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NUMERICAL DEVICE INDEX 

SSS Standard SSS Standard 
Part Number Description Page Part Number Description Page 

SCL40008 Dual 3-input NOR gate SCL40478 Monostable/astable 

and inverter 20 multivibrator 124 

SCL40018 Quad 2-input NOR gate 22 SCL4049U8 Hex inverter buffer/ 

SCL4001U8 Quad 2-input NOR gate level shifter 128 

funbufferedJ 24 SCL 40508 Hex non-inverting buffer/ 

SCL40028 Dual 4-input NOR gate 22 level shifter 128 

SCL40068 18-stage shift register 27 SCL40518 8-channel analog multiplexer 

SCL4007U8 Dual complementary pair demultiplexer 131 

and inverter 29 SCL40528 Differential 4-channel analog 

SCL40088 Four-bit full adder 32 multiplexer/demultiplexer 131 

SCL4009U8 Hex inverting buffer/ SCL40538 Triple 2-channel analog multi-

level shifter 36 plexer/demultiplexer 131 

SCL 40108 Hex non-inverter buffer/ SCL40608 14-stage binary counter 

level shifter 36 and oscillator 136 

SCL40118 Quad 2-input NAND gate 39 SCL40668 Quad analog switch 140 

SCL4011U8 Quad 2-input NAND gate SCL40688 8-input NAND gate 39 

funbufferedJ 41 SCL4069U8 Hex inverter 145 

SCL 40128 Dual 4-input NAND gate 39 SCL40708 Quad 2-input exclusive-

SCL40138 Dual D-type flip-flop 44 OR gate 147 

SCL40148 8-stage parallel-input/ serial- SCL40718 Quad 2-input OR gate 149 

output shift register 46 SCL40728 Dual 4-input OR gate 149 

SCL40158 Dual 4-stage serial-input/ SCL40738 Triple 3-input AND gate 156 

parallel-output shift SCL40758 Triple 3-input OR gate 149 

register 48 SCL40768 4-bit D-type register 

SCL40168 Quad analog switch 50 w/3-state outputs 151 

SCL40178 Decade counter wt 1 O SCL 40778 Quad 2-input exclusive 

outputs 56 NOR gate 154 

SCL 40188 Presettable divide-by-N .,.scL 40788 8-input NOR gate 22 

counter 61 SCL 40818 Quad 2-input AND gate 156 
SCL40198 Quad AND-OR select gate 64 SCL 40828 Dual 4-input AND gate 156 

SCL40208 14-stage binary counter 66 SCL 40858 Complex gate AND-OR inverter 158 

SCL40218 8-stage parallel-input/serial SCL 40868 Complex gate AND-OR inverter 160 

output shift register 69 SCL 40938 Quad 2-input NAND Schmitt 
SCL 40228 Octal counter w/8 decoded trigger 162 

outputs 72 SCL 40948 8-stage shift and store 
SCL40238 Triple 3-input NAND gate 39 register 165 
SCL40248 7-stage binary counter 77 SCL40998 8-bit addressable latch 168 
SCL40258 Triple 3-input NOR gate 22 SCL 41608 BCD decade counter wl 
SCL4026A8 Decade counter w/7 asychronous clear 170 

segment outputs 80 SCL41618 4-stage binary counter w/ 
SCL40278 Dual JK-type flip-flop 85 asychronous clear 170 
SCL40288 BCD-to-decimal decoder 87 SCL41628 BCD decade counter w/ 
SCL40298 Presettable up/down synchronous clear 170 

binary decade counter 90 SCL 41638 4-stage binary counter w/ 
SCL4030B Quad 2-input exclusive synchronous clear 170 

·OR gate 94 SCL 41748 Hex D flip-flop 175 
SCL4033A8 Decade counter w/7 SCL 41928 4-bit BCD up/down counter 178 

segment outputs 80 SCL 41938 4-bit binary up/down counter 178 
SCL4034B 8-stage universal bus SCL 44028 Dual 4-input expandable 

register 96 NOR gate 183 
SCL 40358 4-stage parallel-input/parallel- SCL44048 8-stage binary counter 185 

output shift register 101 SCL 44128 Dual 4-input expandable 
SCL40408 12-stage binary counter 104 NANDgate 183 
SCL4041U8 Quad true/complement buffer 107 SCL 44168 Quad analog switch 187 
SCL4042B Quad clocked latch 111 SCL 4426A8 Decade counter w/7-segment 
SCL 40438 Quad NOR R/S latch driver outputs 191 

w/3-state outputs 113 SCL 44288 Binary-to-octal decoder 196 
SCL4044B Quad NAND R/S latch SCL4433A8 Decade counter w/7-segment 

w/3-state outputs 113 driver outputs 191 
SCL4046B Phase-locked loop 116 SCL 4441U8 Quad buffer/driver 199 

4 
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NUMERICAL DEVICE INDEX 

SSS Standard 
Part Number Description Page 

SCL44458 21-stage frequency 
divider and oscillator 201 

SCL44468 Phase-locked loop I 16 

SCL 4449U8 Hex inverter 204 

SCL 45028 Hex strobed inverting buffer 
w/3-stage outputs 206 

SCL45048 Hex non-invertinq level shifter 208 

SCL45088 Dual 4-bit latch w/3-state outputs 210 

SCL 45108 BCD decade programmable 
up/down counter 213 

SCL45118 BCD-to-7 segment latch/ 
dernder 217 

SCL 45128 8-channel data selector 220 

SCL 45148 4-to-16 line decoder w/ 
latch factive high outputs) 224 

SCL 45158 4-to-16 line decoder w/ 
latch factive low outputs) 224 

SCL 45168 4-stage binary programmable 
up/down counter 227 

SCL 45178 Dual 64-stage shift 
register 231 

SCL 45188 Dual BCD decade up counter 234 

SCL 45208 Dual 4-stage binary up counter 234 

SCL 45228 BCD decade programmable 
down counter 237 

SCL 45268 4-stage binary programmable 
down counter 237 

SCL45278 BCD rate multiplier 2!11 
SCL45288 Dual monostable multivibrator 245 
SCL45318 12-bit parity tree 249 
SCL45328 8-bit priority encoder 251 
SCL45438 BCD-to-7-segment latch 255 
SCL 45558 Dual 2-to-4 line decoder 

factive high outputs) 258 
SCL45568 Dual 2-to-4 line decoder 

factive low outputs) 258 
SCL45818 4-bit-arithmetic logic unit 261 
SCL45828 Look-ahead carry block 265 
SCL45848 Hex Schmitt trigger 267 
SCL45858 4-bit magnitude comparator 269 
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FUNCTIONAL INDEX 

Standard Replaces 
Part Industry DIP 

Function Description Number Number Pkg. Page 

SCL401 IB 4011 14 39 
SCL401 IUB 4011U 14 41 

NANO SCL4012B 4012 14 39 
SCL4023B 4023 14 39 
SCL406BB 4068 14 39 
SCL4073B 4073 14 156 

AND SCL40BIB 4081 14 156 
SCL4082B 4082 14 156 
SCL4001B 4001 14 22 
SCL4001UB 4001U 14 24 

NOR SCL4002B 4002 14 22 
SCL4025B 4025 14 22 

Gates SCL407BB 4078 14 22 
and SCL4071B 4071 14 149 
Inverters OR SCL4072B 4072 14 149 

SCL4075B 4075 14 149 
SCL4000B 4000 14 20 
SCL4007UB 4007U 14 29 
SCL4030B 4030 14 94 

COMPLEX SCL4070B 4070 14 147 
SCL4077B 4077 14 154 
SCL4085B 4085 14 158 
SCL4086B 4086 14 160 
SCL4019B 4019 16 64 

Inverters SCL4069UB 4069U 14 145 
SCL4449UB 4449U* 16 204 

Expandable SCL4402B 4402* 16 183 
Gates SCL4412B 4412* 16 183 

SCL4009UB 4009U 16 36 

Level Shifting SCL4010B 4010 16 36 
SCL4049UB 4049U 16 128 
SCL4050B 4050 16 128 

Buffers SCL4504B 4504 16 208 
SCL4041UB 4041U 14 107 

High Current SCL4441UB 4441U* 14 199 
Tri-State SCL4502B 4502 16 206 

Encoder 8 Bit Priority SCL4532B 4532 16 251 
SCL4028B 4028 16 87 
SCL4428B 4428* 14 196 

Logic Functions SCL4514B 4514 24 224 
SCL4515B 4515 24 224 
SCL4555B 4555 16 258 
SCL4556B 4556 16 258 

Decoders SCL4026AB 4026 16 80 
SCL4426AB 4426* 16 191 

Display SCL4033AB 4033 16 80 
Functions SCL4433AB 4433* 16 191 

SCL4511B 4511 16 217 
SCL4543B 4056 16 255 

a 
continued on next page 



FUNCTIONAL INDEX 

Standard Replaces 
Part Industry DIP 

Function Description Number Number Pkg. Page 

SCL4024B 4024 14 77 
SCL4404B 4404• 14 185 
SCL4040B 4040 16 104 
SCL4020B 4020 16 66 
SCL4060B 4060 16 136 

Binary SCL416JB 4161 16 170 
SCL4163B 4163 16 170 
SCL4193B 4193 16 178 
SCL4029B 4029 16 90 
SCL4516B 4516 16 227 

Counters SCL4526B 4526 16 237 
SCL4520B 4520 16 234 
SCL4192B 4192 16 178 
SCL4510B 4510 16 213 

Decade SCL4160B 4160 16 170 
SCL4162B 4162 16 170 
SCL4522B 4522 16 237 
SCL451BB 451B 16 234 

Decoded· SCL4017B 4017 16 56 
Outputs SCL4022B 4022 16 72 
Johnson SCL4018B 4018 16 61 
2 I -Stg.Divider SCL4445B 4045 16 201 
Rate Multiplier SCL4527B 4527 16 241 

Dividers/ Phase-Locked SCL4046B 4046 16 116 
Multipliers Loop SCL4446B 4446* 16 116 

Multivibrators SCL4528B 4528 16 245 
SCL4047B 4047 16 124 
SCL4582B 4582 16 265 

4-Bit SCL45B5B 4585 16 269 
Arithmetic SCL4008B 4008 16 32 
Logic 12-Bit SCL4531B 4531 16 249 

4-BitA.LU. SCL4581B 4581 24 261 
DualDType SCL4013B 4013 14 44 

Flip-Flops 
DualJKType SCL4027B 4027 16 85 
4-BitD Type SCL4076B 4076 16 151 
HexDType SCL4174B 4174 16 175 

R-S Type SCL4043B 4043 16 113 
SCL4044B 4044 16 I 13 

Latches SCL4042B 4042 16 II I 
Clocked SCL4508B 4508 24 210 
Addressable SCL4099B 4099 16 168 

Schmitt Ou ad SCL4093B 4093 14 162 
Triggers Hex SCL4584B 4584 14 267 

Ser In/Ser Out SCL4006B 4006 14 27 

Ser In/Par Out SCL4015B 4015 16 48 

Par In/Ser Out SCL4014B 4014 16 46 
Shift SCL402JB 4021 16 69 
Registers Par In/ Par Out SCL4035B 4035 16 JOI 

SCL4034B 4034 24 96 
Bus Registers SCL4094B 4094 16 165 

SCL4517B 4517 16 231 
DigitalMux SCL4512B 4512 16 220 
Analog SCL405JB 4051 16 131 

Multiplexers Multiplexers & SCL4052B 4052 16 131 
and Demultiplexers SCL4053B 4053 16 131 
Switches SCL4016B 4016 14 50 Analog SCL4066B 4066 14 140 Switches SCL4416B 4416* 14 187 

• Part Number is a sole source item of Solid State Scientific. 
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THE 4000 SERIES FAMILY 

INTRODUCTION 
Solid State Scientific CMOS devices comprise a 

family of medium-speed integrated circuits with a 
superior combination of high noise immunity, wide 
operating voltage range, low power dissipation, and 
high fan-out. These characteristics greatly minimize 
power supply costs and simplify system design and 
layout. 

The great majority of the devices in the 4000 
Serles exceed the JEDEC Standard Specifications for 
"B" Serles CMOS Devices. For this reason, Solid 
State Scientific guarantees that all devices desig· 
nated 4xxxB or 4xxxUB1 will meet the electrical 
specifications given In the tables In this section. 
These standards are tighter than the JEDEC Specifi· 
cations In several key areas, notably gate leakage 
currents (10o), output voltage (VoH, Vol) and, In 
several cases, output drive current (loH, loll· In 
addition, Solid State Scientific does not degrade any 
parameter for any commercial-temperature-range part 
type. The few _device types which fall to meet the 
40008 Serles Family Specifications for any reason 
are designated by the suffix AB. These devices, how· 
ever, are guaranteed to meet all Absolute Maximum 
Ratings and Recommended Operating Conditions of 
the 40008 Serles, as well as most of the electrical 
characteristics. Therefore, these few part types are 
fully compatible with 40008 devices In virtually all 
applications. 

All 4000 Serles CMOS devices are available In 
commercial temperature range (-40°C to + 85°C) 
versions, and a variety of package configurations. 
Avaliable packages Include Frit·seal ceramic or 
Cerdip dual-in-line packages (C suffix - 14· and 16· 
lead types), welded-seal or side-brazed ceramic dual· 
in-line packages (D suffix - 14·, 16·, and 24-lead 
types), ceramic flat packs (K suffix - 14· and 16-lead 
types), leadless chip carriers (L suffix - 20 lead 
JEDEC), and bare chip form (H suffix) for those users 
manufacturing hybrid microcircuits. Commercial tern· 

'Al .defined In JEDEC Standard Specification 
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perature range devices are available in the Epoxy or 
plastic dual-in-line package (E suffix - 14·, 16- and 
24-lead types). Since electrical parameters are never 
degraded for devices in this package, any mix of pack
ages may be used in a system with confidence that they 
will be fully compatible throughout the entire range of 
valid operating conditions. 

THE 40llOB SERIES 
Solid State Scientific anticipated the JEDEC Stan

dard Specifications for "B" Series CMOS Devices by 
several years in several important areas. All part types 
hav' been consistently rated at 18 Vdc maximum 
operating voltage. This upgrading did not entail a proc
ess alteration; performance specifications for the 
higher voltages were simply added to the test programs 
for each device. 

In addition, the decision of theJEDEC Committee to 
consider devices with buffered outputs as the standard 
part types In the "B" Series supports the position taken 
by Solid State Scientific in 1970. Since buffered-output 
gates exhibit higher noise immunity, standardized out
put drive independent of type and _input pattern, and 
decreased ac sensitivity to output loading, they offer 
superior performance in digital logic applications. Gate 
functions "in the .4000 Series have always been buf· 
fared, anticipating the decision of the JEDEC Commit
tee by a full six years. 

The following Family Specifications apply to all 
.4xxxB and 4xxxUB part types, unless otherwise 
specified on individual data sheets. 



40008 SERIES 
FAMILY SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 1 

DC Supply Voltage 
Input Voltage 
DC Input Current 

(any one input) 
Power Dissipation 
Storage Temperature 

Range 

RECOMMENDED OPERATING CONDITIONS• 
DC Supply Voltage 
Operating Temperature 

Range 
C,D,F packages, chips 
E package 

'Voltage referenced to V." 

-0.5 to +18 
-0.5 to v,,,, +0.5 
±10 

300 
-65 to +150 

3 to 15 

-55 to +125 
-40 to +85 

Vdc 
Vdc 
mAdc 

mW 
·c 

Vdc 

·c 
•c 

Parametric limits are guaranteed for Vnn = 5, 10, and 15 Vdc. Where low power is required, the 
lowest supply voltage, consistent with required speed, should be used. For larger noise immunity and 
higher speed, higher supply voltages should be specified. The lower limit of supply regulation is 3 
Vdc or as determined by required system speed, noise immunity, or interface to other logic. The 
recommended upper limit is 15 Vdc or as determined by power dissipation restrictions or interface to 
other logic. 

Unused inputs must be connected to V DD• V ss. or another input. 
Care should be used in handHng CMOS devices; static charges may damage the device. 

ELECTRICAL SPECIACATIONS 
Parametric limits listed tiere are guaranteed !Or the entire 40008 Series Family unless 

otherwise specified on the individual data sheets. 

STATIC CHARACTERISTICS {Vss =OVI 
I 

Voo Tuiw +25°c THIGH 1 
PARAMETER CONDITIONS Units 

(Vdc) 

QUIESCENT DEVICE loo 
CURRENT 

Gates 5 
10 

~ 
Buffers, Flip·Flops 5 

10 

~ 
MSI 5 

10 
15 

HIGH-LEVEL OUTPUT VoH 
VOLTAGE 5 

10 
15 

LOW-LEVEL OUTPUT Vol 
VOLTAGE 5 

10 
15 

MINIMUM INPUT HIGH V1H 
VOLTAGE 5 

10 
15 

1TLOW ; -55°C for C, D, F, and H devices 
; -40°C for E device 
; +125°C for C, D, F, and H devices 
; +85°C for E device 

V1N;Vss or Voo 
All valid input 
combinations 

V1N;Vss or V00 

1101..;;1µA 

V1N ;Vss or V00 

Jlqj_ ..;;1µA 

V 0;0.5V or 4.5V 
V0;1.0V or 9.0V 
V0 ;1.5Vor13.5V 
Jlol,,;;;1µA 

13 

Min. Max. Min. 

- 0.05 -
- 0.1 -
- 0.2 -
- 1.0 -
- 2.0 -
- 4.0 -
- 5 -
- 10 -
- 20 -

4.99 - 4.99 
9.99 - 9.99 

14.99 - 14.99 

- 0.01 -
- 0.01 -
- O.Dl -

- 3.5 -
- 7.0 -
- 11.0 -

Typ. Max. Min. Max. 

0.0005 0.0~ - 1.5 µAde 
0.001 0.1 - 3.0 
0.002 0.2 - 6.0 
0.005 1.0 - 30 µAde 
O.Dl 2.0 - 60 
0.02 4.0 - 120 
0.05 5 - 150 µAde 
0.1 .10 - ~00 
0.2 20 - ti_oo 

5 - 4.95 - Vdc 
10 - 9.95 -
15 - 14.95 -

0 0.01 - 0.05 Vdc 
0 0.01 - 0.05 
0 O.Dl - 0.05 

2.75 3.5 - 3.5 Vdc 
5.5 7.0 - 7.0 
~.25 11.0 - 11.0 



STATIC CHARACTERISTICS (Vss = OVI Continued 

PARAMETER Voo 
(Vdc) 

MAXIMUM INPUT LOW V1L 
VOLTAGE 5 

10 
15 

OUTPUT HIGH (SOURCE) loH 
CURRENT 
8 Series 5 

10 
15 

OUTPUT LOW (SINK) loL 
CURRENT 

8 Series 5 
10 
15 

INPUT CURRENT ltN 15 

1 T LOW = -55°C for C, D, F, and H devices 
= -40° C for E device 

THIGH = +125°C for C, D, F, and H devices 
= +85°C for E device 

CONDITIONS 

V 0 =0.5V or 4.5V 
V0 =1.0Vor 9.0V 
V0 =1.5Vor 13.5V 

llol .;;;1µA 

VoH=4.6V 
VoH=9.5V 
VoH=13.5V 
V1N=Vss or Voo 

VoL=0.4V 
VoL=0.5V 
VoL =1.5V 

V1N=Vss or Voo 

V1N=Oor 15V 

DYNAMIC CHARACTERISTICS (TA = 25°CI 

PARAMETER 

TLow 1 

Min. Max. 

1.5 -
3.0 -
4.0 -

-0.64 -
-1.6 -
--4.2 -

0.64 -
1.6 -
4.2 -

- ±0.1 

Voo 
(Vdc) 

+25°c THIGH 1 
Units 

Min. Typ. Max. Min. Max. 

1.5 2.25 - 1.5 - Vdc 
3.0 4.5 - 3.0 -
4.0 6.75 - 4.0 -

-0.51 -1.25 - -0.36 - mAdc 
-1.3 -3.25 - -0.9 -
-3.4· -10 - -2.4 -

0.51 1.25 - 0.36 - mAdc 
1.3 3.25 - 0.9 -
3.4 10 - 2.4 -

- ±10-' ±0.1 - ±1.0 µAde ,____ 

Min. l Typ. Max. Units 

INPUT CAPACITANCE Ic,N - - I 5 7.5 pF 

Part types designated "UB"1 meet the above parametric specifications with the following excep
tion, unless otherwise specified on the individual data sheets. 

PARAMETER Voo 
(Vdc) 

MINIMUM INPUT HIGH IV1H 
VOLTAGE 5 

10 
15 

MAXIMUM INPUT LOW VtL 
VOLTAGE 5 

10 
15 

1 T Low = -55°C for C, D, F, and H devices 
= --40°C for E device 

THIGH = +125°C for C, D, F, and H devices 
= +85° C for E device 

CONDITIONS 
T L()\'V I 

Min. Max. 

V0 =0.5V or 4.5V - 4.0 
V0 =1.0V or 9.0V - 8.0 
V0 =1.5Vor13.5vj - 12.0 
t<d .;;;1µA 

V0 =0.5Vor4.5V 1.0 -
V0 =1.0V or 9.0V 2.0 -
V0 = 1.5Vor 13.Svj 3.0 -
l1ol ,,;;1µA 

+25°c THIGH 1 

Min. Typ. Max. Min. Mix. 

- 2.75 4.0 - 4.0 
- 5.5 8.0 - 8.0 
- 8.25 12.0 - 12.0 

1.0 2.25 - 1.0 -
2.0 4.5 - 2.0 -
3.0 6.75 - 3.0 -

The user should consult the section of this book entitled "CMOS Design Considerations" in 
conjunction with the Family Specifications given here to assure proper system performance. 

'As defined In JEDEC Standard Specification 14 

Unit 

Vdc 

Vdc 



PARAMETER DEFINITIONS AND WAVEFORMS 

DEFINITIONS 
The following information provides detailed expla

nations of the electrical parameters specified on 
4000 Series data sheets. These parameters are 
categorized into Absolute Maximum Ratings, Recom
mended Operating Conditions, Static Electrical Charac
teristics, and Dynamic Electrical Characteristics. Virtu
ally all devices in the 4000 Series are fully described 
by a combination of the parameters identified .in this 
section; in a few special cases, however, parameters 
unique to a device are defined on the individual data 
sheet. 

While all parameters exhibit a statistical distribu
tion about a mean value, only the mean value and one 
worst-case limit-either the mi(limum or the maximum 
value - appears on the data sheet. Following the EIA 
standard guidelines, the minimum limit value is always 
less than the mean or typical value, and the maximum 

ABSOLUTE MAXIMUM RATINGS 

These ratings are absolute limits within which safe 
operation occurs. The presence of conditions outside 
these limits may cause severe device degradation, and 
possibly catastrophic failure. These ratings apply 
across the entire temperature range. 

DC supply Voltage Range 

To prevent forYlard biasing and possibly damaging 
the structural and protective diode junctions present in 
CMOS construction, V00 must never be more than 
0.5Vdc negative with respect to V ss· 

The maximum limit of 18Vdc prevents primary 
breakdown of any internal device junction. 

Input Voltage Range 

The voltage at any device input must not exceed 
either the Vss or V00 supply voltages by more than 
0.5Vdc. Unrestricted operation outside this range may 
damage the input p~otection diodes, or cause internal 
latch-up. 

RECOMMENDED OPERATING CONDITIONS 

These conditions specify ranges within which reli
able operations may be maintained. Systems utilizing 
CMOS should be designed to operate within these 
ranges. 

DC SUpply Voltage Range 
The lower limit of 3Vdc is based upon transistor 

threshold levels. The recommended maximum limit of 
15V is substantially below the primary breakdown limit 
for the devices to allow for limited power-supply tran
sient and regulation limits. 

STATIC ELECTRICAL CHARACTERISTICS 

These parameters apply to devices in the steady
state condition. They are specified at the low tempera
ture limits (-SS°C or -400C), +25°C, and the high tem
perature limits (+125°C or +85°C), with typical values 
given at +25°C. 

Quleecent Device Current (loo) 

Quiescent current is defined as the current flowing 
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limit value is always greater than the typical value. Sev
eral parameters, therefore, require the prefix 
"minimum" or "maximum" in order to maintain the 
proper convention on the data sheet. These prefixes 
should not be confused with the minimum and 
maximum designations applied to limit values. Thus, 
"maximum clock frequency" has minimum limit values 
specified, while "minimum clock pulse width" has 
maximum limit values specified. 

Each parameter is measured under a specified set 
of conditions: supply voltage. input voltages and cur
rents, output voltages and currents, input signal switch
ing characteristics, etc. To assist the designer in con
structing his system, any given parameter is measured 
under the same test conditions for all devices in the 
4000 Series, whether they fall into the B. UB. or AB 
designation. 

DC Input Current 

To prevent excessive dissipation in the junctions of 
the protection diodes, input current must be limited to 
less than 10mAdc. 

Maximum Package Power Dissipation 

This requirement prevents excessive junction or 
package temperatures from developing. The maximum 
rating of 300mW includes both quiescent (de) and dy
namic (ac) dissipation, and should be calculated from 
the discussion of Power Dissipation in the section enti
tled "Design Considerations." 

Storage Temperature Range 

The temperature range within which devices may be 
stored without electrical connection is -65°C to 
+ 1500C. Device reliability may be degraded when stored 
outside this range. 

Operating Temperature Range 

The maximum ambient temperature range within 
which the device may be reliably operated is -55°C to 
+ 125°C (the standard military temperature range) for 
the C, D, and F packages, and -4G°C to +85°C ( an 
extended commercial range) for the E package. Chips 
(H suffix) may be operated over the full military tempera
ture range, -ss•c to + 12s·c. 

into the V00 terminal of the device with no load on the 
outputs. This current is measured under all valid input 
combinations (inputs tied in all valid combinations to 
Vss or V0 n). The maximum limit reflects domination by 
surface leakage effects. Most devices exhibiting typical 
leakage currents are dominated by junction leakage 
which doubles with every 11°C increase in temperature. 

These values have been standardized into three 



categories: gates, buffers and flip-flops, and MSI de
vices. Solid State Scientific does not degrade this 
parameter for commercial temperature range devices 
(E package). 

Output Voltage (You, Ym) 

Vuu is defined as the high-level output voltage 
under no-load conditions (I lul <1µA), with inputs tied to 
Vss or v11 ... Similarly, Vo1. is the low-level output voltage 
measured under the same conditions. Both parameters 
are guaranteed to be no more than 0.01Vdc from the 
supply voltage at low temperature and +25°C, and no 
more than 0.05Vdc from the supply voltage at high tem
perature. 

Input Voltage (V,u, V11) 

V1u and V11• are defined as the minimum input high 
voltage and the maximum input low voltage, respec
tively, which produce no more than a 10% Von Change in 
output voltage under no-load conditions !l1ol<1µ.A). 
This parameter differentiates device designations "B" 
and "UB". 

In general, "B" devices have greater noise immunity, 
i.e., lower V1u and higher VIL• than "UB" devices be
cause output buffering more effectively isolates outputs 
from input voltage variations. 

Output Drive Currents (luu. Im) 

Output drive current is the source current (lou) with 
the output high, or the sink current (1111) with the output 
low, that flows out of or into the device from a load of 
specific voltage. Polarity is defined as positive when 
flowing into the output. Inputs are tied directly to V88 or 
V 0 0 , output voltages are specified at equal voltage drops 
for both parameters at given supply voltage. 

At Von = 5Vdc, luu and loL are specified at Vuu = 
4.6Vdc and VuL = 0.4Vdc, respectively. Logic outputs of 
"B" and "UB" devices are capable of driving one low
power TTL load across temperature. Although the 
source current (lmil specification for these devices is 
lower than the sink current (Im) specification (11L (TTL) 
>> l1u). many devices in the 4000 Series Family are 
designed for balanced drives at these output voltages. 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Switching characteristics are specified at a total 
output load capacitance per output C1. =50pF, ambient 
temperature TA = 25°C, and input rise and fall times t,, t1 
= 20nS (except for maximum input rise and fall time 
specifications). Typical temperature coefficient for dy
namic characteristics is I 0.3"/ol°C I (negative for 
maximum clock frequency (frJ and positive for other 
parameters). Solid State Scientific does not degrade 
dynamic parameters for commercial temperature range 
devices (E package). 

Propagation Delay llme (tPLH• IPHJ 

These parameters are specified on all data sheets. 
For non-synchronous circuits and inputs, the delay time 
is measured from the 50% point of the input signal edge 
to the 50% point of the resulting output signal edge. For 
synchronous inputs (having a clock signal), the delay 
time is measured from the 50% of the clock signal edge 
associated with the input level to the 50% point of the 
resulting output signal edge. The designation "LH" re
fers to the low-to-high output transition; "HL" refers to 
the high-to-low output transition. Propagation delays 
increase linearly with load capacitance. 
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All gates and flip-flops, and a number of MSI parts, fall 
into this category; this is noted on the individual data 
sheets. 

At Von= 10Vdc, an output voltage drop of 0.5Vdc 
from either supply is used·as the standard condition for 
specifying lou and loL· 

At Von = 15Vdc, 1.5Vdc is used as the standard 
output voltage drop. Current values are designed to 
drive two standard HTL loads over temperature. 

The limits at the temperature extremes reflect the 
0.3"/ofC current decrease with increasing temperature 
at 25°C characteristic of CMOS. Most device data sheets 
supply transistor characteristic curves for determina
tion of output drive current under other operating con
ditions. 

Solid State Scientific does not degrade these 
parameters for commercial temperature range devices 
(E package). 

3-State Output Leakage Current (I,.) 

Leakage current at the output terminal of a 3-state 
device when disabled (high-impedance state) is mea
sured under the two worst-case conditions: Von is 
applied at the output along with input_ combinations 
which would normally force the output low; V88 is 
applied at the output along with input combinations 
which would normally force the output high. 

Solid State Scientific does not degrade this 
parameter for commercial temperature range devices 
(E package). 

Input Current 

Input current is defined as the current that flows 
into or out of an input terminal when V88 orV00 isapplied 
to that terminal. Input current consists of junction leak
ages in the diode protection circuit, and is typically 
:t 1 OpAdc. Worst-case input current is specified at V00 = 
15Vdc across temperature, wlth a maximum of 
:t1.0uAdc at +125°C (+85°C for commercial tempera
ture range devices). 

Solid State Scientific does not degrade this 
parameter for commercial temperature range devices. 

3-State Propagation Delay <•- tiu. '"""' tni) 
The tPHZ (high-level to 3-state) and tiu (low-level to 

3-state) propagation delays are measured from the 50% 
point of the disable Input leading edge to the 90% point 
of the output signal falling edge (tPHZ) or to the 10% point 
of the output signal rising edge (tiu). The t""" (3-state to 
high-level) and tnL (3-state to low-level) propagation 
delays are measured from the 50% point of the disable 
input trailing edge to the 10% point of the output signal 
rising edge (tnH) or to the 90% point of the output signal 
falling edge (tnJ. In addition to the 50pF load capaci· 
tance, a 1 Kn load resistor is tied to V •• (tPHZ and tn..J or 
V no (tPLZ and tnJ. 

Output Transition llme (tTLH, tTHJ 
These parameters refer to the rise (t'l'UI) and fall 

(tTHJ times at device outputs. They are measured from 
the 10% to the 90% points of the output-veform. Both 
parameters are functions of output transistor sizes, and 
fall into standard categories in the same way as output 
drive current. Output transition times vary linearly with 
load capacitance c., 



Minimum (Clock) Pulse Width (PW) 

Minimum pulse width refers to that portion of the 
input signal between the active (leading) edge and the 
opposite (trailing) edge. It is defined as the interval be
tween the 50"/o points of each edge. When applied to 
clock signals, this parameter also refers to the remain
ing portion of the signal, i.e., 50% duty cycle. 

Mexlmum Clock Frequency (frJ 

The maximum clock frequency is the rate at which 
information can transfer through a synchronous circuit 
without developing system problems due to excessive 
propagation delays across internal stages. 

Mexlmum Clock Rise and Fall Times (t,n, t1rJ 

These limits refer to the maximum allowable input 
transition times which prevent interactions between 
internal stages from interfering with proper clocking. 
These parameters are measured from the 10% point to 
the 90% point of the input signal, and usually decrease 
with increasing operating voltage. 

When synchronous stages are cascaded, however, 
maximum rise and fall times of the clock input should be 
equal to or less than the transition times of data outputs 
driving data inputs, plus the propagation delay of the 
output driving stage for the output capacitive load. This 
prevents improper operation resulting from logic state 
interaction between adjoining stages. 

Minimum Setup Time (t,.., •• ) 

Setup time refers to the minimum interval between 
the data or control input signal and the clock or strobe 
signal which guarantees proper entry of that informa
tion into the device. It is measured between the 50% 
points of the two appropriate edges. 

Minimum Hold Time (t.,,,,,) 

Hold time refers to the interval after the clock or 
strobe edge during which data or control information 
must remain valid. It is measured between the 50% 
points of the two appropriate edges. 

Removal Time (t •. .J 
Removal time is defined as the interval after remov

ing an asynchronous control input during which a clock 
or strobe signal edge may not be recognized. This 
parameter is similar to minimum setup time, and is mea
sured from the 50% point of the control input trailing 
edge to the 50% point of the clock or strobe signal 
leading edge. 

Input Capacitance (C,s) 

The input capacitance is defined as the ac capaci
tance under zero bias conditions as applied to any in
put. This capacitance is typically 5pF for most devices; it 
is somewhat higher for inputs to high-current buffers. 

DYNAMIC PARAMETER WAVEFORMS 

Input 
Information 

Output 

Input Rise and Fall= 20 ns 

-------------v55 (low) 

tpHL 

90% 
VoH (highl 

tTLH tTHL 

Non-Synchronous Clrc11lt Waveahapes and Timing Parameters 
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Input 
Information 

Clock or 
Strobe 

Output 

Input Rise and Fall~ 20 ns 

Valid "1'' 

90% 

__ 1n_v_a_1_id_ .. _1_·_· --Voo !high) 

tho Id 

20 ns 

v 00 lhighl 

Vss !low) 

VoH !high) 

Note: Information is accepted during each positive clock signal transition in this case. 

Synchronous Circuit Waveshapes and Timing Parameters 

Output Disable j(""' 50% 

I 

--j i'--20 ns '"t'. ------------Voo 

'{ 10~. Vss 

f-- IPLZ -1 
I : 
I ' 

i-- tpzL 

Output I Case 1) 

lPHZ --1 

Output !Case 2) 

------~! 

~ 
i------i-

1 

-tp_z_H ____ i: :·~O:V~:::~ ~ V, 
""6 v@ v 00 = 10 v 
""10V@Voo= 15V 

10% - ----VOL 

Outputs 
Connected · 

Other { 
Inputs 

Output Disable 

·!· 

IC With 
3-State 

Outputs 
Disconnected 

Output RL = 1 kl! 

Outputs 
Connected 

{ v00 for tpLz and tpzL 

Vss for tpHz and tpzH 

Three-State Propagation Delay Waveshape and Test Circuit 

18 



4000 Series Data 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4000B 

CMOS DUAL 3-INPUT NOR GATE PLUS INVERTER 
FEATURES 

• Buffered Gate Outputs 
• Diode Protection on all Inputs 
• Fully •B• Series Compatible 

TRUTH TABLE (NOR GATE) 

INPUTS OUTPUT 

0 0 0 1 
All other combinations 0 

LOGIC DIAGRAM 

4000B~ 

FUNCTION DIAGRAM 

1A 3:3:f>-
1B 4 & 1Y 
1C 5 

2A":3:f>-2B 12 10 2Y 
2C 13 

3A a--(>o-1 3Y 

(1, 2)Y =A+ B + C 
3Y = 3A 

Voo •Pin 1• 
Vss •Pin 7 

CONNECTION DIAGRAM 
(all packages) 

Voo 2c 28 2A 2Y 3Y 3A 
.I ..1 ..1 J_ J_ l J_ 

14 13 12 11 10 9 8 
40008 

1 2 3 4 5 6 7 

NIC N1C 1~ 1~ ~ iv ! 
Vss 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

SCHEMATIC DIAGRAM 
(One of two NOR Gates) 

... 
A 

LJ. d. 
8 J }-0 

t" >=f 
•ss 

20 



SCL4000B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS '· 

PARAMETER Voo CONDITIONS Tuiw 2 t25°C THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loc 
CURRENT 5 v,N=Vss qr Voo - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

---------- --- -~ 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
' T Low = -55°C for c. D, F. H device. 

= -40°C for E device. 
THIGH = +125°C for c. D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

V05, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 ·14 -12 -10 ·8 -6 ·4 -2 0 

TTT :di 
.--+----<--+--+--J_cs ~- 5 Vdc-+-;z, 

!. I :i: ILL 
t--+--+--+- Yes =-10 Vdc l.LlL 

IL 

i--t-- V05 = -15 Vdc -j:>"".L'.'.j-t--t-+--t---1 
.l. -+- ~ 

Typical P-Channel 
Source Current Characteristics 

.5 
f -10 .. 

-15 i!l! 
-20 ,. 
-25 

n 
§i 

-30 "" m 

-35 ~ 

-40 I 
-45 -
-50 

Voo 
(Vdcl 

tPLH• tPHL 
5 

10 
15 

tTLH• tTH~ 
5 

10 
15 

.... 
:li! 
.s 
!i ... a: a: .. .. ,. 
i a 
~ 

,j 
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50 
45 
40 
35 
30 
25 
20 
15 
10 
5 

Min. Typ. Max. Units 

- 125 250 ns 
- 60 120 
- 45 90 

- 100 200 ns 
- 50 100 
- 40 BO 

-~ I T 1--1 Yes= 15 Ydc-

v 
1Z:: 

ir T 
Vcs=1D Ydc 

~ 
~ z 

/£Y' Yes= 5 Vdc T.=21'C 
I" .1 .1 ::.. _J, 

0 4 6 8 10 12 14 16 18 20 
V.., DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

40018 - Ouad 2-lnput NOR 
40028 - Dual 4-lnput NOR 
40258 - Triple 3-lnput NOR 
40788 - 8-lnput NOR 

FEATURES 

+ Buffered Outputs 
+ Diode Protection on all Inputs 
+ Fully •e• -Series Compatible 

Inputs Output 

0 0. 0 1 
All other combinations 0 

FUNCTION DIAGRAMS 

40018 

1AD2 31y 
18 2 

2A~- 4 2y 
28~ 
3A~103y 
38~ 
4A~- 114y 
48~ 

Y=A+B 

40258 

40028 

lA 2 

l85rY1lY 
lC 4 

10 5 

2A 9 

28~1 13 1 2Y 
2C 
2012 

Y=A+B+C+O 

A2 
8 3 

c 4 

D 

E 
F 
G 
H 

40788 

Y = A+8+C+D+E+F+G+H 

vDD =Pin 14 
Vss =Pin 1 
for All Devices 
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SCL4001B 
SCL4002B 
SCL4025B 
SCL4078B 

CMOS NOR GATES 

CONNECTION DIAGRAMS 
(all packages) 

Voo 4B 4A 4Y 3Y 3B 3A 

14 13 12 11 10 9 8 
40018 

2 3 4 5 6 7 

1A 1B 1Y 2Y 2A 2B Vss 

Voo 2Y 20 2C 2B 2A NC 

14 13 12 11 10 9 8 
40028 

2 3 4 5 6 7 

1Y 1A 1B 1C 10 NC Vss 

Voo JC 3B 3A 3Y 1Y 1C 

14 13 12 11 10 9 8 
40258 

2 3 4 5 6 7 

1A 1B 2A 2B 2C 2Y Vss 

Voo Y H G F E NC 

14 13 12 11 10 9 8 
40788 

2 3 4 5 6 7 

NC A B c 0 NC Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 



SCL4001 B, SCL4002B, SCL4025B, SCL4078B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Voo CONDITIONS TuM 2 +25°c THIGH 1 
Units 

(Vdc) Min. Max. Min. Typ.· M.x. Min. Max. 

QUIESCENT DEVICE loc 
CURRENT 5 V1N=Vss or Voo - 0.05 - 0.0006 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining S~alic Electrical Characteristics are listed under '"40008 Series Family Specifications."" 
' T Low = -55°C for c. D. F. H device. 

= -40°C for E device. 
THIGH = +125°C for C. D. F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA"= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

Vos. DRAIN VOLTAGE (Vdcl 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 ·2 

f--+--+--+--+- I I I .L_ _5 1 os '; 5 VdC-+--". '.Z_ · lO ¥ 

>--+---+---+- t.J-10 1vdc ~ :~~ I 
- -25 2 

~-+--+-+--+-~-+-~IZ._+--+--1·30 I 
t--+--+--+--+-+--l~..2'.l'-+--+--1--f-~ ~ 
t--+-Vos =-15 Vdc-.L'.l«-i-+--t--+--1 ~5 --~ 
l--+--...1.t-=-+=i:-=~F---+--+-+ \= 2r c ~ Ir 

Typical P·Channel 
Source Current Characteristics 

Voo 
(Vdc) 

tPLH• tPHL 
5 

10 
15 

trLH· trHy 
5 

10 
15 

Min. Typ. Max. Units 

- 125 250 ns 
- 60 120 
- 45 90 

- 100 200 ns 
- 50 100 
- 40 80 

4 6 8 10 12 14 16 18 20 
V05• DRAIN VDLTAll£ (Vele) 

Typical N·Channel 
Sink Current Characteristics 

LOGIC DIAGRAMS SCHEMATIC DIAGRAM 40028 (1 of 2 gates) 

40028 

.. 

40788 
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SOLID~ 
STATE ~t;::" 
SCIENTIFIC 

FEATURES 

+ Unbuffered Outputs for Quasi-Linear Applications 
+ Quad 2-lnput NOR Configuration 
+ Diode Protection on all Inputs 
+ Output Drive Current Compatible with "B" Series 
+ Pin Compatible with Buffered 4001 B 

DE$CRIPTION 

The 4001 UB consists of four positive-logic 
NOR gates. The outputs are unbuffered, making 
the device suitable for quasi-linear applications, 
such as gated oscillators, multivibrators, and pulse 
shaping circuits. 

For digital applications, the buffered 40018 
is recommended for its higher gain and input 
pattern insensitivity. 

TRUTH TABLE 
Inputs Output 

0 0 1 
All other combinations 0 

SCHEMATIC DIAGRAM 

1A 3A 

18 38 

28 -848 

5 
2A 4A 

Vss 
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SCL4001UB 

CMOS NOR GATE (Unbuffered) 

CONNECTION DIAGRAM 
(all packages) 

Voo 48 4A 4Y r 381 3A 
l _l l .1 _l J_ 

14 13 12 11 10 9 8 
4001UB 

1 2 3 4 5 6 7 

;A le iv iv iA ~ :r 
V55 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

LOGIC DIAGRAM 

1A 1=:[>-
18 1 3 1Y 

2A ~=:[>--
28 6 ' 2Y 

3A B=L>-
38 9 10 3Y 

4Al1=L>-
48 13 11 4 Y 

Y=A+8 

VOQ "Pin 14 
VSS •Pin 1 



SCL4001UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 • 

PARAMETER Voo CONDITIONS TuJW2 +26°C THIGH2 
Units 

IV de) Min. Max. Min. ~. Max. Min. Max. 
QUIESCENT DEVICE loq 

CURRENT 5 V1N = Vss or Voo - 0.05 - 0.0005 0.05 - 1.5 µAde 
10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under •4oooe Series Family Specifications•. 
2 T LOW= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

V,., DllAlll VOLTAIE (Vdc) 
·20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 

Typical P-Channel 
Source Current Characteristics 

tPLH• tPHL 

tTLH• tTHL 

25 

Voo 
IV de) 

5 
10 
15 

5 
10 
15 

50 
- 45 I 40 
- 35 

I :~ 
20 

.. I 1s 
10 

j 5 

Min. Typ. Max. Units 

- 60 120 ns 
- 30 60 
- 25 50 

- 100 200 ns 
- 50 100 
- 40 80 

~ • .='11~-1 t---1 

!-""' _l 
II"'.: 

L I 

IL v .. = 10 Vdc 

..J-
_f_..V 

~ 1-- Vos=IVdc r ... a·c 
..1 ..1 

0 2 4 6 8 10 12 14 16 18 20 
V.., DltllN VDLTAIE (Vtlc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4001UB 

APPLICATIONS INFORMATION 

0 _fl.__~~~~~-
@ L.._j ___ J 
@ -..---~ 

L--r-t.J-=. ~~"-••~ ... ";;:,,..;,,OF v v';oo 

© __r-,_--_-_:~----------
_, r- ~~:ltT~cr..1~ 

MONOSTABLE MUL TIVIBRATOR 

Yoo 

0 Jl..__ ____ __ 
@'i:::T1 ~-r----------~ 
G>~ 

=~ 
COMPENSATED MONOSTABLE MUL TIVIBRATOR 

v 00 =1ov 

30 
~ 4001UB 

a 
Vout 0 

> 20 
!! .. 
·;;; 
e 
u 10 .. .. 
> :x: 

Ot------+------+------+------+--Vx 
1 v 2V 3V 4V 5V 

SCHMITT TRIGGER 
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SOLID~ 
STATE ~t:::" 
SCIENTIFIC 

FEATURES 

• Fully Static Operation 
• Cascadable 
• 5MHz Shift Rate@ 10Vdc 

DESCRIPTION 

The 40068 is comprised of 4 separate Shift 
Register sections: two sections of four stages and 
two sections of five stages with an output tap at 
the fourth stage. Each section has an independent 
single rail data path. 

A common Clock signal is used for all stages. 
Data is shifted to the next stage on negative-going 
transitions of the Clock. Through appropriate con
nections of inputs and outputs, multiple register 
sections of 4, 5, 8 and 9 stages or single register 
sections of 10, 12, 13, 14, 16, 17 and 18 can be 
implemented using one 40068 package. 
Longer shift register sections can be assembled by 
using more than one 40068. 

This part is useful in serial shift register and 
time delay circuits. 

TRUTH TABLE 
Di CL Di+ 1 
0 \_ 0 
1 \._ 1 
x ..r No Changa 

X = Don't care 

TYPICAL REGISTER STAGE 

Q 

6 
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SCL4006B 

CMOS 18 STAGE SHIFT REGISTER 

CONNECTION DIAGRAM 
lall packages) 

01+4 D2+4 D4+5 
vDD D2+5 D3+4 D4+4 

14 13 12 11 10 9 8 
40068 

2 3 4 5 6 7 

D1 NC CL D2 D3 4 Vss 

Add suffix for package: 

C 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage 

Operating Temperature 
C, 0, F, H Device 
E Device 

LOGIC DIAGRAM 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 



SCL4006B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS TLow2 +25°C THIGH 2 
Units (Vdc) Min. Max. Min. '!'LP· Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss or Voo - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under '"40008 Series Family Specifications". 
T Low = -55°C for c. D, F, H device. 

= -40° C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25"CI 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

Voo 
(Vdcl 

5 
10 
15 

5 
10 
15 

Mj.n. Typ. Max. 

250 500 
125 250 
100 200 

100 200 
50 100 

Max. 

150 µAde 
300 
600 

Units 

ns 

ns 

40 80 
1--------------·----+------t--·--+-----+-----+--~-t------t 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 - 200 

10 - 100 
15 80 

400 
200 
160 

ns 

1--------------------1 -----+--- --+------+--·----+-----+------< 
MAXIMUM CLOCK FREQUENCY fcL 

5 1.25 2.5 MHz 
10 2.5 5.0 
15 3.0 6.0 

!--------------·----+--·---t ----·- ---- -----+----+------t 
MAXIMUM CLOCK RISE AND 

FALL TIME' 
trCL• ttcL 

5 
10 
15 

15 
5 
3 1-----------------t-----__.----·-

MINIMUM SETUP TIME tsewo 

MINIMUM HOLD TIME th old 

~i __ ~ __ ; __ t_JL+- !g 
5 - 40180 

'------·-----------'----·~- ~~ -~ ----~ ·- ---~ .. . ~t 
1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 

less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4007UB 

CMOS DUAL COMPLEMENTARY PAIR PLUS INVERTER 
FEATURES 

t Low Output Impedance 
t Extremely High Input Impedance 
t Single Supply Operation - Positive or Negative 
t All Inputs Diode-Protected 

DESCRIPTION 

4007UB contains three N-Channel and three 
P-Channel enhancement-type MOS transistors on a 
single monolithic silicon chip. The transistor ele
ments are accessible through the package terminals 
to provide means for constructing various logic, 
transmission gating, and linear circuits. 

. ~ j ·1 

:,_J~ ·,· ..... ' 

I . - _l 

Typ. P.Channel drain characteristics 

DRAIN-TO-SOURCE VOL TS IVosl 

Typ. N-Channel drain characteristics 

• 1.1.1 II 
IW\ITVOL'llW,I 

Min. and max. voltage transfer 
characteristics for inverter 
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CONNECTION DIAGRAM 
(all packages) 

Voo [).PA Outc; S-Pc Ge S-Nc D-NA 
TI l_l_l_l I 

14 13 12 11 10 9 8 
4007UB 

1 2 3 4 5 6 7 
T T l" l" T J J 

D-Pe S-Pe Ge S-Ne D.Ne GA V55 
D =Drain S =Source G =Gate 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3to15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

SCHEMATIC DIAGRAM 

15 
PPl.Y VOLTS I •I 

i-,.12.5 
0 

~ 
~ 10 

10 

ru 
~ 5 

2.5 10 

0 I 9 7.5 10 12.9 19 
IWUT VOL.TS lV11 

Typ. current and voltage transfer 
characteristics for inverter 



SCL4007UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER 

QUIESCENT DEVICE 
CURRENT 5 V1N=V55 or Voo 

10 All valid input 
15 combinations 

0.05 - 0.0005 0.05 
0.10 - 0.001 0.10 

- l 0!'! . -~. 0Jl!!2 • 0,2~ 

Unlb 

1.5 lµA. de 
1 3.0 

6.0 

NOTES: 1 Remaining Static Electrical Charactenstics are hued under "40008 Series Family $pecificat1ons". 
1 T LOW ,. -55°C for C. 0, F, H device. 

" -t0°C for E device. 
THIGH n +125"C for C, o. F. H device. 

"• 85"C for E device. · 

DYNAMIC CHARACTERISTICS !CL =50pF, TA =25 Cl' 

PARAMETER 

PROPAGATION DELAY TIME 

ourPurrRANs1rlcit.. -r,M~ _ --·-· _J""·""'l 
-, Connected as in~;,;;-· . 

AllBIEHT TE..CRATURE IT A, • zs•c 
: TYPICAL TEMPERATURE COEFF'ICIENT FOR 
I eo ALL V&L.UU OF v00•0.1%1•c 

j 
( 
:: DO 

I 

10 

IS 

0 IOl.OI040!I080'IOIO 
CAPACITANCE IC1,.I- pf 

Typ. propagation delay time vs. CL 

Voo 
fVdcl Min. 

5 
10 
15 

5 
10 
15 

• ~ 
~ 
; .. . 
:: 
z g 

i 
ii 

Typ. Max. Unitt 

55 110 i 
30 60 

.J 25 50 

I 
100 200 
50 100 ; 
40 .. BO .. ,; 

10• 
AMlllNT QMPllATUll 1~ II n•c 

IlJI [2l 
10• 

su.,n vons 1v00 t = 1s 
10• Y. 

10 , . IZl 
10• • 

" 
10 

LOAOCAUCITANCj 

' .J.c,=•h•--

1121 ~~ 
L.lL L.lL 

10 .•. 10• 10• 10• 1 • 

Typ. dissipation characteristics 

APPLICATIONS INFORMATION 

Triple Inverters 

3-lnput NOR Gate 

3-lnput NANO Gate ~ 
l~·2 

Tree (Relay) Logic 

(1•,2, 11); (8, 13): 
(1,5): (7.•,9) 

(13,21: (1, 11); 

(12,5,8); (7,•.91 

(1, 12, 13); (2, 1•, 11); 
l'.8); (5, 9) 

( 13, 12,5); (•,9,81: 

(1•,21: (1, 11) 

·-·+---=----+-~,' : ~ ' 
OUT 

A B 

... au p. UNIT suasrAarn 
AM CQMCCTID TO "DO 
AU, N·--T 5'mTAAT[S 
.... CCINlllCTEO TO "ss Vss 

~ 
~ ... 

our1v001•C·Aii 
&fttv55l•CA•CB 

30 

High Sink-Current Driver (6,3, 10); (8,5, 12); 
(l l, 14); (7,4,91 

IQPTIQNAl Voo PULL·UPI 

High Source-Current Driver 
(6,°J, IO); ( 13, l, 12) ... 

11•.2.1~1),(7.9) !~~FlJ 

. -;']'] 
; 

I C' 
:_j 

1 ... 

® 



SCL4007UB 

APPLICATIONS INFORMATION (Continued) 

High Sink· and Source-Current Driver 
(6,3, 10); (14,2, 11); 

Dual Bi-Directional Transmission Gating 

voo ( 1,S, 12). (2,9). 
(7,4,9); (13,8, 1,S, 12) (11,4), (8,13,10). (6,3) 

vss 

3-State Buffer 

•Voo 

Disable 
3 <>----i~:r 

]:. 
Input "~j--." Output 

]: 
Disable 6~17 

INPUT DISABLE OUTPUT 

1 Cl' 0 
0 0 1 
x 1 Op an 

X "" Don't Care 

31 



SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4008B 

CMOS FOUR-BIT FULL ADDER 
FEATURES 
t Look-Ahead Carry Output 
t High·Spaed Operation 

CONNECTION DIAGRAM 
lall packages) 

Voo 84 Cout S4 S3 S2 S1 C;n 
DESCRIPTION 

16 15 14 13 12 11 10 9 

40088 
2 3 4 5 6 7 8 

A4 83 A3 82 A2 81 A1 Vss 

Tha 40088 consists of four Full-Adder 
stages with fast Look-Ahead Carry provision from 
stage to stage. Circuitry is included to provide a 
fast Parallel-Carry-out bit to permit high-speed 
operation in arithmetic sections using several 
4008B's. 40088 inputs include the four 
sets of bits to be added, A 1 to A4 and B 1 to 84, in 
addition to the Carry-in bit from a previous section. 
40088 outputs include the four Sum bits, 51 
and 54, in addition to the high-speed Parallel-Carry
out which may be utilized at a succeeding 40088 
section. 

Add suffix for package: 

Cin B 

0 0 
0 0 
0 1 
0 1 

1 0 
1 0 
1 1 
1 1 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 

TRUTH TABLE 
lone stage) 

H Chip 

A 

0 
1 
0 
1 

0 
1 
0 
1 

Cout s 
0 0 
0 
0 
1 

1 
1 
0 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

0 1 DC Supply Voltage Voo - Vss 
1 0 
1 0 

Operating Temperature 
C, D, F, H Device 

1 1 E Device 

BLOCK DIAGRAM 

High·Speed 
Parallel Carry 

1------0 14 Cout 

84150--+-+-+-+--l-l-+-+ ....... ---l 

A4 1 0--+-+-+-+--1-+-+-+-----l 

83 2 0--+-+-+-+-.._,-----1 
A3 30---!--1-4-+-+-.<I>------< 

82 40---l--1--+-+-..._ ___ ___. 

A2 50---!--1-4-..._-------< 

81 6 0---1--1-+---------< 

Al 70---1-....... ---------< 

Cin 9 0------------...J 

32 

13 S4 

12 53 

11 52 

10 51 

Voo •Pin 16 
V55m Pini 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 



SCL4008B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS TuM2 +25°C THIGH 2 
Units 

(Vdcl Min. MH. Min. Typ. MIX. Min. MIX. 

QUIESCENT DEVICE loo 
CURRENT 5 V = Vss or Voo - 5 - 0.05 5 - 150 µAde 

10 Al~ val id input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: Remaining Static Electrical Characteristics are listed under "40000 Series Family Specifications". 
T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 
Sum In to Sum Out 

Sum In to Carry Out 

Carry In to Sum Out 

Carry In to Carry Out 

OUTPUT TRANSITION TIME 

¥05, DRAlll VDLTAllE (Vde) 
·20 -18 ·16 ·14 -12 -10 -8 ·6 -4 ·2 

I_ IT ~ 
I---+--+--!-+- ¥05 =-5 Vdc.+-::2' 

!. I I [L; 
!---+--+-+----<, Vo5 =-10 Vdc J:.Z'Z 

IL 

i--+- V05 = -15 Vdc-:;t..,..L-;---;--r--;---; 
.._+--.l.+....=::;::-=-+-'""'1=F--+-+-+ TA = 25' c 

.l 

Typical P-Channel 
Source Current Characteristics 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 

Voo 
(Vdc) 

tPLH• tPHL 
5 

10 
15 

tPLH• tPHL 
5 

10 
15 

tPLH• tPHL 
5 

10 
15 

tPLH• tPHL 
5 

10 
15 

tTLH• tTHL 
5 

10 
15 

~ .. 
~ • n 
c 

"' ii • .. 
'i" 
! 

33 

Min. Typ. Mix. Units 

- 400 800 ns 
- 160 320 
- 115 230 

- 310 620 ns 
- 140 280 
- 110 220 

- 380 760 ns 
- 150 300 
- 115 230 

- 180 360 ns 
- 75 150 
- 55 110 

- 100 200 ns 
- 50 100 
- 40 80 

4 6 8 10 12 14 16 18 20 
V,,., DRAIN VOLTAGE (VIie) 

Typical N-Channel 
Sink Current Characteristics 



SCL4008B 

LOGIC DIAGRAM 

Cout 

84 

S4 
A4 

83 

SJ 
AJ 

82 

S2 
A2 

81 

S1 
A1 

Cin 

APPLICATIONS INFORMATION 

Word A • B Input• 

--"------- --------·-, 
A 1 - - - 84 A 1 - - - i::j4 A 1 - ·-· -· 84 A 1 - - --· -· 84 

~ r1-----J~J_-~ r1---~ Gout t:_ C~·P '-out G,n G;•P Gout -t~ G:·p G0 :1 
-n--r-1 Tr- rT r·-1-

51 - - - $4 51 -- -· .. ~4 $1 - - . :;)4 $1 - - -- 54 

'---- --,,--------- --- -- ·-·-------- _____ _, 
Sum Outputs 

Calculation of 16-bit adder speed: 
tp total ; tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry) 

16-Bit Adder 

34 



APPLICATIONS INFORMATION (Continued) 

'so 40 

J 
16 

84 

,...., Carry 
Ou1 

32 

84 

,- Carry 
Out 

64 

84 

- Carry 
Out 

BCD Number (Two Digits) 
A 

20 10 8 4 

~ 
16 8 8 4 4 2 

A4 83 A3 82 A2 81 

4008B 

54 53 52 51 

1 l 

32 16 16 8 8 4 

A4 83 A3 82 A2 81 

4008B 

54 53 52 51 

1 l 

64 32 32 16 16 8 

A4 83 A3 82 A2 81 

4008B 

54 53 52 51 

2 ,• 
l 

2 

At 

Cerry 

h '" 

4 

A1 

C•rrv t!-'" 

8 

A1 

C.rry 

h '" 

~r1 J ~ 

f .1 1 -=-
32 16 8 4 ,128 64 1, 

v 
BCC or Binary Number (8 Bits) 

2·Digit BCD-to-Binary Conversion 

Clo:.:i.. 

Up/Down 

"B·inputs can be 

programmed to 

vary !lttep size. 

01 02 03 04 

2 4013B's 
01 02 03 04 

51 52 53 54 

Cin 4008B Cout 

81 A1 82 A2 83 A3 84 A4 

4-Bit Up/Down Counter 

35 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Direct Drive of 2 TTL/DTL Loads 
t Operation from Single or Dual Supplies 
t All Inputs Diode-Protected 

DESCRIPTION 

The 4009UB and 40108 are single-chip 
monolithic silicon integrated circuits containing 
eighteen N-Channel and twelve P-Channel enhance
ment-mode MOS transistors connected to form six 
independent buffer/converter configurations. These 
devices are designed for use as hex CMOS-to-DTL 
or TTL logic level converters or hex CMOS current 
drivers. Conversion ranges are from CMOS logic 
operating at 3Vdc to 18Vdc supply levels to DTL 
or TTL logic operating at 3Vdc to 6Vdc supply 
levels. Conversion to logic output levels greater 
than 6Vdc is permitted proving Vee <;Voo. 

SCHEMATIC DIAGRAMS 

4009U8 

40108 

INPUT 
OUTPUT Jl...- -:~~ 

36 

SCL4009UB 
SCL4010B 

CMOS HEX BUFFERS/CONVERTERS 

CONNECTION DIAGRAM 
(all packages) 

Voo 6Y 6A NC 5Y 5A 4Y 4A 

16 15 14 13 12 11 10 9 
4009U8 40108 
2 3 4 5 6 7 8 

Vee 1Y 1A 2Y 2A 3Y 3A Vss 

Add Suffix for Package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VoD - Vss 3 to 15 
Vcc·Vss 3to15 

Vee <; VDD 

TA 

Vdc 
Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

LOGIC DIAGRAMS 

4009U8 40108 

1A0..!o1v 1A~1Y 

2A~2Y 2A~2Y 

3A~3Y 3A~3Y 

4A~4Y 4A~4Y 

5A~5Y 5A~5Y 

6A~6Y 6A~6Y 
NCQJl V=A NCQ--l} Y=A 

•cc o-L Ycco-l 
Vsso-.! Vss o-.! 
••• o-.!! vooo--.!!i 



SCL4009UB, SCL4010B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER 

QUIESCENT DEVICE 
CURRENT 
4009U8 

loo 

~------------~-
QUIESCENT DEVICE 

CURRENT 
40108 

loo 

Voo TLow 2 +25°C THIGH 2 
(Vdcl CONDITIONS 1--~'T-"~-+-~....---,..---+-=;;:=..---i Units 

Min. M.x. Min. Typ. M•x. Min. Mex. 

5 V1N = V55 or V00 - 0.25 - 0.005 
10 All valid input - 0.50 - 0.01 
15 combinations - r!·.QQ. - ~-

- 0.005 
- 0.01 

5 v1N =Vss or Voe - 1.0 
10 All valid input - 2.0 
15 combinations - 4.0 - 0.02 

0.25 
0.50 
1.00 

1.0 
2.0 
4.0 

7.5 µAde 
15.0 
30.0 

--~g · 1 ;.~~~ 
120 

1------------.1----1-----------1----- ----+---+----+·--~ -- ----
MINIMUM INPUT HIGH 
VOLTAGE 
4009U8 

MAXIMUM INPUT LOW 
VOLTAGE 
4009U8 

5 VoL = 0.5V 
10 VoL = 1.0V 
15 VoL = 1.5V 

_lo_,,.; 1µA 

5 VoH = 3.6V 
10 VoH = 7.2V 
15 VoH = 10.8V 

1.0 
2.0 
2.5 

4.0 
8.0 

12.0 

2.75 
5.5 
8.25 

1.0 2.25 
2.0 4.5 
2.5 6.75 

4.0 
8.0 

12.0 

4.0 Vdc 
8.0 

12.0 

--···-i ------ .... -

1.0 
2.0 
2.5 

Vdc 

1------------+--+---+-"'10L.::.,,.;'-'1-"µ~A --<----+------+---+--+----+-- _ -1 -· -1 ___ _ 
OUTPUT HIGH 

CURRENT 
(SOURCE) 

-0.25 -0.2 - - 0.14 - mAdc 
-0.62 -0.5 - -0.35 -
-1.9 .-1.5 -1.1 -

1-----------i----11---+------+---+---i--+----+---+·~--+---
OUTPUT LOW 

CURRENT 
(SINK) 

5 VoL = 0.4V 3.7 ·- 3.0 4.0 - 2.1 
10 VoL = 0.5V 9.9 - 8.0 10 - 5.6 
15 VoL = 1.5V 29.8 - 24 36 - 16.8 

mAdc 

L_ __________ ..L--1..-__J~V~1 NL=~Vs~so~rc.;V~00!!.!.L _ __i_ ___ L..._ _ _J.__-L __ L...__-l-_ _.__---J 
NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Fam_ily Specifications". 

2 T LOW= -55°C for C, D, F, H device THIGH = +125°C for C, D, F, H device 
= -40°C for E device. = + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25°C) 

PARAMETER Voo Vee Min. Typ. Max. Units (Vdc) (Vdcl 

PROPAGATION DELAY TIME 
Driving CMOS tPLH 

5 5 - 60 120 ns 
10 10 - 35 70 
15 15 - 28 56 

Driving TTL/DTL 
5 5 - 45 90 ns 

10 5 - 20 40 
15 5 - 15 30 

Driving CMOS tPHL 
5 5 - 30 60 ns 

10 10 - 18 36 
15 15 - 12 24 

Driving TTL/DTL 
5 5 - 35 70 ns 

10 5 - 15 30 
15 5 - 10 20 

OUTPUT TRANSITION TIME tTLH 
5 5 - 150 300 ns 

10 10 - 75 150 
15 15 - 60 120 

lTHL 5 5 - 30 60 ns 
10 10 - 20 40 
15 15 - 12 24 

INPUT CAPACITANCE C1N 
4009U8 - - - 10 15 pf 
40108 - - 5 7.5 

37 



SCL4009UB, SCL4010B 

¥05, DRAIN VDLTAllE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 

Typical P-Channel 
Source Current Characteristics 

4 6 B 10 12 
INPUT YOUS lV1) 

Typ. voltage transfer characteristics as function of 
temperature - 4009U8 

AMBIENT TEMPERATURE ITA 1•25•~ m 

6 B 10 
INPUT VOLTS fV1I 

12 

--MAX 

---MIN 

C>--t>--00 
~~~~ITION: Ycc· 5 v 

14 

Min. & max. voltage transfer charac
teristics - 4009U8 

38 

0 4 6 8 10 12 14 16 18 20 
Vns• DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

ID " " INPUT Y0L TS (YI) 

Typ. voltage transfer characteristics as a function 
of temperature - 40108 

10 Z 4 e I 102 Z 4 I I ,1,, Z 4 I J IO 

l~PUT f'AEQU[NCY lf.1 11.Hz 

Typ. dissipation characteristics -
4009U8, 40108 



SOLID~ 
STATE~~ 
SCIENTIFIC 

4011 B - Quad 2-lnput NANO 
4012B - Dual 4-lnput NANO 
4023B - Triple 3-lnput NANO 
4068B - 8-lnput NANO 

FEATURES 

+ Buffered Outputs 
+ Diode Protection on all Inputs 
+ Fully "Bn·Series Compatible 

TRUTH TABLE 
Inputs 

1 1 ... 1 
All other combinations 

FUNCTION DIAGRAMS 

4011B 4012B 

Output 

0 
1 

1A 
:D31v 

1A b1V 18 18 

2A 
:D42v 

1C :~ 28 10 

3A 
:Do3Y 2A9p 

38 20 10 132v 

4A12Q1 2C 11 
4Y 

48 13 2012-

Y =AB Y = ABCO 

4023B 
1A 

:~9 18 1Y 

1C s__J 

2A 3~ 

28 :i=CJ--6 2Y 
2C 

3A11-i_ 

38 12--=-Q-10 3Y 
__r· 

3C13 Y=ABC 

A 2 
B 3 

c 4 
0 5 

E 9 

F 11) 

G 11 
H 12 

4068B 

13 y 

Y = ABCOEFGH 

39 

SCL40118 
SCL4012B 
SCL40238 
SCL40688 

CMOS NANO GATES 

CONNECTION DIAGRAMS 
(all packages) 

Voo 48 4A 4Y 3Y 38 3A 

14 13 12 11 10 9 8 
4011B 

2 3 4 5 6 7 

1A 18 1Y 2Y 2A 28 V55 

Voo 2Y 20 2C 28 2A NC 

14 13 12 11 10 g. 8 
4012B 

2 3 4 5 6 7 

1Y 1A 18 1C 10 NC V55 

v 00 3c 38 3A 3Y 1Y 1C 

14 13 12 11 10 9 8 
4023B 

2 3 4 5 6 7 

1A 18 2A 28 2C 2Y V55 

V 0 y H G F E NC 

14 13 12 11 10 9 8 
4068B 

2 3 4 5 6 7 

NC A B c 0 NC V55 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo· Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 



SCL4011B, SCL4012B, SCL4023B, SCL4068B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS TLowl +zs•c THIGH 2 
Units 

(Vdcl Min. Mix. Min. Typ. MIX. Min. Max. 
QUIESCENT DEVICE 100 CURRENT 5 V1N = Vss 01 Voo - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 comb1nat1ons - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications." 
1 T LOW = -55°C for C, 0, F. H device. 

"' -40°C for E i:tevice. 
THIGH "'+125°CforC,0.F.Hdev1ce. 

~ + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL • 50pF, TA = 25"C) 

PARAMETER 

PROPAGATION DELAY TIME 

--- •... - ·--·--·- -·- _. ____ ·-- . -- . ·--·· 
OUTPUT TRANSITION TIME 

V.., DRAlll VOLTA&£ (Vdc) 
-20 -18 ·16 ·14 ·12 ·10 ·8 -6 ·4 ·2 0 

!. I I 
Vos =-5 Vdc_ .LJ 

1-1 fq 
T. t J IZ:1 
Vos=-10Vdc ~ L 

.L 
IZ 

:z! 
t--: t- v .. =-15 Vdc .L 

.1 ...... r ... ~c 

Typical P-Channel 
Source Current Characteristics 

LOGIC DIAGRAMS 

.5 
·10 
·15 
·20 
·25 
·30 
.35 
-40 
-45 
·50 

4011~ 

4012 

4068 

0 
!f 
~ 

~ z 
n 
c: 
:D 
:D 

"' !i 
i" 
I 

1PLH• IPHL 

- ....... 

TLH• IHiL 

40 

Voo l 
(Vdcl 

Min. Typ. Max. l Units J 
5 

10 
15 

5 
10 
15 

l 
I 

I 
- 125 250 I ns 
- 60 120 I .. 45 90 

; 

l - 100 200 ns 
- 50 100 I i - 40 80 

' 

50,.--...-.....--.---r-~---.,~r-,-.-,...-~ 

... 45 1---+---1-+--+-+-v0• = 15 Vdc-+-
~_e 401---t--t--t-::::;::l=-+--t--t~r--t--1 

35 v 
!i 30 v 
Iii! L I B 25 JL Vos= 10 Vdc -+--t--1--~ 

20t---¥--+-:::l ...... T--t---t~+--+--+---I 

i 15 1~ 
Q 10t-f'...L..1't::;;-t--t--t--t-t--t-+---t--1 
j 5 111~-1---1-Vos = 5 Vdc +--+--+-T • = 25• C 

~ J J_ .l. .1 
0 4 6 8 10 12 14 16 18 20 

Vos. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

SCHEMATIC DIAGRAM 40128 (1of2 gates) 

... 

... 

y 



SOLID~ 
STATE ~t;:::.i 
SCIENTIFIC 

FEATURES 

• Unbuffered Outputs for Quasi-Linear Applica· 
tions 

+ Quad 2-lnput NANO Configuration 
+ Diode Protection on all Inputs 
+ Output Drive Current Compatible with "B" 

Series 
+ Pin Compatible with Buffered 4011 B 

DESCRIPTION 

The 4011 UB consists of four positive-logic 
NANO gates. The outputs are unbuffered, making 
the device suitable for quasi-linear applications, 
such as gated oscillators, multivibrators, and pulse 
shaping circuits. 

For digital applications, the buffered 4011 B 
is recommended for its higher gain and input 
pattern insensitivity. 

TRUTH TABLE 

Inputs Output 
1 1 0 
All other combinations 1 

SCHEMATIC DIAGRAM 

41 

SCL4011UB 

CMOS NANO GATE (Unbuffered) 

CONNECTION DIAGRAM 
(all packages) 

Voo 48 4A 4V JV JB JA 
_I j_ j_ j_ _l _l _l 

14 13 12 11 10 9 8 
4011UB 

1 2 3 4 5 6 7 

7A is lv iv IA le v~ 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

oc Supply Voltage Voo • Vss 3 to 15 Vdc 

Operating Temperature 
C, 0, F. H Device 
E Device 

-55 to +125 oc 
-40 to +85 oc 

LOGIC DIAGRAM 

1A ;=o--3 1V 
18 
2A 5=D--28 6 • 2V 

JA :=o--•o JV JB 
4A 12=D-- 4Y 48 11 13 

V =AB 

v00 •Pin 1• 
V55 •Pin 7 



SCL4011UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

Voo TLow 
2 

PARAMETER CONDITIONS 
(Vdc) Min. Max. Min. 

QUIESCENT DEVICE loo 

+25°c THIGH 2 
Units 

Typ. Max. Min. Max. 

CURRENT 5 V 1N =V55 or Vooj - 0.05 - 0.0005 0.051 - 1.5 µAde 
10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.'-0 - 0.002 _0.:3_D_ - -_, -~~~ -·----·- '--. --- -·----

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40006 Series Family Specifications". 
2 T Low= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

Voo 
(Vdc) 

5 

Min. Typ. I Max. 

60 I 120 

trLH• tTHL , 

Units 

ns 

+--J_t_t::: - -~t-~.-J~-- -----·-

~-----------------~----~---~~- ;-~~~g : ___ ~~LJ _ -~s-- ! 

V00, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 ·10 -8 -6 -4 -2 

I I I ..d._-5,,_ 
t--+--+---t-+--1""':L5 Vdc-r--'.12'._ -10 i 

!. I _I_ JL:1 .. 
1---+--+-+-- Vas =-10 Vdc ~L :~~ ; 

_L1 -25 2 
lL -30 I 

_L'l -35 .... 

f--t- V08 =-15 Vdc-7"".L_-+--t-+--t--l -~5o --~ 
_l_ _.........., T =25"C .., It 

~ .1 -50 

Typical P-Channel 
Source Current Characteristics 
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50 
- 45 140 

35 

I ~~ 
20 a 15 

.. 10 
1 5 

I I I 
t---1 Vos= 15 Vdc-

I'.'.::: _l 

k": 
L l 

lL Vos= 10 Vdc 

_.IJ i-
_LV 

J/,,Y Vos= 5 Vdc T =25"C f'_ J. J. ~ ...L 
4 6 8 10 12 14 16 18 20 

V05, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



% 4011UB 
INPUT 

SCL4011UB 

APPLICATIONS INFORMATION 

Yao J ... L 
Yao 

OUTPUT 
... 
Yss 

Yoo 

Yss 

Yoo 

Yss 

Gated Oscillator 

©::"_fl _____________ _ 
HIGH 

@ LOW 1 TRANSFE:A VOLTAGE POUfT• INY[RTEA A 

@ HIGN----r---1 

LOW___J 1--.~~--------HIGH ---· 7ANSFEA VO..TAGE POINT .. INVERTER B 

@LOW -:,--------

@ :: r---=T1---::i 

Compensated Monostable Multivibrator 
(Independent of Transfer Voltage) 

POINT IN 
CIACU1T 

R1 • Rz• 10 •a 
C1 • C2 • O.OOl 1£F 

WAVEFORM 

Frequency Doubler 
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SOLID~ 
STATE '::J~ 
SCIENTIFIC 

FEATURES 

• Independent Set and Reset Controls 
• Static Operation 
• Logic Edge-Clocked Design 
• 16MHz Toggle Rate @I 10Vdc 

DESCRIPTION 

The 40138 consists of two identical, inde
pendent D-type Flip-Flops. These devices can be 
used for shift register applications, and, by con
necting the Q output to the Data input, for counter 
and toggle applications. The logic level present at' 
the D input is transferred to the Q output during 
the positive-going transition of the Clock pulse. 
Setting or resetting is independent of the Clock and 
is accomplished by a high level on the Set or Reset 
line, respectively. 

TRUTH TABLE 

CLA D R s 
_,,,,--- 0 0 0 
_,,,,,,..- 1 0 0 -- • I o 0 

• • 1 0 

• • 0 1 

• • 1 1 

.A. = Level Change 
x = Don't Care 

a 
0 

1 

a 
0 

1 , 

ii 
1 

0 

ii 
1 

0 , 

LOGIC DIAGRAM 

NO CHANGE 
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SCL40138 

CMOS DUAL D-TYPE FLIP-FLOP 

CONNECTION DIAGRAM 
(all packages) 

Voo 02 02 CL2 R2 D2 S2 

14 13 12 11 10 9 8 
4013B 

2 3 4 5 6 7 

a, a, CL1 R1 D1 s, Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

•• 

7 

Vss 

3 to 15 Vdc 

-55 to +125 oc 
40 to +85 oc 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Vpo CONDITIONS TulW 2 +25°C THIOH 2 
Units (Vdc) Min. Mox. Min. Typ. Mox. Min. Mix. 

QUIESCENT DEVICE ro CURRENT 5 V 1N=Vss or Voo 1.0 - 0.005 1.0 - 30 µAde 
10 All valid input - 2.0 - O.Dl 2.0 - 60 
15 combinations - 4.0 - 0.02 4.0 - 120 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications." 
2 T Low = -55°C for c. D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D. F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER Voo 
(Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME tPLH• tPHL 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 5 
10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY fcL 5 
10 
15 

MAXIMUM CLOCK RISE AND FALL TIME' trCL• ttcL 5 
10 
15 

MINIMUM SETUP TIME tsa1up 5 
10 
15 

MINIMUM HOLD TIME tho Id 5 
10 
15 

SET AND RESET OPERATIONS 

PROPAGATION DELAY TIME 
StoQ,Rtoil tPLH 5 

10 
15 

MINIMUM SET AND RESET PULSE WIDTH PW5 .PWR 5 
10 
15 

SET AND RESET REMOVAL TIME tram 5 
10 
15 

Min. Typ. 

- 125 
- 65 
- 45 

- 100 
- 50 
- 40 

- 70 
- 30 
- 20 

4.0 7.0 
8.0 16 

12.5 25 

15 -
10 -· 

5 -
- 25 
- 10 
- 7.5 

- -25 
- -10 
- -5 

- 125 
- 65 
- 45 

- 65 
- 30 
- 25 

- 0 
- 0 
- 0 

1When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 

Vos. DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 

M .... Units 

250 ns 
130 
.90 

200 ns 
100 
80 

140 ns 
60 
40 

- MHz 
-
-
- µs 
-
-
50 ns 
20 
15 

0 ns 
0 
0 

250 ns 
130 
90 

130 ns 
60 
50 

25 ns 
10 
5 

SCL4013B 

0 4 6 8 10 12 14 16 18 20 

Typical P-Channel 
Source Current Characteristics 
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V08,. DRAIN VDLTAIE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Synchronous Parallel Input/Serial Output 
+ Synchronous Serial Input/Serial Output 
+ Fully Static Operation - DC to 6 MHz@ 10Vdc 
+ Q Outputs from Stages 6, 7, and 8 Available 

DESCRIPTION 

The 40146 is an 8-stage Parallel-Input/Serial 
Output Register having common Clock and Parallel/ 
Serial Control inputs, a single Serial Data input, 
and individual parallel Jam inputs to each register 
stage. Each register stage is a D-type, master-slave 
flip-flop. In addition to an output from stage 8, 0 
outputs are also available from stages 6 and 7. 
Parallel as well as serial entry is made into the 
register synchronous with the positive Clock line 
transition and under control of the Parallel/Serial 
Control input. When the Parallel/Serial Control in
put is low, data is serially shifted into the 8-stage 
register synchronously with the transition of the 
Clock line. When the Parallel/Serial Control input 
is high, data is jammed into the 8-stage register via 
the Parallel Input lines and synchronous with the 
positive transition of the Clock line. Changes on 
the Parallel/Serial Control should be made only 
while the Clock is low. Register expansion using 
multiple 40146 packages is permitted. 

TRUTH TABLE 
Serial Operation 

t CLOCK SER P/S 06 Q7 
IN t=n+6 t-n+7 

n _J-" 0 0 0 ? 
n+1 _r- 1 0 1 0 
n+2 _r- 0 0 0 1 
n+3 _r- 1 0 1 0 

~ x 0 06 Q7 

Parallel Operation 
CLOCK SERIN P/S Pl-m 

_J- x 1 0 
~ x 1 1 

0 06, 07, and OB are available externally 
X = Don't Care 

QB 
t=n+B 

? 
? 
0 
1 

QB 

·am 

0 
1 

SCL4014B 

CMOS 8-STAGE SHIFT REGISTER 

CONNECTION DIAGRAM 
(all packages) 

SER 
v00 Pl·7 Pl-6Pl-5 07 IN CL P/S 

16 15 14 13 12 11 10 9 
40148 

2 3 4 5 6 7 8 

Pl·B 05 Og Pl-4 Pl-3 Pl-2 Pl-1 Vss 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3 to 15 Vdc 

-55 to +125 oc 
40 to +85 oc 

LOGIC DIAGRAM 

,AULUL 
SEllAl 

CONTIOL 
t"""-::::r")-~;-;<!;--.:lr;"*1odr-o*-'=lndr.d;idr--,o::lr-o::lr---.*-.:,l;---dh..1 

SlllAL 
INPUT 

11 -i-c..+--t 

10_....-c __ ~-+--~~..___..~...._~..__~__.~+--'--4---' 
CLOCK 
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12 
07 

3 
a, 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

SCL4014B 

PARAMETER V DD I CONDI Tl ONS 1---T_,L,o,_,_w,_2_-+--~+_25_•c~ _ ___,1--_T~H,1G=H~1-----; Units 
(Vdc) Min. Max. Min. Typ. Max. Min. Max. 

T QUIESCENT DEVICE 
CURRENT 

10 All valid input - 10 -
loo 5 lV1N=Vss or Voo - 5 -

--------- _______ ~ ___ 1£_ ~o_".'_b_!_ria_ti_ci_ns __ ~ _::_1_20_~::-

0.05 5 
0.1 10 
0.2 20 

NOTES: 1 Remaining Static Electrical Characteristics are listed under•• 40008 Series Family Specifications". 
' T Low= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA =25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

VDD 
(Vdc) 

Min. Typ. Max. 

5 - 160 320 
10 - 80 160 
15 - 60 120 

150 µAde 
300 
600 

Units· 

ns 

. -------------·--·---------+----- --·-·-T-----t--~-;--~.-,...-.-----1 

5 - 100 200 OUTPUT TRANSITION TIME ns 
10 - 50 100 
15 - 40 80 

!--·--------·--------- --------t-----t----;----;---.,,..,---r----1 
MINIMUM CLOCK PULSE WIDTH PWcL 5 - 90 180 ns 

10 - 40 80 

-------------------t--- ---~1~5-t----·--+--2_5___,l--_5_0_r----1 
MAXIMUM CLOCK FREQUENCY fcL 1 ~ ~:g l~ MHz 

15 I 8.5 14 !--------- - -----------+------+-----+------t------+----t---___, 
MAXIMUM CLOCK RISE AND FALL TIME' t,cL• ltcL 5 15 µs 

10 15 
15 5 -------------··---·-·---+--·--+-- -----+-----t----·t----i------1 

MINIMUM SETUP TIME 
Serial Input 

PIS Input 

Parallel Inputs 

MINIMUM HOLD TIME 
All Inputs 

tsetup 

tserup 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

60 
40 
30 

90 
40 
30 
90 
40 
30 

40 
20 
10 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs,-plus the propagation delay of 
the output driving stage for the output capacitive load. 

V,,., DRAIN VDLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 

I I ! 
~ Yc.l_=-5 Yd~ 

I . !:-:::±::] ..£'.i 

-5 
·10 ~ .. 

120 
80 
60 

180 
80 
60 

180 
80 
60 

80 
40 
20 

ns 

ns 

ns 

ns 

Vos=-10Vdc~ 

-t-

·15 jg 
-20 z 

-25 ~ 
~ 25 1---t-+--+---+-+ :; V08 =15Vdct--t-

I- Vos = -15 Vdc t--

T = 25° C 
1 .l. 

Typical P·Channel 
Source Current Characteristics 

~ z ... 
I 0 4 6 8 10 12 14 16 18 20 

Vos. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4015B 

CMOS DUAL 4-STAGE SHIFT REGISTER 
FEATURES 

+ Serial Input/Parallel Output 
+ Direct RMet 
+ Two Independent Sections 
+ Fully Static Operation - DC to 5MHz@ 10Vdc 

DESCRIPTION 

The 4015B consists of two identical, inde
pendent, 4-stage Serial-Input/Parallel-Output Reg
isters. Each register has independent Clock and 
Reset inputs as well as a single serial Data input. 0 
outputs are available from each of the four stages 
on both registers. All register stages are D-type, 
master-slave flip-flops. The logic level present at the 
Data input is transferred into the first register stage 
and shifted right one stage at each positive-going 
Clock transition. Resetting of all stages is. accom
plished by a high level on the Reset line. Register 
expansion to 8 stages using one 4015B package, 
or to more than 8 stages using additional 
4015B's, is possible. 

TRUTH TABLE 

CL* D R o1 On 
___,,,- 0 0 0 On-1 
___,,,- 1 0 1 On-1 

""'-- x 0 01 On 
x x 1 0 0 

•=LEVEL CHANGE 
X= DON'T CARE 

LOGIC DIA(,;i:IAM. 

.•· 

... 

... 

.·· 

(NO CHANGE) 
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16 

CONNECTION DIAGRAM 
(all packages) 

15 14 13 12 11 10 
4015B 

2 3 4 5 6 7 

Cle 049 03A 02A 01 A RA DA 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16.pin Epoxy 
F 16-pin Flat 
H Chip 

9 

8 

Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55to+125 oc 
40to +85 oc 

BLOCK DIAGRAM 

Da 
IS 

CL& 4·STAGE 
SHIFT REGISTER 

Ra 
14 

IJ 12 II 

019 02a 039 O.e 

4 BUFFERED 
OUTPUTS 

DA 

ClA ' 4·STAGE 
SHIFT REGISTER 

AA 
6 

4 10 

01A OJA 03A 0.A 

V55•8 
4 BUFFERED 

VDQ• II OUTPUTS 



SCL4015B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo TLow' +25°C THIGH 
, 

PARAMETER CONDITIONS Uniu 
(Vdcl Min. Max. Min. Typ. Mix. Min. Max. 

QUIESCENT DEVICE }o CURRENT 5 V 1N=Vss or V00 - 5 ·- 0.05 5 150 µAde 
10 All valid input - 10 - 0.1 10 - 300 
15 combinations ·- 15 - 0.2 20 .. 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under ''40008 Series Family Specifications ... 
' T LDW = -55°C for c. D, F. H device. 

= -40°C for E device. 
TH1GH = +125°C for c. D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = SOpF, TA = 25"C) 

PARAMETER Voo Min. Typ. Max. Units 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME tPLH• 1PHL 5 - 250 500 ns 
10 - 100 200 
15 - 90 180 

OUTPUT TRANSITION TIME lTLH• tTHL 5 - 100 200 ns 
10 - 50 100 
15 - 40 80 

MINIMUM CLOCK PULSE WIDTH PWcL 5 - 200 400 ns 
10 - 100 200 
15 - 80 160 

MAXIMUM CLOCK FREQUENCY fcL 5 1.25 2.5 - MHz 
10 2.5 5.0 -
15 3.0 6.0 -

MAXIMUM CLOCK RISE AND FALL TIME 1 trCL• ltcL 5 15 - - µs 
10 15 - -
15 5 - -

MINIMUM DATA INPUT DATA SETUP TIME t.iup 5 - 150 300 ns 
10 - 50 100 
15 - 40 80 

MINIMUM DATA INPUT HOLD TIME tnold 5 - 0 50 ns 
10 - 0 25 
15 - 0 15 

RESET OPERATION 

PROPAGATION DELAY TIME lPHL 5 - 200 400 ns 
10 - 100 200 
15 - 90 180 

MINIMUM RESET PULSE WIDTH PWR 5 - 200 400 ns 
10 - 80 160 
15 - 60 120 

RESET REMOVAL TIME lrem 5 - 375 750 ns 
10 - 125 250 
15 - 100 200 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 

V.., DRAIN VOLTAGE (Vele) 
-20 -18 -16 ·14 ·12 -10 -8 -6 -4 ·2 

t--+--t--t---+-V I - 1- 5 ~d ...,ll ·5 -
_iGS ~ .C ___ '.Z: ·10 j 

!. I .1. JLL ., 
>--o--+-+-- Yes "'-10 Vdc VlL :~~ ! 

r-- .LI -25 i 
-E- :1 

I-+-~ "'-15 Vdc,.... / ~ --i!. 
T•.=25.•C ....., It 

.___.___._...__.__.._,....___._ .... _,__...L..L-....J -50 

Typical P-Channel 
Source Current Characteristics 
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so~~~~~~}~T~T~~ 

a 45 t---+---+--+--+--+-- Yes "' 15 Vdc -+--1 

1_ 40 !--""" 
35 lZ" 

i .. !i ~~ L T ::» IZ Yes = 10 Vdc -+--+--+---1 
201-Y-+-:: ..... -t---+---i~t-+--t--i 

I :~ IY ....... 
j 5 17;.~ Yes= 5 Vdc +--+--+- T •"' 25" C 

P'"" .1 .1 ..L 
0 4 6 8 10 12 14 16 18 20 

V.,., DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 
+ Wide Range of Digital and Analog Signal Levels

Digital or Analog Signals to 18 Volts peak 
+ Low ON Resistance -

200 n typ. over 15Vp-p Signal Input Range, @ 
15Vdc 

+ Matched Switch Characteristics - 1on typ. Dif
ference between RoN Values at a Fixed Bias 
Point over 15Vp-p Signal Input Range@ 15Vdc + High On/Off Output Voltage Ratio - 65 dB typ. 
@fis = 10kHz, RL = 10Kn 

+ High degrn of Linearity - ~ 0.4% Distortion 
typ.@fis"' 1kHz, Vis=-5Vp.p. VDD·V~10V, 
RL"' 10kn 

+ Extremely Low OFF Switch Leakage Resulting 
in Very Low Offset Current and High Effective 
OFF resistance - 10pA typ.@ VDD·V~"' 10V, 
TA"' 25°C 

+ Extremely High Control Input Impedance (Con
trol Circuit Isolated from Signal Circuit) 
1012n typ. 

+ Low Crosstalk between Switches - -50dB typ. 
@ fis = 0.9MHz, RL "' 1kn 

+ Matched Control-Input to Signal-Output Capac
itances - Reduces Output Signal Transients 

+ Transmits Frequencies up to 40MHz 

DESCRIPTION 

The 4016 B is a single-chip monolithic 
silicon integrated circuit containing eight N
channel and eight P-channel enhancement-mode 
MOS transistors connected to form four indepen
dent bilateral signal switches. Each switch consists 
of both P- and N-channel devices with common 
source and drain connections. A single control sig
nal is required per switch. Both P and N devices in 
a given switch are biased ON or OFF by the control 
signal. The CMOS switch permits peak input-signal 
voltage swings equal to the full supply voltage, a 
considerable advantage over single-channel types. 

COMTJIOL .... --~T .... ,. 
J l' y,,--

l"lll,l1 SIGflALS IW1tl 
111MltlAL"" 1.•.1.11 

OUfflUT S.tottit.LS 1v.,1 
f(.lllN.t.L,._ 2,J,t,10 

SCHEMATIC DIAGRAM 

.. , 
··i 

SWITCM A '*'''" c 
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SCL4016B 

CMOS QUAD ANALOG SWITCH 

CONNECTION DIAGRAM 
(all packages) 

SWITCH SWITCH SWITCH 
A D C 

_...._ .......--..,... .... ~ ._....__.... 
Voo c c IN OUT OUT IN 

14 13 12 11 10 9 8 

4016B 
2 3 ll 5 6 7 

IN OUT OUT IN c c Vss __..,.._ .__. _ ____... -SWITCH SWITCH SWITCH 
A B c 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage vDD · Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

LOGIC DIAGRAM 



ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 1 

PARAMETER 
Vss Voo TLow1 zs0 c 

CONDITIONS (Vdcl (Vdcl Min. Max. Min. '!ll!:. 
QUIESCENT DEVICE loo 
CURRENT V1N = Vss or Voo 0 5 - 0.05 - 0.000! 

All valid input 0 10 - 0.1 - 0.001 
combinations 0 15 - 0.2 - 0.002 

MINIMUM INPUT HIGH V1H 
VOLTAGE 0 5 - 3.5 - 1.5 
(Control Input) 0 10 - 7.0 - 1.5 

0 15 - 11.0 - 1.5 

MAXIMUM INPUT LOW VIL 
VOLTAGE Vis =Vss 0 5 0.9 - 0.7 1.5 
(Control Input) Vos =Voo 0 10 0.9 - 0.7 1.5 

los = 10µA 0 15 0.9 - 0.7 1.5 

SWITCH INPUT/OUTPUT lo FF Ve = Vss 
LEAKAGE 

V1s = Voe 0 15 - ±0.1 - ±10-5 
(Switch offl - -

ON-RESISTANCE RoN Vis = Voe - Vs!;, 
0 15 - 360 - 200 

Ve= Voo 2 
RL = 10kn 0 10 - 600 - 250 

ON-RESISTANCE MATCH 6.RoN v,. 
(Same package) Ve= V00 (Vdcl 

RL=lOkn~ -7.5 +7.5 - - - 10 
±5 -5 +5 - - - 15 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications." 
2 T LOW = -55°C for C, D, F. H device. 

= -40°C for E device. 
THIGH = +125°C for C. D, F. H device. 

= + 85°C for E device. 
3 Conditions for measuring V1H: 

lgs 
Voe Vos Vis TLOW 25•c THIG~ 

5 5 4.6 - .25 - .20 - .14 
10 10 9.5 -.62 -.50 - .35 
15 15 13.5 -1.8 -1.50 -1.10 

UNITS 

mA 

DYNAMIC CHARACTERISTICS (CL = 50 pF, TA = 25°C) 

SCL4016B 

THIGH 1 Units 

Max. Min. Max. 

0.05 - 1.5 µAde 
0.1 - 3.0 
0.2 - 6.0 

3.5 - 3.5 Vdc 
7.0 - 7.0 

11.0 - 11.0 

- 0.4 - Vdc 
- 0.4 -
- 0.4 -

±0.1 - ±1.0 µAde 
-

400 - 520 n 
660 - 840 

- - - n 
- - -

PARAMETER CONDITIONS 
Vss Voo Min. Typ. Max. UNIT 
(Vdcl (Vdcl 

SIGNAL INPUTS IV1sl AND OUTPUTS IVosl 

PROPAGATION DELAY TIME tPLH, 
Signal input to tPHL Ve = Voo 0 5 - 20 40 ns 
signal output V 1s =square wave 0 10 - 10 20 

R, = lOkn 0 15 - 7.5 15 

BANDWIDTH (-JdBJ BW RL 
(Sine Wave) Ve = Voo '1ffi .5 +5 - r-¥n-- - MHz 

V15 = 5VP1' t--rOk'IT - ~ -
centered 1-fiXiiill - ~ -
@O.OVdc ~ - 37 -
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SCL4016B 
ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL = 50 pf, TA = 25°C) (Continued) 

PARAMETER CONOITIONS Vss Voe Min. Typ. Max. Units 
IV de} (Vdcl 

SIGNAL INPUTS CVosl ANO OUTPUTS CVosl (Continued} 

INSERTION LOSS 

1"'201og,0~) 
RL 

Ve "'Voo '1ki'i1 .5 •5 - r--#1 - dR v,. 
I 10kl1' Vis = - r-N-1 -

sv.,11 ~ - t-4-hi -
centered 1M!1 - 0.05 -
@O.OVdc 

SIGNAL OISTORTION 
ISineWave) Ve = V00 .5 •5 - 0.4 ·- % 

Vis = 5V0 "' 
centered 
@O.OVdc 
f IS = 1.0kHz 
RL = 10k!1 

fEEDTHROUGH i-50dBI 

I Ve = Vss 

ii Vis = 5V0 .p 5 •5 ~i 
kH1 

centered ! - -
@O.OVdc !1 - t----4 -

!1 - -

CROSSTALK C-50dBI 
{Between two switches) Ve IA)"' V00 .5 •5 - 0.9 - MHz 

Ve (8) = Vss 
V 1slAI = 5V0 i> 

centered 
@O.OVdc 
AL = 1.0k 

- ___, 
CAPACITANCE 

Input ~ - 4 pf 

Output 
~ Ve = Vss .5 •5 - 4 - pf 

Feed through C1os - 0.2 - pf 

CONTROL INPUT CVcl 

PROPAGATION DELAY TIME lPLH, 

lPHL Vss < Vis ,..;;,; Voo a 5 40 BO ns 
Turn on AL = 10k!1 a 10 20 40 

a 15 15 30 

MAXIMUM INPUT f~EOUENCY fe Vss < Vis ,..;;,; Voo a 5 - 5 - MHz 
RL 0 1.0kl1 a 10 - 10 

a 15 12 

CROSSTALK 
IT o signal port) Ve = Square wave a 5 - 30 - mV 

RL 0 10k!1 a 10 - 50 -
R,_ 0 1.0k!'l 0 15 - 100 

TYPICAL ON-RESISTANCE CHARACTERISTICS 
CHARM:· SUPPLY LOAD 
TERfSTIC• CONDITIONS CONDITIONS 

Jli: • 1iiir '!L • 1111!1 '!L - 1Clllt!1 
vDD Vss rv~lu• 'Vi. VALUE Vil VALUE Vis 
CVI (VI (VI (!11 (VI In} (VI 

RON 
200 •15 200 •15 180 •15 

+15 0 
200 0 200 0 200 0 

RoNlmox.I +15 0 300 +11 300 '9.3 320 '9.2 

290 +10 250 +10 240 •10 
RoN +10 0 

290 0 250 0 300 0 

RoNlmox.I +10 0 500 +7.4 560 +5.6 610 +5.5 

880 •5 470 • 5 450 + 5 
RON • 5 0 

800 0 580 0 800 0 

RoNlmox.I + 5 0 1.71c +4.2 7k +2.9 33k +2.7 

200 +7.5 200 +7.5 180 +7.5 
RoN +7.5 -7.5 

200 -7.5 200 -7.5 180 -7.5 

RoNlmn.I +7.5 -7.5 290 t0.25 280 ?25 400 t0.25 

260 + 5 250 • 5 240 • 5 
RON + 5 - 5 

310 - 5 250 -5 240 -5 

RoNlmox.I + 5 - 5 800 t0.25 580 •0.25 760 ±0.25 

690 +2.5 450 +2.5 490 +2.5 
RON +2.5 -2.5 

720 -2.5 520 -2.5 520 -2.5 

RoNlmox.I •2.5 -2.5 232k •0.25 300k •0.25 870k ±0.25 

• V••tion from •P9f'f•t .. 11ch; RoN •on. 
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5 7.S IQ IZ.5 
INPUT SIGNAL VOLTS (¥151 

Typ. ON characteristics for 1 of 4 switches 
with Voo=+15V, Vss=OV 

0 

SUPPLY VOLTS: Yoo•+5; "ss•D 
AMBIENT TEllPEltATURE lfa,I ·zs•c 

INPUT SIGNAL VOL TS I V151 

Typ. ON characteristics for 1 of 4 switches 
with Voo=+5V, Vss=OV 

-4 -I 0 I 4 
1..uT PINAL VOLTS lV19I 

Typ. ON characteristics for 1 of 4 switches 
with Voo=+5V, Vss=-5V 
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SCL4016B 

Typ. ON characteristics for 1 of 4 switches 
with Voo=+10V, Vss=OV 

-ti -s-u 0 u 
INPUT SlllllAL -TS IYtsl 

Typ. ON characteristics for 1 of 4 switches 
with Voo=+7.5V, Vss=-7.5V 

·I 

SW'PLY VOL.TS: Yoo•• Z.5V.Vss • -Z.5V 
AM8ENT TE..ataT\111 l'Jal • zs•c 

-~~~~KP 
'"";--To,. 

- II\. 
-I -z -I 0 •I I I -.--••1"'91 

Typ. ON characteristics for 1 of 4 switches 
with Voo=+2.5V, Vss=-2.5V 



SCL4016B 

IUPPl.Y VOLTS: Yoo•+S,vss•-5 
INPUT SIGNAL VOLTS IY1•I• 5 VP-P 

SINE WAYEH 77RltS1 
CONTROL W>LTS 1Vcl•+5 
• LOAD CAPACITANC£•ICr1x •CMETERI 

~ 2 
•I' 

"' 

Cl.I I 

INPUT SIGNAL FREQUENCY lt1 91 MH1 

RF VOLTM[T[R 
BOONTON RADIO 
MODEL 9t·C4 
OR EQUIV ... 

IRllSI 

Typ. switch frequency response • switch ON 

INPUT SIGNAL F'AEQUtfllCY lf1,I- lllHI 

Typ. crosstalk between switch circuits in the 
same package 

.. 
'.A--+H+-+-++tlH ;e a 

-l-41M---l-T" 'A+-4- • -Ill~ i 
~ 

:~~f+lf!-+t'f-tt+--t1't1rtt••c 

t IC) 4 1()2 IDJ 

INPUT SIGNAL FREQUENCY Cf11l llHz 

Typ. faadthru vs. freq.· switch OFF 

~·~"t c.-.---1 
lr•rf•20111 

~Ti--ro 
~-f_•_n_~..t. 1•0•11 

ALL UNUSED TERMINALS 
ARE CONNECTED TD Yss 

Crosstalk-control input to signal output 

APPLICATIONS INFORMATION 

F•A+I 

Ye : : 
8 1 \ts I 

i~.~ 
"c~~· 

-~Vos' ! 
I I 

Ye I 
1Y19 I 

• l 
LOGIC •o• 

OR Gata 

LOGIC FUNCTIONS USING THE 40168 

AND Gate Inverter 
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APPLICATIONS INFORMATION (Continued) 

LATCHING DPDT SWITCH 

The latch feature insures positive switching action in respon.se to non-repet1t1ve or 
erratic commands. A HIGH input to A1 turns S3 and S4 ON, a HIGH to A2 turns S1 and 
S2 ON. Desirable for use with limit detectors, peak detectors, or mechanical contact 
closures. 

1/2 40118 

OUT2 

TRUTH TABLE 

Command State of Switches 
After Command 

A2 Ai S3 &S4 s, &S2 
0 0 Same Same 
0 1 On Off 
1 0 Off On 
1 1 INDETERMINATE 

SELECT INPUTS 

SCL4016B 

Digitally controlled resistor network Digitally-controlled capacitor network. 
IVc1 _,. Vc7 are Select Inputs) 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ 10 Decoded Decimal Outputs 
+ Direct Reset 
+ Trigger from either Edge of Clock Input 
+ Carry Output for Cascading Stages 
+ Fully Static Operation-DC to 12MHz @ 10Vdc 

DESCRIPTION 

The 4017 B consists of a 5-stage Johnson 
Decade Counter and an Output Decoder. Inputs 
include Clock, Reset, and Clock Enable signals. 

The counter has interchangeable Clock and 
Clock Enable lines for incrementing on either a 
positive-going or negative-going transition, respec
tively. A high Reset signal clears the counter to its 
zero count. 

Use of the Johnson decade counter configur
ation permits high-speed operation, 2-input decode 
gating, and spike-free decoded outputs. Anti-lock 
gating is provided, thus assuring proper counting 
sequence. The 10 decoded outputs are normally 
low and go high only at their respective decoded 
time slot. Each decoded output remains high for 
one full clock cycle. A Carry-out ICouTI signal 
completes one cycle every 10 clock input cycles 
and is used to directly clock the succeeding counter 
in multi-stage applications. 

This part can be used in frequency division 
circuits as well as decade counter or decimal decode 
display applications. 

Clock 

0 
x 
x 

___,,,,....... 
............_ 

x 
1 

FUNCTIONAL TRUTH TABLE 
(Positive Logicl 

Clock Decode 
Enable R818t Output• n 

x 0 n 
1 0 n 
x 1 "O" 
0 0 n+1 
x 0 n --- 0 n 

---- 0 n+1 

x = Don't Care 
If n< 5 Carry= "1", Otherwise= "0" 

56 

SCL4017B 

CMOS DECADE COUNTER/DIVIDER 

CONNECTION DIAGRAM 
(all packages) 

Voo R CL CE CouT "9" "4" ··s·· 
16 15 14 13 12 11 10 9 

4017B 
2 3 4 5 6 7 8 

"6" "1" "O" "2" "6" "7" "3" Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

Clock 14 0 

2 

3 

• Clock 
13 I 

ENble 

• 
7 

8 

9 

Fl- II Cou• 

v00 •Pin 18 
v 95 •Pini 

3to15 Vdc 

-55to+125 oc 
-40 to +85 oc 

3 

2 

• 
10 

I 

6 

9 

II 

12 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

SCL4017B 

PARAMETER Voo CONDITIONS TLow2 +25°C THIGH 2 
Units 

(Vdc) Min. Max. Min. Typ. Max. Min. 
QUIESCENT DEVICE 

J~~ 
5 V 1N=Vss or Voo - 5 - 0.05 5 -

CURRENT 10 All valid input - 10 - 0.1 10 -
- ··- !~-c~!Tibi_n~tions _ _J - 20 - 0.2 20 -

--'---··-'· 

NOTES: 1 Remaining Static Electrical Characteristics are listed under H4000B Series Family Specifications•. 
2 T LOW = -55°C for C, 0, F, H device. 

= -40° C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + B5°C for E device. 
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Max. 

150 µAde 
300 
600 



SCL4017B 

ELECTRICAL CHARACTERISTICS 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER Voo Min. Typ. Max. 
(Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
To Decoded Outputs tPLH• tPHL 5 -- 350 700 

10 - 200 400 
15 - 150 300 

To Carry Output tPLH• tPHL 5 - 325 650 
10 - 175 350 
15 - 125 250 

OUTPUT TRANSITION TIME 
Decoded Outputs tTLH• tTHL 5 - 100 200 

10 - 50 100 
15 - 40 80 

Carry Output tTLH• tTHL 5 - 100 200 
10 - 50 100 
15 - 40 80 

MINIMUM CLOCK PULSE WIDTH PWcL 5 - 100 200 
10 - 40 70 
15 - 30 I 60 

MAXIMUM CLOCK FREQUENCY fcL 5 2.5 5.0 I 

I -

10 7.0 12.0 l -

15 9.3 16.0 -

MAXIMUM CLOCK OR ENABLE RISE AND trCL• ttcL 
FALL TIME 5 

NO LIMIT 10 
15 

MINIMUM ENABLE SETUP TIME tsetup 5 - 100 
I 

300 
10 - 50 100 
15 - 35 70 

MINIMUM ENABLE REMOVAL TIME trem 5 - 250 500 
10 - 100 200 
15 - 75 150 

RESET OPERATION 

PROPAGATION DELAY TIME 
To Decoded Outputs tPLH• tPHL 5 - 325 650 

10 - 175 350 
15 - 125 250 

To Carry Output tPLH, tPHL 5 - 325 650 
10 - 175 350 
15 - 125 250 

MINIMUM RESET PULSE WIDTH PWR 5 - 150 300 
10 - 75 150 
15 - 60 120 

RESET REMOVAL TIME trem 5 - 250 500 
10 - 100 200 
15 - 80 1.60 

STATIC CHARACTERISTICS' 

PARAMENTER Voo CONOITIONS TLow1 2s 0 c THIGH' Units 
Min Max Min Typ Max Min Max 

QUIESCENT DEVICE 5 VIN = V55 or Voo - 5 - 5 150 
10 All Valid Input - 10 - - 10 300 1•Adc 

CURRENT 15 Combinations - 20 - - 20 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications" 
2 TLOW - 55°C for C, 0, F, H devices. 

- 40 • C for E devices. 
THIGH + 125°C for C, 0, F, H devices. 

+ 85 ° C for E devices. 
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Units 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 



SCL4017B 
AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 

LOGIC DIAGRAM 

REG1Sf£A CELL SLAV[ 
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SCL4017B 

APPLICATIONS INFORMATION 

COUNTER EXPANSION 

This figure shows a technique for extending the number of decoded output states 
for the 40178. Decoded outputs are sequential within each stage and from stage 
to stage, with no dead time (except propagation delay). 

R R 
CL CL CL 

40178 4017 8 40178 
CE CE CE 

0 1• 8 9 0 1 1 . 8 9 

~ 
~ ~ 8 Decoded 

9 Decoded 8 Decoded Outputs 
Outputs Outputs 

Clock 

F 1rst Stage lntermttd•ate Stages last Stage 

DIVIDE·BY-N COUNTER 

When the Nth decoded output is reached (Nth clock pulse), the S-R flip-flop 
(constructed from the 40018) generates a reset pulse which clears the 4017 B 
to its zero count. At this time, if the Nth decoded output is greater than or equal to 6, 
the CouT line goes high to clock the next counter section. The "O" decoded output 
also goes high at this time. Coincidence of the clock "low" and decoded "O" output 
"high" resets the S-R flip-flop to enable the 4017 B. 

If the Nth decoded output is less than 6, the CouT line will not go high, and, 
therefore, cannot be used. In this case, the "O" decoded output may be used to perform 
the clock function for the next counter. 

_.,:;.~.r-----,_ _______ ~:TN •6 
l•CLOCll:~N 

.-~~-+-~~~~~-t--:~~~~~O~~T 
f•CLOCIC~N 

I I 

L- - - ----- - - - - - - - - ___ J 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4018B 

CMOS PRESETTABLE TABLE DIVIDE·BY·N COUNTER 
FEATURES 

+ Divide by any Number Between 2 and 10 with 
One External Gate 

+ Johnson Counter Configuration for Spike-Free 
Counting 

+ Fully Static operation • DC to 5MHz @ 10Vdc 

DESCRIPTION 

The 40188 consists of 5 Johnson-Counter 
stages, buffered 0 outputs from each stage, and 
counter preset control gating. Clock, Reset, Data, 
Preset Enable, and 5 individual Jam inputs are pro
vided. Divide-by 10, 8, 6, 4, or 2 counter configur
ations can be implemented by feeding the 05, 04, 
03, 02, 01 signals, respectively, back to the Data 
input. Divide-by-9, 7, 5, or 3 counter configurations 
can be implemented by use of a single SCL4081 B 
gate to properly gate the feedback connections to 
the Data input. Divide-by functions greater than 10 
can be achieved by use of multiple 40188 
units. The counter is advanced one count at the 
positive clock-signal transition. A high Reset signal 
clears the counter to an all-zero condition. A high 
Preset-Enable signal allows information on the Jam 
inputs to preset the counter. Reset and Preset gat· 
ing is provided to assure the proper counting 
sequence. 

This device is particularly useful in frequency· 
division and control applications. 

C1..0CM. 

AfSET 

Pll£5fT 
£1'11A81..E 
HJlfl 1 

Ja,..2 

Jam) 

a, 

TIMING DIAGRAM 

J\I\l\fV\J\N\I\ -,___ ___________ ---

1 
I 
l o:iJf r :AAl ...,~··~ PAf 1;,.f. r ·.•.it., ... :. ... 
I 

JI__ 

~--
~'-

--i..__._r-·~ 

~---i..__..,r----\_ 

----.......__:_-,___,..----.. 
~__,-

-----,_____,---,__r---
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CONNECTION DIAGRAM 
(all packages) 

Voo R CL 6.5 J5 04 PE J4 

16 15 14 13 12 11 10 9 
40188 

2 3 4 5 6 7 8 

DATA J1 J2 02 01 03 J3 Vss 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage 

Operating Temperature 
C, D, F, H Device 
E Device 

VDD • Vss 

BLOCK DIAGRAM 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

0,8uflfAfUC"''"'-'~ 



SCL4018B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TuJW' +25°C THIGH 2 
Units 

IVdcl Min. Max. Min. Typ. Mu. Min. Mo. 

QUIESCENT DEVICE 1~ CURRENT 5 V1N=Vss orVoo - 5 - 0.05 5 - 150 µAde 
10 All valid input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications·. 
2 T LOW ""-55°C for C, 0, f, H device. 

co -40°C for E device. 
THIGH"' +125°CforC, 0, F, Hdevice. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 

Voo 
IVdcl 

Min. Typ. Mox. Units 

----.--
5 - 500 1000 "' 

10 - 150 300 

1------------------+---l--·-"15'---+-----+---'1=20=---+---'2~4=0~1-------1 
OUTPUT TRANSITION TIME 5 - 130 260 ns 

w - ~ 1~ 

15 - 50 100 ---1 
MINIMUM CLOCK PULSE WIDTH PWcL 

10 - 100 200 
5 - 200 400 ns~' 

>-----------------+----+---15_-+------+--~eo_ ....... _160 

1 ~ ~:~5 2.5 T-Hz MAXIMUM CLOCK FREQUENCY 

MAXIMUM CLOCK RISE AND FALL TIME' 
10 15 - / -

1: 1!.o _~:~ = E;.--1 
1---------------·-+---1---1~5--t--5=---t-------r---=-- ~--

MIMIMUM DATA INPUT SETUP TIME ....... 5 - 200 400 ns 
10 - 100 200 
15 - 80 160 

5 - 0 100 l "' 
10 - 0 50 
15 - 0 40 

MINIMUM DATA INPUT HOLD TIME 

PRESET OR RESET OPERATION 

PROPAGATION DELAY TIME IPLH• '•HL 

From PE or Reset Input 5 D-,--H, 50~J1000 ns I 
10 - 250 500 j 

1-----------------+---l---"15'- __ -_ 200 __ +-_40_0_,__ __ ~ 
MINIMUM PRESET OR RESET PULSE WIDTH PWPR· PW" 1 ~ I = ~~~ ~gg ns I 

1----------------+---t------'15'---+-- 80 160 ~ 
MINIMUM JAM INPUT SETUP TIME '-• 5 - 200 400 ns 

10 - 100 200 
15 - 80 160 __J 

t---P-R-ES_E_T_O_R_R-ES_E_T_R_E_M_O_V_A_L-Tl_M_E----+,-.,..,---+-~5=---+--_--+-3~7=5-+--~75~0'--1---ns I 

~---------------~---~-~~=--~--=~-1~~~~-1~'-~~:~~'--~--_,I 
1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 

less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 

V,,., DRAIN VOLTA&~ (Vdcl 
·20 ·18 -16 ·14 ·12 -10 -8 -6 -4 -2 

1--t- Vcs =-15 Vdc'---+--+-+--+-+--i 

Typical P-Channel 
Source Current Characteristics 
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j 
.5. ... z ... 
a: 
a: 25 :::0 ... 20 

I 15 .. 10 

..l 

V,,, = 15 VdJ_ t--1 

v J 
IZ:: V,., = 10 Vdc 

z k::::: V",=5Vd~ ± T T=25°C-j 
~ J_ .1 
0 4 6 10 12 14 16 18 20 

V,,,, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



RESET 

CLOCM 

DATA 

D 

LOGIC DIAGRAM 

Jorr 3 Jom 4 JO"' ~ 

" ~ 9 . y•2 

·11 g ~tl~-t'ri 
t : • • • •.• Y • ··-, y 
\) (/'MM . Q . Q y y 

:n· ~ 0 so~~-
t ~ c .. 

0 5 A Q •·• 

Fl ·- : 

,--i 
.\•6 As l6 

+Voo GNO Os 

TYPICAL COUNTER STAGE 

Cl 

PS 7 Cl CI I 

Cl-..... --...... - Cl 

~ 

..;. 3 -:-5' +7 

Ql Q, QJ 

Q, QJ Q. 

Cl 

EXTERNAL CONTROL CONNECTIONS 

f X If ~NAl C(}fllNll I UIN!O f CJH 111\i!IJI 

HY J;) t.JR It.~ 4 t Ul'E fU.J111N 

DIVIDE AY 10 
DIVIDE BYS 
OIVIUE BY 6 
DIVIDE BY 4 
DIVIDE: BY 2 

Ul"'o~H I 'lJ; Nll. I( tf 1~• •• '\L 
HAt~ Ti) UJ...,1-'0NtP~T•, 

{JATA Hfl)UIHtlJ 

·-------- --, 
I I ( . . • .. ·• I • ' I {. ·~ .·. r • i 0 l ...... -'ll 

I I 

~9 

Q. 

Q. 

1- ___________ J 
1 4 4081B 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Replaces Three Simple Gate Packages 
t Medium Speed Operation 
t All Inputs Diode-Protected 
t All Outputs Buffered 

DESCRIPTION 

The 40198 is comprised of four "AND
OR Select" gate configurations, each consisting of 
two 2-input AND gates driving a single 2-input 
OR gate. Selection is accomplished by control 
bits Ka and Kb. In addition to selection of either 
channel A or channel B information, the control 
bits can be applied simultaneously to accomplish 
the logical A + B function. 

A 

K, 

TRUTH TABLE 
(one of four gates) 

Ka Kb D 

0 0 0 
1 0 A 
0 1 B 
1 1 A+B 

SCHEMATIC DIAGRAM 
(one of four gates) 

~~ d 
'· '1¥-f~ 

l I ~ ~ 

: , 1q1u~ l 

SCL4019B 

CMOS QUAD AND-OR SELECT GATE 
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CONNECTION DIAGRAM 
(all packages) 

Voo A4 Kb D4 D3 D2 o, Ka 

l I j l J_ l l I 

16 15 14 13 12 11 10 9 
40198 

1 2 3 4 5 6 7 8 
1 1 T 1 T 1 1 T 
B4 A3 B3 A2 B2 Ai s, Vss 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VoD -Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55 to +125 oc 
-40 to +85 oc 

LOGIC DIAGRAM 

. .. 

--o •e· voo 

o, 
-0•0 



SCL4019B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Voo CONDITIONS TLow2 +25°c THIGH 2 
Units (Vdc) Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=V55orVoo - 1.0 - 0.005 1.0 - 30 µAde 

'10 All valid input - 2.0 - O.Ql 2.0 - 60 
15 combinations - 4.0 - 0.02 4.0 - 120 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T Low = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 
From Any Input 

OUTPUT TRANSITION TIME 

Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 ·14 -12 -10 -8 -6 .4 -2 

T I T ~ J le• ~- 5 Vdc_ 1--1 tl 
°T. T "f ~ 
Yes =-10 Vdc /"'I lL 

..d 
IL 

.L. 
t--r- Yes = .:.15 Vdc .L'.'1 

_l ..+--""'"' 

IKJ 
SHIFT 

LEFT 
SELECT 

T,=25°C 
_l_ 

Typical P-Channel 
Source Current Characteristics 

Voo 
(Vdc) 

~PLH• tPHL 
5 

10 
15 

~TLH• tTHL 5 
10 
15 

.g 
-5 c 

-10 f !. ,_ 
"' z 

-15 ~ 
... a: 

-20 z a: 
=> ., .. 

·25 = z :a 
-30 ill i 
-35 

z "' ... 
-40 I j 

.45 

.50 

Min. Typ. Max. Units 

- 150 300 ns 
- 60 120 
- 50 100 

- 100 200 ns 
- 50 100 
- 40 80 

50 
45 

} T T 
f--1 Yes= 15 Vdc-

40 
35 
30 

25 
20 
15 
10 
5 

v 
v 

.L T 

IL V05 =10 Vdc 

_}J .£ i--
1.V 
~y V05 =5Vdc T = 25° C 
~ _J_ J_ ~ _l 

0 4 6 8 10 12 14 16 1~ 20 
V05, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

- - , 11t.,1 

ui:.1 --;-+.+-~--H~H--++-+..--1-t--h COdLf•fMT 
: Sl:LECT 

-cL 
CLOCK 

Sttl" 
LEFT 
OUTPUT 

Cl 

•scL4013B 

"Shift left/shift right" register. 
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TRUE I 
SELECT I 

' I 

OUT 
I 

OUT OUT 
l 

OUT 

"True/complement" selector. 

I 

' I 



SOLID~ 
STATE ~t:::" 
SCIENTIFIC 

FEATURES 

+ 14 Fully Static Stages 
+ Buffered Outputs Available from 12 Stages 
+ Common Reset Line 
+ 8MHz Counting Rate @ 1 OVdc 
+ All Inputs Buffered 

DESCRIPTION 
The 4020B consists of 14 ripple-carry 

binary counter stages with appropriate input buf
fers and reset circuitry. Buffered outputs are ex
ternally available from stages 1, and 4 through 14. 
The counter is reset to its "all zeroes" state by a 
high level on the Reset input. The counter is ad
vanced one count on the negative-going transition 
of each input pulse. Isolation from external noise 
and the effects of loading is provided by output 
buffering. 

Applications include time delay circuits, 
cQunter controls, and frequency-dividing circuits. 

TRUTH TABLE 

CLOCK RESET OUTPUT STATE 

____,,- 0 No Change 

~ 0 Advance to next 
state 

x 1 All Outputs are low 

X = Don't Care 

SCL4020B 

CMOS 14-STAGE BINARY COUNTER 

CONNECTION DIAGRAM 
(all packages) 

Voo 011 010 08 09 R CL 01 

_l _l ) I _l L _l l 
16 15 14 13 12 11 10 9 

4020B 
1 2 3 4 5 6 7 8 

I T T T I T T T 
012 013 014 06 05 07 04 V55 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3 to 15 Vdc 

-55 to +125 oc 
40to +85 oc 

LOGIC DIAGRAM 
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SCL4020B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLow 2 +25°C THIGH 2 
Units (Vdc) Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE CURRE~11oo 5 V1N=Vss or Voo - 5 - 0.05 5 -
10 All valid input - 10 - 0.1 10 -

_ -~ _________________ _,___!~ombinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW= -55°C for C, D, F, H device. 

= -40°C for E device. 
·THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER Voo 
(Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
Clock to Q1 tPLH• tPHL 5 

10 
15 

Q, to Q, + 1 tPLH• tPHL 5 
10 
15 

OUTPUT TRANSITION TIME tTLHt tTHL 5 
10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY fcL 5 
10 
15 

MAXIMUM CLOCK RISE AND FALL TIME trCL• tfcL 5 
10 
15 

RESET OPERATION 

PROPAGATION DELAY TIME 1PHL 5 
10 
15 

MINIMUM RESET PULSE WIDTH PWR 5 
10 
15 

RESET REMOVAL TIME t,..,, 5 
10 
15 
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Min. Typ, Max. 

- 180 360 
- 80 160 
- 65 130 

- 100 200 
- 40 80 
- 30 60 

- 100 200 
- 40 80 
- 30 60 

- 70 140 
- 30 60 
- 20 40 

3.0 4.5 -
6.0 9.0 -
7.5 11.0 -
- 100 50 
- 100 50 
- 100 50 

- 200 400 
- 100 200 
- 75 150 

- 100 200 
- 40 80 
- 30 60 

- 150 300 
- 65 125 
- 40 75 

Max. 

150 µAde 
300 
600 

Units 

ns 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 

ns 



SCL4020B 

Vos, DRAIN VOLTAGE (Vdc) 
-20 ·18 ·16 ·14 ·12 -10 ·8 -6 .4 ·2 0 I 

J 

f-+--+--+--11--+--+--+- TA = 25° c 

Typical P-Channel 
Source Current Characteristics 

= 12 
~ 10 
... 8 

I s 
.. 4 
= ...;: 2 

l 
.! '· I t--1 V.,. = 15 Vdc-

~ I 
L J. V.,, = 10 Vdc 

_L_ ...... l 
ll v V,"=5Vd~± t-T,=25°C v. 

4 6 8 10 12 14 1~ 18 20 
V,,., DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

TIMING DIAGRAM 

, 2 4 8 16 .J~ 64 128 256 512 1024 2048 4096 8192 16.384 

Cloe~ LJUL.ru- ""lJ ""lJ ""lJ ""lJ l_J ""lJ ""lJ lJ LJ lJ lJ LJ lJ 
ties••~------

QI _Jl_ l_ l_ l_ l_ l_ I_ l_ l_ I_ l_ I_ I_ I_ 

04 ~ L._ '---,_ '-- '-- '-- '-- '---,_ '-
'-- '---,_ l._ '-- '-- '---,_-,_-,_ 

06 _________ __..r-t_-,_ '-- L._-,_ '-- '-- '---,_ 

-,_ L_ L._-,_ L_ L._ L_ 

08 ---------~ L._ L._ L_ '-- l._ L._ 
09 ______________ ____r--,_ L._ '-- '-- '-- -,_ 

010 -------------------~ 
L_-,_ L._-,_ 

___J----i_ L__-,__-,__ 
011 ------------

012 -,__-,__ 

013-------------------~ L__ 

014 ----------------- ---------~-l_ 

TYPICAL COUNTER STAGE 

&. _--<!,___ _ __, 
CL-Hf--r-
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4021B 

CMOS 8-STAGE STATIC SHIFT REGISTER 
FEATURES 

• Asynchronous Parallel Input/Serial Output 
• Synchronous Serial Input/Serial Output 
• Fully Static Operation - DC to SMHz@ 10Vdc 
• a Outputs from Stages 6, 7, and 8 Available 

DESCRIPTION 

The 4021 B is an 8-Stage Parallel or Serial
Input/Serial-Output Shift Register having common 
Clock and Parallel/Serial Control inputs, a single 
Serial Data input, and individual parallel Jam inputs 
to each register stage. Each register stage is a D-type, 
master-slave flip-flop. "Q" outputs are available 
from the sixth, seventh, and eighth stages. When 
the Parallel/Serial Control input is low, data is 
serially shifted into the 8-stage register synchro· 
nously with the positive-going transition of the 
Clock pulse. 

When the Parallel/Serial Control input is "high" 
data is jammed into the 8-stage register via the 
Parallel input line asynchronously with the Clock 
line. 

Register expansion is possible using additional 
4021 B packages. 

CONNECTION DIAGRAM 
(all packages) 

SER 
Voo Pl-7 Pl-6 Pl-5 a1 IN CL P/S 

16 15 14 13 12 11 10 9 
40218 

2 3 4 5 6 7 8 

Pl-8 a6 as Pl-4 Pl-3 Pl-2 Pl-1 Vss 
Add suffix for package: 

c 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3 to 15 Vdc 

-55to+125 oc 
-40 to +85 oc 

TRUTH TABLE 

SERIAL OPERATION: 
SER Q6 Q7 

t CLOCK IN P/S t=n+6 t=n+7 
n ~ 0 0 0 7 

n+1 _r- 1 0 1 0 
n+2 __r- 0 0 0 1 
n+3 __, 1 0 1 0 

~ x 0 as a7 

as 
t=n+S 

7 
7 
0 
1 

as 

PARALLEL OPERATION: 
CLOCK SER IN P/S Pl-m 

x x 1 0 
x x 1 1 

•as, a1, & as are available externally 
X = Don't Care 

LOGIC DIAGRAM 
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SCL4021B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Voo CONDITIONS TLow2 +25°C THIGH 2 
IV de) Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 5 - 0.05 5 -

10 All valid input - 10 - O.Ql 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for c, D, F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50 pF, TA = 25°C) 

PARAMETER Voo 
(Vdcl 

PROPAGATION DELAY TIME IPLH• tPHL 
5 

From Clock or P/S Input 10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 

10 
15 

MAXIMUM CLOCK FREQUENCY fcL 
5 

10 
15 

MAXIMlJM CLOCK RISE & FALL TIME 1 treL• t1cL 
5 

10 
15 

MINIMUM P/S PULSE WIDTH PW 
5 

10 
15 

MINIMUM SETUP TIME tsetup 
5 

Parallel or Serial Inputs 10 
15 

MINIMUM HOLD TIME th old 

5 
Parallel or Serial Inputs 10 

15 

PIS REMOVAL TIME t,..,, 
5 

10 
15 

Min. Typ. 

- 180 
- 90 
- 75 

- 100 
- 50 
- 40 

- 90 
- 40 
- 25 

3 5 
6 12 
8 16 

15 -
15 -
15 -

- 80 
- 40 
- 25 

- 60 
- 40 
- 30 

- 100 
- 30 
- 20 

- 140 
- 70 
- 50 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

360 
180 
150 

200 
100 
80 

180 
80 
50 

-
-
--
-
-
-

160 
80 
50 

120 
Bo 
60 

200 
60 
40 

280 
140 
100 

Max. 

150 
300 
600 

Units 

µAde 

Units 

ns 

ns 

ns 

MHz 

p.s 

ns 

ns 

ns 

ns 



V05, DRAIN VOLTAGE (Vdc) 

-20 -18 ·16 -14 -12 ·10 -8 -6 -4 -2 
T I 

~ v,'f-5Vdc~ 

T.~ 
V05 =-10 Vdc /1 L 

I v 
I- V05 =-15 Vdc I--

T = 25' C 
l J.. 

Typical P-Channel 
Source Current Characteristics 

-5 ~ 

-10 i .. 
-15 ~ 
·20 z 
-25 g 

I 
I 

SCl,.40218 

I 
5§ 25 1----t-+--+---t-+ - Vi:s = 15 Vd1c.---t--1 

u 201--+--+"7'"1-=='=t==t==t:==t=:...+-l--~ 
~ 15 v J a: I/ V,., = 10 Vele 
a 1or-:~1L."-:::F==t--1~-t--r-1-T--t"---t 
j 5~ V,,,.=5Vd~.HT~=2iC 

0 4 6 8 10 12 14 16 18 20 
V,,., DRAIN VOLTAGE (Vele) 

Typical N-Channel 
Sink Current Characteristics 

TYPICAL REGISTER STAGE 

PRESET 

___ _,_ ____ a 

.--.... ,._----a 

RESET 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

• Eight Decoded Outputs 
• Direct Reset 
• Trigger from either Edge of Clock Input 
• Carry Output for Cascading Stages 
• Fully Static Operation - DC to 5MHz@ 10Vdc 

DESCRIPTION 

The 4022 B consists of a 4-stage Johnson 
Divfde-by-8 Counter and an Output Decoder. Inputs 
include Clock, Reset, and Clock Enable signals. 

The counter has interchangeable Clock and 
Clock Enable lines for incrementing on either a 
positive.going or negative.going transition, respec
tively. A high Reset signal clears the counter to its 
zero count. 

Use of the Johnson divide-by-eight counter con
figuration permits high-speed operation, 2-input 
decode gating, and spike-free decoded outputs. 
Anti-lock gating is provided, thus assuring proper 
counting sequence. The 8 decoded out19uts are 
normally low and go high only at their respective 
decoded time slot. Each decoded output remains 
high for one full clock cycle. A Carry-out ICouTI 
signal completes one cycle every 8 clock input 
cycles and is used to directly clock the succeeding 
counter in multi-stage applications. 

This part can be used in frequency division 
circuits as well as octal counter or octal decode 
display applications. 

FUNCTIONAL TRUTH TABLE 
(Positive Logic) 

Clock 
Clock Enable Reset Output= n 

0 x 0 n 
x 1 0 n 

...r 0 0 n + 1 
""'\.... x 0 n 

1 ""\.... 0 n + 1 
x .J 0 n 
x x 1 "O" 

X Don't Care If n < 4 Carry = 1, otherwise = 0 
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SCL40228 

CMOS OCTAL COUNTER/DIVIDER 

CONNECTION DIAGRAM 
(all packages) 

Voo R CL CE CouT "4" "7" N.C. 

16 15 14 13 12 11 10 9 
40228 

2 3 4 5 6 7 8 

"1" ··o" "2" ·•5" "6" N.C. "3.' V55 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

Clock 14 

Clock 13 
Enable 

Rese1 15 

v 00 " Pin 16 
v55 "' Pin a 

3to15 Vdc 

-55to+125 oc 
-40 to +85 oc 

-,, 
4 

10 

12 



SCL4022B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Voo CONDITIONS TLow2 +25°C THIGH2 
Units 

(Vdc) Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 --

NOTES: 1 Remaining Static Electrical Characteristics are listed under u 40008 Series Family Specifications•. 
2 T LOW = -55°C for c. o. F. H device. 

= -40°C for E device. 
THIGH .. +125°C for c. o. F, H device. 

= + 85°C for E device. 
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Max. 

150 µAde 
300 
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SCL4022B 

ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25°C) 

PARAMETER Voe Min. Typ. Max. Units 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
tPLH• tP>IL 5 - 600 1200 ns 

To Decoded Outputs 10 - 240 480 
15 - 180 360 

tPLH, tPHL 5 - 500 1000 ns 
To Carry Output 10 - 200 400 

15 - 150 .300 
OUTPUT TRANSITION TIME 

tTLH• tTHL 5 - 250 500 ns 
Decoded Outputs 10 I - 125 250 

15 - 90 180 

tTLH• tTHL 5 - 180 360 ·ns I Carry Output 10 - 90 180 
I 15 - 65 130 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 - 200 400 ns 

10 - I 100 200 
15 - 80 160 

MAXIMUM CLOCK FREQUENCY fcL 
5 1.25 2.5 - MHz 

10 2.5 5.0 -
15 3.0 6.0 -

MAXIMUM CLOCK OR ENABLE trCL• ttcL 
RISE AND FALL TIME 5 15 - - j.IS 

10 15 - -
15 5 - - ------1 

MINIMUM ENABLE SETUP TIME tsetup 
5 - 175 350 ns 

10 - 75 150 
15 - 55 110 

MINIMUM ENABLE REMOVAL TIME tr em 
5 - 250 500 ns 

10 - 100 200 
15 - 75 150 

RESET OPERATION 

PROPAGATION DELAY TIME 
tPLH• tPHL 5 - 500 1000 ns 

To Decoded Outputs 10 - 200 400 
15 - 140 280 

tPLH 5 - 400 800 ns 
To Carry Output 10 ·- 150 300 

15 - 110 220 

MINIMUM RESET PULSE WIDTH PWR 
5 - 150 300 ns 

10 - 75 150 
15 - 60 120 

RESET REMOVAL TIME tr em 
5 - 250 500 ns 

10 - 100 200 
15 - 80 160 
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SCL4022B 

Ctoc11 

"0'" 

"1'" 

AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 

PWc. - -·· ,_ 

'··· _ _. - - - ''"'"" 

90"• 

~-.o-. 
' 10-. 

io,., -"":..- .•o .. , 
Vss 

Vss 

'--------------------~~---------~--~ 
~IPL'' - -Ip;'' 

-------\___~.---'~-'-~~~~_____/.:;\·~· ~~--~~~ 
IPl.H --, - -1 _, - ·ITLH 

-----'~'--'----------------'-'"-3J.~~i!~~o· ___________ vo, 
1PlH I i.. IPHL ITLH -- ,.. - - ITHL 

'oo 

Voo 

"'oo 

\,•)It 

~~-----------'r--\ 
- V()H 

'"2'" 

'"3'" 

'"4'" 

"5" 

"6" 

'"7'" 

lf"•l 
1TLH --1 ;_ _'"_--,-T-H_L _______ vo, 

'--------------·__/\_ ______ vol. 
1TLH - - 1THL 

'--'-------------------'"'------VOL 

i '-------------------~Vl)L 
tp~~TLH - -_r-= 'THL_. ---- IPHl 1TLH 1THL 

_, - -'!'--_------------------- VcH. 

--- - _.I 1-- IP1tL 

____________________ _./\_ ________________ voL 

ITLH · 'TLH 

LOGIC DIAGRAM 

.•. . ,. 

mu 
MA!lf[ll RESET 

lpL., 

~ 
ITHL _; - .- ~ ITLH 

. .. 
'" 

0~~.= . -lr---:i. 
I , JW P i tt1>----4~· 

fl -- ·-··-· --t--:L-.i_J -
·--- -____ L __ . . 

--t>-- . . --· 
k-----T-~ 

JJ(GISTEll CELL S:..Ayf: 

"' •o• 
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SCL4022B 

APPLICATIONS INFORMATION 

COUNTER EXPANSION 

This figure shows a technique for extending the number of decoded output states 
for the 4022 B. Decoded outputs are sequential within each stage and from stage 
to stage, with no dead time (except propagation delay). 

CL R CL R CL R 

CE 40228 CE 40228 CE 40228 
0 1 ••• 6 7 0 1 . . . 6 ... 6 7 

~ 
~ ~ 6 Decoded 

7 Decoded 6 Decoded OutPutl 
Outputs Outputs 

Clock 

F 1rst Stage Intermediate Stages Last Stage 

DIVIDE-8Y-N-COUNTER 

When the Nth decoded output is reached (Nth 
clock pulse) the S-R flip-flop (constructed from the 
4001 Bl generates a reset pulse which clears the 
40228 to its zero count. At this time, if the 
Nth decoded output is greater than or equal to 4, 
the CouT line goes high to clock the next counter 
section. The "O" decoded output also goes high at 
this time. Coincidence of the clock "low" and de-

RESET 

coded "O" output "high" resets the S-R flip-flop to 
enable the 40228. 

If the Nth decoded output is less than 4, the 
CouT line will not go high, and, therefore, cannot 
be used. In this case, the "O" decoded output may 
be used to perform the clock function for the next 
counter. 

' I 

CouT 
FOR N;;;;,, 5 
f =CLOCK 7 N 

ALTERNATE CouT 

FOR N = 2 TO 8 
f =CLOCK 7N 

I 40018 ' 
L--- ---- - -- --- - - ____ J 
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SOLID~ 
STATE l$l~ 
SCIENTIFIC 

FEATURES 

• 7 Fully Static Stages 
• Buffered Outputs Available from All Stages 
• Common Reset Line 
• 8 MHz Counting Rate@ 10Vdc 
• All Inputs Buffered 

DESCRIPTION 

The 4024B is a single chip monolithic me
dium scale integrated circuit containing ill-Channel 
and P-Channel enhancement-mode MOS transistors. 
Seven single-phase clocked counting stages are 
provided with the Q output of each stage access
ible. The Counter is reset to "zero" by a high level 
on the Reset input. Each counter stage is a static 
master-slave flip-flop. The counter state is advanced 
one count on the negative-going transition of each 
input pulse. 

TRUTH TABLE 
Clock Reset State 

0 0 No Change 
0 1 All Outputs Low 
1 0 No Change 
1 1 All Outputs Low 

_r- 0 No Change 
~ 1 All Outputs Low 

""""'""" 
0 Advance One Count 

~ 1 All Outputs Low 

SCL4024B 

CMOS 7-STAGE BINARY COUNTER 

CONNECTION DIAGRAM 
(all packages) 

Voo NC o, 02 NC 03 NC 

14 13 12 11 10 9 8 
4024B 

2 3 4 5 6 7 

CL R 07 05 05 04 Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

LOGIC DIAGRAM 

01 

CLOCK 

RESET 
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SCL4024B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLowl +25°C 
(Vdcl Min. Max. Min. Typ. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 5 - 0.05 

10 All valid input - 10 - 0.1 
15 combinations - 20 - 0.2 

NOTES: I 
2 

Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50 pF, TA= 25°C) 

PARAMETER Voo Min. Typ. 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
Clock to Q1 IPLH• tPHL 5 - 180 

j• 10 - 80 
15 - 65 

Q1toQ;+ 1 tPLH• IPHL 5 - 100 
10 - 40 
15 - 30 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 - 100 

10 - 50 
15 - 40 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 - 120 

10 - 60 
15 - 45 

MAXIMUM CLOCK FREQUENCY fcL 
5 2 4 

10 5 10 
15 6 12 

MAXIMUM CLOCK RISE AND FALL TIME trCL· ltcL 
5 15 -

10 10 -
15 5 -

RESET OPERATION 

PROPAGATION DELAY TIME tPHL 
5 - 200 

10 - 100 
15 - 80 

MINIMUM RESET PULSE WIDTH PWA 
5 - 200 

10 - 100 
15 - 80 

RESET REMOVAL TIME tr em 
5 - 200 

10 - 100 
15 - 80 
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5 
10 
20 

THIGH 
l 

Units 
Min. Max. 

- 150 µAde 
- 300 
- 600 

Max. Units 

360 ns 
160 
130 

200 ns 
80 
6Q 

200 n~ 

100 
80 

240 ns 
120 
90 

- MHz 
-
-

- µs 
-
-

400 ns 
200 
160 

400 ns 
200 
160 

400 ns 
200 
160 



Vos. DRAIN VOLTAGE (Vdc) 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 ·2 

f---+--+--+--+---+V:=-I Vdc~ -5 
l-+-+---11-+-+--'-'-l-=;;l.--.q,t:L"'.£-1~ ·10 i 
f---+--+-~v .. ~-1~ ~ ·15 I 
1-1----l-+-----1-+ ~--~f-=-=l-+=-=--++f-"""'~:r~1~~1~~t~-l-20 ~ 

·25 li 
~ Vcs = -15 Vdc _30 ill 
1--1---4--1----1---4--1----1--4--1---~-~ ~ 
1--1---4--1----1---4--1----1--4--1---~ -40 i 
1--1---4--1----1---4--1----+- T •, = 25...l• C -45 !!. 
'----'--'----''---'--'--'---'---'--'----'--' ·50 

Typical P-Channel 
Source Current Characteristics 

SCL4024B 

!ii: 
Ill! 
!§ 25 Vcs = 15 Vdcr--t--1 

:;: 20 v .I. 
i l5 I ./ Vcs = 10 Vdc 
Q 10r-~JL_'-::;;j:::=~-;~;--r-t-t--r---1 
j 5 ..L.k'.:: Vcs = 5 Vd~±r T • = 25° C 1 

- .1 .1 4 6 8 10 12 14 16 18 20 
V0,, DRAIN VOLTAGE (Vdc) 

Typical N·Channel 
Sink Current Characteristics 

TYPICAL COUNTER STAGE 

CL 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 
t Decade Counter and 7-Segment Decoder in One 

Package 
t Easily Interfaced with 7-Segment Display Types 
t Direct Reset 
t Display Enable Function (4026AB) 
t Ripple Blanking and Lamp Test Functions 

(4033AB) 
t Trigger from either Edge of Clock Input 
t Carry Output for Cascading Stages 
t Fully Static Operation - DC to 5MHz@ 10Vdc 

DESCRIPTION 

These two devices each consist of a 5-stage 
Johnson Decade Counter and an Output Decoder 
which converts the Johnson code to a 7-segment 
decoded output for driving each stage in a numer
ical display. A high Reset signal clears the decade 
counter to its zero count. The counters have inter
changeable Clock and Clock Enable lines for incre
menting on either a positive-going or negative-going 
transition, respectively. Antilock gating is provided 
on the Johnson counter, thus assuring proper 
counting sequence. The Carry-Out ICouTl signal 
completes one cycle every ten clock input cycles 
and is used to directly clock the succeeding decade 
in a multi-decade counting chain. 

4026AB 

When the Display Enable is low, the seven de
coded outputs are forced off regardless of the state 
of the counter. Activation of the display only when 
required results in significant power savings. This 
system also facilitates implementation of display
character multiplexing. 

The Carry Out and ungated "C-segment" signals 
are not gated by the Display Enable and therefore 
are available continuously. This feature is a require
ment in implementation of certain divider functions 
such as divide-by-60 and divide-by-12. 

4033AB 

The 4033AB has provisions for automatic 
blanking of the non-significant zeros in a multi
digit decimal number which results in an easily 
readable display consistent with normal writing 
practice. For example, the number 0050.0700 in 
an eight digit display would be displayed as 50.07. 
Zero suppression on the integer side is obtained by 
connecting the RBI terminal of the 4033AB 
associated with the most significant digit in the dis
play to a "low-level" voltage and connecting the 
ABO terminal of that stage to the RBI terminal of 
the 4033AB in the next-lower-significant posi
tion in the display. This procedure is continued for 
each succeeding 4033•AB on the integer side of 
the display. On the fraction side of the display the 

SCL4026AB 
SCL4033AB 

CMOS DECADE 7-SEGMENT DECODERS 

80 

Voo 

16 

CL 

CONNECTION DIAGRAM 
(all packages) 

UNG cl 

R LT 2 c b e a d 

15 14 13 12 11 10 9 
4026AB 4033AB 

2 3 4 5 6 7 8 

CL Cout f g V55 
EN 

DE in 1 
RBl2 

DEout I 
RBQ2 

14026AB 
24033AB 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

RBI of the 4033AB associated with the least 
significant digit is connected to a "low-level" volt
age and the ABO of the 4033AB is connected to 
the RBI terminal of the 4033AB in the next
more-significant-digit position. Again, this proce
dure is continued for each 4033AB on the 
fraction side of the display. 

In a purely fractional number the zero immedi
ately preceding the decimal point can be displayed 
by connecting the RBI of that stage to a high volt
age !instead of to the ABO of the next-more
significant stage). For Example: optional zero -
0.7346. 

Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of the 
4033AB associated with it to a "high-level" 
voltage. 

A "high" Lamp Test signal turns on alt outputs. 
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SCL4026AB, SCL4033AB 

TIMING DIAGRAM 

•. ·I .. 
~ '' .... fl.Jl.fULJ1...JU1.IUUU1.Jl...fl.J 

L.__ -·------ ___ _J 
..• - - . ----~'"""""l___. 

----- ---·-----~ 
---·- ·----· -· --~ 
l.__JL___ __ ~ 

--------i__s--u-
~--- -----i.___.r-u
·-~ 

. ---.....n._____L.JL___J\.__J 
c__r---i__JL_ _ _J 

. __ _,.-------c__r- --""""\ _ ___r-1 
--- ---·--·----i_ ____ __J __ _ 

. --"L.J -- --- -· .. -------i..__r-

DISPLAY 

4026AB Decade Counter/7-Segment Decoder with Display Enable 

LOGIC DIAGRAM 

$1C .. I"~ •1-:-1D 
Dl~G"'"''O'o ·II· 

• 

TIMING DIAGRAM 

,~_____;__~--'---~-----~~ 

DISPLAY 

0 3 4 5 6 8 9 

4033AB Decade Counter/7-Segment Decoder with Ripple Blanking 
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SCL4026AB, SCL4033AB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

Voo Tu>V'12 +25°c THIGH 
2 

PARAMETER CONDITIONS 
(Vdcl Min. M•x. Min. Typ. Mn. Min. Max. 

QUIESCENT DEVICE loo 5 V1N=Vss or Voo - 5 - 0.05 5 - 150 
CURRENT 10 All valid input - 10 - 0.1 10 - 300 

15 combinations - 20 - 0.2 20 - 600 
OUTPUT HIGH (SOURCE) 
CURRENT 

Decoded outputs 
lo"1 

5 VoH=4.6V -0. 17~ - -0.14 -0.28 - -0.10 -
10 VoH=9.5V -0.37~ - -0.3 -0.6 - -0.21 -
15 VoH=13.5V -1.25 - -1.0 -2.5 - -0.7 -

V1N=Vss or Voo 

Carry output 5 VoH=4.6V -0.19 - -0.15 -0.4 - -0.11 -
10 VoH=9.5V -0.43 - -0.35 -1.0 - -0.25 -
15 VoH=13.5V -1.57 - -1.25 -4.0 - -0.88 -

v,N =Vss or Voo 

Remaining Outputs 5 VoH=4.6V -0.10 - -0.08 -0.2 - -0.056 -
10 VoH=9.5V -0.25 - -0.20 -0.5 - -0.14 ·-
15 VoH=13.5V -0.75 - -0.60 -1.5 - -0.42 -

V1N=Vss or Voo 

OUTPUT LOW (SINK) 
CURRENT 

loL 
0.12~ All Outputs Except Carry 5 VoL =0.4V - 0.1 0.3 - 0.07 -

10 VoL =0.5V 0.31 - 0.25 0.6 - 0.175 -
15 VoL=1.5V 1.44 - 1.15 2.5 - 0.81 -

V,N=Vss or Voo -
Carry output 5 VoL =0.4V 0.19 - 0.15 0.4 - 0.11 -

10 VoL =0.5V 0.45 - 0.35 1.0 - 0.25 -
15 VoL =1.5V 1.57 -

l 
1.25 4.0 - 0.88 -

V1N=Vss or Voo 

NOTES: Remaining Static Electrical Characteristics are listed under'' 40008 Series Family Specifications". 
T Low= -55°C for C. D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 
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Units 

µAde 

mAdc 

---
mAdc 

\---
mAdc 

mAdc 

mAd~ 
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ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25°C) 

PARAMETER Yoo Min. Typ. 
IV de I 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
Clock to Decoded Outputs tPLH • tPHL 5 - 500 

10 - 225 
15 - 175 

Clock to Carry Out tPLH, tPHL 5 - 450 
10 - 125 
15 - 100 

OUTPUT TRANSITION TIME 
Decoded Outputs tTLH, tTHL 5 - 250 

10 - 125 
15 - 100 

Carry Output tTLH, tTHL 5 - 200 
10 - 100 
15 - 80 

MINIMUM CLOCK OR ENABLE PULSE PWcL• 5 - 200 
WIDTH PWce 10 - 100 

15 - 80 

MAXIMUM CLOCK FREQUENCY fcL 5 1.25 2.5 
10 2.5 5.0 
15 3.0 6.0 

MAXIMUM CLOCK OR ENABLE RISE AND treL• t1cL 5 15 -
FALL TIME 10 15 -

15 3 -
MINIMUM CLOCK OR ENABLE SETUP t..nup 
TIME 5 - 250 

10 - 100 
15 - 80 

RESET OPERATION 

PROPAGATION DELAY TIME 
Reset to Decoded Outputs tPLH• tPHL 5 - 700 

10 - 250 
15 - 200 

Reset to Carry Output tpLH• tPHL 5 - 500 
10 - 125 
15 - 100 

MINIMUM RESET PULSE WIDTH PWR 5 - 200 
10 - 100 
15 - 80 

RESET REMOVAL TIME tram 5 - 375 
10 - 150 
15 - 125 
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SCL4026AB, SCL4033AB 

Max. Units 

1000 ns 
450 
350 
900 ns 
250 
200 

500 ns 
250 
200 

400 ns 
200 
160 
400 ns 
200 
160 

- MHz 
-
-
- µ.s 
-
-

500 ns 
200 
160 

1400 ns 
500 
400 

1000 ns 
250 
200 

400 ns 
200 
160 
750 ns 
300 
250 



SCL4028AB, SCL4033AB 

DISPLAY INTERFACE 

LIGHT EMITTING DIODE DISPLAYS 

--· OR EQUIVllLENT 

CLOC• 

[NAILE 

"ESET 

YDD it !SY lllllN) 
11 I 0.4 t11A 

10 II •.t,ISct. llOO "'Olm' CTCLEI 
... UllNlUO 
VCE I SAT) S 0.5 V 

•• YDo"'Vc11 .. 11-v,1UD) 

iuo 
WHlal: v, • rOllWAflD OM>P ACROSS DIODE 

1/6 4049UB 

NEON READOUTS 

TRANllSTOR atARACTERISTICS 
Leak..., with lrSlsistor culolT ~ 0.05 mA 

VcBR>CER ••• >VT 
lfdclmin> ~ :ii 

I 
'""'""'...-;-~I 

I 
I 
I 
I 
I 
I 
I 

G I L ____ _, 

MONSANTO MIN 5 
OR ECUVALENT 
(LOW POW[ft) 

CLOCK 

ENAILE 

"ESET 

YOO it 5.9Y 
J,•9t11AIK6MENT 
10011io DUTY CYCLE 

••v,,-v.-v, tLIDJ 

•oo 

r----, 

A 

+ I i, 
I 
I 
I 
I 
I G 

fuo WHPI Yp• INPUT PULSE [ ____ _J 

v,·~~rsfo=r 

LOW-POWER 
INCANDESCENT READOUTS 

INCANDESCENT 
READOUTS 

ASSUMED 
TRANSISTOR 
CHARACTERISTICS 
Bdc (min.)? 30 
VcE(sat.)S O.SO V 

~Voo? 3.5 V (min.) 
le ? 0.25 mA (min.) 
IT S 7.5 mA (min:) 

4049UB 
'Voo = 10 v (min.) 

V0 "0" S 0.6 V 

Ir • 8 mA (min.) ,v00 = 6 V (min.) 

V0 "0" S 1.0V 

Ir = 5 mA (min.) 

Vrel.5 v TO 3.5 v 

ASSUMED 
TRANSISTOR 
CHARACTERISTICS 

8dc (min.) ? 25 

vcE<sat.JS o.sov 
a v00 = 8 V (min.) 

le= 1.0mA (min.) 

IT = 24 mA (min.) 

4049UB 

s Voo = 10 v (min.) 

Vo'"O" S 2V 

Ir = 20 mA (min.) 

Vr= 3.5 V TO 6 V 

LOW-VOLTAGE VACUUM FLUORESCENT READOUTS 

CLOCK 

13.5 y ENABLE 
LOGIC 

VOLTAGE 
RESET 

WITH VoN•l8Y MEDIUM BRIGHTNESS 
IN LOW AMBIENT LIGHT BACKGROUND 

WILL RESULT. THE POINT OF NO 
NOTICEBLE GLOW IS YOFF • 4.5Y 

TUBE REQUIREMENTS: 100 ID 300µ Alselr' 
meat al tube voltages of 12 V ID 25 V depending 
on recssired brightneaa. Filament reQJirement 
45mA al l.6V. AC or OC. 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Individual Set and Reset Controls 
+ Fully Static Operation 
+ Logic Edge-Clocked Design 
+ BMHz Toggle Rate@ 10Vdc 

DESCRIPTION 

The 40278 consists of two identical inde
pendent CMOS J-K master-slave Flip-Flops. The 
40278 is useful in performing control, register, 
and toggle functions. Logic levels present at the J 
and K inputs along with internal self-steering con
trol the state of each flip-flop; changes in the flip
flop state are synchronous with the positive-going 
transition of the Clock pulse. Set and Reset func
tions are independent of the Clock and are initiated 
when a high level signal is present at either the Set 
or Reset input. 

SCL4027B 

CMOS DUAL J-K FLIP-FLOP 

CONNECTION DIAGRAM 
(all packages) 

Voo 01 01 CL1 R1 K1 J1 S1 

16 15 14 13 12 11 10 9 
4027B 

2 3 4 5 6 7 8 

02 02 CL2 R2 K2 J2 S2 Vss 
Add suffix for package: 

c 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 16 Vdc 

Operating Temperature 
C, D, F, H Device -66 to +126 oc 
E Device -40to +86 oc 

TRUTH TABLE 

9tn-1 INPUTS ttn OUTPUTS 

CLA J K s R a a o 
J 1 x 0 0 0 1 0 

_r WHERE 1 =HIGH LEVEL 
x 0 0 0 1 1 0 0 =LOW LEVEL 

_r 0 x 0 0 0 0 1 A- LEVEL CHANGE 
X - OON"T CARE 

_r x 1 0 0 1 0 1 
•- •n·l REFERS TO THE INTERVAL 

\_ x x 0 0 x (No Change) PRIOR TO THE POSITIVE CLOCK 
PULSE TRANSITION 

x x x 1 0 x 1 0 t- t 0 REFERS TO THE TIME INTER-

x x x 0 1 
VAL AFTER THE POSITIVE x 0 1 CLOCK PULSE TRP.-NSITION 

x x x 1 1 x 1 1 

LOGIC DIAGRAM (one of two Flip-Flops) BLOCK DIAGRAM 

R ... 
SET1 

J a 
,, .. ., 

c1.oc111 •• 
K 111un1 

HTz 

'• •• .. 
o CLOC11o1 •• 

lllHlTz ... 
s 
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SCL4027B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS TLow' +2S"C THIGH' Units 
1-----------~-+-IV_dc) rM--in~.Jr=M-ax-.-r-:M-i-n-• .--!Y!>,-.l-.-M-a-x.-r-:M-i~n~.rM:-:--1x__,. 

QUIESCENT DEVICE 
CURRENT 5 v,N=Vss or Voe - j 1.0 - 0.00511.0 

10 All valid input - 1 2.0 - 0.01 J 2.0 
. '-- .1E_ c_o!"_~na}i_o~s ... , ·- - _ 1 . 4.p __ -::. i.Q-~~ -~~ 

loo 

L-= 
NOTES: 1 Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications•. 

' T Low = -55°C for c. D, F. H device. 
= -40°C for E device. 

THIGH = +125°C for C'. D. F, H device. 
= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25'C) 

30 µAde 
60 

120 

Voo I M" T M u· 
1---------P_A_R_A_M_E_T_E_R _______ ~~(V_d~c~_J_ __ '"-·-~-'P_·_~-·-··_:~_"'_11--il 

CLOCKED OPERATION 
PRCiPAGATfON .DELAY TIM_E __________ --· ~PLH.-;PH~ r ··. ·5 .. r· . ..: ·· T ·-,-i;0 ·' l". 3oii" r .. ~~-- ·1 

,,,..,;""'"''°'""' -- -- l;:.~;~r :: f : + ;~ 1 ! ; . I 

~=~·~:_,~,~~.Wmrn~:=~EJ ;i t. ; __ :_ tT~t: J 
-~~~~~~~:~::.:~~~~ENCY·------- le~---'-- _:l_. t'. H .. 1: __ J~ __ [ __ = __ L~Hz I 
MAXIMUM CLOCK RISE AND FALL TIME' t t r 5 15 1 µs 1 

MiNIMuM5Ei--uP T;-E-------~- :;-~ t-~ !' ~ ~- ... 1
1

' -,~o-f-2~0 -t-
1
. -- ~.- .1. J 

10 - 50 ' 100 

~~I~~~ HOLD:~~-~-~-=---- th:~----- -·-:·~--1 .. ·-~--·t··-=;~ -t·--~g·j--·-~;-
SET AND RESET OPERATION 

PROPAGATIQ.N DELAY TIME 
StoO,RtoO tPLH 

--------------------+---
MINIMUM SET AND RESET PULSE WIDTH PWs.PWR 

10 - 50 100 

-S-ET-AND R-ES-ET-R-EM-OV·A--L-T-IM_E ____ +t·"""----t·-- 1: = 4~ :~ ";-~ 
10 - 0 10 J 

·---·-----------~-
_I§_ 0 __ 5 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 

V..,, DRAIN VOLTACIE IVdc) 
-20 -18 -16 ·14 -12 -10 -8 -6 -4 -2 0 

-_i: I I ell v .. =-&Vdc_ ...-~ 
t!-101v11c IZl 

7 z 
IZ 

:zi 
1--1-Vaa =-15 Vdc ..,..-j 

i ....... 
T.=~C 

Typical P-Channel 
Source Current Characteristics 

-5 f 
-10 

-1s 1. 
-20 

!i 
!I 
-50 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ BCD-to-Decimal or Binary-to-Octal Decoding 
+ Buffered Outputs go High on Selection 
+ Low Outputs for all Illegal Input Combinations 

DESCRIPTION 

The 4028B types are BCD-to-Decimal or 
Binary-to-Octal Decoders consisting of pulse shap
ing circuits on all 4 inputs, decoding/logic gates, 
and 10 output buffers. A BCD code applied to the 
four inputs, A to D, results in a high level at the 
selected one of 10 decimal decoded outputs. 
Similarly, a 3-bit binary code applied to inputs A 
through C is decoded in octal code at output 0 to 7. 
A high-level signal at the D input inhibits octal de
coding and causes outputs 0 through 7 to go low. 
If unused, the D input must be connected to Vss. 

Expanded decoding such as binary-to-hexadeci
mal ( 1-of-16), etc., can be achieved by using other 
4028B devices. This part is useful for code 
conversion, address decoding, memory selection 
control, demultiplexing, and readout decoding. 

TRUTH TABLE 
Input Output 

D c B A 9 8 7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 1 0 0 0 0 0 0 0 0 1 0 
0 0 1 0 0 0 0 0 0 0 0 1 0 0 
0 0 1 1 0 0 0 0 0 0 1 0 0 0 

0 1 0 0 0 0 0 0 0 1 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 
0 1 1 0 0 0 0 1 0 0 0 0 0 0 
0 1 1 1 0 0 1 0 0 0 0 0 0 0 

1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 0 0 0 0 0 0 0 0 0 0 

1 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 0 1 0 0 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 1 0 0 0 0 0 0 0 0 0 0 
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SCL4028B 

CMOS BCD· TO-DECIMAL DECODER 

CONNECTION DIAGRAM 
(all packages) 

Voo 3 1 B c D A B 
J_ l _l _l J_ _l _l _l 

16 15 14 13 12 11 10 9 
40288 

1 2 3 4 5 6 7 8 

~ ~ ~ ~ ~ ~ ~ I 
V55 

Add suffix for package; 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDo • Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

8421 
BCD 
Inputs 

1
10 

3·Bit 
B•nuy 13 
lnpu1s 

12 

11 

v 00 " Pin 16 
v 55 .. Pine 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

Octel 
OecodMI Decimal 
Outputt Decod_. 

Outputs 



SCL4028B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS Tuiw2 +25°C THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE ]°D 5 VoN =Vss or V DD - 5 - 0.05 5 - 150 µAde 
CURRENT 10 All valid input - 10 - 0.1 10 - 300 

15 combinatio·ns_----'- _-_ 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

Vos, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 ·10 ·8 -6 -4 -2 

Typical P-Channel 
Source Current Characteristics 

Voo 
(Vdc) 

tPLH• lPHL 5 
10 
15 

tTLH• tTHL 5 
10 
15 

.; 
l ... z ... a: a: .. 
u 
z 
i .. 
j 

LOGIC DIAGRAM 
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~ 

50 

45 

40 
35 

30 

25 
20 

15 

10 
5 

Min. Typ. Max. Units 

- 150 300 ns 
- 60 120 
- 50 100 

- 90 180 

~ - 50 100 
- 40 80 

} T T 
>--+---<-+--+-....._ Ve.•= 15 Vdc-+-

v 
_L I 

JL Ve.,= 10 Vdc -~-+--+----t 

.L..V 

4 6 8 10 12 14 16 18 20 
Vos. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



APPLICATIONS INFORMATION 

CODE CONVERSION CIRCUIT 

The circuit shown here converts any 4-bit code to a decimal or hexadecimal code. 
The table shows a number of codes and the decimal or hexadecimal number in these 
codes which must be applied to the input terminals of the 40288 to select a 
particular output. For example: in order to get a "high" on output No. 8 the input 
must be either an 8 expressed in 4-B it Binary code, a 15 expressed in 4-B it Gray code, 
or a 5 expressed in Excess-3 code. 

INPUT CODES 

INPUTS 

1/6 4069UB 
I~ -'""'TS OUTPuT NUllllEA .. 

·h1 .. z-
t:it: § ~ ;: 

c .. . c .. • 5 1 

[! 1!l!l 0 0 0 0 0 
1 1 1 I 1 0 

• • 0 •• 0 

• • 0 •• 0 

• 1 1 • • I 
5 •• • 0 

• • • 1 • 0 
1 •• • 0 
• 11 5 0 . , .. ' 0 

ID 12 1 • • 0 0 
11 13 • • 0 .. I 9 •• 0 .. • • 1 1 0 
•• ti ••• 0 
11 10 7 •• 0 

Code Conversion Chart 

6-BIT BINARY TO 1-0F-64 ADDRESS DECODER 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4029B 

CMOS PRESETTABLE UP/DOWN COUNTER 
FEATURES 

+ Binary or Decade Up/Down Counting 
+ BCD Outputs in Decade Mode 
+ Asynchronous Preset Enable 
+ Internally Synchronous for High Speed 
+ Logic Edge-Clocked Design 
+ 6MHz Counting Rate@ 10Vdc 
+ Carry Output for Cascading Stages 

DESCRIPTION 

The 4029B consists of a· four-stage Binary 
or BCD Decade Up/Down Counter with provisions 
for look-ahead carry in both counting modes. The 
inputs consist of a single Clock, Carry-in (Clock 
Enable), Binary/Decade, Up/Down, Preset Enable, 
and four individual Jam signals. Four separate 
buffered Q signals and a Carry-out signal are 
provided as outputs. 

A high Preset Enable signal allows information 
on the Jam inputs to preset the counter to any 
state asynchronously with the Clock. A low on each 
Jam line, when the Preset/Enable signal is high, 
resets the counter to its zero count. The counter is 
advanced one count at the positive transition of the 
Clock when the Carry-in and Preset Enable signals 
are low. Advancement is inhibited when the Carry
in or Preset Enable signals are high. The Carry-out 
signal is normally high and goes low when the 
counter reaches its maximum count in the Up mode 
or the minimum count in the Down mode provided 
the Carry-in signal is low. The Carry-in signal in the 
low state can thus be considered a "Clock Enable". 
The Carry-in terminal must be connected to Vss 
when not in use. 

Binary counting is accomplished when the 
Binary/Decade input is high; the counter counts in 
the Decade mode when the Binary/Decade input is 
low. The counter counts up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in either 
a parallel-clocking or a ripple-clocking arrangement. 
Parallel-clocking provides synchronous control and 
hence faster response from all counting outputs. 
Ripple-clocking allows for longer clock input rise 
and fall times. 

This counter finds primary use in up/down and 
difference counting and programmable frequency 
synthesizer applications. It is also useful in A/D 
and D/A conversion techniques and for magnitude 
and sign generation. 
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CONNECTION DIAGRAM 
(all packages) 

VDD CL 03 J3 J2 02 U/D B/D 

16 15 14 13 12 11 10 9 
4029B 

2 3 4 5 6 7 8 

PE 04 J4 J1 a o, co Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3to15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

TRUTH TABLE 

Cl U/D PE B/D Action 

1 x 0 x No Count 
0 1 0 0 Count Up (Decade) 
0 1 0 1 Count Up (Binary) 
0 0 0 0 Count Down (Decade) 
0 0 0 1 Count Down (Binary) 
x x 1 x Preset 

X = Don't Care 

BLOCK DIAGRAM 

PE o, 6 
5 Cl 
9 B/D 02 11 

10 U/D 
15 ~L 03 14 

J1 
12 J2 04 
13 J3 
3 J4 co Voo - Pin 16 

V55 .. Pin B 



LOGIC DIAGRAM 

TIMING DIAGRAMS 

Binary Mode 
CLOC• ICLI 1 
C...., .. I 

ICL IENA&l1;.: -;......;-i-..;.-...;--;.---:-i--:-"7"-;--;-,---;-...,..--7---:-,--..,.--
"'°'00WN ...... , 
DIC.IOI! ...... ·-· 

Cl.GClllCl.I ...... 

I 
I I ' 

~:.,~.t:::,=t::::::.t:::.:t:::::::::::.t:::J:::::.t::::::::::::;:::i~f'1-~·-,--..,......,..-,.--,-,---;-...,..--;--:~ ,,.,-
,,,: 

··",--'-'---'--'--'----,-,--..:.......,.---,---;-,...--;--:--;---:-:---:--:--:---:-..,:-,,, 
I 

' ' I I I • 
I ' I I 1 I I ' I I •O I 

W 
I I I I I I 

·l ,, •.• I •!t. ' I. I ' I I 

Decade Mode 

' I I I I 

'!I I 4 I J I 2 I I 

CC&.111111.EI ;--;--;......;-.,_..:...._,..--;.-'"-+-_,_--:-:.-+--:--;---:-.,._~ ... , ...... _, -...... ·-· f--i~:.-..:........:.......;._,___,_...:...._,___,_.,___.__,___,_;.._..:........:...--'-''--+--'--f-il.._ 
I o I 

.11 I I I 

'• ,, 

., .. .. 
•• ....... 

..... 

I o 

!--..:.......:........:....:......:....'---'--'---'-~-;--...,..--;-~-:---...,...--",.--'---:---:-~r:--
1 

' ' I 
0 I ~ I 

I 
I 
I 

J : 4 

I 
1 I 

I I I I 

!t ; a: ' : I : I 
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SCL4029B 

ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 

Voo Tu>W2 
PARAMETER CONDITIONS 

(Vdc) Min. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N;Vss or Voe - 5 -

10 All valid input - 10 -
15 combinations - 20 -

+25°c 

Typ. 

0.05 
0.1 
0.2 

NOTES: Remaining Static Characteristics are listed under "4000B Series Family Specifications"" 
T Low ; -55°C for c, D, F. H device. 

; -40°C for E device. 
THIGH; +125°C for C, D, F, H device. 

; + 85°C for E device. 
DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

Max. 

5 
10 
20 

PARAMETER Voo Min. Typ. (Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME tPLH• tPHL 
Clock to Q 5 - 250 

10 - 120 
15 - 90 

Clock to Carry Out 5 - 280 
10 - 130 
15 - 95 

Carry In to Carry Out 5 - 170 
10 - 70 
15 - 50 

OUTPUT TRANSITION TIME tTLH• tTHL 5 - 100 
10 - 50 
15 - 40 

MINIMUM CLOCK PULSE WIDTH PWcL 5 - 170 
10 - 85 
15 - 70 

MAXIMUM CLOCK FREQUENCY fcL 5 2.0 4 
10 4.0 8 
15 5.5 11 

MAXIMUM CLOCK RISE AND FALL TIME 1 t,CL• t1c L 5 15 -
10 15 -
15 15 -

MINIMUM SETUP TIME tsetup 
Carry In 5 - 150 

10 - 65 
15 - 50 

Up/Down, B/D 5 - 325 
10 - 115 
15 - 85 

PRESET OPERATION 

PROPAGATION DELAY TIME tPLH• tPHL 5 - 360 
Preset Enable to Q 10 - 140 

15 - 110 

Preset Enable to Carry Out 5 - 410 
10 - 165 
15 - 130 

MINIMUM PRESET ENABLE PULSE WIDTH PWpe 5 - 170 
10 - 85 
15 - 70 

PRESET ENABLE REMOVAL TIME trem 5 - 325 
10 - 110 
15 - 90 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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THIGH 
2 

Units 
Min. Max. 

- 150 µAde 
- 300 
- 600 

Max. Units 

500 ns 
240 
180 

560 ns 
260 
190 

340 ns 
140 
100 

200 ns 
100 
80 

340 ns 
170 
140 

- MHz 
-
-
- µs 
-
-

300 ns 
130 
100 

650 ns 
230 
170 

720 ns 
280 
220 

820 ns 
330 
260 

340 ns 
170 
140 

650 ns 
220 
180 



SCL4029B 

V.., DRAIN VOLTAGE (Vdc) 
·20 -18 -16 ·14 ·12 ·10 ·8 ·6 .4 ·2 0 

I 
I 2s Vos= 15 VIie t--t--

1--1--+-+--1--+-+--+- T, = 25° C 

:;: 20 
~ 15 
.. 10 
1 5 

~ 
L k:::: 

"'°'"" 

v 
V05 =101Vdc 

Vcs=5Vd~± T.=25°& 
.l ..l 

4 6 8 10 12 14 16 18 
V05, DRAIN VOLTAGE IVdcl 

Typical P-Channel Typical N·Channel 
Source Current Characteristics Sink Current Characteristics 

APPLICATIONS INFORMATION 
CASCADING CONNECTIONS 

~-·' .. _. 

Ci 
40298 40298 co 

""' 
Cl.ca< 

llNMYI .. , ... 
..... , ..... 

""' 

The Up/Down control can be ch•f'lged et anv counl The only u111richon on changing 
the Up/Down co1urol 11 that the clock 1npu110 the f1rs1 counting stage mull be .. high"" 

n 40298 

40298 

PROGRAMMABLE CASCADED FREQUENCY DIVIDER 

Thumbwh•el Sw1tche1 
(Open for "O"I 

Clock (finl 

J'=-+--+-~~~~~~~-' 
•voo-'--...o-~------....-----~ 

Open = Count BCD 
Closed =Count Binary 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Buffered Outputs 
+ Diode Protection on all Inputs 
+ Fully uBw·Series Compatible 
+ Pin Compatible with 4070 types, MC14507, 

74C86 

DESCRIPTION 

The 40308 contains four independent ex
clusive-OR gates integrated on a single monolithic 
silicon chip. Each exclusive-OR gate consists of 
five N-Channel and five P-Channel enhancement
mode transistors, plus output buffering devices. 

TRUTH TABLE 
(one of four gates) 

A B 

0 0 
1 0 
0 1 
1 1 

Where 1 = High Level 
0 =Low Level 

LOGIC DIAGRAM 

v 
0 
1 
1 
0 

SCHEMATIC DIAGRAM 
(one of four gates) 

'" 
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SCL4030B 

CMOS QUAD EXCLUSIVE-OR GATE 

CONNECTION DIAGRAM 
(all packages) 

v00 4B 4A 4Y 3Y 3B 3A 
_l _l .1 j_ .1 j_ j_ 

14 13 12 11 10 9 8 
4030B 

1 2 3 4 5 6 7 
T T T T T Is T 
1A 1B 1Y 2Y 2A Vss 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

Note: The 40308 is identical to the 40708; 
the devices are fully interchangeable in all 
applications. 

FUNCTION DIAGRAM 

1A 
18 
2A 
28 
3A e~103Y 
389~ 
4A'2~ "4Y 
4813~ 

Y = AE&8 

Voo =Pin 14 
Vss =Pin 7 



SCL4030B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Yoo CONDITIONS Tuiw 2 +25°C THIGH 2 
Units 

(Ydcl Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss or Yoo - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 6.0 -- ----' ····-- ____ _J 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications•. 
2 T LOW = -55°C for C, 0, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, 0, F, H device. 

= + B5°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25"CI 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

V.., DRAIN VOLTA8E (Vdc) 
-20 ·18 -16 -14 -12 -10 -8 ·6 -4 -2 0 

T T T -;, 
los':i_-5 Vdc_ 1-1 ~ 

t.='-10 ~de IL 
~ lL 

IL 
_L 

t-Yos =-15 Vdc 1-- L'.'l 
_l ..j. ~ 

T.=~C 

Typical P-Channel 
Source Current Characteristics 

t_PLH• tPHL 

tTLH• tTHL 

.. 
Yoo Min. Typ. Max. Units 
(Ydc) 

5 
10 
15 

5 
10 
15 

- 140 280 ns 
- 65 130 
- 50 100 

- 100 200 ns 
- 50 100 
- 40 80 

50...-..--~-.--..-~-T~~T~T...---

- 45 1--+--+-1--+--+-v .. = 11 Vdc-+--< 

t: ~ _l 

i 3025 l--+~Z-11i"'"-+- T - [L Vcs = 10 Vdc -t--+--+--1 
~ 20t--t<--+l--"""-::::: ..... ....,...--t-r--+-f-+--i 
! 15 IX' 
-

;? 10 [E.1' 
5 f"" Vcs = 5 Vdc ._. __ ,_y • = 25• c 

_l .l .J.. .l. 
0 4 6 8 10 12 14 16 18 20 

V.., DRAIN VOLTAIE (Vdc) 

Typical N.Channel 
Sink Current Characteristics 

APPLICATIONS INFORMATION 
8-BIT 1WO'S COMPLEMENT ADDER/SUBTRACTOR 

40308 

& •• lz •• .. .... lly ... 

•o··-•1 • • 9'M11IACT 
ll·•·l•X1 .. a tYl·••I 

•-LUST SIGKIFICMIT llT 
e•llOST SIGNIFICANT llT ISMMI llTI 

.. 
0 

• • • 

0 

• 

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

"' •• 
0 0 0 0 0 ii • . . I I I I I I I I . ... 
• 0 • • 0 0 I • I I I I I I I I • ... 
• • 0 • 0 I • • I I I I I I I 0 I ·-a 
0 • • 0 0 I I • I I I I I I I 0 • . ... I I I I I • I I ... 

.. 
I I I I I I 0 ••• I • 0 • • • • I ·-•If 
I I I I I I I ""' I • • • • • • • ·-·· 
Two's complement numbers and their equivalent 
decimal values. 
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SOLID~ 
STATE l.!::J~ 
SCIENTIFIC 

SCL4034B 

CMOS 8-BIT UNIVERSAL BUS REGISTER 
FEATURES 

+ Bidirectional Parallel Data Inputs 
+ Parallel or Serial Inputs/Parallel Outputs 
+ Asynchronous or Synchronous Parallel Data 

Loading 
+ Data Recirculation for Register Storage 
+ Parallel Enable on Data Lines for Bus 

Connection 
+ Static Operation - DC to SMHz@ 10Vdc 

DESCRIPTION 
The 4034 B is a Static Eight-Stage Parallel -

or Serial-Input/Parallel-Output Register. It can be 
used to: 

1. bidirectionally transfer parallel information 
between two buses, · 

2. convert serial data to parallel form and direct 
the parallel data to either of two buses, 

3. store (recirculate) parallel data, or 
4. accept parallel data from either of two buses 

and convert that data to serial form. 
Inputs that control the operations include a 

single phase Clock (CL), "A" Data Enable (AE), 
Asynchronous/Synchronous (A/S), "A" bus to 
"B" bus/"B" bus to "A" bus (A/Bl, and Parallel/ 
Serial (P/S). Data inputs include 16 bidirectional 
Parallel Data lines of which the eight "A" Data 
lines are inputs (outputs) and the "B" Data lines 
are outputs (inputs) depending on the signal level 
on the A/B input. In addition, an input for Serial 
data is also provided. 

All register stages are D-type master/slave flip
flops with separate master and slave clock inputs 
generated internally to allow synchronous or asyn
chronous data transfer from master to slave. Isola
tion from external noise and the effects of loading 
is provided by output buffering. 

Useful applications for this device include 
pseudo-random code generation, sample-and-hold 
register, frequency and phase comparators, address 
or buffer register, and serial/parallel input/output 
conversion. 

CONNECTION DIAGRAM 
(all packages) 

24 23 22 21 20 19 18 17 16 15 14 13 
40348 

2 3 4 5 6 7 8 9 10 11 12 

Add suffix for package: 

D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 
Operating Temperature 

D, H Device 
E Device 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 °c 

BLOCK DIAGRAM 

Data 

Sorial Data 
Al A2 A3 A4 AS A5 A1 A9 

Input 

A Enable 

A/B 

Parallel/Serial P/S 

Asyn/Syn A/S 

Clock 

0, 82 83 84 85 85 87 89 
Data 
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SCL4034B 

OPERATING INFORMATION 

The 4034 B is composed of eight register 
cells connected in cascade with additional control 
logic. Each register cell is composed of one "D' 
master-slave flip-flop with separate internal clocks, 
and two data transfer gates allowing the data to be 
transferred bidirectionally from bus A to bus B and 
from bus B to bus A, and to be memorized. Besides 
the single phase clock and the serial data. inputs, 
the control logic provides four other features: 

flows from bus A to bus B; when low, the data 
flows from bus B to bus A. 

P/S Input (Parallel/Serial) - This input controls 
the data input mode (Parallel or Serial). When high, 
the data is transferred to the register in a parallel 
asynchronous mode or a parallel synchronous mode 
(positive clock transition). When low, the data is 
entered into the register in a serial synchronous 
mode (positive clock transition). 

A Enable Input - When high, this input enables 
the bus A data I ines. 

A/S Input (Asynchronous/Synchronous to the 
Clock) - When this input is high, the dataistrans
ferred independently from the clock rate; when 
low, the clock is enabled and the data is transferred 
synchronously. 

A/B Input (Data A or Bl - This input controls 
the direction of data flow: when high, the data 

Truth Table for Register Input-Levels and the Resulting Operation 
(L =Low Level, H =High, X =Don't Care) 

"A"'E- PIS A/B A/S Opomiaft• 

x Seratt Mode; Synch. Serial Om Input. "A" Psallel 0811 Outputs Disabled 

H x Serial Mode; Synch. Serial Dai. Input, "8'" P.1Het 01te Output 

H L L ,_allel Mode; "8" Synch. P•allel Dei. lnpub, "A" Parallel 0111 Outputs Oiubled 

H H hrallel Mode; "B" Asynch. ,_allef Deu Inputs, "A" P•allel Dita Outputs Disabled 

H H P•allel Modi; "A" Plrallel Oat1 Inputs Oiubltd,"B" P•allel Data Outputs, Synch Datil 
Recircul1tion 

H H H P..allel Mode; "A" Plratlel Otta lnpub OiMblld, "B" Parallel Dai. Outputs, Asynch 
D1t1 Acircul1tlon 

x Slrial Modt; Synch. Serial Oat. Input, "A" Perallel Oatli Output 

H x Serial Mode; Synch. Serial Dita Input, "B" Parallel Datil Output 

H H L P•alltl Mode; "B" Synch. P•allel D1t1 Input, "A" hrallel Data Ou1pu1 

H H H P•alltl Mode; "B" Asynch. Parallel Data Input, "A" Parallel Dag Output 

H H H Parallel Mode; "A" Synch. P.-11101 Oat• Input, "B" Parallel D1t1 Output 

H H H H Pltalltl Mode; "A" Asynch. Plrallel Data Input. "B" Pwallel Data Output 

• Outputs change at positive transition of clock in the serial mode end when the A/S control input is 
"low" in the perellel mode. 

LOGIC DIAGRAM 

" 
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TIMING DIAGRAM 
C~OCK~ 

l~.O.Bll~ 

:!~================~=-= 
AS~ 

s~:~~~ 

··~ A'/rl fl..I'\_ 

A)~ 

A4n ru"l.. 
Afl~ 

Afirt ru'L 

··~ APr-1 ri..n.. 

··~ .,~ 

83~ 

··~ 
··~ 861 r-u'\.J 
.,~ 

··~ 
- BO.t.TALlilwlSAAI OUTPUTS -1L:,~:!:E1 

OUlf'UTS 

" 

FUPFL~ 
TAUTHTABL! •1 

:::::,, :::::: l;:I: --- _,,.. I •• 
.......... 1 ............ 0 

::::,:::: 1:: 
......... ........... I " 

•uvuCHAHGI 
llOOtHCAAl 

#'INVALIOCONOITION 



SCL4034B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TuM2 +25°C THIGH 2 

(Vdcl Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss orVoo - 5 - 0.05 5 -

10 All valid inputs - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

3·STATE OUTPUT LEAKAGE lzL 
CURRENT 15 - ±0.1 - ±1(f4 ±0.1 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under u4oooe Series Family Specifications". 
2 T LOW = -55°C for D, H device. 

= -40°C for E device. 
THIGH= +125°C for D, H device. 

= + B5°C for E device. 

DYNAMIC CHARACTERISTICS {CL = 50pF, TA = 25°C) 

PARAMETER Vop 
(Vdc) 

PROPAGATION DELAY TIME tPLHr tPHL 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 5 
10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY fcL 5 
10 
15 

MAXIMUM CLOCK RISE AND FALL TIME' treL• tteL 5 
10 
15 

MINIMUM HIGH-LEVEL PULSE WIDTH 
AE, P/S, A/S Inputs PWAE• 5 

PWp15 , 10 
PWAIS 15 

MINIMUM SETUP TIME 
A, B: Serial Inputs tsarup 5 

10 
15 

Min. Typ. 

- 350 
- 120 
- 100 

- 180 
- 90 
- 70 

- 125 
- 50 
- 40 

2 4 
4 8 
6 12 

15 -
15 -
15 -

- 180 
- 90 
- 70 

- 140 
- 70 
- 50 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs qriving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

700 
240 
200 

360 
180 
140 

250 
100 
80 

-
-
-
-
-
-

360 
180 
140 

280 
140 
100 

Max. 

150 
300 
600 

±1.0 

Units 

µAde 

µAde 

Units 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 



APPLICATIONS INFORMATION 

SER1Al 
DATA 

•oo 

•·•>--+-+--+---------+-+--+--------
•·s>--+-+----------4-+----------

SERIAL 
DATA 

SCL4034B 

CL>--..-----------4---------- •.• ..,_,._--l----------<....._+--------· 
CL')--~~--------~~--------. 

16-Bit parallel in/parallel out, parallel in/serial out, 
serial in/parallel out, serial in/serial out register. 

16-Bit Serial in/gated parallel out register 

AE 

S~:~~L>-- SI 

Voo A/B 

A/S 

CLOCK CL 

p/S 

'---A PARALLEL DATA---' 

40346 

~B 

40166 

N•1-B 
.._t-<l-lt-<1-1_.,-t_.-+-+-+-+-t--4-~ .. SERIAL 

OUTPUT 
-N-STAGE SELECTION-

N-stage shift register with fixed serial output line. 

SAMPLE /HOLD 

AE 1 8 
'-"A" PARALLEL DATA___/ 

SERIAL DATA SI 

Voo A/B 40346 
A/S A/S 

CLOCK CL 

P/S 
,--''B" PARALLEL DATA~ 

1 B 

P/S 
TO DISPLAY, ETC. 

Sample and hold register - serial/parallel in parallel out. 

TIMING DIAGRAM 

'• 
'• 

CLOCK 

PIS 

Frequency and phase comparator 
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SCL4034B 

APPLICATIONS INFORMATION (Continued) 

SHIFT LEFT OUTPUT 

"A "-€_NABLE - ""'\. Ai 
,r SHIFT 

LEFT/ PS 
SHIFT 

~AJjJfJ~ 
~ .. A .. PARALLEL DATA_.--:! 

'\..RIGHT 

fL>pl 1 d_d_d_Jrld~ 
, 

SHIFT RIGHT 
SHIFT ~ OUTPUT 
RIGHT 

' 
INPUT AE I 8 AE I 8 ,,. SI "-s1 

REG 1 

~ 
PS L-...- p s t-- RE 

CLOCK 
... s ..- ... s 

G 2 

Cl r-1 Cl , 
... ,, 1 8 A 8 I 8 SHIFT A/S 

PARALLEL ..... ll I~ I l -t.- • LEFT INPUT* 

{_NTRY ... , 
Cl 

AE 

AE 14 A PARALLEL DATA• 8 AE ~PARALLEL DAT-

~ SI r SI 

v0~-L 
PS REG.J 

Yoo~ 
p s REG.4 

... s ... s 
Cl Cl 
AB 1'4 8 PARALLEL DATA ~ 8 A 8 J4 B PARALLEL DATA• 8 

tttttttt t t t t t t ' ' 
- -

A "High" ("Low") on the Shift Left/Shift Right 
input allows serial data on the Shift Left Input 
(Shift Right Input) to enter the register on the 
positive transition of the clock signal. A "high" on 
a "A" Enable Input disables the "A" parallel data 
lines on Reg. 1 and 2 and enables the "A" data 
I ines. on register 3 and 4 and allows parallel data 
into registers 1 and 2. Other logic schemes may be 

used in place of registers 3 and 4 for parallel load
ing. 
When parallel inputs are not used Reg. 3 and 4 and 
associated logic are not required. 

"Shift Left input must be disabled during parallel 
entry. 

r------1 
I I 
I 
I 
I MEMORY 
I UNIT 
I 
I 
I L _____ __. 

Shift right/shift left with parallel inputs 

DOUBLE-BUS SYSTEM I ENABLE INPUTS ON BOTH SIDESI 

BUS LINES 
(SINGLE I 

T0 2nd 
BUS 

SYSTEM 

r------, 
I I 

I 
I 

ARITHMETIC I 
UNIT : 

*4034AB 

I 
I 

The "A" enable (AE) and A/B signals control all combinations 
of transfer between the registers and bus systems. 

Single and double-bus systems 
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SCL40358 

CMOS 4-BIT PARALLEL-IN/PARALLEL-OUT SHIFT REGISTER 
FEATURES 

• 4-Stage Clocked Serial-Shift Operation 
• Synchronous Parallel Loading of All Stages 
• J-R Serial Inputs to First Stage 
• Asynchronous True/Complement Control of all 

Outputs 
• Asynchronous Reset 
• Static Operation - DC to &MHz@ 10Vdc 

DESCRIPTION 

The 40356 is a Four-Stage Clocked Serial 
Register having provisions for synchronous parallel 
inputs to each stage and serial inputs to the first 
stage via JR logic. Register stages 2, 3, and 4 are 
coupled in a serial "D" flip-flop configuration when 
the register is in the serial mode (Parallel/Serial 
control lowl. 

Parallel entry via the "D" line of each register 
stage is permitted only when the Parallel/Serial 
control is high. In the parallel or serial mode in· 

· formation is transferred on positive Clock trans
itions. 

When the True/Complement control is high, the 
true contents of the register are available at the 
output terminals. When the True/Complement con
trol is low, the outputs are the complements of the 
data in the register. The True/Complement control 
functions asynchronously with respect to the Clock 
signal. 

JK input logic is provided on the first stage 
serial input to minimize logic requirements, partic· 
ularly in counting and sequence-generation appli
cations. With JK inputs connected together, the 
first stage becomes a "D" flip-flop. An asynchron
ous common Reset is also provided. 

This device may be used for shift-right/shift-left 
registers, parallel-to-serial/serial-to-parallel conver
sion, sequence generation, up/down Johnson or 
ring counters, pseudo-random code generation, 
frequency and phase comparators, and sample-and
hold registers. 

TRUTH TABLE 

tn-1 (Inputs) tn (Outputs) 

CL J i< R On-1 On 

J 0 x 0 0 0 

J 1 x 0 0 1 

J x 0 0 1 0 

...r 1 0 0 On·l On·l Toggle Mode 

J x 1 0 1 1 

'- x x 0 On-1 On-1 
x x x 1 x 0 

X = Don't Care 

101 

Voo 

16 

l 

a1 

CONNECTION DIAGRAM 
(all packages) 

02 03 04 Pl-4 ·Pl-3 Pl-2 

15 14 13 12 11 10 
40356 

2 3 4 5 6 7 

TIC R J R CL PIS 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

Pl-1 

9 

8 

Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo · Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

9 Pl-1 

10 Pl-2 
01 

II Pl-3 

12 Pl-4 02 

PIS 

4 J 03 

K 
04 

6 Clock 

2· TIC R 

5 

v 00 .. Pin 16 

VSs • Pln8 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

15 

14 

13 



SCL4035B 

ELECTRICAL CHARACTERISTIC$ 

STATIC CHARACTERISTICS 

PARAMETER Voo CONDITIONS TuM2 +a•c . TtHllH2 

IV de) Min. M•x. Min. TYP• ..... Mili • ..... 
QUIESCENT DEVICE loo 
CURRENT 5 V1N;Vss or Voo - 5 - 0.05 5 - 150 

10 All valid input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under u40009 Series Family Specifications•. 
2 T Low ; -55°C for C, D, F, H device. · . · 

; -40°C for E device. 
THIGH; +125°C for C, D, F, H device. 

; + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25°Ci 

PARAMETER Voo 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
From Clock Input tPLH• tPHL 5 

10 
15 

From TIC Input tPLH• tPHL 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 5 
10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY fcL 5 
10 
15 

MAXIMUM CLOCK RISE & FALL TIME 1 trCL• t1cL 5 
10 
15 

MINIMUM SETUP TIME 
J, R' Inputs tsetup 5 

10 
15 

P/S, Parallel Inputs tsetup 5 
10 
15 

MINIMUM HOLD TIME 
J, R' inputs thok:t 5 

10 
15 

P/S, Parallel Inputs tho Id 5 
10 
15 

RESET OPERATION 

PROPAGATION DELAY TIME tPHL 5 
10 
15 

MINIMUM RESET PULSE WIDTH PWR 5 
10 
15 

Min. ··T~P· . 

- 250 
- . 100 
.... 75 

- 150 
- 60. 
- 45 

- 80 
- .4o .. 
- 30 

- 100 
- 45 
- 30 

2.0 4.0· 
M 10.0 
6.0 12.0 

15 ·-
15 -
15 -

- 110 
- 40 - 30 

- 70 
- 25 
- 20 

- -25 
- -10 
- ~ 5 

- -25 
- -10 
- - 5 

- 230 
- 120 
- 90 

- 125 
- 55 
·- 40 

·, 
1 When units are cascaded, the maximum rise and fall times of the clock input should be equ.i to or 

less than the transition times of the data outputs driving data inputs,. plus the propagation delmy of 
the output driving stage for the output capacitive load. 
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..... 
500 
200 
150 

300 
120 
90 

. 180 
80 
80 

200 
90 
80 

-
-
-
-
--

220 
80 
80 

140 
50 
40 

25 
10 
5 

25 
10 
5 

480 
240 
180 

250 
110 
80 

Unltl 

µAde 

Units 

ns 

ns 

ns 

ns 

MHz 

ps 

ns 

ns 

ns 

ns 

ns 

ns 



Vns. DRAIN VOLTAGE {Vdcl 
-20 ·18 ·16 -14 ·12 ·10 ·8 ·6 .4 ·2 0 

I -'- I _,d _5 .-

:=:~=:==:==:=:_11-'-"--1.Lr--5-tVdc_.-+-lt-"'._.,,..,.lz.'--I -10 ! 
!. I .!. Jn ., 

1---1-...+-1-- Vcs=-10 Vdc I /l[L ·l5 I! 
r-r-r--it--it--ii=:=j~~.......,,......,--1 ·20 !i 
~+-~-+--+-t--+--IL....,.+-~-i -25 i 
~+-+--+--t--+---t.L..-+---t-t--; ·30 i 
r j ·35 

f--t=l~~v~.i~=-;':5~v11c~t..L.:t==r;:i:;;;J!} 
T ... ~·c 

~~-'--~--''--~--''---'---'-~i-j.50 

Typical P·Channel 
Source Current Characteristics 

i 
.!. 
!ii: ... .. 
§ .. 
I .. 
~ 

...:: 

LOGIC DIAGRAM 

PARALLEL 
SERIAL 
CONTROL IP·SI 

PARAL\.El 
INPUT·I 

• 

SCL4035B 

50 
45 
40 
35 
30 
25 
20 

L f 
Vo, = 10 Vdc -..---r-..----i IL 

15 
10 
s v.._. = 5 Vdc .................... -T. = 25• c 

.1.1 .L..l. 
2 4 6 8 10 12 14 16 18 20 

V,,., DRAIN VOLTAGE {Vdcl 

Typical N·Channel 
Sink Current Characteristics 

•o----i~ ...... --+--.......... --..... -+--........... ---..... -+--1~1"---'1rt--..-...----, 

a, 

APPLICATIONS INFORMATION 

Shift Left/Shift Right Register 
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SOLID·~ 
STATE.l$l~ 
SCIENTIFIC 

FEATURES 

• 12 Fully Static Stages 
• Alt 12 Buffered Outputs Available 
• Common Reset Line 
• IMHz Counting Rate @ 10Vdc 
• AH Inputs Buffered 

DESCRIPTION 
The 4040 B consists of 12-ripple:carry 

binary counter stages with appropriate input buffers 
and reset circuitry. The counter is reset to its "all 
O's" state by a high level on the Reset input. The 
counter is adYanced one count on the negative-
90ing ·transition of each input pulse. Isolation 
from external noise and the effects of loads is pro· 
vided by output buffering. 

Applications include time delay circuits, counter 
controls, and frequency dividers. 

TRUTH TABLE 

Clock Reset Output State 
..r 0 No Change 

~ 0 Advance to next 
state 

x 1 All Outputs are low 
X • Don't Care 

..... 
CMOS 12-STAGE BINARY coufnlil 

CONNECTION DIAGRAM 
(all packages) 

VDD 011 010 08 09 R CL 

16 15 

2 

012 06 

14 13 12 11 10 
40408 

3 4 5. 6 7 

as 07 04 03 02 

Add suffix for..-...: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epo11v 
F 16-pin Flat 
H Chip 

01 

9 

8. 

VSS 

RECOMMENDED OPERATING CONDITloNI 

For maximum reliability: 

DC Supply Voltage VDD • Vss 

Operating Temperature TA 
C, D, F, H Device 
E Device 

3 to 15 Vdi: 

·55 to +125 oC 
-40 to +85 OC: · 

LOGIC DIAGRAM 

01 
Ill 

02 
171 

104 

03 
(61 

0 

ii 

012 
II 

··;" 

... ·. 
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SCL4040B 

ELECTRICAL CHARACTERISTICS 

lfATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS Tu1W2 ,+25°C THIGH 2 
Units 

(Vdcl Min. M•x. Min. Typ. M•x. Min. M•x. 
QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss or V00 - 5 - 0.05 5 - 150 µAde 

10 All valid input - 10 - 0.1 10 - 300 
15 f!>mbinations - 20 - .. 0.2 20 - _600 '----

lllOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
• · 2 TLow a -55°C for C, D, F, H device. 

a -40°C for E device. 
THIGH" +125°C for c. D, F, H device . 

" + 85°C for E device • 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25°CI 

PARAMETER Voo 
IVdcl 

CLOCKED Gl'ERATION 

PROPAGATION DELAY TIME 
CloCk to 01 tPLH• tPHL 5 

10 
15 

0 1 to0;+ 1 tPLHr tPHL 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• ITHL 5 
10 
15' 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY .fcL 5 
10 
15 

MAXIMUM CLOCK RISE ANO FALL TIME t.cL• tfCL 5 
10 
15 

REMT Gl'ERATION 

PROPAGATION DELAY TIME tPHL 5 
10 
15 

MINIMUM RESET PULSE WIDTH PWR 5 
10 
15 

RESET REMOVAL TIME t,em 5 
10 
15 

105 

Min. Typ. M•x. Units 

- 180 320 ns 
- 80 160 
- 65 130 

- 100 200 ns 
- 40 60 
- 30 30 

- 100 200 ns 
- 40 80 
- 30 60 

- 70 140 ns 
- 30 60 
- 20 40 

3.0 4.5 - MHz 
6.0 9.0 -
7.5 11.0 -

50 100 - µs 
50 100 -
50 100 -

- 200 400 ns 
- 100 200 
- 75 150 

- 100 200 ns 
- 40 80 
- 30 60 

- 150 300 ns 
- 65 125 
- 40 _15 



SCL4040B 

V05, DRAIN VOLTAGE IVdc) 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 ·2 0 l 

I J: 
~ v.~-5~ ~ 

v._r-1rnv1Z 

1--1-v .. =-15 Vdc 

T.=25'C-
::i. J. 

Typical P-Channel 
Source Current Characteristics 

.5 
·10 ~ .. 
·15 ii: 
·20:; 
·25 !ii 

ii 
!i 

I 

I ... 
~ 12 
!!!i 10 
..., 8 

i 6 
.. 4 
= 2 

TIMING DIAGRAM 

l 
l,=l15V~-1 1--

k'.:::::: l 
[Z 

v, .. = ,Jv11c 
7_ I-- l 
I.J" V,"=5V~ I- T., = 25' C 

0 2 4 6 8 10 12 14 16 18 20 
V,,., DRAIN VOLTAGE (VIie) 

Typical N-Channel 
Sink Current Characteristics 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 

Clock 1..f1.JLJL.J LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ L 
Reset 

01 _.fl_ -,_-,_-,_--,___-,_ -,_--,___--,___--,___-,_ ""L 
02 I -,_ --,___ -,_--,___ --,___ -,_ --,___ --,___ -,_ -,_ L_ 

03 _r--,___ -,_--,___ --,___ -,_ --,___ -,_ -,_ -,_ L_ 

04 _ _r--,_--,___--,___-,_--,___--,___ -,_-,_ ""L 
05 __ _r---,___ -,_ -,_--,___ -,_ -,_ -,_ ""L 
06 ___________ _r---,___ -,_ --,___ -,_ -,_ -,_ ""L 
01 _____________ __r--,_--,___-,_-,_-,_ L_ 

ae _______________ __r- --,___ -,_ --,___ -,_ ""L 
09 _________________ __r- --,___ --,___ -,_ ""L 

010 ___________________ _r---,___-,_ ""L 
011 _____________________ s--,_ L_ 

r.i12 _______________________ _r- L_ 

TYPICAL COUNTER STAGE 

&.-~--L..-' 
CL ..... .....+--r-' 
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sa.10·~ 
STATE~ 
SCIENTIFIC 

SCL4041UB 

CMO~ QUAD TRUE/COMPLEMENT BUFFER 
FEATURES 

t Both True 1nd Complement Outputs Available 
Simult1-usly · 

t High Source ind Sink Current 
t Diad1 Protection on All Inputs 

DESCRIPTION 
The 4041UB · Quad True/Complement Buf· 

fer is a monolithic integrated circuit constructed 
with P·Channel ·and N-Charinel enhancement-mode 
devices. The outputs have low resistance and are 
capable of sinking or sourcing high currents for use 
in driver appli,::ations where high noise immunity 
and low power dissipation are reQuired. 

This device is ·useful as a line-driver, CMOS·to· 
TTL driver, low-power resistor-network driver. for 
A/D and D/A conversion, display and clock drivers. 

SCHEMATIC DIAGRAM 
(one of four buffersl 

Yoo 

]d __ o 

COMPLEMENT i OU'!UT 

107 

CONNECTION DIAGRAM 
(all packages) 

Voo 4A 4W 4Y JA JW JY 
i J_ l J_ .1 .1 .1 
14 13 12 11 10 9 8 

4041UB 
I 2 3 4 5 6 7 
I I I I I I I 

1Y 1W 1A 2Y 2W 2A Vss 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

LOGIC DIAGRAM 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

·~· 1Y 

, , 
IW 

2 

~
2Y 

• • 
2W 

• 

~
lY 

w • 

JW 

• 

~ 
.. 

13 11 

•w 
" 

Yw•I Yoo•14 

Y :A W · i 



SCL4041UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER VDD CONDITIONS TLow2 +211°c THIGH2 

IVdcl Min • ..... Min. Typ. Mu. Min • ..... 
QUIESCENT DEVICE loo:: 5 V1N•Vss or Voo - i.o - 0.005 1.0 - 30 
CURRENT tci Alf valid Input - 2.0 - 0.01 2.0 - 60 

15 combinations - 4.0 - 0.02 4.0 - 120 

MINIMUM INPUT HIGH IV1H 
VOLTAGE 

!'Ion-Inverting Outputs 5 VoH=4.5V - 3.5 - 2.75 3.5 - 3.5 
.. ·.~~ VoH"'9.0V - 7.0 - 5.5 7.0 - 7.0 

VoH=13.5V - 11.0 - 8.25 11 .• 0 - 11.0 
l.!o.[ <111A 

Inverting Outputs .. 5 VoL •0.5\/ - 4.o· - 2.75 4.0 - 4.0 
10 VoL •1.0V - 8.0 - 5.5 8.0 - 8.0 

' 15 ~L=1.5V - 12.0 - &;25 12.0 - 12.0 

L lo <111A 

MAXIMUM INPUT LOW VIL 
VOLTAGE 

Non·lnverting Outputs 5 VoL=0.5V 1.5. ,.;. 1.5 2.25 - 1.5 -
1.0 VoL=1.0V 3.0 - . 3.0 4.5 - 3.0 -
15 Y~t·1.5V 4.0 - 4.0 6.75 - 4.0 -

lo <111A 

Inverting Outputs 5 VoH=4.5V 1.0 - 1.0 2.25 - 1.0 -
10 VoH"'9.0V 2.0 - 2.0 4.5 - 2.0 -
15 ~=13.5V 3.0 - 3.0 6.75 - 3.0 -

lo <111A 

OUTPUT HIGH ISOURCEI 
CURRENT 

loH 
Non-Inverting Outputs 5 VoH=4.6V -1.7 - -1.4 -2.8 - -1.0 -

10 VoH"'9.5V -5.0 - -4.0 -8.0 - -2.8 -
15 VoH=13.5V -16 - -13 -26 - -9 -

V_IN_='loo_ 

Inverting Outputs 5 VoH=4.6V -0.75 - -0.6 -1.0 - -0.42 -
10 VoH"9.5V -2.2 - -1.8 -3.6 - -1.3 -
15 lloH=13.5V -8.0 - -6.5 -13 - -4.5 -

v,N~Vss 

OUTPUT LOW ISINKI 
CURRENT 

loL 
Non-Inverting Outputs 5 VoL=0.4V 2.0 - 1.6 3.2 - 1.1 -

10 VoL=0.5V 6.2 - 5.0 10 - 3.5 -
15 VoL=1.5V 23 - 18.5 38 - 13 -

V1N=Vss 

Inverting Outputs 5 VoL=0.4V 1.0 - 0.8 1.3 - 0.56 -
10 VoL=0.5V 2.5 - 2.0 4.0 - 1.4 -
15 Vo1.=1.5V 11 - 8.5 17 - 5.8 -

V1N=Voo 

NOTES: ~ Remaining s:atic Electrical Characteristics are listed under •40009 Series Family Specifications•. 
TLow • -55 C for.C, 0, F, H device. 

= -40°C for E deviCf. 
THIGH • +125°C for c. o. F. H device. 

• + 85°C for E device: 
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SCL4041UB 

ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER Voo 
(Vdc} 

Min. Typ. Max. Units 

PROPAGATION DELAY TIME 
Non-Inverting Outputs tPLH • tpH L 5 - 60 120 ns 

10 - 35 70 
15 - 25 50 

Inverting Outputs tPLH• tPHL 5 - 60 120 ns 
10 - 35 70 
15 - 25 50 

OUTPUT TRANSITION TIME 
Non-Inverting Outputs tTLH• tTHL 5 - 40 80 ns 

10 - 20 40 
15 - 15 30 

Inverting Outputs tTLH• hHL 5 - 35 

I 
70 ns 

10 - 20 40 
15 - 15 30 

INPUT CAPACITANCE C1N - - 10 15 pF 

NON-INVERTING (TRUE) OUTPUT 

Vm;, DRAIN VOLTAGE (Vdc} 

-20 ·18 ·16 -14 ·12 -10 ·8 -6 -4 -2 
} I ! ~ VGs =-5 Vdc 

I[ 

~ l"'=-1o~IL 

~ 
r-1~·1n ...--1 T =25'C-

'i. _J_ 

Typical P·Channel 
Source Current .Characteristics 

·10 
·20 .. -30 "" -40 

;e 
z 

-50 n 
c: 
"" -60 "" '" -70 z ... 

-80 3 
·90 ~ 
·100 

1--': Vc:s = 15 Vdc ---1 z 
100 

.g 90 
c 

80 §. 

rl k....- V.,, = 10 Vdc z 
7 

If ~ :·J_=5jdc 
T =25'C-v 'i. _L 

..... 70 z ... 60 a: a: 
"' 50 .... 
i 40 

30 .. 
20 J 10 

0 4 8 10 12 14 16 18 20 
V"', DRAIN VOLTAGE (Vdc} 

Typical N-Channel 
Sink Current Characteristics 

INVERTING (COMPLEMENT) OUTPUT 

V05, DRAIN VOLTAGE (Vdc} 

-20 -18 ·16 ·14 -12 -10 ·8 ·6 -4 -2 0 
} I .! 

~ ~s =-5 Vdc 

rz ~ 
V0 , =-10 Vdc 12 i-i---

~ 
1--Vc:s =-15 Vdc 

v T,=25'C-_.v .J. 

Typical P-Channel 
Source Current Characteristics 

-5 
-10 ; .. 
-15 ~ 
-20 z 

n 
-25 !i 
·30 "" ... :;i 
-35 
-40 3 
-45 ! 
·50 
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100 --~----------~ 

I :~ l---l--+-+---l--+-+---1---1--1---~ 
!ii 70 
... 60 1---1--+--+---1--+-+--Vc:s = 15 Vdc-
~ 50 l--+--l--l-,,..--l--=4:==f==l=:._j.-t--~ 

40 / i 30 V/ 1_.4- v .. ,1= 101 Vdc I-+-

-~ 20 7J7' n-:T 
10 rF Vt'=_;Vd~ii\=25;0-

0 4 6 8 10 12 14 16 18 20 

Vm;, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4041Ull 

f 
°i!!IO 
r 
i40''-....... -+-....... -+-
~ 
• J,Ol-----"'"--+

i:: 

r0t:r-;r~~f.:EttIJ ll! 10 

~ 
IO SO 60 70 00 

LOAD CAPACITANCE lCtl-Pf 

Typical transition time vs. CL·true output. 

"' 
~llO 
Woo•l----+-::i,..;;~:::::i-+--+-+--+---l ;:: 

5 IO>f--+-+
J!! 
!•o•l---F=-:l==-.l--~:;;::J~+---+---l---1 

120•1--+--+---+--t-+--+--+--+-~ 

LOAD CAPACITANCE (Ctl-Pf 

Typical propagation delay time vs. CL ·true output. 

30 70 80 90 
LOAb CAPACITANCE lCtl-PF 

Typical transition time vs. CL
complement output. 

lO 00 00 
LOAD CAMCITANCE (~)-PF 

Typical propagation delay time vs. 
CL-complement output. 

APPLICATIONS INFORMATION 

For resolution and accuracy of ± Y, least significant 
bit (LSBI, choose the values for R (shown in Table 
I I where R equals the value of the external ladder 
resistor plus the switch source impedance. 

TABLE I. RESISTANCE VALUES AT Voo-Vss = sv. 
TA• 25°C 

RESOLUTION ACCURACY OF 112 LSB 
Rm in 
(!ll 

4 bot t 3.25% of full scale 3.5 k 

6b1t t 0.8'0!. of full scale 14 k 

8 bot t 0.2% of full scale 56 k 

!Obit t 0.05% of full scale 224 k 

12 bot t0.0125% of full scale 896k 

*4041UB 

RRRRRRRRRAAR 
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The values have been tabulated for Voo = 5V and 
Vss = OV. For different supply (reference) voltages, 
the switch source impedance must be computed 
and added to the value of R shown in Table I). 

TABLE II. ON RESISTANCE VALUES 
AT Vos. O.lV. TA. 25°C 

voo-Vss RN Rp 
CVolol cm cm 

5 175' 50 200. 75 

10 75' 25 90. 30 
~-



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Common Clock 
t Positive- or Negative-Edge Clocking 
t Q and D Outputs Available from Each Latch 

DESCRIPTION 

40428 devices contain four Latch circuits, 
each strabed by a common Clock. Complementary 
buffered outputs are available from each circuit. 

Information present at the Data input is trans
ferred to outputs Q and Q during the Clock level 
which is programmed by the Polarity input. For 
Polarity = 0 the transfer occurs during the 0 Clock 
level and for Polarity = 1 the transfer occurs during 
the 1 Clock level. The outputs follow the Data in
puts providing the Clock and Polarity levels defined 
above are present. When a Clock transition occurs 
(positive for Polarity = O and negative for Polarity 
= 1 I the information present at the input during 
the Clock transition is retained at the outputs until 
an opposite Clock transition occurs. 

TRUTH TABLE 

CLOCK POLARITY o 
0 0 0 

...r 0 LATCH 

1 1 0 ,_ 1 LATCH 

LOGIC DIAGRAMS 
One of four latches 

r-------., 
I CL I 

0 o 

a. 

Clock Input Control 

CL 

CL 

CL 

111 

SCL4042B 

CMOS QUAD LATCH 

CONNECTION DIAGRAM 
(all packages) 

Voo 04 04 03 03 03 02 02 

16 15 14 13 12 11 10 9 
40428 

2 3 4 5 6 7 8 

04 o, o, o, CL p 02 Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

LMCh 

Clock 1 

Latch 
2 

LMCh 
3 

L•tch 
Voo •Pin 16 • 
Vss •Pin 8 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 



SCL4042B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLowl +25°c 
(Vdcl Min. Max. Min. Typ. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss orVoo - 5 - 1.0 

10 All valid input - 10 - 2.0 
15 combinations - 20 - 4.0 

NOTES: 1 Remaining Static Characteristics are listed under "40008 Series Family Specifications". 
1 T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 
From Data Inputs 

From Clock Polarity Inputs 

OUTPUT TRANSITION TIME 

MINIMUM CLOCK PULSE WIDTH 

MAXIMUM CLOCK RISE AND FALL TIME 

MINIMUM DATA INPUT SETUP TIME 

MINIMUM DATA INPUT HOLD TIME 

V00, DRAIN VDLTABE (Vlk) 

·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 ·2 0 
T T 

Vc.J.=-5 Vdc ~ ~ 
I . '::-::":"+-

Vcs =-10 Vdc!L 
:L'.1 

.l-........ 
I- Vcs =-15 Vdc r--

-5 • 
·10 ~ 

"' -15 ~ 
-20 ,. 

n 
-25 c: 

i! 
= 

Voo 
(Vdcl 

IPLH, IPHL 5 
10 
15 

tPLH• IPHL 5 
10 
15 

tTLH• tTHL 5 
10 
15 

PWcL 5 
10 
15 

treL• t1cL 5 
10 
15 

tsetup 5 
10 
15 

thold 5 
10 
15 

Min. Typ. 

- 110 
- 55 
- 40 

- 150 
- 75 
- 50 

- 100 
- 50 
- 40 

- 100 
- 50 
- 30 

15 -
5 -
3 -
- -20 
- -10 
- -5 

- 0 
- 0 
- 0 

5 
10 
20 

THIGH 
l 

Uniu 
Min. Max. 

- 150 µAde 
- 300 
- 600 

Max. Units 

220 ns 
110 
80 

300 ns 
150 
100 

200 ns 
100 
80 

200 ns 
100 
60 

- µs 
-
-
50 ns 
30 
25 

100 ns 
50 
40 

\=2~C I 0 4 6 8 10 12 14 16 18 20 

Typical P-Channal 
Source Currant Characteristics 
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V05, DRAIN VOLTAGE (Vdc) 

Typical N-Channal 
Sink Currant Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Separate Set and Reset Inputs for each Latch 
+ Active-High ( 4043 Bl or Active-Low 

(4044 Bl Inputs 
+ 3-State Outputs with Common Enable 

DESCRIPTION 

4043 B types are Quad cross-coupled 3-
state CMOS NOR Latches, and the 4044 B 
types are Quad cross-coupled 3-state CMOS NANO 
Latches. Each latch has a separate Q output and 
individual Set and Reset inputs_ The Q outputs are 
gated through transmission gates controlled by a 
common Enable input. A logic "1" or "high" on 
the Enable input connects the latch states to the Q 
outputs. A logic "O" or "low" on the Enable input 
disconnects the latch states trom the Q outputs, 
resulting in an open circuit condition on the Q out
puts. The open circuit feature allows common 
bussing of the outputs. The logic operation of the 
latches is summarized in the truth table below. 

TRUTH TABLES 

4043B 

s R E Q 

x x 0 oc• 
0 0 I NC+ 
I 0 I I 
0 I I 0 
I I I 6 

• OPEN CIRCUIT 
+NO CHANGE 
"- DOMINATED BY S = I INPUT 

4044 B 

s R E Q 

x x 0 oc• 
I I I NC+ 
0 I I I 
I 0 I 0 
0 0 I "'"' 

• OPEN CIRCUIT 
+NO CHANGE 

"-"-DOMINATED BY R = 0 INPUT 

SCL4043B 
SCL4044B 

CMOS QUAD 3-STATE R-S LATCHES 

•1 ., 
'1 

•2 

" •3 

'• 
•• 

113 

CONNECTION DIAGRAMS 
(all packages) 

Voo R4 S4 NC S3 R3 03 02 

16 15 14 13 12 11 10 9 

40438 
2 3 4 5 6 7 8 

04 o, R1 s, EN S2 R2 Vss 

Voo S4 R4 o, R3 S3 03 02 

16 15 14 13 12 11 10 9 
4044 B 

2 3 4 5 6 7 8 

04 NC s, R1 EN R2 S2 Vss 

Add suffix for package: 

c 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo - Vss 3to15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAMS 

4043 B 

voo 

•1 

,, 

•2 

12 12 
•3 

II II 
13 

14 14 

15 

'• 
15 

13 
NC 

lNABLl 

'ss 

-55 to +125 oc 
-40 to +85 oc 

40448 
voo 

o1 

02 

03 

04 

NC 

'ss 
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ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER VDD CONDITIONS TuJW' +a•c THIGH2 
Unlll 

(Vdcl Min. Mix. Min. !U:. Mu. Min. Mix. 
QUIESCENT DEVICE 
CURRENT loo 5 V1N=Vss or Voe - 1.0 - 0.005 1.0 - 30 µAde 

10 All valid input - 2.0 - 0.01 2.0 - 60 
15 ~mbinations - 4.0 - 0.02 4.0 - 120 

3·STATE OUTPUT LEAKAGE ZL 15 Enable= Vss - ±0.1 - ±1~ ±0.1 - ±1.0 µAde 
CURRENT 

NOTES: 1 Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications•. 
2 T Low = -55°C for C, D. F. H device. 

= -40°C for E device. 
THIGH~ +125°C for C. 0, F, H device. 

a. + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 
From Sor R Inputs 

From Enable Input 

OUTPUT TRANSITION TIME 

MINIMUM SET OR RESET PULSE WIDTH 

SET OR RESET REMOVAL TIME 

¥118, DRAIN VDLTAllli (Vdc) 

·20 ·18 ·16 ·14 ·12 ·10 -8 ·6 -4 ·2 0 

Typical P-Channel 
Source Current Characteristics 

VDD 
(Vdcl 

tPLH• lPHL 5 
10 
15 

lPHZ• lPLZ 

tPZH• lpzL 5 
10 
15 

tTLH•tTHL 5 
10 
15 

PWs,PWR 5 
10 
15 

t,.., 5 
10 
15 
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Min. Typ. Max. Units 

- 150 300 ns 
- 70 140 
- 50 100 

- 75 150 ns 
- 35 70 
- 30 60 

- 100 200 ns 
- 50 100 
- 40 80 

- 80 160 ns 
- 40 80 
- 30 60 

- 25 50 ns 
- 15 30 
- 10 20 

0 4 6 8 10 12 14 16 18 20 
¥118, DRAIN VOLTAGE (Vde) 

Typical N-Chann!ll 
Sink Current Characteristics 
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LOGIC DIAGRAMS 

Yoo 

Q Q 

f NABLl ENABLE 
V55 

APPLICATIONS INFORMATION 

Multiple bus storage 
Switch bounce eliminator 

LQiO"A 
ENABL! AO----------+---' 

voo 

Voo 

_J~~~~~) LOMO;r. 
EMUU •<>----------+-~ 

-·[i~~·~) 
LOADC~ 

2/3 4049'UB 

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

OIHLf C 0----------t---' 

IMO 

voo 

*40438 

UiiOD 
EUIL!OO----------+---' 

RIKT 
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SOLID~ 
STATE ~t;::.i 
SCIENTIFIC 

FEATURES 

t Very low power consumption - 701JW (typ) 
@f0 = 10kHz, 5Vdc 

t Operating frequency range (no offset) -
Up to 3MHz (typ) @ 10Vdc (40468) 
Up to 4MHz (typ) @ 10Vdc (44468) 

t Low frequency drift - 0.04%/°C (typ) @ 10Vdc 
t Choice ·of two phase comparators: 

1. Exclusive-OR network 
2. Edge-controlled memory network with 

phasa·pulsa output for lock indication 
t VCO Inhibit control for ON·OFF keying and 

ultra-low standby power consumption 
t High VCO linearity 1% (typ) 
t Source-follower output of VCO control input 

(Demodulator Output) 
t Zener Diode to assist Supply Regulation 

APPLICATIONS 

t FM demodulator and modulator 
t Frequency synthesis and multiplication 
t Frequency discriminator 
t Data synchronization 
t Voltage-to-frequency conversion 
t Tone decoding 
t FSK-Modems 
t Signal conditioning 

DESCRIPTION 

The 40468 and 44468 phase-locked 
loops contain two phase comparators, a voltage
controlled oscillator (VCOI, source follower, and 
zener diode. The comparators have two common 
inputs. The Signal input can be used directly 
coupled to large voltage signals, or rndirectly 
coupled (with a series capacitor) to small voltage 
signals. The self-bias circuit adjusts small voltage 
signals in the linear region of the amplifier. Phase 
comparator I (an exclusive·OR gate) provides a 
digital error signal PCiout• and maintains 90° phase 
shift at the center frequency between Signal and 
Comparator inputs (both at 50% duty cycle). Phase 
comparatoril (with leading edge sensing logic) pro
vides digital error signals PCIIout and Phase Pulses, 
and maintains a 0° phase shift between input 
signals (duty cycle is immaterial). The linear VCO 
produces an output signal VCOout whose frequency 
is determined by the voltage of it.put VCOin and 
the capacitor and resistors connected to pins C1A. 
C19, R1, and R2. The source follower output, 
Demod Out, with an external resistor is used where 
the VCOin signal is needed but no loading can be 
tolerated. The inhibit input lnh, when high, disables 
the VCO and source follower to minimize standby 
power consumption. The zener diode can be used 
to assist in power supply regulation. 

116 

SCL4046B 
SCL4446B 

CMOS PHASE-LOCKED LOOPS 

CONNECTION DIAGRAM 
(all packages) 

ZENER DEMOD OUT 

SIG Pen 
IN ou·; R2 R1 Voo 

vco 
IN 

16 15 14 13 12 11 10 9 
40468 44468 

2 3 4 5 6 7 8 

PCI vco INH C1 C1 Vss 
OUT OUT (A) (B) 

PHASE COMP 
PULSES IN 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 
Operating Temperature TA 

C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

Fig. 1 
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VCO SECTION 

The VCO requires one external capacitor (C1) 
and one to two external resistors (R 1 or R 1 and 
R2l. Resistor R 1 and capacitor Cl determine the 
frequency range of the VCO and resistor R2 en
ables the VCO to have a frequency offset if re· 
quired. The high input impedance (1012ill of the 
VCO simplifies the design of low-pass filters by 
permitting the designer a wide choice of resistor-to
capacitor ratios. In order not to load the low-pass 
filter, a source-follower output of the VCO input 
voltage is provided at terminal 10 (DEMODULA· 

TOR OUTPUT). If this terminal is used, a load 
resistor (Ag) of 50kil or more should be connected 
from this terminal to V55. If unused, this terminal 
should be left open. The VCO can be connected 
directly or through frequency dividers to the com
parator input of the phase comparators. A full 
CMOS logic swing is available at the output of the 
VCO. A logic 0 on the INHIBIT input "enables" 
the VCO and the source follower, while a logic 1 
"turns off" both to minimize stand-by power 
consumption. 

PHASE COMPARATORS 
The phase-comparator signal input (terminal 14) 

can be direct-coupled provided the signal swing is 
within CMOS logic levels [ logic "O"..; 30% (Voo _ 
Vssl. logic "1";;;;,. 70% (V00-v55l]. For smaller 
swings the signal must be capacitively coupled to 
the self-biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR network; 
it operates analogously to an over-driven balanced 
mixer. To maximize the lock range, the signal and 
comparator-input frequencies must have a 50% 
duty cycle. With no signal or noise on the signal 
input, this phase comparator has an average output 
voltage equal to Voo/2. The low-pass filter con
nected to the output of phase comparator I supplies 
the averaged voltage to the VCO input, and causes 
the VCO to oscillate at the center frequency (f0 ). 

The frequency range of input signals on which 
the PLL will lock, if it was initially out of lock, 
is defined as the frequency capture range (2fcl. 

The frequency range of input signals on which 
the loop will stay locked 'if it was initially in lock is 
defined as the frequency lock range (2fL). The 
capture range can not exceed the lock range. 

With phase comparator I, the range of frequen· 
cies over which the PLL can acquire lock (capture 
range) is dependent on the low-pass-filter character· 
istics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain 
in lock in spite of high amounts of noise in the in
put signal. 

PHASE COMPARATOR I 
I 

Input State I 

~ ~!~ Sig Comp I 
In In I 

PCI Out 0 l , 

One characteristic of this type of phase com
parator is that it may lock onto input frequencies 
that are close to harmonics of the VCO center
frequency. A second characteristic is that the phase 
angle between the signal and the comparator input 
varies between 0° and 180°, and is 90° at the center 
frequency. Figure 2 shows the (typical) triangular 
phase-to-output response characteristic of phase
comparator I. Typical waveforms for a CMOS 
phase-locked-loop employing phase comparator I 
in locked condition is shown in Figure 3. 

> 
I ... 
l;l 

~ Yoo 
AVERAGE OUTPUT 

VOLTAGE 

I
:> 
0.. 
1-5 Voo12 
... : ... 
~ 90° 180° 

SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 

Fig. 2 - Phase-comparator I characteristics at 
low-pass filter output. 

SIGNAL INPUT ITERM.14lnn 

VCO OUT PUT ITE RM 4 I • ,..-, r-
COMPARATOR INPUT --J L_,J 
ITERM 31 

PHASE COMPARATOR I SLf1J'l.J 
.OUTPUTITERM.21 ~Yoo 

VCO INPUT ITERM.91• ~ 
LOW-PASS FILTER 
OUTPUT -Vss 

Fig. 3 - Typical waveforms employing phase comparator I in locked condition 
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PHASE COMPARATOR ll 

Input State 

~ 
Sig Comp 
In In 

PC JI Out 0 

Phase Pulses 0 

SIGNAL INPUT IT~RM. 141 

VCO OUTPUT (TERM 41 • 
COMPARATOR INPUT 
ITF.RM31 
PHASE COMPARATOR JI 
OUTPUT ITERM.131 

3 State 
Output 011connected 

0 

_J-- --+- - _ _ --fl- ..,,._-voD 
-Vss 

VCO INPUT !TERM. 91• 
LOW-PASS FILTER 
OUTPUT 

-~.,..~~~~u~~~~~~~~ -vDD 
-vss 

PHASE PULSE ITERM.11 
... ,,...~~-fl!"-~~~~--1P1--...... r-·VoD 

·Vss 
NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION 

Fig. 4 - Typical waveforms employing phase comparator n in locked condition. 

Phase-comparator lI is an edge-controlled digital 
memory network. It consists of several flip-flop 
stages, control gating, and a three state output 
circuit comprising p- and n-type drivers having a 
common output node. When the p-MOS or n-MOS 
drivers are ON, they pull the output up to Voe or 
down to V55, respectively. This type of phase com
parator acts only on the positive edges of the signal 
and comparator inputs. The duty cycles of the 
signal and comparator inputs are not important 
since positive transitions control the PLL system 
utilizing this type of comparator. If the signal lags 
the comparator input in phase, the n-type output 
driver is maintained ON for a time corresponding 
to the pha541 difference. If the comparator input 
lags the signal in phase, the p-type output driver is 
maintained ON for a time corresponding to the 
phase difference. Subsequently. the capacitor volt· 
age of the low-pass filter connected to this phase 
comparator is adjusted until the signal and com· 
parator inputs are equal in both pl!ase and frequen
cy. At this stable point, both p· and n-type·output 
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drivers remain OFF. Thus, the phase comparator 
output becomes an open circuit and holds the volt· 
age on the capacitor of the low-pass filter constant. 
Moreover, the signal at the •phase pulses" output is 
a high level which can be used for indicating a 
locked condition. Thus, for phase comparator lI, 
no phase difference exists between signal and com· 
parator input over the full VCO frequency range. 
Moreover, the power dissipation due to the low· 
pass filter is reduced when this type of phase com. 
parator is used because both the P· and n-type 
output drivers are OFF for most of the signal 
input cycle. 

It should be noted that the PLL lock range for 
this type of phase comparator is equal to the cap· 
ture range, independent of the low-pass filter. Wit" 
no signal present at the signal input, the VCO is 
adjusted to its lowest frequency for phase com· 
parator II. Figure 4 shows typical waveforms for 
a CMOS PLL employing phase comparator II in a 
locked condition. · 
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DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
40468 and 44468 in a Phase-Locked Loop 
system. The selected external components must be 
within the following ranges: 

R1, R2 ;;;io2kn, Rs ;;;io1okn 
C1;;;i,15pF 
In addition to the given design information refer 

to Figure 5 for R 1, R2, and C1 component selec
tions. 

CtlARACTERlmCS 

VCO f1'9QUlllCY 

For No Signal Input 

Frequency Lock Range,2fL 

Frequency Capture 
Range, 21c 

Loop Filter 
Component 

Selection 

Phase Angle between 
Signal and Comparator 

Locks on Harmonics of 
Canter Frequency 

Signal Input Noise 
Rejection 

vco 
Companent 
Selection 

USING PHASE COMPARATOR I USING PHASE COMPARATOR JI 

VCO WITHOUT OFFSET VCO WITH OFFSET VCO WITHOUT OFFSET VCO WITH OFF~T 
Rz• • R2• • 

kt ···tzr .... ~ ·-tzL 1~"121L 
to --

fMIN ZIL 

lo - 21L 
..... -I -

I 2fL I I 
I 

I I I 
'MIN .J.-....1.. 1..,. 

Yool2 Yoo VQ012 •oo Voo12 •oo Voo'2 •011 
VCO INPUT •OLTAG[ VCO INPUT VOLTAGE VCO INPUT VOL TAG[ YCO INPUT VO\. TAG.£ 

VCO in PLL system will adjust to center frequency, 10 
VCO in PLL system will adjust 
to lowest operating frequency. fmin 

2 IL g lull VCO frequency range 

2 fl= fmax-fmin 

IN AS OUT 

~ 2 lc ..,.!.. J21r1L 
1f 11 

For 2 tc.see Rel. 

BO" at canter frequency (f0 1, approximating 00 and 

180" at ends of lock range 12fLI 

-Given: 10 
- Use 10 with Fig.Sa to 

determine R1 and C1 

Yes 

High 

-Gi .. n: 10 and IL 
- Calculate !min from 

the equation 
fmin • fo -fL 

- Use !min withFig. 5b 
to determine R2 and C1 

fmax 
- Calculate !min 

from the equation 

fmax= fo+IL 

lmin fo -IL 
fmax 

- Use !min with 

Fig.Sc to determine 
ratio R2/R1 to obtain 
R1 

Always 00 in lock 

- Given: fmax 
- Calculate I 0 from 

the equation 
fmax 

fo·-2-

- U.e 10 with Fig.Sa to 
determine R1 and C1 

No. 

Low 

-Gi .. n: lmin•lmax 

- Use !min with Fig.Sb 
to determine R2andC1 

fmax 
- Calculate !min 

I max 
- Use !min with Fig.Sc 

to determine 
ratio R2/R1 to 
obtain R1 

REF. G. S. Moschytz, uMiniaturizad RC Filters l,Jsing Phase-Locked Loopu, BST J, May, 1966. 
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ELECTRICAL CHARACTE.RISTICS 1 

PARAMETER Yoo CONDITIONS Tu>W2 +25°C THIGH 2 
Units 

IVdcl Min. Mu. Min. Typ. Max. Min. 
QUIESCENT DEVICE loo 
CURRENT 5 Inhibit= Voe - 5 - 0.05 5 -

10 Signal Input= - 10 - 0.01 10 -
15 Voe - 20 - 0.2 20 -

TOTAL.POWER DISSIPATION PT lnh = Vss. 
v 

vco,N = .:im. 

f0 = 10kHz,2 

5 CL= 15pF - - - 0.07 - -
10 R~ = 1Mn; - - - 0.6 - -
15 R2= R.s = 00 - - - 2.4 - -

NOTES: 1 Remaining Static Electrical Characteristics are listed under u4000B Series Family Specifications•. 
2 T LOW= -55°C for C, D, F, H device. 

= -40°C for. E device. 
THIGH = +125°C for C, 0, F, H device. 

= + 85°C for E device. 

PARAMETER CONDITIONS 

VCOSECTION 

MAXIMUM OPERATING fmex 
FREQUENCY 

.40468 R1 C1 

R2 = 00 10k 50pF 
jvco,N a Voe 

5k 50pF 

2k 50pF 

44468 R2=oo RI Cl 

VCOtN =Voo 10k 50pf 

5k 50pF 

2k 50pF 

LINEARITY R2=oo 
VCO.N .. 2.5±0.3V. 

R1 :>1okn 
VCO.N = 5.0±2.5V, 

R1:>400kn 
VC0.N = 7 .5±5.0V, 

R1:>1M'2 

INPUT 
C1N Pin140nly 

CAPACITANCE All Other Inputs 

120 

VDD 
Min. 

25°C 

Typ. Mu. 

5 0.5 0.8 -
10 1.0 1.5 -
15 1.3 1.9 -
5 0.6 1.0 -

10 1.4 2.1 -
15 1.8 2.7 - .· 

5 - 1.3 -
10 - 2.9 -
15 - 3.8 -
5 0.7 1.0 -

10 1.3 2.0 -
15 1.9 2.8 -
5 0.9 1.3 -

10 1.9 2.9 -
15 2.6 3.9 -
5 - 1.8 -

10 - 3.9 -
15 - 5.4 -
5 - 1 -

10 - 1 -
15 - 1 -
- - - 10 
- - - 7.6 

Max. 

150 µAde 
300 
600 

- mW 
·-· 
-

UNIT 

MHz 

MHz 

MHz 

MHz 

MHz 

"MHz 

" 

pf . 
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ELECTRICAL CHARACTERISTICS (Continued) 

+25°C 
PARAMETER CONDITIONS Voo Min. Typ. Mix. 

UNIT 

VCO SECTION (Continued) 

TEMPERATURE· 
FREQUENCY 
STABILITY 

No Offset R2 = 00 5 - 0.12-0.24 - %.t°C 
10 - 0.04-0.08 -
15 - 0.015-0.03 -

With Offset R2..; 10X Rl 5 - 0.06·0.12 - %.t°C 
10 - 0.05-0.1 -
15 - 0.03-0.06 -

INPUT RESISTANCE R1N 
1vco1N1 5, 10, 15 - 106 - Mn 

OUTPUT DUTY All valid input combin • 
CYCLE ations and voltages - 50 - % 

OUTPUT TRANSITION tTLH• tTHL 
TIME CL= 50pF 5 - 100 200 ns 

10 - 50 100 
15 - 40 80 

PHASE COMPARATORS 

INPUT RESISTANCE 
Signal Input R1N 5 1 3 - Mn 

10 0.2 0.7 -
15 0.1 0.3 -

Comparator R1N 5, 10, 15 - 106 - Mn 
Input 

AC-COUPLED INPUT V1N 
SENSITIVITY 

Signal Input 5 - 200 400 mV 
10 - 400 800 
15 - 700 1400 

OUTPUT TRANSITION 
TIME 

Pct, PCJI tTLH• tTHL 5 - 100 200 ns 
Outputs CL" 50pF 10 - 50 100 

15 - 40 80 

Phase Pulses ~TLH•tTHL 5 - 130 260 ns 
Output 10 - 65 130 

15 - 50 100 
DEMODULATOR OUTPUT 

OFFSET VOLTAGE VC01N· 
Vo EM R9>50kn 5 - 1.4 2.2 Vdc 

10 - 1.6 2.2 
15 - 1.8 2.2 

LINEARITY Rs>50kn 
vco,N .. 2.5±0.3V 5 - 0.1 - " vco,N = 5.0±2.5V 10 - 0.6 -
vco...lti. = 1 .5±5.ov 15 - 0.8 -

ZENER DIODE 

ZENER VOLTAGE Vz lz=~ - 8.3 7.0 7.7 v 
DYNAMIC Rz 
RESISTANCE 

lz'"lmA - - 100 - n 
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II J_ II 
~ tRI 

1M!?, v 00 15V 

Voe 10V 

1-+-i 
J_ 

Voe 5V I 
I 'T ~ .... ... II' 11·1 II' 
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" II 
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1111 
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Fig. 5 (al Typical center frequency (f0 1 vs C1 (R2 = co, VC01N = Voo , TA= 25°CI 
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I I!I 
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~ rL1'.'. 
i;:., 

N N ~ ~ 

1'V 
IOV 
w 

CSI 

L"\J 

If 

IOV 
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5V 
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~ ~ 
:H 
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R1 1ook~!. v 00 15V 

vuo IOV E::: 
Voe 5V 

10 ·+--4-4++--+-
R1 1M!L v 00 IOV 

.t Voo IOV 

voo l-~ 
-· +-++t-++++t+ 11• ... 

Fig. 5 (bl Typical frequency offset vs C1 (VC01N = Vss. TA= 25°CI 
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[ 

0.01 
H ~ 

0.1 

[[:==I ~+_± r ill 
~~~~~5V~ Ii! SCL.446~ 
Voo"5V-~ v .•. sv~[ 

l 
, 1'~00 • IOV 

V00 .. 15V 

r 
I 'I· v I l ! ! 

l llil i I l 
.u 
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10 100 

Fig. 5 (cl Typical fmaxlfmin vs R2/R1 
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Alllll•T TEM,i:llATUltl ITal•U•c 
YCOt• • Voo/2, Rl•G 

'""''" • ¥ss 

so,, , ,., 

• '•,o:r z • • 't03 

••-ldl 

. . . 
Fig. 6 (a) • Typical VCO power dissipation 

at center frequency vs R 1. 

• . 
• . .,. 

f' 
l' • 
I'° 
~ 
! • 
=io• ii • : . 
I 

I' 
IO 

AllllUH TlllPl•AYUJI[ ITAl•H'C 
vco 1,.•vss 

Cl•50pF ,,.. 
50 .. ,,., 
50 ,, , ,., 

• • • 101 2 • • 'io, 
Jl2-KA 

. . . 
Fig. 6 (b) • Typical VCO power dissipation 

at fmin vs R2. 

i 
IO 

...... , UltPEttATUlll IT A I~ n•c 
YCOue•Vool2. Rl•ll2•C 

I 

• • '•o' z • • 'ios 
tit· KA 

. . . 
Fig. 6 (c) · Typical source follower 

power dissipation vs R5. 

NOTE: To obtain approximate total 
power dissipation of PLL system 
for no-signal input 

Po (Total) .. Po (fol + Po (fM1NI + Po IRsl 

- Phase Comparator I 

Po ITotall Po (fM1NI 
- Phase Comparator I I 
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• 1 1000 
PEAK· TO• PEAK SIGNAL INPUT VOLTAGE fV1l-111V 

Fig. 7 - Typical lock range vs 
signal input amplitude 

AMBIENT TEMPERATURE ITal•ZS•c 
• voo•IOY ,YC01N•5V!25V • R2•G 

Cl •50 pF 

§ ioet-----+-'o_o_,.--'"""l!'C:-----1------1 
r G 

I . . 
i 
4 

I 's 
::; . 

01 

-1 
10 

10. . 

0 I 

10· 1 

0 001,., 

01°1,01,.• 

112 5Vhtl1'5VI 

2 
I 

._LINURITY• r(,-~I ~V)alOO 
•o 

4 .; 9 ., 

1;, 

... 
IO 

Al-Ktl 

I ,· -111 IV! 
._LINEARITY• - 0-.-lo . . . . . . .. 

Al-Kil 

• 6'10 z l 

Fig, Bia, bl - Typical VCO linearity vs R1 anc1·c1 
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SCL4047B 

CMOS MONOSTABLE/ASTABLE MULTIVIBRATOR 
FEATURES 

• Low Power Consumption 
• Monostable (one-shot) or (Astable) Operation 
• True and Complementary Buffered Outputs 
• Only One External R and C Required 
• Enabled with either a Low or a High Laval 

in Astable Mode 
• Triggered on either a Low to High or High to 

Low Transition in Monostable Mode 
• Asynchronous Master Resat 
• Output Pulse Width Independent of Trigger 

Pulse, in Monostable Mode 
•May Be Utilized as Free Running or Gated 

Oscillator, in Astable Mode 

DESCRIPTION 
40478 is capable of operating in either the 

monostable or astable mode. It requires an external 
capacitor (between pins 1 and 3) and an external 
resistor (between pins 2 and 3i to determine the 
output pulse width in the monostable mode, and 
the output frequency in the astable mode. 

Astable operation is enabled by a high level on 
the astable input or low level on the astable input. 
The output frequency (at 50% duty cycle) at Q and 
a outputs is determined by the timing components. 
A frequency twice that of Q is available at the Os
cillator Output; a 50% duty cycle is not guaranteed. 

BLOCK DIAGRAM 
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Monostable operation is obtained when the de
vice is triggered by low-to-high transition at + trig
ger input or high-to-low transition at -trigger input. 
The device can be retriggered by applying a simul
taneous low-to-high transiti"on to both the+ trigger 
and retrigger inputs. 

A high level on Reset input resets the outputs 
Q to low, a to high. 
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Absolute Maximum Ratings 
Voo DC Supply Voltage -0.5 to + 18V0c 
VIN Input Voltage - 0.5 to V 00 + 0.5Voc 
Ts Storage Temperature 

Range 
P0 Package Dissipation 
TL Lead Temperature 

(Soldering, 10 seconds) 

-65°Cto +150°C 
500mW 

300°C 

SCL4047B 

Recommended Operating Conditions 
V 00 DC Supply Voltage 3 to 15Voc 
V1N Input Voltage OtoVooVoc 
TA Operating Temperature Range 
SCL4047BC, D, F, H - 55°C to + 125°C 
SCL4047BE - 40•c to + a5•c 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

PARAMETER Voo CONDITIONS Tuwv 2 +25°C THIGH 2 
Units 

(Vdcl Min. Mex. Min. Typ. Mex. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss orVoo - 1.0 - 0.0005 1.0 -

10 All valid input - 2.0 - 0.001 2.0 -
15 combinations - 4.0 - 0.002 4.0 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 ~ries Family Specifications". 
2 T LOW = -55°C for C, D, F, H device. 

= -40° C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

AC ELECTRICAL CHARACTERISTICS 
TA= 25°C,Ct = 50pF 

PARAMETER 

tPHL. tPLH Propagation Delay Time Astable. 
Astable to OSC Out 

tPHL• tPLH As table, Astable to Q Q 

tPHL• tPLH + Trigger, - Trigger to Q Q 

tPHL• tPLH + Trigger, Retrigger to Q Q 

tPHL• tPLH ResettoQQ 

tTHL• trLH Transition Time Q, Q, OSC Out 

twt.twH Minimum Input Pulse Duration 

tRCL• tFCL + Trigger, Retrigger, Rise and 
Fall Time 

C1N Average Input Capacitance 

CONDITIONS MIN TYP MAX 

V00 = sv 200 400 
v 00 = 1ov 100 200 
v 00 = 15V 80 160 

v 00 = 5V 550 900 
v 00 = 1ov 250 500 
v 00 = 15V 200 400 

v 00 = 5V 700 1200 
v 00 = 1ov 300 600 
v 00 = 15V 240 480 

v 00 = 5V 300 600 
v 00 = 1ov 175 300 
v 00 = 15V 150 250 

v 00 = 5V 300 500 
v 00 = 1ov 125 250 
v 00 = 15V 100 200 

Voo = 5V 100 200 
v 00 = 1ov 50 100 

· v 00 = 15V 40 80 

Any Input 
v 00 = 5V 500 1000 
v 00 = 1ov 200 400 
v 00 = 15V 160 320 

v 00 = 5V 15 
v 00 = 1ov 5 
v 00 = 15V 5 

Any Input 5 7.5 

125 

Mex. 

30 µAde 
60 

120 

UNITS 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

µS 
µS 
,,s 

pF 



SCL4047B 

ASTABLE 5--------. 
ASTABLE 41-al·>--------. 

+Trigger 

- Trigger 61~-_. 

..--..... ............. 1-+-------{12 

R1 R2 ~----1--._ ___ RETRIGGER 

Voo®

Vss©
*INPUTS PROTECTED BY 
COS/MOS 
RESISTOR· DIODE NETWORK 

....------- V DD V SS 

Vss 
**MODIFIED INPUT PROTECTION 

CIRCUIT TO PERMIT LARGER 
INPUT-VOLTAGE SWINGS 

CAUTION:......_ ______ ~ 

TERMINAL 3 IS MORE SENSITIVE 
'-------'9 

TO STATIC ELECTRICAL DISCHARGE; 
EXTRA HANDLING PRECAUTIONS 
ARE RECOMMENDED 

92CM-21432 EXTERNAL 
RESET 

TRUTH TABLE 
TERMINAL CONNECTIONS TYPICAL OUTPUT 

INPUT PULSE OUTPUT PERIOD OR 
FUNCTION TOV00 TOVss TO PULSE FROM PULSE WIDTH 

Astable Multivibrator 
Free-Running 4,5,6, 14 7,8,9, 12 10, 11, 13 tA(10, 11) = 4.40 RC 
True Gating 4,6, 14 7,8,9, 12 5 10, 11, 13 
Complement Gating '6, 14 5, 7,8,9, 12 4 10, 11, 13 tA(13) = 2.20 RC 

Monostable Multlvibrator 
Positive-Edge Trigger 4, 14 5,6,7,9, 12 8 10, 11 
Negative-Edge Trigger 4,8, 14 5, 7,9, 12 6 10, 11 tM(10, 11) = 2.48 RC 
Retrlggerable 4, 14 5,6,7,9 8, 12 10, 11 

External Countdown• 14 5, 6, 7, 8, 9,12 (See Figure) (See Figure) (See Figure) 

Note: External resistor between terminals 2 and 3. External capacitor between terminals 1 and ·3. 

*Typical Implementation of External Countdown Option 

ASTABLEt---------
C04047B 16 +N OUT 

Q CLOC COUNTER .__ __ _ 
RESET 

INPUT ...IL_ n---------' 
PULSE texT = (N • 1) tA + (tM + tA/2) 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Typical Q, Q, Osc Out Period 
Accuracy vs Supply Voltage 
(Astable Mode Operation) 

5 10 15 

V oo -SUPPLY VOLTAGE (V) 

fa.a R c 
A 1000 kHz 22k 10pF 
B 100 kHz 22k 100 pF 
c 10kHz 220k 100pF 
D 1 kHz 220k 1000pF 
E 100Hz 2.2M 1000 pF 

Typical Q, Q and Osc Out 
Period Accuracy vs Temperature 
Astable Mode Operation 

-65-35 -5 25 55 85 115 145 

TA-AMBIENT TEMPERATURE ("C) 

fa.a 
A 1000kHz 
B 100kHz 
C 10kHz 
D 1 kHz 

R 
22k 
22k 
220k 
220k 

TIMING DIAGRAMS 

c 
10pF 
100pF 
100pF 
1000pF 

SCL4047B 

Typical Q, Q, Pulse Width 
Accuracy vs Supply Voltage 
Monostable Mode Operation 

a: -
0 ~15 .... ,0 
1J 0 

~~ 10 
=>o 

~ 5 

~ 
§ 0 
w 
'.1 I[ -5 

lA 
1 

~B 

t-t- c ~ 

~ .\ 
t-t-

~~ 
E 

5 

r! =125lc 

~ 

t::... r-

~ 
10 15 

v co-SUPPL y VOLTAGE (V) 

tM R c 
A 2µS 22K 10pF 
B 7µs 22k 100pF 
c 60µs 220k 100pF 
D 550µ8 220k 1000pF 
E 5.5ms 2.2M 1000pF 

Typical Q and Q Pulse Width 
Accuracy vs Temperature 
Monostable Mode Operation 

w 
'.1 -1of--I-->'*-+-+-+-+--+--+-~ 
::::> 
<L 

-65-35-5 25 ·55 85115145 

TA - TEMPERATURE ("C) 

A 
B 
c 
D 

tM 
2µS 
7µS 
60µS 
550µS 

R 
22K 
22k 
220k 
220k 

c 
10pF 
100pF 
100pF 
1000 pF 

Astable Mode 
OSCOUT~ 

Monostable Mode 
+ TRIGGER...JL____fl_ 

TRIGGER Retrigger Mode 

RETRIGGED__fi_J"L_ 

a~ OSCOUT~ 

a~ 
OSC OUT ___Jl_IL......l 

a~ 
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SOLID~ 
STATE ~t:::" 
SCIENTIFIC 

FEATURES 

+ Direct Drive of 2 TTL/DTL Loads 
+ Operation from Single Supply 
+ Pin-for Pin Replacements for 4009UB 401 OB 

DESCRIPTION 

The 4049UB and 4050B are Inverting and Non
Inverting Hex Buffers, respectively, and feature logic
level conversions using only one supply voltage !Vee). 
The Input-signal high level (V1H) can exceed the Vee 
supply voltage when these devices are used for logic
level conversions. These devices are intended for use 
as CMOS-to-DTLITTL converters and can drive directly 
two DTL/TTL Loads. 

The 4049UB and 4050B are interchangeable with 
4009 UB and 40106 devices, respectively. In these 
applications the 4049U6 and 40506 are pin-compatible 
with the 4009U6 and 40106, respectively, and can be 
substituted for these devices in existing as well as in 
new designs. Terminal No. 16 is not connected intern
ally on the 4049U6 or 40506; therefore, connection to 
this terminal is of no consequence to circuit operation. 

SCHEMATIC DIAGRAMS 

n 
IN 

A 

4049UB 

40508 

•ss 

•ss 

SCL4049UB 
SCL4050B 

CMOS HEX BUFFERS/CONVERTERS 
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CONNECTION DIAGRAM 
(all packages! 

NC 6Y 6A NC 5Y 5A 4Y 4A 

16 15 14 13 
4049UB 

2 3 4 

12 11 10 9 
4050B 

5 6 7 8 

Vee 1Y 1A 2Y 2A 3Y 3A Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Vee - Vss 3to15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55 to +125 oe 
-40 to +85 oe 

Note: These devices contain input protection net
works to Vss only. Therefore, V1H (maxi 
may exceed Vee without damage (subject 
to absolute maximum ratings). 

LOGIC DIAGRAMS 

1A ~ 1Y 1A !.{>-1 1Y 

2A Y>~ 2Y 2A ~ 2Y 

3A v 3Y 3A !.-{:>--! 3Y 

4A ~ 4Y 4A ~ 4Y 

5A ~ 5Y 5A ~ 5Y 

6A ~ 6Y 6A ~ 6Y 
vcc--!_ ... ,, .....!...__ 

V55 .....!...._ V55 ....!..._ 

NC••S Y=A lrilC • 16 
NC•tS Y=A NC"& 

4049UB 4050B 



ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 

PARAMETER Vee CONDITIONS !!..ow2 

SCL4049UB, SCL4050B 

+25°C THIGH 
2 

Units 
(Vdcl Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE 1cc v1N=Vss or V00 1.0 0.005 1.0 
CURRENT 5 - -

10 All valid input - 2.0 - 0.01 2.0 
15 combinations - 4.0 - 0.02 4.0 

OUTPUT LOW (SINK) loL 
CURRENT 

5 VoL =0.4V 3.7 - 3.0 6.4 -
10 VoL =0.5V 10 - 8.0 16 -
15 VoL =1.5V 30 - 24.0 ~o -

V1N =Vss Or V DD 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications". 
' T Low = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25'C) 

PARAMETER V1N 
(Vdc) 

PROPAGATION DELAY TIME tPLH 

4049U8 5 
10 
15 

10 
15 

40508 5 
10 
15 

10 
15 

4049U8 tPHL 5 
10 
15 

10 
15 

40508 5 
10 
15 
10 
15 

OUTPUT TRANSITION TIME tTLH 5 
10 
15 

tTHL 5 
10 
15 

INPUT CAPACITANCE C1N 
4049U8 -
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Vee Min. Typ. 
(Vdc) 

5 - 60 
10 - 32 
15 - 25 

5 - 45 
5 - 45 

5 - 70 
10 - 40 
15 - 30 

5 - 45 
5 - 40 

5 - 32 
10 - 20 
15 - 15 

5 - 15 
5 - 10 

5 - 55 
10 - 27 
15 - 15 

5 - 50 
5 - 50 

5 - 80 
10 - 40 
15 - 30 

5 - 30 
10 - 20 
15 - 15 

- - 15 

30 1<Adc -
- 60 
- 120 

2.1 - mAdc 
5.6 -

16.8 -

Max. Units 

120 ns 
65 
50 

90 ns 
90 

140 ns 
80 
60 

90 ns 
80 

65 ns 
40 
30 

30 ns 
20 

110 ns 
55 
30 

100 ns 
100 

160 ns 
80 
60 

60 ns 
40 
30 

22.5 pF 



SCL4049UB, SCL4050B 

Vos. DRAIN VOLTAGE (Vdc) 
·20 ·18 -16 ·14 -12 ·10 ·8 ·6 .4 ·2 

T I T A/'i 
,__+---+--+--+i:-]GSt-5 VdcW ~~0 r 
f--+--+-f-- V08 - -10 Vdc 77 :~~ I 

lL -25 gj'": 
,.., ·30 -

1---+---t-+---+-i---t.'.L.J'--t-+---+-"-I~ -35 ~ 
~Vcs=-15 Vdc--...d--+-+--+-T--t 40 a ' . ' ;· --+---I-""" . '5 .!?.ii:: 

...t. T._=2~'C -
'-----'-~'---'---''---'---'--'----'-L-...1...L--'-50 

Typical P-Channel 
Source Current Characteristics 

Typical voltage transfer characteristics as a function 
of temperature for 4049UB. 
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1140 

i ... 
120 
100 

80 
60 
40 

: 20 

L ='15 v~c-
........., 

L_ 

L V,,, = 10 Vdc 

}' =.i5 vE±= --z v 
t-T,=25C 

~ 
6 8 10 12 14 16 18 20 

V,,,. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

Typical voltage transfer characteristics as a function 
of temperature for 40508. 



SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4051B 
SCL4052B 
SCL4053B 

CMOS ANALOG MULTIPLEXERS/DEMULTIPLEXERS 
FEATURES 

• Wide Range of Digital and Analog Signal Levels: 

• Digital-3 to 15V, Analog-to 15Vp-r 
Low ON-Resistance: son (typ. over entire 

• 15Vp-p Signal-Input Range for VDD-VEE = 15V 
High OFF-Resistance: Input Leakage ± 10pA 

• ltypl @ v 00.vee = 1ov 
Logic-Level Conversion for Digital Addressing 
Signals of 3 to 15V IVDD-Vss= 3V to 15Vl to 
Switch Analog Signals to 15Vp.p IVDD-VEE 
= 15V) 

• Matched Switch Characteristics: MoN = 5.Q 

• ltyp.I tor vDD·Vee = 1sv 
Very Low Quiescent Power Dissipation under 
all Digital Control Input and Supply Conditions: 
1µw typ. @ v 00-v88 = vDD·Vee = 1ov • Binary Address Decoding on Chip 

DESCRIPTION 

The 40518, 40528, and 40538 are 
Digitally-Controlled Analog Switches having low 
ON-impedance and very low OFF leakage current. 
Control of analog signals up to 15Vp-p cari be 
achieved by digital signal amplitudes of 3 to 15V. 
For example, if Voo = +5V, Vss = OV, and Vee 
= -5V, analog signals from -5V to +5V can be 
controlled by digital inputs of 0 to 5V. The multi
plexer circuits dissipate extremely low quiescent 
power over the full Voe - Vss and Voo - Vee 
supply-voltage ranges, independent of the logic 
state of the control signals. When a logic "1" is 
present at the Inhibit input terminal all channels 
are OFF. 

40518 is a Single 8-Channel Multiplexer 
having three binary Control inputs, A, 8, and C, 
and an Inhibit input. The three binary signals select 
1 of 8 channels to be turned ON and connect the 
input to the output. 

40528 is a Differential 4-Channel Multi
plexer having two binary Control inputs, A and 8, 
and an Inhibit input. The two binary input signals 
select 1 of 4 pairs of channels to be turned on and 
connect the differential analog inputs to the 
differential outputs. 

40538 is a Triple 4-Channel Multiplexer 
having th.ree separate digital Control inputs, A, 8, 
and C and an Inhibit input. Each control input 
selects one of a pair of channels which are connect
ed in a single-pole double-throw configuration. 

When the devices. are used as demultiplexers, 
the "CHANNEL IN/OUT" terminals are the outputs 
and the "COMMON OUT/IN" terminal(s) is (are) 
the input(s). 
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CONNECTION DIAGRAMS 
(all packages) 

Voo 2 0 3 A B c 

16 15 14 13 12 11 10 9 
40518 

2 3 4 5 6 7 8 

4 6 COMM 7 5 INH Vee V55 

COM 
Voo 2X 1X x OX 3X A B 

16 15 14 13 12 11 10 9 
40528 

2 3 4 5 6 7 8 

OY 2Y COM 3Y 1Y INH Vee Vss 
y 

COM COM 
Voo B A AV AX A B c 

16 15 14 13 12 11 10 9 
40538 

2 3 4 5 6 7 8 

BY BX CY COM ex INH Vee Vss 
c 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voitage VDD - Vss 3 to 15 
vDD - Vee 3 to 15 

Vdc 
Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

NOTE: There are no restrictions on the relative 
magnitudes of Vss and Vee. providing 
Absolute Maximum Ratings are observed. 



SCL40518, SCL40528, SCL40538 

LOGIC DIAGRAMS 

40518 40528 

.!!) CHANNEL 3X INIOUT 

~) CHANNELO'I' IN/OUT 

CHANNEL IY IHIOUT 

CHANNEL rY INIOUT 

CHANMa 3Y INJOUT 

I COMMON YOUTllN 

Single 8-Channel Multiplexer Differential 4-Channel Multiplexer 

40538 

11) CHANNELA•INIOOT 

) ) CHANNEL 81 INfOUT 

' -) CHANNEL Br INIOUT 

'.) CHANNEL Ci mtOUT 

"1) CHANNELCylNIOUT 

1~ COMMONBOUTllN 

Triple 2-Channel Multiplexer 

TRUTH TABLE 

INPUT STATES "ON" CHANNELS 

INHIBIT c B A 4051 4052 4053 

0 0 0 0 0 Ox,Oy ex. bx, ax 
0 0 0 l l Ix, ly ex, bx, ay 

0 0 l 0 2 2x, 2y ex, by, ax 

0 0 l 1 3 lx,Jy ex, by, ay 

0 1 0 0 4 cy, bx, ax 
0 1 0 1 5 cy, bx,ay 

0 1 1 0 6 cy,by,ax 

0 1 1 1 7 cy, by, ay 

1 . . . NONE NONE NONE 

* = Don't care 
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SCL4051 B, SCL4052B, SCL4053B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Vss Voe VEE TLow 2 +25°C THIGH 2 

CONDITIONS (Vdc} (Vdc} Vdclt-M-in-'.:.r~M-a-x-. -+--M-i-n • ..,..._T_y_p_. ~M-a-x-. -+--M-i-'n=. r=M~a-x--i. UniU 

QUIESCENT 
DEVICE CURRENT 

loo V , N =V ss dr V0.0..,_"'""0-+-+"'""5---l_O'---+------l~--'-5-+-----l----'0"'"".0'"'5-+_.;;..5-+---+--1-'50-'-iµAdc 
All valid input o +10 o _ 10 _ 0.1 10 - 300 

MINIMUM INPUT 
HIGH VOLTAGE 
(Control and Inhibit 
Inputs} 

MAXIMUM INPUT 
LOW VOLTAGE 
(Control and Inhibit 
Inputs} 

SWITCH INPUT/ 
OUTPUT LEAKAGE 

Any channel OFF 

All channels OFF 

jcombinations +5 _5 

bFF ty,N=Vss or Voo 
~=±7.5Vdc 

loFF lnh = 7 .5Vdc 
lv;.=±7.5Vdc 

40518 
40528 

0 

0 
0 
0 

0 
0 
0 

0 

0 

+15 0 

+7.5 -7.5 

5 0 
10 0 
15 0 

5 0 
10 0 
15 0 

+7.5 -7.5 

+7.5 -7.5 

1.5 
3.0 
4.0 

20 

3.5 
7.0 

11.0 

±100 

±400 
±200 

1.5 
3.0 
4.0 

0.2 

2.75 
5.5 
8.25 

2.25 
4.5 
6.75 

20 

3.5 
7.0 

11.0 

±0.01 ±100 

±0.08 ±400 

±0.04 ±200 
40538 ±100 ±0.02 ±100 

ON-RESISTANCE 
~o~ V1N =Vss or Voo 

Vee<;V;.<;Voo 

RL =1okn 

-7.5 +7.5 -7.5 

0 +15 0 

::5- t5. ::5-
0 +10 0 

220 125 280 

310 180 400 

-2.5 +2.5 -2.5 
0 +5 0 

2000 470 2500 

ON-RESISTANCE 
MATCH 

(Same Package} 

t.R0Ntv1N =Vss or Voo 

IVee<;Vis<;Voo 
IRL,,; 10k11 

-7.5 +7.5 -7.5 5 
0 +15 0 

-5 +10 -5 10 

0 +10 0 
-2.5 +2.5 -2.5 50 

0 +5 0 

NOTES: ' Remaining Static Characteristics are listed under "40008 Series Family Specifications". 
2 In certain applications, the external load-resistor current may include both V00 and 

signal-line components. To avoid drawing v00 current when switch current flows 
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not 
exceed 0.8 volt (calculated from RoN values shown}. 
No V00 current will flow through RL if the switch current flows into terminals 2, 3, 
9, or 10. Failure to observe this condition may result in distortion of the signal. 
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1.5 
3.0 
4.0 

600 

3.5 Vdc 
7.0 

11.0 

Vdc 

- ±1000 nAdc 

±1000 nAdc 
±1000 
±1000 

400 n 
590 n 

3500 n 

n 

n 

n 



SCL4051 B, SCL4052B, SCL4053B 
ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL =50pf, TA =25°C) 

PARAMETER CONDITIONS Vss Voo Vee Min. Typ. Max. u.:;.-1 
(Vdc) IVdcl (Vdcl 

SIGNAL INPUTS IVal AND OUTPUTS 1v.,1 

PROPAGATION DELAY jt.LH 
TIME ~PHL 

Signal Input to Signal lnh = Vss 0 5 0 - 30 60 ns 
Output V1N=Vss or Vco 0 10 0 - 15 30 

V 1a= Square Wave 0 15 0 - 12.5 25 
RL = IOkO 

BANDWIDTH l-3dB) BW lnh=Vss~ 
(Sine Wave) v,N= Vss~....!!illi 0 +5 -5 - r-M----1 - MHz 

orVoo ~ - ~ - I 
v.,,5v0.,.~ - 38 -
centered ...J.Mfii - r-;----1 -
@O.OVdc 

INSERTION LOSS 

(• 20 log,. ll •• l 
lnh = Vss,..J!.1.::1 

+5 2.3 dB v. v,N=Vss 1 1kn1 
0 -5 - -

or Voo I IOknl - 0.2 -
v.=5V..,. ~OOk~ - 0.1 -
centered~ - 0.05 -
@O.OVdc 

SIGNAL DISTORTION lnh = Vss 
(Sine Wave) V1N'"Vss or Voe -7.5 +7.5 -7.5 - 0.1 - % 

v •• 5v ••• -5 +5 -5 - 0.2 -
centered -2.5 +2.5 -2.5 - 1.0 -
@O.OVdc 
10 = l.OkHz 
RL = IOkO 

FEEDTHROUGH lnh•Vss~ 
(-40dB) 

v,N=Vss ~ 0 +5 -5 - 1250 - kHz 

orVoo ~ - 140 -
v.=5v0 .,.11ookg - 18 -
centered~ - 2 -
@O.OVdc 

CROSSTALK (-40d8) 
Between two switches lnh = Vss 0 +5 -5 - 1.0 - MHz 

V1N= Vss or Voo 
v.=5V..,. 
centered 
@O.OVdc 
R = 1.0kO 

CAPACITANCE lnh = Voo 
Input ~ 0 +5 -6 - 5 - _l!f 

~ 
- 30 -

Common ~. 0 +5 -5 - 18 - pF 

1--1 - 10 -
Feedthrough c,., 0 +5 -5 - 0.2 - pF 

CONTROL INPUTS 

PROPAGATION DELAY 
TIME' PLH, lnh = Vss 0 +7.5 -7.5 - 160 320 ns 

PHL Vee<V-.<Yoo 0 +15 0 - 120 240 
Turn on RL = 10k0 0 +5 -6 - 225 450 

0 +10 0 - 160 320 
-2.5 +2.5 -2.5 - 400 BOO 
0 +5 0 - 360 720 

INHIBIT INPUT 

PROPAGATION DELAY tpLH. V1N=VssorVoa 0 +7.5 -7.5 - 160 320 ns 
TIME Vis a Voo 0 +15 0 - 120 240 PHL 

RL = 10k0 0 +5 -5 - 200 400 
Turn on 0 +10 0 - 160 320 

-2.5 +2.5 ·2.5 - 400 BOO 
0 +5 0 - 360 720 

INHIBIT RECOVERY t.., V1N=Vss orVoo 0 +7.5 -7.5 - 150 300 ns 
TIME2 Vee<V0 <Voo 0 +15 0 - 80 160 

RL = 10k0 0 +5 -5 - 200 400 

0 +10 0 - 105 210 
-2.5 +2.5 -2.5 - 300 600 
0 +5 0 - 225 450 .__.J 

Notes: 1 Channel Overlap time - interval following change of control input during which two channels may be ON simultaneously. 
2 Interval following removal of Inhibit during which channel information is invalid. 
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~ 200 :.:-:-:-

~ ·~o :::: 

.~ 100·r-:-:-:-:-r.:-::::W.":":"1'f;;;;;;;;;;;;:;o~~-r.~ 
z z a ~o 77:. 

0 .•.• 
-8 -6 -4 -2 0 2 4 

SIGNAL VOLTAGE tv,,1 - VOL TS 

Typical Channel 0 0N° resistance vs. signal voltage 

lllPPl.Y 11C1Lrs: "1XJ••s. vsr-s 
INPUT SIGNAL VOLTS(Y1s)• 5 YP·P 

SINE WAYE 11 11 Riil) 
CONTROL VOL TS I Ve J • +5 
•LOAD CANCITANCE•ICr1x•C1111:TtA) 

.. 
a .. 

I 

INPUT SIGNAL FREQUENCY Ct1,l MMI 

R' VO\.TMEf[R 
BOONTON RADIO 
MDOlL 91·C.I 
()A [QUIY •.. 

Typ. switch frequency response-Mitch "ON" 

I IO IOS o4 

INPUT SIGMAL FAEQUENCT Cl111- llMI 

Typ. crosstalk between switch circuits in the same 
package 
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SCL4051B,SCL4052B,SCL4053B 

-· 0 INPUT SIGNAi.. VOLTAGE IYul - VOL TS 

Typical •oN" characteristics 

I 4 I02 :r 4 l~J 4 I04 

INPUT SIGNAL FREQUENCY lltal '-H1 

Typ. feedthru vs. freq. - switch •off• 

SCHEMATIC DIAGRAM 
OF ONE SWITCH 

SWITCH 
CONTROL 

A 
·-·-~ .. 



SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4060B 

CMOS 14-STAGE COUNTER AND OSCILLATOR 
FEATURES 

• 14 Fully Static Stages 
• 10 Buffered Outputs Available 
• Common Reset Line 
• BMHz Counting Rate@ 10Vdc 
• All Active Oscillator Components on Chip for 

R-C or Crystal Control 

DESCRIPTION 

The 4060 B consists of an oscillator section 
and 14 ripple-carry binary counter stages. The 
oscillator configuration allows design of either R-C 
or crystal oscillator circuits. A Reset input is 
provided which resets the counter to the all-O's 
state. A high level on the Reset line accomplishes 
the reset function. The state of the counter is ad
vanced one step in binary order on the negative 
transition of the Clock input </>. All inputs and out
puts are fully buffered. Outputs are available from 
stages 4 through 10 and 12 through 14. 

Applications include timers, frequency dividers, 
delay circuits and counter controls. 

TRUTH TABLE 
CLOCK RESET OUTPUT STATE 

~ 0 No Chanp 

"""- 0 Adv enc• to next ..... 
x 1 All OutPuts are low 

X .. Don•t Care 

CONNECTION DIAGRAM 
Ian packagesl 

v 00 010 as 09 R 

"' 
q; ~ 

16 15 14 13 12 11 10 9 
4060B 

2 3 4 5 6 7 8 

012 013 014 06 05 07 04 Vss 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3to15 v0 
Operating Temperature TA 

C, D, F, H Device -55 to +125 °C 
E Device -40to +85 °C 

LOGIC DIAGRAM 
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SCL4080B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS Tuwv2 +25°C THIGH 2 
UniU 

(Vdcl Min. Max. Min. '!!!!: Max. Min. 

QUIESCENT DEVICE 
lloo 

5 V1N=Vss orVoo - 5 - 0.05 5 -
CURRENT 10 All valid input - 10 - 0.1 10 -

-- ·---- -· 
15 combinations - _2Il - 0.2 20 -. ---

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T Low = -55°C for c. D. F. H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H.device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER Voo 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
Clock to Q4 tPLH• lpHL 5 

10 
15 

QitoQ;+1 tPLH, tPHL ·5 
10 
15 

OUTPUT TRANSITION TIME tTLH1 tTHL 5 
10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY fcL 5 
10 
15 

MAXIMUM CLOCK RISE AND FALL TIME trcL, ttcL 5 
10 
15 

RESET OPERATION 

PROPAGATION DELAY TIME tPHL 5 
10 
15 

MINIMUM RESET PULSE WIDTH PWR 5 
10 
15 

RESET REMOVAL TIME tram 5 
10 
15 
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Min. Typ. Max. 

- 400 800 
- 200 400 
- 150 300 

- 100 200 
- 40 80 
- ~o 60 

- 100 200 
- 40 80 
- 30 60 

- 70 140 
- 30 60 
- 20 .40. 

3.0 4.5 -
6.0 9.0 -
7.5 11.0 -
50 100 -
50 100 -
50 100 -

- 200 400 
- 100 200 
- 75 150 

- 100 200 
- 40 80 
- 30 60 

- 150 300 
- 65 125 
- 40 75 

Max. 

150 µAde 
300 
600 

UniU 

ns 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 

ns 



SCL4060B 

V.,., DRAlll VOLTA8E (VIie) 
-20 ·18 ·16 -14 -12 -10 ·8 -6 -4 -2 0 

V 1=-~Vd~ ~ 
cs.l ~ :::2j 

v .. =-10 Vdc 
,......, 

l v 
r---, t-Ycs=-15 Vdc 

T = 25' C 
~ ..1 

Typical P-Channel 
Source Current Characteristics 

-5 
-10 !. 
-15 = 
·20 ~ 
-25 $ 

ill z ... 
3 
~ 

TIMING DIAGRAM 

4 6 8 10 12 14 16 18 20 
v .. , DRAIN VOLTAGE (Vdcl 

Typical N-Channel 
Sink Current Characteristics 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16,384 

Clock l..JLfl..nj"'" l..J l..J L...J LJ LJ l..J L...J LJ LJ LJ L...J "l...J LJ 
ReHt 

04 _______r---i_ L._ L._ L._ L._ L._ L._ L._ L._ L._ L._ 

05 L._ L._ L._ L._ L._ L._ L._ L._ L._ 

06 L._ L._ L._ L._ L._ L._ L._ L._ 

07 L._ L._ L._ L._ L._ L._ L._ 

012 ~~~~~~~~~~~~~~~~~~~~~~~--' 

013~~~~~~~~~~~~~~~~~~~~~~~~~--' 

TYPICAL COUNTER STAGE 
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APPLICATIONS INFORMATION 

TYPICAL CC*PDNENT VALUES AND CIRCUn PEAfORllANCI 

i - 4oso 0- - - - - - - - -1 QICtlLATOR .. RT 

I I 

I : 

F"EQUINCY •n "" .... ... .. ..... ... • 
I -... ... .. _______ J ..... ... .. ....... .. .. ·- .. ... 

Typical RC oscillator circuit 

5Mil..;;; Rt..;; 1 OOMil 

Rs~ (SX-+ 10X) Rs(XTAL) 

CgCT 
---~CL(XTAL) 
Cg+CT 

Typical crystal oscillator circuit 

CT ... .. ' 
o.ot,,.F 
0.001,,F ..... . .... 

~PINI 

f""-io6o_e __ - - -- - - -1 
I I 
I I 
I I L ______ _J 

IDDM• 
Vao•IOY 

•• • • •• ... 
07 
I 

TYPICAL COMPONENT VALUES 
FOR OPERATION FROM 60 Ht 
INPUT AT YOO• J TO 15 VOLTS! 
A5•150 KA 

-t---+-------Yz 
At •J901CQ 

I FOR USE WHEN llWPUT SIGNALS WITH 
SLOW RISE· FALL TIME ARE USED 
AS CLOCK) 

Yp 

SCL4060B 

Input pulse-shaping circuit (Schmitt trigger) Input circuit characteristics for pulse-shaping 
circuit. 
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SOLID~ 
STATE ($J~ 
SCIENTIFIC 

FEATURES 

t Transmission or Multiplexing of Analog or 
Digital Signals 

t 800 Typical ON-Resistance for 15-Volt oper· 
at ion 

t 9Nitch ON-Resistance Matched to within 50 
over 15-Volt Signal-Input Range 

t ON-Resistance Flat over Full Peak-to-Peak Sig· 
nal Range 

t High Degree of Linearity: 
<;o.5% Distortion (typ) @fis = 1kHz, 
Vis=5Vp-p. VDD·Vss~10V, RL = 10k0 

t Extremely Low OFF switch Leakage Resulting 
in very Low Offset Current and High Effective 
OFF Resistance: 

10pA ltypl @Voo·Vss= 1ov. TA= 25°C 
t Extremely High Control Input Impedance (Con· 

trol Circuit Isolated from Signal Circuit!: 
1012n1typl 

t Low Crosstalk between 9Nitches: 
-50dB (typ) @ fis = 0.9MHz, R L = 1k0 

t Matched Control-Input to Signal-Output Capac· 
itance Reduces Output Signal Transients 

t Frequency Response, 9Nitch ON = 40MHz (typ) 

DESCRIPTION 

The 4066B is a Quad Bilateral Switch intended·for 
the transmission or multiplexing of analog or digital 
signals. It is pin·for·pin compatible with the 4016B, but 
exhibits a much lower ON-resistance. In addition, the ON
resistance is relatively constant over the full input signal 
range. The 4066 consists of four independent bilateral 
switches. A single control signal is required per switch. 
Both the P and the N device in a given switch are biased 
ON or OFF simultaneously by the control signal. As 
shown below, the well of the N-channel device on each 
switch is either tied to the input when the switch is ON or 
to Vss when the switch is OFF. This configuration 
minimizes the variation of the switch-transistor threshold 
voltage with input-signal, and thus keeps the ON· 
resistance low over the full operating range. 

SCHEMATIC DIAGRAM (one of four switches) 

NORMAL OPERATION 
CONTROL-LINE BIASING. 
SWITCH ON .\t ... • VoD 
SWITCH OFF, Ye "o"•Vss 

CONTROL 
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SCL4066B 

CMOS QUAD ANALOG SWITCH 

CONNECTION DIAGRAM 
(all packages) 

Switch 
A Switch D Switch C - ,.._,..-._--"-

Voo c c IN OUT OUT IN 
_l l j_ J_ J_ I l 
14 13 12 11 10 9 8 

40668 
1 2 3 4 5 6 7 

I T -r I T 1' 1' 
IN OUT OUT IN C c V55 ---.-- ...._,,._,. -Switch A Switch B Sw6tch 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

The advantages over single-channel switches include 
peak input-signal voltage swings equal to the full supply 
wltage, and more constant ON-impedance over the 
input-signal range. For sample-and-hold applications, the 
4016 is recommended. When the control input is high 
the switch will be ON. When the control input is low the 
switch will be OFF. 

LOGIC DIAGRAM 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Vss Voo TLOW 
2 25°C 

PARAMETER CONDITIONS (Vdc) (Vdc) Min. Max. Min. ~ 

QUIESCENT DEVICE 
CURRENT loo VIN= Vss or Voo 0 5 - 0.05 - 0.0005 

All valid input 0 10 - 0.1 -
combinations 0 15 - 0.2 -

MINIMUM INPUT HIGH V1H 
VOLTAGE V15 = Vss 0 5 - 3.5 -
(Control Input) Vos=Voo 0 10 - 7.0 -

los = 10µA 0 15 - 11.0 -

MAXIMUM INPUT LOW VIL 
VOLTAGE Vis = Vss 0 5 1.0 - 1.0 
(Control Input) Vos= Voo 0 10 2.0 - 2.0 

los = 10µA 0 15 3.0 - 3.0 

SWITCH INPUT/OUTPUT lo FF 
LEAKAGE Ve= Vss ·7.5 +7.5 - ±100 -

V15= ±7.5Vdc 

ON-RESISTANCE RoN 
Ve = Voo ·7.5 +7.5 

220 - -
Vis = Vss/Voo 0 +15 

Voo-Vss 
Vos=--- .5 +5 

400 2 - -
0 +10 

RL = lOkH 
·2.5 +2.5 

2000 - -
0 +5 

ON-RESISTANCE MATCH .iRoN 
(Same package) Ve = Voo ·7.5 +7.5 - - -

Vis = Vss/Voo 0 +15 
Voo-Vss 

Vos =--2-- .5 +5 - - -
0 +10 

RL = lOkn 
·2,5 +2.5 -- -
0 +5 

NOTES: 1 Remaining Static Electrical Characteristics are listed under 40008 Series Family Specifications . 
2 T LOW= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

3 Conditions for measuring V1H: 

Voo Vos Vis TLOw 
5 5 4.6 - .25 

10 10 9.5 - .62 
15 15 13.5 -1.8 

los 

25·c THIGH UNITS 
- .20 - .14 
- .50 -.35 mA 

-1.50 -1.10 
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0.001 
0.002 

2.75 
5.5 

8.25 

2.25 

4.5 

6.75 

±0.01 

80 

120 

270 

5 

10 

10 

SCL40668 

THIGH 
2 

Units 
Max. Min. Max. 

0.05 - 1.5 µAde 
0.1 - 3.0 
0.2 - 6.0 

3.5 - 3.5 Vdc 

7.0 - 7.0 
11.0 - 11.0 

- 1.0 - Vdc 

- 2.0 -
- 3.0 -

±100 - :!:1000 nAdc 

280 - 320 n 

500 - 550 n 

2500 - 3500 n 

- - - n 

- - n 

- - n 



SCL4066B 

ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER CONDITIONS Vss Voo Min. Typ. (Vdc) (Vdc) 

SIGNAL INPUTS (V;5 ) AND OUTPUTS (V05) 

PROPAGATION DELAY TIME tPLH, Vc=Voo 
tPHL V;s=Square 0 5 - 20 

Signal Input to Signal Output Wave 0 10 - 10 
RL = 1okn 0 15 - 7.5 

BANDWIDTH (-3dB) BW Vc=Voo ~ 
(Sine Wave) Vis=5Vp.p r--!ill, -5 +5 - 54 

centered ~Sl, - 40 
@O.OVdc 11ookn 1 - 38 

lMQ - 37 

INSERTION LOSS 

(=20 loglO~os ) Vc=Voo RL .. .---1 
Vis=5Vp.p ~ -5 +5 - 2.3 

centered 1 10kQ 1 - 0.2 
@O.OVdc pookn I - 0.1 

lMQ - 0.05 

SIGNAL DISTORTION 
(Sine Wave) Vc=Voo -5 +5 - 0.16 

V;5=5Vp.p 
centered 
@O.OVdc 
1;5 =1.0kHz 
f!.i. = lOkQ 

FEEDTHROUGH !-50dB) Vc=Vss ~ 
Vis=5VP·P ~ -5 +5 - 1250 

centered 1 10kQ 1 - 140 

@O.OVdc pooknl - 18 

t--
lMQ - 2 

CROSSTALK (-50dBI Vc(A)=Voo -5 +5 - 0.9 
Between two switches Vc(Bl=Vss 

Vis(A)=5VP·P 
centered 
@O.OVdc 
RL = lOkQ 

CAPACITANCE 
Input ~ - 8 

Output ~ Ve= Vss -5 +5 - 8 

Feedthrough C;o, - 0.5 

CONTROL INPUT IV cl 

PROPAGATION DELAY TIME tpc Vss"-Vis"-Voo 0 5 - 50 
Turn on RL = 1okn 0 10 - 25 

0 15 - 20 

MAXIMUM INPUT le Vss"-V;,"-Voo 0 5 - 5 
FREQUENCY RL = 1.0kQ 0 10 - 10 

0 15 - 12 

CROSSTALK 
(To signal port) V c =Square Wave 0 5 - 30 

RL = lOkQ 0 10 - 50 
R;n = 1.0kn 0 15 - 100 
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Max. Units 

40 ns 
20 
15 

- MHz 

-
-
-

- dB 

-
-
-

- % 

- kHz 

-
-
-
- MHz 

·- pF 

- pF 

- pF 

100 ns 
50 
40 

- MHz 
-
-

- mV 
-
-



Typical channel ON resistance vs. signal voltage for 
three values of supply voltage IVoo-Vssl 

SUPPLY VOLTS! Voa•+5, vss•-5 
INPUT 91GNAL VOLTS CV11l• 5 Vp.p 

SINE WAYE(l.77Rll9) 
CONTROL VOLTS l\fc)•+S 
a LOAD CAPACITANCE•tCrix •C11ETER) 

I I I 

INPUT SIGNAL ,AEOUENCY U11l llH1 

Typ. switch frequency response · switch "ON" 

~~~y s:-!~:;:~;~~.j~s:~;~P SINE !.U:1u1~ JJ,11 

-_} 30 FIXTURE ANO METER NULLED OUT 39.5 

! 1111 I I Iii I I' I 
:? H Yc.;iDD +H-+:-+-++H~-lf+tt37 
~ l•• ..... • -r l 
g •• ~ ar-;·L h ·+i+-+T-++H-+l/J.f++Hl• ! .. 4 rwn 1,'1 fu•n ~ I - L - 1 1 re 
41. 1 ~ 1. v •v RFvOUMETER 1.5~ 
z : ; , ~ SS =~~O:i-~:OIO :: 
~ J·t+~ c~Il-~-··r··· H+hr/-1+-i-ttl••c ~ •• P I , Vos IBl 

li +- · l"' c- '""i -: .. I-....... i.--'-1-+++1'" 
•••• SWITCHES .il.H.. 

INPUT SIGNAL FREQUENCY lt11)- ~HI 

Typ. crosstalk between switch circuits in the same 
package 
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SCL4086B 

ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 

-· -4 -z 0 2 4 & 
INPUT SIGNAL VOL TAG£ cv,,1 - VOL TS 

Typical ON characteristics for 1 of 4 channels. 

SUPPLY VOLTS Yoo•. 5, Vss •• 5 
CONTROL VOL TS tvc )• -5 
INPUT SIGNAL VOLTS lY11)•5Yp-P SIN[ WAY[(l.77 RMSI 
LOAD C:APACITANCE ICL)•CFIXTUR£ •CMET£R 

•FIXTURE AND METER NULLED OUT 

I ' 

I 10 :r 4 S ~02 z 4 1Q1 :r 4 S K)4 

tNPUT SIGNAL FREQUENCY 11111 9IH1 

Typ. feedthru vs. freq. - switch "OFF" 

~I~ ~QC>-o----1 
tr•lf• 20ftl 

~I~ 1••• 1•••n 
A\.L UNUSEO TERMINALS 
AAE CONNECTED TO Yss 

Test circuit, crosstalk-control input to signal output 



SCL4066B 

SPECIAL CONSIDERATIONS - 40668 

1. In applications where separate power sources are used to drive Voo and the signal 
inputs, the Voo current capability should exceed Voo/RL (AL =effective external 
load of the 4 40668 bilateral switches). This provision avoids any permanent 
current flow or clamp action on the Voo supply when power is applied or removed 
from 40668. 

2. In certain applications, the external load-resistor current may include both Voo and 
signal-line components. To avoid drawing Voo current when switch current flows 
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not 
exceed 0.8 volt (calculated from RoN values shown). 
No Voo current will flow through R L if the switch current flows into terminals 2, 3, 
9, or 10. Failure to observe this condition may result in distortion of the signal. 

APPLICATIONS INFORMATION 

It) SPDT 

di DPOT 

d DPST 

nL 
CONTROL 

Basic Switch Functions using the 40668 

'c• 
SELECT 0----t-----t-----___, 

~ 
•c3 z 
SELECT 0----t-----t------___, ;; 

" ~ 
" .. 
~ 
0 
> 

•c1 0 
SELECT 0----1-----1-------

>-----------Q Your 

V15A 
VOSAI ..+-~· Q--<> 

Yosa-o ....!--~ .. 
.,~. 

II 

J1_ 

FREOU£NCY- Hz 

AL(VOL TAGE GAIN BCLOV'I enEAK FREQUENCY) 

-~ 
fc (BREAK fRCOUCNCYI • - •. !. 

2•R;iCx 

\(UNITY GAIN FREQUENCY)• ---1---
2 .. R1Cx 

MAX ATTlNUAllON .. '~gk_9r!J 

Active Low Pass Filter with Digitally Selected Break Frequency 
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SOLID~ 
STATE ~t::!' 
SCIENTIFIC 

FEATURES 
+ Fully uB"-Series Compatible 
+ Diode Protection on all Inputs 
+ Pin Compatible with 74C04 

DESCRIPTION 

The 4069UB consists of six CMOS inverter circuits. 
The device is intended for general-purpose inverter 
applications where the higher output drive and level
shifting feature of the 4009UB and 4049UB are not re
quired.• The 4069UB is particularly useful for quasi· 
linear circuits such as oscillators (See Applications 
Information). 

•for pin-to-pin compatibility with the 4009UB and 4049UB, 
the 4449UB is available. 

SCHEMATIC DIAGRAM 
(one of six inverters) 

~-----··· 

1(3.~.9.11,13) 

Y55 

INPUT VOLTAGE lv1)-V 

Typical current and voltage transfer characteristics 
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SCL4069UB 

CMOS HEX INVERTER 

CONNECTION DIAGRAM 
(all packages) 

Voo GA GY SA SY 4A 4Y 

14 13 12 11 10 9 8 
4069UB 

2 3 4 5 6 7 

1A 1Y 2A 2Y 3A JV Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage vDo- Vss 
Operating Temperature 

C, D, F, H Device 
E Device 

LOGIC DIAGRAM 

1A -o o--i>2 1Y 

2A ~ 2Y 

3A~ 3Y 

4A o-9-{>o~ 4Y 

SA -o ~o SY 

GA~ GY 

V55 = 7 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

v00 = 14 



SCL4069UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo TLoW 2 +25°c THIGH 
2 

PARAMETER CONDITIONS Units 
(Vdc) Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=Vss or Voo - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Characteristics are listed under "40008 Series Family Specifications". 
T LOW = -55°C for C, D. F. H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

V,,,.. DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 ·12 ·10 -8 -6 ·4 ·2 

Typical P·Channel 
Source Current Characteristics 

IPLH• tPHL 

tTLH• tTHL 

Voo Min. Typ. Max. Units (Vdc) 

5 - 5Q 100 ns 
10 - 25 50 
15 - 20 40 

5 - 75 150 ns 
10 - 35 70 
15 - 30 60 

u ~~================-J-,;,_=_T_15_;_d_c~-f------.j~ 
~ 401---t---t~+-:;::!.~l--..,...-t~-r---t---I 
~ 35 17 v 
~ 301----+-----.1v'--+----1--1----+-----+-+----1-----1 
a: 71 T 
§ 25 Jl V ,;, = 10 Vdc -1----1--1-----1 
u 20t---...,..-t---::::::l----r~r----r--t-+--t---I 
~ 15 .....+-
Q 10 zv 
...: 5 ~~ V,;.ls = 5.lVdc _,___..__._ T z50 C 

Vl :'i= .1. 

4 6 8 10 12 14 16 18 20 
V.,,, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

APPLICATIONS INFORMATION 

•• 
R5 A .. 15X ·10X1 H .. 

C5 

Typical crystal oscillator circuit 

I __ 1_ 

2 2A 1C i 

Typical RC oscillator circuit 
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••~our 
., 

UPPER SWITCHING POINT 

R5 ... Rt Yoo 
Vp • -.-, - ---.., 

LOWER SWITCHING POINT 

Rt - R5 
v •• -.-.-

Rt > R5 

Voo .--

Input pluse shaping circuit (Schmitt 
Trigger) 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 
+ Buffered Outputs 
+ Diode Protection on all Inputs 
+ Fully •B" -Series Compatible 
+ Pin Compatible with 4030 types, MC14507, 

74C86 

DESCRIPTION 

The 40708 contains four independent ex
clusive-OR gates integrated on a single monolithic 
silicon chip. Each exclusive-OR gate consists of five 
N-channel and five P-channel enhancement-mode 
transistors, plus output buffering devices. 

TRUTH TABLE 
(one of four gates) 

A 

I 
B 

I 
y 

0 0 
1 0 
0 1 
1 1 

Where 1 = High Level 
0 =Low Level 

LOGIC DIAGRAM 

4070B j D--f>o-1>--

SCHEMATIC DIAGRAM 
(one of four gates) 

.... 
. 

0 
1 
1 
0 

+ 1100 J J 

~r--j· yfyt 
~ 'LT 

... ... 
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SCL4070B 

CMOS QUAD EXCLUSIVE-OR GATE 

CONNECTION DIAGRAM 
(all packages) 

Voo 48 4A 4Y 3Y 38 3A 
l J_ .1 .1 J J_ l 
14 13 12 11 10 9 8 

4070B 
1 2 3 4 5 6 7 

iA 11s 11v 21v JA Is v~ 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo • Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55to+125 oc 
E Device -40 to +85 oc 

Note: The 40708 is identical to the 40308; 
the devices are fully interchangeable in all 
applications. 

FUNCTION DIAGRAM 

Y = AE98 

Voo =Pin 14 
Vss =Pin 7 



SCL4070B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLCM2 +25°C THIGH 2 
Units 

(Vdc) Min. Mix. Min. yYp. Mix. Min. Mix. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N =Vss or Voe - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All val id input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under - 40008 Series Family Specifications•. 
2 T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH =+126°CforC, D, F, H device. 

. = + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME tPLH• tPHL 

OUTPUT TRANSITION TIME tTLH• tTHL 

Y.., DRAIN VOLTAGE (Vdc) 
·20 -18 -16 -14 ·12 ·10 ·8 ·6 ·4 ·2 0 

Voo 
(Vdc) 

5 
10 
15 

5 
10 
15 

50 

1: 
35 

I: 
i 20 

15 
10 

j 5 

Min. Typ. Max. Units 

- 140 280 ns 
- 65 130 
- 50 100 

- 100 200 ns 
- 50 100 
- 40 80 

IT T 
1--t v .. = 11Vdc-

!:'.::: 
k'.'.: .z_ T 

ll v .. =10 Vdc 

....... 
I 17" 

f_ ~ ¥05 =5 Vdc TA=25°C 
_l_ _l j_ ..l. 

0 2 4 6 8 10 12 14 16 18 20 
V.., DRAIN YDLTA8E (VIie) 

Ci 
IC-· 

IN) 

'Typical N-Channel Typical P-Channel 
Source Current Characteristics Sink Current Characteristics 

40708 

ICAMY· 
OUll 

Cj 

APPLICATIONS INFORMATION 
8-81T TWO'S COMPLEMENT ADDER/SU8TRACTOR 

.. . , •• .. .. •3 "3 •• .. 
• • • 0 0 0 0 0 .. 1 

• 0 • 0 • • • 1 . 1 1 

• 0 • • • • 1 • • I I 

• • • • • • I I • 3 1 
I 

40088 
• 1 I 1 1 1 1 • ..• 1 
0 1 1 1 1 1 I 1 •1:tt 1 

•• .. .. •• •a 
1 1 1 1 1 
1 I I I I 
I I I I 1 
I I I I I 
1 1 1 1 • 

.. 
0 • • • 0 
0 0 • 0 0 

• • , Sa •• s. ... Two's complement numbers and 
their equivalent decimal values Sl-··l•Jl1. .. a!'Y1 ...• 
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"3 •• 
1 1 . _, 
I • . .., 0 I ·-3 

• • -~ 1 1 . .. 
0 1 ... ,, 
0 • ·-1• 



SOLID~ 
STATE~~ 
SCIENTIFIC 

40718 - Quad 2-lnput OR 
40728 - Dual 4-lnput OR 
40758 - Triple 3-lnput OR 
FEATURES 

t Buffered Outputs 
t Diode Protection on all Inputs 
t Fully "B"·Series Compatible 

TRUTH TABLE 

Inputs 

00 ... 0 
All other combinations 

FUNCTION DIAGRAMS 

4071B 

1A 1~3 1Y 
182~ 

2A5~4 2Y 
20 s--l__/-

3A B=c>-
38 9 

10 3Y 

4A12=c>- 11 4Y 
48 13 

Y=A + 8 

4072B 

j; ~5D-· 1V 

2B 10 13 2Y 
2C 11 

Output 

0 
1 

2A9~ 

20 1:l. Y=A + 8 + C + 0 

4075B 
1A :3D-o 1B 1Y 
1C 

2A :3D-6 2B 2Y 
2C ,_ 
3A11~ 
3B12~-103Y 

3C 13 Y=A + B + C 

Voe• Pin 1<1 
Vss •Pin 7 
for all Oevlr.u 
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SCL4071B 
SCL4072B 
SCL4075B 

CMOS OR GATES 

CONNECTION DIAGRAMS 
(all packages) 

v 00 48 4A 4Y 3Y 38 3A 

14 13 12 11 10 9 8 
4071B 

2 3 4 5 6 

1A 18 1Y 2Y 2A 28 V55 

v 00 2v 20 2C 28 2A NC 

14 13 12 11 10 9 8 
4072B 

2 3 4 5 6 7 

1Y 1A 18 1C 10 NC V55 

Voo 3C 38 3A 3Y 1Y 1C 

14 13 12 11 10 9 8 
4075B 

2 3 4 5 6 7 

1A 18 2A 28 2C 2Y Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo · Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 



SCL4071 B, SCL4072B, SCL4075B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLDW 2 +25°c THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ, Max. Min. Max. 
QUIESCENT DEVICE loo 
CURRENT 5 V 1N =Vss or V00 - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T Law = -55°C for C, D, F. H device. 

= -40°C for E device. 
TH1GH = +125°C for C, D, F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

Vos. DRAIN VOLTAGE (Vdc) 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 ·4 ·2 

TTT Af'J 
f---+---+-+--+- V0 , =-5 Vdc-+--'.tz ~;O i 

!. I _I !Lil .. 
f--+--+-f--vos =-10 Vdc ~.L :~~ i 
f---+---+-+--+-f---+---+-T+--+--1·25 2 
f---t---+-+--+-f---t-L-illL'..~+--+--1 -3o "' .... ! 
>---+--+-+--+-->--....... "-+-+--+---< -35 
~ V05 =-15 Vdc _,,._...d._._.,._-+-+--1 ·40 3 
~ ,- - - . _:;;; ~I: 
1---1--..l.1--=~=~-..+--1---+. T = 25° C .45 

~ .1 -50 

Typical P-Channel 
Source Current Characteristics 

LOGIC DIAGRAMS 

40718 

40728 

40758 

Voo Min. Typ. Max. Units 
(Vdcl 

tPLH• tPHL 5 - 100 200 ns 
10 - 50 100 
15 - 40 80 

lTLH• tTHL 5 - 90 180 ns 
10 - 45 90 
15 - 40 80 

T 
V 0 , = 10 Vdc --lf--+--+--1 

4 6 8 10 12 14 16 18 20 
V05, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

SCHEMATIC DIAGRAM 40728 (1 of 2 gates) 

i 

~ 
~-

... 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

• 3-State Outpu1$ with Gated Control Lines 
• Fully Independent Clock 
• Asynchronous Reset 
• Fully Static Operation· DC to 12MHz@ 10Vdc 

DESCRIPTION 

The 40768 4-bit Register consists of 
four D-Type flip-flops operating synchronously 
from a common Clock. OR-gated Output Disable 
inputs force the outputs into a high-impedance 
state for use in bus-organized systems. OR-gated 
Data Disable inputs cause the Q outputs to be fed 
back to the D inputs of the flip-flops. Thus, they 
are inhibited from changing state while the clock· 
ing process remains undisturbed. An asynchronous 
Master Reset is provided to clear all four flip-flops . 
simultaneously independent of the Clock or Dis
able inputs. 

TRUTH TABLE 

Next 
Data Input State 

Disable Data Output 
Reset Oock G1 G2 D a 

1 x x x x 0 
0 0 x x x a NC 

0 _r 1 x x a NC 

0 _r x 1 x a NC 

0 _r 0 0 1 1 

0 _r 0 0 0 0 

0 1 x x x a NC 

0 ~ x x x a NC 

When either Output Disable M or N is high, the outputs are 
disabled (high impedance state); however sequential operation 
of the flip-flops is not affected. 

1 ="'High Level X = Don't Care 
0 = Low Level NC = No Change 
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SCL4076B 

CMOS 4-BIT D· TYPE REGISTER 

CONNECTION DIAGRAM 
(all packages) 

DATA 
DISABLE 
...---"--, 

vDD R D1 D2 D3 D4 G2 G1 
I J_ J_ l J_ l J_ J_ 

16 15 14 13 12 11 10 9 
4076B 

1 2 3 4 5 6 7 8 
l 1 I 1 I 1 1 1 
M N 
'-v-

01 02 03 04 CL Vss 
OUTPUT 
DISABLE 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD · Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

15- Reset 01 
14 D1 
13 D2 
12 D3 02 ,, D4 
10 G2} 0010 

9 G1 Oi1able 03 
Clock 
N } Output 
M Dl1ablo 04 

v00 •Pin 16 
v55 •Pin& 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

3 

4 

6 



SCL4078B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS Tuwv2 +25°C THIGH 2 

(Vdcl Min. Max. Min. _!nl. Max. Min. 
QUIESCENT DEVICE loo 
CURRENT 5 V1N=VssorV00 - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 .. 0.2 20 -

3·STATE OUTPUT LEAKAGE lzL 
CURRENT 15 - ±0.1 - ±1cr4 ±0.1 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW= -55°C for c. D, F, H device. 

= -40°C for E device. 
THIGH =+125°CforC,D,F,Hdevice. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pf, TA = 25°C) 

PARAMETER Voo 
CV de I 

CLOCKED OPE~ATION 

PROPAGATION DELAY TIME 
Clock toQ lPLH1 lPHL 5 

10 
15 

Output Disable to Q tpHz, tpLz 5 
10 
15 

tpzH· tpzL 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 5 
10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 5 
10 
15 

MAXIMUM CLOCK FREQUENCY fcL 5 
10 
15 

MAXIMUM CLOCK RISE & FALL TIME' trCL• ltcL 5 
10 
15 

MINIMUM SETUP TIME 
Data Inputs t-· 5 

10 
15 

Data Disable Inputs '-• 5 
10 
15 

MINIMUM HOLD TIME 
All Inputs tho Id 5 

10 
l 15 

RESET OPERATION 

PROPAGATION DELAY TIME tPHL 5 
10 
15 

MINIMUM RESET PULSE WIDTH PWR 5 
10 
15 

RESET REMOVAL TIME tram 5 
10 
15 

Min. Typ. 

! - 150 
- 70 
- 45 

- 75 
- 40 
- 30 

- 80 
- 35 
- 25 

- 100 
- 50 
- 40 

- 80 
- 40 
- 30 

3.0 6.0 
6.0 12 
8.0 16 

15 -
15 -
15 -

- 75 
- 40 
- 30 

- 100 
- 60 
- 45 

- 75 
- 35 
- 30 

- 200 
- 100 
- 75 

- 75 
- 40 
- 30 

- 100 
- 60 
- 45 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

300 
140 
90 

150 
80 
60 

160 
70 
50 

200 
100 
80 

160 
80 
60 

-
-
-
-
-
-

150 
80 
60 

200 
120 
90 

150 
70 
60 

400 
200 
150 

150 
80 
60 

200 
120 
90 

Max. 

150 
300 
600 

±1.0 

Units 

µAde 

11Adc 

Units 

ns 

ns 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 

ns 

ns 

ns 

ns 



Vos. DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 

Typical P-Channel 
Source Current Characteristics 

O Input 
I nformat•on 

Clock 

Q Output 

TIMING DIAGRAM 

10% 

-t . 1PHL 
,=.=o..,,,.------~·-. ·- VoH 

I 50% 

Reset "' 0 
Data Disable G 1 and Q2 ., O 
Output Disable M and N "' 0 

SCL4078B 

Vos= I Vele +-~--+-T 25° C 
.1 _L ·= _I_ 

0 2 4 6 8 10 12 14 16 18 20 
V.., DRAIN VOLTASE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

THREE-STATE PROPAGATION DELAY 
WAVESHAPE AND CIRCUIT 

Other I 

Any Q 

Output _ ... ---.. 
Inputs lo- SCL40768,_.. __ _ 

Output 
~·:,b~ ~,___ __ _, 

V00 for ••1.z and '"ZL 
V5 s for '•"z and "'" 

LOGIC DIAGRAM 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Buffered Outputs 
t Diode Protection on all Inputs 
t Fully "B"-Series Compatible 

DESCRIPTION 

The 40778 contains four independent ex
clusive-NOR gates integrated on a single monolithic 
silicon chip. Each exclusive-NOR gate consists of 
five N-channel and five P-channel enhancement· 
mode transistors, plus output buffering devices. 

TRUTH TABLE 
(one of four gates) 

A B 

0 0 

1 0 

0 1 

1 1 

Where 1 = High Level 
0 =Low Level 

LOGIC DIAGRAM 
(one of four gates) 

SCHEMATIC DIAGRAM 
(one of four gates) 

+ Vto • 

v 
1 

0 

0 

1 

SCL4077B 

CMOS QUAD EXCLUSIVE-NOR GATE 
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CONNECTION DIAGRAM 
(all packages) 

v00 48 4A 4Y 3Y 38 3A 
l J_ J_ J_ _.1 J_ l 
14 13 12 11 10 9 8 

4077B 
1 2 3 4 5 6 7 
I I I I I I I 

1A 18 1Y 2Y 2A 28 Vss 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDo - Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

FUNCTION DIAGRAM 

1A~ 
18~1Y 

2A~ 
28~2Y 

8 
3A~3Y 
38~ 

12 
4A~1 13 · 4Y 
48 

Y=Adl8 



SCL4077B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLow 2 +25°C THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = V55 or Vo0 - 0.05 - 0.0005 0.05 - 1.5 µAde 

10 All valid input - . 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

Vos. DRAIN VOLTAGE (Vdcl 
·20 ·18 ·16 -14 ·12 ·10 ·8 ·6 .4 ·2 0 

T T I ..&iJ 1"• :i._- 5 Vdc-1 i-- '.Z. 
1 T }: ILL Vo, =-10 Vdc l,..."1 lL 

~ 
:.21 

L ' t-Vcs =-15 Vdc r--
.1 ...i.---1 r.=z~cj 

Typical P-Channel 
Source Current Characteristics 

Voo 
(Vdc) 

tPLH• tPHL 
5 

10 
15 

tTLH• tTHL 
5 

10 
15 

.. 
.5 

f 
:I 

-10 
.§. .. !i 

·15 i!l II! 
-20 z a:: 

"' n .. 
·25 .. 

"' I -30 "' m 

-35 !i .. 
-40 I ~ 

-45 -
.50 
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Min. Typ. Max. Units 

- 150 300 ns 
- 65 130 
- 50 100 

- 100 200 ns 
- 50 100 
- 40 80 

50 
45 

I T T 
1--1 V, .. = 15 Vdc-

40 
35 
30 
25 
20 
15 
10 
5 

!-"': _l 
JZ: 

_L] r 
IL v, .. = 10 Vdc 

..J-""" 
1..V 
~ Vj_=5ldc T.=zs·c 

.l_ 

0 2 4 6 8 10 12 14 16 18 20 
V05, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

40818 - Quad 2-lnput AND 
40828 - Dual 4-lnput AND 
40738 - Triple 3-lnput AND 

FEATURES 

+ Buffered Outputs 
+ Diode Protection on all Inputs 
+ Fully "B" -5eries Compatible 

TRUTH TABLE 

Inputs 

1 1 ... 1 
All other combinations 

FUNCTION DIAGRAMS 

4081B 

~: :=o-3 1Y 

~: :=o-4 2Y 

~: :=o-103Y 

4A12=D-11 4Y 
48 13 

Y= AB 

4082B 
1A 

~P· 18 1Y 
1C 
10 
2A 
28 10 

13 2Y 
2C 11 

Output 

1 
0 

20 

·p 
12 Y = ABCO 

4073B 
1A 

:3=C>-9 
18 1Y 

1C 
2A 

:3=C>-6 
28 2Y 

2C 

3A 
113=C>-

38 12 10 3Y 

3C 13 
Y= ABC 

v00 ·Pin 14 
V55 •Pin 7 
for all Devices 
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SCL4081B 
SCL4082B 
SCL4073B 

CMOS AND GATES 

CONNECTION DIAGRAMS 
(all packages) 

v 00 48 4A 4Y 3Y 38 3A 

14 13 12 11 10 9 8 
40818 

2 3 4 5 6 7 

1A 18 1Y 2Y 2A 28 V55 

Voo 2v 20 2C 28 2A NC 

14 13 12 11 10 9 8 
40828 

2 3 4 5 6 7 

1Y 1A 18 1C 10 NC Vss 

v 00 3c 38 3A 3Y 1Y 1C 

14 13 12 11 10 9 8 
40738 

2 3 4 5 6 7 

1A 18 2A 28 2C 2Y Vss 

RECOMMENDED OPERATING CONDITIQNS 

For maximum reliability: 

DC Supply Voltage Voo - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55 to +125 oc 
-40 to +85 oc 



SCL4081 B, SCL4082B, SCL4073B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 • 

Voo TLow 
, 

+25°C THIGH 
l 

PARAMETER CONDITIONS Units 
IV de) Min.1 Max. Min] Typ. Max. Min. Max. 

QUIESCENT DEVICE TOD 
-·· 

CURRENT 5 v,N -:: V~·c.;. or Voo 0.05 1.5 µAde 
10 All val ic1 input - . 0.10 - 0.001 0.10 3.0 

- I o.o5 jooo5 

I 15 comhina11ons _ _J __ o.~oJ - OQ02 Q-?Q_ ---- 6.0 - --
NOTES: ; Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications ff. 

T LOW = -55"C for C, 0, F, H device. 
= -40" C for E device. 

THIGH= +125"C for C, D, F, H device. 
= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

----------------------
OUTPUT TRANSITION TIME 

V ,,,., DRAIN VOLTAGE (Vdc) 
·20 ·18 ·16 -14 ·12 ·10 -8 ·6 .4 -2 

Typical P-Channel 
Source Current Characteristics 

LOGIC DIAGRAMS 

40818 

40828 

40738 

Voo Min. Typ. Max. Units 
(Vdc) 

tPLH· lpHL 5 120 240 ns 
10 60 120 
15 45 90 

_L 
tTLH• ITH 5 100 200 ns 

10 50 100 
15 _ _l 40 BO 

4 6 8 10 12 14 16 18 20 
V0 ,, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 

SCHEMATIC DIAGRAM· 40828 (1 of 2 gates) 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4085B 

CMOS DUAL 2-WIDE, 2·1NPUT AND-OR-INVERTER GATE 

FEATURES 

•Medium-speed operation -tPHL = 90 ns; 
tPLH = 125 na (typ.) at 10 V 

• Individual inhibit controls 
• Standardized symmetrical output characteristics 
• 100% tested for quiescent current at 18 V 
•Maximum input current of 1 µA at 15 Vover full 

temperature range; 100 nA at 15 V and 25° C 
• Noise margin (over full package-temperature 

range): 
1 Vat vDD = 5 v 
2 VatVDD = 1ov 

2.5 Vat VDD = 15 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative Stan· 

dard No. 13A, "Standard Specifications for 
Description of 'B' Series CMOS Devices" 

DESCRIPTION 

The 4085 contains a pair of AND-OR-INVERT 
gates, each consisting of two 2-input AND gates 
driving a 3-input NOR gate. Individual inhibit con
trols are provided for both A-0-1 gates. 

The 40858 types are supplied in 14-lead dual-in-line 
ceramic packages (D and C suffixes), 14-lead dual
in-line plastic packages (E suffix), 14-lead ceramic 
flat packs (F suffix), and in chip form (H suffix). 

RECOMMENDED 
OPERATING CONDITIONS 
For maximum reliability, nominal operating con
ditions should be selected so that operation is al
ways within the following ranges: 

CHARACTERISTIC 

Supply Voltage Range 
(For TA; Full 
Package Temperature 
Range) 

LIMITS 

Min. Max. 

3 18 

UNITS 

v 

INHIBIT 1 

INHIBIT 2 
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CONNECTION DIAGRAM 

A1 

B1 

C1 

01 

A2 

B2 

C2 

02 

Al ., voo 
01 

E1 Cl 

E2 INHIBIT 2 

A2 INHIBIT 1 

82 02 

VSS C2 

TOP VIEW 

E = INHIBIT+ AB+ CO 

FUNCTIONAL DIAGRAM 

INPUT VOLTAGE lV1l V 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

PARAMETER Voo CONDITIONS TuJW2 +25°C THIGH2 
(Vdcl Min. Max. Min. Typ. Mu. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N =Vss or Voo - 0.05 - 0.0005 0.05 -

10 All valid input - 0.10 - 0.001 0.10 -
15 combinations - 0.20 - 0.002 0.20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under u 40008 Series Family Specifications". 
2 T LOW= -55°C for C, 0, F, H device. 

= -40°C for E device. 
THIGH = +126°C for c. 0, F. H device. 

= + 85°C for E device. 

Max. 

1.5 
3.0 
6.0 

SCL4085B 

Units 

µAde 

ABSOLUTE MAXIMUM RATINGS DYNAMIC ELECTRICAL CHARACTERISTICS 

DC SUPPLY-VOLTAGE RANGE, IVool 
(Voltages referenced to 

Vss Terminal). • • • • • • • • -0.5 to +20V 
INPUT VOLTAGE RANGE, 

ALL INPUTS •••.••• -0.5 to Voo +0.5V 
DC INPUT CURRENT, 

ANY ONE INPUT •••.••...•.• ±10 mA 
POWER DISSIPATION PER PACKAGE (P0 1: 

For TA = -40 to +60° C 
(PACKAGE TYPE El ••••..••• 500 mW 

For TA = +60 to +85e 
For TA = +60 to +85° C 

(PACKAGE TYPE El ••••. Derate Linearly 
at 12 mW/° C to 200 mW 

For TA= -55 to +100° C 
(PACKAGE TYPES D, F, Cl. •..• 500 mW 

For TA= +100 to +125° C 
(PACKAGE TYPES D, F, Cl . Derate Linearly 

at 12 mWf C to 200 mW 
DEVICE DISSIPATION 
PER OUTPUT TRANSISTOR 

For TA= FULL PACKAGE-TEMPERATURE 
RANGE (All Package Types) ••.•. 100 mW 

OPERATING TEMPERATURE RANGE ITAi: 
PACKAGE TYPES D-.~F, C, H . -55 to +125° C 
PACKAGE TYPE E . • • • • • . -40 to +85° C 

STORAGE TEMPERATURE 
RANGE ITstgl -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch ( 1.59 ± 0. 79mm) 

from case for 10 s max. . • . • . • • • +265° C 
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(TA = 25°C, Input 1.., It= 20 ns, CL = SOpF, RL = 200 Kil) 

CONDITIONS LIMITS 
CHARACTERISTICS Yoo UNITS 

v Typ. Max. 

Propaga11on Delay Time 1oa1al ::::s:: ::125 ~ 
H•Qh·IO·LOW Level 1PHL 

10 90 180 .. 
15 65 130 
..2.. ~ :irm: 

Low·tO·Hlgh Level 10 125 250 .. 
1PLH 15 90 180 

Propagation Delay Time llnh1b1tl: 5 150 300 

Hegh·lO·LOW Level 1PHL 
10 ]!![ ::!!!: .. 
15 40 80 
5 250 500 

LOW·IO·H1gh Level 1PLH 10 100 ~ .. 
15 70 140 

Tr1ns111on Time 1THL• 1TLH 
5 100 200 

10 50 100 .. 
15 40 80 

Input Capacitance c,. Any Input 5 7.5 pF 
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SCIENTIFIC 

FEATURES 

•Medium-speed operation - tPHL = 90 ns; 

tPLH = 140 ns (typ.) at 10 V 
• INHIBIT and ENABLE inputs 
•Buffered outputs 
• 100% tested for quiescent current at 15 V 
• Maximum input leakage current of 1µA over full 

package-temperature range; 100 nA at 15 V and 
25°c 

• Noise margin (over full package temperature 
range): 

1VatVoD=5V 
2 Vat VDD = 10 V 

2.5 Vat VDD = 15 V 
• Standardized, symmetrical output characteristics 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative Stan· 

dard No. 13A, "Standard Specifications for Des· 
cription of 'B' Series CMOS Devices" 

DESCRIPTION 

The 4086B contains one 4-wide 2-input AND-OR· 
INVERT gate with an INHIBIT/EXP input and an 
ENABLE/EXP input. For a 4-wide A-0-1-function 
INHIBIT/EXP is tied to Vss and ENABLE/EXP to 
Voo· See Fig. 2 and its associated explanation for 
applications where a capability greater than 4-wide 
is required. 

The 4086B is supplied in 14-lead dual-in-line ceram
ic packages (D and C suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic flat 
packs (F suffix), and in chip form (H suffix). 

RECOMMENDED 
OPERATING CONDITIONS 

For maximum reliability, nominal operating con
ditions should be selected so that operation is al
ways within the following ranges: 

CHARACTERISTIC 

Supply Voltage Range 
(ForTA= Full 
Package Temperature 
Rangel 

LIMITS 

Min. Max. 

3 18 

UNITS 

v 

SCL4086B 

CMOS EXPANDABLE 4·WIDE, 
2-INPUT AND-OR INVERT GATE 
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CONNECTION DIAGRAM 

A 

~ 

TOPVIEW 

ENABLE/EXP. 

INHIBIT!E'X?. 

H 

c 

INHIBlTlffp 

A 

G 

LOGIC 1 "HIGH 

LOGICO" LOW 

v00 " 14 

Vss" 7 
ENABLE/EXP NC= 4 

~ 5 

" 0 

J ~ INH +ENABLE+ AB+ CO• EF • GH 

FUNCTIONAL DIAGRAM 

INPUT VOLTAGE IV1) - V 

FIGURE I 

TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Voo CONDITIONS TuJW 2 +25°C THIGH 2 

(Vdcl Min. M.x. Min. Typ. M•x. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 v,N =Vss or Voe - 0.05 - 0.0005 0.05 -

10 All valid input - 0.10 - 0.001 0.10 -
15 combinations - 0.20 - 0.002 0.20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under H 40008 Series Family Specifications". 
2 T LOW = -55°C for C, D. F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + B5°C for E device. 

M•x. 

1.5 
3.0 
6.0 

SCL4086B 

Units 

µAde 

ABS9LUTE MAXIMUM RATINGS DYNAMIC ELECTRICAL CHARACTERISTICS 
DC SUPPLY-VOLTAGE RANGE, (Vool 

(Voltages referenced to 
Vss Terminal) ........• -0.5 to+ 18 V 

INPUT VOLTAGE RANGE, 
ALL INPUTS . . . . -0.5 to Voo +0.5 v 

DC INPUT CURRENT, 
ANY ONE INPUT . . •..•.•. ±10 mA 

POWER DISSIPATION PER PACKAGE (P0 l: 
For TA = -40 to +60° C 

(PACKAGE TYPE El. . .... 500 mW 
For TA = +60 to +85° C 

(PACKAGE TYPE El ..... Derate Linearly 
at 12 mW/° C to 200 mW 

For TA = -55 to +100° C 
(PACKAGE TYPES D, C, F) 500 mW 

For TA = +100 to +125° C 
(PACKAGE TYPES D, C, F) ..... Derate 

Linearly at 12 mW/° C to 200 mW 
DEVICE DISSIPATION 
PER OUTPUT TRANSISTOR 

For TA= FULL PACKAGE-TEMPERATURE 
RANGE (All Package Types). . .. 100 mW 

OPERATING TEMPERATURE RANGE (TAI: 
PACKAGE TYPES D, F, C, H -55 to +125° C 
PACKAGE TYPE E -40 to +85° c 

STORAGE TEMPERATURE 
RANGE (Tstgl . . . . . . -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1 /16 ±1 /32 inch (1.59 ± 0.79 mm) 

from case for 10 s max. . ...... +265° C 

Fig. 3 shows two 4086's utilized to obtain an 8-wide 2-input 
A-0·1 function. The output tJ1) of one 4086 is fed directly to 
the ENABLE/EXP2 line of the second 4086. In a similar 
fashion, £ny NANO gate output can be fed directly into the 
ENABLE/EXP input to obtain a 5-wide A-0-1 function. In addition. 
any AND gate output can be fed directly into the INHIBIT/E'""XP 
input with the same result. 

TWO 40868'5 CONNECTED 
ASAN BWIOE 2 INPUT AO-I GATE 
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(TA = 25°C; lnputt,, tr = 20ns, CL = SOpF, RL = 200KU) 

CHARACTERISTIC 

Propa9a11on Delay Tome 
10a1a1 

H19h 10 Low Level, 'PHL 

Low 10 Hoyh ll'vel, 'PLH 

Pro1>a9a11on Qe1ay T mlt!' 

llnhoholl Hoqh IO low 

Levi.I. lpH .lli..H 
Low 10 H1tj'1 LPve1. 

1PLHONHI 

T•an~•11on Tomt!, 

1THl· 1TLH 

'"IH•I C,111a1 •1an<e C!N 

CONDITIONS LIMITS 

Voo TYP. 
IVI 

' '" 10 90 

" 60 

= 1U 140 

" 100 

' 150 
10 60 

" 40 

' 250 

"' 100 
15 70 

' 1UO 
10 50 

" 40 
Any ln1Hd ' 

*ALllNPuTSPll()lfCltlltl> 
STANOAROC\IOSPR!Jflt;l <I~ 

UNITS 

MAX. 

450 
180 
120 
00 

280 
200 
JOO 
120 
80 

500 
200 
140 
iori 
100 
au 

" "' 



SOLID~ 
STATE ~t:::" 
SCIENTIFIC 

FEATURES 

+ Schmitt Trigger Action on each Input with no 
External Components 

+ Quad 2-lnput NANO Configuration 
+ Noise Immunity Greater than 50% 
+ No Limit on Input Rise and Fall Times 

DESCRIPTION 

The 40938 consists of four Schmitt 
trigger circuits. Each circuit functions as a 2· 
input NANO gate with Schmitt trigger action on 
both inputs. The gate switches at different points 
for positive- and negative-going signals. The differ· 
ence between the positive voltage (Vpl and the 
negative voltage (VNI is defined as the hysteresis 
voltage (VHI· This device is useful in high-noise 
environments and in wave and pulse shapers and 
multivibrators. 

LOGIC DIAGRAM 

* A~y 
B o!---L.:::'.::.~ 

*All inputs protected by 
Standard Protection Network 

V~AB 
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SCL4093B 

CMOS QUAD SCHMITT TRIGGER 

CONNECTION DIAGRAM 
(all packages) 

Voo 4A 46 4Y 3Y 3A 36 

14 13 12 11 10 9 8 
40938 

2 3 4 5 6 7 

1A 16 1Y 2V 2A 26 Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

1A 
,. 

Voo 
16 4A 

1Y 46 

2Y 4Y 

2A 3Y 

26 3A 

36 

Y- AB 



SCL4093B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

.------ 2 +25°C THIGH 
2 

PARAMETER Voo CONDITIONS TLDW Units 
(VdcJ Min.l Max. Min. Typ. Max. Min. Max. 
-

QUIESCENT DEVICE 
!loo 

I 
CURRENT 5 V1N°Vss 01 Voo - 1.0 - 0.0005 1.0 - 30 µAde 

10 All valid input - 2.0 - 0.001 2.0 - 60 

l 15 combinations ---~~- 0.002 4.0 

t 
- 120 

--------~ 

IVp 

t-- .. ... -- --
POSITIVE TRIGGER 

I THRESHOLD VOLTAGE ML) 5 I 3 typ 2.3 2.9 3.5 2.9 typ Vrlc 
10 

I 
5.9 typ 4.5 5.9 7.0 5.9 ty[J 

~,\ 
15 _ _!l.9_ typ 6.8 8.9 11 8.9 typ 1------ - - -- ----- t· 1-:: 

- --
NEGATIVE TRIGGER 

. THRESHOLD VOLTAGE 5 2.6 typ 1.5 2.7 2.1 typ Vele 
! . I 10 4 typ 3.0 I 3.9 5.5 3.8 typ 
i 

15 5.5 typ 4.0 I 5.4 8.2 5.3 typ 

HYSTERESIS 5 .4 12.0 .4 .75 2.0 .4 2.0 
VOLTAGE VH 10 .7 3.0 .7 .95 3.0 .7 3.0 Vdc 

15 .85 4.0 .85 1.20 4.0 .85 4.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 

I 
I 

T LOW = -55°C for C. D, F, H device. 
= -40°C for E device. 

THIGH= +125"C for C, D, F, H device. 
= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25 C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

V1,,. DRAIN VOLTAGE (Vdc) 
-20 ·18 -16 ·14 ·12 -10 ·8 ·6 .4 ·2 

.5 

·10 

·15 

·20 
-25 

·30 
.35 

·40 

T. = 2s; c 1 .45 
-50 

Typical P-Channel 
Source Current Characteristics 

0 

~ z ... 
c: .. 
~ z ..... 
3 .. 
! 

Voo 
(VdcJ 

1PUi• tpHL 5 
10 

l 15 

;tTLH· tTHL ~ 5 

' 
10 
15 

i 
!. 
.... z 
:!! .. 
"' u 

i 
0 

-
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1 
I 

! 
I 

I 

I 

50 
45 

40 
35 

30 

25 
20 
15 

10 
5 

Min. I Typ. I Max. Units 

-

I 
190 ! 380 ns 

- 90 I 180 
I 65 i 130 -

- 100 200 

I 
ns 

- I 50 100 
40 80 

I I T 
r-----+--+--ir-----+--+- V "' = 15 Vdc --+---< 

L T-+--+---+-~ IL V.,, = 10 Vdc 

4 6 8 10 12 14 16 18 20 
V,.,. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4093B 

•oo ·--~~-r: ··~_/~ i ------- -g 
I I .. 

Definition of Vp1VN and VH. 

··01·-...... . 
,, 

Transfer characteristic 
of 1 of 4 gates. 

z 
w 
; 
a 
z 
;; 

05~ 

••• f 0 

Jl'"" 
.....r,; " •• --LY- - .:. -

:.If .(P 

OurPuT 

p----, 
I ·•'· J Ou1P ~ • 

lfl '.. O!o 
1- - - - - - - + .. 

1- ;-;:,,;- ~ - - .. - •: .. 
~-~~~~--~~ '·l 

.. P.,1 

( .. AAAC,.fA '>''( 

r-----i 
I L•1• • 

I "~t·.;j 
···---;--···-1 
.... ------ !-----. . '• . ·. . 

• ftP,•, 

'"'"'•"". 
L----·-

• .. , •: 'O~ = ":, I lllAI I 

..... •: ........ '"l•• ·:·· ....... 

Input and output characteristics. 

10 ,, 

l'tPUT YOt..rAGE 11/J 1-v 

Typical current and voltage transfer characteristics. Typical voltage transfer characteristics as a 
function of temperature. 

····1 
10 15 10 15 20 

SUPPLY VOLTAGE IYoo•-v SUPPLY VO..TAG( I Vool-Y 

Typical trigger threshold voltage vs. Voo. Typical per cent hysteresis vs. supply voltage. 

TO COlrtTACJI.. 
SIGNAL 
DA Voo 

•oo-T\--r- \.u ' n n·•oo 
11ss..l.._'":::J, __ ~~ U Lvss 

'4 40938 

fAfQu[N(.T RANG( Of' WAVf SHAPE 
15 fAQM QC TO I M"I 

Wave shaper. 

APPLICATIONS INFORMATION 

ro11 TH[ AANGf or A ANO c 
G111[flt ~,., c 11111 c O 5, 

~·...., 
l l r---, ·- "oo 

_J L.,ss 

~. 
'• 

•,11 aU ! A! M(J 
•OC o' ~ C '! • .. J 

Monostable multivibrator. 
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TO C~TAOL SIGNA\. 
OR voo 

114 ... 
-·IA __, 

'oo 

"'s".fl_J 
1A ii /A, '", ..:...! ' .. 

',011J .. A"• Mil 
•00 0' ~ ( ~ ',,., 

JUA IH( RA~Gf ,)I AA~(,, 1tof,_ 
}_.,1' IA' 0 l!it 

Astable multivibrator. 
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SCL4094B 

CMOS S·STAGE SHIFT·AND·STORE BUS REGISTER 
FEATURES: 
• 3-state parallel outputs for connection 

to common bus 
• Separate serial outputs synchronous to 

both posttlve and negative clock edges 
for cascading 

• Medlumspeedoperatlon-5MHzat10V 
• Quiescent current specified to 15 V 
• Maximum Input leakage of 1 p.A at 15 V 

(full package-temperature range) 
• 1·V noise margin (full package-tem· 

perature range) 
• 5-V, 10-V, and 15-V parametric ratings 

DESCRIPTION: 

The 4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out
puts. The parallel outputs may be con
nected directly to common bus lines. Data 
is shifted on positive clock transitions. The 
data in each shift register stage is trans
ferred to the storage register when the 
STROBE input is high. Data in the storage 
register appears at the outputs whenever 
the OUTPUT-ENABLE signal is high. 

Two serial outputs are available for cas
cading a number of 4094B devices. 

Data is available at the Os serial output ter
minal on positive clock edges to allow for 
high-speed operation in cascaded systems 
in which the clock rise time is fast. The 
same serial information, available at the Q's 
terminal on the next negative clock edge, 
provides a means for cascading 4094B 
devices when the clock rise time is slow. 
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APPLICATIONS 
• Serial-to-parallel data conversion 
• Remote control holding register 
• Dual-rank shift, hold, and bus 

appllcatlons 

CONNECTION DIAGRAM 

CLOCK STROBE 

V55 04 03 02 01 1 OATAJ 
..I. ..I. ..I. ..I. ..I. 
8 7 6 5 4 3 2 1 

40948 

9 10 11 12 13 14 15 16 

o·, o·,oe 01 06 05 J_ v00 

OUTPUT 
ENABLE 

FUNCTIONAL DIAGRAM 

SERIAL 
OUTPUTS .--------. 

PARALLEL OUTPUTS 01 • 08 

(TERMINALS 4. 5. 6, 7. 14, 13, 12, 11. RESPECTIVELY) 



SCL4094B 

CLOCK 

DATA!N 

RECOMMENDED OPERATING CONDITIONS at T, = 25"C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

Voo LIMITS 
CHARACTERISTIC UNITS 

(V) 
MIN. MAX. 

Supply-Voltage Range (For T, = Full 
3 18 v 

Package-Temperature Range) 

5 125 -
Data Setup Time, 15 10 55 - ns 

15 35 -
5 200 -

Clock Pulse Width, tw 10 100 - ns 
15 83 -

5 1.25 
Clock Input Frequency, fc, 10 de 2.5 MH, 

15 3 

Clock Rise & Fall Time. !,CL !,CL" 5. 10. 15 - 15 µS 

5 200 -
Strobe Pulse Width. lw 10 80 - ns 

15 70 -
·11 more than one unit is cascaded t,CL (for 0 5 only) should be made less than or 
equal to the sum of the fixed propagation delay at 50 pF and the transition time of the 
output driving stage for the estimated capacitive load. 

OUTPUT 
(NABI.( 

* ,-
1 

I 
I I 

~_:~~~·~J 

STAGES , .. 

Logic Diagram 

" 

fWoo"':'-.. t a. •o 
I c1 

<c ..L 
• f 
" i 
T 

* AU INPUfl l'llOTeCff:D 
0YS11oMDAllDl'llOTleTIOtt 

TRUTH TABLE 

Parallel 

CL£ 
Output 

Strobe Data 
Outputs 

Enable 01 ON 

_/ 0 x x OC OC 

~- 0 x x QC OC 
_/ 1 0 x NC NC 

~ 1 1 0 0 QN·1 

...r 1 1 1 1 ON-1 

~ 1 1 1 NC NC 

SERIAL C, 
OUTPUT ~------;~-.-+---t-.,..-1--' 

• = Level Change 
X"' Don't Care 

Logic 1 s High 
Logic Os Low 

NC = No Change 
OC = Open Circuit 

Serial 

Outputs 

as· Q'S 

07 NC 

NC 07 
07 NC 

07 NC 

07 NC 

NC 07 

SERIAL O's 
OUTPUT ~-----<-+-+-+---++-.....+~ 

•At the positive clock edge information in the 7th shift register stage is transferred to 
the 8th register stage and the 0 5 output. 
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STATIC ELECTRICAL CHARACTERISTICS 1 

T~ +25°C 
PARAMETER Yoo Min. Max. Min. Typ. Max. 

QUIESCENT DEVICE 5 - 5 - 0.02 
CURRENT (100) 10 - 10 - 0.02 

15 20 ~ 
3-STATE OUTPUT LEAKAGE 

15 :0.1 - :10·• 
CURRENT (lu) -
NOTES: 1 Remaining Static Electrical Characteristics are listed under" 40008 Series Family Specifications" 

2 T""' = -55"C for C. D. F. H devices. 
= -40"C tor E Devices. 

TH11»1 = +125°C for E, D, F, H devices. 
= + 85°C for E devices. 

DYNAMIC ELECTRICAL CHARACTER1mcs 
At T • = 25'C; Input t .. t, = 20 ns, c, = 50 pF 

LIMITS 
ALL PACKAGES 

5 
10 
20 

:0.1 

CHARACTER1mc v •• 
(VI 

1-----..---.----1 UNITS 

Propagation Delay Time. 

'-· t.LH 
Clock to Serial Output (O's) 

Clock to Serial Output (O's) 

Clock to Parallel Output 

Strobe to Parallel Output 

1------------ ___ ,,_ 
Output Enable to Parallel 
Output 

t .. , 
!-------- -

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

MIN. 

~--

TYP. MAX. 

300 600 
125 2So ns 
95 190 

. - --- - ---- -----1 
230 460 
110 220 ns 
75 150 

420 
195 
135 

290 
145 
100 

140 
75 
55 

840 
390 n3 

270 

580 
290 ns 
200 

280 
150 ns 
110 

5 - 225 450 
t.,. 10 - 95 190 ns 

15 - 70 140 
t-·------------- --+--------t-----+- ---+---i-----t 
. 5 - 100 200 

Minimum Strobe Pulse 10 - 40 80 ns 
Width. lw 15 - 35 70 

Minimum Clock Pulse 
Width, 1w 

Minimum Data Setup 
Time, 18 

Transition Time; 
tr ... t, .. 

Clock Rise and Fall Time: 
t,,t, 

Max. Clock Input 
Frequency, le, 

Average Input capacttance, 
C, (Any Input) 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5, 10, 15 -

5 1.25 
10 2.5 
15 3 
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100 
50 
40 

60 
30 
20 

100 
50 
40 

2.5 
5 
6 

5 

200 
100 ns 
83 

125 
55 ns 
35 

200 
100 ns 
80 

15 µS 

- pf 

SCL4094B 

THI H 
. 

Unlto 
Min. Max. 

- 150 
300 p.A 
600 

- :1 p.A 
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FEATURES 
• Serial data Input 
• Active parallel output 
• Storage register capablllty 
• Master clear 
• Can function as demultiplexer 

APPLICATIONS 
• Mulll-llne decoders 
• AID converters 

DESCRIPTION 
The 40998 8-bit addressable latch is a serial-input, parallel
output storage register that can perform a variety of 
functions. 

Data are inputted to a particular bit in the latch when that bit 
is addressed (by means of inputs AO, A1, A2) and when 
WRITE DISABLE is at a low level. When WRITE DISABLE is 
high, data entry is inhibited; however, all 8 outputs can 
be continuously read independent of WRITE DISABLE and 
address inputs. 

A master RESET input is available, which resets all bits to a 
logic "O" level when RESET and WRITE DISABLE are at a 
high level. When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as a 1-of-8 
demultiplexer; the bit that is addressed has an active output 
which follows the data input, while all unaddressed bits are 
held to a logic "O" level. 

LOGIC DIAGRAM 
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SCL4099B 

B·BIT ADDRESSABLE LATCH 

CONNECTION DIAGRAM 

06 05 04 3 02 01 00 
16 15 14 13 12 11 10 9 

40998 

3 4 5 6 7 8 
07 A D WD AO A1 A2 VSS 

TRUTH TABLE 

Addressed Unaddressed 
WO R Latch Latch 

0 0 D Holds previous data 
0 1 D 

0 Holds previous data 
0 

TIMING DIAGRAMS 

AO 

A1 

A2 

WO 

0 

0 

70% 
30% 

Fig.1 - Definition of WRITE DISABLE ON time. 

AO, A 11~, A~2;__J',_ __ 

DATA 

QO 

07 

Fig. 2 - Master timing diagram. 



SCL4099B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS1, 2 

Yoo 
ILOW2 +25°C THIGH 

Units PARAMETER Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 5 - 5 - 0.02 5 -
CURRENT 10 - 10 - 0.02 10 -

15 - 20 - 0.02 20 -

DYNAMIC CHARACTERISTICS 
TA = 25° C, CL = 50 pf, Input tr, It = 20 ns, RL = 200 K 

CHARACTERISTIC SEE Yoo 
FIG2* (V) 

Propagation Delay: t PLH, 
G) 5 

tPHL 10 
Data to Output 15 
WRITE DISABLE 

0 
5 

to Output. tPLH, 10 
tPHL 15 

© 
5 

Reset to Output, 10 
tPHL 15 

Address to Output, 

0 
5 

tPLH 10 
tpHL0 15 

Transition Time, T THL 5 
(Any Output) tTLH ' 10 

15 
Minimum Pulse 

0 
5 

Width, tw 10 
Data 15 

© 
5 

Address 10 
15 

0 5 
Reset 10 

15 
Minimum Setup 

0 
5 

Time, ts 10 
Data to WRITE DISABLE 15 
Minimum Hold 

0 
5 

Time, tH 10 
Data to WRITE DISABLE 15 
Average Input Capacitance 

C1 Any Input 

·circled numbers refer to times Indicated on master timing 
diagram. 

Note: In addition to the above characteristics, a WRITE 
DISABLE ON time (the tlma. that WRITE DISABLE Is at a high 
level) must be observed during an address change for the total 
time that the external address lines AO, A1, and A2 are 
settling to a stable level, to prevent a wrong cell from being 
addressed (see Fig. 1). 
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LIMITS 
ALL PACKAGE TYPES 

TYP. MAX. 

200 400 
75 150 
50 100 

200 400 
80 160 
60 120 

175 350 
80 160 
65 130 

225 450 
100 200 
75 150 

100 200 
50 100 
40 80 

100 200 
50 100 
40 80 

200 400 
100 200 
65 125 
75 150 
40 75 
25 50 
50 100 
25 50 
20 35 
75 150 
40 75 
25 50 

-5 

Max. 

150 
300 µA 
600 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 
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FEATURES 

+ BCD Decade ( 4160B, 4162B) or 4-Bit 
Binary ( 4161B, 4163B) Counting 

+ Internal Look-Ahead for Fast Counting 
+ Carry Output for Cascading 
+ Synchronously Programmable 
+ Sychronous Counting 
+ Load Control Input 
+ Clear Input - Asynchronous ( 4160B, 4161B) 

orSynchronous(4162B,4163B) 
+ Static Operation - DC to 5MHz @ 1 OVdc 

DESCRIPTION 

The 4160B - 41639 are Synchronous 
Programmable Counters constructed with comple
mentary MOS P-Channel and N-Channel enhance
ment-mode devices in a single monolithic structure. 
These counters are functionally equivalent to the 
74160 - 74163 TTL counters. 

Two are synchronous programmable decade 
counters with asynchronous and synchronous Clear 
inputs respectively ( 4160, 4162 ). · The 
other two are 4-bit binary counters with asynchron
ous and synchronous Clear respectively ( 4161, 
4163). 

SYNCHRONOUS MODE SELECTION 
4160B/4161B 

L PE TE Mode 

L x x Preset 
H L x No Change 
H x L No Change 
H H H Count 

H = High level L =Low level X = Don't care 

SYNCHRONOUS MODE SELECTION 
4162B/4163B 

CLR L PE TE Mode 

H L x x Preset 
H H L x No Change 
H H x L No Change 
H H H H Count 
L x x x Reset 

H = High level L =Low level X = Don't care 

SCL4160B 
SCL4161B 
SCL41628 
SCL4163B 

CMOS SYNCHRONOUS 4-BIT COUNTERS 
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CONNECTION DIAGRAM 
(all packages) 

Voo Co o, 02 03 04 TE L 

16 15 14 13 12 11 10 9 
4160B -4163B 

2 3 4 5 6 7 8 

CLR CLK P1 P2 P3 P4 PE Vss 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3to15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

Pf 01 14 

10 TE 

Clear 02 13 

9 Load 

Clock 03 12 

P1 

4 P2 04 11 

5 P3 

6 P4 Carry 15 
Out 

v 00 · Pin 16 
v 55 ., Pin a 

SELECTOR GUIDE 

MODULUS 
CLEAR 

DECADE BINARY 

Asynchronous 41608 41618 
Synchronous 41628 41638 



SCL4160B, SCL4161B, SCL4162B, SCL4163B 

FUNCTIONAL DESCRIPTION 

These counters are fully programmable; that is, 
the outputs may be preset to either level. As pre
setting is synchronous, setting up a low level at the 
Load input disables the counter and causes the out· 
puts to agree with the setup data after the next 
Clock pulse regardless of the levels of the Enable 
inputs. Low-to-high transitions at the Load input 
should be avoided when the Clock is low if the 
Enable inputs are· high at or before the transition. 
The Clear function for the 4160, 4161 is 
asynchronous and a low level at the Clear input 
sets all four of the flip-flop outputs low regardless 
of the levels of the Clock, Load or Enable inputs. 
The Clear function for the 4162 and 4163 
is synchronous and a low level at the Clear inputs 
sets all four of the flip-flop outputs low after the 
next Clock pulse regardless of the levels of the 
Enable inputs. This synchronous Clear allows the 
count length to be modified -easily; decoding the 

V08, DRAIN VOLTAGE (Vdcl 
·20 ·18 ·16 ·14 ·12 -10 -8 -6 -4 -2 

Typical P-Channel 
Source Current Characteristics 

maximum count desired can be accomplished with 
one external NANO gate. The gate output is con
nected to the Clear input to synchronously clear 
the counter to 0000 (LLLL). 

The carry look-ahead circuitry provide& for cas
cading counters for n-bit synchronous applications 
without additional gating. Instrumental in accomp
lishing this function are two Count Enable inputs 
and a Carry output. Both Count Enable inputs 
(PE, TE) must be high to count, and Enable input 
TE is fed forward to enable the carry output. The 
Carry output thus enabled will produce a positive 
output pulse with a duration approximately equal 
to the positive portion of the Q1 output. This 
positive overflow Carry pulse can be used to enable 
successive cascaded stages. High-to-low-level trans· 
itions at the Enable PE or TE inputs should occur 
only when the Clock input is high. 

4 6 8 10 12 14 16 18 20 
V,.., DRAIN VOLTAGE (Vdcl 

Typical N-Channel 
Sink Current Characteristics 

SWITCHING WAVEFORMS 

Clt'<H 

Load 

Data Input -+--+--

Enable (PE or TE) --+---l~-----+----~ 

Clock 

Output 

(Q or Carry) 
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SCL4160B, SCL4161B, SCL4162B, SCL4163B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

Voo Tuiw ' PARAMETER CONDITIONS 
(Vdc) Min.} Max. Min. 

QUIESCENT DEVICE loo 1 
CURRENT 5 v,N = Vss or Voo -

10 All valid input -
15 combinations -

+25°C THIGH 
l 

Units 
Typ. Max. Min. Max. 

0.05 5 - 150 µAde 
0.1 10 - 300 
0.2 20 - 600 -· ... -·- - . -·-.. - - - - . . ·- - - - -·-·--- ------- ---

-l 5 _;__ 3~ .. -- - - - - -- -· - - . - .. - -- -- - - . -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T LOW= -55"C for C, D, F, H device. 

= -40"C for E device. 
TH1GH = +125°C for C, D, F, H device. 

= + 85"C for E device. 

DYNAMIC CHARACTERISTICS(CL = 50pF, TA= 25°C) 

PARAMETER 

CLOCKED OPERATION 

Voo 
(Vdc) 

Min. Typ. Max. Units 

PROPAGATION DE LA Yl'"IME-- ---·---··- _,, __ tPLH· tPHL 
Clock to Q 5 

10 
___ 1~_ 

T-~ ~:- -;:i--r-:if ___ --~s--
Clock to Carry Out 5 240 480 ns 

10 95 190 
- _ __!5 __ - -~ ).?Q__+----

TE to Carry Out 

OUTPUT TRANSITION TIME 

MINIMUM CLOCK PULSE WIDTH PWcL 

MAXIMUM CLOCK FREQUENCY fcL 

5 
10 

__ 1_5 __ _ 

5 
10 

__ !§____ 

180 
70 
50 

360 
140 
100 

l~g ____ l_jg 
85 170 

-. -=--t--~-+-~g 
5 2.0 I 3.0 I -

10 5.5 8.5 

ns 

ns 

ns 

MHz 

-- --- . -- ··--.. . .. __ . ___________ __, ___ __,, ___ 15~ _ _,_ __ 8~.o-·-+-gQ__ ____ _,_ __ _ 

MAXIMUM CLOCK RISE AND FALL TIME' 

MINIMUM SETUP TIME t,.1uo 
Data to Clock 

Load to Clock 

PE or TE to Clock 

CLEAR OPERATION 
p~1~~~~~·r-10N bELA'(fiMc··· -- -- -- . - -Tp~~~ i~-H-

l 4160, 4161 only) f 
;,,1NIMUM SETUP TIME- - - -- --- - - - . - - ;~,~; 

Clear to Clock 
(4162, 4163only) 

5 
10 
15 

so 
50 
50 
--+----+--

5 120 240 
10 45 90 
15 30 65 --------- - ·-

5 120 240 
10 45 90 
15 30 65 

5 170 340 
10 70 140 

____ 1_~ - . L. --=--- - 50 100 

- .. -- -· -- ___ T ____ 
5 

J!+~ 10 
15 

5 120 240 
10 50 100 
15 __ 3~ __ __] 60 

1 When units are cascaded, the 'llaximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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SCL4160B, SCL4161 B, SCL4162B, SCL4163B 

41608, 41628 LOGIC DIAGRAM 
(Clear is synchronous for 41628) 

Sequence illustrated in waveforms: 

1. Clear outputs to zero. 3. Count to eight. nine. zero, one, two and three. 
2. Preset to BCD seven. 4. Inhibit 

---, 

' · 1.--...{>o-

.. ' 

41608, 41628 TIMING DIAGRAM 

Cl••• • 411iOH· -----i.r4•• '• ., .. 
:~-------------~ 
I 

u .. , .. {:~ 
'"""" ., 

,. __________________ _ 

·--{~~~~ 
Ca••.~ 
O• IA !JI (I ~ -'-----

I J- -J-
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SCL4180B, SCL4161 B, SCL4162B, SCL4163B 

41618, 41638 LOGIC DIAGRAM 
(Clear is Synchronous for 41638) 

Sequence illustrated in waveforms: 
1. Clear outputs to zero. 3. Count to thirteen, fourteen, fifteen, zero, one and two. 
2. Preset to binary twelve. 4. Inhibit. 

41618, 41638 TIMING DIAGRAM 

Cl ... 1141618l~IAfY«•h•unouu 

C•H• "163" --i_w"'"·>""'••"••"°•u°"••'""•"'°•·---------------
l0.-1-:u 

o ... {::------+----lnpuh 

Pl .. 
C'Ock "'6181---'""" 

"---~l...OIH{ 
TE----''-_.. 

""'"""{:: = = =: 03---. 
' ac---: 

C~•:,---"'-,-..1.·~ .. ,....:, .. 1~'3:~~~-..,J.-::::=---·-ti-----,..,,.,-:---
Cl .. r Pr•wl 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4174B 

CMOS HEX TYPED FLIP-FLOP 
FEATURES: 

• Static: Operation 
• Ail Inputs and Outputs Buffered 
• Diode Protection on AH Inputs 
• Supply Vottage Range = 3.0 Vele to 18 Vdc 
• Output Compatible wnh Two HTL Loads, 

Two Low-Po-r TTL 
Loads or One Low·Power Schottky TTL Load 

• Functional Equlvalent to TTL 74174 

DESCRIPTION: 

The 41748 hex type D flip-flop is constructed with MOS 
P-channel and N-channel enhancement mode devices in a sin
gle monolithic structure. Data on the D inputs which meets the 
setup time requirements is transferred to the O ouptuts on the 
positive edge of the clock pulse. All six flip-flops share common 
clock and reset inputs. The reset is active low, and independent 
of the clock. 

MAXIMUM RATINGS (Voltages referenced to Vssl 
AaUng srmbol 

DC Supply Voltage v.,, 
Input Voltage, All Inputs v,. 
DC Current Drain per Pin I 

Operating Temperature Aange-C, 0, F, H T, 
E 

Storage Temperature Range r .. , 

TRUTH TABLE 
(Posftlve Logic) 

INPUTS 
Clock Data ~eset 
___,;- 0 1 

__./"""""" 1 1 

"""""'-- x 1 
x x 0 

X = Don't Care 

Value Untt 

-0.5 to +18 Vdc 

-0.5 to V00 +0.5 Vdc 

10 mAdc 

-55 to +125 ·c 
-40 to +85 

-65 to +150 ·c 

OUTPUT 
o 
0 

1 

o No 
Change 

0 
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CONNECTION DIAGRAM 

9 Clock oo 2 
1 Reset 
3 DO 

01 5 

4 02 7 
D1 41748 

6 D2 03 10 
11 D3 

12 
13 D4 

04 

14 D5 05 15 

Voo = Pin 16 
V55 =Pin 8 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that V1n and 
v_ be constrained to the range v.., < (V.._ 
orV011t)< Voo· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VuorVno). 



SCL4174B 

SWITCHING CHARACTERISTICS* (CL= 50 pf, T. = 25"C) 

v •• AllTJ-

c ... r-rtetlc Symbol - Min Typ .... Unit 

Output Riae and Fall Time t,,t, ns 

5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Propagation Delay Time-Clock to Q tF'LM• ns 

t .. , 5.0 - 150 300 
10 - 70 140 
15 - 50 100 

Propagation Delay Time-Reset to Q t .. , ns 
5.0 - 250 500 
10 - 100 200 
15 - 75 150 

Minimum Clock Pulse Width PWc 5.0 - 75 150 ns 
10 - 45 90 
15 - 35 70 

Minimum Reset Pulse Width PW, 5.0 - 100 200 ns 
10 - 50 100 
15 - 40 80 

Maximum Clock Pulse Frequency PRF 5.0 2.0 7.0 - MHz 
10 5.0 12.0 -
15 6.5 15.5 -

Maximum Clock Pulse Rise and Fall Time t..,t, 5.0 15 - - µs 

10 15 - -
15 15 - -

Data Setup Time lw1u11 5.0 - 20 40 ns 
10 - 10 20 
15 - 0 15 

Data Hold Time ttlold 5.0 - 40 80 ns 
10 - 20 40 
15 - 15 30 

Reset Removal Time•• t_ 5.0 - 125 250 ns 
10 - 50 100 
15 - 40 80 

•The formulas given are for the typical characteristics only . 
.. The reset signal must be high prior to a positive11oing transition of the clock. 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLow 2 +25°C THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ. Max. Min. Max. 
QUIESCENT DEVICE 100 5 V1N = Vss or Voe - 5 - 0.005 5 - 150 µAde 

CURRENT 10 All valid input - 10 - 0.010 10 - 300 
15 combinations - 20 - 0.015 20 - 600 

NOTES: Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T Low = -55°C for C, D, H device. 

= -40°C for E device. 
THoGH = +125°C forC,D, F, H device. 

= + 85°C for E device. 
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TIMING DIAGRAM 

D. 

o. 

Reset 

FUNCTIONAL BLOCK DIAGRAM 

00 01 02 

177 

10 

03 

12 

04 

SCL4174B 

v .. 

v,. 

15 

05 



SOLID~ 
STATE~~ 
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SCL4192B 
SCL4193B 

CMOS PRESETTABLE UP-DOWN COUNTERS 
(Dual Clock with Reset) 

FEATURES: 

• Individual clock lines for counting up 
or counting down 

• Synchronous high-speed carry and 
borrow propagation delays for cascading 

• Asynchronous reset and preset 
capability 

• Medium-speed operation-fcL = 
8 MHz (typ.)@ 10 V 

DESCRIPTION: 

The SSS- 4192B Presettable BCD 
Up/Down Counter and the 4193B Pre
settable Binary Up/Down Counter each 
consist of 4 synchronously clocked, gated 
"D" type flip-flops connected as a counter. 
The inputs consist of 4 individual jam lines, 
a PRESET ENABLE control, individual 
CLOCK UP and CLOCK DOWN signals and 
a master RESET. Four buffered Q signal 
outputs as well as CARRY and BORROW 
outputs for multiple-stage counting 
schemes are provided. 

The counter is cleared so that all outputs 
are in a low state by a high on the RESET 
line. A RESET is accomplished asynchron
ously with the clock. Each output is indi
vidually programmable asynchronously 
with the clock to the level on the corre
sponding jam input when the PRESET EN
ABLE control is low. 

The counter counts up one count on the 
positive clock edge of the CLOCK UP sig
nal provided the CLOCK DOWN line is high. 
The counter counts down one count on the 
positive clock edge of the CLOCK DOWN 
signal provided the CLOCK UP line is high. 

The CARRY and BORROW signals are high 
when the counter is counting up or down. 
The CARRY signal goes low one-half clock 

178 

APPLICATIONS: 

• Up/down difference counting 
• Multistage ripple counting 
• Synchronous frequency dividers 
• AID and DIA conversion 
• Programmable binary or BCD counting 

41928, 41938 
FUNCTIONAL DIAGRAM 

41928, 41938 
TERMINAL ASSIGNMENT 

" 02 
00 

CLOCllDOWN 

Cl.OClllJP 
Ol 

"' '· 

·~ ,, 
RESET 

BOiiiiOW 
cm;; 
~ ,, ,. 

cycle after the counter reaches its maxi
mum count in the count-up mode. The 
BORROW signal goes low one-half clock 
cycle after the counter reaches its mini
mum count in the count-down mode. Cas
cading of multiple packages is easily ac
complished without the need for additional 
external circuitry by tying the BORROW 
and CARRY outputs to the CLOCK DOWN 
and CLOCK UP inputs, respectively, of the 
succeeding counter package. 

The 4192B and 41938 types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (C and D suffixes), 16-
lead dual-in-line plastic packages (E suf
fix), 16-lead ceramic flat packages (F suf
fix), and in chip form (H suffix). 



RESET 
14>-~~~~~~~~~~-1~~~~~~~~-.~~~~-..~~~~-, 

r-------- -.., 

J4 

CONTROL LOGIC 1 
• SAME AS CONTROL LOGIC 1 

"ALL INPUTS PROTECTED BY 
COS MOS PROTECTION NETWORK 

41928 logic diagram (BCD). 
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SCL4192B, SCL4193B 

R4 

S4 



SCL4192B, SCL4193B 

STATIC CHARACTERISTICS ' 

PARAMETER Voo C9f4D1TIONS 
TuJW2 +2S"C THIGH 2 

IVdcl Min. MH. Min. Typ. M••· Min. ••• 
QUIESCENT DEVICE 1'00 5 V1N = \fss or Voo - 5 - 0.04 5 - 150 
CURRENT 10 All valid input - 10 - 0.04 10 - 300 

15 combinations - 20 - 0.04 20 - 600 

NOTES: Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T LOW = -55°C for C, 0, H device. 

= -40° C for E device. 
THIGH= +125°C for C,0, F, H device. 

= + 85°C for E device. 

CLOCKuP 

CLOCK DOWN 

J1 J.: J.1 J.S 

.a19: 
OR 

4193 

01 02 03 04 

CLOCK UP 

CLOCK DOWN 

JI J? J3 J4 

4192 
OR 
4193 

01 02 03 04 

PReSET~~~~~~~ ...... ~~~~~~~~~~~~~~--' 
ENABLE 

Cascaded counter packages. 

v ... DllAlll VOLTAGE (Vdcl 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 ·2 0 

BORROW 

Unib 

µAde 

0 4 6 8 10 12 14 16 18 20 

Typical P-Channel 
Source Current Characteristics 
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¥118, DllAlll VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4192B, SCL4193B 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage V00 - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 •c 
E Device -40 to +85 •c 

,._ lwH..,._ lwL--, 
I I I 
I I .---

cu;>cK 1 
I 

RESET~-'-----*1 : 
p=R==Es~E~T=-=E~N~A~B~L~E--'----J. . 

~trem• 

• RESET OR PRESET ENABLE REMOVAL TIME 

Timing diagram defining t,.,. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T• = 25°C 
Input tn t, = 20 ns, c. = 50 pF, R. = 200 kO 

v •• LIMITS 
CHARACTERISTIC M Min. fijp ~ax. 

5 - 250 500 
Propagation Delay Time t'"'' t"": 10 - 120 240 

CLOCK UP or CLOCK DOWN to Q, RESET to Q 15 - 90 180 
5 - 200 400 

PEtoQ 10 - 100 200 
15 - 70 140 

5 - 160 320 
CLOCK UP to CARRY, CLOCK DOWN to 10 - 80 160 
BORROW 15 - 60 120 

5 - 300 600 
RESET or PE to BORROW or CARRY 10 - 150 300 

15 - 110 220 
5 - 100 200 

Transition Time, t,.,, tn• 10 - 50 100 
15 - 40 80 
5 - 40 80 

Min. Removal Time, t...,, • RESET or PE 10 - 20 40 
15 - 15 30 
5 - 240 480 

Min. Pulse Width, tw RESET 10 - 150 300 
15 - 130 260 

5 - 120 240 
PE 10 - 85 170 

15 - 70 140 
5 - 90 180 

CLOCK 10 - 45 90 
15 - 30 60 
5 2 4 -

Max. Clock Input Frequency, le, 10 4 8 -
15 5.5 11 -
5 - - 15 

Clock Rise & Fall time, tn t, 10 - - 15 
15 - - 5 

Input Capacitance, c,.: 
RESET - - 10 15 
All Other Inputs - - 5 7.5 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

µs 

pF 

pF 
'Tho Ume oiqulntd for RESET or PRESET ENABLE contn>I to be ramovad before clocking (aea timing 
diagram). 
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SCL4192B, SCL4193B 

RESET 

. 1411----------<t-------"'1'"---....-----. 

I I 
L-------------J J2 J4 

CONTROL LOGIC 1 
• SAME AS CONTROL LOGIC 1 

•ALL INPUTS P'ROTECTEO BY 
COS MOS PROTECTION NETWOR>I 

41938 logic diagram (binary). 

,------------------, 
~ 

a a 
a 

CCCL CAL C[ S 

a 

L------------------
Internal logic of Flip-flop. 

TRUTH TABLE 

CLOCK CLOCK PRESET 
RESET ACTION 

UP DOWN ENABLE 

~ 1 1 0 COUNT UP 

""""'-- 1 1 0 NO COUNT 

1 ~ 1 0 COUNTDOWN 

1 ~ 1 0 NO COUNT 

x x 0 0 PRESET 

x x x 1 RESET 

1 = HIGH LEVEL 0 =LOW LEVEL X = DON'T CARE 
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A4 

54 

1 -+-. CLA O 

PE 1 -+-)I 
0 

JI 1 -I 
0 

J2 I -I 
0 

J3 -I 

J4 -I 
CLK I ~ .~ UP 0 

g~· ~ hhhfl.,1-
01 ~~~1-t--ri-.r-

02 ~~~H+H-
03~--t-----!t----il-l-l--l--l---4-l--+-+-ll-

o•J-1-~-1---11-1-1-1--1---1>-1--~~ 
C-A-AA-Y ~ -+--+--t-ih l--t--+--t-t--t-+-1-

B-0-A-AO-W-~-t---+-+-+-t-t--t--t-t,_p-t-+-

COUNT - 78901210987 

41928 timing diagram. 

CLR ~ -1---, 

PE -+--ir 
JI I -I 

0 

J2 J-1,___,__..,.. ...... ......,,....._ ...... +-t-+-+--

J3 1-I 

J4 11-I 

~~· ~ ~---__,,__ 
g~· ~-t---ir--T-T-t-t-t--, ~1-

01 ~~t-rt-Ji.-, 1-1-

1-t-

03 ~ ~r--++i t-+-

04 6 ..+----, i--+-+-il-+-1---1--l-li-+-t--

02~ t-+i ~ 

CARAY~-+--+-+-t-.l-t--+--1-+-+-t-+--

BORROW ~-t---+-+-1-+-t--+---ll-+1• '"I 1-1--tl--+I---

COUNT - 13 14 15 0 1 1 0 15 14 13 

41938 timing diagram. 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Dual 4-lnput Gates with Uncommitted Output 
Transistors 

+ Simplifies Construction of Combinational 
Logic Functions 

t CMOS-to-TTL Interface Capability 
t All Inputs Diode-Protected 

DESCRIPTION 

These devices are buffered Dual 4-input NOR 
Gates (44028) and NANO Gates (44128), 
with uncommitted output transistors. Gate expan
sion, complex combinational gating, and interface 
circuits can be constructed from these devices. 

LOGIC DIAGRAMS 

44028 

44128 

V05, DRAIN VOLTAGE (Vdc) 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 ·2 

1---+--+--t-+-i-. ~- 5 Vdc--r-,~ 
T T ~ IL, 

1---+--+-~ V05 =-10 Vdc l../'iL 

r-+-Vcs =-15 Vdc ..,,p.L"'-1-+--+--+--f 
1-+.--_Ll-=:t=:::::t:;:: . ...-:::+-l-.1- T • = 25' C 

...!. 

Typical P·Channe1· 
Source Current Characteristics 

.5 
f ·10 .. 

·15 ~ 
·20 z .. 
·25 c: ,. 
·30 

,. 
"' 

·35 
z ... 

·40 'i 
-45 J 
·50 
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SCL4402B 
SCL4412B 

CMOS EXPANDABLE GATES 

CONNECTION DIAGRAM 
(all packages) 

Voo IN1e IN2e IN3 IN4e D·PeD·Ne S·Ne 

16 15 14 13 12 11 10 9 
44028 

2 3 4 
44128 

5 6 7 8 

D =Drain 
S =Source 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

for maximum reliability: 

DC Supply Voltage VDD · Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3 to 15 Vdc 

·55 to +125 oc 
-40 to +85 oc 

0 4 6 8 10 12 14 16 18 20 
Vos. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL44028, SCL44128 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo TLow2 
PARAMETER CONDITIONS 

(Vdcl - Min. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 0.05 -

10 All valid input - 0.10 -
15 combinations - 0.20 -

+25°C THIGH 
2 

Typ. Max. Min. Max. 

0.0005 0.05 - 1.5 
0.001 0.10 - 3.0 
0.002 0.20 - 6.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specificationsn. 
' T Low= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125~C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA"' 25°C) 

PARAMETER Voo 
(Vdc) 

PROPAGATION DELAY TIME !PLH• lPHL 
Connected as Dual 4-lnput Gates 5 

10 
15 ------·-----· 

OUTPUT TRANSITION TIME tTLH• !THY 
5 

10 

~-------· 
15 

Min. 

-
-
-

-
-
-

APPLICATIONS INFORMATION 

44028 

I] 

11 

14 

15 

8-1 nput NOR Configuration 

" 13 

14 

15 

1-N 

1 
8 

Dual 4·1nput OR/NANO Gate 

Typ. Max. 

125 250 
60 120 
45 90 

100 200 
50 100 
40 80 

•OV 

..... 
20K .:.tor 

j. 1. 2. 3. 4. 12. 13 + 14. 15 f•l1+2+3+41•112• 13• 14• 1SI Interfacing CMOS to TTL 

44128 

._, 
1. 

• 
8-lnput NANO 
I 17J4121]141"i I 112341•1121314151 

For additional information, see Application Note AN-102. 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t 8.Stage Synchronous Counter 
t Buffered Outputs from all 8 Stages 
t Direct Reset 
t Fully Static Operation - DC to BMHz@ 10Vdc 

DESCRIPTION 

The 44048 consists of eight synchronous, 
single-phase· clocked counting stages, with the Q 
output of each stage accessible. The counter is 
reset to all "zeroes" by a high level on the Reset 
line. Each stage of the counter utilizes a master
slave flip-flop configuration. The state of the 
counter is advanced one step in binary order on 
the negative-going transition of the input clock 
pulse. 

TRUTH TABLE 

CLOCK RESET OUTPUT STATE 

..r 0 No Chan .. 

"'"'\... 0 Adv•nce to next ,,.,. 
x , All OutPutsere low 

SCL4404B 

CMOS 8-STAGE BINARY COUNTER 

CONNECTION DIAGRAM 
(all packages) 

Voo as a, 02 NC 03 NC 
l ..l ..l ..l .1 l ..l 
14 13 12 11 10 9 8 

44048 
1 2 3 4 5 6 7 
I I I I I I I 

CLK A 07 05 05 04 V55 

Add suffix for package: 

c 14-pin CE!rdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo - Vss 3 to 15 Vdc 

Operating Temperature 
C, 0, F, H Device 
E Device 

-55 to +125 oc 
40 to +85 oc 

LOGIC DIAGRAM 

02 Q, Os Q• 01 Oa 

r r r r 

RESET 

CLOCK 
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SCL4404B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS Tuiw' +2SoC THIGH 2 
Unlll 

(Vdcl Min. Max. Min •. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N ° V6s or Voo - 5 - 0.05 5 - 150 µAde 

10 All valid input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 L-

NOTES: Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T LOW= -55°C for C, D, F, H device. 

= -40° C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA = 25°C) 

PARAMETER 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

MINIMUM CLOCK PULSE WIDTH 

MAXIMUM CLOCK FREQUENCY 

MAXIMUM CLOCK RISE AND FALL TIME 

RESET OPERATION 

PROPAGATION DELAY TIME 

MINIMUM RESET PULSE WIDTH 

RESET REMOVAL TIME 

Vos. DRAIN VOLTAGE (Vdc) 
·20 ·18 ·16 ·14 ·12 ·10 ·8 -6 -4 -2 

I T I "-..;Ji 
t--+___,l--+--+-1 c;s :;_- 5 Vdc-+-- !'.Z -5 

t--+--f---lf--l!-+.1-+J--1---1-V~"1- -10 ;,_ 
!---+--+-+- Vc;s =-10 Vdc --:;;17 -15 ~ 
f--\---11--+--t-1:::::=1==-~~::::_~IL'--i----j-20 z 

n 
t--+___,l--+--+-+--+-17+-..<+-___,___,.25 ~ 
,_-+___,1--+--+-+--+z~i<--+___,- -3o ill 
t--+--+--+--+--+---lr-+--+--+-~ -35 !i 
1--+-Vcs =-15 Vdc_;;;_...-'L'-+-+--+-+---< -40 3 

_.l_ T 25C -45~ •.= _lo 
~-+-+--+-+--+-'---+--'-+--+----' -50 

Typical P-Channel 
Source Current Characteristics 

Voo 
(Vdc) 

tPLH• tPHL 
5 

10 
15 

tTLH• tTHL 
5 

10 
15 

PWcL 
5 

10 
15 

fcL 
5 

10 
15 

trCL• tfCL 
5 

10 
15 

tPHL 
5 

10 
15 

PWA 
5 

10 
15 

tr em 
5 

10 
15 

i" c 
§. ,_ 
iii 
a: 
a: 
:::> 
u 
z c 
a: .. 
-
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Min. Typ. Max. Units 

~ p~T;,---
25 250 

OQ__ ~~----

00 200 ns 
- 50 100 
- 40 80 --

- 125 250 ns 
- 65 130 
- 50 100 --

2.0 4.0 - MHz 
4.0 8.0 -
5 10 -

15 - - µs 
5 - -
3 - -

- 175 350 ns 
- 75 150 
- 60 120 

- 100 200 ns 
- 50 100 
- 40 BO 

- 200 400 ns 
- 90 180 
- 65 130 

50 I I I 
45 1--+-+--+--+--+- V0 , = 15 Vdc -+-
40 
35 
30 17 

I 
25 
20 

V c;s = 10 Vdc _ _...__... _ _...___. 

15 
10 
5 

4 6 8 10 12 14 16 18 20 
Vos. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ DPDT Switch Operation Without External Logic 
+ Wide Range of Digital and Analog Signal Levels -

Digital or Analog Signal to 18 Volts peak 
+ Low ON Resistance -

200 .Q typ. over 15V p·p Signal Input Range, 
vDD • Vss = 15v 

+ Matched Switch Characteristics · 10 .Q typ. 
Difference Between RoN Values at a Fixed 
Bias Point over 15 Vp-p Signal Input Range, 
vDD - Vss = 15v 

+ High "ON/OFF" Output Voltage Ratio -
65d8typ. ®fis = 10 kHz, RL = 10 k.Q 

+ High Degree of Linearity - 0.4% Distortion 
typ. @ fis = 1 kHz, Vis= 5 Vp·p· VDD - Vss = 
10V, RL = 10k.Q 

+ Extremely low OFF Switch Leakage Resulting 
in Very Low Offset Current and High Effective 
OFF Switch Resistance- 10 pA typ. 
@ VDD - Vss = 10V, TA= 25° c 

+ Extremely High Control Input Impedance 
(Control Circuit Isolated from Signal Circuitl-
1012 ,Q typ. 

+ Low Crosstalk Between Switches - -50d8 typ. 
@fis = 0.9 MHz, RL = 1k.Q 

+ Matched Control-Input to Signal-Output 
Capacitances - Reduces Output Signal Transients 

+ Transmits Frequencies up to 40MHz 

DESCRIPTION 

The 44168 is a single-chip monolithic silicon inte
grated circuit containing eight N-channel and eight P
channel enhancement-mode MOS transistors connected 
to from four independent bilateral signal switches. Each 
switch consists of both P- and N-channel devices with 
common source and drain connections. A single control 
signal is required per switch. Both P and N devices in a 
given switch are biased ON or OFF by the control signal. 

SCHEMATIC DIAGRAM 

... 

NOTE: 

SCL4416B 

CMOS QUAD ANALOG SWITCH 

CONNECTION DIAGRAM 
(all packages) 

SWITCH SWITCH SWITCH 
A D c -- - --- _, __ 

Voo c c IN OUT OUT IN 

l .1 .1 .1 l .1 .1 
14 13 12 11 IO 9 8 

44168 
1 2 3 4 5 6 7 

lN oJT o1T ;1 1 1 T 
Vss 

~-- --- -- --
SWITCH SWITCH SWITCH 

A B c 

Add suffix for package: 

c 14-pin Cerdip F 14-pin Flat 
D 14-pin Ceramic H Chip 
E 14-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3to15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

The CMOS switch permits peak input-signal voltage 
swings equal to the full supply voltage, a considerable 
advantage over single-channel types. When the control 
input is high the switch will be ON. When the control 
input is low the switch will be OFF. 

LOGIC DIAGRAM 

All switch P-channel substrates are internally connected to terminal No. 14. 
All switch N-channel substrates are internally connected to terminal No. 7. 

•Note the difference from the 40168 
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SCL4416B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 0 

r Vss Voe TLow 
, 

25°C 
PARAMETER CONDITIONS IVdcl IVdcl Min. Max. ·Min. Typ. 

QUIESCENT DEVICE loo 
CURRENT V1N = Vss or Voo 0 5 - 0.05 - 0.00~~ 

All valid input 0 10 - 0.1 - 0.001 
combinations 0 15 - 0.2 - 0.002 

MINIMUM INPUT HIGH VoH 
VOLTAGE Vis = Vss 0 5 - 2.9 - 1.5 
(Control Input) Vos= Voe 0 10 - 2.9 - 1.5 

los = lOµA 0 15 - 2.9 - 1.5 

MAXIMUM INPUT LOW Vol 
VOLTAGE Vis =Vss 0 5 0.9 - 0.7 1.5 
(Control Input) vos=Voo 0 10 0.9 - 0.7 1.5 

105 = 10µA 0 15 0.9 - 0.7 1.5 

SWITCH INPUT/OUTPUT lo FF-' Vc 0 Vss'_t LEAKAGE -7.5 +7.5 - ±250 - ±0.1 (Switch off) 
5 .5 +5 - ±125 - ±0.01 

ON-RESISTANCE RoN Vos I Ve.-: Voo 4 IVdc) 

I 

RL = 10kll '-:J.5 ·1.5 +7.5 - 200 - 100 
• 7.5 - 200 - 100 
±0.25 - 180 - 80 

+5 .5 +5 - 260 - 160' 
.5 - 260 - 160 
±0.25 - 260 - 150 

+15 0 +15 - 230 - 130 
+0.25 - 100 - 40 
+9.3 - 250 - 150 
t---

+10 0 +10 - 220 - 120 
+0.25 - 100 - 60 
+5.6 - 400 - 220 

ON-RESISTANCE MATCH ..lAo"' Vos 
(Same package) Vc=V004 (Vdc) 

RL=10kl1~ ·7.5 +7.5 - - - 10 
±5 .5 +5 - - - 15 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications", 
T Low= -ss"c for C, D, F, H device. 

"" -401.;C for E device. 
THIGH "'+12s'·c for C, D, F. H device. 

= + es··c for E device. 

4 Reverse polarity of V c (control input) for switches B and C. 

DYNAMIC CHARACTERISTICS (CL ; 50 pf, TA ; 25'C) 

THIGH 
, 

Max. Min. Max. 

0.05 - 1.5 
0.1 - 3.0 
0.2 - 6.0 

2.7 - 2.4 
2.7 - 2.4 
2.7 - 2.4 

- 0.4 -
- 0.4 -
- 0.4 -

±250 - ±2500 
±125 - ±1250 

220 - 450 
220 - 450 
200 - 420 

300 - 500 
300 - 500 
290 -· 500 

250 - 500 
120 - 260 
270 - 580 

240 - 500 
130 - 280 
420 - 900 

- - -
- - -

PARAMETER CONDITIONS Vss Voo Min. Typ. Max. (Vdc) (Vdc) 

SIGNAL INPUTS IV1sl AND OUTPUTS IVosl 

PROPAGATION DELAY TIME tPLH. 
Signal input to tPHL Ve = Voo I 0 5 - 20 40 
signal output V1s =square wave 0 10 - 10 20 

RL • 10k!1 0 15 - 7.5 15 

BANDWIDTH 1·3dS) BW RL 
(Sine Wave) Ve = Voo 0 r---;j(TI" .5 +5 - r-¥n- -

V,5 = sv .. ~.p ~ - r*1 -
centered I 100knl - -
@O.OVdc 1Mn - t-f,-1 -
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µAde 

Vdo 

Vdc 

nAdc 

n 

n 

!1 

!1 

n 

Units 

ns 

MHz 



SCL4416B 

ELECTRICAL CHARACTERISTICS (Continued) 
DYNAMIC CHARACTERISTIC!: (CL = 50 pf, TA = 25"CI (Conlinuedl 

PARAMETER CONOITIONS "ss Yoo Min. Typ. Mu. Units 
IVdcl (Vdc) 

SIGNAL INPUTS IV1sl ANO OUTPUTS IVosl IContinued) 

INSERTION LOSS 

I• 20log 10~1 
RL 

Ve = Voo I '1kil .5 +5 - ~ - dB v,. t-;iiffi Vss = -
~ 

-
SVp.p ~ ·- 1 -
centered - . -
@O.OVdc 

SIGNAL OISTORTION 
{Sine Wave) Ve = Voo ' ·5 +5 - 0.4 - % 

Vis"' 5Vp.p 
centered 
@O.OVde 
t 11 .. 1.Clr.Hz 
RL = 10kn 

FEEDTHROUGH 1-50dB) 
' Ve = Vss 

El1 
V15 = SV" -5 +5 - ~ - kHz 
centered n - -
@O.OVde n - t:::'.:!i -

n - r---4 -
CROSSTALK 1·50dB) 
!Between two switd\es) Ve (A) .. Voo1 .5 +5 - 0.9 - MHz 

Ve IBl. Vss' 
v .. IAl • 5V.., 
centered 
li>O.OVde 
RL = 1.0k 

CAPACITANCE 
Input 

~ - 4 - pf 

Output ~ Ve = Vss ' .5 +5 - 4 - pf 

Feedlhrough Coos - 0.2 - pf 

CONTROL INPUT (Ve) 

PROPAGATION DELAY TIME tpLH, 
tpHL Vss < Vis < Voo 0 5 - 40 80 ns 

Turn on RL = 10kn 0 10 - 20 40 
0 15 - 15 30 

MAXIMUM INPUT FREQUENCY le Yss <Vas <Yoo 0 5 - 5 - MHz 
RL = 1.0kn 0 10 - 10 -

0 15 - 12 -
CROSSTALK 
(To signal pon) Ve .. Square wave 0 5 - 30 - mV 

RL = 10kn 0 10 - 50 -
RoN = 1.0kn 0 15 - 100 -

NOTE: 1 Reverse polarity of Ve (control input) for switches Band C. 

TYPICAL ON-RESISTANCE CHARACTERISTICS 
aww:. .-.v LOAD 
TIRllTIC" -IT- CONDITIONS 

""Iii:· 11111 JIL•'llllllJ R •1Dlli][ 

~ -v. IYALU• °"lfll 1vi;:;!l ,,. .. IY~~E ~ IVI IOI IVI IVl 

"oN ~ ~ ~ +II 180 +15 
+II 0 

2llO 0 2llO 0 2llO 0 

"oNC-J +II 0 300 +II 300 49.3 320 49.2 

2IO +10 250 +10 240 +10 
"oN +10 0 

2IO 0 2IO 0 300 0 

~J +10 D IGD +7.4 560 +6.8 810 +Ii.& - +I 410 +I 4IO +5 
"oN +I D 

D 11111 .., D 800 0 

"oNC-.l +I D Ult +4.2 1lt +2.9 33k +2.7 

2llO +1.& 200 +7.li 180 +1.& 
"oN +7.li -7.li 

200 -7.1 200 -1.& 180 -7.li 
~J +7.li -7.li 2IO !0.21 - •2& ..... ....... 

280 +I 2IO +I 240 +& 
"oN +I -I 

-I 2IO 240 -5 310 -I 

"oNC-J +I -I 800 t0.21 l80 t0.2& 180 !0.2& -+2.li 4111 +2.li 480 +2.1 
"oN +2.li -2.li 

-2.li l20 -2.li l20 -2.5 120 

"or.f-J +2.li -2.li 23211 !0.21 - !0.21 ll70lt t0.21 
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SCL4416B 

"""'-'VOLTS: voo•+5, vss•-5 
INllUT SIGNAL VOL TS (Y11I• 5 v,.p 

SINE WAVE ti 17 "MS1 
-TllOl llOl.TS 11'<:1•+5 
• LD&D CAPACITANCf:•ICf'tX •C1ftTU•1 

I I I 

0 
O.o ' INPUT SIGNAL ,R£0Ulf:NCY 11111 lllH1 

Typ. switch frequency response · switch "ON" 

Typ. crosstalk between switch circuits in the same 
package 

"' 1)\ ........ , 

~ 2~ 
:; 
= 2 
~ 

~ 

" ~ .. 
~ 

~ a 
1 .. ,. 

oo 
INPUT SIGNAL f'AEOUENCY lf,,l •H.t 

Typ. feedthru vs. freq. - switch "OFF" 

~·~v c'~1--1 
1r•tf•2(\M 

All UMISCD l(IUttt:ALS 
AR£ CONN£Cll0 10 VSS 

Test circuit, Crosstalk-control input to 
signal output. 

APPLICATIONS INFORMATION 

44168 connected as a DPDT Switch 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4426AB 
SCL4433AB 

CMOS DECADE COUNTER/7-SEGMENT DECODER/DRIVERS 
FEATURES 

+ Monolithic Construction of Bipolar Transistors 
on Outputs Allow Direct Display Drive 

+ Decade Counter and 7-Segment Decoder in One 
Package 

+ Direct Reset 
+ Display Enable Function (4426ABI 
+ Ripple Blanking and Lamp Test Functions 

(4433ABI 
+ Trigger from either Edge of Clock Input 
+ Carry Output for Cascading Stages 
+ Fully Static Operation - DC to 5MHz@ 10Vdc 

DESCRIPTION 

These two devices each consist of a 5-stage 
Johnson decade counter and an output decoder 
which converts the Johnson code to a 7-segment 
decoded output for driving each stage in a num
erical display. A "high" Reset signal clears the 
decade counter to its zero count. The counters 
have interchangeable Clock and Clock Enable lines 
for incrementing on either a positive-going or 
negative-going transition, respectively. Antilock 
gating is provided on the Johnson counter, thus 
assuring proper counting sequence. The Carry-Out 
ICouTI signal completes one cycle every ten clock 
input cycles and is used to directly clock the suc
ceeding decade in a multi-decade counting chain. 

4426AB 

When the Display Enable is "low" the seven 
decoded outputs are forced off regardless of the 
state of the counter. Activation of the display 
only when required results in significant power 
savings. This system also facilitates implementa
tion of display-character multiplexing. 

The Carry Out and ungated "C-segment" signals 
are not gated by the Display Enable and therefore 
are available continuously. This feature is a re
quirement in implementation of certain divider 
functions such as divide-by-60 and divide-by-12. 

4433AB 

The 4433AB has prov1s1ons for automatic 
blanking of the nonsignificant zeros in a multi
digit decimal number which results in an easily 
readable display consistent with normal writing 
practice. For example, the number 0050.0700 in 
an eight-digit display would be displayed as 50.07. 
Zero suppression on the integer side is obtained by 
connecting the RBI terminal of the 4433AB 
associated with the most significant digit in the 
display to a "low-level" voltage and connecting the 
RBO terminal of that stage to the RBI terminal of 
the 4433AB in the next-lower significant pos
ition in the display. This procedure is continuecl 
for each succeeding 4433AB on the integer 
side of the display. On the fraction side of the dis-

191 

CONNECTION DIAGRAM 
(all packages) 

UNG c1 
Voo R L.T.2 c b e a d 

16 15 14 13 12 11 10 9 
4426AB 4433AB 

2 3 4 5 6 7 8 

CL CL DEjn1 Co g Vss 
EN RBl2 

DE out 1 14426AB 
Rso2 24433As 

Add suffix for package: 

C 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

3 to 15 Vdc 

-55 to +125 oc 
40 to +85 oc 

play the RBI of the 4433AB associated with 
the least significant digit is connected to a "low 
level" voltage and the RBO of thP. 4433AB is 
connected to the RBI terminal of the 4433AB 
in the next more-significant-digit position. Again, 
this procedure is continued for all 4433AB on 
the fraction side of the display. 

In a purely fractional number the zero immedi
ately preceding the decimal point can be displayed 
by connecting the RBI of that stage to a "high
level" voltage (instead of to the R BO of the next 
more-significant stage). For Example: optional 
zero - 0. 7346. 

Likewise, the zero in a number such as 736.0 
can be displayed by connecting the RBI of the 
4433AB associated with it to a "high-level" 
voltage. 

A "high" Lamp Test signal turns on all outputs. 

BIPOLAR OUTPUTS 

These devices are functionally and pin-for-pin 
interchangeable with all CMOS device types 
4026AB and 4433AB. All counting and de
coding in 4426AB and 4433AB devices is 
implemented with CMOS transistor circuitry. In 
order to furnish higher output drive for applica
tions such as driving LED's, bipolar Darlington 
transistors have been furnished at each display 
drive output. 



SCL4426AB, SCL4433AB 

LOGIC DIAGRAM 

Collector of each output transistor 
internally tied to Voo· 

TIMING DIAGRAM 

' I 
-:.I' J1..fl.'1..fLJ1..Jl...flI' .JlI' ~ 'Lfl.fU 

... • - -- - -- _J 

·--~--..r---i __ ·----- ---·-
·- -· ·--i _ _r---

·- -· -··c__.r-- -
[_JL__ ·- ...r -- -- ·- L__r-·-
-- - •·· - -l. _ __f. - ·---u--·-
-i._.r· -- ·- ·- - .. 1. ;~ 
l._J"L_ __ _r--.I . L... -1-

-:...JL.._ _ __ _JL...f 1._. - . .ru 
L_J· --- - ·-i___r---i._ - ___ _J 

__ r -- ---- ·-1...I L_J-·-, 

l. .. _ _s·. 

... . -L__f. 

DISPLAY 

IDI Jl2l31'-/ISl6l 7IBl91 
0 J 4 6 8 9 

4426AB Decade Counter/7-8egment Decoder/Driver with Display Enable. 

LOGIC DIAGRAM 

~'· j 
··"":::;'.~ 

... ~ 
·~· 0 ,.c; .. ,... -1-:-1 • 

.... o 0 llt~-:. .......... ·l-1· 

• 

Collector of each output transistor 
internally tied to Voo· 

TIMING DIAGRAM 

I ' • .·• 

DISPLAY 

ITT-2,--13-.-I Y-,-'1--,S 1.--G~I ,-.-, IB-Tl--.91 
0 J 4 5 6 8 9 

44338 Decade Counter/7-8egment Decoder/Driver with Ripple Blanking. 
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SCL4426AB, SCL4433AB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS'·' 

PARAMETER Voo (Vdc) CONDITIONS f---T_,t,..CYN=-'--+--~+_25_._c~--+-T~H""IG"'H~' ---; Units 
Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE 
CURRENT 

HIGH LEVEL OUTPUT 
VOLTAGE 
Decoded Outputs 

'6tt 

5 V1N = V55 or V00 
10 All valid input 
15 combinations 

5 
10 
15 

0.05 
0.1 
0.2 

5 
10 
20 

5 V1N = Vss or Voo 4.25 - 4.25 - - 4.25 
10 9.25 - 9.25 - - 9.25 

150 µAde 
300 
600 

Vdc 

t------------t---+--1_5-+J~lo~l~<--'lµ_A __ +-14~.25-+----f-1_4_.2_5-+----+----+-1_4._2_5+----f------j 
MINIMUM INPUT HIGH 
VOLTAGE 5 V0 =0.5Vor 

4.25V - 3.75 - 2.75 3.75 
10 V0 = 1.0V or 

9.0V - 7.5 - 5.5 7.5 
15 V0 =1.5V or 

3.75 Vdc 

7.5 

13.5V - 11.25 - 8.25 11.25 - 11.25 

f------------1----+---+l~lo~i~<__:lµ_A __ +---+---+---+----+---+--I-------+-~ 
MAXIMUM INPUT LOW 
VOLTAGE 5 V0 = 0.5V or 

4.25V 
10 V0 = 1.0V or 

9.0V 
15 V0 =1.5V or 

13.5V 

1.25 

2.5 

3.75 

1.25 2.25 1.25 Vdc 

2.5 4.5 7.5 

3.75 6.75 3.75 

r-------------t---+---+1~10~1_<~1µ_A __ --t----+--+--+---+---+--t-----+-~ 
OUTPUT HIGH (SOURCE) 

CURRENT 
Decoded Outputs3 

-15 -25 mAdc 
-60 
-100 

5 VoH =3.5V 
10 VoH =8.5V 
15 VoH = 13.5V 

f---+---+_;:,,;__ ___ ---+--+---+----ff----+---+--+-----+----

Carry Output 

Remaining Outputs 

OUTPUT LOW (SINK) 
CURRENT 

Carry Output 

Remaining Outputs 

5 VoH =4.6V 
10 VoH =9.5V 
15 VoH = 13.5V 

v,N = Vss or Voo 

5 VoH =4.6V 
10 VoH =9.5V 
15 VoH = 13.5V 

V1N = \4;s or Voo 

5 VoL = 0.4V 
10 VoL =0.5V 
15 VoL = 1.5V 

v,N = Vss or Voo 

5 VoL =0.4V 
10 VoL =0.5V 
15 VoL = 1.5V 

v,N = Vss or Voo 

-0.10 
-0.30 
-0.90 

-0.08 
-0.20 
-0.60 

-0.10 
-0.30 
-0.90 

0.13 
0.31 
1.43 

-0.10 -0.4 -0.07 
-0.30 -1.0 -0.20 
-0.90 -4.0 -0.65 

-0.08 -0.2 -0.06 
-0.20 -0.5 -0.14 
-0.60 -1.5 -0.42 

-0.10 0.4 -0.07 
-0.30 1.0 -0.20 
-0.90 4.0 -0.65 

-0.08 0.25 -0.06 
-0.20 0.6 -0.14 
-0.60 2.5 -0.42 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T Low= -55°C for C, D, F, H device. 

= -40° C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 
3 Observe Package Power Dissipation rating. 
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SCL4426AB. SCL4433AB 

ELECTRICAL CHARACTERISTICS (Continued) 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER Voo Min. Typ. Max. Units 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 
Clock to Decoded Outputs tPLH• tPHL 

5 - 850 1700 ns 
10 - 250 500 
15 - 200 400 

Clock to Carry Out tPLH• tPHL 
5 - 500 1000 ns 

10 - 125 250 
15 - 100 200 

OUTPUT TRANSITION TIME 
Decoded Outputs tTLH• tTHL 

5 - 450 900 ns 
10 - 200 400 
15 - 150 300 

Carry Output tTLH• tTHL 
5 - 250 500 ns 

10 - 125 250 
15 - 100 200 

MINIMUM CLOCK OR ENABLE PULSE WIDTH PWCL• 
PWcE 

5 - 200 400 ns 
10 - 100 200 
15 - 80 160 

MAXIMUM CLOCK FREQUENCY fcL 
5 1.25 2.5 - MHz 

10 2.5 5.0 -
15 3.0 6.0 -

MAXIMUM CLOCK OR ENABLE RISE AND 
FALL TIME trcL, ttcL 

5 15 - - µs 
10 15 - -
15 3 - -

MINIMUM CLOCK OR ENABLE SETUP TIME tsetup 
5 - 250 500 ns 

10 - 100 200 
15 --: 80 160 

RESET OPERATION 

PROPAGATION DELAY TIME 
Reset to Decoded Outputs tPLH• tPHL 

5 - 700 1400 ns 
10 - 250 500 
15 - 200 400 

Reset to Carry Output tPLH• tPHL 
5 - 500 1000 ns 

10 - 125 250 
15 - 100 200 

MINIMUM RESET PULSE WIDTH PWR 
5 - 200 400 ns 

10 - 100 200 
15 - 80 160 

RESET REMOVAL TIME trem 
5 - 375 750 ns 

10 - 150 300 
15 - 125 250 
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SCL4426AB, SCL4433AB 

OUTPUT NETWORK 

60 

Voo 
50 

IE 

40 

JO 

20 

10 
-Vss 

0 5 10 Voo 
Typical Output Current per Segment vs. Supply 

The darlington NPN transistor network 
shown is typical of each of seven segment drive 
outputs per integrated circuit. 

Voltage. 

DISPLAY INTERFACE 

•Voo 

.. ,. 

v .. 

Typical Display Connection 

L•tl'I 
E"'•lll"'J ··-
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3 

Rx 
Kn 

2 

0 

R. required to limit LED Current 

15 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Binary-to-Octal Decoding 
t Buffered Outputs Go High on Selection 
t Strobe Input for Simple Expansion 

DESCRIPTION 

The 44288 is a one-of-eight CMOS Strobed 
Decoder. The three inputs labeled Xo. X1. and 
X2, constitute a three-bit word which defines a 
number from 0 to 7, and activates one of eight 
outputs of the decoder. The Strobe line inhibits 
the outputs from responding to the inputs. If the 
Strobe line is a logic "1 ", one of eight outputs is a 
logic "1 ". This is an important feature of the 
Strobe since many 4428B's may be cascading 
to produce a 1 or N X 8 strobed decoder. This 
array is particularly useful in expanding memory 
systems. 

TRUTH TABLE - Strobe at Logical 1 

Addreu Output Input 

X2 X1 Xo '0" "1""2" "3" "4" "5" "6" "7" 
PIN 10 11 8 3 12 2 13 1 5 6 4 

0 0 0 1 0 0 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 0 0 
0 1 0 0 0 1 0 0 0 0 0 
0 1 1 0 0 0 I 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 
1 0 1 0 0 0 0 0 1 0 0 
1 1 0 0 0 0 0 0 0 I 0 
1 1 I 0 0 0 ·o 0 0 0 1 

SCL4428B 

CMOS BINARY· TO-OCTAL DECODER 
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CONNECTION DIAGRAM 
(all packages) 

V D "3" .. , .. x X2 STR Xo f .1 .1 .11 _l _L _L 

14 13 12 11 10 9 8 
4428B 

1 2 3 4 5 6 7 
I I I I T I I 
"4" "2" "O" "7" "5" "6" V55 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 

Operating Temperature TA 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

I B 

3-B•t 
Binary 11 
lnput1 

10 

9 

"2" 

x, "3" 

"4'' 

"5" 

X2 ''6" 

.. 7 .. 

v00 .. Pin 14 
Vss .. Pin 1 

3to15 Vdc 

-55to+125 oc 
-40 to +85 oc 

Octal 
Decoded 
Outputs 



SCL4428B 

ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS'· 

PARAMETER Yoo CONDITIONS TuM2 +25°C THIGH 2 
Units 

(Vdcl Min. Mox. Min. Typ. Mox. Min. Mox. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or V0~ - 5 - 0.05 5 - 150 µAde 

10 All valid input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications•. 
2 T Low= -55°C for C, D, F. H device. 

= -40°C for E device. 
THIGH = +125°C for C. D. F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETERS 

PROPAGATION DELAY TIME 

Yoo 
(Vdcl 

Min. Typ. Max. 

5 - 225 450 
10 - 100 200 

Units 

ns 

t-------------~---+----+----15 __ -+-·-.-·--+--70_-+-_14_0_-t----l 
OUTPUT TRANSITION TIME 

Vos. DRAIN VOLTAGE (Vdc) 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 .4 -2 0 

i---<--+--+--+- I" T T A/ ·5 -1 .. ~-5Vdc~ -10 i 
1--+--+--+-1 T 1~d IL,d ·15 ~ 

GS=- c /IL ·20 -

t---t---t-+--+-+--+---1-'+---+--i -25 2 
~IL : I 

5 
10 
15 

100 
50 
40 

200 
100 
80 

ns 

50r-...---.---.--.----r---.--1 ~1---,1r-r--o 

- 45 t---+---t-+--+-+-- v .. = 15 Vdc -+----140 !-"': J_ 
35 lZ" 

.. i ~~ IZZ T_,__ __ __, 
20 Yes= 10 Vdc 

l:~-Y 
= 5 rzl:~ V05 =5Vdc T =25"C 

~ .l -1 +--!--+- j_ _l 1--+-V_lcs =-15 ~-:::P""'L+-t-+--+--t -40 _In 
1--1--+-=F=::;::.-+'--1--+- T = 25" C ·45 

j_ J. ·50 
0 4 6 8 10 12 14 16 18 20 

Typical P-Channel 
Source Current Characteristics 

7 

O--•ss 

STROBE 

LOGIC DIAGRAM 
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¥115, DRAIN VOLTAGE (VIie) 

Typical N-Channel 
Sink Current Characteristics 

.. , .. 



SCL4428B 

Inputs 

APPLICATIONS INFORMATION 
SIX-BIT BINARY 1-0F-64 DECODER 

~, ____ _____/'._ _________ -, 
A B C D E F Inhibit 

l L

_(_N_o_S_e-le_c_t_lo_n_) __________________ ~ Xo X1 X2 STA 

44288 
"O" ___________ "7" 

'---.-...--.---~~~-~~~--' 

44288 

"7"' 

I -
0 B 15 16 23 24 _ __:i_~,,--- -~? __ ~? - --~~a __ --~~-~-~ 

64 Outputs (Selected Output 15 H 1gh) 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

• Symmetrical High-Current Outputs 
• High-Bpaed Operation with Large Capacitive 

Loads 
• Low Output Impedance 
• Dioda Protection on all Inputs 

DESCRIPTION 

The 4441UB is a monolithic N-channel and 
P-channel enhancement-mode integrated circuit 
consisting of four large buffers for very high cur
rent capability. This device is useful as a line 
driver, low-power resistor-network driver for A/D 
and D/A conversion, display and clock drivers. 

0 

SCHEMATIC DIAGRAM 
(one of four buffers) 

-. 

A 
Input 

2.5 • 5 

-Vss 

y 
Output 

•tt:.:;. ;·:AMBIENT TEMPERATUA[ . tt ;: ITAl•Z!i•C 

···~~ 

' ·-· -:.r.J 

.... ~~~:ti 
++tt'-t._ .. ~F§ 

"!""+Zj --... 

·~t

~'!-~r··:.t 
-2: ....... --'+ 

"~tmt:i: 
7.5 10 12 5 15 17$ 20 

INPUT VOLTAGE lYtl•Y 

Minimum and maximum transfer characteristics. 
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SCL4441UB 

CMOS QUAD BUFFER-DRIVER 

CONNECTION DIAGRAM 
(all packages) 

v 00 4A 4V NC 3A 3V NC 

14 13 12 11 10 9 8 
4441UB 

2 3 4 5 6 7 

NC 1V 1A NC 2V 2A Vss 

Add suffix for package: 

C 14-pin Cerdip F 14-pin Flat 
D 14-pin Ceramic H Chip 
E 14-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

LOGIC DIAGRAM 

1A [> 1Y 
3 2 

2A [> 2Y 
6 

3A [> 3Y 
10 9 

4A [> 4Y 
13 12 

7 Vss v=A 
14 VDD 

Typical propagation delay time vs. CL 



SCL4441UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo TLow 
2 +25°c THIGH 

2 

PARAMETER CONDITIONS Units 
(Vdc) Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo -
CURRENT 5 V1N = V55 or V00 - 1.0 -- 0.005 1.0 - 30 µAde 

10 All valid input - 2.0 - 0.01 2.0 - 60 
15 combinations - 4.0 - 0.02 4.0 - 120 

OUTPUT HIGH (SOURCE) loH 
CURRENT 5 VoH =4.6V ·2.5 - ·2.0 -4.5 - · 1.4 - mAdc 

10 VoH =9.5V -7.3 - ·5.8 -14.0 - ·4.0 -
15 VoH = 13.5V -23.1 - -18.5 -45 - -13.0 -

v,N = Vss 

10UTPUT LOW (SINK) loL 
CURRENT 

5 VoL = 0.4V 2.4 - 2.4 4.5 - 1.7 - mAdc 
10 VoL = 0.5V 7.0 - 7.0 14.0 - 4.9 -
15 VoL=1.5V 22.2 - 27 45 - 19 -

v,N = Voo 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T Low = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for c. D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY Tl.ME 

OUTPUT TRANSITION TIME 

l 

V,,,, DRAIN WILTAGE (Vdc) 
·20 -18 -16 ·14 ·12 -10 -8 -6 -4 -2 

. ' ·.--- _r:~.-.~ -20 ~ 
--;--j- -+--+-+--+--+-+--H>'-il -40 ; 

r--+-t-~ -60 ii 
1-- I -80 z 
f---~~ j '-100 § 
I . I I -120 ii! 
rTi +--- -140 ~ 

-+--+-+---+--+-+-_...,___,___._ -160 ~ 

+-t---+-·-+--i -180 .! 
·--~~-~~~-~~~-200 

Typical P-Channel 
Source Current Characteristics 

IPLH• tPHL 

ITLH• ITHY 

200 

Voo 
(Vdc) 

5 
10 
15 

5 
10 
15 

200 
.. 180 

~ 160 
;: 140 
ffi 120 
~ 100 
.... 80 
z 
:! 60 
Cl 40 

- 20 

Min. Typ. Max. Units 

- 90 180 ns 
- 45 90 
- 35 70 

l - 90 180 ns 
- 45 90 
- 35 70 

Vo.<= 15 Vdc-

.L.. 
Vos= 10 Vd~ .L 

.L1 

tt --I V08 =5Vdc 
T = 25' C v ~ _l_ 

4 6 8 10 12 14 16 18 20 
Vo.,. DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

• Low Duty Cycle Push-Pull Outputs 
• lnvemir on Chip.for Crystal Oscillator Circuit 
• Buffered Output Available for Trimming 

Oscillator 
• 21 Fully Static Stages 
• 10MHz Counting Rate @ 10Vdc 

DESCRIPTION 

The 44458 monolithic aluminum gate 
CMOS integrated circuit consists of an oscillator in
verter, 21 toggle flip-flops, and two flip-flops used 
to produce a 3.125% duty cycle output wave-form. 
Push-pull operation is provided by the inverter out· 
put b.'!ffers. A divide-by-4 frequency output is pro· 
vided as an oscillator monitor or subsidiary high 
frequency output. 

The 44458 is especially suited for low· 
power timekeeping applications such as desk or 
wall clocks, automobile clocks, and digital timing 
references. Its output is suitable for driving mini· 
ature synchronous motors, stepping motors, or ex
ternal bipolar transistors in push-push fashion. 

the 44458 is pin compatible with device 
type CD4045A. The extra function f 0 /4 is pro
vided on pin 11. 

TIMING DIAGRAM 

e a 10 12 •• 
SUPPLY VOLTAGE IVool-Y 

Typical propagation delay (f0 toy or y + d out) 
vs. VDD· (CL= 50pF). 
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SCL4445B 

CMOS 21-STAGE DIVIDER 

CONNECTION DIAGRAM 
(all packages) 

fo fc; Vss NC NC f 0 /4 NC NC 

16 15 14 13 12 11 10 9 
44458 

2 3 4 5 6 7 8 

V1 V2 Voo NC NC NC y y + d 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

LOGIC DIAGRAM 

Monitor 

11 

V1 •014 

16 

Oscillator ~ 
to 

15 
iii 

2 
V2 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

8 
V+d 

v 

Typical f 0 vs. VDD CCL= 50pF). 



SCL4445B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLOW 2 +25°C THIGH 2 

(Vdc) Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 v,N = Vss or Voo - 51- 0.05 5 -

10 All val id input - 10 - 0.1 10 -
15 combinations ~ --~ --=-~·~- 20 -

'--------- --·-- ·-L--- - ---- ___ __J - --- -----
NOTES: 1 Remaining Static Electrical Characteristics are listed under '"40008 Series Family Specifications". 

2 T LOW = -55°C for C, D, F, H device. 
= -40°C for E device. 

THIGH= +125°C for C, D, F, H device. 
= + B5°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

OUTPUT TRANSITION TIME 

Voo 
(Vdc) 

5 
10 

Min. 

- . - -- --- . - . -·---------1--- --- ____ 1_5_ --~ -----+-
MAXIMUM CLOCK FREQUENCY 

5 3 
10 5 

Typ. Max. 

100 200 
50 100 
40 80 

6 -
10 -

Max. 

150 
300 
600 

Units 

µAde 

Units 

ns 

MHz 

12 -- --·· ---t--1.E_-t-----6--+-----+--·---+-----I 

V05, DRAIN VOLTAGE (Vdcl 
·20 ·18 ·16 ·14 ·12 ·10 -8 ·6 -4 ·2 

T T T .,,LJ 
1"-•~5 Vdc-1 I-". q_ 

·1 T }: !LL 
V05 =-10Vdc-~ lL 

.L 
IL 

L. 
t- Vos =-15 Vdc t-- ..,d 

.1 -+--!-"""' 
\=2~C 

Typical P-Channel 
Source Current Characteristics 

-5 0 
-10 l!' .. 
-15 ill 
-20 z 

n 
·25 c: 

"' -30 "' m 

-35 :!!j 

-40 3 
-45 J 
-50 

202 

50 

i 45 

.!. 
40 

... 35 
z 30 ... a: a: 25 
"' .. 20 z 
:!! 15 .. 10 
..1 5 

JCS 715 ~de - t--1 

v .l v 
_L] I 

lL Yes= 10 Vdc 

LY 
J...V 

f ~ Vas= 5 Vdc T.=zs·c 
.1 .1 _L 

0 4 6 8 10 12 14 16 18 20 
V..,, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



LOGIC DIAGRAM 

APPLICATIONS INFORMATION 

RECOMMENDED CIRCUIT 
FOR 2.097152 MHz OSCILLATOR 

R1=10 M r2 
R2=2 Kr! 
C1=120 pf 
C2 = 5-30 pf 
CR = 2.097152 MHz 

Quartz Crystal 

CR 

Voo 

3 44458 

Vss 

Typical clock motor driver 
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c 
0 
u 
N 
T 
E 
R 

SCL4445B 

~Hz 

CLOCK 
7 MOTOR 

8 

~Hz 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ All Inputs Fully Diode-Protected 
+ Pin Compatible with 40098, 40498 
+ Fully "8" -Series Compatible 

DESCRIPTION 

The 4449UB consists of six CMOS inverter 
circuits. It is pin-compatible with the 4009UB, 
4049UB, and equivalent device types. In sys
tems which do not require the high output current 
and level-shifting capabilities of the buffers, the less 
expensive 4449 can be substituted directly 
with no change in board layout. The device is part
icularly useful for quasi-linear circuits, such as os
cillators and multivibrators. 

15 

~12.5 

~ 
- 10 

! 
~7.5 

SCHEMATIC DIAGRAM 
lone of six inverters) 

V55 

~ - 5V a 5 

2.5 

5V 

0 2.5 5 7.5 10 12.5 15 
INPUT VOLTAGE (V1l-V 

Typical current and voltage transfer characteristics. 
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SCL4449UB 

CMOS HEX INVERTER 

CONNECTION DIAGRAM 
(all packages) 

v 00 sv 6A NC 5Y 5A 4Y 4A 

16 15 14 13 12 11 10 9 
4449U8 

2 3 4 5 6 7 8 

Voo 1Y 1A 2Y 2A 3Y 3A Vss 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55to+125 oc 
-40 to +85 oc 

LOGIC DIAGRAM 

1A ~ 1Y 

2A ~ 2Y 

3A ~ 3Y 

4A ~ 4Y 

5A ~ 5Y 

6A ~ 6Y 

V55g__ 
'· 18 Vooo- Y;A 



SCL4449UB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS ' 

Voo Ttow 
2 +25°c THIGH 2 

PARAMETER CONDITIONS Uniu 
(Vdcl Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 0.05 - 0.000~ 0.05 - 1.5 µAde 

10 All valid input - 0.10 - 0.001 0.10 - 3.0 
15 combinations - 0.20 - 0.002 0.20 - 6.0 

NOTES: Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OllJTPUT TRANSITION TIME 

V.,., DRAIN VOLTAGE (Vdc) 
·20 -18 -16 -14 -12 -10 -8 -6 -4 -2 

ITT ::7J 
r--+--+---+-+-1G• ~- 5 Vd~ -5 ¥ 

!. T T !Zl -10 
t---+--+-+- V05 =-10 Vdc k:::'.:L. :~~ I 

- .L -2sS 
~ -30 ! 

l---+---i-+---t-+--i>L...JL...f---f---t---1-35 ~ 
1--t-- v_[_GS = -15 Vdc ..;:;i.,....L."--t-t---+--+---1 -40 a 
l--+--+-=l=:j::::'.:+---1--l- TA = 25° c -45 ! 
.___.___.___._...___.____,__,___..__J_L___J -50 

Typical P-Channel 
Source Current Characteristics 

Voo 
(Vdc) 

tPLH• tPHL 
5 

10 
15 

tTLH• tTHL 
5 

10 
15 

Min. Typ. Max. Units 

I - 60 120 ns 
- 30 60 
- 25 I 50 

- 100 200 ns 
- 50 100 
- 40 80 

4 6 8 10 12 14 16 18 20 
V08, DRAIN VOLTAGE IVdC) 

Typical N-Channel 
Sink Current Characteristics 

APPLICATIONS INFORMATION 

116 4449U8 

•• 5Ml1<>R,<>100Ml1 

R5 ~(5X-10X) RsixTALI 

Cs 

Typical crystal oscillator circuit 

113 4449U8 

,. __ ,_ 
2.2ATCT 

Typical RC oscillator circuit 
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1/3 4449UB 

IN~OOT 

•• 
UPPER SWITCHING POINT: 

Vp • R5+Rt . Yoo 

"' 2 
LOWER SWITCHING POCNT: 

Rf - Rs Yoo V,,•-.-,-·z-
Rt> Rs 

Input pulse shaping circuit (Schmitt 
trigger) 



SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4502B 

CMOS STROBED HEX INVERTER/BUFFER 
FEATURES 

t ~tate Outputs with Separate Disable Control 
t Common Input Inhibit Line 
t TTL Output Drive Guaranteed Over 

Temperature Range 
t Output Impedance< 200fl@ 5Vdc Guaranteed 

Over Temperature Range 

DESCRIPTION 

The 45028 is a_ Strobed Hex Inverter/Buf
fer with a common Data Input Inhibit Control and 
a common Output Disable Control. The 3-state 
output allows common bus configurations. 

TRUTH TABLE 

Dn Inhibit Disable On 
0 0 0 1 

1 0 0 0 
x 1 0 0 
x x 1 High 

Impedance 

X = Don't Care 

SCHEMATIC DIAGRAM 11 of 6 buffers) 

... 

v_ DRAIN VOLTAGE (Vdc) 
-20 ·18 ·16 -14 ·12 -10 ·8 ·6 -4 ·2 0 

1: T T ~ 
1---+--+--I-+- V08 =-5 Vd4- ,,,, ·5 f 
l---+--+--1-+--+--+-+---+--,A<~--I ·10 

1--+-+--1--1..2.101dc ~IZ:L. -1s I 
l-+--+-l-+--1:::=-~-¥-+-l ·20 !i 

lZ -25 ~ 
t----+--+--+--li--+--+-2--il'--+-+---I -30 ;;; 
l---+--+--1-+--+---t----+--+--I -35 !i 
r-+-V .. =-15 Vdc·-:::PL""'-11--+--+--+--t -40 I 

i ~ T ... zsi·c -45 _ 
~...._ ........ __._.._....__.__....._...._ ........ __._~ 

Typical P-Channel 
Source Current Characteristics 

206 

CONNECTION DIAGRAM 
(all packages) 

Voo 06 06 05 lnh 05 04 04 

16 15 14 13 12 11 10 9 
45028 

2 3 4 5 6 7 8 

03 03 01 Dis Q1 02 02 Vss 
Add suffix for package: 

c 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD · Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

LOGIC DIAGRAM 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

• <» 

"00·•111 ,. 

"•s• ... • • 

j 160 t=t=:jt:t;~:t=i:'GS=r=~1}5 ~Vd~C t!--i=l 
- 140 8 120 IL 
§ 100t---+-t_Ll'--+--+--+VGS=10 Vdc+---+--+--1 

;;: 180 -11~ i 60t-,HT--+--+--l-+---+---+---+-t--1 

~ 40 L4- VGS = 5Vdc -+---+---+---IC----+----t 
~ 20~ ~=WC 

~ __l_ ~ 
2 4 6 8 10 12 14 16 18 20 

108, DRAIN VOLTAGE (Ydc) 

Typical N-Channel 
Sink Current Characteristics 



ELECTRICAL CHARACTERISTICS 

$TATIC CHARACTERISTICS 1 

SCL4502B 

PARAMETER Voo CONDITIONS Tuwv2 +25°C THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 1.0 - 0.005 1.0 -

10 All valid input - 2.0 - 0.01 2.0 -
15 combinations - 4.0 - 0.02 4.0 -

OUTPUT LOW (SINK) loL 
CURRENT 5 VoL = 0.4V 3.5 - 2.8 5.7 - 2.0 

10 VoL = 0.5V 7.8 - 6.3 12.5 - 4.4 
15 Vol= 1.5V 29 - 24.0 49 - 16 

V,N = \fssorVoo 

3-STATE OUTPUT lzL 
LEAKAGE CURRENT 15 - ±0.1 - ±10". ±0.1 ---

NOTES: 1 
2 

Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications•. 
T LOW= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + B5°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25°C) 

PARAMETER Voo 
(Vdc) 

PROPAGATION DELAY TIME 
From Data Inputs tPLH 

5 
10 
15 

tpHL 
5 

10 
15 

From Disable tPHZ• tpLz 
tpzH• tpzL 

5 
10 
15 

OUTPUT TRANSITION TIME tTLH 
5 

10 
15 

tTHL 
5 

10 
15 

S....•h n Po1•t·on1 l0t ) 51•111' f elf 

fl:ST SI ., SJ .. ..... 0Pll'" (.:•OH•I C•OM'1 Oo•• .... C•cn•·• 
1PZL C•Otlh'I OP•" 
'PZH C•Olll'•I C•OM•I 

Min. Typ. 

- 125 
- 60 
- 45 

- 100 
- 50 
- 40 

- 65 
- 30 
- 25 

- 100 
- 50 
- 40 

- 60 
- 30 
- 20 

3-State AC Test Circuit and Waveforms (tpHz, tpzH, tPLZ, tpzL l 

207 

Max. 

250 
120 
90 

200 
100 
80 

130 
60 
50 

200 
100 
80 

120 
60 
40 

Max. 

30 µAde 
60 

120 

- mAdc 
-
-

±1.0 µAde 

Units 

ns 
I 

ns 

ns 

ns 

ns 



SOLID~ 
STATE~~ 
SCIENTIFIC 

PRELIMINARY 
FEATURES 

• Up and down level·shlftlng capability 
• Input Threshold Can Be Shifted for TIL 

Compatibility 
• 3to18 Vdc Operation for Yoo and Vee 
• Diode Protected Inputs to Vss 

DESCRIPTION 

The 45048 is a non-inverting hex level shifter that is 
designed to shift a TTL signal to CMOS logic levels 
for any CMOS supply voltage between 5 and 15 
volts. The control input allows interface from CMOS 
to CMOS at one logic level to another logic level. 

The V DD level selects the output voltage levels and 
the V cc level sets the input signal levels. 

SL4504B 

HEX NON-INVERTING LEVEL SHIFTER 

CONNECTION DIAGRAM 
(all packages) 

VDD Fout F;n Mode Eout E;n Dou! D;n 
..1 ..1 ..1 ..l. ..1 ..1 ..l. _l 

16 15 14 13 12 11 10 9 
45048 

1 2 3 4 5 6 7 8 
T T T T ! T ::r T 

Vee Aout A;n Bout B;n Gout C;n Vss 

Add suffix for package: 

c 16-pin Cerdip F 16-pin Flat 
D 16-pin Ceramic H Chip 
E 16-pin Epoxy 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DCSupplyVoitage VDD-Vss 3to15 Vdc 
Operating Temperature TA 

C, D, F, H Device -55to + 125 °C 
E Device - 40 to + 85 °C 

LOGIC DIAGRAM 

Input 

Mode 

Vee 

TTL/CMOS 
Mode Select 

116 of package shown 

Level 
Shifter 
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VoD 

Output 

Mode Select 1 = TTL Mode 
0 =CMOS Mode 



STATIC CHARACTERISTICS 

Vss Voo TLow2 25°C 
PARAMETER CONDITIONS 

(Vdc) (Vdc) Min. Max. Min. Typ. Max. 

QUIESCENT DEVICE loo 
CURRENT V1N = Vss or Voo 0 5 - 0.05 - 0.0005 0.05 

All valid input 0 10 - 0.1 - 0.001 0.1 
combinations 0 15 - 0.2 - 0.002 0.2 

NOTES: ' Remaining Static Electrical Characteristics are listed under "40006 Series Family Specifications" 
2 T LOW = - 55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = + 125°C for C, D, F, H device 

= + 85 °C for E device. 

DYNAMIC CHARACTERISTICS (CL = SOpF, TA = 25°C) 

SCL4504B 

THIGH2 

Min. Max. 
Units 

- 1.5 µAde 
- 3.0 
- 6.0 

CHARACTERISTIC SYMBOL SHIFTING MODE Vee Yoo Limits 
Units 

Vdc Vdc Min. Typ. Max. 

PROPAGATION DELAY, tpHL TTL-CMOS 5.0 10 - 120 - ns 
HIGH TO LOW Voo >Vee 5.0 15 - 120 -

CMOS - CMOS 5.0 10 - 100 -

Voo >Vee 5.0 15 - 120 -

10 15 - 50 -

CMOS - CMOS 10 5.0 - 160 -

Vee> Voo 15 5.0 - 160 -

15 10 - 160 -
PROPAGATION DELAY, tPHL TTL - CMOS 5.0 10 - 200 - ns 
LOW TO HIGH Voo >Vee 5.0 15 - 160 -

CMOS - CMOS 5.0 10 - 100 -
Voo >Vee 5.0 15 - 120 -

10 15 - 50 -

CMOS - CMOS 10 5.0 - 160 -
Vee> Voo 15 5.0 - 160 -

15 10 - 65 -
OUTPUT RISE trLH, trHL ALL - 5.0 - 100 - ns 
AND FALL TIME - 10 - 50 -

- 15 - 40 -

209 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Two Independent Four-Bit Latches 
+ 3-State Outputs 
+ Direct Reset 
+ All Inputs Buffered 

DESCRIPTION 

The 45088 consists of two identical inde
pendent 4-Bit Latches with separate Strobe (ST) 
and Master Reset (MRI controls. Separate Disable 
inputs force the outputs to a high-impedance 
state for bus line applications. 

These devices find primary use in buffer stor· 
age, holding register, and display circuits, and other 
general digital logic applications. 

TRUTH TABLE 
MR ST Disable 03 02 01 DO 03 02 

0 1 0 0 0 0 0 0 0 
0 1 0 0 0 0 1 0 0 
0 1 0 0 0 1 0 0 0 
0 1 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 1 0 

01 
0 
0 
1 
0 
0 

0 0 0 x x x x Latched 

oo 
0 
1 
0 
0 
0 

1 x 0 x x x x oj_oj_oj_o 
x x 1 x x x x High Impedance 

X = Don't Care 
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SCL45088 

CMOS DUAL 4-BIT LATCH 

CONNECTION DIAGRAM 
(all packages) 

039 029 01 B 009 Oise MR9 

Voo 039 029 019 009 ST9 

24 23 22 21 20 19 18 17 16 15 14 13 
4508B 

2 3 4 5 6 7 8 9 10 11 12 

MRA Dis A OOA 01 A 02A 03A 

STA DOA D1A D2A D3A Vss 

Add suffix for package: 
D 24-pin Ceramic 
E 24-pin Plastic 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD · Vss 3 to 15 Vdc 

Operating Temperature 
D, H Device 
E Device 

4 

6 

8 
10 

13 

14 

15 

16 

18 

20 

22 

-55to+125 oc 
-40 to +85 oc 

BLOCK DIAGRAM 

MR 00 5 
ST 

Dis 01 

DO 

D1 02 9 

D2 
11 

D3 
03 

MR 
17' 00 

ST 

Ois 01 19 

DO 

D1 02 21 

D2 

D3 
03 23 

v 00 .. Pin 24 

v 55 •Pin 12 



SCL4508B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLow 2 +25°C THIGH 2 
Units 

(Vdc) Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or Voo - 5 - 0.05 5 - 150 µAde 

10 All valid input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

3-STATE OUTPUT LEAKAGE lzL 
CURRENT 15 - ±0.1 - ± 10-• ±0.1 - ±1.0 µAde 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications'". 
2 T LOW = -55°C for D, H device. 

= -40°C for E device. 
THIGH = +125°C for D, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 
From Data Inputs 

From Disable Input 

OUTPUT TRANSITION TIME 

MINIMUM MASTER RESET PULSE WIDTH 

MINIMUM STROBE PULSE WIDTH 

MINIMUM SETUP TIME 
Data Inputs 

MINIMUM HOLD TIME 
Data Inputs 

V05, DRAIN VOLTAGE (Vdc) 
-20 -18 -16 -14 -12 -10 -8 -6 .4 ·2 

l_ T "T ~ 
1----+--i-+--+- VGs=-5 Vdc~/ -5 

-.-- fL_ -10 ~ 

l--+--+---+-L=1-10 ~de cJ2 :~~ ! 
l----+--i-+--+-+---1-->'+--i--1·25 2 
1----+--i-+--+-+-_ __,JL_-+--i--I -30 I 
l---+--t--t---<l--+--17'.L'.'1'--+---+-+--i -35 .. 
1---t--V...lcs =-15 Vdc ....;-?..£'.'.l""-11---+--+--+---t 

4
-40

5 
_t 

1--1--+-=:i===*===t-.J.--+. T • = 25° C It 
~~~-~~~-..._~,._. _ _l...___, -50 

Typical P-Channel 
Source Current Characteristics 

Voo 
(Vdc) 

tPLH• tPHL 
5 

10 
15 

tPHZ· tPLz 
tPZH• tpzL 

5 
10 
15 

tTLH• tTHC: 
5 

10 
15 

PWMR 
5 

10 
15 

PWsT 
5 

10 
15 

tsetup 
5 

10 
15 

thold 

5 
,10 
15 

j 
.5. .... z ... 
a: 
a: 
::i ... 
z 
~ .. 
j 
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50 
45 
40 
35 
30 
25 
20 
15 
10 
5 

Min. Typ. Max. Units 

- 220 440 ns 
- 90 180 
- 60 120 

I - 85 170 ns 
- 45 90 
- 30 60 

- 100 200 ns 
- 50 100 
- 40 80 

- 100 200 ns 
- 50 100 
- 35 70 

- 70 140 ns 
- 35 70 
- 20 40 

- 25 50 ns 
- 10 20 
- 5 10 

- 0 0 ns 
- 0 0 
- 0 0 

I I I 
1----+--i-+--+-+- Vcs = 15 Vdc ~ 

v 
T 

VGs = 10 Vdc -1---+----< rt 
:Ea::- VG,= 5 Vdc -+--+-1-- T • = 25' C 
~ _l L 

4 6 8 10 12 14 16 18 20 
V08, DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4508B 

Pulse 

Generator 

3-STATE AC TEST CIRCUIT AND WAVEFORMS 

MR !voo ao 
ST STl 

Disable 01 TEST ST1 

DO t PHZ OPEN 

01 02 1 a' tp1 z CLOSE 

02 
03 

03 
tPZL CLOSE 

tPZM OPEN 

1 a' 
Vss 

CLI ST2 

-=-
20ns-1 ,_ 

--j 

03 Output 

Voo 

"""'10::.;%:.__ Vss 

~tpzL 

_.-~~t--.l,c90% VaH 

10% _Ji =-25V@Voo"'5V, 
10V, and 15 v 

1PHZ --i -- rtPlH.:::. 2V@Voo 5V 

{ :::: 6V@IVoo:1QV 

::: 1 0 V CJ) V OD "' 15 V 

VOL 

APPLICATIONS INFORMATION 

BUS REGISTER 

Ae~t >-------.---------+---+ 
Clock 

Serial 

Data >--,-+1.;.:=;.~...,J 

Disable>--+-.., 
~-.-----.-~ 

ST2 

CLOSE 

OPEN 

OPEN 
CLOSE 

DUAL MULTIPLEXED BUS REGISTER WITH FUNCTION SELECT 

STJ ST4 

CLOSE OPEN 

OPEN CLOSE 
OPEN CLOSE 
CLOSE OPEN 

FUNCTION SELECT 

A 
B 

40198 

FUNCTION SELECT 

212 

A 

0 
1 
0 
1 

B Function 

0 Inhibit (all 0) 
0 Select A Bus 
1 Select B Bus 
1 Ai+ Bi 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Internally Synchronous for High Speed 
+ Asynchronous Preset Enable 
+ Asynchronous Reset 
+ Logic Edge-Clocked Design 
+ &MHz Counting Rate@ 10Vdc 
+ Carry Output for Cascading Stages 

DESCRIPTION 

The 451 OB consists of a four· stage Up/ 
Down Counter with provisions for "look-ahead" 
carry in both counting modes. The inputs consist 
of a single Clock, Carry-in (Clock Enablel, Reset, 
Up/Down, Preset Enable, and four individual Jam 
signals. Four separate buffered Q signals and a 
Carry out signal are provided as outputs. 

A high Preset Enable signal allows information 
on the Jam inputs to preset the counter to any 
state asynchronously with the Clock. A high on the 
Reset line resets all stages to the "zero" state. The 
counter is advanced one count at the positive 
transition of the Clock when the Carry-in and 
Preset Enable signals are low. Advancement is 
inhibited when the Carry-in or Preset Enable 
signals are high. The Carry-out signal is normally 
high and goes low when the counter reaches its 
maximum count in the Up mode or the minimum 
count in the Down mode, provided the Carry-in 
signal is low. The Carry-in signal in the low state 
can thus be considered a "Clock Enable." The 
Carry-in terminal must be connected to V55 when 
not in use. 

The counter counts Up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in 
either a parallel-clocking or a rippl&-clocking ar
rangement. Parallel clocking provides synchronous 
control and hence faster response from all counting 
outputs. Rippl&-clocking allows for longer clock 
input rise and fall times. 

This counter finds primary use in up/down and 
differential counting and frequency synthesizer 
applications. It is also useful in A/D and D/A 
conversion and for magnitude and sign generation. 

TRUTH TABLE 
PRESET 

CAiiiiYTrii UP/DOWN ENABLE RESET ACTION 

1 x 0 0 No Count 

0 1 0 0 Count Up 

0 0 0 0 Count Down 
)( )( 1 0 PrHet 
)( )( )( 1 R ... t 

X • Don't C•r• 
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SCL4510B 

CMOS BCD UP/DOWN COUNTER 

CONNECTION DIAGRAM 
(all packagesl 

Voo CL Q3 P3 P2 Q2 U/D R 

16 15 14 13 12 11 10 9 

4510B 
2 3 4 5 6 7 8 

PE Q4 P4 P1 Ci Q1 co Vss 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 

PE 01 

C•rry In 

9 R 02 
10 Up/Down 

15 Cloclt 03 

P1 

12 P2 04 

13 P3 

3to15 Vdc 

·55 to +125 oc 
-40 to +85 oc 

6 

" 
14 

3 P• 
C!!,!r --07 

Out 

v00 •Pin 16 
v55 •Pin a 



SCL4510B 

LOGIC DIAGRAM 

".' ... 
'' ' . . . 

•'!-£>.-<>t-t>- Q ¢. ~ ~ 
':::lb:' ""l_ I ._ .. -1- • • Pf •-t>-----ct>- : . + ,,_ ...... 

: J Pl 
I ·Li Pl • + Pr :> l•SI l • ~ O 

C. I 

L-~· c .. c 

TIMING DIAGRAM 

p1 • 1 9, ..... .. ~ .. , ".': 0. 

hhhhhhl hhhhN"tN 
..:~:~:1:11i1i~'r}J fBr 
~o-• 1' ] ' ' !Fi 
. R.... . ! -r ' , I + .. , ~ 

PEh j J 1 I i-

P1 . I I i I lf ; 
i 1 I lf ~ I 

I l I 

214 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo TLow 
2 +25°c THIGH 

2 

PARAMETER CONDITIONS 
(Vdc) Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE CURRENiloo 5 V1N=Vss orVoo - 5 - 0.05 5 -
10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under ''4000B Series Family Specifications". 
' T LOW = -55°C for C, D, F. H device. 

= -40°C for E device. 
THIGH = +125°C for c. D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA = 25°C) 

PARAMETER Voo 
(Vdcl 

CLOCKED OPERATION 

PROPAGATION DELAY TIME tPLH1 tPHL 
Clock to Q 5 

10 
15 

Clock to Carry Out 5 
10 
15 

Carry In to Carry Out 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 

10 
15 

MAXIMUM CLOCK FREQUENCY fcL 
5 

10 
15 

MAXIMUM CLOCK RISE AND FAL~ TIME' trCL• tfCL 
5 

10 
15 

MINIMUM SETUP TIME tsetup 
Carry In 5 

10 
15 

Up/Down 5 
10 
15 

PRESET OR RESET OPERATION 

PROPAGATION DELAY TIME tpLH• !pH~ 
Preset Enable or Reset to Q 5 

10 
15 

Preset Enable or Reset to Carry Out 5 
10 
15 

MINIMUM PRESET ENABLE OR RESET 
PULSE WIDTH pWpe, PWR 

5 
10 
15 

PRESET ENABLE OR RESET REMOVAL TIME trem 
5 

10 
15 

Min. Typ. 

- 200 
- 100 
- 75 

- 210 
- 120 
- 90 

- 125 
- 60 
- 50 

- 100 
- 50 
- 40 

- 170 
- 85 
- 70 

2.0 4.0 
4.0 8.0 
5.5 11.0 

15 -
15 -
15 -

- 130 
- 65 
- 50 

- 250 
- 100 
- 75 

- 210 
- 105 
- 90 

- 320 
- 160 
- 25 

- 100 
- 50 
- 40 

- 325 
- 110 
- 90 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

400 
200 
150 

420 
240 
180 

250 
120 
100 

200 
100 
80 

340 
170 
140 

-
-
-

-
-
-

260 
130 
100 

500 
200 
150 

420 
210 
180 

640 
320 
250 -- -

200 
100 
80 

650 
220 
180 

Max. 

150 
300 
600 

SCL4510B 

Units 

µAde 

Units 

ns 

ns 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 

ns 

ns 

ns 

ns 



SCL4510B 

V.,., DRAIN VOLTAGE IVdcl 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 ·4 ·2 

~ V~=-~Vdc~ -5 i 
I ,___,..... 

Vcs =-10 Vdc /1 L 
-10 .. 
·15 i! 
-20 i 
·25 ~ 

!i 
1 25 1--+-+--t--+--+Vr~ = 15 Vdc t---1--

_l v 
I--I- v .. =-15 Vdc 

-30 I 20 v J i :~ 1---11.-:'.'.'.:-,.<t--+-+v"' = 10 v11c+--+--o---< 

I j 51/~ V0,=5Vd~_HT~=2~C 
T = 25' C 
.l ..I. 

4 6 8 10 12 14 16 18 20 
¥05, DRAIN VOLTAGE IVdcl 

Typical N-Channel Typical P-Channel 
Source Current Characteristics Sink Current Characteristics 

APPLICATIONS INFORMATION 
CASCADING COUNTERS 

-->-~--~~~~~~..:::======:...._~~---~~~~___. 
:==I>---+ ... --------+-...--------~--------· 

Ci 4!.>108 co Ci 4~108 cu ~ 4!,ilOB C Q 

... ->--+--+--' 

RESET >---..... -------------------....... ~-------+ 
The Up/Down control can be changed at any count The only re11r1ct1on on ch1n91ne 
the Up/Down control is that the clock input to the hnt counting stage mutt be "high" 

Cascading Counter Packages. 

1out 01 Q2 a• a• 

c1oc' u,,.1 niO:.W:::: !g.~~c ..... 
~.-..... -+----------

•Vo o 
0p.,. •Count 

01 02 a> 

•Voo 

"""'~' • 10,n 
1owt•~ 

Programmable CalCllded Frequency Divider 

216 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4511B 

CMOS BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
FEATURES 
+ High-Current Sourcing Bipolar Outputs (Up to 

25mA) 
+ Latched Storage of Input Code 
+ Blanking Input for Display Intensity Modu· 

lation 
+ Lamp T•t Provision 
+ Readout Blanking for Illegal Input Combi· 

nations 

DESCRIPTION 

The 4511 B provides the tu nctions of a 
4-bit storage latch, an 8421 BCD-to-seven segment 
decoder, and an output drive capability to source 
up to 25 mA of current. Lamp Test, Blanking, and 
Latch Enable inputs are used to test the display, 
turn off the display, and store a BCD code, 
r11Spectively. It can be used with LED, incandes
cent, fluorescent, gas discharge, or liquid crystal 
readouts either directly or indirectly. 

Applications include counter display drivers, 
sevel)osegment decimal display, and various clock, 
watch, and timer uses. 

TRUTH TABLE 
LE Bl LT D c B A • b c d e I g DISPLAY 
x x 0 x x x x 1 1 1 1 1 1 1 B 
x 0 . 1 x x x x 0 0 0 0 0 0 0 Blank 

0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 
0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 
0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 
0 1 1 0 0 1 1 1 1 1 1 0 0 1 3 

0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 
0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 
0 1 1 0 1 1 0 0 0 1 1 1 1 1 6 
0 1 1 0 1 1 1 1 1 1 0 0 0 0 7 

0 1 1 1 0 0 0 1 1 1 1 1 1 1 B 
0 1 1 1 0 0 1 1 1 1 0 0 1 1 9 
0 1 1 1 0 1 0 0 0 0 0 0 0 0 Blank 
0 1 1 1 0 1 1 0 0 0 0 0 0 0 Blank 

0 1 1 1 1 0 0 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 0 1 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 1 1 0 0 0 0 0 0 0 Blank 
1 1 1 x x x x • • 
X • Don•t care 
*Depends upon the BCD code applied during the Oto 1 

tr•nsition of LE. 

BLOCK DIAGRAM 

A 13 • 
B b 12 ·~t c 11 ·c. 

6 D d 10 
d 

3 LT 9 

• Bl 15 v 00 =Pen 16 

5 LE 9 ,. v 55 ,.. Pin& 

DISPLAY 

101 112l3IYISlbl ?IBlql 
0 B 9 
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CONNECTION DIAGRAM 
(all packages) 

Segment Outputs 
~ 

v D g a b c d e 

16 15 14 13 12 11 10 9 

4511B 
2 3 4 5 6 7 8 

B c LT Bl LE D A Vss 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo • Vss 3to15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

Typical P·Channel 
Source Current Characteristics 

The maximum continuous (worst case) derated 
output drive current applillS to a single output 
with all other outputs sourcing an equal amount of 
current. Operation above the derating curve at a 
given temperature is not recommended. 



SCL4511B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER VDD CONDITIONS TLow' +zs•c THIGH' 
(Vdc) Min. Max. Min Typ. Max. Min. Max. 

QUIESCENT loo 
DEVICE CURRENT 5 V1N = Vss or Voo - 5 - 0.05 5 - 150 

10 All valid input - 10 - 0.1 10 - 300 
15 combinations -- 20 - 02 20 - 600 

OUTPUT DRIVE Vour 
VOLTAGE 5 loH=OmAdc 4.99 - 4.99 5.0 - 4.95 -

- 5 - - - 4.25 - - -
-10 - - 3.9 4.13 - - -
-15 - - - 3.95 - - -
-20 - - 3.4 3.75 - - -
-25 - - - 3.5 - - -

10 loH=OmAdc 9.99 - 9.9910 - 9.95 -
- 5 - - - 9.25 - - -
-10 - - 9.0 9.15 - - -
-15 - - - 9.03 - - -
-20 - - 8.6 8.90 - - -
-25 - - - 8.75 - - -

15 loH=OmAdc 14.99 - 14.9915 - 14.96 -
- 5 - - - 14.25 - - -
-10 - - 14.0 14.18 - - -
-15 - - - 14.08 - - -
-20 - - 13.6 13.95 - - -
-25 - - - 13.80 - - -

OUTPUT LOW lol 
ISINKJ CURRENT 5 Vol =0.4V 1.9 - 1.5 3.4 - 1.1 -

10 Vol =0.5V 5.0 - 4.0 6.5 - 2.8 -
15 Vol =1.5V 13.8 - 11.0 24 - 7.7 -

V1N = V55 or Voo 

NOTES: 1 Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications•. 
1 T LOW "' -55°C for C, D. F. H device. 

"' -40°C for E device. 

I 

THIGH m+125°CforC, D. F, H device . 
.. + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25°C) 

PARAMETER Yoo 
CVdol 

PROPAGATION DELAY TIME 
From Data Inputs tPLH 

5 
10 
15 

tPHL 
5 

10 
15 

From Blanking Input 1PLH 
5 

10 
15 

!pHL 
5 

10 
15 

From Lamp Test Input !pLH 
5 

10 
15 .. 

!pHL 
5 

10 
15 

OUTPUT TRANSITION TIME tTLH 
5 

10 
15 

tTHL 
5 

10 
15 

MINIMUM DATA INPUT SETUP TIME ls.1up 
5 

10 
15 

MINIMUM DATA INPUT HOLD TIME It.old 
5 

10 
15 

MINIMUM LATCH ENA8lE PULSE WIDTH PWLE 
5 

10 
15 
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Min. Typ. Mix. 

- 520 1040 - 210 420 - 150 300 

- 660 1320' 
- 260 520 
- 180 360 

- 300 600 
- 125 250 
- 100 200 

- 500 1000 
- 200 400 
- 160 320 

- 300 600 
- 120 240 
- 90 180 

- 325 850 - 130 260 
- 95 190 

- 170 250 
- 120 200 
- 100 180 

- 400 900 - 225. 450 
- 200 -·400 

- 90 180 - 40 80 
- 20 40 

- ·90 0 
- .40 0 - ·20 0 

- 260 520 
- 110 220 
- 65 130 

Units 

JJAdc 

Vdc 

Vdc 

Vdc 

mAdc 

Units 

"' 

"' 

"' 

"' 

ns 

"' 

"' 

"' 

ns 

ns 

ns 



.46118 
OUTPUT 

- 141 ··--•>-----

LOGIC DIAGRAM 

APPLICATIONS INFORMATION 

DISPLAV CONNECTIONS 

LIGHT EMITTING DIODE ILEDI READOUT 

Common 
Cathode LED 

45118 
OUTPUT 

Common 
Anode LEO 

:::: 1 7 v 

FLUORESCENT READOl,;T INCANDESCENT READOUT 

Voo 

46118 
OUTPUT 

Direct 
!Low Brightness) 

Filament 
Jupply 

':"' V55 or appropriate 
voltage below Vss 

46118 
OUTPUT 

••A fil•ment pra·warm resistor is recommended 
to reduce filament thermal shock and 
increase the effective cold r8sistance of the 
filament. 
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SCL4511B 

1141. 

GAS DISCHARGE READOUT 

45118 
OUTPUT 

LIQUID CRYSTAL ILCDI· 

READOUT 

Aripropr1a1e 

Voll age 

Excitation 
!Square Wave 

Vss to Voo' 

46118 
OUTPUT 

1 ·4 Of 40308 

Direct de drive of LCO's not recommended 
for life of LCD readouts. 



SOLID~ 
STATE ~t:::" 
SCIENTIFIC 

FEATURES 

+ 3-State Output with Disable Control 
+ Separate Inhibit Input 
+ Selects One of Eight Data Sources 
+ Performs Parallel-To-Serial Conversion 

DESCRIPTION 

The 45128 is an 8-Channel Data Selector 
with Function Inhibit and Output Disable controls. 
One of eight binary inputs is selected by Select 
inputs A, B, and C, and is routed to the output Z. 
A high on the Disable input causes the Z output to 
assume a high-impedance state, regardless of other 
input conditions. This allows the output to inter
face directly with bus-oriented systems. When the 
Inhibit input is high, it forces the output low, 
providing the Disable input is low. By manipula
tion of the inputs, the 45128 can provide any 
logic functions of four variables (see Applications 
Information). 

TRUTH TABLE 

c B A INHIBIT DISABLE z 
0 0 0 0 0 XO 
0 0 , 0 0 X1 
0 , 0 0 0 X2 
0 1 ' 0 0 X3 

1 0 0 0 0 X4 
1 0 , 0 0 X5 
1 1 0 0 0 X6 
1 1 ' 0 0 X7 

• • • ., 0 0 

• • • • ' 
High 

lmpedence 

f• Oon'tCere 

SCL4512B 

CMOS 8-CHANNEL DATA SELECTOR 
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CONNECTION DIAGRAM 
(all packages) 

v 00 Dis z c B A lnh X7 

16 15 14 13 12 11 10 9 
4512B 

2 3 4 5 6 7 8 

XO X1 X2 X3 X4 X5 X6 V55 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55 to +125 oc 
-40 to +85 oc 

BLOCK DIAGRAM 

15 Disable z 14 

10 lnh1b1t 

11 A 

12 B 

13 c 
XO 

2 XI 

J X2 

4 XJ 

5 X4 

6 XS 

X6 

9 X7 v 00 "' Pin 16 

V55"' Pin 8 



SCL4512B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo Tuiw 
l +25°c THIGH 2 

PARAMETER CONDITIONS Units 
(Vdcl Min. M•x. Min. Typ. Max. Min. Mox. 

QUIESCENT DEVICE CURRENT loq 
5 V1N = Vss or Voo - 5 - 0.05 5 - 150 µAde 

10 All valid input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

3-STATE OUTPUT LEAKAGE lzL 
CURRENT 15 - ±0.1 - :!: 10-4 ±0.1 - ±1.0 µAde 

NOTES: 1 Remaining Static Electrical Characteristics are listed under ""40008 Series Family Specifications". 
' T Low= -55°C for C. D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°c) 

PARAMETER 

PROPAGATION DELAY TIME 
From lnhibit 

From Select Input 

From Data Input 

From Disable 

OUTPUT TRANSITION TIME 

V08, DRAIN VOLTAGE {Vdc) 
·20 ·18 -16 ·14 -12 ·10 ·8 -6 -4 -2 

f--+---+--+-~-+VcsT = -1 Vdc ~ ·5 

T ~ / !::.LJ -10 f 
l--+___,!---lV05 =-10 Vdc----:;;; ·15 ~ 
f---+-f---+--1f---+"::?~.,r"--f---+--1f--~40 z 

.1 v -25 2 
t--+- Vos =-15 Vdc I 

Typical P-Channel 
Source Current Characteristics 

I 

Vo~ 
(Vdc 

lpLH, tPHL 
5 

10 
15 

IPLH, IPHL 
5 

10 
15 

IPLH, IPHL 
5 

10 
15 

tPHZ• tpzH 

tPLZ• tpzl 
5 

10 
15 

tTLH• tTHL 
5 

10 
15 
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Min. Typ. Max. Units 

- 120 240 ns 
- 55 110 
- 40 80 

- 225 450 ns 
- 100 200 
- 75 150 

- 200 400 ns 
- 80 160 
- 60 120 

- 60 120 I ns 
- 30 60 
- 25 50 

- 100 200 ns 
- 50 100 
- 40 80 

I 
a:~ 25 1--0---+---<0---+--+ _ Vos = 15 Vdc t--+--

~20 v I 
it! 15 17 Vos= 10 Vdc 
~ 10j--~IL_~;i:::-+~+--t--r--t--;-+---i 
1 5 r~ Vos=5V~HTi=25~C 

0 4 6 8 10 12 14 16 18 20 
Vos. DRAIN VOLTAGE {Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4512B 

LOGIC DIAGRAM 

Inhibito-1-0~~~~~~~~~~~~~~~~~~---. 
13 

c 12 so-o----------. 
A o--1·1~----~---1 

xo---t 

Xl 

4 

XJ---1 

Voo 

Pulse 
Gen1trator 

lnliob•1 

A 

B 

XO 

X1 

X2 
XJ 

X4 

XS 

X6 

X7 

Sw•lt:h Positions for J·Stale Test 

TEST S1 S2 SJ S4 

tpHZ Open CIOHd Cios•d Open 

1PLZ Closed Open Open C•oseU 

1PZL Closed Open Open C•ot.ed 

1PZH Open C•osed Ctosed Open 

3-State AC Test Circuit and Waveform 
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Voo •Pin 16 
V55 .. Pin 8 

Voo 

14 

Vss 

z 



SCL4512B 

APPLICATIONS INFORMATION 

32-INPUT MULTIPLEXER 

Output terminals of several 45128 devices 
c;an be connected to a single data bus. One 
45128 is selected by the J..state Disable 
control, and the remaining devices are disabled into 

a high-impedance state. A 32-input multiplexer 
utilizing four 45128 data selectors and a single 
4011 B is shown. 

INPt.IT INPUT 
1 • 

~-l'-+-ll--~~-t~~~...,t-+~~~+-~~--l'"t"'t--~~-t~~~-

A1 ~ .... +-~~~+-~~~--~~~~-t~~~~ ....... i--~~~r-~~~--' 
Az~~ .... ~~~-f-~~~~-+~~~-+~~~~--<.._~~~T-~~~~-

OUTPUT 

LOGIC FUNCTION GENERATORS 

In addition to the standard application of 
multiplexers in data conversion techniques, these 
circuits can also be used in generating logic 
function!', which in many cases can reduce system 
package count. 

A multiplexer is a multiple-position single-pole 
switch. One set of inputs selects the position of the 
switch. The second set of inputs collects the input 
data, which is transferred through the circuit to 
one output. By using the binary select inputs and 
the data inputs, the 45128 can generate any of 
the 65,536 different functions of four variables. 

Assume the four binary inputs are A, B, C, and 
D, and that Z is the desired function. Using the 

INPUT VARIABLES REQUIRED FUNCTION 

A B c 
L L L 

L L L 

L L H 

L L H 

L H L 

L H L 

L H H 

L H H 

H L L 

v 

D 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H •HIGH L9Vel 
L •LOW Lewet 

z 
H 

L 

H 

H 

L 

H 

L 

L 

L 

_____, 
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select inputs as the first three variables. any 
combination of A, B, and C will select a data input 
(assuming the output is enabled). For each combi· 
nation of A, B, and C, the required output, as a 
function of the fourth variable D, can be HIGH or 
LOW or the same as D or the inverse of D. 
Therefore, the truth table may be examined and 
each data input of the 45128 is connected to 
Voo. V55, D, or i5 as required. In such fashion, 
the function is generated. 

In the example shown, the first two outputs are 
the inverse of D, so XO is connected to 5. The 
next two are HIGH, so X1 is connected to Voo. 
etc. 

ii 
[) 

Yoo 
V55 

c A 

8 e 
A c 



SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4514B 
SCL4515B 

CMOS 4-T0-16 LINE DECODERS WITH LATCH 
FEATURES 

t Strobed Input Latch 
t Inhibit Control 
t Selected Output Active High (45148) or 

Active Low (45158) 

DESCRIPTION 

The 45148 and 45158 are two out
put options of a 4-to-16 Line Decoder with 
Latched Inputs. The 45148 presents a logic 
"1" at the selected output, and the 45158 
presents a logic "O" at the selected output. The 
latches hold the last input data presented prior to 
the Strobe transition from "1" to "O". Inhibit 
allows all outputs to be placed at "O" 
(45148), or "1" · (45158), regardless of 
the state of the Data or Strobe inputs. 

Applications include code conversion, address 
decoding. memory selection control, demultiplex
ing. and readout decoding. 

TRUTH TABLE (Strobe = 1) 
Data Inputs Selected Output 

4514B = Logic "1" 
Inhibit D c B A 4515B =Logic "O" 

0 0 0 0 0 so 
0 0 0 0 1 S1 
0 0 0 1 0 S2 
0 0 0 1 1 S3 
0 0 1 0 0 S4 
0 0 1 0 1 S5 
0 0 1 1 0 S6 
0 0 1 1 1 S7 
0 1 0 0 0 SS 
0 1 0 0 1 S9 
0 1 0 1 0 S10 
0 1 0 1 1 S11 
0 1 1 0 0 S12 
0 1 1 0 1 S13 
0 1 1 1 0 S14 
0 1 1 1 1 S15 
1 x x x x All Outputs 

= "0", 45148 
All Outputs 

= "1", 45158 

X =Don't Care 

CONNECTION DIAGRAM 
(all packages) 

Data 
Inputs Outputs 

------~ VDD D4 S10 SS S14 S12 
INH D3 S11 S9 S15 S13 

24 23 22 21 20 19 18 17 16 15 14 13 
45148 

2 3 4 5 
45158 

6 7 8 9 10 11 12 

ST D2 S6 S4 S 1 SO 
D1 S7 S5 S3 S2 Vss 
'-.,,-'________..... 
Data 

Inputs 
Outputs 

Add suffix for package: 

D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 
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DC Supply Voltage VDD - Vss 

Operating Temperature 
D. H Device 
E Device 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

BLOCK DIAGRAM 

Date 1 

Oate2 

Dot• 3 

Data 4 

v 00 .. Pin 24 

v55 .. Pin 12 

21 Latch 

22 

Sttobeo--~ 

A 

B 

c 

0 

4 to 16 
Oec:oder 

Inhibit <>-'-23~--------

ABCi5 
A BC 5 
AeCB 
A eC i5 
ABci5 
AiiC 5 
ABC i5 
A BC i5 
AB Co 
A BC 0 

ABCO 
ABCO 
A Seo 
Ai co 
Aec o 
ABCO 



SCL4514B, SCL4515B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS Tu>W2 +25°c THIGH 2 
(Vdc} Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE CURRENT loo 
5 V1N=V55 orVoo - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 
2 

Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
T Low= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER Voo 
(Vdc} 

PROPAGATION DELAY TIME tPLH• tpHL 
From Data Inputs 5 

10 
15 

From Inhibit Input 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

MINIMUM DATA INPUT SETUP TIME tsetup 
5 

10 
15 

MINIMUM STROBE PULSE WIDTH PWsT 
5 

10 
15 

Vos. DRAIN VOLTAGE (Vdc} 
·20 ·18 -16 -14 -12 -10 -8 -6 ·4 ·2 

V~=-1Vd~ ~ 
T.~ ......d 

-5 
-10 ~ .. I 

Min. Typ. Max. 

- 485 970 
- 185 370 
- 135 270 

- 250 500 
- 110 220 
- 85 170 

- 100 200 
- 50 100 
- 40 80 

- 75 150 
- 35 70 
- 20 40 

- 125 250 
- 50 100 
- 40 75 

Max. 

150 
300 
600 

Units 

µAde 

Units 

ns 

ns 

ns 

ns 

ns 

Vos =-10 Vdc ./ 

i--

-15 I! 
-20 z 
-25 g 

i 25 I--+--+-+--+--+ _ Vos= 15 Vd~----t--1 

I- Vcs =-15 Vdc 
~ 

\= 2~ c 

Typical P-Channel 
Source Current Characteristics 

! 
!i 

I 4 6 8 10 12 14 16 18 20 
Vos. DRAIN VOLTAGE (Vdc} 

Typical N-Channel 
Sink Current Characteristics 
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SCL4514B, SCL4515B 

LOGIC DIAGRAM 

ABC 0 
11 so 

A iil5 • .. 
A a CB 

10 52 

ABCB • SJ 

Aic~ , s• 

A8C0 • •• 
ABC 15 

' 56 

A 8 C ~ • 51 

Alfo o 18 58 

Ai Co 
011 59 

AeCo 
20 510 

A eC o 
19 511 

A lie o 
14 512 

A fiC 0 
13 513 

i BC 0 
16 514 

ABC 0 
15 515 

,_______, 
In 45158 Only 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Internally Synchronous for High Speed 
+ Asynchronous Preset Enable 
+ Asynchronous Reset 
+ Logic Edge-Clocked Design 
+ 6MHz Counting Rate @ 10Vdc 
+ Carry Output for Cascading Stages 

DESCRIPTION 

The 45168 consists of a four-stage Up/ 
Down Counter with provisions for "look-ahead" 
carry in both counting modes. The inputs consist 
of a single Clock, Carry-in (Clock Enable), Reset, 
Up/Down, Preset Enable, and four individual Jam 
signals. Four separate buffered Q signais and a 
Carry-out signal are provided as outputs. 

A high Preset Enable signal allows information 
on the Jam inputs to preset the counter to any 
state asynchronously with the Clock. A high on the 
Reset line resets all stages to the "zero" state. The 
counter is advanced one count at the positive 
transition of the Clock when the Carry-in and 
Preset Enable signals are low. Advancement is 
inhibited when the Carry-in or Preset Enable 
signals are high. The Carry-out signal is normally 
high and goes low when the counter reaches its 
maximum count in the Up mode or the minimum 
count in the Down mode, provided the Carry-in 
signal is low. The Carry-in signal in the low state 
can thus be considered a "Clock Enable." The 
Carry-in terminal must be connected to Vss when 
not in use. 

The counter counts Up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in 
either a parallel-clocking or a ripple-clocking ar
rangement. Parallel clocking provides synchronous 
control and hence faster response from all counting 
outputs. Ripple-clocking allows for longer clock 
input rise and fall times. 

This counter finds primary use in up/down and 
differential counting and frequency synthesizer 
applications. It is also useful in A/D and D/A 
conversion and for magnitude and sign generation. 

TRUTH TABLE 
PRESET 

CARRY IN UP/DOWN ENABLE RESET ACTION 

1 x 0 0 No Count 

0 1 0 0 Count Up 

0 0 0 0 Count Down 
x x 1 0 Preset 

x x x 1 Reset 

X "' Don't Care 

SCL4516B 

CMOS BINARY UP/DOWN COUNTER 

227 

CONNECTION DIAGRAM 
(all packages) 

Voo CL Q3 P3 P2 Q2 U/D R 

j_ j_ j_ l j_ l j_ j_ 

16 15 14 13 12 11 10 9 
45168 

1 2 3 4 5 6 7 8 

pk 64 p~ p~ c1i d, _!_ I 
co V55 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo-Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

-p'---~l--o 6 
Carry 10 I 

R 02~---011 
10 

15 !f .:·· ' :f-0 :· 
130-- PJ r 

P4 _£J--o• 
12 

v 00 Pon 16 
v 55 Pin a 



SCL45168 

LOGIC DIAGRAM 

i . 

i) 
I 
" I 

t 
I 
I 

TIMING DIAGRAM 

Clock 

Corry In ~ 

Up/Down 

peh_"-+---+----i~+--+--+--+--+---+----i-"'Jtl'-+---+----i~+--+--+--+--+---+----i,___+--+ 
P1 t---+---+~-+--+~+--+~+---+---+~-+--+~+--+~1---1---1~-+--+~+--+~+---+---+Voo 

P2 1---+----1~+--+~+--+~+--+----1--+--+~+--+~+--+----1~+--+~+--+~+--+--+Vss 

P3 

Count II 8 8 8 10 11 1.2 13 1• 111 8 8 
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l-
t---+--+~+--+---+~-+--+__,t--1 ~ 

nwi--... 
0 0 18 0 



ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 1 

SCL4516B 

PARAMETER Voo CONDITIONS TuJW 2 +25°c THIGH 2 
Units 

(Vdcl Min. Max. Min. Typ. M•x. Min. 

QUIESCENT DEVICE CURRENT loo 
5 V1N='JssorVoo - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 

' 
Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications". 
T Low = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for c. D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25°C) 

PARAMETER Voo 
(Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME !pLH• tPHL 
Clock to Q 5 

10 
15 

Clock to Carry Out 5 
10 
15 

Carry In to Carry Out 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 

10 
15 

MAXIMUM CLOCK FREQUENCY fcL 
5 

10 
15 

MAXIMUM CLOCK RISE AND FALL TIME' trCL• tfCL 
5 

10 
15 

MINIMUM SETUP TIME !setup 
CiITTv1ii 5 

10 
15 

Up/Down 5 
10 
15 

PRESET OR RESET OPERATION 

PROPAGATION DELAY TIME !pLH• tPHL 
Preset Enable or Reset to Q 5 

10 
15 

Preset Enable or Reset to Carry Out 5 
10 
15 

MINIMUM PRESET ENABLE OR RESET 
PULSE WIDTH PWpE, PW~ 

5 
10 
15 

PRESET ENABLE OR RESET REMOVAL TIME trem 
5 

10 
15 

Min. Typ. 

- 200 
- 100 
- 75 

- 210 
- 120 
- 90 

- 125 
- 60 
- 50 

- 100 
- 50 
- 40 

- 170 
- 85 
- 70 

2.0 4.0 
4.0 8.0 
5.5 11.0 

15 -
15 -
15 -

- 130 
- 65 
- 50 

- 250 
- 100 
- 75 

- 210 
- 105 
- !,10 

- 320 
- 160 
- 125 

- 100 
- 50 
- 40 

- 325 
- 110 
- 90 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

400 
200 
150 

420 
240 
180 

250 
120 
100 

200 
100 

80 

340 
170 
140 

-
-
-

-
-
-

260 
130 
100 

500 
200 
150 

420 
210 
180 

640 
320 
250 

200 
100 
60 

650 
220 
180 

M•x. 

150 µAde 
JOO 
600 

Units 

ns 

ns 

ns 

ns 

ns 

MHz 

/JS 

ns 

ns 

ns 

ns 

ns 

ns 



SCL4516B 

V05, DllAlll VDLTAGE (VClcJ 
·20 ·18 ·16 -14 ·12 ·10 ·8 -6 .4 ·2 

1--+--+--+--+-+V~=-1 Vdci2F" :~o f 
1.~L. "" V05 =-10 Vdc .,....-1 ·15 ! 
"I ~ -20 

l--4-4-~=i==~-1--11--4-4---l-25 i 
f--+- V05 =-15 Vdc i 

1---+--+--1---+--+--+--+- T = 25' C 
~ .l 

I 0 4 6 8 10 12 14 16 18 20 
V05, DRAIN VOLTAGE (VClcl 

Typical P-Channel 
Source Current Characteristics 

Typical N-Channel 
Sink Current Characteristics 

APPLICATIONS INFORMATION 
CASCADING COUNTERS 

-->--~--~~~~~~.::====:::==~~~--~~~~--
~ >---+--.--------+--.---------+-t------· 

45168 "co 

-....>--~----~~~~~~~..;.=======-~~~~--~~~~~--

:::I>---+--+--------+-...-----~---+~--~~~~~· 

45168 co 

RESET >-~~ ..... -~~-~~~~~ ...... ~~~~~~~~--6~~~~~~~· 
Tht Up/Down control c1n be changed It any count The only re1tr1ct1on on changing 
the Up/Dawn co"uol 11 thlit the clock input 10 the first counting 11991 mull be "'h19ft" 

Cascading counter packages. 

•out Qt 

Clocll lf1rtl 

02 03 

Thumbv.f'tffl SwltctMt 
IOpen lo, "D"I 

o• 

.....l,i;=M-1 ..... -1-~~~~~~~~~ 
•Voo 

OPM. Count 

01 02 03 

M.S.D. 

45168 

•Voo 
........ ~•· 101110 

•out•~ 

Programmable Cascadltd Frequency Divider 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4517B 

CMOS 64-BIT DUAL SHIFT REGISTER 
FEATURES 
• Independent Clock. Write Enable Inputs 
• Static Operation 
• Positive Edge-Clocked Design 
• 8.7MHz Toggle Rate @ 10 VDC 
•Tri-Stat& Outputat84th Bit 
• Balanced Output Drive Cunent Spaciftc:atlons 

DESCRIPTION 

The .SCL4517B dual 64-bit static shift register consists 
of two identical, independent, 64-bit registers. Each register 
has separate clock and write enable inputs, as well as 
outputs at bits 16, 32, 48, and 64. Data at the data 
input is entered by clocking, regardless of the state of 
the write enable input. An output is disabled (open 
circuited) when the write enable input is high. During 
this time, data appearing at the data input as well as 
the 16-bit, 32-bit, and 48-bit taps may be entered into 
the device by application of a clock pulse. This feature 
permits the register to be loaded with 64 bits in 16 
clock periods, and also permits bus logic to be used. 
This device is useful in time delay circuits, temporary 
memory storage circuits, and other serial shift register 
applications. 

FUNCTIONAL TRUTH TABLE 

WRITE 
CLOCK ENABLE DATA 16-BITTAP 32-BITTAP 

Content of 16-Bit Content of 32-Bit 
0 0 x Displayed Displayed 
0 1 x High Impedance High Impedance 
1 0 x Content of 16-Bit Content of 32-Bit 

Displayed Displayed 
1 1 x High Impedance High Impedance 

.../"" 0 Data entered Content of 16-Bit Content of 33-Bit 
into 1st Bit Displayed Displayed .....,.,- Data entered Data at tap entered Data at tap entered 
Into 1st Bit into 17-Bit into 32-Bit -- 0 x Content of 16-Bit Content of 32-Bit -- Displayed Displayed 

x High Impedance High Impedance 

X = Don't Care 
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CONNECTION DIAGRAM 

Voo 016s 04Bs WEs Cs 064s 032s Os 

16 15 14 13 12 11 10 9 

45178 

2 3 4 5 6 7 8 

48-BITTAP 64-BITTAP 

Content of 4B:Bit Content of 64-Bit 
Displayed Displayed 

High Impedance High Impedance 
Content of 48-Bit Content of 64-Bit 

Displayed Displayed 
High Impedance High Impedance 
Content of 49-Bit Content of 64-Bit 

Displayed Displayed 
Data at tap entered High Impedance 

into48-Bit 
Content of 48-Bit Content of 64-Bit 

Displayed Displayed 
High Impedance High Impedance 



SCL4517 

ELECTRICAL CHARACTERISTICS 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability: 

DC Supply Voltage Voo + 15to -0.5 Vdc 
Input Voltage, all inputs V1N Vooto -0.5 Vdc 
DC Current Drain per Pin 1 10 mAdc 

Operating Temperature Range TA 
C, D, F, H Device -55to + 125 •c 
E Device -40to +85 ·c 

Storage Temperature Range Tsrn -65to +150 ·c 

STATIC CHARACTERISTICS 1 

PARAMETER VDD CONDmONS 
TLow2 +25°C THIGH2 Units 

(Vdc) Min. Max. Min. Typ. Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=VssorVoo - 0.05 - 0.0005 0.05 -

10 All valid input - 0.10 - 0.001 0.10 -
15 combinations - 0.20 - 0.002 0.20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW = - 55°C for C, D, F, H device. 

= -40°C for E device. 

THIGH= +125°CforC,D,F,Hdevice. 
= + 85 ° C for E device. 

SWITCHING CHARACTERISTICS* (TA = 25°C) 

CHARACTERISTIC SYMBOL 

Output Transition Time t, 
(CL= 15pF) tnH 

trHL 

Propagation Delay Time (CL= 15 pFI tPLH 
tPHL 

Minimum Clock Pulse Width PWc 

Maximum Clock Pulse Frequency PRF 

Maximum Clock Pulse Rise and Fall Time t,. tf 

Data to Clock Setup Time tsetup 

Data to Clock Hold Time thald 

Write Enable to Clock Setup Time tsetup 

Write Enable to Clock Release Time trel 

*The formula given is for the typical characteristics only. 

VDD 

5.0 
10 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Typ. 
Min. All Types Max. 

- 100 200 
- 50 100 
- 40 80 

- 200 400 
- 110 220 
- 90 180 

- 170 250 
- 75 100 
- 60 75 

2.0 3.0 -
5.0 6.7 -
6.7 8.3 -
- - No 
- - Limit .. - -

- -40 -10 
- -15 0 
- 0 5 

- 75 120 
.- 25 50 
- 10 25 

- 170 300 
- 65 130 
- 50 80 

- 160 280 
- 55 120 
- 40 70 

Max. 

1.5 
3.0 

µAde 

6.0 

Unit 

ns 

ns 

ns 

MHz 

-

ns 

ns 

ns 

ns 

**When shift register sections are cascaded, the maximum rise and fall time of the clock input should be equal to or less than the rise 
and fall time of the data outputs, driving data inputs, plus the propagation of the output driving stage for the output capacitance load. 

232 



Pin NO"I 

Clock• t 121 

32•Dlt OUIOUt 6 110• 
33·tut 1nout 

"8·tJlt outDut 2 11 •» 
•9·b•t 1nout 

.. bit OUtDUt !5111 I 

At: TIST WAVIPOllMI 

FIGURE 1 - POWER DISSIPATION TESTCIRCUIT AND WAVEFORM 

Yoo 

REPETITIVE WAVEFORM 00--.... --<l ...... 

co---+-...,.:>---t 
'o 

c 

o---/ 
Cf• 112 f 0 ) 

Clock 

Write ..___r....._,0 _______ _ 

E ..... le~ 

r--voo 
\ ..... __ _,! V55 

'IO"F 

EXPANDED BLOCK DIAGRAM 
1112 OF DEVICE SHOWNI 

Write &Miiie • 0, 19·blt OUtPUt 
Write lnebl•• 1, 1H11ltlnput 
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32-bltoutPUt 
33·b!t Input 

s~/ 90.. 

'°" 

•M111toutPut 
.. -bit Input 

SCL4517 

Voo 

V55 

Voo 

V55 

voo 

V55 

voo 

V55 

voo 

V55 

... l:htOU'PUt 
HI"' lmped ... ce 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Two Independent 4-Bit Counters 
t Internally Synchronous for High Speed 
t Dual BCD (4518BI and Dual Binary 

(4520BI Configurations 
t Direct Reset 
t Logic Edge-Clocked Design 
t Trigger from either Edge of Clock Signal 
t Static Operation- DC to 5MHz@ 10Vdc 

DESCRIPTION 
The 4518B Dual BCD Counter and the 

45208 Dual Binary Counter are constructed 
with MOS P-channel and N-channel enhancement· 
mode devices in a single monolithic structure. Each 
consists of two identical, independent, internally 
synchronous 4-stage counters. The counter stages 
are type-D flip-flops, with interchangeable Clock 
and Enable lines for incrementing on either the 
positive-going or negative-going transition as re
quired when cascading multiple stages. Each 
counter can be cleared by applying a high level on 
the Reset line. In addition, the 4518B will 
count out of all undefined states within two clock 
periods. These complementary MOS up counters 
find primary use in multi-stage synchronous or 
ripple counting applications requiring low power 
dissipation and/or high noise immunity. 

TRUTH TABLE 

CLOCK ENABLE RESET ACTION - 1 0 Increment Counter 

0 ..........._ 0 Increment Counter 

-.......... x 0 No Change 

x - 0 No Cha~ 

~ 0 0 No Cha'!D!_ 
1 - 0 No Change 

x x 1 ao thru 03 = o 
X = Oon't Care 

TIMING DIAGRAM 

ClOCC 11 12 13 14 15 16 17 18 

...... ~r-

11111 
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SCL4518B 
SCL4520B 

CMOS DUAL UP COUNTERS 

CONNECTION DIAGRAM 
(all packages) 

vDD Re 03e 02e a1e Ooe EN8 CLKe 

16 15 14 13 12 11 10 9 
4518B 4520B 

2 3 4 5 6 7 8 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3to15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55to+125 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

oo l 

o, 4 

2 
c 

02 5 
ENAllLE 

R 03 6 

RESET 

7 

oo 11 

c o, 12 

02 IJ 

R 03 14 

RESET 

15 

4518 - Dual BCD Up Counter 
4520 - Dual Binary 



SCL4518B, SCL4520B 

ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLow 2 +25°C THIGH 2 
Units 

IV de I Mln.J_Max. Min. Typ. Mix. Min. Mix. 

! 
QUIESCENT DEVICE 109 - I 5 CURRENT 5 V1N=V55 orV00 0.05 5 150 µAde 

10 All valid input - I 10 0.1 10 300 

~~ C:O.~~i".'_~!~O-~- . . -__ L~o. 0.2 20 600 
.. -· _ _.......__ . 

NOTES: 1 Rema1n1ng Static Electrical Characteristics are listed under "40008 Series Family Specifications'". 
2 T Low = -ss'·c for C, o, F, H device. 

= -4o'•c for E device. 
T HIC.H - •125'~c for C, 0, F, H device. 

= + as··c for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA = 25'C) 

PARAMETER 

CLOCKED OPERATION .----------- ----------,---:---
PROPAGATION DELAY TIME IPLH• IPHL 

! From Clock or Clock Enable 

.. ---- ----. -- ---- ----------t-----+-
OUTPUT TRANSITION TIME 

Voo 
IV de I 

5 
10 
15 

Min. Typ. Max. Units 

-·-_ -r~-1---:: T-~.--i 
5 - 100 200 ns i 

= 1~g t_!~g -~---_J 
10 - 50 100 i 

.. - - ... - - -- ----------------1----+---"'15'---+--------+-~ -~ -t- -----
i MINIMUM CLOCK PULSE WIDTH PWcL 5 _ lOO t 200 ns 

I 10 - 50 100 

I 
15 - 35 70 

M~N;M~M-CLilCK -EN..;-~UPULsE wlon:I- t;w~.----1-~'-·-+---_,r-~~-r----r----i 
5 -

10 -

-----------------------+----l---1:..:5;,_-+-----l--'-'----+-----4f----! 
MAXIMUM CLOCK FREQUENCY 

5 1.5 
10 3.0 

1-----------------------+---+-~1~5-+-_4_.o~-+---+----+---; 
MAXIMUM CLOCK OR CLOCK ENABLE RISE 
& FALL TIME' l,cL• ~CL 

RESET OPERATION 

PROPAGATION DELAY TIME 

MINIMUM RESET PULSE WIDTH 

RESET REMOVAL TIME t.om 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

15 
5 
5 

- - ,.. 
- -
- -

225 450 ns 
100 200 
80 160 

120 240 ns 
50 100 
40 80 

100 200 ns 
50 100 
40 80 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs. plus the propagation delay of 
the output driving stage for the output capacitive loaa. 

V.., DRAIN VDLTAIE (Vdc) 

-20 -18 ·16 -14 ·12 -10 ·8 ·6 -4 ·2 0 

~ v 1=-Jvc1c~ j_ 
I .r::::t::'. 

Vos =-10 Vdc!L L 

I--' 
t- Vos =-15 Vdc r--

T.=~C-1 

Typical P-Channel 
Source Current Characteristics 

-5 ~ 
-10 ~ .. 
-15 I 
-20 • .. 
-25 !ii 

i!ll 
!i 

I 0 4 6 8 10 12 14 16 18 20 
V.., DRAIN VDLTAIE (VIie) 

Typical N·Channel 
Sink Current Characteristics 
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SCL4518B, SCL4520B 

LOGIC DIAGRAMS 

DUAL BCD UP COUNTER 
45188 TWO IDENTICAL STAGES 

APPLICATIONS INFORMATION 

CLOCK 
INPUT 

.f"-,. 
I 

------------1 
voo 1 9 10 15 I 

I 
"'c,...L~gc""K.,....,,E'"'NA.,.f=-=-E-R==E~:"'ET=i I 

I 
aoe a1e a2e aJe I 

I 

I 
I CLOCK ENABLE RESET I A A A 

I aoA a1Aa2A OJA 

I 3 4 5 s 

r 
12 13 14 II 

L ____ ~1e120.!... ____ J 

-------------1 
2 7 

CLOCK ENABLE 
A A 

aoA 01 A a2A OJA 

3 4 5 6 

I 
I 

CL~K ENO:LE RE~ET I 

10 9 

I 
aoe a1 e a2e OJe I 
II 12 13 14 I 

I 
L ___ - ~518/20e _____ J 

Ripple cascading of four counters with positive-edge triggering. 

,-- -----1 

l=I =I 2 9 10 15 

I CLOCK ENABLE RESET CLOCK ENABLE RESET I 
A A A B B B I I I I 0oA 01 A 02A OJA 

I 
II 12 13 14 I 

L_ I 
~~e ____ _J 

* 40128 

Synchronous cascading of four binary counters with negative-edge triggering. 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

SCL4522B 
SCL45268 

CMOS PROGRAMMABLE DOWN COUNTERS 
FEATURES 

+ Internally Synchronous for High Spead 
t BCD Decade (4522BI or 4·Bit Binary 

(4526BI Down Counters 
+ Asyc:hronous Preset Enable 
+ Asynchronous Resat 
+ Casc:adable 
+ Logic: Edge.Cloc:kad Design 
+ Static: Operation - DC to 5MHz @ 10Vdc: 
+ Trigger from Either Edge of Clock Input 

DESCRIPTION 

The 4522B BCD Counter and the 
4526B Binary Counter are constructed with 
MOS P-channel and N-channel enhancement-mode 
devices in a single monolithic: structure. 

These devices are programmable, cascadable 
down counters with a decoded "O" state output 
for divide-by-N applications. In single stage applica· 
tions the "O" output is applied to the Preset 
Enable input. The Cascade Feedback input allows 
cascade divide-by-N operation with no additional 
gates required. The Master Reset function provides 
synchronous initiation of divide-by-N cycles. The 
Clock Inhibit input allows disabling of the pulse 
counting function. 

These complementary MOS counters can be 
used in frequency synthesizers, phase-locked loops, 
and other frequency division applications requiring 
low power dissipation and/or high noise immunity. 

TRUTH TABLES 

Both Types 
Pretet MHter 

Clock Inhibit Enable Retet Action 

0 0 0 0 No Coun1 

..r 0 0 0 Couni-1 
x , 0 0 No Coun1 , ""\.. 0 0 CO\.t"lt 1 

x x , D p,, .. , 
x x x , FleMt 

4522B 4526B 
0u11)ut Output 

Count 04 03 02 01 Count o• 03 02 

• , 0 0 , •• , 1 , 
• , 0 0 0 

' 0 , , 1 • 0 1 , 0 • 0 , 0 , 
.. 1 1 1 
t3 1 , 0 
12 1 1 0 ,, 1 0 1 

• 0 , 0 0 
3 0 0 , , 
2 0 0 , 0 , 0 0 0 , 

10 1 0 1 • 1 0 0 • 1 0 0 

' 0 1 , 
0 0 0 0 0 • 0 1 1 • 0 , 0 

• 0 1 0 

3 0 0 1 
2 0 0 1 
1 0 0 0 
0 0 0 0 
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CONNECTION DIAGRAM 
(all packages) 

Voo 03 Dp3 CF "O" DP2 MR 02 

16 15 14 13 12 11 10 9 
4522B 4526B 

2 3 4 5 6 7 8 

C4 Dp4 PE lnh Dp1 c o, Vss 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55 to +125 oc 
40to +85 oc 

BLOCK DIAGRAM 

13 01 

02 

11 

14 03 15 

10 04 

4 
01 

1 6 "O" 12 
0 
1 
0 
1 
0 
1 
0 

v 00 - Pin 16 

Vss ·Pini 

1 
0 
1 
0 
1 
0 
1 
0 



SCL4522B, SCL4526B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER VDD CONDITIONS Tuiw 2 +25°C THIGH 2 

(Vdc) Min. Max. Min. !Y!'· Mu. Min. 

QUIESCENT DEVICE lo"! 
CURRENT 5 v,N = Vss or Voo - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: I 
2 

Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications·. 
T LOW = -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH= +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER VDD 
(Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME tPUi• tPHL 
Clock or Inhibit to Q 5 

10 
15 

Clock or Inhibit to "O" 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

MINIMUM CLOCK PULSE WIDTH PWcL 
5 

10 
15 

MAXIMUM CLOCK FREQUENCY fcL 
5 

10 
15 

MAXIMUM CLOCK OR INHIBIT RISE AND 
FALL TIME' trCL• ltcL 

5 
10 
15 

PRESET OPERATION 

PROPAGATION DELAY TIME tPLH• tPHL 
PE to a 5 

10 
15 

PE to "0" 5 
10 
15 

MINIMUM PRESET ENABLE PULSE WIDTH PW•• 
5 

10 
15 

MINIMUM DATA INPUT HOLD TIME thold 
5 

10 
15 

RESET OPERATION 

PROPAGATION DELAY TIME 
MRtoO tPHL 

5 
10 
15 

MRto"O" tpLH 
5 

10 
15 

MINIMUM MASTER RESET PULSE WIDTH PWMA 
5 

10 
15 

Min. Typ. 

- 415 
- 160 
- 120 

- 175 
- 125 
- 100 

- 100 
- 50 
- 40 

- 125 
- 50 
- 40 

1.5 2.0 
3.0 5.0 
4.0 6.6 

15 -
15 -
15 -

- 415 
- 160 
- 120 

- 175 
- 125 
- 100 

- 125 
- 50 
- 40 

- 75 
- 25 
- 20 

- 415 
- 160 
- 120 

- 175 
- 125 
- 100 

- 150 
- 125 
- 100 

1 When units are cascaded, the ma>dmum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs. plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

830 
320 
240 

350 
250 
200 

200 
100 
80 

250 
100 
80 

-
-
-

-
-
-

830 
320 
240 

350 
250 
200 

250 
100 
80 

125 
50 
40 

830 
320 
240 

350 
250 
200 

300 
250 
200 

Max. 

150 
300 
600 

Units 

µAde 

Units 

ns 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



V.,, DRAIN VOLTAGE (Vdc} 
-20 -18 -16 -14 -12 -10 -8 -6 -4 ·2 

I I I ~ 
t---+--+---t-+- V 0 , '"i- 5 Vdc--t---1-Z 

lZ 

J--+- Vos= -15 Vdc --:::V.L.'-1-t--t---+--i 
..L -1- -4--""1 

Typical P-Channel 
Source Current Characteristics 

-5 0 
-10 ' .. 
-15 ~ 
-20 z: .., 
-25 c: 

"' -30 "' m 

-35 
z: .... 

-40 a 
-45 ! 
-50 

50 

~ 45 
c 40 §. 

35 .... 
z: 30 ... 
IC 
IC 25 ::I 
u 20 

~ 15 
a 10 
J 5 

SCL4522B, SCL4526B 

I TI 
t---+--+-t---+--+-vos = 15 Vdc-+-

LI I IL Vos= 10 Vdc -t---t--+--; 

0 4 6 8 10 12 14 16 18 20 
V05, DRAIN VOLTAGE (Vdc} 

Typical N-Channel 
Sink Current Characteristics 

45228 LOGIC DIAGRAM (BCD Divide-by-N Counter) 

45268 LOGIC DIAGRAM (Binary Divide-by-N Counter) 
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SCL4522B, SCL4526B 

APPLICATIONS INFORMATION 

Cycle lnh1b•t 

---ei"-... -..~~~~~~~~~~~~~~~~ 

•Voo 

10 k 01 

Clock 

Master 

Reset 

Master 

Reset 

02 OJ 

L.S.D. 
4522/268 

04 

Thumbwheel Switches 
(Open" "O"I 

01 02 OJ 

M.S.D. 
4522/268 

04 

"O" 

2·Stage Programmable Down Counter (One Cycle) 

01 02 OJ 04 

L.S.D. 
4522/268 "O" 

Thumbwheel Switches 
(Open "' .. 0 .. ) 

tout 

01 02 OJ 04 

M.S.D. 
4522/268 'O" 

2·Stage Programmable Frequency Divider 

240 

Counting Cycle 

~
: :~:: 

nO nl I 
~:~:--~--stop at "O" 

L 5 D 
Counter 

MSD 
Counter 

Counting Cycle 

9 ( 15) 
8 (141 

j"o 
2 r21 
1111 
0 lOJ 

L.S.D 
Counter 

;] 
M.S.O. 

Counter 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Internally Synchronous for High Speed 
t Strobe for Enabling or Inhibiting Outputs 
t E nabla and Cascade Inputs 
t "9" Output Available for Cascading 
t Complementary Outputs 
t Claar and Sat-To-Nine Inputs 

DESCRIPTION 

The 4527B is a BCD Digital Rate Multiplier 
(ORM) which provides an output pulse rate of the 
clock input pulse rate multiplied by 1/10 of the 
BCD input. For example, when the BCD input is 8, 
there will be 8 output pulses for every 10 input 
pulses. The output is clocked on the negative-going 
edge of the input clock. This device may be used to 
perform arithmetic operations, solve algebraic and 
differential equation,, generate logarithms and 
trigonometric functions, A/D and D/A conversion, 
and frequency division. 

TRUTH TABLE 

-· ..... 
D c • .. ..... _ .... ..... - ..... ... 
I • • 0 •• 0 • • 
I • 0 ' .. • • I • 1 0 •• • • 
I • ' ' •• • • 
I ' 0 • .. • • ' 0 ' .. • I ' ' • .. 0 
I ' ' ' •• 
' I • 0 .. 
' • • 1 .. 
' • ' I .. 
' • ' ' .. 
' ' 0 0 •• 
' ' • ' •• 
' ' ' • .. 
' ' ' ' .. 
• • • • 10 

• • • • .. ' • • • • .. 0 ' ' • • • .. I 0 ' I • • • .. • • ' • • • • •• • • 0 

.... 
DU1 

L 

' I 
• • • I 
1 

I 
I 
I 
I 

I 
I 
I 
I 

L 
H .. 
L 
L 

SCL4527B 

CMOS BCD RATE MULTIPLIER 

Voo 

16 

"9" 

CONNECTION DIAGRAM 
(all padlages) 

Multiplier _...._ 
B A Clear Case Ein ST Clock 

15 14 13 12 11 10 9 
45278 

2 3 4 5 6 7 8 

c D Set Out Out Eout Vss .._..,._. 
Multiplier 

Add IUffix for~= 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3 to 16 Vdc 

Operating Temperature TA 
C, D, F, H Device -66 to +126 oc 
E Device -40 to +86 oc 

BLOCK DIAGRAM -·-. 0...•LAilcL..-
IH•LI .... ... , 

liiW IDUJ 

" ' ' ' I ' • ' • ' • ' I ' 1 ' I ' I ' I ' I ' I ' I ' I ' I ' ---... .. _ .. 
" ' . 

' .. H 
H " " L 

... . ..... 
' ' ' ' 
' ' ' ' ' ' ' ' 
' ' ' ' 
' ' L 
L 

" 

12 
., 

R•t• Input 9 

10 

l" 15 
Multlpl... : 

s 
Eout 

Out 

OUt 

.. g·· 

CIN• 

130----

v00 •Pin 16 
v55 ·Pin a 

6 

6 

•Output 9111 •ft fi'1t 11 liftl'I of this truth tlble (~ing on 'llllua of A, B. C, D). 
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SCL4527B 

LOGIC DIAGRAM 

0 C 8 A 
J 2 ,,. 14 

Sl•Obe C•K•ae 
10 11 

6 Ou1 

sOUi 

v 00 • Pin 16 

V55 •Pon 8 

TIMING DIAGRAM 
0123456J89012J• 

e<oo l1IUlJ1l\JllUll 
o, ..nJL..n.JLJlfl 
o" ___r-l__f""'"L. 
0< __fL__Jl__fL 
Od ___r--i____s-

"' _JL___JL_ 
"' _JL___Jl__JL_ 
"' JlJ1..JlJl..... 
••--u-LJLJ 

Ou1~~~;.:~ __n____n_ 
8 En.ttleo _l'L___l'L_jl__ 
C Enatil•d -1l.JL.J1...J1. 
OEn8bled MIULJUlI1Jl..JU 

'··· ------v-
cP?.".:"'~;"~~ ~~ --1L-L--JL 
IP••MINool21~ 

I 
IP•-INoof:U~ 

>------01 "9 .. lP••M1Nool41~ 

!P••MI No of 51 -11...Jln.Jl..J 
IP•-tNo of GI ~'lJUl_ 

tPr-tNoof71~ 

!Pre .. t NO ot 81 1UUUl..Jll1J1I1 
CP•-• No ot fill JlJlIU\JlilJ\J1 

CIMr 13 Set to Nin• • 

I 

APPLICATIONS INFORMATION 
Cascading Connections 

For 1NOrds of more than one digit, 45278 devices may De cascaded in two different 
modes: an Add mode and a Multiply mode. 

In the Add mode, some of the gaps left by the 
more significant unit at the count of 9 are filled in 
by the less significant units. Output Rate = Clock 
Rate X (0.1 BCD1 + 0.01 BCD2 + ... I 

Two 4627B's cascaded in the •Multiply" mode 
with a preset number of 36. 

LIAST-
Dl81T 

A DMt 

I 
c 
D 
CLOCll Eout 

.,. 

Dlll451719Dlll451719D 

MCW ,_OUT- "'l.US-TllllUTD 8Y l 
DllM @ 'IO DY-T FDll IVlllr ICID CLDCI PUUU 
tll FOii NlllT ..... 

Two 4527B's cascaded in the •Add• mode 
with a preset number of 94. 

In the Multiply mode, the fraction programmed 
into the first ORM is multiplied by the fraction 
programmed into the second one. 

eco1 eco2 
Output Rate = Clock Rate X 10 X 10 X ... 
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ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

Voo TLCIW 
l +25°c 

PARAMETER CONDITIONS 
(Vdc) Min. Max. Min. Typ. 

QUIESCENT DEVICE 
CURRENT loo 5 V 1N=V55 or V 00 - 5 - 0.05 

10 All valid input - 10 - 0.1 
15 combinations - 20 - 0.2 

THIGH 
l 

Max. Min. Max. 

5 - 150 
10 - 300 
20 - 600 

NOTES: Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications•. 
T cow= -55°C for C, D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA= 25°C) 

PARAMETER Voo 
(Vdc) 

CLOCKED OPERATION 

PROPAGATION DELAY TIME 1PLH• tPHL 
Clock to Out 5 

10 
15 

Clock to Out 5 
10 
15 

Clock to Eout 5 
10 
15 

Clock to "9" 5 
10 
15 

Cascade to Out 5 
10 
15 

Strobe to Out 5 
10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

MINIMUM CLOCK PULSE WIDTH PW cc 
5 

10 
15 

MAXIMUM CLOCK FREQUENCY fee 
5 

10 
15 

MAXIMUM CLOCK RISE AND FALL TIME' trCL• ltcL 
5 

10 
15 

MINIMUM ENABLE IN SETUP TIME lsetuP 
5 

10 
15 

SET OR CLEAR OPERATION 

PROPAGATION DELAY TIME lpLH• t,.Hy 
5 

10 
15 

MINIMUM SET OR CLEAR PULSE WIDTH f'Ws,PWc 
5 

10 
15 

SET OR CLEAR REMOVAL TIME lrem 
5 

10 
15 

Min. Typ. 

- 150 

. ··1 
- 75 
- 60 

- 95 
- 50 
- 35 

- 250 
- 100 
- 75 

- 300 
- 125 
- 100 

- 95 
- 50 
- 35 

- 175 
- 80 
- 60 

- 130 
- 65 
- 50 

- 165 
- 85 
- 65 

1.5 3.0 
3.0 6.0 
4.0 8 

15 -
15 -
15 -

- 175 
- 60 
- 45 

- 350 
- 150 
- 115 

- 90 
- 35 
- 30 

- -20 
- -10 
- . 7.5 

1 When units are cascaded, the maximum rise and fall times of the clock input should be equal to or 
less than the transition times of the data outputs driving data inputs, plus the propagation delay of 
the output driving stage for the output capacitive load. 
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Max. 

300 
150 
120 

190 
100 
70 

500 
200 
150 

600 
250 
200 

190 
100 
70 

350 
160 
120 

260 
130 
100 

330 
170 
130 

--
-

-
-
-

350 
120 
90 

700 
300 
230 

180 
70 
60 

0 
0 
0 

SCL4527B 

UniU 

µAde 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

µs 

ns 

ns 

ns 

ns 



SCL4527B 

APPLICATIONS INFORMATION 
Multiplication of Two Variables 

A 
R1 "' fCLK 1101 

R2 = fcLK (~) 1180> = fcLK 1{~~1 
N 

R3 = fCLK 1101 

R2 addresses "up" count, R3 ad
dresses •down" count. The interface 
circuit converts to a single clock with 
mode control. When loop stabilizes, 

R2= R3 

AB N 
fcLK l;ool = fcLK <101 

or N =AB 
10 

Note: To prevent simultaneous "up" and 
"down" commands, a multiphase clock 
input must be used. 

Generation of A2/3 

A2 1 A2 
R1 = fCLK 1100> (10) = fcLK 11000> 

N3 
R2 = fcLK !'1'0ciQI 

At equilibrium, 

R1 = R2 

N3=A2 

or N = A2/3 

Note: To prevent simultaneous "up" 
and "down" commands, a multiphase 
clock input must be used. 

Frequency Ratios 

R1 = f1/1on 

R2 = f2N/1 on where n = number of stages 

At equilibrium, 

R1 = R2 

N "'f1 /f2 

Note: To prevent simultaneous com
mands (overlap), f1 and f2 may require 
preconditioning. 

.. •''' 

40018 

··....-~~~~~~~~ 
~....-~~~~~~~--' 
•'i.-~~~~~~~~~-' 

N • '1''2 
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SCL4528B 

CMOS DUAL MONOSTABLE MULTIVIBRATOR 
FEATURES 

• Two Independent Multivibrators on One Chip • Triggerable from Leading- or Trailing-Edge 
Pulse • Retriggerable • Resettable • Q and Q Buffered Outputs Available • Wide Range of Output Pulse Widths 

DESCRIPTION 

The 45288 Dual Multivibrator provides 
stable retriggerable/resettable one-shot operation 
for any fixed-voltage timing application. Timing 
for the circuit is controlled by an external resistor
capacitor combination (Rx·Cxl. Adjustment of 
these components permits generation of output 
pulse widths from nanoseconds to minutes. 
Leading-edge and trailing-edge Trigger inputs are 
provided, and both positive-going and negative
going pulses are available from complementary 
outputs. 

Timing pulses may be terminated at any time 
by applying a low logic level to the Reset input 
Co. 

FUNCTION TABLE 

INPUTS OUTPUTS 

Co A B a a 
L x x L H 
x H x L H 
x x L L H 
H t H n u 
H L .j, rt. u 

H = High Level (Steady State) 
L = Low Level (Steady State) 
t = Transition, Low-to-High 
.j, =Transition, High-to-Low 
X = Irrelevant (Inc. Transitions) 
Fl= One High-Level Pulse 
U= One Low-Level Pulse 
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CONNECTION DIAGRAM 
(all packages) 

Voo 2T1 2T2 2Co 2A 28 20 2Cr 

16 15 14 13 12 11 10 9 
45288 

2 3 4 5 6 7 8 

1T 1 1T2 1 Co 1A 18 10 fQ Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo • Vss 

Operating Temperature 
C, D, F, H Device 
E Device 

BLOCK DIAGRAM 
(one of two devices) 

3 to 15 Vdc 

-55 to +125 oc 
-40 to +85 oc 

---"'a 
RESET 

Rx and Cx are extern•I eomponentt. 



SCL4528B 

45288 PULSE WIDTH vs. Rx. ex. VDD 

10MU 
8 

• 
' 

' 
!Mi! • • 

' 
IZ 7) 77 ff 

' 
100kll 

8 

• 
• 
' 
8 

1 ... 
• ~ r;;r .. 17" '// 
41 15v 

' .iJ ·~~ ~ ~ 
... ... 

Jib. ~ ~ n.n 
' 4 a aT ' •• 8 2 •• 8 2 4 6 8 

10'' 111' 10'' 10'' 10. 

PULSE WIDTH fSec:ondsl 

LOGIC DIAGRAM 

•STANDARD INPUT PROTECTION AT THESE POINTS 

Notes: 
There is no effective maximum limit on Rx; 

recommended mini1TL1m value for Rx is 1 KO. 
There are no restrictions on the value of Cx. 

For proper operation all unused inputs should 
be tied to e logic level. The mode ·point (T21 of a 
unused half of device should be tied high through 
an external resistor to V DD· 
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' 4 6 8 1 4 6 8 2 4 6 8 2 4 6 8 

111 1 10'' ta" 10' 

- r--·r---,----.----~ 
I IS :T J f ---+-+-- - .. -·-1----" 

I---'' FOR ALL VALUES OF VOD 3 VT~ 18 V I-- V 
~110 ~ 
2 - r--+-T-- -- --+- - ......,--··~ ,4:-+.--1 
~ 1osl--+·--I·-- '-···-- - -~ -- --I---
:; t-/ -----~ 
~ 1 0 -~---1---1---l 
~ ......1 .....-1 -t--4- . -+ ---+----+---! 
< 09S p - ----l T" 
~ ~-1. .. ._...d ---- f-- µ --+--1---'1---4---1---1 
0 V"'" I I 
zogo/ T 

I 
0.851---4--+--+--++-~--ll---+--1---+----I 

-60 -40 -20 20 40 60 80 100 120 140 
TA. AM~IENT TEMPERATURE (DC! 

Normalized Pulse Width versus Temperature 



ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 1 

PARAMETER Vpp CONDITIONS Tuiw' +25°C THIGH2 

(Vdcl Min. Mix. Min. Typ. Mix. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N == Vss or V0 o - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
20 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
' T Low= -55°C for c. D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL = 50pF, TA= 25"C) 

PARAMETER 

PROPAGATION DELAY TIME 

From A or B 

From C0 

OUTPUT TRANSITION TIME 

Note: OOutput 

MINIMUM INPUT PULSE WIDTH 
A or B Input 

OUTPUT PULSE WIDTH MATCH 
Same package 

Different packages 

v .. , DRAIN VOLTAGE IVdc} 
-20 ·18 ·16 -14 ·12 -10 ·8 ·6 ·4 ·2 

I ! 
~ V".J.=-5Vdc~ 

v, .. "I-~:.d 
_l v 

I- Yes =-15 Vdc t--

tPLH• 

tPHL 

tTLH• 
tTHL 

tTLH 

PW," 

aPWout 

·5 
-10 i .. 
·15 il!l 
-20 • 

-251 
!i 

Cx Rx Vpp 
(pFI (k!11 (Vdcl 

15 5 5 
10 
15 

1000 10 5 
10 
15 

15 5 5 
10 
15 

1000 10 5 
10 
15 

- - 5 
10 
15 

15 5 5 
10 
15 

1000 10 5 
10 
15 

- - 5 
10 
15 

1000 10 5 
10 
15 

1000 10 5 
10 
15 

Min. Typ. Max. 

- 270 540 
- 90 180 
- 70 140 

- 510 1020 
- 170 340 
- 120 240 

- 270 540 
- 90 180 
- 70 140 

- 550 1100 
- 300 600 
- 250 500 

- 130 260 
- 65 130 
- 50 100 

- 130 260 
- 65 130 
- 50 100 

- 270 540 
- 240 480 
- 220 440 

- 70 140 
- 30 60 
- 25 50 

- ± 7.5 ±15 
- '±10 ±20 
- ±10 ±20 

- - ±50 
- - ±50 
- - ±50 

Mix. 

150 
300 
600 

SCL4528B 

Units 

µAde 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

% 

% 

T =25° C i J. 
4 6 8 10 12 14 16 18 20 T.=25°C 

l 
I 

Typical P-Channel 
Source Current Characteristics 
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V.,, DRAIN VOLTAGE (Vdc} 

Typical N-Channel 
Sink Current Characteristics 



SCL4528B 

A 

e 

Co 

0 

a 

Vss 

Voo 

AC TEST WAVEFORMS 

SO% 

PW in '• ,, 
., '• 

Voe 
-··--'-· --·--1 

., 
Voe 

-----~------,-

PWout 
IPHL r------....,-i r--• r"----

SO% so .. 

ITLH -~ i-
'THL, r: 

~1PLH 

SO% so .. so .. 

APPLICATIONS INFORMATION 

Cx Rx 

A .--_._T_1 _~ V"° 

. ~OUT 
y, 45288 

B b 

Co 
Vou 

Astable Operation 

c., R., 

r---..--~~--<1 ...... 'V'V~.....-Voo 
Tl T2 

Vss 

A 01 

y, 45288 

B 01 

Voo 

Co 

Voo 

Q2 

Vss 

A 

B 

v .. ,. 

IN 

c < 

11 T/ 

A 

Ya 45288 
l! 

c,, 
Vno 

AJlIUUL__ 

L 
T --i 

R, 
vl.J,, 

OUT 

Connection for Non-Retriggerable Operation 

c" R,_. 
V[IO 

Tl T2 

02 
OUT 

y, 45288 

02 

Co 
Voe 

LI 

Astable Multivibrator with Adjustable Period and Duty Cycle 
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FEATURES 

t Variable Word Length 
t Buffered Output 
t Parity Sel,ction Input 

DESCRIPTION 

The 4531 B 12-Bit Parity Tree is con
structed with MOS P-channel and N-channel 
enhancement-mode devices in a single monolithic 
structure. The circuit consists of 12 Data-bit inputs 
(DO thru D11 I, an even or odd Parity Selection 
input (WI, and an output (QJ. The Parity Selection 
input can be considered as an additional bit. Words 
of less than 13 bits can generate an even or odd 
parity output if the remaining inputs are selected 
to contain an even number of 1 's. Words of greater 
than 12 bits can be accommodated by cascading 
other 4531 B devices by using the W input. 
Applications include checking or including a redun
dant (parity) bit to a word for error detection/ 
correction systems, controller for remote digital 
sensors or switches (digital event detection/ 
correction), or as a multiple-input summer without 
carries. 

TRUTH TABLE 
11'4PUTS 

DECIMAL 
IOCTALI 

OUTPUT 

w 011 010 02 01 DO EQUIVALENT Q• 
0 IOI 
I 111 
::z 121 
3 131 ,., ... ,., 

'" 
818• 1111'101 
8181 IUJ111 
81861111721 
8187 1111131 

8188 117'141 
819911J7JSI 
8190 1171761 
SHU 1171711 

0• 1-"-llY l'llDte --. .. , .... ,"•totu•l•pphuttO•by 
I •OdCll"-1ty "'9fttpulall"8W&ftdlO•Other•"••leble0·1 

SCL4531B 

CMOS 12-BIT PARITY TREE 

CONNECTION DIAGRAM 
(all packages) 

Voo 07 08 09 010 011 w a 

16 15 14 13 12 11 10 9 
45318 

2 3 4 5 6 7 8 

06 05 04 03 02 01 DO V55 

Add suffix for package: 

c 16-pi·· Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDo - Vss 3 to 15 Vdc 

Operating Temperature 
C, D, F, H Device -55 to +125 oc 
E Device 

LOGIC DIAGRAM 

DO 7 n....--1..;r--... 

D1 •~-nc__..

D2 5 ,..__._,r--.. 

D3 4 

D4 3 ,...__.._.--..... 

D& 1 "--'-'r-' 

D7 15 ~"""Tl'--" 

D8 14 "--'-'r-' 
D9 13_...,_, 

D10 12n.... ....... --.. 

D11 11 --rz-' 

-40 to +85 oc 

90 

Dclcl/E .. n W 10 o---------- v00 .. Pin 16 

Vss ·Pin a 

Q • DO@ D1 @ D2@ .... @ D11 @ W 
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ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Voo CONDITIONS Tuwv2 +25°C THIGH 2 
Units 

(Vdc) Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = Vss or V00 - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications#. 
2 T LOW= -55°C for C. D, F, H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER Voo 
(Vdc) 

PROPAGATION DELAY TIME 
From D Inputs tPLH• tPHL 

5 
10 
15 

From W Input tPLH• tPHL 
5 

10 
15 

OUTPUT TRANSITION TIME tTLH• tTHL 
5 

10 
15 

V08, DRAIN VOLTAGE (Vdc) 
·20 -18 -16 ·14 -12 ·10 ·8 ·6 .4 ·2 

v T=-Ivdcy::::::: ~ "l 2'. 
v .. "I-1~ Vdc~ L 

I --l--"'" 

t--
t- V08 =-15 Vdc 

-5 ;; 
-10 ~ 
-15 ~ 
-20 z .. -251 

Min. Typ. Max. 

- 420 840 
- 175 350 
- 120 240 

- 250 500 
- 100 200 
- 70 140 

- 130 260 
- 65 130 
- 50 100 

150 µAde 
300 
600 

Units 

ns 

ns 

ns 

T = 25° C 
~ .l. 

i 0 4 6 8 10 12 14 16 18 20 

Typical P-Channel 
Source Current Characteristics 

250 

V115, DRAIN VOLTAGE (Vele) 

Typical N-Channel 
Sink Current Characteristics 
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FEATURES 
• Convarllt from 1 of 8 binary 
• Provides caamdlng features to handle any number of 

Inputs 
• group aelact lndlcaeae- or more priority Inputs 
• Slandanllzed, symmetrical output characteristics 
• Noise margin (full package-temperature range): 

1VatVDD = &V 
2VatVDD = 10V 
2.&VatVDD = 1&V 

• &V, 10V, and 1&V parametric ratings 

APPLICATIONS 
• Priority encoder 
• Binary or BCD encoder llcayboard encoding) 
• Floating point arflhmatlc 

DESCRIPTION 
The 45328 consists of combinational logic that encodes 

the highest priority input (D7-D0) to a 3-bit binary code. 
The eight inputs, D7 through DO, each have an assigned 
priority; D7 is the highest priority and DO is the lowest. 
The priority encoder is inhibited when the chip-enable input 
E, is low. Then E, is high, the binary representation of 
the highest-priority input appears on output lines 02-00, 
and the group select line GS is high to indicate that 
priority inputs are present. The enable-out (Eo) is high when 
no priority inputs are present. If any one input is high, 
Eo is low and all cascaded lower-order stages are disabled. 

SCL4532B 

CMOS 8-BIT PRIORITY ENCODER 

CONNECTION DIAGRAM 
Yoo Eo G5 D3 DZ DI DO QO 

D4 D5D&D7E102QI Yss 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should 
be selected so that operation is always within the following 
ranges . 

Ch•rac:bltlstlc Min. Max. Units 
Supply Voltage 
Range (for TA= 3 15 v 
Full Package 
Temp. Range) 

FUNCTIONAL DIAGRAM 

•• 

00 

TRUTH TABLE 

Input Output 

E1 D7 D8 D5 D4 D3 D2 D1 DO GS 02 Q1 ao Eo 
0 x x x x x x x x 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 1 

1 1 x x x x x x x 1 1 1 1 0 

1 0 1 x x x x x x 1 1 1 0 0 

1 0 0 1 x x x x x 1 1 0 1 0 

1 0 0 0 1 x x x x 1 1 0 0 0 

1 0 0 0 0 1 x x x 1 0 1 1 0 

1 0 0 0 0 0 1 x x 1 0 1 0 0 

1 0 0 0 0 0 0 1 x 1 0 0 1 0 

1 0 0 0 0 0 0 0 1 1 0 0 0 0 

X = Don't Care Logic 1 5 High LogicO=Low 
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0 
Yss 

SCL4532B 

Yss 

Ou/a-r davlt:11 cummr 1nr circuit. 

Yoo llCL.-1"6HIRI 

£\ •ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

Vss 

4532 logic diagram. 

y~NPUO... ::::... _ 
o ~ SEGUINTIALLY. 

Vss TO BOTH Yoo -Vss· 
CONNECT ALL L#IUS£D 
-Siii EiTHER 
Yoo CRYss· 

Yss 

Input current rair circuit. 

252 

INPUToyllO OUTPUTS 
Y1H 

::---- . 4' 
VIL ~ 

NOTE: 
TEST ANY ONE INPUT, 

Y19 WITH e:~~~TI AT 

Input 'llOlrags ra1r circuit. 



ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS1 

Yoo TLow2 +25°C 
PARAMETER CONDITIONS 

(Vdc) Min. Max. Min. Typ. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = v 55 or Voo - 5 - 0.05 5 

10 All Valid input - 10 - 0.1 10 
15 combinations - 20 - 0.2 20 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications" 
'TLOw = -55°CforC,D,F,Hdevice. 

= -40°C for E device. 
THIGH = + 125°C for C, D, F, H device 

= + 85°C for E device. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA= 25°C; CL = 50 pf. 

TEST CONDITONS LIMITS 
CHARACTERISTIC Voo ALL TYPES 

VOLTS TYP. 

PROPAGATION DELAY TIME tPHL• tPLH 5 110 

E1to Eo, E1to GS 10 55 

15 45 

5 170 

E1 to Qm, Dn to Gs 10 85 

15 65 

5 220 

DntoQM 10 110 

15 85 

5 100 

TRANSITION TIME trHL• trLH 10 50 

15 40 

INPUT CAPACITANCE C1N Any Input 5 
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SCL4532B 

THIGH2 
Units 

Min. Max. 

- 150 11Adc 
- 300 
- 600 

UNITS 
MAX. 

220 

110 

85 

340 

170 ns 

125 

440 

220 

160 

200 

100 ns 

80 

75 pF 



SCL4532B 

Pin No"s 

Clock' t121 

Oat• In 1 t9J 

tHtuD1 

11·bU OU1PUt1 ( 15) 
11·blt input 

32-b•t ouaaur 6 '101 
33-bit input 

'•tup 1 

4l·bit outout 2 f141 
•l·ttlt input 

c 

N! TEST WAVEFORMS 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT ANO WAVEFORM 

REPETITIVE WAVEFORM 

Voo 

00------0-1 

c 0---+---0-l 

o---/ 
,.--voo 

\._ ___ ! Vss 

Cf• 112 fol 

Oita 

Wrlftl __r-...,oao--------
Elllllle-V 

EXPANDED BLOCK DIAGRAM 
(1/2 OF DEVICE SHOWN) 

Wrlftl Enlbll • 0, 18-blt ou111u1 
Write Enllbl• • 1, 17-blt Input 
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32-1111 out11ut 
33-blt Input 

10 .. so::} 

48·blt output 
49-blt lnout 

Voo 

Vss 

Voo 

Vss 

Voe 

vss 

voo 

Vss 

Voo 

Vss 

84•bit OUtPUt 
High Impedance 
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SCL4543B 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
FEATURES 

• Phase Input Signal Reproduced on Outputs for 
Liquid Crystal Display 

• Latched Storage of Input Code 
• Blanking Input for Display Intensity 

Modulation 
• Readout Blanking for Illegal Input 

Combinations 
• Pin Compatible with CD4056A (with Pin 7 

Tied to Vssl 

DESCRIPTION 

The 4543B BCD-to-7 Segment Latch/ 
Decoder/Driver is designed for use with liquid 
crystal readouts and is constructed with comple
mentary MOS (CMOS) enhancement-mode devices. 
The circuit provides the functions of a 4-bit storage 
latch and a 8421 BCD-to-seven segment decoder 
and driver. The device has the capability to invert 
the logic levels of the output combinations. The 
Phase (Phi, Blanking (Bl), and Latch Disable (LOI 
inputs are used to reverse the truth-table phase, 
blank the display, and store a BCD code, respec
tively. For liquid crystal readouts, a square wave is 
applied to the Ph input of the circuit and the 
electrically common backplane of the display. The 
outputs of the circuit ar.e connected directly to the 
segments of the readout. For other types of 
readouts, such as light-emitting diode (LEDi, in
candescent, gas discharge, and fluorescent read
outs, connection diagrams are given on this data 
sheet. 

Applications include instrument (e.g., counter, 

TRUTH TABLE 

INPUTS OUTPUTS 

LO •• ... D C B A a b c .. f • 0.spley 

x I 0 x x x x 0000000 ...... 
I 0 0 o a o o I 1 1 1 1 1 0 0 
1 0 0 0 0 0 I 0 1 1 0 0 0 0 1 
1 0 0 0 0 1 0 1 1 0 1 1 0 1 2 
1 0 0 0 0 1 1 1 1 1 1 0 0 1 3 
1 0 0 0 1 0 0 0 1 1 0 0 1 1 • 
1 0 0 0 1 0 1 1 0 1 1 0 1 1 5 
1 0 0 0 1 1 0 1 0 1 1 1 1 1 8 
1 0 0 0 1 1 1 1 1 1 0 D 0 0 1 
1 0 0 1 0 0 0 1 1 1 1 1 1 1 • 1 0 0 1 0 0 1 1 1 1 1 0 1 1 • 1 0 0 1 0 I 00000000 81M• 
1 0 0 1 0 1 1 0 0 0 0 0 0 0 Bl•fllll 

1 0 0 1 1 0 0 0000000 Blanlr. 
1 0 0 1 1 0 1 0000000 Blank 
1 0 0 1 1 1 00000000 Blank 
1 0 0 1 1 1 1 0000000 Bl•nll. 
0 0 0 x x x x .. .. 
t 1 1 t ISW8fte ol Output Display 

Combin.t10M .. •bov• 
A .... 

X ~ Don't care 
t • Abawe Comb1nat1ont 
• " For liquid crystal readou11, 8PPIY a sq.,.,, wev. to Ph 

For camman cathode LEO rNdout1, sel.c1 Pti • O. 
For common anode LED rffdo.111, select Ph • I. 

• • • Depend1 upon the BCD code prev1outty 1PP111d when LO • 1 
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CONNECTION DIAGRAM 
(all packages) 

Voo f g a d c b a 

16 15 14 13 12 11 10 9 
4543B 

2 3 4 5 6 7 8 

LO c B D A Ph Bl Vss 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo • Vss 3 to 16 Vdc 

Operating Temperature TA 
C, D, F, H Device -66 to +12& oc 
E Device -40 to +86 oC 

DVM, etc.I display driver, computer/calculator 
display driver, cockpit display driver, and various 
dock, watch, and timer uses. 

BLOCK DIAGRAM 

5 A 9 • 
3 B b 10 :ab 2 c ,, 
4 D d 12 

d 
6 Ph 13 

81 15 v 00 ° Pin 16 

LO 14 Vss • Pln8 

DISPLAY 

IOI 112131'-llSl6l 7IBl91 
0123456 89 



SCL4543B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS TLow 2 +25°C THIGH 2 
Uniu 

(Vdc) Min. Max. Min. Typ. Max. Min. Max. 

QUIESCENT DEVICE looJ 
CURRENT 5 V1N=V55orVoo - 5 - 0.05 5 - 150 µAde 

10 All val id input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW = -55°C for C, 0, F, H device. 

= -40°C for E device. 
THIGH = +125°C for c. D, F. H device. 

= + B5°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA = 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

MINIMUM DATA INPUT SETUP TIME 

MINIMUM DATA INPUT HOLD TIME 

MINIMUM LO PULSE WIDTH 

V..,, DRAIN VOLTAGE IVdc) 
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 

Typical P-Channel 
Source Current Characteristics 

tpLH• tPHL 

tTLH• tTHL 

lsetup 

thold 

PW Lo 
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Voo 
(Vdc) 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

50 

I :~ 
35 i 30 

"' 25 
.. 20 

.. I 15 
10 

j 5 

Min. Typ. Max. Units 

- 550 1100 ns 
- 210 420 
- 160 320 

- 100 200 ns 
- 50 100 
- 40 80 

- -40 0 ns 
- -15 0 
- -10 0 

- 40 80 ns 
- 15 30 
- 10 20 

- 125 250 ns 
- 50 100 
- 40 80 

I I I 
t--VGS = 15 Vdc -I 

v 
k'.': 

.Ll I 

IL Vos= 10 Vdc 

~ 
_i.Y 

~ 
~ Vcs= 5 Vdc T.=25°C t---1 

J_ .l j_ _L 

0 2 4 6 8 10 12 14 18 18 20 
v ... DRAIN VOLTAGE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



A 5 

B 3 

c 2 

04 

LO 1 

v00 =Pin 1& 
Vss• Pln8 

LOGIC DIAGRAM 

Phase 8 

APPLICATIONS INFORMATION 

SCL4543B 

9a 

10 b 

11 c 

12 d 

13. 

15 I 

14 9 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

45438 
Output 

Ph 

LIQUID CRYSTAL (LCI READOUT 

46438 
Output 

Ph 
Common 
Beck plane 

Square Wave 
<Vss to Voo1 

LIGHT EMITTING DIODE (LEDi READOUT 

Common 

Cathode LED 
Common 

Anode LED 

Ph 

Voo 

Note: Bipolar transistors may be added for gain (for Voo <:1ov or lout~ 10 mA). 

46438 
Output 

Ph 

FLUORESCENT READOUT 

Vss 

Filament 
Supply 

257 

INCANDESCENT READOUT 

Appropriate 
Voltage 

GAS DISCHARGE READOUT 

Appropriate 
Voltage 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

t Buffered Outputs 
t Selected Output Active High (4555BI or 

Active Low (4556B) 
t Expandable 

DESCRIPTION 

The 4555B and 45568 are constructed 
with complementary MOS (CMOS) enhancement
mode devices. Each decoder/de1TUltiplexer has two 
Select inputs (A and Bl, an active-low Enable input 
(El, and four niutually-exclus!'!e outputs 100; 01, 
02, 031. The 4555B has the selected output 
go to the "high" state, and the 45568 has the 
selected output go to the "low" state. Expanded 
decoding such as binary-to-hexadecimal (1-of-16), 
etc., can be achieved by using other 45558 or 
4556B devices. 

Applications include code conversion, address 
decoding, memory selection control, and demulti
plexing (using the Enable input as a data input) in 
digital data transmission systems. 

TRUTH TABLE 

Inputs Outputs Outputs 

Enable Select 45558 45568 

E 8 A 03 02 01 oo 03 02 01 oo 
0 0 0 0 0 0 1 1 1 1 0 
0 0 1 0 0 1 0 1 1 0 1 
0 1 0 0 1 0 0 1 0 1 1 
0 1 1 1 0 0 0 0 1 1 1 

1 x x 0 0 0 0 1 1 1 1 

X = Don"t Care 

SCL45558 
SCL45568 

CMOS DUAL 2· T0-4 LINE DECODERS 
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CONNECTION DIAGRAM 
(all packages) 

V90 ~8 A8 
i 

8 aQ a• a• a• 
_J3 18 118 ~8 TB 

16 15 14 13 12 11 10 9 
4555B 4556B 

I 2 3 4 5 6 7 8 
'::J 

;!A Jati71"J J EA BA A Q1A Q2A 03A V55 

• 1 nverted for 4556B 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

oc Supply Voltage VDD - Vss 3 to 15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55to+126 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAMS 

45558 4556B 

2 A 4 A 
.. 

2 

B 
5 5 

3 3 B 

r 6 6 e 

14 A 12 
14 A 12 

13 B 
11 11 

13 B 

e 10 
E' 

10 
15 

9 
15 9 

v 00 •Pin 16 
V55 •Pini 



SCL4555B, SCL4556B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Voo CONDITIONS Tuiw' +25°C THIGH 2 
Units 

{Vdcl Min. Max. Min. Il'P· Max. Min. Mix. 

QUIESCENT DEVICE loo 
CURRENT 5 V,N=lfssorVoo - 5 - 0.05 5 - 150 µAde 

10 All valid inputs - 10 -· 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
' T Low= -55°C for c. D. F. H device. 

= -40°C for E device. 
THIGH = +125°C for C, D, F, H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25'C) 

PARAMETER 

PROPAGATION DELAY TIME 
45558 

45568 

OUTPUT TRANSITION TIME 

V08, DRAIN VOLTAGE (Vdcl 
·20 -18 ·16 ·14 -12 ·10 ·8 ·6 .4 -2 

r--+--+-i-+--+ v~-J Vdc ~ :~o f 
I .t::::t: L "" 

V05 =-10 Vdt /1 -15 z~ 
l-+--+--+-ll-f-::::o+"'=-t--l-f--l·20 

.1 v -2sS 
1--t- Vos =-15 Vdc I 
f---+---+-+--+---+-+--+- T = 25' C 

.L .1 

Typical P-Channel 
Source Current Characteristics 

I 

Voo 
{Vdc) 

tPLH• tPHL 
5 

10 
15 

tPLH• tPHL 
5 

10 
15 

tTLH• tTHL 
5 

10 
15 

Min. 

-
-
-

-
-
-

-
--

Typ. Max. Units 

140 280 ns 
65 130 
50 100 

160 320 ns 
75 150 
50 100 

100 200 ns 
50 100 
4Q 80 

4 6 8 10 12 14 16 18 20 
V08, DRAIN VOLTAGE (Vdcl 

Typical N-Channel 
Sink Current Characteristics 

LOGIC DIAGRAM (% of Dual) 

oo 

A 

01 

B 

02 

03 

•Eliminated for 45558 

259 



SCL4555B, SCL4556B 

DlCOOlA 
INPUTS 

DECODER 
INPUTS 

APPLICATIONS INFORMATION 

[ G~·rl ·~ INPUTS ELECT 8 Qt QI 
8 _ 02 02 OUTPUTS 

DATA E l Ql 

116 4069UB 

TRUTH TABLE 

SELECT 
OUTPUTS INPUTS 

B A ao 01 Q2 03 

0 0 DATA 0 0 0 
0 1 0 DATA 0 0 

1 0 0 0 DATA 0 

1 ,. 0 0 0 DATA 

1-of-4 Line Data Demultiplexer Using 45558 

TRUTH TABLE 

00 INPUTS QOUTPUlS 
QI C B A 0 1 2 3 4 5 6 7 
Q2 

Ql 
0 0 0 1 0 0 0 0 0 0 0 

OUTPUTS 0 0 1 0 1 0 0 0 0 0 0 

Q• 0 1 0 0 0 1 0 0 0 0 0 
QO 0 1 1 0 0 0 1 0 0 0 0 
Q6 
QT 1 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 1 0 0 

1 1 0 0 0 0 0 0 0 1 0 

1 1 1 0 0 0 D O 0 0 1 

1-of-8 Decoder Using 45558 

45558 TRUTH TABLE 

INPUTS OOUTPUTS 
00 E D c B A 0 1 2 J 4 5 6 7 8 9 10 
QI 
02 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 ., 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 .. 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 •• 
06 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 ., 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 

OUTPUTS 
0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 
0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 

08 0 I 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

•• 0 I 0 0 I 0 0 0 0 0 0 0 0 0 I 0 
010 
OU 

0 I 0 1 0 0 0 0 0 0 0 0 0 0 0 I 

0 I 0 1 1 0 0 0 0 0 0 0 0 0 0 0 .,, 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 0 I I 0 1 0 0 0 0 0 0 0 0 0 0 0 ... ... 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

0 I 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

1 x x x 0 0 0 0 0 0 0 0 0 0 0 0 

X • don't care 

1-of-16 Decoder Using 45558/ 45568 
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11 12 13 14 15 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

I 0 0 0 0 

0 I 0 0 0 

0 0 I 0 0 

0 0 0 1 0 

0 0 0 0 1 

0 0 0 0 0 



SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Function and Pinout Equivalent to 74181 
+ Provides 16 Logic Functions and 16 Arithmetic 

Functions 
+ Comparator Function 
+ Positive or Negative Logic 
+ Full Look-Ahead for High-Speed Operations on 

Long Words 

DESCRIPTION 

The 4581 B is a CMOS 4-Bit Arithmetic 
Logic Unit (ALU) capable of providing 16 func
tions of two Boolean variables and 16 binary 
arithmetic operations on two 4-bit words. The level 
of the Mode Control input determines whether the 
output function is logic or arithmetic. The desired 
logic function is selected by applying the appro
priate binary word to the Select inputs (SO thru 
S31 with the Mode Control input high, while the 
desired arithmetic operation is selected by applying 
a low voltage to the Mode Control input, the 
required· level to Carry in, and the appropriate 
word to the Select inputs. The Word inputs and 
Function outputs can be operated with either 
active-high or active-low data. 

Carry propagate (Pl and Carry generate (GI 
outputs are provided to allow a full look-ahead 
carry scheme for fast simultaneous carry genera
tion for the four bits in the package. Fast 
arithmetic operations on long words are obtainable 
by using the 4582B as a second-order look
ahead block. An inverted Ripple-Carry input ICnl 
and a Ripple-Carry output 1Cn+41 are included for 
ripple-through operation. 

ALU SIGNAL DESIGNATIONS 

Designation Pin Nos. Function 

A3, A2, A1, AO 19,21,23,2 Word A Inputs 
83, 82, 81, BO 18,20,22, 1 Word B Inputs 

S3,S2,S1,SO 3,4 5,6 
Function-Select 

Inputs 

St 7 Inv. Carry Input 

MC 8 
Mode Control 

Input 
F3, F2, F1, FO 13, 11, 10, 9 Function Outputs 

A=B 14 Comparator Output 

p 15 
Carry Propagate 

Output 

Cn+4 16 Inv. Carry Output 

G 17 
Carry Generate 

Output 

SCL4581B 

CMOS 4-BIT ARITHMETIC LOGIC UNIT 
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CONNECTION DIAGRAM 
(all packages) 

INPUTS OUTPUTS ,,_..,-..---.... ,.-...-- . 
Voo A1 B1 A,_ B:z A:3 B3 G Cn+4 p A=B F3 

24 23 22 21 20 19 18 17 16 15 14 13 
4581B 

2 3 4 5 6 7 8 9 10 11 12 

BO AO S3 S2 S1 so Cn MC FO F1 F2 Vss ------------ ·~,,,_,, 
INPUTS OUTPUTS 

Add suffix for package: 

D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD • Vss 3 to 15 Vdc 

Operating Temperature 
D, H Device 
E Device 

-55 to +125 oc 
-40 to +85 oc 

BLOCK DIAGRAM 

Fun,·1oon 1: 
Selec.:1 
lnpun S 

6 

W'!.'dl2: 
A 21 

19 

W~•dl2: 
B 20 

18 

Carry In 7 

Voo .. Pin 24 
v 55 =Pin 12 

91 10 Output 

11 Function 

13 

14 ~:'::~'''°" 
Ripple 

16 Cetr't 
Output 



SCL4581B 

ALU FUNCTION GENERATION 
The 4581 B can be used with the signal designations of either Figure 1 or Figure 2. 

The logic functions and arithmetic operations obtained with signal designations as in Figure 
1 are given in Table 1; those obtained with the signal designations of Figure 2 are given in 
Table 2. 

3 

'·-·· 1 Select 4 4 

Inputs 5 5 

6 6 
Voo"' Pin 24 
V55"" Pin 12 __ , l 9 

23 

21 
10 Output 

11 Function 
19 

Wo•d B 1 
13 

22 
A 8 14 Compauson Output 

20 
R 1pple Carry Output Cn+4 16 

18 
Ci 17 } Look Ahead Carry In 

Carry Outputs 
Mode Control 8 

p 15 

FIGURE 1 
(Use with Table 1 for Positive logic, 

with Table 2 for negative logic) 

TABLE 1 
ACTIVE·LOWOATA 

SELECTION 
·MC•H MC• L; ARITHMETIC OPERATIONS 

SELECTION 

Isa S2 
LOGIC C,, • L C,, • H· 

S3 s2 S1 so 
FUNCTIONS tno-vl (wi11t . .....,1 

L L L L F•A F •A MINUS 1 F•A L· L 

L L L H F •Ali F •AB MINUS 1 F •AB L L 

L L H L F•A+B F •A!° MINUS 1 F •Ali" L L 

L L H H F • 1 F • MINUS 1 12'< COMPI F •ZERO L L 

L H L L F•i!r+l F •A PLUS IA+ Bl F • A PLUS IA+ Bl PLUS 1 L H 

L H L H F • ll F • AB PLUS IA +Bl F • A8 PLUS IA + 111 PLUS 1 .L H 

L H H L F• A@ B F •A MINUS B MINUS 1 F •A MINUSB L H 

L H H H F•A+li F•A+li F • IA + D\ PLUS 1 L H 

H L L L F•AB F •A PLUS IA+ Bl F • A PLUS IA+ Bl PLUS I .H L 

H L L H F•A@ B F •APLUSB F•APLUSBPLUS 1 H L 

H L H L F•B F •Ali PLUS IA+ Bl F • Ali PLUS IA·+ Bl PLUS 1 H L 

H L H H F•A+B F •IA•BI F •IA+ Bl PLUS.1 H L 

H H L L F•O F II A PLUS A· F •A PLUS A PLUS 1 H H 

H H L H F •Alf F •ABPLUSA F •AB PLUS A PLUS 1 IH H 

H H H L F•AB F • AlrPLUSA F • Alr PLUS A PLUS 1 H H 

LH H H H F•A F•A F •APLUS 1 H H 

•Each bit is shifted to the next more significant position. 

When the device is in the subtract mode 
(LHHLI, comparison of two 4-bit words present at 
the A and B inputs is provided using the A=B 
output. It assumes a high-level state when indi· 
eating equality. Also, when the ALU is in the 
subtract mode the Cn+4 output can be used to 
indicate relative magnitude as shown in this table: 
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51 so 
L L 

L H 

H L 
H H 

L L 

L H 

H L 
H H 

L L 

L H 

H L 

H H 

L L 
L H 

H L 
H H 

9 
23 

21 
10 

19 
11 

13 

22 
A•B 14 

20 
16 

18 
G 17 

8 
p 15 

FIGURE 2 
(Use with Tabla 2 for positive logic, 

with Table 1 for negative logic) 

TABLE 2 
ACTIVE·HIGH OATA 

MC•H MC• L: ARITHMETIC OPERATIONS 

LOGIC °Cn•H e;;-.L 

FUNCTIONS (no-vi (WilltClfl'YI 

F •A F•A F •A PLUS 1 

F • lr+ll F • A+ B F• IA+BI PLUS 1 

F •AS F•A+!° F • IA+ 111 PLUS 1 

F•O F •MINUS I 12°1 COMPLI F •ZERO 

F •All F •A PLUS Ali" F •A PLUS Ali PLUS 1 

F•1 F • IA + Bl PLUS All" F • IA + Bl PLUS Ali PLUS 1 

F• A@ B F •A MINUS B MINUS 1 F • AMINUSB 

F •All" F •A!° MINUS 1 F •Alf 

F•A+B F•APLUSAB F • A PLUS AB PLUS 1 

F•A@ B F•APLUSB F •A PLUS B PLUS I 

F•B F •IA+ 111 PLUS AB F • IA + 111 PLUS AB PLUS 1 

F•AB F •ABMINUS 1 F•AB 

F•1 F •A PLUS A• F • APLUSAPLUS1 

F •A+ 11 F •IA+ Bl PLUS A F• IA+ Bl PLUS A PLUS 1 

f .. A+B F • IA+lilPLUSA F •IA +"11 PLUS A PLUS 1 

F•A F •A MINUS 1 F•A 

Data 
Cn Cn + 4 Magnitude 

Level 
H H A<:: 8 

Active L H A<B 
High H L A>B 

L L A;,,B 
L L A~B 

Active H L A<B 
Low L H A>B 

H H A;,, 9 



ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS' 

PARAMETER Yoo CONDITIONS TLow1 +2&oC THIQH1 
Units IVdcl Min. Mn. Min. ..!l2:. -· Min. 

QUIESCENT DEVICE lo~ CURRENT 5 V1N°\fssOr\Joo - 5 - 0.05 5 -
10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications"'. 
J T LOW .. -55°C for o. H device. 

0 ~°C for E device. 
THIGH ""+125°C for o. H device • 

.. + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pf, TA= 25"Cl 

PARAMETER Voo 
IVdcl 

PROPAGATION DELAY TIME lpLHolPHL 
Sum In to Sum Out 5 

10 
15 

Sum In to Sum Out !Logic Mode) 5 
10 
15 

Min. Typ. Max. 

T - 400 800 
- 160 320 
- 120 240 

.. 380 T~ - 190 
- 160 320 

Mu. 

150 µAde 
300 
600 

Units 

ns 

ns 

SumlntoA 11 B 5 - i ~~ -i-~-· ~--;;;--1 10 -
15 - 225 450 

Sum In to i5or G 5 - 300 800 ns 
10 - 150 300 
15 - 125 250 

Sum In to Cn•4 5 - 300 eoO-. ·--ns 
10 - 150 300 
15 :_ 125 250 

l-·----1 
carry In to Sum Out 5 - 200 400 ns 

10 - 100 50 
15 - 70 35 

Carry In to Cn•4 5 - 200 I 400 ns 
10 - 100 i 50 
15 - 70 35 

OUTPUT TRANSITION TIME ITLH• ITH~ l 5 - 100 200 ns 
10 - 50 100 
15 - 40 60 

AC Test Setup Reference Table 

TEST 

Surn 1n to Surnou1 
Delay Time 

Sum1n toP 
Delay Time 

Sum," to G 
Delo1y Time 

Sumi" to Cn•4 
Delay Time 

Cn toSumout 
Delay Time 

Cn to Cn•4 
Delay Time 

Sumin 10 A• B 
Delay Time 

Sum1n to Sumout 
Delay Time 

I Logic MOdel 

V.., DllAlll VDLTAIE (Vdc) 
-20 ·18 -16 ·14 -12 ·10 -8 ·6 -4 ·2 0 

V~=-~Vdca ~ 
I . .t::::t::: 

Vcs=-10 Vdc JL ~ 

i.-

I- V08 =-15 Vdc-........., 

AC PATHS 

INPUTS OUTPUTS 

AO A"Y F 

AO 

ilo Cn•y 

BO (; 

Cn Any~ 

Cn Cn•4 

AO A• B 

A11ih Any F 

-5 f -10 

I ·15 
-20 
·25 I 

!I 

DC OAT A INPUTS 

TOV55 TOVoo MOOE 

Remein1n9 A"s Al•li's Add 
Cn 

Remaining A·s 
All B's Add 

Cn 

All A's Rema1n1n9 i·1 Add 
Cn 

AHA·. 
Rema1n1ng i't. Add 

Cn 

AllA's Alli'1 Add 

All A's Alllh Add 

Alllh 
Cn Sub 

Remaining A·s 

AllA"s M 
E11clu11ve 

OR 

I 
Ii 

v .. = 15 Vdc• 

"""' v .... 1lVdc IL 

I 25 

120 15 
10 

SCL4581B 

t---1 r---< 

.LJ ~ 
Vas= IV~ :.=t= 1-T"t._=2l~C -I j 5 

Tl=~C 

Typical P-Channel 
Source Current Characteristics 
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0 2 4 6 8 10 12 14 16 18 20 
V.., DRAlll VDLTAIE (Vdc) 

Typical N-Channel 
Sink Current Characteristics 



SCL4581B 

APPLICATIONS INFORMATION 

ADDITION REQUIREMENTS 

Number Pack'!!!!. Count Carry Method 
of Arithmetic/ Look-Ahead Between 

Bits Logic Units Carry Generators ALU's 

1to4 1 None 
5 to 8 2 Ripple 
9 to 16 3 or4 1 Full Look-Ahead 

17 to 64 5 to 16 2 to 5 Full Look-Ahead 

EXPANSION TECHNIQUES 

16 Bit Al U, Ripple C•rrv 

16 811 ALU, Two Level Look Ahled 

32 B•I ALU Two L""'' LOOI< 0.ha•d Over 16 81t G•oJOI 

Co,,..o.ned two 11vel •ook •"'••d •"d ••oo•• 11:1oy ALU 

4!)8'28 

A and B Inputs and F Outputs are not shown ( 45B 1 Bl. 
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SOLID~ 
STATE~~ 
SCIENTIFIC 

FEATURES 

+ Eipandable to any Number of Bits 
+ High-Speed Operation 
t Directly Compatible with 45818 ALU 

DESCRIPTION 

The 45828 is a high-speed, Look-Ahead 
Carry Generator capable of anticipating a carry 
across four binary adders or group of adders. It is 
cascadable to perform full look-ahead across n-bit 
adders. Carry, generate-carry, and propagate-carry 
functions are provided. 

When used in conjunction with the 4581 B 
Arithmetic Logic Unit (ALU), these generators 
provide high-speed carry look-ahead capability for 
any word length. Each 45828 generates the 
look-ahead (anticipated carry) across a group of 
four ALU's and, in addition, other carry look
ahead circuits may be employed to anticipate carry 
across sections of four look-ahead packages up to 
n-bits. 

Carry input and output of the 4581 B ALU 
are in their true form and the carry propagate IPI 
and carry generate (GI are· in negated form; 
therefore, the carry. functions (inputs, outputs, 
generate, and propagate) of the look-ahead gener
ators are implemented in the compatible forms for 
direct connections to the ALU. Reinterpretations 
of carry functions as explained on the 4581 B 
data sheet are also applicable to and compatible 
with the look-ahead generator. 

PIN DESIGNATIONS 
DESIGNATION PIN N0'1 FUNCTION 

Go,Gi.02.03 3,1,14,6 Active-Low 
Carry-Generate Inputs 

Po.Pi .P2.P:i 4,2,15,8 Actlv•·LOW 
Carry-Propagate Inputs 

£!!. 13 Carry Input 

Cn+•• Cn+y 12.11,9 Carry Outputs 
Cn+z 

G 10 Active-Low Group 
Carry-Generate Output 

p 7 Acttve·Low Group 
Carry·Propagete Output 

LOGIC EQUATIONS 

Cn+• a GO• PO• Cn 
Cn+y • G 1 + Pt • GO + Pt e PO e Cn 

Cn+4: :~: :~: :~: :~: :~: :~: :~: :~: :~: ~~ 
p a P3 e P2 e Pt e PO 
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SCL4582B 

CMOS LOOK-AHEAD CARRY BLOCK 

16 

G1 

CONNECTION DIAGRAM 
(all packages) 

15 14 13 12 11 10 
45828 

2 3 4 5 6 7 

p:j GO PO G3 P3 p 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

9 

8 

Vss 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VoD - Vss 3to15 Vdc 

Operating Temperature TA 
C, D, F, H Device -55to+125 oc 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

Cn+x 12 

Cn+y 11 

Cn+z 9 

4 

2 p 

15 ~ 

& P3 Cl 10 

v 00 •Pin 16 
V55 •Pin e 



SCL4582B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 1 

PARAMETER Yoo CONDITIONS Tuwv2 +26°C THIGH2 
IVdcl Min. Max. Min. "rD· Max. Min. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N = \lss or Yoo - 5 - 0.05 5 -

10 All valid input - 10 - 0.1 10 -
15 combinations - 20 - 0.2 20 -

NOTES: 1 Remaining Static Electrical Characteristics are listed under a40008 Series Family Specifications•. 
2 T LOW = -55°C for c. D. F. H device. 

= -40°C for E device. 
THIGH = +125°C for c. D, F. H device. 

= + 85°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

V.., DllAlll VDLTAIE (Vdcl 
·20 ·18 ·16 ·14 ·12 ·10 .a ·6 .4 ·2 0 

v~=-Iv11e,a ~ 
T .!:":::':""': 

Vas =-10 Vdc _A 
/ 

I i-
I- Vas =-15 Vdc 1--

-5 0 

-10 ii' ·151 
·20 

-25 I 
!I 

tPLH• tpHL 

tTLH• tTHL 

Voo 
IV de I 

5 
10 
15 

5 
10 
15 

Min. Typ. Max. 

- 200 400 
- 100 200 
- 85 160 

- 100 200 
- 50 100 
- 40 80 

Mex. 

150 
300 
600 

Units 

µAde 

Units 

ns 

ns 

Tl=~C I 0 2 4 6 8 10 12 14 16 18 20 
V.., DllAlll VDLTABE IVdcl 

Typical P-Channel 
Source Current Characteristics 

Typical N-Channel 
Sink Current Characteristics 

APPLICATIONS INFORMATION 

M-BIT ALU, FULL.CARRY LOOK-AHEAD IN THREE LEVELS 
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SOLID~ 
STATE ~t:::" 
SCIENTIFIC 

SCL4584B 

CMOS HEX INVERTING SCHMITT TRIGGER 
FEATURES: 

• Schmitt Trigger Action on each Input with no External 
Components 

• Noise Immunity Greater than 30% 
• No Limit on Input Rise and Fall Times 
• Pin for Pin Replacement for CD40106B, MM74C14 and 

MCl4584B 
• Also Pin Compatible with 74C04 and 4069 Hex Invert· 

ers 

DESCRIPTION: 

The 45848 consists of six Schmitt Trigger circuits, 
constructed with MOS P-channel and N-channel en· 
hancement mode devices in a single monolithic struc
ture. These devices find primary use where low power 
dissipation and/or high noise immunity is desired. The 
45848 may be used in place of the MCl40S98 hex 
inverter for enhanced noise immunity or to square up 
slowly changing waveforms. 

LOGIC DIAGRAMS 

1--{>- 2 
3--{>- 4 
5 ---{>o-- 6 

9 ---{>o-- 8 

11 ---{>o-- 10 

13 ---{>o-- 12 

Voo = 14. V55 = 7 
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CONNECTION DIAGRAM 
lall packagasl 

V00 SA SY 5A 5Y 4A 4Y 

13 12 11 10 9 8 
45848 

2 3 4 5 6 7 

lA 1Y 2A 2Y 3A 3Y Vss 

Add suffix for package: 

c 14-pin Cerdip 
D 14-pin Ceramic 
E 14-pin Epoxy 
F 14-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage Voo - Vss 3 to 15 

Operating Temperature T. 

Vdc 

C. D, F. H Device -55 to +125 'C 
E Device -40 to +85 'C 



SCL4584B 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS1 

PARAMETER Yoo CONDITIONS TLow2 +25'C T HIGH2 

(Vdc) ~n. }!ax. ~n. Typ. J!ax. ~n. :.!!ax. 

QUIESCENT loo 5 v.N = Vss or Voo - 1.0 - .005 1.0 - 30 
DEVICE CURRENT 10 All valid input - 2.0 - .01 2.0 - 60 

15 combinations - 4.0 - .02 4.0 - 120 

POSITIVE TRIGGER v,p 5 2.3 3.5 2.3 2.9 3.5 2.3 3.5 
THRESHOLD VOLTAGE 10 4.5 7.0 4.5 5.3 7.0 4.5 7.0 

15 6.8 11.0 6.8 7.7 11.0 6.8 11.0 

NEGATIVE v,. 5 1.5 2.7 1.5 2.15 2.7 1.5 2.7 
TRIGGER THRESHOLD 10 3.0 5.5 3.0 4.4 5.5 3.0 5.5 
VOLTAGE 15 4.0 8.2 4.0 6.5 8.2 4.0 8.2 

HYSTERESIS VH 5 .4 2.0 .4 .75 2.0 .4 2.0 
VOLTAGE 10 .7 3.0 .7 .95 3.0 .7 3.0 

15 .85 4.0 .85 1.2 4.0 .85 4.0 

NOTES: 1 Remaining Static Electrical Characteristics are listed under .. 40008 Series Family Specifications". 
2 T,0 w = -55'C for C. D. F. H devices. 

= -40'C for E Devices. 
T",0 " = +125'C for E. D. F. H devices. 

= + 85'C for E devices. 

DYNAMIC CHARACTERISTICS (CL= SOpF, TA= 25°C) 

Units 

µA 

v 

v 

v 

PARAMETER Yoo Min. Typ. Max. Units (Vdc) 

PROPAGATION DELAY tPLH 5 86 107 150 
TIME tPHL 10 42 48 60 ns 

15 30 35 40 

OUTPUT TRANSITION hu-1 5 44 62 200 
TIME trHL 10 24 29 100 ns 

15 19 23 80 

268 



SOLID~ 
STATE ~t:::' 
SCIENTIFIC 

SCL4585B 

CMOS 4-BIT MAGNITUDE COMPARATOR 
FEATURES 

t Binary or BCD Comparison 
t Expandable 
t A<B, A=B, A>B Outputs Available 

DESCRIPTION 

This 4-Bit Magnitude Comparator performs 
comparison of straight binary and straight BCD 
(8-4-2-11 codes. Three decisions about two 4-bit 
words (A, Bl are made and are externally available 
at three outputs. These devices are fully expand
able to any number of bits without external gates. 
Words of greater length rrey be compared by 
connecting comparators in cascade. The A<'.a and 
A=B outputs of a stage handling less-significant bits 
are connected to the corresponding A<'.a and A=B 
inputs of the next stage handling more-significant 
bits. The A>B cascading input is connected to a 
high level. The stage handling the least-significant 
bits must have a high-level voltage applied to the 
A=B and A>B inputs. An alternate method of 
cascading which reduces the comparison time is 
shown under Applications Information. 

TRUTH TABLE 
J!ii:uts 

Co~ CascadJ!llL 
A3 B3 A2 82 A1 81 AO BO A<B A=B A:::>B 
A~>_!!_? x x x x x ,. 
A3=B3 A:z;>B2 x x x x 1 
A3=B3 A2=B2 A1>B1 A~BO x x 1 
A3mB3 A2mB2 A1=B1 x x 1 
A3=B3 A2=B2 A1=B1 AO=BO 0 0 1 
A3=B3 A2=B2 A1=B1 AO=BO 0 1 x 
A3=B3 A2=B2 A1=B1 AO=BO 1 0 x 
A3mB3 A2aB2 A1=B1 AO<BO x x x 
A3•B3 A2=B2 A1<&1 x x x x 

:~~ A2<&2 x x x x x 
x x x x x x 

x x x x x x 0 

A<B 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 -
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CONNECTION DIAGRAM 
(all packages) 

INPUTS OUTPUTS INPUTS 
___.,__ ,._.,.._ ,.__.. _ 

Voo A3 83 A>B A<B BO AO 81 

l .l .l .l _l _l l _l 

16 15 14 13 12 11 10 9 
4585B 

1 2 3 4 5 6 7 8 

B~ Ai; A!B A>s A<s A~B l1 V~s 
_..,.._. - ,_,.__.. 

INPUT 
INPUTS I CASCADING 

OUTPUT 
INPUTS 

Add suffix for package: 

c 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - Vss 3to15 Vdc 

Operating Temperature 
C, D, F, H Device 
E Device 

-55 to +125 oc 
-40 to +85 oc 

BLOCK DIAGRAM 

Outputs 

A=B A~ " tA>Bl;n 

0 1 • CA•B)in 
0 1 
0 1 

5 tA<Bl;n tA>Bl 011t 13 

0 1 10 AO 

0 1 II BO 
1 0 
0 0 

A1 IA•Btout: 3 

0 0 9 Bl 
0 0 
0 0 
0 0 

2 A2 

B2 tA<Blout 12 

0 15 A3 

1" B3 

v00 •Pin 1& 
Vss •Pin a 



SCL458SB 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS' 

PARAMETER Yoo CONDITIONS Tuwv2 +25°C THIGH 2 
Units IVdcl Min. Max. Min. '!l!!: Max. Min. Max. 

QUIESCENT DEVICE loo 
CURRENT 5 V1N=VssorVoo - 5 - 0.05 5 - 150 µ.Ade 

10 All val id input - 10 - 0.1 10 - 300 
15 combinations - 20 - 0.2 20 - 600 

NOTES: 1 Remaining Static Electrical Characteristics are listed under "40008 Series Family Specifications". 
2 T LOW= -55°C for C, D, F, H device. . 

= -40°C for E device. 
THIGH =+125°CforC,D,F,Hdevice. 

= + B5°C for E device. 

DYNAMIC CHARACTERISTICS (CL= 50pF, TA= 25°C) 

PARAMETER 

PROPAGATION DELAY TIME 

OUTPUT TRANSITION TIME 

¥118, DRAIN VDLTME (Vdcl 
·20 ·18 ·16 ·14 ·12 ·10 ·8 ·6 ·4 ·2 0 

V~=-hd~ ~ 
I .r::::r: 

V08 =-10Vdc ./ 
.L'l 

I-"'" 
~ v .. =-15 Vdc 1--1 

r.=zs·c 
J.. ..l. 

Typical P.Channel 
Source Current Characteristics 

B3~t-{"'' 
' c 

-5 0 

·10 ' 
.15 I 
·20 ; 

·25 i 
I 
I 

IPLH• IPHL 

ITLH• ITHL 

Yoo 
IV de I 

5 
10 
15 

5 
10 
15 

LOGIC DIAGRAM 

• L '1 
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Min. Typ. Max. Units 

- 300 600 ns 
- 125 250 
- 80 160 

- 100 200 ns 
- 50 100 
- 40 !Ill 

I 
i 25 t---t---+-t---t--+Vos = 15 Vdc t--+--
u 201--+...-l-.,...l.c:::::j:::::::j::::::j:=:j~+...-l--l 
I 15 V V08 =1D1v11c+--+--+--i 
... 10 k'.:. 
J 5 ~ v .. =n..l: _±-r1=~c 

0 2 4 6 8 10 12 14 16 18 20 
¥08, DRAIN VDLTME (Vdc) 

Typical N·Channel 
Sink Current Characteristics 



SCL4585B 

APPLICATIONS INFORMATION 

COMPARISON OF TWO N-BIT WORDS 

AO Al A2 A3 A4 AS A6 A7 
' 

0 

An 3 An-2 An 1 An 

~ 
A 

OUTPUTS 

A=B 4585 A=B A=B A=B 4585 A=B 

I 
I I 

BO Bl B2 B3 

B15 
A15 
B14 
A14 
B13 
A13 
B12 
A12 

B11 
A11 
BIO 
A10 

B9 
A9 
BB 
AB 

B7---Cl13 
A7--~IA 

es---12 
A6---i''2 
BS 
A5---'41A 
B4 
A4 

83 
A3--~IAI 
B2---IZ 
A2--~IAZ 
Bl 
Al 

(LSB) BO 
AO--~IAll 

4585 

A<lt----.. 
A•ll IC 
A>lt-----. 

4585 

4585 

4585 

4585 

A<I 
A•B 
A>ll 

A<lt----J 
A•llt-----.J 
A>I NC 

NC 1 

B4 BS B6 B7 Bn-3 Bn-2 Bn-1 Bn 

This application demonstrates how these magni
tude comparators can be cascaded to compare 
longer words. The example illustrated shows the 
comparison of two 20-bit words; however, the 
scheme is expandable to n-bits. As an example, one 
comparator can be used with five of the 20-bit 
comparators illustrated to expand the word length 
to 100-bits. 

4585 
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A<I 
A .. 
A>I 

WORD 
LENGTH 

1-4 bits 
5-20 bits 
21-100 bits 

NUMBER 
OF PKGS 

1 
2-6 

8-31 
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JEDEC STANDARD SPECIFICATIONS 
FOR DESCRIPTION OF 

"B" SERIES CMOS DEVICES 

MAY 1976 

Formulated by 
JEDEC Solid State Products Council 

NOTE: Solid State Scientific has taken part in the .activities of the JEDEC Committee since its 
inception, and fully supports the following specifications. All part types manufactured by Solid State 
Scientific and marked with the designation "8" meet or exceed the industry standard CMOS 
specifications described herein. 

1. PURPOSE AND SCOPE 

1.1 Purpose 
To develop a standard of "8" Series CMOS Specifications to provide for uniformity, multiplicity of 
sources, elimination of confusion, and ease of device specification and system design by users. 

1.2 Scope 
This Standard covers standard specifications for description of "8"' Series CMOS devices. 

2. DEFINITIONS 

2.1 "B" Serles 

"8" Series CMOS includes both buffered and· unbuffered devices. 

2.2 "Buffered" 

A buffered output is one that has the characteristic that the output "on" impedance is independent of 
any and all valid input logic conditions. both preceding and present. 

3. STANDARD SPECIFICATIONS 

3.1 Llatlng of Standard Specifications. Table 1 lists the standard specifications for "8" Series CMOS 
devices. 

3.2 Absolute Maximum Ratings. In the maximum ratings listed below voltages are referenced to V 55• 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage 
Input Voltage 
DC Input Current 

(any one input) 
Storage Temperature Range 

Voo 
VIN 

l1N 

-0.5 to + 18 Vdc 
-0.5 to Voo+ 0.5 Vdc 
:t10 mAdc 

-65 to + 150 •c 

3.3 Recommended Operating Conditions. Recommended operating conditions are listed below. 

RECOMMENDED OPERATING CONDITIONS 

DC Supply Voltage 
Operating Temperature Range 

Military-Range Devices 
Commercial-Range Devices 

3.4 Dealgnstlon of "B" Serles CMOS Devices 

+3 to + 15 

-55 to + 125 
-40 to+ 85 

Vdc 

·c 
·c 

Those parts which have analog inputs and/or outputs shall be included in the "8" Series providing 
those parts' maximum ratings and logical input and output parameters conform to the "8" Series, 
such as (including, but not limited to): 

40518 40538 
40528 40668 

Products that meet "8" Series specifications except that the logical outputs are not buffered and the 
Vn. and Vm specifications are 20% and 80% of Vo0 , respectively, shall be marked with the UB 
designation, such as (including, but not limited to): 

4000U8 4002U8 4011U8 4023U8 4041U8 4069U8 
4001U8 4007U8 4012U8 4025U8 4049U8 
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STATIC CHARACTERISTICS 
LIMITS 

TEMP. Voo how* +25°C 
PARAMETER CONDITIONS 

RANGE (Vde) Min. Max. Min. Typ. Max. 

100 Quiescent Mil 5 - 0.25 - - 0.25 
Device Current 10 v,N=Vss or Voo - 0.5 - - 0.5 

15 - 1.0 - - 1.0 
GATES 

5 All valid input - 1.0 - - 1.0 
Comm 10 combinations - 2.0 - - 2.0 

15 - 4.0 - - 4.0 

5 - 1.0 - - 1.0 
Mil 10 V1N=Vss or Voo - 2.0 - - 2.0 

15 - 4.0 - - 4.0 
BUFFERS, 
FLIP-FLOPS Comm 5 All valid input - 4.0 - - 4.0 

10 combinations - 8.0 - - 8.0 
15 - 16.0 - - 16.0 

5 - 5 - - 5 
Mil 10 V1N=Vss or Voo - 10 - 10 

15 - 20 - - 20 

MSI 5 All valid input - 20 - - 20 
Comm 10 combinations - 40 - - 40 

r--t-- 15 - 80 - - 80 

VoL Low· Level 5 - 0.05 - - 0.05 
Output Voltage All 10 V,N=VSs or Voo - 0.05 - - 0.05 

15 ilol<;;lµA - 0.05 - - 0.05 

VoH High·Level 5 4.95 - 4.95 - -
Output Voltage All 10 V1N:;::;Vss or V00 9.95 - 9.95 - -

15 llol <;;lµA 14.95 - 14.95 - -
VIL Input Low Vo= 

Voltage 5 0.5Vor4.5V - 1.5 - - 1.5 
All 10 1.0Vor9.0V - 3.0 - - 3.0 

15 1.5V or 13.5V - 4.0 - - 4.0 
1'2) <;;lµA 

V1H Input High Vo= 
Voltage 5 0.5Vor4.5V 3.5 - 3.5 -· -

All 10 1.0Vor9.0V 7.0 - 7.0 - -

15 1.5V or 13.5V 11.0 - 11.0 - -
llol <;;lµA 

loL Output Low 5 Vo=0.4V, 
(Sink) Current V1N=Oor5V 0.84 - 0.51 - -

10 Vo=0.5V, 
Mil V1N=Oor 10V 1.6 ~ 1.3 - -

15 Vo=1.5V, 
V1N=Oor 15V 4.2 - 3.4 - -

5 V0 =0.4V, 
V1N=Oor5V 0.52 - 0.44 - -

10 Vo =0.5V, 
Comm V1N=Oor 10V 1.3 - 1.1 - -

15 Vo=1.5V, 
"lrt_=Oor 15V 3.6 - 3.0 - -

ioH Output High 5 V0 =4.6V, 
(Source) Current V1N=Oor5V -0.25 - -0.2 - -

10 Vo=9.5V, 
Mil V1N=Oor lOV -0.62 - -0.5 - -

15 V0 =13.5V, 
V1N=Oor 15V -1.8 - -1.5 - -

5 Vo=4.6V, 
V1N=Oor5V -0.2 - -0.16 - -

10 Vo=9.5V, 
Comm V1N=Oor10V -0.5 - -0.4 - -

15 Vo=13.5V, 
Ym_a()or 15V -1.4 - -1.2 - -

l1N Input Current Mil 15 V1N=Oor 15V - ±0.1 - - ±0.1 
Comm 15 'fut.=Oor 15V - ±0.3 - - ±0.3 

C,N Input Capacitance All - Any Input - - - - 7.5 
per Unit Load 

*T LOW= -55°C for Military Temp. Range device, -40°C for Commercial Temp. Range device. 
*THIGH = +125°C for Military Temp. Range device, +85°C for Commercial Temp. Range device. 
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THIGH . UNITS 
Min. Max. 

- 7.5 
- 15 µAde 
- 30 

- 7.5 
- 15 µAde 
- 30 

- 30 
- 60 µAde 
- 120 

- 30 
- 60 µAde 
- 120 

- 150 

- 300 µAde 
- 600 

- 150 

- 300 µAde 

- 600 

- 0.05 
- 0.05 Vde 

- 0.05 

4.95 -
9.95 - Vde 

14.95 -

- 1.5 
- 3.0 Vde 

- 4.0 

3.5 -
7.0 - Vde 

11.0 -

0.36 -

0.9 - mAde 

2.4 -

0.36 -

0.9 . - mAde 

2.4 -

-0.14 -

-0.35 - mAde 

-1.1 -

-0.12 -

-0.3 - mAde 

-1.0 -
- ±1.0 µAde 
- ±1.0 ~Ade 

- - pF 
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CMOS FUNDAMENTALS 

MOS DEVICES 

Complementary MOS (CMOS) logic. memory. and 
switching circuits are constructed with P-channel and 
N-channel enhancement-mode MOS transistors dif
fused on a monolithic silicon chip. Field-effect transis
tors are unipolar devices; that is. their operation is 
based on a function of only one type of charge carrier
holes in P-channel types. and electrons in N-channel 
types. 

A simplified cross-section of an N-channel 
enhancement-mode MOS transistor is shown in Figure 
1. This transistor is a four-terminal device. In CMOS 
logic applications, the substrate and the source are 
usually connected to a common point, which in the 
N-channel transistor is the most negative potential or 
V55• With no voltage applied between gate and source. 
the two N+ diffusions are electrically isolated from each 
other and no conduction occurs. As an increasingly 
positive voltage is applied to the gate, an N-type inver
sion layer begins to form at the sur1ace between source 

N-Ch81lnel MOSFET Operation 

+Vos 

JDRAIN 

GATE I~ SUBSTRATE 

VG ~r-"J,.SOURCE 
.... 

P SUBSTRATE 

= 
Figure 1 

P-Channel MOSFET Operation 

N SUBSTRATE 

Figure 3 
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and drain. When a threshold voltage VT, is reached. the 
inversion layer just begins to connect source and drain. 
allowing some conduction. As the gate voltage in
creases further. the inversion layer is driven deeper. 
resulting in greater conductivity from source to drain. A 
saturation point is reached when +V 11s is forced higher 
than Vc;-VT,; the device. therefore. is self-current
limiting. Figure 2 shows typical drain characteristics for 
an N-channel MOS transistor. Note the similarity to 
equivalent vacuum tube characteristics. 

Operation of the P-channel device (Figure 3) is simi
lar, except that the source and substrate are connected 
to the most positive potential. V1111• A P-type inversion 
layer. or channel, is formed when a negative voltage is 
applied to the gate with respect to the source. The 
threshold voltage VTPis defined as that value of Ve; which 
causes a specified minimum conductivity between 
source and drain. Saturation occurs when the drain-to
source voltage Vos is forced more negative than v,~vT,· 
Figure 4 shows typical drain characteristics for a 
P-channel MOS transistor. 

Typical N-Channel Drain Characteristics 

v,~· 1s v 
". 

AMBIE~T Tt~PERATURE •Tai• ]'j C 
TYPICAL TEMPERATURE COE F FICl[~T 

0 ]'\ c ·~-·------r 

:1ov 

2 
.,.-..._• 

z : 
0 

1'li I 'j 10 l]!J 15 

DRAIN TO SOURCE VOL TS !Vu~l 

Figure 2 

Typical P-Channel Drain Characteristics 

DRAIN· TO-SOURCE VOL TS IVosl 
·15 .125 .t() .75 .5 ·25 

r 
(:;) 

·J- f 

.i.J~ ·... ~ j_ l 
' ~ ... 

1--1-~~--;,-.-.. -.. <---t-__.,.~--;~-+----1·~ 

·~~~ .• ~·" ;L;~~~~:.:.;,:.:,:_ ~:~:\~;:: ~~+ 
TEMPERATURE COEFFICIENT FOR 10 • 01'1"C : ; . ; 

.,. 

Figure 4 



Buie CMOS Inverter Circuit 

Ground 

N- Substrate 
P-Tub 

Vool 
Vss-

A major feature of the metal oxide semiconductor is 
the very high input resistance resulting from the dielec
tric oxide isolation between the gate and the channel. 
The input resistance is virtually unaffected by the polar
ity of the gate bias. Also, whatever leakage current does 
exist between gate and source is relatively independent 
of ambient temperature variations. 

CMOS DEVICES 

Complementary MOS logic circuits employ both 
P-channel and N-channel enhancement-mode MOS 
transistors. They have opposite, or complementary. 
switching characteristics and can therefore be used as 
virtually ideal switching components. Consider the im
plementation shown in Figure 5. The circuit consists of 
one P-channel device and one N-channel device. Note 
that to form the N-channel device, a P-doped "tub" must 
be created into which the device is placed. "Channel 
stops" must also be placed between the P-tub and the 
P-drain to prevent parasitic channeling effects. 

When a positive voltage V00 is applied at the input, 
the P-channel switches off and the N-channel switches 
on. Thus, the output is connected to V ss through the low 
on-resistance of the N-channel device. Alternatively, 
applying V88 to the input turns off the N-channel and 
turns on the P-channel. In this state, the output is con
nected to Von through the equivalent on-resistance of 
the P-channel device. Therefore, an input voltage of V oo 
results in an output voltage of V 55, and an input voltage 
of V55 results in an output voltage of Von- The circuit is a 
simple digital inverter. 

Figure 5 
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Input 

Gates 

N+ Bucket 
Contact 

P Channel 

•Voe 

JP-Channel J:MOS Transistor LVoo 
Output 

Vss 
N Channel 9_ MOS Transistor 

-= Vss 

Any logic function capable of being constructed 
with ideal switches can be implemented in CMOS. Add
ing a parallel P-channel device and a series N-channel 
device to the basic inverter transforms the circuit into a 
positive-logic 2-input NANO gate (Figure 6). Adding a 
parallel N-channel and a series P-channel device in
stead transforms the inverter into a 2-input NOR gate. 

CMOS NANO Gate 

•Yoo 

1,r-1,, 
A i. 41 

14 
N f---1 

r· 
·Vu 

Figure& 



CMOS Combinational Logic Function 

Voo 

l 

Figure 7 

Note that in each circuit there exists no DC path 
from Vnn to V": if a connection is made to V,, through. 
the N-channels. a corresponding P-channel blocks the 
connection to Vnn: alternatively, if the P-channels are 
on, then a corresponding N-channel is off. Therefore, 
very low power dissipation results without sacrificing 
low output impedance. 

Combinational Logic 

Numerous functional logic combinations are easily 
implemented in CMOS. A rule of thumb is series 
N-channel devices for AND/NANO functions. and paral
lel N-channel devices for OR/NOR functions. The 
P-channel devices are then configured in the circuit 
dual of the N-channel devices. Figure 7 shows the com
mon AND/OR/INVERT (AOI) construction. 

Transmission Gates (Analog Switches) 

The CMOS transmission gate. or analog switch. is a 
single-pole single-throw (SPST) switch formed by the 
parallel connection of a P-channel and an N-channel 
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device (Figure 8). The inverter is required to apply the 
correct polarity gate voltage to both transistors simul
taneously. The switch is purely ohmic. with an ON
resistance of about 200 - 400ll and OFF-resistance typi
cally about 10"ll. There is no offset voltage across the 
switch. These characteristics approach those of the 
ideal switch (R,,, = o. R,,,.,. = x). A single-transistor 
switch results in a source-follower circuit in which gate 
cut-off occurs and limits the load to charge only to 
within one threshold of the gate. When two complemen
tary devices are operated in parallel. one of the two 
channels is always being operated as a drain-loaded 
stage. permitting a low-impedance path for all switched 
signal voltages. 

The transmission gate is useful in digital applica
tions as well. Combinational logic functions can be im
plemented. and the device provides a simple method for 
constructing 3-state (bussed) systems. 

4000 SERIES DEVICES 

Using basic CMOS techniques. Solid State Scien
tific has developed the SCL4000 Series Family of build
ing block elements and complex functions. Devices 
numbered 40xx and 45xx are equivalents - to 
industry 40xx and 45xx types. The designation 44xx 
indicates proprietary devices: they are usually varia
tions on standard 40xx devices. making them more suit
able for specific applications. 
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CMOS DESIGN CONSIDERATIONS 

This section is presented as an aid to the systems designer in proper application and use 
of CMOS devices. Areas such as power supply techniques and dissipation charac
teristics, thermal factors, operating considerations, interfacing parameters, and ac 
fan-out are covered in some detail. 

POWER SUPPLY CONSIDERATIONS 
CMOS offers the designer several important advan-

tages over other technologies: 
1. wide operating voltage range 
2. very low power dissipation 
3. constant switching threshold voltage ratio 

These advantages permit operation from unregulated 
supplies, simplify filtering requirements. and eliminate 
the need for cooling equipment. In addition, battery
operated systems, either stand-alone or back-up, are 
feasible. 

OPERATING VOLTAGE RANGE 
Minimum and maximum operating voltages for all 

Solid State Scientific CMOS devices are specified as 3 
and 15 Vdc, respectively, with an absolute limitation of 
-0.5 and 18 Vdc, applied at the V110 terminal relative to 
V88• The minimum value of 3 Vdc represents the 
maximum expected value of either P-channel or 
N-channel transistor threshold voltages. Operation at 
lower voltages may, therefore, prevent half of the device 
from turning on. The absolute limitation of -0.5 Vdc 
merely prevents the internal device junctions from be
coming forward-biased: the circuit is obviously non
operational under this condition. 

The maximum value prevents avalanche of these 
internal junctions. While the 18 Vdc restriction on low
current avalanche is somewhat conservative, there is 
the possibility of on-chip current ti'af"!sients turning on 
the parasitic bipolar transistors inherent in Cl\llbS con
struction. The chip can enter secondary b.reakdown be
cause these transients can easily exceed the 1-0 - 50 mA 
sustaining current required. The result is a short circuit 
reflected at the supply and catastrophic device failure 
(see Figure 1 ). 

'oo \ 

Bipolar 
Parasitic 

Mode 

Vs Voo 
Data Sheet Maximum Supply Rating 

Fig. 1 - Secondary breakdown characteristics 
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POWER DISSIPATION 
The quiescent. or DC. power dissipation compo

nent consists normally of only leakage currents across 
reverse-biased diode junctions. This is true because, in 
the quiescent state, there exists no direct path between 
Vm• and Vss other than these leakages, which are typi
cally in the nanoampere region. In reality, certain sur
face effects will contribute to the quiescent dissipation. 
These factors have been taken into account in specify
ing the worst-case values given in the individual device 
data sheets; these values should be used by the de
signer in determining the necessary capacity of standby 
battery or other back-up supplies. 

Dynamic, or ac, dissipation consists of two factors 
associated with switching: the power delivered from the 
supply to the load, and the current which momentarily 
flows between the supplies during switching. The first 
of these represents the energy required to charge and 
discharge the load capacitance (plus the small internal 
capacitances). The energy stored by a capacitor is given 
by: 

Es= Y2 CV'. 
Since CMOS outputs switch from supply to supply, and 
the load capacitance is both charged and discharged 
once each cycle of the output frequency f. this compo
nent of power dissipation is given by: 

P,, = 2Es = c,_ Ir,.,. f 
t 

!Vss = 0 Vdc) 

Note that this component increases linearly with load 
capai:itilnce C1 •• operating frequency f, and the square 
of the operating voltage V111,. Figure 2 shows this func
tional dependence for a typical CMOS gate. 

The Fig.Ure assumes input rise and fall times of 
20ns. As these transition times increase, however, cur-

Fig. 2 - Typical gate power dissipation 
characteristics 
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Fig. 3 - Typical current and voltage transfer 
characteristics 

rent flows between the supplies because both 
P-channel and N-channel transistors are biased on 
momentarily. This through-current is a complex func
tion of fabrication parameters. device geometries. 
operating voltage. temperature. rise and fall times. and 
operating frequency. A typical waveform of through
current IT" in relation to voltage transfer characteristics 
is shown in Figure 3. 

Power dissipation due to through-current can be 
shown to be proportional to the factors described above 
in the following way: 

PT,. a: f (t, + t,)Vfm 
where the constant of proportionality is dependent 
upon device parameters. 

The relationship between supply current 1n0 and lss. 
load capacitance, and input rise and fall time is illus
trated in Figure 4. 

The waveforms (a) show 1111,, lss. and the through
current he· for a foad capacitance of 1 SpF and t,, t, of 
10µ.s. The smaller of the 111,,and lss pulses represents the 
maximum through-current of the device. The slight 
amplitude differences between pulses represent the 
current delivered to the load. The magnitude of the 
through-current pulses in (a) is used as the standard for 
(b) and (c). 

The input rise and fall times are decreased to 400ns 
in (b). Here again. the smaller current pulses represent 
through-current. which has somewhat decreased from 
(a). Note that since the width of the current pulse has 
also decreased. the magnitude of the current delivered 
to the 15pF load has increased (to deliver the same 
charge). 

Load capacitance in (c) is increased to 65pF, and 
input transition times decreased to 40ns. Through
current pulses have virtually disappeared, except for the 
current charging and discharging internal capacitance. 
The magnitude of the load current, however, has in
creased due to the increased load and narrower current 
pulse width. 

All complex CMOS functional devices employ buf
fered inputs to minimize the through-current effects 
described here. Caution is urged when using high
current buffers and unbuffered gates in conjunction 
with large loads and high operating voltages; long input 
rise and fall times may cause the device power dissipa
tion restriction to be exceeded. 

REGULATION ANO BATTERY OPERATION 
The wide operating voltage range and constant 

switching voltage ratio of CMOS permit use of simple 
unregulated supplies, as shown in Figure 5. 
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Fig. 6 - CMOS battery t>ack-up power supply 

The primary considerations with a supply of this 
type are: 

1. The resulting voltage must at all times fall within 
the specified limits of the system. This is the 
purpose of the zener diode. 

2. The lowest instantaneous voltage must permit 
the system to operate at the worst-case system 
speed parameters. 

3. The filter capacitor must be able to furnish the 
worst-case system switching current. Rs is 
selected to supply the peak transient current of 
the system plus the necessary zener current 
when diode D, is forward biased (high portion of 
Vs cycle). The capacitor is selected to supply the 
system switching current and quiescent current 
when D, is reverse biased (low portion of Vs 
cycle). 

Replacing the filter capacitor with a rechargeable 
battery provides an easy method of implementing a 
back-up supply (see Figure 6). Here, Rs supplies also the 
charging current for the battery. The zener diode has a 
breakdown voltage between the battery voltage and the 
maximum device rating. It prevents power line tran· 
slants from developing damaging voltage spikes due to 
the characteristic impedance of the battery. Systems 
may be kept operating over long periods of time on such 
a supply. 

CMOS power supplies may also be derived from 
higher-voltage de supplies as shown in Figure 7. The 
zener diode regulates the CMOS supply voltage; resis· 
tor Rs supplies the load and zener currents, while the 
filter capacitor maintains the voltage during switching 
transients. 

FILTERING 
Most CMOS systems require less filtering on supply 

busses than other logic families. While V00 and Vss line 
drops are generally small due to the small currents in
volved, a few capacitors per board are recommended to 
prevent switching transients from causing excessive 
voltage variations. This is especially true with devices 
which have long rise and fall time input signals. As 
described in the discussion of through-current, large 
supply currents can result under these conditions. An 
extra 0.1 µ. F capacitor may be required to supply the 
current surge without causing excessive supply voltage 
drops. Similarly, devices which operate synchronously, 
such as counters and shift registers, supply large charg· 
Ing currents to several loads during switching. Here 
again, 0.1 µ. F bypass capacitors may be indicated in 
such cases. 
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THERMAL FACTORS 
Transfer characteristics of CMOS devices exhibit 

excellent stability over temperature. This feature allows 
the ambient temperature range of CMOS devices to be a 
function of package type. This section discusses tech· 
niques of thermal management and the variation of de· 
vice characteristics with temperature. 

THERMAL MANAGEMENT 
Circuit performance and long-term reliability are 

maximized at low junction temperatures. Power dissi· 
pation is the common source of heat in any system; the 
negligible power consumed in the quiescent state in 
CMOS circuits is a major factor in maintaining perform· 
ance and reliability. In general. operation at moderate 
speeds and voltages does not require consideration· of 
the package dissipation restriction of 300 mW. In high
frequency, high-voltage, large-load, or analog applica· 
lions. however, these considerations become impor
tant. 

The average junction temperature is a function of 
device power dissipation and the ability of the packag
ing system to remove the generated heat. This is ex
pressed in the following formula: 

T, = TA + Po (0,A) 
where T,, = junction temperature 

TA = ambient temperature 
P0 = calculated power dissipation 
0,A = thermal resistance, junction-to-ambient 

Worst-case and typical values of e,A for common IC 
package types in still air and without heat sinking are 
shown in the table: 

Package Type 
e,A(°C/Watt) 

Typ Max 

Epoxy B Dual-in-line 135 200 
14- or 16-lead 

Cerdip Dual-in-line 100 155 
14- or 16-lead 

Epoxy B Dual-in-line 95 140 
24-lead 

Ceramic Dual-in-line 70 100 
24-lead 

These figures should be consulted in cases where 
there is reason to believe that device dissipation may be 
excessive. 
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Fig. 8 - Typical inverter voltage transfer character
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PARAMETRIC THERMAL VARIATION 

All operational parameters vary to some degree 
with temperature. Since CMOS devices may be used 
over very wide temperature ranges, the designer should 
be familiar with the effects of these thermal variations. 
They fall into three categories: transfer characteristics. 
leakage current. and channel resistance effects. 
1. Transfer Characteristics 

Figure 8 illustrates the negligible variation in transfer 
voltage over the entire military temperature range. 
This results from the tendency of P-channel and 
N-channel transistor threshold voltages to track to
gether. Under similar conditions. a bipolar device 
threshold may vary more than 40%. This features 
makes threshold-dependent circuits such as oscil
lators and multi-vibrators feasible in systems with a 
wide range of operating temperature. 

2. Leakage Current 
As expected, since device leakage current is nor
mally leakage across reverse-biased silicon junc
tions. temperature variation of this parameter fol
lows the traditional diode leakage characteristic, 
i.e .. approximately doubling with each 11°c rise in 
temperature. 

3. Channel Resistance 
Such parameters as output drive current (1., 11 , 1.,,.), 
switching through-current (IT<). propagation delays 
(IPl.H• Ip",,), and output transition times (tT1.H• tTHd are 
direct effects of channel resistance. These param
eters vary as channel resistance varies--0.3%/"C. Cur
rent characteristics decrease with increasing tem
perature at this rate: this factor is employed in speci
fying low- and high-temperature limits for these 
parameters on device data sheets. Switching 
parameters increase at this rate with temperature: 
this dependence must be considered by the designer 
in order to guarantee system dynamic performance 
over temperature. 

INPUT RATINGS 
The high impedance of a CMOS input results from 

the insulating oxide between the gate and the channel. 
This high impedance coupled with the 5pF input capaci
tance make CMOS inputs excellent energy storage 
nodes, allowing buildup of large voltages. Input diode 
protection networks are used. therefore, to conduct ex
cess energy to the supply rails. thus protecting the gate 
regions from damage. These diodes affect certain de
vice operations, as described in the following discus
sion of general input characteristics. 
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Fig. 9 - Typical multiple-input switching transfer 
characteristics for conventional 4-input 
NANO gate 

INPUT VOLTAGE RANGE 
Input signals should never exceed the range from 

0.5 Vdc more negative than V ss to 0.5 Vdc more positive 
than Vm •. This prevents forward biasing the input di
odes. with the attendant possibility of entering a latch
up mode due to high-current transients. Further details 
may be found in the preceding discussion of "Power 
Supply Considerations" and later on in this section. 

NOISE IMMUNITY 

Noise immunity as specified in CMOS data sheets 
refers to the worst-case input voltage levels which will 
maintain guaranteed output conditions and will not 
produce a change in logic state. Specifically. the data 
sheets specify the minimum input high-level voltage 
(V 111) and maximum input low-level voltage (V1J which 
guarantee an output voltage of no lower than 90% of Von 
or no higher than 10% of Von under no-load conditions 
(I lol < 1 µA). Since the switching threshold voltage of a 
CMOS inverter is typically 50% of the supply and fairly 
sharp, and output voltages are close to the supplies. 
these input voltages tend to be symmetric and close to 
the ideal situation of 50% noise immunity. In fact, V," is 
typically 55% of Vnu. and v,L is 45% of v 0 ,,. (Note: the 
older designations of V s11 and V s1. can be related to V '" 
and V11 . by the following: 

Vs11 = Von - v,H (min) 
Vs1. = V11. (max) - Vss.) 

Worst-case specifications under these output voltage 
requirements are 20% of V DD for the conventional SSI 
devices (Note: the older 30% noise immunity specifica
tion allowed much greater output voltage variations). 
This specification can be greatly improved by making 
the transfer voltage characteristic sharper, i.e., increas
ing device gain. In 1970, Solid State Scientific devel
oped the technique of buffering gate outputs for in
creased gain; since that time, all CMOS gates in the 
4000 series have been buffered. The industry began 
to realize the superiority of this structure for digital logic 
applications only with the recent agreement on "B" 
series CMOS. 

Buffered outputs become even more important in 
maintaining noise immunity with the variation in trans
fer voltage with input pattern on multiple input gates. 
Figure 9 shows the typical range in switching voltage for 
a conventional 4-input NANO gate. Observe that v," 
(min) degrades as a function of the number of inputs 
switching. This pattern sensitivity is reversed for NOR 
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gate types. Buffering the device outputs, although the 
variations in switching voltage are unaffected, main· 
tains greater noise immunity over all input conditions 
resulting from the mucti l'llOre nearly ideal transfer 
characteristic. Further improvement is attained by the 
requirement that CMOS gate structures consist of no 
more than three inputs per section; this decreases the 
variation in switching voltage, as compared with the 
4-input gate in Figure 9. There are many other advan
tages to the buffered-gate concept. Each one is fully 
discussed in following sections. 

Note that Solid State Scientific specifies and meas· 
ures noise immunity under worst-case input combine· 
tions. This factor gives the designer a more realistic 
description of device operation, in view of the above 
discussion. 

Noise immunity specifications refer to input sig· 
nals; however, a similar discussion applies to noise in
troduced on power and ground lines. CMOS devices are 
sensitive only to negative power line transients and pos
itive ground line transients. The magnitude of power
and ground-line noise immunity approaches that of 
signal-line noise immunity because of the close track· 
Ing of output voltage with supply in either state. 

The relatively slow response times of CMOS de
vices tend to act as a noise filter: extremely short spikes 
of greater magnitude than the de noise immunity limits 
are prevented from propagating through the device. A 
typical example of de noise immunity is shown in Figure 
10. 

Another source of noise introduction into CMOS 
devices is crosstalk from high noise voltages coupled 
through small capacitances. Since CMOS devices have 
much higher output impedance than equivalent TTL 
types, they are much more sensitive than TTL to such 
capacitively-coupled noise. The designer should con
sult the individual device data sheets to determine the 
magnitude of current which will pull a CMOS output into 
the threshold region of the driven CMOS inputs, and use 
good interconnection techniques to prevent this type of 
crosstalk from interfering with system operation. 

INPUT CURRENT 
The high input impedance of CMOS results in an 

\ input current of typically 10pAdc. Worst-case specifica-

286 

lions provide allowance for surface effects. and guaran
tee no higher than 100nAdc at room temperature. 

These characteristics apply for input voltages 
within the permitted range, as described above. There 
are a certain class of applications, however, such as 
oscillators and multivibrators, for which input voltages 
normally exceed the supplies by large margins. In these 
instances, the input protection diodes can be utilized as 
clamps if the input current is restricted to 10mAdc or 
less. This is usually accomplished by adding a series 
resistor at the affected input. The minimum value of this 
resistor is calculated from the worst-case input voltage 
and the input current limitation; the maximum value 
should be determined by the effect which the combina
tion of this resistor and the SpF input capacitance has 
on operating speed and frequency. 

UNUSED INPUTS 
If a CMOS input is left unterminated, it can acquire 

unpredictable voltages through coupling with stray ex
ternal capacitances and internal crosstalk. Since these 
voltages are normally within the supply range, the input 
protection diodes cannot conduct away this accumu
lated energy. Since both P- and N-channel transistors 
spend significant time in their "on" states. both power 
dissipation and device noise immunity degrade. Even 
catastrophic failure can result from these conditions. 
Therefore, all inputs should be connected to an appro· 
priate supply voltage, or to another driven CMOS input. 
If a portion of a device is not loaded, its inputs must also 
be properly terminated. 

INPUT WAVEFORMS 
The maximum input rise and fall time specification 

for sequential circuits is typically in the 3,.s to 1 Sµs 
range, depending on supply voltage. This prevents am
biguous logic states and false clocking due to switching 
voltage variations and skew problems. Power dissipa
tion also increases as logic elements spend more time in 
the switching region. 

When sequential circuits are cascaded, the 
maximum rise and fall times of the clock input should be 
equal to or less than the transition times of the data 
outputs driving data inputs, plus the propagation delay 
of the output driving stage for the output capacitive 
load. If setup and hold times are specified on device 
data sheets, they must also be taken into account. 

Schmitt trigger constructions may be Indicated to 
bring rise and fall times within indicated bounds. 

INPUT PROTECTION NETWORKS 
Because the gate oxide of a CMOS transistor has 

extremely high resistance, even a very-low-energy 
source (such as a static charge) is capable of develop
ing the breakdown voltage of approximately 1 OOV. This 
results in permanent damage to the device. Therefore. 
gate protection structures are employed to conduct ex· 
cess energy away from the gate region. These struc
tures, however, are only capable of protecting from 
overvoltages of less than 1000V. While this is normally 
sufficient for in-system transients, device handling can 
produce overvoltages of one or two orders of mag
nitude greater. Handling precautions are recommended 
when using CMOS devices. Some suggested proce
dures appear in the section entitled "tlandling Precau· 
tions for CMOS Devices". 

The input protection structure utilized on 4000 
Series devices is shown in the diagram of a typical 
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CMOS device in Figure 11. The circuit consists of diodes 
01 and 02, which clamp the input voltage to V ss and V '"" 
respectively. and series resistor R. whose nominal value 
is 1.5Kll. Avalanche voltages of the diodes are well 
below the breakdown voltage of the gate oxide. The 
resistor provides a small delay with the 5pF input 
capacitance which allows excess energy to be con
ducted away before reaching the gate region. 

When the diodes are used as clamps for oscillators, 
multivibrators. etc., input current must be limited to less 
than 10mA to protect against both possible latchup and 
long-term degradation due to metal migration. 

In a system power-up or power-down sequence, 
power must be applied to the device before the intro
duction of low-impedance driving signals. This se
quence must also be maintained while troubleshoot
ing systems where devices or modules must be re
moved from or inserted into a system. 

OUTPUT CHARACTERISTICS 
The amount of current which a CMOS output is 

capable of sinking or sourcing is a function of the chan
nel impedance of the driving structure. These charac
teristics vary with voltage and temperature: these varia-

. lions were discussed previously. Transistor charac
teristics are illustrated on most device data sheets. 

BUFFERED OUTPUTS 

Consider the conventional CMOS 2-input NANO 
gate structure of Figure 12. Since the N-Chaitnel devices 
are in series. their on-resistance must be decreased 
(larger chip area) to hold the output low impedance (or 
sink current parameter) within specification. As the 
number of gate inputs increases. even larger N-channel 
transistors are required. Also. since the P-channel de-
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vices are connected in parallel, the output high impe
dance (and, therefore source current) is a function of 
input pattern, i.e .. the number of devices turned on. 
Solid State Scientific gates have buffered outputs: small 
geometry logic transistors are used to generate the re
quired function, while only one large P-channel and one 
large N-channel device form the output. This technique 
reduces chip size; in addition. output impedance is no 
longer a function of input pattern. This means that de 
and ac fanout are constant, and the user· need not con
cern himself with several sets of loading requirements 
for each device . 

OUTPUT LOADING 

Since CMOS outputs driving CMOS inputs switch 
essentially from supply to supply while the driven inputs 
draw very little current (typically 10 pAdc), de fanout can 
usually be ignored. except in bus-oriented systems. Of 
much greater importance is ac fanout, discussed below. 
However. several precautions are necessary to prevent 
damaging the output structure. 

The outputs of most CMOS devices consist of a 
complementary pair. This structure prohibits the con
nection of outputs in a "wire-OR" configuration. 
Three-state output devices should be used to achieve 
this configuration. It is possible. however. to parallel 
inputs and outputs of devices to provide increased 
drive. This practice should be restricted to devices 
within the same package to avoid current hogging. 

Note that because of the negative temperature 
coefficient of MOS transistors. there is built-in short
term burn-out protection. In general. devices with stan
dard output characteristics may be shorted to the sup
ply rails at low operating voltages. Precautions are nec
essary with higher voltages and/or high-current buffers. 
in which saturation currents can cause the maximum 
dissipation limitation to be exceeded. 

CMOS drive capability is limited ii the outputs are 
required to maintain a specified logic level. However. if 
the output is used to drive a discrete device such as a 
transistor or LED. large currents (within maximum rat
ings) can be achieved by operating the device in the 
saturated region. 

The output impedance of a CMOS device can be 
employed as an effective means of providing delay and 
integrator functions when loaded with a capacitor. 
However, in any application which places a sizable 
capacitive load on a CMOS output. care must be taken 
to prevent damaging transient currents when power is 
removed. II the capacitive load is charged when the 
power supply is removed. the diode from the output to 
the supply (output 02 in Figure 11) forms the discharge 
path as it becomes forward biased. Series resistance 
should be added to the output in order to prevent dis
charge currents above 1 mA. 



INTERFACE PARAMETERS 
Table I provides interface parameters between 

CMOS and other logic families under the following con
ditions: 
1. The power-supply voltage level and tolerances are 

chosen to accommodate the interfaced elements, 
since CMOS devices will operate over a much wider 
range. 

2. The logic levels at the interface will meet or exceed 
the specified worst-case logic levels of the other el
ements. 

3. Fan-out rules at the interface are derived from the 
current sourcing or sinking capability of the driving 
element. 

TABLE I. CMOS INTERFACE PARAMETERS 

INTERFACE INTERFACE INTERFACE 
INTERFACE NOISE MARGIN LOGIC LEVELS MAXIMUM REMARKS 

"1" "O" "1" "O" FAN OUT 

CMOS-CMOS 1.5V 1.5V 3.5V 1.5V > 50 5-volt system 

3.0V 3.0V 7.0V 3.0V > 50 10-volt system 

4.0V 4.0V 11.0V 4.0V > 50 15-volt ~stem 

CMOS-TTUDTL 2.5V 0.4V 2.0V O.BV 2 Buffers on.!Y_ 
TTUDTL-CMOS 1.1V 1.1V 3.5V 1.5V See Remarks 2K!l pull-up resistor for TTL or open-

collector DTL. Fan-out determined by 
Qy_namic r~uirements 

CMOS-LTTL 2.5V 0.5V 2.0V 0.7V 2 Standard "B" Series Ou!.l!._ut Drive 
LTTL-CMOS 1.1V 1.2V 3.5V 1.5V See Remarks 3K!l pull-up resistor. Fan-out determined 

by dynamic requirements 

CMOS-LSTTL 2.5V 0.4V 2.0V O.BV 1 Standard "B" Series Output Drive 

LSTTL-CMOS 1.1V 1.1V 3.5V 1.5V See Remarks 3K!l pull-up resistor. Fan-out determined 
l!Y_ Qy_namic r~uirements. 

CMOS-HTL 5.0V 5.0V 8.5V 6.5V 1 

HTL-CMOS 2.5V 2.5V 
11.0V 4.0V 

> 50 Active pull-up HTL 

3.5V 3.5V > 50 Passive pull-up HTL with 2K!l to 5K!l 
_Q_Ull-l!I!.. resistor. 

CMOS-MOS 3.0V 4.0V -3.0V -9.0V > 50 High threshold PMOS: 
Vss-Voo=13V 

2.5V 6.0V 2.5V 1.0V > 50 Low threshold PMOS: 
Vss-Voo=10V 

MOS-CMOS 3.9V 3.9V -3.9V -9.1V > 50 High threshold PMOS: 
Vss-Voo=13V 

3.0V 3.0V 2.0V -2.0V > 50 Low threshold PMOS: 
Vss-Vo0 =10V 

CMOS-ECL 0.225V 4.325V -1.105 -1.475 2 Von= ground 
Vss= -5.2V 

ECL-CMOS 0.66V* 1.56V* -1.56V -3.64V > 50 Voo=ground 
Vss= -5.2V 

*typical with transistor driver 

NOTES: 1. Interface Noise Margin 
For "1" Column - difference between output high level of one device and input high level of next device. 
For "O" Column - difference between output low level of one device and input low level of next device. 

2. lntelflct lqlc lntl Worst-case threshold level going from one device to the input of another. 

288 



DYNAMIC CONSIDERATIONS 
The operating speed of a CMOS logic system is 

dependent upon signal propagation delays. output 
transition times. and associated characteristics. These 
parameters vary as a function of output load capaci
tance (ac fanout). operating voltage. and device tem
perature. 

All device data sheets give dynamic characteristics 
at V,,,, 5. 10. and 15 Vdc. 50pF load capacitance. and 
25 C ambient temperature. 

CAPACITIVE LOADING 
The higher output impedance of CMOS devices. 

in comparison to TIL. make them more sensitive to 
capacitive loading (ac fan-out). A linear relationship 
exists between dynamic parameters and load capaci
tance. which is to be expected: loads are charged and 
discharged by the resistance of the driving transistor 
channel. 

The buffered gate output structure pioneered by 
Solid State Scientific in 1970 provides significantly bet
ter performance than conventional CMOS gate struc
tures. The single stage output makes delays and transi
tion times independent of input pattern and less sensi
tive to capacitive loading In addition. the extra gain 
stages provide significant pulse shaping of slow transi
tion inputs-when input rise and fall times increase. the 
conventional gate exhibits an increase in output transi
tion time. while the buffered gate transition times re
main unchanged. This feature eliminates progressive 
deterioration of pulse characteristics in a system. These 
buffered outputs are designed for symmetric transition 
times. as opposed to the conventional types. 

Special considerations must be given to output 
transition times and propagation delays when driving 
synchronous systems with edge triggered inputs. Con
sult the section on .. Input Waveforms·· 

It should be noted that the extra gain stages in a 
buffered-output gate exhibit very sharp transfer charac
teristics. In certain applications. notably oscillators. 
multivibrators. or poor input transitions. this may result 
in ringing or even oscillation at the switching point. For 
this reason. Solid State Scientific manufactures several 
simple unbuffered inverters ( 4007UB. 4069UB. 
4449UB) and unbuffered 2-input gates 
(4001 UB. 4011 UB). Since these types exhibit 
none of the features of buffered outputs. it is recom
mended that some pulse shaping be employed to permit 
use of the buffered structures wherever possible. 

289 

VOLTAGE EFFECTS 

Increasing the supply voltage from 5Vdc to 10Vdc at 
least doubles the operating speed of CMOS devices. 
Increasing to 15V results in another increase. usually far 
less. at a substantial penalty in power dissipation. The 
increase in speed is a direct effect of the lower channel 
resistance: the increase in power dissipation is a 
symptom of higher charging currents to load capaci
tances. 

Dynamic characteristics at voltages not given on 
device data sheets may be interpolated from specified 
data. 

TEMPERATURE VARIATIONS 

As the temperature of a CMOS device increases. 
carrier mobility decreases. resulting in an increase in 
channel impedance. Therefore. dynamic parameters 
change in proportion to the factor given previously: 
-0.3%' C for operating frequency. +0.3%1 C for all other 
parameters. Consequently. this factor must be consid
ered in designing a system which must operate at a 
given frequency over a wide temperature range. 

THREE STATE LOGIC 
Devices such as the 4016 and 4066 provide 

a means for constructing bus-oriented systems. Several 
devices in the 4000 Series employ variations in this 
structure to provide their own high-impedance output 
state. Leakage currents and capacitances are specified 
on individual data sheets. to allow the user to determine 
fan-out and system speed. 

ANALOG SIGNAL SWITCHING 

When using the analog switch device types. care 
must be taken to prevent the input signal from exceed
ing the supply voltage. Latch-up conditions may result if 
this precaution .1s not observed. 

The ON-resistance characteristics of the switch are 
specified on the device data sheets. This enables the 
user to calculate power dissipation for high-current
drive requirements. 

All CMOS switches are make-before-break. There
fore. in multiplexing applications. the low-impedance 
path between signal drivers which occurs during the 
overlap must be considered when generating control
input signals. 

Further information is contained on individual data 
sheets. 



HANDLING CMOS DEVICES 

Care must be exercised in handling any CMOS de
vice. Although all SSS CMOS devices have a built-in 
protective diode network which protects the device 
against damage due to static electric discharge. addi
tional precautions should be followed to assure 
trouble-free performance after assembly. The following 
guidelines for handling CMOS devices are suggested: 

A. GENERAL 

• Use a conductive. grounded work surface. 
• Keep operators at ground potential (use conductive 

wrist bands and a 1 megohm resistor to ground) 
• Don't use nylon smocks. 
• Repack devices in conductive or anti-static contain

ers; keep devices at a common potential. 
• Use conductive or anti-static envelopes for storing 

and shipping devices- never use untreated plastic. 

8. CLEANING 

• Use static neutralizing ion blower when manually 
cleaning with brushes. 

• Ground all automatic equipment. 
• Ground cleaning baskets. 

C. ASSEMBLY 
• Insert CMOS devices last to avoid overhandling. 
• Use conductive handling trays. 
• Use conductive material between edge connections. 
• Ground all automatic insertion equipment. 
• Ground solder machines and metallic parts of con

veyor systems. 
• Ground soldering irons. 

D. TESTING 
• Use grounded metallic fixtures where possible. 
• Use static neutralizing ion air blower when using au

tomatic handlers. 
• Use conductive handling trays. 
• Don't insert or remove boards with power turned ON. 

CMOS CHIPS 

Solid State Scientific CMOS integrated circuits are 
provided in chip form to permit customer design of 
special or hybrid circuits to suit individual needs. CMOS 
chips are electrically identical to (temperature range 
-55'C to +125' C) and offer the features of their pack
aged counterparts. For maximum ratings, electrical 
characteristics, schematics. and features, see the indi
vidual data sheets in this catalog. 

CHIP PREPARATION 
• All chips are glass passivated. 

• All chips have been electrically tested for all static and 
functional parameters. 

• Chip inspection and packaging is performed under 
laminar flow hoods in a temperature- and humidity
controlled dust-free atmosphere. 

CHIP HANDLING 

• Chips should be stored in a clean. dry atmosphere 
preferably below 40' C and 50% relative humidity. 

• The user should exercise proper care when handling 
chips to prevent even the slightest mechanical dam
age to the chip. 

• Individual handling should be done with nonmetallic 
vacuum pick-ups. 
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• Proper mounting and lead bonding techniques must 
be used to obtain optimum electrical. mechanical and 
thermal performance. 

• The back surface of the chip is electrically connected 
to the P-chann-el substrates which should be the most 
positive potential (V,,,,). Care must be taken to keep 
the active substrate isolated from ground or other 
circuit elements in the asseonbly. It is recommended 
that the +V,,,, pad on the front of the chip be wire 
bonded to the chip substrate mount for optimum per
formance. 

• After mounting and bonding. necessary procedures 
must be followed to insure that the chips are not 
subjected to mechanical abuse or to moist or contam
inated atmosphere which might permit electrical 
conductive paths across the relatively small insulat
ing surfaces. 

• Bonders. pick-up tools. table tops. sealing and die 
attach equipment. and other apparatus used in chip 
handling should be properly grounded. 

• The operator should be properly grounded. 
• Assemblies or sub-assemblies of chips should be 

transported and stored in conductive earners. 
• All external leads of assemblies should be shorted 

together. 



Typical Package Outlines 
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14 Lead Cerdip * 

MIN. MAX. 
A .200 
A1 .020 
8 .015 .023 
81 .030 .070 
c .008 .015 
D .660 .785 
E1 .220 .280 
e1 .100Typ. 
9A .300Typ. 
L .100 
a o• 15° 
01 
s 

*JEDEC drawing 
#M0-001AA 

16 Lead Cerdip * 

MIN. MAX. 
A .165 .210 
A1 .015 .045 
8 .015 .020 
81 .045 .070 
c .009 .011 
D .750 .795 
E1 .245 .300 
e1 .100Typ. 
9A .300Typ. 
L .120 .160 
a 2· 15° 
01 .050 .080 
s .Q10 .060 

*JEDEC drawing 
#M0-001AG 
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18 Lead Cerdip 

MIN. MAX. 
N A .165 .202 

PIN 1 
INDICATOR A1 .015 .040 
INDEX 8 .015 .020 
AREA 

81 .053 .065 
c .008 .012 

~:~ 
D .870 .923 
E1 .258 .306 
e1 .100Typ. 
0A .300Typ. 
L .120 .155 /,R· ex 40 15° ,, \\ ,, . 01 ,, ,, 

J. ~ .. --:::\~' s .020 .060 

22 Lead Cerdip * 

MIN. MAX. 
A .090 .150 
A1 .020 .065 
8 .014 .020 
81 .035 .065 
c .008 .012 
D 1.050 1.110 
E1 .370 .390 

,R /1 I ,, ,, ,, ,, ,, ,, 

J. ~ .. --:::\~' 

01 .100Typ. 
0A .400Typ 
L .120 .160 
ex 0° 15° 
01 .Q10 .050 
s .035 .060 
*JEDEC drawing 
#M0-026AA 
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24 Lead Cerdip * 

MIN. MAX. 
N 

PIN 1 A .120 .250 
INDICATOR A1 .020 .070 
INDEX 

8 .016 .020 AREA 

81 .028 .070 
c .008 .012 

~:~ 
D 1.200 1.290 
E1 .515 .580 
e1 .100 Typ. 
0A .600Typ 
L .100 .200 '.R /1 I a oo 15° It \\ 

It 1\ 

01 .040 .075 ,, ,, 

J.~ ~~' s .040 .100 

e,---J *JEDEC drawing 
#M0-015AA 

28 Lead Cerdip 

MIN. MAX. 
N 

A PIN 1 
.164 .219 

INDICATOR A1 .020 .070 
INDEX 8 .016 .020 
AREA 

81 .050 .060 
c .008 .012 

~:~ 
D 1.430 1.485 
E1 .510 .541 
e1 .090 .110 
0A .600 .620 

t 
L .120 .155 '.R 11 I a 40 20° ,, \\ 

L h ' 
01 

,, ,, 

t J. ~ .. --=:\~' s .060 .090 
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40 Lead Cerdip* 

MIN. MAX. 
PIN 1 A .160 .220 
INDICATOR A1 .000 .070 
INDEX 

8 .015 .020 AREA 

81 .015 .055 
c .008 .012 
D 2.020 2.070 
E1 .485 .580 

e1 .100Typ. 

0A .600Typ. 
L .100 .200 IR· a oo 15° ,, \\ ,, ' 
01 .070 .120 ,, \\ 

-/1::- .. ~~' s .060 .090 

*JED EC drawing 
M0-015AJ 

14 Lead Plastic* 

on MIN. MAX. 
N 

A .140 .180 PIN 1 
INDICATOR A1 .015 .040 
INDEX :!& 8 .014 .020 
AREA 

81 .044 .070 
c .008 .012 

~:~ 
D .730 .770 
E1 .240 .260 
e1 .100Typ. 
0A .300Typ. 
L .115 .155 ·R oo 15° ,, a ,, \\ ,, ' 
01 .050 .085 ,, ,, 

J.1::- .. ~~' s .055 .095 
*JEDEC drawing 
#M0-001AH 
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16 Lead Plastic* 

MIN. MAX. 
N 

A .160 PIN1 .120 
INDICATOR A1 .020 .065 
INDEX 

8 .014 .020 
AREA 

81 .035 .065 
c .008 .012 

~:r-
D .745 .785 

E1 .240 .260 

e1 .JOOTyp. 
0A .300Typ. 
L .125 .150 
a oo 15° 
01 .050 .085 
s .015 .060 

*JEDEC drawing 
#M0-001AE 

18 Lead Plastic 

MIN. MAX. 
PIN1 A .136 .175 
INDICATOR A1 .008 .040 
INDEX 

8 .015 .021 
AREA 

81 .055 .065 
c .008 .013 

~:r-
D .890 .910 
E1 .245 .255 
e1 .090 .110 
0A .285 .315 IR· L .115 .145 

:: \\ a 20 12° 
,, ,, 

01 .060 .079 

J. !::- .. --=:\~' s .040 .070 
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22 Lead Plastic* 

MIN. MAX. 
A .090 .150 
A1 .020 .065 
8 .014 .020 
81 .035 .065 
c .008 .012 
D 1.050 1.110 
E1 .370 .390 

/,R· // \\ 

J ~ .. --=:\~' 

01 .100Typ. 
0A .400Typ. 
L .120 .160 
ex 0° 15° 
01 .010 .050 
s .035 .060 

*JEDEC drawing 
#M0·026AA 

24 Lead Plastic* 

MIN. MAX. 
N 

A .120 .250 PIN 1 
INDICATOR A1 .020 .070 
INDEX 8 .Q16 .020 
AREA 

81 .028 .070 
c .008 .012 

~:~ 
D 1.200 1.290 
E1 .515 .580 
e1 .100Typ. 
0A .600Typ. 
L .100 .200 ,R a oo 15° ,, '\ h • 
01 .040 .075 

J~ .. --=:\~o s .040 .100 

*JEDEC drawing 
#M0·015AA 
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28 Lead Plastic 

N 
MIN. MAX. 

PIN 1 A .157 .187 
INDICATOR 

A1 .040 
INDEX 

AREA 8 .015 .021 
81 .055 .065 
c .008 .013 

~:~ 
D 1.440 1.460 

E1 .535 .545 

e1 .090 .110 

0A .585 .615 
L .115 .145 
a 40 12° 

01 .070 .084 
s .060 .090 

40 Lead Plastic* 

MIN. MAX. 
PIN1 A .160 .220 
INDICATOR A1 .000 .070 
INDEX 

8 .015 .020 AREA 

81 .015 .055 
c .008 .012 

~:~ 
D 2.020 2.070 
E1 .485 .580 
e1 .100Typ. 

0A .600Typ. 
L .100 .200 
a o· 15° 

01 .070 .120 
s .060 .090 

* J EDEC drawing 

#M0-015AJ 
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Ordering Information 
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SCREENING LEVEL 

SC L = Standard 
BCL = High Reliability 
883C = MIL-STD-883C 

Class B 
DESC Drawing Number 
JCL = 38510 Class B 

ORDERING INFORMATION 

SCL 

DEVICE TYPE 

Consists of four 
numerals plus one 
or two letters 

4xxxB c + 

Blank = Standard 
+ = Solid + Program 

PACKAGE TYPE 

C = Cerdip (Frit-Seal 
Ceramic) 

D = Ceramic (Welded-Seal 
or Side-Brazed) 

E = Epoxy (Plastic) 
H = Dice 

PACKAGING INFORMATION 

Devices in the 4000 Series are available in a variety of package types and temperature 
ranges. The single-letter package designator appears as a suffix to the device type. 

D11lgn1lor 
SCL 

c 

D 

E 

H 

Type 

Cerdip 
(Frit-Seal) 
Ceramic 

(Welded-Seal 
or Side-Brazed) 

Epoxy 
(Plastic) 

Dice 

Pin 1 
Identifier 
(when present) 

Style No. ol Pins 

Dual-in-Line 14, 16, 24 
(DIP) 

Dual-in-Line 14, 16, 24 
(DIP) 

Dual-in-Line 14, 16, 24 
(DIP) 

DEVICE MARKING 

Screening Device 
Level Type 
,.._,,._,,...._. - r Package 

Type 

~ SCL4049UBC+ 
tSJ~ 8425 39 

---....- I 
Date Code Lot Sohd Plus 

(year. week) Identifier Program 
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Temperature Range 

-55° C to +125° C 

-55° C to +125° C 

-40° C to +85° C 

-55° C to + 125° C 



4000 Series High Reliability 
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li1.1ilt-l11 llelietl>ilit}' 

Reliability in MOS integrated 
circuits does not just happen
it must be built in. Built in 
through conservative designs, 
advanced wafer fabrication 
technology, and controlled by 
stringent in-process quality 
controls, inspections and tests. 
But there is more. Reliability is 
built in by people. At Solid 
State Scientific, dedicated 
people work with the latest 
technology producing MOS 
devices that meet the highest 
quality and reliability standards 
in the industry. SSS has proven 
its dedication to these high 
standards since I 968 when it 
was founded. 

Solid State Scientific is a high 
volume manufacturer of MOS 
integrated circuits and offers a 
variety of high reliability 
options to meet customer 
requirements. Our facilities in 
Willow Grove, Pennsylvania 
have been certified by the 
Defense Electronics Supply 
Center for the production of 
Class B devices in accordance 
with MIL-M-385 I 0. 

In addition, regardless of 
product grade, Solid State 
Scientific has established 
definite minimum quality and 
reliability standards which 
apply across all product lines. 
All products are manufactured 
identically from incoming 
inspection through wafer probe 
of the die. Pre-seal visual 
inspection is performed in 
accordance with MIL-STD-883 
level B. This same philosophy of 
ensuring the reliability of our 
products applies to environ
mental screening, final electrical 
testing and lot acceptance for 
packaged parts. 

l11tegre1ted Circ1.1it 
llelietl>ilit~ 

CMOS integrated circuits exhibit 
the same basic reliability 
characteristics as other semi-

conductor devices in that the 
failure rate has three distinct 
phases. Within a relatively 
short time, certain failure 
mechanisms appear under 
moderate levels of stress. 
Failures which occur during this 
phase are called infant mortality 
failures. During infant mortality, 
the failure rate decreases dra
matically. Then for a long 
period of time, infrequent 
random failures occur. Finally, 
device packages can actually 
wear out and the failure rate 
will increase again. For CMOS 
integrated circuits, there are 
only two significant wear-out 
mechanisms; electromigration 
and corrosion in plastic devices. 
Electromigration is a function of 
temperature and current density 
in the metallization and is 
influenced by the type of metal, 
grain structure and surface 
sealing. This phenomenon 
occurs in all package types. The 
other major wear-out mech
anism is electrolytic corrosion of 
the die metallization which 
occurs in plastic packages. This 

Infant I Random Failure I Wearout 
Mortality I Mechanisms I Phenomena 

I : II : Ill 

I I 
I I 
I I 
I I 
I I 

Time 

is a function of the package/ 
passivation system and is 
influenced by the type of 
epoxy, the protective molding 
compound and chip glassiva
tion materials. 
When the failure rate is plotted 
as a function of time, the result 
is the basic bathtub curve char
acteristic of all semiconductor 
devices. While the bathtub 
curve is universal throughout 
the IC industry, actual values 
can vary greatly from one 
manufacturer to another. Solid 
State Scientific has many years 
of experience in the manu-
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facturing of CMOS integrated 
circuits, and our design rules 
and processing techniques have 
been developed to: 
• minimize the infant mortality 

failure mechanisms. 
• detect potential failures 

before they reach the 
customer. 

• control wear-out so that 
operating life far exceeds the 
lifetime required by the 
customer. 

• prevent defects from occur-
. ring at the earliest possible 

stage. 

Ste1te-of-the-Art 
Device Developme11t 

Conservative Design Rules 
At Solid State Scientific, rules 
for mask lay-out extend the 
operating life of the product far 
beyond normal usage. This 
reliability is a result of the 
following design considerations: 

• Metal width and spacing 
controls in conjunction with 
stringent in-process controls 
eliminate electro-migration. 
MIL-M-385 I 0 Level B specifi
cations call for a maximum 
current density in glassivated 
pure aluminum stripes of 
5 x I os amps/cm2 Solid State 
Scientific demands no more 
than I .5 x I 0 5 amps/cm2. 
Also, an absolute minimum 
design width for any metal 
line is maintained for 
standard industrial devices. 

• Strictly controlled element 
spacings and sizes are 
specified for: 
• all diffusion widths 
• distances between pad 

and scribe line for leakage 
protection 

• spacings between elements 
to prevent inversion 

• spacing between the 
boundary of a diffusion 
and the contact cut for the 
diffusion to prevent 
leakage. 



• metal-to-metal and pad-to
pad spacings 

• pad size to insure room for 
a good bond 

• High voltage reverse baised 
diodes to both V ss and V DD 
in conjunction with series 
resistors to protect inputs 
from voltage transients and 
ESD. 

Each wafer contains its own 
process control test cells. This 
special device measures all 
process and design parameters 
that have a significant effect on 
yield and reliability. 

Controlled 
Wafer Processing 

Reliability Assured Through 
Stringent Controls 
At Solid State Scientific 
we have one of the most 
highly controlled wafer pro
cessing facilities in the industry. 
All MOS products are manu
factured in the same fabrication 
facility using identical materials, 
technology, and MIL-M-38510 
procedures and controls. All SSS 
products are processed on a 
fully approved MIL-M-38510 

Produd Assurance Program 

Table 1-Processing and Screening requirements for MIL-STD-883, 
MIL-M-38510 and Standard products. 

Assembly 
Precap Visual (Cond. BJ 

Preconditioning 
Seal & Lot Identification 
Stabilzation Bake 24 hrs @ I 50°C 
Temperature Cycle 
Centrifute YI 
FineLeak 
Gross Leak 

Test and Burn-In 
Initial Test 

MIL-STD-8838 
Method 

In accordance with 
5004 &5005 

2010B 

JOOBC 
IOIOC 
2001E 
1014B 
1014C 

Static Burn-In, I 60 Hr. Min. or Equiv. JOI 5 
Final Electrical 25°C, DC and Functional (A-1. A-7) 
Final Electrical AC 25°C (A-4, A-91 
Final Electrical - 55°C DC and Functional (A-3, A-BJ 
Final Electrical AC - 55°C (A-6, A-llJ 
Final Electrical + I 25°C DC and Functional (A-2. A-BbJ 
Final Electrical AC + I 25 °C (A-5, A-I OJ 

External Visual 2009 

883C4XXX 
DESC Drawing 
MIL-STD-8838 

ClassB 

x 

x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 

x 

x 

X = I 00% Testing - = Not Required "(A-X)" are Subgroups 
*"+"product has I 68 hours of static burn-in or equivalent. 

wafer line, whether destined 
for the commercial or military 
market. 
Reliability is assured through: 
• a special tapered oxide 

process that controls the 
edges of all cuts in the oxide 
to obtain a nominal 45° 
angle. 

• planetary rotation during 
metal evaporation. This 
technique results in a con
trolled oxide step with 
uniform metal thickness. 
Failure due to electron 
migration is eliminated. 

MIL-M-38510 
Class 

B 

x 

x 
x 
x 
x 
x 
x 

x 
x 
x 
x x •• 
x•• 
x•• 
x •• 
x 

**Subgroups A-5, A-6, A-8, A-8b, A-JO and A-I I are only performed when required by the 
detailed specification. 
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• an ion-implant operation 
to increase the P-channel 
thick field inversion voltage. 
This allows SSS to offer the 
cost effectiveness of a smaller 
chip while maintaining the 
same low leakage and high 
voltage characteristics found 
in guard ring construction. 

• precision phosphorous 
doping of the glass passiva
tion that prevents surface 
inversion during the life of 
the device. Passivation layer 
thickness is carefully chosen 
to provide full coverage over 
the tapered oxide steps. This 
means superior long term 
stability and added moisture 
protection at the die level. 

• test cells and test transistors 
on every wafer are probed 
for twelve parameters prior 
to metal alloying and four
teen parameters at final 
wafer probe. Trends are 
monitored continuously and 
variations are detected im
mediately. Typical parameters 
measured are: 
• threshold voltages of 

transistors 
• breakdown voltages of 

transistors 
• gate breakdown voltages 
• transistor contact resistance 
• metal strip fusing current 

Our process controls are some 
of the most stringent in the 

industry. Every lot undergoes 
I 00% inspection after each and 
every mask level operation. 

Sampling Inspection 
Tables 2, 3, 4 and 5 illustrate the 
sample criteria used to insure an 
LTPD requirement for military 
product. Sample sizes are based 
on the Poisson exponential 
binominal limit in accordance 
with MIL-S- J 9500. The tables of 
subgroup tests demonstrate the 
level of quality conformance of 
Hi-Rel Military and Standard 
products. 

Table 2-Group A Electrical Sampling Inspection for Class B High-Reliability 
CMOS Integrated Circuits per MIL-STD-883, Method SOOS 

883C4XXX 

LTPD 
DESC Drawing 

MIL-STD-8838 MIL-M-38510 
Subgroup Test Condition Class 8 Class 8 Class 8 

DC Static Parameters TA= +25°C 2 V' V' 

2 DC Static Parameters TA= + 12s 0 c 3 V' V' 

3 DC Static Parameters TA= -55°C 5 V' V' 

4 Dynamic Parameters TA= +25°C 2 V' V' 

7 Functional Parameters TA= +25°C 2 V' V' 

9 AC Parameters TA= +25°C 2 V' V' 

Note: Performed on each inspection lot. 

Table 3-Group B Sampling Inspection for Class B High-Reliability 
CMOS Integrated Circuits per MIL-STD-883, Method 5005 

883C4XXX 

MIL-STD-883 
DESC Drawing 

MIL-STD-8838 MIL-M-38510 
Subgroup Test Method & Condition Class B Class 8 

1 Physical Dimension 2016 V' V' 

2 Resistance to Solvents 2015 - V' V' 

3 Solder ability 2003 Soldering 
Temperature 245°C ± S°C V' V' 

4 Internal Visual and 
Mechanical 2014 V' V' 

5 Bond Strength 2011 V' V' 

6 Internal Water Vapor 
Content 1018 

V' V' 
7 Fine and Gross Leak 10148, 1014C 

V' V' 

9 VzAP Per Detailed Specification ,,,, ,.,. 

Note: Performed on each package type and lead finish for each week of seal (date code). 
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Table 4-Group C Die-Related Tests for Class B High-Reliability CMOS 
Integrated Circuits per MIL-STD-883, Method 5005 

Subgroup Test 

2 

Operating Life 

Electrical Parameters 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Visual Examination 
Electrical Parameters 

MIL-STD-883 
Method & Condition 

IOOS, TA= 125°C. 
1000 hrs. or equiv. 
As Specified 
IO IO Test Condition C 
2001 Test Condition E 
10148 -
1014C -
1010 or IOI I 
As Specified 

883C4XXX 
OESC Drawing 

MIL-STD-8838 MIL-M-38510 
Class 8 Class 8 

Note: Performed every 13 weeks for each microcircuit group or as specified in the detailed drawing. 

Table 5-Group D Package-Related Tests for High-Reliability CMOS 
Integrated Circuits per MIL-STD-883, Method SOOS 

883C4XXX 
DESC Drawing 

MIL-STD-883 MIL-ST0-8838 MIL-M-38510 
Subgroup Test Method & Condition Class8 Class8 

I Physical Dimensions 2016 ,,,. ,,,. 
2 Lead Integrity 2004 ,,,. ,,,. 

Fine Leak 10148 ,,,. ,,,. 
Gross Leak 1014C - ... ,,,. 

3 Thermal Shock IOI I Test Condition 8 Min. ,,.. ,,.. 
Temperature Cycling 1010 Test Condition C 

lOOcycles ,,.. ,,.. 
Moisture Resistance 1004 ,,.. ,,.. 
Fine Leak 1014 Test Condition B ,,.. ,,.. 
Gross Leak 1014 Test Condition C ,,.. ,,.. 
Visual Examination Per Visual of Method 

1004and 1010 
,,,. ,,.. 

Electrical Parameters As Specified ,,.. ,,.. 
4 Mechanical Shock 2002 Test Condition B 

,,.. ,,.. 
Vibration. var. freg. 2007 Test Condition A 

,,,. ,,.. 
Constant Acceleration. 
YI plane 2001 Test Condition E ,,.. ,,.. 
Fine Leak 1014 Test Condition B ,,.. ,,.. 
Gross Leak 1014 Test Condition C ,,.. ,,.. 
Visual Examination 1010 or IOI I ,,.. ,,.. 
Electrical Parameters As Specified ,,,. ,,.. 

5 Salt Atmosphere 1009 Test Condition A ,,.. ,,.. 
Fine Leak 10148 - ,,,. ,,.. 
Gross Leak 1014C ,,.. ,,.. 
Visual Examination Per Visual of Method 

1009 ,,,. ,,.. 
6 Internal Water Vapor 1018 5000ppm Max. 

Content ,,.. ,,.. 
7 Adhesion of Lead Finish 2025 As Applicable ,,.. ,,.. 
8 Lid Torque 2024 As Applicabie ,,.. ,,.. 

Note: Performed every 26 weeks or as specified in the detailed drawing. 
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Summary 
Solid State Scientific has exten
sive experience in all aspects of 
CMOS integrated circuit tech
nology. This expertise dates back 
to 1968 with the design and 
development of custom CMOS 
devices for space applications. 
In 1970 SSS began manufacturing 
the 4000 Series standard circuits. 
Today. with more than a decade 
of CMOS experience, SSS is 
respected as a major supplier of a 
wide variety of CMOS products. 
Over the years, our products 
have established a reputation 
for outstanding reliability in 
applications as varied as data 
processing. military and space 
systems, automotive, and 
timekeeping products. This 
quality and reliability results 
from a combination of: 
• conservative design rules 
• advanced wafer fabrication 

capabilities 
• stringent in-process controls 

and inspection procedures 
In addition, Solid State Scientific 
adds one more ingredient to 
every device; a company-wide 
dedication to customer satisfaction. 
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OPL Products 

MIL-STD-883C Class B 
CMOS 4000 Series 
Products 
CMOS 4000 Series devices are 
available in Cerdip IFrit-Seal) IC). 
Ceramic ISide-Brazed) ID) 
packages, and Dice IH}. 

MIL-M-38510 Class B 
CMOS 4000 Serles, 
OPL Accepted Product · 
Contact SSS Regional Sales Offices 
for the current listing of MIL-M-
3851 O Class B, OPL Accepted 
Products. 
MIL-M-38510 CMOS 4000 Series 
devices are available in Ceramic 
(Side-Brazed) and Cerdip 
(Frit-Seal) packages. 

Figure 1 
MIL-STD-883C-Device Nomenclature 

883C 4000UB 

f 
I 

Product Class Prefix 

883 C-Class B 

As defined in 
MIL-M-38510. para. 3.4 

Figure 2 

l 
JEDEC SERIES 
Product Type 

UB = Unbuffered 
B Series 

A = A Series 
B = B Series 

MIL-M-38510-Device Nomenclature 

JM 38510/ 

General Specification 

J or JAN prefix 

Family Designator 
CMOS 4000 Series 

Device type 

050 01 

MIL-M-38510 Package Type 

c I 4-lead I /4 x 3/4 DIP I 
E 16-lead 1/4 x 7/8 DIP I 

MIL-M-3851 O Lead Finish 1 

B c 

Package Designation 

C-Cerdip jFrit-Sealj 
D-Ceramic 

(Side-Brazed} 
E-Epoxy Plastic 
H-Dice 

c 

Lead finish 1 

A Hot Solder Dip C Gold Plate 
B Tin Plate X Optional 

I. Note: Hot Solder Dip and Tin Plate lead finishes are available in Cerdip (Frit-SealJ 
packages. Tin plate and gold lead finishes are available in Ceramic (Side-Brazed) 
packages. When ordering tin plate lead finishes. specify package preferred. 
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Solid State Scientific 
Sales Offices 

NORTH AMERICA 
2444 Moorpark Avenue 
San Jose, CA 95128 
(408) 241-7111 
TWX-910-997-0074 

15010 Ventura Blvd. 
Sherman Oaks, CA 91403 
(213) 995-6666 
TWX-910-495-1746 

3395L N. Arlington Heights Rd. 
Arlington Heights, IL 60004 
(312) 255-3883 
TWX-910-687-02 70 

12703 A. Research Blvd. 
Austin, TX 78759 
(512) 331-0778 
TWX-910-997-6560 

EUROPE 
3900 Welsh Road 
Willow Grove, PA 19090 
(215) 657-8400 
TWX-510-661-7267 
Telex-476-1101 

FAR EAST 
G.P.O.B. 4289 
Hong Kong 
Tel: 0-283188 
Telex-43395 SPRAG HX 

1 O Dale Street 
Waltham, MA 02154 
(617) 891-7530 
TWX-710-324-0321 

3900 Welsh Road 
Willow Grove, PA 19090 
(215) 657-8400 
TWX-510-661-7267 

8001 N. Dale Mabry Hwy. 
Building 501, Suite T 
Tampa, FL 33614 
(813) 935-8203 
TWX-810-87 6-9120 
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