 Apply to D,K,F,H Packages 
Values at -40,+25,+85 Apply to E, Y PaCkaaes 

ISTIC Vo VIN VOD +25 
(VI (VI (VI -55 -40 +85 +125 MIN. TYP. MAX. 

Ouiescent - - 5 5 5 50 100 - 0.02 5 
Device - - 10 10 10 100 200 - 0.02 10 
Current, 
ILMax. - - 15 20 20 200 400 - 0.02 20 

- - 20 100 100 1000 2000 - 0.04 100 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source). 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
IDPMin. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Output Volt· 

age: Low· 
Level - 0,5 5 0.05 - 0 0.05 

VOL Max. - 0,10 10 0.05 - 0 0.05 

- 0,15 15 0.05 - 0 0.05 

High·Level, - 0,5 5 4.95 4.95 5 -

VOH Min. - 0,10 10 9.95 9.95 10 -
- 0,15 15 14.95 14.95 15 -

Noise Immun-
ity: Inputs 
Low, 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
Inputs 
High, 0.8 - 5 1.5 1.5 2.25 -
VNH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -

Noise Margin: 
Inputs Low, 4.5 - 5 1 1 - -
VNML Min. 9 - 10 1 1 - -

13.5 - 15 1 1 - -
Inputs 
High, 0.5 - 5 1 1 - -

VNMH 
Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Input Leakage Any Input 

Current, 

IIL,IIH 
±10-5 Max. 20 ±1 - ! ±1 

UNITS 

IlA 

rnA 

V 

V 

V 

IlA 

4 

1 15 . 
!f12.~ 
~ 

~ 
~ 10 GATE-TO-SOU"C[ VOLTAGE ("QSl-IS" 

! T5 i . 
lOY 

oj , 

! . 
't 2.1 
e OY 

I 

DRA.It-TO-SOURC( VOLTAGE IYOSI-V 

Fig. 3 - Minimum output n-channel drain 
characteristics. 

DRAIN-'TQ-$OURC[ vOlUGE 1VOSI-Y 

-1 -I 

AMBIENT TEMPERATuRE ITA). 25·C 

GATE-TO-SOURCE VOLTAGE IIIOS"- 5'1 

-lOY 

-15V 

92CS'24~lOR2 

Fig. 4 - Typical output p-channel drain 
characteristics. 

ORAIIil-TO-SOUACIE YOLTAGE 1V051-V 

-15 -10 ..... 0 

A.BltNT TPlPEliATUItE IT .. I- 25·C 

-s 
lOY 

II 

Fig. 5 - Minimum output p-channel drain 
characteristics. 

Fig. 6 - Typical transition time I'S. load 
capacitance. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4043B, CD4044B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2ft C; Input tr , tf= 20 ns, 
CL = 50pF, RL = 200 KG 

CHARACTERISTIC 

Propagation Delay 
Time: tpH L. tpLH 
SET or RESET to Q 

3·State Propagation Delay 
Time: ENABLE to Q 

tPHZ. tpZH 

tpLZ. tpZL 

Transition Time: 

tTHL. tTlH 

Minimum 
SET or RESET 
Pulse Width, tw 

Average Input Capacitance, 
(Any Input) CI 

INPUTS 

Fig. 9 - Quiescent device current test circuit. 

VOO 
(VI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

-

ENABLE 

ENABLE 

LIMITS 
ALL TYPES UNITS 

MIN. 

150 
70 
50 

115 
55 
40 

90 
50 
35 

100 
50 
40 

80 
40 
20 

5 

Yss 

MAX. 

300 
140 ns 
100 

230 
110 ns 
80 

180 
100 ns 
70 

200 
100 ns 
80 

160 
80 ns 
40 

- pF 

NOTE: 
TES!' ANY COMIINATlCN 
OF INPUTS 

9ZC$-27441 

Fig. 10 - Noi.e immunity telt circuit. 

Yoo 
EST IN IN A 

'PHZ Yoo Vss vss 
'PLZ Yss voo Voo 
'PZH Yoo Vss Yss 
'PlL Yss Yoo Yoo 
z • tllGH IMPEDANCE 

• 1I3YOO 

.213 VDD 

Fig. 12 - ENABLE propagation delay time telt 
circuit and I1118lf11formr. 

t2CI-27701 

LOAD CAPACITANCE (CLJ- pF 
92CS-27~ 

Fig. 7 - Typical propagation delay time vs. load 
capar;irance-SET, RESET to Q, Q. 

,OS AMBIENT TEMPERATURE (T,)e25-C 

LOlDCoVIIc::ITANC 
CL -15 pF 
C.·50.F- ~-

to· 105 lOt 

OUTPUT FREQUENCY- Hz 
Mes-IotOI 

Fig. 8 - Typical power dissipation VS. frequency. 

NOTE' 
MEASUIIE INOUTS 
S4E_NTtALLY. 
TO 10TH 1100 -Yss' 
CONNECT ALL UNUS4EO 

"----.,r-.....J INPUTS TO EITHEII 
Voo IIIYSS' 

Vss 

Fig. 1 I - Input leakage current telt circuit. 
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________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4049B, CD4050B Types 

COS/MOS 
Hex Buffer/Converters 
High-Voltage Types (3-to-20-Volt Rating) 

CD4049B-lnverting Type 
CD4050B-Non-lnverting Type 

The RCA-CD4049B and CD4050B are in
verting and non-inverting hex buffers, respec
tively, and feature logic-level conversion using 
only one supply voltage (VCC)- The input
signal high level (VIH) can exceed the VCC 
supply voltage when these devices are used 
for logic-level conversions_ These devices are 
intended for use as COS/MaS to DTLITTL 
converters and can drive directly two DTL! 
TTL loads_ (VCC=5 V, VOL;;;.Q.4 V, and 
IDN~3.2 mA.) 

The CD4049B and CD4050B are designated 
as replacements for CD4009B and CD4010B, 

respectively. Because the CD4049B and 
CD4050B require only one power supply, 
they are preferred over the CD4009B and 
CD4010B and should be used in place of the 
CD4009B and CD4010B in all inverter, cur
rent driver, or logic-level conversion appli
cations. In these applications the CD4049B 
and CD4050B are pin compatible with the 
CD4009B and CD4010B respectively, and 
can be substituted for these devices in existing 
as well as in new designs_ Terminal No. 16 is 
not connected internally on the CD4049B or 
CD4050B, therefore, connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069 Hex Inverter is recommended. 

The CD4049B and CD4050B types are sup
plied in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic package (E suffix), 16-
lead ceramic flat package (K suffix), and in 
chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) ., ......................... ,. .. .. -66 to +1500 C 

OPERATlNG·TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K, H ........................................... -55 to +l25oC 
PACKAGE TYPES E, Y ..................... ,.......................... -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE. (VCC) 
(Voltages referenced to Vss Terminal) . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA = -40 to +60oC (PACKAGE TYPES E. Y) ............................... 500 mW 

FOR T A = +60 to +850 C (PACKAGE TYPES E, Y) . . . . . . . . Derate linearlv at 12 mW/oC to 200 mW 

FOR T A= -55 to +1000 C (PACKAGE TYPES 0, F. K) ........................... 500 mW 

FOR TA = +100to +125 0 C (PACKAGE TYPES 0, F, K) ...... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE· TEMPERATURE RANGE (ALL PACKAGE TYPES) . . ... .. 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

Jl 

'N 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 sma". . ........... . 

RECOMMENDED OPERATING CONDITIONS at TA=250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min_ Max. 

Supply-Voltage Range (V CC) (For T A=Full Package-
3 18 V 

Temperature Range) 

Input Voltage Range (VI) VCC * 18 V 

'The CD4049 and CD4050 have high-to-Iow-Ievel voltage conversion capability but not 
low-to-high-Ievel; therefore it is recommended that V I ;;,. V CC' 

(0 ) ( bl o 
9ZCS-ZOIl1 

AMilENT TEMPERATURE CT,'·2S-C 
SUPPLY VOLT.uE I "ee). IS v 

MINIMUM 

, 2 • 
INPUT VOLTAGE (VI'-V 

MAXIMUM 

Fig. 1-a) Schematic diagram of CD4049B, 1 of 6 identical units: 
b) Schematic diagram of CD4050B, 1 of 6 identical units _ 

Fig. 2-Minimum and maximum voltage 
transfer characteristics for CD4049B. 

Features: 

A ~ Gs;: 

B ~ v------ H=8 

C~I-C 

~J-5 

~K-E 
~_15 -
F~L-F 

Vee -'-
Vss _8_ 

NC -'3 
NC -'6 

92CS-2?S06 

CD4049 
Functional Diagram 

• High sink current for driving 2 TTL loads 
• High-to-Iow level logic conversion 
• Quiescent current specified to 20 V 
• Maximum input leakage of 11lA at 20 V 

(full package-temperature range) 

Applications: 
• COS/MOS to DTL/TTL hex converter 
• COS/MOS current "sink" or "source" 

driver 
• COS/MOS high-to-Iow logic-level 

converter 

> 
I • 

! 

o 

A ~ G·A 

B~ H'B 

C~ I-e 

0 ~ J-O 

E ~ K'E 

F~ L·F 

vce -'-
vss _8_ 

NC "3 
Ne =16 

92:C'S-l'~1 

CD4050 
Functional Diagram 

AMBIENT TEMPERATURE IT,)-25-C 
SUPPLY VOLTAGE CVcc)-S V 

MINIMUM MAXIMUM 

, . . 
INPUT VOLTAGE C".I.'-Y 

92cs-2041O 

Fig. 3-Minimum and maximum voltage 
transfer characteristics for CD4050B_ 
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COS/MOS DIG!TAlINTEGRATED CIRCUITS 

CD4049B~ CD4050B Types 

STA.TlC ELECTRICAL CHiARACTER!sr~CS 

r-------·-----r-··--·-,·- Limits at Indicated Temperatures IOCl 
I 

Chau.lcte. IHic. ~ondltlOi1S Values at -- 55. +25,1-725 ApplV to D,K,F,H Pkgs. Units 
-- I Values at -40,+25, +85 Apply to E, Y Pkgs. 

I Vo V!f\1 I'Vee -55 -40 +85 +125 +25 

~~~;cent I u~eJlce Cur 
I 

ren!, 'L 
Max. 

Output Drive 
Curl'ent 

N ChJt:nel 

ISlnk). 

IV} {V)· ~Vl i Min_ TVp. Max. 
~- - ..... - -;:,----t-;. 05.1--05--5--- -;0 - 0.01 r-----·---- -10----'r"\ ; 10 j - 20 0.01 

0.5 
1 

2 
-

-- 15 2 2 , 20 40 - 0.01 
20 10 10 100 200 .- 0.02 10 

0.4 4.S 3.3 :31 2.1 1.8 
-:-:---f---

3-81 0.4 5 1\ 2.9 2.4 
'Q5 10 "10 9.6 I 6.6 5.6 

2.6 

3.2 
-

8 

5.2 I 
6.4 t--16 

24 48 -

--DB' --1.6 -

3.2 -6.4 -

1.8 3.6 

6 
-.~ ----

12 
~--. 

Inputs H, gh. ~ . ___ -+_5=--+ ____ ..c1-".5 ____ -+-c-1.;.::5_--1_2=. . .;;;2c,:5---j __ ......., 

V N H Min. !-'2=-. ..;;;8-t ___ -t-...:.1.::.O_t-____ --=-3 _____ -+_.::.3---,1--_4...:.S"--+-_---t 
15 4.5 4.:, 6.75 

--

538 

rnA 

v 

-' w 
~ 20 

~ 
, '0 

123<43$7 
ORAIN-ro- SOIJRCi vOlTAGIE (VDs1" Ji 

Fig. -1 . Typical outpV[ n 

charac teriSlics. 

ISv 

10V 

ru; 
1 H l-f-+++++H-i-i 

Fig. 5 .. ·Minlmum output (i-chdfi'liei 

drain cnatactefls tics 

D~"l~j TO 30uRCi ,>,'Oi,,:"\(;'i: l':IoS!-

r , 

i M .. BIEi'iT- TfMPfRAYURE (rAl'£")~C ~i}l'n 

'111~~·!u~.C~~~TR,~O~~L,.~tt±l'iG ). ~ ~ 'I ~ GATE- TO- so 

-10 V 

Fig. 6- TYPical output p-<;hannel 

dr.ain chara(. rerjsrics 

8 D~AII"J.T~-S~~CE ~Oli~fl\lO~l-1j I 

I AMBIENT TE'MP£RATURf ITill.)o 25°( 

:rnHHH-H-HHHlH 

itt 

Fig, 7 ·!j{finimum Dutput p'r:-.hal7/)f.'/ 

drain charac reristies. 

, ~I 
-nJ~1 

-,' ~ I 
->O~ 1 

~I .. -25: i 
"I 

_I 

., 



CD4049B, CD4050B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A=250 C; Input t"tt=20 ns, 
Cl =50 pF, Rl =200 kU 

LIMITS 
CHARACTERISTIC CONDITIONS All PKGS. UNITS 

VI VCC Typ. Max. 

Propagation Delay Time: 5 5 60 120 
Low-to-High, tpLH 10 10 32 65 

CD4049B 10 5 45 90 
15 15 25 50 
15 5 45 90 
5 5 70 140 

ns 

10 10 40 80 
CD4050B 10 5 45 90 

15 15 30 60 
15 5 40 80 

High-to-Low, tpHL 5 5 32 65 
10 10 20 40 

CD4049B 10 5 15 30 
15 15 15 30 
15 5 10 20 
5 5 55 110 

ns 

10 10 22 55 
CD4050B 10 5 50 100 

15 15 15 30 
15 5 50 100 

Transition Time: 5 5 80 160 
Low-to-High, tTLH 10 10 40 80 

15 15 30 60 
5 5 30 60 

ns 

High-to-Low, tTHL 10 10 20 40 
15 15 15 30 

Input Capacitance, C, 
CD4049B - - 15 -

pF 
CD4050B - - 5 -
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INPUT FREQUENCY .. +. IIHI 92CS-201ZT 

Fig. 10-Typical dissipation charac· 
teristics for CD4049B, CD4050B. 

o 
Vss 

INPUTS 

nC'-Z1"OI 

Fig_ 13-Quiescent device current 
test circuit. 

10' 
10 102 10' 10" rolt 10& 10' 

tNPUT RISE AND 'ALL TIME It,.t,) 
92(:5·204901111 

Fig. 11-Typical power dissipation vs. 
transition time per inverter 
CD4049B. 

VSS 

NOTE: 
TEST AllY ONE INPUT, 
WITH OTHER INPUTS AT 

'2CI-21'400 VDO ORVss· 

Fig. 14-Noise immunity test circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

INPUT VOLTAGE (VI t- v 
tlC'-204U 

Fig. 8-Typical voltage transfer charac' 
teristics as a function of temperature 
for CD4049B. 

"C:1-204'4 

Fig. 9-Typical voltage transfer charac· 
teristics as a function of temper
ature for CD4050B. 
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Fig. 12-Typical power dissipation vs. 
transition time per inverter 
CD4050B. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY I 
TO II01'H VDD AIIO'Iss' 
CONNECT ALL UNUSED 

'--_~--.J INPUTS TO EITHER 
VDD CR VSS' 

Vss 
UCS-21"02 

Fig. 15-lnput leakage current test circuit. 
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CD4051B,CD4052B,CD4053B Types 
COS/MOS Analog Multiplexers/Demultiplexers· 
With Logic-Level Conversion 

The RCA-CD4051, CD4052, and CD4053 
analog multiplexers/demultiplexers are digi
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current_ Control of analog signals uP to 
20 V peak-to-peak can be achieved by digi
tal signal amplitudes of 4.5 to 20 V (if 
VDD-VSS = 3 V, a VDD-VEE of up to 13 
V can be controlled; for VDD-VEE level 
differences above 13 V, a VDD-VSS of at 
least 4.5 V is required). For example, if 
VDD = +5 V, VSS = 0, and VEE = -13.5 V, 
analog signals from -13.5 V to +4.5 V can 
be controlled by digital inputs of 0 to 4.5 V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full VDD-VSS 
and VDD-VEE supply-voltage ranges, inde
pendent of the logic state of the control 
signals. When a logic "1" is present at the 
inhibit input terminal all channels are 0 FF_ 

The CD4051 is a single 8-channel multi
plexer having three binary control inputs, A, 
B, and C, and an inhibit input. The three 
binary signals select 1 of 8 channels to be 
turned ON, and connect one of the 8 inputs 
to the output. 

The CD4052 is a differential4-channel multi
plexer having two binary control inputs, A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in
puts to the outputs. 

The CD4053 is a triple 2-channel multi
plexer having three separate digital control 
inputs, A, B, and C, and an inhibit input_ 
Each control input selects one of a pair of 
channels which are connected in a single
pole double-throw configuration. 
The CD4051, CD4052, and CD4053 are sup
plied in 16-lead ceramic dual-in-line pack
ages (D, F, Y suffixes), 16-lead plastic dual-

• When these devices are used as demultiplexers, 
the "CHANNEL IN/OUT" terminals are the 
outputs and the "COMMON OUT/IN" terminals 
are the inputs. 

M 
A II 

.. 
C 9 

.. 
INH 6 

MALL INPUTS PROTECTED 
BY STANDARO COS/ MOS 
PROTECTION NETWORK 

r"TVDO 

~Vss 

LOGIC 
LEVEL 

CONVERSION 

VDO 

BINARY 
TO 

I OF 8 
DECODER 

WITH 
INHIBIT 

High-Voltage Types (3-to-20-Volt Rating) 
CD40518 - Single 8-Channel Multiplexer/Demultiplexer 
CD40528 - Differential 4-Channel Multiplexer/Demultiplexer 
CD40538 - Triple 2-Channel Multiplexer/Demultiplexer 
MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE- TEMPERATURE RANGE (TSTG) . 
OPERATING-TEMPERATURE RANGE (TA): 

Package Types D, F, K, H 
Package Types E, V . 

DCSUPPLV-VOLTAGE RANGE, VDD: 

-65 to +1500 C 

-55 to +1250 C 
-40 to +850 C 

(Voltages referenced to VSS or VEE, whichever is more negative) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE: 

For T A = -40 to +600 C (Package Types E, V) 

For T A = +60 to +850 C (Package Types E, V) 

For T A = -55 to +1 OOOC (Package Types D, F, K) 

For T A = +100 to +12SoC (Package Types D, F, K) . 

DEVICE DISSIPATION PER CHANNEL: 

SOOmW 

Derate Linearly at 12 mW/oC to 200 mW 

SOOmW 

Oerate Linearly at 12 mW/oC to 200 mW 

For T A = Full Package-Temperature Range (All Package Types) 

INPUT VOLTAGE RANGE, ALL INPUTS. . 

loomW 

-O.S to VDD +O.S V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.S9 ± 0.79 mm) from case for 10 s max. 

RECOMMENOEO OPERATING CONOITIONS AT T A =250 C (Unless Otherwise Specified) 

For maximum reliability, nomina/ operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as noted. 

CHARACTERISTIC VOO Min. Max. 

Supply· Voltage Range 
(T A = Full Package- - 3 18 

Temp. Range) 

Multiplexer Switch Input 
Current Capability· - - 25 

Output Load Resistance - 100 -

in-line packages (E suffix), 16-lead cera
mic flat packages (K suffix), and in chip form 
(H suffix). 

Applications: 
• Analog and digital multiplexing and 

demultiplexing 
• A/O and O/A conversion 
• Signal gating 

COMMON 
OUTIIN 

3 

9ZCS - ZOO85R2 

Units • In certain applicati?ns, the external load-resistor 
current may include both VDO and signal-line 
components. To avoid drawing VDO current 
when switch current flows into the transmission 
gate inputs, the voltage drop across the bidirec· 
tional switch must not exceed 0.8 volt (calcu
lated from RON values shown in ELECTRICAL 
CHARACTERISTICS CHART). No VOO cur
rent will flow through RL if the switch current 
flows into terminal 3 on the CD40S1; terminals 
3 and 13 on the CD4052; terminals 4,14, and 15 

V 

mA 

n 
on the C04053. . 

Features: 
• Wide range of digital and analog signal 

levels: digital 3 to 20 V, analog to 
20Vp_p 

• Low ON resistance: 125 n (typ.) over 15 
Vp_p signal-input range for VOO-VEE = 15 V 

• High OFF resistance: channel leakage of 
± 10 pA (typ.l @ VOO-VEE = 10 V 

• Logic-level conversion for digital addressing 
signals of 3 to 20 V (VOO-VSS = 3 to 20 
V) to switch analog signals to 20 V p.p 
(VOO-VEE = 20 V); see introductory text 

• Matched switch characteristics: RON = 
5 n (typ.) for VOO-VEE = 15 V 

• Very low quiescent power dissipation under 
under all digital-control input and supply 
conditions: 0.21J.W (typ.l @ VOO-VSS = 
VOO-VEE = 10 V 

• Binary address decoding on chip 
• Quiescent current specified to 20 V 
• Maximum input leakage current of 1 SJA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper

ature range) 
Fig. 1 - Functional Jiagram of CD4051. • 5-,10-, and 15-V parametric ratings 
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CD4051B,CD4052B, CD4053BJvpes 
ELECTRICAL CHARACTERISTICS 

CONDITIONS 
LIMITS at Indicatad Temperature (OC) 

CHARAC· Vis VEE VSS 
Values at -55,+25,+125, apply to D,F ,K,H pkg 

VDD ValuBs at -40,+25,+85, apply to E,Y pkgs 
TERISTIC (V) (V) (V) (V) +25 

-55 -40 +85 +125 
Min. Typ. Max. 

SIGNAL INPUTS (Vis) AND OUTPUTS (VOS) 

Quiescent Device 5 5 5 50 100 - 0.02 
Current. I L 10 10 10 100 200 - 0.02 

Max. 15 20 20 200 400 - 0.02 
20 100 100 1000 2000 - 0.04 

ON Resistance 
0";; Vis ..;; VDD 

0 0 5 2000 2100 '3200 3500 - 470 
RON Max. 0 0 10 310 330 520 580 - 180 

0 0 15 220 230 360 400 - 125 

/::; ON Resistance 
(Between Any 
Two Channels) 

0 0 5 - - - - - 10 
L'.IRON 0 0 10 - - - - - 10 

0 0 15 - - - - - 5 

OFF Channel 
Leakage Current: 

0 0 10 ±200* - +0.1 
Any Channel 0 0 15 ±500* - ±0.1 

OFF Max. 0 0 20 ±1000* - :!:D. 1 

All Channels 0 0 10 ±200* - ±0.1 
.OFF (Common 0 0 15 ±5Q0* - ±0.1 
OUT/IN) Max. 0 0 20 ±1000* - ±0.1 

Capacitance: 
Input, Cis - - - - - 5 
Output, Cos 

CD4051 - - - - - 30 
CD4052 -5 -5 5 - - - - - 18 
CD4053 - - - - - 9 

Feedthrough, 
0.2 

Cios 
- - - - -

Profjagation Delay 
Time (Signal In· 
put to Output lOV RL=10kn 5 - - - - - 30 

.I'L CL = 50 pF 10 - - - - - 15 
tr,tf = 20ns 15 - - - - - 11 

* Determined by minimum feasible leakage measurement for automatic testing. 

.. 
AIO .. 
B 9 .. 

lNH 6 

LOGIC 
LEVEL 

CON'';::;;SION 

*ALL INPUTS PROTECTED 
BY STANDARD COS/MOS 

's::~ 

S Von 

BINARY 
TO 

I OF 4 
DECODER 

WITH 
INHIBIT 

X CHANNELS IN/OUT 

y CHANNELS INIOUT 

Fig.2 - Functional diagram of CD4052. 

5 
10 
20 
100 

2500 
400 
280 

-

-
-

±200* 
±200* 
±200* 

±200* 
±2oo" 
±200* 

-

-
-
-

-

-
-
-

COMMON X 
OUTIIN 

92C$ - 200ISR2 

Units 

p.A 

n 

n 

nA 

pF 

ns 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

-4 ·3 ·2 o 3 4 

INPUT SIGNAL VOLTAGE (Vis) - v 
92CS-27038 

Fig.3 - Typical channel ON resistance vs input 
signal voltage (all types). 

<I SUPPLY VOLTAGE (VOO-VEE)"'OV 

I 300 

~ 
!5. 250 

U) 

g} 150 
0: 

~ 100 
-' 
"' z 
~ 50 
J: 
o 

o 

AMBIENT TEMPERATURE 
(TA) " +125·C 

+25"C 

55°C 

-10 -7.5 -5 -2.5 0 2.5 7.5 10 
INPUT SIGNAL VOLTAGE (Vi.) - V 

92CS-27'039 

Fig.4 - Typical channel ON resistance vs. input 
signal voltage (ilII types). 

INPUT SIGNAL VOLTAGE (Vis) - v 
92CS-21C74 

Fig.5 - Typical channel ON resistance vs. input 
signal voltage (all types). 

<I 
SUPPLY VOLTAGE (VOD - VEE) '15 V Uj~ 

I 300 

z 
o 
~250 

"' o 
z200 
~ 
U) 

~ 150 

~ 100 ... 
"' I 50 

o 
-10 

AMBIENT TEMPERATURE 
(TA)' +125°C 

in; 

TIf 
H 

Ht+ 
-7.5 -5 -2.5 0 2.5 7.5 10 

INPUT SIGNAL VOLTAGE (Vi.) - V 
92CS- 27040 

Fig. 6 - Typical channel ON resistance vs. input 
signal voltage (all types). 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4051 B, CD4052B, CD4053B Types 
ELECTRICAL CHARACTERISTICS (Cont'd) 

CONDITIONS 
LIMITS at Indicated Temperature (OC) 

Values at -55,+25,+125,apply to D,F,K,H pkg 
CHARAC· Vis VEE VSS VDD Values at -40,+25,+85, apply to E,Y pkgs 

Units TERISTIC (V) (V) (V) (V) +25 
-55 -40 +85 +125 

Min. Typ. Max. 

CONTROL (ADDRESS or INHIBIT) Vc 

Noise Immunity: 
Min. 

VEE=VSS 5 1.5 1.5 2.25 -
Inputs Low, =VDD 

RL =1 kU 10 3 3 4.5 -
VNL thru 15 4.5 4.5 6.75 to VSS -

lkU 5 1.5 1.5 2.25 V 
IIS< 2 JJ.A 

-

Inputs High, on all OFF 10 3 3 4.5 -

V NH Channels 15 4.5 4.5 6.75 -

I nput Leakage 
("A" Series) 15 +1 - +10-5 ±1 

Current; IlL ("8" Series) 20 ±1 - ±10-b ±1 JJ.A 
IIH Max. 

Propagation 
tr,tf = 20 ns, CL = 50 pF Delay Time: 

Address·to· 
Signal OUT 0 0 5 - - - - - 360 720 

(Channels ON 0 0 10 - - - - - 160 320 ns 
or OFF) See 0 0 15 - - - - - 120 240 

Figs.14,15,18 
-5 0 5 - - - - - 225 450 

RL =10 kU, CL =50 pF 

tr , tf = 20 ns 
I nhibit-to- 0 0 5 - - - - - 360 720 
Signal OUT 0 0 10 - - - - - 160 320 
(Channel turn- 0 15 120 

ns 
0 - - - - - 240 

ing ON) -10 0 5 - - - - - 200 400 

RL =300U,CL =50 pF 
tr,tf = 20 ns 

I nhibit-to- 0 0 5 - - - - - 200 450 
Signal OUT 0 0 10 - - - - - 90 210 
(Channel turn· 0 0 15 - - - - - 70 160 

ns 

ing OFF) -10 0 5 - - - - - 130 300 

Average Input 
Capacitance, CI - - - - - 5 - pF (Any Address 
or Inhibit Input) 

INH 

~VOO 

~"ss 
92CS - 20087R2 

Fig.7 - Functional diagram of CD4053. 
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92CS-22717RI 

Fig.8 - Typical ON characteristics for 
1 of 8 channels (CD4051J. 

10 10' 
SWITCHING FREOUENCY{fl-kHz 

9~CS 2l7IBRl 

Fig.9 - Typical dynamic power dissipation 
vs. switching frequency (CD4051 J. 
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Fig. 10 - Typical dynamic power dissipation 
vs. switching frequency (CD4052J. 
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Fig. 11 - Typical dynamic power dissipation 
vs. switching frequency (CD4053J. 
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CD4051B, CD4052B, CD4053B Types 
ELECTRICAL CHARACTERISTICS (Cont'd) 

TEST CONDITIONS 

CHARACTERISTIC .' Vis VDD RL 
TYPICAL LIMITS AT 

VALUE UNITS INDICATED CONDITIONS 
(V) (V) (kn) 

5- 10 1 CD4053 
Frequency Response VEE = VSS, Vas at Common OUT/IN CD4052 
Channel ON 

CD4051 Vas (Sine Wave Input) 20Iog-=~3dB 
Vas at Any Channel Vis 

2- 5 

Sine Wave Response ~ 10 10 

(Distortion) 5- 15 

VEE = VSS, 
fis = 1 kHz 

5- 10 1 CD4053 

Feedthrough VEE = VSS, Vas at Common OUT/I N CD4052 

(All Channels OFF) Vas CD4051 
20 log ~ =~4OdB Vas at Any Channel 

IS 

Between Any 2 Channels 

Between Measured on Common 
5- 10 1 Sections 

Signal Crosstalk CD4052 
Measured on Any 

(F requency at VEE = VSS, Only 
Channel 

~40dB) Vas Between 20 log - = ~4OdB 
Vis Any 2 In Pin 2, Out Pin 14 

Sections In Pin 15, Out Pin 14 
CD4053 
Only 

~ 10 10# 

Address-or-I nhibit· VEE=O,VSS=O, tr,tf 

to Signal Crosstalk =20ns, Vc = VDD 

~Vss(Square Wave) 

- Peak-to-peak voltage symmetrical about VDD ~ VEE 

2 

# Both ends of channel 

30 

25 

20 

60 

0.3 

0.2 

0.12 

8 

10 

12 
8 

3 

6 

10 

2.5 

6 

65 

Voo" ... 15 V Voo ~ +7.5 V \!OO ,. +5 V VOO"+5V 

16 

Vss" 0 v 

VEE'" -7.5 v 
Vss ,. 0 v 

(0) (b) 

The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 
"0" = VSS and "1" = VOD. The analog signal (through the TG) may 
swing from VEE to VDD. 

Fig. 12 ~ Typical bias voltages. 

Vss = 0 v 

(0) 

MHz 

% 

MHz 

MHz 

mV 

(Peak) 

(d) 

92CS~20088RI 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

INPUT STATES 
CHANNEL(S) "ON" 

INHIBIT C B A 

CD4051 

0 0 0 0 0 

0 0 0 0 1 

0 0 1 1 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 X X X NONE 

CD4052 

INHIBIT B A 

0 0 0 Ox, Oy 

0 0 1 lx,ly 

0 1 0 2x,2y 

0 1 1 3x, 3y 

1 X X NONE 

CD4053 

INHIBIT A or B 
or C 

a 0 ax or bx or cx 

0 1 ay or by or cy 

1 X NONE 

x = Don't care 
Fig. 13 - Truth tables. 

92C5-27042 

Fig. 14 - Waveforms, channel being 
turned ON (R L = 10 Hl.). 

900/0 
500/0 

f---l- TUR~N:---:::O:::FF:----j--/ 
TIME 

92C5-27043 

Fig. 15 ~ Waveforms, channel being 
turned OFF (RL =300 nJ. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4051B, CD4052B, CD4053B Types 
TEST CIRCUITS 

Voo Voo 

16 16 

15 15 

14 14 
4 13 4 13 

5 12 5 12 

" 6 " 7 10 
9 

CD4053 

Fig. 16 - OFF channel leakage current - any channel OFF. 

TEST CIRCUITS (Cont'd) 

Fig. 17 - OFF channel leakage curren t - all channels OFF. 

VOO 

CD4051 vss 

Voo 

VO£f1..J 

Vss CLOCK 
IN 

CD4052 vss 

92CS-22722RI 

16 

15 '-'--"\.L.r-. 
14 

13 

Voo 
~--.., 

Vss 
CD4053 

Fig. 18 - Propagation delay - address input to signal output. 
92CS-27044 

16 

15 

14 
13 

Voo 

Vss 
tpHL AND tpLH 

CD4051 

,-___ , Veo 

tpHL AND tpLH 

CD4052 

VSS 
tpHL ANO t PLH 

CD4053 

Voo 

Fig. 19 - Propagation delay - inhibit input to signal output. 
92CS-27045 

Voo 

MEASURE < 10 /LA ON ALL 

"OFF" CHANNELS le.g. CHANNEL 6) 

3 

VOO-VNH 
4 

0 5 
6 

VNL 7 
8 

MEASURE < 10 j<A ON ALL 
"OFF" CHANNELS le.g. CHANNEL 2.) VNL 

Fig.20 - Noise immunity. 

Voo 

16 

15 
14 
13 
12 

JJ VOO-VNH 

VNL 
10 

9 0 
VNL 

= CD4053 
MEASURE < 10 j<A ON ALL 

1·0FF" CHANNELS (e.9- CHANNEL by) 
92CS- 27046 

3 

Voo Voo 

16 16 

15 15 
14 14 

4 13 

5 12 

Fig.21 - Quiescent device current. 

Voo 

10 KJl 

VSS 

VSS 

KEITHLEY 
160 DIGITAL 
MULTIMETER 

x-v 
PLOTTER 

~----~--------~~ 
H.P. 

MOSELEY 
7030A 

x 

92CS-22116 

Fig.22 - Channel ON resistance 
measurement circuit. 

CD4051 
CD4053 

Voo 

NOTE, 
MEASURE INPUTS 
SEQUENTIALLY. TO BOTH 
Voo ANO Vss CONNECT 
ALL UNUSED INPUTS TO 
EITHER Voo OR Vss. 

Voo 

Vss 
NOTE, 
MEASURE INPUTS 
SEQUENTIALLY, TO BOTH 
Voo ANO VSS CONNECT 
ALL UNUSEO INPUTS TO 
EITHER VDO OR Vss. 

92CS-27048 

Fig.23 - Input leakag& current. 
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________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4051 B, CD4052B, CD4053B Types 
~v pop 

SPECIAL CONSIDERATIONS 
rv --+-fOi'Fl--+--_-( 

92CS-27049 

Fig.24 - Feedthrough (all types). 

COMMON 
rv 

5 V pop 

rv 

CHANNEL 
OFF I------{O~ 

'-----' 

RF 

92CS- 27050 

Fig.25 - Crosstalk between any 
two channels (all types). 

~ v pop 

rv 

92CS-270S. 

Fig.26 - Crosstalk between duals or triplers 
(CD4052. CD4053J. 

DIFFERENTIAL 
SIGNALS 

CD4052 

OIFF. 
MULTIPLEXING 

In applications where separate power sources 
are used to drive VOO and the signal inputs, 
the VOO current capability should exceed 
VOO/RL tRL =effectiveexternalloadl. This 
provision avoids permanent current flow or 
clamp action on the VOO supply when power 
is applied or removed from the C04051, 
C04052, or C04053. 
When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain ap
plications. Also when a channel is turned 
ON or OFF by an address input, there is a 
momentary conductive path from the chan
nel to VEE. which will dump some charge 
from any capacitor connected to the input 
or output of the channel. The inhibit input 

CD4052 

DEMULTIPLEXING 

92CS-27~2 

Fig.27 - TVPical time-division application of the CD4052. 

turning ON a channel will similarly dump 
some charge to VEE. 
The amount of charge dumped is mostly 
a function of the signal level above VEE. 
Typically, at VOO-VEE = 10 V, a 100 pF 
capacitor connected to the input or output 
of the channel will lose 3-4 % of its voltage at 
the moment the channel turns ON or OFF. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1·2 
p.s. When the inhibit signal turns a channel 
OFF, there is no charge dumping to VEE. 
Rather, there is a slight rise in the channel 
voltage level (65 mV typ.l due to capacitive 
coupling from inhibit input to channel input 
or output. Address inputs also couple some 
voltage steps onto the channel signal levels. 
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CD4054B, CD4055B, CD4056BTypes 

COS/MOS liquid-Crystal Display Drivers CD4054B - 4·Segment Display Driver 
CD4055B - BCD to 7-Segment Decoder/Driver with 

"Display· Frequency" Output 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4055 and CD4056 types are 
single-digit BCD-to-7-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip. This feature permits the BCD 
input-signal swings (V DO to VSS) to be the 
same as or different from the 7-segment 
output-signal swings (VOD to VEE). For 
example, the BCD input-signal swings (V DO 
to VSS) may be as low as 0 to -3 V, where· 
as the output-display drive-signal swing 
(VOO to VEE) may be from 0 to -15 V. If 
VOO to VEE exceeds 15 V, VOO to VSS 
should be at least 4 V. 

The 7-segment outputs are controlled by 
the OISPLAY-FREQUENCY (OF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the OF 
input is low the output segments will be 
high when selected by the BCD inputs. 
When the OF input is high, the output 
segments wi II be low when selected by the 
BCD inputs_ When a square-wave is present 

at the OF input, the selected segments will 
have a square-wave output that is 1800 out 
of phase with the OF input. Those segments 
which are not selected will have a square
wave output that is in phase "''\lith the input. 
The OF input square wave is required to 
provide equivalent ac drive to liquid-crystal 
displays such as RCA. Dev. Nos. T A8054T, 
TA8055T, TA8074T arld R, TA8092T and 
R, TA8093T and R, TA8094T and R. OF 
square-wave repetition rates for liquid-crystal 
displays usually range from 30Hz (well above 
flicker rate) to 200 Hz (well below lh0 upper 
limit of the liquid-crysta! frequency re
sponse). The C04055 provides a level-shifted 
high-amplitude DF output which is required 
for driving the common electrode in liquid
crystal displays. The CD4056 provides a 
strobed-latch function at the BCD inputs. 
Decoding of all input combinations on the 
C04055 and CD4056 provides displays vf 
o to 9 as well as L, P, H, A,-, and a blank 
position. 

The C04054 provides level shifting similar 
to the CD4055 and CD4056, independently 
strobed latches, and common 0 F contro I 

on 4 signal lines. The C04054 is intended 
to provide drive-signal compatibility with 
the C04055 and C04056 7-segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude OF output can be obtained 
from any C04054 output line by connect
ing the corresponding input and strobe lines 
to a low and high level, respectively. The 
C04054 may also be utilized for logic-level 
"up conversion" or "down conversion". For 
example, input-signal swings (VOD to VSS) 
from +5 to 0 V can be converted to output-

(COrlt'd on nox! page) 

CD4056B - BCD to 7-Segment Decoder/Driver with 
Strobed· Latch Function 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE TEMPERATURE RANGE (TSTG) . 

OPERATING TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K, H 

PACKAGE TYPES E, Y 

DC SUPPL Y VOLTAGE RANGE, V DD 
(Voltages referenced to V SS Terminal): 

POWER DISSIPATION PER PACKAGE: 

FOR T A= -40 to +60oC (PACKAGE TYPES E, YI 

FOR T A = +60 to +85°C (PACKAGE TYPES E, YI 

FOR TA = -55 to +100°C (PACKAGE TYPES 0, F, K) 

FOR TA= +100 to +125°C (PACKAGE TYPES 0, F. K, KI 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = Full Package-Temperature Range (All Package Types) 

INPUT VOLTAGE RANGE, ALL INPUTS 

LEAD TEMPERATURE (DURING SOLDERING). 

. -55 to +125°C 

-40 to +85°C 

-0.5 to +20 V 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

500mW 

Derate Linearly at 12 mWfJC to 200 mW 

100mW 

-0.5 to V DO +0.5 V 

At distance 1/16 ± 1/32 Inch (1.59 ± 0-19 mm) from case for lOs max. 

RECOMMENDED OPERATING CONDITIONS atT A = 25°C (Unless otherwise specified) 

For maximum reliability, nominal operating conditions should be selected so that operation 
is a/ways within the fol/owing ranges 

VEE VSS VDD LIMITS 
CHARACTERISTIC UNITS 

(V) (V) (V) Min. Max. 

I Supply Voltage Range: 
(At T A = Full Package 3 18 V 
Temperature Range) 

-5 0 5 220 -

Setup Time (ts)- 0 a 10 100 - ns 

0 0 15 70 -

-5 a 5 220 -

Strobe Pulse Width (tW)- 0 0 10 100 - ns 

0 0 15 70 -

• For C04054 and C04056 only. 

DYNAMIC ELECTRICAL CHARACTERISTICSatTA = 25°C, CL = 50 pF,lnputtr,tf = 20 ns, 
RL = 200 kn 

CONDITIONS 
LIMITS 

VEE VSS VDD 
ALL PACKAGE TYPES 

CHARACTERISTIC CD4054 CD4055,CD4056 UNITS 
(V) (V) (V) 

Typ. Max. Typ. Max. 

Propagation Delay Time, -5 0 5 400 800 650 1300 

tpHL,tPLH 
-0 0 10 340 680 575 1150 ns 

(Any Input to Any Output) 0 0 15 250 500 375 750 

Transition Time, tTH L,tTLH 
-5 0 5 100 200 100 200 

0 0 10 100 200 100 200 ns 
(Any Output) 

0 0 15 75 150 75 150 

-5 0 5 110 220 110 220 
Minimum Data Setup 

0 0 10 50 100 50 100 ns 
Time, ts * 

15 35 70 35 70 

-5 0 5 110 220 110 220 
Minimum Strobe Pulse 

0 0 10 50 100 50 100 
* ns 

Width, tw 
0 0 15 35 70 35 70 

Average I nput Capacitance, CI 
- - - 5 - 5 - pF 

(Any Input) 
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CD4054B, CD4055B, CD4056B Types 
STATIC ELECTRICAL CHARACTERISTICS: 

CONDITIONS 

Characteristic VEE VSS Vo VIN VDD 
(V) (V) (V) (V) (V) 

Quiescent Device -5 0 5 
Current, I L 0 0 10 

MAX. 0 0 15 
0 0 20 

Output Voltage: 
0 0 05 5 

Low Level, VOL 0 0 010 10 
MAX. 0 0 015 15 

0 0 05 5 
High Level, VOH 0 0 010 10 

MIN. 0 0 0.15 15 

Noise Immunity: 
-5 0 -4 5 

Inputs Low, VNL 0 0 1 10 
MIN. 0 0 1.5 15 

-5 0 4 5 
Inputs H igh,VNH 0 0 9 10 

MIN. 0 0 13.5 15 

Noise Margin: 
0 0 1 5 

Inputs Low, 0 0 1 10 
VNML MIN. 0 0 1.5 15 

0 0 4 5 
Inputs High, 0 0 9 10 

VNMH MIN. 0 0 13.5 15 

Output Drive 
Current: 
N·Channel -5 0 -4.5 5 

(Sinkl,lDN 0 0 0.5 10 
MIN. 0 0 1.5 15 

P·Channel -5 0 4.5 5 
(Source),IDP 0 0 9.5 10 

MIN. 0 0 13.5 15 

Input Lea kage 
Current (Any 0 0 "B" Series, 20 
Input): IIL.IIH 

MAX. 

LIMITS 
Values at -5!1', +2!1', + 12!1'C Apply to O,F,K,H Packages 
Values at -4tP,+2!1',+8SOC Apply to E, Y Packages 

-5!)O -40° +85° +125° 

10 100 200 
10 100 200 
20 200 400 
100 1000 2000 

0.05 
0.05 
0.05 
4.95 
9.95 
14.95 

1 
2 
3 
1 
2 
3 

1 
1 
1 

1 
1 
1 

1.1 1 0.75 0.6 

1.1 1 0.75 0.6 
3.3 3.2 2.5 2.2 

-6 -0.55 -0.35 -0.3 
-0.6 -0.55 -0.35 -0.3 
-1.9 -1.8 -1.2 -1.1 

±1 

B 7 16 ~vss ~VEE <fVDD 

I" -- -- -[ 

is .. 
lL 

X 
en 
.J ... 
> ... 
.J 

.. 
Zo: 

0"'"' .... 0 
<00 

O",U 
uu>", 

"'1° 

Min. 

-
-
-
-

-
-
-

4.95 
9.95 
14.95 

1 
2 
3 
1 
2 
3 

1 
1 
1 

1 
1 
1 

0.9 

0.9 
3 

-0.45 
-0.45 
-1.5 

-

7-SEG· 
OUT· 

+25oC 
Typ. Max. 

0.02 10 
0.02 10 
0.02 20 
0.04 100 

0 0.05 
0 0.05 
0 0.05 
5 -
10 -
15 --

2.25 -
4.5 -

6.75 -
2.25 -
4.5 -
6.75 -

- -
- -
- -

- -
- -
- -

1.8 -
1.8 -
6 -

-0.9 -
-0.9 -
-3 

±10-5 ±1 

Units 

Jl.A 

V 

V 

V 

mA 

JJ.A 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

si9nal swings (VOO to VEE) of +5 to -5 V. 
The level·shifted function on all three types 
permits the use of different input· and out· 
put·signal swings. The input swings from a 
low level of VSS to a high level of VOO whil.e 
the output swings from a low level of VEE to 
the same high level of Voo. Thus the input 
and output swings can be selected indepen
dently of each other over a 3-to-18-V range. 
VSS may be connected to VEE when no 
level-shift function is required. 

For the C04054 and C04056, data are 
transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non·selected) 
while the strobe is low. 

Whenever the level·shifting function is re
quired, the C04055 can be used by itself to 
drive a liquid-crystal display. The C04056, 
however, must be used together with a 
C04054 to provide the common OF out
put. The capability of extending the volt
age swing on the negative end (this volt
age cannot be extended on the positive 
end) can be used to advantage in the setup 
of Fig. 22. Fig. 21 is common to all three 
types. 

The C04054·. CD4055-. and CD4056-Series 
types are available in l6-lead ceramic dual
in-line packages (0, F. and Y suffixes), 16-
lead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in 
chip form (H suffix). 

Applications 
• General-purpose displays 
• Calculators and meters 
• Wall and table clocks 
• Inc:!ustrial control panels 
• Portable lab instruments 
• Panel meters 

• Auto dashboard displays 
• Appliance control panels 

r---f~ ~2~ ~~D I 
I I 

'" IS 
~ 
~ 
.J 

'" > 

STROBE I 

W 
.J 

DISPLAY- 2 FREQ.IN _______ _ 

* ALL INPUTS PROTECTED BY 
COS/Mes PROTECTION I'lETWORK 9ZCS-20090RI 

Fig. 1 - C04054 functional diagram. 

I 
I 
I 
I 
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L __ _ CE.4~~ __ 

* ALL l~jPUTS PROTECTEC By 92CS- Z0092AI 
COS/MOS PROTECTION NETWORt< 

Fig.2 - CD4055 functional diagram. 
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Fig.3 - C04056 functional diagram. Vss 
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CD4054B, CD4055B, CD4056B Types 
Features: 

• Operation of liquid crystals with COS/MOS 
circuits provides ultra-low-power displays 

• Equivalent ac output drive for liquid
crystal displays - no external capacitor 
required 

TRUTH TABLE 

INPUT CODE OUTPUT STATE 

23 22 2' 20 a b c 

0 0 0 0 1 1 1 

0 0 0 1 0 1 1 

0 0 1 0 1 1 0 

0 0 1 1 1 1 1 

0 1 0 0 0 1 1 

0 1 0 1 1 0 1 

0 1 1 0 1 0 1 

0 1 1 1 1 1 1 

1 0 0 0 1 1 1 

1 0 0 1 1 1 1 

1 0 1 0 0 0 0 

1 0 1 1 0 1 1 

1 1 0 0 1 1 0 

1 1 0 1 1 1 1 

1 1 1 0 0 0 0 

1 1 1 1 0 0 0 

AMBIENT TEMPERATURE (TA)-25-C 
TYPICAL TEMPERATURE COEFFICIENT AT 

ALL ~ALUES OF Voo-V££--0.3 %,·c 
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Fig.6 - Minimum n-channel drain characteristics. 
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Fig.9 - Typical propagation delay time vs. 
load capacitance. 
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• Voltage doubling across display, e.g. 
VDD - VEE = 18 V results in effective 
36 V Pop drive across selected display 
segments 

• Low- or high-output level dc drive fot 
other types of displays 
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Fig.4 - Data sewp time and strobe 

pulse duration. 
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Fig.7 - Typical p-channel drain characteifstics. 
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Fig. 1 0 - Typical tra;"sition time vs. 
load capacitance. 

• On-chip logic-level conversion for different 
input- and output-level swings 

• Full decoding of all input combinations: 
O-g, L, H, P, A,-, and blank positions 

• Strobed-latch function - CD4054 Series 
and CD4056 Series 

• DISPLAY-FREQUENCY (OF) output 
for liquid-crystal common-line drive signal
CD4055 Series (CD4054 Series also; see 
introductory text) 

• Quiescent current specified to 20·V 
• Maximum input leakage of 1-I.IA at 20-V 

(full package-temperature range) 
• 1-V noise margin (full package-temp

erature range) 
• 5-V, 10-V, and 15-V parametric ratings 

AMBIENT TEMPERATURE (TA}~25·C 
TYPICAL TEMPERATURE COEFFICIENT AT .. e '0 

ALL VALUES OF 1,I00-VEE"-O.3 %I·C 

I 

~ 25 YOO-VEE- 15V 

~ 

~ 20 

~ 
\,100 VEE ~IOV z IS 

i 
~ 10 
z .. 

P- Ori; supp LV VOLTAGE (V.DD-V~E)·5 v 

0 
0 I() IS 

DRAIN-TO-SOURCE VOLTAGEIVos)-V 92CS-ZI8$4 

Fig.5 - Typical n-channel drain characteristics. 
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Fig.8 - Minimum p-channel drain characteristics. 
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Fig. 11 - Typical input clock frequency vs. 
power dissipation. 
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CD4054B, CD4055B, CD4056B Types 

VSS 

Fig. 12 - OuiescenNlevice
current (CD4054). 

-IOVI-IVOR·4VIO--......... 

-15VI-30R-12VI 

-15V l-I5Vlo-- I 
-IOV 1-5VIO----<"-4._ 

Vss 

16 

15 
14 
13 

12 

" 10 

9 

Voo 

92CS- i!'2865F1l 

Fig. 13 - OuiescenNlevice-current 
(CD4055). 
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Fig. 14 - Ouiescent-device· 
current (CD4056). 
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Fig. 15 - Noise immunity (CD4054). 
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Fig. 18 - Input leakage current' 
(CD4054). 

Fig.19 - Input leakage 

current (CD4055). 

Fig. 16 - Noise immunity (CD4056). 
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Fig.20 - Input leakage current (CD4056). 
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Fig.21 - Display-driver circuit for one segment line and waveforms. 
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CD40638 Types 

COS/MOS 4-Bit Magnitude 
Comparator Features: 
High-Voltage Types (3-to-20-Volt Rating) 
The RCA·CD4063 is a 4-bit magnitude com
parator designed for use in computer and 
logic applications that ~equire the comparison 

• Expansion to 8, 12, 16 ... 4N bits by cascading units 
• Medium-speed operation: compares two 4-bit words 

in 250 ns (typ.) at 10 V o WORD A 
A>8 A>8 

CASCADING rA' B A-B of two 4-bit words. This logic circuit deter
mines whether one 4-bit word (Binary or 
BCD) is "less than", "equal to", or "greater 
than" a second 4-bit word. 

The CD4063 has eight comparing inputs (A3, 
B3, through AO, BO), three outputs (A < B, 
A = B, A > B) and three cascading inputs 
(A < B, A = B, A > B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16 . . . 4N bits. When a single 
CD4063 is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) 
= high, (A> B) = low. 

For words longer than 4 bits, CD4063 de
vices may be cascaded by connecting the 
outputs of the less-significant comparator to 
the corresponding cascading inputs of the 
more-significant comparator. Cascading in
puts (A < B, A = B, and A > B) on the 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 JJ.A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 
• 5-V, 10-V, and 15·V parametric ratings 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
CHARACTER ISTIC Min. Max. UNITS 

Supply-Voltage Range 
(For T A=Full Package- 3 18 V 
Temperature Range) 

least significant comparator are connected to and Y suffixes), 16-lead dual-in-line plastic 
a low, a high, and a low level, respectively. package (E suffix), 16-lead ceramic flat 

The CD4063B types are supplied in 16-lead package (K suffix), and in chip form (H suf-
hermetic dual-in-line ceramic packages (0, F, fix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T stg) .•••.•...•.••...••.• _.. . . . .. •. . . . -66 to +150oC 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, F, K, H ........•..... _ ... _ ........... _. __ •. ...•.•. -55 to +l25oC 
PACKAGE TVPES E, V ..••...............•...•..........••......•..... -40 to +850 C 

DC SUPPL V-VOLTAGE RANGE, (VOD) 
(Voltages referenced to Vss Terminal): ...•............. ". _ . . . . . . • . . . . . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA= -40 to +60oC (PACKAGE TYPES E, V) ........•.•...••........••...•. 500 mW 

FOR T A = +60 to +850 C (PACKAGE TYPES E, V) .•.••• • • Derate Linearlv at 12 mW/oC to 200 mW 

FOR T A= -55 to +100oC (PACKAGE TVPES 0, F, K) ........................... 500 mW 

FOR T A= +100 to +l25oC (PACKAGE TVPES 0, F, KI. ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TVPES) . . . . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........ _ ............ _ . . . . . .. . . .. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for 10 s max ............. . 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A=250 C; Input tr,tt=20 ns, 

Cl =50 pF, R l =200 KU 

TEST CONDITIONS 
All TYPES 

LIMITS 
CHARACTERISTIC 

VDD 
Volts Typ. Max. 

Propagation Delay Time: 5 625 1250 

Comparing Inputs to 10 250 500 

Outputs, tpH L, tpLH 15 175 350 

5 500 1000 

Cascading I nputs to 10 200 400 

Outputs, tpHL. tpLH 15 140 280 

5 100 200 
Transition Time, 10 50 100 

tTHL' tTLH 15 40 80 

Average Input Capacitance, CI Any Input 5 -

UNITS 

ns 

ns 

pF 

INPUTS lA<B A<B 

WORDB 
4 

92CS-24516 

CD4063 Functional Diagram 

Applications: 
• Servo motor controls 
• Process controllers 

z i I~ 

d 10 

! 
% 

't • 

o 

10V 

10 

GATE-TO-SOURCE VOLTAGE 
'I VGS)=15 Y 

" DRAIN-TO-SOURCE VOLTAGE IVDS1-V 

Fig. 1 - Typical output-N-channel 
drain characteristics. 

AMBIENT TEMPERATURE (TA '-25·C .. 
E 
~ 15 

!:! 12.5 
~ 

~ 
~ 10 

,u 

o 

GATE-TO-SOURCE VOLTAGE {VGS)-15Y 

10 V 

'V 
5 10 15 

DRAIN-TO-SOURCE VOLTAGE {Yosl-V 

'Fig. 2 -Minimum output-N-channel 
drain characteristics_ 

DRAIN-TO-SOURCE VOLTAGE IVDSJ-V/ 
-I 

92CS-24319 

AMIIENT TEMPERATURE ITA )-25·C 

GATE-TO-SOURCE VOLTAGE Iv ).-5V 

-10 

-IOV 

-I' 
-20 

2. 

-30 

92CS-24J20"Z 

'Fig. 3--Typical output-P-channel 
drain characteristics. 
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_________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4063B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

Characteristic 

Va VIN Voo 
(V) (V) (V) 

Quiescent Oevice - - 5 
Current,l L Max. - - 10 

- - 15 

- - 20 

Output Voltage: 
Low· Level, - 0,5 5 
VOL Max. - 0,10 10 

- 0,15 15 

High Level, - o 5 5 
VOH Min. - 0, 10 10 

- o 15 15 
Noise Immunity: 

Inputs Low, 4.2 - 5 
VNL Min. 9 - 10 

13.5 - 15 

Inputs High. 0.8 - 5 
VNH Min. 1 - 10 

1.5 - 15 
Noise Margin: 

Inputs Low, 4.5 - 5 
VNML Min. 9 - 10 

13.5 - 15 

Inputs High, 0.5 - 5 
VNMH Min. 1 - 10 

1.5 - 15 
Output Orive 

Current: 
N·Channel 0.4 - 5 
(Sink), 0.5 - 10 
ION Min. 1.5 - 15 

P-Channel 4.6 - 5 
(Source), 2.5 - 5 
lOP Min. 9.5 - 10 

13.5 - 15 

Input Leakage 
Current, Any Input 20 
IlL, IIH Max. 

LOAD CAPACITANCE (C l )-pF 

Limits at Indicated Temperatures (OC) 
Values at -55,+25,+125 Apply to D,K,F,H Packages 

Units Values at -40,+25,+85 Apply to E,Y Packages 

-55 

5 

10 

20 

100 

0.5 

1.1 
3.3 

-0.5 

-2 

-1.1 

-3.3 

+25 
-40' +85 +125 Min. Typ. Max. 

5 50 100 - 0.02 5 
10 100 200 - 0.02 10 IJA. 
20 200 400 - 0.02 20 

100 1000 2000 - 0.04 100 

0.05 - 0 0.05 
0.05 - a 0.05 
0.05 - 0 0.05 

V 
4.95 4.95 5 -
9.95 9.95 10 -
14.95 14.95 15 -

1.5 1.5 2.25 -
3 3 4.5 -

4.5 4.5 6.75 -
V 

1.5 1.5 2.25 -
3 3 4.5 -

4.5 4.5 6.75 -

1 1 - -

1 1 - -
1 1 - -

V 
1 1 - -

1 1 - -
1 1 - -

0.45 0.36 0.3 0.4 0.8 -

1 0.75 0.65 0.9 1.8 -
3.2 2.5 2.2 3 6 -

-0.45 -0.36 -0.3 -0.4 -0.8 -
mA 

-1.8 -1.3 -1.15 -1.6 -3.2 -
-1 -0.75 -0.65 -0.9 -1.8 -

-3.2 -2.5 -2.2 -3 -6 -

±1 - ±10-5 ±1 IJA. 

10: AMBIENT TEMPERATURE tTA)z2S0C ~ 

- I 
,. 

2 .i~ ~ 10' 
I '.1'/ 

<f 1 6 

~ ? - I #~ g • ~~ ~ ~ 
10' ""r~" .,0 11' .... 'i: 4.. 

ill 6 ., 
- ~ <; ,,#- /1/ ; 2 

10 
",d'. 

0 

~ .. 
6t-t-
-t-t- ~ rr ...r: 2 

WJ 1 
0.1 t 4 ", I 4 "'0 I 4 "'0,1 • ",0':1: 4 .',04 

INPUT FREQUENCY (fI-IlHI 
.2(S-245191t1 

92CS-14Rl Fig. 8'- Typical dynamic power dissipation 
characteristics (see Fig. 

Fig. 7-Typical transition time vs. load capacitance. dynamic power dissipation test circuit). 

DRAIN-lO-SOURCE VOLTAGE 1VosJ-V 
-1& -10 -5 

AMBIENT TE~PERATURE ITA )-2S·C 

GATE-TO-SOURCE VOLTAGE (VGS1~- 5 v 

10V 

'!t2CS-24UI 

Fig. 4-Minimum outpur-P-channel 
drain characteristics. 

AMBIENT TEMPERATURE (TAl- 25·C 

I 
.!.-

J 500 

i.oo 
,ll! 
i= 
li300 
g 
~200 

I 100 

o 

PPI.~ VOI.tllGE lVOOI • 5V 

10V 

15V 

~ ro ~ ~ ~ ~ ro ~ 00 ~ 

LOAD CAPACITANCE (Cll-pF 
92CS-24517 

Fig. 5 - Typical propagation delay time 
vs. load capacitance. 

! 
I 1500 

i 
"AI~O 

1 
'" 1000 

'" i= 

~ 750 

i!l 
~ 500 

I·~ 

AMBIENT TEMPERATURE {TA1·25~ 
LOAD CAPACITANCE (el)" 50 pF 

2.5 7.5 10 12.5 15 17.S 20 
SUPPLY VOLTAGE (Voo l-v 

92CS-24518 

Fig. 6- Typical propagation delay time vs. supply 
voltage ("comparing inputs" to outputs). 

92CS-24520Rl 

Fig. 9'-Dynamic power dissipation test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _______________________________ _ 

CD4063B Types 

~-(A>BIIN~A>B)i-1 

:i;------ - ------- -'1 
! B3 i 
I A3 A<B 
, f3 

I A2 
B2 

A2 

f2 

AI 
BI 

AI 

81 

AO 
BO 

AO 
10 

82 
A2 

B2 '>------1-' A 2 

INPUT 
TERMINAL 

Vss 

* ALL INPUTS PROTECTEDI 
BY THE 
CDSIMOS PROTECTION 
NETWORK 

81 
AI 

BI 
itl 

• 80 
AD 

I 

I Bo 
AD I 

'- I ~~BIi-~ ______________ 1 

92"CM-23823RI 

Fig. 10 - Logic diagram for CD4063B . 

TRUTH TABLE 

INPUTS 

COMPARING CASCADING 

A3, B3 A2, B2 A1, B1 AO, BO A<B A=B A>B A<B 

A3>B3 X X X X X X 0 
A3=B3 A2>B2 X X X X X 0 
A3=83 A2=B2 Al > B1 X X X X 0 
A3=B3 A2= B2 A1 = 81 AO>BO X X X 0 

A3=B3 A2=B2 A1 = B1 AO=BO 0 0 1 0 
A3= B3 A2 =B2 A1 = B1 AO=BO 0 1 0 0 
A3=B3 A2 = B2 A1 = B1 AO= BO 1 0 0 1 

A3=B3 A2= B2 A1,= B1 AO<BO X X X 1 

A3= B3 A2 = B2 A1 < B1 X X X X 1 

A3=B3 A2<B2 X X X X X 1 

A3<B3 X X X X X X 1 

X = Don't Care Logic 1 == High Level 

NOTE, 
MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH Voo AND IIss' 
CeNNECT ALL UNUSED 

'--__ ~ INPUTS TO EITHER 

voo 011 VSS' 

vss 
92C5-21402 

Fig. 11 .-Input leakage current test circuit. 

vss 
NOTE: 

TESI' ANY COMBINATION 
OF INPUTS 

9ZCS-27441 

Fig. 12-Noise immunity test circuit. 

92CM- 23824RI 

tp TOTAL" tp (f=~RE) + 2 x 1p (f~:s"E), AT Voo'" 10V 
(3 STAGES) 

=2S0+{2 x 200)=650 ns(TYP.1 

Fig. 13-Typical speed characteristics of a 12-bit comparator. 

OUTPUTS 

A=B A>B 

0 1 
0 1 

0 1 

0 1 

0 1 

1 0 
0 0 

0 0 

0 0 

0 0 

0 0 

Logic 0 == Low Level 

o 
Vss 

Vss 
tICS-21401 

Fig. 14.-Quiescent delfice current test circuit. 

552 ________________________________________________________________ __ 



________________________________ COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4067B, CD4097B Types 

COS/MOS Analog \ COMMON Ie 24 Voo OUTIIN 

Multiplexers/Demultiplexers 7 23 8 

6 22 9 

High-Voltage Types (3- to 20-Volt Rating) 
CD40678 - Single l6-Channel * 

4 

3 

4 

6 

21 10 

20 II 

19 12 * 
Mu Itiplexer/Demu Itiplexer Features: 7 18 13 

CD40978 - Differential a-Channel 
Multiplexer IDemu Itiplexer 

The RCA-CD4067 and CD4097 COS/MOS 
analog multiplexers/demultiplexers * are digi
tally controlled analog switches having low 
ON impedance, low OFF leakage current, and 
internal address decoding. In addition, the 
ON resistance is relatively constant over the 
full input-signal range. 

The CD4067 is a 16-channel multiplexer with 
four binary control inputs, A, B, C, D, and an 
inhibit input, arranged so that any com
bination of the inputs selects one switch. 

The CD4097 is a differential 8-channel multi
plexer having three binary control inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 

A logic "1" present at the inhibit input turns 
all channels off. 

The CD4067 and CD4097 are supplied in 24-
lead dual-in-line white ceramic packages 
(D suffix), 24-lead ceramic flat-packs (K suf
fix), 24-lead dual-in-line plastic packages (E 
suffix), and in chip form (H suffix). 

*When these devices are used as demultiplexers, 
the channel inlout terminals are the outputs and 
the common· outlin terminals are the inputs. 

Recommended Operating Conditions at 
TA = 250 C (Unless Otherwise Specified) 
For maximum reliability, nominal operating 
conditions should be selected so that opera
tion is always within the followin.g ranges. 
Values shown apply to all types except as 
noted . 

Characteristic Min. Max. Units 
Supply-Voltilge Range 
("!fe=FUII Package- 3 18 V 

emp. Range) 
Multiplexer Switch Input - 25 mA Current Capability 
Output Load Resistance 100 - n 
NOTE: 
In certain applications, the external load-resistor 
current .may include both VDD and signal-line 
components. To avoid drawing V DO current when 
switch current flows into the transmission gate 
inputs. the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calculated from 
RON values shown in ELECTRICAL CHARAC
TERISTICS CHART). No VDD current will flow 
through RL if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 on 
the CD4097. 

- Low ON resistance: 125 n (typ.) over 15 
Vp_p signal-input range for VDO-VSS=15 V 

- High OFF resistance: channel leakage of 
±10 pA (typ.) @ VOO-VSS=10 V 

- Matched switch characteristics: RON=5 n (typ.) 
for VDO-VSS=15 V 

- Very low quiescent power dissipation under 
all digital-control input and supply conditions: 
0.21lW (typ.) @ VOO-VSS=10 V 

- Binary address decoding on chip 
- Quiescent current specified to 20 V 
- Maximum input leakage current of 1 IlA 

at 20 V (full package-temperature range) 
- 1 V noise margin (full package-temperature 

range) 
- 5-V, 10-V, and 15-V parametric ratings 

Applications: 
- Analog and digital multiplexing and demultiplexing 
- A/O and O/A conversion - Signal gating 

o 

{
I 1 .............. I tOU~IN 

IN/~UT I + ' 
:~--.-_I a _i tI 

y {I '-... I 10uiliN 
INIOUT 7 -........ ~ -L---___ ~__.J 

Voo *24 
V'S *12 tZCS·24,aORr 

Fig. 1 -CD4097 functional diagram. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

I 8 17 14 

0 9 16 15 

A 10 15 INHiBIT 

B II 14 

vss 12 13 0 

*CHANNEL TOP VIEW 
INIOUT C040678 

TERMINAL ASSIGNMENT 

92CS-24,78 

COMMON 
X OUTIIN 

[

7 

6 

5 

CHAN. X 4 
IN lOUT 3 

~ 
A 

B 

vss 

CD4067 

Ie 

2 

3 

4 

9 

!O 

12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

TOP VIEW 
C04097B 

TERMINAL ASSIGNMENT 

voo 

} I 

2 Y CHAN. 

: IN lOUT 

COMMON 
Y OUT liN 
~}y CHAN. 
7 INIOUT 

C 

INHIBIT 

92CS- 24,7' 

C04097 

Fig_ 2 - Terminal assignment. 

INH. r-·-----, '3 I OF 16 DECODER 

i I I 
o o---cY. : ! ~ 
I~,\ :OUTIIN 

, I 
IN/OuT I 'I I 

I ~"- I 
150 I """"o-J 

VOO"Z4 
vSS·12 

12CS- 24124Rr 

Fig. 3 -CD4067 functional diagram. 

STORAGE-TEMPERATURE RANGE (TSTG) .........................•...•.... -66 to +1500 C 
OPERATING-TEMPERATURE RANGE (T A): 

Package Types 0, K, H ...............................•........•......... -55 to +1250 C 
Package Type E •...••.....•......•.........•••...........•....•..••.••• -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, V DD : 
(Voltages referenced to VSS) . . . . . . . . . . . . . . . . • • . • . . • . . . . . . . . . . . . . . . • . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE: 
For T A = -40 to +60oC (Package Type E) ..•.•• '" . . . •• . . . . . . • . .. . . • .• . . . . .• 500 mW 
For TA = +60 to +850 C (Package Type E) ........•.....• Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +1000 C (Package Types D, K) ...•.......••........•...•.•.. 500 mW 
For T A = +100 to +1250 C (Package Types 0, K) .•.•...•.. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER CHANNEL: 
For T A = Full Package-Temperature Range (All Package Types) ......... _ . . . • . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .. _ . . . . . . • . . . . . . . . . . . . . . . . . . . . . -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±O.79 mm) from case for 10 s max. •.•••...... +266oC 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4067B, CD4097B Types 
ELECTRICAL CHARACTERISTICS 

LIMITS at Indicated Temperature (OC) 

CHARAC- CONDITIONS Values at -55.+25.+125.apply to D.K.H pkg 
TERISTIC Values at -40.+25.+85.apply to E pkg 

Vis VSS VDD -55 -40 +85 +125 +25 

(V) (V) (V) Min. TYIl· Max. 
SIGNAL INPUTS (Vis) AND OUTPUTS (VOS) 

Quiescent 5 5 5 30 100 - 0.02 5 
Device Cur· 10 10 10 100 200 - 0.02 10 
rent, I L 15 20 20 200 400 - 0.02 20 

Max. 
20 100 100 1000 2000 0.04 100 -

ON Resist-
ance VSS";; 
Vis";;VDD 0 5 2000 2100 3200 3500 - 470 2500 

RON Max. 0 10 310 330 520 580 - 180 400 

0 15 220 230 360 400 - 125 280 
.6.0N Resist-

ance (Be-
tween Any 
Two Chan-
nels) 0 5 - - - - - 10 -

.6.RON 0 10 - - - - - 10 -

0 15 - - - - - 5 -

OFF Chan-
nel Leak-
age Cur-

±200' rent: 0 10 ±200' - ±0.1 
Any Chan· 0 15 ±500' - ±0.1 ±200' 
nelOFF 0 20 ±1000' - ±0.1 ±200' 

Max. 
All Chan· 
nels OFF 0 10 ±200' - ±0.1 ±200' 
(Common 0 15 ±500' - ±0.1 ±200' 
OUT/IN) 

Max. 
0 20 ±1000' - ±0.1 ±200' 

Capacitance: 
Input, Cis - - - - - 5 -

Output, 
Cos 
CD4067 - - - - - 55 -

CD4097 
-5 5 

35 - - - - -

Feed· 
through, - - - - - 0.2 

Cios 
Propaga-

RL =10 Kn 5 - - - - - 30 -
tion Delay 
Time (Sig- 10 V CL =50 pF 10 - - .. - - 15 -

nal Input It tr,tf=20 ns 15 - - - - - 11 -
to Output 

Units 

/-LA 

n 

n 

nA 

pF 

ns 

i 600 SUPPLY VOLTAGE (Voo-vssI.5~Hllg 

- AMBIENT' TEMPERATURE '1 ~; lsoo -(TAI.+125"C 'rJ 

~ ml W !400 .. :300 
IE 
z 
0200 

i 100 

o 
~ ~ ~ ~ 0 2 4 

INPUT SIGNAL VOLTAGE (V,.I - V 
92CS-27326 

Fig. 4- Typical ON resistance vs. input signal 
voltage (all types). 

'" SUPPLY VOLTAGE (Voo - Vss I" 10 f~$lHn 

1 300 
~ 
~2!1O 

'" ! 200 

o 

AMBIENT TEMPERATURE 
(TAl" +125"C 

-10 -7.5 -5 -2.5 0 2.5 7.5 10 

t 
::; 
:+f 

. 
[ i 
m 

INPUT SIGNAL VOLTAGE (V;,I - v 
92C$-27327 

Fig. 5-Typical ON resistance vs. input signal 
voltage (all types). 

CI 

1300 

i2aC> 
~ 
~200 
OJ 

~ leD 

~ 100 

150 

o 

SUPPLY VOL TAIlE (Voo - Vss I ",5 V 

AMBIENT TEMPERATURE 
(TAl· +125"C 

-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 
INPUT SIGNAL VOLTAGE (V;.I - V 

92C5-27329 

Fig. 6 - Typical ON resistance vs. input signal 
voltage (all types) . 

• Determined by minimum feasible leakage measurement for automatic testing. TEST CIRCUITS 

Q 

I soo 
Z 
!500 .. 
" ~400 
0-
w 
~300 
'" z 
0200 
..I .. z 
z 100 .. 
:r 

" 0 
-

AMBIENT TEMPERATURE (TAl· 25"C tt-

SUPPLY ~C?~ T~I - 5S • 

10 V 
III V 

- - -~ ~ 5 ~ 0 ~ 5 g ~ 

INPUT SIGNAL VOLTAGE (Vi,1 - V 

9ZCS-27UO 

Fig. 7 - Typica; ON resistance vs. input signal 
voltage (all types). 

Voo 
0;- -~-241 __ 24 

23 

22 

4 21 

5 20 
6 19 

92C5-27333 

o 
Vss 

Fig. 8 -OFF channel leakage current-any channel OFF. 

Voo 

2. 

23 

22 

• 21 

5 20 

19 
18 
17 

16 

92C$-27132 
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CD4067B, CD4097B Types 
ELECTRICAL CHARACTERISTICS (Cont'd) 

LIMITS at Indicated Temperature (OC) 
CHARAC· CONDITIONS Values at -55,+25,+125,apply to D,K,H pkg 
TERISTIC Values at -40,+25,+85,apply to E pkg 

Vis VSS VDD -55 -40 +85 +125 +25 
(V) (V) (V) Min. Typ. Max. 

CONTROL (ADDRESS or INHIBIT) Vc 

Noise Immu-
nity Min.: 

Rl=l Kn 5 1.5 1.5 2.25 -
Inputs low, to VSS 10 3 3 4.5 -VNl =VOD IIS<2J.1.A 

thru 15 4.5 4.5 6.75 -
onaiiOFF 

1 Kn Channels 5 1.5 1.5 2.25 
Inputs High, 

10 3 3 4.5 
VNH 

15 3 3 6.75 -

Input leak- ("A" Series) 15 +1 - +10-5 ±1 
age Current; 

("B" Series) 20 ±1 ±10-5 ±1 -
Ill,IIH Max. 

Propagation Rl=10 Kn,cl= 
Delay Time: 

50 pF, t r,tf=20 ns Address or 
Inhibit-to- O 5 - - - - - 325 650 
Signal OUT 

0 10 - - - - - 135 270 (Channel 
turning ON) 0 15 - - - - - 95 190 

Address or Rl =300 n,cl = 
Inhibit·to· 50 p F, t r, tf=20 ns 
Signal OUT 0 5 - - - - - 220 440 
(Channel 

0 10 - - - - - 90 180 
turning 

0 15 65 130 OFF) - - - - -

Average In-
put Capaci· Any Address or 
tance, CI Inhibit Input 

- - - - - 5 -

CD4067 TRUTH TABLE 

Selected 
A B C 0 Inh Ch.,nll 

X X X X 1 None 
0 0 0 0 0 0 
1 0 0 0 0 1 
0 1 P 0 0 2 

1 1 0 0 0 3 
0 0 1 0 0 4 CD4097 TRUTH TABLE 

1 0 1 0 0 5 SIIected 
0 1 1 0 0 6 A B C Inh Ch.,nel 

1 1 I 0 0 7 X X X 1 None 
0 0 0 1 0 8 0 0 0 0 OX.OY 
1 0 0 1 0 9 1 0 0 0 IX. IV 
0 1 0 1 0 10 0 1 0 0 2X.2Y 
1 1 0 1 0 11 

1 1 0 0 3X.3Y 
0 0 1 1 0 12 0 0 1 0 4X.4Y 
1 0 1 1 0 13 1 0 1 0 5X.5Y 
0 1 1 1 0 14 0 1 1 0 6X,6Y 
1 1 1 1 0 15 1 1 1 0 7X,7Y 

Units 

V 

J.l.A 

ns 

ns 

pF 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

TEST CIRCUITS (Cont'd) 

Veo 

Veo 
I 24 

V. 23 
22 

4 21 
5 20 
6 19 
1 18 

Voo 
Q 

8 11 

Vss 

92CS-Z7334 

22 

4 21 

5 20 

6 !9 
1 18 

Voo 
Q 

8 17 

92CS-27335 

Fig. 9 -OFF channel leakage current-all channels OFF. 

A 

24 
23 
22 
21 

(e.g. Channel 121 

92C5-27336 

23 
3 22 
4 21 

20 

6 19 
7 18 
8 17 

9 16 

10 15 
~--II 14 

12 13 
C04097 

(e.g. Channel 7Xl 

Fig. 10 -Noise immunity-measure < 211A on all 

OFF channels (e.g. channel 121. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4067B, CD4097B Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 

TEST CONDITIONS 

CHARAC- Vis VDD RL 
TERISTIC (V) (V) (KU) 

5- 10 1 

Frequency 
Response Vas 
Channel ON 20 log-=-3 dB 
(Sine Wave Vis 
Input) 

Sine Wave 
2- 5 

Response 3- 10 10 

(Oistortion) 5- 15 

tis = 1 kHz 

5- 10 1 

Feedthrough Vas 
(All Channels 20 log -=-40 dB 
OFF) Vis 

5- 10 1 

Signal Cross· 
talk (Fre· Vas 
quencyat 20 log -=-40 dB 
-40 dB) Vis 

- 10 10* 

Address-or- VSS=O, t r ,tt=20 ns, 
Inhibit-to- VC=VOO-VSS 
Signal (Square Wave) 
Crosstalk 

-Peak·to·peak voltage symmetrical about 

• Worst case. 
Both ends of channel. 

voo 

Voo 
0 

24 

vss 23 

22 Voo 
4 21 

20 

19 
7 Ie 
e 17 

voo 
vssJ"L 

92C5-27340 

TYPICAL LIMITS AT 
INDICATED CONDITIONS 

Vos at Common OUT/IN 
C04067 
C04097 

Vas at Any Channel 

Vas at Common OUT/I N 
C04067 
C04097 

Vas at Any Channel 

Between Any 2 Channels· 

Between Measured on Common 
Sections 
C04097 

Only 

VDD-VSS 

2 
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Fig. 12 - Turn-on and turn·off propagation delay-address select input to signal output 
(e.g. measured on channel OJ. 
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Fig. 13 - Turn-on and turn-off propagation delay-

inhibit input to signal output 

(e.g. measured on channel 1 J. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4067B, CD4097B Types 
r" CHANNEL IN/OUT "I 

Voo 15 14 13 12 II 10 9 8 7 6 5 4 3 2 I 0 
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Fig. 14 -CD4067 logic diagram. 
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MOSEL.EY 

7030A 

Fig. 16-Channel ON resistance measurement circuit. 

~I II! 90"" 
5~ ~"" 

10,," 10,," 

TURN - ON TIME --+---1 

Fig. 17-Propagation delay waveform channel 
being turned ON IRL =10 KO. CL = 50 pF). 

Fig. 18-Propagation delay waveform, channel 

being turned OFF IR L ~ 3000, 
CL =50pF). 

92CM-27328 

SPECIAL CONSIDERATIONS 

12 

v55 

In applications where separate power sources 
are used to drive VOO and the signal inputs, 
the VOO current capabil ity should exceed 
VOO/R L (R L =effective external load). This 
provision avoids permanent current flow or 
.clamp action on the VOD supply when power 
is applied or removed from the C04067 or 
C04097. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain appli
cations. Also when a channel is turned ON or 
OFF by an address input, there is a momen· 
tary conductive path from the channel to 
VSS, which will dump some charge from any 
capacitor connected to the input or output 
of the channel. The inhibit input turning ON 
a channel will similarly dump some charge to 
VSS· 

The amount of charge dumped is mostly a 
function of the signal level above VSS. 
Typically, at VOO-VSS=10 V, a 100·pF 
capacitor connected to the input or output 
of the channel will lose 3-4% of its voltage at 
the moment the channel turns ON or OFF. 

Vss 

*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

92C .. -27331 

Fig. 15 -CD4097 logic diagram. 

This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 iJS. 
When the inhibit signal turns a channel OFF, 
there is no charge dumping to VSS. Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.) due to capacitive coupling 
from inhibit input to channel input or output. 
Address inputs also couple some voltage 
steps onto the channel signal levels. 

In certain applications, the external load
resistor current may include both VOO and 
signal·1 ine components. To avoid drawing 
VOO current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex
ceed 0.8 volt (calculated from RON values 
shown in ELECTRICAL CHARACTERIS
TICS CHART). No VOO current will flow 
through RL if the switch current flows into 
terminal 1 on the C04067; terminals 1 and 17 
on the C04097. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4068B Types 

COS/MOS a-Input NAND Gate 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4068B NAND gate provides the 
system designer with direct implementation 
of the positive-logic 8-input NAND function 
and supplements the existing family of COSt 
MOS gates_ 

The CD4068B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (0, F, 
and Y suffixes). 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix). and in chip form (H suf
fix). 

Features: 

• Medium-Speed Operation -
tpHL = 130 ns, tPLH = 100 ns 

(typ.) at 10 V 
• Buffered Output 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 pA at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 
• 5-V. 10-V, and 15-V parametric ratings 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE·TEMPERATURE RANGE (Tstg) ..........••............... -65 to +150oC 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H ...................... ' ............ -55 to +1250 C 

PACKAGE TYPES E.Y .......•.............................. -40 to +850 C 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal): ...............•............ -0.5 to +20 V 
POWER DISSIPATION PER PACKAGE (PO) 

FOR T A = -40 to +60oC (PACKAGE TYPES E.Y) .........•.........•.•... 500 mW 

FOR T A = +60 to +850C (PACKAGE TYPES E. y) ...... Derate Linearly at 12 mW/C to 200 mW 

FOR T A = -55 to +l00oC (PACKAGE TYPES 0, F, K) ...............•...... 500 mW 
,FOR T A = +100 to +1250C (PACKAGE TYPES 0, F, K) ... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ...... 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS ........................ -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ...... _ ....... +2650C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

Min. Max. 
UNITS 

Supply-Voltage Range (For T A = Full 
3 18 V 

Package Temperature Range) 

DYNAMIC ELECTR ICAL CHARACTER ISTICS at T A = 25°C; Input 1" tf = 20 ns, 
CL =50pF, RL =200 KG 

TEST ALL TYPES 
CONDITIONS LIMITS 

CHARACTE R ISTIC UNITS 
VDD 

Typ. Max. (V) 

Propagation Delay Time: 5 325 650 
High-ta-Low Level. tpHL 10 130 260 ns 

15 100 200 
5 250 500 

Low-ta-High Level, tpLH 10 100 200 ns 
15 75 150 

5 100 200 
Transition Time, tTH L, tTLH 10 50 100 ns 

15 40 80 

Average Input Capacitance. CI Any Input 5 - pF 
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•• 
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Fig. 1 - Typical output-n-channel drain 
characteristics. 
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Fig. 2 - Minimum output-n-channel drain 
characteristics. 
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Fig. 3 - Typical output-p-channel drain 
characteristics. 



CD4068B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Limits at Indicated Temperatures (oC) 
Conditions Valuesat-55,+25,+125 Apply to D,K,F,H 

Characteristic 
Packages 

Values at -40, +25, +85 Apply to E, Y Packages Units 

Vo VIN VOO -55 -40 +85 +125 +25 
(V) (V) (V) Min. Typ. Max. 

- - 5 0.5 0.5 5 10 - 0.01 0.5 

Quiescent Device - - 10 1 1 10 20 - 0.01 1 JJA. 
Current;I L Max. - - 15 2 2 20 40 - 0.01 2 

- - 20 10 10 100 200 - 0.02 10 

Output Drive 
Current: 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
n-Channel 
(Sink), 0.5 - 10 1.1 1 0_75 0.65 0.9 1.8 -
ION Min. 

1.5 - 15 3.3 3.2 2.5 2.2 3 6 - rnA 
4.6 - 5 -0.5 ·0.45 ·0.36 -0.3 -0.4 -0.8 -

p-Channel 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
(Source), 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -
lOP Min. 13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low-Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

- 0,5 5 4.95 4.95 5 -
High Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Noise Immunity: 4.2 - 5 1.5 1.5 2.25 -
Inputs Low, 9 - 10 3 3 4.5 -
VNL Min. 13.5 - 15 4.5 4.5 6.75 - V 

0.8 - 5 1.5 1.5 2.25 -
Inputs High, 

1 10 3 3 4.5 VNH Min. - -

1.5 - 15 4.5 4.5 6.75 -
Noise Margin: 4.5 - 5 1 1 - -

Inputs Low, 9 - 10 1 1 - -
VNMLMin. 13.5 - 15 1 1 - -

V 
Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Input Leakage 

±10-5 Current, Any Input 20 ±1 - ±1 !LA 
IIL,IIH Max. 

LOAD CAPACITANCE (CL)-pF LOAD CAPACITANCE (CL.)-pF 

92CS-24S73 UCI-M574 

Fig. 7 - Typical high-to-low level propagation delay 

time vs. load capacitance. 

Fig. 8 - Typicallow-to-high level propagation delay 

time vs. load capacitance. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 
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Fig. 4 - Minimum output·p-channel drain 

characteristics. 

I 
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Fig. 5 - Typical transition time vs. loat! 

capacitance. 
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Fig. 6 - Typical propagation delay time vs. supply 

voltage. 
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Fig. 9 - Typical voltage and current transfer 

characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4068B Types 

o 

___ MIN. 
_MAX. 

10 15 
INPUT VOLTAGE 1YXI-V 

8eCS-24!572 

Fig. 10 - Minimum and maximum voltaf/fl 

tranlfer chancillrilticl. 

10' '''8'ENT TEMPERATURE IT, J. 25·C r-

• 
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i Iv .. 
iii CL·SOpF 

i '0' 
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Fig. 11 - Typical power dillipation VI. frequency. 
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IISS 

'-_..,_..J INPIJTS 10 [ITH[R 

Yoo CIt vss 
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NOTE: 
TEST .... Y ONE INPUT. 
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Fig. 12 - Noi .. immunity lrI.t circuit. 
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nC$-""o' 

Fig. 13 - Input leakage current IrIst circuit. Fig. 14 - Ouiescent device current IrIst circuit. 
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CD4069B Types 

COS/MOS Hex Inverter 
High-Voltage Types (3-to-20-Volt Rating). 

The RCA-CD4069B consists of six COS/MaS 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

Features: 

inverter circuits. This device is intended 
for all general-purpose inverter applications 
where the medium-power TTL-drive and 
logic-level-conversion capabilities' of circuits 
such as the CD4009 and CD4049 Hex 
Inverter/Buffers are not required. 

• Medium Speed Operation - tpHL, tpLH = 40 ns (typ-) at 10 V. 

A..!.....{)o-L G' A 

B..!...{>o-i-H • i 
c..L.{)o--!- J: • C 

D.L..{)o-.!- J • ii 

E J.L...{)o-l2- K • E 

F~L'F 

The CD40698-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes!. 14-lead dual
in-line plastic package (E suffix), 14-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range I 
.5-V, 10-V, and 15-V parametric ratings 

Applications: 

• Logic inversion 

• Pulse shaping 

• Oscillators 
• High-input-impedance amplifiers 

MAXIMUM RATINGS, Absolute-Maximum Values; 
STORAGE-TEMPERATURE RANGE (Tstgl ........... " .......... '" . ... ... -66 to +150oC 

OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H ...................... _ . . . . . .. . . . . . . . . . . . . . -55 to +125oC 
PACKAGE TYPES E, Y ........................... _ .............. '" .,. -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (VDDI 
(Voltages referenced to Vss Terminal I . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . -O.S to +20 V 

POWER DISSIPATION PER PACKAGE (POl: 

FOR T A= -40 to +60oC (PACKAGE TYPES E, YI ............................... Soo mW 

FOR T A ~ +60 to +8SoC (PACKAGE TYPES E, YI . . . . . . .. Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = -55 to +1000 C (PACKAGE TYPES 0, F, KI ........................... Soo mW 

FOR T A = +100 to +12SoC (PACKAGE TYPES 0, F, Kl. ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAG::: TYPESI .. .. . .. 100 mW 

INPUT VOL TAGE RANGE, ALL INPUTS. . . ....... " . .. . . . . . .. . . . .. . . .. -O.S to VDD +0.5 V 
LEAD TEMPERATURE lOURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS 
For maxImum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS UNITS 

Min. Max. 
Supply·Voltage Range (For T A=Fuli Package· 3 18 V 

Temperature Rangel 

DYNAMIC ELECTRICAL CHARACTERISTICS It T A - 25oC; Input t" It - 20 M, 

CL - 50 pF. RL • 200 Kn 

CONDITIONS ALL TYPES 

CHARACTERISTIC VDD 
LIMITS 

V Typ. Mlx_ 

5 55 110 

Propagation Delay Time. 
10 30 60 

tpLH. tpHL 
15 25 50 

5 100 200 

Transition Time. tTHL' tTLH 10 50 100 

15 40 80 

Average Input Capacitance; CI Any Input 5 -

UNITS 

ns 

ns 

pF 

VOOEI4 

VSS=7 92CS-2373.7R2 

CD4069 
FUNCTIONAL DIAGRAM 
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Fig_ 7 - Minimum and maximum voltage 
transfer characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4069B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limits.t Indic.ted Temper.turl. (DC) 

Ch.rlCteristic 
Vslueut -55,+25,+125 Apply to O,K,F,H Packsges 

Units Values at -40, +25, +85 Apply to E, YPackages 

Vo VIN Voo 
(V) (V) (V) -55 -40 +85 

Quiescent Oevice - - 5 0.5 0.5 5 
Current. I L Max. - - 10 1 1 10 

- - 15 2 2 20 
- - 20 10 10 100 

Output Orive 
Current: 
N-Channel 0.4 - 5 0.5 0.45 0.36 
(Sink). 0.5 - 10 1.1 1 0.75 
ION Min. 1.5 - 15 3.3 3.2 2.5 

P-01annel 4.6 - 5 -0.5 -0.45 -0.36 
(Source). 2.5 - 5 -2 -1.8 -1.3 
lOP Min. 9.5 - 10 -1.1 -1 -0.75 

13.5 - 15 -3.3 -3.2 -2.5 

Output Voltage: 
Low-Level. - 0.5 5 0.05 
VOL Max. - 0,10 10 0.05 

0,15 15 0.05 

High Level. a 5 5 4.95 
VOH Min. - 0.10 10 9.95 

0 15 15 14.95 
Noise Immunity: 

Inputs Low. 3.6 - 5 
VNL Min. 7.2 - 10 

10.8 - 15 

Inputs High. 1.4 - 5 
VNH Min. 2.8 - 10 

4.2 - 15 
Noise Margin. 

Inputs Low. 4.5 - 5 
VNML Min. 9 - 10 

135 - 15 

Inputs High. 0.5 - 5 
VNMH Min. 1 - 10 

1.5 - 15 
Input Leakage 

Current, Any Input. 

IlL. IIH Max. 20 

DRAIN - TO - SOURCE VOLTAGE (Vos)- v 

~15 -10 -~ 

.MaIENT TE~PEAATURE ITA )-2S·C 

~ 

GATE-TO-saURCE VOLTAGE (VGS):-5\1 ~ 

10V 

. 
o 

-5 ~ 
~ z 

! 
-10 i 

~- ~ 

Z 

H·+ ~ ~+. -IS' 

-~:::::E • 
-:;:- -M-

1.5 
3 

45 

1.5 
3 

45 

1 

1 

1 

1 

1 

1 

±1 

+25 
+125 Min. Typ. M.x. 

10 - 0.01 0.5 

20 - 0.01 1 

40 - 0.01 2 

200 - 0.02 10 

0.3 0.4 0.8 -
0.65 0.9 1.8 -

2.2 3 6 -
-0.3 -0.4 -0.8 -
-1.15 -1.6 -3.2 -
-0 .. 65 -0.9 -1.8 -

-2.2 -3 -6 -

- a 0.05 

- a 0.05 
- a 0.05 

4.95 5 -
9.95 10 -
14.95 15 

1.5 2.25 -

3 4.5 -
4.5 6.75 -
1.5 2.25 -

3 4.5 -
4.5 6.75 -

1 - -

1 - -

1 - -

1 - -
1 - -
1 - -

- ±10-5 ±1 

LOAD CAPACITANCE (Ct.I-pF 

J.IA 

rnA 

V 

V 

V 

J.IA 

92cs-24434 

Fig. 7 - Minimum output-P-channel drain 
characteristics. 

Fig. 8 - Typical propagation delay time vs. 
load capacitance. 
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CD4069B Types 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

Jj 
• 

I 
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Fig. 10 - Typical transition time vs. load 
capacitance. 

Fig. 11 - Typical dynamic power dissipation. Fig. 12 -' Quiescent device current test circuit. 

PULSE GEN. 
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r.-,lcoN_t--j 5 

14 
13 
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.-----~----OUT 

I, 

INPUT 
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___ 90"'V~ 
~ - - ~50% 

-10%0 

92CM - 2444 3RI 

VDD 

INPUTOOUTPUTS 

VDD-~ ~_-
vNL :x; 

NOTE; vss 

TEST ANY ONE INPUT. WITH OTHER 
INPUTS AT VDO OR Vss 

Fig. 13 - Dynamic electrical characteristics test circuit and waveforms. Fig. 14 - Noise immunity test circuit. 
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X TAL 

o 

APPLICATIONS 

FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT 

RS :~:~~~:r~~~E NoSrEEEs 
ICAN 6086 AND 
ICAN 6539 

92C5-24431RI 

Fig. 15 - Typical crystal oscillator circuit. 

1/6 C04069 

INeOUT 

R,.'OMEG 

'92CS-24439RI 

113 CD4069 

FOR TYPICAL COMPONENT 
VALUES AND CIRCUI T PERFORMANCE, 
SEE APPLICATION NOTE IC4N-6267 

92CS-2443BRI 

I 

INPUTOVDD NOTE' 
VDD MEASURE INPUTS SEQUENTIALLY. 
" ~ TO BOTH Veo AND VSS. 
~ CONNECT ALL UNUSED INPUTS 

• TO EITHER VDD OR Vss. 

Vss 

Vss 

Fig. 16 - Typical RC oscillator circuit. Fig. 17 - Input leakage current test circuit. 

113 CD4069 

IN~OUT 
R, 

UPPER SWITCHING POINT I 

RS+R, VOO 
Vp. -R-,---' -2-

LOWER SWITCHI NG POINT, 

R, - RS VOO 
VN· --R-,-' -2-

R, > RS 

9ZCS-24440RI 

Fig. 18 - High-input impedance amplifier. Fig. 19 - I Input pulse shaping circuit (Schmitt 
trigger). 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4070B, CD4077B Types 

COS/MOS Quad 
Exclusive-OR and 
Exclusive-NOR Gates 
High-Voltage Types (3-to-20-Volt Rating) 

CD4070 -- Quad Exclusive-OR Gate 
CD4077 -- Quad Exclusive-NOR Gate 

The RCA-CD4070B contains four independ

ent Exclusive-OR gates. The RCA-CD4077B 

contains four independent Exclusive-NOR 
gates. 

The CD4070B and CD4077B provide the 

system designer with a means for direct 

implementation of the Exclusive-OR and 

Exclusive-NOR functions, respectively. The 

CD4070 is similar to the RCA-CD4030, but 
has greater output sourcing capability and 
higher input impedance. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

The CD4070B- and CD4077 B-Series types 
are supplied in 14-lead hermetic dual-in-line 
ceramic packages (0, F, Y slJffixesl. 14-lead 

dual-in-line plastic packages (E suffix), 14-
lead ceramic flat package (K suffix), and in 
chip form (H suffix). 

Features: 

• Medium-speed operation -- tpH L = tp LH = 
70 ns (typ.) at VDD = 10 V, CL = 50 pF 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 pA at 20 V 

(full package-temperature range) 

• l-V noise margin (full package-temperature 
range) 

.5-V, lO-V, and 15-V parametric ratings 

Applications: 

• Logical comparators 

• Adders/subtractors 

• Parity generators and checkers 

STORAGE-TEMPERATURE RANGE (Tstg) ......... , . . . ... .. .. . .... ... . . . . . -66 to +1500 C 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F, K. H ........................................... -55 to +1250 C 
PACKAGE TYPES E, Y ................................................ -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 
(Voltages referenced to V SS Terminal). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +60oC (PACKAGE TYPES E. Y) ............................... 500 mW 

FOR T A ~ +60 to +8SoC (PACKAGE TYPES E, Y) . . . . . . . . Derate linearly at 12 mW/oC to 200 mW 

FOR T A = -55 to +1000 C (PACKAGE TYPES D. F. K) ........................... SOO mW 

FOR T A = +100 to +12SoC (PACKAGE TYPES 0, F, Kl. ..... Derate linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAG::: TYPES) . . . . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. .. . . . . . . . . . .. .. . .. . . . .. . .. . . . . .. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.S9 ± 0.79 mm) from case for 10 s max ............. . 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliabil ity. nominal operating conditions should be selected so that 
operation is alwiYs within the following ranges: 

CHARACTERISTIC LIMITS 

Min. Max. 

Supply· Voltage Range (For T A=Full Package- 3 18 
Temperature Range) 

CD40778 

A' 
S 2 

C • o 6 

E 8 , . 
G " 
H" 

j"A(f)B g'G@H 
R·C(!)D ['Ect>F 

92CS - 24491f12 

CD4070B 

Vss _7 
\'00"14 92CS - 24~66Jtl 

Fig. 1 - Functional diagrams_ 
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TRUTH TABLE CD4070 

1 of 4 Gates 

A B J 

0 0 0 

1 0 1 

0 1 1 

1 1 0 

Where 1 = High Level 
0= Low Level 

J=A(£)B 

UNITS 

V 

TRUTH TABLE CD4077 
1 of 4 Gates 

A B J 

0 0 1 

1 0 0 

0 1 0 

1 1 1 

Where 1 = High Level 
0= Low Level 

J=A(£)B 

. 

AMBIOtT TEMPERATURE (TA 1-25'"C 

GATE-TO-SOURCE VOLTAGE 
'(VGSI:r15 v 

10 V 

10 IS 

DRAIN-TO-SOuFiCE VOLTAGE (VoSl-V 
92C$-2.318F12 

Fig. 2 - Typical output N-channel drain 
characteristics_ 

AMBIENT TEMPERATURE 'TA 1-25·C 

~ 15 

~ 
z 
~ . 

12.5 

~ 10 GATE-TO-SOURCE VOLTAGE (VGSI~15V 

10 V 

10 15. 
DRAIN TO-SOuRCE VOLTAGE (Vosl-V 

Fig. 3 - Minimum output N-channel drain 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (VDSI~V 

-I 

AMBIENT TEMPERATURE ITA j. 25·C 

GATE-TO-SOURCE VOLTAGE {VGS'.- 5v 

-IOV 

-ISV 

ueS-14110f12 

Fig. 4 - Typical output P-channel drain 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE {VoSI-V 

-I' -10 -5 0 

AMBIENT TEMPERATURE ITA )-25·C 

GATE-TO-SOURCE VOLTAGE IVGS'.-5V 
. • 
;;: 
o 

10V 

-.... 
~ z 

I 
z 

10" ~ 
-15V 

Fig. 5 - Minimum output P-channel drain 
characteristics. 



__ ------------------------------- COS/III!OS DIGITAL INTEGRATED CIRCUITS 

CD4070B, CD4077B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limits at Indicated Temperatures (OC) 

Characteristic 
Value, at -55,+25,+125 Apply to D,K,F,H Packages 
Valuesat -40, +25, +85 Apply to E, Y Packages 

Vo VIN Veo +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - - 5 0.5 0.5 5 10 - 0.Q1 0.5 
Current, I L Max. - - 10 1 1 10 20 - 0.Q1 1 

- - 15 2 2 20 40 - 0.Q1 2 
- - 20 10 10 100 200 - 0.02 10 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -
P·01annel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source), 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
IDPMin. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -'6 -

Output Voltage: 
Low· Level. - 0, 5 5 0.05 - 0 0.05 
VOL Max. - 0.10 10 0.05 - 0 0.05 

- 0,15 15 0.05 - 0 0.05 

High Level. - o 5 5 4.95 4.95 5 -
VOH Min. - 0,10 10 9.95 9.95 10 -

- o 15 15 14:95 14.95 15 -
Noise Immunity: 

Inputs Low. 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
Inputs High. 0.8 - 5 1.5 1.5 2.25 -

VNH Min. 1 - 10 3 3 4.5 -
1.5 - 15 4.5 4.5 6.75 -

Noise Margin 
Inputs Low, 4.5 - 5 1 1 - -
VNML Min. 9 - 10 1 1 - -

13.5 - 15 1 1 - -
Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Input leakage Any Input 

Current, 

IlL, IIH Max. 20 ±1 - ±10-5 ±1 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A • 250 C; Input t,. tt - 20 ns. 
Cl - 5OpF. RL = 200 K!l 

CONDITIONS ALL TYPES 

Units 

IJA 

mA 

V 

V 

V 

IJA 

CHARACTERISTIC VDD 
LIMITS UNITS 

V Typ. Max. 

5 175 350 

Propagation Delay Time; 
10 70 140 ns 

tplH' tpHl 
15 50 100 

5 100 200 

Transition Time~ tTHL' tTLH 10 50 100 ns 

15 40 80 

Average Input Capacitance; CI Any Input 5 - pF .. For qUiescent deVice current. nOise Immunity. and mput leakage current test circuits see Ratmgs and 
Characteristics" at the beginning of the COS/MaS section. 

LOAD CAPACITANCE (('.)-... 

Fig. 6 - Typical transition time vs. load 
capacitance. 

Fig. 7 - Typical propagation delay time VI. 

load capacitance. 

SUPPLY VOLTAGE CVOD)-V 
92CS-.;140'l 

Fig. 8 - Typical propagation delay time vs. 
supply voltage. 

,.11:4" I 1.4 •• if-
INPUT FREQUENCY If)- kHz 

Fig. 9 - Typical dynamic power dissipation vs • 
input frequency. 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4071B, CD4072B, CD4075B Types 

COS/MOS OR Gates 
High-Voltage Types (3-to-20-Volt Rating) 

CD4071 B Quad 2-lnput OR Gate 
CD4072B Dual 4-lnput OR Gate 
CD4075B Triple 3-lnput OR _Gate 

MAXIMUM RATINGS,Absolute-Maximum Values: 

The RCA-CD4071B, CD4072B, and 
CD4075B OR gates provide the system 
designer with direct implementation of the 
positive-logic OR function and supplement 
the existing family of COS/MOS gates. 

STORAGE-TEMPERATURE RANGE (T stgl . • • . • . . • • • . • • • • . • • • • . • • . . • •• -65 to +1So"C 

OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D, F, K, H •..•.•.• " ••••....••.•.•••••..•.•• " -SS to +12SoC 

PACKAGE TYPES E. Y . . • • . • . . . . . • • • • • . . . • • • . • • . . • . • • . . • . . • . • -40 to +8SoC 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to Vss Terminal!: .••....••.••...•..•••••..••.•• -O.S to +20 V 

POWER DISSIPATION PER PACKAGE (PD): 

FOR T A = -40 to +6o"C (PACKAGE TYPES E, y) • . . . . . . . . . • . . . . . . . . . . . . .. SOO mW 

FOR T A = +60 to +8SoC (PACKAGE TYPES E, Y) •••.•••• Derate Linearly at 12 mWfc to 200 mW 

FOR T A = -S5 to +100°C (PACKAGE TYPES D, F, K). . • . • • • • • • • • . • . . • • . • • •. SOO mW 

FOR TA = +100 to +12SoC (PACKAGE TYPES D, F, K) ••••• Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES). • . • • •• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ••.••••••••••.•••••..•••••• -O.S to VDD +O.S V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.S9 ± 0.79 mm) from casa for 10s max. . • • • . • . • • • . • •• +265"C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

,. 
I 

CHARACTERISTIC 

Supply-Voltage Range (For T A = Full 
Package·Temperature Range) 

A 
B 

C 

0 
E 

G 

H 

3 

4 

9 

10 

II 

12 

I 

Vss 
92e5-27&86 

J 

Fig. 1 -- Functional diagram for C04072B. 
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lVooI"OV 

~ 10 ~ VI ",./'to :iI 
~ 7.' IOV 
Ii 
~ .. • ~Vs. i! 

2.& 6V 1rrrTT'T" 
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Fig. 4 - Minimum and maximum voltagB tran,fer 

characteri,tiCl. 

LIMITS 
UNITS 

MIN. MAX. 

3 18 V 

Voo 

B 9 J 
8 

4 6 

0 

I 

H 
12 10 

l 

G 13 

92C5-27687 

Fig. 2 - Functional diagfllm for C04075B. 

c 
f ~o 
"i 
'" !:!zs 

5 
120 
i! 
! 15 

i 
;:I '0 

I 
't 5 . 
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Fig. 5 - Typical output-N-channel dfllin 
characteristiCl. 
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CD4071B 
FUNCTIONAL DIAGRAM 

The CD4071, CD4072 and CD4075 types 
are supplied in 14-lead hermetic dual-in
line ceramic packages (0, F, and Y suffixes), 
14-lead dual-in-line plastic packages (E suf
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

Features: 
• Medium-Speed Operation tpLH = 70 ns (typ.l; 

tpHL .. 100 ns (typ.) at 10 V 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-tempera

ture range) 
• 5-V, 10-V, and 15-V parametric ratings 

" 

2.5 5'1 

o u 1'.5 ., 12.5 15 
INPUT VOLTAGE (V%. )-'1 '2cs-uaISIfI 

Fig. 3 - Typical voltage and currant trans'er 
chafllcterisrics. 

.1-'."" 

Fig. 6 - Minimum output-N-channel drain 
chllracteri,tiCl. 
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CD4071 B, CD4072B, CD4075B Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, + 125 Apply to D, K, F, H 

Packages 
CHARACTERISTIC Values at -40, +25, +85 Apply to E, Y Packages 

Vo VIN VDD +25 
-55 -40 +85 +125 

(VI (VI (VI MIN. TYP .. MAX. 

- - 5 0.5 0.5 5 10 - 0.01 0.5 
Quiescent Device - - 10 1 1 10 20 - 0.01 1 

Current, I L Max. - - 15 2 2 20 40 - 0.01 2 
- - 20 10 10 100 200 - 0.02 10 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 O.S -
(Sink),IDN 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

P·Channel 
4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -O.S -

(Source). 
2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

IDP Min. 
9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Output Voltage: 

Low·Level. O. 5 5 0.05 - 0 0.05 
VOL Max. 

f---
0, 10 10 0.05 - - 0 0.05 

- o 15 15 0.05 - 0 0.05 

High Level, 
- 0,5 5 4.95 4.95 5 -

VOH Min. 
- 0, 10 10 9.95 9.95 10 -

- 0,15 15 14.95 14.95 15 -
Noise Immunity: 

Inputs Low, 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 3.75 3.75 5.6 -

I nputs High, 
0.8 - 5 1.5 1.5 2.25 -
1 - 10 3 3 4.5 VNH Min. 
1.5 - 15 3.75 3.75 5.6 -

Noise Margin: 
Inputs Low, 4.5 - 5 1 1 - -

VNML Min. 9 - 10 1 1 - -
13.5 - 15 1 1 - -

Inputs High, 
0.5 - 5 1 1 - -

VNMH Min. 
1 - 10 1 1 - -
1.5 - 15 1 1 - -

I nput Leakage 
Current, Any input 20 ±1 - ±10-5 ±1 
IlL, IIH Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA == 2!JC; Input t" t,= 20ns, CL = 50pF, R L = 200kn 

TEST CONDITIONS ALL TYPES 
LIMITS 

CHARACTERISTIC SYMBOL 
VOD 

TYP. MAX. 
VOLTS 

Propagation Delay Time: 5 250 500 
tpHL 10 100 200 

High-to-Low Level 15 80 150 

5 175 350 
Low-to-High Level tpLH 10 70 140 

15 55 110 

!THL 5 100 200 
Transition Time 10 50 100 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 -

UNITS 

J.lA 

mA 

V 

V 

V 

J.lA 

UNITS 

ns 

ns 

ns 

pF 

DRAIN-TO-SOURCE VOLTAGE (VosI-V 

-15 -10 -. 

AMIIENT TEMPERATURE (Y, '.2S·C 

GATE-TO-SOURCE VOLTAGE "'v' }_·sv 

-IOv 

+ 

.;.-~- ::U 
:::::: ~::"!t 

9lCS'l4HOA2 

Fig. 7 - Typical output-P-channel drain 
characteristics. 

DRAIN-TO-SOUit" vOLTAGE 1"051-Y 

·I~ -to -I 0 

',,"'.T T[IIP'ItATUitE IT .. I- ZS-C 

100 

-ISV' 

.. -..... ,. 
Fig_ 8 ~ Minimum output-P-channel drain 

characteristics. 

92C5-24489 

I 
LOAD CAPACITANCE (CL)- pF 

Fig. 9 - Typical high-to-Iow level propagation 
delay time vs. load capacitance. 

92C5-2449O LOAD CAPACITANCE (~) - pF 

Fig. 10 - Typical low·to-high level propagation 
delay time vs. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _______________________________ _ 

CD4071B, CD4072B, CD4075B Types 

• I 100 

1 
j 
I 400 
;: 

; -5 200 

i 
~ 100 

0 ... 1.5 10 12.5 IS 11...5 20 
'2CS-24491 SUPPLY' VOLTAGE CVDDJ - v 

Fig. 11 - Typical propagation delays n. supply 
"oltage. 

o 
vss 

INPUTS 

Vss 
'2CS-.I!7401 

Fig. 14 - Quiescent device current test circuit. 

Fig. 12 ~ Typical transition time lIB. load capaci· 
tance. 

VSS 

NOTE: 
TEST ANY ONE INPUT, 
WITH OTH£R INPUTS AT 

'JZt:$-t1400 Yeo ORVss' 

Fig. 15 - Noise immunity test circuit. 
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.. $'. 1/1' 
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1/ CL·,~pF ---

l/V 

100 10' 102 .0' 
FREOUENCY (' ) - kH z 

10' 

Fig. 13 - Typical dynamic power dissipation lIB, 

frequency. 

NOTE 

MEASURE INPUTS 
SEQUENTIALL.Y, 
TO 80TH "DO AND VSS 
CONNECT ALL UNUSED 

L-_,-_-' INPUTS TO EITHER 
VDD OR VSS -

VSS 

Fig. 16- Input leakage current test circuit. 



________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4073B, CD4081B, CD4082B Types 
Features: COS/MOS AND Gates 

High-Voltage Types (3-to-20-Volt Rating) 

CD4081B Quad 2-lnput AND Gate 
CD4082B Dual 4-lnput AND Gate 
CD4073B Triple 3-lnput AND Gate 

• Medium-Speed Operation - tpLH = 85 ns (typ_); 

tpHL = 65 ns (tyP.) at 10 V 

The RCA - CD4081B, CD4082B, and 
CD4073B AND gates provide the system 
designer with direct implementation of the 
AND function and supplement the existing 
family of COS/MOS gates. 

The CD4081B, CD4082B, and CD4073B 
types are supplied in 14-lead hermetic dual
in-line ceramic packages (0, F, and Y 

0 
2 

C 
3 

B 
4 

A 5 

E 9 

F 10 13 
II K 

G 

H 
12 

Vss 
92CS- 27!HO 

Fig. t - Functional diagram for CD4082B 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 pA. at 20 V 

(full package-temperature range) 
• 'i-v noise margin (full package-tempera

ture range) 
• 5-V, 10-V, and 15-V parametric ratings 

suffixes), 14-lead dual-in-line plastic pack
ages (E suffix). 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

AI 

8 2 

C 8 

o 3 

E 4 

F 5 

I II 

H 12 

G 13 

9 

6 

10 

Vss 
92C5-27571 

L 

Fig. 2 - Functional diagram for CD4073B 

RECOMMENDED OPERATING CONDITIONS at TA='2ffc, 
For msximum reliability, nomilllll operating conditions should be selected so that 
operation is a/ways within the following rang.: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 

Supply-Voltage Range (For T A = Full Package 
3 18 

Temperature Range) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

UNITS 

V 

STORAGE-TEMPERATURE RANGE (Tstgl. • • • • • • • • • • . • • . • . • • . . . . • • • •. -65 to +150°C 

OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D. F. K. H .••.••...••••••..•.••••••..••..•.• , -55 to +125°C 

PACKAGE TYPES E. Y .•.•.•••...•••••••.•••.••••••..•..•.... -40 to +B5°C 

DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltagesreferenced to VSS Terminal) ••••••••...••••.....•.••..•.... -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Po): 

FOR T A = -40 to +60°C (PACKAGE TYPES E. Y) • • . • • . . • • • • • • . • • . . • • • • • .• 500 mW 

FOR TA = +60 to +85°C (PACKAGE TYPES E. Y) .•.•••.• Dara1ll Linearly at 12 mWfC to 200 mW 

FOR TA = -55 to +1OO°C (PACKAGE TYPES D. F. K). • • • • . • • • • • • • • • • . . . . . . 500 mW 

FOR T A'= +100 to +125°C (PACKAGE TYPES D. F. K) •••.• Dera1ll Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A - FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)' . . . • . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS •••••.••.••••••••••••••.•. -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERiNG): 

At distance 1/16 ± 1132 inch 11.59 ± 0.79 mm) from case for 10 s max. .• • • • . . . . • . •• +265° 

CD40818 
FUNCTIONAL DIAGRAM 

,. 
~VOLTAGE >1 IVDD)-15V 

tb 
I I 12.8 
OQ 
"' .. 
i~ 10 

ii 10V 
U~ICNT • I 

:0 7.' 0 ... u 
~z - -' "'c :0« 

:~ 00 

2.' 
C~\~~NT 

.V 

0 2.' .. 10 12·5 ,. 
INPuT VOLTAGE (Vx.I-V 

!t2CS·25U'A. 

Fig. 3 - Typical voltage and current 

rransfer characteristics. 

.Mal[NT TEMPER.TU Rilt C,TAl-ZS-c t-ttttti ___ lIN. 

MAX.-
15 ~;UPPLY 

VOLTAGE 
>- 'IYDD)-'5 v 

tb 
I 12.5 

~lJ~ ! ! 10 

liN~ v. I 
> 7.' 0 

~ I III j - -' 
6 • !~ Yss! 

2.' 
:; IrrTt tT tt 

P .mllliTI 
2.5 7.5 10 12.5 15 

INPUT VOLTAGE I "x I-V 

92CS-245JO 

Fig. 4 - Minimum and maximum voltage 
transfer characteristics. 

! 15 

! 

AMBIENT TEMPERATURE 'T. )-25-C 

GATI-TO-SOUIICE VOLT" 
IV' ).,5 

tOY 

5V 

10 II 

DltAIH-TO·SOUIiCr. VOLTAGE. IVDS1-V 

Fig. 5 - Typicaloutput-N-channel 
drain characteristics. 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4073B, CD4081 B, CD4082B Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°C) 

CONDITIONS Values at -55, +25,+125 Apply toD,K,F,H Packages 

CHARACTER- Values at -40, +25, +85 Apply to E, Y Packages 

ISTIC 
Va V IN VDD +25 

(V) (V) (V) -55 -40 +85 +125 
MIN. TYP. MAX. 

Quiescent - - 5 0:5 0.5 5 10 - 0.01 0.5 

Device - - 10 1 1 10 20 - 0.01 1 
Current, I L - - 15 2 2 20 40 - 0.01 2 
Max. 

- - 20 10 10 100 200 - 0.02 10 

Output Drive 
Current: 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -

N-Channel 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
(Sink), 

1.5 - 15 3.3 3.2 2.5 2.2 3 6 -
ION Min. 

4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
P-Channel 

2.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 
(Source), 

- -

lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low-level, - 0,10 10 0.05 - 0 0.05 
VOL Max. 

- 0,15 15 0.05 - 0 0.05 

- 0,5 5 4.95 4.95 5 -
High Level, 

9.95 9.95 VOH Min. - 0,10 10 10 -
- 0,15 15 14.95 14.95 15 -

Noise 4.2 - 5 1.5 1.5 2.25 -
Immunity: 
Inputs Low, 9 - 10 3 3 4.5 -

VNL Min. 13.5 - 15 4.5 4.5 6.75 -

0.8 - 5 1.5 1.5 2.25 -
Inputs High, 
V NH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -

Noise Margin: 4.5 - 5 1 1 - -

Inputs Low, 9 - 10 1 1 - -
V NML Min. 

13.5 - 15 1 1 - -

0.5 - 5 1 1 - -
Inputs High, 
V NMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -

Input Leakage 
Current, Any Input 20 ±1 - ±10-5 ±1 

IlL' !IH Max. 

UNITS 

JlA 

mA 

V 

V 

V 

JlA 

4 

~ " z 
~ 
-12.' 
~ 
z ... 
: 10 a GATE-lO-SOURCE vOLTAGE (VGSI"5V 

10 V 

,V 

10 " 
DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 6 - Minimum output-N-channel 
drain characteristics. 

ORA'N-TO -SOURCE VOLTAGE {VOSI-V 

-I -I 

.MaIENT TEMPERATURE (TA )-2,-C 

GATE-YO-SOURCE VOLTAGE (v )h 5V 

-IOV 

-I'V 

Fig. 7 - Typica( output-P-channel 
drain characteristics. 

DRAIN-lO-SOURCE VOlTAGE IYDSI-V 

-. 
to 

-20 

•• 
-30 

-15 -10 ., 0 

AMBIENT TEMPERATURE 1T.'-25·C . 
GATE-TO-SQUACE VOLTAGE IVoo'-· '!t II ~ 

10V 

-15V 

Fig. 8 - Minimum output-P-channel 
drain characteristics. 

0040 "0 
LOAO CAPACITANCE (CL)- pF 

~ 
o -, ~ 
E 
~ 
z 

IO~ 
~ 
~ 
w 
z 
z 
C 
% 
U ., ~ 

92C$-24S31 

Fig. 9 - Typical high-to-Iow level propagation 
delay vs. (oad capacitance. 
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__________________ ~ ____________ - COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4073B, CD4081 B, CD4082B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA =2!tC; Inputt" tf= 20ns, CL =50pF, RL = 200 Ko, 

CHARACTERISTIC SYMBOL 

Propagation Delay Time: 

tpHL 
High·to·Low Level 

Low·to·High Level tpLH 

tTHL 
Transition Time 

tTLH 

Average Input 
CI Capacitance 

.. .... .. T TlW'lRATUM (TA).we; 
I UWI __ tc,."IO" 

~-lH itT 
j -." t± if I 

H 
HI 
jlt i _m t i(!t. ~ 1:. 

;::H rl n:jl -I, q:t .11.1 ••• 
~ ;,00 ;t: ~ rt: !: ~+tt +:!: t: t! 1 • 

~ :;.i~ t t"t.! :::: t':: d!: !~:~ ::.:ft H:: 
~ ;;.;.;: ,~:; :::: 'l:: ., .. f .. . 

TEST CONDITIONS 

VDD 

VOLTS 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Any Input 

I" 200 - ... : .. "..., :::: !g: :::: .... • .. . 
"H~"'-~ .... tI .. t::: 

100 •••• ····:t~t· TI~~'¥:"~'~"~;' ~~~rttt1 ::~~ ~:::::t::;: :~ .... 
:::: ;:::t:::: :::: ,;r.: 

o 2.$ $ 1.$ 10 125 1$ 11.5 20 

SUPPLY 'VOLTAGE 'Voo I - Y 

ALL TYPES 
LIMITS 

TYP. MAX. 

160 320 
65 130 
50 100 

210 420 
85 170 
65 130 

100 200 
50 100 
40 80 

5 -

UNITS 

ns 

ns 

ns 

pF 

Fig. 11 -. Typical propagation deiaylfS. supply 
volt8gll. 

Fig. 12 _iTypiclIl tl'lltlsitioo rima III. load capacl· 
tance. 

,.un 
• ". 

Fig. 14 - Ouiescent dII"ictl cumlnt .st circuit. Fig. 15 - Noise immunity test circuit. 

92CS-24512 

Fig. 10 - Typical low·to-high le"el propagation 
delay VI. load capacitance. 

10 AM81ENT TEMPERATUftE {TA ,~ n-c :::t:=t:!± 

10' I , I 

• ~ .. 
. ,~.~ 1. 

Q ~' ~ '0 ...... ~ .,~ 
Z 
Q .,rr 
i ' ~ /,.If , 

, .;7:. , 
i CL-SO,F' T is /' C -IS".-
:i • .0' 
2 

I .,. 
100 10' 102 

IfREQU£JIC1' If 1- IlKz 
t2CS-Z4],n 

Fig. 13 - Typical dynamic power dissipation 1fS. 

frequency. 

NOTE 

M[ASuAE INPUTS 
SEQUENTIALLY. 

TO IIOTH liDO AND 1155 
COtoN[CT ALL UIIIUS[D 

~......,c---J HlUfS TO [ITNER 
1100 0111/55 

IISS 

9lCOj-l'40l 

Fig. 16 - Input leakage. current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4076B Types 

COS/MOS 4-Bit D-Type Registers 
High-Voltage Types (3-to-20-Volt Rating) 

The CD4076B types are four-bit registers 
consisting of D-type flip-flops that feature 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into 
the flip-flops. When both Data Disable in· 
puts are low, data at the D inputs are loaded 
into their respective flip-flops on the next 
positive transition of the clock input. Out
put Disable inputs are also provided. When 
the Output Disable inputs are both low, the 
normal logic states of the four outputs are 
available to the load. The outputs are disa· 
bled independently of the clock by a high 
logic level at either Output Disable input, 
and present a high impedance. 

The CD4076B types are supplied in l6-lead 
cenim ic dual-in-I ine packages (0, F, and Y 
suffixes). l6-lead dual-in-I ine plastic pack
ages (E suffix), 16-lead ceramic flat packages 
(K suffix). and in chip form (H suffix). 

Features: 
• Three-state outputs 
• Input disabled without gating the clock 
• Gated output control lines for 

enabling or disabling the outputs 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) ..••... _ . . . . . . . •. . . . . . . .... .. . . . . . -66 to +150oC 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, F, K, H ............. _. . .• . . . .•. . . . . . . . . . . . . .. . . . . . -55 to +1250 C 
PACKAGE TYPES E, Y ....•................. _ . . . . . . . . . . . . . . . . . . . . . . . . . -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, NOD) 
(Voltagesreferenced to Vss Terminal): . . •. . .. . .• . . . •. . . . . .. . . . • . . . . . • . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +60oC (PACKAGE TYPES E, Y) ............................... 500 mW 

FOR T A = +60 to +850 C (PACKAGE TYPES E, Y) . . • . . . . . Derate Linearly at 12 mW/oC to 200 mW 

FOR T A= -55 to +100oC (PACKAGE TYPES 0, F, K) ........•.................. 500 mW 

FOR T A= +100 to +1250 C (PACKAGE TYPES 0, F, K) ...... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......... _. . . . . . . . . . . . . . . . . . . . . . -0.5 to V DO +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 S max. . .•.......... 

DATA INPUT OUTPUT 
IMSAiLE OlU8LE 

GI G2 at N 
I • 

15 y,s., 
RESET VDD-16 

'2tS-2 .... 'RI 

CD4076B 
Functional Diagram 

• l-V noise margin (full package-temperature 
range) 

• 5-V, 10-V, and l5-V parametric ratings 

Truth Table 
Next 

Data Input State 
Disable Oata Output 

Reset Clock Gl G2 0 a 
1 x X x x 0 
0 0 x x x a NC 

0 ...r- 1 x x a NC 

0 -.r x 1 x a NC 

0 ...r- 0 0 1 1 

0 -.r 0 0 0 0 

0 1 X X x a NC 

0 '-- x x x a NC 

When either Output Disable M or N is hi~. the outputs are 
disabled (high Impedance state); however sequential operation 
of the flip-flops is not affected_ 

1 == High Level 
0= Low Level 

x '" Don't Care 
NC :: No Change 

RECOMMENDED OPERATING CONDITIONS at T A = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: OUTPUT 

DISABLE 
{

M 1 

CHARACTERISTIC VOO 
(V) 

Supply-Voltage Range (For T A=Fuli Package-
Temperature Range) 

5 
Data Setup Time, ts 10 

15 

5 
Clock Pulse Width, tw 10 

15 

5 
Clock Input Frequency, fCl 10 

15 

Clock Rise or Fall Time, trCl, tfCl: 3 - 20 

5 
Reset Pulse Width, tw 10 

15 

5 
Data Input Disable Setup Time, ts 10 

15 

572 

LIMITS 

Min. Max. 

3 18 

200 -
80 -
60 -

200 -

100 -

80 -

3 
dc 6 

8 

- 15 

120 -

50 -
40 -

180 -

100 -

70 -

UNITS 

V 

ns 

ns 

MHz 

ps 

ns 

ns 

N 2 

* RESET 15 

*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

92CS -24886RI 

Fig_ 1- CD40768 logic diagram. 



CD40768 Types 

CLOCK 

DATA 

INPUT 

DISABLE ----+------+----'1 

OUTPUT 
DISABLE ___ -+ ____ --+ _______ J - 500;. 

RESET 

Q 
OUTPUT 

* OUTPuT TIED TO VDD THROUGH I kn 

**OUTPUT TIED TO Vss THROUGH I kn 

Fig. 2 -: Functional waveforms for CD4076B. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=250 C; Input t r.1t=20 ns, 
CL =50 pF.RL =200 KU 

CHARACTERISTIC TEST CONDITIONS LIMITS 

VDD 
V Min. Typ. Max. 

Propagation Delay Time: 5 - 300 600 

Clock to Q Output, tpHl, tplH 10 - 125 250 
15 - 90 180 

5 - 230 460 

Reset, tpHl(R) 10 - 100 200 
15 - 75 150 

5 - 150 300 
3·State Output 1 or 0 to High 

10 - 75 150 
Impedance, tp(l·Hl. tp(O·H) 

15 - 60 120 

5 - 150 300 
3·State High Impedance to 1 10 - 75 150 
or 0 Output, tp(H·ll. tp(H·O) 

15 - 60 120 

5 - 100 200 

Transition Time, tTHl' tTlH 10 - 50 100 
15 - 40 80 

5 3 6 -

Maximum Clock Input Frequency, (fCl) 10 6 12 -

15 8 16 -

5 - 100 200 
Minimum Clock Pulse Width, tw 10 - 50 100 

15 - 40 80 

5 - 60 120 

Minimum Reset Pulse With, tw 10 - 25 50 
15 - 20 40 

5 - 100 200 
Minimum Data Setup Time, ts 10 - 40 80 

15 - 30 60 

Minimum Data Input Disable 5 - 90 180 

Setup Time. ts 10 - 50 100 
15 - 35 70 

Average Input Capacitance, CI Any Input - - 5 -

UNITS 

ns 

ns 

MHz 

ns 

ns 

ns 

ns 

pF 

COS/MOS DIGITAL INTEGRATED CI RCUITS 

EMPERATURE (TA I· 2S'C 
LOAD CAPACITANCE (CLI' 50 pi' 

15' 

o S 10 IS 
SUPPLY VOLTAGE 1Vool-Y 

Fig. 3-Typical maximum clock input 
frequency vs. supply voltage. 

20 

92C5-27114 

Fig. 4-Typical dynamic power dissipation 
vs. frequency. 

il'30 
,lit 
'," 

:!:! 25 
'~ 

ill 
'§ 20 
·U 

'I '50 

iii 10 

! 
z 

't • c 

"'MaIENT TEIIPERATURE IT;, 1.25·C 

10V 

5V 

GATE-TO-SOURCE VOLTAGE 
(YGSJ=15 V 

o 10 15 

.. 
~ 15 
lit 

~12.5 
~ 

~ a 10 

o 

DRAIN-lO-SOURCE VOLTAGE (Vos)-V 
92CS·24318RZ 

Fig. 5-Typical output·N-channel 
drain characteristics. 

GATE-lO-SOURCE VOLTAGE (VGS)to15V 

10V 

'V 
10 

DRAIN-iO-SOURCE VOLTAGE (VDS)-V 

Fig. 6-Minimum output·N-channel 
drain characteristics. 

9ZCS-24319 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4076B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Characteristic 

Quiescent Device 
Current, I L Max. 

Output Voltage: 
Low·Level, 
VOL Max. 

High Level. 
VOH Min. 

Noise Immunity: 
Inputs Low. 
VNL Min. 

Inputs High. 
VNH Min. 

Noise Margin: 
Inputs Low. 
VNML Min. 

Inputs High. 
VNMH Min. 

Output Drive 
Current: 
N·Channel 
(Sink). 

ION Min. 

P·Channel 
(Source), 

IDPMin. 

Input Leakage 
Current, 

IlL, IIH Max. 

3·State Output 
Leakage Current 
IOL.IOH Max. 

o 
Vss 

INPUTS 

Conditions 

Vo VIN VDO 
(VI (V) (V) 

- - 5 

- - 10 

- - 15 

- - 20 

- 0, 5 5 

- 0.10 10 

- O. 15 15 

- o 5 5 
- O. 10 10 

- 0 15 15 

4.2 - 5 
9 - 10 

13.5 - 15 

0.8 - 5 
1 - 10 

1.5 - 15 

4.5 - 5 

9 - 10 

13.5 - 15 

0.5 -- 5 

1 - 10 

1.5 - 15 

0.4 - 5 

0.5 - 10 
1.5 - 15 

4.6 - 5 

2.5 - 5 

9.5 - 10 

13.5 - 15 

Any Input 20 

Forced 
(Output 

Disabled) 

0,201 - 1 20 

9tcS- 21401 

Limits at Indicatecl Temperatures (OCI 
Values at -55,+25,+125 Apply to O,K,F,H Packages 
Values at -40, +25, +85 Apply to £, Y Packages 

-55 -40 +85 +125 

5 5 50 100 

10 10 100 200 

20 20 200 400 

100 100 1000 2000 

0.05 

0.05 

0.05 

4.95 
9.95 

14.95 

1.5 
3 

4.5 

1.5 
3 

4.5 

1 

1 

1 

1 

1 

1 

0.5 0.45 0.36 0.3 

1 .1 1 0.75 0.65 
3.3 3.2 2.5 2.2 

-0.5 -0.45 -0.36 -0.3 

-2 -1.8 -1.3 -1.15 

-1.1 -1 -0.75 -0.65 

-3.3 -3.2 -2.5 -2.2 

±1 

±2 

VSS 

+25 
Min. TVp. Max. 

- 0.02 5 

- 0.02 10 

- 0.02 20 

- 0.04 100 

- 0 0.05 
- 0 0.05 

- 0 0.05 

4.95 5 -
9.95 10 -

14.95 15 -

1.5 2.25 -
3 4.5 -

4.5 6.75 -
1.5 2.25 -
3 4.5 -

4.5 6.75 -

1 - -
1 - -
1 - -
1 - -
1 - -
1 - -

0.4 0.8 -

0.9 1.8 -
3 6 -

-0.4 -0.8 -
-1.6 -3.2 -
-0.9 -1.8 -

-3 -6 -

- ±10-5 ±1 

- ±10-4 ±2 

NOTE: 
TEST ANY C0II81NATION 
Of'INPUTS 

92(5-21441 

Units 

IJ.A 

V 

V 

V 

mA 

IJ.A 

IJ.A 

DRAIN-TO-SOURCE VOLTAGE IYosl-VI 

AMBIENT TEMPERATURE (T. )-25·C 

GATE-TO-SOURCE VOLTAGE Iv).· 511 

+ 
-15'1 

-lOY 

-. 
-10 

-15 

->0 

-20 

-30 

92C5- 2" HORZ 
Fig. 7- Typical output·P-channel 

drain characteristics. 
DRAIN-TO-SOURCE VOLTAGE {Vosl-V 

-15 -10 -5 

AMBIENT TEMPERATURE (T A ): 25-C 

1 
} 
2 
~ 

I 

GATE-TO-SOURCE VOLTAGE (vGSJ - 5 II 

10V 

-15V 

921:5-24321 

Fig. 8-Minimum outputP·channel 
drain characteristics. 

a 20 40 60 e 1')0 

LOAD CAPACITANCE (CL1- pF 

92C5-27115 

Fig. 9 .. Typical propagation delay time 
vs. load capacitance. 

I AMBIENT TEMPERAT""< (TAI-.'·C 

~,. ~. 

Ull 
~~' .. 

, \~ l~ 

.. I"~ 

00 

LOAD CAPACITANCE (CLI-pF 

92CS-24322 

,--......JL--, Fig. 10- Typical transition time vs. 
load capacitance. 

NOTE, 

MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH liDO AND Vss' 
CONNECT ALL UNUSED 

L.._,--.....J INPUTS TO EITHER 
YOD OR Yss' 

VSS 
92CS-27402 

Fig. 1,-Quiescent device current test circuit. Fig. 12-Noise immunity test circuit. Fig. 13-lnput leakage current test circuit. 
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CD4078B Types 

COS/MOS a-Input NOR Gate 
High-Voltage Types (3-to-20 Volt Rating) 

The RCA·CD4078B NOR Gate provides the 
system designer with direct implementation 
of the positive-logic 8-input NOR function 
and supplements the existing family of COS/ 
MOS gates. 

The CD4078B types are supplied in 14-lead 
hermetic dual-in·line ceramic packages (0, F, 
and Y suffixes). 14-lead dual·in·line plastic 
packages (E suffix). 14-lead ceramic flat 

DYNAMIC ELECTRICAL CHARACTERISTICS 

packages (K suffix), and in chip form (H 
suffix). 

For MAXIMUM RATINGS see "Ratings and 
Characteristics" at the beginning of the COS/MaS 
section. 

At TA = 2!tC; Inputtr, tf= 20ns, CL =50pF, RL = 200kn 

TEST CONDITIONS 
ALL TYPES 

LIMITS 
CHARACTERISTIC 

Propagation Delay Time: 

High-to·Low Level, tpHL 

Low-to·High Level. tpLH 

Transition Time. tTHL. tTLH 

Average Input Capacitance. CI 

« 
! 15 

~ 
~12.S .. 
: 

Any Input 

I 10 
i3 GATIE-TO-SOURCE VOLTAGE ('1OS)-.5V 

10V 

.v 
.. 

DRAIN-TO-SOURCE VOLTAGE (VDsl-V 
,2eS-M,UI 

Fig. 2 - Minimum output-N-channel drain 
characteristics. 

LOAD CAPACITANCE (Ct}-pF 

Fig. 5 - Typical transition time lIS. load capaci· 
tance. 

UNITS 
VDD 

TYP. MAX. 
VOLTS 

5 200 400 
10 80 160 ns 
15 60 120 

5 425 850 
10 170 340 ns 
15 120 240 

5 100 200 
10 50 100 ns 
15 40 80 

5 - pF 

DRAIN-TO-SOURCE VOLTAGE (VOSI-Y 

A .. IIENT TPIPERATURE 1T ... 1-25·C 

GATE-TO-SOURCE VOLTAGE IVas)-·5"1 

-lOY 

-15Y 

9Z(;S-l4320IU 

Fig. 3 - Typical output-P-channel drain 
characteristics. 

o 5 to 15 

SUPPLY VOLTAGE (YOD)-V 

20 

92C:S-Z45S0 

Fig. 6 - Typical propagation delay time lIS. supply 

voltage. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

Vss -7 
He-l r 6.8 

92CS-U817RZ 

CD4078 
FUNCTIONAL DIAGRAM 

Features: 
• Medium-speed operation - tpH L = 80 ns, 

tpLH = 170 ns /typ.l at 10 V 
• Buffered Output 
• Quiescent current specified to 20 V 
• Maximum input leakage current of lIlA 

at 20 V (full-package-temperature rang~) 

« 
• 30 ~-
!:! 25 .. 
:l 
~20 a 
z ,. 

~ 
ii1 10 

I 
't • 

AMBIENT TEMPERATURE ITA 1-25·C 

GATIE-TO-SOURCE "O\.T&I;£ 
IV )_15V 

10 V 

.v 
10 15 

DRAIN-lO-SOURCE VOLTAGE (VDS)-V 

Fig. 1 - Typical output-N-channel drain 
characteristics. 

DRAIN-TO· SOURCE VOLTAGE (V051-V I 
-15 -I -5 o 

AMBIENT TEMPERATURE ITA). 25·C 

GATE-TO-SOURCE vOLTAGE CVGS).· 5Y 

lOY 

-15'1 

Fig. 4 - Minimum Output-P-channel drain 
characteristics. 

LOAD CAPACITANCE (CL)-pF 

Fig. 7 - Typical high·to-Iow level propagation 
delay time vs. load capacitance. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4078B Types 
RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions "'ould be 
selected so that operation is always within the fol/owing rangss: 

LIMITS 
CHARACTER IST.IC 

MIN. MAX. 
UNITS 

Supply·Voltage Range (For 
T A = Full Package Temp· 3 18 V 
erature Range) .-

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Valuesat -55,+25,+ 125 Apply toO,K,F,H PackllfllJS 

CHARACTER· Values at -40,+25, +85 Apply to E, Y Packages 

ISTle 
Va VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 
MIN. TYP. MAX. 

Quiescent - - 5 0.5 0.5 5 10 - 0.01 0.5 

Device - - 10 1 1 10 20 - 0.01 1 
Current,l L - - 15 2 2 20 40 - 0.01 2 
Max. 

- - 20 10 10 100 200 - 0.02 10 

Output Drive 
Current: 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
N·Channel 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
(Sink). 

1.5 - 15 3.3 3.2 
ION Min. 

2.5 2.2 3 6 -

4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
P·Channel 

2.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 - -
(Source). 
lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Output Voltage: - 0,5 5 0.05 - 0 0.05 

Low·level, - 0,10 10 0.05 - 0 0.05 
VOL Max. 

- 0,15 15 0.05 - 0 0.05 

- 0,5 5 4.95 4.95 5 -
High Level, 

0,10 10 9.95 9.95 10 VOH Min. - -

- 0,15 15 14.95 14.95 15 -
Noise 4.2 - 5 1.5 1.5 2.25 -

Immunity: 
Inputs Low, 9 - 10 3 3 4.5 -
VNL Min. 13.5 - 15 3.75 3.75 5.6 -

0;8 - 5 1.5 1.5 2.25 -
Inputs High, 

10 3 3 4.5 VNH Min. 1 - -
1.5 - 15 3.75 3.75 5.6 -

Noise Margin: 4.5 - 5 1 1 - -
Inputs Low, 9 - 10 1 1 - -
VNML Min. 

13.5 - 15 1 1 - -
0.5 - 5 1 1 - -

Inputs High, 
1 10 VNMH Min. - 1 1 - -
1.5 - 15 1 1 - -

Input Leakage 
±10-5 Current, Any Input ±1 - ±1 

IlL' 'IH Max. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD40858 Types 

COS/MOS Dual 2-Wide 2-lnput AND-OR-INVERT Gate 
INHIBITI~IO 

AI I High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4085 contains a pair of AND
OR-I NVERT gates, each consisting of two 
2-input AND gates driving a 3-input OR 
gate followed by an inverter- Individual 
inhibit controls are provided for both A-O-I 
gates_ 

The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (0, F, Y suf
fixes). 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packs (K suf
fix). and in chip form (H suffix)_ 

MAXIMUM RATINGS, Absolute-Maximum Values.' 
STORAGE-TEMPERATURE RANGE (Tstg) .. .•... . ..•....•...•... ..... ....• -65 to +150oC 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, F, K, H ........................................... -55 to +l25oC 
PACKAGE TYPES E, Y ................................................ -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE. (VDD) 
(Voltages referenced to Vss Terminal): . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA= -40 to +60oC (PACKAGE TYPES E, Y) ............................... 500 mW 

FOR TA~ +60 to +850 C (PACKAGE TYPES E, YI . .. . .... Derate Linearly at 12 mW/oC to 200 mW 

FOR T A= -55 to +100oC (PACKAGE TYPES D, F, KI ........................•.. 500 mW 

FOR TA= +100 to +1250 C (PACKAGE TYPES 0, F, KI. ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . . . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. . . .. . . . . . . . . . . . .. . . . . . . . . . .. . . .. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1,59 ± 0.79 mm) from case for 10 s max. ..........•.. +265oC 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS UNITS 

Min. Max. 
Supply·Voltage Range (For T A=Full Package-

V Temperature Range) 3 18 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C; Input t r.1f = 20 ns, 

Cl =50pF,Rl = 200 KO 

CONDITIONS LIMITS 

CHARACTERISTIC VDD UNITS 
V Typ. Max. 

5 225 450 
Propagation Delay Time (Data): 

10 90 180 High·to-low level, tpHL 
ns 

15 65 130 

5 310 620 

Low-to-High Level, tplH 10 125 250 ns 

15 90 180 

5 150 300 
Propagation Delay Time (Inhibit): 

10 60 120 High-to-Low Level, ns 
tpHL(lNH) 

15 40 80 

5 250 500 

Low-to-High Level. tpLH(INH) 10 100 200 ns 

15 70 140 

5 100 200 

Transition Time, tTHL' tTlH 10 50 100 ns 

15 40 80 

Average Input Capacitance, CI Any Input 5 - pF 

BI 2 3 EI 
CI 12 
DI 13 

E • INHIBIT + AB+ CO 
LOGIC I 'HIGH 
LOGICO'LOW 

.:ttS-2S.9Oft2 

CD4085 Functional Diagram 

Features. 
• Medium-speed operation - tpHl = 90 ns; 

tplH = 125 ns (typ.) at 10 V 

• Individual inhibit controls 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 J.LA at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) . 

• 5-V. 10-V, and 15-V parametric ratings 

> 

'" 

o 

AMBIENT TEMPE:RATURE IT )-25-C 

"'PLY VOLTAGE CVOOI-15V ....... 
PEA. 

• 

uc.-.... 
Fig. 1 - Typical voltage and current transfer 

characteristics. 
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Fig.2 - Min. and max. voltage transfer 
characteristics. 
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COS/Mas DIGITAL INTEGRATED CIRCUITS 

CD4085B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limits at Indicated Temperatures (OC) 

Characteristic 
Valuesat-55,+25,+125 Apply to D,K,F,H Packages 

Units Values at -40,+25,+85 Apply to E, Y Packages 

Vo V1N Voo +25 
IV) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent,Oevice - - 5 0.5 0.5 5 10 - 0.01 0.5 
Current, I L Max. - - 10 1 1 10 20 - 0.01 1 

2 20 40 2 
IJA. - - 15 2 - 0.01 

- - 20 '10 10 100 200 - 0.02 10 

Output Voltage: 
Low· Level, - 0,5 5 0.05 - 0 0.05 
VOL Max. - 0, 10 10 0.05 - 0 0.05 

- 0, 15 15 0.05 - 0 0.05 
V 

High Level, - o 5 5 4.95 4.95 5 -
VOH Min. - 0, 10 10 9.95 9.95 10 -

o 15 15 14.95 14.95 15 -
Noise Immunity: 

Inputs Low. 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
V 

Inputs High. 0.8 - 5 1.5 1.5 2.25 -
VNH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -
Noise Margi n : 

Inputs Low, 4.5 - 5 1 1 - -
VNML Min. 9 - 10 1 1 - -

13.5 - 15 1 1 - -

Inputs High, 0.5 - 5 1 
V 

1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Output Orivl! 

Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

mA 
P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source). 2.5 - 5 -2 -1.8 -1.3 -1.15 -1,6 -3.2 -
IOPMin. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Input Leakage 
Current, 

Any Input 20 ±1 - ±1O-5 ±1 IJA. 
IlL, IIH Max. 

DRAIN-TO -SOURCE VOLTAGE"' VosJ-V 

-I -10 -. 
AIIIIENT TEMPERATURE ITA 1-2S·C 

GAT[-TO-SOURCE YOLTAGE tYGSJ--~Y 

10V 

-15V 

LOAD C .. 'ACITANCE ''1.1-,' 
Fig.6 - Minimum output p-channel drain 

characteristics. 
Fig.7 - Typical data high·to·low level propagation 

delay time vs. load capacitance. 
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, .. 
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GATE-TO-SOURCE VOLTAGE 
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10 15 

DRAIN-TO-SOURC[ VOLTAGE (\1'05)-\1' 

Fig.3 - Typical output n-channel drain 
characteristics. 
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Fig.4 - Minimum output n-channel drain 
characteristics. 

DRAIN-YO-SOURCE VOLTAGE lYosl-V 
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-IOV 

-15V 

92cs·a4UORZ 

Fig.5 - Typical output p-channel drain 
characteristics. 

LO'" CAPACITANCE ' ... J-pf 

Fig.8 - Typical data low-to·high level propagation 
delay time vs. load capacitance. 
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CD40858 Types 
r LOAD CAMCITANCE (eL'-50 " 'li-llITiTiEi-illAiTiUIIEli(TiA,)'i"i''CIIIIII~~ J '"00 i 

i~~~~~~~~~~~m ~ ?eO 

II Ii; 
1100 ~~,. I!: 

ZOOII ~ It! 
o 2.5 7.1 10 12.5 .5 'f.' to 

SUPPLY VOLTAGE (YDD) - y 

Fig.9 - Typical data propagation delay time VB. 

supply voltage. 

o 
Vss 

INPUTS 

Vss 
.tcS-Z?401 

Fig. 12 - Quiescent device current test circuit. 

UCS-14J11 

Fig. 10 - Typical transition time vs. load 
capacitance. 

Fig. 13 - NoilS immunity flist circuit. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 
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Fig. 11 . Typical power dissipation VB. frequency. 

NOTE' 
MEASUII£ INPUTS SEQUENTIALLY, 
TO BOTH Voo AND VsS' 
CONNECT ALL UNUSm 

1.-_.,._...1 INPIIfS TO EITHER 
Voo ORVSS 

VSS 

Fig.14 - Inputleakage current test circuit. 
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CD40868 Types 

COS/MOS Expandable 4-Wide 
2-lnput AND-OR-INVERT Gate 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4086B contains one 4-wide 
2-input AND-OR-INVERT gate with an 
INHIBIT/EXP input and an ENABLE! 
EXP input_ For a 4-wide A-O-I function 
INHIBIT/EXP is tied to VSS and ENABLE! 
EXP to VDD' See Fig. 2 and its associated 
explanation for applications where a cap
ability greater than 4-wide is required. 

The CD4086B is supplied in 14-lead dual-in
line ceramic packages (0, F, Y suffixes). 
14-lelid dual-in-line plastic packages (E 
suffix), 14-lead ceramic flat packs (K suffix), 
and in chip form (H suffix). 

MA?CII\1UM· RAT!NGS, Absolute-Maximum Values 
STORAGE-TEMPERATURE RANGE (Tstg ............................. -65 to +150°C 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES D, F, K, H .................................... -55 to +125°C 

PACKAGE TYPES E, Y ....... _ ....................... _ ........ -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Volta!les referenced to VSS Terminal) ............................... -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PD): 

FOR T A' -40 to +60°C (PACKAGE TYPES E, Y). . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) ........ Derate Linearly at 12 mWfC to 200 mW 

FO!,! T A = -55 to +1 OO°C PACKAGE TYPES D, F, K) . . . . . . . . . . . . . • . . . . . . . . 500 mW 

FOR TA = +100 to +125°C (PACKAGE TYPES D, F, K) ..... Derate Linearly at 12 mWfC to 200 mW 

DEVICE PISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........................... -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 105 max. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 2~C; Inputt" tf= 20ns, CL =50pF, RL = 200 kU 

CONDITIONS LIMITS 
CHARACTERISTIC 

VDq 
UNITS 

TYP. MAX. 
(V) 

Propagation Delay Time 5 225 450 
(Data): 10 90 180 ns 
High-to-Low Level, tpHL 15 60 120 

5 350 70q 

Low-to-High Level, tpLH 10 140 280 ns 

15 100 20P 

Propagation Delay Time 5 150 30R 
(Inhibit): High-to-Low 10 60 120 ns 
Level, tpHL(lNH) 15 40 80 

5 250 5PO 
Low-to-High Level, 

10 100 200 ns 
tpLH(lNH) 

15 70 140 

5 100 200 
Transition TJme. 

10 50 100 ns 
tTHL' tTLH 15 40 80 

Average Input Capacitance; CI Any Input 5 - pF 

LOG Ie I!! HIGH 
LOGIC a_lOW 

VOD =14 

Vss = 7 
NC = 4 

J = INH + ENABLE +A8+CO+EF+GH 

CD4086B 
92CS- 238 70RI 

FUNCTIONAL DIAGRAM 

Features: 
• Medium-speed operation - tpHL = 90 ns; 

tpLH= 140 ns (typ.) at 10 V 
• INHIBIT and ENABLE inputs 
• Buffered outputs 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 JJ.A at 20 V 

(full package-temperature range) 
• 5-V, 10-V, and 15-V parametric ratings 

AMBIE,.T TEMPERATURE (TA)-H-C 

" • SUPPLY VOLT AGE 
('1100,-15 V 

.~. ijfCUAAENT 
PEA' 

I • 10V 

o • 
CUMEMT 

PEAK 
' I "lD , ,. IS 2 

_ "DO-
I 

0 • 1ft 

INPUT VOLTAGE 1V.I)-V 

Fig. 1 - Typical voltage and current transfer 
characteristics. 
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Fig. 2 - Minimum and maximum voltage transfer 
characteristics. 
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CD4086B Types 
RECOMMENDED OPERATING CONDITIONS 
For maximum reliability"nominal operating conditions should be selected so that 
operation is always within the following rangt!s: 

LIMITS 

CHARACTERISTIC UNITS 
MIN. MAX. 

Supply-Voltage Range (ForT A = Full Package-
3 

Temperature Range) 
18 V 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Valuesat-55,+25,+125ApplytoD,K,F,HPackages 
CHARACTER- Values at -40,+25, +85 Apply to E, Y Packages 

UNITS 
ISTIC 

Vo V IN VDD +25 

(V) (V) (V) 
-55 -40 +85 +125 

MIN. TYP. MAX_ 

Quiescent - - 5 0.5 0.5 5 10 - 0.01 0.5 

Device - - 10 1 1 10 20 - 0.01 1 
Current, I L 2 

fJA 
- - 15 2 2 20 40 - 0.01 

Max. 
- - 20 10 10 100 200 - 0.02 10 

Output Drive 
Current: 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -

N-Channel 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
(Sink), 

ION Min. 
1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

rnA 
4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -

P-Channel 
2.5 5 -2 -1.8 '-1.3 -1.15 -1.6 -3.2 

(Source), - -

lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -
13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low-level, - 0,10 10 0.05 - 0 0.05 
VOL Max. 

- 0,15 15 0.05 - 0 0.05 
V 

- 0,5 5 4.95 4.95 5 -
High Level, 

0,10 10 9.95 9.95 10 VOH Min. - -
- 0,15 15 14.95 14.95 15 -

Noise 4.2 - 5 1.5 1.5 2.25 -
Immunity: 

3 3 4.5 Inputs Low, 9 - 10 -

VNL Min. 13.5 - 15 4.5 4.5 6.75 -
V 

0.8 - 5 1.5 1.5 2.25 -
Inputs High, 
V NH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -

Noise Margin: 4.5 - 5 1 1 - -
Inputs Low, 9 - 10 1 1 - -
VNML Min. 

13.5 - 15 1 1 - -
V 

0.5 - 5 1 1 - -
Inputs High, 

10 1 VNMH Min. 1 - 1 - -
1.5 - 15 1 1 - -

Input Leakage 
Current, Any Input 20 ±1 - ±10-5 ±1 fJA 

IlL' IIH Max. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 
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Fig. 3 - Typical output n-channel drain character
istics. 
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Fig. 4 - Minimum output n-channel drain charac
teristics. 
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Fig. 5 - Typical output p-channel drain character
istics. 
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Fig. 6 - Minimum output p-channel drain charac
is tics. 
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CD4086B Types 
INHIBIT/EXP2 ~-------~ 

VSSA2=O-

B2 

C2 

D2 

E2 

F2 

G2 

H2 

J2=AIBlfCI OI+El FI+GIHI+A2 82+C202+-E2 F2+G2 H2 

92C5 '2'"3871 

Fig. 7 - Two CD4086B's connected as an 8-wide 2-input A·D-I gate. 

Fig. 7 above shows two CD4086's utilized 
to obtain an 8·wide 2·input A-O·I function. 
The output (Jl) of one CD4086 is fed di
rectly to the ENABLE/EXP2 line of the 
second CD4086. In a similar fashion, any 

LOAD CAPACITANCE (CLJ- pF 

92CS-24~02 

Fig. 9 - Typical DA TA or ENABLE low:to·high 
level propagation delay time vs. load 
capacitance. 
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Fig. 72 - Typical power dissipation vs. frequency. 
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NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-I function. In addition, any AND gate 
output can be fed directly into the IN
HIBIT/EXP input with the same result. 

i 
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! 12~O 

i 
W 

1000 

;: 

5 700 

~ 

AMBIENT TEMPERATURE (TA'-Z5·C 
LOAD CAPACITANCE leL)· 50 pF 

IPLH 

7.5 10 12.5 15 17.5 20 

SUPPLY VOLTAGE (VDol-V 
92(S-24503 

Fig. 10- Typical DATA or ENABLE propagation 
delay time vs. supply voltage. 

o 
Vss 

INPUTS 

Fig. 13 - Quiescent-device-current test circuit. 

LOAD CAPACITANCE ICLI-pF 

Fig. 8 - Typical DA T A or ENABLE high· to-low 
level propagation delay time vs. load 

capacitance. 

LOAD CAPACITANCE (Cll-pF 
92C$-243Zl 

Fig. 7 7 - Typical transition time vs. load capacitance. 

Vss 

"OTE: 
TEST ANY ONE INPUT, 
WITH OTHER 'PPUYS AT 

g~CS-Z1400 Voo ORVss· 

Fig. 14 - Noise-immunity test circuit_ 

NOTE' 

MEASURE INPUTS 
SEQUENTIAee v. 
TO aoTH VDD AND Vss' 
CONNECT AU. UNUSED 

L...._,-----' INPUTS TO [ITHER 
YODORVSS ' 

Vss 

Fig. 15 - Input leakage-curren,t test circuit. 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4089B Types 
COS/MOS Features: 

Binary Rate Multiplier 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4089 is a·low-power 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used to 
perform arithmetic operations (add, subtract, 
divide, raise to a power), solve algebraic and 
differential equations, generate natural loga
rithms and trigonometric functions, A/D and 
D/A conversions, and frequency division. 

For words of more than 4 bits, CD4089 
devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 
(see Figs. 4 and 5). In the Add mode some of 
the gaps left by the more significant unit at 
the count of 15 are filled in by the less 
significant units. For example, when two 
units are cascaded in the Add mode and 
programmed to 11 and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 13 output pulses for every 
256 input pulses for a total of 

11 13 189 -+-"-=--
16 256 256 

In the Multiply mode the fraction pro
grammed into the first rate multiplier is 
multiplied by the fraction programmed !nto 
the second multiplier. Thus the output rate 
Will be: 11 13 143 -x-=--

16 16 256 
The CD4089B has an internal synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 
as shown in Fig. 2. 

If more than one binary input bit is high, the 
resulting pulse train is a combination of the 
above separate pulse trains. 

The CD4089B types are supplied in l6-leacl 
ceramic dual-in-line packages (D, F, and Y 
suffixes), l6-lead dual-in-line plastic pack
ages (E suffix), l6-lead ceramic flat pack
ages (K suffix), and in chip form (H suffix). 

• Cascadable in multiples of 4-bits 
• Set to "15" input and "15" detect output 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 IlA at 20 V 

(full package-temperature 'range) 

• 1-V noise margin (full package-temperature 
range) 

.5-V, 10-V, andl5-V parametric ratings 

Applications: 

• Numerical control 
• Instrumentation 
• Digital filtering 
• Frequency synthesis 
• For further application information, see 

ICAN-6739 "COS/MOS Rate Multipliers -
Versatile Circuits for Synthesizing Digital 
Functions". 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) 
OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H . 

PACKAGE TYPES E, Y 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal): 

POWER DISSIPATION PER PACKAGE (PD): 

FOR T A = -40 to +60oC (PACKAGE TYPES E, Y) 
FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) 

FOR TA = -55 to +100oC (PACKAGE TYPES 0, F, K) 
FOR TA = +100 to +l25°C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

CLOCK 

INHIBIT 
CARRYIIIII 

II 

92CS~25004RI 

CD4089 Functional Diagram 

. -55 to +125°C 

-40 to +850 C 

-0.5 to +20 V 

• . . . .. 500mW 
Derate Linearly at 12 mWtC to 200 mVII 

•• ••. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL-PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS. . -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

"ALL INPUTS ARE PROTECTED 
BY COSIMOS PROTECTION 
NETWORK 

4 
Vss 

BINARY 

COUNTER 

Fig. 7 - Logic diagram. 

STROBE CASCADE 

t2CS-nOO7RI 
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COs/MaS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4089B Types 
STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 

Characteristic Conditions 

Va VIN VDD 
(V) (V) (V) 

- - 5 

- - 10 
Quiescent Device Current, Il 

- - 15 

- - 20 

- 0,5 5 
Output Voltage: 

0,10 10 -
Low·Level, VOL 0,15 15 -

- 0,5 5 

High 'level, VOH - 0,10 10 

- 0,15 15 

4.2 - 5 
Noise Immunity: 

9 10 -
Inputs Low, VNL 13.5 15 -

0.8 - 5 
Inputs High, VNH 1 - 10 

1.5 - 15 

Noise Margin: 4.5 - 5 

Inputs Low, VNMl 
9 - 10 

13.5 - 15 

0.5 - 5 

Inputs High, VNMH 1 - 10 

1.5 - 15 
0.4 - 5 

Output Drive Current: 
0.5 10 -

N-Channel (Sink), ION 
1.5 15 -

4.6 - 5 

2.5 - 5 
P-Channel (Source), lOP 

9.5 10 -
13.5 - 15 

Input leakage Current, Ill,IIH 
Any Input 20 

TYP. Units 
VALUES 

0.02 

0.02 
IJ.A 

0.02 

0.04 

0 

0 

0 
V 

5 
10 

15 

2.25 

4.5 

6.75 V 

2.25 

4.5 

6.75 

1 Min. 

1 Min. 

1 Min. V 

1 Min. 

1 Min. 

1 Min. 
0.8 

1.8 
6 

-0.8 mA 

-3.2 

-1.8 

-6 

±10-5 p.A 

CLOCK.nnnnnnnnnIUlMI 

COUNTERSTATE 0 12' 4567' .IDR 111314150 I 

n 1*1 
(LSB) INPUT A-H ____ ..J L. ___ ~: -+-:_ 

INPUT B-H ----I1'--___ ..JnL._4-: -+-: _ , , 
INPUTC.H~ 

, ... ) INPUT D-H , , 
NCs..11ISOCK 

* An output bit may be filled in this counter state 
by a less significant CD4089 cascaded in the Add 
mode. 

I 

I 

o 

CLOCK 

Fig. 2 - Timing diagram. 

MOST SIGNIFICANT 
DIGIT 

A 

B DRMQ) ~ 
OUT 

D INH 
CLOCK OUT 

CASC 
INHIN "15" 
ST 

CLEAR 5 

o 

LEAST SIGNIFICANT 
DIGIT 

A 

B DRM®:~ 

92C5-25oo1 

Fig. 3 - Two CD4089's cascaded in the "Add" mode 
with a preset number of 189. 

A I A 
I ~ OuT 0 BOUT 

D C DIIMQ) OUT C DRM@ OUT 
D lNH OUT 0 INH OUT 
CLOCK CLOCK 

CASC CAse 
"15" INHIN "15' 

CLOCK 
.2CS -25009 

Fig. 4 - Two CD4089's cascaded in the "Multiply" mode 
with a preset number of 143. 

RECOMMENDED OPERATING CONDITIONSATTA = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

CHARACTERISTIC VDD LIMITS UNITS 
(V) Min. Max. 

Supply Voltage Range (For T A = Full Package 
3 18 V 

Temperature Range) 

Clock Rise or Fall Time, trCL or tfCL: 5,10,15 - 15 ps 
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_________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4089B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, CL = 50 pF, Input tr,tr = 20 ns, 
RL = 200 kn 

CHARACTERISTIC TEST CONDITIONS TYPICAL VALUES UNITS 

VDD 

(V) 

Propagation Delay Time: 5 180 
Clock to "Out", 10 90 

tpHL' tpLH 15 65 ns 

Clock to "Inhibit Out" 
5 260 

10 130 
tpHL' tpLH 15 100 

Transition Time 
5 100 

10 50 ns 
tTHL' tTLH 15 40 

Maximum Clock Input 
5 2 

10 4.5 MHz 
Frequency, fCL(Max.) 

15 5.5 

TRUTH TABLE 

INPUTS OUTPUTS 

Number of Pulses or Number of Pulses or 
Input Logic Level Output Logic Level 
(0 = Low; 1 = High; X = Don't Care) (L = low; H = High) 

DC B A ClK INH STR CAS ClR SET OUT OUT INH 1#15" 
IN OUT OUT 

0 o 0 0 16 0 0 0 0 0 l H 1 1 
0 0 0 1 16 0 0 0 0 0 1 1 1 1 
0 0 1 0 16 0 0 0 0 0 2 2 1 1 
0 0 1 1 16 0 0 0 0 0 3 3 1 1 

0 1 0 0 16 0 0 0 0 0 4 4 1 1 

0 1 0 1 16 0 0 0 0 0 5 5 1 1 
0 1 1 0 16 0 0 0 0 0 6 6 1 1 
0 1 1 1 16 0 0 0 0 0 7 7 1 1 

1 0 0 0 16 0 0 0 0 0 8 8 1 1 
1 0 0 1 16 0 0 0 0 0 9 9 1 1 
1 0 1 0 16 0 0 0 0 0 10 10 1 1 
1 0 1 1 16 0 0 0 0 0 11 11 1 1 

1 1 0 0 16 0 0 0 0 0 12 12 1 1 
1 1 0 1 16 0 0 0 0 0 13 13 1 1 
1 1 1 0 16 0 0 0 0 0 14 14 1 1 
1 1 1 1 16 0 0 0 0 0 15 15 1 1 

Depends on internal 
X X X X 16 1 0 0 0 0 state of counter 
X X X X 16 0 1 0 0 0 l H 1 1 
X X XX 16 0 0 1 0 0 H * 1 1 

1 X X X 16 0 0 0 1 0 16 16 H l 
o X XX 16 0 0 0 1 0 L H H l 
XX X X 16 0 0 0 0 1 l H l H 

* Output same as the first 161ines of this truth table (depending on values of A, B, C, D). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS ________________________________ _ 

CD40938 Types 

COS/MOS Quad 2 .. lnput NAND Schmitt Triggers 
High-Voltage Types (3-to-20 Volt Rating) 

The RCA-CD4093B consists of four Schmitt
trigger circuits. Each circuit functions as a 
two-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at 
different points for positive- and negative
going signals. The difference between the 
positive voltage (Vp) and the negative volt
age (VN) is defined as hysteresis voltage (VH) 
(see Fig. 3). . 

The CD4093B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (0, 
F, and Y suffixes), 14-lead dual-in-line plastic 
package (E suffix). 14-lead ceramic flat pack
age (K suffix)' and in chip form (H suffix). 

* ALL INPUTS PROTECTED BY COS/fIIOS 
PROTECTION NETWORK 

Voo 

VSS 

3(4,10,11) 

92C5·23881 

Fig. 1 - Functional diagram-t of 4 Schmitt 
triggers. 

Z:_n __ n~, 
%S~-----------~----~------------~---4~~--

I I 

Features: 

• Schmitt-trigger action on each input with 
no !lxternal components 

• Hyster!lSis voltage typically 0.6 V at 
VDO '" 5 V and 2 V at VDD '" 10 V 

• ",oise immunity greater than 50% 
• Equal source and sink currents 
• No Ii"lit qn il'!Put rise and fall times 
• auiescent current specifi6d to 20 V 
II Maximum input lea~age of 1 J.l.A at 20V 

(full package-temperature range) 
• 5-V, 10-V, and l5-V parametric "'tings 

ORIVER 

OUTPUT 
CHARACTERISTIC 

LOAD 

INPuT 
C"!ARACiERISTIC 

T
·p2~2ZZZ~7Z~-----VDD-----------

LOOuG;;~::/ 
REG ION 

-----___ Vp _____ ..,..,,.,,.,....,..,(\ 

VOH r-L.OGIC-O-- - - VN ---

OUTPU~ 7 
REGION II 

VNL -VP-VOL-VP 

"NHaVOWVN-Voo-"N 

92C5-23883R2 

Fig. 2 - Input and output characteristics. 

c) Test setup 

• Vr 
VN Vp ::----', I b) Transfer characteristic of 1 of 4 gates 

92CM- 2388ZRI 

a) Definition of Vp. VN, VH 

Fig. 3 - Hysteresis definition, characteristic, and test setup. 

MAXIMUM RATI NGS, Abso/ute-Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstg) .......................... -65 to +150o C 
OPERATING-TEMPERATURE RANG!: (T A): 

PACKAGE·TYPES D, F, K, H ................................ -55to+125°C 
PACKAGE TYPES E, Y .................................... -40 to +850 C 

DCSUPPLY-VQI-TAGE RANGE, (VOD) 
Yolt~es referenced to Vss Terminal!: ............................ -0.5 to +20 V 

POW~flbISSIPATION PER PACKAGE (PD) 
FO·R T A = 40 to +£()o C (PACKAGE TYPES E, YI ........................ 500 mW 
FOR T A = +60 to +8!tC (PACKAGE TYPES E, Y) Oerate Linearly at 12 mWt C to 200 mW 
FOR;-A = -55 to +100oC (PACKAGE TYPES D, F, K) ..................... 500 mW 
FOR T A = +100 to +125° C (PACKAG E TYPES D, F, K) . .. Derate Linearly at 12 mW/o C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 

INPUT VOLTAGE RANGE, ALLINPUTS .................. . 
LEAD TEMPERATURE (DURING SOLDERING): 

At distan~e 1/16 ± 1/32 inch (1.59 ± 0.79 mml from case for 10 s max. 

100mW 
-0.,5 to VDD +0.5 V 

+265°C 

CD4093 
9ZCS-Z3880 

FUNCTIONAL DIAGRAM 

Applications: 

• Wave and pulse shapen 
• High-noise-environment systems 
• Monostable multi vibrators 
• Astable multivibrators 
• NAND logic 

RECOMMEfliDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always ~ithin the following ranges. 

CHARACTERISTIC MIN. MAX. UNITS 

Supply-Voltage Range 
ITA = Full Package-

Temp. Range) 3 18 
.. 

AMBIENT TEMPERATURE (TA )-25-C 

- SUPPLY VOL-TAG-EIY )-I!5V ,. 
CURRENT 

112.~ PEAK> 

~ t+++ IOV 
w 10 

~ o CUR~iNT 
> 7.5 PEAk 
~ 
~ 

~ ov 
~ . 
o 

, .. 
, .. 

vr6 
vr~~ 

Vo @o O:~~R 
INPUTS 

10-- _ lOVoo 

5- 7" 10 12~ 15 
INPUT V~lTAGE (Vi1-V 

I., 

'2('$-24827 

I' 

Fig. 4 - Typical current and voltage 
transfer char;Jcteristics. 

SUPPLY VOLTAGEIV l-15V 

lOY 

10 15 
INPUT VOLTAGE {VI I-v 

Fig. 5 - Typical voltage transfer character
istics as a function of temperature. 

V 

c • I 
~ 
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CD4093B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER- CONDITIONS 
LIMiTS AT INDICATED TEMPERATURES (. CI 

ISTIC Values at -55. +25. +125 Apply to D. K. F. H Pickage. UNITS 

Vo VIN VDD 
Values at -40. +25. +85 Apply to' E. V Packages 

+25 
(VI (VI (VI -55 -40 +85 +125 MIN. TVP. MAX. 

Quiescent Device - - 5 5 5 50 100 - 0.02 5 

Current,l L - - 10 10 10 100 200 - 0.02 10 
p.A 

Max. - - 15 20 20 200 400 - 0.02 20 

- - 20 100 100 1000 2000 - 0.04 100 

Positive Trigger - - 5 3 3 2.85 2.8 2 2.9 -
Threshold Voltage 

Vp Typ. - - 10 6.1 6.05 5.8 5.7 4.5 5.9 -

- - 15 9.4 9.3 8.6 8.5 6.7 8.9 -
V 

Negative Trigger - - 5 2.1 2.1 1.95 1.9 - 2 2.7 

Threshold Voltage - - 10 4.1 4.05 3.8 3.7 - 3.9 5.5 

VN Typ. - - 15 5.9 5.8 5.1 4.9 - 5.4 7.5 

Hyster.esis - - 5 - - - - - 0.9 -
Voltage - - 10 - - - - - 2 - V 
VH - - 15 - - - - - 3.5 -

Output Drive 
Current: 
N-Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -

(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Mi~. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

rnA 
P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source). 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 

Output Voltage: 
Low-Level, - 0,5 5 0.05 - 0 0.05 

VOL Max. - 0, 10 10 0.05 - 0 0.05 

- 0, 15 15 0.05 - 0 0.05 
V 

High-Level, - 0,5 5 4.95 4.95 5 -

VOHMiri. - 0, 10 10 9.95 9.95 10 -

- 0.15 15 14.95 14.95 15 -
I nput Leakage Any Input 
Current, 

±10-5 p.A 
IlL' IIH Max. 20 ±1 - ±1 

DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA = 25°C; Input tr• tf= 20 ns, CL = 50 pF, RL = 200 Kn. 

TEST CONDITIONS 
ALL TYPES UNITS 

LIMITS 
CHARACTERISTIC 

VDD 
Volts TYP. MAX. 

Propagation Delay Time 5 300 600 

tpHL' 10 150 300 ns 

tpLH 15 120 240 

5 100 200 
Transition Time tTHL' 10 50 100 ns 

tTLH 15 40 80 

Average Input Capacitance, C, Any Input 5 - pF 

; .1 

i!i 
d 10 

! 
'" ': 5 

AMB'ENT TEMPERATURE (T. )-25-C· 

10. 

GATE-TO-SOURCI. vOLTAGE 
IY I_IIV 

10 I, 

DRAIN-TO ~SOURCE VOLTAGE (Vosl- Y 

Fig. 6 - Typical output-N-channel drain 
characteristics. 

~ 
1 1$ 
Z 
o 
;12.$ 

~ 
:: 10 a 
~ 7.5 

i!i 
;l 5 

! 
'" ~ 2.5 . 

10 It 

.5. 

5 
DR.IN-TO~SOuAC[ VOLTAGE (VOS,-V 

Fig. 7 - Minimum output-N-channel drain 
characteristics. 

DRAIN-YO-SOUACE VOLTAGE IYDSI-"Y 

AMBIENT TEMPERATURE (TA 1"25-C 

GATE-YO-SOURCE VOLTAGE (v 1_· ~v 

-IOV 

Fig. 8 - Typical output-P-channel drain 
characteristics. 

DRAIN~TO·SOURCE VOLTAGE (VD'§)-V 

"I ~tO ... , 

AIIBIENT TEIIIPERATURE (TA )-25-C 

GATE~TO-SOURCE VOLTAGE (VCiS"· 5 V 
« 

! 
o 

-I ~ 

10. 

-15'" 

tIC'-1I1I1 

Fig. 9 - Minimum output-P-channel drain 
characteristics .. 

i 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4093B Types 
700 AMBIENT TEMPE RATURE (TAl-25·C 

~ LOAD CAPAelTAN CE lell-SOpF 
I 600 
'i 

~ '00 

1 400 .. 
2 
~ 

5 300 

l!I 
z 200 
0 

~ 
~ '00 

~ 
,0 

SUPPLY VOLTAGE IVDO)-V 
ueS-2.8il~ 

!! 

I 

Fig. 10 - Typical propagation delay time 
lIS. supply voltage. 

to IS 20 
SUPPLY VOLTAGE (VlXlll-Y 

Fig. 13 - Typiql per cent hysteresis lIS. 

supply VOltage. 

10 

Fig. 11 - Typical transition time lIS. load 
capacitance. 

2458 Z .lie 24'8 2468 2: 461 
10-' 100 10' 102 fO' 10· 

FREQUENCY (f)-kHz 

Fig. 14 - Typical dissipation characteristics. 

APPLICATIONS 

VDD-T\--r

VSSJ..._~--

TO CONTROL 
SIGNAL 
OR VOO 

~ 
114 CD40938 

FREQUENCY RANGE OF WAVE SHAPE 
IS FROM DC TO I MHz 

92CS- 23885 

Fig. 16 - ~ve shapero 

TO CONTROL SIGNAL 
OR Voo 

R 

113CD4007A ~ U 
r''1 n- VOD 

....J Lvss 

'M - RC ~. (VO:~V';) 
:oon J~ 114C040938 

SS "ss 
!)O U'1 S RS IMn 
IOOpFSCS I~F 

FOR THE RANGE OF RAND C 
GivEN 5,... < tM < Is 

92C5- n886RI 

Fig. 17 - Monostable multivibrator 

I-'A --1 Voo n r 
VS~ L...J 

'A 'RCJ"[~)~gg=~~)J 
50 ktl 5 RS I Mtl 
100 pF!5 cs I"F 

FOR THE RANGE OF RAND C GIVEN 
2", < fA < 0.4& 

92C$-Z'881RI 

Fig. 19 - Astable multivibrator. 
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AMBIENT TEMPERATURE ITA1"2S-C 

~ " 
.j 

~ '0 

.. 

o ,0 .0 
SUPPLY VQ..TAGE (Vool-V 

9ZCS-24831 

Fig. 12 - Typical trigger threshold voltage 

IIS.VOO· 

10 AMBIENT TEMPERATURE (TAl- 2~·C 
LOAD CAPACITANCE I C '·I~'" 

'0 
0/ 4 '8 2 .. '8 0/ 4 ,. 0/ 44. 

10l 10 4 IO~ 10' 

RISE AND F'ALL TIME 1I,.I,I-ns 

Fig. 15 - Power dissipation lIS. rise and 
fall times. 

o 
VSS 

TEST CIRCUITS 

INPUTS 

Fig. 18 - Quiescent del/ice current test 
circuit. 

NOT[ 

MEASURE INPUTS 
SEQUENTIALLY. 

TO 10TH VOO AND "ss 
CONNECT ALL UNUSm 

'-_-,-_ ..... ....".5 TO EITHEII 
VOOCJIIVSS· 

Vss 
92C$- 27402 

Fig. 20 - Input leakage current ttlSt 
circuit. 



_________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4094B Types 
COS/MOS a-Stage Shift-and-Store 

Bus Register 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4094B is an a-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 

Two serial outputs are available for cascad
ing a number of CD4094B devices. Data is 

For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 

available at the as serial output terminal on 
positive clock edges to allow for high-speed 
operation in cascaded systems in which the 
clock rise time is fast. The same serial infor
mation, available at i:he a'S terminal on the 
next negative clock edge, provides a means 
for cascading CD4094B devices when the 
clock rise time is slow. 

The CD4094B types are supplied in l6-lead 
hermetic dual-in-line ceramic packages (0, F, 
and Y suffixes), t6-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix) , 

RECOMMENDED OPERATING CONDITIONS at TA = 2!t'C, Except as Noted, 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

VDD 
LIMITS 

CHARACTER ISTIC (V) 
UNITS 

MIN. MAX. 

Supply-Voltage Range (For TA=Full 3 
Package-Temperature Range) 

18 V 

5 125 -
Data Setup Time, IS 10 55 - ns 

15 35 -

5 200 -
Clock Pulse Width, tw 10 100 - ns 

15 83 -

5 1.25 
Clock I nput Frequency, fCl 10 de 2.5 MHz 

15 3 

Clock Rise & Fall Time, t,.cl, tfCL:" 5,10,15 - 15 lIS 

5 200 -

I Strobe Pulse Width, tw 10 80 - ns 
15 70 -

·If more than one unit is cascaded tfeL (for Os only) should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the output 
driving stage for the estimated capaCitive load. 

PARALLEL ouTPuTS QI- Q8 

ITERMINALS 4,5,6,7,14,13.12,11, 
RESPECTIVELY) 

lees - 2456 .. RI 

CD4094B Functional Diagram 

For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MQS section. 

Features: 

• 3-state parallel outputs for connection to 
common bus 

• Separate serial outputs synchronous to 
both positive and negative clock edges for 
cascading 

• Medium speed operation - 5 MHz at 10 V 

• Quiescant current specified to 20 V 
• Maximum input leakage of 1 JJA at 20 V 

(full package-temperature range) 
• t-V noise margin (full package-tempera

ture range) 
• 5-V, to-V, and t5-V parametric ratings 

Applications: 
• Serial-ta-parallel data conversion 
• Remote control holding register 
• Dual-rank shift, hold, and bus applications 

92:CS-l!S632 

TRUTH TABLE 

CL" 
Output 
Enable 

.r 0 

\... 0 

J , 
J , 
f , 
\... 1 

.. = Level Change 
X = Don't Care 
NC = No Change 
DC = Open Circuit 

Strobe Data 

x x 
x x 
0 X , 0 , r , 1 

Parallel Serial 
Outputs Outputs 

Qt ON OS' a's 
DC DC 07 NC 

DC OC NC Q7 

NC NC 07 NC 

0 ON-' 07 NC , ON-' 07 NC 

NC NC NC 07 

Logic' " High 
Logic 0= Low 

.. At the positive clock edge information in the 7th shift register 
stage is transferred to the 8th register stage and the Os output. 

Fig, 1 - Timing diagram. 

Fig. 2 - CD4094B Logic diag,am. 

SERIAL out 

SERIA\. 
OUT 9 

Os 

*Fi .-f 
ST~TE Vss 

* ALL INPUTS f'R01ttTE 
BY COS/MOS 
PROTECTfQN NETWClRK 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _______________________________ _ 

CD4094B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA=2ff'C; Input tr , tf= 20ns, CL =50pF, RL = 200kn 

CHARACTER ISTIC VDD 
(V) 

Propagation Delay Time, 
tpHL. tPLH 5 
Clock to Serial Output (a's) 10 

15 
-

5 
Clock to Serial Output (a's) 10 

15 

5 
Clock to Parallel Output 10 

15 

5 
Strobe to Parallel 0 utput 10 

15 

Output Enable to Parallel 5 
Output; 10 

tPHl 15 

5 
tPlH 10 

15 

Minimum Strobe Pulse 
5 

10 
Width. tw 15 

Minimum Clock Pulse 
5 

Width, tw 
10 
15 

5 
Minimum Data Setup 10 

Time, ts 15 

5 
Transition Time; 10 

tTHL. tTLH 15 

Clock Rise and Fall Time; 
5,10,15 

tr, tt 

Max. Clock Input 
5 

10 
Frequency, tCl 15 

Average I nput Capacitance, -
CI (Any Input) 

Fig. 6 - Typic'" trBn,ition ti"",,,,.IOIIdc/IP«/tIIfICfI, 

590 

LIMITS 
ALL PACKAGES UNITS 

MIN. TYP. MAX. 

- 300 600 
- 125 250 ns 
- 95 190 

- 230 460 
- 110 220 ns 
- 75 150 

- 420 840 
- 195 390 ns 
- 135 270 

- 290 580 
- 145 290 ns 
- 100 200 

- 140 280 
- 75 150 ns 
- 55 110 

- 225 450 
- 95 190 ns 
- 70 140 

- 100 200 
- 40 80 ns 
- 35 70 

- 100 200 
- 50 100 ns 
- 40 83 

- 60 125 
- 30 55 ns 
- 20 35 

- 100 200 
- 50 100 ns 
- 40 80 

- - 15 jJS 

1.25 2.5 -
2.5 5 - MHz 
3 6 -

- 5 - pF 

o 10 II eo 
SUPPLY vOLrA81 CYDD)-V 

Fig. 7 - Typ/CIII mllXimum-clock·frequency ",. 
supply "oItBg11. 

Fig. 3 - Clock-to-parallel output propagation 
delay", CL' 

LOAD CAPACITANCE CCL)- pF 

Fig. 4 - Strobe -to-parallel output propagation 
delay",CL· 

Fig. 5 - Output enable-to-parallel output propa· 
gation delay", CL' 

Fig. 8 - Dynamic power disr;pation ",. capacitanCII. 



_________________ ...__--------______ COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4094B Types 
STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 
CONDITIONS 

Vo VIN VDD 

(VI (VI (vI 

- - 5 

- - 10 
Ouiescent DeNice 

Current, I L Max. - - 15 

- - 20 

Output Drive 
Current: 0.4 - 5 
N-Channel 

0.5 - 10 
(Sinkl. 
ION Min. 1.5 - 15 

P-Channel 4.6 - 5 
ISourcel. 2.5 - 5 
lOP Min. 

9.5 - 10 

13.5 - 15 

Output Voltage: 
- 0.5 5 

Low-Level 
VOL Ma •. - 0,10 10 

- 0,15 15 

High Level - 0,5 5 
VOH Min. - 0,10 10 

- 0.15 15 

Noise Immunity; 4.2 - 5 
Inputs Low, 
VNL Min. 9 - 10 

13.5 - 15 

Inputs High, 0.8 - 5 
VNH Min. 1 - 10 

1.5 - 15 

Noise Margin: 4.5 - 5 
Inputs low, 
VNMLMin. .9 - 10 

13.5 - 15 

Inputs High, 0.5 - 5 
VNMH Min. 

1 - 10 

1.5 - 15 

Input Lealeage 
Current, Any Input 20 
IlL, IIH Max. 

3-State Output Forced 
Leakage Current (Output 

IOL,IOH Max. ~isablet 
0,20 - 20 

"'BIENT 'DlN .... T""E (TA l-H-C 

SAT£-TO-SOURCE VOLTAGE (v.tr-!lV 

'Oy 

-15"1 

LIMITS AT INDICATED TEMPERATURES (OCI 

VALUES AT -65.+25.+125 APPLY TO 
D.K.F.H PACKAGES 

VALUES AT -40.+25.+85 APPLY TO E.Y PACKAGES 

-55 -40 +85 

5 5 50 

10 10 100 

20 20 200 

100 100 1000 

0.5 0.45 0.36 

1.1 1 0.75 

3.3 3.2 2.5 

-0.5 -0.45 -0.36 

-2 -1.8 -1.3 

-1.1 -1 -0.75 

-3.3 -3.2 -2.5 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.5 

3 

4.5 

1.5 

3 

4.5 

1 

1 

1 

1 

1 

1 

±1 

±2 

1 
.J. 

" ... , !:! 

I 

+125 

100 

200 

400 

2000 

0.3 

0.65 

2.2 

-0.3 

-1.15 

--0.65 

-2.2 

+25 

MIN. TYP. MAX. 

- 0.02 5 

- 0.02 10 

- 0.02 20 

- 0.04 100 

0.4 0.8 -

0.9 1.8 -

3 6 -
-0.4 --0.8 

-1.6 -3.2 -

--0.9 -1.B -

-3 --6 -
- 0 0.05 

- 0 0.05 

- 0 0.05 

4.95 5 -

9.95 10 -

14.95 15 -

1.5 2.25 -

3 4.5 -

4.5 6.75 -

1.5 2.25 -

3 4.5 -

4.5 6.75 -

1 - -

1 - -
1 - -

1 - -
1 - -

1 - -

- 10-5 ±1 

- ~10--4 ±2 

UNITS 

JJA 

rnA 

V 

V 

V 

JJA 

JJA 

tlCl-,utl 

Fig. 12 - Minimum ourput-P-t;hannel drain 
characteristics. 

LOAD CAPACITANCE CCLJ- pF 
'ZCS-2!5&33 

Fig. 13 - Clock-to-s8fialoutput as propagation 
delay vs CI.' 

! '" i . 
,d to 

I 
''t • . 

AMIIENT TEMPERATURE ITA l-Z'·C 

.v 

'0 y 

GATE-TO-SOURC£ VOLTAGE 
IV )_15'1 

10 I' 
O"'IN-TO-SOURC[ 'VOLTAGE ('IDS)-V 

'HCS-243'.Rt 

Fig. 9 - Typical ourput-N-t;hannel drain 
characteristics. 

.. • ,. 
I 
Z .. 
~IZ.!o .. 
~ 
"' 10 "' 1l GATE-TO-SOURCE VOLTAGE IVGSI-UIV .. 

7.5 :; 
:!'i 'oy 
iii • .. 
= z 
't 2.' .V ,. 

DRAIN-TO-SOURCE VOLTAGE IVDS)-V 

Fig. 10 - Minimum ourput-N-channel drain 
characteristics. 

DltAIN-TO-SOuRCE VOLTAGE IVDS)-VI 

Fig. 11 

GATE-TV-SOURCE VOLTAGE IV .... SV 

-lOY 

-I!!IV 

WK'''14I1OR2 

Typical ourput-P-t;hannel drain 
characteristics. 

LOAD CAPACITANCE ICL)-" 
HCS-Ull4 

Fig. 14 - C/ock-to-serial ourput 0'6 
propagation delay vs C I.' 
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CD4095B, CD4096B Types 

COS/MOS Gated J-K i Master-Slave Flip-Flops 
With Set- Reset Capabi lity 
High-Voltage Types (3-to-20-Volt Rating) 

CD4095B Non-Inverting J and K Inputs 

SET -------., 
13 

S 

CD4096B Inverting and Non-Inverting J and K Inputs 
Q 8 Q 

The RCA-CD4095B and CD4096B are J-K 
Master-Slave Flip-Flops featuring separate 
AND gating of multiple J and K inputs. The 
gated J-K inputs control transfer of i nforma-
tion into the master section during clocked 
operation. Information on the J-K inputs is 
transferred to the Q and Q outputs on the 
positive edge of the clock pulse. SET and 
RESET inputs (active high) are provided for 
asynchronous operation. 

ii 6 ii 
R 

RESET ____ ......J2 Voo - 14 
Vss = 7 

NC -I 
92CS- 24427RI 

CD4095B 
Functional Diagram 

in-line plastic package (E suffix), 14-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

Applications: 
The CD4095B and CD4096B types are sup
plied in 14-lead hermetic dual-in-line ceramic 
packages (0, F, and Y suffixes), 14-lead dual- - Registers - Counten - Control circuits 
MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) •••••••••••.•••.••...•..• -65 to +150 0 C 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H •....•..••••••••••.••••••••.••• -55 to +125 0 C 

PACKAGE TYPES E, Y •.•.•........ _ ... ' ..••..•.....•..... -40 to +85 0 C' 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal). • . . . . • . . • • • . • • . • . • • • • . . • . • •. -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA = -40 to +60" C (PACKAGE TYPES E, Y) .....•.••..•••••. 500 mW 

FOR TA = +60 to +85" C (PACKAGE TYPES E, Y) .• Derate Linearly at 12 mW/" C to 200 mW 

FOR TA = -55 to +100" C (PACKAGE TYPES D, F, K) . • • . • . . . . . . . • . . 500 mW 

FOR TA = +100 to +125" C (PACKAGE TYPES D, F, K)Derate Linearly at 12 mWJ" C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ...............•••.•..• -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (~URING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. • • • . . . • .. +265" C 

RECOMMENDED OPERATING CONDITIONS at T A = 25" C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDO LIMITS 

(V) MIN. MAX. 

Supply-Voltage Range (For T A = Full 
3 18 

Package-Temperature Range) 

5 400 -
Data Setup Time, t5 10 160 -

15 100 -
5 140 -

Clock Pulse Width, tw 10 60 -
15 40 -
5 3.5 

Clock Input Frequency, fCl 10 dc 8 
15 12 

Clock Rise and Fall Time, trCl, tfCl: 
5, 10 - 15 

15 5 -
5 200 -

Set or Reset Pulse Width, tw 10 100 -
15 50 -

UNITS 

V 

ns 

ns 

MHz 

I-IS 

ns 

SET-----
13 

S 

...... -------4CL 

R 

Q 8 Q 

ii 6 Q 

RESET ____ -..J2 Voo' 14 
Vss '7 
NC'I 

92CS - 24430RI 

CD4096B 
Functional Diagram 

Features: 

- 16 MHz toggle rate (typ.) 
at VDD - VSS = 10 V 

- Gated inputs 
- auiescent current specified to 20 V 
• Maximum input leakage of 1 JlA at 20 V 

(full package-temperature range) 
- l·V noise margin (full package·temperature 

range) 
- 5-V, 10-V, and 15-V parametric ratings 

TRUTH TABLES 
SYNCHRONOUS OPERATION (S=O R=O) 

I nputs Before 
Positive Clock 

Transition 

J* K* 

0 0 

0 1 

1 0 

1 1 

* For CD4095B 
J = Jl . J2 - J3 
K = Kl . K2' K3 

Outputs After 
Positive Clock 

Transition 

ala 

No Change 

0 

I 
1 

1 0 

Toggles 

For CD4096B 
J = Jl . J2' J3 
K= K1 . K2' K3 

ASYNCHRONOUS OPERATION 
(J and K - DON'T CARE) 

5 R Q Q 

0 0 No Change 

0 1 0 1 

1 0 1 0 

1 1 0 0 

0= V55, 1 = VDD 

! 15 

i 
d 10 z 
II z 
'~ . . 

AMelEtn TEMPERATURE ITA 1-25-C 

.v 

10V 

GATE-TO-SOURCE VOLTAGE 
tv )~15 Y 

10 " 
DRAIN-TO-SOURCIE VOLTAGE CVOSI-V 

t2C$-24S18R1: 

Fig. 1 - Typical output n-channel drain 
characteristics. 
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CD4095B, CD4096B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER-
ISTIC 

Quiescent 
Device 
Current, I L 
Max. 

Output Drive 
Current: 
N-Channel 
(Sink), 

ION Min. 

P-Channel 
(Source), 

lOP Min. 

Output Voltage: 
Low-level, 

VOL Max. 

High Level, 
VOH Min. 

Noise 
Immunity: 
Inputs Low, 
VNL Min. 

Inputs High. 
V NH Min. 

Noise Margin: 
Inputs Low, 
V NML Min. 

Inputs High, 
V NMH Min. 

Input Leakage 
Current, 

IlL' IIH Max. 

o OR Q 
OUTPUT 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values at -55,+25,+ 125 Apply toD,K,F,H Packages 

Vo V IN 

(V) (V) 

- -

- -

- -
- -

0.4 -
0.5 -
1.5 -

4.6 -
2.5 -

9.5 -

13.5 -

- 0,5 

- 0,10 

- 0,15 

- 0,5 

- 0,10 

- 0,15 

4.2 -

9 -

13.5 -

0.8 -

1 -
1.5 -
4.5 -

9 -
13.5 -
0.5 -

1 -
1.5 -

Any Input 

Valuesat-40,+25,+85 Apply to E, Y Packages 

VOD 

(V) 
-55 -40 +85 

5 5 

10 10 

15 20 

20 100 

5 0.5 

10 1.1 

15 3.3 

5 -0.5 

5 -2 

10 -1.1 

15 -3.3 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

20 

,voo 
----=-90 ... _____ 50-.. 

IpHL 

5 50 

10 100 

20 200 

100 1000 

0.45 0.36 

1 0.75 

3.2 2.5 

-0.45 -0.36 

-1.8 -1.3 

-1 -0.75 

-3.2 -2.5 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.5 

3 

4.5 

1.5 

3 

4.5 

1 

1 

1 

1 

1 

1 

±1 

+25 
+125 

MIN. TYP. MAX. 

100 - 0.02 5 

200 - 0.02 10 

400 - 0.02 20 

2000 - 0.04 100 

0.3 0.4 0.8 -

0.65 0.9 1.8 -
2.2 3 6 -

-0.3 -0.4 -0.8 -
-1.15 -1.6 -3.2 -

-0.65 -0.9 -1.8 -

-2.2 -3 -6 -

- a 0.05 

- a 0.05 

- a 0.05 

4.95 5 -

9.95 10 -

14.95 15 -

1.5 2.25 -

3 4.5 -

4.5 6.75 -

1.5 2.25 -

3 4.5 -

4.5 6.75 -
1 - -

1 - -

1 - -

1 - -

1 - -

1 - -

- ±10-5 ±1 

UNITS 

JlA 

mA 

v 

V 

V 

JlA 

Fig. 5 - Propagation -delay, transition, and 
setup-time waveforms. 

Fig. 6 - Clock pulse rise and fall time 
waveforms. 

.. • ~ 15 

12.5 

z 
w 

~ 10 

AMBIENT TEMPERATURE ITA 1=25·C 

GATE~TO SOURCE VOLTAGE {VGS)"5V 

10 V 

5V 

10 15 

DRAIN TOwSOURCE VOLTAGE 1Vosl-V 

9ZCS-2~3t9 

Fig.2 - Minimum output-N-channel drain 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE {Vos!-V! 

AMBIENT TEMPERATURE t TAl- 25·C 

GATE-TO SOURCE VOLTAGE (VGSI-· 5 V 

-IOV 

-15V 

Fig. 3 - Typical output-P·channel drain 
characteristics. 

DRAIN-lO-SOURCE VOLTAGIE ,VDsl-V! 

-I' -to -s 

-. 
-10 

·'5 

-20 

25 

-lIO 

AMBIENT TEMPERATURE CT. )-25·C 

~ 

GATE-lO-SOURCE VOLTAGE (VGS).t· 5\1 

'OV 

-151f 

92CS-i.'4S21 

Fig. 4 - Minimum output-P-channel drain 
characteristics. 

i 250 

! 
'" ::Ii 
I-

o 

1011 

I II 

25 50 75 
LOAD CAPACITANCE (CU- pF 

100 
9i.'CS-26S91 

Fig.7 - Typical propagation delay time vs. 
load capacitance. 
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CD4095B, CD4096B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25 ° C; Input t r, 1f = 20 ns, 
Cl = 50 pF, RL = 200 K,Q 

CHARACTERISTIC 

Propagation Delay Time: tpHl, tplH 

Set or Reset 

Clock Rise and Fall Time: tp tf 

Transition Time, tTHl, tTlH 

Maximum Clock Input Frequency, (fCll 

Minimum Clock Pulse Width, tw 

Minimum Set or Reset Pulse Width, tw 

Minimum Data Setup Time, ts 

Average Input Capacitance, C, 

SET 

fOR ':040958 .J3®!------, 

F(lR (040968 J3~'" 

RESET 

TEST CONDITIONS -
VDD 
(VI 

5 
10 
15 

5 
10 
15 

5, 10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Any Input -

LIMITS UNITS 

MIN. TYP. MAX. 

- 250 500 
- 100 200 
- 75 150 

ns 
~ 150 300 
- 75 150 
- 50 100 

- - 15 
5 

ns - ~ 

- 100 200 
- 50 100 ns 
- 40 80 

3.5 7 -

8 16 - MHz 
12 24 -

- 70 140 
- 30 60 ns 

- 20 40 

- 100 200 
- 50 100 ns 
- 25 50 

- 200 400 
- 80 160 ns 
- 50 100 

- 5 - pF 

(Z2~'~----~ )~------------~~----------------~ 
Voo 

594 

~
CL 

CLOCK 
12 * a. 

INPUT TO OUTPUT IS· 
QJ A BIDIRECTIONAL LOW 'MPEDANCE 
WHEN CONTROL INPUT I IS "LOW· 
AND CONTROl INPUT 2 IS ·HIGH~ 

blAH OPEN CIRCUIT WHEN COfliTROL 
'NPUT I IS "HIGH"AND CONTROl. INPUT 
2 IS "LOW" 

ALL INPUTS PROTECTED BY 
STANDARO COS/Mas 
PROTECTION NETWORK 

Fig. 11 - CD40958 and CD40968 logic diagram. 

Vss 
NOTE' 

TEST ANY COMBINATION 
OF INPUTS 

92CS-2144I 

Fig. 12 - Noise immunity test circuit. 

NOTE 

M[ASUR£ INPUTS 
SEOUENTIAlLY, 

TO BOTH Voo AltO Yss' 
CONNECT ALL UNUSED 

L-_..,...._...J INPUTS TO EITHER 
Voo OR Vss 

Vss 

Fig. 13 - Input leakage current test circuit. 

LOAD CAPACITANCt (CL)-~F 

Fig.S - Typical transition time vs. 
load capacitance. 

_NT TE_RATURE (TAloZ"C 

trl 'f-Sn. 
CL o50pF 

~ 15 

e: 
>< 10 

g 
u 

o , 10 15 
SUPPLY VOLTAGE (VOO)-V 

20 

92CS- 26~92RI 

Fig. 9 - Typical clock frequency 115. supply 
voltage (toggle mode). 

3: 1052 MAXIMUM PACKAGE DISSIFJUION· 200 m 

2 4 6 10 2 4 6 102 2 4 6 103 2 4 6 10• 2 4 610~ 

INPUT CLOCK FREQUENCY (fell-kHz 
92CS-26:,o9:5 

Fig. 10 - Typical input clock frequency vs. 
power dissipation. 

o 
Vss 

9ZCS- 27401 

Fig. 14 - Quiescent device current test 
circuit 
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Preliminary CD4098B Types 

COS/MOS Dual Monostable Multivibrator .-II_..JV'V'Y- VDD 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-C04098B qual monostable multi
vibrator provides stable retriggerable/ 
resettable one-shot operation for any fixed
voltage timing application. 

An external resistor (R X) and an external 
capacitor (CX) control the timing for the 
circuit. Adjustment of RX and Cx provides 
a wide range of output pulse widths from 
the Q and IT terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from 
reset input to output transition (reset 
propagation delay) are independent of RX 

and CX' 

Leading-edge-triggering (+T R) and trailing
edge-triggering (-T R) inputs are provided for 
triggering from either edge of an input pulse. 
An unused +T R input should be tied to VSS' 
An unused -T R input should be tied to V DO. 
A RESET (on low level) is provided for im
mediate termination of the output pulse or 
to prevent output pulses when power is 
turned on. An unused RESET input should 
be tied to V DO _ However, if an entire sec
tion of the C04098 is not used, its RESET 
should be tied to VSS' See table I. 

In normal operation, the circuit retriggers on 
the application of each new pulse. To pre
vent retriggering when leading-edge triggering 
is used, IT must be connected to -T R' To 
prevent retriggering when trailing-edge trig
gering is used, Q must be connected to + T R' 

The time period (T) for this multivibrator 
can be approximated by: T X = Y. RXCX for 
Cx ;;. 0.01 uF. Time periods as a function 
of RX for values of Cx and VOO are given 

Features: 
• Retriggerable/resettable capability 
• Trigger and reset propagation delays 

independent of RX' Cx 
• Triggering from leading or trailing edge 
• a and Q buffered outputs available 
• Separate resets 
• Wide range of output-pulse widths 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 
• l-V noise margin (full package-tempera

ture range) 
• S-V, 10-V, and lS-V parametric ratings 

Applications: 
• Pulse delay and timing 
• Pulse shaping 
• Astable Multivibrator 

in Fig. 2. Note that the e)(act. values of T 
vary from unit to unit and as a function of 
voltage, temperature, and RXCX' 

The C04098B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (0, F, 
and Y suffixes), l6-lead dual-in-line plastic 
packages (E suffix). 16-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

The C0409B is similar to type MC14528. 

+TR 
-TR 

RESET 

vss-, 

CD4098 

CX2 
9IeS-242!!! 

FUNCTIONAL DIAGRAM 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) . . . . • • • • . • • • • • • • • . • . . . • . • . •• -65 to +150·C 

OPERATING-TEMPERATURE RANGE (T A) 

PACKAGE TYPES 0, F, K, H ••.•....•••..•••.••.••.......•.••.• -55 to +125·C 

PACKAGE TYPES E, Y . . . .. . . . . . . . . • • . . . . • • • . . • . • . • . • . • • • • • •• -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ....••...••......•..•.•.•....•. -0.5 to +20 V 

POWER olSSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) . • • . . • . . . . • . . . . . • . . . . . . .. 500 mW 

FOR T A = +60 to 85°C (PACKAGE TYPES E, V) •.••.... Derate Linearly at 12 mWtC to 200 mW 

FOR T A = -55 to +100"C (PACKAGE TYPES D, F, K). . . . . . . . . . . . . . . . • . . . . .. 500 mW 

FOR T A = +100 to +125°C (PACKAGE TVPES D, F, K) ....• Derate Linearly at 12 mW/"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TVPES) ...... , 100 roW 

INPUT VOLTAGE RANGE, ALL INPUTS ..•.•..•.•.•........•....•• -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DUI=lING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . . . . . . . . . . .. +265°C 

TABLE I 

C04098 FUNCTIONAL TERMINAL CONNECTIONS 

Voo TO 
FUNCTION TERM. NO. 

MON01 MON02 

Leading-Edge 
Trigger/ 3,5 11,13 
Retriggerable 

Leading-Edge 
Trigger/ 3 13 

Non-retriggerable 

Trailing-Edge 
Trigger/ 3 13 
Retriggerable 

T rai ling-Edge 
Trigger/ 3 13 

N on-retriggerable 

Unused Section 5 11 

NOTES: 

1. A RETRIGGERABLE ONE-SHOT MULTI· 
VIBRATOR HAS A TIME PERIOD T X RE· 
FERENCED FROM THE APPLICATION OF 
THE LAST INPUT PULSE. 

2. A NON·RETRIGGERABLE ONE-SHOT 
MULTIVIBRATOR HAS A TIME PERIOD 
T X REFERENCED FROM THE APPLICA· 
TION OF THE FIRST INPUT PULSE. 

VSSTO INPUT PULSE OTHER 

TERM_ NO. TO TERM_ NO. CONNECTIONS 

MONO, MON02 MONO, MON02 "",,ONO, MON02 

4 12 

4 12 5-7 11-9 

4 12 5 11 

5 11 4-6 12-10 

3,4 12,13 

INPUT PULSE TRAIN 

RETRIGGERABLE MODE PULSE WIDTH j 
C+TR MODEl 

NON·RETRIGGERABLE MODE PULSE FTx=-L
WIDTH 
(+TR MODEl 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4098B Types 
RECOMMENDED OPERATING CONDITIONS 
For maximum reliability. nominal operating conditions should be selected 
so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

MIN. MAX. 

Supply-Voltage Range (For T A = 

Full Package Temperature 3 18 V 
Range) 

DYNAMIC ELECTRICAL CHARACTERISTICS 
AtTA = 25'C; Input t" tf=20ns,CL =50pF,RL =200kf1. 

TEST CONDITIONS 
CHARACTERISTIC RX(kf1.) CX(pF) VDD(V) 

Trigger Propagation Delay Time 
+TR. -TR to Q. 0: 
tPLH. tPHL 

Minimum Trigger Pulse 
Width 

tWL' tWH 

Transition Time 

tTLH' tTHL 

Reset Propagation Delay 
Time 

tTLH. tpHL 

Minimum Reset Pulse 
Width tw 

Average Input Capacitanoe CI 

* 3(13) 
RESET 

5 
5to ;"15 10 
10.000 

15 

5 
5 to 

;"15 10 
10.000 

15 

5 to 
5 

10.000 
";;10.000 10 

15 

5 
5 to 

;"15 10 
10.000 

15 

5 
5 15 10 

15 

5 
10 1000 10 

15 

Any Input 

TYPICAL 
VALUES 

300 
125 
100 

75 
30 
25 

100 
50 
40 

250 
100 
75 

125 
75 
50 

500 
275 
200 

5 

UNITS 

ns 

ns 

ns 

ns 

ns 

pF 

~--------------------________________ ~::~~)aV:D_ 
NOTE 'SCHEMATIC SHOWN IS 1/2 OF TOTAL 

PACKAGE. TWO SETS OF TERMINAL 
NUMBERS ARE SHOWN. TERMINALS *AU INPUTS ARE 
1.8.15 ARE ELECTRICALLY CONNECTED PROTECTED BY 
INTERNALLY. • ~~,.'~ PROTECTION 

92CM-nIZI Vas 

ISO---VOD 

Fig. t - CD4098 logic diagram. 
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10.6 10·' 10.4 10.3 

TIME PERIOD ct)- SECONDS 9:2CS-27629 

Fig. 2 - Typical external resistance 1If. time 
period for various values of supply volt
age and external capacitance. 

APPLICATIONS 

Ox, Ox. 

JL.TO 

Voo 

INPUTPULSE~ TIM!!!'!"'£!!' 

OUTPUT PULSE 1--11 =+=t2~ T2RfRX!cxz 
-y--

Fig. 3 - Pulse delay. 

Voo 

92CS- 2''2'56''1 

Voo 

Ox. 

TZ alRXZ ClC2 -.-row' 
92C$- 24Z5 7RI 

Fig. 4 - Astable multi vibrator. 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4098B Types 
STATIC ELECTRICAL CHARACTERISTICS at TA = 250 C 

CONOITIONS 
CHARACTERISTIC TYPICAL UNITS 

Vo VIN VOD VALUES 

(V) (V) (V) 

Quiescent Device 
Current,lL - - 5 0.02 

- - 10 0.02 

15 0.02 
J-lA 

- -

- - 20 0.04 

Output Voltage: 
Low·Level, - 0,5 5 0 

VOL - 0, 10 10 0 

- 0,15 15 0 
V 

High-Level, - 0,5 5 5 

VOH - 0, 10 10 10 

- 0, 15 15 15 

Noise Immunity: 
Inputs Low, 4.2 - 5 2.25 

VNL 9 - 10 4.5 

13.5 - 15 6.75 
V 

Inputs High, 0.8 - 5 2.25 

VNH 1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 
Inputs Low, 4.5 - 5 1 min. 

VNML 9 - 10 1 min. 

13.5 - 15 1 min. 
V 

Inputs High, 0.5 - 5 1 min. 

VNMH 1 - 10 1 min. 

1.5 - 15 1 min. 

Output Drive 
Current: 
N-Channel 0.4 - 5 0.8 
(Sink), 0.5 - 10 1.8 

ION 1.5 - 15 6 
mA 

P-Channel 4.6 - 5 -0.8 
(Source), 2.5 - 5 -3.2 

lOP 9.5 - 10 -1.8 

13.5 - 15 -6 

I nput Leakage Any Input 
Current, 

IIL,IIH 20 ±10-5 J-lA 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD40998 Types 
COS/MOS For MAXIMUM RATINGS see "Ratings and 

Characteristic," at the beginning of the COS/MOS 

a-Bit Addressable Latchsection. 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4099B 8-bit addressable latch 
is a serial·input, parallel-output storage regis
ter that can perform a variety of functions. 

Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 

A master RESET input is available, which 
resets all bits to a logic "0· level when RESET 

and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1-of-8 demultiplexer; the bit that is ad
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic "0· level. 

The CD4099B types are supplied in l6-lead 
hermetic ceramic dual-in-line packages (0, 
F, Y suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

RECOMMENDED OPERATING CONDITIONS at TA = 25' C (Un/ess otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the fol/owing ranges. 

CHARACTERISTIC 
SEE VDD LIMITS 

UNITS 
FIG. 2* 

(V) MIN. MAX. 

Supply Voltage Range: 
(At T A = Full Package 3 18 V 

Temperature Range) 

Minimum Pulse Width, tw 5 200 -
Data 8 10 100 -

15 80 

5 400 -

CD 
ns 

Address 10 200 -
15 125 -
5 150 -

Reset 0 10 75 -
15 50 -

Setup Time, ts 5 100 -
Data to WRITE DISABLE G) 10 50 -

15 35 - ns 

Hold Time, tH 5 150 -
Data to WRITE DISABLE G) 10 75 - ns 

15 50 -
... Circled numbers refer to times indicated on master timing diagram. 

Features: 

• Serial data Input 
• Active parallel output 
• Storage register capability 
• Master clear 
• Can function as demultiplexer 
• Quiescent current spacified to 20 V 
• Maximum input leakage of 1 /AA at 20 V 

(full package-temparature range) 
• 1-V noiie margin (full package-tempera

ture range) 
• S-V, 10-V, and 1S-V parametric ratings 

Applications: 

• Multi-line decoden 
• AID converters 

wb R 

0 0 

0 1 

1 0 
1 1 

WRITE DISABLE 

DATA---""i 

RESET -----=I 
YOD~" 
"SSs8 92Cs-2442SAl 

FUNC'i"!ONAL DIAGRAM 

MODE SELECTION 

ADDRESSED UNADDRESSED 
LATCH LATCH 

Follows Data Holds Previous 
State 

Follows Data Reset to HO· 
(Active High 8·Channel Demulti-

I plexer) 
Holds Previous State 

Reset to Hon I Reset to no" 
WD = WRITE DISABLE 

R a RESET 

Note: In addition to the above characteristics, a WRITE DISABLE ON time !the time that WRITE F===~tw~==::::L ______ _ 
DISABLE is at a high levell must be observed during an address change for the total time that the AO .A~I.!:A2!.-__ ~----@ 
external address lines AO, A 1, and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed C (see Fig.1). WRITE::....:::.OI::SA:::.L:.::E __ +-_____ .....IJ 

AO 

AI 

A2 
--+---' 

WD 

92cs-n... t w 
Fig. 1 - Definition of WRITE DISABLE ON time. 

00 

For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 

Fig. 2 - Mastflr timing diagram. IZU-I'." 
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CD4099B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS lit T A ... 2ft C, C L ... 50 pF, 
Inputt,. t,. 20 ns, R L ,. 200 Kn 

CHARACTERISTIC 

Propagation Oelay: tPlH· 
tPHL 

Oat. to Output. 

WRITE DISABLE 

to Output, tpLH' 

tpHL 

Reset to Output, 

IPHL 

"Address to Output. 
tpLH' 
tpHL 

Transition TIme. tTH L' 
(Any Output I tTLH 

Minimum Pulse 

Widlh.tw 

Data 

Address 

Reset 

Minimum Setup 

Time.ts 

Dala 10 WRITE DISABLE 

Minimum Hold 

Time.tH 

Data to WRITE DISABLE 

Average Input Capacitance. 

CI . " 

.* 
WRITE;'" r-........ r-........ 
DISA8LE~WD 

2* 
RESET~R 

~
DD 

*AU. INPUl"S ARE 
PIlDTECTED IT 
COSINOS PIIOTECT\CIIII 
N~. 

Vss 

CONDITIONS 
LIMITS 

SEE VOO 
All PACKAGE TYPES 

FIG.2· (VI TYP. MAX. 

5 200 400 

0) 10 75 150 

15 50 100 

5 200 400 

CD 10 80 160 

15 60 120 

5 175 350 

0 10 80 160 

15 65 130 

5 225 450 

® 10 100 200 

15 75 150 

5 100 200 

10 50 100 

15 40 80 

5 100 200 

0 10 50 100 

15 40 80 

5 200 400 

@ 10 100 200 

15 65 125 

5 75 150 

@ 10 40 75 

15 25 50 

5 50 100 

@ 10 25 50 

15 20 35 

5 75 150 

<V 10 40 75 

15 25 50 

Any Input 5 -

AI 

Fig. 3 - Logic diBfJTtIm Bnd IChamstic of 1 of 8 
IBlI:hes. 

UNITS 

ns 

ns 

n. 

ns 

ns 

ns 

ns 

pF 

Q 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

c 
1 :so 
z 

" !! .. 

5 
~zo 

z " i 
;I I. , . 
· 

AMBIENT TEMPERATURE CT. )-25-C 

'V 

10V 

GATE-TO-SOURCE VOLTUE 
IVas).15 v 

10 15 

DRAIN"TO~SOURC£ vOLTAGE (YDsI-V 

Fig. 4 - Typical output-N-channel drain 
characteristics. 

· '.' i 10V 

~ . 
! ';' I.' · 

, I 

DRAIN-YO-SOURd: VOLTAGE IYDS)-Y 

,ac;1-MJ" 

Fig. 5 - Minimum output·N-channel drain 
characteristics. 

OftAIN-TO"SOURCE VOLTAGE (VDS'-V 

AII.'ENT TEMPERATURE (T )-25·c 

IrATI-tO-SOUItCE VOL1ME tv a-.:sv 

-lOY 

-I'V 

Fig. ~ - Typical output-P"Channel drain 
characteristics. 

HAUt-YO-SOURCE VOLTAG£ IYDSI-V 

-I' -., ., 
AIIIIEIIT TIPIPIJIATUH "A ). zs-c 

c • 
t 

-I ~ 

lOY 

, 
1ICIi..,.." 

Fig. 7 - Minimum output-P-channel drain 
characteristics. 

I 
i 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4099B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (0 C) 
CONDITIONS Values at -55. +25. +125 Apply to D. K. F. H Packaglll 

CHARACTER- Values at -40. +25. +85 Apply to E. Y Packages 
ISTIC Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 MIN. TYP. MAX. 

Quiescent - - 5 5 5 50 100 - 0.02 5 
Device - - 10 10 10 100 200 - 0.02 10 
Current. 

15 20 20 200 400 0.02 20 ILMax. - - -

- - 20 100 100 1000 2000 - 0.04 100 

Output Drive 
Current: 
N-Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink). 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -
P-Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source). 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Output 

Voltage: 
Low-Level. - 0.5 5 0.05 - 0 0.05 

VOL Max. - O. 10 10 0.05 - 0 0.05 

- 0.15 15 0.05 - 0 0.05 

High-Level - 0.5 5 4.95 4.95 5 -
VOH Min. - 0.10 10 9.95 9.95 10 -

- 0,15 15 14.95 14.95 15 -

Noise 
Immunity: 
Inputs Low. 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
Inputs High 0.8 - 5 1.5 1.5 2.25 -
VNH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -

Noise Margin: 
Inputs Low, 4.5 - 5 1 1 - -
VNMLMin. 9 - 10 1 1 - -

13.5 - 15 1 1 - -
Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Input Leakage Any Input 
Current. 

I 1 20 IIL.IIH Max. ±1 - ±10·5 ±1 

loState Output Forced 
Leakage (Output 
Current Disabled) 

IOL.IOH 

0. 201-1 20 Max. ±2 - ±10'" ±2 

600 

UNITS 

p.A 

mA 

V 

V 

V 

p.A 

p.A 

Rcs-zn" 
Fig. 8 - Typical propagation delay time 

(clata to On) lIS. load capacitance. 

Fig. 9 - Typical transition time lIS. load 
capacitance. 

100 

Z468 468 4. 46 .. ,. 

10° 10' ta2: I ) 104 10' 
AODRESS CYCLE TIME-..... 

Fig. 10 - Typical dynamic power dissipation lIS. 

address cycle time. 



__________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4502B Types 

COS/MaS Strobed Hex Inverter/Buffer 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-C04502 consists of 6 inverter/buf
fers with 3-state outputs. When the OISAB LE 
input is at logical "1" all six outputs become 
high impedance (> 10 Mr2). This feature 
simplifies design by allowing common busing 
of the outputs. The INHIBIT input switches 
all six outputs to logical "0" when INHIBIT 
is at logical "1 ". 

The CD4502B types are supplied in l6-lead 
hermetic dual-in-line ceramic packages (D, F, 
Y suffixes), l6-lead dual-in-I ine plastic pack
age (E suffix), l6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

This device is similar to the MC14502. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TRUTH TABLE 

DISABLE INHIBIT 

0 

0 

0 

1 

0 

0 

1 

X 

X = Don't Care 
Logic 1 = High 
Logic 0 = Low 
Z = High Impedance 

On 

0 

1 

X 

X 

an 

1 

0 

0 

Z 

STORAGE-TEMPERATURE RANGE (Tstg ) . . . . . . .. . .. . . .. . ... . . . . . . .. . . . . . . . . ~65 to +1500 C 
OPERATING-TEMPERATURE RANGE (T A): 

PACKAGE TYPES D,F,K,H ............................................. ~55 to +125 0 C 
PACKAGE TYPES E,Y ................................................ ~40 to +85 0 C 

DC SUPPLY-VOLTAGE RANGE, (V OO) 

(Voltages referenced to VSS Terminal): .................................... ~0.5 to +20 V 
POWER DISSIPATION PER PACKAGE (PD ): 

FOR T A ~~40 to +600 C (PACKAGE TYPES E,Y) ............................ 500 mW 
FOR T A ~+60 to +85 0 C (PACKAGE TYPES E,Y) .......... Derate Linearly at 12 mW/oC to 200 mW 

FOR T A ~~55 to +1000 C (PACKAGE TYPES D,F ,K) ......................... 500 mW 
FOR T A~+100 to +125 0 C (PACKAGE TYPES D,F,K) ....... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A~FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TyPES).... 100 mW 
INPUT VOLTAGE RANGE. ALL INPUTS ............... . . ~0.5 to V OD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS 

For maximum rei iabil ity, nominal operating conditions should be selected 
so that operation is always within the following ranges' 

LIMITS 
CHARACTERISTIC Min. Max. UNITS 

Supply-Voltage Range (For TA=Full Package· 
3 18 Temperature Range) 

TEST CONDITIONS 

TEST PIN 15 POINT A 

tPHZ Vss Vss 

~ VOO VOO 
f--

VOO tpZl VDO 
tpZH Vss Vss 

VOD 

03 VDD 

03 06 
tpLZ 

01 06 A 

DISABLE 05 

01 INHIBIT 

02 05 

02 04 

Vss 04 
f PHZ 

Fig_ 1 - Disable delay times test circuit and waveforms. 

V 

VOD 
VOl="'"'iO 

2VDD 
VOH=-3-

92C~-24099RI 

Features: 
• 2-TTL-Load Output-Drive Capability 
• 3-State Outputs 
• Common Output-Disable Control 
• Inhibit Control 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 !1A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature range) 
• 5-V, 10-V, and l5-V parametric ratings 

Applications: 
• 3-State Hex Inverter for Interfacing IC's 

with Data Buses 
• COS/MOS-to-TTL Hex Buffer 

THREE-STATE 
OUTPuT 4 
DISABLE 
INHIBIT 

12 

01 
3 QI 

02 6 
7 02 

1 
2 

Q3 
03 

04 10 
9 Q4 

05 13 " Q5 

os 15 
14 Q6 

92CS-2292lft. 

C04502 
Functional Diagram 
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COS/MaS DIGITAL INTEGRATED CIRCUITS ....;. _______________________________ _ 

Preliminary CD4502B Types 

602 

STATIC elECTRICAL CHARACTERISTICS at TA=250 C 

CONDITIONS 

CHARACTERISTIC Vo ViN Voil 
TYPICAL UNITS 
VALUES 

(V) (V) (V) 

- - ~. 0.01 

Quiescent Device Current, I L - - 10 0.01 JlA 
- - 15 0.01 
- - 20 0.02 

Output Voltage: - 0,5 5 0 

Low· Level, VOL 
- 0, 10 10 0 
- 0,15 15 0 

High-Level, VOH 0,5 5 5 
V 

-

- 0, 10 10 10 
- 0,15 15 15 

Output Drive Current: 0.4 - 5 5.7 
N·Channel (Sink), IDN 0.5 - 10 12.5 

1.5 - 15 49 
4.6 5 -0.8 

mA 
-

P-Channel (Source l. I DP 
2.5 - 5 -3.2 
9.5 - 10 -1.8 
13.5 - 15 -6 

Input Leakage Current. II L. IIH Any Input 20 ±10-6 pA 

3-State Output Leakage Forced 

Current, IOL' IOH (Output Disabled) 

0,20 I - I 20 ±10-4 JlA 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=250 C; Input tf'1f=20 ns, 
CL = 50 pF, Rl = 200 Kil 

TEST CONDITIONS 

CHARACTERISTIC VDD 
TYPICAL 

UNITS 
(V) 

VALUES 

Data or Inhibit Delay Times: 5 135 
High to Low, tpHL 10 60 

15 40 
5 200 

ns 

Low to High, tpLH 10 90 
15 65 

Disable Delay Times: 5 60 
Output High to High 10 40 
Impedance, tpHZ 15 20 

High Impedance to Output 
5 110 
10 50 

High, tpZH 
15 40 

See Fig.3 
5 12~ 

ns 
Output Low to High 

10 65 
Impedance, tplZ 

15 55 

High Impedance to Output 
5 125 
10 55 

Low, tpZL 
15 40 

Transition Times: 5 100 
Low to High, tTLH 10 50 

15 40 
5 60 

ns 

High to Low, tTH l '10 30 
15 20 

Average Input Capacitance, CI Any Input 5 pF 



Preliminary CD4508B Types 

COS/MOS Dual 4-Bit Latch 

High-Voltage Types (3-to-20-Volt Rating) 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) . . . . . . . . . . . . . . . . . .. . . .. .. . . . . .. . . -,-65 to +IS00C 

OPERATING·TEMPERATURE RANGE (TA ): 

PACKAGE TYPES O. K. H ......... . -S5 to +12SoC 
PACKAGE TYPE E ......... . -40 to +8SoC 

OC SUPPLY·VOL TAGE RANGE. (V OO ) 
(Voltages referenced to V SS Termonal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --O.S to +20 V 

POwER DISSIPATION PER PACKAGE (PO): 

FOR TA= -40 to +60oC (PACKAGE TYPE E) . 

FOR T A = +60 to +8SoC (PACKAGE TYPE E) 

FOR T A= -SS to +1000C (PACKAGE TYPES D. K i 

FOR TA= +100 to +12SoC (PACKAGE TYPES O. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

SOOmw 

Oerate Linearly at 12 mW/oC to 200 mW 

........................... SOOmW 

. Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES). . . .. . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. . .. . . . . . . . . .. -O.S to VOO +O.S V 
LEAD TEMPERATURE (DURING SOLDERING): 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

OUTPUT 3 
DISABLE 

4 ~ 
DD 00 

DI 6 7 
01 

D2 
8 4-81T 3-STATE 9 

02 
10 LATCH OUTPUTS II 

D3 03 

STROBE 
2 

RESET 
OUTPUT I~ 
DISABLE 

16 17 
DO 00 

01 
IB 19 

01 

02 
20 4-BIT 3-STATE 21 

02 
22 LATCH OUTPUTS 23 

03 0;' 

STROBE 
14 

13 VOO·24 
RESET VSS -12 

92C$-27494 

Fig_ 1 - Functional diagram. 

Features: 
• Two independent 4-bit latches 
• Individual master reset for each 4·bit latch 

At distance 1116 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 105 ma,· ............. . +265oC • 3-state outputs with high-impedance state for bus 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C; Input tr.t, = 20 ns. 
CL .. 50 pF. R L = 200 kn. unless otherwise specified. 

CHARACTERISTIC 
TEST TYPICAL 

CONDITIONS VDD VALUES 

5 100 
Transition Time, tTHL, t-rLH 10 50 

15 40 

5 100 
Minimum Reset Pulse Width, tw 10 50 

15 40 
5 70 

Minimum Strobe Pulse Width, tw 10 35 
15 20 

5 25 
Minimum Setup Time, ts 10 10 

15 5 

5 0 
Minimum Hold Time, tH 10 0 

15 0 

Propagation Delay Time: 
5 120 

tpHL, tPLH 10 60 
Strobe to Data Out 

15 45 

3-State Propagation Delay Times: RL = 1 kn 5 95 

Output High to High Impedance, tpHZ to VSS 10 70 
15 60 

RL = 1 kn 5 85 
High Impedance to Output High, tpZH to VSS 10 50 

15 40 

RL = 1 kn 5 95 
Output Low to High Impedance, tpLZ toVDD 10 70 

15 60 

RL = 1 kn 5 85 
Hi.llh Impedance to Output Low, tpZL toVDD 10 50 

15 40 

Input Capacitance, CI Any Input - 5 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

line applications 
• Medium-speed operation: tpHL = tpLH = 60 ns 

(typ.) at VDD = 10 V and CL = 50 pF 

Applications: 

• Buffer storage 
• Holding registers 
• Data storage and multiplexing 

The RCA-CD4508B dual 4-bit latch contains 
two identical 4-bit latches with separate 
STROBE, RESET, and OUTPUT DISABLE 
controls. With the STROBE line in the high 
state, the data on the "0" inputs appear at 
the corresponding "0" outputs provided the 
DISABLE line is in the low state. Changing 
the STROBE line to the low state locks the 
data into the latch. A high on the reset line 
forces the outputs to a low level regardless of 
the state of the STROBE input. The outputs 
are forced to the high-impedance state for 
bus line applications by a high level on the 
DISABLE input. 

The CD4508B types are supplied in the 24-
lead dual-in-line ceramic packages (D suffix), 
24-lead dual-in-line plastic packages (E suf
fix), 24-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
The CD4508 is similar to industry type 
MC14508. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4508B Types 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C: 

CHARACTERISTIC 

Quiescent Device Current, I L 

Output Voltage: 

Low·Level, VOL 

High-Level, VOH 

Noise Immunity: 

Inputs Low, VNL 

Inputs High, VNH 

Noise Margin: 

Inputs Low, VNML 

Inputs High, VNMH 

Output Drive Current: 

N-Channel (Sink) ION 

P·Channel (Source), lOP 

Input Leakage Current, 

IIL,IIH 

3-5tate Output 
Leakage Current,lOL, IOH 

* 1>4>-(15\kpUT 
DISABLE 

(13;!f~ 
RESET 

1T 

* D 
(111)4 T6 

INPUT, 

S 

-
*_ 1"-.._ ~ST 
(~~~ST 

STRolI~ , 

ST 

TO 

CONDITIONS 

Vo VIN VDD 
(V) (V) (V) 

- - 5 

- - 10 

- - 15 

- - 20 

- 0,5 5 

- 0,10 10 
- 0,15 15 

- 0,5 5 

- 0,10 10 

- 0,15 15 

4.2 - 5 

9 - 10 

13.5 - 15 

0~8 - 5 

1 - 10 

1,5 - 15 

4.5 - 5 

9 - 10 

13.5 - 15 

0.5 - 5 

1 - 10 

1.5 - 15 

0.4 - 5 

0.5 - 10 

1.5 - 15 

4.6 - 5 

2.5 - 5 

9.5 - 10 

13.5 - 15 

Any Input 

20 

Forced 
(Output 
Disabled) 

0,20 - 20 

VDD 

J 
~~ -- ~ 

VDD VIS 

--- * AI. IIIPUT PIICJI"&:IED J:t~~MO\ -q PR01EC'IION NET_ 

Yss L 92CS-2760. 

Fig.2 - Logic diagram; 1 of 4 identicallatchl1l. 

TYPICAL 
VALUES UNITS 

0.02 

0.02 

0.02 
p.A 

0.04 

0 

0 

0 

5 
V 

10 

15 

2.25 

4.5 

6.75 
V 

2.25 

4.5 

6.75 

1 Min. 

1 Min. 

1 Min. 

1 Min. 
V 

1 Min. 

1 Min. 

0.8 

1.8 

6 
-0.8 

mA 

-3.2 

-1.8 

-6 

±10-5 p.A 

±10-4 
p.A 

RECOMMENDE 

RESET 

0 

0 

0 

1 

X 

TRUTH TABLE 
DISABLE STROBE DINPUT 

0 

0 

0 

0 

1 

1 

1 

0 

X 

X 

1 = HIGH LEVEL 

0= LOW LEVEL 

X = DON'T CARE 

1 

0 

X 

X 

X 

Z = HIGH IMPEDANCE 

OUTPUT oIS-::--....... ---r:_---. 

a OUTPUT 

1 

0 

LATCHED 

0 

Z 

RESET :~=I:tt:~==:;::E:::L., STROBE 

~~~~lr!Z 
* SELECT (LOW) 

Fig.3 - Typical application. 

o OPERATING CONDITIONS at T A = 25°C, 
iability, nominal operating conditions should be 
peration is always within the following ranges: 

For maximum rei 
selected so that 0 

CHA RACTERISTIC 

Supply Voltage R ange (For T A = Full Package 
Temperature Range 

LIMITS 
UNITS 

Min. MIx. 

3 18 V 
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CD4510B, CD4516B Types 

COS/MOS Presettable Up/Down Counters 
CD4510B - - - BCD Type CD4516B - - - Binary Type 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD451 0 Presettable BCD Up/Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa
bility) connected as counters_ These counters 
can be cleared by a high level on the RESET 
line, and can be preset to any binary number 
present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510 

will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 

If the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 
OPERATING TEMPERATURE RANGE: 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPES E, Y 

DC SUPPL Y VOLTAGE RANGE, V DD 
(Voltages referenced to Vss Terminal): 

POWER DISSIPATION PER PACKAGE: 

FOR T A= -40 to +60oC (PACKAGE TYPES E, Y) 
FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) . 
FOR TA = -55 to +l00oC (PACKAGE TYPES D, F, K) 

FOR TA= +looto +1250 C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = Full Package-Temperature Range (All Package Types) 

INPUT VOLTAGE RANGE, ALL INPUTS. 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for lOs max .. 

RESET·09 ..... ,....--i 

PRESET" I 
ENABLE TT"-_ 

~R~OUTo------~ 
7 

Irl 
"ALLINP~ 
~rsJ~ED BY Vss 
PROTECTION ~TWORK. 

PI* 01 
4 6 

P2" 02 
12 II 

Fig. 1 - LogiC Diagram for CD4510. 

• -55 to +125°C 
-40 to +85°C 

-0.5 to +20 V 

Derate Linearly to 
500mW 
200mW 

500mW 
200mW Derate Linearly to 

P3" 03 
13 14 

100mW 
-0.5 to V DD +0.5 V 

P4" 04 
3 2 

92CL-27003 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

PRESET 
ENABLE 

PI 
P2 12 

P3 13 
3 

P4 

CLOCK 15 

UP/DOWN 10 -_. 
CARRY IN 

RESET 

QI 

Q2 
14 Q3 

2 
Q4 

VDO= 16 

VSS: 8 

CD4510, CD4516 
FUNCTIONAL DIAGRAM 

92CS-24824 

the CARRY-IN of a more significant stage. 

The CD4510 and CD4516 can be cascaded in 
the ripple mode by connecting the CAR RY
OUT to the clock of the next stage. If the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN input must 
change while the clock is high. This method 
provides a clean clock signal to the subse
quent counting stage. 

These devices are similar to types MC14510 
and MC14516. 

The CD4510B and CD4516B Series types 
are supplied in 16-lead hermetic dual-in-line 
ceramic packages (0, F, and Y suffixes), 16-
lead dual-in-line plastic package (E suffix), 
and in chip form (H suffix). 

Features: 

• Medium-speed operation --
fCl = 8 MHz typo at 10 V 

• Synchronous internal carry propagation 
• Reset and Preset capability 
• Quiescent current specified to 20 V 
• Maximum input leakage current of 1~ 

at 20 V (full-package-temperature range) 
• 1 V noise margin (full package-temperature 

rllnge) 

• Standard symmetrical output characteristics 
• 5-V, 10-V, and 15-V parametric ratings 

Applications: 

• Up/Down difference counting 
• Multistage synchronous counting 
• Multistage ripple COU!1ting 
• Synchronous frequency dividen 

TRUTH TABLE 

Cl CI U/D PE R ACTION 
X 1 X 0 0 NO COUNT 
.r 0 1 0 0 COUNT UP 

.r 0 0 0 0 COUNTDOWN 
X X X 1 0 PRESET 
X X X X 1 RESET 

X & DON'T CARE 
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COS/MaS OIGITAllNTEGRATED CIRCUITS 

CD4510B, CD4516B Types 

RESET* c9r. ...... __ -I 

PRESET* I 
ENABLELr~r<'-, 

CARRY OUT 0---------, 
7 

Voo Voo 

... LPr 
~~~J~grED BY Vss 
PROTECTION NETWORK 

92CL-/:'!7004 

Fig. 2 - Lagic Diagram far CD4516. 

CLOCK 

CARRY iN 
UP/DOWN 

RESET 

PE 

1 

2 

3 

4 

IL 

h 

'f--o 

Q2 

3 o 
04 

CARRY OUT 

COUNT 

I-

0 

h-

I--

-

1 

IL rt. rt. IL h-

f- f-
l= f-- !:: f--

'-I--

2 3 4 5 6 

h- rL h-h-h-h-h-h-h-

>- >- >- l- I--
>- I->-!:: I-l-- f--

f-- I--

U 
7 8 9 8 7 6 5 4 3 

I 

n.. rL h- h-h-h-h. 
1..--

f-- '--
..... 

h 
~ 

l-I-~ 
l-I-~ 

l- I-- I--
1= f-- f-- t= I-~ 

l-I-
I-

~ 
l-

I--l-I- 9lCM-21'OOe 

IL-
2 1 0 o 9 6 7 0 

Fig. 3 - Timing diagram far CD4510. 

CLOCK ~~~~~~~~~~~~~~~~~~~~~ tt-li-. 
I, fL I---

UP/DOWN 

RESET 

PE h h 
1 Voo 

P2 VSS 

P3 

P4 

o ,I-- I-- I-- - f- >->- ,.-- - f-- I-- ,.--

- I-- - I-- L- f-- >- '-- '-- I-- -- ,-- - - ,.--I-- ,-->- I--- r--
I-- I--I-- I-- - I--f-- - -02 

03 >-f-- >-
04 >-

I--
~ I-- l-

COUNT s 6 7 8 9 10 II 12 13 14 15 9 e 7 6 5 4 3 2 I 0 0 15 o 

Fig. 4 - Timing diagram far CD4516. 
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GATE-lO-SOURCE VOLTAGE 
IVGS,,,,15 v' 

10 l!i 

DRAIN-lO-SOURCE VOLTAGE 1VoSl-V 
92CS-243IeR2 

~ 

T 15 

~ ... 
~ 12.5 
~ 
z 
'" '" 

Fig. 5 - Typical autput·N·channel drain 
characteristics. 

AMBIENT TEMPERATURE (TA )-25'"C 

a 10 GATE-TO-SOURCE VOLTAGE (VGS1~15V 

10 V 

10 15 
DRAIN - TO - SOURCE VOLTAGE (VDS) - v 

Fig. 6 - Minimum autput·N·channel drain 
characteristics. 

DRAIN-TO-SDURCE VOLTAGE (Vos)-Vl 

AMBIENT TEMPERATURE ITA 1-25'"C 

GATE-lO-SOURCE vOLTAGE (V ).- 5 Y 

-10"1 

-1'5V 

92CS-2.320"2 

Fig. 7 - Typical output·P·channel drain 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VDSJ-V 

-1$ -10 -5 

AMBIENl TEMPERATURE ITA ):25"C 

GATE-lO-SOURCE VOLTAGE (VGSI:- 5V 

10V 

-15V 

92CS-2.321 

Fig. 8 - Minimum autput·P·channel drain 
characteristics. 
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CD4510B, CD4516B Types 
OPERATING CONDITIONS AT TA '"' 25°C, Unless Otherwise Specified * 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

Characteristic VDD Min. Max. Units 

Supply Voltage Range (At T A = Full Package-Temperature Range) 3 18 V 

5 150 -
Clock Pulse Width, tw 10 75 - ns 

15 60 -
5 - 2 

Clock Input Frequency, fCl 10 - 4 MHz 
15 - 5.5 

5 150 -
Preset Enable or Reset Removal Time- 10 80 - ns 

15 60 -

Clock Rise and Fall Time, trCl, tfCl * 3-20 - 15 16 

5 130 -
Carry-In Setup Time, ts 10 60 - ns 

Hi 45 -
5 360 -

Up-Down Setup Time, ts 10 160 - ns 
15 110 -
5 220 -

Preset Enable or Reset Pulse Width, tw 10 100 - ns 
15 75 -

~ime required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, CL = 50 pF, 
Input t r, tf '"' 20 ns, RL '"' 200 kn 

Condit- Limits 
ions 

Characteristic 
VDD 

All Packages 

(V) Min. Typ. 

Propagation Delay Time (tPHl, tPlH): 
5 - 200 

Clock-to-O Output (See Fig. 10) 10 - 100 
15 - 75 

5 - 210 
Preset or Reset-to-O Output 10 - 105 

15 - 80 

5 - 240 
Clock-to-Carry Out 10 - 120 

15 - 90 

5 - 125 
Carry·ln-to-Carry Out 10 - 60 

15 - 50 

5 - 320 
Preset or Reset-to-Carry Out 10 - 160 

15 - 125 

5 - 100 
Transition Time (tTHl, tTlH) (See Fig. 9) 10 - 50 

15 - 40 

5 2 4 
Max. Clock Input Frequency (fcLl 10 4 8 

15 5.5 11 

Average Input Capacitance (C,) (Any Input) - 5 

Units 

Max. 

400 
200 ns 
150 

420 
210 ns 
160 

480 
240 ns 
180 

250 
120 ns 
100 

640 
320 ns 
250 

200 
100 ns 
80 

-
- MHz 
-
- pF 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

LOAD CAPACITANCE (CL)-pF !l2CS·M32tRI 

Fig. 9 - Typical transition time vs. load 
capacitance. 

LOAD CAPACITANCE (el)- pF 92CS-2700!5 

Fig. 10 - Typical propagation delay time vs. load 
capacitance for clock-to-Q outputs. 

• If more than one unit is cascaded in the parallel clocked 
application, trCL should be made less than or equal 
to the sum of the fixed propagation delay at 15 pF and 
the transition time of the carry output driving stage 
for the estimated capacitive load. 

o 

AMBIENT TEMPERATURE (TAI'25'C 
lOAD CAPACITANCE (ell. 50 pF 

10 15 20 
SUPPLY VOLTS-Von 92CS-27006 

Fig. 11 - Typical maximum clock input frequency 
vs. supply voltage. 

.. 10": AMBIENT TEMPERATURE (TAl' 25'C 
trwtf· 20 ns .. 

I 
C 
!!, 

! 
~ 
~ 
~ 
in 
II) 
i5 
0: 
OJ 

~ 

• -Cl'50pF 

II I I V ---Cl,15pF • III y 10' 
:{ .... ~ 

4 ~~ .p ..... ., 
• .P'. 

10" ;::: ~ 8 
6 e-

lL 4 

11'. • 
10 A U 

OJ" •• 8 1 • 46810 ' 46810'" 46810" 46~0' 

CLOCK INPUT FREQUENCY (fCll-kHz 92CS-27007 

Fig. 12 - Typical dynamic power dissipation 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4510B, CD4516B Types 

STATIC ELECTRICAL CHARACTERISTICS 

Limits 
Conditions Values at -55"c, +25°c, + 125°C Apply to D,K,H 

Packages 
Characteristic Values at -40°C, +25'c, +85"c Apply to E 

Vo VIN VOO Packages +25° 

(V) (V) (V) _55° _40° +85° +125° Min. Typ. Max. 

Ouiescent Device - - 5 5 5 50 100 - 0.02 5 
Current, IL - - 10 10 10 100 200 - 0.02 10 

MAX - - 15 20 20 200 400 - 0.02 20 
- - 20 100 100 1000 2000 - 0.04 100 

Output Voltage: 
Low·Level, - 0,5 5 0.05 - 0 0.05 

VOL - 0,10 10 0.05 - 0 0.05 
MAX - 0,15 15 0.05 - 0 0.05 

High·Level, - 0,5 5 4.95 4.95 5 -
VOH - 0,10 10 9.95 9.95 10 -

MIN 0,15 15 14.95 14.95 15 -

Noise Immunity: 
Inputs Low, 4.2 - 5 1.5 1.5 2.25 -

VNL 9 - 10 3 3 4.5 -
MIN 13.5 - 15 4.5 4.5 6.75 -

Inputs High, 0.8 - 5 1.5 1.5 2.25 -

VNH 1 - 10 3 3 4.5 -
MIN 1.5 - 15 4.5 4.5 6.75 -

Noise Margin: 
Input Low, 4.5 - 5 1 1 - -

VNML 9 - 10 1 1 - -

MIN 13.5 - 15 1 1 - -

Inputs High. 0.5 - 5 1 1 - -

VNMH 1 - 10 1 1 - -
MIN 1.5 - 15 1 1 

Output Drive 
Current: 
N·Channel 

(Sink), ION 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
MIN 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -

(See Figs.5,6) 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source), lOP 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

MIN 9.5 - 10 -11 -1 -0.75 -0.65 -0.9 -1.8 -
(See Figs. 7 ,8) 

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Input Leakage 

Current 
(Any Input) 

IIL,IIH 

MAX 20 ±1 - ±10-5 ±1 
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Units 

JlA 

V 

V 

V 

V 

V 

V 

mA 

mA 

JlA 

o 
Vss 

INPUTS 

Vss 
'2C5-27401 

Fig. 13 - Quiescent device current test circuit. 

NOTE: 
TEST ANYONE INPUT. 

Vss WITH OTHER INPUTS AT 
92 cs- 27400 Voo OR vss' 

Fig. 14 - Noise immunity test circuit. 

l i 2on• 1f20M 
~O% voo 

50% 

~ --j 10% 
VARIABLE Vss 

WIDTH 
92CM-270,2 

Fig. 15 - Power dissipation test circuit and input 
waveform. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VOO AND \Iss' 
CONNECT ALL UNUSED 

'-----r---' INPUTS Ttl EITHER 
VOOORVSS' 

Vss 

''!CS-21402 

Fig. 16 - Input leakage current. 



CD4511 B Types 

COS/MOS BCD-to-7 -Segment Latch 
Decoder Drivers 
High-Voltage Types (3-to-20-Volt Rating) 

For MAXIMUM RATINGS see "Ratings and 
Characteristics," at the beginning of the COS/MOS 
section. 

The CD45ll B types are BCD-to-7-segment 
latch decoder drivers constructed with COS/ 
MOS logic and n-p-n bipolar transistor out
put devices on a single monolithic structure. 
These devices combine the low quiescent 
power dissipation and high noise immunity 
features of RCA COS/MOS with n-p-n bi
polar output transistors capable of sourcing 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

up to 25 mA. This capability allows the 
CD45llB types to drive LED's and other 
displays directly. 
Lamp Test (L n, Blanking (BI), and Latch 
Enable (LE) inputs are provided to test the 
display, shut off or intensify-modulate it, 
and store a BCD code, respectively. Several 
different signals may be multiplexed and 

Limits: 1It'lndicated Temperatures (oCI 

Values at -55, +25, +125 for 0, F, K, H Packages 
Values at -40, +25. +85 for E. Y Packages 

Characteristic IOH Va VIN VDO +25 Units 

(mAl (V) IVI (VI -55 -40 +85 +125 Min. Typ. Max. 

Ouiescent Device - - - 5 5 5 50 100 - 0.02 5 

Current: IL - - - 10 10 10 100 200 - 0.02 10 
JlA 

MAX - - - 15 20 20 200 400 - 0.02 20 
- - - 20 100 100 1000 2000 - 0.04 100 

Output Voltage: 

- - 0,5 5 0.05 - 0 0.05 
Low· Level VOL - - 0,10 10 0.05 - 0 0.05 V 

MAX - - 0,15 15 0.05 - 0 0.05 

- - 0,5 5 4 4 4.2 4.2 4.1 4.55 -
High·Level VOH - - 0,10 10 9 9 9.2 9.2 9.1 9.55 - V 

MINi - - 0.15 15 14 14 14.2 14.2 14.1 14.55 -
!'liaise Immunity: 

- 3.3 - 5 1.5 1.5 2.25 -
Inputs Low VNL - 8.1 - 10 3 3 4.5 - V 

MIN - 12.6 - 15 4.5 4.5 6.75 -
- 0.8 - 5 1.5 1.5 2.25 -

Inputs High VNH - 1 - 10 3 3 4.5 - V 
I MIN - 1.5 - 15 4.5 4.5 6.75 -

0 - - i 4.0 4.0 4.20 4.20 4.10 4.55 -
5 - - - - - - - 4.25 
10 - - 5 3.80 3.80 3.90 3.90 3.90 4.10 - V 
15 - - - - 3.50 3.50 - 3.95 -
20 - - 3.55 3.55 - - 3.40 3.75 -
25 - - 3.40 3.40 - - 3.10 3.55 -
0 - - 9.0 9.0 9.20 9.20 9.10 9.55 -

Output Drive 5 - - - - - - - 9.25 -
Voltage: 10 - - 8.85 8.85 9.00 9.00 9.00 9.15 - V 
High Level VOH 15 - - 10 - - - - - 9.05 -

MIN 20 - - 8.70 8.70 8.40 8.40 8.60 8.90 -
25, - - 8.60 8.60 - - 8.;30 8.75 -
0 - - 14.0 14.0 14,20 14.20 14.10 14.55 -
5 - - - - - - - 14.30 -
10 - - 15 13.90 13.90 14.0 14.0 14.0 14.20 - V 
15 - -

1 
- - - 14.10 

20 - - 13.75 13.75 13.50 13.50 13.70 13.95 -
25 - - 13.65 13.65 13.10 13.10 13.50 13.80 -

Output Drive 
Current: 

N·Channel (Sink) - 0.4 - 5 0.63 0.56 0.45 0.38 0.5 1.0 - mA 
ION - 0.5 - 10 1.4 1.3 0.19 0.81 1.1 2.2 -
MIN - 1.5 - 15 4.1 4.0 3.1 2.8 3.7 7.4 -

Input Leakage 
Current: Any Input 20 ±1 ±10-5 ±1 JlA 

IlL. IIH MAX 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

displayed when external multiplexing cir
cuitry is used. The CD45llB is supplied in 
l6-lead hermetic dual-in-line ceramic pack
ages (0, F, and Y suffixes), l6-lead dual-in
line plastic packages '(E suffix), l6-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). For ordering information, 
see dimensional outline page 12. 
These devices are similar to the type 
MC14511. 

BCD 7-SEGMENT 
INPUTS LT OUTPUTS 

I 5 I 

r ·'1 
D 0 

Ilb 

B I E R II t 
C I IOd' 0 v 

C D 
E '. E 

R R IS f 
D 6 14 g 

vss·a 92CS- 25083RI 

VOO·16 

CD4511 Functional Diagram 

. 
DISPLAV 8" o , IDI/I.?13!"i15IbI718'l1 

• 0123456789 

92CS-250Br 

Features: 

• Hi!tt-output-sourcing capability .... _ ......... . 
up to 25 mA 

• Input latches for BCD Code storage 
• Lamp Test and Blanking capability 
• 7-segment outputs blanked for BCD input 

codes> 1001 
• Quiescent current specified to 20 V 
• Max. input leakage of 1 p.A at 20 V, 

full package-temperature range 
• 5-V. 10-V. and 15-V parametric ratings 

Applications: 

• Driving common-cathode LED displays 
• Multiplexing with common-cathode LED 

displays 
• Driving incandescent displays 
• Driving low-voltage fluorescent displays 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD45118 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C. Input t r• ~ = 20 ns. 

CL = 50 pF. RL = 200 kQ 

Test LIMITS 

CHARACTERISTIC Conditions All Packages 

VDO 
Volts Min. Typ. 

Propagation Delay Time: 5 - 520 
(Data) 10 - 210 
High·to-Low Level, tpHL 15 - 150 

5 - 660 
Low·to-High Level, tpLH 10 - 260 

15 - 180 

Propagation Delay Time: 5 - 350 
(BL) 10 - 175 
High-to-Low Level, tpHL 15 - 125 

5 - 400 
Low-to-High Level, tpLH 10 - 175 

15 - 150 

Propagation Delay Time: 5 - 250 
-

(LT) 10 - 125 
High-to-Low Level, tpHL 15 - 85 

5 - 150 
Low-to-High Level, tpLH 10 - 75 

15 - 50 

Transition Time: 5 - 40 
10 - 30 

Low-to-High Level, tTLH 15 - 25 

5 - 125 
10 - 75 

Hlgh-to-Low Level, tTHL 15 - 65 

5 150 75 
Minimum Set-Up Time, ts 10 79 35 

15 40 20 

5 0 -75 
Minimum Hold Time, tH 10 0 -35 

15 0 -20 

Latch Enable 5 400 200 
Pulse Width, tw 10 160 80 

15 100 50 

Average Input Capacitance 
(Any Input), CI - 5 

OPERATING CONDITIONS AT TA = 25°C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected 

so that operation is always within the following ranges 

Characteristic VDO Min_ 

Supply-Voltage Range (T A): 
- 3 

(Full Package-Temperature Range) 

5 150 
Set-Up Time (tS) 10 70 

15 40 

5 0 
Hold Time (tH) 10 0 

15 0 

Latch Enable 
5 400 

Pulse Width (tW) 
10 160 
15 100 

Max. 

1040 
420 
300 

1320 
520 
360 

700 
350 
250 

800 
350 
300 

500 
250 
170 

300 
150 
100 

100 
75 
65 

310 
185 
160 

-

-

-

-

-

-

-

-" 

-

Max. 

18 

-

-
-

-

-
-

-
-

-

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

Units 

V 

ns 
ns 
ns 

ns 
ns 
ns 

ns 

ns 
ns 

LE BI LT 0 

X X 0 X 

X 0 1 X 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 1 

0 1 1 1 

0 1 1 1 

0 1 1 1 

0 1 1 1 

0 1 1 1 

0 1 1 1 

0 1 1 1 

1 1 1 X 

x == Don't Care 

TRUTH TABLE 

C B A a b c d e , 
9 Display 

X X X 1 1 1 1 1 1 1 8 
X X X o 0 o 0 0 0 0 Blank 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

X 

0 0 1 1 1 1 1 1 0 a 
0 1 o 1 1 0 0 0 0 I 
1 0 1 1 0 1 1 0 1 2 
1 1 1 1 1 1 0 0 1 3 
0 0 o 1 1 0 0 1 1 

.., 
0 1 1 0 1 1 0 1 1 5 
1 0 o 0 1 1 1 1 1 b 
1 1 1 1 1 0 0 0 0 7 
0 0 1 1 1 1 1 1 1 8 
0 1 1 1 1 0 0 1 1 q 
1 0 o 0 o 0 0 0 0 Blank 

1 1 o 0 0 0 0 0 0 Blank 

0 0 o 0 0 0 0 0 0 Blank 

0 1 o 0 o 0 0 0 0 Blank 

1 0 o 0 o 0 0 0 0 Blank 

1 1 o 0 0 0 0 0 0 Blank 

X X . . 
·Oepends on BCD code previously 
appl ied when LE '" 0 

Note: Display is blank for all illegal input codes (BCD> 1001). 

I, 

DATA 
INPUT 

OUTPUT 

tr ,t f "20 ns 

T....::-;:..-'"--_-_-_-__ 'O_%_o 

v~ 
----90% 

-----50% 

----10% 0 

92CS-25085 

20ns~~~-------voo 
J~~% 

LE 10%YI-v 

r--- t su ---t"-- t HOLD j 
o 

DATA 50~.-196% j,,% INPUTS~_L __________ 0 

20 ns FOR SETUP 
VOO--~,--

VDO 

'" ,,"'FOR HOLD OUTPUT _____ ....,-_______ - - - - --0 

20 n$ 

LE (STROBED) 

tr • tf .. 20 ns 
92C$- 25086 

Fig_ 1 - Dynamic waveforms_ 
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CD4511B Types 

Fig. 2 - Logic diagram. 
92CL- 2701~ 

- AMBIENT TEMPERATURE (TA ).Z5"'C 

I . 
~ SUPPL'I VOLTAGE(VOO1aSV .. 

...J 

~ 

~ IOV 
;: 
~ 15V 

~ 
IL 

o 75 100 
LOAD CAPACITANCE {eL l-pF 92CS-27078 

Fig. 5 - Typical data-to-output, high-to-Iow-Ievel 
propagation delay time as a function of 
load capacitance. 

AM81ENT TEMPERATURE (T A )._2S·C 

o 0.5 I I. 

SUPPLY VOLTAGE -OUTPUT DRiVE VOLTAGE (Voo-VQH)-V 
92C5-27081 

Fig. 8 - Typical voltage drop (V DD to output) lIS. 

output source current as a function of 
supply. 

~ 60 

.L 

AMBIENT TEMPERATURE (TA )-25·C 

~SO : 

~ 40 

~ 30 
;: 
in 
~20 
II: 
I-

10 

o 25 50 75 100 
LOAD CAPACITANCE (eL )-pF 92cs-27079 

Fig. 6 - Typicallow-to-high-Ievel transition time as 
a function of load capacitance. 

.. 
e 
I 
-5 25 

H 
;::20 
z ... 
0: 
0: 15 " u 
I-

" 10 IL 
I-

" 0 
5 

o 

POH -SOmW mOll· .I.oH (VOO-VoH) 

. I . Eo rr ) .'SSII<: OR 125·C 
1EIAPE,,~~Il" A 

~1A1I\E"~ . 

+-

-
-,H -

C 

10 15 

SUPPLY VOLTAGE (Vool-V 
92CS-27100 

Maximum continuous derated output current IOH 
applies to a single output with all other outputs 
sourcing an equal amount of current at the supply 
voltages shown. Operation above the derating 
curve is not recommended. 

Fig. 9 -Derated static output current per output at 

T A = 725°C (package types D, F, K) 

and at T A = 85u C (package types E, Y). 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

TYPICAL CHARACTERISTICS CURVES 

.. 
e 
I 
Z 
" ... 
;:: 
~ po 
" u 

~ 15 

...J 10 

I 
is 5 

...J 

~ 

I 
c 

o 

AMBIENT TEMPERATURE (T A j'25"C 

IOV 

5V 

GATE-TO-SOURCE VOLTAGE 
V~S'15V . 

200 mW CONSTANT 
POWER LOCUS 

5 10 15 
ORAIN-TO-SOURCE VOLTAGE« VOS}-V 92CS-27076 

Fig. 3 - Typical output N-channel drain 
characteristics . 

10V 

ISV 

AMBIENT TEMPERATURE (T A )·25·C 

25 50 75 100 
LOAD CAPACITANCE (CL )-pF 92C5-2.7077 

Fig. 4 - Typical data-to-output, low-to-high-Ievel 
propagation delay time as a function of 
load capacitance . 

LOAD CAPACITAMCE eeL )-pF 92.CS-27080 

Fig. 7 - Typical high-to%~~w transition time as a 
function of load capacitance. 

10 AMBIENT TEMPERATURE (T )·2S·C 
4 

~ . 
1104 

~ 

10-1 8'00 4 6 10 1 2. -4 8'02. 
FREQUEl<CY (f)-kHz 

92.C5-27082. 

Fig. 70 - Typical dynamic power dissipation 

characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD45118 Types 

vss 

Quiescent Device Current (I L) 
is measured in all states shown 
in Truth Table, Fig. 2. 

Fig. 11 - Quiescent Device Current. 

r-----------~voo 

T 

T50PF 

vss 

50pF 

vss vss 

TEST CIRCUITS 

Vo 

Vss 
92CS~ 27083 

Inputs, B, C, L T, 81, LE, D, A are 
switched as shown in Truth Table, 
Fig. 2. Outputs a-f are tested for 
yO. I nputs are switched between 
V NL and (VOO-VNH ). 

200 
kll 

"ss 

Fig. 12 - Noise Immunity 

MEASURE OUTPUT d FOR t PI.H 
MEASURE OUTPUT g FOR t PHL 92C5-27088 

Fig. 14 - Data propagation delay. 

612 

B 
C 
Lf 
BT 
LE 
o 

~----+-----Ivss 

Vss 92CS-2708'5 

Fig. 13 - Input Leakage current. 

Voo 

Vss 

Fig. 15 - Dynamic power dissipation. 



CD4514B, CD4515B Types 

COS/MOS 4-Bit Latch/4-to-16 
Line Decoders 
High-Voltage Types (3-to-20-Volt Rating) 

CD45148 Output "High" on Select 
CD45158 Output "Low" on Select 

The RCA-CD4514B and -CD4515B consist 
of a 4-bit strobed latch and a 4-to-16-line 
decoder. The latches hold the last input data 
presented prior to the strobe transition from 
1 to O. Inhibit control allows all outputs to 
be placed at 0(CD4514B) or 1(CD4515B) 
regardless of the state of the data or strobe 
inputs. 
The decode truth table indicates all combi-

nations of data inputs and appropriate se
lected outputs. 
These devices are similar to industry types 
MC14514 and MC14515. 
The CD4514B and CD4515B types are sup
plied in 24-lead hermetic dual-in-line ceramic 
packages (0 suffix), 24-lead dual-in-line plas
tic packages (E suffix), 24-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

° STORAGE-TEMPERATURE RANGE (Tstg) .•••..•.•.•.•••..••.•..•.•• -65 to +150 C 

OPERATING-TEMPERATURE RANGE (T A): ° 
PACKAGE TYPES D, K, H ., ......•..•••..••.••••••..•....•.. -55 to +125 C 
PACKAGE TYPE E .....•.•.•.••••••...••.•.••••..••....•.. -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VDO) 
(Voltages referenced to VSS Terminal): ..•..••...•.••••.•........... -0.5 to +20 V 

POWER OISSIPATION PER PACKAGE (PO): 
FOR TA = -40 to +60oC (PACKAGE TYPE E) ••......••......••...••..•. 500 mW 
FOR T A = +60 to +850 C (PACKAGE TYPE E) .•.••..• Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = -55 to +100oC (PACKAGE TYPES 0, K) ........•••.••...•.•••.. 500 mW 
FOR T A = +100 to +1250 C (PACKAGE TYPES D,K) .•.•. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........•.•......•.•.... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max .....•.......• +2650 C 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted_ 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC 

Supply·Voltage Range (For T A = Full Package-
Temperature Range) 

Data Setup Time, ts 

Strobe Pulse Width, tw 

c 
~ i50 
Z .. 
~n .. 
z .. 
lao 
~ 

~ II 

:ri 
d 10 

! 
Z 
~ . . 

AMalENT T[MPERATURE (T A )-25-C 

GATE-YO-SOURCE VOLTAGE 
'(VGSI-1, v 

'ov 

$V 

• '0 II 

DRAIN-TO-SOURCE VOLTAGE (VDS1-V 
'ZCS-Z4SIIRI: 

Fig_ 2 - Typical output-n-channel drain 
characteristics_ 

VDD LIMITS 
UNITS 

IV) Min. Max. 

3 18 V 

5 250 -
10 100 - ns 
15 75 -
5 350 -
10 100 - ns 
15 75 -

AMBIENT TEMPERATURE ITA) -25-C 
c 
f to 

~ -12_5 .. 
~ a 10 GATE-TO -SDURCE VOLTAGE {VGS}-15V 

i 7.5 
'ov 

~ 
$ ... 

z 
z c 
Z 
'-: 2.5 .. 

0 • '0 to 
DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

92C;5-Z43I' 

Fig. 3 - Minimum output-n-channel drain 

characteristics. 

COSIMOS DIGITAL INTEGRATED CIRCUITS 

VOO*24 

VSS"2 

OATA' 2 
DATA2 3 

DATA 3 2' 

DATA4 22 

STROBE ' 

A 
B 

LATCH C 4 TO '6 
D DECOOER 

INHIBIT ""2,,,3 t:::====-_J 

'~ so 
'0 S, 
8 S2 
7 S3 
6 S4 
5 S5 
4 56 

'8 S7 
17 S8 
20 S9 
19 SIO 
14 SII 
'3 S'2 
'6 5'3 

15 ~:: 

92C$- 24S91 

CD4514B, CD4515B 
FUNCTIONAL DIAGRAM 

Features: 
• Strobed input latch 
• Inhibit control 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 IJ.A. at 20 V 

(full package-temperature range) 
• l-V noise margin (full package-temperature 

range) 
• 5-V, 10-V, and l5-V parametric ratings 

App/ ications: 
• Digital multiplexing 
• Address'decoding 
• Hexadecimal/BCD decoding 
• Program-counter decoding 
• Control decoder 

DATA 50~---- ', •• ,-20.s 

-~-.~.~~ t r .-. 
~ 

92CS-24598Rt 

Fig. 1 - Waveforms for setup time and 

strobe pulse width., 

DECODE TRUTH TABLE (Strobe = 1) 

DATA INPUTS SELECTED OUTPUT 
INHIBIT CD4514B = Logic 1 (High) 

D C B A CD4515B = Logic 0 (Low) 

0 0 0 0 0 SO 
0 0 0 0 1 S1 
0 0 0 1 0 S2 
0 0 0 1 1 S3 

0 0 1 0 0 S4 
0 0 1 0 1 S5 
0 0 1 1 0 S6 
0 0 1 1 1 S7 

0 1 0 0 0 sa 
0 1 0 0 1 S9 
0 1 0 1 0 S10 
0 1 0 1 1 S11 

0 1 1 0 0 S12 
0 1 1 0 1 S13 
0 1 1 1 0 S14 
0 1 1 1 1 S15 

1 X X X X 
All Outputs = 0, C04514B 
All Outputs = 1, C04515B 

X = Don't Care Logic 1 = high LogicO= low 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4514B, CD4515B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Limits at Indicated Temperatures (oC) 
Conditions Values at-55,+25,+125 Apply to D,K,H Packages Units 

Characteristic Values at -40,+25, +85 Apply to E Package 

Vo VIN VDD +25 
(V) (V) (V) 

-55 -40 +85 +125 
Min. Typ. Max. 

- - 5 5 5 50 100 - 0.02 5 
Quiescent Device - - 10 10 10 100 200 - 0.02 10 p.A Current, I L Max. - - 15 20 20 200 400 - 0.02 20 

- - 20 100 100 1000 2000 - 0.04 100 

Output Drive 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -Current: 
n-Channel 

0.5 10 1.1 1 0.75 0.65 0.9 1.8 (Sink), - -

ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -
rnA 

4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
p-Channel 2.5 - 5 -2 ·1.8 -1.3 -1.15 -1.6 ·3.2 -
(Source), 

9.5 - 10 ·1.1 ·1 -0.75 ·0.65 -0.9 -1.8 -lOP Min. 
13.5 - 15 -3.3 ·3.2 -2.5 -2.2 -3 -6 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low-Level, - 0.10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

- 0,5 5 4.95 4.95 5 -
High Level, - 0,10 10 9.95 9.95 10 -
VOH Min. 

0,15 15 14.95 14.95 15 - -
Noise Immunity: 4.2 - 5 1.5 1.5 2.25 -

Inputs Low, 9 - 10 3 3 4.5 -
VNL Min. 13.5 - 15 4.5 4.5 6.75 - V 

0.8 - 5 1.5 1.5 2.25 -
Inputs High. 

1 - 10 3 3 4.5 -VNH Min. 
1.5 15 4.5 4.5 6.75 - -

Noise Margin: 4.5 - 5 1 1 - -
Inputs Low. 9 - 10 1 1 - -
VNML Min. 13.5 - 15 1 1 - - V 

Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -

Input Leakage 
±10-5 Current, Any Input 20 ±1 - ±1 p.A 

IlL, IIH Max. 

DRAIN-lO-SOURCE VOLTAGE 1Vos}-V 

-1$ -10 -, 

AMBIENT TEMPERATURE (TA )-2'·C 

GATE-TO-SOUACE VOLTAGE IY '.·5V -. GATE-TO-SOURCE VOLTAGE 1'IG$'=-5V 

-10 -. 
-10'1 -lOY 

"0 

-ISY •• 

WrIeS-1411HZ !l2tS~2":UI 

Fig. 7 - Typical output-p·channel drain 
characteristics. 

Fig. 8 - Minimum output-p·channel drain 
characteristics. 

LOAD CAPACITANCE (CL)- pF 
92CS-24!!48 

Fig. 4 - Typical strobe or data propagation delay 

time vs. load capacitance. 

Fig. 5 - Typical inhibit propagation delay time 
vs. load capacitance. 

LOAD CAPACITANCE (CLI-pF 

Fig. 6 - Typicallow-to-high transition time vs. 
load capacitance. 

o 2.5 

AMBIENT TEMPERATURE (TA)"25-c 

LOAD CAPACITANCE (el)" 50 pF 

7.5 10 12.5 t5 17.5 20 
SUPPLY VOLTME (YDO) - y 

Fig. 9 - Typical strobe or data propagation delay 
time vs. supply voltage. 
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CD4514B, CD4515B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input tr ,1:f = 20 ns, 
Cl = 50 pF, Rl = 200 Kil 

CHARACTERISTIC 

Propagation Delay Time: tpHl. tpLH 

Strobe or Data 

Inhibit 

Transition Time, tTLH, tTHL 

Minimum Strobe Pulse Width, tw 

Minimum Data Setup Time, ts 

Average Input Capacitance, C, 

DATA I 2. 

DATA 3 21 O-i)>>-Tll-__ ----f 

STROBE I 

* INHIBIT 23 

TEST CONDITIONS liMITS 

Any Input 

VDD 
UNITS 

V Typ. Max. 

5 550 1100 
10 225 450 
15 165 330 

5 400 800 
10 150 300 ns 
15 125 250 

5 100 200 
10 50 100 
15 40 80 

5 175 350 
10 50 100 ns 
15 40 75 

5 125 250 
10 50 100 ns 
15 40 75 

- 5 - pF 

>0 __ -=',-,",-,°",°'-09 5 I 

"ABeo 
10 S2 

A BCD 
6 53 

iii CD 
7 5. 

ABCC 
6 55 

A B ciS 
5 S6 

A 8 C D 
4 57 

ABeD I. sa 

ABeD 
1159 

'A B co 
20510 

A BCD 
19511 

A e C 0 
14 512 

ABeD 
13 513 

i a co 
16514 

ABC 0 
>---j,:><>---=-,::",:,,:-o5 515 

THEsE INVERTERS 
USED ONLY ON 

C045158 

~ 
Vss 

* ALL INPUTS PROTECTED BY 
COS/MOS 
PROTECTION NETWORK 

92CL- 23710R2 

Fig. 13 - Logic diagram for CD45148 and CD45158. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

... 
10 

CL:50 pF 

---CL: 15 pF 

• • '102 2' 4 6 8'0] 2' .. 6 ~04 

FREQUEPIICY If}- kHr 
'J1CS- 24~5:S 

Fig. 10 - Typical power dissipation vs. frequency. 

o 
Vss 

INPUTS 

Fig. 11 - Quiescent device current rest circuit. 

Woo 

\lDD-V~H 

,NPurnOUTPUTS 
~ ~ 

V'L -j J 
-lL. _~~t-

NOTE 

Vss TEST ANY COMBINATION 
OF INPUTS 

Fig. 12 - NOise immunity test circuit. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH Voo AND Vss· 
CONNECT ALL UNUSED 

L-_~_--' INPUTS TO EITHER 
VooOR Vss: 

VSS 

92($-21402 

Fig. 14 - Input leakage current test circuit. 
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COS/MaS DIGITAL INTEGRATED CIRCUITS 

CD4518B, CD4520B Types 

COS/MOS Dual Up-Counters 

CLOCK 

TRUTH TABLE 

ENABLE RESET ACTION 
High-Voltage Types (3-to-20-Volt Rating) 

CD4518B Dual BCD Up-Counter 
CD4520B Dual Binary Up-Counter 

.r 1 0 Increment Counter 

3 Q1A 

402A 
5 Q3A 

6 Q4A 

0 ""'\... 0 I ncrement Counter 

'- X 0 No Change 

X ..r 0 No Change 

...r 0 0 No Change 

1 '- 0 No Change RESET 8 R VDO-16 
15-------' VSS'8 

92CS-24506RI 

X X 1 Q1 thru 04= 0 

The RCA-CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up-Counter each 
consist of two identical, internally synchro
nous 4-stage counters. The counter stages are 
D-type fl ip-flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or negative-going 
transition. For single-unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 
cleared by high levels on their RESET lines. 

X IS Don't Care 1 ;: High State o ;: Low State CD4518, CD4520 
FUNCTIONAL DIAGRAM 

The counter can be cascaded in the ripple 
mode by connecting Q4 to the enable input 
of the subsequent counter while the CLOCK 
input of the latter is held low. 

01 

o 

Voo 

· ~, '''"'' ~~",,4 ~~V:g~/ROTECTION vss 

The CD45l8B and CD4520B types are sup
plied in l&lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes!. l&lead du
al-in-line plastic packages (E suffix), l6-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

02 03 Q4 

92CM-23772R2 

Fig. 1-Decade counter (CD4518) logic diagram for one of two identical counters. 

4 
Vss 

* ALL INPUTS PROTECTED BY 
COS 1 MOS PROTECTION 
NETWORK 

RESET 

01 02 03 

o 

Fig. 2-Binary counter (CD4520) logic diagram for one of two identical counters. 

04 

Features: 

• Medium-speed operation-
6-MHz typical clock frequency at 10 V 

• Positive- or negative-edge triggering 
• Synchronous internal carry propagation 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 pA at 20 V 

(full package-temperature range) 
• l-V noise margin (full package-temperature 

range) 
• 5-V, 10-V, and l5-V parametric ratings 

Applications: 
• Multistage synchronous counting 

• Multistage ripple counting 

• Frequency dividers 

o 

c 
f 1!t 

~ 
-12,5 

AMBIENT TEMPERATURE ITA '-25-C 

GATE-TO-SOURCE VOLTAGE 
'(VGS)=15\1 

10 V 

10 151 

DRAIN- TO -SOURCE VOLTAGE I VOSI-V 

Fig_ 3- Typical output-N-channel 
drain characteristics. 

92CS-l4l18RZ 

~ B 10 GATE-TO-SOURCE VOL.TAGE (VGS)·I~Y 

o 

10V 

'V 
10 "' ORAIN- TO -SOURCE vOLTAGE (VOSI-V 

Fig. 4-Minimum output-N-channel 
drain characteristics. 
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CD4518B, CD4520B Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T stg) ..••.••••.•..••.. _..... . . .•• .•. . • -66 to +150oC 

OPERATING-TEMPERATURE RANGE (TA ):. 

PACKAGE TYPES 0, F, K, H •.•.•.............•.••...•.•.•••..•••.•..•. -55 to +l25oC 
PACKAGE TYPES E, V ......................•..•••.•.••.•.•.•.....•.•• -40 to +850 C 

DC SUPPL V -VOLTAGE· RANGE, (V DO) 
(Voltages referenced to Vss Terminal): .•.....••.......... _.... . . . . . . •. . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA= -40 to +60oC (PACKAGE TYPES E, V) •••• _.............. ...•.•. .. ... 500 mW 

FOR T A= +60 to +850 C (PACKAGE TYPES E, V) ..••. • .• Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = -55 to +100oC (PACKAGE TYPES 0, F, K) . ••• . . . • • • • . . . . . • • . . . . . . . . . . 500 mW 

FOR T A= +100 to +1250 C (PACKAGE TYPES 0, F, KI. •.•.. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) • • •. . •. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . . . . . .. .. .. . .• •• .•. ••. .• . . . . .. •• -0.5 to V DD +0.5 V 
LEAD TEMPERATURE lOURING SOLDERING): . 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for 10 s max. 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limits at Indicated Temperatures (OC) 

Characteristic Values at -55,+25,+ 725 Apply to O,K,F,H Packages 
Units Values at -40,+25, +85 Apply to E, Y Packages 

Vo VIN VOO +25 
(V) (V) (VI -55 -40· +85 +125 Min. Typ. Max. 

Quiescent Oevice - - 5 5 5 50 100 - 0.02 5 
Current,lL Max.[ - - 10 10 10 100 200 - 0.02 10 

f.IA 
- - 15 20 20 200 400 - 0.02 20 

- - 20 100 100 1000 2000 - 0.04 100 
Output Voltage: 

Low-Level, - 0,5 5 0.05 - 0 0.05 
VOL Max. - 0, 10 10 0.05 - 0 0.05 

- 0, 15 15 0.05 - 0 0.05 
High Level, 

V - o 5 5 4.95 4.95 5 -
VOH Min. - 0, 10 10 9.95 9.95 10 -

- o 15 15 14.95 14.95 15 -
Noise Immunity: 

Inputs Low, 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -
V 

Inputs High. 0.8 - 5 1.5 1.5 2.25 -
VNH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4·5 4.5 6.75 -
Noise Margin: 

Inputs Low, 4.5 - 5 1 1 - -
VNML Min. 9 - 10 1 1 - -

13.5 - 15 1 1 - -
Inputs High, 0.5 - 5 1 

V 
1 - -

VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
Output Orive 

Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -

-0.8 
mA 

P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -
(Source), 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
lOP Min. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 -6 -
Input Leakage 
Current, Any Input 20 ±1 - ±10-5 ±1 f.IA 
IlL, IIH Max. 

COS/MaS DIGITAL INTEGRATED CIRCUITS 

, .. IIENT TEMPERATURE (T •• 25·C 

GATE-TO-SOuRCE VOLTAGE (V J-- 5V 

-IOV 

-5 'I 
t 
co 

-10 t! 

~ 
,. If 

11 

92C;S"4UOR2 

Fig. 5- Typical output-P-channel 
drain characteristics. 

DFtAIN-TQ-SQURCE VOLTAGE (VDSJ-V 

-15 -10 -5 0 
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, 
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'" • 

~ 
, 
• 
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2 • if , 
ill 2 
0 '0 

i • , 

GATE-TO-SOURCE VOLTAGE tVos)--!lV 

'0. 

-15V 

92CS-Z4:521 

Fig. 6-Minimum output·P-channel 
drain characteristics. 

AMBIENT TEMPERATURE (TA) = 25·C 
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Fig. 7-Typical power dissipation characteristics. 
VDD 
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021---'---, 

c~ 

Vss ., a t f ·20ns 9~CS-24510RI 

Fig. 8-Dynamic power-dissipation test circuit. 

o 
Vss 

'NPUTS 

"DO 

92CS-2l'401 

"ss 
Fig. 9-Quiescent-device-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4518B, CD4520B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA-250C; 
Input tr.tt-20 ns. CL =50 pF. RL -200 Kn 

CHARACTE R ISTIC TEST CONDITIONS 

Propagation Delay Time. tPHl. tplH: 
Reset to Output 

Clock or Enable to Output 

Transition Time, tTH l' tTlH 

, 
Maximum Clock Input Frequency, tCl 

Minimllm Clock Pulse Width, tw 

Clock Rise or Fall Time. tr or tf: 

Minimum Reset Pulse Width, tw 

Minimum Enable Pulse Width, tw 

Average Input Capacitance, CI Any Input 

NOTE: • 
92($-27441 

V5S TEST ANY COll8IUTlClN 
Of'INPUTS 

VDD 
V 
5 
10 
15 

5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 

5,10 
15 

5 
10 
15 
5 
10 
15 
-

LIMITS 

Min. TYD. 
- 280 
- 115 
- 80 

- 330 
- 130 
- 90 
- 100 
- 50 
- 40 

1.5 3 
3 6 
4 8 
- 100 
- 50 
- 35 

- -
- -
- 125 
- 55 
- 40 
- 200 
- 100 
- 70 
- 5 

UNITS 

Max. 
560 
230 
160 

650 
ns 

225 
170 
200 
100 ns 

80 
-
- MHz 
-

200 
100 ns 
70 

15 
5 

J.Ls 

250 
110 ns 
80 

400 
200 ns 
140 

- pF 

NOTE: 

MEASURE INPuTS 
SEQUENTIALLY. 
TO BOTH Yoo ANDYss' 
CONNECT ALL UNUSED 

L-_.------l INPUTS TO EITHER 
Yoo OR Yss' 

Yss 
92C5-27402 

Fig. 12 - Noise-immunity test 
circuit. 

Fig. 13 -Input-leakage-current 
circuit. 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDD LIMITS 
(V) Min. Max. 

Supply·Voltage Range (For T A=Full Package· 
3 18 Temperature Range) 

5 400 -

Enable Pulse Width, tw 10 200 -
15 140 -

5 200 -

Clock Pulse Width, tw 10 100 -

15 70 -

5 1.5 
Clock Input Frequency, tel 10 dc 3 

15 4 
I 

5,10 15 i -
Clock Rise or Fall Time, trCl or ttCl: 

15 5 -

5 250 -

Reset Pulse Width.tW 10 110 -

15 80 -

618 

UNITS 

V 

ns 

ns 

MHz 

J.Ls 

ns 

LOAD CAPACITANCE (e L )-pF 92CS-M1U 

Fig. 10-Typical transition time vs. load capacitance. 

SUPPLY VOLTAGE (VOO1-V 92CS-24508 

Fig. 11- Typical maximum·clock-frequency 
vs. supply voltage. 

RESET 

I 2 :s .. , • 7 I , 0 I 2 ], .. !I • 7 .~ 

c ..... {::= 
., -,..,...,..., r--, -l--l-l-.-' -l-+-+-J 
"-++-+-1-+++-1 .... 

' .... "~.".~ •• !'~~ 

-{= I Ii + 
Fig. 14".. Timing diagrams for CD4518 and CD4520 

! 200 

1< 
~ 050 \tD V ' 

z 
2 '00 I5V 

i 
~ Ml 

~ ro ~ ~ ~ ro ~ ~ ~ 
LOAD CAPACITANCE ICL)-pF !112CS-24SOT 

Fig. 15- Typical propagation delay vs. load 
capacitance (clock or enable to output). 



COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4527B Types 

COS/MOS BCD Rate Multiplier 
Features: 

,-'--' ........... ........, RAT£ 

High-Voltage Types (3-to-20-Volt Rating) • Cascadable in multiples of 4-bits 
• Set to "9" input and "9" detect output 

OuTPuTS 

6 OUTLJ 

The RCA-CD4527 is a low-power 4-bit digital 
rate multiplier that provides an output-pulse 
rate which is the clock-input-pulse rate multi
plied by 1/10 times the BCD input. For ex
ample, when the BCD input is 8, there will be 
8 output pulses for every 10 input pulses. 
This device may be used to perform arith
metic operations (add, subtract, divide, raise 
to a power). solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, A/D and D/A con
version, and frequency division. 
For fractional multipliers with more than 
one digit, CD4527 devices may be cascaded 
in two different modes: the Add mode and 
the Multiply mode. See Figs. 2 and 3. In the 
Add mode, 

Output Rate = 
(CI k R ) [ 0.1 BCD 1 + 0.01 BCD2 +] 

oc ate 0.001 BCD3 + . . . . 

In the Multiply mode, the fraction program
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 

9 4 36 
e.g. - x - = - or 36 output 

10 10 100 
pulses for every 100 clock input pulses. 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 /lA at 20 V 

(full package-temperature range) 
• l-V noise margin (full package-temperature 

range) 
• S-V, 10-V, and l5-V parametric ratings 

MAXIMUM RATINGS, Absolute-Maximum Values: 

5 0UTJ 

CD4527 
Functional Diagram 

STORAGE-TEMPERATURE RANGE (Tstg) .. . . . . . . . . . . . . . . . . .. . . . ... . . .. . . . -65 to +1500 C 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, F. K. H ........................................... -55 to +l25°C 
PACKAGE TYPES E, Y ................................................ -40 to -+850C 

DC SUPPLY·VOLTAGE RANGE. (VOO ) 
(Voltageueferenced to VSS Terminal): . ......... ... .... . ... ... ...... ..... -0.5 to +20 V 

POWER OISSIPATION PER PACKAGE (PO): 

FOR TA= -40 to +600 C (PACKAGE TYPES E. Y) ............................... 500 mW 

FOR TA= +60 to +850 C (PACKAGE TYPES E. Y) ... ... . . Derate Linearly at 12 mW/oC to 200 mW 

FOR T A= -55 to +1000 C (PACKAGE TYPES D. F, K) ...................•....... 500 mW 

FOR T A= +100 to +1250 C (PACKAGE TYPES D. F. K). ..... Oerate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . . .. .. . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) from case for 10 s max. .. .. 
STROBE CASC_ 

IO 12 

The CD4527B types are supplied in 16-lead *I""'----"~ 
ceramic dual-in-line packages (0, F, and Y 
suffixes), 16-lead dual-in-line plastic pack
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Applications: 
• Numerical control 
• Instrumentation 
• Digital filtering 
• Frequency synthesis 
• For further application information, see 

ICAN-6739 "COS/MOS Rate Multipliers -
Versatile Circuits for Synthesizing Digital 
Functions". 

*,,"-------' 
INHIBIT IN 

.. 
9 

T Q 

r+------i c 

R 

~~--+ ... 
R 

Fig. 1 - Logic diagram. 

YDO-PIN 16 
Vss·PIN8 

Vss 'g" 

~---------~~I 

INHIBIT 
OUT 

).------------------~~7 

92CL-Z4,18RI 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4527B Types 

RECOMMENDED OPERATING CONDITIONS AT TA .. 25°C, Unless Otherwise Specified 

For maximum reliability. nominal operating conditions should be selected so that operation 
is always within the following ranges 

CHARACTERISTIC VDD LIMITS UNITS 
(V) Min. Max. 

Supply Voltage Range (For T A = Full Package· 3 18 V 
Temperature Range) 

Clock Rise or Fall Time, trCL or tfCL: 5,10,15 - 15 IJ5 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 

Characteristic Conditions TYP. Units 

Vo VIN VDD VALUES 

(V) (V) (V) 

- - 5 0.02 

Quiescent Device Current, IL - - 10 0.02 p.A 
- - 15 0.02 

- - 20 0.04 

Output Voltage: 
- 0,5 5 0 
- 0,10 10 0 

Low-Level, VOL 0,15 - 15 0 
V 

- 0,5 5 5 
High Level, VOH - 0,10 10 10 

- 0,15 15 15 

4.2 - 5 2.25 
Noise Immunity: 

9 10 4.5 -
Inputs Low, VNL 13.5 15 6.75 - V 

0.8 - 5 2.25 
Inputs High, VNH 1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 4.5 - 5 1 Min. 

Inputs Low, VNML 
9 - 10 1 Min. 

13.5 - 15 1 Min. V 

0.5 - 5 1 Min. 

Inputs High, VNMH 1 - 10 1 Min. 

1.5 - 15 1 Min. 

0.4 - 5 0.8 
Output Drive Current: 

0.5 10 1.8 -
N-Channel (Sink), ION 

1.5 15 6 -
4.6 - 5 -0.8 mA 

2.5 - 5 -3.2 
P-Channel (Source), lOP 

9.5 10 -1.8 -
13.5 - 15 -6 

Input Leakage Current, IIL,IIH Any Input 20 ±10-5 p.A 

A 
DRM I 

A 
DRM 2 

I 0 

0 B OUT 0 B OUT 

0 
OUT Out 

INH. INH· 
CLOCK OUT CLOCK OUT 

CASCo 

INH.IN "</' "g" 

ST 
CLEAR S 

CLOCKo-+----------.J 92CS·249~6 

Fig.2 - Two CD4527's cascaded in the "Multiply" 
mode with a preset number 

( 9 4 36) of36 -x-=-
10 10 100 

012345678901234 

CLOCK n.n..n.n.n..nJl 
Q. J1JLJl.fLJ1fL 
Qb~ 

Qc 

Qd 

01 

R2 

03 

R4 

OUTPUT (PIN 61 
A ENABLED ___ .J '-______ _ 

B ENA-BLEO 

C ENABLED 

o ENABLED 

INH· OUT 

OUPUT (PIN ti) 

(PRESET No· OF I) 

(PRESET Na. OF 2) 

(PRE SET No· OF 3) 

(PRESET No· OF 4) 

{PRESET No OF 51 

(PRESET No OF 6) 

"~ESET No OF 81 

'''RESET ~o Of" 91 

U 
_---10 I fL 

~ 
~ 

I '2CM-24915 

Fig.3 - Timing diagram (See Logic Diagram). 
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_________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4527B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, CL = 50 pF, Input tr,lt = 20 ns, 
RL = 200 kQ 

CHARACTERISTIC TEST CONDITIONS TYPICAL VALUES UNITS 

VDD 

(V) 

Propagation Delay Time: 5 180 
Clock to "Out", 10 90 

tpHL, tpLH 15 65 ns 

Clock to "Inhibit Out" 
5 260 

10 130 
tpHL' tpLH 15 100 

Transition Time 
5 100 

10 50 ns 
tTHL' tTLH 15 40 

Maximum Clock Input 
5 2 

10 4.5 MHz 
Frequency, fCL(Max.) 15 5.5 

MOST SIGNI FICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

I A DRM0 
0 A DRM@ 

0 B OUT 0 OUT 

0 C 0iJt I OUT 
0 

b'U'i 0 D 

CLOCK 

CASCo 

INH.IN ··9·· 

ST 
CLEAR S 

CLOCKD--*----------' 

012345678901234567890 
CLOCK 

TRUTH TABLE 

INPUTS OUTPUTS 

Number of Pulses or Number of Pulses or 
Input Logic Level Output Logic Level 
(0 = Low; 1 = High; X = Don't Care) (L = Low; H = High) 

DC B A CLK INH STR CAS CLR SET OUT OUT INH , "9" 
IN OUT OUT 

0 0 o 0 10 0 0 0 0 0 L H 1 1 
0 0 0 1 10 0 0 0 0 0 1 1 1 1 
0 0 1 0 10 0 0 0 0 0 2 2 1 1 
0 0 1 1 10 0 0 0 0 0 3 3 1 1 

0 1 0 0 10 0 0 0 0 0 4 4 1 1 
0 1 0 1 10 0 0 0 0 0 5 5 1 1 
0 1 1 0 10 0 0 0 0 0 6 6 1 1 
0 1 1 1 10 0 0 0 0 0 7 7 1 1 

1 0 0 0 10 0 0 0 0 0 8 8 1 1 
1 0 0 1 10 0 0 0 0 0 9 9 1 1 
1 0 1 0 10 0 0 0 0 0 8 8 1 1 
1 0 1 1 10 0 0 0 0 0 9 9 1 1 

1 1 0 0 10 0 0 0 0 0 8 8 1 1 
1 1 0 1 10 0 0 0 0 0 9 9 1 1 
1 1 1 0 10 0 0 0 0 0 8 8 1 1 
1 1 1 1 10 0 0 0 0 0 9 9 1 1 

X X X X 10 1 0 0 0 0 
Depends on internal 

state of counter 
X X X X 10 0 1 0 0 0 L H 1 1 
X X X X 10 0 0 1 0 0 H * 1 1 

1 X X X 10 0 0 0 1 0 10 10 H L 
o X XX 10 0 0 0 1 0 L H H L 
XX X X 10 0 0 0 0 1 L H L H 

* Output same as the first 161ines of this truth table (depending on values of A. B, c. 0). 

TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT I 
PuLSES CONTRIBUTED BY ORM ~ TO OUTPUT FOR 
EVERY 100 CLOCK PULSES IN FOR PRESET No·94. 

92CS- .. 4<j17RI 

Fig.4 - Two CD4527's cascaded in the "Add" mode 
with a preset number 

( 9 4 _94) of94 -+--- . 
10 100 100 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4532B Types 

COS/MOS 8-Bit Priority Encoder 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4532 consists of combination
al logic that encodes the highest priority 
input (07-DO) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip-enable input E, is 
low. When E, is high, the binary representa
tion of the highest-priority input appears on 
output lines 02-00, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable-out (EO) is high 

when no priority inputs are present. If any 
one input is high, EO is low and all cascaded 
lower-order stages are disabled. 

The CD4532B types are supplied in l6-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), l6-lead dual-in-line plastic 
package (E suffix). l6-lead ceramic flat 
package (K suffix), and in chip form (H suf
fix). 
This device is similar to type MC14532. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstgl . _ .... _ . _. ___ .. _. __ .•.• _. .••• . . .• -66 to +1500 C 

OPERATING-TEMPERATURE RANGE ITA I: 

PACKAGE TYPES 0, F, K, H ....••.....•..•....•.....•...•. _........... -55 to +l25oC 
PACKAGE TVPES E, V ...........................•.....•..•.•...•..... -40 to +850 C 

DCSUPPLV-VOLTAGE RANGE, (VDDI 
(Voltages referenced to Vss Terminal): ..•• . . .•. . .. . •• . •. . .•. . .. .• . . . . .. . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (POl: 

FOR TA= -40 to +60oC (PACKAGE TYPES E, V) •.•..•.....••...•.........•.•.. 500 mW 

FOR TA= +60 to +850 C (PACKAGE TYPES E, VI ..... . .. Derate Linearly at 12 mW/oC to 200 mW 

FOR T A= -55 to +l00oC (PACKAGE TVPES 0, F, KI .•.......•..•.•.•.•..•.•... 500 mW 

FOR TA= +100 to +1250 C (PACKAGE TVPES 0, F, K). ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . ... . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . .. . . . . . . . . •. . . . . . .. . . . . . . . . . . . • -0.5 to V DO +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml from case for 10 s max ............. . 

E, 07 06 05 

0 X X X 

1 0 0 0 

1 1 X X 

1 0 1 X 

1 0 0 1 

1 0 0 0 

1 0 0 0 

1 0 0 0 

1 0 0 0 

1 0 0 0 

X = Don't Care 

622 

TRUTH TABLE 

Input 

04 03 02 01 DO GS 02 

X X X X X 0 0 

0 0 0 0 0 0 0 

X X X X X 1 1 

X X X X X 1 1 

X X X X X 1 1 

1 X X X X 1 1 

0 1 X X X 1 0 

0 0 1 X X 1 0 

0 0 0 1 X 1 0 

0 0 0 0 1 1 0 

Logic 1 == High 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating condi· 
tions should be selected so that operation is always 
within the following ranges. 

Characteristic Min. Max. Units 
Supply Voltage 
Range (for T A = 3 18 V 
Full Package 
Temp. Rangel 

Output 

01 00 EO 
0 0 0 

0 0 1 

1 1 0 

1 0 0 

0 1 0 

0 0 0 

1 1 0 

1 0 0 

0 1 0 

0 0 0 

Logic 0= Low 

07 

DO 

CD4532 Functional Diagram 

Features: 

• Converts from 1 of 8 to binary 
• Provides cascading feature to handle any 

number of inputs 
• Group select indicates one or more priority 

inputs 
• Ouiescent current specified to 20 V 
• Maximum input leakage of 1 J.l.A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 
• 5-V, 10-V, and 15-V parametric ratings 

Applications 
• Priority encoder 
• Binary or BCD encoder (keyboard encoding) 
• FIQating point arithmetic 

! 15 

! 
~ to 
! 
'" 
't • . 

.. 
f I' 
~ 
-12.5 
~ 

~ 
~ 10 
B 

GATE-TO-SOURCE VOLTAGE 
'IYGSJ=15 V 

10V 

•• 
10 " 

DRAIN-TO-SOUACE VOLTAGE IVOSI-V 

Fig. 1 - Typical output-N-channel 
drain characteristic$.. 

GATE-TO-SOURCE VOLTAGE IVGSI~15Y 

10. 

.v 
10 15 

DRAIN-YO-SouRCE YCM.,TAGE (YDSJ-V 

Fig.2 - Minimum output-N-channel 
drain characteristics_ 

RCS-,4,.t 



_________________________________ COSIMOS DIGITAL INTEGRATED CIRCUITS 

CD4532B Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

Characteristic; 

Va VIN Voo 
(VI (VI (VI 

- - 5 
Quiescent Device - - 10 

Current, I L Max. 
- - 15 
- - 20 

Output Voltage: 
Low· Level, - 0, 5 5 
VOL Max. - 0,10 10 

- 0,15 15 

High Level, - o 5 5 
VOH Min. - 0,10 10 

- 0 15 15 
Noise Immunity: 

Inputs Low, 4,2 - 5 
VNL Min. 9 - 10 

13.5 - 15 

Inputs High. 0.8 - 5 
VNH Min. 1 - 10 

1.5 - 15 
Noise Margin: 

Inputs Low, 4.5 - 5 
VNML Min. 9 - 10 

13.5 - 15 

Inputs High, 0.5 - 5 
VNMH Min. 1 - 10 

1.5 - 15 
Output Drive 

Current: 
N·Channel 0.4 - 5 
(Sink), 0.5 - 10 
ION Min. 1.5 - 15 

P·Channel 4.6 - 5 
(Source), 2.5 - 5 
lOP Min. 9.5 - 10 

13.5 - 15 

Input Leakage 
Current, Any Input 20 
IlL, IIH Max. 

AMBIENT ~EMPERATURE (TA) '"' 25·C 

il)1 

Limits at Indicated Temperatures (OCI 
Values at -55,+25,+125 Apply to D,K,F,H Packages 
Values at -40,+25,+85 Apply to E, Y Packages 

-55 

5 

10 

20 

100 

0.5 

1.1 
3.3 

-0.5 

-2 

-1.1 

-3.3 

+25 
-40 +85 +125 Min. Typ. 

5 50 100 - 0.02 

10 100 200 - 0.02 

20 200 400 - 0.02 

100 1000 2000 - 0.04 

,0.05 - 0 

0.05 - 0 
0.05 - 0 

4.95 4.95 5 
9.95 9.95 10 

14.95 14.95 15 

1.5 1.5 2.25 
3 3 4.5 

4.5 4.5 6.75 

1.5 1.5 2.25 
3 3 4.5 

4.5 4.5 6.75 

1 1 -

1 1 -

1 1 -

1 1 -
1 1 -

1 1 -

0.45 0.36 0.3 0.4 0.8 

1 0.75 0.65 0.9 1.8 
3.2 2.5 2.2 3 6 

-0.45 -0.36 -0.3 -0.4 -0.8 

-1.8 -1.3 -1.15 -1.6 -3.2 

-1 -0.75 -0.65 -0.9 -1.8 

-3.2 -2.5 -2.2 -3 -6 

±1 - ±10-5 

AIIalENT ~EMPERATURE (TA)- 25·C 

I 
I 
j 
i 
t 
i .. 
~ reiO 

" is 100 

~ 
~ 50 

f 

Max. 

5 

10 

20 

100 

0.05 

0.05 

0.05 

10' 

15V 

-
-

-

-
-

-
-

-

-

-

-

-

-

-

-

-

-
-

-
-

-
-

±1 

10 20 30 40 50 60 70 80 90 tOO 
LQAD CAPACITANCE (CLJ- pF LOAD CAPACITANCE (Cd- pF 

Units 

IJA 

V 

V 

V 

mA 

IJA 

92CS-26353 92CS-26364 

Fig.6 - Typical propagation delay (E, to GS, E, to Eo) 
vs. load capacitance, 

Fig.7 - Typical propagation delay (Dn to am) 
VS. load capacitance. 

DRAIN-TO-SOURCE VOLTAGE (Vosl-vj 

AMBIENT TEMPERATURE (T ... )-25.C 

GArE-YO-SOURCE YOLTAGE Iv J.-5V -5 i 
ii: 
" -10 !:! 

-IOV 5 
·,.1 a 

-15V 

UCS·2'4'ZOR2 

Fig.3 - Typicaloutput·P-channel 
drain characteristics. 

DRAIN-lO-SOURCE VOLTAGE (YDsl-V 

-15 -10 -5 0 

AMBIENT TEMPERATURE ITA )-2S-C .. 
GATE-TO-SQURCE VOLTAGE (VGS);- S v ~ 

~ 

" -5 !:! 

10V 

-15V 

Fig.4 - Minimum output·P·channel 
drain characteristics. 

.. 
! 

AMBIENT TEMPERATURE (TAJ;25 0 C 
• LOAD CA~ACITANCE (~L); 50 pF , 

+ 

o ~ 5 U Q ~ ffi = W 
SUPPLY VOLTAGE (Voo)-V 

92CS-26362 

Fig.S - Typical propagation delay (Dn to am) 
vs. supply voltage 

LOAD CAPACITANCE (C L )-pF 
9~CS-24322' 

Fig.8 - Typical transition time vs. 
load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD45328 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=250 C; CL =50 pF, 
Input tr,tf= 20 ns, RL =200 Kil 

CHARACTERISTIC 

Propagation Delay Time: 

EI to EO, EI to GS 

See Fig.8 

EI to am, Dn to GS 

Dn to OM 

See Figs. 5,7 

Transition Time 

Average I nput Capacitance 

624 

SYMBOL 

tPHL, 

tPLH 

tTHL, 

tTLH 

CI 

TEST CONDITIONS LIMITS 

VSS 

VDD ALL TYPES 

VOLTS TYP. MAX. 

5 110 220 

10 55 110 

15 45 85 

5 170 340 

10 85 170 

15 65 125 

5 220 440 

10 110 220 

15 85 160 

5 100 200 

10 50 100 

15 40 80 

Any Input 5 -

92CL-26361RI 

* ALL INPUTS PROTECTEO BY 
COS/MOS PROTECTION NETWORK 

Fig.9 - CD4532 logic diagram. 

UNITS 

ns 

ns 

pF 

" i' 
~ 
z 
Q 

~ 
in 

l'l 
'" ~ 
" ~ 
i 

~ 

to!i AMBIENT TEMPERATURE (TA)125°C · 2 

10' / 
6 
.~ -

SUPPLY VOLTAGE Voo "15 V 
,~ - LOAD CAPACITANCE (CLI~.50pF V 10' 
6 · .M V 2 10V 

50pF 't>l?' 10' OV 
6 

:~ · ::;.--
2 

10 ~ .V 
6 50pF 

:V W 
I~ 

2 • 6. 2 ... 
10 102 2 4 •• 

10' 
2 . .. 

FREQUENCY tfl - kHz 
92CS-2636~ 

Fig. 10 - Typical dynamic power dissipation 
vs. frequency. 

Fig. 11 - Dynamic power dissipation 
test circuit. 

Voo 

o 
Vss 

INPUTS 

92CS- 21401 

Fig. 12 - Quiescent device current test circuit. 

Vss 

NOTE: 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

92C$-Z7400 Voo ORVss' 

Fig. 13 - Noise immunity test circuit. 

10' 



CD4532B Types 

NOTE' 
MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH VDD ANO Yss. 
CONNECT ALL UNusm 

'--_.---' INPUTS TO EITHER 
VDD OR Vss· 

Vss 

92CS~27402 

Fig. 14 - Input leakage current test circuit. 

1/4 C04071 
D9--_H 

08---+-1 
)-_------- 03' 

1/6 C04069 

CD4532 
EI 

07 -,.---107 
I 
I 

GS 

02~1---t------ 02' 
I 
I Oll-~I------ 01' 
I 
I 

DO --1.--"I.!0~O~--':°:J° 00' 

92CS-26370RI 

EI' 

015 
I 
I N 

'" I 13 
on ... 

I 12 0 
u 

I II 

08 10 

Ey 
~7----::-iq7 

I I N 

I ::l 
I I :!; 
I I U 

I I 
DO DO 

COS/MaS DIGITAL INTEGRATED CIRCUItS 

GS 14 

02 6 

01 7 

00 9 

EOl5 
..... --------03· 

r:.-+--- GS' 

r:...L.---OI· 

}.!.!~---QO· 

L--------------EO· 

92CS-26369RI 

Fig. 15 - 16-1evel priority encoder. 

TRUTH TABLE 

Input Output 
09 08 07 06 05 04 03 02 01 DO GS a3' a2' a1' ao' 

1 X X X X X .x X X X ·0 1 0 0 1 
0 1 X X X X X .x X X 0 1 0 0 0 

0 0 1 X X X X X X X 1 0 1 1 1 
0 0 0 1 X X X X X X 1 0 1 1 0 
0 0 0 0 1 X X X X X 1 0 1 0 1 
0 0 0 0 0 1 X X X X 1 0 1 0 0 
0 0 0 0 0 0 1 X X X 1 0 0 1 1 
0 0 0 0 0 0 0 1 X X 1 0 0 1 0 
0 0 0 0 0 0 0 0 1 X 1 0 0 0 1 
0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 

X = Don't Care Logic 1 == High Logic 0== Low 

Fig. 16 - O-to-9 keyboard encoder. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD45558, CD45568 Types 

COS/MOS Dual Binary to 1 of 4 Decoder/Demultiplexers 
CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4555B and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and B), an 
Enable input (E), and four mutually exclu
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out-
puts are low on select. 

When the Enable input is high, .the Ol!tputs 
of the CD4555B remain low and the outputs 
of the CD4556B remain h!gh reg~~die6s of 

the state of the select inputs A and B. The 
CD4555B and CD4556B are similar to types 
MC14555 and MC14556, respectively. 

The CD4555B and CD4556B types are sup
plied in 16-lead hermetic dual-in-line ceramic 
packages (0, F, and Y suffixes), 16-lead dual
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE hstg) .......................... -65to+1500C 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K, H ................................ -55 to +125°C 
PACKAGE TYPES E, Y ..................................... -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DO) 
(Voltages referenced to VSS Terminal): . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR T A = -40 to +600 C (PACKAGE TYPES E, Y) ........................ 500 mW 
FOR TA = +60 to +85°C (PACKAGE TYPES E, Y) ...... Derate Linearlv at 12 mW/oCto 200 mW 
FOR T A = -55 to t1 00° ~ (PACKAGE TYPES 0, F, K) .................... 0" 500 mW 
FOR T A = +100 to +125 C (PACKAGE TYPES 0, F, K) .... Derate Linearlv at 12 mW/ C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS ... " ..... " ................. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml from case for 10 s max. . ............ +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum N!liability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 

CHARACTERISTIC VOO 

Supply Voltage Range -
(For TA = Full Package 
Temp. Range) 

*ALL INPUTS PROTECTEQ BY COS/MOS 

""U'.' ~'~ •• ~ 

Vss 92CS-24221RI 

Fig. 1 - CD45558 logic diagram 

(I of 2 identical circuits). 

MIN. MAX. UNITS 

3 18 V 

* ALL INPUTS PROTECTED By COS/MOS 

."''''''~ ",.-~ 

Vss 

Fig. 2 - CD45568 logic diagram 
(1 of 2 identical circuits). 

4 
QO 2 4 go A 

5 A 
5 Qi 

B 
QI 3 

6 Q2 
B 6 Q2 

E I 7 E I 
7(j3 Q3 

A 
12 QO 

A 14 12 ao 
II II Qi 

B 
QI 13 

10 Q2 B 10 Q2 
15 9 Q3 E 9 (j3 

9?CS-22918RI 92CS-2:Z919RI 

CD4555B CD4556B 

FUNCTIONAL DIAGRAMS 

Features: 

- Expandable with multiple packages 
- Quiescent current specified to 20 V 
- Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 

- 1·V noise margin (full package-tempera
ture range) 

- 5·V, 1D-V, and 15-V parametric ratings 

Applications: 

- Decoding - Code conversion 
_ Demultiplexing (using Enable input as a 

data input) 
- Memory chip-enable selection 

- Function selection 

'V 

10V 

GATE-TO-SOUFICE VOLTAGE 
IVGS);I& V 

10 15 

DftAIN-TO-SQURCE VOLTAGE (YoSI-V 
'2CS-24318R2 

Fig. 3 - Typical output-N-channel drain 
characteristics_ 

GATE-TO-SOURCE VOLTAGE IVGS)-,5V 

10V 

'V 
o 10 " 

DRAIN-TO-SOURCE VOLTAGE IYoS)-V 
RCS-24319 

Fig. 4 - Minimum output-N-channel drain 
characteristics. 
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CD4555B, CD4556B Types 
STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS LIMITS AT INDICATED TEMPERATURES (' CI 

CHARAC· Values at -55, +25, +125 Apply to D, K, F, H Packages 

TERISTIC Values at -40, +25, +85 Apply to E, Y Packages 

Vo V,N ~DD +25 
(Vi (Vi (VI -55 -40 +85 +125 MIN. TYP. MAX. 

Quiescent Device - - 5 5 5 50 100 - 0.02 5 
Current, I L Max. - - 10 10 10 100 200 - 0.02 10 

- - 15 20 20 200 400 - 0.02 20 

- - 20 100 100 1000 2000 - 0.04 100 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.5 0.45 0.36 0.3 0.4 0.8 -
(Sink), 0.5 - 10 1.1 1 0.75 0.65 0.9 1.8 -
ION Min. 1.5 - 15 3.3 3.2 2.5 2.2 3 6 -
P·Channel 4.6 - 5 -0.5 -0.45 -0.36 -0.3 -0.4 -0.8 -
(Source) 2.5 - 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
IDPMin. 9.5 - 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

13.5 - 15 -3.3 -3.2 -2.5 -2.2 -3 6 -
Output Voltage: 

Low·Level, - 0,5 5 0.05 - 0 0.05 
VOHMax. - 0,10 10 0.05 - 0 0.05 

- 0,15 15 0.05 - 0 0.05 

High·Level - 0,5 5 4.95 4.95 5 -
VOL Min. - 0, 10 10 9.95 9.95 0 -

- 0,15 15 14.95 14.95 5 -
Noise Immunity: 

Inputs Low, 4.2 - 5 1.5 1.5 2.25 -
VNL Min. 9 - 10 3 3 4.5 -

13.5 - 15 4.5 4.5 6.75 -

Inputs High, 0.8 - 5 1.5 1.5 2.25 -
VNH Min. 1 - 10 3 3 4.5 -

1.5 - 15 4.5 4.5 6.75 -
Noise Margin: 
Inputs Low, 4.5 - 5 1 1 - -
VNML Min. 9 - 10 1 1 - -

13.5 - 15 1 1 - -
Inputs High, 0.5 - 5 1 1 - -
VNMH Min. 1 - 10 1 1 - -

1.5 - 15 1 1 - -
I nput Leakage 
Current, Any Input 

IlL' IIH Max. 20 ±1 - ~1O-5 ±1 

TRUTH TABLE 

INPUTS 

ENABLE SELECT 

E B A a3 

0 0 0 0 

0 0 1 0 

0 1 0 0 

0 1 1 1 

1 X X 0 

x = DON'T CARE 

OUTPUTS 

CD4555B 

a2 a1 aD 

0 0 1 

0 1 0 

1 0 0 

0 0 0 

0 0 0 

LOGIC 1 == HIGH 
LOGIC 0== LOW 

OUTPUTS 

CD4556B 

03 02 01 00 

1 1 1 0 

1 1 0 1 

1 0 1 1 

0 1 1 1 

1 1 1 1 

",NITS 

J.lA 

mA 

V 

V 

V 

J.lA 

DRAIN-TO ~souACE VOLTAGE (YoSI-V 

AMBIENT TEMPERATURE ITA )-u·c 

GATE-lO-SOURCE vOLTAGE IV ,--!IV 
.. 

•• E 

i; .. 
-10 !:! 

-lOY ~ 
-15 ~ 

-15Y 

92CS-24120A2 

Fig. 5 - Typical output-P-channel drain 
characteristics. 

DRAIN-fO-SOURCE VOLTAGE (VOSI-V 

-1$ -10 -, 0 

GATE-TO-SOURCE VOLTAGE IVGSJ"· 5V 

10V 

-15Y 

Fig. 6 - Minimum output-P-channel drain 
characteristics. 

LOAD CAPACITANCE {CLI- pF 92CS-2<4938 

Fig. 7 - Typical propagation delay time lIS. load 
capacitance (A or B input to any output). 

100 

LOAD CANCIUNeE IC .. '- pF 
92CS-2"939 

Fig. 8 - Typical propagation delay time lIS. load 
capacitance (E input to any output). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4555B, CD4556B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25" C; Input tr, tf = 20 ns, 
CL =50pF, RL =200 Kn 

TEST CONDITIONS 
ALL TYPES 

CHARACTERISTIC 
LIMITS 

UNITS 
VDD 
Volts TYP. MAX. 

Propagation Delay Time, tpH L. 5 220 440 

A or B Input to t pHL, tpLH 10 95 190 

Any Output tpLH 15 70 140 

5 200 400 

E Input to Any 10 85 170 

Output 15 65 130 

5 100 200 

Transition Time: tTHL' tTLH 10 50 100 

15 40 80 

Average Input Capacitance, CL Any Input 5 -

TRUTH TABLE 

INPUTS o OUTPUTS 

DECODER 
INPUTS 

A---------.--~~ 

I/6C040698 
OR [QUIV 

00 

01 

02 

03 
OUTPUTS 

04 

Q5 

Q6 

07 

92CS-Z4227 

C B 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

A 0 1 2 3 

0 1 0 0 0 

1 0 1 0 0 

0 0 0 1 0 

1 0 0 0 1 

0 0 0 0 0 

1 0 0 0 0 

0 0 0 0 0 

1 0 0 0 0 

Fig. 11 - 1-of-8 decoder using CD45558. 

CD4~~~B 

TRUTH TABLE 

4 

0 

0 

0 

0 

1 

0 

0 

0 

A----------~~~ 00 INPUTS QQUTl'UTS 

DECODER 
INPUTS 

E E 

L ____ -1 
C045558 

09 
010 
all 

013 
014 
015 

OUT

PUTS 

'12CS 242<'8 

E DeB A o 1 2 3 4 5 8 7 8 9 
0 0 0 o 0 1 o 0 0 0 0 0 o 0 0 

o 0 o 0 1 0 1 o 0 000 0 0 0 

0 0 0 1 0 001 o 0 000 0 0 

o 0 0 1 1 000 1 000 000 

001 0 0 000 0 1 0 o 0 o 0 

o 0 1 0 1 o 0 0 o 0 1 o 0 o 0 

o 0 1 1 0 0 0 0 000 1 000 

o 0 1 1 1 0 0 0 o 0 o 0 1 o 0 

0 1 0 0 o 0 o 0 0 0 0 o 0 1 0 

0 1 o 0 1 o 0 0 0 000 o 0 1 

o 1 0 1 0 o 0 0 o 0 o 0 0 o 0 

0 1 o 1 1 0 o 0 o 0 0 0 0 0 0 

0 1 1 0 o 0 o 0 o 0 o 0 o 0 0 

0 1 1 0 1 o 0 0 o 0 o 0 000 

0 1 1 1 0 o 0 0 o 0 o 0 0 o 0 

0 1 1 1 1 o 0 0 000 0 0 0 0 

1 X X X 0 000 o 0 o 0 o 0 0 

x s don t cere 

Fig. 13 -1-of·16decoderusing CD45558 and 
CD45568. 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

1 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

1 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

ns 

ns 

ns 

pF 

6 7 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 0 

0 1 

12 13 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 0 

0 1 

0 0 

0 0 
0 0 

14 15 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
1 0 

0 1 

0 0 

: AMBIENT TEMPERATURE {TA }.2~·C 

~300 
J 
i~o 

1-
.. zoo 
:I 

ANY INPUT 

;: 

INPUT 

10 I~ 20 

SUPPLY VOLTAGE {Vool-VOLTS 
92CS-24940 

Fig. 9 - Typical propagation delay time vs. 
supply voltage. 

Fig. 10 - Typical transition time v:s. load 
capacitance. 

? "68,2 "'6612468124681 
1 10 102 10 3 10" 
INPUT FREQUENCY "I-kHz 

Fig. 12 - Typical dynamiC power dissipation 
vs. frequency. 

APPLICATIONS 

INPUTS SELECT B 01 01 [ G~"2CD4555~0 Q~ 

B ' 02 OUTPUTS 

DATA E 3 ~~ 
1/6 C040698 92C5-2422':} 

TRUTH TABLE 

SELECT 
INPUTS OUTPUTS 

B A 00 Q1 02 03 

0 0 DATA 0 0 0 

0 1 0 DATA 0 0 

1 0 0 0 DATA 0 

1 1 0 0 0 DATA 

Fig. 14 - l-of41me data demulttplexer usmg 
CD45558. 
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CD4555B, CD4556B Types 

90% ---+----,F==~I---
50% ----~~------~~ 

10% ==f~-----j-l!~:.--

90% 

50 % 

B 

10 "I. ===f-+-t--t--"jo;:=---vss 

'I' I MHz. ~O"l. DUTY CYCLE 

03 

92CS-24223 

Fig. 15 - CD45558 8 input to 03 output dynamic 
signal waveforms. 

9O%--+--,1==~~~----

~ % ---t--r---"--T 

10 % ---1--1------1--"1<--

90% ----~~~~~1---

50% ________ ~L-4_--~~\--

10% ::::::::7i~-~---t-~~ 

f1 =IMHz.50"l. DUTVCYCLE 

Fig. 18 - CD45568 E input to 03 output dynamic 
signal waveforms. 

90% ___ ~_~~~~~-r-----voo 

50 % ---+~F-----''k-

10% 

90% ===~+----+¥= 
50 %------t--'k----if-
10 % -------+--~;.--,y.:... 

fl II:' I MHz. 50 % DUTY CYCLE 
92CS-24224 

Fig. 16- CD45568 8 input to 03 output dynamic 
signal waveforms. 

INPUTS .. 
YSs 

9lCS-Z1401 

Fig. 19 - OuiB6t:Snt device curfflnt. 

NOTE' 

MEA SURE INPUTS 
SEOUENTIALLY. 
TO BOTH Voo ANOVss' 
CONNECT ALL UNUSED 

'--"T"--' INPUTS to EITHER 
VOD DRVSS' 

Vss 
9ZCS-2740l 

Fig. 21 - Input leakage current. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

90% __ +-_...J=:::::!rj~-r-----VDO 
so ... 

10 ... Vss 

90'" ======~-+-------+....Jc 
50% ---------+~~--------_l~1 OUTPUT 

Q3 
101lf. 

'I z I MHz, 50 % DUTY CYCLE 

92CS- 24225 

Fig. 11 - CD45558 if input to Q3 output dynamic 
signBI wallBforms. 

Vss 
NOTE: 

TEST ANY COMBINATION 
01' INPUTS 

92CS-Z7441 

Fig. 20 - Noise immunity. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40100B Types 

COS/MOS 32-Stage Static Left/Right Shift Register 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40l00B is a 32-stage shift reg
ister containing 32 D-type master-slave flip
flops_ 

The data present at the shift-right input is 
transferred into the first register stage syn
chronously with the positive clock edge, 
provided the left/right control is at a low 
level, the recirculate control is at a high 
level, and the clock inhibit is low_ If the 
left/right control is at a high level and the 
recirculate control is also high, data at the 
shift-left input is transferred into the 32nd 
register stage synchronously with the posi
tive clock transition, provided the clock 
inhibit is low_ 

Data is shifted one stage left or one stage 
right depending on the state of the left/right 
control, synchronously with the positive 
clock edge. Data clocked into the first or 
32nd register stages is available at the appro· 
priate output on the next negative clock 
transition. No shifting occurs on the positive 

CLOCK 
*3O-----------------------~ 

CLOCK INHIBIT 
*2 

SHIFT RIGHT 
*11 

INPUT 

clock edge if the clock inhibit line is at a 
high level. With the recirculate control low, 
data in the 32nd stage is shifted into the 
first stage when the left/right control is 
low and from the 1st stage to the 32nd 
stage when the left/right control is high_ 

The CD40100B types are supplied in l6-lead 
ceramic dual-in-line packages (0, F, and Y 
suffixes), l6-lead dual-in-line plastic pack
ages (E suffix), l6-lead ceramic flat pack
ages (K suffix), and in chip form (H suffix). 

LEFT/RIGHT 
CONTROL 

SHIFT 13 SHIFT 

IN RIGHT RIGHT 
OUT II 12 

CLOCK 
3 

CLOCK SHIFT 
INHIBIT LEFT 

OUT 
SHIFT 2 4 

IN LEFT 
6 Veo-16 

NC-I.5.7, 9 vSs-s 10,14.15 
RECIRCULATE 

CONTROL 

92CS·27567 

CD40100B 
FUNCTIONAL DIAGRAM 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) , .• "."., .• , ..••.• , _ , , , " -65 to +150oC 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGETYPESD.F,K,H " .... ,., .••• '," •..•••.•.....•. -55to+125°C 
PACKAGE TYPES E, Y .......•...•. , .......••.••.•. _ .•..• ,. -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(VoltageS refBrenced to Vss Terminal) .•.••..•• ,................... -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR T A = -40 to +60° C (PACKAGE TYPES E. Y) •.......•••.•..••.•..•.. 500 mW 
FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) ..... Derate Linearly at 12 mW/C to 200 mW 
FORTA=-55to+100oC(PACKAGETYPESD.F,K) ....•.. _ .• _ .. _ .....•• _ 500mW 
FOR TA = +100 to +125°C (PACKAGE TYPES D, F. KI .... Derate Linearly at 12 mW/C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .,. _ ... 100 mW 

INPUT VOLTAGE RANGE. ALLINPUTS ............... , ...... '. .. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0,79 mm) from case for 10 s max .. _ . _ .......•.. +265°C 

SHIFT LEFT 
::»-------04 

OUTPUT 

VDD 

~il 
vss 

ALLINPUTS PROTECTED 
BY COS/MaS PROTECTION 
NETWORK 

Features: 

• Fully static operation 
• Shift left/Shift right capability 
• Multiple package cascading 
• Recirculate capability 
• LIFO or FIFO capability 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 IJ.A at 20 V 

(full package-temperature range) 

• 1-V noise margin (full package-tempera
ture range) 

• 5-V, 10-V. and 15-V parametric ratings 

Applications: 

• Serial shift registers 
• Time delay circuits 
• Expandable N-bit data storage stack 

(LI FO operation) 

SHIFT LEFT 

*6O-----~~~------------------------------------------~ 
INPUT 

Fig_ 1 - Logic diagram. 
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________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40100B Types 
RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
MIN. MAX. 

Supply-Voltage Range (For T A = 

Full Package·Temperature Range) 3 18 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25" C; Input tr, tf = 20 ns, 
C L = 50 pF, R L = 200 Kn 

V 

CHARACTERISTIC 
TEST CONDITIONS TYPICAL 

UNITS 
VDD(V) VALUES 

Propagation Delay Time: 5 100 
Clock to Shift Left/Right 10 50 ns 
Output, tplH, tpHl 15 40 

Transition Time, 5 100 

tTlH, tTHl 10 50 ns 
15 40 

Minimum Data Setup Time, ts 5 50 
10 30 ns 
15 20 

Maximum Clock Input 5 2.5 
Frequency, fCl 10 5 MHz 

15 6 

Minimum Clock Pulse Width, tw 5 200 
10 100 ns 
15 80 

Average Input Capacitance, CI Any Input 5 pF 

INTERNAL STAGE TRUTH TABLE # 

CLOC~ CLOCK DATA DN+1 (SHIFT RIGHT) 
INHIBIT (ON) DN-1 (SHIFT LEFT) 

~ 0 0 0 

~ 0 0 No change 

------ 0 1 1 

~ 0 1 No change 
.. 

X 1 X No change 

CONTROL TRUTH TABLE 

LEFT/RIGHT CLOCK RECIRCULATE 
ACTION 

INPUT BIT 
CONTROL INHIBIT CONTROL ORIGIN 

1 0 1 Shift left Shift left input 

1 

0 

0 

X 

0= Low level 
1 = High level 
X = Don't care 
... = Level change 

0 

0 

0 

1 

0 Shift left 

1 Shift right 

0 Shift right 

X No shift 

# - New data appears at the outputs on negative clock transitions. 

Stage 1 

Shift right input 

Stage 32 

-
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD4Q100B Types 
STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C 

CONDITIONS 

CHARACTER ISTIC Vo VIN VDD 
TYPICAL 

UNITS 
(V) (V) (V) VALUES 

Quiescent Device - - 5 0.02 
Current, I L - - 10 0.02 

15 0.02 
IJA 

- -

- - 20 0.04 

Output Voltage: - 0,5 5 0 
Low·Level 
VOL - o 10 10 0 

- 0, 15 15 0 
High-Level, V 

VOH 
- 0,5 5 5 
- 0, 10 10 10 
- 0,15 15 15 

Noise Immunity: 4.2 - 5 2.25 
Inputs Low, 
VNL 9 - 10 4.5 

13.5 - 15 6.75 
Inputs High, 

V 

VNH 
0.8 - 5 2.25 

1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 
VNML 9 - 10 1 Min. 

13.5 - 15 1 Min. 

Inputs High, 
V 

0.5 - 5 1 Min. 
VNMH 

1 - 10 1 Min. 

1.5 - 15 1 Min. 

Output Drive 0.4 - 5 0.8 
Current: 
N·Channel 0.5 - 10 1.8 
(Sink), 1.5 - 15 6 
ION mA 

P·Channel 
4.6 5 -0.8 (Source), 

-

lOP 2.5 - 5 -3.2 

9.5 - 10 -1.8 

13.5 - 15 -6 
I nput Leakage 

±10-5 
IJA 

Current, Any Input 20 
IlL IIH 
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Preliminary CD401()18 Types 

COS/MOS 9-81t Parity 
Generator/Checker 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-C040101 is a 9-bit (8 data bits plus 
1 parity bit) parity generator/checker. It may 
be used to detect errors in data transmission 
or data retrieval. Odd and even outputs facili
tate odd or even parity generation and check
ing. 

When used as a parity generator a parity bit 
is suppl ied along with the data to generate an 
even or odd parity output. 

When used as a parity checker the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received data. 

Word length capability is expandable by 
cascading. The C040101 is also provided 
with an inhibit control. If the inhibit control 
is set at logical "1" the even and odd outputs 
go to a logical "0". 

The CD40101B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D, F, 
Y suffixes), 14-lead dual-in-line plastic pack
ages (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

VOO-14 

01 1 
VSS·7 

OZ Z 

03 3 

044 

0510 

0611 

0712 

0813 

095 

Fig. t - CD40tOt functional diagram. 

For MAXIMUM RATINGS see "Ratings and 
Characteristics" at the beginning of the COS/ 
MOS section. 

Truth Table 

Inputs 

01-09 Inhibit 

I1's=Even 0 

!1's=Odd 0 

X 1 

X = Don't Care 
Logic 1 = High 
Logic 0= Low 

Outputs 

Even Odd 

1 0 

0 1 

0 0 

COS/MOS DIGITAL INTEGRATEOCIRCUITS 

Features: 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 /JA at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature range) 
• 5-V, H)-V, and 15-V parametric ratings 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges· 

LIMITS 
CHARACTERISTIC Min. Max. UNITS 

Supply·Voltage Range (For T A=Full Package· 
3 18 V 

Temperature Ranae) 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 

CONDITIONS 
CHARACTERISTIC Vo \iDD 

TYPICAL UNITS 
VALUES 

(V) (VI 

- 5 0.02 

Quiescent Device Current. I L Max. 
- 10 0.02 IJA - 15 0.02 
- 20 0.04 

Output Drive Current: 
N·Channel (Sink), 0.4 5 0.8 

ION Min. 0.5 10 1.8 
1.5 15. 6 

mA 
P·Channel (Source). 4.6 5 -0.8 

2.5 5 -3.2 
lOP Min. 9.5 10 -1.8 

13.5 15 -6 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input tr,tt· 28 ns, 
CL -50pF, RL =200 Kn 

TEST CONDITIONS TYPICAL 
CHARACTERISTIC VDD VALUES UNITS 

V 

Data Propagation "Delay Time: 5 450 
High-to-Low, tpHL 10 160 

15 125 

5 450 
Low-to-High. tpLH 10 160 

15 125 
Inhibit-to-Output Propagation 5 160 

ns 

Delay Time: 10 80 
High-to-Low, tpHL 15 50 

5 160 
Low-to-High. tpLH 10 80 

15 50 

Transition Time: 5 100 
High-to-Low. tTHL 10 50 

15 40 
5 100 

ns 

Low-to-High, tTLH 10 50 
15 40 

Average Input Capacitance, CI Any Input - 5 pF 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40102B, CD40103B Types 

COS/MOS a-Stage Presettable 
Synchronous Down Counters 

Features: 
- Quiescent current specified to 20 V 

High-Voltage Types (3-to-20-Volt Rating) 
CD40102 -- 2-Decade BCD Type 
CD40103 -- B-Bit Binary Type 

The RCA-CD40102B, and CD40103B con
sist of an 8-stage synchronous down counter 
with a single output which is active when the 
internal count is zero_ The CD40102 is con
figured as two cascaded 4-bit BCD stages, 
while the CD40103 contains a single 8-bit 
binary counter_ Each type has control inputs 
for enabling or disabling the clock, for clear
ing the counter to its maximum count, and 
for presetting the counter either synchro
nously or asynchronously_ All control inputs 
and the CARRY-OUT!ZERO DETECT out
put are active-low logic_ 
In normal operation, the counter is decre
mented by one count on each positive tran
sition of the CLOCK_ Counting is inhibited 
when the CARRY-IN/CLOCK ENABLE (CI/ 
CE) input is high_ The CARRY-OUT/ZERO
DETECT (CO/ZD) output goes low when 
the count reaches zero if the CI/CE input is 
low, and remains low for one full clock peri
od. 
When the SYNCHRONOUS PRESET-ENA
BLE (SPE) input is low, data at the JAM in
put is clocked into the counter on the next 
positive clock transition regardless of the 
state of the CI/CE input. When the ASYN
CHRONOUS PRESET-ENABLE (APE) in
put is low, data at the JAM inputs is asyn
chronously forced into the counter regard
less of the state of the SPE, CI/CE, or 
CLOCK inputs. JAM inputs JQ.J7 represent 
two 4-bit BCD words for the CD40102 and 
a single 8-bit binary word for the CD40103_ 
When the CLEAR (CLR) input is low, the 
counter is asynchronously cleared to its 
maximum count (9910 for the CD40102 
and 25510 for the CD40103) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indi
cated in the truth table. 

The CD40102 and CD40103 may be cas
caded using the CI/CE input and the CO/ZD 
outPut, in either a synchronous or ripple 
mode_ 
The CD40102B and CD40103B types are 
suppl ied in 16-lead hermetic dual-in-line 
ceramic packages (0, F, and Y suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 

Applications: 
- Divide-by-"N" coUnters 
- Programmable timers 
.. Interrupt timers 
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- Maximum input leakage of 1 pA at 20 V 
- Synchronous or asynchronous preset (full package-temperature range) 
- Medium-speed operation: fCL = _ 1-V noise margin (full package-temperature 

3.5 MHz (typ.) @ VDD = 10 V range) 
- Cascadable - 5-V, 10-V, and 15-V parametric ratings 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS UNITS 
Min. Max. 

Supply-Voltage Range (For T A = Full Package- 3 18 V 
Temperature Range) 

STATIC ELECTRICAL CHARACTERISTICS at TA = 2SoC 

Conditions 
Characteristic Vo VIN VDD 

Typical Units 
Values 

(V) (V) (V) 

- - 5 0.02 
Quiescent Device - - 10 0.02 
Current,lL pA 

- - 15 0.02 
- - 20 0.04 

Output Voltage: - 0,5 5 0 

Low-Level, - 0,10 10 0 

VOL - 0,15 15 0 
V 

- 0,5 5 5 
High Level, - 0,10 10 10 
VOH 

0,15 15 15 -
Noise Immunity: 4.2 - 5 2.25 

Inputs Low, 9 - 10 4.5 
VNL 13.5 - 15 6.75 

V 
0.8 - 5 2.25 

Inputs High, 1 - 10 4.5 
VNH 

1.5 - 15 6.75 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 9 - 10 1 Min. 
VNML 13.5 - 15 1 Min. 

V 
0.5 - 5 1 Min. 

Inputs High, 1 - 10 1 Min. 
VNMH 

1.5 15 1 Min_ -

Output Drive 
Current: 0.4 - 5 0.8 

N-Channel 
(Sink), 0.5 - 10 1.8 
ION 

1.5 15 6 -
mA 

4.6 - 5 -0.8 
P-Channel 
(Source), 2.5 - 5 -3.2 

lOP 9.5 - 10 -1.8 

13.5 - 15 -6 

Input Leakage 
Current, Any Input 20 ±10-5 pA 

IIL,IIH 



Preliminary CD40102B, CD40103B Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) ..••••••••••..•••.•..•••••• -65 to +150oC 
OPERATING·TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F. K. H ......•.•........•••••.•.....•...• -55 to +1250C 
PACKAGE TYPES E.Y .••.....•.•..•..•.•••.•••••.....•••.•• -40 to +850C 

DC SUPPLY ·VOL TAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal): ....•••.••••...••.•.•.•..••• -0.5 to +20 V 
POWER DISSIPATION PER PACKAGE (PD): 

FOR T A = -40 to +60oC (PACKAGE TYPES E.Y) .•••••••••••••••..••••••• 500 mW 
FOR T A = +60 to +850C (PACKAGE TYPES E. Y) .••••• Derata Linearly at 12 mW/oC to 200 mW 
FOR TA = -55 to +100oC (PACKAGE TYPES D. F. K) ..••••••.•.•..•.•••••• 500mW 
FOR TA = +100 to +1250 C (PACKAGE TYPES D. F. K) ••• Derata Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) ..••••• 100 mW 
INPUT VOLTAGE RANGE. ALL INPUTS ..•..••••••••••••••••..• -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16±1/32 inch (1.59 ±0.79mm) from case for 10smax ..••••.••••••• +2650C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input t r, tt = 20 ns, 

Cl = 50 pF, R L = 200 KSl 

CHARACTERISTIC VDD TYPICAL UNITS 
(V) VALVES 

Propagation Delay Time: tpH l ' tplH 5 275 
CLOCK to 10 125 ns 
CARRY-OUT/ZERO DETECT 15 90 

CARRY-IN/CLOCK ENABLE 5 200 
to 10 90 ns 

CARRY-OUT/ZERO DETECT 15 65 

5 100 
Transition Time, tTHl, tTlH 10 50 ns 

15 40 

Minimum Setup Time: ts 5 130 

SYNCHRONOUS PRESET ENABLE, 10 60 ns 
15 45 

JAM Inputs 5 75 

(Synchronous Mode) 10 40 ns 
15 30 

Minimum Pulse Width: tw 5 225 
CLOCK or 10 95 ns 
ASYNCHRONOUS PRESET ENABLE 15 60 

5 150 
CLEAR 10 60 ns 

15 45 

5 1.4 
Maximum Clock Frequency, tCl 10 3.5 MHz 

15 4.8 

Input Capacitance, CI - 5 pF 
(Any Input) 

TRUTH TABLE 

CONTROL INPUTS 

CLR APE SPE 

1 1 1 
1 1 1 

1 1 0 

1 0 X 

0 X X 

Notes: 1. 0 '" Low level 

1 '" High level 
X = Don't care 

CI/CE 

1 
0 

X 

X 

X 

MODE ACTION 

Inhibit clock 
Synchronous Countdown 

Preset on next positive 
clock transition 

Asynchronous Preset asynchronously 

Clear to maximum count 
3. Synchronous operation: changes occur on negative-to· 

positive clock transitions 

2. Clock connected to clock input 

4. JAM inputs: CD40103 BCD; MSB = J7, LSB '" JO 
CD40102 Bmary; MSD '" J7, J6, J!j,J4; 

LSD = J3, J2, Jl, JO 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

VDO 

JO 4 II 14 CARItY-OUTI 
ZERO DETECT 

JI 5 

JZ I a-STAGE 5 ClOCKENA8l.E 
DOWN 

JAM 
J5 7 COUNTER 15 SYNc. CONTlIOL -] 

MYNC} 
PRESET INPUTS IIIPIITS 

J4 10 • 
JS II CLEAR 

.Hi 12 

J7 15 CLOCK 

Vas t2CS-214M 

Fig. 1 - CD401028, CD401038 functional diagram. 

N 

.,[ 

JO 

dl 

J2 
d3 

d4 

diS 

.J6 
J7 

vOO 

COIZO 

CIICE 
SPE 
APE 
CLR 

CLOCK 

'OUT. 
1-1-_-- 'IN+(N+1l 

Vss 92CS-27713 

Fig. 2 - Divide-by·"N" counter. 

voo 

JO CO/ZO TIME-OUT 
JI 
J2 CI/CE 
J! SPE 51 
J4 APE UP -RUN 
JS ClR DOWN' PRESET 

J6 

J7 ClOCK fiN 

Vss 
NOTE, FOR 51 UP AT 10' 

ITIME -OUT-IO-~ 
92CS-27714 

Fig. 3 - Programmable timer. 

"" { MICROPROCESSOR 
DATA 
BUS 

JO 

JI 
Jz 

J! 

J4 
Js 
J6 

CO/ZO 

CIICE 
SPE 
APE 

ClEAR 

TO 
MICROPROCESSOR 
INTERRUPT LINE 

J7 ClOCK 1-4+--1 EXT. 
L-....... _...J osc. 

VSS 
92CS-2771i5 

Fig. 4 - Microprocessor interrupt timer. 

Cl.OCK 
ENALE 

INPUT "':==C-===r::~==T ClOCK 

Fig. 5 - Synchronous cascading. 

ClOCK CASCADE 
ENALE OUTPUT 

b~~~~--~ 

Fig. 6 - Ripple ClI$catiing. 
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Pre lim i na ry CD401048 Types 

COS/MOS 4-Bit Bidirectional Universal Register OIJTPUT 
ENABLE 

High-Voltage Types (3-to-20-Volt Rating) 
For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MaS 
section. 

CONTROL TRUTH TABLE 

ClOCKA MODE SELECT OUTPUT 
ACTION 

....r 
-.r 
-.r 
-.r 

X 

1 = High level 
0= low level 

So 

0 

1 

0 

1 

X 

S1 

0 

0 

1 

1 

X 

ENABLE 

1 

1 

1 

1 

0 

Reset 

Shift right (00 toward 03) 

Shift left (03 toward 00) 

Parallel load 

Outputs assume high impedance 

X = Don't care 
A = level change 

DYNAMIC ElEC",:RICAL CHARACTERISTICS at TA = 25" C; Input tr, tf = 20 ns, 

CL =50pF, RL =200KO 

CHARACTERISTIC 
TEST CONDITIONS TYPICAL 

UNITS 
VDD(V) VALUES 

Propagation Delay Time: 5 375 
Clock to a 10 150 ns 

tpHL, tplH 15 110 

3-State Output 5 120 
1 or 0 to High Impedance 10 50 ns 
(Note) tpHZ, tplZ 15 40 

3-State Output 5 150 
High I mpedance to 1 or 0 10 60 ns 
(Note) tpZH, tpZl 15 45 

Output Transition Time 5 100 

tTHl, tTlH 
10 50 ns 
15 40 

Minimum Setup Time: 
DO, 03. Shift-Right In. 5 60 
Shift-Left In. to 10 25 ns 
Clock ts 15 20 

Select O. Select 1 to 5 170 
Clock ts 10 70 ns 

15 50 

Minimum Hold Time: 
DO. 03, Shift-Right In, 5 0 
Shift-left In, Select O. 10 0 ns 
Select 1 to Clock tH 15 0 

Minimum Clock Pulse Width tw 5 85 
10 35 ns 
15 25 

Maximum Clock Input 5 4 
Frequency fCl 10 9 MHz 

15 12 

Average Input Capacitance CI Any Input 5 pF 

NOTE: Measured at the point of 10% change in output with an output load of 50 pF. RL = 1 kG to 
VOO for tpZL' tpLZ and RL = 1 kO to VSS for tpZH' tpHZ' 

DO 15 QO· 

DI 
4 14 

QI 

02 
5 13 

Q2 

SHIFTD3 
6 12 

Q3 

IN LEFT 

SHIFT 
IN RIGHT 

MODE {SO 
9 

SELECT 51 10 

VOO'16 CLOC. 

VSS'8 
9~CS· :4«1 j"o.;: 

CD401048 
FUNCTtONAl DIAGRAM 

Features: 

• Medium speed operation-fCl = 9 MHz 
(typ.) at VOO = 10 V 

• Fully static operation 
• Synchronous parallel or serial operation 
• Three-state outputs 
• Quiescent current specified to 20 V 
• Maximum input leakage current of 1 pA 

at 2O-V (full package-temperature range I 
• 1-V noise margin (full package-tempera

ture rangel 
• Standard symmetrical output characteris

tics 
• 5-V, 10-V, and 15·V parametric ratings 

The RCA-CD40104B is a universal register 
featuring parallel inputs, parallel outputs, 
shift-right and shift-left serial inputs, and a 
high-impedance third output state allowing 
the device to be used in bus-organized sys
tems. 

In the parallel-load mode, data is loaded into 
the. associated flip-flop and appears at the 
output after the positive transition of the 
clock input. During loading, serial data flow 
is inhibited. Shift-right and shift-left are ac
complished synchronously on the positive 
clock edge with serial data entered at the 
shift-right and shift-left serial inputs, respec
tively. Clearing the r.egister is accomplished 
by setting both mode controls low and clock
ing the register. The mode controls should 
be changed only when the clock input is low. 
When the output enable input is low, all out
puts assume the high impedance state. 

The CD40109B types are supplied in 16-lead 
ceramic dual-in-line packages (0, F, and Y 
suffixesl, 16-lead dual-in-line plastic pack
ages (E suffixl, 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 
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_______ --:-________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40104B Types 
STATIC ELECTRICAL CHARACTERISTICS at TA =25" C. 

CONDITIONS 
CHARACTERISTIC 

Vo VIN VDD 
(V) (V) (V) 

Quiescent Device 
Current,lL - - 5 

- - 10 

- - 15 

- - 20 

Output Voltage: 
Low-Level, - 0,5 5 

VOL - 0,10 10 

- 0,15 15 

High-Level, - 0,5 5 

VOH - 0,10 10 

- 0,15 15 

Noise Immunity: 
Inputs Low, 4.2 - 5 

VNL 9 - 10 

13.5 - 15 

Inputs High, 0.8 - 5 

VNH 1 - 10 

1.5 - 15 

Noise Margin: 
Inputs Low, 4.5 - 5 

VNML 9 - 10 

13.5 - 15 

Inputs High, 0.5 - 5 

VNMH 1 - 10 

1.5 - 15 

Output Drive 
Current: 
N-Channel 0.4 - 5 
(Sink), 0.5 - 10 

ION 1.5 - 15 

P-Channel 4.6 - 5 
(Source), 2.5 - 5 

lOP 9.5 - 10 

13.5 - 15 

I nput Leakage Any Input 
Current, 

IIL,IIH 20 

3-5tate Output Forced 
Leakage Current (Output 

IOL,IOH Disabled) 

I 0,20 I - 20 

TYP. 
UNITS 

VALUES 

0.02 

0.02 

0.02 
IlA 

0.04 

0 

0 

0 
V 

5 

10 

15 

2.25 

4.5 

6.75 
V 

2.25 

4.5 

6.75 

1 min. 

1 min. 

1 min. 
V 

1 min. 

1 min. 

1 min. 

0.8 

1.8 

6 
mA 

-0.8 

-3.2 

-1.8 

-6 

±10-5 iJ.A 

±10-4 IlA 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera
tion is always within the following ranges. 

Characteristic Min. Max. Units 

Supply-Voltage Range 
(T A = Full Package- 3 18 . V 

Temp. Range) 

Applications: 

• Arithmetic unit bus registers 
• Serial/parallel conversions 
• General-purpose register for bus-organized 

systems 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40105B Types 

COS/MOS FIFO Register 
4-Bit Wide X 16-Bit Long 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40105 is a low-power 4-bit
wide-by-16-bit-long first-in-first-out (FI FO) 
register whose 4 X 16 data register is under 
constant control of a logic network. Each 
word position in the array is clocked by a 
control flip-flop, which stores a marker bit. 
A "1" signifies that the position's data is 
filled and a "0" denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com
municates its own status to the succeeding 
flip-flop. When a control flip-flop is in the 
"0" state and sees a "1" in the preceding 
flip-flop, it generates a clock pulse, trans
ferring data from the preceding four data 
latches into its own four data latches and 
resetting the preceding flip-flop to "0". The 
first and last control flip-flops have buffered 
outputs. Since all emptY locations "bubble" 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first control flip-flop (DATA
IN READY) indicates if the FIFO is full, 
and the status of the last flip-flop (DATA
OUT READY) indicates if the FIFO con
tains data. As the earliest data are removed 
from the bottom of the data stack (the out
put end), all data entered later will automati
cally propagate (ripple) toward the output. 

Loading Data - Data can be entered when
ever the DATA·IN READY (DIR) flag is 
high, by a high level on the SH I FT -I N (51) 
input. This input must go low momentarily 
before the next nibble (4-bits) of, data is 
accepted by the FIFO. The DIR flag will go 
low momentarily, until the data have been 
transferred to the second location. The flag 
will remain low when all 16-word locations 
are filled with valid data, and further pulses 
on the 51 input will be ignored until 01 R 
goes high. 
Unloading Data - As soon as the first data 
have rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the 51 input. 
This falling edge causes the DOR signal to 
go low while the word on the output is 
dumped and the next word moves to the 
output. As long as valid data are available 
in the FIFO, the DOR signal will go high 
again signifying that the next nibble of data 
is ready at the output. When the FIFO is 
empty, DOR will remain low, and any further 
commands will be ignored until a ''1'' marker 
ripples down to the' last control register, 
when DOR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. 
Cascading - The CD401 05 can be cascaded 
to form longer registers simply by connecting 

the 01 R to SO and DOR to 51. For words 
wider than 4 bits, the 01 R and the OOR out
puts must be gated together with AND gates. 
Their outputs drive the 51 and SO inputs in 
parallel, if expanding is done in both direc
tions (See Figs. 2 and 3). 

Features: 

• Independent asynchronous inputs and outputs 
• 3-state outputs • Expandable in either direction 
• Status indicators on input and output • Reset capability 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 JJA at 20 V 

(full package-temperature range) 

• 1-V noise margin (full package-temperature 
range) 

• 5-V, 10-V, and 15-V parametric ratings 

3-State Outputs - In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition of 

the register can be detected by the state of 
the DOR output. 
Master Reset - A high on the MASTER 
RESET (MR) sets all the control logic marker 
bits to "0". DOR goes low and DIRgoes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first nibble of data 
is loaded. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

3-STATE 

DO 

01 

02 

03 

r--'.l....--'13 

SHIFT IN 
DATA-IN 2 
READY 

9 

MASTER 
RESET 

aD 
12 01 

Q2 
10 

Q3 

14 DATA-OUT 
READY 

15 SHIFT OUT 

VOoo l6 

Vss·8 
9ZCS-27282 

CD40105 
Functional Diagram 

Applications: 
• Bit rate smoothing 
• CPU/terminal buffering 
• Data communications 
• Peripheral buffering 
• Line printer input buffers 
• Auto dialers 
• CRT buffer memories 

STORAGE-TEMPERATURE RANGE (Tstg) ................ ........ .... ...... -66 to +1500 C 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TVPES D. F, K, H ..................................•...•.... -55 to +125oC 
PACKAGE TVPES E, V .............................. _ .... _ ... ___ . . . . . . -40 to +850 C 

DC SUPPL V·VOL TAGE RANGE, (V DD) 
(Voltages referenced to Vss Terminal): ...... _ ... __ . . . . . . . . . . . .. . . . . . . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PD ): 

FOR T A= -40 to +60oC (PACKAGE TYPES E, V) .......... __ ................ _.. 500 mW 

FOR T A = +60 to +850 C (PACKAGE TYPES E, V) .... . . .. Derate linearly at 12 mW/oC to 200 mW 

FOR T A= -55 to +1000 C (PACKAGE TVPES D, F. K) ........................... 500 mW 

FOR T A=' +100 to +1250 C (PACKAGE TVPES D, F, K). ___ .. Derate linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TVPES) . . .. . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS __ ............... ______________ ., -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . ........... . 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDD LIMITS 

(V) Min. Max. 
Supply-Voltage Range (For T A-Full Package- 3 18 

Temperature Rangel 
5 70 -

Data Setup Time, ts 10 35 -
15 25 -

5 dc 1.5 

Shift-In or Shift-Out Rate 10 dc 3 
15 dc 4 

Shift-In or Shift-Out 
5 200 -
10 80 -

Pulse Width, tw 
15 60 -

5 160 -
Master Reset Pulse Width, tw 10 80 -

15 60 -

Shift-In or Shift-Out 
Rise or Fall Time, tr or tf: 5,10,15 - 15 

UNITS 

V 

ns 

MHl; 

ns 

ns 

IJS 
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__________________________________ COS/MOSOIGITALINTEGRATED CIRCUITS 

Preliminary CD40105B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions 

Characteristic Typ. 

Vo VIN VOO 
Values 

(V) (V) (V) 

- - 5 0.02 
Quiescent Device 

Current, I L - - 10 0.02 

- - 15 0.02 

- - 20 0.04 

Output Voltage: 
Low·Level. - 0,5 5 0 
VOL 0.10 10 0 

- 0,15 15 0 

High Level, - o 5 5 5 
VOH -- 0,10 10 10 

- 0 15 15 15 
Noise Immunity' 

Inputs Low. 4.2 5 2.25 
VNL 9 10 4.5 

13.5 15 6.75 

Inputs High. 0.8 5 2.25 
VNH 1 10 4.5 

1.5 15 6.75 
NOise Margin 

Inputs Low. 4.5 5 1 min. 

VNML 9 10 1 min. 

13.5 15 1 min. 

Inputs HIQh. 0.5 5 1 min. 

VNMH 1 10 1 min. 

1.5 15 1 min. 

Output Drive 
Current: 
N·Channel 0.4 - 5 0.8 
(Sink), 0.5 - 10 1.8 
ION 1.5 - 15 6 

P·Channel 4.6 - 5 -0.8 
(Source!. 2.5 - 5 -3.2 
lOP 9.5 - 10 -1.8 

13.5 - 15 -6 

Input Leakage 
Current, Any Input 20 ± 10.-5 

IIL,IIH 

IJ-State Output Forced 
Leakage Current (Output 
IOL,IOH ~rabled) 

0,20 - 120 ±1O-4 

INPUT OUTPUT 

}-B_U-jFFi'::E>-RS-j----""""} BUFFERS 

'---'---{15 

9 ~~~~~R 92<S- "'., 

IM.R.! 
Fig. 1 - CD40105 functional block diagram. 

Units 

IJA 

V 

V 

V 

mA 

IJA 

IJA 

DYNAMIC ELECTRICAL CHARACTER ISTICS at T A = 25°C; Input tr,tr = 20 ns, 

CL = 50 pF, R L = 200 Kn 

TEST CONDITIONS ALL TYPES 

CHARACTERISTIC SYMBOL VDO TYPICAL 
Volts VALUES 

Transition Time TTLH, 
5 100 
10 50 

TTHL 15 50 

Ripple-Through Delay, 
5 2 

Input to Output 
10 1 
15 0.7 

5 3 
Max. Shift-I n or 10 6 

Shift-Out Rate 15 8 

5 35 

Minimum Data Setup Time ts 10 20 
15 15 

Min. Shift-Out or 
5 100 

Shift-I n Pulse Width 
10 40 
15 30 

Max. Shift·Out or Shift-i n 
5 15 
10 15 

Rise and Fall Time 15 15 

Propagation Delay Time: 
5 90 

TPHL 10 45 
Reset-to·Output Ready 

15 35 

5 240 
Shift-In-to-Input Ready TpHL 10 120 

15 90 

Shift-Out-ta-Output 
5 120 

Ready TPHL 10 60 
15 45 

5 100 
3·State·to-Data Out 

10 50 
(Turn-on) 

15 40 

Min. Master 5 80 

Reset Pulse Width tw 10 40 
15 30 

I nput Capacitance CI Any Input 5 

92CS- 21284 

UNITS 

ns 

ils 

MHz 

ns 

ns 

/1S 

ns 

ns 

ns 

ns 

ns 

pF 

Fig.2 - Expansion, 4-bits·wide-by-N-bits iong. Fig.3 - Expansion, 8-bits-wide-by-N-bits long. 
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Preliminary CD40107B Types 

COS/MOS Dual 2-lnputNAND Buffer/Driver 
For Use In Relay, Lamp, Light-Emitting Diode, Or Line Driver Applications 
High-Voltage Type (3-to-20-Volt Rating) Features: - Quiescent current specified to 20 V 

The RCA-CD40107BE is a dual 2-input 
NAND buffer/driver containing two inde
pendent 2-input NAND buffers with open
drain single n-channel transistor outputs. 
This device features a wired-OR capability 
and high output sink current capability (120 
mA typo at VDD = 10 V, VDS = 1 V). The 
CD40107BE is supplied in the 8-lead dual-in
line plastic (Mini-DIP) package. 

Truth Table 

A B C*, F* 

0 0 1 

1 0 1 

0 1 1 

1 1 0 

*Requires external 
pull-up resistor 

(Rl) to VOO-

OPERATING CONDITIONS 
For maximum reliability, nominal 
operating conditions should be 
selected so that operation is always 
within the fol/owing ranges_ 

Characteristic Min. Max_ 
Supply Voltage Range: 
(T A =Full Package 3 18 
Temp. Range) 

Special Considerations 

Units 

V 

1. limiting capacitive currents for Cl > 
500 pF, VOO > 15 V. 
For V DD > 15 V, and load capacitance 
(Cl) from output to ground> 500 pF, 
an external 25 n series limiting resistor 
should be inserted between the output 
terminal and Cl' No external resistor is 
necessary if Cl <500 pF or VOO < 15 V. 

2. Forward biasing of output diodes. 
Diodes from output to VOD are con
structed for electrostatic protection only. 
To prevent excessive diode current flow in 
applications where these diodes may be
come forward biased (Le. turning off 
inductive loads), these diodes must be 
shunted with a switching diode with low 
dynamic resistance, capable of conducting 
> 10 mA at V F = 1 V, such as the 1 N4154. 

_ 32 times standard B-Series output current drive - Maximum input leakage current of 1 J.tA 
sinking capability - at 20 V (full-package-ternperature range) 

120 rnA typo @VDD = 10 V, VDS = 1 V - 5-V, 10-V, and 15-V parametric ratings 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T STG) 

OPERATING-TEMPERATURE RANGE (T A) 

DC SUPPLY-VOLTAGE RANGE (V DD) 

(Voltages referenced to VSS terminal): 
POWER DISSIPATION PER PACKAGE: 

. -65 to +125°C 

-40 to +85°C 

-0.5 to 20 V 

For T A = -'-'40 to +60oC . 500 mW 

For T A = +60 to +85°C derate linearly at 12 mW/C to 200 mW 

POWER DISSIPATION PER OUTPUT BUFFER: 

For T A = -40 to +60oC . . . . . . . . . . 250 mW 

For T A = +60 to +85°C . derate linearly at 6 mW/C to 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . -0.0 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 s max. . . . +265°C 

STATIC CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC Vo VDO 
Volts Volts 

Quiescent Device Current, I l - 5 

- 10 

- 15 

- 20 

Output Drive Current: 0.4 5 

1 5 

N-Channel (Sink), ION 0.5 10 

1 10 

0.5 15 

92CS-24820RI 

Functional Diagram 

TYPICAL 
VALUES UNITS 

0.01 fJA 

0.01 

0.01 

0.02 

28 

60 

64 mA 

120 

88 

P-Channel (Source), I DP No Internal Pull-Up Device 

DYNAMIC ELECTRICAL CHARACTERISTICS At T A - 250 C, CL - 50 pF, Input tf' 1t - 20n5 

TEST CONDITIONS TYPICAL 
CHARACTERISTIC VDD VALUES UNITS 

Volts 

Propagation Delay: 5 100 ns 
High-to-low tPHL RL =120n 10 40 

15 30 

5 100 

Low-to-High tpLH RL=120n 10 60 ns 

15 50 

Transition Time: 5 40 

High-to-Low tTHL RL =120n 10 20 ns 

15 10 

5 40 

Low-to-High tTLH RL=120n 10 35 ns 

15 20 

Average Input Capacitance CI Any Input 5 pF 
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________________ ....;.. _________________ COS/MaS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD401088 Types 

COS/MOS 4x4 Multiport Register 
The RCA-CD401 08B is a 4X4 multipart 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 
The high-impedance. third state provides the 
outputs with the capability of being con
nected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 

When the WRITE ENABLE input is high, 
all data input lines are latched on the posi
tive transition of the CLOCK and the data 
is entered into the word selected by the 
write address lines. When WRITE ENABLE 
is low, the CLOCK is inhibited and no new 
data is entered. In either case, the contents 
of any word may be accessed via the read 
address lines independent of the state of the 
CLOCK input. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) .......................... ~5 to +1500 C 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGETYPESO,K,H .....•........•......•............ -55to+125°C 
PACKAGE TYPE E .................................. -40 to +85°C 

DC SUPPLY ·VOL TAGE RANG E, (VOO) 
(Voltages referenced to VSS Terminal): . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR T A = -40 to +60° C (PACKAGE TYPE E) .......................... 500 mW 
FOR T A = +60 to +850 C (PACKAGE TYPE E) ....... Derate Linearly at 12 mW/oC to 200 mW 
FOR T A = -55 to +100° C (PACKAGE TYPES o. K) . . . . . . . . . . . . . . . . . .. 500 mW 
FOR T A = +100 to +125° C (PACKAGE TYPES D. K) . . .. Derate Linearly at 12 mWtC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) l00mW 

INPUT VOLTAGE RANGE. ALLINPUTS . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to VOD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

TRUTH TABLE 

CLOCK WRITE WRITE WRITE READ READ READ READ STATE 
ENABLE 1 0 1A OA 1B DB 

~ 1 51 S2 51 52 51 52 

~ 1 51 52 51 52 51 52 

x x x x x x x x 

----- 1 a a 0 1 1 0 

~ 0 a a a 1 1 a 

X X X X 1 0 a 1 

1 = HIGH LEVEL; 0 ~ lOW LEVEL; X = DON'T CARE; Z:· HIGH IMPEDANCE 
S1 and 52 refer to input states of either 1 or 0 

A 

1 

1 

a 
1 

1 

1 

STATE 
B 

1 

1 

a 
1 

1 

1 

On anA 
1 1 

0 0 

X Z 

On to Word 1 
word a out 

Word a Word 1 
not altered out 

X Word 2 
out 

A~~~S~--------~~5~OW%------------~---------y--------~.--------

CLOCK 

OATA 
INPUT 

WRITE 
ENABLE 

WE' ___ +-__ ~::~------~::::::~_v;~----~====::==jt::===== 3-STATE - ._ 
ADAB 

'iZ/?J DON'T CARE Z-HIGH-IMPEDANCE STATE 

* For measurement of 3-state propagation delay of 
HIGH IMPEDANCE to 1 or O. connect RL = 1 kO 
to VDD Or VSS respectively. 

Fig. 1 - Timing diagram. 

DnB 
1 

0 

Z 

Word 2 
out 

Word 2 
out 

Word 1 
out 

WRITE 
ENABLE 3-5TAT£ A 

15 r .0 
• 

OO} DATA 01 19 5 
Qt WORD A 

INPUTS 02 18 • Q2 OUTPUT 
17 7 D' 03 

WRITE 0 • 
WRITE I 

READ IA 
" " OO} 

READ OA 
13 23 Qt WORD 8 

2 Q2 OUTPUT 

REAr: 18 
10 I 03 

READ oe 

VOO· 24 CLOCK 3-5TATE B 
Vss -/2 

92CS- 248191't2 

CD40108B 
FUNCTIONAL DIAGRAM 

Features: 

• Four 4-bit registers 
• One input and two output buses 
• Separate control of each bus, allowing 

simultaneous independent reading of any 
of four registers on Bus A and Bus Band 
independent writing into any of the four 
registers 

• Three-state outputs 
• Unlimited expansion in bit and word 

directions 

• Data lines have latched inputs 
• Quiescent current specified to 20 V 
• Maximum input leakage current of 1 JJ,A 

at 20 V (full package-temperature range) 
• l-V noise margin (full package-tempera

ture range) 
• Standard symmetrical output character

istics 
• 5-V, 10-V, and 15-V parametric ratings 

Applications: 

• Scratch-pad memories 
• Arithmetic units 
• Data storage 
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Preliminary CD40108B Types 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 

operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

MIN. MAX. 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 

3 18 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25" C; Input t" tf= 20 m, 
CL =50pF, RL = 200 KU 

CHARACTERISTIC VOO TYPICAL 
(V) VALUES 

Propagation Delay Time: 5 375 
tpHL. tpLH 10 150 

Read Address or Clock to Q 15 110 

3-State Propagation Delay Time:* 5 150 
High Impedance to lor 0 10 60 

tpZH. tpZl 15 45 

1 or 0 to High Impedance 5 150 
tpHZ. tpLZ 10 60 

15 45 

Output Transition Time: 5 100 
tTHL. tTLH 10 50 

15 40 

Minimum Setup Time: 5 125 
Write Enable to Clock tS(WE) 10 50 

15 35 

Write Enable to Clock tS(WE) 5 0 
10 0 
i5 0 

Address to Clock tS(ADDR) 5 125 
10 50 
15 35 

Data to Clock tS(O) 5 0 
10 0 
15 0 

Minimum Hold Time: 5 100 
Data to Clock tH(D) 10 40 

15 30 

Clock to Write Enable tH(WE) 5 . -50 
10 -20 
15 -15 

Maximum Clock Input Frequency. 5 3 
tCl 10 7 

15 9 

Minimum Clock Pulse Width. 5 150 

tw 10 60 
15 45 

Average I nput Capacitance. 
(Any Input) CI - 5 

V 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

pF 

* Measured at the point of 10% change at the output with RL = 1 kU to VDD for tpLZ' tpZL' and 

RL = 1 kU to Vss for tpHZ' tpZH' 
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________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD401088 Types 

STATIC ELECTRICAL CHARACTERISTICS at TA =25" C 

CONDITIONS 
TYPICAL 

CHARACTERISTICS 
VALUES 

UNITS 
Vo VIN VOO 
(V) (V) (VI 

Ouiescent Device 
Current,lL - - 5 0.02 JlA 

- - 10 0.02 

- - 15 0.02 

- - 20 0.04 

Output Voltage: 
Low-Level, - 0,5 5 0 

VOL - 0,10 10 0 

- 0, 15 15 0 
V 

High-Level, - 0,5 5 5 

VOH - 0,10 10 10 

- 0,15 15 15 

Noise Immunity: 
Inputs Low, 4.2 - 5 2.25 

VNL 9 - 10 4.5 

13.5 - 15 6.75 
V 

Inputs High 0.8 - 5 2.25 

VNH 1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 
Inputs Low, 4.5 - 5 1 min. 

VNML 9 - 10 1 min. 

13.5 - 15 1 min. 
V 

Inputs High, 0.5 - 5 1 min. 

VNMH 1 - 10 1 min. 

1.5 - 15 1 min. 

Output Drive 
Current: 
N-Channel 0.4 - 5 0.8 
(Sink), 0.5 - 10 1.8 

ION 1.5 - 15 6 
mA 

P-Channel 4.6 - 5 -0.8 
(Source), 2.5 - 5 -3.2 

IDP 9.5 - 15 -1.8 

13.5 - 15 -6 

Input Leakage Any Input 
±10-5 Current,llL,llH 20 JlA 

3-State Output Forced 
Leakage Current, (Output 

IOL,IOH ,Disabled) 

0,20 - 20 ±10-4 JlA 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40109B Types 
COS/MOS Quad Low-to-High Voltage Level Shifter INPuT A 3 r----' 4 E 

ENAIILE A 
INPUT B 6 

ENABLE B 7 
INPUT C 10 

ENABLE c 9 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40109B contains four low-to
high-voltage level-shifting circuits. Each cir
cuit will shift a low-voltage digital-logic 
input signal (A, B, c, D) with logical t = VCC 
and logical 0 = Vss to a higher-voltage out
put signal (E, F, G, H) with logical 1 = VDD 
and logical 0 = VSS-

The RCA-CD40t09, unlike other low-to
high level-shifting circuits, does not require 
the presence of the high-voltage supply 
(VDD) before the application of either the 
low-voltage supply (VCCI or the input sig
nals_ There are no restrictions on the se
quence of application of VDD, VCC, or the 
input signals. In addition, there are no 
restrictions on the relative magnitudes of 
the supply voltages or input signals within 
the device maximum ratings; Vec may 
exceed VDD, and input signals may exceed 
VCC and VDD. When operated in the mode 
VCC > VDD, the CD40109 will operate as 
a high-to-Iow level-shifter. 

The CD40109 also features individual three
state output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high-impedance state in 
the corresponding output. 

The CD40109B':Series types are supplied in 
t&-Iead ceramic dual-in-line packages (0, F, 
and Y suffixesl, 16-lead dual-in-line plastic 
packages IE suffix), t&-Iead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

*ALLINPUTSARE 9 PROTECTED BY ---
COS/MOS PROTECTION 
NETWORK 

'2CIl-2"4, Vas 

Fig_ 1 - Functional block diagram for CD40109_ 

Features: 
• Independence of power supply sequence 

VCC can exceed VDD, input signals can exceed both 

Vee and VDD 
• Up and down level .. hifting capability 
• Three .. tate outputs with separate enable 

controls 
• Quiescent current specified to 20 V 
• Maximum input leakage current of t p.A 

5 , 

I G 

INPUT 0 14 13 H 

ENABLE 0 15 

~--V..JDD·'. 
~'cC :I~ Vas·' 

CD40109 
FUNCTIONAL DIAGRAM 

at 20 V (full-package-temperature range) 
'. Standard symmetrical output character- • S-V, 1 O-V, and 15-V parametric ratings 

istics • Low quiescent power dissipation 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25° C 

CONDITIONS 
CHARACTE RISTI C VCC' 

TYPICAL 

Vo VIN VOD 
VALUES 

IV) (V) (V) 

Quiescent Device 
Current, I L - - 5 0_01 

- - 10 0.01 

- - 15 0.01 

- - 20 0.02 

Output Drive 
Current: 
N-Channel 0.4 - 5 0.8 
(Sink), 0.5 - 10 1.8 

ION 1.5 - 15 6 

P-Channel 4.& - 5 -0.8 

(Sourcel 2.5 - 5 -3.2 

lOP 9.5 - 10 -1.8 

13.5 - 15 -& 

Output Voltage: 
Low-Level, - 0,5 5 0 

VOL - 0,10 10 0 

- 0,15 15 0 

High-Level, - 0,5 5 5 

VOH - 0,10 10 10 

- 0,15 15 15 

Input Leakage Any Input 
Current, 

IIL,IIH 20 ±10-5 

3-State Output Forced 
Leakage Current (Output 

IOL,IOH Disabled) 20 ±10-4 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

MIN. MAX. 

Supply-Voltage Range (For TA = 

Full Package-Temperature Rangel 3 18 

UNITS 

p.A 

mA 

V 

IlA 

IlA 

UNITS 

V 
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________________________________ COSIMOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD401098 Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATUREiRANGE (T stg)' • . • • • . . • . . . • • • . • • • • • • • • • . •• -65 to +15o"C 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, F, K, H. • . . • . . . . . . . . . . . • • . • . • . • • . • . • • . • . .. -55 to +125°C 

PACKAGE TYPES E, Y •..•..•••...•.......••.....•..••..•.... -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltages referenced to V SS Terminal): .•••.............••.•...••.... -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (POl: 

FOR T A = -40 to +60°C (PACKAGE TYPES E, YI . . . . . . . . . . . • . . • • . . • . . . . •. 500 mW 

FOR TA = +60 to +85°C (PACKAGE TYPES E, YI .......• Derate Linearly at 12 mWfC to 200 mW 

FOR TA = -55 to +100°C (PACKAGE TYPES D, F, KI. . . . . . . . . . . . . . . . • . . . . .. 500mW 

FOR TA = +100 to +125°C (PACKAGE TYPES 0, F, KI. .... Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES). .•.. ,. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........................... " .. -0.5 to +20 V 

LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mml from case for 10 s max. . . . . • . • . . . . . •. +265°C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 213 C; Input tr, tf= 20 ns, 
CL = 50pF,RL =200Kn 

CHARACTERISTIC 
TEST CONDITIONS TYPICAL 

Vee VDD VALUES 

(V) (VI 

Data Propagation 5 10 300 
Delay Time: 5 15 240 

High-to-Low Level, 

tpHL 10 15 200 

5 10 115 
Low-to-High Level, 5 15 100 

tpLH 10 15 70 

Output Enable 
Propagation Delay Times: 5 10 60 

Output High to 5 15 50 
High Impedance, tpHZ 10 15 40 

Output Low to 5 10 375 
High Impedance, tpLZ 5 15 275 

10 15 240 

High Impedance to 5 10 325 
Output High, tpZH 5 15 225 

10 15 185 

High Impedance to 5 10 110 
Output Low, tpZL 5 15 90 

10 15 50 

Transition Times, 5 10 50 
tTHL' tTLH 5 15 40 

10 15 40 

Average Input Capacitance, CI Any Input 5 

TRUTH TABLE 

MODE INPUTS OUTPUTS 

ENABLE 
A,B,C,D A, B,C, D E, F,G, H 

Low-to-high 0 1 0 
level shift 1 1 1 

X 0 Z 

LOGIC 0 = LOW(VSS) X = DON'T CARE Z = HIGH IMPEDANCE 

LOGIC 1 = VCC at INPUTS and VDD at OUTPUTS 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

Applications: 

• High-or-low level-shifting with three-state 
outputs for unidirectional or bidirectional 
bussing 

• Isolation of logic subsystems using separ
ate power supplies from supply sequenc:
ing, supply loss and supply regulation 
considerations 

DO 

1----,.-. ~~t::TO" 
IK 8 

OUTPUT 

~HAII. TEST \lllLTAG! 
& A A 

'PIIZ Vee Vss ....... V ... VJIIL 
tm V Vnn 

'P'H vo. 

Fig. 2 - Output enable delay times test circuit 
and waveforms. 

SUPPLY VOLTAGE (Voo)-V 
92CS-2t648 

Fig. 3 - Input switching voltage lIS. 

high-level supply voltage. 

9ZCS-21G49 

Fig. 4 - High-level supply voltage lIS. 

low-level supply voltage. 
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Preliminary CD40181 B Types 

COS/MOS 4-Bit Arithmetic Logic Unit 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40181 B is a low-power four-bit 
parallel arithmetic logic unit (ALU) capable 
of providing 16'binary arithmetic operations 
on two four-bit words and 16 logical func
tions of two Boolean variables_ The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low) operation_ The four 
select inputs (SO, S1, S2, and S3) select the 
desired logical or arithmetic functions, 
which include AND, OR, NAND, NOR, and 
exclusive-OR and-NOR in the logic mode, 
and addition, subtraction, decrement, left
shift and straight transfer in the arithmetic 
mode, accordin,g to the truth table_ The 
CD40181 B operation may be interpreted 
with either active-low or active-high data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table_ 
The CD40181 B contains logic for full look
ahead carry operation for fast carry gener
ation using the carry-generate and carry
propagate outputs G and is for the four bits 
of the CD40181B_ Use of the CD40182B 

RECOMMENDED OPERATING CONDITIONS 

For MAXIMUM RATINGS see "Ratings and 
Characteristics," at the beginning of the COS/MOS 
section. 

look-ahead carry generator in conjunction 
with multiple CD40181 B'S permits high
speed arithmetic operations on long words. 
A ripple carry output Cn+4 is available for 
use in systems where speed is not of primary 
importance_ 
Also included in the CD40181B is a com
parator output A = B, which assumes a high 
level whenever the two four-bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni
tude information may be derived from the 
carry-in input Cn and ripple carry-out out
put Cn+4 by placing the unit in the subtract 
mode and externally decoding using the 
information in Figure 5. 

The CD40181B types are supplied in her
metic ceramic 24-lead dual-in-line packages 
(0 suffix), 24-lead dual-in-line plastic pack
ages (E suffix), 24-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 
The CD40181 B is sim ilar to industry type 
MC14581. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTE R ISTIC 

Supply-VoltaQe Range (For T A = Full Package-
Temperature Range) 

S3 

52 

SI 

so 

2 

23 

21 

19 

I 

22 

20 

18 

7 

8 

61 5 4 3 

1 

I I 
r r 

Voo VSS 

9 
I'-' 

10 
FO 
FT 

II 
I'-' 

13 
Fz 
F3 

14 
A-B 

16 
Cn+4 

17 
G 

15 p-

92CS-27709 

Fig. 2 - Block diagram (active-low data) 

LIMITS 
Min. Max. 

3 18 

S3 

S2 

51 

SO 

AO 2 

AI 23 

A2 
21 

A3 19 

BO 
I 

BI 22 

B2 
20 

B3 18 

Co 7 

M 8 

UNITS 

V 

61 5 4 3 

I 

I I 

r r 
Voo VSS 

9 

10 

II 

13 

14 

16 

17 

15 

FO 

FI 

F2 

F3 

G 

92CS-27710 

Fig. 3 - Block diagram (active-high data) 

Features: 
• Full look-ahead carry for high-speed 

operations on long words 
• Generates 16 logic functions of two 

Boolean variables 
• Generates 16 arithmetic functions of 

two 4-bit binary words 
• A = B comparator output available 
• Ripple-carry input and output available 
• Typical addition time: 200 ns @ VDD = 10 V 
• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 
• 5-V, 10-V, and 15-V parametric ratings 

App/ ications: 

• Parallel arithmetic units 
• Process controllers 
• Low-power minicomputers 

Cn 
CARRY IN 

MODE M 
CONTROL 

FUNCTION SELECT 
INPUTS 

I 

8 

92CS-24B25RI 

Fig. 7 -Functional block diagram 

(active-low data) 



_________________________________ COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40181 B Types 

STATIC ELECTRICAL CHARACTERISTICS at TA = 2Soc 

CONDITIONS 

CHARACTERISTIC Vo VIN VDD TYPICAL 

(V) !VI !VI 
VALUES 

- - 5 0.02 
Quiescent Device - - 10 0.02 

Current, IL - - 15 0.02 

- - 20 0.04 

Output Voltage: - 0,5 5 0 

Low-Level, - 0,10 10 0 
VOL - 0,15 15 0 

- 0,5 5 5 
High-Level, - 0,10 10 10 
VOH 

- 0,15 15 15 

Noise Immunity: 4.2 - 5 2_25 

Inputs LoW, 9 - 10 4.5 
VNL 13.5 - 15 6.75 

Inputs High, 0.8 - 5 2.25 

VNH 1 - 10 4_5 

1.5 - 15 6.75 

Noise Margin: 4.5 - 5 1 Min_ 

Inputs Low, 9 - 10 1 Min. 

VNML 13.5 - 15 1 Min. 

Inputs High, 
0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

1.5 - 15 1 Min. 

Output Drive: 
0.4 5 0.8 Current: -

N-Channel 
(Sink), 0.5 - 10 1.8 
ION 

1.5 - 15 6 

4.6 - 5 -0.8 

P-Channel 2.5 - 5 -3.2 
(Source), 
lOP 9.S - 10 -1.8 

13.5 - 15 -6 

Input Leakage 
±10-5 Current, Any Input 20 

IIL,IIH 

UNITS 

p.A 

V 

V 

V 

mA 

p.A 

* 8 11<>-----..01 

* 7 Cn 0-----1 ;; ___ ---------' 
* "'LL INPUTS PROTECTED 

BY COS/lIDS PROTECTION 
NETWORK 

Fig. 4 - CD401818 logic diagram (active-low data) 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; 

Input t r, tf = 20 ns, CL = 50 pF, RL = 200 KU 

CHARACTE R ISTIC VDD TYPICAL UNITS 
(V) VALUES 

Propagation Delay Time: 5 450 
tPHL, tpLH 10 175 ns 
A or B to F, IT or P 15 140 

A or B to Cn+4 or A=B; 5 550 

A or B to F (logic model. 
10 220 ns 
15 170 

Cn to F or Cn+4' 
5 250 
10 100 ns 
15 80 

5 100 
Transition Time: tTHL' tTLH 10 50 

15 40 

Average Input Capacitance, CI 
- 5 pF 

(Any Input) 

92Cl-27711 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _______________________________ _ 

Preliminary CD40181B Types 

TRUTH TABLE 

INPUTS/OUTPUTS ACTIVE LOW 
FUNCTION 

LOGIC SELECT 
FUNCTION 

S3 S2 S1 so (M = HI 

0 0 0 0 A 
0 0 0 1 AB 
0 0 1 0 A+B 
0 0 1 1 Logic 1 
0 1 0 0 A+B 
0 1 0 1 _6"_ 
0 1 1 0 A(±)B 
0 1 1 1 A+B 
1 0 0 0 AB 
1 0 0 1 A(±)B 
1 0 1 0 B 
1 0 1 1 A+B 
1 1 0 0 Logic 0 
1 1 0 1 AS 
1 1 1 0 AB 
1 1 1 1 A 

* Expressed as two's complement 

1 = HIGH LEVEL 
0= LOW LEVEL 

ARITHMETIC· 
FUNCTION 

(M = L. Cn '" LI 

Aminus 1 
AB minus 1 
AB minus 1 
minus 1 
A plus (A + BI 
AB plus (A + BI 
A minus B minus 1 
A+B 
A plus (A + BI 
A plus B 
AB plus (A + B) 
A+B 
A plus A 
AB plusA 
A6"plusA 
A 

ACTIVE - HIGH DATA 

INPUTS/OUTPUTS ACTIVE HIGH 

LOGIC ARITHMETIC· 
FUNCTION FUNCTION 

(M" HI (M = L. en = HI 

A A 
A+B A+B 
AB A+B 
Logic 0 minus 1 
AB AplusA"S 
B (A + BI piuS" AB 
A(±)B A minus B minus 1 
AS AS minus 1 
A+ B A plusAB 
A(t)B Aplus B 
B (A + BI plus AB 
AB AB minus 1 
Logic 1 AplusA 
A+B (A + BI plus A 
A+B (A + til plus A 
A A minus 1 

ACTIVE - LOW DATA 

INPUT OUTPUT 
MAGNITUDE 

INPUT OUTPUT 
MAGNITUDE Cn 

1 

0 

1 

0 

1 = HIGH LEVEL 
0= LOW LEVEL 

Cn+4 

1 

1 

0 

0 

Cn Cn+4 

A~B 0 0 A~B 

A<B 1 0 A<B 

A>B 0 1 A>B 

A;;;;'B 1 1 A;;;;'B 

Fig. 5 - Use of Cn and Cn+4 for magnitude comparison. 
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________________________________ COSIMOS DIGITAL INTEGRATED. CIRCUITS 

Preliminary CD40182B Types 

COS/MOS Look-Ahead Carry Generator 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD401828 is a high-speed look
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders_ The CD40182 is cascadable to 
perform full look-ahead across n-bit adders_ 
Carry, propagate-carry, and generate-carry 
functions are provided as enumerated in the 
terminal designation table_ 

The CD40182, when used in conjunction 
with the CD40181 arithmetic logic unit 
(ALU), provides full high-speed look-ahead 
carry capability for up to n-bit words_ Each 

CD40182 generates the look-ahead (antici-

pated carry) across a group of four ALU's_ 
In addition, other CD40182's may be em
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits_ Carry 
inputs and outputs of the CD40181 are 
active-high logic, and carry-generate (G) and 
carry-propagate (P) outputs are active-low. 
Therefore the inputs and outputs of the 
CD40182 are compatible. 

The CD401828 types are supplied in 16-
lead hermetic dual-in-line ceramic packages 
(0, F, and Y suffixes), 16-lead dual-in-line 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE 'RANGE (T stgl •....• _ • • • • . • . . . • • • • • . . . .. -66 to +150"C 

OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPESD, F, K, H •......•.•••.•... _ .••...•.... _ .• _ .. -55 to +125°C 

PACKAGE TYPES E, Y ..••...........•..•.......• _ ...•.•.••.. -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VDD, 

(Voltages referenced to V 55 Terminal): . __ ......... , ...• _ •.....••.... -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (POl: 

FOR T A = -40 to +60" C (PACKAGE TYPES E, YI .•.....••..•.. _ ... _ . . . . .. 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, YI ..•..... Derate Linearly at 12 mWfC to 200 mW 

FOR TA = -55 to +l00"C (PACKAGE TYPES 0, F, KI. ••.•...•.•.. _ • . . . . • • .• 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES 0, F, K) •.... Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . . . . •• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ••••.••............•..•.... -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......•. _ . . • .• +265°C 

RECOMMENDED OPERATING CONDITIONS at TA = 2~C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
CHARACTER ISTIC MIN_ MAX_ 

UNITS 

Supply Voltage Range (ForT A = Full 
3 18 V 

Package-Temperature Range) 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 2~C: Input tr, tf= 20ns, CL = 50pF, RL = 200kU 

CHARACTE R ISTIC 
VDD TYPICAL 

UNITS 
(V) VALUES 

Propagation Delay Time: 5 300 

tpHL, tpLH 10 120 ns 
P, G In to P, G Out and Carry Outs 15 90 

5 400 
Cn to Carry Outs 10 160 ns 

15 125 

5 100 
Transition Time: trHL, tTLH 10 50 ns 

15 40 

Input Capacitance, CI (Any Input) - 5 pF 

12 

II 

9 

Cn+X 

Cn+Y 

Cn+Z 

7 P 

Cn 13 10 cr '---_. 
YDD- 16 
Yss-a 

CD40182 

92CS-24826RI 

FUNCTIONAL DIAGRAM 

plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix). and in chip form 
(H suffix). 

The CD401828 is similar to industry type 
MC14582. 

Features: 
• Generates high-speeed carry across four 

adders or adder groups 
• High-speed operation: 

tpHL = tpLH '" 120 ns (typ.l @ VDD '" 
10V 

• Cascadable for fast carries over N bits 

• Quiescent current specified to 20 V 
• Maximum input leakage of 1 p,A at 20 V 

(full package-temperature range) 
• 1-V noise margin (full package-tempera-

ture range) 
• 5-V, 10-V, and 15-V parametric ratings 

Applications: 
• High-speed parallel arithmetic units 
• Multi-level look-ahead carry generation 

for long word lengths 

TERMINAL DESIGNATIONS 

DESIGNATION . TERM_ FUNCTION 

Active-Low 
GO,G1,G2,G3 3, 1,14,5 Carry-Generate 

Inputs 

---- Active-Low 
PO, Pl, P2, P3 4,2,15,6 Carry-Propagate 

Inputs 

Cn 13 
Active-High 
Carry Input 

Cn+x' Cn+Y' 12, 1" 9 
Active-High 

Cn+z Carry Outputs 

Active-Low 

G 10 
Group 
Carry-Generate 
Output 

Active-Low 

IS 7 
Group 
Carry-Propagate 
Output 
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caS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40182B Types 
STATIC ELECTRICAL CHARACTERISTICS at TA =2~ C. 

CONDITIONS 
CHARACTERISTIC TYPICAL 

Vo VIN VDD 
VALUES 

(V) (V) (V) 

Quiescent Device 

Current,lL - - 5 0.02 

- - 10 0.02 

- - 15 0.02 

- - 20 0.04 

Output Voltage: 
Low-Level, - 0,5 5 0 

VOL - 0, 10 10 0 

- 0,15 15 0 

High-Level, - 0,5 5 5 

VOH - 0, 10 10 10 

- 0, 15 15 15 

Noise Immunity: 
Inputs Low, 4.2 - 5 2.25 

VNL 9 - 10 4.5 

13.5 - 15 6.75 

Inputs High, 0.8 - 5 2.25 

VNH 1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 
Inputs Low, 4.5 - 5 1 min. 

VNML 9 - 10 1 min. 

13.5 - 15 1 min. 

Inputs High, 0.5 - 5 1 min. 

VNMH 1 - 10 1 min. 

1.5 - 15 1 min. 

Output Drive 
Current: 
N-Channel 0.4 - 5 0.8 
(Sink), 0.5 - 10 1.8 

ION 1.5 - 15 6 

P-Channel 4.6 - 5 -0.8 
(Source). 2.5 - 5 -3.2 

IDP 9.5 - 10 -1.8 

13.5 - 15 -6 

Input Leakage Any Input 
Current, 

IIL,IIH 20 ±10-5 

CD40182 Logic Equations: 

Cn+x = GO + PO' Cn 

Cn+y = G1 + P1 ·GO + P1 . PO . Cn 

Cn+z = G2 + P2 . Gl + P2 . P1 . GO + P2 . P1 . PO . Cn 

G = G3 + P3 . G2 + P3 . P2 . G1 + P3· P2 . Pl . GO 

P = P3 . P2 . P1 . PO 

UNITS 

IlA 

V 

V 

V 

rnA 

IlA 

gOO 

* ALL INPUTS ARE 
PROTECTE D BY 
COSI MOS PROTEC TION Vss 
NETWORK 

92CM-21&25 

Fig. 1 - CD40182 logic diagram. 
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_______________________________ COS/MaS DIGITAL INTEGRATED CIRCUITS ' 

Preliminary CD40192B, CD40193B Types 

COS/MOS Presettable Up/Down Counters 
(Dual Clock with Reset) 
High-Voltage Types (3-to-20-Volt Rating) 
CD40192 - BCD Type CD40193 - Binary Type 

The RCA-CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset
table Binary Up/Down Counter each consist 
of 4 synchronously clocked, gated "D" type 
flip-flops connected as counters. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK uP 
and CLOCK DOWN inputs and a master RE
SET. Four buffered C signal outputs as well 
as CARRY and BORROW outputs for mul
tiple-stage counting schemes are provided. 

The counter can be cleared so that all out
puts are in a low state by a high on the R E· 
SET line. A RESET can be accomplished 
asynchronously with the clock. Each out
put is individually programmable asynchron· 
ously with the clock to the level on the cor
responding jam input when the PR ESET 
ENABLE control is low. 

The counter counts up one count on the 
positive clock edge of the CLOCK UP sig· 
nal provided the CLOCK DOWN line is 

high. The counter counts down one count 
on the positive clock edge of the CLOCK 
DOWN signal provided the CLOCK UP line 
is high. 

Both the CARRY and BORROW signals are 
normally high. The CARRY signal goes low 
when the counter reaches its maximum 
count in the count-up mode. The BORROW 
signal goes low when the counter reaches 
its minimum count in the count-down mode. 

Cascading of multiple packages is easily ac
complished without the need for additional 
external circuitry by tying the BORROW 
and CARRY outputs to the CLOCK DOWN 
and CLOCK UP inputs, respectively, of the 
succeeding counter package. 

The CD40192B and CD40193B types are 
supplied in l6·lead hermetic dual-in-line 
ceramic packages (D, F, and Y suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) ...........•.•.•...•....•• -65to+150oC 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K, H .................••....•.•...... -55 to +125°C 
PACKAGE TYPES E, Y •.•••..........•.....••.••..••...... -40 to +850 C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltages referenced to VSS Terminel): . . . . . . . • . • . . . . • . . • . . • . . . • . .. -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR TA = -40 to +60oC (PACKAGE TYPES E, Y) ......•......•.....••••. 500 mW 
FOR TA = +60 to +85° C (PACKAGE TYPES E, Y) ..• Derate Linearly at 12 mWtC to 200 mW 
FOR TA = -55 to +1OOoC (PACKAGE TYPES 0, F, K) ...•..•.•............. 500 mW 
FOR TA = +100 to +125°C (PACKAGE TYPES 0, F, K) .••• Derate Linearly at 12 mWtC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ••••.. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ...•.•••••••..••.....••.•. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. • ........•.... +265°C 

CLOCK CLOCK 
UP DOWN 

..r- 1 

'-- 1 

1 --r-
1 '--
X X 

X X 

1 = HIGH LEVEL 

0= LOW LEVEL 

X = DON'T CARE 

TRUTH TABLE 

PRESET 
RESET ACTION 

ENABLE 

1 0 COUNT UP 

1 0 NO COUNT 

1 0 COUNTDOWN , 

1 0 NO COUNT 

0 0 PRESET 

X 1 RESET 

PRESET 
ENiiii:E 

JI 15 

J2 I 

J3 10 

J4 9 

CLOCK UP 5 

CLOCK DOWN 4 

RESET 

" 3 QI 

2 Q2 
6 Q3 

7 Q4 

13 eORROW 

12 CARRY 

CD40192. CD40193 
FUNCTIONAL DIAGRAM 

Features: 
• Individual clock lines for counting up or 

counting down 
• Synchronous high-speed carry and bor· 

row propagation delays for cascading 
• Reset and Preset capability 
• Medium·speed operation-fCl = 7 MHz 

(typ.)@10V 
• Cuiescent current specified to 20 V 
• Maximum input leakage of 1 p.A at.20 V 

(full package-temperature range) 
• 1-V noise margin (full package-tempera

ture range) 
• 5-V. 10-V, and 15-V parametric ratings 

Applications: 
• Up/down difference counting 
• Multistage ripple counting 
• Synchronous frequency dividers 
• AID and D/A conversion 
• Programmable binary or BCD counting 

r--'w ~'w---+J 
I I I 

CLOCK~ 
I I 

RESET i '*: 
PRESET ENABLE . II'--*~I""----

Q OUT I I ~Is -, 

~'------------
* ..! I l..

I PHLI 
RESETQR PRESET REMOVAL 

SETUP TIME 

92CS-27562 

Fig. , - Timing diagram. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD401~2B, CD40193B Types 
RECOMMENDED OPERATING CONDITIONS For maximum reliability, nominal 
operating conditions should be selected $0 that operation is always within the fol
lowing ranges: 

CHARACTERISTIC LIMITS UNITS 

MIN_ MAX_ 

Supply-Voltage Range (For TA ~ Full Package-
Temperature Range) 3 18 V 

STATIC ELECTRICAL CHARACTERISTICS at TA =25'C 

CONDITIONS 

CHARACTERISTIC 
TYPICAL UNITS 

Vo VIN VDD VALUES 

(V) (V) (V) 

- - 5 0_02 

auiescent Device - - 10 0_02 
Current, IL - - 15 0.02 /lA 

- - 20 0.04 

Output Voltage: - 0,5 5 0 

Low-Level, - 0,10 10 0 

VOL - 0,15 15 0 

0,5 5 5 
V 

-
High-Level, 

VOH - 0,10 10 10 

- 0,15 15 15 

Noise Immunity: 4.2 - 5 2.25 
Inputs Low, 9 - 10 4.5 
VNL 13.5 - 15 6.75 

0.8 5 2.25 
V 

Inputs High -
VNH 1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 4.5 - 5 1 Min. 

Inputs Low, 9 - 10 1 Min. 

VNML 13.5 - 15 1 Min. 

0.5 5 1 Min. 
V 

Inputs High, -

VNMH 1 - 10 1 Min. 
-

1.5 - 15 1 Min. 

Output Drive 
Current: 
N-Channel 0.4 - 5 0.8 
(Sink). 0.5 - 10 1.8 
ION 

1.5 - 15 6 

4.6 5 --{l_8 mA 
P-Channel -

(Source), 2.5 - 5 -3.2 
lOP 9.5 - 10 -1.8 

13.5 - 15 ~ 

I nput Leakage Any Input 
Current, IIL,IIH 20 ±10-S Jl.A 

DVNAMIC ELECTRICAL CHARACTERISTICS at TA = 25'C; Input t" tf= 20 ns, C L = 50 pF, 
RL =200K!l 

CHARACTERISTIC VDD TVPICAL UNIT 

(V) VALUE 

Transition Time; tTHL' tTLH 5 100 
10 50 ns 
15 40 

Propagation Delay Time: 5 200 

tpHL' tpLH 10 100 ns 

CLOCK UP or CLOCK DOWN to a 15 80 

CLOCK UP or CLOCK DOWN 5 150 

to 10 75 ns 

BORROWor CARRY 15 60 

5 200 

RESET or PR ESET to a 10 100 ns 

15 80 

RESET or PRESET 5 280 

to 10 140 ns 

BORROWor CARRY 15 110 

Minimum RESET, 5 175 

PRESET, or CLOCK 10 70 ns 

Pulse Width, tw 15 60 

Maximum CLOCK 5 3 
Input Frequency, tCL 10 7 MHz 

15 8 

Minimum RESET or PRESET 5 150 

ENAiiLE Removal 10 80 ns 

Setup Time', ts 15 60 

Input Capacitance, CI - 5 pF 

(Any Input) 

-The time required for RESET or PRESET ENABLE control to be removed before clockmg. 

JI J2 J3 J4 JI J2 J3 J4 

CARRY CLOCK UP CARRY 

CLOCK DOWN l--.~~~~yB!!!O~RR~OC'!!W!-.l1CL~O!!;C~K.!!OO2lWN~--.--,----,----,----,--....,...J BORROW 

QI 0203 04 

RESET----------~~----------------------~ 

~::~~------------~~------------------------~ 
92CS- 27563 

Fig. 2 - Cascaded counter paclcages. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40194B Types 

COS/MOS 4-Bit Bidirectional Universal Shift Register 
High-Voltage Types (3-to-20-Volt Rating) 

The CD40194B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (0, 
F, and Y suffixes). 16-lead dual-in-line plas
tic packages (E suffix). 16-lead ceramic flat 
packages (K suffix), and in chip form (H suf
fix). 
The CD40194 is similar to industry type 
340194. 

RECOMMENDED OPERATING CONDITIONS 

4 

02 

03 6 
SHIFT 

IN LEFT 7 

SHIFT 
IN RIGHT 2 

MODE {SO 9 
SELECT SilO 

L-"""""T7."--' 

CLOCK---' 

15 QO 

14 QI 

13 Q2 

12 Q3 

VDD -16 
Vss -8 

CD40194B 
FUNCTIONAL DIAGRAM 

The RCA-CD40194B is a universal shift reg
ister featuring parallel inputs, parallel out
puts, SHIFT RIGHT and SHIFT lEFT serial 
inputs, and a direct overriding clea~ input. 
In the parallel-load mode (SO and S1 are 
high). data is loaded into the associated flip
flop and appears at the output after the posi
tive transition of the CLOCK input. During 
loading, serial data flow is inhibited. Shift 
right and shift left are accomplished syn
chronously on the positive clock edge with 
data entered at the SHI FT RIGHT and SH 1FT 
lEFT serial inputs, respectively. Clocking 
of the register is inhibited when both mode 
control inputs are low. The mode controls 
should be changed only when the CLOCK 
input is low. When low, the RESET input 
resets all stages and forces all outputs low. 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 

CHARACTERISTIC 

Supply-Voltage Range (For T A = 

Full Package-Temperature Range) 

DYNAMIC ELECTRICAL CHARACTERISTICSat TA = 25" C; Input tr, tf= 20ns, 
CL =50pF, RL = 200 K!J. 

CHARACTERISTIC VDD 
TYPICAL 

UNITS VALUES 
(V) 

Propagation Delay Time: 5 375 

tpLH' tpHl 10 150 ns 

Clock to a 15 110 

5 375 
RESET to a, tPHL 10 150 ns 

15 110 

5 100 
Output Transition Time 10 50 ns 

tTLH, tTHl 15 40 

Minimum Setup Time: ts 5 60 
DO,Dl,D2,D3,SR,Sl 10 25 ns 

to Clock 15 20 

5 170 
SO, S1 to Clock 10 70 ns 

15 50 

Minimum Hold Time: tH 5 0 
00,01,02,03, SR, Sl, SO, S1 10 0 ns 

to Clock 15 0 

Minimum Pulse Width: tw 5 85 
10 35 ns 

Clock 15 25 

5 160 
RESET 10 65 ns 

15 45 

5 4 
Maximum Clock Input 10 9 MHz 
Frequency, fCl 15 12 

Average Input Capacitance, CI - 5 pF 
(Any Input) 

LIMITS 
UNITS 

MIN. MAX_ 

3 18 V 

Features: 

• Medium-speed operation: fCL = 9 MHz 
Ityp.l @ VDD = 10 V 

• Fully static operation 
• Synchronous parallel or serial operation 
• Asynchronous master reset 
• Quiescent current specified to 20 V 

• Maximum input leakage current of 1 p.A at 
20 V (full package-temperature range) 

• 1-V noise margin (full package-tempera-
ture range) 

• 5-V, 10-V, and 15-V parametric ratings 

App/ications: 
• Arithmetic unit registers 
• Serial/parallel conversions 
• General-purpose registers 

TRUTH TABLE 

CL SO S1 IRESET ACTION 

X 0 0 

is 1 0 

£ 0 1 

W- 1 1 

X X X 

1 = HIGH LEVEL 
0= LOW LEVEL 
X= DON'T CARE 

1 Do-Nothing 

1 Shift Right (00 toward 03) 

1 Shift Left (03 toward 00) 

1 Parallel load 

0 Reset 
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COSIMOS DIGITAL INTEGRATED CIRCUITS 

Preliminary CD40194B Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstgl ...••....•..•.•........... -65 to +1500 C 
OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H •...•.....• • • • . . . . • • . • • . • . . . . . .. -55 to +125°C 
PACKAGE TYPES E, Y ••.....•...•.....•....•••.•••.•...•.. -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (VDDI 
(Voltages referenced to VSS Terminall .•....••••.•..•.•.•.•....•.•. -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pol: 
FOR T A = -40 to +60° C (PACKAGE TYPES E, YI ..••.•.•••••••....•.••.. 500 mW 
FOR T A = filO to +85° C (PACKAGE TYPES E, YI .•••. Derate Linearly at 12 mW/o C to 200 mW 
FOR TA = -55 to +1oooC (PACKAGE TYPES D. F. KI •...•..•.•.•.....•..•. 500 mW 
FOR TA = +100 to +125°C (PACKAGE TYPES 0, F, KI .... Derate Linearly at 12 mW/oC to 200mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPESI .•...•• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ...••••.........•....... -0.5 to VDO -+0.5 V 

LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1116 ± 1132 inch (1.59 ± 0.79 mml from case for 10 s max. . . • • . . . . . . . • .• +265°C 

STATIC ELECTRICAL CHARACTERISTICS at TA =25°C 

CONDITIONS 

CHARACTERISTIC Vo VIN VDD 
TYPICAL 

UNITS 
(V) (V) (V) VALUES 

Quiescent Device - - 5 0.02 
Current,lL - - 10 0.02 

15 0.02 
p.A 

- -

- - 20 0.04 

Output Voltage: - 0,5 5 0 
Low·Level 
VOL - o 10 10 0 

- 0, 15 15 0 
High·Level, 

V 

VOH 
- 0,5 5 5 
- 0,10 10 10 

- 0,15 15 15 
Noise Immunity: 4.2 - 5 2.25 

Inputs Low, 
VNL 9 - 10 4.5 

13.5 - 15 6.75 
Inputs High, 

V 

VNH 
0.8 - 5 2.25 

1 - 10 4.5 

1.5 - 15 6.75 
Noise Margin: 4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

13.5 - 15 1 Min. 
Inputs High, V 

VNMH 
0.5 - 5 1 Min. 

1 - 10 1 Min. 

1.5 - 15 1 Min. 

Output Drive 0.4 - 5 0.8 
Current: 
N-Channel 0.5 - 10 1.8 
(Sink), 1.5 - 15 6 
ION mA 

P-Channel 
4.6 5 -0.8 (Source), -

lOP 2.5 - 5 -3.2 

9.5 - 10 -1.8 

13.5 - 15 -6 
Input Leakage 

±10-5 
p.A 

Current, Any Input 20 
IILIIH 
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Preliminary CD40257B Types 
COS/MOS Quad 2-Line-to-1-Line 
Data Selector/Multiplexer 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40257B is a Data Selector/Multi
plexer featuring three-state outputs which 
cim interface directly with and drive data 
lines of bus-oriented systems_ 

The CD40257B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstgl 

OPERATING-TEMPERATURE RANGE (TAl: 
PACKAGE TYPES 0, F, K, H. _ . 

PACKAGE TYPES E, Y . . . • 

DC SUPPLY-VOLTAGE RANGE, (VDD) 

(VOltages referenced to V SS Terminal): 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +60oC (PACKAGE TYPES E, Y) 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) 

FOR T A = -55 to +100oC (PACKAGE TYPES 0, F, K) 

FOR TA = +100to +125°C (PACKAGE'TYPES 0, F, K) 

DEVICE DISSIPATION PER QUTPUT TRANSISTOR 

° . -65 to +150 C 

. -55to+125°C 

-40 to +850 C 

-0.5 to +20 V 

. . .. .... 500mW 

Derate Linearly at 12 mW/oC to 200 mW 

. . . . . . . .. 500mW 

Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL-PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 

INPUT VOLTAGE RANGE, ALL INPUTS. . . . . . . . . . 

100mW 

-0.5 to V DO +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 

CHARACTERISTIC LIMITS UNITS 
Min. Max. 

Supply-Voltage Range (For T A = Full Package-
Temperature Range) 

3 18 
V 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input tp tt = 20 ns, 
CL = 50 pF, RL = 200Kf! 

TEST CONDITIONS 

CHARACTERISTIC VDD TYPICAL 
(V) VALUES 

Propagation Delay Time: 5 130 
Data Input to Output, 10 60 

tpHL' tpLH 15 40 

Select to Output, 
5 160 

10 70 
tpHL, tpLH 15 50 

Output Disable to Output, 
5 95 

10 45 
tpHL, tpLH 15 35 

Transition Time, 
5 100 

10 50 
tTHL, tTLH 15 35 

Input Capacitance, CI Any Input - 5 

UNITS 

ns 

ns 

ns 

ns 

pF 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

OUTPUT 
DISABLE 

AI 

BI 01 

A2 

B2 02 
A3 II 

B3 10. 
03 

A4 14 

B4 13 12 
04 

INPUT VOO"'16 
92CS-27320 SELECT Vss·S 

CD40257 Functional Diagram 

Features: 

• 3-State outputs 

• Quiescent current specified to 20 V 

• Maximum input leakage current of 1 JlA 
at 20 V (full-package-temperature range) 

• 1 V noise margin (full package-temperature 
range) 

• 5-V, 10-V and 15-V parametric ratings 

Applications: 
• Digital Multiplexing 

• Shift-right/shift-Ieft registers 

• True/complement selection 

TRUTH TABLE 

INPUTS OUTPUT 

3-STATE 
OUTPUT SELECT A B D 
DISABLE 

1 X X X Z 

0 0 0 X 0 

0 0 1 X 1 

0 1 X 0 0 

0 1 X 1 1 

X = DON'T CARE LOGIC 1 = HIGH 

LOGIC 0 = LOW Z = HIGH IMPEDANCE 

OUTPUT 
DISABLE 

* 016 
15 Vee 

*z 
AI 

* 3 
4 

81 

*5 
A2 

* 6 
B2 

*" 
A3 

*10 
B3 

"14 
A4 

* :~PUT ~VOO OB 
* SELECT _ _ Vss 

ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

v~s 

92CS-Z7122 

Fig. 1 - Logic diagram for 'CD402578. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS _....,... _____________________________ _ 

Preliminary CD40257B Types 
STATIC ELECTRICAL CHARACTERISTICS at T A • 26°C 

Characteristic Conditions TYP. Units 

Vo VIN VOO VALUES 

(VI (VI (VI 

Quiescent Device Current; IL 
- - 5 0.02 

- - 10 0.02 p.A 
- - 15 0.02 

- - 20 0.04 

- 0,5 5 0 
Output Voltage: 

0,10 10 0 -
Low·Level, VOL 0,15 15 0 -

V 

- 0,5 5 5 

High Level, VOH - 0,10 10 10 

- 0,15 15 15 

4.2 - 5 2.25 
Noise Immunity: 

9 10 4.5 -
Inputs Low, VNL 13.5 15 6.75 - V 

0.8 - 5 2.25 

Inputs High, VNH 1 - 10 4.5 

1.5 - 15 6.75 

Noise Margin: 4.5 - 5 1 Min. 

Inputs Low, VNML 
9 - 10 1 Min. 

13.5 - 15 1 Min. V 

0.5 - 5 1 Min. 

I nputs High, VNMH 1 - 10 1 Min. 

1.5 - 15 1 Min. 

004 - 5 0.8 
Output Drive Current: 

0.5 10 1.8 -
!'I·Channel (Sink), ION 

1.5 15 6 -
4.6 - 5 -0.8 rnA 

2.5 - 5 -3.2 
P·Channel (Source), lOP 

9.5 - 10 -1.8 

13.5 - 15 -6 

Any Inpu! 

Input Leakage Current, IIL,IIH 
20 ±10-5 

p.A 

J.State Output Leakage Forced (Output 
Current: IOL,IOH Disabled! 

0,20 I - I 20 ±10-4 
p.A 
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MEMORY INTEGRATED CIRCUITS 

Classification Charts 

Access Power Operating 
No. of Time Supply Power 

Type No. Organization Operation Pins (ns-max) (V) (mW-typ) Comments 

CMOS Memories 

CD4036AD 4x8 static 24 400 10 6 } CMOS I/O, 
CD4036AK 4x8 static 24 400 10 6 decoded 
CD4039AD 4x8 static 24 400 10 6 } CMOS I/O, 
CD4039AK 4x8 static 24 400 10 6 direct address 
CD4061AD 256 xl static 16 380 10 40 } CMOS input, 
CD4061AH 256 xl static - 380 10 40 3-state output 

-CD40024D 32 x8 static 18 
-CD40032D 512 x 8 ROM 24 400 typ 10 20 

} 
mask-

-CD40032E 512 x 8 ROM 24 400 typ 10 20 programmable 
CD40061 E 256 xl static 16 300 typ 5 25 CMOS input, 
CD40061AD 256 x 1 static 16 150 typ 10 100 3-state output 
CD40061 AE 256 xl static 16 150 typ 10 100 

NMOS Memories 

MW4050D 4096 xl dynamic 18 300 12, -5 
420 ! 

MW4050DVl 4096 xl dynamic 18 250 12, -5 420 open-drain output 
MW4050DV2 4096 x 1 dynamic 18 200 12. -5 420 

-MW4051D 4096 xl dynamic 18 300 12, -5 
460 ! TTL clock, 

-MW4051DVl 4096 xl dynamic 18 250 12, -5 460 
open-drain output 

-MW4051DV2 4096 x 1 dynamic 18 200 12, -5 460 
MW4060D 4096 xl dynamic 22 300 12,15 

400 I 3-state output, 
MW4060DVl 4096 xl dynamic 22 250 12,±5 400 
MW4060DV2 4096 xl dynamic 22 200 12, ±5 400 

chip select 

-MW4101D 256 x 4 static 22 400 5 125 
-MW4101DVl 256 x 4 static 22 300 5 125 
-MW4101DV2 256 x 4 static 22 250 5 125 
-MW4104D 4096 xl dynamic 16 350 12,±5 380 
-MW4104DVl 4096 xl dynamic 16 300 12, ±5 380 
-MW4104DV2 4096 xl dynamic 16 250 12,±5 380 
-MW4111 D 256 x 4 static 18 400 5 125 
-MW4111DVl 256 x 4 static 18 300 5 125 
-MW4111DV2 256 x 4 static 18 250 5 125 
-MW4112D 256 x 4 static 16 400 5 125 
-MW4112DVl 256 x 4 static 16 300 5 125 
-MW4112DV2 256 x 4 static 16 250 5 125 

MW70011D 1024 x 1 static 22 60 15,8, -3 360 } differential output, 
charge pump 

SOS Memones 

MWS5001D 1024 x 1 static 16 150 typ 5 : } 3-state output 
-MWS5001AD 1024 x 1 static 16 80 typ 5 

MWS5040D 256 x 4 static 22 150 typ 5 4 
~ 3-state output 

-MWS5040AD 256 x 4 static 22 80 typ 5 6 
-MWS5080D 128 x 8 static 24 150 typ 5 4 
-MWS5114D 1024 x 4 static 18 175 typ 5 25 

MWS5501D 1024 x 1 static 16 90 typ 10 20 3-state output 

MWS5540D 256 x 4 static 22 90 typ 10 20 3-state ou tpu t 

-To be announced 
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Replacement Guide 

Industry 
Type 
No. 

RCA 
Direct 
Replacement 

Advanced Micro Devices 
AM2101 aMW4101 
AM9050 MW4050 
AM9060 MW4060 
AM9101 
AM91ll 
AM9112 

aMW4101 
aMW4111 
-MW4112 

American Microsystems, Inc. 

84021 MW4060 
54096 a MW41 04 
55101 
56810 

Advanced Memory Systems 
AMS5001 
AMS70011 MW70011 

AMS7101 
AMS7111 
AMS7112 
AMS7280 

aMW4101 
-MW4111 
aMW4112 

MW4060 

Cambridge Memories 
3701 

Fairchild Semiconductor 
34720 
93415 
93425 

Harris Electronics 
HM7640 

Intersil 
IM6508 

Intel 
2101 
2104 
2107 
2111 
2112 
2115 
2125 
2704 
3604 
5101 

aMW4101 
-MW4104 

MW4060 
aMW4111 
-MW4112 

aTo be announced 

RCA 
Pin·Compatible 
Types 

MWS5040, MWS5540 

MWS5040, MWS5540 

MWS5040, MWS5540, MW4101 a 

MWS5080-

MWS5001 

MWS5040, MWS5540 

MW70011 

CD4061 , CD40061 
MWS5001, MWS5501 
MWS5001, MWS5501 

CD40032a 

MWS5001, MWS5501 

MWS5040, MWS5540 

MWS5001, MWS5501 
MWS5001, MWS5501 
CD40032a 

CD40032-
MW4101-, MWS5040, MWS5540 

Industry 
Type 
No. 

RCA 
Direct 
Replacement 

Monolithic Memories, Inc. 
6340 

Mostek 
MK4027 -MW4l04 
MK4096 

Motorola 
MCM6604 aMW4104 
MCM6810 
MCM70011 MW70011 

National Semiconductor 
MM2101 -MW4101 
MM2111 
MM2112 
MM5280 

-MW4111 
aMW4112 

MW4060 

Nippon Electric Co. 
",PB2205 
",PD411 MW4060 

Nortek 
70011 

Signetics 
2604 
93415 
82508 
82S11 

Solitron 
CM4036 

'CM4039 

Synertek 
SV2101 
SV2111 
SV2112 
SV5l01 
SV5280 

MW70011 

MW4060 

CD4036 
CD4039 

-MW4101 
aMW4111 
aMW4112 

MW4060 

Texas Instruments 
TMS2101 aMW4101 
TM84050 MW4050 
TMS4051 a MW4051 
TM54060 MW4060 
TMS70011 MW70011 

Toshiba 
TC4061 CD4061 

MEMORV INTEGRATED CIRCUITS 

RCA 
Pin-Compatible 
Types 

CD40032-

MWS5080-

MWS5040, MWS5540 

MWS5001, MWS5501 

MWS5001, MWS5501 
MWS5001, MWS5501 
MWS5001, MWS5501 

MWS5040, MWS5540 

MW4101 a, MWS5040, MWS5540 

MWS5040, MWS5540 
MW4051a 
MW4050 

CD40061 
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MEMORY INTEGRATED CIRCUITS 

CD4036A, CD4039A Types 

COS/MOS 4-Word by a-Bit 
Random-Access NDRO Memory 
Binary Addressing 
Direct Word-Line Addressing 

CD4036AD, CD4036AK 
CD4039AD, CD4039AK 

RCA type CD4036A is a single monolithic integrated circuit 

containing a 4·word x S-bit Random Access NORD Memory. 

Inputs include 8 INPUT-BIT lines, CHIP INHIBIT, WRITE, 
READ INHIBIT, MEMORY BYPASS, and 2 ADDRESS 
inputs_ 8 OUTPUT-BIT lines are provided_ 

All input and output lines utilize standard COS/MOS inverter 

configurations and hence can be directly Interfaced with 

COS/MOS logIC deVIces. 

CHIP INHIBIT allows memory word expansion by WIRE
ORing of multiple CD4036A packages at either the 8-bit 
input and/or output lines (See Fig.151. With CHIP INHIBIT 
"high", both READ and WRITE operations are inhibited on 

the CD4036A. With CHIP INHIBIT "low", information can 

be written into and/or read continuously from one of the 

four words selected by the binary code on the two address 
lines_ With CHIP INHIBIT "low", a "high" WRITE SIgnal and 
a "low" READ INHIBIT signal activate WRITE and READ 
operations, respectively, at the addressed word location 

(See FigAI. 

The MEMORY BYPASS signal, when "hIgh", allows shuntIng 
of information from the 8 INPUT-BIT lines directly to the 8 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Storage Temperature Range .... . 
Operating Temperature Range .. . 
DC Supply Voltage Range 

(VDD - Vssl ............ .. 
Device Dissipation (Per Pkg.1 ... . 
All Inputs ................. .. 

-65 to +150 
-55 to +125 

-0.5 to +15 
200 

VSS:S: VI:S:VDD 

oC 

°C 

V 
mW 

STATIC ELECTRICAL CHARACTERISTICS (All inputs . 

OUTPUT·BIT lines without disturbing the state of the 4 
words. During the bypass operation input information may 
also be written into a selected word location, provided the 
CHIP INHIBIT is "low" and the WRITE is "high". The 
READ operation is deactivated during the BYPASS oper
ation because information is fed directly from the 8 
INPUT·BIT lines 10 the 8 OUTPUT -BIT lines. 

RCA type CD4039A is identical to the CD4036A with the 
.eJ(cepticin that individual address-line inputs have been 
provided for each memory word in place of the binary 

ADDRESS, CHIP INHIBIT, and READ INHIBIT inputs_ 
When Wire-Oring multiple CD4039A packages for memory 
word expansion, an individual CD4039A is selected by 
addressing one of its word locations. The READ operation is 
activated whenever a word location is addressed (via a "high" 

signal-see Fig.5). 

These devices will be supplied in two different 24-lead 
ceramic packages; the CD4036AK and CD4039AK in the 
flat-pack. and the CD4036AD and CD4039AD in the 

dual-in-line package. 

Recommended DC Supply Voltage 

(VDD - VSS). ............ · 
Lead Temperature (During soldering) 

At distance 1/16 ±1/32 inch 
(1.59 ±0.79 m~) from case 
for 10 seconds max ....... . 

3 to 15 v 

265 

(Recommended DC Supply Voltage (VDD - VSS). . 
VSS < VI S; VDDI 

3to 15V} 

CHARACTERISTIC SYMBOL 

Quiescent Device 

Current 

Quiescent Device PD 
Dissipation/Package 

Output Voltage· 
Low· Level 

High·Level 

Noise I mmunitv 

(All inputs except 
bit inputs when 
in memory by
pass mode. I 

VOL 

VOH 

LIMITS 

TEST CD4036AD, CD4036AK 
CONDITIONS CD4039AD, CD4039AK UNITS 

Vo VDD~~ __ -~5~50~C-.~~~~-,2~5~O~C-,~~~~~1~25~O~C~~~ 
Volts Volts Min. Typ. Max Min. Typ. Max. Min. Typ. Max. 

0_5 300 
10 10 10 600 

25 2.5 25 1500 

10 100 10 100 6000 

0.01 ° 0.01 0.05 v 
10 0.01 ° 0.01 0_05 

4_99 4_99 4_95 
V 

10 9.99 - 9.99 10 9.95 

O.B 1.5 1.5 2.25 1.4 

1.0 10 4.5 2.9 

4.2 1.4 1.5 2.25 1.5 
V 

9.0 10 2.9 4.5 

Out~~~:~~:ICurrent I DN Nor- f-0,-,.,,-5 -+-=-__ 1-0::.:.-,,1 2=---+ __ -+ __ -+---,,-0 -".1-,,0 -+::.0"",. 20 --+ __ ---t-=-0.::.0'-7 -+-----t-"'----4 rnA 

----------+----1;;:!d 0.5 10 0_30 0.25 0.50 0.17 

P-Channel Mode 4_5 -0.12 -0.10 -0.20 -0.07 rnA 

9.5 10 -0_30 -0.25 -0.50 --0.17 

Output Drive Current: 
N·Channel 
---------+-----lc;y~ 0_5 10 0.09 0.075 0.15 0.05 

Mern- f-0"' . .::.5-+-=-__ 1-0'-'-.::.04-'----+ __ -+ __ ---t-=-0:.:.0-=-3---t-"0=..06---+ __ -+_0_.-=-0-=-2 -+ __ -+-"'---1 rnA 

:~~e 4.5 -0.04 -0.03 -0.06 -0.02· rnA 

CHARAC· 
TERISTIC 
CURVES 
&TEST 

CIRCUITS 
Fig. No. 

11,12 

13 

6 

+ 9.5 10 -0'c_09=-+--=--+-=--+_-::.0::..0,-75,,-+-=-::.0.c:.l~5+-=-+--=0:::.::.05"-+-"'--I.....::=-+ ___ ~ ____ -l 
Input 'Current 10 pA 

+8it inputs driven from low-impedance driver. 

660 

Special Features: 
• COS/MOS logic compatibility at an input and output terminals 
• Memory bit expansion 
• Memory word expansion via Wire-OR capability at the 

8INPlIT-BIT and 8 OUTPUT-BIT lines 

• Memory bypass capability for all bits 
• Buffering on an output! 
• C04036A- on-chip binary address decoding, separate READ 

INHIBIT and WRITE controls 

• Access Time-200 ns(Typ) at VOD=10 V 

• CD4039A-Oirect word·line addressing 

Applications: 
Digital equipment where low power dissipation andlor high 
noise immunity are primary design requirements . 
• Channel Preset Memory in digital frequency·synthesizer 

circuits 
• General-purpose and scratch-pad memory in COSIMOS and 

other low· power systems. 

CHIP 
INHIBIT 

READ 
I"IHIBIT 

"EMORY 

BYPASS 

\ 1- ------8, 
BIT OutPUTS 

CD4039A 

\ 1-------8, 
BIT OutpUTS 

92CS-19935 

Fig.l - CD4036A - Logic block disgram. 

Read Memory Chip 
Write Inhibit Bypass Inhibit Operating Mode 
(Pin 2) (Pin 2U IPin 11) (Pin 221 

x X l H Chip Inhibited (Outputs float) 

x x 

x 

H x 

H 

H 

H H 

Al 
Pin 1 

L 
L 
H 
H 

H H 

H 

H 

Input/Output Shunted to output; 
No Reading from Memory; 
Information in Memory 
Undisturbed 

Input/Output Shunted to output; 
No Reading from Memory; 
Write Data into Addressed Word 

Read Data from Addressed Word 
Write Deactivated 

Read/Write Deacti .... ated 
(Outputs floatl 

Read from Memory while 
Writing Data into 
Addressed Word 

Write Data into Addressed Word 
Read Deacti .... ated (outputs floatl 

Fig.2 - Oper.ting-modB truth tablB. 

AO 
Pin 23 

L 
H 
L 
H 

Addressed 
Word 

Word 1 
Word 2 
Word 3 
Word 4 

l" low-Level Voltage, 

H '" High·Level Voltage 

Fig.3 - Address truth tablt1. 



CD4036A, CD4039A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250(; and CL = 15 pF 
Tvpical Temperature Coefficient for all values of VDD = O.3%/oC 

CD4036AD. CD4036AK 
TEST CD4039AD, CD4039AK 

CHARACTERISTICS SYMBOLS 
CONDITIONS 

VDD 
Volts Min. Typ. Max. 

Read Delay Time: 5 - 375 750 
IAccess time) 

OUTPUT TIED 10 - 150 300 Read Inhibit IRI) 
THROUGH 100 kfl 

Chip Inhibit ICI) TO Vss FOR DATA 5 - 500 1000 
trd OUTPUT "HIGH" 10 - 200 400 

Memory Bypass 
AND TO VDD FOR 5 - 375 750 
DATA OUTPUT 10 150 300 1MB) -
"LOW" 

Address 1 IADD) 
5 - 500 1000 
10 - 200 400 

Write Set·up Time2 5 250 125 -
tws 10 100 50 -

Write Removal Time3 5 0 0 -
tWR 10 0 0 -

Write Pulse Duration 
5 150 75 -

tw 
10 60 30 -

Data Set·up Time5 
5 - 0 O· 

tDS 10 - 0 O· 

Data Overlap Time6 
5 100- 50 -

too 10 40- 20 -
tTHL. 5 - 200 400 

Output Transition Time 
tTLH 10 - 100 200 

I nput Capacitance CI Any Input - 5 -

UNITS 

ns 
Note 4 

ns 
Note 4 

ns 

ns 

n$ 

ns 

ns 

ns 

ns 

ns 

pF 

1. For CD4036A onlv. remove 1 oo-kH test condition and write all "s in word one, and all O's in word two, or vice-versa. 

2. Delav from change of ADDRESS or CHIP-INHI BIT signals to application of WRITE pulse. 

3, Delav from removal of WRITE pulse to change of ADDRESS or CHIP-INHIBIT signals. 

4. Values for CD4036AD & 4036AK only. 

5. The time that DATA signal must be present before the WRITE pulse removal. 

... Max. indicates satisfactory operation if tos equals or exceeds this value. 

6. The time that DATA signal must remain present after the WHITE pulse removal. 

• Min. indicates satisfactory operation if too equals or exceeds this value. 

DRAIN-TO-SOURCE VOLTAGE {VOS)-V 
-15 10 -5 

-~ 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

4,5 

4,5 

4.5 

4,5,B 

4,5 

4,5 

4,5 

4,5 

4,5 

9 

-

" • I 
" ~5 ~ 

AMBIENT TEMPERATURE {TA)-2S·C 
TYPICAL TE'MPERATURE COEFFICIENT 
AT ALL VALUES OF \lGS.-O.3 ·I.I-e 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDSI-V 

92C$-20676 

Fig.6- Typical n-channel drain characteristics. 

AMBIENT TEMPERATURE (TAl' 25° 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF Voo:O.3 -to/·C 

LOAD CAPACITANCE (CLi-pF 

Fig.9- Typical transition time liS. CL. 

92:CS-20619 

.. .. 
I 
? 
1l 
i 
iii 
is 

Fig.7- Typical p-channel drain characteristics. 

'". LOAD CAPACITANCE (CL)-15pF . DATA FREQUENCY AT BIT INPUTS 
./ 4 (CONSTANT ADDRESS) 

----ADDRESS FREQUENCY ./ ...-V , (CONSTANT DATAl 
AMBIENT TEMPERATURE tTA).2S·C ... v ~ ,/ I • ,..,0 , 

~~ ...- .-
4 

I.J.-P",:,y ...-' ..... 
,,<flY l/<'i.' 

o.la-r--" /' , 
", ...-.,4 

4 

./ I l/' ...-, 
001 V I' I 

I 
, 4 6 810 , 4 , ''''' , 4 • 

FREQUENCY !f)-KHz 92C$-20110 

F;g.TO-Typical power dissipation 11$. frequency. 

MEMORY INTEGRATED CIRCUITS 

A, 

0 

AI 
0 

I 
t •• 

WRITE 
0 

CHIP 
INHIBIT 

0 

FtEAO 
INH~T 

0 
I 

MEMORY 
BYPASS 

0 

DATA 
I. 

r 
~t 0-- -- --- __ "",1_ 

I 
",,"01 

I 
",,"02 

(d~ rd 
(RII (ADD) 

F;g.4-CD4036A Timing Diagram. 

... , 

0----------------------__ 

f 

I 

WORD 3 

0-------------------------

o~~ P;R 
WRITE ~ .-J-tw 1-

MEMORY too 
BYPASS 0 ____ ,--;-::-1_+ ____ +-_---11 

DATA I. 

F;g.5-CD4039A Timing Diagram. 

AWBIENT TEMPERATURE (TA):2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF VDDa.O.3 "./-C 

'--'1250 

~ 
~I 

! 75 

li g .00 
0 

" ~ 
250 

o 
LOAD CAPACITANCE (CL1-pF 

F;g.8- Tvpical read delav time lIS. CL. 

TEST CIRCUITS 

Fig. 1'-0uiescent current (CD4036AJ. 

92CS·20678 
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MEMORY INTEGRATED CIRCUITS 

CD4036A, CD4039A Types 
TEST CIRCUITS (Cont'd) 

4 

• C 
0 • • 

1 
0 • • • A 

12 

20 

" 10 
17 

I. ,. 
Il 

lOY 

TEST P(RFORMED WITH 
THE F'OLLOWINQ SEOUENCf 
OF ,', AND 0'. 

'1 ,-
o 

92CS-20m4 

Fig. 12-QuieM:ent curren' (CD4039AJ. 

&VORIOV!.5VOR1V 

92CS-207mR1 

Fig. 13-Noise immunity. 

MEMO 

READ 

WRIT 

RY 8YPASS 
INHIBIT 

E 

400RESS 
.. lINEt,;im:; TI"-

'0 

" 
.... 

2 21 ". • 
5 
6 
7 

8 
9 

10 
CD4036A· 

20 

19 
18 

11 

" 
" I • 

13 
22 23 I 

+ Tile ~ CAN BE UTILIZED IN A SIMILAR FASHION. 

SEE AI'P. NOTE ICAN ...... - "OESIGN OF FIXED AND PROGRAMMABLE COUNTERS USING THE RCA CD4018A 
COSIMOSPAESETTABLE DIVIDE"&V-'N' COUNTER" AND, ICAN-8716. "LOW POWER DIGITAL FREQUENCY 
SYNTHESiZeRS UTILIZING COSIMas Ie'S", 

Switch.. shown 
are GRAVHILL 
2-pol. switchn. 
SOCY23133. CEN· 
TAALAB PAl60. 
or "quA_lent can 
also b8 used. 

Switches (left 
right) read 5·3-2. 
The eqUIvalent val
ue of "'N°' for 
these sWitch po. 
sitions (from the 
Table below) IS 

3·1-0 or N '" 13. 

(~~~:t 1 Switch 
pallel 1 PositIOns 

~---
o 2 

'0 

! 92CM-I9947 

Fig. 14- ThTH-decade programmable -:- N COUhter with 4-channel preset memory settings for frequency synthesizers. 

The diyide-by·N counter system shown in Fig.14 is program· 
mabie from 2 to 999. Four counter·preset words. selected 
by means of the rotary switches. can be stored in the 
CD4039A devices and can be read into each CD4018A by 

81T I,NPUTS 

simply addressing the proper word. Note that the CD4029A 
(see Bulletin File No. 503) Presettable Up/Down Counter 
with BCD decade counting can also be used to perform the 
basic counting function. 

12345678 9 10 II 12 13 14 15 16 

I I 
3 2 21 " 2 21 ". 3 2 21 " • • • 
5 • • 
6 6 • 
7 1 1 

8 8 8 

9 9 9 

10 10 10 
CD4036A • C04036A~ C04036A· 

20 20 20 
19 19 19 
18 18 18 
11 11 17 

16 
" " 15 15 15 

" 
I. 

" " " 
13 

22 2>1 22 23 I 22 23 I 

I I J J I 
1234~678 9 10 11 12 13 14 15 16 

I 
• THE CD4039A CAN BE UTILIZED IN A SIMILAR FASHION BIT OUTPUTS 

92CM- 19938 

Fig. 15-Gen"ral·purpose memory slorage - 8 words x 16 bilS (RAM or ROM). 
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MEMORY INTEGRATED CIRCUITS 

CD4061A Types 

COS/MOS 256-Word by 1-Bit Static Random-Access Memory 
The RCA-CD4061A is a single monolithic 
integrated circuit containing a 256-word by 
l-bit fully static, random-access, NDRO 
memory. The memory is fully decoded and 
requires 8 address input lines (AO-A7) to 
select one of 256 storage locations. Addi
tional connections are provided for a READ/ 
WRITE command CHIP SELECT DATA IN, 
and DATA OUT and DATA OUT lines. 

To perform READ and WRITE operations 
the CHIP-SELECT signal must be low. When 
the CHIP-SELECT signal is high, read and 
write operations are inhibited and the out
put is a high impedance. To change addresses, 
the CHIP-SELECT signal must be returned 
to a high level, regardless of the logic level 
of the READ/WRITE input. In a multiple 
package application, the CH IP-SE LECT 

AO 

AI 

A2 

3 

A3 

• 

Os 

DATA IN 

12 

A 
0 
0 
R 
E 
S 
S 

0 
E 
C 
0 
0 
E 

SYMBOL REPRESENTS 
THREE-STATE INVERTER 
K~I, NORMAL 

Ki 

CE 
-I 

l 
I ~. ';1 Ir' , , 

FROM 

I X DECODE 

~! 
I '!~ 11 ; ~ 

p p ':: 

I 

J: 
~ 

~ 
z 
a 
> 

~ 
.. 
g FROM 

Y DE CODE 

, -+< 1 1-, ,.., 
DATA BuS __ COMMON TO 16 COLUMNS 

DATA BUS __ COMMON TO 16 COLUMNS 

K'<O. HIGH IMPEOAt.lCE -- -- -- -- -- -- ---' 
256 -BIT STORAGE ARRAY 

FOR SINGLE nAND p DEVICES lAlL p-SUBSTRATES TIED TO "00 
ALL "-SuBSTRATES TIED TO "55 

Fig. 1 - CD4061A logic diagram. 

a) REAO-CYCLE WAVEFORMS W/R:::LOGIC "0" DATA IN"DON'T CARE 

o-+J'~r-<I_ GATE 

Vss 

NC -----0 
"DO ------0 
"ss ----0 

92CL- 23852RI 

AMBIENT TEMPERATURE (T4)-ZS·C 

signal may be used to permit the selection 
of individual packages. 

Output-voltage levels appear on the outputs 
only when the CHIP SELECT and READ/ 
WRITE signals are both low. Separate data 
inputs and outputs are provided; they may 
be tied together, or, to eliminate interaction 
between READ and WRITE functions, may 
be used separately. The circuit arrangement 
permits the outputs from many arrays to be 
tied to a common bus. 

All input and output lines are buffered. The 
CD4061 A output buffers are capable of 
direct interfacing with TTL devices_ 

The CD4061A is available in a hermetically 
sealed l6-lead dual-in-line ceramic package 
(CD4061AD) or in chip form (CD4061AH). 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE 

. . . . . . . . . . . . . . . . .. -65 to +150°C 

OPERATING-TEMPERATURE RANGE 

-55 to +125° C 

DC SUPPLY-VOLTAGE RANGE: 

VDD ............... -0.5 to +15 V 

DEVICE DISSIPATION (PER PACKAGE) 

...................... 200mW 

ALL INPUTS ........... VSS';;VI';;VDD 

RECOMMENDED DC SUPPLY VOLTAGE 

(VDD-VSS) ............. 3 to 15 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 

from case for lOs max. 

CHIP J 'C-S J \ 
SELECT 1\ 'I~' ____ _ .q TYPICAL TEMPERATURE COEfFICIENT IS -O.3"../"C 

E AT ALL VALUES OF VGS 

;;;,;~;i ~r-------"·tf'20ns 

~\A;;-F --~:.----~t~~-------
~~ --i tDOH r OATA OUT 'OOA "I" LEVEL 

HIGH IMPEDANCE "0" LEVEL HIGH IMPEDANCE 

DATA OUT "0" LEVEL 
"I" LEVEL ~H IMPEDANCE 

-I tOOH 

b) WRITE -CYCLE WAVEFORMS 

CHIP ~ tcs ~ \ SELECT 

~~~-~---~~----~~~~-------------------
tWRW 

RE'AD/WRITE I---- 'WRH 

DATA IN 

NOTE CHIP SELECT MUST BE HIGH DURING AN ADDRESS CHANGE 

Fig. 2 - Typical write-read waveforms. 

I 

~ 
~ ! 100 

'0 

2't:t 

lOY 

5V 

GATE-lO-SOURCE VOLTAGE 
IVGs)·I~V 

5 10 15 92CS-23854Rl 
DRAIN-lO-SOURCE VOLTAGE (Vos)-"V 

Fig. 3 - Typical n-channel drain characteristics. 

.. • I 

~ 
~ 
z ... 
~ 
z c 
i'i 
~ ... 

i , 
10 92CS-23855 

DRAIN-TO-SOURCE VOLTAGE {VoSI-V 

Fig. 4 - Minimum n-channel drain characteristics. 

Features: 

• Low standby power: 10 nW/bit {ty~ 

@VDO=10V 
• Access time: 380 ns (max.) 

@VDD =10 V 

• Single 3-to-15 V power supply 
• COS/MOS input/output logic 

compatibility 

• TTL output drive capability 
• Three-state data outputs for 

bus-oriented systems 

• 110Hype pin designations 
• Separate data output and data 

input lines 
• Noise immunity: 45% of VOD (typ. 
• Fully decoded addressing 
• Single write/read control line 
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MEMORY INTEGRATED CIRCUITS 

CD4061 A Types 

CD4061A OPERATIONAL MODES 
---

ADDRESS CHIP- READ/ DATA 
OPERATION LINES SELECT WRITE IN DATA PUTPUTS 

Write "0" Stable 0 1 0 High-Impedance 
Write "1" Stable 0 1 1 High-Impedance 
Read Stable 0 0 X Valid 1 or 0 
"Read Modify Stable 0 0/1 X Valid 1 or O/High-

Write Impedance 
Address Change Changing 1 X X High-Impedance 

X = Don't Care 
"For a READ MODIFY WRITE operation, CHIP SELECT may be held to logic 0 for 
the whole operation. 

DYNAMIC ELECTRICAL CHARACTERISTICS 

at TA = 25°C, VSS =0 V, CL = 50 pF, and t" t,= 20 ns 

TEST 
LIMITS 

CONDITIONS 
CHARACTERISTIC UNITS 

VDD 
(VI MIN. TYP. MAX. 

READ CYCLE TIME 

5 1200 1000 -
Read Cycle tRC 550 450 

ns 
10 -

5 40 0 -
Address Setup tAOS 0 

ns 
10 - -

5 700 500 -
Chip Select tcs ns 

10 350 250 -
5 460 - -

Address Hold tADH 200 
ns 

10 - -

5 - 450 750 
Read Access tRA 250 380 

ns 
10 -

5 110 170 230 
Data Out Hold tDOH 130 160 190 

ns 
10 
5 80 120 160 

Data Out Active tDOA 10 40 70 100 
ns 

5 - 60 100 
tTLH 10 - 50 75 

Output Transition 
35 60 

ns 
5 -

tTHL 10 - 25 40 
Chip-Select 5 - - 15 

Input Rise and trCE 10 - - 5 [.IS 

Fall Time, tfCE 15 - - 1 

WRITE CYCLE TIME 

5 1200 1000 -
Write Cycle twc 10 550 450 -

5 40 0 -
Address Setup tAOS 10 0 - -

5 700 500 -
Chip Select tcs 10 350 250 -

5 460 - -
Address Hold tADH 10 200 - -

150 100 
ns 

5 -
Write Hold tWRH 10 100 70 -

5 150 100 -
Write tWRW 10 100 70 -

5 140 80 -
Data-In Setup tDIS 10 80 35 -

5 25 10 -Data-In Hold tDIH 10 20 10 -

664 

DRAIN-lO-SOURCE VOLTAGE (VOSI-V 

-10 -10 • 
AMBIENT TEMPERATURE (TAls25°C 

~ TYPICAL TEMPERATURE COEFFICIENT 5V IT: .. 
IS -0.3"4 I-e AT ALL VALUES OF VGS • 10 I!. 1: I 

-- i 
-20 !:! -, 10V 0-

t! 
z 
w 

-30 ~ 
+ 13 

z 

GATE-lO-SOURCE VOLTAGE HI -40 ~ 

IVGS1-15V 
- ", ;;l 

~i 
-50! 

MAXIMUM AVERAGE • li 
PI(G. DISSIPATION (ZOO mW) eol 

92CS-23856 

Fig. 5 - Typical p-channel drain characteristics. 
DRAIN-lO-SOURCE VOLTAGE (V051-V 

-15 10 5 

nCS-U.S7 

Fig. 6 - Minimum p-channel drain characteristics. 
~MBIENT TEMPERATURE (TA'- 2S·C 

300 .,'" 
f , ... ~rla 
'3 zoo tt .. ~'" mr' , f 20Jt H .~"'o"~ 1 : II 
w ,,""Ffl ~1, " I ;:: 

; \Ij'lol t ± :; z 
150~!t_ ° ill Ii II! ;:: 

~ 
, 

1001~t 1m 
. fT: j 

II" 
50 1.11',,," . ltl~H II III I ~m1 It I=! 

50 100 150 200 250 300 350 

LOAD CAPACITANCE ICLI-pF 92CS-238S8 

Fig. 7 - Typical low-to-high transition time (tTLH) VB. CL. 

r 
~ zoo 
~ 
;:: 
z 100 
0 
;: 
;; 

100 ~ 
~ 

00 
-t l:. :1 1: ;;:: 
t 1 r ; ~ ; f 1 i : ~ : : 

50 100 150 200 250 300 350 
92C5-23859 

LOAD CAPACITANCE !CL1~pF 

Fig. 8 - Typical high-to-Iow transition time (tTHU VB. CL. 

o 50 100 150 200 250 300 350 

92C5-23860 LOAD CAPACITANCE tCL)-pF 

Fig. 9 - Typical read access time (tRA) lIS. CL-



CD4061 A Types 
STATIC ELECTRICAL CHARACTERISTICS 

(AI/inputs ••• V~V60VDDJ 

MEMORY INTEGRATED CIRCUITS 

(RlICommended DC Supply Voltage (VDD-VssJ . .• 3 to 15 VJ 
LOAD CAPACITANCE (eLl-SO pF 

CHARAC· 
TERISTIC 

Quiescent De· 
vice Current, 
IL 
See Fig. 14 

Quiescent De· 
vice D issipa' 
tion/Package, 
PD 

Output Volt· 
age 
Low·Level, 

VOL 

High·Level, 
VOH 

Noise Immuni· 
ty, (All Inputs) 
See Fig. 17 
VNL 

VNH 

Output Drive 
Current: 
(Data Out, 
Data Out) 
N·Channel 
(Sink), ION 
See Figs. 3, 
4, 12 

P·Channel 
(Source), lOP 
See Figs. 5, 
6,13 

Output Off 
Resistance 
(High·lmped· 
ance Statel. 
Ro (Off) 

TEST 
CONDITIONS 

Vo Voo -ss°C 

(V) (VI MIN. 

5 -

10 -

5 -

10 -

5 -
10 -

5 4.99 

10 9.99 

0.8 5 1.5 

1 10 3 

4.2 5 1.4 

9 10 2.9 

0.4 4.5 2 

0.5 10 4.3 

2.5 5 -1.1 

4.6 5 -0.5 

9.5 10 -1.1 

5 10 

10 10 

16 A 
15 B 
14 

4 13 

5 12 
6 II 

10 
9 

MAX. 

5 

10 

-
-

0.01 

0.01 

-

-

-

-
-

-

-
-

-
-

-
-

-

92CS-23865 

Fig. 14 - Quiescent device current. 

Quiescent Device Current Test Conditions 

Test A B Memory Cells 

1 0 0 All 0 
2 1 1 All 0 
3 0 1 All 0 
4 0 0 All 1 
5 1 1 All 1 
6 0 1 All 1 

600 

LIMITS 

25°C 125°C UNIT 

MIN. TYP. MAX. MIN. 

- 0.12 5 -

- 0.25 10 -

- 0.6 25 -

- 2.5 100 -

- 0 0.01 -
- 0 0.01 -

4.99 5 - 4.95 

9.99 10 - 9.95 

1.5 2.25 - 1.4 

3 4.5 - 2.9 

1.5 2.25 - 1.5 

3 4.5 - 3 

1.6 2.5 - 1.1 

3.5 5 - 2.4 

-{l.9 -1.8 - -0.65 

-{l.4 -{l.S - -{l.3 

-{l.9 -l.S - -{l.65 

10 - - 10 

10 - - 10 

10V 5V 

I 16 
2 15 
3 14 
4 13 
5 12 
6 II 
7 10 

8 9 

25 kHz osc 50 kHz OSC 

9ZCS-23866 

Fig. 15 - OpBrating life. 

MAX. 

15IJ 

300 

750 

3000 

0.05 

0.05 

-
-

-

-
-
-

-
-

-
-

-
-
-

/lA 

/lW 

V 

V 

mA 

Mn 

10V 

I 16 
2 15 
3 14 
4 13 
5 12 

6 II 
10 

8 9 

• tc.-23"" 

Description of Test: 

.. 

.. 500 

§ 
~ 

200 

100 

-75 -50 -25 0 2S 50 n 100 125 

92C$-23861 AMSIENT TEMPERATURE (TAI-·C 

• • I .. 
!o 
z 
2 

f 
2i 
D 

"' .. 

Fig. 10 - Typical read acce" time (t RAJ lIS. 

temperature. 

10O, 
AMBIENT TEMPERATURE (TA1-Z5·C 
LOAD CAP.cITANCE (CL)· 50 pF • · "- ...... 

2 

'-'0 • "<0; .. • · ~~ 

2 " I"- r-...~o(~ "- ".Q~ ' . r>< f-::: 
• !'oj. · " I"-~~ 2 

~ 0.1, .. . ~ · r((: 
C10~ . ... 2 .. 2 . .. 

0.1 2 • I I 10 'JOO 1000 
READ OR WRITE CYCLE TIME ('Re, iwe)-,..' t2cS-25H2 

Fig. I I - Typical power dissipation lIS. cycle time. 

4 

~ 
6 
7 
8 

'6 
15 

92CS-23863 

Note: At address "0", "0" stored in 
memory. 

Fig. 12 - N-channel drive current. 

Note: At address 0, "1" stored in 
memory. 

, 
'6 

Vee 2 '5 
14 

4 13 
5 '2 
6 II 
7 10 
8 9 

Vo 
92CS-23864 

Fig. 13 - P-channel drive current. 

Note for Fig. 12 and Fig. 13: 
Power dissipation measured using random data 
panern. Input pulse delays and widths set to 
minimum values specified on data sheet with the 
exception of cycle time, 15 V setups identical to 
10 V data sheet values, with the exception of 
teE =400 ns . 

AO , '6 CE 
AI 2 15 W/R 

Functional test run with random 
data input. All inputs toggle be
tween 30% and 70% of VOO' 

Fig. 16- BIBs life. 

A2 
A3 

Voo 
Vss 
A4 

3 
4 

6 

14 DO 
13 00 
'2 DJ: 

II A7 
10 A6 
9 A5 

Note: Connection to all terminals in Figs. 15 & 16 (except 4 and 51 
are made through 47 kG resistors. 

92cS-23868 

Fig. 17 - Noise immunity. 
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MEMORY INTEGRATED CIRCUITS 

Preliminary CD40061, CD40061 A Types 

COS/MOS 256-Word by 1-Bit 
Static Random-Access Memory 
The RCA-CD40061 and CD40061 A are 256-
word by l-bit COS/MaS fully static random 
access memories. They are similar in terminal 
arrangement and function to the CD4061 A. 
except that the requirement for the Chip
Select input to return to a high level between 
address changes in eliminated. 

The CD40061AD and CD40061AE have 
maximum supply voltage ratings of 15 V; 
the CD40061 E maximum rating is 7 V. These 
devices are fully decoded and utilize eight 
Address inputs (AO-A7) to select one of the 
256 storage locations. Additional connections 
are provided for an active Low Chip-Select 
(CS). a Read/Write command (RIW)' a Data 
input (DATA IN). an active High 3-State 
Output (DATA OUT). and an active Low 3-

State Output (DATA OUT). DATA OUT is 
the same voltage state as DATA IN. 

The Chip-Select input must be low to enable 
the Read or Write operations. A high level 
both inhibits these functions and causes the 
outputs to exhibit a high impedance. Output 
voltage levels appear at the output only when 
both CS and R/W inputs are at low levels. 
These outputs interface directly with TTL 
devices. 

Both the CD40061 and CD40061 A are 
supplied in 16-lead dual-in-line plastic pack
ages (E suffix) or in chip form (H suffix). The 
CD40061 A is also supplied in a hermetically 
sealed 16-lead dual-in-line ceramic side-brazed 
package (0 suffix). 

MAXIMUM RATINGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ..................................•........ -65 to +150oC 
OPERATING-TEMPERATURE RANGE: 

CERAMIC.PACKAGE TYPES .............................................. -55 to +1250 C 
PLASTIC-PACKAGE TYPES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40 to +85°C 

SUPPLY VOLTAGE RANGE (VDD-VSS): 
CD40061 E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 to -0.5 V 
CD40061 AD. CD40061 AE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 to -0.5 V 

INPUT VOLTAGE RANGE (VI-VSS) ......................................... V DO to -0.5 V 
DEVICE DISSIPATION (per package) .............................................. 200 mW 
RECOMMENDED DC SUPPLY VOLTAGE RANGE (VDO-VSS): 

C040061 E ..... '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 to 6 V 
C040061AD.CD40061AE ..................................................... 3to12V 

RECOMMENDED INPUT VOLTAGE SWING ....................................... VOO to VSS 
LEAD TEMPERATURE (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max. . . . . . . . . . . . . . .. 265°C 

CD40061 and CD40061A OPERATIONAL MODES 

MODE CHIP-SELECT READ/WRITE DATA OUT DATA OUT 

Write 0 1 High Impedance High Impedance 

Read 0 0 Storage State Complement of 
Storage State 

Unselected 1 X High Impedance High Impedance 

1 = High Level 0= Low Level X = Don't Care 

CAPACITANCES (VI = O. f = 1 MHz) 

CHARACTERISTICS Min. Typ_ Max. UNITS 

Address Input. CA - 9 - pF 

Chip-Select. CCS - 9 - pF 

Read/Write Input. CWE - 5 - pF 

Data Input. COl - 5 - pF 

Data Output. COO - 10 - pF 

Features: 
• Organization - '256-words by 1-bit 

.COS/MOS compatible inputs and outputs 

• Low power dissipation (typ.) @300 nS 
cycle time: 

10 nW/Bit standby @ VDD = 5 V 
0.1 mW/Bit operating @ VDD = 5 V 

40 nW/Bit standby @ VDD = 10 V 
0_4 mW/Bit operating@VDD = 10 V 

• Access time (typ.): 

150 nS @ VDO = 10 V; 300 nS @ VDD = 5 V 

• Noise immunity (typ.): 45% of VOO 

• TTL output drive capability 

• 3-State complementary data outputs 

• Separate data-in and data-out lines 

AS A7 

16)(16 

MEMORY 
ARRAY 

1155-0 

1100 --® 
NC --® 

92CS-271841 

Fig. 7 - Functional block diagram for CD40067, and CD40061A. 
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Preliminary CD40061, CD40061 A Types 
STATIC ELECTRICAL CHARACTERISTICS It TA • 2&·C 

Values shown for VOO = 5 V apply to on types; values shown for VOO = 10 V apply 
to the CD40061 AD and CD40061 AE only 

TEST CONDITIONS 
CHARACTERISTIC 

VOM VOO(VI 
TYPICAL VALUES UNITS 

Quiescent Device 5 0.5 
Current,lL 10 1 

Outpul Voltage, Low 5 0 
Level. VOL 10 0 

Outpul Voltage, High 5 5 
level, VOH 10 10 

Output Current, Low 0.4 5 1.6 
Level,IOL 0.5 10 3.5 

Output Current, High 2.5 5 -0.9 
Level,IOH 4.5 5 --<l.4 

9 10 --<l.9 

Noise Immunity. All 0.8 5 2.25 
Inputs Low. VNL 1 10 4.5 

Noise Immunity, All 4.2 5 2.25 
Inputs High, V NH 9 10 4.5 

Output Resistance. Off 5 10 
State. RO(off) 10 10 

DVNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C. VDO f5%. Input t r• 
It = 10 ns, and Cl = 50 pF. see Note 3. 

READ CYCLE TIMES (For waveforms see Figs 2 3 and 4) '. 

CHARACTERISTIC 
TEST CONDITIONS 

VDO(V) 
TYPICAL VALUES 

Chip·Selecl, tcs 5 310 
(No'e 1) 10 180 

Address SetuP. tAOS 5 20 
10 10 

Address Hold. 'ADH 5 0 
10 0 

Read SetuP. 'ROS 5 0 
10 0 

Read Hold. tRDH 5 0 
10 0 

Da,a Ou, Hold. 'DOH 5 40 
10 20 

Data Out Active. 'DOA 5 20 
10 15 

Read Cycle, 'RC 5 350 
(Note 2) 10 200 

Access, tAce 5 300 
10 150 

CHIP-SELECT 

ADORESS""",~ ___________ t"I:.U:j.j.j~ 

REAoI 
WRITE 

OATA 
OUT 

DifA 
OUT 

.,. 

iJA 

V 

V 

mA 

mA 

V 

V 

Mn 

UNITS 

ns 

ns 

ns 

n. 

ns 

ns 

ns 

ns 

ns 

Fig. 2 - Read cycle waveforms for CD40061, CD40061A. 

Ciii;:srmir"----Ie§ ----I 

ADDRESS 

REiDI 
WRITE 

DATA IN 

DON'T CARE w#!I!l/ffffi 
92CS- 27186 

Fig. 3 - Write cycle waveforms for CD40061, CD40061A. 

MEMORY INTEGRATED CIRCUITS 

DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'dl 

WRITE CYCLE TIMES (For waveforms see Figs 2 3 and 41 .. 
CHARACTERISTIC 

TEST CONDITIONS 

VDO (VI 
TYPICAL VALUES UNITS 

Chip-Select, ICS 5 170 ns 
10 90 

Address SetuP. lADS 5 20 ns 
10 10 

Address Hold. tAOH 5 0 ns 
10 0 

Write Setup. tWRS 5 170 ns 
10 90 

Write Width. 'WRW 5 170 ns 
10 90 

Data In SetuP. lOIS 5 0 ns 
10 0 

Data In Hold, 'DIH 5 20 ns 
10 10 

Write Cycle. 'wc 5 200 ns 
(No'e 2) 10 110 

READ/MODIFY/WRITE TIMES (For wa.elorms see Figs 2 3 and 4) 

CHARACTERISTIC 
TEST CONDITIONS 

VOD(V) 
TYPICAL VALUES UNITS 

Chip·SeJect. 'CS 5 480 ns 
(No'e 1) 10 270 

Address SetuP. 'ADS 5 20 ns 
10 10 

Address Hold, 'ADH 5 0 ns 
10 0 

Read SetuP. 'RDS 5 0 ns 
10 0 

Data Out Active. 'DOA 5 20 ns 
10 15 

Previous Data Hold. 'PDH 5 40 ns 
10 20 

Access, IACC 5 300 ns 
10 150 

Read Width Effective. 'RDW 5 310 ns 
10 180 

Write SetuP. 'WRS 5 170 ns 
10 90 

Write Width 'WRW 5 170 ns 
10 90 

Data In Setup, 'DIS 5 0 ns 
10 0 

Data In Hold. 'DIH 5 20 ns 
10 10 

Read/Modity/Write Cycle, tRWC 5 500 ns 
(Nole 2) 10 280 

Note 1 - The chip-select times specified provide an active output data time of SO 0$ minimum. 

Note 2 - Cycle time defines the shortest time in which this memory will correctly perform its de
sired function. 

Note 3 - Address rise and fall times must be equal to or less than 1 lIS under all conditions and 
for an modes. 

AOORESS~UI~~ ____________ ~~ __ ~ ____ ~~~ 

IWRS 
iiEAo/WRITE~~l::~~=~!!!!!.:=:::::f.::jI;;WR;;W;:::~~~~? 

I-IPOH 
OATA 
OUT 

HIOH I 
IMPEDANCE I 

I 
DifA HIGH HIGH 
OUT IMPEDANCE IllPEDANCE I 

~ lOIS ..., I--tDiH 

OATA IN ~""'W""'W""'WIh""'0"""WJ./"""WJ.i'"''I/h''''''I/p'''''%'"'Wh'''''va''''''*,-__ ..... _ 

DON'T CARE Wffll/$A 
'2C5-27111 

Fig. 4 - RflBd/modify/write cycle waveforms for CD40061, CD40061A. 
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MEMORY INTEGRATED CIRCUITS 

Preliminary MW4050D 

N-Channel 4096-Bit MOS 
Random-Access Memory 
The RCA-MW40S0D Series types are 4096-
word by l-bit high-speed dynamic NMOS 
random-access memories in the popular 18-
lead package with 0.3-inch row spacing for 
high packing density on PC boards. The use 
of n-channel technology in these devices 
optimizes the speed, density, and power 
consumption. The MW40S0D Series is in
tended for large-scale, high-performance mem
ory systems in which low cost and high 
reliability are primary design objectives. 
Three performance options of maximum 
access time are offered: 300 ns for the MW-
40S0D, 2S0 ns for the MW40S0DV1, and 
200 ns for the MW40S0DV2. These types 
are direct replacements for the equivalent 
TMS40S0, TMS40S0-1, and TMS4050-2. 

The Data-Input and Data-Output lines to the 
memory are on a common terminal. The 
output buffer has an open-drain configura
tion capable of sinking a 5-mA load current. 
The common I/O allows simple interfacing 
to the memory-system bus in Read, Write, 

RCA Access 
Type Time-ns 
No_ Max. 

MW4050D 300 
MW4050DVl 250 
MW4050DV2 200 

and Read/Modify/Write modes. Read and 
Write are always straightforward. Data con
trol of Read/Write is also included to avoid 
any conflict between Data-Out and new 
Data-In during Read/Modify/Write cycles. 
Refresh of all 64 cells on anyone X address 
line is accomplished by executing a read 
cycle. In addition, when writing new data 
into a selected location, all the other 63 
cells on this X line are automatically re
freshed. 

The MW4050D design uses balanced sensing 
to eliminate pattern sensitivity. In addition, 
all bit and word lines in the array are clamped 
to preset potentials while the memory is 
quiescent. The X and Y decoders use push
pull drive to virtually eliminate the effects 
of unwanted capacitance coupling. 

The MW4050D Series is supplied in an 18-
lead hermetic dual-in-line side-brazed cera
mic package. 

Read or ReadlModify/ 
Write Cycle Write Cycle 

Time-ns Time-ns 
Min. Min. 

470 730 
430 660 
400 600 

RECOMMENDED OPERATING CONDITIONS 

LIMITS ALL TYPES 
CHARACTERISTIC Min. Typ. 

Supply Voltage: 
VDD 11.4 12 

VBB -5.S -5 

VSS - 0 

Input Voltage, High Level: 
Chip-Enable VCEH VDD -0.6 -
All Others VIH 2.2 -

Input Voltage, Low Level: 
Chip-Enable 

All Others 
VCEL -1 -

VIL -0.6 -

(EXTERNAL VOLTAGE AND EXTERNAL RESISTOR) 
.-- - - - - - - - -- - - - - - - -"l 
I I 
I I 
I I 
10m 
I 
I 
I 
I 
I 
I 
L ___ _ 

R/W I 
I 
I 
I 
I 
I 
I 

-v I ________ -_~ ___ l 

CE R/ii 92CS-27225 

Fig. 1-lnput/output logic diagram. 

Max. UNITS 

12.6 
-4.S V 
-

VDD +1 
V 

5.25 

0.6 
V 

0.6 

V+ 

VBS I IS vss 
INPUT/OUTPUT 2 17 All 

AO 3 16 AIO 

AI 4 15 A9 

A2 5 14 AS 

REAO/WlIITE 6 13 A7 

CHIP ENABLE 7 12 A6 

A3 8 II A5 

A4 9 10 Voo 

TOP VIEW 

92C5-27227 

Terminal Assignment 
18-Lead Dual-In-Line 

White-Ceramic Package 

Features: 
• Organization-4096 words by 1 bit 
• Direct replacement for TMS4050 
• TTL-compatible inputs (except Chip-Enable) 
• Single low-capacitance clock 
• Low power dissipation (typ.): 

0.2 mW/package standby 
420 mW/package operating 

• Open drain output-common I/O 
• On-chip address registers 
• Data-In can be valid up to 15 ns 

after Read/Write low level 
• Clamped bit lines minimize pattern 

sensitivity problems 
• N-channel silicon-gate technology 
• 18-lead dual-in-line ceramic hermetic 

package (0.3 inch spacing) 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE TEMPERATURE RANGE 
........................... -55 to +150oC 
OPERATING TEMPERATURE RANGE 
.............................. Oto +70oC 
SUPPLY VOLTAGE RANGES: 

(VOO-VBB) ............ 20to-0.3V 

(VSS-VBB) .......•.... 20 to -0.3 V 

INPUT VOLTAGE RANGES: 
CHIP-ENABLE INPUT (VCE-VSS) 20 to -0.3 V 

ALL OTHER INPUTS (VIN-VSS) 20 to -0.3 V 

OUTPUT VOLTAGE RANGE: 
(VIIO - Vss) ............. 7 to -2 V 

LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for lOs max. ...........• +265oC 
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Preliminary MW4050D 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA =O"C to 700 C, VDD = 12 V ± 5%, 
VBB· -5 V ± 10%, VSS = 0 V, Output Load = 50 pF and one Series 74·type gate. 

LIMITS 
CHARACTERISTIC MW4050D MW4050DV1 MW4050DV2 UNITS 

Typ. Max. Typ. Max. Typ. Max. 

VDD Supply Current: 

During V CE high 
level, 1001 - 60 - 60 - 60 mA 

Average during read 
or write cycle, 1002 32 - 35 - 38 - mA 

Average during read/ 
modify/write cycle, 1003 37 - 41 - 45 - rnA 

CAPACITANCES at TA = 0 to 700 C, VDD = 12 V, VBe = -5 V, VI = 0 V, VSS = 0 V, 
f = 1 MHz, VCE = 0 V unless otherwise specified, 

TEST LIMITS 
UNITS CHARACTERISTIC 

CONDITIONS Min. Typ. Max, 

Address, CAD - 5 7 pF 

Chip-Enable, CCE VCEH = 10.8 V - 24 28 pF 

VCEl--l V - 29 33 pF 

ReadIWrite, CRW - 5 7 pF 

Data In/Out, CliO 7 9 pF 

OPERATIONAL MODES 

MODE 
CHIp· READ/ 

CONDITION 1/0 REMARKS ENABLE WRITE STATE 

Read stored 0 0 Output buffer enabled until CE 

Read 1 
is non-active 

1 
Read stored 1 1 Output buffer disabled 

Write 1 0 
Write 0 0 

Output buffer disabled Write 1 1 
Read o then 0 Output buffer disabled during 
Write 0 Write; write function not executed 

Read/ 1 
Read o then o then Output buffer disabled during Write; 
Write 1 1 write function occurs as Data-In 

Modify/ 1 then 
goes to high level # 

Read 1 then 1 then Output buffer dis.!!lled; Write func-
Write 0 0 tion occurs as R/W goes to low level 

Write 0 
Read 1 then 

1 
Output buffer disabled; Write func-

Write 1 tion occurs as RtW goes to low level 
Refresh 1 1 Oar 1 Same as Read cycle 
Standby 0 X 1 

it liD is pulled up to high level by external network_ Following read out of a low level (0). 
the self-timed internal Write function cannot occur until the new Data-In has gone to a 
high level (1). Thus no conflict between the previous output data state and the new 
data to be written can occur. No possible race hazard between R/W and Data-In exists, 
eliminating all possibility of false data being written in. The internal levels stored in the 
array depend on bit location. A data input 1 is a stored internal high level if the address 
state of A 5 is opposite to that of A 6. This description of the internal operation of the 
device is intended for user information only. 

1 = High level 0 = Low level X = Don't care 

STATIC ELECTRICAL CHARACTERISTICS at TA = O"c to 70"C, VDD = 12 V ±5%, 
VBe = -5 V ± 10%, VSS = 0 V. 

CHARACTERISTIC TEST CONDITIONS 
LIMITS ALL TYPES' 

UNITS 
Min. Typ, Max, 

Supply Current: 
For VOD 1000 

VCEH = 0_6 V 
- 10 200 

/J.A 
For Vee leBO - -5 -100 

Input Current, High·Level: 
Chip-Enable ICEH VeE = 13_6V - - 2 

/J.A 
All Others IIH VI =5_5V - - 10 

Input Current, Low-Level: 
Chip-Enable ICEL VCE=-l V - - ±10 

/J.A 
All Others IlL VI = -0.6 V - - ±10 

Output Current: 
Off·State 10Z VO=Ot05.5V - - ±10 /J.A 

Output Voltage: 
High Level VOH Open drain • - - V 
Low Level VOL 10 =5mA VSS - 0.4 

• All typical values are at T A = 25°C and nominal supply voltages. 
• Output voltage determi ned by external pull-up resistor. 

MEMORY INTEGRATED CIRCUITS 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = OOC to 700 C, VDD = 12 V ± 5%, 
VBB = -5 V ± 10%, VSS = 0 V, Output Load = 50 pF and one Series 74·gate, All input 
timing measured from low input I .. el (0,8 V) or high input level (2 Vho 10% or 90% point 
on VCE transition edges. Input/output timing measured from low output level (0.4 V) or 
high output level (2.4 V) to 10% or 90% point on VCE transition edges, Rise time Itr) and 
tall time (It) from 10% to 90% of VCE are 20 ns. For waveforms, see Figs, 3, 4, and 5. 

Read Cycle Times 
LIMITS 

CHARACTER ISTIC MW4050D MW4050DV1 MW4050DV2 
Min. Max. Min. Max. Min. Max, 

Read Cycle, tRC 470 - 430 - 400 -

Chip.Enable Active, tCE 300 4000 260 4000 230 4000 

Chip.Enable Non-active, tCE 130 - 130 - 130 -

Chip-Enable Rise, tCEr - 40 - 40 - 40 

Chip-Enable Fall, tCEt - 40 - 40 - 40 

Address Setup, tAOS 0 - 0 - 0 -
Address Hold, tADH 150 - 150 - 150 -

Read Setup, tRDS 0 - 0 - 0 -

Read Hold,- tROH 40 - 40 - 40 -

Access from Chip-Enable, tCEA - 280 - 230 - 180 

Access from Address, tADA - 300 - 250 - 200 

Data-Out Hold, tOOH 40 - 40 - 40 -

Write Cycle Times 

LIMITS 

CHARACTERISTIC MW405DD MW4050DVl MW4050DV2 
Min. Max. Min. Max, Min. Max. 

Write Cycle, twc 470 - 430 - 400 -

Chip-Enable Active, tCE 300 4000 260 4000 230 4000 

O1ip-Enable Non-active, tCE 130 - 130 - 130 -

Chip-Enable Rise. tCEr - 40 - 40 - 40 

Chip-Enable Fall, tCEt - 40 - 40 - 40 

Address Setup, tAOS 0 - 0 - 0 -

Address Hold, tADH 150 - 150 - 150 -

Read Hold,- tRDH - 40 - 40 - 40 

Write Setup, tWRS 240 - 220 - 210 

Write Width, tWRW 200 - 190 - 180 -

Data-In Setup," to IS -15 - -15 - -15 -

Data-In Hold, tDIH 40 - 40 - 40 -

• Read Hold ItRDH) IS measured from the 10°'0 pOint on the Chlp·Enable Input. 

... Data· In need not be valid until 15 ns after the Read/Write Input IS low. 

ReadlModify!Write Cycle Times 

LIMITS 
CHARACTERISTIC MW4050D MW4050DVl MW4050DV2 

Min. Max. Min. Max. Min. Max, 
Read/Modify/Write Cycle, tRWC 730 - 660 - 600 -

Olip-Enable Active, tCE 560 4000 490 4000 430 4000 

Chip·Enable Non·active, tCE 130 - 130 - 130 -

Chip·Enable Rise, tCEr - 40 - 40 - 40 

Chip-Enable Fall, tCEf - 40 - 40 - 40 

Address Setup, tAOS 0 - 0 - 0 -
Address HOld, 'ADH 150 - 150 - 150 -

Read Setup, tRDS 0 - 0 - 0 -
Read Width Effective, tROW 300 - 250 - 200 -

Write Setup, tWRS 240 - 220 - 210 -

Write Width, tWRW 200 - 190 - 180 -

Data-In Width Effective, tOIW 225 - 205 - 195 -

Oata·ln Hold, tOIH 40 - 40 - 40 -
Access from Chip-Enable, tCEA - 280 - 230 - 180 

Access from Address, tADA - 300 - 250 - 200 

Previous Data Hold. tpOH 20 - 20 - 20 -

UNITS 

ns 

ns 

n. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n. 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n. 

ns 

ns 

ns 

ns 
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MEMORY INTEGRATED CIRCUITS 

Preliminary MW4050D 
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DYNAMIC ELECTRICAL CHARACTERISTICS - Cont'd 

Refresh Cycle Times· 

LIMITS 
CHARACTERISTIC MW4050D MW4050DVl MW4050DV2 UNITS 

Min. Max. Min. Max. Min. Max. 
Refresh Cycle, tRFC 470 - 430 - 400 -

Olip-Enable Active, tCE 300 4000 260 4000 230 4000 

Chip-Enable Non-active, tCE 130 - 130 - 130 -
Olip-Enable Rise, tCEr - 40 - 40 - 40 

Olip-Enable Fall, tCEf - 40 - 40 - 40 
Address Setup, tAOS 0 - 0 - 0 -

Address Hold, tADH 150 - 150 - 150 -

Read Setup, tRDS 0 - 0 - 0 -
Read Hold,- tRDH 40 - 40 - 40 -

Refresh Period, tRFR - 2 - 2 - 2 

• Refresh is achieved by addressing A 0 to A 5 with both Chip-Enable and Read/WrIte hig,. The 
output is the stored data of the decoded addresses. Refresh is not affected by the states of 
Addresses A 6 to A 11. Refresh is also achieved dUring normal operation. 

• Read Hold hRDHI is measured from the 10% point on the Chip-Enable input. 

AI 

X 
DECODER 

32 

CELL. MATRIX 
32 .. 64 

6}---------------------------~ 

READI WRITE 
92CM-27226 

G)VB8 
@voo 
@VSS 

ns 
n, 

ns 

ns 

n, 

ns 

ns 

ns 

ns 

ms 

Fig. 2-Functional block diagram for MW4050D, MW4050DV1, and MW4050DV2. 



Preliminary MW4060D 

N-Channel 4096-Bit MOS 
Random-Access Memory 

The RCA-MW4060D Series are 4096-word 
by l-bit high-speed dynamic NMOS random
access memories. The use of N-channel 
silicon-gate technology in these devices op
timizes the speed, density, and power con
sumption. The MW4060D Series is intended 
for large-scale high-performance memory sys
tems in which low cost and high reliability 
are primary design objectives. 
Three performance options of maximum 
access time are offered: 300 ns for the 
MW4060D, 250 ns for the MW4060DV1, 
and 200 ns for the MW4060DV2. They are 
direct replacements for the equivalent TMS-
4060, TMS4060-1 and TMS4060-2. All in
puts except the Chip-Enable are fully TTL
compatible requiring no specialized driver. 
One single clock (Chip-Enable) is employed 
for simplicity of system design. This low
capacitance input utilizes a nominal 12-V 
pulse. 

The 3-State Data output buffer in these 
devices will drive two series 74- TTL gates. 
The Chip-Select input disables the input 
and output circuits for easy expansion of 
the memory and simple implementation of 
system refresh control. Thjs input can be 
operated with negative set-up time relative 
to the Chip-Enable clock. This feature sim
plifies use in large memory systems where 
Chip-Select timing requirements may other
wise limit system performance. 
The MW4060D design uses balanced sensing 
to eliminate pattern sensitivity. I n addition, 
all bit and word lines in the array are clamped 
to preset potentials while the memory is 
quiescent. The X and Y decoders use push
pull drive to virtually eliminate the effects of 
unwanted capacitance coupling. 
The MW4060D Series is supplied in a 22-
lead hermetic dual-in-line ceramic side-brazed 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 

OPERATING TEMPERATURE RANGE. 

SUPPLY VOLTAGE RANGES: 

(VDO -Vaal. 

(Vcc- Vasl .. 

(VSS -Vas) . 

INPUT VOLTAGE RANGES: 

-55 to +1500 C 

Oto HOoC 

20 to -0.3 V 

20 to -0.3 V 

20 to --0.3 V 

RCA 
Type 
No. 

MW4060D 

MEMORY INTEGRATED CIRCUITS 

Features: 
• Organization - 4096 words by 1 bit 
• Direct replacement for TMS4060 
• TTL-compatible inputs (except 

Chip-Enable) 
• Single low-capacitance clock 
• Low power dissipation (typ_): 

0,2 mW/package standby 
400 mW /package operating 

• 3-State output 
• On-chip address registers 
• Chip-Select simplifies memory expansion 
• Chip-Select effective 30 ns after Chip-Enable 
• Data-In can be valid up to 15 ns after 

Read/Write low level 
• Separate Data-In and Data-Out circuits 
• Clamped bit lines minimize pattern 

sensitivity probl~ms 
• N-channel silicon-gate technology 
• 22-lead ceramic hermetic package 

Access 
Read or Read/Modify/ 

Time -ns 
Write Cycle Write Cycle 
Time - ns Time - ns 

Max. Min. Min. 

300 470 710 Chip-Enable Input (VCE - VSSI 
All Other Inputs (VIN - VSS) 

OUTPUT VOLTAGE RANGE: 

(VDO - VSS) • 

20 to -0.3 V 
20 to -0.3 V MW4060DVl 250 430 640 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1132 in. U .59 ± 0.79 mm) 
from case for 10 5 max .. 

CHIP-ENABLE I 

CELL MATRIX 
32.64 

READ/WRITE 12)-_______ .....l 
92CM-27155 

(!)VB8 
@Itc 
@>VIX) 
@VSS 

7 to -2 V 

Fig_1 - Functional block diagram for MW4060D, MW4060D V1, MW4060DV2. 

MW4060DV2 

CHIP ENABLE 
CE 

ADDRESS 
AD 

200 400 580 

Diii OUT 
DO -Hiit;ij~~~~C,;t:;::::l_--.!H!!!IGmH IMPEDANCE 

ATE 

~ 
DON'T CARE 

92C5-27136 

Fig. 2 - Read-cyc/e waveforms. 
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Preliminary MW4060D 
OPERATIONAL MODES 

MODE 
CHIP· CHIp· READI 

DATA'()UT# 
ENABLE SELECT WRITE 

CE CS Rlii i5i5 
Read 1 0 1 Complement of data stored 

Write 1 0 0 I nval id data 

Read/Modify/Write 1 0 1 then 0 Complement of data stored; 
then invalid data 

Refresh 1 1 X High impedance 

Standby 0 X X High impedance 

# The memory inverts between Data-I n and Data-Out. Actual internal levels stored in 
the array depend on bit location. A data input 1 is a stored internal high level if the 
address state of A3 is opposite to that of A6. This is transparent to the user. 

1 ;0; High level 0 = Low level X =: Don't care 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTIC 
LIMITS· ALL TYPES 

UNITS 
MIN. TYP. MAX. 

Supply Voltage: 

VOO 11.4 12 12_6 V 
VCC 4.5 5 5.5 V 
Vaa -5.5 -5 -4.5 V 
VSS - 0 - V 

Input Voltage, High-Level: 
Chip·Enable VCEH VDD - 0.6 - VDO + 1 V 

All Others VIH 2_2 - 5_25 V 

Input Voltage, Low-Level: 

Chip-Enable VCEL -1 - 0.6 V 

All Others VIL -0_6 - 0.6 V 

STATIC ELECTRICAL CHARACTERISTICS at TA = OoC to 70oC, VOO = 12 V ± 5%, 

VCC = 5 V ± 10%. VBB = -5 V ± 10%, VSS = 0 V 

LlMITS·ALL TYPES 
CHARACTERISTIC TEST CONDITIONS UNITS 

Min_ Typ. Ma •. 

Supply Current: 
For VOD 1000 VCEH = 0.6 V - - 200 
For VCC ICCO - 0.2 - iJA 
For VBS IBBO - -5 -100 

Input Current, High-Level: 
Chip-Enable ICEH VCE = 13_6 V - - 2 iJA 
All Others IIH VI = 5.5 V - - 10 

Input Current, Low-Level: 
Chip-Enable ICEL VCE = -1 V - - ±10 iJA 
All Others IlL VI = -0.6 V - - ±10 

Output Current: 

Off-State 102 Va = 0 to 5_5 V - - ±10 iJA 
Output Voltage: 

High Level VOH 10 = 2 rnA 2.4 - - V 
Low Level VOL 10 = 3_2 rnA VSS - 0.4 V 

• All typical values are at T A :::: 25°C and nominal supply voltages. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA K ooc to 7ooC, VOD = 12 V ± 5%, 

VCC - 5 V ± 10%, VBB = -5 V ± 10%, VSS = 0 V, Output load - 50 pF and one 
Series 74- gate. 

MW40600 MW4060DVI MW40600V2 
CHARACTERISTIC UNITS 

Typ. Ma •. Typ. Ma •. Typ. Max. 

VOD Supply Current: 
At VCE high level 1001 - 60 - 60 - 60 rnA 

Average during Read 
or Write cycle 1002 32 - 35 - 38 - rnA 

Average during Read/ 
Modify/Write cycle 1003 37 - 41 - 45 - rnA 

CAPACITANCE at TA = 0° to 700C, VOD = 12 V. VCC = 5 V, VBS = -5 V, VI = 0 V, 

VeE:::: 0 V, f = 1 MHz, unless otherwise specified. 

CHARACTERISTIC TEST CONDITIONS Min. Typ. Max. UNITS 

Address CAD - 5 7 pF 

Chip-Enable CCE VCEH = 10.8 V - 18 22 pF 
VCEL = -1 V - 23 27 pF 

Chip-Select CCS - 4 6 pF 

Data-In COl - 4 6 pF 

ReadlWrite CRW - 5 7 pF 

Output Co - 5 7 pF 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA K ooeto 7ooC, VDD -12 V ± 5%, 
Vee - 5 V ± 10%, VBB - - 5 V ± 10%, Vss - 0 V, Output Load - 50 pF and on. Sori •• 
74- illite. All input timing m •• sured from low input le.el (0.8 VI or high input 10.01 (2 VI 
to 10% or 90% point on VeE transition edges. Output timing measured from low output 
I •• el (0.4 VI 0, high output 1 ••• 1 (2.4 VI to 10% or 90% point on VCE tran.ition edge •. 
Ri .. time (t,1 and fall time (t,1 from 10% to 90% of VCE ar. 20 n •. For wa •• form., ... 
Figs. 2, 3, 4 and 5. 

Read Cycle Times 

LIMITS 

CHARACTERISTIC MW4060D MW40600Vl MW40600V2 
Min. Ma •. -- Ma •• Min. Ma •• 

Read Cycle tRC 470 - 430 - 400 -
Chip-Enable Active teE 300 4000 260 4000 230 4000 

Chip-Enable Non-active tel: 130 - 130 - 130 -
Chip-Enable Rise teEr - 40 - 40 - 40 

Chip-Enable Fall teEf - 40 - 40 - 40 

Address Setup tAOS 0 - 0 - 0 -
Address Hold tADH 150 150 - 150 -
Chip-Select Setup· tcss -30 - -30 - -30 -
Chip·Select Valid- tcsv 150 - 150 - 150 -
Read Setup tRDS 0 - 0 - 0 -

Read Hold- tRDH 40 - 40 - 40 -
Access from Chip-Enable teEA - 280 - 230 - 180 

Access from Address tAOA - 300 - 250 - 200 

Data-Out Active tDOA - 250 - 200 - 150 

Data-Out Hold tOOH 30 - 30 - 30 -

Write Cycle Times 

LIMITS 

CHARACTERISTIC MW4060D MW40600Vl MW40600V2 

Min. Ma •• Min. Mo •• Min. Ma •. 
Write Cycle 'WC 470 - 430 - 400 -
Chip·Enable Active teE 300 4000 260 4000 230 4000 

Chip-Enable Non-active tCE 130 - 130 - 130 -
Chip·Enable Rise teEr - 40 - 40 - 40 

Chip-Enable Fall teEf - 40 - 40 - 40 

Address Setup tAOS 0 - 0 - 0 -
Address Hold tAOH 150 - 150 - 150 -
Chip-Select Setup· teSS -30 - -30 - -30 -
Chip-Select Valid. teSV 150 - 150 - 150 -
Write Setup twRS 240 220 210 

Write Width twRW 200 - 190 - 180 -
Oata·1 n SetupC> tOIS -15 - -15 - -16 -
Data-I n Hold tOIH 40 - 40 - 40 -

Read/Modify/Write Cycle Times 

LIMITS 

CHARACTERISTIC MW4060D MW4060DVI MW406ODV2 

Min. Max. Min. Max. Min. Ma •. 

Read/Modify /Write Cycle tRWC 710 - 640 - 580 -
Chip-Enable Active tCE 640 4000 470 4000 410 4000 

Chip-Enable Non-active teE 130 - 130 - 130 -

Chip·Enable Rise teEr - 40 - 40 - 40 

Chip·Enable Fall 'CEf - 40 - 40 - 40 

Address Setup tAOS 0 - 0 - 0 -

Address Hold tAOH 150 - 150 - 150 -
Chip-Select Setup* tcss -30 - -30 - -30 -

Chip-Select Valid- tc5V 150 - 150 - 150 -
Read Setup tRDS 0 - 0 - 0 -

Read Width- tROW 280 - 230 - 180 -
Write Setup twRS 240 - 220 - 210 -

Write Width twRW 200 - 190 - 180 -
Data-I n Sew pC> tOIS -15 - -15 - -15 -

Data-in Hold 'OIH 40 - 40 - 40 -

Access from Chip-Enable tCEA - 280 - 230 - 180 

Access from Address tAOA - 300 - 250 - 200 

Data-Out Active tDOA - 250 - 200 - 150 

Data-Out Hold 'DOH 30 - 30 - 30 -
Previous Data Hold tPOH 30 - 30 - 30 -

• Chip-Select input is allowed to occur 30 ns after the Chip-Enable input is present. 

II New Data-In need not be valid until 15 ns after the Read.tWr'ite1nput is low. 

UNITS 

ns 

n. 

n. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n. 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n. 

n. 

ns 

n' 
ns 

UNITS 

ns 

ns 

ns 

n. 

n. 

ns 

n. 

n. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• Chip-Select Valid (tCSvl and Read Hold (tROH) are measured from 10% points on 
the Chip-Enable input. 



Preliminary MW4060D 
Refresh Cycle Time,-

LIMITS 

CHARACTERISTIC MW40600 MW40600Vl MW40600V2 UNITS 

Min. Max. Min. Max. Min. Max. 

Refresh Cvcle tRFC 470 - 430 - 400 -
Chip-Enable Active ICE 300 4000 260 4000 230 4000 

Chip.Enable Non-active tcr 130 - 130 - 130 -
Chip·Enable Rise ICEr 40 40 40 
Chip·Enable Fall tCEf - 40 - 40 - 40 
Address Setup tAOS 0 0 0 

Addre .. Hold tAOH 150 - 150 150 -
Chip.select Setup. tess 30 - 30 - -30 -
Chip·Select Valid- tcsv 150 - 150 - 150 -

Refresh Period tRFR - 2 - 2 - 2 

• Chip-Select input is allowed to occur 30 ns after the Chip-Enable input is present. 

Il New Data-In need not be valid until 15 ns after the Read/Write input is low. 

- Chip·Select Valid (tCSv) and Read Width (tROW) are measured from 10% point on 
the Chip·Enable input. 

• Refresh is achieved by addressing AO to AS with both Chip-Select and Chip-Enable 
high. A high·impedance state exists at the output and refresh is not affected by the 
states of Readl Write or Addresses A6 to All- Refresh is also achieved during nor
mal operation. 

t RwC 

'CE 

ns 

n. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

m. 

CHIP ENABLE 
CE ~ 

V 90% 90% \I-IEE-
10% / 

05-
ADDRESS XIIIlI 

SS--: 
.~ 

AD 'C 

CHIP SELECT 
CS I 

READ/WRiTE RD 
R/W 

DATA IN 
D1 

S-

/Q:,lJ 

~r-IADH-

t--IBv--

r-----'RDw·- t---'WRS-, 
'DIS:;! ~ IRDI'<rE"~Tru" ---t-'DJ:H 

-'ADA~ ~ 'pDH !-r'DOH 
-'DOA~ HIGH IMPEDA iiAiA OUT 

DO 
HIG ~~A'i~ANCE ,I; STDRED 

DATA 
INVALII DATA 

STATE 

*MINIMUM DATA DUT WIDTH IS 'RDW·,ADA+t PDH 

~ 
DON'T CARE 

92C5·27138 

Fig.4 - Read/modify!write-cycle waveforms. 

NCE 

CHIP. ENABLE 
CE 

READ/WRITE 
R/W 

DATA IN 
Dr 

CHIP ENABLE 
CE 

MEMORY INTEGRATED CIRCUITS 

~ 
DON'T CARE 

92CS-27137 

Fig.3 - Write-cycle waveforms. 

92CS-27139 

Fig.5 - Refresh cycle waveforms. 
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MEMORY INTEGRATED CIRCUITS 

MW70011D 

N-ChanneI1024-Word by 1-Bit 
LSI Static Random-Access 
Memory 

The .RCA-MW70011 D is a 1024-word by 1-bit 
static random access memory fabricated with 
industry-proven high-yield n-channel metal
gate MOS technology. A novel refresh mecha
nism utilizing internal charge pumps enables 
static operation without the need for periodic 
refresh cycles. It is designed for high per
formance, low cost, and large bit-storage 
applications. 

The MW70011 D has on-chip Address input 
latches and requires only a low-level voltage 
swing (TTL levels) at all inputs, except 
Chip Select. TTL voltage levels greatly 
simplify over-all system design, and minimize 

32 x 32 BIT MEMORY ARRAY 

AO AI A2 A4 

SENSE AMP 
WRITE DRIVER 

the cost of memory systems of all sizes built 
with the MW70011 D. Additional economies 
can be realized from the low standby power 
consumption of this device. 

The low output capacitance allows OR-typing 
of ten(1) MW70011D's with no noticeable 
degradation in speed. A separate Chip Select 
lead allows easy selection of an individual 
device when output are OR-tied. 

The RCA-70011 D is packaged in 22-lead 
hermetic ceramic dual-in-line package. 

1 I ncreases access 4 ns 

A5 

A9 

DATA IN 

OUTPUT AMPLIFIER 

--oVss 
,---------, 
I vL- I 

,-'=;-voo --- -- - - ------, 
1 J.... COLUMN I 

--ovsx 

--ovoo 
. --oVREF 
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IAO_H~A I 
1 CSo---LA-A I 

I I L _______ --' 
ADDRESS BUFFER IlATCH 

I_ J J J J :J : 
IAOJ;AJ;AzJ;AJ;A4J; vss I L ______________ ~ 

DECODER 

9ZCL ~ 25254 

Fig. 1 - Block diagram. 

Vsx AI 

AO 2 21 A2 

VSS 3 20 A3 

NC 4 19 A4 
CHARGE PUMP 5 18 VDD 

DATA IN 6 17 DATA OUT 

WRITE ENABLE 

'[j' 
7 16 DATA OUT 

A9 8 15 VREF 

AS 9 14 CHIP SELECT 
A7 10 13 NC 

A6 II 12 A5 

TOP VIEW 

92CS - 25253RI 

Terminal Assignment 

Features 
• Organization - 1024 words by 

1 bit 
• TTL-compatible inputs (except 

chip select) 
• Static memory - no refresh 

period 
• low power dissipation: 

510 MW/Bit max. operating 
15 MW/Bit max_ standby 

• Access time - 60 ns max_ 
• Cycle ti me - 180 ns max, 
• On-chip address input latches 
• Differential output sink current 
• Chip select - simplifies memory 

expansion 
• OR-tie capability 
• Standard 22-pin ceramic 

hermetic package 
• Direct replacement for 

AMS70011, MCM70011 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE TEMPERATURE 
RANGE ................. -55 to +125°C 

OPERATING TEMPERATURE 

RANGE* .................. 0 to +70oC 
SUPPLY VOLTAGE RANGES 

(VDD - VSS) 
(VREF - VSS)· ............ +25 to -0.5 V 
(Vsx - VSS) .............. -10 to +0.5 V 
(VDD - Vsxl, (VREF - Vsx) +30 to -0.5 V 
(VREF - VDD) ............ -25 to +0.5 V 

INPUT VOLTAGE RANGE 
(VI - VSS) ................ +30 to -0.5 V 

OUTPUT VOLTAGE RANGE 
(VO-Vss) ....... ·.··· ... +30to-0.5V 

LEAD TEMPERATURE 
(DURING SOLDERING): 
At distance 1/16 ± 1/32 in. 
(1.59 ±o.79 mm) from case for 
10smax ....................... +265°C 

*200 linear feet/minute airflow. 



MEMORY INTEGRATED CIRCUITS 

MW70011D 

STATIC ELECTRICAL CHARACTERISTICS DYNAMIC ELECTRICAL CHARACTERISTICS 

TA-O"Cto70"C, VSS-O V, VSX· -3V ±1O%, VOD- +15V :15"', VREF - +7.5 V:I5'" TA -O"Cto +70"C, Vss -0 V, VSX - -3V ± 10%. VDD - +15 V ±5, VREF= +7.5 V:!511. 

Rise Time It .. ) And Fin Time (tt) From 10% to 9O'lC. Ate 4 n. Minimum 20 n. Maximum 
CHARACTERISTIC TEST CONDITIONS Min. Typ.' Max. UNITS 

Supply Current: ~ 
For VSx IISX) - - 150 p.A 

CHARACTERISTIC SYMBOL Min. Typ.1 Max. UNITS 

Average Operating Currents (Supply Currents are Maximum at T A=O°C. Duty Cyde Time=l80 ns) 

For VOO liDO) - 1.2 300 p.A Supply Current: 

For VREF (lREF) (Chip Select = VSS) - - 100 p.A 

For VSS IISS) - 400 1000 p.A 

For VSX ISXO - - ±175 p.A 

For VOO 1000 - 24 40 mA 

Input Current 

High·Level 

For VREF IREFO - - 10 mA 

For VSS ISSO - -45 -65 mA 

Chip·Select (lCSH) VCSH = VOO - - 20 mA Read Cvcle Ti mes 

All Others Chip Select tcs 80 - 500 ns 

(Selected) III HI VIW4V. Unselected tcs 100 - - ns 
Chip Select = Vss - 0.2 20 p.A Address Set Up tASU 0 - - n. 

Change Pump (lOpL) VOpH = VOO - - ±20 p.A Address Hold tAH 40 - - ns 

Write Enable Set Up tws 0 - - ns 
Input Current 

Low-Level: Address' High 

Chip Select IICSU VCSl = VSS - - ±SO p.A 

Write Enable Hold tWHR 0 - - ns 

Access Time (tr (CS) = 10 nsl tACC - 45 60 ns 

Read Cycle tRC 180 - - ns 

All Others 
(Selected IIIU VIL = VCSL = VSS - -0.2 ±20 p.A 

Write Cycle Times 

Chip Select tcs 80 - 500 ns 
Charge Pump IIOpU VOpl = VSX = 5V - - ±20 p.A Unselected tcs 100 - - ns 

Differential Output 
Flowing into Data Out 

Current (Sink) 1101 terminal when reading 0.1 I - mA 

a stored high 

Address Set Up tA5U 0 - - ns 

Address Hold tAH 40 - - ns 

Write Enable tww 0 - - ns 

Output Leakage Vo = VRH 
- 2 p.A -

Current (lOL) Chip Select = VSS 

Write Enable Hold tWHW 0 - - ns 

Input Data Set Up tosu 0 - - ns 

Input Voltage: 
High Level (VIHI 2.4 - VREF V 

Input Data Hold tOHO 0 - - ns 

Write Cycle twc 180 - - ns 

low Level (VIL) VSS-0.5 - VSS+O·8 V 
Charge Pump Input Pulse 

Chip Select Voltage: 
High·level (VCSHI VOO-I - VOO+I V 

FreqlJencv fp - - 4 MHz 

Outv Cycle - 25 - 75 '" Rise Time tr 100 - 250 n. 

Low·level (VCSL) VSS-0.5 - VSS+I V Fall Time tf 100 - 250 ns 

Charge Pump Input Capacitance (VI = VSS. f = I MHz Unle .. Otherwise Specified) 

Voltage 
High·Level (VQpHI VREF+2 - 12 V 

Address CAD - - 6 pF 

Chip·Select CCS - - 60 pF 

Charge Pump Input Write· Enable CWE - - 6 pF 

Voltage 
low·level (VOpU VSX-5 - VSX-2 V 

Data Input COl - - 6 pF 

Data Output COO - - 6 pF 

1 Typical currents are at 25°C. 20per •• ing supply currentl are rnakimum at oOC. Change Pump Cap - - 70 pF 

i 
I 
~ 
~ 

~ ... ... 
! 
0. .. .. 
~ 

10 

2 

I -
t..--

r--

2 

OJ 
o 10 20 50 40 50 lID 

AMBIENT TEMPERATURE IT"I-oC 
'2C$-N7]Q 

Fig. 2 -I Minimum chal'fJtl pump ftwqullfJcy vs. 
ambient temperature. 

II 
I 

~ .. 
! .. .. .. 
8 c 

20 

10 

(VCp = VSSI 

Change Pump 

(VCp· VSX)* 

• Device not under power 

SUPPLY VOLTAGE lVOOlo l5 V 
REFERENCE VOLTMIE IVREFlo 7.5 V 
SUPPLY VOLTAGE IVSXlo-3 

o 10 20 ~ 40 50 lID m lID 
AMBIENT TEMPERATURE ITA)-"C 

Fig. 3 - Acc_ tifTlfl vs. ambient temperatul"B. 

COP 

Q 

o. 

- - 100 pF 

o 10'20 ~ 40 50 lID m ~ 
AMBIENT TEMPERATURE ITA)-"C 

92&5-26752 

Fig. 4 - NormBlized current vs. ambient 
tflfTlperature. 
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MEMORY INTEGRATED CIRCUITS 

MW70011D 
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Fig. s,a - Typical supply circuit waveforms during 
selection period. 

DUT 
C7001Il 

CONOITIONS 

DATA OUT 

DATA OUT 

1. Input pulse rise aJlc.t fall times '" 10 ns 

(VRU+5)V 

470 
STROBE 

2. Switching time measurements ilre made at 
(VSS + 1.5) V for OUT inputs 

9ZCS -25256RI 

(Vee -1.275) V for SA Strobe Input 
3. Output Loading is 

RL = loon 
CL "(30 pF Includ .. devi.co and ji9\ 

capacitance ) 
Fig.6 - Test load. 

~------~--------'RC--------~ 

CHIP 
VDD 

SELECT 

VSS 
VCC 

ADDR. 
VSS 

WRITE 
Vee 

ENABLE IIss 

DATAOUT CII 
(DIFFERENTIAL) 0 ----+----< 

.VREF-0.875)v 
STR08E(2) 

VREF -I. 7!i)V 
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NOTES 1: Voltage at Data Out Terminal with respect 
to Data Out. 

2: Strobe signal at Strobe Input of Sense 
Amplifier Latch. 

Fig. Sa. - Read cycle waveforms. 
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CHIP 
SELECT 

ADDR. 

WRITE 
ENABLE 

DATA IN 

b - Typical current waveforms during 
selection period. 

Veo 

Vss 
VCC 

VSS 

Vec 

Vss 

Vee 

Vss 

DATA OUT ( I) 
(DIFFERENTIAL) 0---------..< 

'f(CS) 

NOTE: During Write Cycle Data Out reflects Data In. 

'wc 

Fig. 8b. - Write cycle waveforms. 

FROM OSCILLATOR (4 MHz MAX.) 

BIT/SENSE 0 h t lr-----++---.. 

BIT/SENSE I 

uri 
VSS ---.--______________________ -4 ___ FROM 

DECODER 
·Each charge pump IS a half of an 

MOS TranslSlor that acts as a 
current SOurce to replenish the 
charge lost In C1 and C2. 

Fig. 7 - Memory cell configuration. 

92CS- 25255RI 

I 
I 

I 



_________________________________________________________________________ MEMORYINTEGRATEDCIRCUITS 

Preliminary MWS5001 D 

SOS 1024-Bit 
COS/MOS LSI Static 
Random Access Me~ory 

Features: 
• Organization-1024 w~rds by 1 bit 
• Fully static operation-no external clocks required 
• Access time-150 ns (typ.) @ VDD = 5 V 
• Cycle time-160 ns (typ.) @VDD = 5 V 
• Low power dissipation: 

O.1p.W/Bit (typ.) standby @ VDD = 5 V 
4p.W/Bit (typ.) operating @ VDD == 5 V 

• Operation from a single power supply-
VDD = 4.5 to 6 V 

• High noise immunity-30" of VDD (typ.) 
• TTL output drive capability 
• Three-state data output for bus-oriented systems 

~o-----------------------------------~ 

R/Wo-------------------------------------~ 

Voo 

00 
I 
I 
I 
I 

03 

1116 
ROW 

DECODER 

iHt-________ t--tR0r"6 
16)(32' I 

CELL ARRAY I 
I 

'+'~COiv;;-'L.-;;O-=--=---=--=--=-=-=-=-C""OL!-. ~31 ROW 31 
ROW 

BUFFERS 

Fig. '-Functional block diagram. 

92CM-27031 

The RCA·MWS5001D is a 1024-word by 
l·bit static random access memory designed 
for use in memory systems where high speed, 
low power, and ease of use are primary 
design requirements. These characteristics are 
obtained primarily from the use of self
aligned silicon-gate COS/MOS SOS techno
logy. 

TRUTH TABLE 

The output state of the MWS5001D is a 
function of the input address and chip
select states only. Valid data will appear at 
the output in one access time following the 
latest address change to a selected chip. 
After valid data appears, the address may 
then be changed immediately. It is not 
necessary to clock the chip select input or 
any other input terminal for fully static 
operation, therefore the chip select input 
may be used as an additional address input. 
When the device is in an unselected state 
(CS"=l), the internal write circuitry and out· 
put sense amplifier are disabled. This feature 
allows the three-state data outputs from 
many arrays to be OR-tied to a common bus 
for ease of memory expansion. 

The MWS5001 is supplied in a hermetically 
sealed 16-lead dual-in-line ceramic package 
(0 suffix) or in chip form (H suffix). 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 
....••.••...•.............. -56 to +1500 C 
OPERATING TEMPERATURE RANGE 
. . . . . . . • . . . • • . . . . . . . . . • • . • • -20 to +850 C 
DC SUPPLY VOLTAGE RANGE 

(VDD-VSS).............. -0.5 to +6 V 
ALL INPUTS •...•.....• VSS E;;; VI E;;; VDD 
RECOMMENDED DC SUPPLY VOLTAGE 

(VDD-Vss) ................. 4.5 to 6 V 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch 
11.59 ± 0.79 mm) from case 
for 10 seconds max. ......••...•.. 256°C 

INPUTS 

READI CHIP-
WRITE SELECT 

RIW" CS 
X 1 

0 X 

1 0 

92C5-270;'Z x = DON'T CARE 
Fig. 2-Memory cell configuration. 

OUTPUT 

DATA 
OUTPUT 

DO 

High Impedance 

High Impedance 

Contents of 
Addressed Cell 

LOGIC 1 == HIGH 
LOGIC 0 == LOW 

STATIC ELECTRICAL CHARACTERISTICS at T A = 250 C, VOO = 5 V ± 5% 

TEST CONDITIONS TYPICAL 
CHARACTERISTIC 

Vo (V) VALUES 
UNITS 

Quiescent Device Current* IL 20 p.A 

Quiescent Device Dissipation * Po 100 pW 

Output Voltage: 
Low Level VOL 0.01 V 

High Level VOH 4.99 V 

VNL All Inputs 3.6 1.5 V 
Noise Immunity 

VNH All Inputs 1.4 1.5 V 

Output Drive Current: , 
Data Output 

N-Channel (Sink) ION (Sink) 
0.4 2 rnA 

P-Channel (Source) lOP 
Data Output 

4.6 1 mA 
(Source) 

Data Output 
Data Output Off-Resistance RO(Off) High Imped- 5 Mil 

ance State 

Input Current II Any Input 1 nA 

* Standby current is independent of any input state. 
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MEMORY INTEGRATED CIRCUITS 

Preliminary MWS5001 D 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, 

VDD = 5 V ± 5%, Input tr,tf = 20 ns, and CL = 30 pF 

CHARACTERISTIC TYPICAL VALUES UNITS 

Read Cycle Times: 
Read Access tRA 150 
Read Cycle tRC 160 
Output Enable tEN 60 
Read/Write Hold tWH 50 
Read/Write Set-Up tws 50 
Output Disable tDIS 20 

Write Cycle Times: 
Write Cycle twc 160 
Read/Write Hold tWH 50 
Read/Write Pulse Width tw 60 
ReadlWrite Set-Up tws 50 
Input Data Set-Up tDS 30 
Input Data Hold tDH 30 

Read/Modify/Write Cycle Times: 

678 

Read/Modify/Write 
Cycle tMC 270 

Read Hold tRH 160 
,Read Access tRA 150 

Output Enable tEN 60 

Read/Write Pulse Width tw 60 

Read/Write Set-Up tws 50 
Input Data Set-Up tDS 30 
Input Data Hold tDH 30 

Output Disable tOlS 20 

AMBIENT TEMPERATURE (TA)-2S·C 

~ 
e 
I 

C 
~ 
Z 
0 
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;t 
in 
<II 
is 
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~ 
0 .. 

. 
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lOAD CAPACITANCE (Cl)-30pF 
2 VOO-5V 
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4 
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Fig. 3-Typical power dissipation 
lIS. cycle time_ 

SUPPLY VOLTAGE (VDO)-5V 
lOAD CAPACITANCE (Cl)-30 pF 

..... Vv 

V V"-
V V -

- -20 ~ 0 ~ 20 ~ 40 ~ 60 ro 60 
AMBIENT TEMPERATURE (TA)--C 

92CS-27Q304 

Fig. 4-Typical access time vs. 
ambient temperature. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

AO-A9 

DO 
(NOTE 5) 

AO-A9 

R/W 
(NOTE 3) 

DI 

AO-A9 

R/W 

------r-------------------J 
READ-CYCLE WAVEFORMS. 

I-----------'WC-------------.l 

WRITE-CYCLE WAVEFORMS. 

(NOTE3) ________ 1-_____________ ~ __________ ~ 

DI 

DO 
(NOTE 5) ______ ~ __ --------/I~J 

'DIS 

HIGH 

IMPEDANCE 

READ/MODIFY /WRITE -CYCLE WAVEFORMS . 

92CL-Z7Q35 

Fig. 5-Read cycle, write cycle, and read/modify /write cycle waveforms. 

Note 1. Chip-Select (CS) permitted to change from high to low level 
or remain low on a selected device. 

Note 2_ Chip-Select (CS) permitted to change from low to high level 
or remain low. 

Note 3. ReadlWrite (R/W) must be at a high level during all address 
transitions. 

Note 4. Don't care. 
Note 5. Data-Out (DO) is a high impedance within tOlS ns after the 

falling edge of R!W or the rising edge of CS. 



Preliminary MWS5040D 

SOS 256-Word by 4-Bit COS/MOS LSI Static 
Random-Access Memory 

The RCA-MWS5040D is a 256-word by 
4-bit static random-access memory designed 
for use in memory systems where high speed, 
low power, and simplicity in use are desirable. 
The design of this device utilizes self-aligned 
silicon-gate technology. The MWS5040D has 
separate data inputs and data outputs and is 
operated from a single 5-volt supply. Two 
Chip-Select inputs are provided to simplify 
system expansion. An Output Disable control 
provides Wire-OR capability and is also useful 
in common Input/Output systems. After 
valid data appears at the output, the address 
inputs may be changed immediately. This 
output data will be valid 'until either the Out
put Disable input or the Chip-Select input is 
high, or the new data of the next memory 
cycle is applied. 

DATA IN I 

9'~----------------------~ 

DATA IN 2 

II~---------------------, 

13»---------------------~ 

DATA IN 3 

15*-----------------------~ 

DATA IN 4 R/W 

cs 
OUTPUT 

DISA~LE 
18 CS-l!!) 

cs 

The MWS5040D is supplied in a 22-lead her
metic dual-in-line side-brazed ceramic pack
age (D suffix). and in chip form (H suffix). 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE ° 
. . . . . . . . . . . -65 to +150 C 
OPERATING TEMPERATURE RANGE 
. . . . . . . . . . . -20 to +85°C 
DC SUPPLY VOLTAGE RANGE 

(VDD-VSS) . -0.5 to +6 V 
ALL INPUTS . VSS ~VI ~VDD 
RECOMMENDED DC SUPPLY VOLTAGE 

(VDD-VSS) . 4.5 to 6 V 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16:£1/32 inch (1.59±0.79 mm) ° 
from case for 1 0 seconds max . . . 265 C 

CS·l!!) 

92CL-27255 

Fig. 1 - Functional block diagram for MWS5040D. 

MEMORY INTEGRATED CIRCUITS 

A3 I- 22 VDD 

A2 21 A4 

AI 20 READI WRi'fE 

AD 4 19 CHIP SELECT I 

A5 5 IB OUTPUT DISABLE 

A6 6 17 CHI P SELECT 2 

A7 7 16 DATA OUT 4 

Vss 8 15 DATA IN 4 

OATA IN I 9 14 DATA OUT 3 

DATA OUT I 10 13 DATA IN 3 

DATA IN 2 II 12 DATA OUT 2 

92CS-27260 

TERMINAL ASSIGNMENT 

Features: 
• Organization - 256 words by 4 bits 
• Fully static operation - no external clocks 

required 

• Access time - 150 ns (typ.) @ VDD = 5 V 
• Cycle time -160 ns (typ.) @VDD = 5 V 
• Low power dissipation: 

0.15 mW/package standby @ V DD = 5V 
4 mW/package operating@ VDD = 5 V 

• Separate data inputs and outputs 
'. Two Chip-Select inputs to simplify memory 

system expansion 
• Output Disable to allow common I/O 

system 

• Operation from a single power supply -
VDD = 4.5 to 6 V 

• High noise immunity - 30% of VDD (typ.) 
• TTL output drive capability 
• Three-state data output for bus·oriented 

systems 

• Pin-compatible with Intel 5101 

WRITE 
ADDRESS 
DECODER 

Voo 

"DO 

T 
READ 

ADDRESS 
DECODER 

92C5-27256 

Fig. 2 - Memory cell configuration for MWS5040D. 
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MEMORY INTEGRATED CIRCUITS 

Preliminary MWS5040D 

OPERATIONAL MODES 

READI CHIP CHIP OUTPUT 
MODE WRiTE SELEcT, SELECT 2 DISABLE DATA OUT 

Rlii CS, CSz 00 DO 

Read 1 0 1 0 
Storage State of 
Addressed Cell 

Write 0 0 1 1 High Impedance 

Write 0 0 1 0 New Data In State 

Standby X 1 X X High Impedance 

Standby X X 0 X High Impedance 

Output 
X X 

Disable 
X 1 High Impedance 

LOGIC 1 = HIGH LOGIC 0 = LOW X = OON'T CARE 

STATIC ELECTRICAL CHARACTERISTICS at TA = ZSOC. VOO - 5 V ± 5% 

CHARACTERISTIC 
TEST CONDITIONS TYPICAL 

(VO(V) VALUES 

Quiescent Device Current- IL 30 

Quiescent Device Dissipation- Po 150 

Output Voltage: 
Low Level VOL 0.01 

High Level VOH 4.99 

VNML All Inputs 0.5 1 
Noi~e Margi~ 

VNMH All Inputs 4.5 1 

Output Drive Current: 

N·Channel (Sink) ION 
Data Output 

0.4 2 
(Sink) 

P·Channel (Source) lOP 
Data Output 

4.6 1 
(Source) 

Data Output 
Data Output Off-Resistance RO(Off) High Imped· 5 

ance State 

• Standbv current is independent of any input state. 

.. Input high level = 3.5 V. input low level = 1.5 V for non·inverting inputs. 

CAPACITANCES at TA = -20 to +8O"C. VOO = 5 V 
VI-OV. Vss =0 V.f -, MHz 

CHARACTERISTIC 
TYPICAL 

UNITS 
VALUES 

Input CI 5 pF 

Output Co 5 pF 

~--------.~----------~ 
AO-A7 

~TI 

CHIP HUeTt 

UNITS 

p.A 

p.W 

V 

V 

V 

V 

mA 

mA 

Mn 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 2Ii"C, VOO - 6V ±5%, 

Input t .. 1f· 20 ns, and CL • 30 pF. For wanfonns, _ Fig. 3. 

Raad Cyc" Times 

CHARACTERISTIC 
LIMITS 

UNITS 
Typ. 

Read Cycle tRC 160 n. 

Access from Address tAOA 150 n. 
Read Satup tROS 50 n. 
Read Hold tROH 50 ns 
Output Active from Chip·Select 1 tOOAl 25 ns 
Output Active from Chip-Select 2 tOOA2 20 n. 

Output Active from Output Disable tOOA3 20 ns 

Output Hold from Chip·Select 1 tOOHI 25 ns 
Ou,pu, Hold from Chip-Select 2 'OOH2 20 ns 

Output Hold from Output Disable 'OOH3 20 ns 

Write Cycle Times 

CHARACTERISTIC 
LIMITS 

UNITS Typ. 

Write Cycle twc 160 ns 

Chip-:sefect 1 Setup tCSSI 70 ns 

Chip·Select 2 Setup tCSS2 60 ns 

Read Hold 'ROH 50 ns 

Write Setup 'WRS 110 ns 

Write Width tWRW 60 ns 

Data In Width Effective tOIW 30 ns 

Data In Hold 'OIH 30 ns 

RBild/Modify/Write CYGle Times 

LIMITS 
CHARACTERISTIC 

Typ. UNITS 

Read/Modity/Write Cycle tRWC 270 ns 

Access from Address tAOA 150 ns 

Read Width tROW 160 ns 

Write Setup tWRS 110 ns 

Write Width tWRW 60 ns 

Previous Data Hold tpOH 20 ns 

Data In Width Effective 'OIW 30 ns 

Data In Hold tOIH 30 ns 

Output Activ. from Chip-Select 1 tOOAl 25 ns 

Output Active from Chip-Select 2 'OOA2 20 ns 

Output Active from Output Disable 'OOA3 20 ns 

Chip-Select 1 Hold tCSHl 5 ns 

Chi p-Select 2 Hold tCSH2 0 ns 

Output Hold from Output Disable tOOH 20 ns 

AO-A' 

~~~------------_4~~ 

Jlrao/iiiiii 

DATA OUT 

DATA 1111 

~C -'OJ. 

Z00'A----'-. DATA .N 

RIEAD CYCLE WAVEFORMS 

~OOIll'TCAIt£ 

680 

WRITE (yell WAVEFORMS 

..,TO 
OUTPUT OISAILE IS HIGH FOR COMMON 
"IIUTJOUTIJUT 



Preliminary MWS5501 D 

SOS 1024-Bit 
COS/MOS LSI Static 
Random Acce$s Memory 

The RCA-MWS55010 is a 1024-word by 
1-bit static random access memory designed 
for use in memory systems where high speed, 
low power, and ease of use are primary 
design requirements. These characteristics are 
obtained primarily from the use of self
aligned siliconllate COS/MOS SOS techno· 
logy. 

The output state of the MWS55010 is a 
function of the input address and chip
select states only. Valid data will appear at 
the output in one access time following the 
latest address change to a selected chip. 
After valid data appears, the address may 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 
.............. _ ............ -56 to +1500 C 
OPERATING TEMPERATURE RANGE 
. . . . . . . . . . . . . . . . . . . . . . . . . .. -20 to +850 C 
DC SUPPLY VOL TAGE RANGE 

(VDD-VSSI. .......•••... -0.5 to +11 V 
ALL INPUTS .•......••• Vss 0;;;; VI 0;;;; VDr. 
RECOMMENDED DC SUPPLY VOLTAGE 

(VDD-Vss) ............... ':'.5 to 10 V 
LEAD TEMPERATURE (During Soldering); 

At distance 1/16 ±' 1132 inch 
(1.59 ± 0.79mm) from case 
for 10 seconds max. . ............. 256°C 

tllen be changed immediately. It is not 
necessary to clock the chip select input or 
any other input terminal for fully static 
operation, I therefore the chip select input 
may be used as an additional address input. 
lNhen the device is in an unselected state 
(C"S"=1). the internal write circuitry and out
put sense amplifier are disabled. This feature 
allows the three-state data outputs from 
many arrays to be OR-tied to a common bus 
for ease of memory expansion. 
The MWS5501 is supplied in a hermetically 
sealed l6-lead dual-in-line ceramic package 
(0 suffix) or in chip form (H suffix). 

Features: 
• Organization-1024 words by 1 bit 
• Fully static operation-no external clocks 

required 
• Access time- 90 ns (typ.). VOO· 10 V 
• Cycle time-100 ns (typ.). VOO = 10 V 
• Low power dissipation: 

3/J.W/Bit (typ.) standby @VOO· 10 V 
20/J.W/Bit (typ.) operating 0 VOO • 10 V 

• Operation from a sin~e power IUpplV-
VOO= 4.5 to 10V 

• High noise immunity-30'" of VOO (typ.) 
• TTL output drive capability 
• Three-state data output for bus-oriented 

systems ' 
• Pin comPatible with 6508 types 

OPERATIONAL MODES 

INPUTS 
READI CHIp· 

MODE WRITE SELECT 
Riw cs 

Standby X I 
Write 0 X 

Read 1 0 

x = DON'T CARE 

OUTPUT 
DATA 

OUTPUT 
DO 

High Impedance 

High Impedance 

Contents of 
Addressed Cell 

lOGIC 1 =: HIGH 
LOGICO == LOW 

9O---------------------------------~ 

R/Wo----------------------------------------, 

rl-t---------+-I"o:" 16 
I 
I 

--L::::}-~~~~::::::~tj I ROWSI 
COL,O--------COL. 31 

ROW 
BUFFERS 

Fig. '-Functional block diagram. 

MEMORY lNTEGRATED ClRCUlTS 

dW-SELtCf I. Voo 
IIIJ I DATA-II 
AI I IlEADliiiii'E 
AI 4 A. 
AI 5 ... 
M • A7 

DATA-GUT ., M 
Vss • • AS 

CTOP VIEW) 

_-21030 

Terminal AssilJ'lment 

!; 
!! i 

0 

i 
;! 

I • Q 

WRITE REAO 
ADDRESS ADDRESS DECODER DECODER 

92CS-212~6RI 

Fig. 2'-Memor" cell configuration. 

120 SUPPLY IIOLTAGE (\'00'010 Y 
LOAO CAPACITANCE ICL'oSOpF 

II 

: ,/ 
I c /" IE 

V !: .. 90 ,. 
V ~ V .. ~ .. 

~ 
u c 

60 
-20 4 0 ~ m 30 ~ ~ ~ 10 60 

AMBIENT TEMPERATURE (TA)-OC 

Fig. 3 - Typical access time vs. ambient temperature. 
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MEMORY INTEGRATEO CIRCUITS 

Preliminary MWS5501 D 

STATIC ELECTRICAL CHARACTERISTICS at TA = 250 C. VOO =10 V ± 5% 

TEST CONDITIONS TYPICAL 
CHARACTERISTIC 

Va IV) VALUES 

Quiescent Device Current * IL 300 

Quiescent Device Dissipation * Po 3000 
Output Voltage: 

Low Level VOL 0.01 

High level VOH 9.99 

VNL All Inputs B.6 1.5 
Noise Immunity 

VNH 1.4 1.5 All Inputs 

Output Drive Current: 

N·Channel (Sink) ION 
Data Output 

0.5 3.5 (Sink) 

P-Olannel (Source) lOP 
Data Output 

9.5 1.5 (Source) 

Data Output 
Data Output Off· Resistance RO(Off) High Imped· 5 

anee State 

Input Leakage Current, IIL·IIH Arly Input 1 

• Standby current is independent of any input stat •. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C. VOO = 10 V ± 5%. 
Input tr.'tf = 20 ns, 'and CL :: 30 pF 

CHARACTERISTIC TYPICAL VALUES 

Read Cycle Times: 
Read Access 'RA 90 

Read Cycle 'RC 100 

Output Enable 'EN 30 

Aead/Wrlte !;,.fold 'WH 30 

Read/Write Set-Up 'ws 30 
Output Disable 'DIS 15 

Write Cycle Times: 
Write Cycle 'wc 100 

Aead/Write Hold 'WH 25 
Read/Write Pulse Width tw 40 
Read/Write Set-Up 'ws 35 

Input Data Set-Up 'DS 20 
Input Data Hold 'bH 15 

Read/Modlfy/Wnte Cycle Times 
Read/ModifylWrite 

Cycle 'MC 175 
Read Hold 'RH 100 

Read Access 'RA 90 
Output Enable 'EN 30 

Read/Write Pulse Width tw 40 

Read/Write Set-Up 'ws 35 

Input Data Set-Up 'DS 20 

I n put Data Hold 'DH 15 

Output Disable 'DIS 15 

CAPACITANCES at TA = 25°C. VOO = 10 V. 

VI = 0 V. VSS = 0 V. f = 1 MHz 

CHARACTERISTIC 
TYPICAL 

UNITS 
VALUES 

Input CI 5 pF 

Output Co 5 pF 

UNITS 

pA 

iN" 

V 

V 

V 

V 

mA 

mA 

MO 

pA 

UNITS 

n, 

n, 

n, 

n, 

n, 

n, 

n, 

n, 

n, 

n, 
n, 

n, 

n, 

n, 

n, 
n, 

n, 

ns 

n, 

n, 

n, 

AO-A9 

DO 
(NOTE 51 

AO-A9 

R/W 
(NOTE 31 

DI 

AO-A9 

R/W 
(NOTE 31 

OI 

~------------tRA------------~ 

------~----------------------j~~ 
READ-CYCLE WAVEFORMS. 

y------------'WC--------------·l 

'DS-------"oOi 

WRITE-CYCLE WAVEFORMS. 

'DIS 

00 H~ 
(NOTE51 ________ -+ ____________ -J'I~J~~IM~P~E~D~A~N~CE~-+----~---------

READ/MODIFY/WRITE -CYCLE WAVEFORMS. 

Fig. 4 -Read cycle, write cycle, and read!modify/write cycle wa'veforms. 

Note 1. Chip·Select (CS) permitted to change from high to low level 
or remain low on a selected device. 

Note 2. Chip·Select (ts) permitted to change from low to high level 
or remain low. 

Note 3. ReadIWrite (RtW) must be at a high level during all address 
transitions. 

Note 4. Don't care. 
Note 5. Data·Out (DO) is a high impedance within tDiS ns after the 

falling edge of RtW or the rising edge of CS. 

92CL-270 
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Preliminary MWS5540D 

SOS 256-Word by 4-BifCOS/MOS LSI Static 
Random Access Memory 
The RCA-MWS5540D is a 256-word by 4-bit 
static random-access memory designed for use 
in memory systems where high speed, low 
power, and simplicity in use are desirable_ 
The design of this device utilizes self-aligned 
silicon-gate technology. The MWS5540D has 
separate data inputs and data outputs and is 
operated from a single lO-volt supply. Two 
Chip-Select inputs are provided to simplify 
system expansion. An ()rtput Disable I control 
provides Wire-OR capability and is also useful 
in common Input/Output systems. After 
valid data appears at the output, the address 
inputs may be changed immediately. This 
output data will be valid until either the Out
put Disable input or the Chip-Select input is 
high, or the new data of the next memory 
cycle is applied. 

The MWS5540D is supplied in a 22-lead her
metic dual-in-line side-brazed ceramic pack
age (0 suffix), and in chip form (H suffix). 

DATA IN I 

gr-----------------------~ 

DATA IN 2 

II!}----------------------, 

COLIS 

'3~--------------------~ 
DATA IN 3 

15&-------________________ -1 

DATA IN4 iiI. 
cs 

OUTPUT 

D'SA~LE 
18 cs-

cs 

Features: 
• Organization- 256 words by 4 bits 
• Fully static operation-no external clocks 

required 

• Access time- 90 n5 (typ.) 0 VOO .. 10 V 
• Cycle time-100 ns (typ.1 0 VOO "10 V 
• Low power dissipation: 

3/J.W/Bit (typ.1 standby 0 VOO" 10 V 
20/J.W/Bit (typ.) operating 0 VOO • 10 V 

• Separate data inputs and outputs 

• Two Chip-Select inputs to simplify memory 
system expansion 

• Output Disable to allow common I/O 
system 

• Operation from a single power supply -
VOO .. 4.5 to 10 V 

• Noise immunity - 30% VOO 

• TTL output drive capability 

• Three-state data output for bus-oriented 
systems 

• Pin compatible with 5101 types 

cs-l!f) 

aO~-------.3 os 
Fig. 1 - Functional block diagram for MWS5540D. 

MEMORY INTEGRATED CIRCUITS 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 
. -65 to +150oC

OPERATING TEMPERATURE RANGE 
- -20 to +85°C 
DC SUPPLY VOL TAG E RANGE 

(VDD-VSS)' -0.5to+11 V 
ALL INPUTS. . VSS ~VI ~VDD 
RECOMMENDED DC SUPPL Y VOLTAGE 

(VDD-VSS) . 4.5 to 10 V 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16±1/32inch (1.59±0.79 mml" 
from case for 1 0 seconds max. . . 265 C 

A3 ,. 22 VDD 

.02 21 A4 

AI 3 20 READ/WRITE 

AD 4 " CHIi' SiLtet I 

A' S 18 OUTPUT DISABLE 

AS S 17 CHIP SELECf 2 

A7 7 ,. DATA OUT 4 

V's 8 'S DATA IN 4 

DATA IN I S 14 DATA OUT 3 

OATA OUT • ~ 10 .3 ~DATA IN 3 
DATA IN 2 II 12 DATA OUT 2 

",C'- 2uao 

Terminal Assignment 

WRITE 
ADDRESS 
DECODER 

VDD 

READ 
ADDRESS 
DECODER 

92CS-27256RI 

Fig. 2 - Memory cell configuration for MWS5540D. 
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MEMORY INTEGRATED CIRCUITS 

Preliminary MWS5540D 

OPERATIONAL MOOES 

READ/ CHIP CHIP OUTPUT 
MODE iiiiffi" SELEcT 1 SELECT 2 DISABLE DATA OUT 

Rlii a, ~ OD DO 

Read 1 0 1 0 
Storage Stile of 
AddreuedCeIl 

Write 0 0 1 1 High Impedance 

Write 0 0 1 0 New Data In State 

Standby X 1 X X High Impedance 

Standby X X 0 X High Impedance 

Output 
X X X 1 High Impedance Disable 

LOGIC 1 = HIGH LOGlCO= LOW X = DON'T CARE 

STATIC ELECTRICAL CHARACTERISTICS.t TA = 25°C, VDD = 10 V ± 5% 

TEST CONDITIONS 
CHARACTERISTIC 

VO(VI 

Ouiescent Device Current * IL 
Quiescent Device Dissipation * Po 
Output Voltage: 

Low Level VOL 
High Level VOH 

VNL All Inputs 8.6 
Noise Immunity 

VNH 1.4 All Inputs 

Output Drive Current: 

N·Channel (Sink) ION 
Data Output 

0.5 (Sink I 

P·OIannel (Source) lOP 
Data Output 

9.5 (Source I 

Data Output 
Data Output Off-Resistance RO(Off) High Imped-

.nce State 

Input Leakage Current, IIL,IIH Any Input 

·Standby current is independent of any input state. 

CAPACITANCES.t TA = 25°C, VDO = 10 V, 

VI- 0 V, Vss - 0 V, f - 1 MHz 

CHARACTERISTIC 
TYPICAL 

UNITS 
VALUES 

Input CI 5 pF 

Output Co 5 pF 

~--------.~----------~ 

AO-A7 

CiiP"iiiiCT1 

CHIPKLKT2 

IlIUO ('I'CLIE WAVIERIIIfIIS 

~DO.'TCAIiI 

684 

TYPICAL 
VALUES 

300 
3000 

0.01 

9.99 
1.5 

1.5 

3.5 

1.5 

5 

1 

UNITS 

jlA 

¢N 

V 

V 

V 

V 

mA 

mA 

Mn 

IJ-A 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA - 25oC,. VDD = 10 V ±5%, 

Input 1" tt - 20 ns, and CL - 30 pF_ For waveforms, _ Fig_ 3_ 

RaedCy leT-• on ... 
LIMITS 

CHARACTERISTIC UNITS 
Typ_ 

Read Cycle tRC 90 n. 

Access from Address tAOA 100 ns 

Read Setup tROS 30 n. 

Read Hold tROH 30 ns 

Output Active from Chip-Select 1 tOOAl 20 ns 

Output Active from Chip-Select 2 tOOA2 15 ns 

Output Active from Output Disable tOOA3 15 ns 

Output Hold from Chip-Select 1 tOOHl 20 ns 

Output Hold from Chip-Seh!ct 2 tOOH2 15 ns 

Output Hold from Output Disable tOOH3 15 n. 

Write Cycle Times 

CHARACTERISTIC 
LIMITS 
Typ_ UNITS 

Write Cycle twe 100 os 

Chip-Select 1 Setup tCSSI 45 ns 

Chip-Select 2 Setup tCSS2 40 n. 

Read Hold tROH 35 n. 

Write Setup tWRS 65 ns 

Write Width tWRW 40 ns 

Data In Width Effective tOIW 20 ns 

Data In Hold tOIH 15 ns 

Read/ModifylWrite Cycle Times 

LIMITS 
CHARACTERISTIC 

Typ. , UNITS 

Read/Modity/Write Cycle tRWC 175 ns 

Access from Address tAOA 90 ns 

Read Width tROW 109 ns 

Write Setup tWRS 65 ns 

Write Width tWRW 40 n. 

Previous Data Hold tpOH 15 ns 

Data In Width Effective tOIW 20 ns 

Data In Hold tOIH 20 ns 

Output Active from Chip-Select 1 tOOAl 20 ns 

Output Active from Chip-Select 2 tOOA2 15 n. 

Output Active from Output Disable tOOA3 15 ns 

r C!il'p:!lOI"ect 1 Hold t~Hl 5 n. 

Chip-Select 2 Hold tCSH2 0 n. 

Output Hold from Output Disable tOOH 15 n. 

AO-AT L...~~""'------------------'1I""'-

IIUD/iiiffi 



Microprocessor 
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Selection Chart 

Part Number Designations 
The CDP1800 Series includes the complete family of 
8-bit microprocessor CPUs featuring the COSMAC 
architecture, plus compatible memory and input/ 
output interfacing support circuits. Numbers for this 

CPUs 
CDP1802C 1 chip, 4 to 6 V 
CDP1802 1 chip, 3 to 12 V 
CDP1801C 2 chips, 4 to 6 V 
CDP1801 2 chips, 3 to 12 V 

ROMs 
CDP1831C 512 x 8, 4 to 6 V 
CDP1831 512 x 8, 3 to 12 V 
CDP1832C 512 x 8, 4 to 6 V 
CDP1832 512 x 8, 3 to 12 V 

The CDP18S00 Series includes all the hardware and 
software support systems based on COSMAC micro" 
processors. Numbers for this series are assigned in the 
following categories: 

Hardware Systems Software Systems 

series are assigned in the following categories: 
CDP1801-1809 CPU 
CDP1821-1829 RAM 
CDP1831-1839 ROM 
CDP1851-1859 I/O 

RAMs 
CDP1821SC 1024 x 1,4 to 6 V 
CDP1821S 1 024 xl, 4 to 10 V 
CDP1822SC 256 x 4, 4 to 6 V 
CDP1822S 256 x 4, 4 to 10 V 
CDP1824C 32 x 8, 4 to 6 V 
CDP1824 32 x 8, 3 to 12 V 

I/Os 
CDP1852C Byte 1/0,4 to 6 V 
CDP1852 Byte I/O, 3 to 12 V 

CDP18S001-099 Hardware Development 
Systems 

CDP18S101-899 PC Card Assemblies 
CDP18S901-999 Software Systems 

PC Cards 
CDP18S011 Microtutor 
CDP18S020 Evaluation Kit (1802) 
CDP18S001 Basic COSMAC 

Development System 
CDP18S002 Stand-Alone CDS 
CDP18S004 Stand-Alone CDS 

with 1802 Emulator 
CDP18S801 Floppy Disc 

CDP18S900 CSDP Tape (1801) 
CDP18S901 CSDP Deck (1801) 
CDP18S910 CSDP II Tape (1802) 
CDP18S911 CSDP II Deck (1802) 

CDP18S101 1802 Emulator Card 
COP 18S200 1 K RAM Card 
CDP18S201 4K RAM Card 
CDP18S400 512-Byte PROM Card 
CDP18S500 Monitor Card 
CDP18S501 Byte I/O Card 
CDP18S502 Extender Card 

Support Literature 

MPM-l01 User Manual for the CDP1801 COSMAC Microprocessor 
MPM-l02 Program Development Guide for the CDP1801 COSMAC Microprocessor 
MPM-l09 Microtutor Instruction Manual 
MPM-201 User Manual for the CDP1802 COSMAC Microprocessor 
MPM-202 Program Development Guide for the CDP1802 COSMAC Microprocessor 

MPM-203 
MPM-204 
MPM-208 

CDP1802 Evaluation Kit Manual 
CSDP II Installation Manual 

on Time-Sharing Systems 

Program Development and Operator's Guide for the COSMAC Development System 
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COP18010, COP1801 CO 

RCA CDP1801, CDP1801C Microprocessor (COSMAC) 
CDP1801U, CDP1801CU Microprocessor ControllC 
CDP1801 R, CDP1801CR Microprocessor Register IC 

The RCA-CDP1801 and CDP1801 C Micropro
cessors (COSMAC) are LSI COS/MOS, 8-bit 
register-oriented central-processing un its 
(CPU) designed for use as general-purpose 
computing or control elements in a wide 
range of stored-program systems or products. 
The CDP1801 and CDP1801 C each comprise 
two units;lhe control unit designated CDP-
1801 U, CDP1801 CU and the register unit 
designated CDP1801 R, CDP1801 CR. 

The CDP1801 is functionally identical to the 
CDP1801C. The CDP1801 has an operating 
voltage range of 3 to 12 volts; the CDP1801 C, 
an operating voltage range of 4 to 6 volts. 

These microprocessors include all of the cir
cuits required for fetching, interpreting, and 
executing instructions which have been stored 
in standard types of memories. Extensive 
input/output (I/O) control features are also 
provided to facilitate system design. 

The COSMAC architecture was designed with 
emphasis on the total microcomputer system 
as an integral entity so that systems having 
maximum flexibility and minimum cost can 
be realized. The COSMAC CPU also provides 
a synchronous interface to memories and ex
ternal controllers for I/O devices and mini
mizes the cost of interface controllers. Fur
thermore, the I/O interface is capable of sup
porting devices operating in polled, interrupt
driven, or direct-memory-access modes. 

The CDP1801 U and CDP1801 CU control 
units are supplied in a 40-lead. hermetic ce
ramic dual-in-line package (D suffix) and in 
chip form (H suffix). The CDP1801 Rand 
CDP1801 CR register units are supplied in a 
28-lead hermetic ceramic dual-in-line package 
(D suffix) and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values 

Storage-Temperature Range (Tstg) 
. - ......................... -66 to +150oC 
Operating.Temperature Range IT AI 
• . . . . • • • . . . • • . . . . . • . . . . . . .. -55 to +125oC 
DC Supply-Voltage Range (Vee- Voo) 

(All voltege values referenced to ':Iss terminal) 

Vee'; Voo ' 
CDPl801 ... , ............ -0.5 to +15 V 
CDP1B01C ..... . _ ... - 0.5 to +7 V 

Power Dissipation Per Package (PO': 
For T A = -55 to +l00oe 

-- ..... _...... .._ .. _ .....•. SOOmW 
For T A = +100 to +125oe 

.. _ . . . . . .. Derate Linearly to 200 mW 
Device Dissipation Per Output Transistor: 

For T A = -ssoe to +l25oC ... _. _ ... 100 mW 
Input Voltage Range. All Inputs 

. ... -O.S to VOO +0.5 V 
Lead Temperature lOuring Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml 
from case for 10 s max. . .. _ ... +265oC 

OPERATING CONDITIONS AT TA = 25°C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be 
selected SO that operation is a/ways within the following ranges 

Features: 
• Static COS/MOS circuitry, no minimum clock frequency 

CONDITIONS LIMITS 

CHARACTERISTIC VCC1 VDD CDP1S0l CDP1S01C UNITS 
(V) (V) Min. Max. Min. Max_ 

Supply-Voltage Range 
(At T A = Full Package- - - 3 12 4 6 V 
Temperature Rangel 

Recommended Input Voltage. - - Vss Vee Vss Vee v 
Clock Input Rise 
or Fall Time, tr.tf 3 - 15 3 - 15 - 15 - 15 /.IS 

Instruction Time 5 5 16 - 16 -
(See F;g_ 4) 5·10 10 6 - - - /.IS 

5 5 De I De I MHz Clock Input Frequency. fel 
5·10 10 De 3 

5 5 500 - 500 -
Clock Pulse W;dth. tWL. tWH 5 - 10 10 160 -- -

5 5 500 - 500 -
Clear Pulse Width 

5 - 10 10 160 - - -
5 5 0 - 0 -Data Hold Time, tDH 5 - 10 10 0 - - -

Notes: 
1. Vee ~ V OD ' For CD1801C VOD '" Vee" 5 volts. 
2. Because a large number of nodes may be sWitching Simultaneously. a 0.1 ,u.F Dy-paSS capacitor IS 

recommended In the power supplv. 
3. In order to mamtaln proper circuit operation. the CDP1801 mtra-unlT wIfing capacitance should 

be less than 25 pF. 

,--, 
IEXTE~N I MEMORY I 

L -' 

ADDRESS 

TO MEMORY 

110 
COMMAND 

ns 

ns 

ns 

l!:::==!!:::===~~=========~~g~~A 92CS-26536RI 
Fig. 1 -CDP1B01, CDP1B01 C Microprocessor data flow chart_I 

• Full military temperature range 
• High noise immunity, wide operating voltage range 
• TTL compatibility 
• 8-bit parallel organization with bidirectional data bus 
• Built-in program-load facility 
• Any combination of standard RAM/ROM 

via common interface 
• Memory addressing up to 65,536 bytes 
• Flexible programmed I/O mode 

• Program interrupt mode 
• On-chip DMA facility 
• Four I/O flag inputs directly testable by 

Branch instructions 
• One-byte instruction format with two machine 

cycles for each instruction 
• 51 easy-to-use instructions 
• 16 x 16 matrix of registers for use as multiple 

program counters, data pointers, or data registers 

..'WL'" _ 'WH 

o 

'PAHL- ... tpAlH -

m~ 

tpMIHL ~ _ ... _ t PMOLH 

'P8HL - 14., ... 'pelH 

MA ~ - - - =x:::::::::--------+-

t ACCESS 

DATA TO COS MAC 

'SUHL.'SULH... ..' OM 
~I ----YC====x::=... 

MwR 'PMWLH • ';;~ __ -=.-..... ~WHL 

No.... 1 Thl' un'll"I d,,...,., IS u..t 10 ,how ' .... 1 '."'lOnshlPl only 
Iftd doe-s not r.pr...,' ..,y t-PKlhC InK ....... eye" 

2 All meeluf."*,,tl _e , .. ,,-"wei to ~ 'X)tnl of the 

........ 'Of"" 

Fig_ 2-Timing WIIvt1forms. 
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INTERNAL ]!I!:q:r2:p:I¥!EII!l~@.jJ:q:I:m14fEI2tOf[!EfI!1~~~m TIMING INTERVALS 

OMA TIMING: 

TPi 
TPi 

STATE 

1iiii=iiiJDMA-OuT-

DMA-1N ONLY {:':: 

INTERRuPT ENABLE" 
FLAG INPUT TIMING: 

STATE 

so SI OR S2 OR S3 52 so 

Off Off 

GENERAL. TIMING 

ClDCK~~nrvu~JU~IULnnr~nn~.nruLnnIu.nIVU 

TI~~~~'::{AVlU.S /!S/6/7Io 11121::H41~ /617/01.1213/41 ~16171o 'I 1213141516171011 121314 

MACHINE CTC~ 

INSTRUCTION 
EXECUTION 

ADDRESS I iiiiO TO iiih 

tMR (NOTE 2) 

MEMORY OUTPuT 

CYC:...En+1 CYCLE n+2 I ••• 

I ,., I I 

1/ J" "/ 1lt~I~<gp;>fl/ZI1 eTE 
!..-ALLOWABlE MEMORY ACCESS 

T::i~~..i:RVALS 151617101,1213141516171011121314151617101112131415161710Illzl ,I 

~UCT"N TlM'N' I I I il ~ II I 111 I I :' I 
~ c.....; ~ ;~ 

STATEIH 

BUs* 

MW' 
2!!If!!I 
INSTRUCTION TIMING 

MOTES: 

NO-Hi 

'U' 
[SI.(1'61·fiii]-

OFF 

so 

I MINIMUM T DETERMINED 8T Voo -- NO MAXIMUM T 

2 ME~Y WRITE PULSE WIDTH (MWR) FlII e T 

Ii 
INPUT BYTE 

BYTE OUT 

3.MeIiORY OUTPUT "0f"F" INDICATES HIGH-IMPEDANCE CONDITION 

... SHADING INDICATES -DON'T CARE- OR INTERNAL DELAYS DEPENDING ON 
Yoo AND THE CLOCK SPEED. 

SOORS2ORS3 

I 
SOOR52C1RS! 

* ~ SIGNAL GENERATED BY USER 
... ~ INTERNAL TO COSMAC 

F;g. 3-COPt80t and CDPt80tC Microproce$$or timing diagram. 

8 12 18 
INSTRUCTION TIME-,.. 

4 2 I." I 0.8 0.87 
CLOCK INPUT FREQUENCY (fCLI-lIHz 

9ZCS-270IT 

Fig, 4- Typical instruction time vs, memory 
system access time. 

ELECTRICAL CHARACTERISTICS at T A = 250 C 

CONDITION CDPl801U. CDPl801 CU. 
VCC= CDP1801R CDPl801CR 

CHARACTERISTIC Vo VDD LIMITS LIMITS UNITS 

(VI (VI Min. Typ. Max. Min. Typ.IMax 
Static 
Quiescent Device Curr~nt. I L 5 0.01 0.1 0.01 0.5 

(See Figs. 11. 12) 10 - 0.01 0.5 - - - mA 

- 15 0.05 1.0 -
Output Voltage: 

0.05 0 0.05 5 0 -
V Low-Level, VOL 

10 - 0 0.05 -
5 4.95 5 - 4.95 5 -

V High-Le.el, VOH - 10 9.95 10 
Noise Immunity: 

0.5 5 1.5 2.25 - 1.5 2.25 - V Inputs Low, VNL -1 10 3.0 3.45 
4.5 5 1.5 2.25 1.5 2.25 V Inputs High, VNH 

9 10 3.0 3.45 - - -
Noise Margin: 

1 5 1 - - 1 - - V Inputs Low, VNML 
1 10 1 - - -
4 5 1 - - 1 - - V Inputs High, VNMH 
9 10 1 - -

Output Drive Current-: 
N·Channel ISink), ION 0.4 5 1.6 3.2 - 1.6 3.2 -

mA 
(See Figs. 7, 81 0.5 10 3.6 7.2 - -

2.5 5 -0.8 1.6 0.8 1.6 
P-Channel (Source). lOP 

4.6 5 -0.2 -0.4 -0.2 -0.4 mA 
(See Figs. 5, 6) 

9.5 10 0.45 0.9 
Input Leakage Current - 5 - - - - ±10-5 ±1 

IJA (Any Inputl, IIL,IIH 
(See Figs. 13, 14) - 15 - ±10-5 ±1 - - -

Dynamic at T A = 25°C, Input tr,tf = 20 ns, Ct = 50 pF 

Propagation Delay Times: 
(See Fig. 2) 

685 Clock to TPA 
tpAHL - 5 - 685 - - - ns 

10 240 

- 5 - 720 - - 720 - ns tpAtH 10 250 - -
Clock to TPB - 5 - 430 - - 430 -

ns tpBHL 
10 - 190 - - -

tpBtH 
5 650 650 ns 
10 230 -

Clock-to-Memory Address 
MA8toMA15 5 900 - 900 ns 

tpMIHL - 10 - 340 - - - -
MAO to MA7 - 5 - 870 - - 870 - ns 

tpMOLH - 10 - 300 - - - -
Dynamic at T A ~ 25oC, Input tr,lf • 20 ns, CL = 50 pF 

Data Setup Time: 
(See Fig. 2) 

tSULH - 5 - 750 - - 750 - ns 

tSUHt - 10 - 450 - - - -
Clock-to-Memory Write Time 

(See Fig. 2) 
780 780 tpMWHL - 5 - - - - ns 

tPMWLH 10 270 
i D~Yice DiSSipation 

(Total, Both Units). Po 

OP CODe I 'CL = 1.0 MHz - 5 - 3 - - 3 - mW 
=00 I 'CL = 3.0 MHz - 10 - 32 - -

Transition Time-: 
(See Figs. 9, 10) 5 - 170 - - 170 - ns tTLH 10 100 -

5 30 30 ns tTHL 10 20 -
Input Capacitance, CI Any Input - 5 - - 5 - pF 

- Values Ire for lignal lines going to external connections. 

DRAIN-TO-SOURCE VOLTAGE (VDSI-V -IS 10 5 0 - -
AMBIENT TEMPERATURE (TA '·25·C .. 

GATE-To-SOURCE VOLTAGE (Vos)·-5V .5 E , 
-5 ~ 

-10 !iii 
OJ 

:r.5~ 

MAXIMUM DISSIPATION a 
~ O~TPUT DEVICE.IOOmW 10 Z 

~ H--I+ -15 -I2-5d ..,., 
~ E. f-++ 1+,.-, I-t+ z 

4. , +-t---+ " 
z 

-15 ~ 1-4-
~ .i '-' ~ --+-'- ~~H-f ·Hi l 

t2CS-l7018 

Fig, 5-Typical output-P-channel drain cheracteristics_ 
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DRAIN-TD-SOURCE VOLTAGE {Vos)-V 
-15 -10 -5 0 

~MBIE~; ~EMPERATURE ITA )02S"C r .. 
6 
I !---c-

t=-- GATE-TD-SOURCE VOLTAGE {VGS"-5V p: i 
'ill ;: 

z 
"' .. . -10 c---- -1--' 

92CS-27Q19 

Fig. 6-Minimum output-P-channel drain 
characteristics. 

Fig. 9-Typical high-to-low level 
transition time vs. load 
capacitance. 

AMBIENT TEMPERATURE {TA )o25"C 

Voo-Vee 

.. 
:> u 

-5 
z 
~ 
0 
..J 

"' z 
z .. 

-7.5 5 , .. 

LOAD CAPACITANCE (C L)- pF 92CS-27023 

Fig. 10-Typicallow-to-high level 
transition time vs. load 
capacitance. 

.. 
6 

-i 
0 ... ;:1 
z 
"' .. .. 
i3 
!60 
~ 
~ 40 
Z 
Z .. 
:z: 
u , 
c 

0 

--.+ •. MAXIMUM OISSIPATION-" ,S 
PER OUTPUT OEVI~~'oo mW .;-;: . ~, +f:-:.;.u:$ 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE {VDS)-V 

92C5-27020 

Fig. 7-Typical output-N-channel drain 
characteristics. 

MICROPROCESSOR INTEGRATED CI RCUITS 

.. 
'6 
.!. 
:f, 
!:! 
I
Z 

I 
z 

AMBIENT TEMPERATURE ITA ,025"C 

rtt± 
GATE-TO-SOURCE VOLTAGE IVGS)-15 V.! 

~3O 
IOV 

..J 

"' Z 
Z 

MAXIMUM OISSIPATlON 
PER OUTPUT DEVICE -100 mW 

~ 
u I t:tl ~5V 
~ 

o 5 10 15 
DRAIN-TO-SOURCE VOLTAGE {Vos)-V' 

92CS-27021 

Fig.Jl-Minimum output-N-channel drain 
characteristics. 

TEST CIRCUITS 

39 

38 

4 37 

5 36 

6 35 

7 34 

8 33 

9 32 

10 31 

" 12 29 

13 28 
14 27 

15 26 

16 25 

17 24 
18 23 

19 22 
20 21 

92CS-27024 
VSS 

Fig. "-COP'BO' U, COPIBOICU quiescent 
device current. 

VDD 

6 35 

34 

8 33 

9 32 
NOTE' 

10 31 MEASURE INPUTS 
SEOUENTIALLY, TO " 30 
BOTH VDD AND VSS' 12 29 CONNECT ALL UNUSED 
INPUTS TO EITHER 13 28 
VDD OR VSS 14 27 

15 26 

16 25 

'Lf 17 24 
18 23 

19 22 

20 21 

92CS-27026 VSS Vss 

Fig. 13-COPIBOIU, COP1801CU input 
leakage current. 

I· 28 
27 

3 26 

4 25 

5 24 

6 23 

22 

8 21 

9 20 

10 19 

" 18 
12 17 

13 16 

14 15 

VSS 
92CS-27025 

Fig. 12-COPIBOI R, COPIBOICR quiescent 
device current. 

I. 28 

2 27 
3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

f 10 19 

t.o " 18 
12 17 

13 16 

14 15 

VSS Vss NOTES 

MEASURE INPUTS 
SEQUENTIALLY, TO 80TH 
Voo AN D VSS, CONNECT 
ALL UNUSED INPUTS TO 
EITHER Voo OR VSS 

WHEN MEASURING INPUT 
LEAKAGE ON PINS 2,3,4,5. 
24.25,26 eo 27, PI N 23 MUST 
BE CONNECTED TO Voo 

92CS- 27027 

Fig. 14-COPIBOIR, COPIBOICR input 
leakage currant. 
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Instruction Set 
The COSMAC instruction summary is given 

in Table I. Hexadecimal notation is used to 

refer to the 4-bit binary codes. Many of the 

instructions have been discussed in the Archi
tecture section. Symbols used are: 

R(WI: Register designated by W, where 

W = N, or X, or· P 

R(WI.O: Lower-order byte of R(WI 

R (WI.1 : Higher-order byte of R (WI 

Operation Notation 

M(R(N)) + D;R(NI + 1 

This notation means: The memory byte 

pointed to by R(NI is loaded into 0, and 

R (NI is incremented by 1. 

Slash (II mark in Operations Column indicates 
else or otherwise. 

Register Operations Table I - Instruction Summary r Code (Note 1) 

• 
Assembler Mnemonic (Note 2) r Name • r Operation 

'T N 

1 N INC INCREMENT R(N)+1 

2 N DEC DECREMENT R(N)-1 

8 N GLO GET LO R(NI.O>D 

9 N GHI GET HI R(N).1+D 

A N PLO PUTLO D+R(N).O 

B N PHI PUTHI D+R(N).1 

N=0.I,2, ... ,9,A,B, .. " E, F (Hexadeci mal Notation) 

Memory Reference 
r-r-
I N 

4 N LDAILOAD ADV IM(R(N))+D;R(N)+1 

5 N STR ISTORE ID+M(R(N)) 

ALU Operations - -
I N 

F 0 LDX LOAD BY X M(R(X))+D 

F 1 OR OR M(R(X)) vD+O 

F 2 AND AND M(R(X))-D+D 

F 3 XOR EXCL.OR M(R(X))Gl D+D 

F 4 ADD ADD M(R(X))+D+D;C+DF 

F 5 SD SUBTRACT D M(R(X))-D+D;C+DF 

F 6 SHR SHIFT SHIFT D RIGHT; 
RIGHT LSB+DF,O>MSB 

F 7 SM SUBTRACT M D-M(R(X))+D;C+DF 

F 8 LDI LOAD IMM M(R(P))+D,R(P)+1 

F 9 ORI OR IMM M(R (P))vD+D;R(P)+1 

F A ANI AND IMM M(R(P))'D+P,R(P)+1 

F B XRI EXCL.OR M(R(P))@D+D; 
IMM R(P)+1 

F C ADI ADD IMM M(R(P))+D+D; 
C+DF;R(P)+1 

F D SDI SUBTD IMM M(R(P))-D+D; 
C+DF;R(P)+1 

F F SMI SUBTM IMM D-M(R(P))+D; 
C+DF;R(P)+1 

*Th"ese are the only operations that modify 

OF. OF is set or reset by an ALU carry 

during add or subtract. Subtraction. is by 

2's complement: A-B = A+B+1. 

I 

I 

Branching 
r- -
I N 

3 0 BR UNCOND.BR. 

3 2 BZ BR.IF D=OO 

3 3 BDF BR.IF DF=1 

3 4 Bl BR.IF EF1=1 

3 5 B2 BR.IF EF2=1 

3 6 B3 BR.IF EF3=1 

3 7 B4 BR.IF EF4=1 

3 8 SKP SKIP 

3 A BNZ BR.IF D*OO 

3 B BNF BR.IF DF=O 

3 C BN1 BR.IF EF1=0 

3 D BN2 BR.IF EF2-0 

3 E BN3 BR.IF EF3=0 

3 F BN4 BR.I F EF4=0 

Control - -
I N 

o 0 IDL IDLE 

D N SEP SETP 

E N SEX SETX 

7 0 RET RETURN 

7 1 DIS DISABLE 

7 8 SAV SAVE 

Note 1: The use of non-specified machine codes is not recommended. 

M(R(P))+R(P).O 

M(R(P))+R(P).O 
IF D=OO/R(P)+1 
M(R(P))+R(P).O 
IF DF=I/R(P)+1 

M(R(P))+R(P).O 
IF EF1=I/R(P)+1 

M(R(P))+R(P).O 
IF EF2=1/R(P)+1 

M(R(P))+R(P)O 
IF EF3=1/R(P)+1 

M (R (P))+R (P).O 
IF EF4=1/R(P)+1 

R(P)+1 

M(R(P))+R(P).O 
IF D*OO/R (P)+1 

M(R(P))+R(P).O 
IF DF=O/R(P)+l 

M(R(P))+R(P)O 
IF EF1=0/R(P)+1 

M(R(P))+R(P)O 
IF EF2=0/R(P)+1 

M (R (P))+R (P).O 
IF EF3=0/R(P)+1 

M(R(P))"R(P)O 
IF EF4=0/R(P)+1 

WAIT FOR 
INTERRUPTI 
DMA-INI 
DMA-OUT 

N+P 

N+X 

M(R(X))+lX. P; 
R (X)+1 ;l+IE 

M(R(X))-iIX, P; 
R(X)+I:O>IE 

T+M(R(X)) 

Input.()u1put Byte Tr8lllfer 

r'j" rot; (Note 3) 

6 1 OUT 1 OUTPUT 1 M(R (X) )+BUS; 
R(X)+l;N=l 

6 2 OUT2 OUTPUT 2 M(R(X))+BUS; 
R(X)+ljN=2 

6 3 OUT 3 OUTPUT 3 M(R(X))+BUS; 
R(X)+ljN=3 

6 4 OUT 4 OUTPUT 4 M(R(X))+BUS; 
R(X)+ljN=4 

6 5 OUT5 OUTPUT 5 M(R(X))+BUS; 
R(X)+ljN=5 

6 6 OUT6 OUTPUT 6 M(R(X))+BUS: 
R(X)+1:N=6 

6 7 OUT 7 OUTPUT 7 M(R(X))+BUS; 
R(X)+ljN=7 

6 9 INP 1 INPUT 1 BUS>-M(R(X)); 
N=9 

6 A INP2 INPUT 2 BUS>-M (R (X)); 
N=A 

6 B INP3 INPUT 3 BUS>-M(R(X)); 
N=B 

6 C INP4 INPUT 4 BUS>-M(R(X)); 
N=C 

6 D INP5 INPUT 5 BUS>-M(R(X)); 
N=D 

6 E INP6 INPUT 6 BUS>-M(R(X)); 
N=E 

6 F INP 7 INPUT 7 BUS>-M(R (X)); 
N=F 

Note 2: Th is type of abbreviated nomen

clature is used when programs are de

signed with the aid of the COSMAC 
Assembler Simulator/Debugger Sys

tem/ which is available on com

mercial timesharing systems. Refer 

to "Program Development Guide for 

the COSMAC Microprocessor", MPM-

102, for details. 

Note 3: When executing any of the 69 to 6F 
instructions, the contents of the 0 

register may be altered. 

Test and Branch 

The Test and Branch instructions can branch 
unconditionally. test for 0=0 or 0=1, test 

for DF=O or DF=1. or can test the status of 

the four I/O flags. A "successful" branch 

loads the byte following the instruction into 
the lower-order byte position of the current 

program counter, effecting a branch within 

the current 256-byte "page" of memory. If 

the test to branch is not successful, the next 
instruction in sequence is executed. 
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Vee I. 40 "00 ruS3 

2 39 BUS4 
DATA iiUS2 3 38 BUS 5 

}OATA BUS __ 

BUS 6 
BUS 

.......... BUS J 4 37 ..... 
BUSO 5 36 BUS 7 {.:: I. 28 "cD 

NO 35 "55 
2 27 

BUS 3} DATA 

IIO { Ni ffi 
DATA BiJs5 3 26 BUS 2 BUS 

7 34 
BUS __ 

BuST .......... COM~NDS N2 EF2 } I/O 
......... BUS 6 4 25 

8 33 

N3 EF3 
F~S BUS7 5 24 BUSO 

9 32 

r 
23 ,. ,. 10 31 EF4 

MAl 7 22 TPe .---
If II 30 iiMJiOUT· } I/O MA2 If MEMORY B 21 
If 12 29 INTERRUPT RE~ST 

ADDRESS MA3 9 20 ,. 
If 13 28 DMAIN LINES 

MA4 10 19 If 
CLEAR -If 14 27 }CO~OL MAS 18 * {CiJiCK iJ5Ao II 

15 26 
MA6 12 17 If 

TIMING { TPB 16 25 "Sff MJi7 16 PULSES _ 
SCI }STATE 13 If _ TPA 17 24 CODE 

VSS ClEAR-

* 18 23 §CO .- 14 15 

MWR 19 22 MREAO TOP VIEW 
COPIBOIR ,COPI80lCR 

VSS 20 21 If 

TOPVIEW 
CDPJ80lU ,CDPIBorcu 9ZCS-26417RI 

Package Interconnections 

Pin Terminals TD: 

• These pins are for interchip connections only. 

Notes: 

• 

* 

* • * 

• 

1. Any unused input pins should be connected to VDD or Vee. 

• 

• 

2. The DATA BUS I ines are bi-directional and have three-state outputs. 
They may be individually connected to Vee through external pull-up 
resistors (22 Kflrecommended) to prevent floating inputs. 

3_ All inputs have the same noise immunity and level-shifing capability. 
All outputs have the same drive capability whether they have three
state outputs or not. 

4. For the eDP1801 e, Vee must be connected to V DD. 

Fig. 11-Terminal assignment diagrams. 

92CS-264JBRI 

691 



Preliminary CDP1802D, CDP1802CD 

COSMAC Microprocessor 
The RCA-CDP1802 is an LSI COS/MaS 
8-bit register-oriented central-processing unit 
(CPU) designed for use as a general-purpose 
computing or control element in a wide 
range of stored-program systems or products. 

It has the same basic COSMAC architecture 
as the CDP1801 microprocessor (see Fig. 51. 
but has an expanded instruction set, inc! uding 
a more powerful set of branch and ALU 
instructions, and enhanced hardware and 

Features: 
• Static silicon-gate CMOS circuitry-: 

CD4000 series compatible 
• Instruction fetch-execute time of 2.5/3.75 /lS 

at VDD = 10 V 
• Compatible with CDP1801 software 

performance features. The CDP1802 incor· 
porates both the register and control chips 
of the CDP1801 on a single chip in a 40-lead 
hermetic dual-in-line ceramic package. 

The CDP1802D is functionally identical to 
the CDP1802CD. The CDP1802D has a 
recommended operating voltage range of 
3-12 volts; the CDP1802CD, a recommended 
operating voltage range of 4-6 volts. 

• Memory addressing up to 65,536 bytes 
• Flexible programmed I/O mode 
• Program interrupt mode 

• Full military-temperature range (-55 to +1250 C) 
• On-chip DMA 
• Four I/O flag inputs directly tested by 

• High noise immunity, wide operating-voltage range branch instructions 
• Single voltage supply 
• No minimum clock frequency 

• Programmable output port 
• 91 easy-to-use instructions 

• Low power 
• TTL compatible 
• Single-phase clock; optional on-chip 

• 16 x 16 matrix of registers for use as 
mUltiple program counters, data 
pointers, or data registers 

crystal-controlled oscillator 
• Simple control of reset, start, and pause 
• 8-bit parallel organization with bidirectional data bus 

• Any combination of standard RAM and ROM 

OPERATING CONDITIONS at T A = 250 C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions,should be 
selected so that operation is always within the following ranges. 

CONDITIONS TYPICAL VALUES 

CHARACTERISTIC VCC1 VDn CDP1802D CDP1802CD 
(V) (V) 

Supply-Voltage Range 
(At T A = Full Package- - - 3 to 12 4 to 6 
Temperature Range) 

Recommended Input Voltage Range - - VSS to VCC VSS to VCC 
Clock Input Rise or Fall Time, 

3-15 3-15 5 5 
tr or tf 

Instruction Time2 5 5 5 5 

(See Fig. 1) 
5 10 3.2 -

10 10 2.5 -
5 5 400 400 

DMA Transfer Rate 5 10 625 -
10 10 800 -

5 5 DC -3.2 DC -3.2 
Clock Input Frequency, fCl 5 10 DC- 5.0 -

10 10 DC-6.4 -

5 5 160 160 
Clock Pulse Width, tWL, tWH 5 10 100 -

10 10 80 -
5 5 300 300 

Clear Pulse Width 5 10 200 -

10 10 150 -

Notes: 
1. VCC .;:;;; V DD: forCOP1802CD V DD =VCC =5volts. 

UNITS 

V 

V 

/lS 

/lS 

KBytes/sec 

MHz 

ns 

ns 

2. Equals 2 machine cycles-one Fetch and one Execute operation for all instructions except Long Branch 
and Long Skip, which require 3 machine cycles-one Fetch and twO Execute operations. 

SIGNAL NAME SIGNAL NAME - CLOCK I- 40 VOD 

CONTROL {WAIT 39 XTAL - ~-
DMA IN } CLEAR 38 - 4 
~~- TlO 

Q 37 DMA OUT REQUESTS 
STATE 

{SCI 36 INTERRuPT +-----
CODES 
+--- SCO 35 MWR -----. -- MRD 34 TPA }--- TIMING 

BUS 7 33 TPB ~S 
BUS 6 9 32 MA7 

BUS 5 10 31 MA6 
DATA BUS 4 II 30 MA5 BuS .---. BUS 3 12 29 MA4 MEMORY 

BUS 2 13 28 MA3 ADDRESS ---BUS I 14 27 MA2 

BUS 0 15 26 MA I 

Vce 16 25 MAO 

~N2 17 24 "}-I/O N I 110 
COMMANDS 

18 23 EF 2 FLAGS 

4-- NO 19 22 IT3 +--
VSS - 20 21 EF 4 

TOP VIEW 

9 2 C 5 - 2746 7 

Terminal Assignment for CDP1802 

MAXIMUM RATINGS, 
Absolute-Maximum Values 

Storage-Temperature Range (Tstg ) 

· . . . . . . . . . . . . . . . . . . . . . . . . .. -65 to +1500 C 
Operating-Temperature Range (TAl 
· .......................... -55 to +125 0 C 
DC Supply-Voltage Range (VCC' V DD) 

(All voltage values referenced to VSS terminal) 

VCC .;:;;; V DD : 
CDP1802D. . . . . . . . . . . . . .. -0.5 to +15 V 
CDP1802CD ............ . -0.5 to +7 V 

Power Dissipation Per Package (P D): 
For T A = -55 to +1000 C 

500mW 
For T A = +100 to +125 0 C 

· . . . . . . . . . . . . . . . .. Derate Linearly to 200 mW 
Device Dissipation Per Output Transistor: 

For T A = -55°C to +1250 C ....... 100 mW 
Input Voltage Range, All Inputs 
· . . . . . . . . . . . . . . . . . . . . .. -0.5 to V DD +0.5 V 
Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max. ........... +265oC 

ONE EXECuTE OP(RATION)FOR ALL 
INSTRUCTIONS EXCEPT LONG BRANCH 
AND LONG SKIP WHICH REQUIRE 3 
MACHINE CYCLES {ONE FETCH ANO 

INSTRUCTION TINE -,..5 
5.3 • 3.2 2.7 

CLOCK INPUT FREQuENCY (feLl-MHz 

Fig. 1- Typical instruction time vs. memory 
system access time. 
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TP8 

Q 

,/--",5C":,0,--,,,,:,:1 ::--V\ IIO 
iNffiiRiilif 

92CM-21419 

Fig. 2- Typical CDP1802 microprocessor system. 

~. AMBIENT TEMPERATURE eTA). 2!5-C 

CO~TR 

• OP roDE ·00· , 

• ___ CDPI802 ~. 
t 2 

____ CDPI802C : •• <1> ••• <1>" I 
, c,(, .~ 

I --t: "~. flo -.lc,c·'oIOO 

• 
~ • 

.1 ;:: 4 : 4: ;;; 
2 ".~ -. 

VI 

~i is 
::;1 
!a • ~ 

----""'= 
-. 

~ . ~ 
-' 4 

g 
2~ -----.. 

O. 
2 . • • 2 . • • 2 4 .. 

0.01 0.1 I 
CLOCK INPUT FREQuENCY lteL '-"Hz 

Fig. 4- Typical total power dissipation vs. 
clock input frequency. 

ELECTRICAL CHARACTERISTICS at TA '"' 25°C 

CONDITIONS 

Vcc.1 
CHARACTERISTIC Vo VDD 

(V) (V) 

- 5,5 
Quiescent Device Current, I L - 10, 10 

- 15, 15 
Total Power Dissipation: f: 3.2 - 5,5 

OP CODE "00" 
MHz 

5.0 - 5, 10 
(See Fig. 4) 6.4 - 10, 10 

Output Voltage: 

Low· Level, VOL 
- 5,5 
- 10, 10 

5,5 
High-Level, VOH 

-
- 10,10 

Noise Immunity: 

Inputs Low, VNL 
0.5 5,5 
-1 10,10 
4.5 5,5 

Inputs High, VNH 
9 10, 10 

Output Drive Current: 

N-Channel (Sink), IDN 
0.4 5,5 
0.5 10, 10 
2.5 5,5 

P-Channel (Source). IDP 4.6 5,5 
9.5 10, 10 

Input Leakage Current - 5,5 
(Any Input), IlL, IIH - 15,15 

10 

CDPl802D 
TYPICAL 
VALUES 

100 
500 

1000 
6 

30 
40 

0.01 
0.01 

5 
10 

2.25 
3.45 
2.25 
3.45 

1.5 
3.0 

-1.6 
-0.4 
-0.9 

±1 
±1 

TPA 

TPB 

~~ ____________ ~rt~ ____________ ~r 
-I I T ~ .----. ___________ ~rtL--____ --____ ~1 ~ 

.... IT I-
MACHINE CYCLE]I==c~Y~C1!LEG.=====:5I==:::Jc~YC£!LJEG·~+II ===:::JC 

MEMORY TIMING 

PZ/] I LOW ADDRESS BYTE V / /J I LOWER ADDRESS BYTE 

...-_.::C!!HIG~H~AD~D:::.RES=5_"B.:.:YTC!:E'__ ___ , (HIGHER ADDRESS BYTE 

~ ~2T~~ __ -=1 ~~::::=-~r--L 
MA 

-------.L-..J L~ "EIIORY SYSTEM~ /~V~ 
r ACCESS TIME I I-r 

CPU DATA INPUT ZzzmzZ/WZZZZZ//O VZZZZOvZ/ZZ 
CPU OuTPUT I OFF I DATA to MEMORY ~OFFJ 

VO TIlliNG 
~O-~2 

o LINE 

lSiIORU·6)OR'~"00R8) 1151lII'6l1N"-1,9-F) L 
i---N 81T5 VALlD---~'o1l 

IIO REQUEST TI WI NG I 

1lIIFlR 

~T 
/ //////////11 rzZZZZZZZZZZZ) v 

fSAMPLED lOURING SI,S2,53) 

FLAGS dO?ZZJ rzzz/a?( 
{SAMPLED I DURING S I) 

CLOCK 

NOTES: 
l.uSER GENERATED SIGNALS 
z_ SHADING INDICATES· DONT CARE· OR INTERNAL DELAY 
3·0FF· INDICATES HIGH-IMPEDANCE STATE 

92CM-21 .... 0 

Fig. 3-· Timing diagram. 

ARCHITECTURE 
The COSMAC block diagram is shown in 
Fig. 5. The principal feature of this system is 
a register array (R) consisting of sixteen 16-
bit scratch pad registers. Individual registers 

CDP1802CD 

in the array (R) are designated (selected) by a 
4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of 
any register can be directed to anyone of the 
following three paths: 

TYPICAL 
VALUES 

500 
-
-
8 
-
-

0.01 
-

5 
-

2.25 
-

2.25 
-

1.5 
-

-1.6 
-0.4 

-
±1 

UNITS 

p.A 

mW 

V 

V 

mA 

p.A 

1. the external memory (multiplexed, 
higher-order byte first, on to 8 memory 
address lines); 

2. the D register (either of the two bytes 
can be gated to D); 

3. the increment/decrement circuit where 
it is increased or decreased by one and 
stored back in the selected 16-bit 
register. 

The three paths, depending on the nature of 
the instruction, may operate independently 
or in various combinations in the same 
machine cycl.e. 

With two exceptions, COSMAC instructions 
consist of two 8-clock-pulse machine cycles. 
The first cycle is the fetch cycle, and the 
second-and third, if necessary-are execute 
cycles. During the fetch cycle the four bits 
in the P designator select one of the 16 regis
ters R (P) as the current program counter. The 
selected register R(P) contains the address of 
the memory location from which the instruc
tion is to be fetched. When the instruction is 
read out from the memory, the higher-order 
4 bits of the instruction byte are loaded into 
the I register and the lower-order 4 bits into 
the N register. The content of the program 
counter is automatically incremented by one 
so that RIP) is now "pointing" to the next 
byte in the memory. 
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BI-DIRECTtoNAl 
DATA BUS 

" 141 

Fig. 5-CDP1802 block diagram. 

The X designator selects one of the 16 regis
ters R{X) to "point" to the memory for an 
operand (or data) in certain ALU or I/O 
operations. 

The N designator can perform the following 
five functions depending on the type of 
instruction fetched: 

1. designate one of the 16 registers in R 
to be acted upon during register opera
tions; 

2. indicate to the I/O devices a command 
code or device-selection code for peri
pherals; 

3. indicate the specific operation to be 
executed during the ALU instructions, 
types of tests to be performed during 
the Branch instructions, or the specific 
operation required in a class of mis
cellaneous instructions (70-73 and 78-
7B); 

4. indicate the value to be loaded into P 
to designate a new register to be used 
as the program counter R {PI; 

5. indicate the value to be loaded into X 
to designate a new register to be used 
as data pointer R (X). 

The registers in R can be assigned by a pro
grammer in three different ways: as program 
counters, as data pointers, or as scratchpad 
locations (data registers) to hold two bytes 
of data. 

Program Counters 

Any register can be the main program 
counter; the address of the selected register 
is held in the P designator. Other registers in 
R can be used as subroutine program counters. 

694 

By a single instruction the contents of the P 
register can be changed to effect a "call" to a 
subroutine. When interrupts are being ser
viced, register R (1) is used as the program 
counter for the interrupt servicing routine. At 
all other times the register designated as pro
gram counter is at the discretion of the user. 

Data Pointers 
The registers in R may be used as data 
pointers to indicate a location in memory. 
The register designated by X (i.e., R (X)) 
points to memory for the following instruc
tions (see Table I): 

1. ALU operations FO-F5, F7, 74, 75, 77; 
2. output instructions 61 through 67; 
3. input instructions 69 through 6F; 
4. certain miscellaneous instructions-70-

73,78. 
The register designated by N (i.e., R (N)) 
points to memory for the "load 0 from 
memory" instructions ON and 4N and the 
"Store 0" instruction 5N. The register 
designated by P (i.e., the program counter) is 
used as the data pointer for ALU instructions 
F8-FO, FF, 7C, 70, 7F. During these instruc
tion executions the operation is referred to 
as "data immediate". 

Another important use of R as a data pointer 
supports the built-in Direct-Memory·Access 
(OMA) function. When a DMA-In or DMA
Out request is received, one machine cycle is 
"stolen". This operation occurs at the end of 
the execute machine cycle in the current 
instruction. Register R(O) is always used as 
the data pointer during the OMA operation. 
The data is read from (OMA-Out) or written 
into (DMA-In) the memory location pointed 

to by the R(O) register. At the end of the trans
fer, R(O) is incremented by one so that the 
processor is ready to act upon the next DMA 
byte transfer request. This feature in the 
COSMAC architecture saves a substantial 
amount of logic when fast exchanges of 
blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh 
cycles. 

A program load facility, using the OMA·ln 
channel, is provided to enable users to load 
programs into the memory. This facility pro
vides a simple, one-step means for initially 
entering programs into the microprocessor 
system and eliminates the requirement for 
specialized "bootstrap" ROM's. 

Data Registers 
When registers in R are used to store bytes of 
data, four instructions are provided wh ich 
allow 0 to receive from or write into either 
the higher-order- or lower-order-byte portions 
of the register designated by N. By this 
mechanism (together with loading by data 
immediate) program pointer and data pointer 
designations are initialized. Also, this tech
nique allows scratchpad registers in R to be 
used to hold general data. By employing 
increment or decrement instructions, such 
registers may be used as loop counters. 

The Q Flip Flop 

An internal fl ip flop, Q, can be set or reset by 
instruction and can be sensed by conditional 
branch instructions. The output of Q is also 
available as a microprocessor output. 

Interrupt Servicing 
Register R (1) is always used as the program 
counter whenever interrupt servicing is ini
tiated. When an interrupt request comes in 
and the interrupt is allowed by the program 
(again, nothing takes place until the comple
tion of the current instruction) the contents 
of the X and P registers are stored in the 
temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 
in P. Interrupt enable is automatically de
activated to inhibit further interruptions. The 
interrupt routine is now in control; the 
contents of T are saved by means of a single 
instruction (78) in the memory location 
pointed to by R(X). At the conclusion of the 
interrupt, the routine restores the pre-inter
rupted values of X and P with a single in
struction (70 or 71). The interrupt·enable 
flip-flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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Preliminary CDP1802D, CDP1802CD 
TABLE I - INSTRUCTION SUMMARY 

(For Notes, see below) 

INSTRUCTION MNEMONIC Cg~E OPERATION 

MEMORY REFERENCE 
LOAD VIA N LDN ON M(R(NII+D; FOR N NOT 0 
LOAD ADVANCE LDA 4N M(R(NII+D; R(NI +1 
LOAD VIA X LDX FO M(R(XII+D 
LOAD VIA X AND ADVANCE LDXA 72 M(R(XII+D; R(XI +1 
LOAD IMMEDIATE LOI FS M(R(PII+D; R(PI +1 
STORE VIAN STR 5N D+M(R(NII 
STORE VIA X AND STXD 73 D+M(R(XII; R(XI-l 

DECREMENT 
REGISTER OPERATIONS 
INCREMENT REG N INC IN R(NI +1 
DECREMENT REG N DEC 2N R(NI-l 
INCREMENT REG X IRX 60 R(XI +1 
GET LOW REG N GLO BN R(N).(}+D 
PUT LOW REG N PLO AN D+R(NI.O 
GET HIGH REG N GHI 9N R(N).I+D 
PUT HIGH REG N PHI BN D+R(NI.l 
cOGIC OPERATIONS" 
OR OR 

~~ ~l~l:N ~~ g:g R(PI +1 OR IMMEDIATE ORI 
EXCLUSIVE OR XOR F3 M(R(XII XOR D+D 
EXCLUSIVE OR IMMEDIATE XRI FB M(R(PII XOR D+D; RWI +1 
AND AND F2 M(R(XII AND D+D 
AND IMMEDIATE ANI FA M(R(PII AND D+D; R(PI +1 
SHIFT RIGHT SHR F6 SHIFT D RIGHT. LSB(DI+DF. 

(PMSB(DI 
SHIFT RIGHT WITH SHRC ~ 76· SHIFT D RIGHT. LSB(DI+DF. 

CARRY DF+MSB(DI 
RING SHIFT RIGHT RSHR 
SHIFT LEFT SHL FE SHIFT D LEFT. MSB(DI+DF. 

7E· 
(PLSB(DI 

SHIFT LEFT WITH SHLC l SHIFT D LEFT. MSB(DI+DF. 
CARRY DF+LSB(DI 

RING SHIFT LEFT RSHL 

ARITHMETIC OPERATIONS" 
ADD ADD F4 M(R(XII +D+DF. D 
ADD IMMEDIATE ADI FC M(R(P)) +D+DF. D; R(P) +1 
ADD WITH CARRY ADC .74 M(R(XII +D +DF+DF. D 
ADD WITH CARRY, ADCI 7C M(R(P)) +D +DF+DF, D 

IMMEDIATE R(P) +1 
SUBTRACT D SD F5 M(R(XII-D+DF, D 
SUBTRACT D IMMEDIATE SDI FD M(R(PII-D+DF, D; R(P) +1 
SUBTRACT D WITH SDB 75 M(R(X))-D-(NOT DF)+DF, D 

BORRPW 
SUBTRACT D WITH SDBI 7D M(R(P))-D-(NOT DF)+DF, D; 

BORROW, IMMEDIATE R(P) +1 
SUBTRACT MEMORY SM F7 D-M(R(X))+DF, D 
SUBTRACT MEMORY SMI FF O-M(R(P))+OF, D; 

IMMEDIATE R(P) +1 
SUBTRACT MEMORY WITH 5MB 77 D-M(R(X))-(NOT OF)+DF, 0 

BORROW 
SUBTRACT MEMORY WITH 5MBI 7F D-M(R(PII-(NOT DF)+DF. D 

BORROW, IMMEDIATE R(P) +1 
BRANCH INSTRUCTIONS-SHORT BRANCH 

SHORT BRANCH BR 30 M(R(P))+R(PI.O· 
NO SHORT BRANCH NBR 3S· R(P) +1 

(SEE SKP) 
SHORT BRANCH IF D=O BZ 32 IF 0=0, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF BNZ 3A IF D NOT 0, M(R(P))+R(PI.O 

D NOT 0 

t 
ELSE R(P) +1 

SHORT BRANCH IF DF=1 BDF 33· IF DF=I, M(R(P))+R(P).O 
SHORT BRANCH IF POS BPZ ELSE R(P) +1 

OR ZERO 

~ SHORT BRANCH IF EOUAL BGE 
OR GREATER 

SHORT BRANCH IF DF=O BNF 

~ 
3B· IF DF=O, M(R(P))+R(P).O 

SHORT BRANCH IF MINUS BM ELSE R(P) +1 
SHORT BRANCH IF LESS BL 
SHORT BRANCH IF 0=1 BO 31 IF 0=1, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF 0=0 BNO 39 IF 0=0, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF EF1=1 Bl 34 IF EF1=I, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF EF1=0 BNl 3C IF EF1=O, M(R(PII+R(P).O 

ELSE R(p) +1 
SHORT BRANCH IF EF2=1 B2 35 IF EF2=I, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF EF2=0 BN2 3D IF EF2=O, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF EF3=1 B3 36 IF EF3=I, M(R(P))·R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF EF3=0 BN3 3E IF EF3=O, M(R(P))+R(PI.O 

ELSE R(P) +1 
SHORT BRANCH IF EF4=1 B4 37 IF EF4=I, M(R(P))+R(P).O 

ELSE R(P) +1 
SHORT BRANCH IF EF4=0 BN4 3F IF EF4=O, M(R(P))·R(P).O 

ELSE R(P) +1 

INSTRUCTION SUMMARY (CONT'D) 
OP 

INSTRUCTION MNEMONIC CODE OPERATION 

BRANCH INSTRUCTIONS-LONG BRANCH 
LONG BRANCH LBR co M(R(P))+R(P).1 

CB· 
M(R(P) +1)+R(P).O 

NO LONG BRANCH NLBR R(P) +2 
(SEE LSKP) 

LONG BRANCH IF D=O LBZ C2 IF D=O, M(R(P))+R(P).1 
M(R(P) +1 )+R(P).O 

ELSE R(P) +2 
LONG BRANCH IF D NOT 0 LBNZ CA IF 0 NOT 0, M(R(P))+R(P).1 

M(R(P) +1)+R(P).O 
ELSE R(P) +2 

LONG BRANCH IF DF=1 LBDF C3 IF DF=I, M(R(P))+R(P).1 
M(R(P) +1)+R(P).O 

ELSE R(P) +2 
LONG BRANCH IF OF=O LBNF CB IF DF=O, M(R(P))+R(P).1 

M(R(P) +1)+R(P).O 
ELSE R(P) +2 

LONG BRANCH IF 0=1 LBO Cl IF 0=1, M(I!(P))+R(PI.1 
M(R (P) +1)+R (P).O 

ELSE R(P) +2 
LONG BRANCH IF 0=0 LBNO C9 IF 0=0, M(R(P))·R(P).1 

MIR(P) +1 )+R(P).O 
ELSE R(P) +2 

SKIP INSTRUCTIONS 
SHORT SKIP SKP 3S· R(P) +1 

(SEE NBR) 
CS· LONG SKIP LSKP RW) +2 

(SEE NLBRI 
LONG SKIP IF D=O LSZ CE IF 0=0, RIP) +2 

ELSE CONTINUE 
LONG SKIP IF 0 NOT 0 LSNZ C6 IF D NOT 0, R(P) +2 

ELSE CONTINUE 
LONG SKIP IF DF=1 LSOF CF IF OF=I, RIP) +2 

ELSE CONTINUE 
LONG SKIP IF DF=O LSNF C7 IF OF=O, RIP) +2 

ELSE CONTINUE 
LONG SKIP IF 0=1 LSO CD IF 0=1, RIP) +2 

ELSE CONTINUE 
LONG SKIP IF 0=0 LSNO C5 IF 0=0, R(P) +2 

ELSE CONTINUE 
LONG SKIP IF IE=1 LSIE CC IF IE=I, RIP! +2 

ELSE CONTINUE 

CONTROL INSTRUCTIONS 
IDLE IDL 00" WAIT FOR DMA OR 

INTERRUPT; MIR(O))+BUS 

NO OPERATION NOP C4 CONTINUE 
SET P SEP DN N+P 
SET X SEX EN N+X 
SET a SEa 7B 1+0 
RESET a REO 7A (PO 

SAVE SAV 78 T+M(R(X)) 
PUSH X,P TO STACK MARK 79 (X,P)+T; (X,P)+M(R(2)) 

THEN P+X; R(2)-1 

RETURN RET 70 M(R(X))+(X,P); R(X) +1 
1+IE 

DISABLE DIS 71 M(RIX))+IX,P); RIX) +1 
(PIE 

INPUT -OUTPUT BYTE TRANSFER 
OUTPUT 1 OUT 1 ~I M(R(X))+BUS; R(X) +1; N LINES = 1 
OUTPUT 2 OUT 2· M(R(X))+BUS; R(X) +1; N LINES = 2 
OUTPUT 3 OUT 3 63 M(R(X))+BUS; R(X) +1; N LINES = 3 
OUTPUT 4 OUT 4 64 M(R(X))+BUS; R(X) +1; N LINES = 4 
OUTPUT 5 OUT 5 65 M(RIX))+BUS; R(X) +1; N LINES = 5 
OUTPUT 6 OUT 6 66 M(R(X))+BUS; RIX) +1; iii LINES = 6 
OUTPUT 7 OUT 7 67 MIR(X))+BUS; R(X) +1; N LINES = 7 
INPUT 1 INP 1 69 BUS>M(R(X)); BUS>O; N LINES = 1 
INPUT 2 INP 2 6A BUS>M(R(X)); BUS>O; N LINES = 2 
INPUT 3 INP 3 6B BUS>M(R(X)); BUS>D; N LINES = 3 
INPUT 4 INP4 6C BUS>M(R(X)); BUS>D; N LINES = 4 
INPUT 5 INP 5 6D BUS>M(R(X)); BUS>D; N LINES = 5 
INPUT 6 INP 6 6E BUS>M(R(X)); BUS>D; N LINES = 6 
INPUT 7 INP 7 6F BUS>M(R(X)): BUS>D' N LINES = 7 

.NOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 

"NOTE: THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF. 
AFTER AN ADD INSTRUCTION: 

DF = 1 DENOTES A CAR RY HAS OCCUR RED 
DF = 0 DENOTES A CARRY HAS NOT OCCURRED 

AFTER A SUBTRACT INSTRUCTION: 
OF = 1 DENOTES NO BORROW. 0 IS A TRUE POSITIVE NUMBER 
OF = 0 DENOTES A BORROW. DIS TWO'S COMPLEMENT 
THE SYNTAX "-(NOT OF)" DENOTES THE SUBTRACTION OF THE BORROW 

#An idle instruction initiates a repeating 51 cycle. The processor will continue to idle 
until an 1/0 request (INTER RUPT, DMA-IN, or DMA·OUT) is actiVated. When the 
request is acknowledged, the IDLE cycle is terminated and the 1/0 request is serviced. 
and then normal operation is resumed. 

'NOTE: THIS INSTRuCTION IS ASSOCIATED W1TH MORE THAN ONE 
MNEMONIC. EACH MN£MONIC IS INDIVIDUALLY LISTED. 
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Preliminary CDP1802D, CDP1802CD 

1. Long-Branch, Long-Skip and No Op instructions are the only instructions that require 
three cvcles to complete (1 fetch + 2 executeJ. . 
Long-Branch instructions are three bytes long. The first byte specifies the condition to 
be tested; and the second and third byte, the branching address. 
The long-branch instructions can: 

a) Branch unconditionally 
bJ Test for D=O or D*D 
cJ Test for DF=O or DF=1 
dJ Test for 0=0 or 0=1 
e} effect an unconditional no branch 

D 8 Bits 
OF 1 Bit 
R 16 Bits 
P 4 Bits 

X 4 Bits 

COSMAC Register Summary 

Data Register (Accumul~torJ N 4 Bits Holds Low·Order Instr. Digit 
Data Flag (ALU Carry J I 4 Bits Holds High·Drder Instr. Digit 
1 of 16 Scratchpad Registers T 8 Bits Holds old X, P after Interrupt 
Designates which regist,r is (X is high byteJ 
Program Counter IE 1 Bit Interrupt Enable 

Designates which register is 
0 1 Bit Output Flip Flop 

Data Pointer 

INSTRUCTION SET 
If the tested condition is met, then branching takes place; the branching address bytes 
are loaded in the high-and-low-order bytes of the Current program counter, respectively. 
This operation effects a branch to any memory location. 

The COSMAC instruction summary is given 
in Table L Hexadecimal notation is used to 
refer to -the 4-bit binary codes. 

R(WJ.O: Lower·order byte of R(WJ 
R(WJ.l: Higher·order byte of R (WJ 

If the tes~~d condition is not met, the branching address bytes are skipped over, and 
the next instruction in sequence is fetched and executed. This operation is taken for 
the case of unconditional no branch. 

In all registers bits are numbered from the 
least significant bit (LSBJ to the most signi
ficant bit (MSBJ starting with O. 

NO = Least significant Bit of N Register 
Operation Notation 

M(R(NJ) .D; R(NJ + 1 

2. The short-branch instructions are two bytes long. The first byte specifies the 
condition to be tested, and the second specifies the branching address. R(WJ: Register designated bV W, where 

W=Nor X,or P 

This notation means: The memory byte 
pointed to by R(N) is loaded into D, and 
R(NJ is incremented bV 1. 

The short-branch instructions can: 
a) Branch unconditionally 
b) Test for D=O or D*O 
cJ Test for DF=O or DF=1 
dJ Test for 0=0 or 0=1 
eJ Test the status (lor 0) of the four EF flags 
f} Effect an unconditional no branch 

If the tested condition is met, then branching takes place; the branching address byte 
is loaded into the low-order byte position of the current program counter. This effects 
a branch with the current 256-byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, the branching address byte is 
skipped over, and the next instruction in sequence is fetched and executed. This same 
action is taken in the case of unconditional no branch. 

3. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) 
and eight Long-Skip instructions. 
The Unconditional Short·Skip instruction takes 2 cycles to complete (1 fetch + 1 execute). 
Its action is to skip over the byte following it. Then the next instruction in sequence is 
fetched and executed. This SKP instruction is identical to the unconditional no-branch 
instruction ~NBR) except that the skipped-over byte is not considered part of the program. 
The Long·Skip instructions take three cvcles to complete (1 fetch + 2 executeJ. 
Thev can: 

a) Skip unconditionally 
b J Test for D=O or D*O 
cJ Test for DF=Q or DF=1 
dJ Test for 0=0 or 0=1 
eJ Test for IE=l 

If the tested con~ition is met, then Long Skip takes place; the current program counter 
is incremented twice. Thus two bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is not met, then no action is taken. 
Execution is coininued by fetching the next instruction in sequence. 
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BUSO to BUS 7 
(Data Bus) 

NO to N2 (I/O Command) 

EF1 to EF4 
(4 Flags) 

SIGNAL DESCRIPTIONS 

8-bit bi-directional DATA BUS lines. These Ii nes are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 
Issued by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device selection 
codes to the I/O devices (independently or combined with 
the memory byte on the data bus when an I/O instruction 
is being executed). The N bits are low at a" times except 
when an I/O instruction is being executed. During this time 
their state is the same as the corresponding bits in the N 
register. 
The direction of data flow is defined in the I/O instruction 
by bit N3 and is indicated by the level of the MRD signal. 

MRD = VCC: Data from I/O to CPU and Memory 
MRD = VSS: Data from Memory to I/O 

These levels enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to "ca" the attention" of the processor, in which 
case the program must routinely test the status of these 
flag(s). The flag(s) are sampled at the beginning of every S1 
cycle. 
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Preliminary CDP1802D, CDP1802CD 

SIGNAL DESCRIPTIONS (Cont'd) 

INTERRUPT, DMA-IN, 
OM A-OUT 
(3 I/O Requests) 

SCO, SC1, 
(2 State Code lines) 

TPA, TPB 
(2 Timing Pulses) 

MAO to MA7 
(8 Memory Address Lines) 

MWR (Write Pulse) 

M R 0 (Read Levell 

Q 

CLOCK 

These signals are sampled by the CDP1802 during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 
Interrupt Action: X and P are stored in T after executing 
cLirrent instruction; designator X is set to 2; designator Pis 
set to 1; interrupt enable is reset to 0 (inhibit); and instruc
tion execution is resumed. 
DMA Action: Finish executing current instruction; R(O) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(O). 

Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 
These lines indicate that the CPU is: 1) fetching an instruc· 
tion, or 2) executing an instruction, or 3) processing a DMA 
request, or 4) acknowledging an interrupt request. The levels 
of state code are tabulated below. All states are valid at TPA. 
H = V CC, L = V SS. 

State Type 
State Code Lines 

SCl SCO 
SO (Fetch) L L 
Sl (Execute) L H 
S2 (DMA) H L 
S3 (Interrupt) H H 

Positive pulses that occur once in each mach ine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The 
trailing edge of TPA is used by the memory system to latch 
the higher-order byte of the 16·bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 

The higher-order byte of a 16·bit COSMAC memory address 
appears on the memory address lines MAO-7 first. Those 
bits required by the memory system are strobed into ex· 
ternal address latches by timing pulse TPA. The low-order 
byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-ortler 
address bits would permit a memory system of 64K bytes. 

A negative pulse appearing in a memory-write cycle, after 
the address lines have stabili zed. 
A low level on MRD indicates a memory read cycle. It can 
be used to control three-state outputs from the add ressed 
memory which may have a common data input and output 
bus. If a memory does not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data trans
fer during an I/O instruction: 

MRD = VCC: Data from I/O to CPU and Memory 

MRD = VSS: Data from Memory to I/O 

Single bit output from the CPU which can be set or reset 
under program control. During SEO or REO instruction 
execution, Q is set or reset between the trailing edge of 
TPA and the leading edge of TPB. 
Input for externally generated single-phase clock. A typical 
clock frequency is 6.4 MHz at VCC = VDD = 10 volts. 
The clock is counted down internally to 8 clock pulses per 
machine cycle. 
Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. 

697 



698 
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ninary CDP1802D, CDP1802CD 

WAIT, CLEAR 
(2 Control Lines) 

VDD' VSS' Vce 
(Power levels) 

SIGNAL DESCRIPTION (Cont'd) 

Provide four control modes as listed in the following truth 
table: 

CLEAR WAIT MODE 
L L Load 
L H Reset 
H L Pause 
H H Run 

The function of the modes are defined as follows: 
load 
Holds the CPU in the IDLE execution state and allows an 
I/O device to load the memory without the need for a 
"bootstrap" loader. It modifies the 10 LE condition so that 
DMA-IN operation does not force execution of the next 
instruction. 
Reset 
Registers I, N, Qare reset, IE is set and D's (VSS) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle 
after termination of reset is an initialization cycle. During 
this cycle the CPU remains in S1 and registers X, P, and R(O) 
are reset. Interrupt and DMA servicing are suppressed during 
the initialization cycle. 
The next cycle is an SO, S1, or an S2 but never an 53. With 
the use of a 71 instruction followed by 00 at memory 
locations 0000 and 0001, this feature may be used to reset 
IE, so as to preclude interrupts until ready for them. Power
up reset can be realized by connecting an external RC to 
CLEAR. 
Pause 
Stops the internal CPU timing generator on the first negative 
high-to-Iow transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 
Run 
May be initiated from the Pause or Reset mode functions. 
If initiated from Pause, the CPU resumes operation on the 
first negative high-to-Iow transition of the input clock. 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycle. The 
initialization cycle is then followed by a DMA (S2) cycle or 
fetch (SO) from location 0000 in memory. 

The internal voltage supply VDD is isolated from the Input/ 
Output voltage supply VCC so that the processor may 
operate at maximum speed while interfacing with various 
external circuit technologies, including T2 l at 5 volts. V CC 
must be less than or equal to V DO. All outputs swirig from 
V55 to Vec. The recommended input voltage swing is 

V5S to Vcc· 

The CDP1802 and CDP1802C CPU state 
transitions when in the RUN mode are shown 
in Fig. 6. Each machine cycle requires the 
same period of time-8 clock pulses. The 
execution of an instruction requires either 
two or three machine cycles, SO followed by 
a single S1 cycle or two S1 cycles. S2 is the 
response to a DMA request and 53 is the 
interrupt response. 

Fig. 6-CDP1802 microprocessor state 
transitions (Run Mode). 
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Preliminary CDP1821SD, CDP1821SCD 

1024-Word x 1-Bit Static 
Random-Access Memory 
The RCA-CDP1821SD and CDP1821SCD 
are 1024-word x l-bit COS/MaS silicon-on
sapphire (SOS), fully static, random-access 
memories for use in CDP1800 micropro
cessor systems_ 

The output state of the CDP1821S is a 
function of the input address and chip
select states only. Valid data will appear at 
the output in one access time following the 

·Iatest address change to a selected chip. After 
val id data appears, the address may then be 
changed immediately. It is not necessary to 
clock the chip-select input or any other input 
terminal for fully static operation; therefore, 
the chip-select input may be used as an 
additional address input. When the device is 

MAXIMUM RATINGS, 
Absolute-Maximum Values 
Storage-Temperature Range (Tstg ) 
. . . . . . . . . . . . . . . . . . . . . . . .. -65 to +1500 C 
Operating-Temperature Range (T A) 
....... _ . . . . . . . . . . . . . . . . . -20 to +850 C 
DC Supply-Voltage Range (VOO-VSS): 

in an unselected state (CS'=1), the internal 
write circuitry and output sense amplifier are 
disabled. Th is feature allows the three-state 
data outputs from many arrays to be OR-tied 
to a common bus for ease of memory ex
pansion. 

The CDP1821 SD is functionally identical to 
the CDP1821SCD. The CDP1821SD has a 
recommended operating voltage range of 4 
to 10 volts, and the CDP1821SCD has a 
recommended operating voltage range of 4 to 
6 volts. 

The CDP1821SD and CDP1821SCD are 
supplied in 16-lead, hermetic, dual-in-line 
ceramic packages. 

COP1821 SO ............. -0.5 to +11 V 
COP1821SCO ............ -0.5 to +7 V 

Input Voltage Range, All Inputs 
. .... .. .. . . . .. .... . . . -0.5 to VOO +0.5 V 
Lead Temperature (Ouring Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max. . . . . . . . . . +2650 C 

OPERATING CONDITIONS at T A=250 C Unless Otherwise Specified 
For maximum reliRbility. nominal operating conditions should be 
selected so that operation is always within the following ranges' 

Condi-
LIMITS tions 

CHARACTERISTIC 
VOO CDP1821S0 CDP1821SCO UNITS 

(V) Min. Max. Min. Max. 

Supply- Voltage Range 
(At T A =Full Package· - 4 10 4 6 V 
Temperature Range) 

Recommended Input Voltage Range - VSS V DD VSS VOO V 
Input Signal Rise and Fall Time. 

t r. tf - - 5 - 5 IlS 

ROM lID 

92CM-Z7599 

Fig_ 1-Typical CDP1B02 microprocessor system. 

Features: 
• Static COS/MOS Silicon-On-Sapphire 

circuitry-CD4000-series compatible 
• Compatible with CDP1800-series 

microprocessors at maximum speed 
• Fast access time: 

350 ns typo at VOD = 5 V; 

200 ns typo at VDD = 10 V 

• Single voltage supply 
• No precharge or external clocks 

required 
• Low quiescent and operating power 
• Separate data inputs and outputs 

cs 16 VDO 
MAO 15 OI 
MAl 3 14 MWR 
MA2 4 13 MA9 
MA3 5 12 MAS 
MA4 6 MA7 

DO 7 10 MA6 

Vss 9 MAS 
TOP VIEW 

Terminal Assignment 

OPERATIONAL MODES 

Input Output 
Mode 

MRO CS DO 

Standby X 1 High-Impedance 

WRITE 0 0 High-Impedance 

READ 1 0 Data 

MAO -.!.! Voo 
MAl 

_sYss MA2 
MA3 

MA4-----

MAS 00 

MA6 
10 1/32 DATA 
II COLUMM BUFFER MA7 
12 

OECOOER 15 
MAS OI 

MA9 
13 

cs 
MWR----

Functional Diagram 

=~i!~ 
/--lAl-l "MINIMUM TiMING FOR 

_'Hffii:i'iMi~Irnc;r-.c 1==== VALID DATA OUTPUT 
DO HIGH IMPEDANCE < ~~~!~ET~~Ei~~I~R, 

READ OPERATION 
BuT INVALID OUTPUT. 

WRITE OPERATION 
9ZCS~21600 

Timing Diagrams 
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nary CDP1821SD, CDP1821SCD 
__ , nlCAL CHARACTERISTICS at TA=250 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS CDP1821SD CDP1821SCD 

Vo VDD TYPICAL TYPICAL 
(V) (V) VALUES VALUES 

Static 
Quiescent Device Current, - 5 100 500 

IL - 10 500 -

Total Power Dissipation, - 5 5 8 
PD at 1 }.Is cycle - 10 20 -

O~tput Voltage: 
Low-Level,VOL - 5-10 0.01 0.01 

High-Level, VOH 
- 5 4.99 4.99 
- 10 9.99 -

Noise Margin: 

VNML Any Input 
0.5 5 1 1 
1 10 1.5 -

4.5 5 1 1 
VNMH Any Input 

9 10 1.5 -
Output Drive Current: 

N-Channel (Sink), IDN Any Output 
0.4 5 2 2 
0.5 10 3.5 -
4.6 5 -1 -1 

P-Channel (Source), IDP Any Output 
9.5 10 -15 -

Data Output Off- ~ 

5 5 CS = H - 5-10 
Resistance, RO(Off) 

Input Leakage, IlL, IIH Any Input - 5-10 ±1 ±1 

Dynamic: ty.tt=10 ns, CL =50 pF 

Read Operation 
Access Time From - 5 350 350 

Address Change, tAA - 10 200 -

Access Time From - , 5 250 250 

Chip Select, tAC - 10 150 -

Write Operation 
- 5 150 150 

Write Pulse Width, tww 
10 100 - -

- 5 150 150 
Data Setup Time, tDS 

10 100 - -
- 5 100 100 

Data Hold Time, tDH 
10 50 - -

Chip Select Setup Time, - 5 250 250 

tcs - 10 150 -
- 5 200 200 

Address Setup Time, tAS 
10 150 - -

- 5 100 100 
Address Hold Time, tAH 

10 50 - -
Capacitance 
Input/Output, CI/CO - - 5 5 

UNITS 

p.A 

mW 

V 

V 

mA 

Mn 

p.A 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

Note: 
The dynamic characteristics and timing dia
grams indicate maximum performance capa
bility of the CDP1821S. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the dock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1821 S is used with the 
CDP1802 microprocessor: 

tww = 2 tc 

tAH = 1.0 tc 

tAS = 4.5 tc 

tDH ~ 1.0 tc} Data transfers from 
tDS ~ 5.5 tc CDP1802 to memory 

MRD occurs one clock period (tc ) earlier 
than the address bits MAO-MA7. 

1 
where tc = ----------

CDP1802 clock frequency 

The CDP1821 S is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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Preliminary CDP1822SD, CDP1822SCD 

256-Word x 4-Bit Static 
Random-Access Memory 

The RCA-CDP1822SD and CDP1822SCD 
are 256-word x 4-bit COS/MOS SOS static 
random-access memories. These memories are 
compatible with the CDP1802 and will 
interface directly without additional com
ponents. 

The CDP1822S has separate inputs and data 
outputs and is operated from a single voltage 
supply. Two Chip-Select inputs, of opposite 
polarity, are provided to simplify system 
expansion. The ~ signal (output disable 
control) provides WIRE-OR capability and 
is also useful in common input/output sys
tems. 

After valid data appears at the output, the 
address inputs may be changed immediately. 
This output data will be valid until either the 
MRD signal goes high or the device is de
selected (CS1=H or CS2=L). 

The CDP1822SD is functionally identical to 
the CDP1822SCD. The CDP1822SD has a 
recommended operating voltage range of 4 
to 10 volts, and the CDP1822SCD has a 
recommended operating voltage range of 4 
to 6 volts. -

The CDP1822SD and CDP1822SCD are sup
plied in 22-lead, hermetic, dual-in-line cera
mic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values 
Storage-Temperature Ranga (T stg) 
.. . .•••...... . . .• . . ... . .. -65 to +1500 C COP1822SCO ..••.......• -0.5 to +7 V 
Operating-Temperature Range (T A) 

-20 to +850 C 
DC Supply-Voltage Range (VOO) 
(All voltages referenced to V SS terminal) 

CDP1822SD .. . . . . .. . . . . .. -0.5 to +11 V 

Input Voltage Range, All Inputs 
. . • . . . . . . • . . . . . . . . . . . -0.5 to V DO +0.5 V 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max. . . . . . • . • . +265°C 

MICROPROCESSOR INTEGRATED CIRCUITS 

Features: 
• Static COS/MOS Silicon-On-Sapphire 

circuitry-CD4000-series compatible 
• Compatible with CDP1800-series 

microprocessors at maximum speed 
• Interfaces with CDP1802 microprocessor 

without additional components 
• Fast access time: 

350 ns typ_ at VDD = 5 V; 
100 ns typo at VDD = 10 V 

• Single voltage supply 
• Separate data inputs and outputs 
• Two-chip select inputs to simplify 

memory system expansion 
• Output disable to allow common 

I/O system 

M~ I- 22 Voo 
MA2 2 21 MA4 
MAl 3 20 Mwii 
MAO 4 19 Bi 
MA5 5 18 m 
MAe 6 17 CS2 
MA7 7 16 003 
Vss e 15 on 
010 9 14 D02 
DOO 10 13 012 
011 II 12 001 

TOP VIEW 
92CS-27592 

Terminal Assignment 

OPERATING CONDITIONS at T A=250 C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 

OPERATIONAL MODES 

Function MWR CS1 CS2 MRD Data Out 
DO 

Condi- LIMITS 

CHARACTERISTIC 
tions 

CDP1822SD CDP1822SCD UNITS 
VDD 
(V) Min. Max. Min. Max. 

Supply-Voltage Range 

READ 1 0 1 0 Storage State of 
Addressed Cell 

WRITE 
(Output 0 0 1 1 High-Impedance 
Disabled) 

(At T A =Full Package- - 4 10 4 6 V WRITE 0 0 1 0 New Data In State 
Temperature Range) 

Recommended Input - VSS VDD VSS VDD V 
Voltage Range 

Input Signal Rise and 

X 1 X X High-Impedance 

Standby X X 0 X High-Impedance 

1 0 1 1 High-Impedance 

Fall Time, - - 5 - 5 IlS Logic 1 = High Logic 0= Low X = Don't Care 
tr,tf 

ROM 1/0 

Functional Diagram !l2CS-2~95 

12C111-21!t1 

Fig. 1-Typical COP1S02 microproc'!ssor system. 
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Preliminary CDP1822SD, CDP1822SCD 

ELECTRICAL CHARACTERISTICS at T A=250 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS CDP1822SD CDP1822SCD 

Vo VDD TYPICAL TYPICAL 
(V) (V) VALUES VALUES 

Static 
Quiescent Device Current, -~ 5 100 500 

IL - 10 500 -
Total Power Dissipation, - 5 8 10 

PO, at 1 J.l.S cycle - 10 35 -

Output Voltage: 
Low-Level,VOL - 5-10 0.01 0.01 

High-Level, VOH 
- 5 4.99 4.99 
- 10 9.99 -

Noise Margin: 

VNML Any Input 
0.5 5 1 1 
1 10 1.5 -

4.5 5 1 1 
VNMH Any Input 

9 10 1.5 -
Output Drive Current: 

0.4 5 0.8 0.8 
N-Channel (Sink), ION Any Output 

0.5 10 1.8 -
4.6 5 -0.8 -0.8 

P-Chcrnnel (Source), lOP Any Output 
9.5 10 -1.8 -

Data Output Off-
Resfstance, RO(Off) 

--
MRD = H - 5-10 5 5 

Input Leakage, IlL, IIH Any Input - 5-10 1 1 

Dynamic: t r,tf=10 ns, CL =50 pF 

Read Operation 
Access Time'From - 5 350 350 
Address Change, tAA - 10 200 -

Access Time From - 5 250 250 
Chip Select, tAC - 10 150 -

Output Active From - 5 250 250 
MRO, tAM - 10 150 -

Write Operation 

Write Pulse Width, tww 
- 5 150 150 

10 100 - -

Data Set-up Time, tDS 
- 5 150 150 

10 100 - -

Data Hold Time, tOH 
- 5 100 100 

10 50 - -
Chip Select Setup Time, - 5 250 250 

tcs - 10 150 -

Address Setup Time, tAS 
- 5 200 200 

10 150 - -

Address Hold Time, tAH 
- 5 100 100 

10 50 - -
Capacitance 
Input/Output, CI/CO - - 5 5 

UNITS 

J.l.A 

mW 

V 

V 

mA 

MH 

J.l.A 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

f----tAA- ~'N'MUM TIMING FOR -==X==:::=:t:==== VAUD DATA OUTPUT; MA_ LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT, 

CI, El1~~l,---L--
~~~~~r~:1----~ DON'T CARE 

CS2 • 

I~AC"-
00 -~~~~~-«:::::::::= HIGH IMPEDANCE 

READ OPERATtON 

~OON'TCARE 

WRITE OPERATION 
ciiiili MUST BE HIGH FOR COMMON INPUT/OUTPUT) 

92(:9-21'594 

Timing Diagrams 

Note: 
The dynamic characteristics and timing dia
grams indicate maximum performance capa
bility of the COP1822S. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the COP1822S is used with the 
COP1802 microprocessor: 

tww = 2 tc 

,tAH = 1,0 tc 

tAS = 4.5 tc 
tDH = 1,0 tc 1 Data transfers from 

tos = 5.5 tc j COP1802 to memory 

MRO occu,s one clock period (tel earlier 
than the address bits MAO-MA7. 

1 
where tc = ----------

CDP1802 clock frequency 

The COP1822S is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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Preliminary CDP1824D, CDP1824CD 

32-Word x a .. Bit Static Random-Access Memory 
The RCA-CDP1824D and CDP1824CD are 
32-word x 8-bit fully static COS/MaS ran
dom-access memories for use in CDP18DD 
series microprocessor systems_ These parts 
are compatible with the CDP1802 micro
processor and will interface directly without 
additional components_ 

The CDP1824 is fully decoded and does not 
require a precharge or clocking signal for 
proper operation. It has common input and 
output and is operated from a single voltage 
supply. The MRD signal (output disable 

control) enables the three-state output drivers, 
and overrides the MWR signal. A CSinput is 
provided for memory expansion. 
The CDP1824D is functionally identical to 
the CDP1824CD. The CDP1824D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1824CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1824D and CDP1824CD are sup
plied in 18-lead, hermetic, dual-in·line cera
mic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values 
Storage-Temperature Range (Tstg) 
...• , ......... _ ..••........ -65 to +1500 C 
Operating-Temperature Range (T A) 
...•....................•.. -55 to +1250 C 
DC Supply-Voltage Range (VOO ) 
(All voltage values referenced to VSS terminal) 

COP18240 ...•.......... -0.5 to +15 V 
COP1824CD .............. -0.5 to +7 V 

Power Dissipation Per Package (PD): 
For T A =-55 to +1 OOoC 

500mW 

For T A =+100 to +1250 C 
. . . . . . . . . . . . . .. Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 
ForTA =-550Cto+1250C ....... 100mW 

Input Voltage Range, All Inputs 
... . . ... ... . .. .. .... .. -0.5 to V DD +0.5 V 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 s max. ......... +2650 C 

OPERATING CONDITIONS at T A=2SoC Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges' 

Condi- LIMITS tions 
CHARACTERISTIC VDD CDP1824D CDP1824CD UNITS 

(V) Min. Max. Min. Max. 

Supply· Voltage Range 
(At T A =Full Package· - 3 12 4 6 V 
Temperature Range) 

Recommended Input Voltage Range - VSS VDD VSS .VDD V 
Input Signal Rise and Fall Time, 

tr,tf - - 5 - 5 fJS 

Features: 
• Static Silicon-Gate CMOS 

circuitry-CD4000-series compatible 
• Compatible with'CDP1800-series 

microprocessors at maximum speed 
• Interfaces with CDP1802 microprocessor 

without additional components 
• Fast access time: 

400 ns typo at VDD = 5 V; 
200 ns typo at VDD = 10 V 

• Single voltage supply 
• No precharge or clock required 
• Full military temperature range 

(-550 C to +1250 C) 
• Low quiescent and operating power 

MA4----, 
MA3 

MA2 

BUS sus BUS BUS aus aus BUS BUS 
16543210 

92C$-21591 

Functional Diagram 

OPERATIONAL MODES 

Function CS MRD MWR Data Pins Status 

Output: High/ 

ROM I/O 
READ 0 0 X Low Dependent 

on Data 

WRITE 0 1 0 Input, Output 
Disabled 

Not 1 X X Output Disabled 
Selected High-

L.:======:.-[!]I!EID!~~~~~!L======~ 92CS-27589 

Standby 0 1 1 Impedance State 

Fig. 7- Typical CDP7802 microprocessor system. Logic 1 = High Logic 0 = Low X = Don't Care 
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Preliminary CDP1824D, CDP1824CD 

ELECTRICAL CHARACTERISTICS at T A=250 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS CDP1824D CDP1824CD 

I V~IVDD TYPICAL TYPICAL 
(V) (V) VALUES VALUES 

Static 
- 5 100 500 

Quiescent Device Current, - 10 500 -

IL - 15 1000 -

Output Voltage: 

Low-Level, VOL - 5-10 0.01 0.01 

High·Level, VOH 
- 5 4.99 4.99 
- 10 9.99 -

Noise Margin: 

VNML Any Input 
0.5 5 1 1 
1 10 1.5 -

4.5 5 1 1 
VNMH Any Input 

9 10 1.5 -

Output Drive Current: 

N·Channel (Sink), ION Any Output 
0.4 5 1.6 1.6 
0.5 10 3.6 -
4.6 5 -1.6 -1.6 

P·Channel (Source), I DP Any Output 
9.5 10 -3.6 -

Data Output Off· 
MRD/CS=H - 5-10 5 5 

Resistance, RO(Off) 

I nput Leakage, II L, II H Any Input - 5·10 ±1 ±1 

Read Operation 
Access Time From - 5 400 400 

Address Change, tAA - 10 200 -

Access Time From - 5 300 300 

Chip Select, tAC - 10 150 -

Cutput Active From - 5 300 300 

MRO, tAM - 10 150 -

Write Operation 
- 5 200 200 

Write Pulse Width, tww 
10 150 - -

- 5 100 100 
Data Setup Time, tDS 

10 - 50 -
- 5 40 40 

Data Hold Time, tDH 
10 - 20 -

Chip Select Setup Time, - 5 550 550 

tcs - 10 300 -

- 5 500 500 
Address Setup Time, tAS 

10 300 - -
- 5 100 100 

Address Hold Time, tAH 
10 50 - -

UNITS 

I1A 

V 

V 

mA 

Mrl 

/lA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MA ====X=====~~===== 

I--'ACA--j 

BUS --IiHiiGIG:irH;;;'MiPPEitDiAiAN'iCC:[E -1«==== 

=== OON'T CARE 

~OON'TCARE 

READ OPERATION 

WRITE OPERATiON 

... MINIMUM TIMING FOR 
vALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT. 

9O!CS-27~90 

Timing Diagrams 

Note: 
The dynamic characteristics and timing dia
grams indicate maximum performance capa
bility of the CDP1824. When used directly 
with the CDP1802 microprocessor, ti ming 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1824 is used with the 
COP1802 microprocessor: 

tww = 2 tc 

tAH = 1.0 tc 

tAS = 4.5 tc 
tDH = 1.0 tc 1 Data transfers from 

tDS = 5.5 tc S CDP1802 to memory 
MRO occurs one clock period (tc ) earlier 
than the address bits MAO·MA7. 

1 
where tc = ---------

CDP1802 clock frequency 

The COP1824 is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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Preliminary CDP1831 0, CDP1831 CD 

512-Word x a-Bit Static 
Read-Only Memory 
The RCA-CDP1831D and CDP1831CD are 
static 4096-bit mask-programmable COS/MOS 
read-only memories organized as 512 words 
x 8 bits and designed for use in CDP1800-
series microprocessor systems. They will 
directly interface with either the CDP1801 
or CDP1802 microprocessors without addi
tional components. 

The CDP1831 responds to 16-bit address 
multiplexed on 8 address lines. Address 
latches are provided on-chip to store the 8 
most significant bits of the 16-bit address. 
By mask option, this ROM can be program
med to operate in any 512-word byte of 64K 
memory space. Three Chip-Select signals
CS1, CS2, MRl}-are also provided. 

MAXIMUM RATINGS, 
Absolute-Maximum Values 
Storage-Temperature Range (Tstg ) 
.....••..•....•.....•...... -65 to +150o C 
Operating-Temperature Range (T A) 
• . . . • . . . . . . . . . . . . . . . . . . . . .. -55 to +1250 C 
DC Supply-Voltage Range (VDD ) 
(All voltage values referenced to VSS terminal) 

CDP1831 D ............... -0.5 to +15 V 
CDP1831CD .............. -0.5 to +7 V 

Power Dissipation Per Package (PD ): 
For T A=-55 to +100o C 

500mW 

The polarity of the clock (TPA), and CSl 
and CS2 are user mask-programmable. The 
Chip-Enable output signal (CEO) goes "high" 

when the device is selected. This signal is 
intended for use as an output disable control 
for small memory systems. 

The CDP1831 D is functionally identical to 
the CDP1831CD. The CDP1831D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1831 CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1831D and CDP1831CD are sup
plied in 24-lead, hermetic, dual-in-line cera
mic packages. 

For T A =+100 to +1250 C 
. . . . . . . . . . . . . .. Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 
For T A =-550 C to +1250 C ....... 100 mW 

Input Voltage Range, All Inputs 
. . . . . . . . . . . . . . . . . . .. .. -0.5 to V DD +0.5 V 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max. ......... +265o C 

OPERATING CONDITIONS at TA=250 C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 

CHARACTERISTIC 

Supply-Voltage Range (At T A=Full 
Package-Temperature Range) 

Recommended Input Voltage Range 

Clock Pulse Width (TPAl. tpAW 

Address Setup Time, tAS 

Address Hold Time, tAH 

RAM 

CONDITIONS 

VDD 
(V) 

-
-

5 
10 
5 
10 
5 
10 

CDu 
COPIB02 

LIMITS 
CDP1831D CDP1831CD 

Min. Max. Min. Max. 

3 12 4 6 

VSS VDD VSS VDD 

Typical Typical 
100 100 
50 -
100 100 
50 -
150 150 
75 -

I/O 

92CM-2158:i 

Fig. 1-Typical CDP1802 microprocessor system. 

UNITS 

V 

V 

ns 

ns 

ns 

Features: 
• Static Silicon-Gate CMOS 

ci rcui try-CD4000-series compatibl e 
• Compatible with CDP1800-series 

microprocessors at maximum speed 
• Interfaces with CDP1801, CDP1802 

microprocessors without additional 
components 

• Fast access time: 
400 ns typo at VDD = 10 V 

• Single voltage supply 
• On-chip address latch 
• Full military temperature range 

(-550 C to +1250 C) 
• Optional programmable location 

within 64K memory space 
• Low quiescent and operating power 

MA7 I 

MA7 I 24 VDD 

MA6 2 23 CLOCK 
MA5 3 22 NC 
MA4 4 2! CSI 
MA3 5 20 CS2 
MA2 6 19 IiI!ll 
MAl 7 18 CEO 

MAO 8 17 BUS7 
BUS 0 9 16 BUSS 

BUSI 10 15 BUS5 
BUS2 " 14 BUS4 

vss 12 13 BUS3 
TOP VIEW 

NC' NO CONNECTION 

Terminal Assignment 

ADDRESS. 
LATCH. 
BUFFER 

AND 
DECODER 

512X8 
STORAGE 

ARRAY 

!lUS7 
BUS6 
BUSS 
BUS4 
BUS3 
BUS2 
BUSI 

auso 

MRD 
CS2 
CSI 

!-"'---...... -_CEO 

92C5.- 21~81 

CDP1832 Functional Diagram 

'AS I-- 'AA"---j MA~ 
CLOCKITPA) 'PA"~ 'AH ---j 

CS/iiiili ",----

CEO ----..;...'CO+==C 

BUS -:7.:~=::--:-7=----c..:>fC 
• VALID DATA; 

LONGER TIME WILL 
INITIATE AN EARLIER 
BUT INVAliD OUT PUT 

HIGH IMPEDANCE OUTPUT VALID 
ACTIVE DATA 

92CS-27'586 

Timing Diagram 
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Preliminary CDP1831D, CDP1831CD 
ELECTRICAL CHARACTERISTICS at TA=250 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS COPl831D CDP1831CD 

Vo VOD TYPICAL TYPICAL 
(V) (V) VALUES VALUES 

Static 
- 5 100 100 

Quiescent Device Current, I L - 10 500 -
- 15 1000 -

Output Drive Current: 

I>J-Olannel (Sink), ION 
0.4 5 0.8 0.8 
0.5 10 1.8 -
4.6 5 -0.8 -0.8 

P-Channel (Source), lOP 
9.5 10 -1.8 -

Oynamic: tot,tot =10 ns, CL =50 pF 

Access Time From Address - 5 850 850 

Olange, tAA - 10 400 -
Olip Enable Output Delay - 5 400 400 

Time From CS, tco - 10 200 -

UNITS 

p.A 

mA 

ns 

ns 

Note: 
The dynamic characteristics and timing dia
grams indicate maximum performance capa
bility of the COP1831. When used directly 
with the COPl802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the COP1831 is used with the 
COP1802 microprocessor: 

tAH = 0.5te 
tpAW = 1.0tc 

MRO occurs one clock period (tc) earlier 
than the address bits MAO-MA7. 

1 
where te = ---------

COP1802 clock frequency 

The COP1831 is capable of operating at the 
maximum clock frequency of the COP1802 
microprocessor. 
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Preliminary CDP1832D, CDP1832CD 

512-Word x 8-Bit Static 
Read-Only Memory 

The RCA-CDP1832D and CDP1832CD are 
static 4096-bit mask-programmable COS/MOS 
read-only memories organized as 512 words 
x 8 bits and designed for use in CDP1800-
series microprocessor systems_ The CDP1832 
ROM's are completely static-no clocks are 
required_ 

A Chip-Select input (CS) is provided for 
memory expansion. Outputs are enabled 
when CS=O. 

The CDP1832 is a pin-for-pin compatible 

replacement for the industry types 2704/ 
8704 Reprogrammable Read-Only Memories. 

The CDP1832D is functionally identical to 
the CDP1832CD. The CDP1832D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1832CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1832D and CDP1832CD are sup
plied in 24-lead, hermetic, dual-in-line cera
mic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values 

Storage-Temperature Range (Tstg ) 
.......................... , -65 to +1500 C 
Operating-Temperature Range (T A) 
........................... -55 to +1250 C 
DC Supply-Voltage Range (V DD) 
(All voltage values referenced to V SS terminal) 

CDP1832D .............. ~0.5 to +15 V 
CDP1832CD .............. ~0.5 to +7 V 

Power Dissipation Per Package (PD ): 
For T A =~55 to +1000 C 

500mW 

For T A =+100 to +1250 C 
. . . . . . . . . . . . . .. Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 
For TA=~550Cto +125°.C ....... 100mW 

Input Voltage Range. All Inputs 
.. . . ... .. . ... . .... .. .. -0.5 to V DD +0.5 V 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 105 max. ......... +2650C 

OPERATING CONDITIONS at TA=250 C Unless Otherwise Specified 
For maximum reliabilitv. nominal operating conditions should be 
selected so that operation is alwavs within the following ranges: 

CONDITIONS LIMITS 
CHARACTE R I STI C VDD CDP1832D CDP1832CD 

Static 
Supply· Voltage Range (At T A=Full 

Package-Temperature Range) 
Recommended Input Voltage Range 

RAM CDU 
CDPI802 

(V) Min. 

- 3 

- VSS 

Fig_ 1-Typical CDP1802 microprocessor system. 

Max. Mi~_ Max_ 

12 4 6 

VDD VSS VDD 

I/O 

UNITS 

V 

V 

MIo3 
.... 4 
.... 5 
MAS 

Features: 
• Static Silicon-Gate CMOS 

circuitry-CD4000-series compatible 
• Compatible with CDP1800-series 

microprocessors at maximum speed 
• Fast access time: -

400 ns typo at VDD = 10 V 

• Single voltage supply 
• Full military temperature range 

(...,;550 C to +l25o CI . 
• Functional replacement for 

industry type 870451~ x 8 PROM 
• Three-state outputs 
• Low quiescent and operating power 

10107 I :M VDO .... , 2 23 MA8 
.... 5 3 22 NC 
10104 4 21 NC 
MA3 5 2D a 
.... 2 , 19 NC 
MAl 7 18 Ne 

.... 0 8 Ir 1!US7 
BUS 0 9 16. BUSS 

I!USI 10 11 !lUS5 
BUS2 11 14 1!US4 
Yss 12 13 BUS3 

TOP VIEW 

Ne • NO CONNECTION 

Terminal Assignment 

·MI~IMUM TIMING FOR 
VALID DATA OUT,PUT; 
L.ONGER TIMES WIL L 

- INITIATE AN EARLIER. 
CS ------\ ... ______ BU_T INVALID OUTPUT 

BUFFERS 
AND 

DECODERS 

CDP1832 
Timing Diagram 

512 x 8 
STORAGE 

CELL 
ARRAY 

SENSE 
AMPLIFIERS 

CDPl832 
Functional Diagram 
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MICROPROCESSOR INTEGRATED CIRCUITS 
----------------------------------~-----------

Preliminary CDP1832D, CDP1832CD 
ELECTRICALCHARACTERISTICS at T A=250 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS CDP1832D CDP1832CD UNITS 

Vo VDD TYPICAL TYPICAL 

(V) (V) VALUES VALUES 

Static 
- 5 100 500 

Quiescent Device Current, I L - 10 500 - IlA 
- 15 1000 -

Output Drive Current: 

N-Channel (Sink), ION 
0.4 5 0.8 0.8 
0.5 10 1.8 -
4.6 5 -0.8 -0.8 

mA 

P-Channel (Source), lOP 9.5 10 -1.8 -

Dynamic: t r,tr=10 ns, CL =50 pF 

Access Time From Address - 5 850 850 
Change, tAA 10 400 

ns 
- -

Access Time From Chip - 5 400 400 
Select, tAC 10 200 

ns 
- -
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Preliminary CDP1852D, CDP1852CD 

a-Bit Input/Output Port 

The RCA-CDP18520 and COP1852CO are 
parallel, 8-bit, mode-programmable COS/MaS 
input/output ports designed for use in COP-
1800 series microprocessor systems. These 
input/output ports are compatible and will 
interface directly with the COP1802 without 
additional components. 

The mode control is used to program the 
device as an input port (mode=O) or output 
port (mode=1). If the CDP1852 is used as an 
input port (mode=O), data is strobed into the 
port's 8-bit register by a high (1) level on the 
clock line. The negative, high-to-Iow transi
tion of the clock sets the Service Request 
Flip-Flop (SR=O) and latches the data in the 
register. The ~ output can be used to sig
nal the microprocessor. When CS1'CS2=1 
the three-state output drivers are enabled, 
the negative high-to-Iow transition of CS1' 
CS2 resets the Service Request Flip-Flop, 
SR=1. 
If the CDP1852 is used as an output port 

MAXIMUM RATINGS, 
Absolute-Maximum Values 
Storage-Temperature Range (T stg) 
__ .. _ .... ___ ............... _ -65 to +1500C 

(mode=l), data is ~obed into the port's 
8-bit register when CS1·CS2·CLOCK=1. The 
three-state output drivers are enabled at all 
times when the CDP1852 is configured as an 
output port. The service request signal is 
generated at the termination of CS'i 'CS2=1 
and will be present, 1 level, until the fol
lowing negative, high-to-Iow transition of the 
clock. 

A CLEAR control is provided for resetting 
the port's register and service request flip
flop. 

The CDP18520 is functionally identical to 
the CDP1852CO. The COP1852D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1852CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP18520 and CDP1852CD are sup
plied in 24-lead, hermetic, dual-in-line cera
mic packages. 

Operating-Temperature Range (TA) For TA=+100 to +1250C 
__ . _ .. _ .... _ ............... -55 to +1250C ............... Derate Linearly to 200 mW 
DC Supply-Voltage Range (VDD) Device Dissipation Per Output Transistor: 
(All voltage values referenced to V SS terminal) For T A =-550C to +1250C ....... 100 mW 

CDP18520 .........•..... -0.5 to +15 V Input Voltage Range, All Inputs 
CoP1852Co .............. -0.5 to +7 V ... ....... .... .... .... -0.5 to Voo +0.5 V 

Power Dissipation Per Package (PO): Lead Temperature (During Soldering): 
ForTA=-55to+1000C At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mW from case for 10 s max. ......... +2650 C 

OPERATING CONDITIONS at T A=250 C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be 
selected so that operation is a/ways within the following ranges' 

CONDITIONS LIMITS 
CHARACTERISTIC VDD CDP1852D CDP1852CD UNITS 

(V) Min. Max. Min. Max. 

Supply-Voltage Range (At T A=Full - 3 12 4 6 V 
Package-Temperature Range) 

Recommended Input Voltage Range - VSS VDO VSS VOD V 

Typical Typical 

Strobe Pulse Width, tws 
5 200 200 
10 100 

ns 

Data Setup Time, tos 
5 0 0 
10 0 

ns 

Data Hold Time, tDH 
5 100 100 
10 50 

ns 
-

CeEAR WAIT 

ROM RAM 

92CM-2'H73 

Fig. 1-Typical CDP1802 microprocessor sysll1m. 

Features: 
• Static Silicon-Gate CMOS 

circuitry-CD4000-series compatible 
• Compatible with CDP1800-series 

microprocessors at maximum speed 
• ,Interfaces with CDP1802 

microprocessor without additional 
components 

• Single voltage supply 
• Full military temperature range 

(-550 C to +1250 C) 
• Parallel 8-bit data register and 

buffer 
• Flip-flop for service request 
• Asynchronous register clear 
• Low quiescent and operating power 

CSIIf§ I 24 Voo 
MODE 2 23 SR/SR 
010 3 22 017 
000 4 21 007 

OIl 5 20 016 
001 6 19 006 
012 7 18 015 
002 8 17 005 
013 9 16 014 
003 10 15 004 

CLOCK II 14 CLEAR 
VSS 12 13 CS2 

TOP VIEW 
92CS-27!572 

Terminal Assignment 

CSIICSi" I 

ENAecE 

THREE-
STATE 

OUTPUT 
DRIVERS 

• POCARITY DEPENDS ON MODE 

000 
001 
002 

10 005 
004 

17 005 
006 
007 

92(:5-27574 

Functional Diagram 
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MICROPROCESSOR INTEGRATED CIRCUITS _______________________________ _ 

Preliminary CDP1852D, CDP1852CD 
ELECTRICAL CHARACTERISTICS at TA=250 C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS CDP1852D CDP1852CD UNITS 

}~A Vo VDD TYPICAL 
(V) (V) VALUES 

Static. 
- 5 50 

Quiescent Device Current, I L - 10 100 
- 15 500 

Output Drive Current: 
0.4 5 1.6 

N·Channel (Sink), ION 0.5 10 3.6 

P-Channel (Source). lOP 
4.6 5 -1.6 
9.5 10 -3.6 

Dynamic: tr,tt-10 ns, CL-50 pF 

Propagation Delay Times: 

Output from CS, tCA 
- 5 200 
- 10 100 

5 200 
Data to Output, too 

-
- 10 100 

TYPICAL 
VALUES 

100 
- J.LA 
-

1.6 
- mA 

-1.6 
-

CLOCK 

X 

200 
- 0 

200 
ns 

0 
- 1 

MODE-O -
CS1-CS2 CLEAR 

0 X 

1 0 

1 1 

1 X 

CONTROL 
FROM 
OUTPUT 
DEVICf: 

92CS-27,n 

Data Out Equals 

High-Im-
pedance 

0 

Data Latch 

Data In 

I11III CSI CLOCKITPB) ---r1:-'ws TL 
CLOCK ~~t_.'_DH ______ _ 

NX 

TPB 

&US 0 
TO DATA BUS 

BUS 7 

COPlB02 lice 

CS2 

CLOCK 

CDPI852 

01 
0-7 

DO P 0-7 } 

DATA 
AND 
CONTROL 
TO 
OuTPu!' 
DEVICE SRi---

Voo 
MODE CLffi 

I f 
Voo 

92(;5-27577 

CS2INO/NIIN2) 

DATA-INIFROM RAM) :===:::5j~~::;;;:;;:;==== -11:::00 
OATA-QUT X NEW OATA 

~ I L 
OUTPUT PORT TIMING 

t'!§..t=:::I....~ DATA IN ...It...-.-J.::::JOClNiS~iT[C§ARE§:~:::::::= 

CSlliillfi) 

CS2 
INO/NI/N2) 

DATA OUT 

c 
-----:::;-4y I-.CA '--

HIGH IMPEDANCE I VALID DATA I HIGH IMPEDANCf: 

INPUT PORT TIMING 
92(5-215"6 

MODE = 1 

CLOCK CS1·CS2 

0 X 

0 X 

X 0 

1 1 

CLEAR Data Out Equals SR = 1"-

0 0 

1 Data Latch 
CS1·CS2 ~ 

1 Data Latch 

X Data In 

Fig. 2~CDP1852 output port operation. 

Note: 
The dynamic characteristics and timing dia
grams indicate maximum performance capa
bility of the CDP1852. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 

"- The service request flip-flop is placed in the "1" 
state by the termination of the I/O port selection, 

CS1 ·CS2 or CS1·CS2. System implementations 

should be avoided which cause a transient selection 

SR =0 

CLOCK ~ 
Or CLEAR ~ 

SR =0 SR = 1"-

CLOCK !. CS1·CS2 ~ 
OrCLEAR ~ 

Fig. 3- CDP1852 input port operation. 

will hold when the COP1852 is used as an 
output port with the CDPl802 micropro
cessor: 

twS(TPB) = 1.0 tc 

tDH = 0.5 tc 

~=--------------
CDP1802 clock frequency 

of the port. The termination of the signal may 

improperly place the service request flip-flop in the 

"1" state. The transition used to set and reset 

SR/SR may be positive or negative. The polarity 

will not affect circuit operation shown in Figs.2 and 3. 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 

RCA offers high-reliability versions of a 
broad range of integrated circuits. These high
reliability integrated circuits include COS/MOS 
types, microprocessor systems, CMOS and 
NMOS memories, and linear types that are 
processed in accordance with MIL-STD-883 
(Military Standard for Test Methods, Microelec
tronics), In addition, twenty-seven COS/MOS 
integrated circuits are currently being "quali
fied" to meet the requirements of MIL-M-
38510 (Military Standard for Microelectronics 

or Integrated Circuits!. RCA plans to qualify a 
number of its more than 100 standard linear 
integrated circuits in accordance with MIL-M-
38510 in the future. 

integrated circuit may also be obtained on a 
custom basis.! 

The product-classification charts shown in 
Tables I through IV list RCA high-reliability 
integrated circuits processed in accordance with 
MIL-STD-883 (slash-series types) and MIL-M-
38510 that are currently available or that are 
planned for the near future. (Note: High-relia
bility slash-series types of any commercial RCA 

RCA also offers a broad line of high-relia
bility integrated-circuit chips for use in hybrid 
circuits. Standard chips are normally inspected 
to MIL-STD-883, Method 2010.1, Condition B 
Visual. Chips subjected to the more critical 
Condition A Visual inspections and to SEM 
(scanning-electron-microscope) inspections are 
also available. 

TABLE I - Product Classification Guide for RCA High-Reliability COS/MaS Integrated Circuits 

MIL-STD-8S3 Slash-Series and MIL-M-38510 Series Types 

Availability MIL-M-38510 Series Types 
Standard of MIL-
Product Descriptive Title STD-8S3 

Type No_ Slash-Series Detailed Electrical Availability 

Types Specification No_ of Parts 

CD4000A Dual 3-lnput NOR Gate Plus Inverter Now MIL -M-3851 0/05201 Now 
CD4001A Quad 2-lnput NOR Gate Now MI L-M-3851 0/05202 Now 
CD4002A Dual 4-lnput NOR Gate Now MIL-M-38510/05203 Now 
CD4006A 18-Stage Static Shift Register Now MIL-M-38510105701 Now 
CD4007A Dual Complementary Pair Plus Inverter Now MI L-M-3851 0/05301 Now 
CD4008A 4-Bit Full Adder With Parallel Carry-out Now MIL-M-38510/05401 Now 
CD4009A Hex Buffer/Converter (Inverting Type) Now MI L-M-3851 0/05501 Now 
CD4010A Hex Buffer/Converter (Non-Inverting Type) Now MIL-M-38510/05502 Now 
CD4011A Quad 2-lnput NAND Gate Now MIL-M-38510/05001 Now 
CD4012A Dual4-lnput NAND Gate Now M I L-M-3851 0/05002 Now 
CD4013A Dual "D" Type Flip-Flop With Set/Reset 

Capability Now MI L-M-3851 0/05101 Now 
CD4014A 8-Stage Static Shift Register (Synchronous) Now MI L-M-3851 0/05702 Now 
CD4015A Dual 4-Stage Static Shift Register Now MI L-M-3851 0/05703 Now 
CD4016A Quae;! Bilateral Switch Now MIL-M-38510/05801 Now 
CD4017A Decade Counter/Divider Now MIL -M-3851 0/05601 Now 
CD4018A Presettable Divide-By-"N" Counter Now MIL-M-38510/05602 Now 
CD4019A Quad AND-OR Select Gate Now MIL-M-38510/05302 Now 
CD4020A 14-Stage Ripple-Carry Binary Counter/Divider Now M I L-M-3851 0/05603 Now 
CD4021A 8-Stage Static Shift Register (Asynchronous) Now MI L-M-38510105704 Now 
CD4022A Divide-By-8 Counter/Divider With 8 Decoded 

Outputs Now MIL-M-38510/05604 Now 
CD4023A Triple 3-lnput NAND Gate Now M I L-M-3851 0/05003 Now 
CD4024A 7-Stage Binary Ripple Counter Now MIL-M-38510/05605 Now 
CD4025A Triple 3-lnput NOR Gate Now M I L-M-3851 0/05204 Now 
CD4026A Decade Counter/Divider Now Note 1 
CD4027A Dual J-K Master-Slave Flip-Flop With Set/Reset 

Capability Now MIL-M-38510/05102 Now 
CD4028A BCD-TO-Decimal Decoder Now M I L-M-3851 0/05901 Note 2 
CD4029A Presettable Up/Down Counter Now MI L-M-3851 0/05606 Note 2 
CD4030A Quad Exclusive-OR Gate Now M I L-M-3851 0/05303 Note 2 
CD4031A 64-Stage Static Shift Register Now MI L-M-38510/05705 Now 
CD4033A Decade Counter/Divider Now Note 1 
CD4034A 8-Stage Parallel-In/Parallel-Out Bidirectional 

Static Shift Register Now MIL-M-38510/05706 Note 2 
CD4035A 4-Stage Parallel-In/Parallel-Out Shift Register Now MIL -M-3851 0/05707 Note 2 
CD4036A 4-Word X 8-Bit RAM (Binary Addressing) Now Note 1 
CD4039A 4-Word X 8-Bit RAM (Direct Word-Line 

Addressing) Now Note 1 
CD4040A 12-Stage Binary/Ripple Counter Now MIL-M-38510/05607 Note 2 
CD4041A Quad True/Complement Buffer Now M I L-M-3851 0/05505 Note 2 
CD4042A Quad Clocked "D" Latch Now MIL-M-38510/05103 Note 2 
CD4043A Quad 3-State NOR R/S Latch Now Note 1 
CD4044A Quad 3-State NAND R/S Latch Now Note 1 
CD4045A 21-Stage Clock-Timer Counter Now Note 1 
CD4046A Micropower Phase-Locked Loop Now Note 1 
CD4047A Low-Power Monostable/Astable Multivibrator Now MIL -M-3851 0/05014 Note 2 
CD4048A Multi-Function Expandable 8-lnput Gate Now Note 1 
CD4049A Hex Buffer/Converter (Inverting Type) Now MI L-M-3851 0/05503 Now 
CD4050A Hex Buffer /Converter (Non-Inverting Type) Now MIL -M-3851 0/05504 Now 
CD4051A Single 8-Channel Analog Multiplexer Now MIL -M-3851 0/05803 Note 2 
CD4052A Differential 4-Channel Anglog Multiplexer Now Note 1 
CD4053A Triple 2-Channel Analog Mutliplexer Now Note 1 
CD4057A LSI 4-Bit Arithmetic Array Now MI L-M-3851 0/05903 Note 2 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 

TABLE I - Product Classification Guide for RCA High-Reliability COS/MOS Integrated Circuits (Continued) 

MIL-STD-$83 Slash-Series and MIL-M·38510 Series Types 

Availability MIL-M-38510 Series Types 
Standard of MIL-
Product Descriptive Title STD-883 

Detailed Electrical Availability Type No. Slash-Series 
Types Specification No. of Parts 

CD4059A Divide-by-N Counter (Programmable) 2nd 0 1976 Note 1 
CD4060A 14-Stage Binary Counter and Oscillator Now Note 1 
CD 4061 A 256-Bit Static Random-Access Memory Now MIL-M-38510/05902 Note 2 
CD4062A 200-Stage Dynamic Shift Register Now Note 1 
CD4063B 4-Bit Magnitude Comparator Now Note 1 
CD4066A Ouad Bilateral Switch Now MIL -M-3851 0/05802 Note 2 
CD4067B Single 16-Channel Multiplexer/ 

Demultiplexer 1st 0 1976 N\)te 1 
CD4068B 8-lnput NAND Gate Now Note 1 
CD4069B Hex Inverter Now Note 1 
CD4070B Ouad Exclusive-OR Gate 1st 01976 Note 1 
CD4071B Ouad 2-lnput OR Gate Now Note 1 
CD4072B Dual 4-lnput OR Gate Now Note 1 
CD4073B Triple 3-lnput AND Gate Now Note 1 
CD4075B Triple 3-lnput OR Gate Now Note 1 
CD4076B 3-State 4-Bit "0" Type Register 1st 0 1976 Note 1 
CD4077B Ouad Exclusive-NOR Gate 1st 01976 Note 1 
CD4078B 8-lnput NOR Gate Now Note 1 
CD4081B Ouad 2-lnput AND Gate Now Note 1 
CD4082B Dual 4-lnput AND Gate Now Note 1 
CD4085B Dual2-Wide 2-lnput AND-OR-Invert Gate Now Note 1 
CD4086B Expandable 4-Wide 2-lnput AND-OR-

Invert Gate Now Note 1 
CD4089B Binary Rate Multiplier 1st 01976 Note 1 
CD4093B Ouad 2-lnput NAND Schmitt Trigger 1st 01976 Note 1 
CD4094B 8-Bit Bus Register With Shift and Store 1st 01976 Note 1 
CD4095B Gated JK Flip-Flop (Non-Inverting J 

and K Inputs) 1st 01976 Note 1 
CD4096B Gated JK Flip-Flop (Inverting and 

Non-Inverting J and K Inputs) lstO 1976 Note 1 
CD4097B Differential 8-Channel Multiplexer/ 

DemUltiplexer 1st 01976 Note 1 
CD4098B Dual Retiggerable/Resettable 

Monostable Multivibrator 1st 01976 Note 1 
CD4099B 8-Bit Addressable latch 1st, 2nd 0 1976 Note 1 
CD4502B Strobed Hex Inverter/Buffer 2nd 0 1976 Note 1 
CD4508B Dual 4-Bit latch 2nd 0 1976 Note 1 
CD4510B 4-Bit BCD Up/Down Counter 1st 01976 Note 1 
CD4511B BCD-to-Seven-Segment latch Decoder 

Driver 1st 0 1976 Note 1 
CD4514B 4-Bit latch/4-to-16 Line Decoder 

(Outputs Higll) Now Note 1 
CD4515B 4 Bit latch/4-to-16 Line Decoder 

(Outputs Low) 
, 

Now Note 1 
CD4516B 4-Bit Binary Up/Down Counter 1st 01976 Note 1 
CD4518B Dual BCD Up Counter Now Note 1 
CD4520B Dual Binary Up Counter Now Note 1 
CD4527B BCD Rate Multiplier 3rd 0.1976 Note 1 
CD4532B 8-lnput Priority Encoder 1st 0 1976 Note 1 
CD4555B Dual l-of-4 Decoder/Demultiplexer 

(OutPuts High) 1st 0 1976 Note 1 
CD4556B Dual l-of-4 Decoder/Demultiplexer 

(Ouputs Low) lstO 1976 Note 1 

CD40100 32-Bit Left/Right Shift Register 3rd 01976 Note 1 
CD40101 Parity Generator/Checker 3rd 0 1976 Note 1 
CD40102 Presettable 8·Bit BCD Down 

Counter 3rd 0 1976 Note 1 
CD40103 Presettable 8-Bit Binary Down 

Counter 3rd 0 1976 Note 1 
CD401 04 3-Sta18. 4-Bit Left/Right Shift 

Register 3rd 0 1976 Note 1 , 
CD40105 FIFO Buffer Register 3rd 0 1976 Note 1 
CD401 07 Dual 2-lnput NAND Buffer/Driver 3rd 0 1976 Note 1 
CD40108 4 X 4 Multiport Register 3rd 01976 Note 1 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 

Table 1 - Product Classification Guide for RCA High-Reliability COS/MOS Integrated Circuits (Continued) 

MIL-STD-883 Slash-Series and MIL-M-38510 Series Types 

Availability MIL-M-38510 Series Types 
of MIL-

Standard STD-883 
Product Slash-Series Detailed Electrical Availability 

Type No. Descriptive Title Types Specification No. of Parts 

CD40109 auad Low-to-High Voltage Level Shifter 3rd a 1976 Note 1 
CD40181 4-Bit Arithmetic Logic Unit 3rd a 1976 Note 1 
CD40182 Look-Ahead-Carry Block Arithmetic Logic Unit 3rd a 1976 Note 1 
CD40192 Synchronous 4-Bit Up/Down 3 BCD Counter 3rd a 1976 Note 1 
CD40193 Synchronous 4-Bit Up/Down Binary Counter 3rd a 1976 Note 1 
CD40194 4-Bit Left/Right Shift Register 3rd a 1976 Note 1 
CD40257 auad 2-line-to-1-line Data Selector Multiplexer 3rd a 1976 "Note 1 

Notes: 
1. No MIL-M-38510 detailed electrical specifications have been defined as yet. RCA plans to add additional types to the MIL-M-

38510 series on a continuing basis. 

2. MIL-M-38510 nomenclature has been assigned for these circuits. Proposed detailed electrical specifications have been developed 
and are under review by governmental agencies. RCA will take custom orders for these circuits, processed and tested to the pro
posed specifications, starting about mid-1976. 

Table II - Product Classification Guide for RCA High-Reliability Microprocessors 

CDP1801 System 

MI L-STD-883 Slash-Series Types 

Product Availability to MIL-STD-883 
Type # Description RCA Slash Series 

Microprocessor (COSMAC) 
CDP1801D Two-Chip Set Mid 1976 

CDP180lUD Processor Chip 
CDP1801RD Register Chip 

I/O Circuit 
CD4000 Series Now 
COS/MOS 

Memory 
CD4061A 256-Bit RAM Now 

CDP1802 System 

MI L-STD-883 Slash-Series Type 

Product Availability to MIL-STD-883 
Type # Description RCA Slash Series 

Microprocessor 
I 

Early 1977 CDP1802D Complete Processor 

Memory 
CDP1821SD 1024 x 1 RAM 1977 
CDP1822SC 256 x 4 RAM 1977 
CDP18240 32 x 8 RAM 1977 
CDP1831D 512 x 8 ROM (COSMAC Compatible) 1977 
CDP1832D 512 x 8 ROM (Intel PROM Compatible) 1977 

I/O Circuits 
CDP1852D BYTE I/O 1977 
CDP1853D l-of -8 Latch Decoder 1977 
CDP1854D UART 1977 
CDP1855D Multiply/Divide Chip 1977 
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Table III - Product Classification Guide for RCA High·Reliability CMOS and NMOS Integrated·Circuit 
Memories 

Product Availability to MIL-STD·883 
Type I Description Techilology RCA Slash Series 

CD4061AD 256Xl Bit RAM Std. COS/MOS Now 
MSW5501D 1024Xl Bit (10V) SOS/CMOS 2nd Half 1976 
MWS5540D 256X4 Bit (10V) SOS/CMOS Early 1977 
MW4050D 4096Xl Bit/1B Pin NMOS Mid 1976 
MW4060D 4096X1 Bit/22 Pin NMOS Mid 1976 

Table IV - Product Classification Guide for RCA High·Reliability Linear Integrated Circuits 

MIL-STD-883 Slash-Series Types 

Standard 
Availability of MIL-STD·883 

Product Descriptive Title Slash-Series Types 
Type No. 

CA101AT Operational Amplifier, General·Purpose Now 1975 
CA101T Operational Amplifier, General·Purpose Now 1975 
CA107T Operational Amplifier, General-Purpose Now 1975 
CA108AT Operational Amplifier. Precision Now 1975 
CA108T Operational Amplifier, Precision Now 1975 
CA111T Voltage Comparator Now 1975 
CA723T Voltage Regulator Now 1975 
CA741CT Operational Amplifier, General-Purpose Use CA741T 
CA741T Operational Amplifier, General-Purpose Now 
CA747CT Operational Amplifier, General-Purpose Use CA747T 
CA747T Operational Amplifier, General-Purpose Now 
CA748CT Operational Amplifier, General·Purpose Use CA748T 
CA748T Operational Amplifier, General-Purpose Now 
CA1458T Operational Amplifier, General-Purpose Use CA1558T 
CA1541D Dual-Input Memory Sense Amplifier Custom Basis Only 
CA1558T Operational Amplifier, General·Purpose Now 
CA3000 DC Amplifier Now 
CA3001 Video and Wide-Band Amplifier Now 
CA3002 IF Amplifier Now 
CA3004 RF Amplifier Now 
CA3005 RF Amplifier Use CA3006 
CA3006 RF Amplifier Now 
CA3010 Operational Amplifier Use CA3015, CA3015A 
CA3010A Operational Amplifier Use CA3015, CA3015A 
CA3011 FM IF Amplifier Use CA3014 
CA3012 FM IF Amplifier Use CA3014 
CA3013 Wide-Band Amplifier/Limiter/FM Detector Use CA3014 
CA3014 Wide-Band Amplifier/Limiter/FM Detector Custom Basis Only 
CA3015 Operational Amplifier Now 
CA3015A Operational Amplifier Now 
CA3018 General·Purpose Transistor Array Use CA3018A 
CA3018A General·Purpose Transistor Array Now 
CA30i9 Diode Array (Quad and Two Individual Diodes) Now 
CA3020 Multipurpose Wide· Band Power Amplifier Use CA3020A 
CA3020A Multipurpose Wide·Band Power Amplifier Now 
CA3026 Dual Independent Differential Amplifier Now 
CA3028A Differential/Cascode Amplifier Use CA3028B 
CA3028B Differential/Cascode Amplifier Now 
CA3036 Dual Darlington Array Custom Basis Only 
CA3037 Operational Amplifier Use CA3038, CA3038A 
CA3037A Operational Amplifier Use CA3038, CA3038A 
CA3038 Operational Amplifier Custom Basis Only 
CA3038A Operational Amplifier Custom Basis Only 
CA3039 Diode Array (Six Matched Diodes) Now 
CA3043 FM I F Subsystem Custom Basis Only 
CA3045 General-Purpose Transistor Array Now 
CA3046 General·Purpose Transistor Array Use CA3045 
CA3049T Dual Independent Differential RF/IF Amplifier Now 
CA3053 Differential/Cascode Amplifier Use CA3028B 
CA3058 Zero· Voltage Switch Now 
CA3060AD Triple Operational Transconductance Amplifier Array Custom Basis Only 
CA3060BD Triple Operational Transconductance Amplifier Array Custom Basis Only 
CA3060D Triple Operational Transconductance Amplifier Array Use CA3060AD 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 

Table IV - Product Classification Guide for RCA High-Reliability Linear Integrated Circuits (Continued) 

MIL-STD-883 Slash-Series Types 

Standard 
Availabi lity of. MI L-STD-883 

Product Descriptive Title 
Type No. 

Slash-Series Types 

CA3076 High-Gain Wide-Band IF Amplifier-Limiter Custom Basis Only 
CA3078AT Micropower Operational Amplifier Now 
CA3078T Micropower Operational Amplifier Now 
CA3080 Operational Transconductance Amplifier Now 
CA3080A Operational Transconductance Amplifier Now 
CA3085 Positive Voltage Regulator Now 
CA3085A Positive Voltage Regulator Now 
CA3085B Positive Voltage Regulator Now 
CA3086 General·Purpose N-P-N Transistor Array Use CA3045 
CA3091D Four-Quadrant Multiplier Custom 8asis Only 
CA3094AT Programmable Power Switch/Amplifier Now 
CA3094BT Programmable Power Switch/Amplifier Now 
CA3094T Programmable Power Switch/Amplifier Now 
CA3100T Wide-Band Operational Amplifier Now 
CA3118AT High-Voltage Transistor Array Now 
CA3118T High-Voltage Transistor Array Now 
CA3130T COS/MOS Operational Amplifier Now 
CA3130AT COS/MOS Operational Amplifier Now 
CA3130BT COS/MOS Operational Amplifier Now 
HR3N187 Dual-Gate FET Now 
HR3N200 Dual-Gate FET Now 

MIL-M-385l0 Series Types 

Standard MIL-M-385l0/l00 Series Type 

Product Descriptive Title 
Type No. Detailed Electrical Specification No. Projected Availability 

CA101A Operational Amplifier MI L-M-38510/10103 

CA108A Operational Amplifier MI L-M-38510/10104 

CA741 Operational Amplifier MI L-M-3851 0/1 01 01 

CA747 Operational Amplifier MI L-M-385l 0/1 01 02 

CA723 Voltage Regulator MI L-M-385l 0/10201 

CAll1 Voltage Comparator MI L-M-38510/l0304 

CA3018A 
Transistor Arrays In Process 

CA3045 

MIL-STD-883 Requirements 

RCA Solid State Division offers a broad 
·range of COS/MOS and linear integrated cir
cuits processed and screened in accordance with 
MIL-STD-883, Method 5004.3, Class A, S, or C 
requirements. 

The product-flow chart for RCA high-relia
bility integrated circuits processed in accord
ance with MIL-STD-883 is shown in Fig.l. 
After wafer processing, special visual inspec
tions are performed to MI L-STD-883, Method 
2010.2, Condition S or A at both chip and 
pre-seal inspections to assure a packaged chip of 
high reliability. In the case of Class A product 
(RCA levels /1 and /2), parts are tested func
tionally, and then receive a dc parameter test; 
significant parameters are recorded. 

A 240-hour burn-in at 125°C is performed 
on all parts. All readings are repeated, and delta 
shifts calculated. The customer is provided with 
print-outs of these parameters identified by the 
serial number on the part. The parts then go 
through l00-per-cent high- and low-tempera
ture testing under functional and dc operating 
conditions. Next, 100-per-cent ac testing is 

accomplished followed by Group A sampling of 
all test conditions. The Class A product is 
branded, visually inspected, and retested both 
functionally and to dc parameters prior to 
packaging and shipment to the customer. The 
screening tests for Class S (RCA level /3) and 
Class C (RCA level /4) devices are reduced as 
shown in Table V in which X designates that a 
test is performed 100 percent and S indicates 
that the test is a screen. For Class-S devices, the 
main difference is that burn-in is for 160 hours 
with GO-NO/GO parameter readings made 
before and after burn-in. Temperature testing is 
done on a sampling basis, and visual inspection 
prior to sealing is not as critical. Class-C devices 
are tested similarly to Class-B devices less the 
burn-in, temperature, and ac tests. 

MIL-M-38510 Requirements for High-Reliability 
COS/MOS Integrated Circuits 

M I L-M-3851 0 is the general specification for 
integrated circuits and the top document for 

Mid 1976 

Late 1976 

Early 1976 

Mid 1976 

Mid 1976 

Mid 1976 

Early 1976 

MIL-STD-883. This general specification, intro
duced a year after MIL-STD-883 was in exist
ence, adds a number of quality constraints not 
included in MI L-STD-883, which is a specifica
tion of test methods, procedures, and screening 
tests. Parts are provided to M I L-M-3851 0 under 
a series of /050 numbers of which nine are in 
existence. These nine numbers cover twenty
seven COS/MOS types. Parts meet requirements 
similar to those of Classes A, B, and C of 
MIL-STD-883. Method 5004 screening, except 
that additional requiremenlll, including more 
test conditions and tightened limits, are im
posed. The additional criteria for each class of 
product are designated by anX in Table VI. 
Also provided in MI L-M-3851 0 tests are PDA's 
(Per-Cent Defective Allowed) of 10 per cent for 
the three burn-in operations performed on 
Class-A product, and 10 per cent for the one 
burn-in of Class-S product. Table VII pro
vides a list of the COS/MOS devices for which 
MIL-M-38510 /050-number specificati.on sheets 
have been written. . 

Fig. 2 shows a product-flow diagram for 
RCA COS/MOS integrated circuits processed in 
accordance with MIL-M-38510. 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 

MIL-STD-883 
METHOD 2010.2 
CONDITION A OR B 

SEM 
INSPECTION 
AS REOUIRED 

CONDITIONING SCREENS 

STA81LIZATION BAKE 
THERMAL SHOCK 
TEMPERATURE CYCLING 
MECHANICAL SHOCK 
CENTRIFUGE 
FINE LEAK 
GROSS LEAK 

STABILIZATION BAKE 
TEMPERATURE CYCLING 
CENTRIFUGE I---r-----.i 
FINE LEAK 
GROSS LEAK 

Fig. 1 - Product-flow diagram for RCA high-reliability integrated circuits processed 
in accordance with MIL-STD-883. Methods 5004.3 and 5005.3. 

Table V -- Description of Total Lot Screening per MIL-STD-883, Method 5004.3 

MI L·STD·BB3 
Test Conditions 

Method Conditions I1N /1R 

SEM Inspection 2018 - X X 
P,eeap Visual 2010.2 A X -
Precap Visual - 2010.2 B - X 
Preseal Bake 2 Hrs. min. at 2000 C - - X X 
Seal & Lot Identification - - X X 
Stabilization Bake 48 hrs. at 1500 C 1008 C X X 
Temperature Cycling 10 cycles 1010 C X X 
Centrifuge Y2, Yl direction, 2001 E X X 

Y 1 direction only 2001 E - -
Fine Leak - 1014 A X X 
Gross Leak ... 1014 C X X 
Electrical Tests - .. - X X 
Serialize ... - - X X 
Pre Burn·in Electrical see Table I X - - X X 
Burn·in 240 hours (see Note 11 1015 B, 0, E, or F X X 

160hours (see Note 11 1015 B, 0, E, or F - -
Post Burn·in Electrical Delta Requirements (See Table I XI - - X X 
Final Electrical 
a) 250 C see Table VI I - - X X 
b) ·55 and t 1250 C DC 

and 250 C AC see Table VII - - X X 
Radiographic Inspection 1 view 2012 - X X 
External Visual - 2009 - X X 

92CL - 24949RI 

Screening Levels 

/1 12 !3 13W 

- - - -
- - -

X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X - -
- - X X 
X X X X 
X X X X 
X X X X 
X X - -
X X - -
X X - -
- - X X 
X X - -

X X X X 

X X X -
X - - -
X X X X' 

Note 1: RCA may substitute method 1015 Condition F, which provides variable burn-in time and temperature options. 

14 

-
X 
X 
X 
X 
X 
-
X 
X 
X 
-
-
-
-
-

-

X 

S 
-
X 
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Table VI - MIL-M-38510 requiriments 
in addition to those of MIL-STD-883 

Table VII - COS/MOS devices for which specification sheets have been written 

Detailed Electrical Detailed Electrical 
Specificlllion, Davice Covered Specification, Device Covered 

Cia. Cia. Cia. MIL·M-38510 MIL·M·38510 
Requirements A B C MIL-M·38510/050 

Product assurance 
plan X X X 

Manufacturing 
Certification X X X 

01 CD4011A 
02 CD4012A 
03 CD4023A 

MIL·M·38510/051 
01 CD4013A 

MI L·M·3851 0/055 
01 CD4009A 
02 CD4010A 
03 CD4049A 
04 CD4050A 

Line certification X 02 CD4027A MIL·M·38510/056 

SEM inspection X 
Radiographic 

NHB5300.4(3E) X 
Two bias burn-in 

24 hrs. X 
Tighter DC electrical X X X 
Tighter AC electrical X X X 

MIL-M·38510/052 
01 CD4000A 
02 CD4001A 
03 CD4002A 
Ii4 CD4025A 

MIL·M·38510/053 
01 CD4007A 
02 CD4019A 

01 CD4017A 
02 CD4018A 
03 CD4020A 
04 CD4022A 
05 CD4024A 

MIL·M·38510/057 
01 CD400SA 
02 CD4014A 

MI L·M·38510/054 03 CD4015A 

01 CD4008A 04 CD4021A 

No OIlIer ........ eIfttrIc8I .... 1IIc8Iiot .. II_been de-
li ..... .., NASA or mil., ............ 1111. ama. RCA .... n. 
to qIMHfy _ Of Ills COS/MOS product .... In Ills futu ... 

05 CD4031A 
MI L·M·3851 0/058 

01 CD401 SA 

MIL-M·38510 water Lot Aooopt_. 5o_i ........... u_. a .... lflcatlon _ Confarma ..... T .. inl per MIL-STD-lI8.3 Methods 5007. 201B, 2010.2, 5004.3 and 5005.3 

WAFER THICKNESS 
METALLIZATION THICK 

THERMAL STABILITY 
SEM-METHOD 2018 

GLASSIVATION THICK 

240HR 
OPERATING 

& 
INTERIM ELECTRICAL 

FINAL ELECTRICAL 

PRE CAP 
VISUAL 

METHOD 2010.2 

COND.B 

PRE CAP 
VtSUAL 

METHOD 2000.2 

COND.A 

DATA PRINTOUT 
PROVIDED 

RADiOGRAPHIC 
METHOD 2012 

STABILIZATION 
BAKE 

METHOD10OB 

COND.C 

STABILIZATION 
BAKE 

METHOD 1008 

24 HR. BIAS 
INPUTS LOW 

& 

COND.C 

INTERIM ELECTRICAL 

TEMPERATURE 
CYCLE 

METHOD 1010 

CONDC 

. FINAL 
ELECTRICAL 

GROUP A 
METHOD 5005.3 

'--___ -J >----,1....---« ME¥::86'~&x..1 ) 

EXTERNAL _6:)CLcASS VISUAL 
METHOD 2009 

EXTERNAL 
VISUAL 

METHOD 2009 

PRE BURN IN 
ELECTRICAL 

RECORD DATA 

TEMPERATURE 
CYCLING 

METHOD 1010 

COND.C 

SERIALIZATION 

CONSTANT 
ACCELERATOIN 
METHOD 2001 

CONDo E 

160 HR • 
OPERATING 

& 

EXTERNAL 
VISUAL 

METHOD 2009 

INTERIM ELECTRICAL 

CONSTANT 
ACCELERATION 

METHOD 2001 

CONDo E 

HERMETICITY 
METHOD 1014 

COND.A&C 

HERMETICITY 
METHOD 1014 

COND.A&C 

PRE BURN IN 
ELECTRICAL 

Fig. 2 - PRODUCT FLOW CHART for RCA Class A High Reliabilitv Integrated Circuits Processed in Accordance with MIL-M-38510. 
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APPENDIX 

Dimensional Outlines 

DIMENSIONAL OUTLINES FOR LINEAR INTEGRATED CIRCUITS AND MOS/FET DEVICES 

(T) Suffix JEDEC MO'()02-AL 8-Lead TOoS Style 

NOTES 

1. Refer to JEDEC Publication No. 13 for Rules for Dimensioning 
Axial Lead Product Outlines. 

2. Leads at gauge plane within 0.007" (0.178 mmJ radium of True 
Position (TP) at maximum material condition. 

3. Go B applies between L 1 and L2 .• S2 applies betWeen l2 and 
0.500" (12.70 mmJ from seating plane. Diameter is uncontrolled 
in Ll and beyond 0.500" (12.70 mml. 

INCHES MILLIMETERS 
SYMBOL 

MIN. I MAX. 
NOTE 

MIN. I MAX. 

• 0.200 TP 2 5.88 TP 

Al 0.010 0.050 0.26 1.27 

A2 0.165 0.185 4.20 4.69 
(>B 0.016 0.019 3 0.407 0.482 
(>B 1 0.125 0.160 3.18 4.06 

OB2 0.016 0.021 3 0.407 0.533 
(>0 0.335 0.370 8.51 9.39 

00 1 0.305 0.335 7.75 8.50 

Fl 0.020 0.040 0.51 1.01 

I 0.028 0.034 0.712 0.863 
k 0.029 0.045 4 0.74 1.14 

Ll 0.000 0.050 3 0.00 1.27 

L2 0.250 0.500 3 6.4 12.7 

L3 0.500 0.562 3 12.7 14.27 . 45 TP 45 TP 
N 8 6 8 

Nl 3 5 3 

4. Measure from Max.4ID. 

5. Nl is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 

(T) Suffix JEDEC MO-006-AF 10-Lead TOoS Style 

NOTES: 

1. Reier to Rules for Dimensioning Axial Laad Product Out· 
lines. 

2. L_ at ..... plena within 0.007" (0.178 mm) radius of 
Tru. Position (TP) It maximum material condition. 

3 .• B oppIies '*- L 1 and L2 .• B2IPpli .. between L2 
- O.socr· (12.70 mm) from SIlting pI.na. Oi ....... r is 
uncontrol .... in L1_ beyond 0.500" (12.70mm). 

INCHES 
NOTE 

MILLIMETERS 
SYMBOL 

MIN. MAX. MIN. I MAX. 

e O.230TP 2 6.84TP 
A 0 0 0 0 
A2 0.165 0.165 4.19 4.70 
.8 0.016 0.019 3 0.407 0.482 
.8t 0 0 0 0 
.82 0.01' 0.021 3 0.407 0.533 
.0 0.335 0.370 8.51 9.» 
.D 0.305 0.335 7.75 8.50 
Fl 0.020 0.040 0.51 1.01 

i 0.028 0.034 0.712 0.863 
k 0.028 0.046 4 0.74 1.14 
Ll 0.000 0.060 3 0.00 1.27 
L2 0.250 0.500 3 '.4 12.7 
L3 0.500 0.562 3 12.7 14.27 
« 360TP 38DTP 
N 10 6 10 
Nl 1 5 1 

4. Menure from Max .• 0. 

5. N 1 is the ""entity of allowable missing leads. 

•. N is the maximum "".nlity of lead positions. 

92CS-15835 

(S) Suffix 8-Lead TOoS Style with 
Dual-In-Line Formed Leads (DIL-CAN) 

ii~:':~~ffii DIA. 185 
.305-.335 i4.70) MAX. 
17.75-B.50) 

DIA. .070-.150 
( 015-.050 L . (I.7B- 3.81) 

.39-1.271 L . 

.IOOt.OIO 
(2.54t·254) 
13 SPACES) 

(V) Suffix 
10 Formed Leads Radially 
Arranged TO-5 Type 

.300±.OI0 
17.62i .254) 

NON CUMULATIVE 

92CS-20296R2 

92CS-I4GIRI 
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Dimensional Outlines (Cont'd) 

(T) Suffix JEDEC MO-OO6-AG 12-Lead TO.s Style 

SYMBOL 
INCHES 

MIN. I MAX. 

a 0.230 

Al 0 0 

A2 0.165 0.185 

,4>B 0.016 0.019 

4>B.] 0 0 

4>B2 0.016 0.021 

4>0 0.335 0.370 
1/>0 , 0.305 0.335 

F, 0.020 0.040 
j 0.028 0.034 
k 0.029 0.045 
L, 0.000 0.060 

L2 0.250 0.500 
92CS-19774 L3 0.500 0.562 

<X 30" TP 
N 12 

N, 1 

JEDEC TO-72 

NOTE MILLIMETERS 
MIN. I MAX. 

2 5.84TP 
0 0 

4.19 4.1.0 
3 0.407 0.482 

0 0 
3 0.407 0.533 

8.51 9.39 
7.75 8.50 

0.51 1.01 
0.712 0.863 

4 0.74 1.14 
3 0.00 1.27 

3 6.4 12.7 
3 12.7 14.27 

30' TP 
6 12 
5 1 

NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out. 
lines. 

2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
Trua Position (TP) at maximum material condition. 

3. I\B applies ~ L 1 .. d L2. I\B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrollad in L, and beyond 0.500" (12.70 mm). 

4. Measure from Max. 4>0. 

5.- Nl i. the qu .. tity of allowable missing_s. 

6. N is the maximum quantity of lead positions. 

White Ceramic Dual-In-Line Packages 

BOTTOM 

.YY 

SYMBOL 

A 
Iflb 
Iflb2 
~ 
~, . ., 
h 
i 
k 
I 
1, 
'2 
It 

INCHES 

MIN. MAX. 

0.170 0.210 
0.016 0.021 
0.016 0.019 
0.209 0.230 
0.118 0.195 

0.100 T.'. 
0.060 T.'. 

0.G30 
0.036 0.046 
0.028 0.G4B 
0.500 

0.050 
0.250 

46° T,P. 

92CS-17444RI 

MILLIMETERS 
NOTES 

MIN. MAX. 

4.32 5.33 
0.406 0.533 2 
0.406 0.463 2 
5.31 5.84 
4.52 4.95 

2.54 T.'. • 
1.27 T.'. 4 

0,762 
0.91' 1.17 
0.711 1.22 3 

12.10 2 
127 2 

&.35 2 
46° T.P. 4.6 

Note 1: (Four leeds). Maximum number &Mdt omiu.l in this outline. 
"none" 101. The nu",,*" II1d position of .... sactu.lly ~ntar. 
indicated in the product registration. Outline designltion deter
mined by the Joc8tion and minimum angular or Ii".. spacing of any 
two adj~cenl leads. 

Nate 2: IAilieadsl ¢2 applies between ., and '2- ¢Ib applies 
between 'land .500'! f12.10 mm) from seating plane. O ... ter is 
uncontrolled in I, and beyond .500" 112.70 mml from _ing plane. 

Note 3: Measured from malCimum dNimeter of the product. 

Note 4: Leads having maximum diameter .019" 1.483 mmJ measured in 
glging plane .054" 11.37 mm) + .00'" 1.025 mP't1 - .000" ('000 mm) 
below the seating plane of the product shill bewi.hin .007" (.178 mm) 
of their true position retative to a maximum width lab. 

No .. 5: The product may be measured by direct methods or by 1191. 

Note 6: Tilb c:enttrline. 

I :r: ._-
-'>1- 'l;;n;;;rn'l;;;n;;ro;;;n;;C~ 

(D) Suffix 
JEDEC MO-O01-AD 14-Lead 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. 
NOTE 

MIN. MAX. 
A 0.120 0.160 3.05 4.l1li 
Al 0.020 0.066 0.51 1.86 
B 0.014 0.020 0.356 0.508 
Bl 0.060 0.066 1.27 1.86 

C 0.008 0.012 1 0.204 0.304 
0 0.745 0.770 18.93 19.55 
E 0.300 0.325 7.62 8.25 
El 0.240 0.260 6.10 6.60 ., O.l00TP 2 2.54 TP 

eA 0.3OOTP 2,3 7.62 TP 
L 0.125 0.150 3.18 3.81 
L2 0.000 0.030 0.000 0.76 

a QO 150 4 QO I 150 
N 14 5 14 
Nl 0 6 0 
0 , 0.060 0.08!i 1.27 2.15 
S 0.086 0.090 1.66 :U8 

92SS-4411RI 

NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 
1. When this device is supplied solder-dipped, the maximum lead 

thickness (narrow portion I will not exceed 0.013". 
2. Leads within 0.005" (0.12 mm) radius of True Position tTP) at 

guage plane with maximum material condition and unit installed. 
3. 8A applies in zone L2 when unit installed. 
4. a applies to spread leads prior to installation. 
5. N is the maximum quantity of tead positions. 
6. N 1 is the quantity of allowable missing leads. 

(D) Suffix 
JEDEC MO-001-AE 16-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.120 0.160 3.05 4.l1li 

Al 0.020 0.065 0.51 1.65 

8 0.014 0.020 0.356 0.506 
8 , 0.035 0.065 0.89 1.65 

C 0.008 .0.012 1 0.204 0.304 
0 0.745 0.7B5 18.93 19.93 

E 0.300 0.325 7.62 8.25 

E, 0.240 0.260 6.10 6.60 

"I O.I00TP 2 2.54 TP 

"A 0.3OOTP 2,3 7.62 TP 

L 0.125 0.150 3.18 3.Bl 

L2 0.000 0.030 0.000 0.76 

a rI' 150 4 rI' 150 

N 16 5 16 

N, 0 6 0 

0 , 0.050 0.085 1.27 2.15 

5 0.015 0.060 0.39 1.52 

92SS-4286R4 
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APPENDIX 

Dimensional Outlines (Cont'd) 
CERAMIC DUAL-IN-LiNE PACKAGES (Cont'd) 

(D) Suffix 
JEDEC MO-015-AG 
24-Lead 

INCHES 
SYMBOL 

MIN. MAX. 

A 0.090 0.150 

Al 0.020 0.065 
B 0.015 0.020 

Bl 0.045 0.055 
C O.OOB 0.012 
D 1.15 1.22 
E 0.600 0.625 

El 0.480 0.520 

el 0.100 TP 

eA 0.600 TP 
L 0.100 0.180 

L2 0.000 0.030 
a 00 150 

N 24 

Nl 0 

01 0.020 0.080 

~ 0.020 0.060 

NOTES 

,NOTE 
MILLIMETERS 

MIN. MAX. 

2.29 3.81 
2 0.51 1.65 

0.381 0.5OB 
1.143 1.397 

1 0.204 0.304 
29.21 30.98 
15.24 15.87 
12.20 13.20 

3 2.54 TP 
3 15.24 TP 

2.54 4.57 
3 0.00 0.76 
4 00 I 150 

5 24 
6 0 

0.51 2.03 
0.51 1.52 

92CS-19948 

'2CS-2~186 

1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

3. WHEN THIS DEVICE IS SUPPLIED 
SOLDER-DIPPED, THE MAXIMUM 
LEAD THICKNESS (NARROW 
PORTION) WILL NOT EXCEED 
0.013" (0.33 mml. 

NOTES: 
Refer to JEDEC Publication No. 13 for Rules for 
Dimensioning Axial Lead Product Outlines. 

1. When this device is supplied solder dipped, the 
maximum lead thickness (narrow portion) will 
not exceed 0.013" (0.33 mm). 

2. When base of body is to be attached to heat sink, 
terminal lead standoffs are not required and Al = O. 
When A 1 = 0, the leads emerge from the body with 
the B1 dimension and reduce to the B dimension 
above the seating plane. 

3. el and eA apply in zone L2 when unit is installed. 
Leads within 0.005 ., (0.127 mm) radius of True 
Position (TP) at gauge plane with maximum 
material condition. 

4. Applies to spread leads prior to installation. 
5. N is the maximum quantity of lead positions. 
6. N 1 is the quantity of allowable missing leads. 

(D) Suffix 
JEDEC MO-015-AH 
28-Lead 

INCHES MILLIMETERS NOTES SYMBOL 
MIN. MAX. MIN. MAX. 

A .100 .2011 2.6 5.0 2 
Al .000 .070 0 1.77 

B .015 .020 .381 .-
81 .015 .055 .39 1.39 

C .ooe .012 .204 .-0 1.380 U20 35.06 36.06 

E .600 .625 15.24 15.87 
E, .- .515 12.32 1106 

'1 .1011TP 2.54 lP 3 

°A .600TP 15.24 TP 3 

L .100 .2011 2.6 5.0 

L2 .000 .030 0 .76 

4 0 15 04 154 4 

N 28 28 5 

Nl 0 0 6 

01 .020 .070 .51 1.77 
S .040 .070 1.02 1.77 

SooNoto 1 

92CM-20250 

(D) Suffix 
22-Lead Dual-In-Line Side-Brazed 

MILLIMETERS INCHES 
DIM. MIN. MAX. MIN. MAX. 

A 27.05 27.94 1.065 1.100 

C 2.16 3.68 0.085 0.145 
D 0.43 0.56 0.017 0.023 

F 1.02 REF. 0.040 REF. 
G 2.54 BSC 0.100BSC 
H 0.76 1.78 0.030 0.070 

J 0.20 0.30 0.008 0.012 

K 3.18 4.45 0.125 0.175 
L 9.65 10.67 0.380 0.420 
M - 70 - 70 

N 0.64 1.27 0.025 0.050 

White Ceramic Side-Brazed Packages 

(D) Suffix 
16-Lead Dual-In-Line Side-Brazed 

_WHEN THIS DEVICE IS SUPf'LlED SOLDER-DIPPED. THE MAJI LEAO 
THICKNESS (NARROW PORTION) WilL NOT EXCEED 0.013 IQ33mrnJ 

NOTE: DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND 
ARE DERIVED FROM THE BASIC INCH DIMENSIONS 

(D) Suffix 
t8-Lead Dual-In-Line Side-Brazed 

9IC1-Z1'11' 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A - 0.200 - 5.08 
B 0.020 0.045 0.51 1.14 
C 0.015 0.021 0.381 0.533 
0 0.54 1.37 
E 0.00810.012 0.204 1 0.304 1 
F 0.890 I 0.915 22.61 I 23.24 
G 0.280 I 0.300 7.12 I 7.62 
H 0.100 2.54 2 
J 0.300 7.62 2,3 
K 0.125 0.150 3.18 I 3.81 
L 0.035 1 0.065 0.89 1 1.65 

NOTES: 
1. When this deviee is supplied IOlder-dipped, 

the maximum lead thickness (narrow portion) 
will not exCIIIICI 0.013" (0.33 mm). 

2. L .... within 0.005" (0.13 mm) radius of 
true position at maximum malilri .. condition. 

3. leId SpICing (eenlllr to cenlllr) when 
formed parallel. 
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Dimensional Outlines (Cont'd) 

(D) Suffix 
28-Lead Dual-In-Line Side,Brazed 

DIM. MILLIMETERS INCHES 
MIN. MAX. MIN. MAX. 

A 35.06 36.06 1.380 1.420 

C 2.16 3.68 0.085 0.145 

0 0.43 0.56 0.017 0.023 

F 1.27 REF. 0.050 REF. 

G 2.54 BSC 0.100 BSC 

H 0.76 1.78 0.030 0.070 

J 0.20 0.30 0.008 0.012 

K 3.18 4.45 0.125 0.175 

L 14.74 15.74 0.580 0.620 

M - 70 - 70 

P 0.64 1.27 0.025 0.050 

N 28 , , :;>8 
I 

92CM-26419 

(K) Suffix 
JEDEC MO-004-AF 14-Lead 

INCHES 
NOTE 

MILLIMETERS 
SYMBOL 

MIN. MAX. MIN. MAX. 

A 0.008 0.100 0.21 2.54 

8 0.D15 0.019 1 0.381 0;482 

C 0.003 0.006 1 0.077 0.152 

e O.05OTP 2 1.27 TP 

E 0.200 0.300 5.1 7.6 

H 0.600 1.000 15.3 25.4 

L 0.150 I 0.350 3.9 8.8 

N 14 :, 14 

a 0.005 0.050 0.13 1.27 

S 0.000 0.050 0.00 1.27 

Z 0.300 4 7.62 

Zl 0.400 4 10.16 

92SS-4300RI 

NOTES: 
" L .. within 0.13 mm 10.0051 r.us of true position 

.t ..... imum meltrial COftdition. 
2. Olmtnlton"L" to c.n., of leed, wl'ltn formed per ...... 
3. When ttN,_ice is supplied tolder-dipptd, the "".imum 

.... thick ... (narrow pot'tion) will not e/llc.d 0.013 in. 
10.33mml 

(D) Suffix 
40-Lead Dual-In-Line Side-Brazed 

MILLIMETERS INCHES 
DIM. 

MIN. MAX. MIN. MAX. 

A SO.30 51.30 1.980 2.020 

C 2.42 3.93 0.095 0.155 

0 0.43 0.56 0.017 0.023 

F 1.27 REF. 0.050 REF. 

G 2.54 SSC 0.100 SSC 

H 0.76 1.78 0.030 0.070 

J 0.20 0.30 0.008 0.Q12 

K 3.18 4.45 0.125 0.175 

L 14.74 15.74 0.580 0.620 

M - 7° - 7° 

p 0.64 Jo 1.27 10.025 Jo 0.050 
N 

(K) Suffix 
JEDEC MO-004-AG 16-Lead 

SYMBOL 
INCHES 

MIN. MAX. 

A 0.008 0.100 

B 0.015 0.019 

C 0.003 0.006 

e O.05OTP 

E 0.200 0.300 

H 0.600 1.000 

L 0.150 I 0.350 

N 16 

a 0.005 0.050 

S 0.000 0.025 
Z 0.300 

Zl 0.400 

(K) Suffix 
28-Lead 

SYMBOL INCHES 
MIN. MAX. 

A 0.075 0.120 
B 0.018 0.022 
C 0.004 0.007 
e 0.050 TP 
E 0.600 I 0.700 
H 1.150 1.350 
L 0.225L~ 
N 28 
a 0.035 o.oiil 
S 0 0.060 
Z 0.700 
Zl 0.750 

NOTE 
MILLIMETERS 

MIN. MAX. 

0.21 2.54 

1 0.381 0.482 

1 0.077 0.152 

2 1.27 TP 

5.1 7.6 

15.3 25.4 

3.9 J. 6.8 
3 16 

0.13 1.27 

0.00 0.63 

4 7.62 

4 10.16 

92CS-17271RI 

NOTE 
MILLIMETERS 
MIN. MAX. 

1.91 3.04 
1 0.458 0.558 
1 0.102 0.177 
2 1.27 TP 

15.24 17.78 
29.21 34.29 

f-Jii2-c::~ r---J 28 
f-C_~ 

0.89 1.77 
1 .. --.!1-;-~ 
4 17.78 
4 19.05 

92CS-20972 

NOTES: 

Ceramic Flat Packs 

OPTIONAL fliP 
COIIfIG. TYPICAL 
1IOTIt!NOS 

_ • __ ~s 

I -----l 

1. Refer to JEDEC Publication No. 13 for Rules for 
Dimensioning Peripheral Lead Outl.ines. 

2. Leads within 0.005" (0.12 mm) radius of True 
Position (TP) at maximum material conditiOn. 

3. N is the maximum quantity of lead positions. 
4. Z and Z1 determine a zone within which all body 

and lead irregularities lie. 

(K) Suffix 
24-Lead 

SYMBOL 

A 
B 
C 
e 
E 
H 
L 
N 
a 
S 
Z 
Zl 

INCHES 
MIN. MAX. 

0.075 0.120 
0.018 0.022 
0.004 0.007 

0.050TP 
0.600 0.700 
1.150\ 1.350 
0.225 0.325 

24 
0.035 0.070 
0.060 I 0.110 

0.700 
0.750 

NOTE 
MILLIMETERS 
MIN. MAX. 

1.91 3.04 
1 0.458 0.558 
1 0.102 0.177 
2 1.27 TP 

15.24 17.78 
29.21 \34.29 

5.72 I 8.25 
3 24 

0.89 1.77 
1 1.53 I 2.79 
4 17.78 
4 19.05 

92CS-19949 
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APPENDIX 

Dimensional Outlines (Cont'd) 

DUAL-IN·LlNE PLASTIC AND FRIT·SEAL CERAMIC PACKAGES 

=.=~~. s 0--, ~ B_A~LANE ~~ 
\ --T... ' SEATING PLANE L ~ 1 
~ ~ -'-,-, "L GAUGE PLANE 

J ~" f- ! 1- - • 
., • ~I--. Ll 

L c 
NOTES: 
R.fer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 
1. When this device is supplied solder-dipped, the maximum lead 

thickness (narrow portion) will not exceed 0.013" (0.33 mm). 
2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at gILl,. plane with maximum material condition and unit instilled. 

3. eA applies in zone L2 when unit installed. 

4. a applies to spread leads prior to instaUation. 

5. N is the maximum quantity of lead pOsitions. 

6. N, is the quantity of allowable missing leads. 

lASE PLANE 

SEATING PLANE 

GAUGE PLANE 

(E). (F) and (G) Suffixes 
JEDEC MO-001-AB 
14-Lead 

SYMBOL 
INCHES 

MIN. MAX. 

A 0.155 0.200 
Al 0.020 0.050 

B 0.014 0.020 

Bl 0.050 0.065 

C O,Ooa 0.012 
0 0.745 0.770 
E 0.300 0.325 
El 0.240 0.260 

81 O.IOOTP 

8A 0.3OOTP 

L 0.125 0.150 

L2 0.000 0.030 

a QD 1150 
N 14 
Nl 0 

01 0.040 0.075 

S 0.065 0.090 

724 

NOTE 

1 

2 

2,3 

4 
5 
6 

MILLIMETERS 

MIN. MAX. 

3.94 5.oa 
0.51 1.27 

0.356 0.508 
1.27 1.65 

0.204 0.304 
18.93 19.55 
7.62 8.25 
6.10 6.60 

2.54 TP 

7.62 TP 

3.18 3.81 
0.000 0.76 

QD 1 150 
14 
0 

1.02 1.90 

1.66 2.28 

92SS·4296R2 

(F) Suffix 
a-Lead Frit-Seal Ceramic 

SYM80~ 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

" 0155 0.200 3.94 508 

", 0020 0050 0.508 127 

8 0.014 0020 0.356 0.5011 

8, 0050 0065 l.n 1.65 

c 0008 0.012 I 0.203 O.JOoI 

D 0376 0396 9.55 10.05 

E 0315 0345 8.00 8.76 
E, 02.a 0260 6.10 6.60 

°1 0100 TP 2 2.54 TP 

0" 0300 TP 2.3 762 TP 

L 0'00 0150 2.5-4 3.81 

L2 0000 0030 0.000 0.762 

Q 0" '50 4 ri'l 15° 

N 8 5 8 
N, 0 6 0 

0 , 0040 0075 102 1.90 

S 0.020 0060 0.508 152 

NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

1. When this device is supplied SOlder-dipped. the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm), 

2. Loads within 0.005" (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 

J. 8A applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Nl is the quantity of allowable miSSing leads. 

(E) and (F) Suffixes 
JEDEC MO-001-AC 
16-Lead 
(except types CD4026AF, CD4029AF, 
CD4031AF, CD4033AF) 

~YMBOL 
INCHES MILLIMETERS 

MIN. MAX. 
NOTE 

MIN. MAX. 
A 0.155 0.200 3.94 5.08 

A, 0.020 0.050 0.51 1.27 

B 0.014 0.020 0.356 0.508 

B, 0.035 0.065 0.89 1.65 

C 0.008 0.012 1 0.204 0.304 
0 0.745 0.785 18.93 19.93 
E 0.300 0.325 7.62 8.25 

El 0.240 0.260 6.10 6.60 

el O.I00TP 2 2.54 TP 

eA 0.3OOTP 2,3 7.62 TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.76 

a 0" 150 4 0" 15° 
N 16 5 16 

Nl 0 6 0 

0 , 0.040 0.075 1.02 1.90 

S 0.D15 0.060 0.39 1.52 

92CM-'5967R3 

(E) and (G) Suffixes 
a-Lead Plastic (Mini-Dip) 

INCHES 
SYMBOL 

MIN. MAX. 

A 0.155 0.200 

Al 0.020 0.050 

B 0.014 0.020 

B, 0.035 0.065 

C O.Ooa 0.012 

0 0.370 0.400 

E O.~OO 0.325 

El 0.240 0.260 

"1 0.100 TP 

eA 0.300 TP 

L 0.125 0.150 

L2 0.000 0.030 

a 00 15° 

N 8 

Nl 0 

°1 0.040 0.075 

S 0,015 0.060 

(E) and (F) Suffixes 
JEDEC MO·001·AG 
16·Lead 

NOTE 

1 

2 

2,3 

4 

5 

6 

MILLIMETERS 

MIN. MAX. 

3.94 5.oa 

0.508 1.27 

0.356 0.508 

0.889 1.65 

0.203 0.304 

9.40 10.16 

7.62 8.25 

6.10 6.60 

2.54 TP 

7.62TP 

3.18 3.81 

0.000 0.762 

0° 15· 

8 

0 

1.02 1.90 

0.381 1.52 

92CS- 24026 

(Types CD4026AF, CD4029AF, 
CD4031AF. CD4033AF) 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. 
NOTE 

MIN. MAX. 

A 0.765 0.270 4.20 5.33 
Al 0.075 0.045 0.387 7.7" 
8 0.075 0.020 0.387 0.508 
8, 0.045 0.070 7 '7.75 7.77 

C 0.009 ·0.077 0.229 0.279 

-E. 0.750 0.795 79.05 20.79 

E 0.295 0.325 7.50 8.25 
E, 0.245 0.300 6.23 7.62 

°1 O.l00TP 2 2.54TP 

°A O.300TP 2,3 7.62TP 

~ 0.720 0.760 3.05 4.06 
L2 0.000 0.030 0.000 0.76 
Q 2" r 150 4 ]0 1 15" 
N 16 5 16 

Nl 0 6 0 

01 0.050 0.080 7.27 I 203 
S 0.070 0.060 0.254 1.62 

NOTES 92CM-22284 

1. Refer to Rules for Dimensioning (JEDEC 
Publication No. 13) for Axial Lead Pro· 
duct Outlines. 

2. Leads within 0.005" (0.12 mm) radius 
of True Position (TP) at gauge plane with 
maximum material condition and unit 
installed. 

3, eA applies in zone L2 when unit installed, 
4. a applies to spread leads prior to installation. 
5. N is the maximum quantity of lead positions. 
6. N1 is the quantity of allowable missing leads. 
7. 81 applies to all leads except the four end 

leads which have one· half the normal width 
(81 min. = 0.025 in.) 

This outline differs from the standard 16-
Lead frit-seal ceramic package MO-O01-AC 
as indicated by the values in italics shown 
in the chart above. 



Dimensional Outlines (Cont'd) 
DUAL-IN-LiNE PLASTIC PACKAGES 

NOTES: 
Refer to JEDEC Publication No. 13 for Rules for 
Dimensioning Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the 
maximum lead thickness (narrow portion) will not 
exceed 0.013" (0.33 mm). 

2. When base of body is to be attached to heat sink, 
terminal lead standoffs are not required and A 1 = O. 
When. A 1 = 0, the leads emerge from the body with 
the 81 dimension and reduce to the B dimension 
above the seating plane. 

3. el and eA apply in zone L2 when unit is installed. 
Leads within 0.005 "(0.127 mm) radius of True 
Position (TP) at gauge plane with maximum 
material condition. 

4. Applies to spread leads prior to installation. 
5. N is the maximum quantity of lead positions. 
6. N 1 is the quantity of allowable missing leads. 

DUAL-IN-LINE PLASTIC PACKAGES (Power Stud and Heat-Sink Types) 

(E) Suffix 
JEDEC MD-015-AA 24-Lead 

SYMBOL 
INCHES 

NOTE 
MIN. MAX. 

A 0.120 0.250 
Al 0.020 0.070 2 
6 10.016 0.020 

B1 0.028 0.070 
C 0.008 0.012 1 
D 1.20 1.29 
E 0.600 0.625 

El 0.515 0.580 

81 0.100 TP 3 
eA O.600TP 3 
L 0.100 0.200 

L2 0.000 0.030 3 
a 00 I 150 4 
N 24 5 

Nl 0 6 
0, 0.04~ I 0.075 
S 0.040 0.100 

APPENDIX 

MILLIMETERS 
MIN. MAX. 
3.10 6.30 
0.51 1.77 
0.407 O.SOB 
0.72 1.77 
0.204 0.304 
30.48 32.76 
15.24 15.87 
13.09 14.73 

2.54 TP 
15.24 TP 

2.54 5.00 
0.00 0.76 

00 I 150 
24 
0 

1.02 1.90 
1.02 2.54 

92CS-26938 

(EM) Suffix 

(E) Suffix 
16-Lead "Power-Stud" Package 

-.::~1::~::)§e .. 
o..o.35to.89) T""j t g:~~(~~~laA 
0.065(1.65) . . . .--l. 0.0.40(1,02 
g.g:mo~~. 0.118(2.947) O.07~(I.90) 

.---- o:i2iiroiil 

g~~\~:IJ. 

~~ 0.05OU.27) 

0.015(0.39) 
~ 

_ _ = = :.:=:LJ. 
JQJlli!!!L 

0.150(5.81) 

~ ---rJ~ ?7.i~? 0.030(0.76) 0-15-
GAUGE PLANE 

0.008(0.20,)'* 
0.012(0.304 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

* WHEN THIS DEVICE IS SUPPLIED SOLDER -DIPPED 
THE MA:I!IMUM LEAD THICKNESS (NARROW PORTION) .. * WILL. NOT ElCCEED 0·013-(0 n ",,,,) 
STUD CENTERLINE I tl COINCIDES WITH BODY 
CENTERLINE WITHIN to.015 

(OM) Suffix 
Modified 16-Lead with Integral Flat Wing-Tab Heat Sink 

0.160 

0.142 DIA. 
(2 HOLES) 

INDEX AREA 

0.053 DIA. 
2 HOLES ~

O'230 

.,..--..,---. 

SEATING 
PLANE 0.100 

TYP. 

Modified 16-Lead with Integral Heat Sink 

(a) Suffix 

.8SO 
(2I.~1I 

MAX 

DIMENSIONS IN PARENTHESES ARE I 
MilliMETERS AND ARE DERIVED 
FROM THE BASIC INCH DIMENSIONS 
AS INDICATED. 

. P40(1.016) -t: .O~ 1.905 
CENTER 
OF LEAD 

,.... 1 SPACES .100 -----t .125(3.175) 

~ (2.540) .150 3.810 

TV. I . o.lS ( .381) . 
.010 1.!l24 

.300 
(7.620) 

TYP . 

Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink 

~~ nnJ 0.251 

0-;0 INDEX l- POINTS 

92CM-25044 

________________________________________________________ 725 



APPENDIX 

Dimensional Outlines (Cont'd) 

(EM) Suffix 
16-Lead with Integral Strap Heat Sink 

DUAL-IN-LiNE and QUAD-IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 

(OM) Suffix 
16-Lead with Integral Strap Heat Sink 

CONDUCTIVE EPOXY 

726 

7SPACESATM 
()'095-0.1051Z.4\-2.67) 
0·100 (2~ITYP. LLERANCES NON

CUMULATIVE 
0.015-0·060 
10.39-1.521 

* WHEN THIS DEVICE IS SUPPLIED SOLDER -DIPPED. 
THE MAXIMUM LEAD THICKNESS (NARROW PORTION) 
WILL NOT EXCEEO 0.013-(033 mm) 

(WI Suffix 
16-Lead Staggered 

In; .745-.785 ~ 118.93-19.931 

:~~:~:~~ji~ 
12345678 

NOTES: 

.155-.200 
(3.94-5.081 

]r~~-.~o 
I ~ ~3!I&-.508) 

.035-.065 

~ . (.89-1.65) 

.~5-.060 
(,38-1.52) 

1. Body width is measured 0.040" (1.02 rriml from top surface 
2. Seating plane defined as the junction of the angle With the 

narrow portion of the lead. 
3. When this device is supplied solder dipped, the maximum 

lead thickne$1 (narrow portion) will not exceed 0.013" (0.33 mm). 

Dimensions in parentheses are milhmeter 
equivalents of the biISI(: inch dimensions 

.~-.07!l1 (1.02-1.90) 

.looTYP. 
(2.54) 

92C .. -211,7 

---.-It~~~~n 
0.~70 
19.40) 

7SPACES ATM: t,25-d-
0.095-0.10512.41-2.671 (3.18-3.811 
0·100 12~4) TY" LLERANCES NON

CUMULATIVE 
0.015-0.060 
(0.39-1.52) 

* WHEN THIS DEVICE IS SUPPLIED SOLDER-DIPPED. 
THE MAXIMUM LEAD THICKNESS 1 NARROW PORTION) 
WilL ".OT EXCEED 0.013-(0.33 mm) 

Recommended Mounting - Hole 
Dimensions and Spacing 

~~~)TYP' CENTEII OF LUD 

0.001-0.012* 
(0.204-0.304) 

tlCI-HlM 



Dimensional Outlines (Cont'd ) 
OUAD-IN-LiNE PLASTIC PACKAGES 

(01 Suffix 14-Laad 

~.770 (19.55\~ 
.745 \18.95) :g:g (!~R. 14 13 12 II 10 9 II ----.L 

,,~~:: ::: : \m(\1ID 
NUMERAL ~ 

APPROX .. 062 (1.571 I 2 5 • 5 • T 

.050(1.27) 

.020\.51 ~(2.2a\ 
~ .5\1.6"" 

.200C~08 .155 3.9 
.0&5 (1.65) TYP 
.050 1.27 

....-:iOO 
. 160 (t.54\.< . .020 .50 

(2.541 TYP ....J1--.014(:3':) TYP . 
MIN. 

92CS-14872RI 

(al Suffix 16-Lead 

745 1893 t; 785 ('993)' j 
g~g(~)A 1& IS 14 IS 12 II 10 , ~ 

.. ~.~~ : : : : : : J m(:~) 
NUMERAL --r 

APPROX 062(151) I 2 S 4 5 , 7, I 

I 015 39 ---L 
050 (' 27) 200(5 De 

---I~60( 190) 

020 .51 155 39.) 

*t- ~ 
200 ~ 065 165 TYP 12'~~1 (2'.541 JL ~ 035( 89) J (5081l TVP 
300 

(7621 
TYP 

MIN. TYPg~~ (~~:) TYP 

cal Suffix 20-Laad 

h. .10IO(2565)~ 990 25.15 

2019 ,. 17 IS ., 14 I] 12 II----.l.. C::::::J I~:~) 
I. 2 J 4 5 & 7 • , loT 

INOEX 
NOTC" 

--.1. 
050(1.27~'---. ----, 200(5.08) 
. 020 L 155 3'.94 

L-=j= -,-
~ .looUL (075 1.90) 100 (2.541 .055 .89 Tfl'p. 

(2541 TYP 
MIN . .020 (.508) TYP 

01 •. 356 . 

'ICS-llIl7 

Recommended Mounting - Ho/e 
Dimensions and Spacing 

Recommended Mounting - HO'e 
Dimensions end Spacing 

Y,., 
~~---$---$--/~~:~ 
(if+$-$-$-A)~ , 

200 ' --- --- - -- - __ TOP VIEW 
TERMINAL No I 15 081 

. @-$-$-$
___ I $_$_$_ 

I ~2'~~1 ~030(7610IA 
-; TYP (IN d~~8,~EloAROI 

Recommended Mounting - Ho.e 
Dimensions and Specing 

~---~-$-$--$-
(2541 I d:. '" '" ..!.. T- --+-'t'-'T'-'T'-'T'-
.200 ~___ _ ___ _ TOP VIEW 

15.08) TERMINAL No 1 

~ ~9--$-'-$--$--
v!0/-! $-i!=$-$-

Ia'~~) / I I .100 .0301.761 OIA . 

TYP. -I I-(~';;) liN CI~C~?f"a~AROI 
'2CS-17581 

APPENDIX 
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Application Note Abstracts 
LINEAR INTEGRATED CIRCUITS 

ICAN-40n ............... 8 pages 
Applications of the RCA-CA3048 Integrated
Circuit Amplifier Array 

The RCA-CA3048 integrated circuit, an array 
of four identical amplifiers, each with independ
ent inputs and outputs, all on a single mono
lithic silicon chip, has an operating and storage 
temperature range of -250 C to +850 C. Each 
amplifier in the low-noise array has a typical 
open-loop gain of 58 dB and input impedance 
of 90,000 ohms. The gain-frequency response, 
stability, output swing versus supply voltage, 
and noise of the device are discussed. Circuit 
applications include Hartley and Colpitts Oscil
lators, astable multivibrators, a 4-channellinear 
mixer, a driver for a 600-ohm balanced line, 
and a gain-controlled amplifier. 

ICAN-50IS ............... IS pages 
Application of the RCA-CA3008 and CA3010 
Integrated-Circuit Operational Amplifiers 

This Note describes the circuit arrangement, 
lists the performance characteristics, explains 
the major design considerations, and discusses 
typical applications of the CA3008 and CA3010 
operational amplifiers. These amplifiers are sili
con monolithic integrated circuits designed to 
operate from two symmetrical low- or medium
level de power supplies (at supply voltages in 
the range from ±3 volts to ±6 volts). The 
power dissipation in the amplifiers ranges from 
7.0 milliwatts to 92 milliwatts depending upon 
the supply-voltage level and the desired output
power level. The amplifiers are primarily in
tended to operate with externally applied nega
tive feedback; however, they may also be oper
ated successfully under open-loop conditions. 

ICAN-5022 ............... 26 pages 
Application of the RCA-CA3004, CA3005, and 
CA3006 Integrated-Circuit RF Amplifiers 

The CA3004, CA3005, and CA3006 rf am
plifiers are discussed. These silicon-epitaxial 
monolithic integrated circuits are designed to 
operate from low or medium levels of dc supply 
voltage, over a range of ambient temperatures 
from -550 C to + 12SoC, and at frequencies 
from dc to 100 MHz. They may be used with 
external tuned-circuit, transformer, or resistive 
load impedances to provide wide- or narrow
band amplification, mixing, limiting, product 
detection, frequency generation, and generation 
of pulse or digital waveforms. The CA3004 
is particularly useful for applications in which 
the ability to handle large input signals is an 
important consideration. The CA3005 and 
CA3006 rf amplifiers are well suited for bal
anced-modulator, mixer, or other push-pull 
applications that require a well-balanced circuit. 

ICAN-S030 ............... 11 pages 
Application of the RCA-CA3000 Integrated
Circuit DC Amplifier 

This Note describes the RCA-CA3000 dc 
amplifier, a stabilized and compensated differen
tial amplifier that has push-pull outputs, high
impedance (O.l-megohm) inputs, and gain of 
approximately 30 dB at frequencies up to one 
MHz. Its useful frequency response can be in
creased to several tens of megahertz by the use 
of externa1"resistors or coils. The CA3000 can 
be used as a signal switch (with pedestal), a 
squelchable audio amplifier (with suppressed 
switching transient), a modulator, a mixer or a 
product detector. When suitable external com
ponents are added, it can also be used as an 
oscillator, a one-shot multivibrator, or a trigger 
with controllable hysteresis. Within its specified 
frequency range, it is an excellent limiter, and 
can handle input signals up to about 80 milli
volts rms before significant cross-modulation or 
intermodulation products are generated. 

ICAN-5036 ............... 9 pages 
Application of the RCA-CA3002 Integrated
Circuit IF Amplifier 

The RCA-CA3002 integrated-circuit if ampli
fier described in this Note is a balanced differen
tial amplifier that can be used with either a 
single-ended or a push-pull input and can pro
vide either a direct-coupled or a capacitance
coupled single-ended output. Its applications 
include RC-coupled if amplifiers that use the 
internal silicon output-coupling capacitor, video 
amplifiers that use an external coupling capaci
tor, envelope detectors, product detectors, 
and various trigger circuits. It features all
monolithic silicon epitaxial construction de
signed for operation at ambient temperatures 
from -55 to 1250 C, and contains a built-in 
temperature-compensating network for stabili
zation of gain and dc operating points over this 
operating-temperature range. 

ICAN-5037 ............... 4 pages 
Application of the RCA-CA3007 Integrated
Circuit Audio Amplifier 

This Application Note describes the RCA
CA3007 audio driver, a balanced differential 
configuration with either a single-ended or a 
differential input and· two push-pull emitter
follower outputs. The circuit features all-mono
lithic silicon epitaxial construction, and is 
in tended for use as a direct-coupled driver in a 
class B audio amplifier which exhibits both 
gain and operating-point stability over the tem
perature range from -55 to 12SoC. Because 
of its circuit configuration (a balanced differ
ential pair fed by a constant-current transistor), 
the CA3007 is an excellent controlled-gain 
audio driver for systems requiring audio squelch
ing. This circuit is also usable as a servo driver. 

ICAN-5038 ............... 8 pages 
Application of the RCA-CA3001 Integrated
Circuit Video Amplifier 

The CA3001 silicon monolithic integrated 
circuit is designed for use in intermediate
frequency or video amplifiers at frequencies up 
to 20 MHz and in Schmitt-trigger applications. 
This integrated circuit can be gated, and gain 
control can be applied. The CA3001 incorpor
ates all-monolithic silicon epitaxial construction 
designed for operation at ambient temperatures 
from -55 to 12SoC, balanced differential
amplifier configuration with low-impedance 
double-ended input,and a built-in temperature
compensating network for gain or dc operating
point stability over the temperature range from 
-55 to 12SoC. 

ICAN-S213 ............... 6 pages 
Application of the RCA CA3015 and CA3016 
Integrated-Circuit Operational Amplifiers 

The integrated-circuit operational amplifiers 
CA3015 and CA3016 are identical in circuit 
configuration to the CA3008 and CA3010, but 
have an improved device breakdown voltage 
that permits operation from ± 12-volt supplies 
as well as from ±6 volt or ±3 volt supplies. 
This Note describes the operating characteristics 
of the CA3015 and CA3016 at ±12 volts, and 
discusses applications that take advantage of the 
higher gain-bandwidth product and increased 
output signal swing obtained at the higher 
voltages: a 50-dB amplifier; a lO-dB, 42-MHz 
amplifier; a twin-T bandpass amplifier; a 20-dB, 
10-MHz bandpass amplifier; and a voltage
follower. 

ICAN-S269 ............... 7 pages 
Integrated Circuits for FM Broadcast Receivers 

This Note describes several approaches to 
FM receiver design using silicon monolithic 
integrated circuits. The tuner section is described 

first, and then the if-amplifier and detector 
sections. Performance characteristics are describ
ed where applicable. The FM receivers discussed 
are designed for use from a +9-volt supply. 
The key to design simplicity is the use of the 
RCA multifunction integrated circuits CA3005, 
CA3012, and CA3014. The CA3005 may be 
used as a cascode rf amplifier, a differential rf 
amplifier, a mixer-oscillator, and an if amplifier; 
the CA3012 and CA3014 perform if amplifica
tion, limiting, detection, and preamplification. 

ICAN-S296 ............... 5 pages 
Application of the RCA-CA3018 Integrated
Circuit Transistor Array 

The CA3018 integrated circuit consists of 
four silicon epitaxial transistors produced by a 
monolithic process on a single chip mounted in 
a 12-lead TO-5 package. The four active devices, 
two isolated transistors plus two transistors with 
an emitter-base common connection, are es
pecially suitable for applications in which 
closely matched device characteristics are re
quired, or in which a number of active devices 
must be interconnected with non-integrable 
components such as tuned circuits, large-value 
resistors, variable resistors, and microfarad by
pass capacitors. Such areas of application include 
if, rf (through lao MHz), video, agc, audio, and 
dc amplifiers. Because the CA3018 has the 
feature of device balance, it is useful in special 
applications of the differential amplifier, and 
can be used to advantage in circuits that require 
temperature compensation of base-to-emitter 
voltage. 

ICAN-5299 ............... 6 pages 
Application of the RCA-CA3019 Integrated
Circuit Diode Array 

The CA3019 integrated circuit diode array 
provides four diodes internally connected in a 
diode-quad arrangement plus two individual 
diodes. Its applications include gating, mixing, 
modulating, and detecting circuits. Because all 
the diodes are fabricated simultaneously on a 
single silicon chip, they have nearly identical 
characteristics, and their parameters track each 
other with temperature variations. Consequent
ly, the CA3019 is particularly useful in circuit 
configurations that require either a balanced 
diode bridge or identical diodes. 

ICAN-5337 ............... 10 pages 
Application of the RCA-CA3028A and CA-
3028B Integrated-Circuit RD Amplifiers in the 
HF and VHF Ranges 

The CA3028A and CA3028B monolithic
silicon integrated circuits are single-stage dif
ferential amplifiers intended for service in 
communications systems operating at frequen
cies up to 100 MHz with single power supplies. 
This Note provides technical data and recom
mended circuits for use of the CA3028A and 
CA3028B in rf amplifiers, autodyne converters, 
if amplifiers, and limiters. The CA3028A and 
CA3028B are suitable for use in a wide range 
of applications in dc, audio, and pulse amplifier 
service; they have been used as sense amplifiers, 
preamplifiers for low-level transducers, and dc 
differential amplifiers. The CA3028B, which 
features tight control of operating current, in
put offset voltage, and input bias and offset 
current, is re'commended for those applications 
in which balance and operating conditions are 
important. 

ICAN-5338 ............... 14 pages 
Application of the RCA-CA3021, CA3022, and 
CA3023 Integrated-Circuit, Wideband Amplifiers 

The CA3021, CA3022, and CA3023 inte
grated circuits are multipurpose high-gain am
plifiers designed for use in video and AM or FM 
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if stages in single-power-su pply systems. S pecifi
cally, they can be used in video amplifiers 
operating at frequencies through 30 MHz, AM 
and FM if amplifiers, and buffer amplifiers in 
which an isolation capability greater than 60 
dB at 1 MHz is desired. Typical power dissipa
tion with a 6-volt supply is 3 milliwatts for the 
CA302l, 12 milliwatts for the CA3022, and 
36 milliwatts for the CA3023. Wider band
widths can be achieved with the CA3023, 
intermediate bandwidths with the CA3022, and 
narrower bandwidths with the CA3021. 

ICAN-5380 ............... 7 pages 
Integrated - Circuit Frequency - Modulation if 
Amplifiers 

The discussion in this Note shows that the 
simplest approach I to the use of the CA3012 
and CA3028 integrated circuits in FM if-ampli
fier strips is to replace each stage in present 
discrete-transistor if strips with a differential 
amplifier. This integrated-circuit approach re
quires a minimum of re-engineering because a 
cascade of individually tuned if stages is used. 
From a performance point of view, this ap
proach results in better AM rejection than that 
obtained with discrete circuits because of the 
inherent limiting achieved with the differential
amplifier configuration. 

ICAN-5641 ............... 8 pages 
Application of RCA-CA3033 and CA3033A 
High-Performance Integrated-Circuit Operation
al Amplifiers 

The CA3033 and CA3033A high perform
ance operational amplifiers are capable of 
delivering power outputs in excess of 250 
milliwatts into a 500-ohm load resistance with 
harmonic distortion of less than 0.2 per cent 
and have a typical input impedance of one 
megohm with voltage gain of at least 90 dB. 
Offset voltage is less than 5 millivolts and off
set current is typically 9 nanoamperes. Input 
bias current is typically 100 nanoamperes. 
These features make these amplifiers especially 
suitable for systems in which an operational 
amplifi~r and power amplifier or driver were 
formerly required. Specific applications dis
cussed in this Note include astablemultivibrator, 
linear staircase generator, comparator, mono
stable multivibrator, and the bistable multi
vibrator. 

ICAN-5766 ............... 8 pages 
Application of the RCA-CA3020 and CA3020A 
Integrated-Circuit- Multipurpose Wideband 
Power Amplifiers 

The CA3020 and CA3020A integrated cir
cuits are multipurpose, multifunction power 
amplifiers designed for use as power-output 
amplifiers and driver stages in portable and 
fixed communications equipment and in ac 
servo-control systems. The flexibility of these 
circuits and the high-frequency capabilities of 
the circuit components make these types suit
able for a wide variety of applications such as 
broadband amplifiers, video amplifiers, and 
video line drivers. Voltage gains of 60 dB or 
more are available with a 3-dB bandwidth of 
.8 MHz. Applications covered include audio, 
\\jdeband, and driver amplifiers. 
ICAN-5831 ............... 5 pages 
Application of the RCA-CA3044 and CA3044VI 
Integrated Circuits in Automatic-Fine-Tuning 
Systems 

This Note describes the use of the CA3044 
and CA3044VI integrated circuits as automatic 
fine-tuning (AFT) system components and dis
cusses the advantages of integrated circuits in 
this application. The CA3044VI is electrically 
identical to the CA3044, but is supplied with 
formed leads for easier printed-circuit-board 
mounting. The construction and performance 
of a typical automatic-fine-tuning system for a 
color television system are examined. 

ICAN-584l ............... 4 pages 
Feedback-Type Volume-Control Circuits for 
RCA-CA3041 and CA3042 Integrated Circuits 

This Note describes feedback-type volume 
controls for use with RCA-CA3041 and CA3042 
integrated circuits in television receivers. In 
television sets using these integrated circuits, 
the volume control is often located remote 
from the amplifier. The long leads required in 
such a configuration sometimes pick up undesir
able signals. that, in turn, cause the system to 
exhibit hum and noise at low volume levels. 
The proposed feedback-type volume control 
reduces hum and noise pick-up by reducing the 
gain of the system rather than the signal level, 
and thus eliminates the cost of shielding the 
leads. 

ICAN-5977 ............... 11 pages 
Principal Features and Applications of the 
RCA-CA3040 Integrated-Circuit Wideband Am
plifier 

This Note describes the operation of the 
CA3040, its electrical characteristics and ratings, 
and its primary application as a wideband am
plifier. The CA3040 is a monolithic integrated 
circuit designed for use in wide band video and 
intermediate-frequency amplifier applications to 
frequencies as high as 100 MHz. The device, 
offered in a l2-pin TO-5 package, features a 
balanced differential voltage gain of 37 dB with 
less than 1 dB of imbalance and provides a 
typical 3-dB bandwidth of 55 MHz. Useful 
voltage gain is well beyond the 3-dB frequency 
roll-off point which, in some applications, ex
tends to frequencies up to 200 MHz. Additional 
features of the CA3040 include temperature 
compensation for gain and voltage over the 
-55 to 1250 C temperature range, a choice of 
zero or l80-degree phase shift from input to 
output terminals, and high input and low out
put impedance characteristics over a broad 
bandwidth. 

ICAN-6022 ............... 4 pages 
An IC for AM Radio Applications 

The RCA-CA3088E is designed for use in 
high-quality AM superheterodyne receivers. It 
provides the basic functions of signal conver
sion, if amplification, detection, and audio pre
amplification sufficient to drive a separate 
power amplifier. Auxiliary functions supplied 
are: a supply-voltage regulator, internal agc for 
the first if amplifier, agc voltage for an optional 
external rf· stage, and an amplified signal to 
drive a tuning-meter output .. While the circuit 
design is intended for use in commercial AM 
broadcast receivers, it is equally suited for use 
in most AM r~ceiver applications up to a fre
quency of 30 MHz. In addition, since most 
functions are externally accessible, this device 
is also a general-purpose amplifier array . 

ICAN-6048 ............... 12 pages 
Some Applications of A Programmable Power 
Switch/Amplifier 

The CA3094 monolithic programmable pow
er switch/amplifier IC consists of a high-gain 
preamplifier driving a power-output. amplifier 
stage. It can deliver average power of 3 watts 
to an external load, and can be operated from 
either a single or dual power supply. This Note 
briefly describes the characteristics of the 
CA3094 and illustrates its use in class A instru
mentations and power amplifiers, a class A 
driver-amplifier for complementary power tran
sistors, wide-frequency-range power multivibra
tors, current- or voltage-controlled oscillators, 
comparators (threshold detectors), voltage re
gulators, analog timers (long time delays), alarm 
systems, motor-speed controllers, thyristor.firing 
circuits, battery-charger regulator circuits, and 
ground-fault-interrupter circuits. 

ICAN-6080 ............... 6 pages 
Digital-to-Analog Conversion Using the RCA
CD4007 A COS/MaS IC 

COS/MOS integrated circuits have demon
strated outstanding performance in a wide 
variety of digital applications. Simplified cir
cuitry, design flexibility, low power consump
tion, moderate speed, and the high noise im
munity of these devices can complement the 
high transconductance of bipolar IC's in an 
extension to linear signal processing applications. 
This Note demonstrates the use of the CD4007 A 
COS/MOS dual complementary pair plus in
verter as the digital-to-analog (D/ A) switch; the 
op-amp output stage for a digital-to-analog 
converter (DAC) uses COS/MOS and bipolar 
transistor-array Ie's. 

ICAN-6157 ............... 10 pages 
Applications of the CA3085-Series Monolithic 
IC Voltage Regulators 

This Note describes the basic circuit of the 
CA3085-series devices and some typical applica
tions that include a-high-current regulator, con
stant-current regulators, a switching regulator, 
a negative-voltage regulator, a dual-tracking 
regulator, high-voltage regulators, and various 
methods of providing current limiting. A circuit 
in which the CA3085 is used as a general-pur
pose amplifier is also shown. The RCA-CA3085, 
CA3085A, and CA3085B monolithic IC's are 
positive-voltage regulators capable of providing 
output currents up to 100 milliamperes over 
the temperature range from -55 0 to+125 0 C. 

ICAN-6182 ............... 28 pages 
Features and Applications of RCA Integrated
Circuit Zero-Voltage Switches (CA3058. CA-
3059. and CA3079) 

CA3058, CA3059 and CA3079 zero-voltage 
switches are monolithic integrated circuits de
signed primarily for use as trigger circuits for 
thyristors in many highly diverse ac power
control and power-switching applications. These 
integrated-circuit switches operate from an ac 
input voltage of 24, 120, 208 to 230, or 277 
volts at 50, 60, or 400 Hz. Zero-voltage 
switches (ZVS) trigger the thyristors at zero
voltage points in the supply-voltage cycle. Con
sequently, transient load-current surges and 
radio-frequency interference (RFI) are substan
tially reduced. In addition, use of the zero
voltage switches reduces the rate of change of 
on-state current (dildt) in the thyristor being 
triggered, an important consideration in the 
operation of thyristors. These circuits have 
been used to provide transient-free temperature 
control in self-cleaning ovens, to control gun
muzzle temperature in low-temperature environ
ments, to provide sequential switching of heat
ing elements in warm-air furnaces, to switch 
traffic signal lights at street intersections, and 
to effect other widely different ac power
control functions. 

ICAN-6222 ............... 9 pages 
Designing With an IC Transistor Array Con
taining Matched Super-Beta Transistors 

The super-beta transistor array, CA3095, is 
discussed in terms of operation and typical 
applications. Super-beta transistors are similar 
to conventional bipolar transistors except that 
they have betas in the range of 1000 to 5000; 
the beta range of a conventional bipolar trans
istor ranges from 50 to 400. These applications 
include a high-in put-resistance low-noise am
plifier, a low-noise amplifier, a long-delay mono
stable rnultivibrator, a low-input-bias current 
comparator, an analog timer for long delay, 
various preamplifier applications, and a high
input-impedance dc-voltmeter circuit. 
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ICAN-6259 ............... 9 pages 
Application of the CA3126Q Chroma·Processing 
IC Using Sample-and-Hold Circuit Techniques 

This Note describes the CA3126Q mono
lithic integrated circuit intended for use in 
processing the chrominance signal in a color 
television receiver. In performing the functions 
of color subcarrier regeneration and chroma 
control, emphasis has been placed on utilizing 
all the information available in the signal so as 
to approach ultimate system performance capa
bility while at the same time substantially re
ducing the number of external components and 
adjustments. As contrasted with prior state-of
the-art IC designs, sample-and-hold techniques 
are used in the phase detectors for the AFPC 
and the ACC-killer loops of the CA3162Q. The 
improved signal-to-dc unbalance attained there
by makes it possible to eliminate the adjust
ments conventionally used in those circuits. 
The only set-up adjustment is a trimmer capa
citator to tune the crystal filter. 
ICAN-6257 ............... 9 pages 
Application of the CA3089E FM-IF Subsystem 

The CA3089E is an FM-IF subsystem in
tended for use in FM receiver applications. In 
addition to the amplifier-limiter and quadrature 
detector sections, the CA3089E provides such 
auxiliary functions as mute, AFC output, tuning
meter output, and delayed rf-AGC. This Note 
brietly describes each circuit section and dis
cusses practical aspects of designing with this 
device. 

ICAN-6289 ............... 10 pages 
Integrated-Circuit Stereo Decoder Using the 
CA3090AQ Stereo Multiplex Demodulator 

The CA3090AQ integrated-circuit provides 
features heretofore unavailable to the receiver 
designer. This device needs only a single tuning 
adjustment, which reduces to a minimum the 
manual effort during assembly; the phase-locked 
loop maintains performance under conditions 
of temperature variations, humidity, and aging. 
The compactness of the CA3090AQ and of the 
required external components, added to the 
other attributes, makes this stereo decoder a 
significant advancement in the state of the art 
of stereo decoder designs. 

ICAN-6294 ............... 11 pages 
Features and Applications of RCA-CD2500E· 
Series MSI BCD-to-7-Segment Decoder-Drivers 

The BCD-to-7-segment decoder-drivers, types 
CD2500E, CD2501E, CD2502E, and CD2503E, 
are medium-scale-integration (MSI) monolithic 
circuits designed to accept four inputs in BCD 
8-4-2-1 code and provide decoded outputs that 
represent a decimal number from 0 to 9 on a 
7-segment incandescent display device. The 
operating temperature range is from OoC to 
+750 C. The CD2500E and CD2501E are 30-
milliampere-per-line drivers intended for use 
with 7-segment incandescent display devices. The 
CD2502E and CD2503E are 80-milliampere
per-line drivers intended for use with high
current lamps and relays and may also be used 
for multiplex operation of RCA Numitrons. 
The CD2500E and CD2502E include a decimal
point driver, and the CD2501E and CD2503E 
have a special terminal that may be used for 
ripple blanking and/or intensity control. Appli
cations discussed include a floating-decimal
point circuit and a typical multiplexing system. 

ICAN-6302 ............... 9 pages 
Description and Application of the RCA
CA3120E Integrated-Circuit TV-Signal Processor 

The CA 3120E is a· 16-pin, dual-in-line
monolithic-silicon integrated circuit that pro
cesses a video signal and provides the following 
outputs: non-inverted video output; noise
processed, inverted video output; dual-polarity, 
composite synchronization signals; and auto
matic gain-control signals (agc). The IC, which 

can be used in color or monochrome TV 
receivers, requires a single-polarity power supply 
(positive) and includes impulse noise inversion 
and delay circuits that reduce the deleterious 
effects of impulse noise in the receiver agc and 
synchronization (sync) circuits. Standard agc 
strobing techniques are also used. The agc and 
impulse-noise thresholds are automatically set 
and require no controls. The if maximum-gain 
bias and the tuner agc delay may be adjusted 
for optimum· TV-receiver performance; the 
time constant for the sync-separator input can 
also be optimized by the set designer. 

ICAN-6303 ............... 17 pages 
A Single IC for the Complete PIX-IF·System 
in TV Receivers 

The CA3068 linear integrated circuit is a 
PIX-IF-subsystem in a shielded, quad-formed, 
dual-in·line, 20-lead, plastic package. This pack
age contains all the active devices and most of 
the passive elements necessary for a high per
formance, PIX-if-system for a TV receiver. This 
Note describes the receiver functions performed 
by the CA3068 and its application to color and 
monochrome TV receivers. A detailed descrip
tion of circuit functions within the integrated 
circuit is given together with examples of the 
use of the CA3068 in PIX-IF amplifier PC
boards for color and monochrome TV. 

ICAN-6538 ............. . 
Applications of the RCA·CA3062 
Detector and Power Amplifier in 
Circuits 

6 pages 
IC Photo
Switching 

The CA3062 is a monolithic silicon inte
grated circuit consisting of a photosensitive 
detector and a switching amplifier with a pair 
of high-current output transistors. This Note 
describes how the CA3062 with only 3 resistors 
outboarded can provide a light-activated switch 
that will drive a variety of practical loads such 
as solenoids, relays, triacs, SCR's, etc. "Normally 
ON" and "Normally OFF" outputs are available 
simultaneously. 

ICAN-6668 ............... 16 pages 
Applications of the CA3080 and CA3080A 
High-Performance Operational Transconduct
ance Amplifiers 

The CA3080 and CA3080A operational 
amplifiers not only include the usual differen
tial input terminals, but also an additional con
trol terminal than enhances the device's flexibil
ity. The amplifier incorporated in these devices 
is referred to as an Operational Transconduct
ance Amplifier (OTA), because its output signal 
is best described in terms of the output-current 
that it can supply. The amplifier's output
current is proportional to the voltage difference 
at its differential input terminals. This Note 
describes the operation of the OTA and features 
various circuits using the OTA; for example, 
communications and industrial applications in
cluding modulators, multiplexers, sample-and
hold-circuits, gain control circuits and micro
power comparators. In addition, circuits have 
been included to show the oEeration of the 
OTA in conjunction with COS/MOS devices as 
post-amplifiers. 

ICAN-6724 ............... 8 pages 
A Flexible Integrated-Circuit Color Demodu· 
lator for Color Television 

This Note describes the circuit operation 
and application of the CA3067 in a color tele
vision receiver. The CA3067, which is supplied 
in a quad-in-line 16-lead plastic package, pro
vides the following color-demodulator circuit 
functions: amplification, balanced chroma de
modulation, dc-operated tint (phase) control, 
and zener-diode voltage regulation. 

ICAN-6732 ................ 8 pages 
Measurement of Burst ("Popcorn") Noise in 
Linear Integrated Circuits 

Burst or "popcorn" noise in Lie's exhibits 
itself as a random, abrupt change in the output 
voltage, the duration of which can last from 
1/2 millisecond to several seconds. These noise 
voltages are not regular in their occurrence and 
can often be absent when measuring spot fre
quency noise. Thus it was necessary to evolve 
an entirely different measurement system to 
ensure the selection of a very-high·gain device 
that is free from "popcorn" noise. This Note 
discusses test configuration and conditions, 
pass-fail criteria, burst-noise test system circuits, 
and spurious noise sources and their suppression. 
MOS FIELD-EFFECT DEVICES 
AN-3I93 . . . . . . . . . . . . . . . .. 9 pages 
Application Considerations for the RCA-3N 128 
VHF MOS Field-Effect Transistor 

This Note describes applications and vhf 
circuit considerations for a high-frequency n
channel MOS field-effect transistor, the RCA 
3N128. Biasing requirements and basic circuit 
configurations are discussed, and selection of 
the optimum operating point and methods of 
automatic gain control are explained. The cross
modulation and intermodulation distortion 
characteristics of the 3N128 MOS transistor are 
compared to those of bipolar transistors, and 
procedures are given for the design of a practical 
vhf amplifier that uses the 3N 128. 
AN-3341 . . . . . . . . . . . . . . . .. 3 pages 
VHF Mixer Design Using the RCA-3N128 MOS 
Transistor 

The 3NI28 is a vhf MOS field-effect tran
sistor suitable for use throughout the vhf band 
(30 to 300 MHz) as an amplifier, mixer, or 
oscillator. This Note discusses some of the de
sign criteria pertinent to the construction of 
MOS mixers, and presents an example of a 
complete vhf MOS converter. 
AN-3452 . . . . . . . . . . . . . . . .. 7 pages 
Chopper Circuits Using RCA MOS Field·Effect 
Transistors 

Although electromechanical relays have long 
been used to convert low-level dc signals into 
ac signals or for multiplex purposes, relays are 
seriously limited with respect to life, speed, 
and size. Conventional (bipolar) transistors 
overcome the inherent limitations of relays, 
but introduce new problems of offset voltage 
and leakage currents. This Note describes the 
use of MOS field-effect transistors in solid
state chopper and multiplex designs that have 
the long life, fast speed, and small size of 
bipolar-transistor choppers, but that eliminate 
their inherent offset-voltage and leakage-current 
problems. 
AN-3453 . . . . . . . . . . . . . . . .. 6 pages 
An FM Tuner Using an RCA-40468 MOS
Transistor RF Amplifier 

This Note describes an FM tuner that in
corporates an MOS field-effect transistor as the 
rf amplifier, and shows how the MOS transistor 
is instrumental in minimizing the spurious 
responses normally found in FM receivers. 
AN-3535 . . . . . . . . . . . . . . . .. 6 pages 
An FM Tuner Using Single-Gate MOS Field
Effect Transistors as RF Amplifier and Mixer 

Selection of the transistors for use in FM
tuner stages involves consideration of such 
device characteristics as spurious response, dy
namic range, noise immunity, gain, and feed
th~ough capacitance. MOS fieldeffect transistors 
are especially suitable for use in FM rf-amplifier 
and mixer stages because of their inherent 
superiority for spurious-response rejection and 
signal-handling capability. This Note describes 
an FM tuner that uses an RCA-40468 MOS 
transistor as the rf amplifier and an RCA-40559 
MOS transistor as the mixer. A conversion gain 
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of 17.5 dB was obtained to provide an over-all 
tuner gain of approximately 30 dB. RF and 
mixer circuit considerations pertinent to the 
design are discussed. 

AN-4018 . . . . . . . . • . . . . . . .. 5 pages 
Design of Gate-Protected MaS Field-Effect 
Transistors 

MOS (metal-oxide-semiconductor) fiyld
effect transistors are in demand for rf-amplifier 
applications because their transfer characteris
tics make possible significantly better perfor
mance than that experienced with other solid
state devices. Unless equipped with gate protec
tion, however, MOS transistors require care
ful handling to prevent static discharges from 
rupturing' the dielectric material that separates 
the gate from the channel. This Note describes 
the design of dual-gate MOS field-effect tran
sistors that use a built-in signal-limiting diode 
structure. to provide an effective short circuit 
to static discharge and limit high potential 
buildup across the gate insulation. 

AN-4125 . . . . . . . . . . . . . . . .. 7 pages 
MOSIFET Biasing Techniques 

Field-effect transistors are applied in rf 
amplifiers and mixers, if and audio amplifiers, 
electrometer and memory circuits, attenuators, 
and switching circuits. The dual-gate MOS/FET 
appears to be particularly useful in rf stages 
because of low feedback capacitance, high 
transconductance, and superior cross modula
tion with automatic-gain-control capability. The 
rl,lles for biasing FETs vary sli~,!~y depending 
on type. However, most possibilities are cover
ed in this Note through examination of the 
biasing of a single-gate, a junction-gate, and a 
dual-gate transistor. Substrate biaSing and bias
ing to compensate for temperature variations 
are also discussed. 

AN-4431 . . . . . . . . . . . . . . . .. 7 pages 
RF Applications of the Dual-Gate MOSIFET 
up to 500 MHz . 

The RCA dual-gate protected, metal-oxide 
silicon, field-effect transistor (MOS/FET) is 
especially useful for high-frequency applications 
in rf amplifier circuits. The dual-gate feature 
permits the design of simple agc circuitry re
quiring very low power. The integrated diodes 
protect the gates against damage due to static 
discharge that may develop during handling 
and usage. This Note describes the use of the 
RCA-3N200 dual-gate MOS/FET in RF applica
tions. The 3N200 has good power gain and a 
low noise factor at frequencies up to 500 MHz, 
offers especially good cross-modulation perfor
mance, and has a wide dynamic range; its low
feedback capacitance provides stable perfor
mance without neutralization. 

AN-4590 . . . . . . . . . . . . . . . . . 16 pages 
Using MOS/FET Integrated Circuits in Linear 
Circuit Applications 

A brief review of MOS/FET IC device 
theory is given, and some linear circuit applica
tions are surveyed. Theory discussed includes 
gate protection and electrical requirements. 
Applications include choppers, attenuators, 
constant-current sources, general-purpose ampli
fier circuits, and rf amplifiers, oscillators, and 
mixers. 
COS/MOS DIGITAL INTEGRATED CIRCUITS 

ICAN-6000 ............... 6 pages 
Handling and Operating Considerations for 
MOS Integrated Circuits 

Manual and automated methods for hand
ling, mounting, and storing unmounted chips 
and packaged devices and for handling and 
storing devices mounted on boards are dis
cussed. Operating voltage conditions, inter
facing, protection circuits, and electrical failure 
modes to be avoided are also presented. 

ICAN-6080 ............... 6 pages 
Digital-ta-Analog Conversion Using the RCA· 
CD-4007A COS/MaS IC 

The use of the RCA-CD4007 A COS/MOS 
dual complementary pair plus inverter as a 
digital-to-analog (D/ A) switch is demonstrated. 
The op-amp output stage for the digital-to
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC's. Resistance networks 
for DAC's, the design of a voltage-follower 
amplifier for single supply operation, and a 
9-.bit COS/MOS DAC are described. 

ICAN-6086 ................ 12 pages 
Timekeeping Advances Through COS/MaS 
Technology 

Most COS/MOS timing circuits consist of an 
oscillator, some digital processing logic, and 
logic-circuit drivers. This Note discusses oscil
lator design (including crystal characteristics 
and feedback circuit and oscillator-amplifier 
configurations), practical COS/MOS oscillator 
circuits, frequency dividers, and COS/MOS 
timing-circuit applications in wristwatches, wall 
clocks, and automobile clocks. 
ICAN-610'1 .............•. 8 pages 
The RCA COS/MaS Phase-Locked-Loop - A 
Versatile Building Block for Micra-PowerDigital 
and Analog Applications 

The phase-locked-loop described in this Note 
is the COS/MOS CD4046A, which consumes only 
600 microwatts of power at 10 kHz, a power 
consumption 160 times less than the 100 milli
watts required by similar monolithic bipolar 
PLL's. The Note discusses the fundamentals of 
phase-locked-loops and presents a detailed tech
nical description of the COS/MOS PLL as well as 
its application in FM demodulators, frequency 
synthesizers, split-phase data synchronization 
and decoding, and phase-locked-loop lock de
tection. 

ICAN-6166 ............... 16 pages 
COS/MaS MSI Counter and Register Design 
and Applications 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 
CD4015A, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir
cuit designs are outlined and device-design 
trade-off's are discussed. Performance criteria 
are summarized and applications by type are 
outlined by means of logic or subsystems dia
grams and waveforms photographs. 
ICAN-6176 ................ 8 pages 
Noise Immunity of COS/MOS Integrated-Circuit 
Logic Gates 

The types of noise usually .encountered in a 
logic system are discussed and the noise im
munity of a COS/MaS integrated-circuit logic
gate test circuit in relation to system variables 
is evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001A quad 2-input 
gate connected in cascade to drive a CD4013A 
flip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 
ICAN-6210 ............... 11 pages 
A Typical Data-Gathering and Processing Sys
tem Using CD4000A-Series COS/MaS Parts 

This Note is developed in terms of a typical 
system for process controls. The flexibility of 
system design and common data-bus architec
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated in 
many· COS/MOS circuits are stressed, as is the 
ease of system design for data handling in 
increments of 4 bits made possible by the 
CD4000A family. The implementation of the 
system is shown in terms of the COS!:MOSstand
ard parts that can be used to perform the 

desired system functions. Attention is focused 
on the multiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 

ICAN-6218 ............... 2 pages 
Gate Oxide Protection Circuit in RCA COS! 
MaS Digital Integrated Circuits 

A protection circuit developed by RCA to 
reduce the problem of gate-oxide failure in 
COS/MOS integrated circuits is presented. The 
circuit has been shown to be effective in mini
mizing occurrences of gate-oxide failure -and, 
when used in conjunction with the handling 
guidance contained in ICAN-6000, "Handling 
Considerations for MOS Integrated Circuits," 
in eliminating the problem entirely. 

ICAN-6224 . . . . . . . . . . . . . .. 2 pages 
Radiation Resistance of the COS/MaS CD4000A 
Series 

Two types of radiation resistance, perman
ent and temporary, are discussed, and the 
radiation resistance of CD4000 and CD4000A 
series devices are compared. The use of shielding 
to increase resistance is examined. 

ICAN-6230 ............... 13 pages 
Using the CD4047A in COS/MaS Timing Ap
plications 

This Note compares the theoretical and 
actual performance of oscillator circuits with 
that of the CD4047A. The device functions as 
either an oscillator or one-shot and meets the 
power dissipation, stability, and speed require
ments of most COS/MOS systems. Applications 
discussed include a noise discriminator, a fre
quency discriminator, a low-pass filter, a band
pass filter, an envelope detector and a pulse 
generator. Four appendixes amplify test mater
ial. 

ICAN-6267 ............... 8 pages 
Astable and Monostable Oscillators Using RCA 

. COS/MaS Digital Integrated Circu its 
This Note describes several techniques that 

may be used to compensate for the normal 
threshold variation of MOS devices in the 
design of stable multivibrator circuits for opera
tion at frequencies up to 1 MHz. The circuits 
shown can be formed by use of COS/MOS 
inverters and NAND or NOR gates connected 
in an inverter configuration. The Note also 
describes various applicatiolls for COS/MaS 
muitivibrator circuits (e.g.: voltage-controlled 
oscillators, voltage-contr,olled pulse-width cir
cuits, phase-locked voltage-controlled oscillators, 
frequency multipliers, and modulator/demodu
lators (envelope detectors). Specific data relate 
to use of ,. A" series gates. 

ICAN-6289 ............... 12 pages 
A COS/MaS PCM Telemetry and Remote Data 
Acquisition Design 

Descriptive background material on tele
metry systems is given along with systems for 
both immediate and remote data conversion 
and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized. in the general case. The 
exact configuration of any specific system will, 
of course,depend on the unique requirements 
of the application. 

ICAN-6304 ................ 5 pages 
Power Supplies for COS/MaS 

Examples of various COS/MOS power-supply 
circuits and their relative costs are given along 
with factors important in their design. Design 
examples include low-frequency systems, mixed 
systems of 2-MHz and 50-kHz circuits, a cost 
MaS system powered by a 5-volt TTL supply, 
and battery-powered systems. Design considera
tions discussed include operating frequency, 
noise immunity, power dissipation, and regu
lation. 
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ICAN-6315 ............... 7 pages 
COS/MOS Interfacing Simplified 

Examples of practical circuits for a wide 
variety of interfacing situations are given in this 
Note; design constraints are included in each 
case. Interfaces discussed are COS/MaS to: 
TTL, HNlL, DTL, 10k ECL, NMOS, PMOS, 
industrial power-control circuits, op-amps, and 
LCD, LED, and gas-discharge displays. 

ICAN-6346 ............... 6 pages 
Application of the RCA-CD4093B COS/M OS 
Schmitt Trigger 

This Note describes the characteristics and 
some typical applications of the CD4093B 
COS/MaS quad two-input NAND Schmitt Trig
ger. The CD4093B may be used in all applica
tions in which the logical NAND function is 
required and, in addition, in a whole range of 
timing, wave shaping, and interfacing applica
tions in which Schmitt Trigger action on the 
in pu ts is used. . 

ICAN-6362 ..... _ ......... 10 pages 
Using the CD4520B to Design Dividers with 
Symmetrical Outputs 

The general-purpose COS/MaS dual up
counter, the CD4520B, a counter that may be 
used in various counting and dividing app'~ica
tions is discussed. Dividers of the form N=21' ± 1 
and N=2i ± 1 and described. Applications of 
symmetrical dividers are also discussed. 
ICAN-6374 ...... _ . . . . . . .. 8 pages 
The COS/MOS CD4059A Programmable Divide
by-N Counter in FM and Citizens-Band-Trans
ceiver Tuners 

The frequency synthesis. capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver., The digital approach 
described in the paper allows desired frequen
cies to be selected by depressing numbered 
buttons on a keyboard. By using the appro
priate basic circuitry along with a phase-Iocked
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 
lCAN-6498 . _ . . . . .. _ . _ . . .. 6 pages 
Design of Fixed and Programmable Counters 
Using the RCA CD4018A COS/MOS Presettable 
Divide-by-N Counter 

The use of the CD4018A single-decade and 
multidecade fixed and programmable divide-by

-N counters are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 
lCAN-6576 ..... ___ ... _ . .. 6 pages 
Power- Supply Considerations for COS/MOS 
Devices 

This Note describes those features of cost 
MaS devices that permit them to operate from 
a wide range of power sources. The Note also 
provides the system designer with the informa
tion he needs to design an economical power 
supply for his COS/MaS system .. Features dis
cussed are quiescent device dissipation, switching 
characteristics, and ac dissipation and perfor
mance characteristics. The calculation of system 
power, regulation and filtering requirements, 
and high-dc sources are also discussed along 
with a battery standby system. .. 
ICAN-6600 ____ . . . _ ... __ .. 6 pages 
Arithmetic Arrays Using Standard COS/MOS 
Building Blocks 

The design of a COS/MaS arithmetic unit 
capable of adding, subtracting, multiplying, and 
dividing is described_ The device is also able 
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to perform the logical functions of OR, AND 
and the Exclusive OR of two 4-bit words. 
Three 4-bit registers are provided that permit 
either of two words to perform a desired opera
tion with a third word. The system is configured 
with standard, commercially available cost 
MaS devices, which include registers, AND-OR 
select gates, a full adder, and NOR and NAND 
gates. 
ICAN-6601 ....... ____ .... 12 pages 
Transmission and Multiplexing of Analog or 
Digital Signals Utilizing the CD4016A Quad 
Bilateral Switch' 

The CD4016A quad bilateral switch is the 
ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera
tion of the COS/MaS switch; switch and logic 
applications, including switch and logic func
tions; multiplexing/demultiplexing; digital con
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre
quency control; digital-to-analog conversion, in
cluding weighted resistor networks for the D/ A 
converter, and aft R-2R resistor ladder D/ A 
converter; sample-and-hold applications; and 
squelch control (level detection). 
ICAN-6602 ... _ ..... _ ..... 12 pages 
Interfacing COS/MOS with Other Logic Families 

The RCA CD4000A COS/MaS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num
ber of logic families, including all DTL and TTL 
families, within certain conditions and limita
tions. This Note describes the conditions of 
interface. 
ICAN-6716 . _ . _ ... _ .. __ ... 15 pages 
Low-Power Digital Frequency Synthesizers Uti
lizing COS/MOS IC's 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MaS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MaS devices in FM receiver systhesizers 
is discussed. 
ICAN-6733 ... __ . _ . _ .... _ . 16 pages 
Battery-Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters -
7 Segment Output Types 

This Note describes the CD4033A and 
CD4026A and their use with various 7-segment 
display units presently available_ Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches_ 

ICAN-6739 _ ... _ . _ . __ ..... 12 pages 
COS/MOS Rate Multipliers - Versatile Circuits 
for Synthesizing Digital Functions 

COS/MaS rate multipliers, the CD4527B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions in 
low-power systems where minimum package 
count is desirable. The circuits may be em
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen
tial equations, integration, and to raise num
bers to various powers. Symmetric rate multi
plication, the problem of eliminating round-off 
error in a directfrequency-synthesis application 
in a common-carrier multiplex system is also 
covered. 

MEMORY INTEGRATED CIRCUITS 

ICAN-6401 .... _ .. _ ... __ .. 5 pages 
Applications Information for the RCA MW-
700110 RAM 

The RCA MW 7001 ID, a 1024-word by 
I-bit n-channel random-access memory uses an 
internal charge-pump refresh mechanism to 
automatically refresh all memory cells. The 
charge-pump mechanism eliminates the need 
for the periodic refresh cycles normally required 
in dynamic access memories. It also allows the 
MW 7001 ID to operate as a static memory 
~hile retaining the low power dissipation and 
high speed characteristics of dynamic memories_ 
The MW 7001 ID requires TTL logic levels at all 
inputs except chip select_ The latching circuitry 
in the input address lines allows address input 
signals to be removed after 40 nanoseconds, 
measured from the 1.5-voIt point of the rising 
edge of the chip-select pUlse. This Note discusses 
input loading of the device, recommended 
interface circuits, and the operation of the 
internal charge-pump_ 

ICAN-6445 " _ ...... _ . . .. _ 8 pages 
Memory-System Characteristics and Applica
tions of the CD4061A 

The CD4061A 256-word by I-bit RAM is a 
versatile building block in medium-scale memory 
systems. This Note describes circuit and system 
applications concepts of the device and in
cludes design, timing, performance artd testing 
details for a practical memory-system. 

MICROPROCESSOR INTEGRATED CIRCUITS 
ICAN-6416 ... __ . __ . _ . . . .. 8 pages 
An Introduction to Microprocessors and the 
RCA COSMAC COS/MOS Microprocessor 

A microprocessor, in addition to performing 
arithmetic and logical functions, can address 
memory, input, output, and store data, and 
make program branch decisions_ This Note 
is an introduction to the fundamentals of 
microprocessors and to the specific capabilities 
of the RCA COSMAC microprocessor. 
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Index to Devices 

This index does not include package designation 
suffix letters for individual type Ijumbers; the 
various packages available are shown in the data 
section. However, notations are included to show 
the availability of chip versions (-) and beam· 
lead versions (.); detailed informatron on these 
versions is available in the following publications: 

Beam·Lead Linear ICs: Data Bulletin File 
No. 515 

Linear IC Chips: Data Bulletin File No. 516 
Other Chip Versions: Individual Data Bul

letins 

Type No. 

CA101A 
CA101A 
CA107 
CA10B 
CA108A 

CA111 
CA124 
CA139 
CA139A 
CA201 

CA201A 
CA207 
CA20B 
CA208A 
CA211 

CA224 
CA239 
CA239A 
CA270 

-CA301A 

.CA307 
CA308 
CA308A 

-CA311 
·CA324 

·CA339 
CA339A 

·CA555 
·CA555C 
.CA723 

.CA723C 

.CA741 

.CA741C 
CA747 

-CA747C 

CA748 
-CA748C 

CA758 
CAB10 
CA920 

CA1310 
CA1352 
CA1391 
CA1394 
CA1398 

Product 
Page Line 

20 LINEAR 
20 LINEAR 
24 LINEAR 
27 LINEAR 
27 LINEAR 

30 LINEAR 
34 LINEAR 
37 LINEAR 
37 LINEAR 
20 LINEAR 

20 LINEAR 
24 LINEAR 
27 LINEAR 
27 LINEAR 
30 LINEAR 

34 LINEAR 
37 LINEAR 
37 LINEAR 
39 LINEAR 
20 LINEAR 

24 LINEAR 
27 LINEAR 
27 LINEAR 
30 LINEAR 
34 LINEAR 

37 LINEAR 
37 LINEAR 
42 LINEAR 
42 LINEAR 
46 LINEAR 

46 LINEAR 
50 LINEAR 
50 LINEAR 
50 LINEAR 
50 LINEAR 

50 LINEAR 
50 LINEAR 
54 LINEAR 
57 LINEAR 
59 LINEAR 

61 LINEAR 
64 LINEAR 
65 LINEAR 
65 LINEAR 
67 LINEAR 

Data 
Bulletin 
File No. 

786 
786 
785 
621 
621 

797 
796 
795 
795 
786 

786 
785 
621 
621 
797 

796 
795 
795 
897E 
786 

785 
621 
621 
797 
796 

795 
795 
834 
834 
788 

788 
531 
531 

531 
531 

531 
531 
760 

761 

686 

Type No. 

-CA1458 
CA1541 
CA1558 
CA2111A 

-CA3000 

-CA3001 
-CA3002 

• CA3004 

-CA3005 
CA3006 

CA3007 
CA3008 
CA3008A 
CA3010 
CA3010A 

CA3011 
-CA3012 

CA3013 
CA3014 

.-CA3015 

CA3015A 
CA3016 
CA3016A 

.-CA3018 
CA3018A 

-CA3019 
-CA3020 

CA3020A 
CA3021 

-CA3022 
-CA3023 
-CA3026 

.-CA3028A 
CA3028B 
CA3029 
CA3029A 
CA3030 
CA3030A 

-CA3033 
CA3033A 

-CA3035 
CA3036 
CA3037 
CA3037A 
CA3038 

CA3038A 
.-CA3039 

CA3040 
CA3041 
CA3042 

-CA3043 
CA3044 

.-CA3045 
CA3046 
CA3047 

CA3047A 
_CA3048 

.-CA3049 
CA3050 
CA3051 

Product 
Page Line 

50 LINEAR 
69 LINEAR 
50 LINEAR 
72 LINEAR 
74 LINEAR 

76 LINEAR 
79 LINEAR 
81 LINEAR 
84 LINEAR 
84 LINEAR 

87 LINEAR 
89 LINEAR 
93 LINEAR 
89 LINEAR 
93 LINEAR 

97 LINEAR 
97 LINt:AR 
99 LlNI!:AR 
99 LINEAR 
89 LINEAR 

93 LINEAR 
89 LINEAR 
93 LINEAR 

102 LINEAR 
102 LINEAR 

105 LINEAR 
107 LINEAR 
107 LINEAR 
111 LINEAR 
111 LINEAR 

111 LINEAR 
114 LINEAR 
118 LINEAR 
118 LINEAR 
89 LINEAR 
93 LINEAR 
89 LINEAR 
93 LINEAR 

123 LINEAR 
123 LINEAR 

127 LlNE4~ 
128 LINEAR 
89 LINEAR 
93 LINEAR 
89 LINEAR 

93 LINEAR 
129 LINEAR 
131 LINEAE! 
134 LINEAR 
137 LINEAR 

140 LINEAR 
142 LINEAR 
145 LINEAR 
145 LINEAR 
123 LINEAR 

123 LINEAR 
148 LINEAR 
151 LINEAR 
155 LINEAR 
155 LINEAR 

Data 
Bulletin 
File No. 

531 
536 
531 
612 
121 

122 
123 
124 
125 
125 

126 
316 
310 
316 
310 

128 
128 
129 
129 
316 

310 
316 
310 
338 
338 

236 
339 
339 
243 
243 

243 
388 
382 
382 
316 
310 
316 
310 
360 
360 

274 
275 
316 
310 
316 

310 
343 
363 
318 
319 

331 
340 
341 
341 
360 

360 
377 
611 
361 
361 

Type No. 

CA3052 
CA3053 

.-CA3054 
CA3058 

-CA3059 

-CA3060 
CA3060A 
CA3060B 
CA3062 
CA3064 

CA3065 
CA3066 
CA3067 
CA3068 
CA3070 

CA3071 
CA3072 

-CA3075 
-CA3076 
-CA3078 

CA3078A 
CA3079 

-CA3080 
CA30BOA 

-CA3081 

-CA3082 
.-CA3083 
"CA3084 
.. CA3085 

CA3085A 

CA3085B 
CA3086 
CA3088 
CA3089 
CA3090A 

-CA3091 
-CA3093 
-CA3094 

CA3094A 
CA3094B 

-CA3095 
-CA3096 

CA3096A 
·CA3097 
-CA3098 
·CA3099 
-CA3100 
-CA3102 
·CA3118 

CA3118A 

CA3120 
CA3121 
CA3123 
CA3125 
CA3126 

-CA3127 
CA3128 
CA3130 
CA3130A 
CA3130B 

Product 
Page Line 

158 LINEAR 
118 LINEAR 
114 LINEAR 
161, LINEAR 
161 LINEAR 

166 LINEAR 
166 LINEAR 
166 LINEAR 
172 LINEAR 
175 LINEAR 

177 LINEAR 
180 LINEAR 
180 LINEAR 
183 LINEAR 
185 LINEAR 

185 LINEAR 
185 LINEAR 
192 LINEAR 
194 LINEAR 
196 LINEAR 

196 LINEAR 
161 LINEAR 
209 LINEAR 
200 LINEAR 
203 LINEAR 

203 LINEAR 
205 LINEAR 
207 LINEAR 
210 LINEAR 
210 LINEAR 

210 LINEAR 
213 LINEAR 
215 LINEAR 
217 LINEAR 
220 LINEAR 

222 LINEAR 
228 LINEAR 
231 LINEAR 
231 LINEAR 
231 LINEAR 

235 LINEAR 
240 LINEAR 
240 LINEAR 
244 LINEAR 
250 LINEAR 
254 LINEAR 
257 LINEAR 
151 LINEAR 
260 LINEAR 
260 LINEAR 

265 LINEAR 
269 LINEAR 
271 LINEAR 
273 LINEAR 
274 LINEAR 

276 LINEAR 
279 LINEAR 
280 LINEAR 
280 LINEAR 
280 LINEAR 

Data 
Bulletin 
File No. 

387 
382 
388 
490 
490 

537 
537 
537 
421 
396 
412 
466 
466 
467 
468 

468 
468 
429 
430 
535 

535 
490 
475 
475 
480 

480 
481 
482 
491 
491 

491 
483 
560 
561 
684 

534 
533 
598 
598 
598 

591 
595 
595 
633 
896 
620 
625 
611 
532 
532 

907 
688 
631 
685 
860 

662 

817 
817 
817 
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Type No. 

CA3131 
CA3132 
CA3134 
CA3137 
CA3139 

CA3140 
-CA3141 

CA3142 
CA3143 

-CA3146 

CA3146A 
CA3147 
CA3170 

-CA3183 
CA3183A 

-CA3401 
CA3600 
CA3724 
CA3725 
CA6078A 

CA6741 
CD2500 
CD2501 
CD2502 
CD2503 

-CD4000A 
-CD4000B 
-CD4001A 
-CD4001B 
-CD4002A 

-CD4QP2B 
-CD4006A 
-CD4007A 
-CD4008A 
-CD4008B 

-CD4009A 
-CD4009B 
-CD4010A 
-CD4010B 
-CD4011A 

-CD4011 B 
-CD4012A 
-CD4012B 
-CD4013A 
-CD4013B 

-CD4Q14~ 

-CD4015A 
-CD4016A 
-CD4016B 
-CD4017A 

-CD40i8A 
-CD4019A 
-CD4020A 
-CD4021A 
-CD4022A 

-CD4023A 
-CD4023B 
-CD4024A 
-CD4025A 
-CD4025B 

Product 
Page line 

287 LINEAR 
287 LINEAR 
288 LINEAR 
290 LINEAR 
292 LINEAR 

295 LINEAR 
298 LINEAR 
265 LINEAR 
300 LINEAR 
260 LINEAR 

260 LINEAR 
302 LINEAR 
304 LINEAR 
260 LINEAR 
260 LINEAR 

307 LINEAR 
309 LINEAR 
314 LINEAR 
314 LINEAR 
316 LINEAR 

316 LINEAR 
318 LINEAR 
318 LINEAR 
318 LINEAR 
318 LINEAR 

369 COS/MOS 
509 COS/MOS 
369 COS/MOS 
509 COS/MO~ 

369 COS/MOS 

509 COS/MOS 
372 COS/MOS 
375 COS/MOS 
378 COS/MOS 
511 COS/MOS 

380 COS/MOS 
513 COS/MOS 
380 COS/MOS 
513 COS/MOS 
j83 COS/MOS 

517 COS/MOS 
383 COS/IV!0S 
517 COS/MOS 
386 COS/MOS 
519 COS/MqS 

389 COS/MOS 
391 COS/MOl' 
394 CciS/MPS 
522 COS/MOS 
398 COS/!'IIOS 

402 COS/MOS 
405 COS/MOS 
407 COS/MOS 
410 cos/ IIII OS 
413 COS/IYIOS 

383 cos/MOS 
517 COS/MOS 
416 COS/MOS 
369 COS/MOS 
509 COS/MOS 

Data 
Bulletin 
FileNo. 

905 

906 
907 

532 

532 

532 
532 

630 
619 
884 
884 
592 

592 
392 
392 
392 
392 

944 
945 
944 
945 
944 

945 
920 
921 
950 
951 

939 
940 
939 
940 
946 

947 
946 
947 
935 
936 

922 
943 
952 
953 
927 

929 
923 
928 
933 
919 

946 
947 
930 
944 
945 

Type No. 

-CD4026A 
-CD4027A 
-CD4027B 
-CD4028A 
-CD4029A 

-CD4030A 
-CD4031A 
-CD4032A 
-CD4033A 
-CD4034A 

-CD4035.A 
-CD4036A 
-CD4037A 
-CD4038A 
-CD4039A 

-CD4040A 
-CD4041A 
-CD4041 B 
-CD4042A 
-CD40428 

-CD4043A 
-CD40438 
-CD4044A 
-CD40448 
-CD4045A 

-CD4046A 
-CD4047A 
-CD4048A 
-CD4Q49A 
-CD4049B 

-CD4050A 
-CD4050B 
-CD4051 B 
-CD4Q52B 
-CD4053B 

-CD4054B 
-CD4QS5B 
-CD405~8 
-CD4057A 
-CD4Q59A 

",CD4060A 
-CD4P61A 
-CD40q2A 
-CD4Q6jB 
-CD4Q66A 

-CD4067B 
-CD40688 
-CD4069B 
-CD4070B 
-CD4071 B 

-CD40728 
-CD4073B 
-CD40758 
-CD4076B 
-CD4077B 

-CD40788 
-C04081 B 
-CD4082B 
-CD4085B 
-CD4086B 

Product 
Page line 

419 COS/MOS 
423 COS/MOS 
525 COS/MOS 
426 COS/MOS 
429 COS/MOS 

432 COS/MOS 
434 COS/MOS 
437 COS/MOS 
419 COS/MOS 
440 COS/MOS 

444 COS/MOS 
660 MEMORY 
447 COS/MOS 
437 COS/MOS 
660 MEMORY 

449 COS/MOS 
452 COS/MOS 
528 COS/MOS 
456 COS/MOS 
531 COs/MOS 

459 COS/MOS 
534 COS/MOS 
459 COS/MOS 
534 COS/MOS 
462 COS/MOS 

465 COS/MOS 
470 COS/MOS 
476 cos/MOS 
481 COS/MqS 
537 COS/MqS 

481 cOs/MOS 
537 COS/MOS 
540 COS/MOS 
540 COS/MOS 
540 GOS/MOS 

546 COS/MOS 
[}46 COS/MOS 
546 COS/MOS 
~84 COS/MOS 
492 COS/MOS 

499 COS/MOS 
663 MEMORY 
502 COS/MOS 
550 COS/MOS 
506 COS/MOS 

553 COS/MOS 
558 COS/MOS 
561 COS/MOS 
564 COS/MOS 
566 COS/MOS 

566 COS/MOS 
569 COS/MOS 
566 COS/MOS 
572 COS/MOS 
564 COS/MOS 

575 COS/MOS 
569 COS/MOS 
569 COS/MOS 
577 COS/MOS 
580 COS/MOS 

Data 
Bulletin 
FileNo. 

918 
941 
942 
937 
931 

932 
569 
915 
918 
575 

568 
613 
576 
915 
613 

624 
572 
934 
589 
954 

590 
956 
590 
956 
614 

637 
623 
636 
599 
926 

599 
926 
902 
902 
902 

634 
634 
634 
635 
898 

813 
768 
816 
805 
769 

909 
809 
804 
910 
807 

807 
806 
807 
903 
910 

810 
806 
806 
811 
812 

Type No. 

CD4089B 
-CD4093B 
-CD40948 
-CD40958 
-CD40968 

-CD4M7B 
CD4098B 

-CD40998 
CD45028 
CD4508~ 

-CD4510B 
-CD4511 B 
-CD45148 
-CD45158 
-CD4516B 

-CDJiji18B 
-CD4520B 

CD4527B 
-C04l:i32~ 
ii(:D4555B 

-CD45lii6Q 
':CD40Q6f 
CD40061 A 
CD401008 
CD401P1B 

CD40102B 
Cb401 038 
CD40104B 
CD40105B 
CD40107B 

CD40108B 
CD40109B 
CD401818 
CD40182B 
CD40192B 

CD40193B 
CD40194B 
CD40257B 

-CDP1801 
-CDPl801C 

Product 
Page line 

583 COS/MOS 
586 COS/MOS 
589 COS/MOS 
592 COS/MOS 
592 COS/MOS 

553 COS/MOS 
595 COS/MOS 
598 COS/MOS 
601 COS/MOS 
603 COS/MOS 

605 COS/MOS 
609 COS/MOS 
E?13 COS/MOS 
613 COS/MOS 
605 COS/MOS 

616 COS/MOS 
616 COS/MOS 
619 COS/MOS 
622 COS/MOS 
626 GOS/MOS 

626 eOS/MOS 
666 MEMORY 
6se MEMORY 
~3Q COS/MOS 
6~j COS/MOS 

634 COS/MOS 
634 CQS/MOS 
636 COS/MOS 
638 COS/MOS 
640 COS/MOS 

641 COS/MOS 
644 COS/MOS 
646 COS/MOS 
649 COS/MOS 
651 COS/MOS 

651 COS/MOS 
653 COS/MOS 
655 COS/MOS 
687 MICROP 
687 MICROP 

-CDP1801CR 687 MICROP 
MICROP 
MICROP 
MICROP 
MICROP 

MICROP 
MICROP 
MICROP 
MICROP 
MICROP 

-CDP1801CU 687 
-CDP1801 R 687 
-CDP1801U 687 

CDP1802 692 

CDP1802C 692 
CDP1821S 699 
CDP1821SC 699 
CDP1822S 701 
CDP1822SC 701 

CDP1824 703 
CDP1824C 703 
CDP1831 705 

MICROP 
MICROP 
MICROP 

CDP1831C 705 MICROP 
CDP1832 707 MICROP 
CDP1832C 707 MICROP 
CDP1852 709 MICROP 
CDP1852C 709 MICROP 
MW4050D 668 MEMORY 
MW4050DVl 668 MEMORY 

Data 
Bullllltin 
File No. 

836 
869 
879 
879 

909 

948 

899 
901 
814 
814 
899 

808 
808 

876 
858 

858 

900 
900 

900 
900 
900 
900 

734 __________________________________________________________________ __ 



Index to Devices 
Data Data Data 

Product Bulletin Product Bulletin Product Bulletin 

Type No. Page Line File No. Type No. Page Line FileNo. Type No. Page Line File No. 

MW4050DV2 668 MEMORY 3N143 322 MOS/FET 309 40602 347 MOS/FET 333 

MW4060D 671 MEMORY 3N152 330 MOS/FET 314 40603 348 MOS/FET 334 
MW4060DVl 671 MEMORY 3N153 331 MOS/FET 320 40604 348 MOS/FET 334 

MW4060DV2 671 MEMORY 3N154 332 MOS/FET 335 40673 349 MOS/FET 381 

MW70011 674 MEMORY 3N159 333 MOS/FET 336 40819 350 MOS/FET 463 

MWS5001 677 MEMORY 3N187 334 MOS/FET 326 40820 351 MOS/FET 464 

MWS5040 679 ME'IIIORY 3N200 338 MOS/FET 436 40821 351 MOS/FET 464 

MWS5501 681 MEMORY 3N211 341 MOS/FET 875 40822 353 MOS/FET 465 

. MWS5540 683 MEMORY 3N212 341 MOS/FET 875 40823 353 MOS/FET 465 

3N128 322 MOS/FET 309 3N213 341 MOS/FET 875 40841 354 MOS/FET 489 

3N138 324 MOS/FET 283 40467 A 345 MOS/FET 324 

3N139 325 MOS/FET 284 40468 A 346 MOS/FET 323 

3N140 326 MOS/FET 285 40559A 346 MOS/FET 323 

3N141 326 MOS/FET 285 40600 347 MOS/FET 333 

3N142 329 MOS/FET 286 40601 347 MOS/FET 333 
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