










































































































































































































































































typical performance characteristics 
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1. INPUT LOGIC COMPATIBILITY 

A. Voltage Considerations 

In general, the AH0100 series is compatible with 
most DTL, TTL, and RTL logic families. The ON­
input threshold is determined by the V BE of the 
input transistor plus the V, of the diode in the 
emitter leg, plus I x R

" 
plus V" At room 

temperature and V R ~ OV, the nominal ON thres­
hold is: O. 7V+0. 7V +0.2V, ~ 1.6V.Over temperature 
and manufacturing tolerances, the threshold may 
be as high as 2.5V and as low as O.SV. The rules 
for proper operation are: 

V ,N - V R :;> 2.5V All switches ON 

V ,N - VR:S; O_SV All switches OFF 

B. Input Current Considerations 

',NION), the current drawn by the driver with 
V ,N ~ 2.5V is typically 20 J1.A at 25°C and is guar­
anteed less than 120 J1.A over temperature. DTL, 
such as the DM930 series can supply lS0 J1.A at 
logic" 1" voltages in excess of 2.5V. TTL output 
levels are comparable at 400 J1.A. The DTL and 
TTL can drive the AH0100 series directly. How­
ever, at low temperature, DC noise margin in the 
logic" 1" stat~ is eroded with DTL. A pull-up re­
sistor of 10 krl is recommended when using DTL 
over military temperature range. 

If more than one driver is to be driven by a DM930 
series (6K) gate, an external pull·up resistor should 
be added. The value is given by: 

11 
Rp ~ N _ 1 for N > 2 

where: 

Rp ~ value of the pull-up resistor in krl 

N = number of drivers_ 

C. Input Slew Rate 

The slew rate of the logic input must be in excess 
of O.3V IJ1.s in order to assure proper operation of 
the analog switch. DTL, TTL, and RTL output 
rise times are far in excess of the minimum slew 
rate requirements. Discrete logic designs, however, 
should include consideration of input rise time. 

2. ENABLE CONTROL 

The application of a positive signal at the V R 

terminal will open all switches. The V R (ENABLE) 
signal must be capable of rising to within O.SVof 
V'NION) in the OFF state and of sinking IRION) 
milliamps in the ON state (at V'NION) - V R > 
2.5V). The V R terminal can be driven from most 
TTL and DTL gates . 

3. DI FFERENTIAL INPUT CONSIDERATIONS 

The differential switch driver is essentially a differ­
ential amplifier. The input requirements for proper 
operation are: 

IV ,N1 - V'N2I:;o. 0.3V 

2.5 <:: (V)N1 or V ,N2 ) - V R <:: 5V 

The differential driver may be furnished by a DC 
level as shown below. The level may be derived 
from a voltage divider to V' or the 5V Vee of 
the DTL logic. In order to assure proper operation, 
the divider should be "stiff" with respect to I,N2' 

Bypassing Rl with a 0_1 J1.F disc capacitor will 
prevent degradation of tON and tOFF ' 

Alternatively, the differential driver may be driven 
from a TTL flip-flop or inverter. 

~" , '--- ~. , '---
~, v" 

o ... ~r; _ - --- "0",\00' - ---

v" v" 

= -;:-

Connection of almA current source between V R 

and V- will allow operation over a ± 1 OV common 
mode range. Differential input VOltage must be less 
than the 6V breakdown, and input threshold of 
2.5V and 300mV differential overdrive still preveil. 



4. ANALOG VOLTAGE CONSIDERATIONS 

The rules for operating the AH0100 series at 
supply voltages other than those specified essen· 
tially breakdown into OFF and ON considerations. 
The OFF considerations are dictated by the maxi· 
mum negative swing of the analog signal and the 
pinch off of the JFET switch. In the OFF state. 
the gate of the FET is at V- + VBE + VSAT or 
about 1.0V above the V- potential. The maximum 
Vp of the FET switches is 7V. The most negative 
analog voltage. V A. svvll1g vvh ich can be accomo· 
doted for ony given supply voltage is: 

IVA IS: Iv-I- Vp - VBE - VSAT or 

Iv AI:<:;lv-I-80 or Iv-I?IV AI+B.OV 

For the standard high level switches, VA <1- 181 
+8 - -10V. The value for V+ is dictated-by the 
maximum positive swing of the analog input volt· 
age. Essentially the collector to base junction of 
the turn-on PNP must remain reversed biased for 
all positive value of analog input voltage. The base 
of the PNP is at V+ - VSAT VBE or V+ - 1.0V. 
The PNP's collector base junction should have at 
least 1.0V reverse bias. Hence, the most positive 
analog voltage swing which may be accommodated 
for a given value of V+ is: 

typical applications 

VA s: V+ - VSAT - VBE - 1.0V or 

VA s: V+ - 2.0V or V+ ? V A + 2.0V 

For the standard high level switches, V A = 12-
2.0V C" +10V. 

5. SWITCHING TRANSIENTS 

Due to charge stored in the gat8-to-SQurce and 
gate·to·drain capacitanc'es of the FET switch, tran· 
sients may appear in the output during switching. 
This is particularly true during the OFF to ON 
transition. The magnitude and duration of the 
transient may be minimized by making source 
and load impedance levels as small as practical. 

Furthermore, transients may be minimized by 
operating the switches in the differential mode; 
i.e., the charge delivered to the load during the 
ON to OFF transition is, to a large extent, can­
celled by the OFF to ON transition. 

Programmable One Amp Power Supply 

I 
"I 

~~~~--~ 

Your ~ (~Pollntvl ~ (SCD CCld~). VRH 
IOUT-2ApeIIIc,IAcuntinuuIII 

VouT llinp-!12V 
FuiISUIeAcqulSltJgnT"ne-8"1 

Four to Ten Bit 0 to A Converter (4 Bits Shown) 

SeningTime; 1 fJ.S 

Accutacv:O.2% 
+Note. All resistors are 0.1% 
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typical applications (con't) 

TRA~SOUt[~ ... 

Four Channel Differential Transducer Commutator 

o 

o 

llain:22 
Camlllll'lllianRII!: 500kHI 

4 x 4 Cross Point Analog Switch - - ----J----l------- r ;:":-, 
1.'''"0151 OllllSI'ST r-,....+--'-'~, I 

,I ~'''''' I I 
I I 1''' 
I I I 
d 1 
I f--o .. 
I : II I :O;~:~ 1 

JI L__· ~lCOD~R I 
I 1 1''' 
1 I 

.1 1 
1 1 
1 1 

L.-, -, -.--------~ 
s..itchmgy" ... -eOOns 
"ON"RtlisuAI»-4Sl1 
"OfF"Resistanc:I-lo'Dn 

Delta Measurement System for Automatic Linear Circuit Tester 

1-------------, 
I Tr~;i~~~~V:~E I 
I I 
1 1 

1 

1 

1 

1 

1 ~ I .. L __________ -.I 

,,10,;';;- - ... -_1;.:...' ___ :;;;-_ 
I I 

.1 I, 
I 

"I 

I 
I 
1 

• ____ J 1 

L _-.J 

~1,T 
Note: 81 murl: be open for 60,lls min'lo take first reading with Il = 50 mAo Second reading ~ 
taken with S2 dosld. With 81 and other set-up forcing functions under computer control, system 
will measure lin! and load regulation on voltage regulators. lI'oltage gain. offset current, CMRR and 
PSRR on op amps is well 8$ odler circuits requiring measurement of the change 01 a parameter 
with the chaage of a forcing function. 

Analog Input Range - ·1.5V 

EOUT = lOx (Analog Input 2 - Analog Input 1 j 

Error Rate - 0.01% F.S./sec 

Precision long Time Constant Integrator with Reset Four Channel Commutator 

*Note: Vos adjusted to zero 

Intelllation Internal = 10 SiC 
-Integration Error = 10Op.V 

RHet Time: 3Ds>s 

Analog Signal Range: 15Vpp 
Sample Rate: 1 MHz 
Acquisition Time: 20/-ls 
Drift Rah!: 0.5 mY/sec 



Analog Switches 

AH2114/AH2114C DPST analog switch 
general description 
The AH2114 is a DPST analog switch circuit com­
prised of two junction FET switches and their 
associated driver. The AH2114 is designed to fulfill 
a wide variety of high level analog switching appli­
cations including multiplexers, A to D Converters, 
integrators, and choppers_ Design features include: 

• Low ON resistance, typically 75n 

• High OFF resistance, typically lo"n 

• Large output voltage swing, typically ±1 OV 

schematic and connection diagrams 

" lOBI' 

" ,. 

" lURK 

" 10.81( 

ac test circuit and waveforms 
v, ... -,~v 

FIGURE 1. 

• Powered from standard op-amp supply voltages 
of ±15V 

• Input signals in excess of 1 MHz 

• Turn ON and turn-OFF times typically 1 MS 

The AH2114 is guaranteed over the temperature 
range _55°C to +125°C whereas the AH2114C is 
guaranteed over the temperature range 0 C to 
+85°C. 

Cilcuit is shown 
WlthVSW 109;(:"1." 

Metal Can Package 

Order Number AH2114G or AH2114CG 
See Package 7 

vounl-____ ~-+_'\-

FIGURE 2. 
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absolute maximum ratings 

Vplus Supply Voltage 

Vmlnus Supply Voltage 

Vptus--VmIIlU'> Ddf~rentlal Voltage 
Logic Input Voltage 
Power Dlsslpatlc,n (Note 3) 

Operating Temperature Range 

+25V 

-25V 
40V 
25V 

1.35W 

AH2114 
AH2114C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

-5S()C to + 125"C 
aOc to +8S'-'C 

-6SoC to +12SoC 
300"C 

electrical characteristics (Notes 1 and 2) 

PARAMETER CONDITIONS 
MIN 

Static D.ralil-SourCf- 10 --' 1.0 mA, VGS -0 av, TA o 25"C 

"On" ReSistance 10 -'- 1,0 mA, V GS OV 

Drain-Gate Vos -= 20V, V GS - -7V, TA--25~C 

Leakage Current 

FFT Gatp-SoIJrCf:' IG =- 1.0pA 35 
Breakdown Voltage Vos OV 

Drilln-Gate V DG =20V,l s -'-O 

Capacitance f=1.0MHz,TA 25"C 

Source-Gate V DG "-- 20V, I D -= 0 
Capacitance f'" 1.0 MHz. T A = 25"C 

Input 1 Turn ON Time V 1N1 - lOV, TA 25C 
(See Figure 1) 

Input 2 Turn-ON Time V 1N2 lOV,T A 25 ~ C 

(See Figure 01 ) 

Input 1 Turn-OFF Time V 1N1 10V, TA 25'C 

(See FiSlure 1) 

Input 2 Turn-OFF Time V IN2 - 10\1, T A 25 C 

(See FIQure 1) 

DC Voltage Range T 1\ - 25'-C -+:'90 
(See Figure 2) 

AC Vultage Range TA - 25'C '90 
(See Figure 2) 

AH2114 AH2114C 

TYP MAX MIN TYP MAX 

75 100 75 125 
150 150 

0.2 1.0 0.2 5.0 
60 60 

35 

4.0 5.0 4.0 5.0 

4.0 5.0 4.0 5.0 

35 60 35 50 

1.2 15 1.2 1.2 

06 075 06 0.75 

50 8u 50 80 

' 10.0 ·90 t 10 0 

± 100 ·9.0 ±lO.O 

Note 1: Unless otherWise specified these specifications apply for pin 12 connected to +15V, pin 2 
connected to -15V, -55°C to 125°C for the I\H2114, nnd OOC to 85°C for -the AH2114Co 

Note 2: All typical values are for T A = 25°C. 

Note 3: Derate linearly at 100°C/W above 25°C 

UNITS 

i2 
II 

nA 
nA 

V 

pF 

pF 

MS 

~S 

V 

V 



Analog Switches 

AH5009 series low cost analog current switches 

general description 

The AH5009 series is a versatile family of analog 
switches designed to economically fulfill a wide 
variety of mUltiplexing and analog switching appli­
cations. 

Even numbered switches (AH5010, AH5012, 
AH5014, etc.,) may be driven directly from 
standard (5V) TTL; whereas the odd numbered 
switches (AH5009, AH5011, AH5013, etc.,) are 
intended for applications utilizing open-collector 
(15V) structures. 

features 

• Large analog signal range 

• Excellent isolation 
between channels 

• Very low leakage 

• High switching speed 

• Low on resistance 

• I nterfaces with standard TT L 

functional and schematic diagrams 
MUX Switches MUX Switches 

(4 channel version shown) 
SPST Switches 

(quad version shown) (4 channel version shown) 

:~f" 6~ 4 

7o- __ J 

"~ 
8o- __ .J 

B~ 
" o---J 

3~A...--ol 
I 2o- __ .J 

.~'"---o. 
I 

70--- ..... 

11~~9 
I 

10o---.J 

14~A-...o16 
15o--- J 

connection diagrams 

.,.--
~ 12 

Dual-I n-Line Package Dual-In-Line Package 

O· 
, , 

, . 
, . 
Order Number: 

AH5017CN 
AH5018CN 
AH5019CN 
AH5020CN 
AH5021CN 
AH5022CN 
AH5023CN 
AH5024CN 

See Package 15 

Order Number: 

AH5009CN 
AH5010CN 
AH5013CN 
AH5014CN 

See Package 17 

Dual-In-line Package 

Order Number: 
AH5011CN 
AH5012CN 
AH5015CN 
AH5016CN 

See Package 18 

±10V peak 

80 dB 
at 1 kHz 

50 pA 

150 ns 

lOon 

SPST Switches 
(quad version shown) 

513 

» 
~ 
U1 
o 
o 
CD 



absolute maximum ratings 

Input Voltage (V ,N ) ±30V 

Positive Analog Signal Voltage (V A) 30V 

Negative Analog Signal Voltage (V A) -15V 

Diode Current 10mA 

Drain Current (1 0 ) 30mA 

Power Dissipation (see graph) 500 mW 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

electrical characteristics (each channel) 

PARAMETER (Note 2) CIRCUIT TYPE CONDITIONS (Note 1) TYP MAX UNITS 

Input Current "ON" 
All 

V ,N =OV, 10 = 2mA, TA = 25°C .01 .1 j.1A 

(I'N(ONI) V'N=OV,10=2mA 100 j.1A 

Input Current "OFF" V ,N = 4.5V, VA = ±10V, TA = 25"C .04 .2 nA 

(I'N(OFF)) 
5VTTL 

V ,N = 4.5V, V A = ±10V 10 nA 

Input Current "OFF" 
15VTTL V ,N = llV, VA =±10V, TA = 25°C 

.04 .2 nA 

(lIN(OFF)) 10 nA 

Channel Control Voltage 51/TTL V A = ±10V. 10 = 1 rnA .5 V 

"ON" (V'N(ON)I 15VTTL V A = ±10V, 10 = 1 mA 1.5 V 

Channel Control Voltage 5VTTL \/A=±10V 4.5 V 

"OFF" IV'N(OFF)) 15VTTL V A = t lOV 11 V 

Leakage Current "OF F" 
5VTTL 

V,,,, = 4.5V, V A = ±10V, TA = 25"C .02 .2 nA 

(IO(OFF)I V ,N = 4.5V, V A = ±lOV 10 nA 

Leakage Current "OFF" V IN -- +11V, VA = ±lOV, TA = 25"C 02 .2 nA 
15VTTL 

(IO(OFF)I V IN = +11V, VI\. -= ±10V 10 nA 

Leakage Current "ON" 
5VTTL 

V ,N = OV, Is = 1mA, T A = 25'C .3 1 nA 

(IO(ON)I V ,N = OV, Is = 1 mA .2 IlA 

Leakage Current "ON" 
15VTTL 

V ,N = OV, Is = 1 mA, T A = 25"C .1 .5 nA 

(I0(ON)) V ,N = OV, Is = 1 mA 1 IlA 

Leakage Current "ON" 
5VTTL 

V ,N = OV, Is = 2 rnA, T A = 25°C 1 IlA 

(lo(ONI V ,N = OV, Is = 2 rnA 10 IlA 

Leakage Current "ON" 
15VTTL 

V ,N = OV, Is = 2 mA, T A = 25"C 2 nA 

(IO(ON)) V ,N = OV, Is = 2 mA 1 IlA 

Drain-Source Resistance 
5VTTL 

V ,N = O.5V, 10 = 2 mA, TA = 25°C 90 150 Q 

"ON" (rOS(ON) 1 V ,N = 0.5V, '0 = 2 mA 240 Q 

Drain-Source Resistance 
15VTTL 

V'N=1.5V,10=2mA,TA=25°C 60 100 Q 

"ON" (rOSION)1 V ,N = 1.5V, 10 = 2 mA 160 Q 

rOS(ON) Match (Effective 15VTTL MUX V ,N = 1.5V, '0 = 2 mA 
50 n 

rOS(ON)}lrOS(ON) EFF.J 5VTTL MUX V ,N = 0.5V, '0 = 2 mA 

Turn-On Time (t{ON)) All See AC Test Circuits, T A = 25°C 150 500 ns 

Turn·Off Time ('(OFF)I All See AC Test Circuits, T A = 25°C 300 500 ns 

Cross Talk (CT) All See AC Test Circuits, T A = 25°C 120 dB 

Note 1: Unless otherwise noted. these specifications apply for _250 C to +850 C for AH5009C through AH5012C. 

Note 2: "OFF" and "ON" notation refers to the conduction state of the FET switch. 
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typical performance characteristics 
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applications information 

Theory of Operation 

The AH5009 series of analog switches are pri­
marily intended for operation in current mode 
switch applications; i_e., the drains of the FET 
switch are held at or near ground by operating into 
the summing junction of an operational amplifier. 
Limiting the drain voltage to under a few hundred 
mV eliminates the need for a special gate driver. 
Thus, the switch may be controlled with conven­
tional TTL elements (5V) or with the open collec­
tor (15V) structures. 

Two basic switch configurations are available: 
multiple independent switches (N by SPST) and 
multiple pole switches used for multiplexing 
(NPST-MUX). The MUX versions such as the 
AH5009 offer common drains and include a series 
FET operated at VGS ~ OV. The additional FET is 
placed in feedback path in order to compensate for 
the "ON" resistance of the switch FET as shown 
in Figure 1. 

The closed-loop gain of Figure 1 is: 

R2 + rOS(ON)02 
AvcL 

R, + rOS(ON)O' 

FIGURE 1. Use of Compensation FET 

For R, ~ R2, gain accuracy is determined by the 
rOS(ON) match between 0, and 02' Standard 
match between 0, and 02 is 50n resulting in a 
gain accuracy of 0.5% (for R, = R2 ~ 10k). 
Tighter rOS(ON) match versions are available. 

Noise Immunity 

The switches with the source diodes grounded 
exhibit improved noise immunity for positive 
analo.g signals in the "OFF" state. With V'N ~ 15V 
and the VA ~ +10V, the source of 0, is clamped 
to about 0.6V by the diode (VGS ~ 14.4V). The 
"ON" impedance of the diode is about 26n 
ensuring that AC signals imposed on the +10V 
will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since the AH5009 series of analog switches are 
operated current mode, it is generally advisable to 
make the signal current as large as possible. How­
ever, current through the F ET switch tends to for­
ward bias the gate to channel (source) diode 
resulting in leakage across the diode. This leakage, 
10(ON), increases exponentially with increasing Is. 
As shown in Figure 2, IO(ON) represents a finite 
error in the current reaching the summing junction 
of the op amp. 

FIGURE 2. On Leakage Current, 1010N) 

Secondly, the rOS(ON) of the FET begins to 
"round" as Is approaches 1055 , A practical rule of 
thumb is to maintain Is at less than 1/10 of loss. 

Combining the criteria from the above discussion 
yields: 

R1(MIN) > 
VA(MAX) AD 

(2a) 
IO(ON) 

or: 

> VA(MAX) 
(2b) 

105S/1O 

which ever is worse. 

Where: V A(MAX) Peak amplitude of the ana­
log input signal 

AD 

IO(ON) 

loss 

Desired accuracy 

Leakage at a given Is 

Saturation current of the 
FET switch 

20 mA 

In a typical application, V A might = ±10V, AD 
0.1 %, OOC < T A < 85°C. The criterion of equation 
(2b) predicts: -

10V 
R1(MIN) >---~ 5kn 

20MA 

10 

For R, ~ 5k, Is == 1 OV /5k or 2 mAo The electrical 
characteristics guarantee an IO(ON) < lJ.LA at 85°C 
for the AH5010C_ Per the criterion of equation 
(2a): 

(1 OV)( 1 0-3 ) 

1 X 10-6 
> 10kn 

Since equation (2a) predicts a higher value, the 
10k resistor should be used_ 

FIGURE 3. 

The "OFF" condition of the FET also effects gain 
accuracy. As shown in Figure 3, the leakage across 
O2, 10(OFF) represents a finite error in the current 
arriving at the summing junction of the op amp. 



applications information (con't) 
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L.::.T~~_....:_-=-_.J 

"'-NAlOG 
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FIGURE 4. Interfacing with +5V Logic 
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I I 
I I 
I I 
I I 
I I 

ANALOG 
INPUT (V,~I 

ANALOG 
OUTPUT 

,-+-.0-4---o-_-----l 

I 
I 
I 
I 

FIGURE 5. Interfacing with +15V Open Collector Logic 

Accordingly: 

R1IMAX) < VAIMIN) Aa 
(N) lalOFF) 

Where: V AIM IN) 

N 

IO(OFF) 

Minimum value for the ana­
log input signal 

Desired accuracy 

Number of channels 

OFF leakage of a given FET 
switch 

As an example, if N ~ 10, Aa ~ 0.1%, and IOIOFF) 
< 10 nA at 85°C for the AH5009C, R1(MAX) is: 

(1 V)(10-3 ) 
R1 (MAX) < -------::­

- (10)(10 x 10-9 ) 
10k 

Selection of R2 , of course, depends on the gain 
desired and for unity gain R1 ~ R2 . 

Lastly, the foregoing discussion has ignored resis­
tor tolerances, input bias current and offset 
voltage of the op amp - all of which should be 
considered in setting the overall gain accuracy of 
the circuit. 

TTL Compatibility 

Two input logic drive versions of AH5009 series 
are available: the even numbered part types are 
specified to be driven from standard 5V-TTL logic 

and the odd numbered types from 15V open 
collector TTL_ 

Standard TTL gates pull-up to about 3.5V (no 
load). In order to ensure turn-off of the even 
numbered switches such as AH5010, a pull-up 
resistor, REXT , of at least 10 kr2 should be placed 
between the 5V V cc and the gate output as shown 
in Figure 4. 

Likewise, the open-collector, high voltage TTL 
outputs should use a pull-up resistor as shown in 
Figure 5. In both cases, tIOFF) is improved for 
lower values of REXT and the expense of power 
dissipation in the low state. 

FIGURE 6. Definition of Terms 

Definition of Terms 

The terms referred to in the electrical character­
istics tables are as defined in Figure 6. 
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o device schematics and pin connections 
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:I: 
< FOUR CHANNEL 

5-18 

AH50D9CN (ROS(ON) :;; loon 15V - TTL) 
AH5010CN (ROS(ON):;; 15Dn 5V - TTL) 

14PIN OIP 

AH5013CN (ROS(ON) :;; loon 15V - TTL) 
AH5014CN (ROS(ON) :;; 150n 5V - TTL) 

14PIN OIP 

AH5017CN (ROS(ON) :;; loon 15V - TTL) 
AH5D18CN (ROS(ON) :;; 150n 5V - TTL) 

8 PIN OIP 

AH5011CN (ROS(ON) S loon 15V - TTL) 
AH5012CN (ROS(ON) S 150n 5V - TTL) 

16 PIN OIP 

THREE CHANNEL 

'~' 

t L 
'''"TJ-r' 

t !. 
"""TJ-r' 

t12 biD 

"~" 

til 1,5 

AH5015CN (ROS(ON) s loon 15V - TTL) 
AH5016CN (ROS(ON) S 150n 5V - TTL) 

16PIN OIP 

'~'. 

t L 
'~ .. 

t 1, 
"~" 

tl1 1,0 

TWO CHANNEL 

AH5019CN (ROS(ON) :;; loon 15V - TTL) 
AH5020CN (ROS(ON) :;; 150n 5V - TTL) 

8 PIN OIP 

'~'. 

t L 

'lY" n 14 

, , 
" 

SINGLE CHANNEL 

AH5D21CN (ROS(ON) S loon 15V - TTL) 
AH5022CN (ROS(ON) S 150n 5V - TTL) 

8PIN OIP 

'~. 
, , , 

AH5023CN (ROS(ON) S loon 15V - TTL) 
AH5024CN (ROS(ON) s lson 5V - TTL) 

8 PIN OIP 

'~' 
1. !, 

Package Types - 8, 14, 16 pin epoxy "S" 



typical applications 
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Gain Programmable Amplifier 

Low Cost Demultiplexer 
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16-Channel Multiplexer 
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,.VTYPICAl.lI"C 

Low Cost Muhiplexer/Mixer 
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Analog Switches 

AM1000.AM1001.AM1002 silicon N-channel 
high speed analog switch 

general description 

The AMl 000 series are junction FET integrated cir· 
cuit analog switches. These devices commutate 
faster and with less voltage spiking than any other 
analog switch presently available. By comparison, 
discrete JFET switches require elaborate drive cir· 
cuits to obtain reasonable performance for high 
toggle rates. Encapsulated in a four pin TO·72 
package, these units require a minimum of circuit 
board area. Switching transients are greatly reduced 
by a monolithic integrated circuit process. The 
resulting analog switch device provides the follow· 
ing features: 

• Low ON Resistance 

• High Analog Signal Frequency 

30n 
100 MHz 

schematic and connection diagram 

TO·72 Package .. """@t, .. ,, OUTPUT I 4 

~~'A' 
A~:;'~~~ 2 J 

Order Number AM1000H 
or AM1001H or AM1002H 

See Package 8 

typical applications 

:!: 10 Volt Swing Analog Switch 0.5% Accuracy 

• High Toggle Rate 

• Low Leakage Cu rrent 

• Large Analog Signal Swing 

• Break Before Make Action 

4 MHz 

250pA 

±15V 

The AM 1 000 series of analog switches are particu, 
larly suitable for the following applications: 

• High Speed Commutators 

• Multiplexers 

• Sample and Hold Circuits 

• Reset Switching 

• Video Switching 

equivalent circuit 

±15 Volt Swing Analog Switch 

CIIAfiltH 
SHECT 

tNI'IIT 

r--AM1iii) 
ANALOCZ~.IIUDG 

1"P'IIr I : I OUTPUT 



absolute maximum ratings 
AM1000 Power DIS~IPdlI0n @ T A - 25"C 300mW 

AM1001 AM1002 linear Derating Factor llmW/oC 

V 1N (Note 1) +bOV +4DV Power Dissipation @ T c =' 125' C 150mW 
Linear Derdtlfl9 Fdi.:lOr 6rnW/'C V OUT {Note 11 "SOV +40V 

VORIVE (Note 1) -bOY -40V Maximum Junction Operating Temperature -55"C to +150c C 

V S1AS (Note 11 +fJQV +4DV 

electrical characteristics 
ON CHARACTERISTICS (Note 2\ 

PARAMETER CONDITION 

VORIVE = ~15V, V B1AS "" -15V 
liN = 1 mA, V OUT - OV 

VORIVIo. - +lOV, V S1AS - -lOY 

II~ 1 ITlA, V ou , - OV 

OFF CHARACTERISTICS 

PARAMETER CONDITION 

lOUT ,OFFI VORIVE -20V. V BIAS -lOY 

V,N 0- - lOV. VOU1 -'-lOY 

TA ~25' C 

TA t125u C 

lOUT .CF~I VORIVE - 20V, V BIAS -lOY 

V" +lOV, V OUT = -lOV 
T A - +25 C 

T A - +125'C 

DRIVE CHARACTERISTICS 1Note 3) 

AM1001 

AM lOaD 
AM1002 

MIN 

Storage Temperature 
Lead Temperature (Soldering, 10 sec) 

AM1000 
AM100l 

TVP 

05 
025 

05 
05 

MIN 

20 

20 
20 

MAX 

2' 
2; 

.25 
25 

TYP 

40 

25 

50 

MIN 

AM1OO2 

TVP 

05 
0.2 

0.5 
02 

MAX 

50 

30 
100 

MAX 

UNITS 

UNITS 

nA 

"A 

nA 

"A 

PARAMETER CONDITION MIN TVP MAX UNITS 

IORIVE VORIVE - -20V, V SIAS - lOV AM 1000, 1001,1002 10 mA 

(Switch OFF) VIN '" ±10V, V OUT ~ =10V 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITION 
AM1000 AM1001 AM1002 

UNITS 
MAX MAX MAX 

'ON See SWitching Time 
100 150 200 

tOFF 
Tes~ ClfCUl1 

100 100 100 

Note 1: The maximum voltage rattngs may be applied between any pin or pms Simultaneously. Power 
dissipation may be exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will 
not cause excessive power diSSipation even m a "D.C." sWitching application 

Note 2: All parameters are measured With external silicon diodes. See electncal connection diagram 
for proper diode placement. 

Note 3: I BIAS (Switch OFF) is equal to I ORIVE (SwItch OFF) I(BIAS) (SwItch ON), IS equal 
to e)(ternal diode leakage. 

Note 4: Rise and fall times of VDRIVE shall be 15 ns maximum for sWitching tLme testing. 

switching time test circuit and waveforms 

r---- OU .T.1 
I I 

~
,oo, 

, , I I-Iv: ' : 100 

-= I 1":-

LN9'u----..J 

VOUT~OV 
• ; -VOUl 

SL""' 
VM,n: i 

, , 

, -20V 

!o~ .~: :--

+200"C 
+300o e 
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Analog Switches 

AM2009/AM2009C/MM4504/MM5504 
six channel MOS multiplex switches 

general description 

The AM2009/ AM2009C/MM4504/MM5504 are six 
channel multiplex switches constructed on a single 
silicon chip using low threshold P-channel MOS 
process. The gate of each MOS device is protected 
by a diode circuit. 

features 
• Typical low "on" resistance 
• Typical low "off" leakage 
• Typical large analog voltage range 
• Zero inherent offset voltage 
• Normally off with zero gate voltage 

schematic diagram 

" U 
" ..L, 

>--
" 

" 

'" 

. 
, , 

150il 
100 pA 

±10V 

,-

~ 
~ 

. 
Order Number 

AM2009F or AM2009CF 
MM4504F or MM5504F 

See Package 4 

typical applications 

ANAlDGINPUTS 

TTL Compatible 6 Channel MUX 

ANALOG 
OUTPUT 

,-

1:: 
>----

. 

The AM2009/ AM2009C/MM4504/MM5504 are de­
signed for applications such as time division multi· 
plexing of analog or digital signals. Switching 
speeds are primarly determined by conditions 
external to the device such as signal source imped­
ance, capacitive loading and the total number of 
channels used in parallel. 

The AM2009/MM4504 are specified for operation 
over the -55°C to +125°C military temperature 
range. The AM2009C/MM5504 are specified for 
operation over the -25°C to +85°C temperature 
range. 

,- ,-

. 
~,-

~ 

Pin numbenin plretrthesis 
apply lor the MM5404I 
MM551M Dilly . 

.!..o 

1:: 
>----

. l:: . 
Order Number 

AM2009D or AM2009CD 
MM4504D or MM5504D 

See Package 1 

INPUT 
CHANNELS 

ADDRESS SELECT 
1-1 

ADDHESSSELECT 
1-12 

32 Channel MUX 

ANALOG 
OUTPUT 



absolute maximum ratings (VSULK ~ OV) 

Voltage on Any Source or Drain 
Voltage on Any Gate 
Positive Voltage on Any Pin 
Source or Drain Current 

-30V 
-3SV 

Total Power Dissipation (at TA "" 25°Cl 
Power Dissipation - each gate circuit 
Operating Temperature Range AM2009 

900mW 
lS0mW 

-5SoC to +12SoC 
-2SoC to +8SoC 

Gate Current (forward direction of zener clamp) 

+0.3V 
50 mA 

0.1 mA 
AM2009C 

Storage Temperature Range _65°C to +150°C 

300°C Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Note 1) 

PARAMETER 

Threshold Voltage 

DC ON Resistance 

DC ON Resistance 

DC ON Resistance 

DC ON ReSIStance 

Gate Leakage 

Input Leakage 

Output leakage 

Gate-Bulk Breakdown 
Voltage 

Source-Drain Breakdown 
Voltage 

Drain-Source Breakdown 

Voltage 

Transconductance 

Gate Capacitance 

Input Capacitance 

Output Capacitance 

CONDITIONS 

VGS = Vas, los"" -lilA 

VGs::: -20V, los -= -100IlA, 
TA " 25°C 

VGS '" -lOY, Vse '" -20V, 
los == -lOOJ1-A, TA = 25°C 

VGS '" -20V, los = -1001lA 

VGS == -lOV, VSB = -20V, 

los =- -lOOJ1-A 

VGS = -20V, Note 2 
VGS "- -20V, Note 2, TA """ 25"C 

Vos'" -20V, Note 2 
Vos = -20V, Note 2, TA = 25°C 

V SD ;- -20V. Note 2 

VSD = -20V. Note 2, TA = 25' C 

IGe "" -10jJ.A, Note2 

Iso'" -10.uA, V GD = 0, 
Note 2 

los -=; -lOjJ.A, V GS = 0, 

Note 2 

Note 3, f - , MHz 

Note 3, f - 1 MH.l 

Note 3, f = 1 MHz 

LIMITS 

MIN TYP 

-1.0 

150 

500 

100 

100 

SOO 

-35 

-30 

-30 

4000 

4.7 

4.6 

16 

Note 1: Ratmgs apply over the specified temperature range and VBULK -' 0, unless otherwise specif,ed. 

Note 2: All other pinS grounded 

v 

V 

mhos 

pF 

pF 

20 pF 

Note 3: Capacitance measured on dual-in-Ime package between pm under measurement to all other pms Capacitances are guaranteed by deSign, 

typical performance characteristics 

"ON" Resistance vs Gate-to­
Source Voltage 

-30 -25 -20 -IS -10 -5 

Vr.~ (V! 

"ON" Resistance vs T 
Temperature 

Jl%, 
I 

I I 
I I 

~ ', '! 
. VGs~-10V:VBs~+20V I 
' I I 

-so -25 0 25 50 15100125 

TEMPERATURE ( C) 

Input leakage Current vs 
Temperature 

l00'OO'~ 

~".,OO~ 
~ 

1000 

= ~ 
~ 100 / 

25 SO 75 100 12!i 

TEMPERATURE ( C! 
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Analog Switches 

AM3705/ AM3705C 8-channel MOS analog multiplexer 
general description 

The AM3705/AM3705C is an eight-channel MOS 
analog multiplex switch. TTL compatible logic 
inputs that require no level shifting or input 
pull-up resistors and operation over a wide range 
of supply voltages is obtained by constructing the 
device with low threshold P-channel enhancement 
MOS technology. To simplify external logic re­
quirements, a one-of-eight decoder and an output 
enable are included in the device. 

Important design features include: 

• TTL/DTL compatible input logic levels 

• Operation from standard +5V and -15V supplies 

• Wide analog voltage range - ±5V 

• One·of·eight decoder on chip 

• Output enable control 

schematic and connection diagrams 

block diagram (MIL·STD-806B) 

CHANNHNO·S 

Lhhhhhhh OOATAOUTPUT 

" 2' OUTPUT 
ENABLE 

. ~:~~~;:dt.':~I'h:;' :;;,;~alIY 
bOlb",.yb.used 

• Low ON resistance - 150[2 

• I nput gate protection 

• Low leakage currents - 0.5 nA 

The AM3705/AM3705C is designed as a low cost 
analog multiplex switch to fulfill a wide variety of 
data acqu isition and data distribution applications 
including cross-point switching, MUX front ends 
for AID converters, process controllers, automatic 
test gear, programmable power supplies and other 
military or industrial instrumentation applications. 

The AM3705 is specified for operation over the 
-55°C to +125°C military temperature range. The 
AM3705C is specified for operation over the _25°C 
to +85°C temperature range. 

---,oG""""--_ .. . 

16 

,~ , " 
" 

"~ 
, n 

'. , " 
" " " 
'. , " 
", " . 

" 
" 
" 
"0 

" 
" 
'. 
'. 

Order Number 
AM3705D or AM3705CD 

See Package 2 
AM3705F or AM3705CF 

See Package 5 

truth table 
LOGIC INPUTS 

typical application 

CHANNEL 

5, 
5, 
5, 
5, 
5, 
S. 
5, 
S, 

OFF 

Buffered a-Channel Multiplex, Sample and Hold 



absolute maximum ratings 

Positive Voltage on Any Pin (Note 1) 
Negative Voltage on Any Pin (Note 1) 
Source to Drain Current 
Logic Input Current 

Power Dissipation (Note 2) 
Operating Temperature Range AM3705 

AM3705C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics 

PARAMETER SYMBOL 

ON Resistance RON 

ON Resistance RON 

ON Resistance RON 
AM3705 
AM3705C 

ON Resistance RON 

ON Resistance RON 

ON Resistarlce RON 

OFF Resisrance ROFF 

Output Leakage CUI·rent I LO 

AM3705 I LO 

AM3705C I LO 

Data I nput Leakage Current 'LOI 
AM3705 I LD' 
AM3705C I LDI 

Logic I nput Leakage Current ILl 
AM3705 ILl 
AM3705C ILl 

LogiC I nput LOW Level V ,L 

Logic I nput LOW Level V ,L 

Logic Input HIGH Level V ,H 

+0.3V 
-35V 

±30 mA 
±0.1 rnA 
500 rnW 

_55°C to +125°C 
-25°C to +85°C 

_65°C to +150°C 
300°C 

(Note 3) 

CONDITIONS 

V 1N = Vss; lOUT = 100 pA 

VIN '" -5V; lOUT -100 ~A 

VIN = -5V; lOUT =- -100 pA 

TA - +125 c C 

TA - QO"C 

V IN "'- t5V; Voo - -l5V; 

ICllJT '-' 100 JiA 

VIN = OV, Vao = -15V, 

IOUl -100 pA 

VIN ~ -5V; Voo c:- -loV; 

lOUT .. -100 ~A 

Vss - V OUT "" 15V 
Vss - V OUT = 15V; TA =125"C 

Vss - VOUT -= 15V, T A = 70°C 

Vss - VIN = 15V 

VSS-VIN 15V; TA = 125c C 
Vss - V IN = 15V; TA --' 70"C 

Vss - V Logic In':::: 15V 

Vss - VLoglc In = 15V; TA = 125°C 
VSS-Vlogicln-=15V;TA=70°C 

Vss = +5.0V 

Vss::" +5.0V 

MIN 

V DO 

3.0 
Logic Input HIGH Level V ,H Vss - 2.0 

Channel Switching TIme-Positive t+ l Switching Time 

Channel Switching Time-Negative t - 1 Test Circuit 

Channel Separation f = 1 kHz 

Output Capacitance Cdb VSS-VOUT=O;/= 1 MHz 

Data Input Capacitance C., VSS-VDIP=O;f= 1 MHz 

Logic Input Capacitance Ceg VSS-Vlogicln=O;f= 1 MHz 

Power Dissipation Po Voo = -31V, Vss = OV 

Note 1; All voltages referenced to VSS. 

Note 2: Rating applies for ambient temperatures to +25°C, derate linearly at 3 mWfC for ambient 
temperatures above +25"C. 

Note 3: Specifications apply for T A -'= 25°C, -24V ~ VOO s: -20V, and +5.0V ~ Vss < +7.0V; unless 
otherwise specified (all voltages are referenced to ground)' 

LIMITS 
TYP MAX 

80 250 

160 400 

400 
400 

100 

150 

250 

1010 

0.5 10 
150 500 
35 500 

0.1 3.0 
25 500 

0.5 500 

.001 1 

.05 10 

.05 10 

05 1.0 

Vss - 4.0 

3.5 
Vss + 0.3 

300 

600 

62 

35 

6.0 

6.0 

125 175 

UNITS 

n 
n 

n 
n 

n 

n 

!l 

S2 

nA 
nA 
nA 

nA 
nA 
nA 

jJ.A 

pA 
jJ.A 

V 

V 
V 

V 

ns 

ns 

dB 

pF 

pF 

pF 

mW 
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typical performance characteristics 

300 

250 

200 

.:::!'50 
j 

100 

50 

ON Resistance vs Analog 
Input Voltage 

~UTUT Veo = -20V 

I- Vss=+lV 
TA=+25C 
lOUT" -100 IJA 

I I I I 
TEST POINT-

[-.or--
t-
r-

-5 -3 -1 0 +1 +3 +5 +1 

INPUT (V) 

400 

350 

300 

'3 250 

-; 200 
,2 

150 

100 

50 

o 

ON Resistance vs 
Ambient Temperature 

Veo '" -lOV I IJ I 
Vss=+lV NIIII1-lOUT = -lDO"A 

T~~N~S 
II 

VINPUT'" -5V 

-11 
i-" II 

iTfl7 
-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 

250 

200 

'} 150 

100 

50 

ON Resistance vs VOO 
Supply Voltage 

\ TA :: 2S'C 

Vss:: +5V 
lOUT =-100;;A 

'\. " -r I 
'\ VOUT = -S.OV-

"' ......... ....... -- ~ -V0l'~ '5r 
1 ~ou, ~ rov - r--

-10 -15 -20 -25 

Voo SUPPl Y (V) 

Output Leakage Current vs 
Ambient Temperature 

switching time test circuit 

10' 
VOUT Vss - 15V 

~ 
TEST POINTS 

/ 

1./ 

10' 
o 25 50 15 100 125 

TEMPERATURE ( C) 

typical applications (con't.) 

"""''''1 ... :::~: I 

...... ,I 
"'''''''''1 

""'''''1 ., 

Differential Input MUX 

Input Current: O.5nA 

S-Channel Demultiplexer with Sample and Hold 

... J 
"·"1 

"6, 

16-Channel Commutator 

Wide Input Range Analog Switch 



illS Ana log Switches 
MM450/MM550, MM451/MM551 
MM452/MM552, MM455/MM555 MOS analog switches 

general description 
The MM450, and MM550 series each contain 
four p channel MaS enhancement mode transis­
tors built on a single monolithic chip. The four 
transistors are arranged as follows: 

MM450, MM550 

MM451, MM551 

MM452, MM552 

MM455, MM555 

Dual Differential 
Switch 
Four Channel 
Switch 
Four MaS Transis­
tor Package 
Three MaS Tran-
sistor Package 

These devices are useful in many airborne and 
ground support systems requiring multiplexing, 
analog transmission, and numerous signal routing 
applications. The use at low threshold transistors 
(VTH ~ 2 voltsl permits operations with large ana­
log input swings (± 10 voltsl at low gate voltages 
(--20 voltsl. Significant features, then, include: 

schematic and connection diagrams 

NOTE Pon5tonn""'edto,;;"".nddevlcebulk 

MM450. MM550 

Order Number MM450H or MM550H 
See Package 10 

NOTE Pm 5 connected to ca>e and d.~lCebulk 
O.amand Sou,ce may b. ,"1"c~ln9.d 

MM455 MM555 

Order Number MM455H or MM555H 
See Package 10 

typical applications 
[(lUIVALENT 

CIRCUIT 

• Large Analog I nput Swing ±10 Volts 

• Low Supply Voltage Vsu LK ~ +10 Volts 

VGG ~ -20 Volts 

• Low ON Resistance V I N 

VIN 

-10V 150,12 

+lOV 75S2 

• Low Leakage Current 200 pA @ 25°C 

• I nput Gate Protection 

• Zero Offset Voltage 

Each gate input is protected from static charge 
build-up by the incorporation of zener diode pro­
tective devices connected between the gate input 
and device bulk. 

The MM450, MM451, MM452 and MM455 are 
specified tor operation over the -55°C to + 125°C 
military temperature range. The MM550, MM551, 
MM552 and MM555 are specified for operation 
over the -25°C to + 70°C temperature range. 

NOTEl Pins 1 anclBconnected to case and 
deVIce bulk DraIn and Source may be 
mterchanged. MM452F. MM552F 

NOTE 2: MM4520 and MM552D (dual-In hne 
packa!jl!l) lIave same pIn connectlUns dS 
MM452F and MM552r shown ~b,lVI' 

Order Number MM452F or MM552F 
See Package 4 

Order Number MM452D or MM552D 
See Package 1 

uurpur 
ISOURCEI 

NOTE Pm 5 eonnKltd 10 I,."e .nd d~v'u bulk 
MM451, MM551 

Order Number MM451H or MM551H 
See Package 10 

SWITCH.:f1 

TOGGlE o--.-+--+ .... >--1f-+---+-' 
I,.PUT o--t--< ... -+---1i----' 

l 
I 
I 
I 
I 

I ~p 
L ______ _ 

SWITCH #1 
OUTI'UT 

DPDT Analog Switch 

SWITCH~ 

OUTPUT 
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absolute maximum ratings MM450, MM451, MM452, MM455 MM550, MM551, MM552, MM555 

Gate Voltage (VGG ) +lOV to -30V + lOV to -30V 

Bulk Voltage IV BULK) tl0V +lOV 

Analog Input (V IN ) -t 10V to -20V +10V to -20V 

Power Dissipation 200 mW 200 mW 

Operating Temperature _55°C to +125°C _25°C to 7Qoe 
Storage Temperature _65°C to +150°C _65°C to +l50O e 

electrical characteristics 
STATIC CHARACTERISTICS (Note 1) 

PARAMETER CONDITION MIN TYP MAX UNITS 

Analog Input Voltage ±10 V 

Threshold Voltage (V GSITI) VOG~O,lo~lfJA 1.0 2.2 3.0 V 

ON Resistance V'N~-10V 150 600 Q 

ON Resistance V ,N ~ Vss 75 200 Q 

OFF Resistance 10'0 Q 

Gate Leakage Current (I Gss ) V GS ~ -25V, Vss ~ 0, T A ~ 25°C 20 pA 

I nput (Drain) Leakage Current 
MM450, MM451, MM452, MM455 T A ~ 25°C .025 100 nA 

TA ~ 85°C .002 1.0 fJA 

TA ~ 125°C .025 1.0 fJA 

I nput (Drain) Leakage Current 
MM550, MM551, MM552, MM555 T A ~ 25°C 0.1 100 nA 

TA ~ 700 e .030 1.0 fJA 

Output (Source) Leakage Current 
MM450, MM451, MM452, MM455 TA~25°e .040 100 nA 

Output (Source) Leakage Current 
MM450 T A ~ 85Q c 1.0 fJA 
MM451 T A ~ 85°C 1.0 fJA 
MM452, MM455 T/\ ~ 85°C 1.0 fJA 
MM450, MM451, MM452, MM455 T A ~ 125°e 1.0 fJA 

Output (Source) Leakage Current 

MM550 TA~70°C 1.0 fJA 
MM551 TA~70°C 1.0 fJA 
MM552, MM555 TA~70oe 1.0 fJA 

DYNAMIC CHARACTERISTICS _ .. ~~ .. , ~~ -.-- --, 

Large Signal Transconductance 
Vos ~ -10V, 10 ~ 10 mA 
f ~ 1 kHz 

4000 fJmhos 

CAPACITANCE CHARACTERISTICS (Note 2) 

PARAMETER DEVICE TYPE MIN TYP MAX UNITS 

Analog Input (Drain) Capacitance (Cos) ALL 8 10 pF 

MM450, MM550 11 14 pF 

Output (Source) Capacitance (Css) 
MM451, MM551 20 24 pF 

MM452, MM552 7.5 11 pF 
MM455, MM555 7.5 11 pF 

MM450, MM550 10 13 pF 

Gate Input Capacitance (CGs ) 
MM451, MM551 5.5 8 pF 

MM452, MM552 5.5 9 pF 

MM455, MM555 5.5 9 pF 

Gate to Output Capacitance (CGs ) ALL 3.0 5 pF 

Note 1: The resistance specifications apply for -55°C ~ TA:S; + 85°C. VGG = -20V, V SULK == 

+10V. and a test current of 1 mAo Leakage current is measured with all pins held at ground except 
the pin being measured which is biased at -25V. 

Note 2: All capacitance measurements are made at 0 VOlts bias at 1 MHz. 

528 



typical dynamic input characteristics ITA = 2SoC Unless Otherwise Noted) 

CONDITION 1: 
ANALOG INPUT VOL lAGE 
AT +10 VOL IS 

Vae. '" +10Y 

v,. 1 V 
+10VLU au' 

T 
CONDITION 2-
ANALOG INPUT VOLTAGE 
AT 0 VOLTS 

v,. 1 ovLUvou, 
T 

CONDITION J: 
ANALOG INPUT VOL lAGE 
AT-1DVOlTS 

Vee +10Y 

v,. 1 V 
-10VLU O U ' 

T 

10,000 

VSB '" 5V 
Ves =1.5V'-l-I-

1000 tv VSB '" lOY - ---

I .. 
100 I l' E 'Jas =OV 

f= VBi " r5V 

10 
o -4 -8 -12 -Tli -20 

VGG (V) 

1000 

I 
'" 100 

+8 -8 -16 

VGG (V) 

-4 -8 -12 -16 -20 

VGG (V) 

10,DOO 

I 
£ 

~ z .. .. 
~ 

z 
;;: 
:5 
.E 

1000 

---"-i=!! t 100 L-.L--'----"_L-...L.....L_L-J 
-16 -17 -18 

VGG (V) 

-19 -20 

Typical Drain Characteristics 
-50 

-45 

-40 

-35 

-30 

-25 

-20 

-15 

-10 

I-IVG ; "~'5~ ~\.<- Vss '" OV 

~P 
Iff' -13.5 b;P' 
~~ ).", 

~~ """ ~ -!,.- 1-1-'" 
-1.!- 1-1--
6 I--

-5 r- -4.5 

0 
-20 -40 -60 -80 -100 

Vos - DRAIN TO SOURCE VOL T AGE - VOL T5 

~ 

~ 
~ 
z 

~ 
.E 

10 

8 

Dynamic Ron 

-0.6 -02 ..... .2 +0.6 +1.0 

6V1N (V) 

Dynamic Ron 

-0.6 -0.2 +02 +{1.6 +1.0 

!lY,n (V) 

Dynamic Ron 

10 LLLLLLLLL..L...J 
-1.0 -!l.6 -02 -+0.2 +0.6 +La 

6 VIN (V) 

Drain Current vs 
Gate To Source Voltage 

10 

~o, ! -2~V 
I 

VBS = OV V 8.0 

6.0 
II 

4.0 7 
'.0 V 

1/ 
-1.0 -2.0 -3.0 -4.D -5.0 

VGS - GATE TO SOURCE VOLTAGE - VOLTS 
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typical input capacitance characteristics 

50 
40 
30 

20 

J 111 

MM450, MM550 
C 1N vs V 1N 

VB8 = +10 

VG~"~20J I I I 
f-- VGG '" -lOY 

VGG - OV 

~ 

flo -= = 
, 

50 
40 
30 

20 

~ 
'0 J 

MM451,MM551 

C\N vs V 1N 

~~r-t"OtV-
~GG - 20 

-r-

7--VtGi-'jOV I 

, VaG OV 

I---:; 

7~ 

=='''' I I Vee +lOV 

.... - VaG - +10V 

, I I I 
-10 -6 -2 +2 -6 -'0 

V ,N (V) 

typical applications (can't) 

VIIlIO 
INPUT ·-:1 

VIDEO 
INPUT ='2 

DPST High-Frequency Switch 

l 
-10 -6 

VIDEO 
OUTPUT ::1 

VIDEO 
OUTI'UT =2 

TOGGLE 

-2 +2 ·6 "0 

MM452, MM552 ,MM455, MM555 
C 1N vs V 1N 

50 
40 

f= =f= V" +10V 

30 
10 

VaG" -20V 
- '0 z 
U 

f----=p =eVGG" 'OV 

r-----t± ~~GG "OV 

,- ~ 

-10 -6 

4-Channel Mul1iplexer* 

"bpanSlonon Ine number 01 dala mpul Im2';l\ 
possible by "SIng multiple level ,e"e,sw't~he, 
~lIowmglheo;amedeEodegate'lO bellsed/or 
all lower rJnk dtcnd,ng 

:= f= := 

~ 
F - -, 

I 
~GG I" "IOV 

+-6 +10 

OUTPUT 

INTELLIGENCE 



Analog Switches 

MM454/MM554 four-channel commutator 

general description 
The MM454/MM554 is a four-channel analog com­
mutator capable of switching four analog input 
channels sequentially onto an output line. The 
device is constructed on a single silicon chip using 
MaS P Channel enhancement transistors; it con­
tains all the digital circuitry necessary to sequen­
tially turn ON the four analog switch transistors 
permitting multiplexing of the analog input data. 
The device features: 

• High Analog Voltage Handling 
• High Commutating Rate 

• Low Leakage Current (T A ~ 25°C) 
(T A ~ 85°C) 

±10V 
500 kHz 

200 pA 
50 nA 

• All Channel Blanking input provided 
• Reset capability provided 
• Low ON Resistance 200n 

In addition, the MM454/MM554 can easily be 
applied where submultiplexing is required since a 
4: 1 clock countdown signal is provided which can 
drive the clock input of subsequent MM454/MM554 
units. 

The MM454 is specified for operation over the 
-55°C to +125°C military temperature range. The 
MM554 is specified for operation over the _25°C 
to +70°C temperature range. 

schematic and connection diagrams 

ANALOG 
INPUTS 

4 

CLOCK 
INPUT 

ANALOG 
OUTPUT 

OUTPUT 
4:1 

COUNTDOWN 

RESET---.... ---------' 

t-------p- OllTPUTt-l COUNTDOWN 

,.-_____ -+"- NO 1 ANAL(lC INPUT 

H------i"'"- NO 2 MilA LOG INPUT 

All CfiANNEL BlANKING NO 3 ANALOG INPUT 

NO 4 ANALOG 'NPUT 

Note: Pill 7 connected to ease and to device bulk. Nomimll Operating Voltages: VGG " -24V; 
Voo" OV; Vss " +12V, RESET BIAS" +12V (OV for RESET), ALL (;HANNEl BLANKING 
SIAS" +12V (OV for BLANKING) 

Order Number MM454F or MM554F 
See Package 4 
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absolute maximum ratings (Note 1) 

Gate Voltage (V GG) +10V to -30V 

Bulk Voltage (Vss ) +lOV 

Analog Input IV IN) +10V to -20V 

Power Dissipation 200mW 

Operating Temperature MM454 _55°C to +125°C 

MM554 -25°C to +70°C 

Storage Tern perature -65c C to +150°C 

static characteristics (Note 2) 

PARAMETER CONDITION MIN TYP MAX UNITS 

Analog Input Voltage ±10 V 
ON Resistance V'N ° -10V 170 600 II 
ON Resistance V IN ::: Vss 90 200 II 
OFF Resistance 10 10 II 
Analog Input Leakage Current MM454 T A -25"C ,050 100 nA 

MM454 T A o85'C .006 1.0 pA 

MM554 TA = 25 c C .0001 100 nA 
MM554 T A = 70"C .030 1.0 pA 

Analog Output Leakage Current MM454 T A = 25°c 0.100 100 nA 

MM454 TA =85°C 30 1.0 pA 

MM554 TA = 25°C .0001 100 nA 
MM554 TAo 70c C .030 1.0 pA 

Vss Supply Current Drdin Vss ° +12V 3.8 5.5 rnA 
V GG Supply Current Drain VGG ° -24V 24 3.5 rnA 

capacitance characteristics 

PARAMETER CONDITION MIN TYP MAX UNIT 

Analog Input Capacitance Channel OFF liN ::- 0 4 6 pF 

Analog Input Capacitance Channel ON "N a 20 24 pF 

Analog Output Capacitance "N = 0 20 24 pF 

Clock Input Vcl = +12V 2,0 pF 

Reset Input VRESET = +12V 2.0 pF 

Blanking Input VBLANK == +12V 20 pF 

clock characteristics (Note 3) 

PARAMETER CONDITION MIN TYP MAX UNIT 

Clock Input (HIGH)(4) V"s - 2 Vss V 

Clock Input (LOW) -0 0 +5 V 

Clock Input Rise Time (pOS GOING) No requirement 

Clock Input Fall Time (NEG GOING) 20 Msec 

Countdown Output (POS) V OH Vss -2 Vss V 

Countdown Output (NEG) VOL 0 V 

Maximum Commutation Rate 0.5 2.0 MHz 

Vss +10.0 +12 +14 V 

Note 1: Maximum ratings are limiting values above which the device may be damaged_ A!I voltages 
referenced to VOO =- o. 
Note 2: These specifications apply over the indicated operatIng temperature range for VGG = -24V, 
VOO '" OV, VSS ::= +12V, VRESET == +12V, VSLANK = +12V. ON resistance measured at 1 mA, 
OFF resistance and leakage measured WIth all analog Inputs and output common. Capacitance measured 
at 1 MHz. 
Note 3: Operating conditions in Note 2 apply_ VSS to VOD (OV) voltage is applied to counting and 

gating circuits. VGG is required only for analog switch biasing. All logic inputs are high resistance and 
are essentially capacitive. 

Note 4: Logic input voltage must not be more positive than VSS. 
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typical performance characteristics 

~ 
-;; 

? 
, . 
'" 

RON vs Analog Voltage 

60 l-L-L-L-L-...L...L...L...L...L---' 

~10 ~8 ~6 -4 -2 0 +2 +4 +6 +8 +10 

12 

11 

10 

V'" ANALOG INPUT VOL TAGE (V) 

Plus VIN (max) vs VBULK 

V,n MAXIMUM POSITIVE GOING 
ANALOG EXCURSION (V) 

timing diagram 

CLOCK 0 

IN 1 

CH2 ON 

OFF 

u 
z 
;: 
~ 
;'; 
~-
,,~ 

~"" 
" 2 ~cS 

~ 
~ 
0 

~ 
z 
'" 

" 0 
0 

'" 

30 
28 
26 
2' 
n 

i-- : ft+ f-f-~ 
f-~ f-CHANNEL "ON"' 

I I--
20 
18 
16 , 
" 12 
10 

r--
C- ~- r---t--_CHANNEl "Of~ .L 

-to -8 -6 -4 -2 0 +2 +1 +6 +8 +10 

-30 
-28 

-2. 

-20 

-16 

-12 

-8 

-. 

V,n ANALOG INPUT VOL TAGE (V) 

Minus VIN (max) vs VGG 

f-H-t+--j f-_.- 1--7- 'J'D - T A = +85 C -~ 
~ IV 

-::-f--+--- l/./!i C-
D TA '15 C-

-i--' W -
W. TA 0-55 C-

~ 
~ 

~. 
----f- r-r-

o -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 

V,n MAXIMUM NEGATIVE 
ANALOG EXCURSION (Ron ~ 1 Kn/ (V) 

CH3 O~: ___ --InL. ___ ...InL. ___ ...InL. ____ 1L 
CH4 O~~ _____ -,n n n r 

OUTPUT "0" 
COUNTDOWN "1" 

NOTE "'0" LEVEL = +12v 
'.,.' LEVEL = OV (GNU) 
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Mos Clock Drivers 

MH0007/MH0007C dc coupled MOS clock driver 

general description 

The MH0007 is a voltage translator and power 
booster designed for interfacing between conven­
tional TTL or DTL voltage levels and those levels 
associated with inputs or clocks of MOS'FET type 
devices_ The design allows the user a wide latitude 
in selection of supply voltages, and is especially 
useful in normally "off" applications, since power 
dissipation is typically only 5 milliwatts in the 
"off" state, 

schematic and connection diagram 

V,, 9 ---.... ----, 

R3 
4K 

INPUT 1 --t .. +---{. 

INPUT 2 

GND 4 ---~--r 

., 
"" 

" 

,---",--10 V+ 

7 OUTPUT 

'-----.... ----- 6 v-

typical applications 

Switching Time Test Configuration 

INPUT INPUT 

INPUT INPUT 

J-.... ---OUTPUT 

features 

• 30 volts Imax) output swing 

• Standard 5V power supply 

• Peak currents in excess of ±300 mA available 

• Compatible with all MOS devices 

• High speed: 5 MHz with nominal load 

• External trimming possible for increased per­
formance 

1K 

10 Pin T0-100 Package 

V' 

TOPVIEVI 

Order Number MH0007H 
orMH0007CH 

See Package 11 

High Speed Operation 

)-------.-OUTPUT 

1",,=0]0 ns} C 200pF 
l"Hc::40n, l 

:!: 
:r: 
o 
o 
o 
~ 
:!: 
:r: 
o 
o 
o 
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absolute maximum ratings 
Vee Supply Voltage 
V- Supply Voltage 
V+ Supply Voltage 
(V+ - V-I Voltage Differential 
Input Voltage 
Power Dissipation (T A ~ 25°C) 
Peak Output Current 
Storage Temperature Range 
Operating Temperature Range MH0007 

MH0007C 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Note 1) 

SV 
-40V 
.2SV 
3f)V 

5.5V 
SOOmW 

1500 rnA 
-65"C to +150"C 
-55"C to .125"C 

O"C to +S5"C 
300"C 

PARAMETER CONDITIONS 

Logical "1" Input Voltage Vee ~ 4.5V 

Logical "0" Input Voltage Vee ~ 4.5V 

Logical "1" Input Current Vee ~ 5.5V, V'N ~ 5.5V 

Logical "0" Input Current Vee ~ 5.5V, V'N ~ OAV 

Logical "1" Output Voltage Vee ~ 5.5V, lOUT ~ 30 mA, V'N ~ O.SV 

Vee ~ 5.5V, lOUT ~ 1 mA, V'N ~ O.SV 

Logical "0" Output Voltage Vee ~ 4.5V, lOUT ~ 30 mA, V'N ~ 2.2V 

Transition Time to 

Logical "0" Output 

Transition Time to 

Logical" 1" Output 

CL ~ 200 pF (Note 3) 

CL ~ 200 pF (Note 3) 

TYP 

MIN (Note 2) 

2.2 

1.0 

V' - 4.0 

V+ - 2.0 

50 

75 

Note 1~ Min/max limits apply across the guaranteed range of -55()C to +12SoC for the MHOOO7. and 
from O"C to +85 G C for the MH0007C. for all allowable values of V- and v+ 
Note 2: All tvpical values measured at T A -= 2S"C with Vee"" 5.0 volts, V- = -25 volts, v+ = 0 volts. 

Note 3: Transition tirne rnea5ured from time VIN = 50% value until VOUT has reached 80% of 
final value. 

Allowable Val ues for V- and V + Maximum Power Dissipation 

V· 
VOLTS .. 

1.2 

I 30 

/ 
1.0 

~ C~SE " z 
0 0.8 

T"'--;:: 

'" 
;,c 
ill 0.6 

AM~IENT -.. 0; ~ V· i 0.4 VOLTS 

Y 
, 

I .......... -.. r-." 0.2 

I 
-..... 

REGION 

0 -,. 
0 25 50 75 100 125 150 

-" TEMPERATURE ("C) 

-" 

MAX UNITS 

V 

O.S V 

100 IlA 

1.5 mA 

V 

V 

V- + 2.0 V 

ns 

ns 



Mos Clock Drivers 

MH0009/MH0009C dc coupled two phase MOS clock driver 

general description 

The MH0009/MH0009C is high speed, DC coupled, 
dual MOS clock driver designed to operate in 
conjunction with high speed line drivers such as 
the DM8830, DM7440, or DM7093. The transition 
from TTLlDTL to MOS logic level is accomplished 
by PNP input transistors which also assure accurate 
control of the output pulse width. 

schematic and connection diagrams 

<1'1 BIAS 3 2 "'1 INPUT A 

.---1.-_12 91 OUTPUT 

1>1 INPUT B 4 ---...... ._~~--r 

v- 5-----t-~._--. .... --+-11 v' 

h INPUT B 6 ----...... ._--i~__{ 

..... -M--... -l0 '1>zOUTPUT 

"'2 BIAS 7 8 QzlNPUT A 

typical application 

FIGURE 1 

features 

• DC logically controlled operation 

• Output Swings - to 30V 

• Output Currents - in excess of ±500 mA 

• High rep rate - in excess of 2 MH z 

• Low standby power 

12-Lead TO-S Package 

¢>lINPUT A 

1>2 INPUT A 

v+ = HiOV 

v- v~ -12V 

Order Number MH0009G 
orMH0009CG 
See Package 6 

" 
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absolute maximum ratings 

V- Supply Voltage: Differential (pin 5 to Pin 3) or 
(Pin 5 to Pin 7) 

V+Supply Voltage: Differential (Pin 11 to Pin 5) 
Input Current: (Pin 2, 4, 6 or 8) 
Peak Output Current 
Power Dissipation (Note 2 and Figure 2) 
Storage Temperature 
Operating Temperature: MH0009 

MH0009C 
Lead Temperature (Soldering, 10 Sec.) 

electrical characteristics (Note 1) 

-40V 
30V 

±75 mA 
±500mA 

1.5W 
-65°C to +150°C 
-55°C to +125°C 

O°C to 85°C 

300°C 

PARAMETER CONDITIONS MIN 

G'N = 0022/lF GL = 001 (.1F 

G'N = .0022/lF GL = .001 (.1F 

Pulse Width (50% to 50%) G'N = 0022/lF GL = .001 (.1F 340 

G'N = .0022/lF GL = .001 (.1F 

G'N = 600 pF GL = 200 pF 

t rise G'N = 600 pF GL = 200 pF 

Pulse Width (50% to 50%) G'N = 600 pF GL = 200 pF 40 

G'N = 600 pF GL 200 pF 

TYP 

10 

40 

400 

80 

10 

15 

70 

40 

Note 1: Characteristics apply for circuit of Figure 1. With V- = -20 volts; V+ =Ovolts; Vee = 5.0 
volts. Minimum and maximum limits apply from _55°C to +125°C for the MH0009 and from aOc to 
+85°C for the MH0009C. Typical values are for T A = 25"C. 
Note 2: Transient power is given by P = fCL (V+ - V-I 2 watts, where: f = repetition rate, CL = 10ad 
capacitance, and (V+ - V-I = output swing. 
Note 3: For typical performance data see the MH0013/MHOO 13C data sheet. 

li 1.50 I-"'I~"\.+--t-+--+-+---t 

~ 1.25 "\. 

~ 1.1) 1--+-1I--'k---+-+---+--1 
~ 0.75 1--+---1r--tI"\-'k:--t-+---+ 

~ '" ~ 0.5 

0.25 1--+-1-+--+-t--+--1 

o 25 50 75 100 125 150 

TEMPERATUAE ('C) 

FIGURE 2. Maximum Power Dissipation 

MAX UNITS 

35 ns 

50 ns 

440 ns 

120 ns 

ns 

ns 

120 ns 

ns 



Mos Clock Drivers 

MH0012/MH0012C high speed MOS clock driver 

general description 

The MH0012/MH0012C is a high performance 
clock driver that is designed to be driven by the 
DM7830/DM8830 or other line drivers or buffers 
with high output current capability. It will pro­
vide a fixed width pulse suitable for driving MOS 
shift registers and other clocked MOS devices. 

schematic and connection diagrams 

COM!' , 
INPUTl , 

R9 
om 

,. 
89 

features 

• High output voltage swi ngs-12 to 30 volts 

• High output current drive capability-lOOO mA 
peak 

• High repetition rate-10 MHz at 18 volts into 
100 pF 

• Low standby power -less than 30 mW 

12·lead TO-8 Package 

"' '" 
" !OllTPUT 

....-14-+--+-0" 

GNO , 

INPUT 2 J 

" 1K 
COMP 4 

typical application (ac test circuitl 

TOPI/IEW 

Order Number MH0012G 
Or MH0012CG 
See Package 6 

timing diagram 
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absolute maximum ratings 
v - Supply Voltage DifferentIal (Pill 1 or 2 to Maximum Output Load-·See Figure 2 

Pin 5) -40V Power OISSlp<ltlon See Figure 1 1.SW 

V+ Supply Voltage Differential (Pin 8 or 9 Storage Temperatuft:! -65"C to +150"C 

to Pin 1 or 2) 30V Operating Temperdture MHOO12 -55"C to +12S"C 

Input Current: (pin 3 or 7) '75 mA MHQ012C o 'c to '85"C 

Peak Output Current 'lOaD rnA Lead Temperdlure (Soldering, 10 sec) 300"C 

dc electrical cha racteristics (Note 1) 

PARAMETER CONDITIONS MIN TV? MAX UNITS 

Logic" 1" Input Voltage V' -V- - 20V, V OUT <V~ • 2V 10 20 V 
(Pins 7 ilnd 3) 

LogIC "a" Input Voltalje Vi -V- -20V,VOUT ,V' l.5V 04 06 V 
(PinS 7 and 3) 

LOGic' 1" Output Voltage V' - v- -'-20V, lOUT lmA, V . 10 \,r t 2.0 V 
VIN ~ 2.0V 

Logic "0" Output Voltage V· - V~ ~ 20V, IOUT-' - 1 rnA, Vi _ 1.5 V' - 07 ltV 

VIN -= DAV 

iDe (V- Supply) V· -v- = 20V. V!N = 2.0V 34 60 mA 

ac electrical cha racte ristics 

PARAMETER CONDITIONS (Note 3) MIN TVP MAX UNITS 

Turn·On Delay (tON) 10 15 n, 
V' - V- . 20V. Vee 5.0V 

5 10 RIse lime (t,) 
C, - 200pF. f 10MHz 

11~ 

Turn·Off Delay (tOH) TA - 25 C 35 50 n, 

Fa!! Timp. (til 35 45 ns 

Note 1: Characteristics apply for circuit of Figure 1. Min and max limits apply from _55°C to +125°C 
tor the MHOO12 and from oOe to +85°C for the MHOO12C. Typical values are for T A = 25"C. 

Note 2: Due to the very fast rise and fall times, and the high currents involved, extremelv short con-
nections and good by passing techniques are required. 

Note 3: All conditions apply for each parameter. 

Maximum Output Load Rise and Fall Times vs 
Power Dissipation vs Voltage Swing vs Rise Times Load Capacitance 

40 
J. Ipeak t, 

1.5 c, 
I~-I 35 ~ 

"\ I ~ 

~ 
30 , \ \~" f--- ~ 30 

i 1"- '" 
~ 1.0 > 

~~\ 
~ 25 I-v' - v- ~ 20V 

'" .'\. '" 20 
~ I- TA~25·C 

~ 
~ 20 --. (~ }'Q ".!" .. 

'\. > - ~ 15 , 
.$' "'.!" ........ -.5 > 1\.-. r-... ;::: >-10 ~1O 

'" _K-t-
5 -
0 

0 25 50 75 100 125 150 175 0 400 800 1200 1600 200 400 600 800 1000 

AMBIENT TEMPERATURE (CC) MAXIMUM OUTPUT LOAD (pF) LOAD CAPACITANCE, CL (pF) 

Figure 1. Figure 2. 

applications information 

Power Dissipation Considerations Where' The transient power incurred during switching is 

by the MH0012 may be 
ON Time given by· The power dissipated DC'" Duty Cycle = ON Time & OFF Time 

divided into three areas of operation == ON, OFF PAC'" (V+ - v-)2 eLf 131 
and switching. The OF F power is approximatelv V ,N - V SE3 For v+ = OV, V- = -20V, CL = 200 pF, and 
30 mW and is dissipated by Rz when Pin 3 is in 

lIN is given by --A-, -~ and equation (1) 
f = 5.0 MHz. PAC = 400 mW. 

the logic "1" state. The OFF power is negHble and becomes 
will be ignored in the subsequent discussion. The The total power is given by: 

ON power is dissipated primarily by 0 3 and Rg P ... [(VIN-VsE3)IV I IV' - V-1 2] PT = PAC + PON 141 + --. -- DC 121 
and is given bv' ON - R, A9 

PT -s: PMAX 

(v+ _ V-)z For VIN = 2.5V, V BE3 = O.lV, V+ '" OV. V- o -20V, For the above example, PT '" 600 mW. 
PON == (!\rII IN + ----) DC (1J and DC = 20%, PON 2:;. 200 mW. 

A9 



Mos Clock Drivers 

MH0013/MH0013C two phase MOS clock driver 

general description 

The MH0013/MH0013C is a general purpose clock 
driver that is designed to be driven by DTL or 
TTL line drivers or buffers with high output cur­
rent capability. It will provide fixed width clock 
pulses for both high threshold and low threshold 
MOS devices. Two external input coupling capa­
citors set the pulse width maximum, below which 
the output pulse width will closely follow the 
input pulse width or logic control of output pulse 
width may be obtained by using larger value input 
capacitors and no input resistors. 

features 

• High Output Voltage Swings-up to 30V 

• High Output Current Drive Capability-up to 
500mA 

• High Repetition Rate-up to 5.0 MHz 

• Pin Compatible with the MHOO09/MH0009C 

• "Zero" Quiescent Power 

schematic and connection diagrams 

.2 12-Lead T0-8 Package 

.--+.-_12 OUTPUT A 
INPUT A, 

INPUT A2 4 ---+--<r-f ., 
y- 5-----t-~-_+ 11 V' 

.] 
INPUTS,6-----+-..... --{ 

typical applications 

i"Vcc 

L---4"-6-10 OUTPUT B 
.4 

-----, 

~~L~~ 

I 
I 
I 

c,. 

c,. 

INPUTB2 

TOP VIEW 

Order Number MH0013G Dr MH0013CG 
See Package 6 

OUTPUT: : 
POLSE---U U .. ----
INPUT 
PUUE 

OUTPUT : : 

POLSE U ~ 
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absolute maximum ratings 

(V+ - V-I Voltage Differential 
Input Current (Pin 2,4,6 or 8) 
Peak Output Current 
Power Dissipation (Figure 71 
Storage Temperature 
Operating Temperature MHOQ13 

MHOO13C 

30V 
±75mA 

±600mA 
1.5W 

_65°C to +150°C 
_55°C to +125°C 

O°C to +85°C 
Lead Temperature (Soldering, 10 sec 1116" from Case) 300°C 

electrical characteristics (Note 1 and Figure 8) 

PARAMETER 

Logical "0" Output Voltage 

Logical "1" Output Voltage 

Power Supply Leakage Current 

NegatIve Input Voltage Clamp 

" ON 

td OFF (Note 2) 

tfall (Note 2) 

tfall (Note3l 

Pulse Width (50% to 50%) (Note 3) 

Pulse Width (50% to 50%1 (Note 31 

Positive Output Voltage Swing 

Negative Output Voltage Swmg 

CONDITIONS 

lOUT = -50 mA I" 
lOUT -lOrnA I" 

lOUT - 50 rnA I" 

(V' - V-I"" 30V 

lOUT ~ liN =OmA 

C'N '" O.0022pF 

R'N - Q[2. 

CL '--OOOl/JF 

C ,N -5QOpF 

CL = 200 pF 

1.0mA 

~ '.0 rnA 

= 10 mA 

MIN TYP 

v' - 3.0 V' - 1.0 

V+ - 0.7 

'.,;- + 1.5 

1.0 

V- - '.2 V- - 0.8 

20 

35 

30 

40 50 

40 70 

340 420 

15 

20 

110 

V· - O.7V 

v- + O.7V 

Note 1: MiniMax limits apply over guaranteed operating temperature range of -55"C to +125()C for 
MH0013 and O"C to +85°C for MH0013C, with V- = -20V and V+ = OV unless otherWise specified. 
Typical values are for 25°C. 

Note 2: Parameter values ap~lv for ctock pulse width determined by input pulse width. 

Note 3: Parameter values apply for mput p'Jlse Width greater than output clock pulse width. 

TABLE I. Typical Drive Capability of One Half MH0013 at JO°C Ambient 

28 
20 
16 

28 
20 
16 

28 
20 1. 
28 
20 
16 

FREQUENCY 
MH, 

4.0 

2.0 

1.0 

0.5 

PULSE WIDTH 

100 

200 

200 

500 

TYPICAL RIN 

" 

10 

10 

TYPICAL CIN 
pF 

750 

1600 

2300 

4000 

OUTPUT DRIVE 
CAPABILITY IN pF' 

50 
200 

350 

100 

400 

700 

400 

1000 
1700 

2800 
5500 
9300 

Note 1: Output load is the maximum load that can be driven at 70 0 e without exceeding the package 
rating under the given conditions. 

Note 2: The rise time given is the minimum that can be used without exceeding the peak transient 
output current for the full rated output load. 

circuit operation 

MAX 

V' - 0.5 

V- + 2.0 

100 

35 

50 

60 

80 

120 

490 

RISE TIME 
LIMIT nil 

7 
10 

5 
14 
19 

19 
34 
45 

130 

183 
248 

UNITS 

V 

V 

V 
V 

pA 

V 

"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 
"' 
V 

V 

Input current forced into the base of 01 through 
the coupling capacitor C, N causes 01 to be driven 
into saturation, swinging the output to 
V- + VeE (SAT) + VOIOOE. 

drive through R2, turning 02 on. This supplies 
current to the load and the output swings positive 
to V+ - VSE ' 

When the input current has decayed, or has been 
switched, such that 01 turns off, 02 receives base 

It may be noted that 01 always switches off 

before 02 begins to supply current; hence, high 
internal transient currents from V+ to V- cannot 
occur. 



typical performance characteristics 

FIGURE 1. Output Load YS Voltage 
Swing 

I 
tr = 10 ns 

30 

~ 
". 20 , 
;. 

1\ \ ,\ 
.\ \.\1\. 
1\ ," l\: i'.. 

10 "'~ ~ ........ 
20 ns 30 ns 40 ns 50 n5 60 ns 

t-- t-- . 
1000 2000 3000 

MAXIMUM OUTPUT LOAD (,FI 

FIGURE 4. Average Internal Power vs 
Output Swing vs Duty Cycle 
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100 200 300 400 

AVERAGE POWER (mWI 

ac test circuit 

Figure 8 

FIGURE 2. Transient Power vs Rep. FIGURE 3. Transient Powar vs Rep_ 
Ratevs CL 
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FIGURE 5. Typical Clock Pulse Variations FIGURE 6. RIN vs CIN vs Pulse Width 
vs Ambient Temperature 
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FOR TYPICAL APPLICATION 
oM78lo/883o DRIVER 

300 
tiN = 4300 pF 
CL '" 1000 pF 

-55 -l5 -15 5 25 45 65 B5 105 125 

AMBIENT TEMPERATURE rCI 

~3000 .. 
z 
'" ... 
~ 2000 

... 
~ tODD 
;!! 

Vee" 5V OMBB30 DRIVER 

nlN =on y 
RIN = 10n -/- /' ./ 

R'N • 2m .... / / 
"IN :41f1: t.., I' 7' ,/ .... 

~ ~ ~ ...... -;;':9tn 

Jl~ ::;;.-, 
100 200 300 400 

PULSE WIDTH Ins) 

FIGURE 7. Package Power Derating 

1.5 

"'-
~ 1.0 

" ~ " I" :r 
.5 i'.. 

25 50 75 100 125 150 175 

AMBIENT TEMPERATURE eCI 

timing diagram 

~'V A. InpUtplllRwidl~ V 
:>clock",,_ ' ... 
WIdth Oil 

B'h'PUIPUIR"dffl~'" 
:::lII:kPUt. 111% .";-____ '_."_ 

\10'" r-\lOFF 
ClockpulR 10% 10'lo.r----- Vl"OIl 
output 50% 

1'-"''-=1-1----- 112 --16V 
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pulse width 

Maximum output pulse width is a function of the 
input driver characteristics and the coupling 
capacitance and resistance. After being turned on, 
the input current must fall from its initial value 
liN peak to below the input threshold current 
liN min"" V BE /Rl for the clock driver to turn 
off. For example, referring to the test circuit of 
Figure 8, the output pulse width, 50% to 50%, is 

given by 

1 
pWOUT?:": 2 (t rlse I tfall) 

For operatiofl with the input pulse shorter than 
the above maximum pulse width, the output pulse 
width will be directly determined by the input 
pulse width. 

Typical maximum pulse width for various C, Nand 

RIN values are given in Figure 6. 

fan-out calculation 

The drive capability of the MH0013 is'a function 
of system requirements, i.e., speed, ambient tem· 
perature, voltage swing, drive circuitry, and stray 
wiring capacity_ 

The following equations cover the necessary calcu­
lations to enable the fan·out to be calculated for 
any system condition. Some typical fan·outs for 
conditions are given in Table 1. 

Transient Current 

The maximum peak output current of the MH0013 
is given as 600 mAo Average transient current reo 
quired from the driver can be calculated from: 

C L (V+ - V-, 
I ~ T R (1) 

This can give a maximum limit to the load. 

Figure 1 shows maximum VOltage sWing and 

capacitive load for various rise times. 

1. Transient Output Power 

fhe average transient power (PAC I dissipated 15 

equal to the energy needed to charge and discharge 
the output capacitive load (C L ) multiplied by the 

frequency of operation (F). 

PAC ~ CL X (V+ - V-)2 X F (21 

Figures 2 and 3 show transient power for two dif· 
ferent values of (V+ - V-, versus output load and 

frequency. 

2. Internal Power 
"0" State 

"/" State 
Negligible «3 mWI 

(3) 

Figure 4 gives various values of internal power 
versus ouptut voltage and duty cycle . 

3. Input Power 
The average input power is a function of the input 
current and duty cycle. Due to input voltage 
clamping, this power contribution is small and can 
therefore be neglected. At maximum duty cycle of 
50%, at 25' C, the average input power is less than 
10 mW per phase for R I N C, N controlled pulse 
widths. For pulse widths much shorter than 

R INC, N, and maximum duty cycle of 50%, input 
power could be as high as 30 mW, since I, N peak is 
maintained for the full duration of the pulse 
width 

4. Package Power Dissipation 

Total Average Power =- Transient Output Power + 
Internal Power Input 
Power 

Typical Example Calculation for One Half 
MH0013C 
How many MM506 shift registers can be driven by 
an MH0013C driver at 1 MHz using a clock pulse 
width of 400 ns, rise time 30-50 ns and 16 volts 
amplitude over the temperature range 0_70c C7 

Power Dissipation 
From the graph of power dissipation versus tem· 
perature, Figure 7. It can be seen that an 
MH0013C at 70°C can dissipate lW without a heat 
sink, therefore, each half can dissipate 500 mW. 

Transient Peak Current Limitation 

From Figure 1 (equation 11, it can be seen that 
at 16V and 30 ns, the maximum load that can be 
driven is limited to 1140 pF. 

Average Internal Power 

Figure 4 (equation 31 gives an average power of 
102 mW at 16V 40% duty cycle. 

Input power will be a maximum of 8 mW. 

Transient Output Power 

For one half of the MH0013C 
500mWc 102rnW+8mW 

+ transient output power 

390 mW - transient output power 

Using Figure 2 (equation 21 at 16V, 1 MHz and 

390 mW, each half of the MH0013C can drive a 
1520 pF load. This is, however, in excess of the 
load derived from the transient current limitation 
(Figure 1, equation 11, and so a maximum load 
of 1140 pF would prevail. 
From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 

f . . . 1140 
a deVices driven IS 80 or 14 registers. 

For nonsymmetrical clock widths, drive capability 
is improved. 



Mos Clock Drivers 

MH0025/MH0025C two phase MOS clock driver 

general description 
The MH0025/MH0025C is monolithic, low cost, 
two phase MOS clock driver that is designed to be 
driven by TTLlDTL line drivers or buffers such as 
the DM932, DM8830, or DM7440_ Two input 
coupling capacitors are used to perform the level 
shift from TTLlDTL to MOS logic levels_ Optimum 
performance in turn-off delay and fall time are 
obtained when the output pulse is logically con­
trailed by the input. However, output pulse widths 
may be set by selection of the input capacitors 
eliminating the need for tight input pu Ise control. 

connection diagrams 
Metal Can Package 

v' 

Notl!: Pin 4 connected to case. 

TOP VIEW 

Order Number MH0025H or MH0025CH 
See Package 9 

typical application 

ac test circuit 

InputWlwflolm 
PRR~ O.SMHl 
Vp ,p=50V 
1,0-I,<10ns 

Pul~ ... idth 
A 1.0"s 
B.200os 

°Dl'$a$ellll:le4h'9f\spetdNPNowllGhmgt.anmtor 

features 
• 8-lead TO-5 or 8-lead dual-ln-Iine package 

• High Output Voltage Swings-up to 30V 

• High Output Current Drive Capability-up to 
1.5A 

• Rep_ Rate: 1.0 MHz into> 1000 pF 

• Driven by DM932, DM8830, DM7440(SN7440) 

• "Zero" Quiescent Power 

Dual-In-Line Package 

N.C. 1 8 N.C. 

INPUT A 2 -+--I:>0---t--7 OUTPUT A 

V- 3 6 v· 

INPUTS 4-+--I>0---t--5 OUTPUTB 

TOP VIEW 

Order Number MH0025CN 
See Package 15 

timing diagram 

~
-5V 

A Inputpulsew,dth V,N 
clock puiS!' 

WIdth OV 

B.lnputpulsew,dth 
S!'lStiotKpulse 

Clock puiS!' 

output 
ov 
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applications information 

Circuit Operation 

Input current forced into the base of Q, through the 
coupling capacitor C'N causes Q, to be driven into 
saturation, swinging the output to V- + V CE(sat) + 
VOiode-

When the input current has decayed, or has been 
switched, such that Q, turns off, Q 2 receives base 
drive through R2, turning Q2 on. This supplies 
current to the load and the output swings positive 
to V+ - VSE' 

It may be noted that Q, must switch off before 
Q2 begins to supply current, hence high internal 
transients currents form V- to V+ cannot occur. 

1 
".....c, .. 

" "0 

I 

~ 
~2' 

" 
" 

~!<f.""'-<> OUTPUT 

FIGURE 1. MH0025 Schematic IOne·Half Circuit) 

Fan·Out Calculation 

The drive capability of the MH0025 is a function 
of system requirements, i.e. speed, ambient tem· 
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations cover the necessary cal· 

example calculation 

How many MM506 sh ift registers can be driven by 
an MH0025CN driver at 1 MHz using a clock pulse 
width of 200 ns, rise time 30-50 ns and 16V am· 
plitude over the temperature range 0-70°C? 

Power Dissipation: 

At 70°C the MH0025CN can dissipate 630 mW 
when soldered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 
30 ns, the maximum load that can be driven is 
limited to 2S00 pF. 

Average I nternal Power: 

Equation (3), g.ives an average power of 50 mW at 
16V and a 20% duty cycle. 

culations to enable the fan·out to be calculated 
for any system condition. 

Transient Current 

The maximum peak output current of the MH0025 
is given as 1.5A. Average transient current required 
from the driver can be calculated from: 

(1) 

Typical rise times into 1000 pF load is 25 ns 
For V+ - V- : 20V, I : O.SA. 

Transient Output Power 

The average transient power (P ae) dissipated, is 
equal to the energy needed to charge and discharge 
the output capacitive load (Cd multiplied by the 
frequency of operation (f). 

(2) 

For V+ - V-: 20V, f : 1.0 MHz, CL : 1000 pF, 
PAC: 400mW. 

I nternal Power 

"0" State 

"1" State 

Negligible «3 mW) 

(V+ _ V-)2 
R2 x Duty Cycle 

: SO mW for V+ - V-: 20V, DC: 20% 

Package Power Dissipation 

(3) 

Total average power : transient output power + 
internal power 

For one half of the MH0025C, 630 mW'" 2 can be 
dissipated. 

315 mW: 50 mW + transient output power 

265 mW : transient output power 

Using equation (2) at 16V, 1 MHz and 250 mW, 
each half of the MH0025CN can drive a 975 pF 
load. This is, less than the load imposed by the 
transient current limitation of equation (1) and 
so a maximum load of 975 pF would prevail. 

From the data sheet for the MM506, the average 
clock pulse load is SO pF. Therefore the number 

975 
of devices driven is 00 or 12 registers. 



absolute maximum ratings 
(v+ - V-I Voltage Differential 
Input Current 
Peak Output Current 
Power Dissipation 
Storage Temperature 
Operating Temperature MH0025 

MH0025C 
Lead Temperature (Soldering, 10 sec) 

30V 
100mA 

1.5A 
See Curves 

-65°C to +150°C 
-55°C to +125°C 

O°C to +85°C 
300°C 

electrical ch aracteristics (Note 1) See test circuit. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TdON 15 

Trise CIN = .001 IlF 25 

TdoFF (Note 2) 
>'-

RIN = on 30 

T fall (Note 2) CL = .001 IlF 60 90 

T fall (Note 3) 100 150 

P.W. (50% to 50%) (Note 3) 500 

Positive Output Voltage Swing V IN = OV, lOUT = -1 mA V+ - 1.0 V+ - 0.7V 

Negative Output Voltage Swing liN = 10 mA, lOUT = 1 rnA 

Note 1. MinIMax limits apply across the guaranteed operating temperature range of -5SoC to +125°C 
for MH0025 and O°C to 85°C for MH0025C. Typical values are for +25°C. 
Note 2. Parameter values apply for clock pulse width determined by input pulse width. 

Note 3. Parameter values apply for input pulse width greater than output clock pulse width. 

typical performance 

30 ns 

50 ns 

60 ns 

120 ns 

250 ns 

ns 

V 

V 

Package Power Derating Transient Power vs Rep. Rate DC Power (POC) vs Duty Cycle 

~ 
z 
" S 

--- MH0025H &MH0025CH STILL AIR 

1.4 _ MH0025CN SOLDERED INTO PC 
BOARD WITH 8 Cu CONDUCTORS 
2 OZ, .OlIN. WIDE 1.2 

~ 1.0 1-........ I'...r--+--+-~+--1----l 

~ 0.8 t-"--II''''''' .... ~~'----f-+--+--f-----I 
~ 0.6 f---+-+-f'oo-O'k:-I-+---t--; ..... 
~ 0.4 f---+-+-+--+'1 ... ..q------1f-+--i 
;;: , 

40fI 

300 

200 

100 

/I. 

Cl -2000pf Cl '151111pF j"-IOIIOpF 

/ I cl";SOpF 

V V 4~ 1/ V 1/ 
II // ./ CL ~ Jso pF 

r£ ~ ./ ~ 
~ ./ b:::::: ~ CL =2oopF 

~ .s 
2 

" ;:: 
:: 
iii 
c; 

" ~ 
~ 

" " 

160 

140 

120 

100 

80 

60 

40 

20 

H-+-+V-+-~~ ~J!'6V 
I / 1.9 

V/ X 

~ F"" V'-V·\' 16V 
;!l 0.2 ~+--+-+--++f-+--1----l 

O'---'--'--'-''---'-'L..J...---''--'-..... 
-25 0 25 50 15 100 125 150 

TEMPERATURE rC) 

Maximum Load Capacitance 

3200 f---,c+-~+-+-If-+-+-+-H 
~ 2800 fr.t----i-1:/-·f'-:.::'+~·-' '::--t-:-'::--'+"-:"':"-'::"-:-1' 
~ '\' ,I", ..• ,~" -. -.",.", 
~ 2400 f-'\+,\-+->..-+-)'<tr--...--+--+-+-+-; 
~ 2000 I-~rt-~'d-i'...--""II'..-+-+-+---l 
~ 1600 ..... I"-
~ 1200 

~ 800 ,I'-. 
400 

o 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

FREQUENCY IMH,) 

(PMAx)(lk)-IV' - V-I' (DC) ~ 
C, <: 11)(Ik)(V' _ v-J' <: V' _ V-

.5 1.0 1.5 2.0 0 10 20 30 40 50 60 70 85 

PULSE REPETITION RATE (MH,) 

PAC = (V~ - V-)2f CL 

DUTY CYCLE (%1 

IV' - V-I' lOCI 
Poc=--lk--

Output P.W. Controlled by CIN 
IIUTPUTPULSE W1DTM VS,C'N fOR LONG 

11110 IfPUTPUL$ES. t--
FORIJlI'UTPULSE<'5+R.C' .. la~ I--

900 :~J:: :'LSE WIDTH: IN.UTJUtSE WID~ r-I-
~ 100 V 
~ r- .J.,,~",vl. 7" ";'!...r- t::; 
~ 500 f-~--1-;~~-+'=RN~~~RC~~~~~ 

E V ~ 
~r+-b~~~~~~~,"~,,~",-++1 

21JO &00 l00D 1400 11110 2200 
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M os Clock 0 rivers 

MH0026/MH0026C 5 MHz two phase MOS clock driver 

general description 
The MH0026/MH0026C is a low cost monolithic 
high speed two phase MaS clock driver and inter­
face circuit. Unique circuit design along with 
advanced processing provide both very high speed 
operation and the ability to drive large capacitive 
loads. The device accepts standard TTLlDTL out· 
puts and converts them to MaS logic levels. I t may 
be driven from standard 54/74 series gates and 
flip-flops or from drivers such as the DMBB30 or 
DM7440. The MH0026 is intended for applications 
in which the output pulse width is logically con­
trolled: i.e., the output pulse width is equal to the 
input pulse width. 

features 

• Fast rise and fall times-20 ns with 1000 pF load 
• High output swing-20V 
• High output current drive-± 1.5 amps 
• TTLlDTL compatible inputs 
• High rep rate-5 to 10 MHz depending on load 

• Low power consumption in MaS "0" state-
2 mW 

• Drives to 0.4V of GND for RAM address drive 

The MH0026 is intended to fulfill a wide variety of 
MaS interface requirements. As a MaS clock driver 
for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices pro· 
vide input address and pre charge drive for a Bk by 
16 bit MM 11 03 RAM memory system. Information 
on the correct usage of the MH0026 in these as well 
as other systems is included in the application sec­
tion starting on page 5. A thorough understanding 
of its usage will insure optimum performance of the 
device. 

The device is available in B-Iead TO-5, one watt 
copper lead frame B-pin mini-DIP, and one and a 
half watt TO-B packages. 

schematic and connection diagrams 
11/2 of Circuit Shown) 

EXTERNAL 
Ow 

oi rc:NPUCT~"'-#\IVIr--I 

Molded Dual-In-Line Package 

"'B'" III.UTA 2 1 OUTPUT A 

V·! IV" 

.N,utl' 5 OUTPUT I 

TU'VIEW 

Order Number MH0026CN 
See Package 15 

D. 

"---<1 OUTPUT 

D. 

Cavity Dual-In-Line Package 

.... 
12 OUTPUt. 

11 NC 

. " 
Order Number MHOO26J or MH0026CJ 

See Package 13 

Flat Package 

Order Number MH0026F or MH0026CF 
See Package 3 

TO-99 Metal Can Package 

......:P'"'.g ...... bllto"'. 
TOP VIEW 

Order Number MHOO26H 
orMH0026CH 
See Package 9 

TO-S Metal Can Package 

Order Number MH0026G 
orMH0026CG 
See Package 6 



absolute maximum ratings 
v+ -V- Differential Voltage 

Input Current 
Input Voltage (V ,N - V-) 
Peak Output Current 
Power Dissipation 
Operating Temperature Range MH0026 

MH0026C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

22V 
100mA 

5.5V 
1.5A 

See curves 
_55°C to +125°C 

O°C to 85°C 
_65°C to +150°C 

300°C 

dc electrical characteristics (Notes 1 & 2) 

PARAMETER CONDITIONS 
MIN 

Logic "1 ". Input Voltage VOUT = V- + 1.0V 2.5 

Logic "1" Input Current Y'N - V- = 2.5V, VOUT = V- + 1.0V 

Logic "0" Input Voltage V OUT = V+ - 1.0V 

Logic "0" I nput Current Y'N - V- = OV, V OUT = V+ - 1.0V 

Logic "0" Output Voltage V+ = +5.0V:V- = -12.0V 

V'N=-11.6 4.0 

Logic "0" Output Voltage Y'N - V- = OAV V+ - 1.0 

Logic "1" Output Voltage V+ = +5.0V, V- = -12.0V 

Y'N = -9.5V 

Logic "1" Output Voltage Y'N - V- = 2.5V 

"ON" Supply Current V+ - V- = 20V, Y'N - V- = 2.5V 

"OFF" Supply Current V+ - V- = 20V, Y'N - V- = O.OV 

LIMITS 

TYP 

1.5 

10 

0.6 

-0.005 

4.3 

V+ - 0.7 

-11.5 

V- + 0.5 

30 

10 

ac electrical cha racteristics (Notes 1 & 2, AC test circuit, T A = 25°C) 

Turn-On Delay (tON) 5.0 7.5 

Turn·Off Delay (tOFF) 5.0 12 

Rise time (q - Note 3 V+ - V- = 17V, CL = 250 pF 12 

V+ - V- = 17V, C L = 500 pF 15 

CL = 1000 pF 20 

Falltime (td - Note 3 V+ - V- = 17V, CL = 250 pF 10 

V+ - V- - 17V, CL = 500 pF 12 

CL = 1000 pF 17 

UNITS 
MAX 

V 

15 mA 

004 V 

-10 pA 

V 

V 

-11.0 V 

V- + 1.0 V 

40 rnA 

100 pA 

12 ns 

15 ns 

ns 

18 ns 

35 ns 

ns 

16 ns 

25 ns 

Note 1: These specificatLons apply for V+ ~ V- = 10V to 20V, CL = 1000 pF, over the temperature range -55°C to +125°C 
for the MH0026 and oOe to +85°C for the MH0026C, unless otherwise specified. 

Note 2: All typical values for the TA = 25°C. 

Note 3: Rise and fall time are given for MOS logic levels; i.e., rise time is transistion from logic "0" to logic "1 ,t which is voltage 
fall. See waveforms on the following pages. 

ac test circuit 

r-_vt} 
+!i.av INPUl I --, 

~'",~~'F 50 I "~~F ;H>-h;r ...... - ..... --il t--'" I I eo,,", 

I I I 
INPUT 0--.4"""'''''' ..... --{ I'" 2N2369A ~ 

1K 
V," ~ 5V 
PRF=lMHI I I 

~,'::;. ~ L fi~ r:·" 
v- - -2~.OV 

switching time 
waveforms 

10% / 
INPUT~ 
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typical performance characteristics 

1.2 
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TO-5 & DIP Power Ratings 

MHB02~CN SOLDERED TO PC 
BOARD WITH 8 CD CONOUCTOIlS 

_lOZ.,03lN.W!DE 

25 50 75 100 125 150 

AMBIENT-TEMPERATURE eel 

Transient Power (PAC) vs 
Frequency 

Cl -2000pF lV+-V-"'17V 

I VC l ", 1000 pF 

I II I I ",-
Cl " 500pF 

I VI 
1 I I I 
I V C,200~_ 

I, -n 
~ -- I I 

1.0 2.0 3.0 4.0 5.0 

FAEOUENCY (MHz) 

Rise Time vs load Capacitance 

~~ p~ 
V+-Y-"'20V y+ - Y- '" 17V 

t:::; 
r.::V 

~ Ro = !JO~11 
T A " 2S~C 

200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 

Turn-On & Turn-Off Time 
vs Temperature 

I, 1_ 1 1 
r- V - V • 20V 

tiN = Cl = 1000 pF 

r- Ao "" SOu 
~. /" 

tON ./ 
I\.. ,/ 

J/ "-
ton ........ 

I -

V 

--

--75 -60 25 0 25 50 75 100 125 

TEMPERATURE (oC) 
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TO-8 Package Power Rating 
3.0 

MH0026G AND MHU026CG IN 

2.5 - t- ~~I!~ ~:K~~THHE~~:'~lNoV 
- TYPE 215-1.9 OR EDUlV.) 

20 

1.5 

1.0 

0.5 

....... 
" 1/ 

I"--- ......... ~ 
MH002SG AND ~ ~ 
MHOrSCG r STllll AIR 

25 50 75 tOO 125 150 

AMBIENT TEMPERATURE eel 

Supply Current vs Temperature 

8.5 
DUTY CYCLE = 20% 

8.0 
f= 1 MHz I I 
Cl = 0 

V+ -V- =: lOV .,/ 
1.5 

t-

1.0 

6.5 
V' -V = 17V ,./ 

6.0 
r-

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ("C) 

Fall Time vs Load Capacitance 
25 

-y+ -Y '" 15V to 20Y 

20 

15 ~ ~ 
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10 V 
/' Ro = 50n 

V TA "25'·C 
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Rise Time vs Temperature 
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DC Power (POC) vs 
Duty Cycle 

TA '- 25°C 
Cl '" 0 / 
v· ~V-'20V-, J v: ~ v: . 17V '-, / 
V ~V "2~X Y 

./ 
v. LY 

L- V 
t%. 

" 

, (v+ - V-)? 
Poc '" ~IDCl 

10 20 30 40 50 60 70 80 

DUTY CYCLE (%1 

Input Current vs I nput Voltage 

TA-25'C 
vi- = 20V 
V- = OV 

1---

It' 
V 

V 

-~ 0.5 1.0 1.S 2.0 2.5 

INPUT VOLTAGE IV) 

Optimum I nput Capacitance vs 
Output Pulse Width 

V+-V-=20V 

Cl '" 1000 pF 
TA '" 25°C 

/ 
V ,. 

200 400 600 800 1000 1200 

IIliPUT CAPACITANCE, CIN (pF) 

Fall Time vs Temperature 

V+-V-=20Y 

H:-+ V 
V C, ~o:;;.-

C~;:-
V 

r-
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Cl = 0 f.-" 
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typical applications (cont.) 

AC Coupled MOS Clock Driver 

c,' 
l00DpF 

~ 
54114SERIES 
GATES AND flOPS 

,5' 

MHDD26CN 1 TWO PHA" 
CLOCK TO 
SHIFT REGISTERS 

-IZV 

·~apphCiltlOns$l!!ctionDnpage5fDrdelljledinformationoninputloutput design c:ntenor. 

DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Onlvl 

100pF 

IOOpF 

H2DM74DD 

t17V 

MHOOZiCN lTD ADDRESS 
UNESON 
MM11DJTVPE 
MEMORY SYSTEM 

Precharge Driver for MOS RAM Memories 

y 

CONtROl COUNTER 
IIWUl ~~+----+----~~--

~~'I 
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typical applications 

" INPUT_-t"-i...~ 

" INPUT_-t"-i......./ 

DC Coupled MOS Clock Driver 

0.1 ~F 

Transistor Coupled MOS Clock Driver 

TTt INPUTS {0----1~.., 

TTt CLOCK Jl 
INPUT 0-.... ---''-1 

210 

Logically Controlled AC Coupled Clock Driver 

~
I r-.', . -I eeoc",,,UT -21, 

• b 
ONE SHOT OUTPUT - ADJPUlSE WIDTH 

PHASE ONE OUTPUT 

PHASE TWO OUTPUT 

--------~ 

} 
TO ADDITIONAL 
SHIfT REGISTERS 



application information 

1.0 Introduction 

The MH0026 is capable of 'delivering 30 watts 
peak power (1.5 amps at 20V needed to rapidly 
charge large capacitative loads) while its package is 
limited to the watt range. This section describes 
the operation of the circuit and how to obtain 
optimum system performance. If additional design 
information is required, please contact your local 
National field application engineer. 

2.0 Theory of Operation 

Conventional MOS clock drivers like the MH0013 
and similar devices have relied on the circuit 
configuration in Figure 1. The AC coupling of an 
input pulse allows the device to work over a wide 
range of supplies while the output pulse width 
may be controlled by the time constant - R, X C,. 

,.--.... -ov· 

....... H .... OOUT 

FIGURE 1. Conventional MOS Clock Drive 

D2 provides O.7V of dead·zone thus preventing 0, 
and O2 from conducting at the same time. In 
order to drive large capacitive loads, 0, and O2 
are large geometry devices but Cob now limits 
useful output rise time. A high voltage TTL output 
stage (Figure 2) could be used; however, during 
switching until the stored charge is removed from 
0" both output devices conduct at the same time. 
This is familiar in TTL with supply line glitches in 
the order of 60 to 1 00 mAo A clock driver built 
this way would introduce 1.5 amp spikes into the 
supply lines. 

EXTERNAL 
CI 

"o-j~ 

r--.... -o v• 

OUT 

01 

L-.... __ ......... ....ov-

FIGURE 2. Alternate MOS Clock Oriv. 

Unique circuit design and advanced semiconductor 
processing overcome these clasic problems allow­
ing the high volume manufacture of a device, the 
MH0026, that delivers 1.5A peak output currents 
with 20ns rise and fall times into 1000pF loads. In 

a simplified diagram, D, (Figure 3) provides 0.7V 
dead zone so that 0 3 is turned ON for a rising 
input pulse and O2 OFF prior to 0, turning ON a 
few nanoseconds later. D2 prevents zenering of the 
emitter-base junction of O2 and provides an initial 
discharge path for the load via 0 3, During a falling 
input, the stored charge in 0 3 is used beneficially 
to keep 0 3 ON thus preventing O2 from conduct· 
ing until 0, is OFF. 0, stored charge is quickly 
discharged by means of common-base transistor 
0 4 . 

The complete circuit of the MH0026 (see sche· 
matic on page 1) basically makes Darlingtons out 
of each of the transistors in Figure 3. 

.---.... -ov· 

EXTERNAL 
CI 

INo1~ OUT 

1-<1 .... --4"",,"'-0 v-

FIGURE 3. Simplified MH0026 

When the output of the TTL input element (not 
shown) goes to the logic "1" state, current is 
supplied through C'N to the base of 0, and O2 

turning them ON, and 0 3 and 0 4 OF F when the 
input voltages reaches 0.7V. Initial discharge of 
the load as well as E-8 protection for 0 3 and 0. 
are provided by 0, and D2. When the input 
voltage reaches about 1.5V, 0 6 and 0 7 begin to 
conduct and the load is rapidly discharged by 0 7 , 

As the input goes low, the input side of C, N goes 
negative with respect to V- causing 0 8 and 0 9 to 
conduct momentarily to assure rapid turn-off of 
O2 and 0 7 respectively. When 0, and O2 turn 
OFF, Darlington connected 0 3 and 0 4 rapidly 
charge the load toward V+ volts. R6 assures that 
the output will reach to within one VB E of the 
V+ supply. 

The real secret of the device's performance is 
proper selection of transistor geometries and resis· 
tor values so that 0 4 and 0 7 do not conduct at 
the same time while minimizing delay from input 
to output. 

3.0 Power Dissipation Considerations 

There are four considerations in determining 
power dissipations. 

1. Average DC power 
2. Average AC power 
3. Package and heat si n k selection 
4. Remember-2 drivers per package 
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application information (cont.) 

The total average power dissipated by the MH0026 
is the sum of the DC power and, AC transient 
power. The total must be less than given package 
power ratings. 

Since the device dissipates only 2mW with output 
voltage high (MOS logic "0"). the dominating 
factor in average DC power is duty cycle or the 
percent of time in output voltage low state (MOS 
logic "1"). Percent of total power contributed by 
Poe is usually neglible in shift register applications 
where duty cycle is less than 2S%. Poe dominates 
in RAM address line driver applications where 
duty cycle can exceed SO%. 

3.1 DC Power (per driver) 

DC Power is given by: ' 

( ON time ) 
OFF time-ON time 

or Poc = (Output Low Power) X (Duty Cycle) 

where: IS(LOW) = Is @ (V+ - V-, 

Example 1: w+ = +5V, \r = -12V) 

a) Duty cycle = 2S%. therefore 

Poc = 17V X 40mA X 17/20 X 2S% 

Po c = 14SmW worst·case, each side 

Po C = 109mW typically 

b) Duty cycle = 5% 

POC = 21mW 

c) See graph on page 3 

The above illustrates that for shift register applica· 
tions, the minimum clock width allowable for the 
given type of shift register should be used in order 
to drive the largest number of registers per clock 
driver. 

Example 2: W+ = +17V, \r = GND): 

al Duty cycle = SO% 

Poe = 290mW worst·case 

Poe = 218mW typically 

bl Duty cycle = 100% 

Poe = S80mW 

Thus for RAM address line applications, package 
type and heat sink technique will limit drive 
capability rather than AC power . 

3.2 AC Transient Power (per driver) 

AC Transient power is given by: 

where: f = frequency of operation 

CL = Load capacitance (including all 

strays and wiring) 

Example 3: (V+ = +5V, \r = -12V) 

PAC = 17 X 17 X f(MHz) X 106 X 

CL (nF) X 10-9 

PAC = 290mW per MHz per 1000pF 

Thus at SMHz, a 1000pF load will cause any driver 
to dissipate one and one half watts. For long shift 
registers, a driver with the highest package power 
rating will drive the largest number of bits for the 
lowest cost per bit. 

3.3 Package Selection 

Power ratings are based on a maximum junction 
rating of 17SOC. The following guidelines are 
suggested for package selection, Graphs on page 3 
illustnite derating for various operating tempera· 
tures. 

3.31 TO-S ("H") Package: Rated at 600mW still 
air (derate at 4.0mWtC above 25°C) and 900mW 
with clip on heat sink (derate at 6,OmWtC above 
2SoC). This popular hermetic package is recom­
mended for small systems, Low cost (about 1Oc;i) 
clip-on-heat sink increases driving capability by 
SO%. 

3,32 8-Pin ("N") Molded Mini-DIP: Rated at 
600mW still air (derate at 4.0mWtC above 2SoC) 
and 1.0 watt soldered to PC board (derate at 
6.6mWtC). Constructed with a special copper 
lead frame, this package is recommended for 
medium size commercial systems particularly 
where automatic insertion is used. (Please note for 
prototype work, that this package is only rated at 
600mW when mounted in a socket and not one 
watt until it is soldered down.) 

3.33 TO-8 ("G") Package: Rated at 1.S watts 
still air (derate at 10mWtC above 2SoC) and 2.3 
watts with cl i p on heat si nk (Wa kefield type 
215-1.9 or equivalent-derate at ISmWtC). 
Selected for its power handling capability and 
moderate cost, th is hermetic package will drive 
very large systems at the lowest cost per bit. 



application information (cont.) 

3.4 Summary-Package Power Considerations Dc = Duty Cycle = 

Time in output low state 

Time in output low + Time in output high state 

The maximum capacitative load that the MH0026 
can drive is thus determined by package type, heat 
sink technique, ambient temperature, AC power 
(which is proportional to frequency and capacitive 
load) and DC power (which is principally deter­
mined by duty cycle) _ Combining equations pre­
viously given, the following formula is valid for 
any clock driver with negligible input power and 
negligible power in output high state: 

Table I illustrates MH0026 drive capability under 
various system conditions_ 

10-3 

CL (max in pF) = -;;- X 

P moxlmw)(TA,pkgl X Req - (V+ - V-I' X (Dc) X 103 

(V'" - V )' X Req X f(MHz) 

or: CL (max in pF) = .5 X 10-3 X 

Pmax(mW) X 500-Vs' X DcX 103 

Vs ' X 500 X f(MHz) 

Where: n = number of drivers per pkg. (2 for 
the MH0026) 

Pmax(mW)(TA , pkg) = Package power 
rating in milliwatts for given package, 
heat sink, and max, ambient tempera­
ture (See graphs) 

Req = equivalent internal resistance 

Req = (V+ - V-)/l s ( Low) = 500 ohms (worst 
case over temperature for the iVlH0026 or 
660 ohms typically) 

Vs = (V+ - V-) = total supply voltage across 
device 

4,0 Pulse Width Control 

The MH0026 is intended for applications in which 
the input pulse width sets the output pulse width; 
Le., the output pulse width is logically controlled 
by the input pulse. The output pulse width is given 
by: 

Two external input coupling capacitors are re­
quired to perform the level translation between 
TTLlDTL and MOS logic levels. Selection of the 
capacitor size is determined by the desired output 
pulse width. Minimum delay and optimum per­
formance is attained when the voltage at the input 
of the MH0026 discharges to just above the 
devices threshold (about 1.5V). If the input is 
allowed to discharge below the threshold, to F F 

and tf will be degraded. The graph on page 3 
shows optimum values for G'N vs desired output 
pulse width. The value for C'N may be roughly 
predicted by: 

C'N = (2X 10-3 ) (PW)OUT 

For an output pulse width of 500ns, the optimum 
value for C, N is: 

CI N = (2 X 10-3 ) (500 X 10-9 ) "" 1 OOOpF 

TABLE 1. Worst Case Maximum Drive Capability for MHOO26* 

TO·8WITH TO-8 MINI·DIP TO-5 AND MINI·DIP 
PACKAGE TYPE HEAT SINK FREE AIR SOLDERED DOWN FREE AIR 

Max. 
Operating 
Frequency 

100kHz 

SOOkHz 

lMHz 

2MHz 

SMHz 

10MHz 

Max. 
Ambient 

t§ 60°C 8SoC 60°C 8SoC 60°C 8SoC 60°C 
~ -+ 
Duty Cycle 

5% 30 k 24 k 19 k 15 k 13 k 10k 7.5k 

10% 6.Sk S.lk 4.1k 3.2k 2.7k 2k 1.5k 

20% 2.9k 2.2k 1.8k 1.4k 1.1k 840 600 

25% l.4k 1.1k 8S0 6S0 SSO 400 280 

25% 620 470 380 290 240 170 120 

25% 280 220 170 130 110 79 -

"Note; Values in pF and assume both sides In use as non-overlaplng 2 phase driver; each side operating 
at same frequency and duty cycle With (V+ - V-) '" 17V. For loacls greater than 1200 pF, 
rise and fall times will be limited by output current; see Section 5.0. 

8SoC 

5.8k 

1.1k 

430 

190 

80 

-
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application information (cont.) 

5.0 Rise & Fall Time Considerations(Note 3) 

The MH0026's peak output current is limited to 
1.5A. The peak current limitation restricts the 
maximum load capacitance which the device is 
capable of driving and is given by: 

dv 
I= CL at';;1.5A 

The rise time, t" for various loads may be 
predicted by: 

t, = (6Vi(250 X 10-12 + C L ) 

Where: 6V = The change in voltage across C L 

~ V+ - V-
CL = The load capacitance 

For V+ - V- = 20V, CL = 1000pF, t, is: 

t, ~ (20V)(250 X 10-12 + 10-12 ) 

= 25ns 

For small values of CL , equation above predicts 
optimistic values for t,. The graph on page 3 
shows typical rise times for various load capaci· 
tances. 

The output fall time (see Graph) may be predicted 
by: 

t f ~ 2.2R (Cs + ~) 

hF E + 1 

6.0 Clock Overshoot 

The output waveform of the MH0026 can over· 
shoot. The overshoot is due to finite inductance of 
the clock lines. It occurs on the negative going 
edge when 0 7 saturates, and on the positive edge 
when 0 3 turns OFF as the output goes through 
V+ - Vbe . The problem can be eliminated by 
placing a small series resistor in the ouput of the 
MH0026. The critical valve for Rs = 2yLlCQ where 
L is the self·inductance of the clock line. In 

practice, determination of a value for L is rather 
difficult. However,Rs is readily determined emper· 
ically, and values typically range between 10 and 
51 ohms. Rs does reduce rise and fall times as 
given by: 

7.0 Clock Line Cross Talk 

At the system level,voltage spikes from <Pl may be 
transmitted to <P2 (and vice·versa) during the 

transition of <Pl to MaS logic "1". The spike is 
due to mutual capacitance between clock lines and 
is, in general, aggravated by long clock lines when 
numerous registers are being driven. Transistors 
0 3 and 0 4 on the <P2 side of the M H0026 are 
essentially "OFF" when <P2 is in the MOS logic 
"0" state since only micro·amperes are drawn 
from the device. When the spike is coupled to <P2, 
the output has to drop at least 2 VB E before 0 3 

and 0 4 come on and pull the output back to V+. 
A simple method for eliminating or minimizing 
this effect is to add bleed resistors between the 
MH0026 outputs and ground causing a current of 
a few milliamps to flow in 0 4 , When a spike is 
coupled to the clock line 0 4 is already "ON" with 
a finite h fe . The spike is quickly clamped by 0 4 , 

Values for R depend on layout and the number of 
registers being driven and vary typically between 
2k and 10k ohms. 

8.0 Power Supply Decoupling 

Power supply decoupling is a widespread and 
accepted practice. Decoupling of V+ to V- supply 
lines with at least 0.1 /IF noninductive capacitors 
as close as possible to each MH0026 is strongly 
recommended. This decoupling is necessary 
because otherwise 1.5 ampere currents flow during 
logic transition in order to rapidly charge clock 
lines. 



Mos Clock Drivers 

MH7803/MH8803 two phase oscillator/clock driver 

general description 

The MH7B03 is a self contained two phase 
oscillator/clock driver. It requires no external 
components to generate one of three primary 
oscillator frequencies and pulse widths. Other 
frequencies can easily be obtained by programming 
input voltages. Three sets of outputs are provided: 
damped and un-damped MaS outputs and TTL 
monitor outputs. The MaS outputs easily drive 
500 pF loads with less than 150 ns rise and fall 
times. In addition the outputs have current limiting 
to protect against momentary shorts to the supplies. 

The MH7803 and MHBB03 are available in a 14 
lead cavity DIP. The MH8B03 is also available in 
a 14 pin molded DIP. 

block and connection diagrams 

features 

• Two phase non·overlapping outputs 

• No external timing components required 

• Frequency adjustable from 100 kHz to 500 kHz 

• Pulse width adjustable from 260 ns to l.4.us 

• Damped and un·damped MOS outputs 

• TTL monitor outputs 

Dual-In-line Package 

"""nn"V~ WIDTH 2 13 
CONTROL TEST 

MOS DAMPED , J 12 ~~~~~~~CY . 
MOS 1 Vel' 

MOSOAMPED,', TTL ~1 

..... --'lM~+'-<)MOSDAMPEO 1 MOS", 

TEST 

Ro 

" +--f----AJVV-i-'-<> MaS (lAMPE 0 l 

L ____ ~OMOS " 

'--------i-"-<>MOS , Order Number MH7803J or MH8803J 
See Package 13 

Order Number MH8803N 
See Package 17 
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absolute maximum ratings 

Vss - V OD 

Vee - GND 
Pulse Width Adjust Voltage 

Frequency Adjust Voltage 

Vss - V DD MInimum 
Test and InhIbit Input Voltages 

22V 
7.0V 

Vss + O.5V 

Vss + O.5V 
14V 

Vss 

electrical characteristics (Note 1) 

PARAMETER CONDITIONS 

Frequency Pin 12at 17V, TA = 25°C 

Pin 12 Open, T A :::: 25°C 
Pin 12 at OV, T A = 25°C 

Frequency Change from 25°C 

MH7803 Pin 12 at 17V 

MH8803 Pin 12 at 17V 

Pulse Width (Note 2) Pin 2 at 17V, TA "" 25°C 

Pin 2 Open, T A ;=- 25°C 
Pin 2 at OV, TAO:::: 25°C 

Pulse Width Change from 25°C 

MH7803 Pin 2 at 17V 

MH8803 Pin 2 at 17V 

MOS V OH IOH = 100/.1A 

MOS VOL tOL :::: 2.0 mA 

TTL VOH IOH·'--- 200/.1A 

TTL VOL 
MH7803 101 = 2.0 mA 

MH8803 10L = 3.2 mA 

TTL los 

MOS Output Current Limit 

!ss Pins 2,12,13 at av, and 

Pin 1 at 03V 

lee Pins 2, 12, at av, and 
Pin 1 at 0.3V 

Ro 
MH7803 

MH8803 

MOS tR, tf CL = 500 pF, TA = 25"C 

CL = 50pF, T A ~ 25"C 

Operating Temperature Gange 

MH7803 
MH8803 

Storage TemperatUJe Range 

Lead Temperature (Soldering, 10 seconds) 

MIN TYP MAX 

300 500 600 
175 300 350 

60 100 150 

no +30 

±10 +15 

02 0.26 0.4 

05 0.75 1.3 
1.0 1.4 2.6 

+20 ±30 

+10 ±15 

Vss-l.l Vss-0.8 

Voo+0.15 Voo+O.5 

2.4 3.7 

0.17 0.3 
0.2 0.4 

3.0 8.0 15 

70 

10 17 

0.75 1.1 

7.0 10 13 

5.0 10 15 

100 150 

20 30 

-55"C to +125°C 

O°C to + 700 e 
-65°C to + 150°C 

300°C 

UNITS 

kHz 

kHz 

kHz 

% 

% 

ps 

ps 

/.1S 

% 

% 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

II 
n 

ns 

Note 1: These specifications apply for the MH7803 at VSS - VOD = 17V ±10% and over -55°C to +125°C; for the MH8803 
at VSS -- VDO = 17V ±5% and over QGe to +70°C unless otherwise specified. 

Note 2: The duty cycle can not physically exceed 50% at any output. At high frequencies the frequency adjust pin will offect 
the pulse width by limiting the duty cycle to slightly less than 50%. Under this condition the pulse width spec does not apply. 

typical performance characteristics 

Frequency Control Voltage 

600 

500 

400 

300 

100 

100 

to 3.0 5.0 70 90 11 13 1& 17 

FREQUENCY CONTROL VOLTAGE MINUS VDD (V) 

Pulse Width Control Voltage 

1.0 3.0 5.0 7_0 90 11 13 i5 17 

PULSE WIDTH CONTROL VOL TAGE MINUS VDD (V) 

10 

1l 

~ -111 

z 
~ -20 

Frequency and Pulse Width 
vs Temperature 

-30 ~~~~~~~~-L~ 

-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE ( C) 
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typical performance characteristics (con'tj 

to 

Frequency and Pulse 
Width vs VSS-VDD Maximum Package Dissipation 

Total Transient Power 
vs Frequency vs Total CL 

400 

c: 300 f----i--+ 

~ 
'"" " 200 

> -10 ~ ~ § 100 

13 14 15 16 17 23 24 25 25 50 15 100 125 150 100 200 300 400 500 600 

FREUUENCY (kHz) VSS-VDD 

ISS vs Duty Cycle 
8.0 

6.0 

" .s 4.0 

11 

2.0 

to '" 30 40 50 

DUTY CYCLE (%) 

applications information 

TTL MONITOR OUTPUTS 

The TTL outputs are extra functions provided for 
monitor or synchronization applications. In some 
systems these outputs may not be required. For 
these cases the Vee pin may be left open and the 
TTL circuitry power consumption will be virtually 
zero. 

The TTL outputs are slaved to the MOS outputs. 
Thus the TTL outputs start to switch when the 
MOS outputs cross the TTL threshold voltage 
(about 1.5V above ground). Figure 1 depicts the 
effect of different supply voltages on the TTL 
waveform when the MOS outputs are driving 
capacitive loads. 

DAMPED MOS OUTPUTS 

An extra set of MOS outputs provides a 10 ohm 
resistor in series with each output line. These 
resistors give the output pulses an R·C roll off 
which tends to minimize ringing or peaking 
problems associated with board layout. 

INHIBIT AND TEST INPUTS 

The INHIBIT and TEST inputs are designed to 
facilitate testing of the device. They were not 
included in the IC for system use. 

TEMPERATURE ('C) 

fCC vs Duty Cycle 

0.9 

0.8 

" .s 0.7 
l' 

0.6 

05 '--_L-_L-_-"-_-"---' 
to 20 30 

DUTY CYCLE (%) 

~:~M~$'-
0- W15VTHRESHOUl 

50-

~~~~~sr 
::~ i H~!~£SHOLD 
" ,I : 

50 'I ! 

3O~-i ,I to IlL 
(, I 

::= !fA 
OUTPUT WAVEFORMS 

WITH +nv +5 nv, OVSUPPUES 

(A) 

FIGURE 1. 

40 5.0 

l~.~Sr--

lUI 
: I -;----r. MOS r 
i I lUI 
i I. 

~m •. : ' " , 
I 

-----E\. 
OUTPUT WAVEFORMS 

WITH +5.0V. ~12V.OVSUPPLIES. 

(S) 

Typically they perform as follows: 

INHIBIT Input: in the low state prevents pulses 
from being initiated on either phase output. 

High Level Input: 

V 1H 2 V DD + 2.0V 

Low Level Input: 

V DD + O.2V 2 V 1L 2 V DD - O.5V 
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applications information (con't) 

TEST Input: in the low state forces a ONE state 
on all outputs. The test input should only be used 
with the INHIBIT input also in the low state. 

High Level: 

Low Level: 

A pull·up resistor is connected from the TEST 
pin to Vss internally. 

POWER CONSIDERATIONS 

Internal power dissipation is affected by three 
factors: 

• dc power 

• ac power 

• package dissipation capability 

The total average power dissipation is the summa· 
tion of the dc power and ac power. This sum 
must be less than the maximum package dissipa­
tion capability at the particular operating tempera· 
ture to insure safe operation, i.e.: 

Where 

And 

PAC = [(Vcc - GND)2 X f x CLl TTL 

+ [(Vss - V DD )2 X f x CLl MOS 

PDC = (Icel x (Vcc - GND) + (Iss) 

x(VSS-V DD ) 

for Icc and Iss selected at the appropriate duty 
cycle. 

For practical cases the PAC TTL can be neglected 
as being very small compared to PAC MOS, 

Thus PDlSS is the sum of the MOS transient 
power (total fur both sides of Lhe MH7803) and 
the standby power of the TTL and MOS sections 
of the MH7803. 

DECOUPLING 

It is recommended that each device be decoupled 
with a O.l}1F capacitor from Vss to VDD.lf there 
is noise on the supply lines, bet"!:er frequency and 
pulse width stability can be obtained by connecting 
a O.OOl}1 F capacitor from the frequency control 
pin to Voo and another O.OOl}1F capacitor from 
the pulse width control pin \0 V DD . 



Mos Clock Drivers 

MH8808 dual high speed MOS clock driver 

general description 

The MH8808 is a high speed dual MOS clock 
driver intended to drive the two phases of a 
memory array of 500 pF per phase at rates up to 
4 MHz. The design includes output current limit­
ing for controlled rise and fall times, and thermal 
shutdown which protects the chip against exces­
sive power dissipation or accidental output shorts. 
Two DTL/TTL compatible status outputs monitor 
clock outputs and provide a corresponding TTL 
logic level for status indication. Both direct and 
internally damped outputs are available for each 
phase to suit the particular application. It is ideally 
suited for driving MM5262 2k RAMs. 

connection diagram 

features 

• High Speed: 18 ns typ delay and 20 ns typ rise 
and fall times with 500 pF load 

• Current limited outputs ±450 rnA typ 

• Direct and damped outputs available 

• Thermal shutdown protection 

• TTL compatible status outputs 

• 1W dissipation capability at 25"C T A 

• 16 pin cavity dual-in-line package 

• Output high level clamped to +5V 

Dual-I n-Line Package 

DAMPED VOD 
Vss OUT OUT 

16 15 " 

"00 NOT CONNECT TO THIS PIN. 

TOPVIEW 

Order Number MH8808J 
See Package 13 
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absolute maximum ratings 

Vss +7V 
V BS - V DD 26V 
Total Power Dissipation (Note 1) lW 
Operating Temperature Range O°C to + 70D e 

electrical characteristics 
The following apply fOr Vss = +7V, Vss = +5V, Voo = -15V, T A = 25°C unless otherwise stated. 

PARAMETER 

Input Current 

Output Low Voltage 

Output High Voltage 

Status" 1" Voltage 

Status "0" Voltage 

Output Leakage Current 

Damping Resistor 

Output Rise Time 

Output Fall Time 

Delay to Negative-Gomg Output 

Delay to Positive-Going Output 

CONDITIONS 

VIN - -9V (Note 2) 

lOUT = +1 rnA, VIN -= -lOV 
(Note 21 

lOUT = -1 rnA, V lN = -14V 

lOUT = -250pA, VIN = -14V 

lOUT = 20 rnA, V IN .:;: -lOV 

(Note 21 

Vss '"' +8.5V, Vss -= 5V 

Voo = -17.5V, VOUT -= +8.5V 

VIN - open 

V,N = -ll.5V 
Vss = t6 5V, V DD = -17,5V 
V B8 = +8.5V INote 21 

V'N--l1.5V 

Vss = t6.5V, V DD = -17 5V 
V 88 -= +8 5V (Note 2) 

VIN -11 5V 

Vss = +6.5V, V aD = -17 5V 
Vas - !-85V (Note 2) 

CL o500pF 

CL = 500pF 

CL 0 500 pF 

CL = 500 pF 

MIN 

-14 

45 

4 

10 

Note 1- MaxImum Junction temperature IS 110"C. For operation above 25· C derate at 85'·C/W IIJA for stili alf. 

Note 2: Test only one Input high (more positive) at a time 
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MAX 

10 

5.3 

0.5 

100 

32 

23 

-55 

26 

26 

22 

25 

UNITS 

mA 

v 

v 

v 

V 

rnA 

rnA 

rnA 

ns 

ns 

ns 



Dig ita I Drivers 

DH0006/DH0006C·current driver 

general description 

The DH0006/DH0006C IS an integrated high 
voltage, high current driver designed to accept 
standard DTL or TTL logic levels and drive 
a load of up to 400 mA at 28 volts. AND Inputs 
are provided along with an Expander connection, 
should additional gating be required. The addition 
of an external capacitor provides control of 
the rise and fall times of the output in order to 
decrease cold lamp surges or to minimize electro" 
magnetic interference if long lines are driven. 

Since one side of the load is normally grounded, 

'Previously called NH0006/NH0006C 

schematic and connection diagrams 

-it---.... ----it--... - ... -o'" 

there is less likelihood of false turn·on due to an 
inadvertent short in the drive line. 

features 

• Operation from a Single +lOV to +45V Power 
Supply. 

• Low Standby Power Dissipation of only 35 mW 
for 28V Power Supply. 

• 1.5A, 50 ms, Pulse Current Capability. 

Metal Can Package 
OUTPUT 

N.C 

TOPVIEW 

RESPONSE 
TIME 
CONTROL 

Order Number DHOOO6H 

... - .. -C) OUTPUT or DHOOO6CH 
See Package 11 

Dual-. n-Line Package 
INPUT 

INPUT 'co 
10 

EXPANDER 

INPUT 

INPUT INPUT 

..... --.. --4 ..... ------oGROUNO 

EXPANDER 
INPUT 

!NPUT 

Order Number DHOOO6CN 

typical applications 
See Package 16 

Relay Driver Lamp Driver with Expanded Inputs 

DTlITTl{ 
lOGIC 
INPUTS 

EXPANOERINPUT 

---'---'-__ A 

RELAY 
COil 

DTlITTl 
LOGIC 
INPUTS 

V" 
+28\1 

\-~USHTO 
lTEST 

OUTPUT 

'" LAMPS 

OUTPUT 

c,~ RESPONSE 
TIME 

B.J CONTROL 

GROUND 

INPUT 
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absolute maximum ratings 

Peak Power Supply Voltage (for 0.1 sec) 
Continuous Supply Voltage 
Input Voltage 
Input Extender Cu rrent 
Peak Output Current (50 ms 0,,/1 sec Off) 
Operating Temperature 

DH0006 
DH0006C, DH0006CN 

Storage Temperature 

electrical characteristics (Note 1) 

60V 
45V 
5.5V 

5.0mA 
1.5A 

-55"C to +125"C 
O"C to +70"C 

-65"C to +150c C 

PARAMETER CONDITIONS MIN 

Logical "1" Input Voltage Vee ~ 45V to 10V 2.0 

Logical "0" Input Voltage Vee ~ 45V to 10V 

Logical "1" Output Voltage Vee ~ 2SV, Y'N ~ 2.0V, lOUT ~ 400 mA 26.5 

Logical "0" Output Voltage Vee ~ 45V, Y'N ~ O,SV, RL = 1 K 

Logical "1" Output Voltage Vee = 10V, Y'N ~ 2.0V, lOUT ~ 150 mA S.S 

Logical "0" I nput Current Vee ~ 45V, Y'N = AV 

Logical" 1" I nput Current Vee ~ 45V, Y'N ~ 2.4V 

Vee ~ 45V, Y'N ~ 5.5V 

"Off" Power Supply Current Vee = 45V, Y'N ~ 0,8V 

"On" Power Supply Current Vee = 45V, Y'N - 2.0V, lOUT - 0 mA 

Rise Time Vee ~ 28V, RL ~ 82n 

Fall Time Vee ~ 2SV, RL = 82Q 

Ton Vee ~ 28V, RL ~ 82£2 

Toft Vee ~ 28V, RL ~ 82Q 

TYP 
(Note 2) 

27.0 

.001 

9.2 

-0.8 

0.5 

1.6 

0.10 

O.S 

0.26 

2.2 

Note 1: Unless othRrwl<;p. spp.r:lflP.O, limits shown apply from _55°C to 125°C for DH0006 and aOc to 
70°C for DH0006C. 

7·2 

Note 2: TYPical values are for 25c C ambient 

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of + 175°C and a ¢JA 
of 210oCIW. 

Note 4: Power ratmg for the DH0006CN Molded DIP based on a maximum junctlOn temperature of 
+150o C and a thermal resistance of 175°C/W when mounted In d ~ldrl(jard DIP socket 

Note 5: Power rat 109 for the DH0006CN Molded DIP based on a maximum junction temperature of 
+150oC and a thermal resistance of 150oC/W when mounted on a 1!16inch thick, epoxy-glass board 
wIth ten 0_03 inch wide 2 ounce copper conductors. 

switching time waveforms 

- "\:=...=:j"-
90%-----11-+--++---

A PULSE 
(I INPUT 

50%-----1it----l+---

MAX UNITS 

V 

0.8 V 

V 

.01 V 

V 

-1.0 mA 

5.0 /1 A 

100 /1A 

2.0 mA 

8 mA 

/15 

/15 

/15 

/15 



typical performance 

50 

?! 40 

" 
~" 30 ,. 
> 

" 20 

10 

Maximum Continuous Output 

Current For TO-5 

200 400 600 800 

MAXIMUM CONTINUOUS OUTPUT CURRENT (mA) 

1600 

1,400 
l-i 1200 

~ 1000 
I-

~ 800 

F 
600 

'" 
400 

u 

" 200 :: 

400 

300 

! ,. 200 

>= 

100 

o 

Logical "0" I nput Current 

~ ...... - -- -+ -

--

I~ f--t< 
-55C,~ V ~ 

...::e ;::::. -<L'125 C 

~ ~ p-" I 
I 

10 20 30 40 50 

SUPPl Y VOL TAGE (VI 

Turn On And Rise Time 

'-- TulN O~ TlJE 
,. 

I--
Vee "- laV 
RL ;- 6an 
Cl = 10 pF 
VIN "3.DV PULSE 
t, S 10 ns 

RISE TIME 

I 

-75 -50 -25 0 25 50 15 100 125 

TEMPERATURE rCI 

Available Output Current 

2.0 

~ 1.8 
I-

1.6 z 

~ 1.4 

I-
1.2 

~ 
1.0 ~ 

I-

" .8 c 

= .6 
~ .4 ;;: 

I 
i 

T~" i25"~ 
rpUlSE CONDITION .....:: 

~'fi 1 ms"ON" 

v.~ 100 rns "Off" 

I[ Tc "- 25°C 

f--f- ~C" ~55=J ,. 
.2 < 
o 

o 10 20 30 40 50 

SUPPLY YOLTAGE, Vee, (V) 

Maximum Continuous Output 

Current For Molded DIP 

MAXIMUM CONTINUOUS OUTPUT CURRENT (mA} 

"OF F" Supply Current Drain 

2.0 v., 

" 1.5 
.5 
I-
Z 

'" '" 1.0 

" u 
> 

~ 0.5 

-55·~~ ~ 
~ I-- .Y Vf--

~ ~ +125 'C 
~ f---

kf :>" +25' C 

~V 
tp' 

1 

10 20 30 40 50 

SUPPl V VOL lAGE (V) 

Turn Off and Fall Time 

4.0 

Vee = 28V 
Rl = san 

3.0 CL = TOpF 
V1N = 3.DV PULSE 
t, <10 ns 

]: ,. 2.0 

;:: 

1.0 

- 75 -50 -25 0 25 50 75 100 125 

TEMPERATURE nl 

Turn Off Control 

4.0 

~ 2.0 
-

t, c ,j", -
I-

" z 

Vee "- lay 

30 RL '" 6Sn 

~ 

~ 
20 

10 

- ~ TA=2SoC 

\ "", CL '" 10 pF 

CF '" " K 680
PF 

o pF CF =30DpF } 

50 100 150 200 250 

TIME (lJs) 

0 
:I: 
0 
0 
0 
en 

I nput Threshold Voltage ....... 
vs Temperature 0 

2.2 :I: 
~ 2.0 0 

0 
" 1.8 0 
~ 1." 

en ,. 
('") 

" 1.4 

" x 
~ 1.2 

'" GUARANTEED LOGICAL x 
I- 1.0 "0" INPUT VOLTAGE MAX I-

" ~ 08 z 

0.6 
-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (~Cl 

"ON" Supply Current Drain 

~ I-- -L t--~ 1 V 
'25c~-; V 1/ 
?- / 

A~ ./ 
+-125°C-

~ ~ 
~ 

10 20 30 40 50 

SUPPLY VOLTAGE (VI 

Output Saturation Voltage 

~ 1.6 

1.5 

> 1.4 

~ 1.3 

~ 1.2 ,. 
1.1 

15 
;:: 1.0 

~ D.' 

~ 0.8 

;; 0.7 

~ 0.6 
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200 400 600 800 1000 

OUTPUT CURRENT. 110 -6. {mAl 

Turn On Control 
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I-
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f--
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T. ::25°C 
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DH0008/DH 0008e· 
high voltage, high current driver 

general description 

The DHOOOS/DHOOOSC is an integrated high volt­
age, high current driver, designed to accept stan" 
dard DTL or TTL Input levels and provide a pulsed 
load of up to 3A from a continuous supply voltage 
up to 45V AND inputs orc provided with an EX­
PANDER connection, should additional gating be 
requlreu. 

Since one side of the load is normally grounded, 
there is less likelihood of false turn-on due to an 
inadvertent short in the drive line. 

The high pulse current capability makes the 
DH0008/DH0008C ideal for driving nonlinear 
resistive loads such as incandescent lamps_ The 

*Previously called NHOOOS/NH0008C 

schematic and connection diagrams 

RESPONSE CONTROL 

,---... --I------... -~>--~~vu 

OUTPUT 

EXPANDER 

-----.--4.--------0 GROUND 

typical application 

Controller for Closed Loop Stepper Motor 

;~:-+-"-----1I--.--t-~~-+--, 

OTl 
DR 
TTL 

CLOCI( 

Digital Drivers 

circuit also requires only one power supply for 
circuit functional operation. 

The DHOOOS is available in a 1O-pin TO-5 package; 
the DH0008C is "Iso available in " 10 pin TO 5, in 
addition to a 1O-lead molded dual-in-line package_ 

features 
• Operation from a Single +10V to +45V Power 

Supply 

• Low Standby Power Dissipation of only 35 mW 
for 2SV Power Supply_ 

• 3_0A, 50 ms, Pulse Current Capability_ 

Metal Can Package 
OUTPUT 

INPUT 
TOPVJEW 

RISE ANO 
FAll 
TIME 
CONTROL 

Order Number DH0008H or DH0008CH 
See Package 11 

Oual-I n-Line Package 

OUTPUT 

NC 

RESPONSE CONT~Ol 

Order Number DH0008CN 
See Package 16 

Switching Sequence 

Step A B 

1 1 0 

2 1 0 

3 0 1 

4 0 1 
>-----;--- 1 0 

GROUND 

C a 
1 0 

0 1 

0 1 

1 0 

1 0 

To reverse the direction use a 4, 3, 2, 1 
sequence 



absolute maximum ratings 
Peak Power Supply Voltage (for 0.1 sec) 
Continuous Supply Voltage 

SOV 
45V 
5.5V Input Voltage 

I nput Extender Cu rrent 
Peak Output Current 

(50 msec Onll sec Off) 
Continuous Output Current 

5.0mA 

3.0 Amp 

(See continuous operating curves.) 
Operating Temperature 

DH0008 
DH0008C 

Storage Temperatu re 

_55°C to +125°C 
DoC to +70°C 

-S5°C to +150°C 

electrical characteristics (Note 1) 

PARAMETER 

Logical "1" Input Voltage 

Logical "0" Input Voltage 

Logical "1" Output Voltage 

Logical "0" Output Voltage 

Logical "1" Output Voltage 

Logical "0" I nput Current 

Logical" 1" I nput Current 

CONDITIONS 

Vee ~ 45V to 10V 

Vee ~ 45V to lOV 

Vee ~ 45V, Y'N = 2.0V, lOUT ~ 1.SA 
50 ms Onll sec Off 

Vee = 45V, Y'N = 0.8V, RL = 1 K 

Vee = 28V, Y'N = 2.0V, lOUT = 0.8A 
50 ms Onll sec Off 

Vee = 45V, Y'N = 0.4V 

Vee = 45V, Y'N = 2.4V 

Vee = 45V, Y'N = 5.5V 

"Off" Power Supply Current Vee = 45V, Y'N = OV 

Rise Time Vee = 28V, RL = 39~, Y'N = 5.0V 

Fall Time Vee = 28V, RL = 3m2, Y'N = 5.0V 

TON Vee = 28V, RL = 39S2, Y'N = 5.0V 

TOFF Vee = 28V, RL = 39S2, Y'N = 5.0V 

MIN 
TYP 

(Note 2) 

2.0 

43 43.5 

0.02 

2S.5 27.1 

-0.8 

0.5 

1.S 

0.2 

3.0 

0.4 

7.0 

Note 1: Unless otherwise specified limits shown apply from -5SoC to 12SoC for DHOOO8 and OoC to 
70° C for DH0008C. 
Note 2: Typical values are 2SoC ambient. 

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of + 17SoC and a ¢ JA 
of 210oClw. 

Note 4: Power ratings for the DHOOOBCN Molded OI·P based on a max.imum junction temperature of 
150°C and a thermal resistance of 1500 C/w when mounted in a standard DIP socket. 

Note 5: Power ratings for the DHOO08CN Molded DIP based on a maximum junction temperature of 
150°C and a thermal resistance of 115°C/w when mounted on a 1/16 inch thick, epoxy-glass board 
with ten 0.03 inch wide 2 ounce copper conductors. 
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DH0011*(SH2001) 

DH0011C*(SH2002) 
DH 0011CN*(SH2002 P) 

high voltage high current drivers 

general description 

The DHOOll high voltage, high current driver 
family consists of hybrid integrated circuits which 
provide a wide range of variations in temperature 
range, package, and output current drive capa­
bility. A summary of the variations is listed below. 

'Previously called NHOOll, NHOOllC, NHOOll CN 

logic diagram 

ordering information 

NSC DESIGNATION SH DESIGNATION PACKAGE 

DHOOl tH SH2001 11 

DHOO11CH SH2002 11 

DHOOllCN SH2002 P 16 

Digital Drivers 

Applications include driving lamps, relays, cores, 
and other devices requiring several hundred milli­
amp currents at voltages up to 40V. Logic flexi­
bility is provided through a 4-input NAND gate, a 
NO R input and an input which bypasses the gating 
and connects the base of the output transistor. 

TEMPERATURE RANGE 
OUTPUT CURRENT 

CAPABILITY 

-5SoC to +125°C 250 mA 

OoC to +70"C 150mA 

aOc to +70°C 150mA 
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absolute maximum ratings 

VCC 8V 
Collector Voltage (Outputl 40V 
I nput Reverse Current 1.0mA 
Power Dissipation 800mW 
Operating Temperature Range DH0011 _55°C to +125°C 

DH0011 CIDH0011 CN O°C to +70°C 
Storage Temperature _65°C to 150°C 

electrical characteristics 

TEST NO. PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 PIN 7 PIN 8 

1 V'H V'H V'H V'H GND GND lou 

2 V'L GND GND lou 

3 V'L GND IOL2 

4 V'L GND IOL2 

5 V'L GND IOL2 

6 V'L GND IOL2 

7 GND GND IOL2 

8 V R GND GND GND GND 

9 GND V R GND GND GND 

10 GND GND V R GND GND 

11 GND GND GND V R GND 

12 GND 

13 V F V R V R V R GND 

14 V R V F V R V R GND 

15 V R V R V F V R GND 

16 V R V R V R V F GND 

17 GND GND 

18 GND GND 

19 GND GND GND Vox 

20 GND GND 

21 GND GND 

22' GND 

23' GND 

*See Test Circuits and Waveforms on Page 4. 

forcing functions (Note 11 DH0011 

PARAMETER _55°C +25°C 
---- ~- .. ------.-

V CCL 4.5 4.5 

V CCH 5.5 5.5 

Vpo 5.0 

V MAX 8.0 

V'L 1.4 1.1 

V'H 2.1 1.9 

V R 4.0 4.0 

V F 0.0 0.0 

lOLl 250 250 

IOL2 8.0 8.0 

Vox 40.0 40.0 

Note 1: Temperature Range _55°C to +125°C 

7-8 

PIN 9 PIN 10 SENSE MIN MAX 

V CCL Vg VOL 

V'L V CCL Vs VOL 

VCCL V6 VOL2 

V CCL V6 VOL2 

V CCL V6 VOL2 

V CCL V6 VOL2 

V'H V CCL V6 VOL2 

V CCH I, IR 

V CCH 12 IR 

V CCH 13 IR 

V CCH 14 IR 

V R V CCH 19 IR 

VCCH I, -IF 

V CCH 12 -IF 

V CCH 13 -IF 

V CCH 14 -IF 

V F V CCH 

I 
19 -IF 

V CCL V6 VOH 

V CCL Is lox 

V po 110 IPOH 

V MAX 110 IMAX 

V PO tON 

V po tOFF 

+125°C UNITS 

4.5 V 

5.5 V 

V 

V 

0.8 V 

1.7 V 

4.0 V 

0.0 V 

250 mA 

7.5 mA 

40.0 V 



forcing functions (Note 2) DHOOllC, DHOOllCN 

PARAMETER oOe +25°e 

VCCL 5.00 5.0 

VCCH 5.00 5.0 

VPD 5.0 

V MAX 8.0 

V 1L 1.20 1.1 

V 1H 2.00 1.9 

V R 4.00 4.0 

VF 0.45 0.45 

IOL1 150 150 

IOL2 8.0 8.0 

Vox 40.00 40.0 

test limits (Note 1) DHOOll 

PARAMETER 
_55°e +25°e 

MIN MAX MIN MAX 
VOL1 0.45 0.4 

V OL2 0.45 0.4 

VOH 2.20 2.00 

IR 2.0 

-IF 1.60 1.6 

lox 5.0 

IpDH 30.6 

IMAX 29.6 

tON 160 

tOFF 220 

test limits (Note 2) DH0011C, DHOOllCN 

PARAMETER 
oOe +25°e 

MIN MAX MIN MAX 

VOL1 0.45 0.45 

VOL2 0.45 0.45 

VOH 2.05 1.95 

IA 5.0 

-IF 1.40 1.4 

lox 5.0 

IpOH 30.6 

IMAX 34.0 

Note 1: Temperature Range _55°C to +12SoC 

Note 2: Temperature Range oOe to + 700e 
switching time test circuit 

SOY 

A1 

PIN 10~ Vee ~5V OUTPUT 

PULSE .l C ",,10 pF ~ WIRING GEN. r - CAP. 
FREQ. = 100 kHl 
DUTY CYClE: 50% PIN 5, PIN 1 GND 

.". 

switching time waveforms 

I ." 
'f IN'UT ~ 

\" \" " " " 
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-,,.--1 i--, ... ~ 

---
+70o e UNITS 

5.0 V 

5.0 V 

V 

V 

. 95 V 

1.8 V 

4.0 V 

0.5 V 

150 mA 
7S mA 

40.0 V 

+125°e 
UNITS MIN MAX 

0.45 V 

0.45 V 

1.80 V 

5.0 I1A 
1.5 mA 

200 I1A 
mA 
mA 
ns 

ns 

+7oo e 
UNITS MIN MAX 

0.5 V 

0.5 V 

1.85 V 

10.0 flA 
1.35 mA 

200 flA 
mA 
mA 

Typical Switching Times 
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~ ,,, 

v 
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DH0016CN* 
DH 0017CN*(SH2200P) 
DH0018CN* 

high voltage high current drivers 

general description 

This high-voltage, high-current driver family con­

sists of hybrid integrated circuits which provide a 
wide range of output currents and output voltages. 
Applications include driving lamps, relays, cores, 
and other devices requiring up to 500 mA and 

*Previously called NH0016CN, NH0017CN, NH0018CN 

logic diagram 

ordering information 

Vee 
10 

Dig ita I 0 rivers 

withstanding voltages up to 100V. Logic flexi· 
bility is provided through a 4·input NAND gate, a 
NOR input and an input which bypasses the gating 
and connects to the base of the output transistor. 

NSC DESIGNATION SH DESIGNATION PACKAGE OUTPUT CHARACTERISTICS 

Maximum Standoff 
Voltage 

Current 

OHOO16CN N/A 16 70V 250mA 

DHOO17CN SH2200P 16 SOV 500mA 

DHOO18CN N/A 16 l00V 500mA 



absolute maximum ratings 

Vee BV 
I nput Voltage BV 
Collector Voltage DHOO16CN 70V 

DHOO17CN 50V 
DH001BCN 100V 

Output Surge Current DHOO16CN 1.0A 
DH0017CN & DH001BCN 2.0A 

Power Dissipation 455mW 
Operating Temperature Range O°C to +70°C 
Storage Temperature -65°C to +150°C 

electrical characteristics 

TEST 
NO. 

PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 PIN 7 PIN 8 PIN 9 

2 V ,H V ,H V ,H V ,H GND GND lOll 

3 V'L GND GND lOll V'L 
4 V'L GND GND lOll V'L 
5 V'L GND 

GNDI 
lOll V'L 

6 V'L GND GND lOll V'L 

7 V'L GND IOL2 

B V'L GND IOL2 

9 V'L GND IOL2 

10 V'L GND IOL2 
11 GND GND IOL2 V ,H 
12 VA GND GND GND GND 

13 GND V R GND GND GND 

14 GND GND V R GND GND 

15 GND GND GND VA GND 

16 GND VA 

17 V F V R V R V R GND 

18 VA V F VA V R GND 

19 VA V R V F VA GND 

20 VA V R VA V F GND 

21 GND GND V F 

22 GND GND 

23 GND GND IOL3 GND Vox 

24 GND 

25 GND GND GND 

forcing functions 

SYMBOL O°C +25°C 

Vee 5.0 5.0 
Vpo 5.0 
V MAX B.O 

V'L 0.B5 0.B5 
V ,H 1.9 1.8 

VA 4.5 4.5 
V F 0.45 0.45 
Vox (DHOO16CN) 70 

Vox (DHOO17CN) 50 
Vox (DH001BCN) 100 
lOll (DH0017CN, DHOO18CN) 500 500 

lOll (DHOO16CN) 250 250 

IOL2 16 16 

IOL3 8.0 

PIN 10 SENSE 

Vee Va 

Vee Va 

Vee Va 

Vee Va 

Vee Vs 

Vee V6 

Vee Vs 

Vee Vs 

Vee V6 

Vee Vs 

Vee I, 

Vee 12 

Vee 13 

Vee 14 

Vee 19 

Vee I, 

Vee 12 

Vee 13 

Vee 14 

Vee 19 

Vee Vs 

Vee Is 

Vpo 1'0 
V MAX 110 

+70°C 

5.0 

0.85 
1.6 
4.5 
0.45 

70 
50 

100 
500 
250 

16 

LIMITS 

MIN MAX 

Vall 

Vall 

Vall 

Vall 

Vall 

V OL2 

VOL2 

VOL2 

V OL2 

VOL2 

IA 

IR 

IR 

IR 

IR 

-IF 

-IF 

-IF 

-IF 

-IF 

VOH , 

lox 

Ipo 

IMAX 

UNITS 

V 
V 

V 

V 

V 

V 

V 

V 
V 

V 
mA 
mA 
mA 
mA 
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test limits 

SYMBOL 

VOL 1 

VOL2 

V OH1 

IR 

-IF 

lox 

IpD 

IMAX 

Typical Output Voltages vs -Temperature 

2': ... 
0 

> 
w DH0017CN. DH0018CN le;o 500 rnA 
'" 
~ 

0.3 

~ 

z 
0 0.2 r---;:: r- - DHD016CN Ie = 250 mA-

~ 
:! 0.1 
0-
~ 

0-
~ 
0 

0 2' 50 " 
TEMPERATURE ( C) 

oDe +25°C 

0.6 0.6 

0.45 0.45 

1.95 1.85 

60 

1.6 1.6 

5.0 

12.2 

10 

Typical Switching Times Ie = 250 mA 

DH0016CN 

.... 600 - tO~F ..... ~ w 
'00 r- -'" ~~ ;:: 

o 400 z , 
~ 300 

~ 200 

100 tON 

0 
0 " 

,. " TEMPERATURE j C) 

+70°C UNITS 

0.6 V 

0.45 V 

1.65 V 

60 vA 
1.6 rnA 

200 VA 
rnA 
rnA 

Typical Switching Times Ie = 500 rnA 

DH0017CN,DH0018CN 

] 3.0 

w 
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C> 2.0 
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tOFF ..... 
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'oN 
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switching time test circuit 

PULSE 
GEN. 

fREQ. ' tOO kHz 
DUTY CYCLE' 50,.-, 

PIN1IJwVcc~5V 

PIN 5, PIN 1 GND 

switching time waveform 
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Al = 100H (DH0017CN, 
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Digital Drivers 

DH0028C/DH0028CN*hammer driver 

general description 

The DH0028C/DH0028CN i, a high currellt 
hammer driver designed for utilization in a wide 
variety of printer applications. The device is 
capable of driving 6 amp pulsed loads at duty 
cycles up to 10% (1 ms ON/10 ms OFFI. The 
input is DTLlTTL compatible and requires only a 
single vOltage supply in the range of 10V to 45V. 

'Previously called N H0028C/NH002HCN 

connection diagrams 

Metal Can Package 

Nt 

Order Number DH0028CH 
See Package 11 

typical application 

COLUMN ONE 
INPUT 

features 

• Low standby power 45 mW at Vee - 36V. 
35 mW at Vee C 28V. 

• AND Input with expander affords logic 
flexibility. 

• Fast turn-on, typically 200 ns. 

Molded Dual-I n-L ine Package 

..--04- 1(1 OUTPUT 

, " 
INTERNAL 
CONNECTION 

EXPANDER 4 7 GROUND 

COLUMN TWO 
INPUT 

_J-===.i1L...-+_ 6 INPUT 

Order Number DH0028CN 
See Package 16 

~4.7/1f 

..-+ ___ -+ _____ H.-___ + _____ ~~g~;Rc;lCL~ 

INHlBIT >------~t_-------.....j-.... --------_+__4 

HAMMER "1 

*Use one decoupling capacitor per SIX hammer drillers for Improved AC noise immunity 
-IO*Zener i5 used to cuntrulthe dynamics of the hammer. 

lH 
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HAMMER =2 
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absolute maximum ratings 

Continuous Supply Voltage 
Instantaneous Peak Supply Voltage 

(Pin 1 to Ground for 0.1 sec) 
I nput Voltage 
Expander Input Current 
Peak Output Current (1 ms ON/10 ms OFF) 
Continuous Output Current DH0028C at 25°C 

Operating Temperature 
Storage Temperature 

DH0028CN at 25°C 

Lead Soldering Temperature (10 sec) 

electrical characteristics INote 1) 

PARAMETER 

Logical "1" Input Voltage 

Logical "0" Input Voltage 

Logical "0" Input Current 

Logical "1 . Input Current 

Logical .. , .. Output Voltage 

Logical "0" Output Voltage 

OF F Power Supply Current 

Rise Time (10"{, to 90%) 

Fall Time (90% to 10%) 

T OFF 

CONDITIONS 

Vee - lOV to 45V 

Vee = lOV to 45V 

Vee" 45V. V IN " O.4V 

.Vee" 45V. V IN ~ 2.4V 
Vee = 45V. V IN = S.SV 

Vee'" 45V. V IN ~ 2.0V. 

lOUT" '.6A 
Vee ~ 36V. V IN 2.0V. 

lOUT'" SA 
(Note 2) 

Vee" 45V. RL" 'k. V IN " O.SV 

Vee 45V, V 1N O.OV 

Vee 45V, RL - 39S! 
V 1N -; 5.0V peak. PRF - 1 kHz 

Vee 45V.RL"39~~ 

V IN "" 5.0V peak, PRF 1 kHz 

Vee'= 45V, RL '" 39H 
V 1N " S.OV peak. PRF -= 1 kHz 

Vee" 45V. RL ~ 3912 
V IN - 5.0V peak. PRF - 1 kHz 

45V 

60V 
5.5V 

5.0mA 
6.5A 

750mA 
1000 mA 

o°c to 700 e 
-65°C to +175°C 

3000 e 

MIN 

2.0 

43.0 

335 

Nota 1: These sPf!clflcattOns apply for ambient temperatures from aOe to 70°C unless otherwise 
specified. All typical values are for 2SoC ambient 

Note 2: Measurement made at 1 ms ON and 10 ms OFF 
Note 3: Power ratIngs for the DHOO28C are based on a rnall:lmum lunctlon temperature of 17SoC and 
a thermal reSistance of 2100 C/W 

Note 4: Power ratings for the DH0028CN are based on a maximum junction temperature of 115°C 
and a thermal resistance of 1500 C/W 
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typical performance characteristics 
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0.2 
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Digital Drivers 

DH0034/DH0034C high speed dual level translator 

general description 

The DH0034(DH0034C is a high speed level trans­
lator suitable for interfacing to MOS or junction 
FET analog switches. It may also be used as a 
universal logic level shifter capable of accepting 
TTLlDTL input levels and shifting to CM L, MOS, 
or SL T levels. 

features 

• Fast switching, tpdO: typically 15 ns; tpd 1 : 

typically 35 ns 

• Large output voltage range: 25V 

• Input is TTLlDTL compatible 

• Low output leakage: typically 0.1 /lA 

• High output currents: up to ±1 00 mA 

schematic and connection diagrams 

GND 

typical applications 

5 MHz Analog Switch 

-t5 +lDV 

Metal Can Package 

GNO 

.TOPVIEW 

Order Number DH0034H 
or DH0034CH 
See Package 11 

Dual·in·Line Package 

NC1 14 Vee 

A, , 

" J 

Nt • 

,- . 
OUTPUT 1 & 

GNO 7 • Nt 

TOP VIEW 

Order Number DH0034D 
or DHOO34CD 
See Package 1 

TTL to IBM (SL T) Logic Levels 

ANALOG ,.OV 
OUT 

r----J----, 51' '::" 

I I 
I 

INPUT I OUTPUT I 

-lV 

INPUT2 OUmJT2 

I 
I 

OH .. 34 I 
L----J----.J ." 

'::" 
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absolute maximum ratings 

Vee Supply Voltage 7.0V 

Negative Supply Voltage -30V 

Positive Supply Voltage +25V 

Differential Supply Voltage 2SV 

Maximum Output Current 100mA 

Input Voltage +S.SV 

Operating Temperature Range: DH0034 -SSoC to +125°C 

DHOO34C O°C to +8SoC 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (See Notes 1 & 2) 

PARAMETER CONDITIONS 
DHOO34 DHOO34C 

MIN TYP MAX MIN TYP 

Logical 'T' Vee ~ 4.5V 2.0 
Input Voltage Vee ~ 4.75V 2.0 

Logical "0" Vee ~ 5.5V 0.8 
Input Voltage Vee~4.75V 

Logical "1" Vee ~ 5.5V, Y'N o2AV 40 
Input Current Vee 0 5.25V. Y'N o2AV 

Logical "1" Vee 0 5.5V, Y'N °5.5V 1.0 
Input Current Vee 0 5.25V, Y'N o5.5V 

Logical "0" Vee 0 5.5V, Y'N °OAV 1.6 
Input Current Vee 0 5.25V. Y'N c O.4V 

Power Supply iNote 31 
Current Vee 0 5.5V. Y'N o4.5V 30 38 
LogiC "0" Vee 0 5.25V. Y'N o4.5V 30 

Power Supply INote 31 
Current Vee ~ 5.5V. Y'N oOV 37 48 
Logie "1" Vee 0 5.25V. Y'N °OV 37 

Logical "0" Vee 0 4.5V.loUT ° 100 rnA V- + .50 V- + .75 V- + .50 
Output Voltage Vee 0 4.5V. lOUT 050 rnA V- + .3 V- + .50 V- + .3 
Output Leakage Vee 0 5.5V. Y'N - O.BV 0.1 5 0.1 
Current V+· V- 0 25V 

Transition Time to Vee 0 5.0V. V3~ OV.TA~ 25°C 15 25 15 
Logical "0" V- 0 -25V. RL ~ 51011 

Transition Time to Vee 0 5.0V. TAo 25°C 35 60 35 
Logical "1" V- 0 -25V. RL ~ 51011 

Note 1: These specifications apply over the temperature range -5SoC to +12SoC for the DHOO34 
and aOc to +8So C for the DH0034C with a 510 ohm resistor connected between output and ground, 
and V- connected to -25V, unless otherwise specified. 

Note 2: All typical values are fo. T A = 2SOC. 

Note 3: Current measured is total drawn from Vee supply_ 

MAX 
UNITS 

V 

V 
0.8 

f.J.A 
40 

rnA 
1.0 

rnA 
1.6 

rnA 
38 

rnA 
48 

V-+ .80 V 
V- + .65 V 

5 f.J.A 

35 ns 

65 ns 



theory of operation 

When both inputs of the DH0034 are raised to 
logic "1", the input AND gate is turned "on" 
allowing o1's emitter to become forward biased. 
01 provides a level shift and constant output cur· 
rent. The collector current is essentially the same 

Vee - VBE 
as the emitter which is given by R 1 

Approximately 7.0 mA flows out of 01's col· 
lector. 

applications information 

1. Paralleling the Outputs 

The outputs of the DH0034 may be paralleled to 
increase output drive capability or to accomplish 
the "wire OR". In order to prevent current hog· 
ging by one output transistor or the other, resis· 
tors of 2 ohms/l00 mA value should be inserted 
between the emitters of the output transistors and 
the minus supply. 

2. Recommended Output Voltage Swing 

The graph shows boundary conditions which 
govern proper operation of the DH0034. The 
range of operation for the negative supply is 
shown on the X axis and must be between -3V 
and -25V. The allowable range for the positive 
supply is governed by the value chosen for V-. V+ 
may be selected by drawing a vertical I ine through 
the selected value for V- and terminated by the 

About 2 mA of 01's collector current is drawn off 
by pull down resistor, R2. The balance, 5 mA, is 
available as base drive to 02 and to charge its 
associated M iller capacitance. The output is pulled 
to within a VSAT of V-. When either (or both) 
input to the DH0034 is lowered to logic "0," the 
AND gate output drops to 0.2V turning 01 off. 
Deprived of base drive 02 rapidly turns off causing 
the output to rise to the V 3 supply voltage. Since 
02's emitter operates between O.6V and 0.2V, the 
speed of the DH0034 is greatly enhanced. 

bou ndaries of the operating region. For example, a 
value of V- equal to -6V would dictate values of 

25 

~ 
20 

w 15 .. 
10 

~ 
> 

V-<-3V 
v+ V-:;::;25V V 

,/ 

1.% 
~ OPERATING REGION -f-

~ -5 

> -10 
;:: -15 

~ -20 

-25 

V 
.;' 

f' 

"" -24 -18 -12 -6 

NEGATIVE SUPPl Y VOL TAGE I-VI 

V+ between -5V and +19V. In general, it is de­
sirable to maintain at least 5V difference between 
the supplies. 
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general description 

The DH0035/DH0035C is a high speed digital 
driver designed to drive PIN diodes in RF modula­
tors and switches_ The device is used in conjunction 
with an input buffer such as the DM7830/DM8830 
or DM5440/DM7440_ 

features 
• Large output voltage swing - 30V 
• Peak output current in excess of 1 Amp 

• Inputs TTLlDTL compatible 

• Short propogation delay - 10 ns 

• High repetition rate - 5 MHz 

The DH0035/DH0035C is capable of driving a 
variety of PIN diode types including parallel, 
serial, anode grounded and cathode grounded_ For 
additional information, see AN-49 PIN Diode 
Drivers_ 

The DH0035 is guaranteed over the temperature 
range _55°C to +!25°C w~ereas the DH0035C is 
guaranteed from 0 C to 85 C_ 

schematic and connection diagrams 

.. 
'" 

" , " 
INPUT aO---'VYv-.... - ... 

Metal Can Package 

TOP VIEW 

Order Number DH0035G 
or DH0035CG 
See Package 6 

typical applications 
Grounded Cathode Design 

V' ~ +10V 

rf----~~ 
20OpF. 11 h 

r-----~~----~~~I I 

I ~I-"~-, 
1 Ir-----, 

XI--::-"---IP----.:.'!-l II Dro~E I 
20 F I I I SWITCH I • l' .1 I L-__ -l 

~--I~'~~ ,,-
- l "~ 

v· ~-lDV 

Note: Cathode grounded PIN diode: Rp = 62n limits diode forward current to 100 mAo Tvpical 
switching for HPl3604A, RF turn-on 25 os, turn-off 5 ns. C2 '" 250 pF. Rp = 011, 1:1 = 0.1 F. 



absolute maximum ratings 

v~ Supply Voltage Differential (pin 5 to Pin 1 or 2) 40V Storage Temperature Range 
V+ Supply Voltage Differential (Pin 1 or 2 to Pin 801 9) 30V 

Input Current (pIn 3 or 7) ±75 rnA 
Peak Output Current !: 1.0 Amps 
Power DisSipation (Note 3) 1 5W 

Operating Temperature Range DH0035 

DH0035C 

Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Notes 1, 2) 

PARAMETER CONDITIONS 
LIMITS 

MIN TYP MAX 

Input Logic "1" Threshold VOUT - -8V, RL - won 1.5 

Input logic "0" Threshold VOUT = +8V, RL = lOOn 0.4 

Positive Output Swing lOUT = 100 rnA 7.0 +8.0 

Negative Output SWing lOUT = 100 mA -8.0 -7.0 

Positive Short Circuit Current Y'N -OV, RL - on 400 800 
(Pulse Test; Duty Cycle::;: 3%) 

Negative Short Circuit Current Y'N - 1.5V, 'iN - 50 mA, RL - on 800 -1000 
(Pulse Test, Duty Cycle:S:: 3%) 

Turn~On Delay Y'N ~ 1.5V, V OUT - -3V 10 15 

Turn-Off Delay V JN = 1_5V, V OUT = +3V 15 30 

On Supply Current V IN =- 1.5V 45 60 

Note 1: Unless otherwise specified, these specifications apply for V+ '" 10_0V, V- = -lO.OV, pin 5 
grounded, over the temperature range _55°C to +125°C for the DH0035, and O°C to 85°C for the 
DH0035C. 

Note 2: All typical values are for T A = 25°C. 

Note 3: Derate linearly at 10 mWrC for ambient temperatures above 25°C. 

typical applications (cont.) 

LOGIC 
INPUT 

Grounded Anode Design 
V'=IOV 

, ___ :t __ j rl----~'~ 
I I Q 200 pF 11 111 
I I 1 1 
1 1 1 
I I. ,I Ir---, 
1 .><>-""'1.-0------<.---'-7-1-1 1 1 or:~, I 
1 1 20pF 1 I I SWITCH I 
1 ~ I""--...J L 1120M1830/DM883D I OHODJ5 

. ~212;h ---1'----' -1---~-.l-= 

56Q ":" 

V-=-lD.DV 

Note: Anode Grounded PIN diode: RM '" S6n limits diode forward CUITentto 100 rnA. Typical' 
switching for HP33622A, RF turn·on 5 ns; turn·off 4 ns.. C1 '" 470 pF, C2 '" 0.1 iJF. AM " OQ. 

Alternate Current limiting 

v' 

-65°C to +150°C 

-55"C to +125"C 

O°C to +8So C 

300°C 

UNITS 

v 

v 

v 

V 

mA 

mA 

ns 

mA 
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Digital Drivers 

DH3467C quad PNP core driver 

general description typical characteristics 

The DH3467C consists of four 2N3467 type PNP 
transistors mounted in a 14-pin molded dual-in-line 
package. The. device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, high stand-off voltage, and 
fast turn-on and turn-off times. 

Turn-ON Time 

Turn-OFF Time 

Collector Current 

Collector-Base Breakdown Voltage 

Collector Saturation Voltage 
atlc=lA 
Collector Saturation Voltage 
at Ie = 0.5A 

connection diagram 
Dual-In-Lina Package 

. , 
t-i -
I I 
I I 
I I 
I I 

-l1.ZV I I 
1-----1 t2r----1 

------4 t,f----l tlt----

-30\1 

SBn 

200n 

IN916 

.JV 

NC 

TOP VIEW 

Order Number DH3467CN 
See Package 17 

StOPE 

-·~1-r--

-lO .• VU 
2% 

'''''' 

-30\1 

18 ns 

45 ns 

1A 

120V typo 

0.55V 

0.31V 

SCOPE 

PW=20Dns 
fUSETlME<2ns 
DUTY CYCLE = Z% 

FIGURE 1. Turn-On Equivalent Test Circuit FIGURE 2. Turn-Off Equivalent Test Circuit 

1 8v 
_,ovUl 
-l ~10~S 

Vcc=-3OV 

DUTY CYCLE =2% 

591l 

180H 

FIGURE 3_ QT Test Circuit 

~
C<CO~ 

·c ~ 0 

C 
TlME­

CoR 



absolute maximum ratings 

Collector to Base Voltage 
Collector to Emitter Voltage 
Collector to Emitter Voltage (Note 1) 
Emitter to Base Voltage 
Collector Current - Continuous 
Power Dissipation IT A ~ 25°C) (each device) 
Power Dissipation IT A ~ 25°C) (total package) 
Operating Junction Temperature 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 

40V 
40V 
40V 

5V 
1.0A 

O.85W 
2.5W 

150°C Max 
O°C to +85°C 

-65°C to +150°C 
300°C 

electrical cha racteristics ITA ~ 25°C, unless otherwise specified) 

PARAMETER 

Collector to Base Breakdown Voltage (BVeBo) 

Emitter to Base Breakdown Voltage (BVEBO ) 

Collector to Emitter Breakdown Voltage 

(Note 1) (BVeEo ) 

DC Pulse Current Gain (Note 1) {hFE I 

DC Pulse Current Gain (Note 1) {h FE I 

DC Pulse Current Gain (Note 1) (hFEI 

Pulsed Collector SaturatIon Voltage (Note 1) (VcE (sal)1 

Pulsed Collector Saturation Voltage (Note 1) (V CE(satl) 

Pulsed Collector Saturation Voltage (Note 1) (VCEbatl) 

Pulsed Base Saturation Voltage (Note 1) (VBE(satJ) 

Pulsed Base Saturation Voltage (Note 1) (VBE(sat)l 

Pulsed Base Saturation Voltage (Note 1) (VBE(satl) 

Collector Cutoff Current (ICBOI 

Collector Cutoff Current (lCBO(100 c C) 

Collector Cutoff Current (lCEX) 

Base Cutoff Current (lsLI 

Total Control Charge (Figure 3) (OT) 

Turn On Delay Time (Figure 1) (td ) 

Rise Time (Figure 1) (tr ) 

Storage Time (Figure 2) (ts ) 

Fall Time (Figure 2) (tfl 

Output Capacitance (f = 100 kHz) (Cob) 

Input Capacitance (f = lOa kHz) (C ib ) 

High Frequency Current Gain (f = 100 MHz) {hfel 

Note 1: Pulsed test. PW = 300~s, duty cycle = 1 % 

CONDITIONS 

Ic::= 10pA IE -'" 0 

IE "--10,uA Ic:'=O 

le=10mA 18=0 

Ie = 150 rnA VCE = -1.0V 

Ie 500 mA VeE "- -l.OV 

Ic = 1.0A VCE = -50V 

le= 150mA Is= 15mA 

Ie = 500 mA 18 - 50 rnA 

Ic= 1.0A Is= lOOmA 

Ic=150mA I R =15mA 

Ie = 500 mA 18 = 50 mA 

Ic= 1.0A 16= lOOmA 

Vcs=-30V 18=0 

V cs =- -30V Is=- a 
Vce =- -30V V ES -- -3_0V 

Vee = -30V VES "" -3.0V 

le= SOOmA 18 =- 50mA 

Ie = 500 mA 181 = 50 rnA 

Ie = SOD mA I S1 = 50 mA 

le=500rnA IS1 = I s2 =50mA 

Ic=500mA IS1 =l s2 =50mA 

IE=O Vcs=-10V 

Ic:::' 0 Ves'" -O.5V 

Ic "·50mA V cE =10V 

LIMITS 

MIN 

-40 

-5.0 

-40 

40 

40 

40 

-0.8 

1.75 

MAX UNITS 

V 

V 

V 

120 

-0.30 V 

-0.50 V 

-1.0 V 

-1.0 V 

-1.2 V 

-1.6 V 

100 nA 

15 IlA 

100 nA 

120 nA 

6.0 nC 

10 ns 

30 ns 

60 ns 

30 ns 

25 pF 

100 pF 
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Digital Drivers 

o H3725C quad NPN core driver 

general description 

The DH3725C consists of four 2N3725 type NPN 
transistors mounted in a 14-pin molded dual-in-line 
package_ The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, high stand-off voltage, and 
fast turn-on and turn-off times_ 

connection diagram 

typical characteristics 

Turn-ON Time 

Turn-OFF Time 

Collector Current 

Collector-Base Breakdown Voltage 

Collector Saturation Voltage 
at Ic ~ 1A 

Collector Saturation Voltage 

atlc~O_5A 

Dual-In-Line Package 

" 

NO NO 

switching time test circuit 

DUTY CYCLE < 2% 

TOP VIEW 

Order Number DH3725CN 
See Package 17 

-l8V +30V 

15f2 

,Kn 

',' 
~VOUT 

TO SAMPLING SCOPE 

1,<1 liS 

Ie ~ 500 rnA, IS1 ~ 50 rnA, IS2 ~ -50 rnA 

18 ns 

45 ns 

1A 

120V typ_ 

0_55V 

O_31V 



absolute maximum ratings 

Collector to Base Voltage 
Collector to Emitter Voltage 
Collector to Emitter Voltage (Note 1) 
Emitter to Base Voltage 
Collector Current - Continuous 
Power Dissipation (T A ~ 25°C) 
Power Dissipation (T C ~ 25°C) 
Operating Junction Temperature 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 

80V 
80V 
50V 
6V 

1.0A 
0.6W 
1.5W 

150°C Max 
O°C to +85°C 

_65°C to +150°C 
300°C 

electric a I characteristics - Each transistor (T A ~ 25°C, unless otherwise specified) 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX 

Collector to Emitter 
Sustaining Voltage (VCEO (sust) 

Collector to Emitter 
Breakdown Voltage (BVCES ) 

Collector to Base 

Breakdown Voltage (BV CBO) 

Em itter to Base 
Breakdown Voltage (BVEBO ) 

Collector Saturation 

Voltage (VeE (Satl) (Note 2) 

DC Pulse Current Gain (h FE ) (Note 2) 

Base Saturation 
Voltage (VBE (Sat) (Note 2) 

Collector Cutoff Current (leBO) 

Turn-ON Time 

Turn-OFF Time 

High Frequency Current Gain 

Common Base, Open Circuit, Output 
Capacitance 

Common Base, Open Circuit, Input 

Capacitance 

Ie ~ 10 mA, IB ~ 0 

Ie ~ 10 JlA, V BE ~ 0 

Ie ~ 1 A, IB ~ 100 mA 
Ic ~ 0.5A, IB ~ 50 mA 

Ie ~ O.lA, IB ~ 10 mA 

Ic ~ lA, VCE ~ 5V 

Ic = 0.5A, VCE = lV 

Ic = O.lA, VCE = lV 

le= lA, IB ~ 100mA 
Ic ~ 0.5A, IB ~ 50 mA 

le=O.lA, IB~ 10mA 

IE = 0, VCB ~ 60V 

Ie ~ 0.5A, IB1 ~ 50 mA 

(See test circuit) 

Ie ~ 0.5A, IB1 ~ 50 mA 

IB2~50mA 

(See test circuit) 

f ~ 100 MHz, Ie = 50 mA, 
VeE ~ 10V 

IE ~ 0, VCB ~ 10V 

50 

so 

so 

6.0 

25 
35 

60 

2.5 

0.55 

0.31 

0.19 

65 
45 
90 

1.10 

0.95 
0.75 

0.33 

lS 

45 

4.5 

4.S 

40 

Note 1: Ratings refer to a high-current point where collector-to-emitter voltage is lowest. 

Note 2: Pulse conditions: Length = 300 IlS, duty cycle = 1%. 

0.95 

0.52 

0.26 

150 

1.70 
1.20 
0.S6 

1.70 

30 

60 

10 

55 

UNITS 

V 

V 

V 

V 

V 
V 

V 

V 
V 
V 

JlA 

ns 

ns 

pF 

pF 
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DH6376C quad NPN core driver 

DESCRIPTION 

The DH6376C consists of four 2N6376 type NPN 
transistors mounted in a 14-pin molded dual-in-line 
package. The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, and fast turn-on and turn-off 
times. Also available in ceramic dual-in-line as 
DH6376. 

TYPICAL CHARACTERISTICS 

Turn-On Time 
Turn-Off Time 
Collector Current 
Collector-Base Breakdown Voltage 
Collector Saturation Voltage 

at Ie = 1A 
Collector Saturation Voltage 

at Ic = 0.5A 

12 ns 
28 ns 

1A 
110V typo 

0.48V 

0.31V 

ABSOLUTE MAXIMUM RATINGS 

o igita I 0 rivers 

CONNECTION DIAGRAM 

Dual-In-Line Package 

·14 

NC NC 

TOP VIEW 

O,de, Numbe, DH6376CN 
See Package 17 

Collector to Base Voltage ... _ .. _ .. _ ............. _ .............. _ 75V 
Collector to Emitter Voltage (Note) __ .............................. 40V 
Emitter to Base Voltage .... _ ... _ .... _ ...... __ ............... _ .. 6V 
Collector Current - Continuous .... _ .. _ . __ ........ _ . . . . . . . . . . . . .. 1.0A 
Power Dissipation (T A = 25°C) each device __ ....... _ . . . . . . . . . . . . . .. 0.85W 
Power Dissipation (T A = 25°C) total package ... _ .. _ .... _ ..... _ . . . . .. 2.5W 
Operating Junction Temperature ..... _ ...... _ ..... _ ........ _. 150"C Max 
Operating Temperature Range .. _ ... _ . . . . . . . . . . . . . . . . . . . . .. O°C to +85°C 
Storage Temperature Range ............................ -u5°C to +150°C 
Lead Temperature (Soldering, 10 seconds) ........................... 300°C 

Note: Ratings refer to a high-current point where collector-to-emitter voltage is lowest. 



ELECTRICAL CHARACTERISTICS 

Each transistor (T A = 25°C, unless otherwise specified) 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Collector to Emitter Sustaining Voltage Ie" lamA, 1."0 40 V 
(VeEo (sustll 

Collector to Base Breakdown Voltage Ie" laMA, IE"O 75 V 
(BVeoo ) 

Emitter to Base 8rea,kdown Voltage Ie = 0, IE = 10 j.lA 6.0 V 
(BVE• O) 

Collector Saturation Voltage (VCEISATIJ Ie = 1 A, I. " 100 mA 0.48 0.55 V 
(Note 11 Ie "0.5A, I. " 50 mA 0,31 0.4 V 

Ie = O.lA. I. " 10 mA 0.19 0.25 V 

DC Pulse Current Gain (hFEl (Note 1) Ie = lA, VeE = lV 20 
Ie = 0.5A, VeE = ]V 30 90 
Ie = O.lA, VeE "]V 60 

Base Saturation Voltage (VSE(sAT)1 (Note 1) Ie = lA.I. = 100mA 1.05 1.20 V 
Ie = 0.5A, 10 = 50 mA 0.93 1.00 V 
Ie = O.lA, 10 = 10 mA 0.75 0.80 V 

Collector Cutoff Current (leBo) IE =0, Veo =60V 0.5 MA 

Turn-ON Time Ie "0.5A, 101 "50 mA 10 12 20 ns 
(See test circuit) 

Turn-OFF Time Ie = O.SA, 181 "" 50 rnA, 182 = 50 rnA 20 28 35 ns 
(See test cIrcuit) 

High Frequency Current Gain f = 100 MHz, Ie = 50 mA, VeE = 10 V 3.0 

Common Base, Open Circuit, Output Capacitance IE = 0, VeB = 10V 9 pF 
---_.-

Common Base, Open Circuit, Input Capacitance Ie = 0, V OE = 0.5V 60 pF 

Note 1! Pulse conditions: Length = 300#LS, duty cycle = 1 %. 

TYPICAL PERFORMANCE CURVES (each transistor) 

DC Current Gain vs VCEISAT). Collector VaEISAT). aase 
Collector Current Saturation Voltage Saturation Voltage 

120 OJ '.3 ..... VeE = 1V !s: ,~ 1111111 .!£.=tD 
100 

TA = 125°C ". I, 
z 

II '\. I, I1111111 
'.1 

~ 

i BD U -I L \ E I TA ,,~~!c E OJ T ... ~ 

il .. TATt j D.3 ~ 1,,"25·C 
Q 

TA = 125~C J 0,1 

TAJ,~ V , 
40 ~=-55QC 

D2 

!t TA =_55°C ... 
lD 

III 
a., 

1111111 
I II 

a • OJ 
10 , .. 1000 .. , .. , ... 10 , .. ,.., 

Ie - COLLECTOR CURRENT (mAl Ie - COLLECTOR CURRENT {mAl Ie - COLLECTOR CURRENT (mAl 
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TYPICAL PERFORMANCE CURVES (Con't) (each transistor) 

u 

1.1 

1.0 
;e 
~ 0.' 

J .. 
0.7 

0.6 

IIlO 

~ 10 

" § 

VBE(ON). Base Emitter 
On Voltage 

V" ~,~ 
TA =25'[: 

10 100 

Ie - COllECTOR CURRENT (rnA) 

Capacitance vs Reverse 
Bias Voltage 

c= C,bo 

l- e.;. 

1000 

I 

i 
1.' 

'.1 1.0 10.0 

I 
60.0 

100 

50 

40 

I 30 
j 

2D 

10 

REVERSE BIAS VOLTAGE (V) 

toff vs Ambient 
Temperature 

Ie "300mA '{ 
Ie = 5DOmA:::-t' 

Ic=lA I 

b:::S'li S'liS'li 
i'== 

-eo -30 0 30 60 90 120 

TA - AMBIENT TEMPERATURE I"C} 

;e 
~ 

ii1 

] 

~ 

"" 
110 

III 

1II 

50 

:II 

40 

35 

" 
25 

zo 

" 
10 

BVCER vs RBE 

Ic=10mA 

1\ 

10 10. 1k 10k 

RBE,lul 

Switching Times vs 
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Power Supplies 

PSM6501 ±15V. 100mA power supply module 

general description features 

The PSM6501 is a ±15V modular power supply 
capable of. continuously delivering 100 rnA DC 
minimum. The required input voltage is 105V to 
125V AC at 50 Hz to 440 Hz. This supply 
incorporates short circuit protection, thermal shut­
down protection to prevent thermal runaway and 
safe operating area compensation in the output 
devices to limit internal power dissipation. Inte­
grated circuits are used extensively to improve 
reliabi lity. 

• Complete compact plug-in module 

• Excellent line and load regulation 

• AC input, DC output 

• Output short circuit protection 

• Thermal shutdown - avoids runaway 

• Safe area compensation 

equivalent circuit 

~--------------------------, 
: I 
I 
I 
I 

+15V 

::tJ11 ... ---.... --~~---I---<l CDM. 

I 1------t--oO -15V 

I I L ______________________ ~ 

typical application 

+115VAc 
OUTLET 

Operational Amplifier Power Supply 

+15V V, 00-,'VV' ....... 1-;i 

""50' COMM 

~15V -=-

Order Number PSM6501 

(For Matching Socket Order Part Number SKTOOO1) 
See Package 34 

>. .... -<> v, 
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electrical characteristics cg (Note 1) 

:!: 
en PARAMETER CONDITIONS MIN TYP MAX UNITS 
n. 

Y'N 50 Hz - 440 Hz 105 125 VAC 

VOUT Positive 15 15.30 Vac 

VOUT Negative -15 -15.30 Vac 

lOUT ±100 rnA 

VOUT Tracking 0.1 % 

VOUT Tempco 0.015 %i"c 
Line Regulation ±10 VAC 0.02 0.05 % 

Load Regulation o mA - 100 mA 0.03 0.1 % 

Isolation 50 MQ 

ROUT 10 kHz 0.2 Q 

Ripple & Noise 0.5 mVrms 

Warm-up Drift 45 mV 

Note 1: All parameters apply for T A = 25°C, VIN = 115 Vrms @ 60 Hz, unless otherwise noted. 

The PSM6501 replaces the following part types: 

902 ZM15100 
543 MD15D 

2212 P1106 

LCD2.15.100 SE902 

SP5902 
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Package 1 

14 Lead Cavity DIP (DI 

Package 3 

10 Lead Flat Package (F) 

1_~i'550DlAREF-1 
11.110 
MAX t t- --
0.500 n.!Z2 

T_J~ ~ ~~ 0.030 

~~lEADS0017IJ1A 

Package 6 

12 Lead TO-8 Metal Can (G) 

~
.~'.oao MAX 

I 11.004 
(1[106 

'I 

Package 4 

Physical Dimensions 
(All dimensions are in inches.) 

0.280 
MA> 

~ 0.110 ~ ----jr O•OZO O.031~ f-
I MAX I !i ~O.O1O 0050! : ~~; 0045 

Jq PlNI~~N;-~11=fH1fHH1fHfr·or5 
! --~~:~~~ V1f¥¥1f~V1f f 
I I I '! ~.12~ 
_0325+0.I)Z5~ 0.100 ____ I 0.015 II MIN 
i . -0.015 ~O.010 r O.019--jr-

Package 2 

16 Lead Cavity DIP (D) 

i--. 0.390 __ ' 

I MAXIlLASS I 
0061 i "0.050 
0018--'1-- -"! l1~nuu5 

r------r 
I I 

I 

Package 5 
14 Lead Flat Package (F) 16 Lead Flat Package (F) 

l.-~ DIA -.J 

~
1.4441~ 

.150 

~~ 

T r 
I .030 

L~~ ~~ un 
.019 .-
.Iff6 0lA 

IZ LEADS 

Package 7 

12 Lead TO·S Metal Can (G) 
(AH2114/AH2114C only) 

t-. O.ZOg J 
0230 

1t--0.115~ 

SEATINGPIANE11'niO'1951111~O 
~~jOI" 

o n o~EI 
~:~i~ -i! L- 0.500 
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Package 8 
4 Lead TO-72 Metal Can (H) 
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'0.2311 FOR HYBRIDS 

HEXCEPT ~ FORLH0024 
0165 

***STANOOFF NOT INCLUDED ON HYBRIDS, 

Package 9 

8 Lead TO-5 Metal Can (H) 

, 
~ ______ .gO!l·Ql0 - -- ------1 

i 0.370 

I OJD!) ii-OJJ5DIAi 

___ D.3J5
mAl 

D1"1~'D50 11185 MAX 

J - ---.i 
I I 

D~~ D~:~ _~I~ ~ ~1011D DIA 
0.016 DIA10lEA[]~~ JI _ 0.160 
0.019 • ,r-

Package 10 

10 Lead TO-5 Metal Can (H) 

(Low Profile) 

SEAL~, -CERAMIC LID t:~::~ 
\ "c' 

Lr-"'\~·~L ________ -,I,--",.,19DLx ~M~: 
D.DDB -It 
0012 

~
--~-----I 

:135 I 

, t-'¥.l~--j i_, 
L~_: 1 ,"'NO'" 

.Olllr- -{ 
1i22 i 

.560 

00 n 0 00 __ T 
~--i'~ 

DimensiDn Ii 0.155/0.18S lor all pr"ductse~cepl as 
fullows:n.260/0.Z9DforLH0001H/LH0001CH,lHOOO3/ 
LH0003CH,and lHOOO4llH0004CH; !I.240/0.260 for 
lHD005AH/lH0005H/lH0005CH;O.IBO/02IDfm 
MHOO07H/MH0001CH. 

Package 11 

10 Lead TO-5 Metal Can (H) 

GLASS 0.060 
SEALANT'- '0.005 

04f'lu ~.l. 
.250, ow" SWAGE PIN CO. 010 00' OIA 

~ SOLDER COATED 
f-.-' : 0.1£10 

O.385_---..J 
tll.lIlS I 

r-- 0.10U I 
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Package 12 

8 Lead Cavity Package (J) 

~:~~~ DIA 

(2JHOLES 

Package 14 

8 Lead TO-3 Metal Can (K) 

Package 13 

14 Lead Cavity DIP (J) 

T 
PINNO.lINOENT~ 0.2.50 

~=r;'FF;FT;;;;I .:1' 
~0300-----i0.030 
I 0.320 I MAX 

~D" ~ --\\--::015 
10325+0.02.5 __ 1 ~. -0.015 

f-~.o" 
TYP 0.130 

",0.005 

0.065-- ~ IJ t oJ" : I ': --0.125 MIN 

0.045 "_ 1-11_ 0018 MIN 
,0.015 I I ' :0.003 

~ ~0.100 
TVP 

Package 15 

8 Lead Molded Min; DIP (N) 
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Package 16 

10 Lead Molded DIP IN) 
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Package 17 

14 Lead Molded DIP (N) 

- 2.50---------i 
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I f..-0.090 
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M0009 
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Package 18 

16 Lead Molded DIP (N) 
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Package 19 

Molded Module 

t 1,26 14 I~~CINGS 
0000000 , , INCHES TO MILLIMETERS CONVERSION TABLE 

o 

" " 0"00000 

Package 20 

Molded Module 

I "" ~ iMIr.! 

INCHES MM 

.001 .0254 

.002 .0508 

.003 0762 

.004 .1016 

.005 .1270 

.006 .1524 

.007 .1778 

.008 2032 

.009 .2286 

INCHES MM INCHES 

.010 .254 .100 

.020 .508 .200 

.030 .762 300 

.040 1.016 ADO 

.050 1.270 .500 

.060 1524 .600 

.070 1.778 .700 

080 2.032 .800 

.090 2.286 .900 

MM 

2.54 

5.08 

7.62 

10.16 

12.70 

15.24 

17.78 

20.32 

22.86 
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