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NUMERICAL DEVICE INDEX

$SS Standard SSS Standard
Part Number Description Page Part Number Description Page
SCL 4000B Dual 3-input NOR gate SCL 40478B Monostable/astable
and inverter 20 multivibrator 124
SCL 4001B Quad 2-input NOR gate 22 SCL 4049UB Hex inverter buffer/
SCL 4001UB Quad 2-input NOR gate level shifter 128
{unbuffered) 24 SCL 40508 Hex non-inverting buffer/
SCL 40028 Dual 4-input NOR gate 22 level shifter 128
SCL 40068 18-stage shift register 27 SCL 4051B 8-channel analog multiplexer
SCL 4007UB Dual complementary pair demuiltiplexer 131
and inverter 29 SCL 40528 Differential 4-channel analog
SCL 40088 Four-bit full adder 32 multiplexeridemultiplexer 131
SCL 4009UB Hex inverting buffer/ SCL 40538 Triple 2-channel analog multi-
level shifter 36 plexer/demultiplexer 131
SCL 40108 Hex non-inverter buffer/ SCL 40608 14-stage binary counter
level shifter 36 and oscillator 136
SCL 4011B Quad 2-input NAND gate 39 SCL 40668 O,Jad analog switch 140
SCL 4011UB Quad 2-input NAND gate SCL 40688 8-input NAND gate 39
{unbuffered) 41 SCL 4069UB Hex mvgrter ) 145
SCL 40128 Dual 4-input NAND gate 39 SCL 4070B Quad 2-input exclusive-
SCL 40138 Dual D-type flip-flop 44 OR gate 147
SCL 40148 8-stage parallel-input/ serial- SCL 40718 Quad Z-input OR gate 149
output shift register 46 SCL 40728 Dual 4-input OR gate 149
SCL 40158 Dual 4-stage serial-input/ SCL 40738 Triple 3-input AND gate 156
parallel-output shift SCL 40758 Triple 3-input OR gate 149
register 48 SCL4076B 4-bit D-type register
SCL 40168 Quad analog switch 50 wi3-state outputs 151
SCL 40178 Decade counter w/10 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 4081B Quad 2-input AND gate 156
SCL 40198 Quad AND-OR select gate 64 SCL 40828 Dual 4-input AND gate 156
SCL 4020B 14-stage binary counter 66 SCL 4085B Complex gate AND-OR inverter 158
SCL 40218 8-stage parallel-input/serial SCL 40868 Complex gate AND-OR inverter 160
output shift register 69 SCL 4093B Quad 2-input NAND Schmitt
SCL 4022B Octal counter w/8 decoded trigger 162
outputs 72 SCL 40948 8-stage shift and store
SCL 40238 Triple 3-input NAND gate 39 register 165
SCL 40248 7-stage binary counter 77 SCL 40998 8-bit addressable latch 168
SCL 4025B Triple 3-input NOR gate 22 SCL 4160B BCD decade counter w/
SCL 4026A8 Decade counter wi7 asychronous clear 170
segment outputs 80 SCL41618B 4-stage binary counter w/
SCL 4027B Dual JK-type flip-flop 85 asychronous clear 170
SCL 40288 BCD-to-decimal decoder 87 SCL4162B BCD decade counter w/
SCL 40298 Presettable up/down synchronous clear 170
binary decade counter 90 SCL 4163B 4-stage binary counter w/
SCL 4030B Quad 2-input exclusive synchronous clear 170
“ OR gate 94 SCL 4174B Hex D flip-fiop 175
SCL 4033AB Decade counter wi7 SCL 41928 4-bit BCD up/down counter 178
segment outputs 80 SCL 4193B 4-bit binary up/down counter 178
SCL 4034B 8-stage universal bus SCL 4402B Dual 4-input expandable
register 96 NOR gate 183
SCL 4035B 4-stage parallel-input/parallel- SCL 4404B 8-stage binary counter 185
output shift register 101 SCL 4412B Dual 4-input expandable
SCL 40408B 12-stage binary counter 104 NAND gate 183
SCL 4041UB Quad truelcomplement buffer 107 SCL 4416B Quad analog switch 187
SCL 40428 Quad clocked latch m SCL 4426AB Decade counter wi7-segment
SCL 40438 Quad NOR RIS latch driver outputs 191
wi3-state outputs 113 SCL 4428B Binary-to-octal decoder 196
SCL 40448 Quad NAND RIS latch SCL 4433AB Decade counter wi7-segment
wi/3-state outputs 113 driver outputs 191
SCL 40468 Phase-locked loop 116 SCL 4441UB Quad buffer/driver 199

continued on next page



NUMERICAL DEVICE INDEX

SSS Standard
Part Number Description Page
SCL 4445B 21-stage frequency

divider and oscillator 201
SCL 44468 Phase-locked loop 116
SCL 4449UB Hex inverter 204
SCL 4502B Hex strobed inverting buffer

wi3-stage outputs 206
SCL 4504B Hex non-inverting level shifter 208
SCL 45088 Dual 4-bit latch wi3-state outputs 210
SCL 45108 BCD decade programmable

up/down counter 213
SCL4511B BCD-to-7 segment latch/

decoder 217
SCL 4512B 8-channel data selector 220
SCL 4514B 4-t0-16 line decoder w/

latch (active high outputs) 224
SCL 45158 4-to-16 line decoder w/

latch {active low outputs) 224
SCL 45168 4-stage binary programmable

up/down counter 227
SCL 45178 Dual 64-stage shift

register 231
SCL 4518B Dual BCD decade up counter 234
SCL 45208 Dual 4-stage binary up counter 234
SCL 4522B BCD decade programmable

down counter 237
SCL 4526B 4-stage binary programmable

down counter 237
SCL 45278 BCD rate multiplier 241
SCL 4528B Dual monostable multivibrator 245
SCL 45318 12-bit parity tree 249
SCL 4532B 8-bit priority encoder 251
SCL 4543B BCD-to-7-segment latch 255
SCL 45558 Dual 2-to-4 line decoder

{active high outputs) 258
SCL 45568 Dual 2-to-4 line decoder

(active low outputs) 258
SCL 45818 4-bit arithmetic logic unit 261
SCL 4582B Look-ahead carry block 265
SCL 4584B Hex Schmitt trigger 267

SCL 45858 4-bit magnitude comparator 269

‘.
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FUNCTIONAL INDEX

Standard Replaces

Part Industry  DIP

Function Description Number Number Pkg. Page
SCL4011B 4011 14 39

SCL4011UB 401U 14 41

NAND SCL40128B 4012 14 39

SCL4023B 4023 14 39

SCL40688 4068 14 39

SCL40738 4073 14 156

AND SCL4081B 4081 14 156

SCL40828 4082 14 156

SCL4001B 4001 14 22

SCL400IUB  4001U 14 24

NOR SCL4002B 4002 14 22

SCL40258 4025 14 22

Gates SCL40788 4078 14 22
and SCL40718 4071 14 149
Inverters OR SCL40728 4072 14 149
SCL40758 4075 14 149

SCL4000B 4000 14 20

SCL4007UB  4007U 14 29

SCL4030B 4030 14 94

SCL4070B 4070 14 147

COMPLEX SCL4077B 4077 14 154

SCL4085B 4085 14 158

SCL4086B 4086 14 160

SCL40198 4019 16 64

SCL4069UB 4069U 14 145

Inverters SCL4449UB  4449U* 16 204

Expandable SCL44028 4402+ 16 183

Gates SCL44128B 4412* 16 183

SCL400SUB  4009U 16 36

- SCL4010B 4010 16 36

LevelShifting  <c\4049uB  4049U 16 128

SCL40508 4050 16 128

Buffers SCL4504B 4504 16 208
High SCL4041UB  4041U 14 107

igh Current SCL4441UB  4441U* 14 199

TriState SCL45028B 4502 16 206

Encoder 8 Bit Priority SCL4532B 4532 16 251
SCL40288 4028 16 87

SCL4428B 4428* 14 196

) ! SCL4514B 4514 24 224

Logic Functions  ¢¢) 45158 4515 24 224

SCL45558 4555 16 258

SCL45568 4556 16 258

Decoders SCL40Z6AB 4026 16 80
SCL4426AB  4426* 16 191

Display SCL4033AB 4033 16 80

Functions SCL4433AB  4433* 16 191

SCL45118 4511 16 217

SCL45438 4056 16 255

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
SCL40408B 4040 16 104
SCL40208B 4020 16 66
SCL4060B 4060 16 136
Binary SCL4161B 4161 16 170
SCL4163B 4163 16 170
SCL4193B 4193 16 178
SCL40298 4029 16 90
SCL4516B 4516 16 227
Counters SCL4526B 4526 16 237
SCL4520B 4520 16 234
SCL41928 4192 16 178
SCL45108 4510 16 213
SCL4160B 4160 16 170
Decade SCL4162B 4162 16 170
SCL45228 4522 16 237
SCL4518B 4518 16 234
Decoded- SCL40178B 4017 16 56
Outputs SCL4022B 4022 16 72
Johnson SCL4018B 4018 16 61
21-StgDivider  SCL44458B 4045 16 201
Rate Multiplier  SCL4527B 4527 16 241
Dividers/ Phase-Locked  SCL4046B 4046 16 116
Multipliers Loop SCL4446B 4446 * 16 116
L SCL4528B 4528 16 245
Multivibrators ¢ 46478 4047 16 124
SCL4582B 4582 16 265
4-Bit SCL4585B 4585 16 269
Arithmetic SCL4008B 4008 16 32
Logic 12-Bit SCL45318B 4531 16 249
4-Bit A.L.U. SCL4581B 4581 24 261
Dual D Type SCL40138 4013 14 44
. Dual JK Type SCL4027B 4027 16 85
Flip-Fiops 4-8it D Type SCL4076B 2076 16 151
Hex D Type SCL4174B 4174 16 175
SCL4043B 4043 16 13
RSType SCL4044B 4044 16 113
SCL4042B 4042 16 11
Latches Clocked SCL45088B 4508 24 210
Addressable SCL4099B 4099 16 168
Schmitt Quad SCL4093B 4093 14 162
Triggers Hex SCL4584B 4584 14 267
Ser In/Ser Out SCL4006B 4006 14 27
SerIn/Par Out _ SCL4015B 4015 16 48
SCL40148 4014 16 46
shift PariniSerOut ¢ 46718 4021 16 69
Registers Parin/Par Out  SCL4035B 4035 16 101
SCL4034B 4034 24 96
Bus Registers SCL4094B 4094 16 165
SCL4517B 4517 16 231
Digital Mux SCL4512B 4512 16 220
Analog SCL4051B 4051 16 131
Multiplexers Multiplexers &  SCL4052B 4052 16 131
and Demultiplexers  SCL4053B 4053 16 131
Switches SCL4016B 4016 14 50
analog S SCL4066B 4066 14 140
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
Series exceed the JEDEC Standard Specifications for
“B” Series 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 (Ipp), output voltage (VoH, VoL) and, in
several cases, output drive current (IoH, Iop)- In
addition, Solid State Scientific does not degrade any
parameter for any commercial-temperature-range part
type. The few device types which fail to meet the
4000B Series 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 4000B Series, as well as most of the electrical
characteristics. Therefore, these few part types are
fully compatible with 4000B devices in virtually all
applications.

All 4000 Series CMOS devices are available in
commercial temperature range (—40°C to +85°C)
versions, and a variety of package configurations.
Available 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 tem-

1As 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 40008 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
have 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 the JEDEC 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-
fered, 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.



4000B SERIES

FAMILY SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS *
DC Supply Voltage Voo -0.5t0 +18
Input Voltage Vin -0.5to Vpp +0.5
DC Input Current Iin +10
(any one input)
Power Dissipation Pr 300
Storage Temperature Ts —-65to +150
Range
RECOMMENDED OPERATING CONDITIONS®
DC Supply Voltage Von 3to 15
Operating Temperature Ta
Range
C.D,F packages, chips -55to +125
E package -40to +85

Voltage referenced to V.

Vdc
vdc
mAdc

mwW

Vdc

°C

Parametric limits are guaranteed for Vy,, = 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 limitis 15 Vdc or as determined by power dissipation restrictions or interface to

other logic.

Unused inputs must be connected to Vpp, Vs, Or another input.
Care should be used in hand!ing CMOS devices; static charges may damage the device.

ELECTRICAL SPECIFICATIONS

Parametric limits listed here are guaranteed for the entire 4000B Series Family uniess
otherwise specified on the individual data sheets.

STATIC CHARACTERISTICS (Vgs =0V)

1 o 1
PARAMETER Voo | conDITIONS |_TLOw *5C THiGH | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. [ Min. | Max.
QUIESCENT DEVICE oo
CURRENT
Gates 5 - 0.05 - [0.0005| 0.09 - 15 |uAdc
10 - 0.1 — 10.001 0.1 - 3.0
15 |Vin=VssorVoo | — | 02| - Jooo2| 02| - | 60
Buffers, Flip-Flops 5 |All valid input - 1.0 — |0.005 1.0 - 130 unAdc
10 |combinations - 2.0 - |0.01 20 - |60
15 - 4.0 — [0.02 4.0 — _[120
MSI 5 - 5 - 10.05 5 - (150 HMAdc
10 - |10 - 0.1 10 — oo
15 - |20 - 0.2 20 — p00
HIGH-LEVEL OUTPUT Vor
VOLTAGE 5 |Vin=VssorVop | 499 — | 499] 5 | — | a9s] — | vdc
10 999 - 9.99( 10 - 995 -—
15 llol <1uA 1499 - 14.99| 15 - 1495 —
LOW-LEVEL OUTPUT Voo
VOLTAGE 5 [Vin=VssorVoo| - | 001] — | o | 001 - | 005| vdc
10 - 0.01 - 0 0.01 - 0.05
15 {|lo] <1uA - 0.01 - 0 0.01 - 0.05
MINIMUM INPUT HIGH Vin
VOLTAGE 5 |Vo=0.5Vord.5v| -— 3.5 - [2.75 35 - 3.5 Vdc
10 [{Vo=1.0Vor9.0v( - 7.0 - [6.5 7.0 - 7.0
15 [Vp=1.5Vor13.5V| - |11.0 - 8.25 1.0 - |10
|'o| <tuA lB
'TLow -55°C for C, D, F, and H devices

Thich

-40°C for E device

+85°C for E device

+126°C for C, D, F, and H devices
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STATIC CHARACTERISTICS (Vgs = OV) Continued

1 o, 1
PARAMETER Voo | conpiTions |TLow *25 ¢ Tuigh___| ynits
) (Vde) ) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
MAXIMUM INPUT LOW Vi
VOLTAGE 5 [Vo=0.5Vord4.5Vvl 15 - 16| 2.25 - 1.5 — Vdc
10 |Vo=1.0Vor9.0v| 3.0 - 3.0( 45 - 3.0 -
15 |Vo=1.5Vor 13.5V] 4.0 - 40 | 6.75 - 4.0 -
|lo| <1pA
OUTPUT HIGH (SOURCE) lom
CURRENT
B Series 5 |Vonu=4.6V -0.64] - -0.51]-1.26 - -0.36 — |mAdc
10 |Von=9.5V -1.6 - -1.3 [-3.25 — -0.9 -
15 [Von=13.5V -4.2 - -3.4 {-10 - -24 -
Vin=Vss or Vpp
OUTPUT LOW (SINK) loL
CURRENT
B Series 5 |Vor =04V 064, - 051 1.25 - 036 — |mAdc
10 |Vo_=0.5V 1.6 - 131|325 - 0.9 -
15 |Vo =1.5V 4.2 — 34 (10 - 24 -
Vin=Vss or Vpp
INPUT CURRENT In | 15 |Vin=0or 15V — |01 | - [#10% | +0. — | £1.0 {uAdc
! Tiow = -55°C for C, D, F, and H devices
= -40°C for E device
Tuign = +125°C for C, D, F, and H devices
= +85°C for E device
DYNAMIC CHARACTERISTICS (T5 =25°C)
PARAMETER Voo Min. | Typ. Max. | Units
(Vdc)
INPUT CAPACITANCE Cin - - 5 75 pF
Part types designated “UB’'! meet the above parametric specifications with the following excep-
tion, unless otherwise specified on the individual data sheets.
1 0 1
PARAMETER Voo | coNDITIONS | TLOW 125 C _Twign__| ypie
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
MINIMUM INPUT HIGH Vin
VOLTAGE 5 |Vo=0.5Vor4.5vV| -— 4.0 - 275 | 4.0 - 40 | Vdc
10 [Vo=1.0Vor9.0v| - 8.0 - 5.5 8.0 - 8.0
15 [Vo=1.6Vor13.5V] — 12.0 - 8.25 | 12.0 - 1120
[lo] <10A
MAXIMUM INPUT LOW Vi
VOLTAGE 5 |Vo=0.5Vor4.5vV| 1.0 - 10 225 | — 1.0 - Vdc
10 |Vo=1.0Vor9.0v| 2.0 - 20| 45 - 20 -
15 [Vo=1.5Vor13.5\] 3.0 - | 30675 — 30| -
||o| <1uA
' Tiow = -55°Cfor C, D, F, and H devices

THiGH

-40°C for E device

+125°C for C, D, F, and H devices

+85°C for E device

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

As defined in JEDEC Standard Specification
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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 mipimum 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

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.

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 Voitage Range

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

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

Input Voitage Range

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

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 (dc) and dy-
namic (ac) dissipation, and should be calculated from
the discussion of Power Dissipation in the section enti-
tied “"Design Considerations.”

Storage Temperature Range

The temperature range within which devices may be
stored without electrical connection is —65°C to
+150°C. Device reliability may be degraded when stored
outside this range.

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.

OC Supply Voitage 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.

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 —40°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, —55°C to +125°C.

STATIC ELECTRICAL CHARACTERISTICS

These parameters apply to devices in the steady-
state condition. They are specified at the low tempera-
ture limits (—55°C or —40°C), +25°C, and the high tem-
perature limits (+125°C or +85°C), with typical values
given at +25°C.

Quiescent Device Current (I,,,)
Quiescent current is defined as the current flowing

15

into the V,, 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
Vs Or Vpp). 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°Cincrease 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 (Voy, Viu)

Vuu is defined as the high-level output voitage
under no-load conditions (|I,| <1uA), with inputs tied to
Vs Of Vo Similarly, Vo 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 (Viy, Vy)

Vs and V,, are defined as the minimum input high
voltage and the maximum input low voltage, respec-
tively, which produce no more than a 10% Vp, changein
output voltage under no-load conditions (|Io|<1uA).
This parameter differentiates device designations “B"
and “UB".

In general, “B’" devices have greater noise immunity,
i.e., lower Viy and higher V,, than “UB’ devices be-
cause output buffering more effectively isolates outputs
from input voltage variations.

Output Drive Currents (lou, lot)

Output drive current is the source current (loy) with
the output high, or the sink current (I;) 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 Vg5 or
Vnn, Output voltages are specified at equal voltage drops
for both parameters at given supply voltage.

At Vo, = 5Vdc, loy and |, are specified at Voy =
4.6Vdc and V,,, = 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 (l,y) specification for these devices is
lower than the sink current (l,) specification (I, (TTL)
>> |y), many devices in the 4000 Series Family are
designed for balanced drives at these output voltages.

All gates and flip-flops, and a number of MSi parts, fall
into this category; this is noted on the individual data
sheets.

At Vi, = 10Vdc, an output voltage drop of 0.5vVdc
from either supply is used-as the standard condition for
specifying lox and lo.

At Vpp = 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%/°C current decrease with increasing temperature
at 25°C characteristic of CMOS. Most device datasheets
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 (l;,)

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: Vpp is
applied at the output along with input combinations
which would normally force the output low; Vgs 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 orout of an input terminal when Vssor Vypis applied
to that terminal. Input current consists of junction leak-
ages in the diode protection circuit, and is typically
+10pAdc. Worst-case input current is specified at Vpp =
15Vdc across temperature, with a maximum of
+1.0uAdc at +125°C (+85°C for commercial tempera-
ture range devices).

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

DYNAMIC ELECTRICAL CHARACTERISTICS

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

Propagation Delay Time (tp.y, teu)

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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3-State Propagation Delay (teuz, tez, tezis tezi)

The tez (high-level to 3-state) and tp 2 (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 (tpuz) or to the 10% point
of the output signal rising edge (tpz). The tpzy (3-state to
high-level) and ty, (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 (tpzy) Or to the 90% point of the output signal
falling edge (tgz,). In addition to the S0pF load capaci-
tance, a 1K load resistor is tied to Vgg (tpyz and tezy) Or
Voo (tez and tn[).

Output Transition Time (truu, tru)

These parameters refer to the rise (tr.4) and fall
(tru) times at device outputs. They are measured from
the 10% to the 80% points of the output waveform. Both
parameters are functions of output transistor sizes, and
fall into standard categories in the same way as output
drive current. Qutput 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% 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.

Maximum Clock Frequency (f.,)

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.

Maximum Clock Rise and Fall Times (t.c,, tq)

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 (ty..4)

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,..)

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,y)

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 Rise and Fall=20ns
Vpp (high)
Input 90%
Information
1
0% Vgs (low)
PLH PHL
L \ (high)
90% oH
Output 50%
10% VoL (low)
tTLH TTHL

Non-Synchronous Circuit Waveshapes and Timing Parameters



Input Rise and Fall= 20 ns
Valid "1 Invalid **1"

—_— - Vpp (high)
Input
Information 50% Invalid 0"
g valid "'0" Vgg (low)
— thold J—u l*—‘hold
tsetup tsetup -— 20ns -—
Vpp (high)
Clock or
Strobe
/ Vgg (low)
PWh i PWL
1
PRF = f
tp L H— CL —tpPHL
Y (high)
90% oH
Output 50%
10% Vol (low)
tTLH tTHL

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

Synchronous Circuit Waveshapes and Timing Parameters

— i—— 20 ns ——{L t_—mzo ns

_ - v
90% | bo
Output Disable 50%
X 10°
e Vss
e tPLZ ——i !—4— tl'-'Zl_.I
| ~ - VoH
! ! 90%
Output (Case 1) H
; X25V@Vpp=5V,
i 10V, and 15 V
e tpH Z -t
H ", ! PZH X2V@Vpp=5V
90% ~6V@Vpp=10V
Output (Case 2) . X10V@Vpp=15V
10% VoL

Outputs Qutputs Qutputs
Connected Disconnected Connected

QOther g::

Output R = 1k§2
Inputs i v f t nd t
g : IC With . AA o pptor tpLz a PZL

3.State o Vgg for tpyz and tpzH

Output Disable O——

CL

T —

Three-State Propagation Delay Waveshape and Test Circuit
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4000 Series Data
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SOLID <
STATE @@
SCIENTIFIC

SCL40008

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

00O
All other combinations

1
o]

LOGIC DIAGRAM

40008 M

FUNCTION DIAGRAM

1A 3
1B 4
1C s

2A 1
31:H>o—102Y

2C 13

3A s—{>o—9 3Y

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

Vpp = Pin 14
Vgg = Pin 7

CONNECTION DIAGRAM
(all packages)

Vpp 2C 2B 2A 2Y 3Y 3A

| | ] | | l |

14 13 12 11 10 9 8
40008

1 2 3 4 5 6 17

| I ! |
NC NC 1A 1B 1C 1Y Vgg

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat
Chip

ITmMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to156 Vdc

Operating Temperature Ta
C, D, F, H Device -65 to +126 ©C
E Device 40to +85 ©C

SCHEMATIC DIAGRAM
(One of two NOR Gates)

20



SCL4000B
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 L)
PARAMETER Voo | conpITIONS |__TLOW 35C Thich® | ynies
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lod
CURRENT 5 |Vin=VssarVpo| - | 005 - [0.0008 005| — | 1.5 [uAde
10 | All valid input - | 00| - 0.0017 010 - |30
15 | combinations - | 020 - |0002| 020 - | 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C_ =50pF, To =25°C)

PARAMETER (‘(132) Min. Typ. Max. Units
PROPAGATION DELAY TIME teLH, tPHL
5 - 125 250 ns
10 - 60 120
A 15 - 45 90
OUTPUT TRANSITION TIME trem. tray
5 - 100 200 ns
10 - 50 100
15 - 40 80

Vs, DRAIN VOLTAGE (Vdc) 50 —
.20 -18 -16 -14 - R 8 6 -4 - !
20 -18 -16 -14 -12 110 ? ? 4 2 0 g 4 Ve, = 15 Vde
Vos==5 Vit 5 o= g 40
! ! A 10 2 = ¥ -
F [ 145 8 )
Vgs ==10 Vde 7 -15 g &
7 -20 5% Ve =10 Vés
[x] =]
/ 25 g =z 2 7
30 2 F L] 77
B 35 % S 10 /A
Vs =15 Vde r/ _403 2 s Vc_sl=5rdc TA=25I°c
| =t — 980 L
1 1 T, =204 2 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, BRAIN VOLTAGE (Vde)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SOLID $$;
STATE @@
SCIENTIFIC

SCL4001B
SCL4002B
SCL40258
SCL4078B

4001B - Quad 2-Input NOR
4002B — Dual 4-Input NOR
4025B — Triple 3-Input NOR
4078B — 8-Input NOR

FEATURES

4 Buffered Outputs
4 Diode Protection on all Inputs
4 Fully “B” - Series Compatible

Inputs Output
00...0 1
All other combinations 0
FUNCTION DIAGRAMS
4001B 40028

1 1A
1A
13£D°_3 " 18 1

1Y

2A 4,y 1C
2B D
3A 10 2A

% 1
3B::D°“ : 28 13,
A 1 gy 2C12
48 2D

oo o s s

-

Y=A+B Y=A+B+C+D
4025B 4078B
1A A 2
1c& g
13
2a3 £8 Y
4 6
ZBEEE{:::>>——2Y F 10
2C5 G 11
11 12
3A H
' 1
38‘@0—3 3y Y = A+B+C+D+E+F+G+H
3C
13 .
v-ATBSC Vpp = Pin 14
Vgg =Pin7

for All Devices

22

CMOS NOR GATES

CONNECTION DIAGRAMS

(all packages)

Vpp 48 4A 4Y 3Y 3B 3A
| | | | | | |
14 13 12 11 10 9 8

40018
1 2 3 4 5 6 17
| | I 1 | IS
1A 1B 1Y 2Y 2A 2B Vgg

Vpp 2Y 2D 2C 2B 2A NC

l | | 1 | ] ]
14 13 12 11 10 9 38

40028
1 2 3 4 5 6 1
| 1 I | I | !
1Y 1A 1B 1C 1D NC Vgg

Vpp 3C 3B 3A 3Y 1Y 1C
1 l | | ] | ]

14 13 12 11 10 9 8
40258
1 2 3 4 5 6 7
I | I | 1 | I
1A 1B 2A 2B 2C 2Y Vgg
Vpp Y H G F E NC
| 1 | | |
14 13 12 11 10 9 8
40788
1 2 3 4 5 6 7
| | | | | |
NC A B Cc D NC Vgg

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voltage VpD - Vss
Ta

3to15 Vdc

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

-65t0 +126 ©°C
40to +85 ©C



SCL4001B, SCL4002B, SCL4025B, SCL4078B
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS ?

2 O, 2
PARAMETER Voo | conpiTions | TL 5c ThigH” | ynits
(Vde) Min. | Max. | Min. | Typ.:| Max. | Min. | Max.
QUIESCENT DEVICE log
CURRENT 5 |Vin=VssorVop [ - | 0.05| - |0.0008 005| - | 1.5 |nAdc
10 | All valid input - 0.10 - |0.001 | 010 - 3.0
15 |combinations - | 020 - |0.002| 020| - 6.0
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications.”
TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°Cfor E device.
DYNAMIC CHARACTERISTICS (C_ =50pF, T, = 26°C)
PARAMETER (\\,/32) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLm. tPHL
5 - 125 250 ns
10 - 60 120
15 - 45 90
OUTPUT TRANSITION TIME trin. truy
5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vdc) 50 T T
20 18 -16 -14 -12 -10 8 6 4 -2 0 = & \L_s =15 Vde
T 5 - 5w
s = Vdc s E
1 10 £ = 3 =
| A 115 8 Z
Vs =—10 Vdc 7 15 2 g
L 20 = 52 Vo = 10 Vée
A 2% 8 S
= 5 A
30 2 2 S7p7
35 5 e 10144
Vs =—15 Vdc - 3 = 5% Vos =5 Ve Ta=25°C
| "] | 45 11 11
] TA=2-"|°- s 0 2 4 6 8 10 12 14 16 18 20
1 -50 Vos, BRAIN VOLTAGE (Vde)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
LOGIC DIAGRAMS SCHEMATIC DIAGRAM 4002B (1 of 2 gates)

40018 :Do—a[>—{>o— wnr—4

40028
“'EL”_%

b
;A ouTeuT

20258 —) Do >>o—
Y I l

40788 - LI Ll o

Vo
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soLiD &
STATE 3P SCL4001UB
SCIENTIFIC

CMOS NOR GATE (Unbuffered)
FEATURES

4 Unbuffered Outputs for Quasi-Linear Applications
4 Quad 2-Input NOR Configuration

¢ Diode Protection on all Inputs

¢ Output Drive Current Compatible with “B” Series
¢ Pin Compatible with Buffered 40018

DESCRIPTION

The 4001UB 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 4001B
is recommended for its higher gain and input
pattern insensitivity.

TRUTH TABLE
Inputs Output
0o 1
All other combinations 0
SCHEMATIC DIAGRAM
Voo
“C
146 1= 2 d3a
12 Byl Sy
Farallnmp?
~“= -3 U =
28 &——ﬁ»’,,: = Bas
240~ 2 | & Baa
oE L,
LA TR
29 9 Sav
Vss

24

CONNECTION DIAGRAM

(all packages)
Vpp 4B 4A 4Y 3Y 3B! 3A
] | | | | 1 |
14 13 12 11 10 9 8
4001UB
1 2 3 4 5 6 7
I |l | I | | |
1A 1B 1Y 2Y 2A 2B vgg

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  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3to15 Vdc

65 to +125 ©C

E Device 40to +85 ©C
LOGIC DIAGRAM
1A
18 z:D"—’ 1Y
2A
28 SD—A 2Y
3A
4A 12
48 IJ:D:>—|| 4Y

Y=A+8B
Vpp *Pin 14
V§s*Pin 7




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

SCL4001UB

2 0 2
PARAMETER Voo | conpiTiONs |__Tiow BC TuigH" | ynins
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Iog
CURRENT 5 |Vin=Vss orVpp| — | 0.05| - |0.0005/ 005 | — | 1.5 |uAde
10 | All valid input - | 0.10 - 10.001 | 0.10 - 3.0
15 |combinations - | 0.20 — 10.002 | 0.20 - 6.0
NOTES: ! Remaining Static Electrical Characteristics are listed under “ 40008 Series Family Specifications”.
2 T_ow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign = +126°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, =50pF, To = 25°C)
Vpp i
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLH. tPHL
5 - 60 120 ns
10 - 30 60
15 - 25 50
OUTPUT TRANSITION TIME triH. tTHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Véc) 50 —T
-20 -18 -16 -14 -12 -1|0 -? 4[5 4 2 0 - 45 Voo = 15 Ve
Ves=-5 Ve 5 = é 40
L 1 y. 10 ¥ =~ 35 >4
1 A 14 8 E /
Vos=-10 Ve TA /T E £
L4 20 = 5 2% Vos = 10 Vde
/ 25 e S 2
30 s g 15 | /’
35 3 S 10
Vs =—15 Vde L, 4o§ = 5%’ "f-s]=~":"‘ T,=25°C -
L 1
f T T,=2C145 £ 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel

Source Current Characteristics

25

Typical N-Channel
Sink Current Characteristics




SCL4001UB
APPLICATIONS INFORMATION

Voo
? %2 4001UB

L.
P4
<

Cic

o L]

Ty +67% OF Voo
® vy, + 33% OF Voo
]
® 1
ATION 1N
- YiuE T Th0

MONOSTABLE MULTIVIBRATOR

®_j

COMPENSATED MONOSTABLE MULTIVIBRATOR

Vpp=10V
30
% 4001UB /
8
VOU(
>
2 20
-
"
4
g 10
Vin I> /
Vx
0 Vx
1V 2v 3v av 5V

SCHMITT TRIGGER
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sTATE P

SCL4006B
SCIENTIFIC
FEATURES
¢ Fully Static Operation CONNECTION DIAGRAM
4 Cascadable (all packages)
¢ 5MH:z Shift Rate @ 10Vdc
D1+4 D2+4 D4+5
Vbbb D2+5 D3+4 D4+4
] | | | | | L
14 13 12 11 10 9 8
DESCRIPTION 4006B
The 40068 is comprised of 4 separate Shift 1 2 3 4 5 6 7
Register sections: two sections of four stages and D1 NC CL D2 D3 Da V'ss

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 4006B package.
Longer shift register sections can be assembled by
using more than one 4006B.

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

TRUTH TABLE
Di CL Di+ 1
0 ~ 0
1 N 1
X e No Change
X = Don’t care
TYPICAL REGISTER STAGE
a
o o

(4%

27

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat
Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vpp-Vss 3to15 Vdc

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

-65 to +125 OC
40to +85 ©C

LOGIC DIAGRAM

CLo—El{’ &I:[

e
[ So{s o
—_—

"“

D—%p1+4

D3

 sTaGES
8 __ci/

Vss




SCL4006B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 S 2
PARAMETER 0D | CONDITIONS | _TLOW 5C THIGH” | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lbo
CURRENT 5 |Vin=VssorVoo| - | 5 | — |00s| & | - | 150 |uAde
10 | All valid input - 10 - 0.1 10 - 300
15 |combinations -1 20 - |02 20 - 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
TLow = -55°C for C, D, F, H device.
= -40°C for E device.
Trion= +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, =50pF, To = 25°C)
VDD H .
PARAMETER (vda) Mijn. Typ. Max. Units
PROPAGATION DELAY TIME t P ¢
PLH ., 'PHL 5 _ 250 500 ns
10 - 125 250
15 - 100 200
OUTPUT TRANSITION TIME tren.trid 6 _ 100 200 | ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWc,
5 - 200 400 ns
10 - 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY feu
5 1.25 25 - MHz
10 25 5.0 -
s | 30 | e | -
MAXIMUM CLOCK RISE AND teL. treL I
FALL TIME' 5 15 - - us
10 5 - -
15 3 - -
MINIMUM SETUP TIME teorup
5 - 40 80 ns
10 - 25 50
15 - 20 40
MINIMUM HOLD TIME thot
5 - 40 80 ns
10 - 25 50
LS S 20 [ 4 |

the output driving stage for the output capacitive load.
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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
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stATE P

SCL4007UB

SCIENTIFIC

CMOS DUAL COMPLEMENTARY PAIR PLUS INVERTER
FEATURES
¢ Low Output Impedance CONNECTION DIAGRAM
¢ Extremely High Input Impedance (all packages)
4 Single Supply Operation - Positive or Negative
4 Al 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.

ORAIN- TO-SOURCE VOLTS (Vos)

(91) SIYISWVITIIN NIVEO

AMBIENT TEMPERATURE (T, 25°C 133 $od ue
TEMPERATURE COEFFICIENT FOR Ip = onl c itd1it

Typ. P-Channel drain characteristics

AMBIENT TEMPERATURE T,
TYPICAL TEMPERATURE cozmcnzm

FORIG 03V c-r—‘——

ov: !

. .. y :1 Vo

: R e

: s [ M
B N 148m [ 14 10 GND

oMM | 710

e

DRAIN MILLIAMPERES (1)
P
R R

10 125 15
DRAIN- TO-SOURCE VOLTS (Vo)

Typ. N-Channel drain characteristics
2423 B B B TR T |

Taemc

OUTPUT VOLTS (Vo)
~
.

s
IW' VOLTS (V,)

Min. and max. voltage transfer
characteristics for inverter
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Vpp DPp Oute SPc Gg S-NgD-Np

| | | | | | |

14 13 12 11 10 9 8

4007UB

1 2 3 4 5 6 17

I I I | I I
D-Pg S-Pg Gg S-NgDNg G Vss
D = Drain G = Gate

S = Source

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat

Chip

ITMTMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature  Tp
C, D, F, H Device

3t0o15 Vdc

565 to +125 OC

E Device 40to +85 ©C
SCHEMATIC DIAGRAM
s 12
’ AMBIENT T )+ 28%c|
IEESSS SN EANEEEEERE]
- T IEEE1
FTH PPLY VOLTS (V) *
H T -
12.8 5 ] 1w 1 vp |28 %]
5 =2 g
B & ) volio §
§ IS, 0 v 12 2
s e L3,/ |78 3
SiEEE 9 3
> H H s
Ns T 8 sas} —ls &
HHHEHNH n--|" 8
2 L HH TeRw 386 To B0,

O 28 s 75 10 1285
INPUT VOLTS (vy)

Typ. current and voltage transfer
characteristics for inverter



SCL4007UB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

PARAMETER Voo | coNDITIONS *_{ units
(Vde) L
QUIESCENT DEVICE top)
CURRENT 5 |Viy=Vgs 0f Voo uAde
10 | All valid input
e 15 _|combinations 0 ).00: X L
NOYES ! Static E [ol are listed under “4000B Series Family Spec.hcanons
? T ow = -55°C for C, D, F. H device.
= -40°C for E device.
Tuian = +125°C for C. D, F, H device.
=+ 85°C for E device. -
DYNAMIC CHARACTERISTICS (C_ =50 pF, To =25 C)'
T T )
PARAMETER [ oo, [ Min i Ty T Max. ! nits |
T T 1
PROPAGATION DELAY TIME toun. te | : ! ! ! !
\ 5 1 - 1 s M s
0ol - 3 60
IS N s |
I - . >l . o i
OUTPUT TRANSITION TIME trom. tro | i ; ' !
i 5 | - ! 100 200 * ns
N T T R - 100 i l
S, Lo D= o e
! Connected as inverter
AMBIENT TEMPERATURE (T, ) * 28°C AMBIENT TEMPERATURE (1)) = 25°C
€ |TYPICAL TEMPERATURE COEFFICIENT FOR 10°
| 1so|ALL VALUES OF Vpp+0.3%/°C
Ei 0
: I H >anramun
M R [ [39PPLY VOLTS (Voo ) = 15 A
k3 < o g% D4
y 2| 3 b
F o LXLLAs
-
LY VLTS (Vpp) g 0 4 e
T ??n g is
INERENES T -]
T # I T < 11
- HHHHHH!! H E T
-H - s 2 11
H = H M e LOAD CAPACITANCE _ | |
H H T ' €, = 13pf L
" IEESNEEEEEENNNNN] H
. TTTTTT IENEN IS ENENeN| € 2 30pF ~ == 1
INUSENEESNNENENSNAEEAEREREANNE T LUL L LU L T
[ 0 3 40 50 60 70 60 i 1 EEIE
CAPACITANCE (C ) — pF 07 103 o* 0% 10¢ 10’

Typ. propagation delay time vs. C_

Typ. dissipation characteristics

APPLICATIONS INFORMATION

(14,2,11); (8,13);
(1.5); (7,49

Triple Inverters ¢ [> 0 3 |> s
0 : 12
3-Input NOR Gate §g:>o-o-z

3-Input NAND Gate ,
3
0

(13,2); (1, Ny
(12,5,8); (7,4,9)

(1,12,13); (2,04,01);
(4.8); (5.9)

Voo

Tree (Relay) Logic (13,12,5); (4,9,8);

(6,3,10); (8,5,12);

High Sink-Current Driver L34 (749

Voo
] (0PTIONAL vpp PuLL-UPI
= >
— - —
—
Vs

(14,2); (0,11

ﬂ_

]

SLIEN:
8 © IH— our A o
21 O— 6;4_. T

[ _],4_ Qout
L 1

o———rF— T3
#7ALL P-UNIT SUBSTRATES _."1_ ;Vss

r

vss

OuT tvgp):C a8
GUT tvgg)+CA+CB

e "Comec €D 10 ves

High Source-Current Driver
(6.3,10); (13,1,12)
(14,2,11); (7,9) ““T“-

Y
[ M

L___

—

1

._l (0P TONAL vggPuULL OOWN}
s
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SCL4co7UB

APPLICATIONS INFORMATION (Continued)

High Sink- and Source-Current Driver

(6.3,10); (14,2,11); voo (1.5.12), (2.9,
1
(7,4.9); (13,8,1,5,12) (11,4, (813,10, (6.3) o
[ @_‘ TG,
— cLock
— —— ]}—o— ~
— — j—O toum 3 J
r— 12)
162
4{ SO—— out
— I _@(m;
p— —e— p——
— —

Dual Bi-Directional Transmission Gating

3-State Buffer

*Voo

hjz
Disable 30———1
-

1
—
input 10 3—012 Output
p—
9

1

8

—_— h—
Disable 6 O——JE
7

INPUT | DISABLE OUTPUT
1 o [+]
o o 1
X 1 Open

X = Don’t Care
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SOLID §%

STATE $CL4008B
SCIENTIFIC

CMOS FOUR-BIT FULL ADDER
FEATURES

¢ Look-Ahead Carry Output
¢ High-Speed Operation

DESCRIPTION

The 4008B 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. 4008B inputs include the four
sets of bits to be added, A1 to A4 and B1 to B4, in
addition to the Carry-in bit from a previous section.
40088 outputs include the four Sum bits, S1

CONNECTION DIAGRAM
(all packages)

Vpp B4 Couy S4 S3 S2 Si
] | ] l ] | ]
16 15 14 13 12 11 10 9

40088
1 2 3 4 5

1T 1
A4 B3 A3 B2 A2

7
|
A1 Vgg

wdo

1

Add suffix for package:

and S4, in addition to the high-speed Parallel-Carry- C 16-pin Cerdip
out which may be utilized at a succeeding 40088 D 16"’!" Ceramic
section. E 16-pin Epoxy
F 16-pin Flat
TRUTH TABLE H Chip
(one stage)
Cin B A Cout S
(4] ] 0] o] 0]
0 o 1 0 1 RECOMMENDED OPERATING CONDITIONS
g : (1’ ? ; For maximum reliability:
1 o P P 1 DC Supply Voltage Vpp-Vss 3to15 Vdc
1 [} 1 1 [0} Operating Temperature Ta
1 1 (o] 1 o] i
1 C, D, F, H Device -65 t0 +125 ©C
1 1 1 1 E Device 40to +85 ©C
BLOCK DIAGRAM
o e oo
84 15 O I
Adder 013 sa
A4 10~ 4
Yo
83 20- Adder 012 s3
A3 30— 3
(cs
82 40
Adder
Az 50— ; l—o11 s2
J c2
81 60O Add
er L — 010 s1
Al 7 1
’ Vpp = Pin 16
Cin 90 Vgg = Pin8
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SCL4008B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 o, 2
PARAMETER Voo | conpiTions | Tiow 15C Tuieh” | ynins
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo ’
CURRENT 5|V =Vssor Voo - s | — |oos| 5| - | 150 |uAdc
10 |AlMvalid input -l 10| -]o1 | 10| - | 300
15 [combinations - 20 - 0.2 20 - 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
TLow =-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 (C_ = 50pF, T, = 25°C)

PARAMETER (‘\’,gg) Min. Typ. Max. | Units
PROPAGATION DELAY TIME
Sum In to Sum Out tpLH, tPHL
5 - 400 800 ns
10 - 160 320
15 — 115 230
Sum In to Carry Out teLH. tPHL
5 - 310 620 ns
10 - 140 280
15 — 110 220
Carry In to Sum Out teLH. tPHL
5 - 380 760 ns
10 - 150 300
15 — 115 230
Carry In to Carry Out teLH. tPHL
5 - 180 360 ns
10 - 75 150
15 — 55 110
OUTPUT TRANSITION TIME trim, trHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
Vps, BRAIN VOLTAGE (Vdc|
20 -18 16 14 12 10 8 (-s )-4 2 0 » 1. T
— g 45 Vgs = 15 Vde
Vos == Vde—] 5 = E Y P
— g N E o
0 = -15 30
Vos =-10 Vde 7 : g g »
20 3 Ves = 10 Vée
/ 25 E S 2
30 ; g 15 7 /"
A s 2 H '2 A~ | Ves="5 Ve .
Vo = =15 Vde— 40 % = 7 TA1= 25' C -
1] T,=2C445 2 0 2 4 6 8 10 12 14 16 18 20
-50 Vs, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SCL4008B

LOGIC DIAGRAM

COU!
|
B4
—
sa
A4
83

2 S3

B2

s2
A2

81

St
Cino- o>

APPLICATIONS INFORMATION

Word A + B Inputs
A

I N O I

Chip
(o}
4 out

Tl Tl el Tirg

Ch Ch
2'9 Cout Cin ,m Cout}—{Cin

_L_; Cin ch"p Cout —-{Cin

— s i e s e e ———

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
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APPLICATIONS INFORMATION (Continued)

BCD Number (Two Digits)
A

A
80 40 20 10 8 4 2“‘

_ — 3 1

B4 A4 B3 A3 B2 A2 B1 Al

~ Gy 40088 'l

Out

32 |32 |16 |16 |8 8 a 4
B84 A4 B3 A3 B2 A2 Bt Al

[ C
] Corey 40088 orrv 12 ]

64 64 |32 132 |16 |16 |8 8
B4 A4 B3 A3 B2 A2 B! Al

Carry Carry
—]cm 4008B -

J28 64 32 16

Nl

BCC or Binary Number (8 Bits)

2-Digit BCD-to-Binary Conversion

[—]

Qi Q2 Q3 Q4

2 4013B's
o1 D2 03 D4

s1 s2 s3 sa
Up/Down
Cin 40088 .

81 A1 B2 A2 83 A3 84 A4

LTI TITTL

Clozh

*B-inputs can be
programmed to
vary step size.

4.Bit Up/Down Counter
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SOLID Q% SCL4009UB

STATE

SCIENTIFIC SCL4o108
CMOS HEX BUFFERS/CONVERTERS

FEATURES

¢ Direct Drive of 2 TTL/DTL Loads CONNECTION DIAGRAM

¢ Operation from Single or Dual Supplies (all packages)

¢ Al Inputs Diode-Protected
Vpp 6Y 6A NC 5Y 5A 4Y 4A

DESCRIPTION | | ] | | 1 |

The 4009UB and 4010B are single-chip 16 15 14 13 12 11 10 9
monolithic silicon integrated circuits containing 4009UB 40108
eighteen N-Channel and twelve P-Channel enhance- 1 2 3 4 5 6 7 8
ment-mode MOS transistors connected to form six I | LI ol | I
independent buffer/converter configurations. These Vec 1Y 1A 2Y 2A 3Y 3A Vgg
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 Add Suffix for Package:
operating at 3Vdc to 18Vdc supply levels to DTL C 16-pin Cerdip
or TTL logic operating at 3Vdc to 6Vdc supply D 16-pin Ceramic
levels. Conversion to logic output levels greater E 16-pin Epoxy
than 6Vdc is permitted proving Vec <Vpp. :: éﬁjpi" Flat

P

RECOMMENDED OPERATING CONDITIONS

SCHEMATIC DIAGRAMS For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to15 Vdc
4009uB Vee-Vss 3to15  Vde
T""’ vee Vee < Voo
Operating Temperature Ta
H i i C., D, F, H Device .55 t0 +126 OC
o | 12 __y’J o¢ | . E Device 4010 +85 ©OC
J—L::% ] CuTPUT U::: LOGIC DIAGRAMS
1A o’—{>o—‘o 1Y 1A 1Y
Vs = S L)

2A 2y 2A

vy
VYY

O v
> ! oo -rl— - 0:: 14 I8 14 18
u ne O-2 Y=A ne O Y=A
vy = Vee O—; veeO—
Vs O— vss O—2
oo O—2 vop O—*
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SCL4009UB, SCL4010B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 ° 2
PARAMETER Voo | cONDITIONS | TLow *5C THiIGH” | ynits
(Vde) Min. | Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vi=VssorVpp| — (025 | - [0005|025| - | 75 |uAdc
4009uB 10 |All valid input - |o0s0 - | 001 | 050 - | 150
15 [combinations - 100 | - 002 [100 | - _[300]| .
QUIESCENT DEVICE lop| .5 [Vin=VssorVpg — | 10 | — 0005 1.0 | _ | 30 | uAde
CURRENT 10 |All valid input —|20] —|o0or|20]| — | e0
40108 15 |combinations _ | a0 | — |o02]| a0 L_ 120
- S Y IR SR
MINIMUM INPUT HIGH Vin
VOLTAGE 5 |VoL = 0.5V - | 40| - |275| 40| - | 40|vdc
4009UB 10 VoL = 1.0V - | 80| - |55 8o| - 8.0
15 Vo, = 1.5V ~ |120| - [825 | 120| - | 120
lo < 16A ~ N I
MAXIMUM INPUT LOW Vi
VOLTAGE 5 |Vou = 3.6V 10| - 1.0 | 225 10| - |vde
4009UB 10 [Von =7.2V 20| - | 2045 - | 20f -
15 |Voy = 10.8V 26| - | 25675 25
lo < 1A R R
OUTPUT HIGH lon
CURRENT 5 |Vou=46 ~025| - [-02| - — |-014] - |mAdc
{SOURCE) 10 |V =95 -062| - |-05]| - - [-035] -
15 |voy=135 -18| - f-15| - -
OUTPUT LOW loL
CURRENT 5 |VoL = 0.4V 37| - | 30| 40| - | 21| - [mAde
(SINK) 10 |Vo_ =0.5V 9.9 - 80 (10 - 5.6 -
15 |Vg_ =15V 298| - |24 |36 - |168 | ~
Vin = Vss of Vpp

NOTES: ' Remaining Static Electrical Characteristics are listed under° "40008B Series Famjly Specifications”.
2 TLow =-55°C for C, D, F, H device Tuign = +125°C for C, D, F, H device
= -40°C for E device. =+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, T4 = 25°C)

Vpp Vee ; .
PARAMETER (Vde) (vde) Min. Typ. Max. Units
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
truL 5 5 - 30 60 ns
10 10 - 20 40
15 15 — 12 24
INPUT CAPACITANCE Cin
4009UB - - - 10 15 pF
40108 — - 5 7.5
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SCL4009UB, SCL4010B

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

v AN évu -5
Gsl- / -10 ;
[ S
Vs = =10 Vde 15 8
20 =
25 2
Vgs = =15 Vde a0 3
35 5
-40 §
T,=25°C--45 &

L1 _J.50

lor, DRAIN CI.I_FSRENT (mAde)

00 Vs = 15 Ve

80 i

60 Vos = 10 Vdc

40 i

2 Vos = 5 Vde T,=25°C
1 b1 | 1

0 2 4 6 8 10 12 14 16 18 20

Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics

OUTPUT VOLTS (Vg)

Typ. voltage transfer characteristics as function of

COLLECTOR SUPPLY VOLTS (Vee) = * 3 1
beb A

o 2 10 (]

. 6 8
INPUT VOLTS (v;}

temperature — 4009UB

[AMBIENT TEMPERATURE (T4)e28°C E:t — Max
——NIN
H v [ Vo
° H TEST .
z Y conpimion: Yec*®Y
o, T I I
» %
] <>
£ ! :
S H A
Q
14 N "’Ib
a I \- )
= ;‘__ IO,
3 Y s I
o L
8 . 1
Janiga s
W
= T I X
u 1
e L]
2 4

10
INPUT VOLTS (V}}

Min. & max. voltage transfer charac-
teristics — 4009UB

Typical N-Channel
Sink Current Characteristics

COLLECTOR SUPPLY YOLTS (Vo) = S — » (Ty) 01252 C
seess —— (Ty) -35°C
-
:
- :
z
z
z
s &
>
5 23
5 g
R
2 2
) i
2 4 [} [ ] 10 7 "
INPUT YOLTS (V)

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

1046}~ AMBIENT TEMPERATURE (Tp)e zs-c[ I/ '/ "r
{ 11

z H T
i e AR
w T
g L
E? 103+ t
« 1
¥ T
S
a ——
w :
H :
z .
a 4 < T
& o - - :

b z Z 1 Z T
& A7
§ ZA A

11/ ——L0AD CAPACITANCE(C )13pF
N A/ 2 —— | *50pF |
o | ¥ L L] ] l
M 2 ¢ e8!, 2 ¢ sef, 2 . 6 nm,

10
INPUT FREQUENCY (1¢) kHz

Typ. dissipation characteristics —
4009UB, 40108




soLID $$S
STATE Q@
SCIENTIFIC

SCL4011B
SCL4012B
SCL4023B
SCL4068B

4011B — Quad 2-Input NAND
4012B — Dual 4-Input NAND
40238 — Triple 3-Input NAND
4068B — 8-Input NAND

FEATURES

¢ Buffered Outputs
¢ Diode Protection on all Inputs
¢ Fully “B”-Series Compatible

TRUTH TABLE

Inputs Output

1 1...1 0
All other combinations 1

FUNCTION DIAGRAMS

40128
1A 2

31y |
18 34

SR

1A 1
18 2

40118
2A 5 4. 1C 4
p-42v
2B 6 1D 5
B
>

H

3A 8-
38 9
4A 124
48 13—

3A11—
38 12 3—10 3y
I

3C 13

IOTMOO®D»
© o
Lrj
o
<

CMOS NAND GATES

CONNECTION DIAGRAMS
(all packages)

Vpp 4B 4A 4Y 3Y 3B 3A

| I | L |

14 13 12 11 10 9 8
4011B

1 2 3 4 5 6 7

! 1 1 L UL

1A 18 1Y 2Y 2A 2B Vgg

Vpp 2Y 2D 2C 2B 2A NC

14 13 12 11 10 9 8
40128
1 2 3 4 5 6 17

B
1Y 1A 1B 1C 1D NC Vsg

Vpp 3C 3B 3A 3Y 1Y 1C
| | ] | | L
14 13 12 11 10 9 8
40238
1 2 3 4 5 6 7
1 LU |
1A 1B 2A 2B 2C 2Y Vgg

14 13 12 11 10 9 8
40688

1 2 3 4 5 6 7

| | | | ]

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp- Vss

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

3to15 Vdc

-65t0 +1256 ©C
40to +85 ©C
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SCL4011B, SCL4012B, SCL4023B, SCL4068B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

PARAMETER Voo | conpitions |_Teow’ +25°C Thigh’ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max
QUIESCENT DEVICE oo
CURRENT 5 |V =VssorVop| - | 005 - locoos| 00s| - | 1.5 |wAde
10 |All valid nput - | o] - jocoi| 00| - | 30
15 |combinations - | 020 - |0.002 | 0.20f - 6.0
NOTES: ' R Static Electrical C are listed under “4000B Series Family Specifications.”
? Tiow = -55°C for C. D, F. H device.
= -40°C for E device.
Tuign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ »50pF, T, =25°C)
PARAMETER "\’,Ddg, Min. Typ. Max Units
PROPAGATION DELAY TIME toLm. tone i
5 - 125 % | ons
10 - 60 120
s - 45 0 |
OUTPUT TRANSITION TIME Hrom. trae 5 - 100 200 ! ns
10 - 50 100 |
15 - 40 80
Vos, DRAIN VOLTAGE (Vde) 50 —r
20 18 -16 -14 12 -10 8 -6 -4 -
2 ’,° ? 4+ 2 2 g 45 Vos = 15 Vde
Vs == Ve 5 T 4
il 7/ ] =% <
T / 5 3 = 3
Vs ==10 Vdc 7 '20 g g
K 2 Ves =10 Vde
A 25 g S22 / =
30 @ s 15 ///
» 35 3 e 0 )

Vgs =—15 Vde ’/ 40 ; £ SHA VGSI=SIVIG T,=25°C
1 o 1 1
| | T,=26°C445 2 0 2 4 6 8 10 12 14 16 18 20

-50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
LOGIC DIAGRAMS SCHEMATIC DIAGRAM 40128B (1 of 2 gates)
Yoo
—
won O
»—IE -
] |
1 °
b
4012 D_Do— L{ ]
4023 %—
Yoo
c_._{ |_| Vas vas
D_
4068
Vss
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SOLID S
STATE Q@
SCIENTIFIC

SCL4011UB

FEATURES

4 Unbuffered Outputs for Quasi-Linear Applica-
tions

Quad 2-Input NAND Configuration

Diode Protection on all Inputs

Output Drive Current Compatible with “B~
Series

Pin Compatible with Buffered 40118

® oo

DESCRIPTION

The 4011UB consists of four positive-logic
NAND 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 4011B
is recommended for its higher gain and input
pattern insensitivity.

TRUTH TABLE

CMOS NAND GATE (Unbuffered)

CONNECTION DIAGRAM
(all packages)

Vpp 48 4A 4y 3Y 38 3A
1 | | | | | |

14 13 12 11 10 9 8
4011UB
1 2 3 4 5 6 7

! 1 | I J ! I
1A 1B 1Y 2Y 2A 2B Vgg

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat
Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS

T Inputs Ou;put For maximum reliability:
All other combinations 1 DC Supply Voltage Vpp-Vss 3to15 Vdc
Operating Temperature  Tpa
C, D, F, H Device 65 to +1256 ©C
E Device 4010 +85 ©C
SCHEMATIC DIAGRAM LOGIC DIAGRAM
?I‘
P P
Iﬂ rI:ﬂ 2y 3y E:r
e | e ol [ SR
£ 2A 5
5 3 = s DR
9
T S— > IS S B D—wav
4A 12
! —l;ﬁ 1v | av &:r 48 |:D" a
'—Lg? .C?_E___J_‘ v = AB
N N
20 61— e -He
24— pU B8aa
7
Vss
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SCL4011UB

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 o 2
PARAMETER Voo | conpiTions | TLow *25C THIGH” | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. [ Max.
QUIESCENT DEVICE loo
CURRENT 5 {Vin=Vgsor Vpg — 0.05 - 0.0005‘ 0.05 - 1.5 |uAdc
10 | All valid input - | 0.10 - 0.001 | 0.10 -1 3.0
15 |combinations - 1020] - 0002} 020| - 60 | |
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
= -40°C for E device.
Thigu = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ =50pF, T, =25°C)
\" .
PARAMET DD . . . i
ER (Vde) Min Typ Max Units
PROPAGATION DELAY TIME toLm, tPHL
5 - 60 120 ns
10 - 30 60
15 - _ 2%, 5 | .
OUTPUT TRANSITION TIME trim, tTHL
5 — 100 200 ns
10 - 50 ! 100
15 - 40 | 80
Vos, DRAIN VOLTAGE (Vdc) 50 — 1
-20 -18 -16 -14 -12 -1[0 I8 -'6 -4 -2 0 g 45 Voo = 15 Ve
Vos=-5vee— A5 - g ¥
— 105 e 4
Ves =-10 Ve / A5 2 g %
’ 20 = ] Ves = 10 Vde
Vi 25 g : 20 y,
30 = =15 //
L s 5 S 7
Vos =15 Vet 40 3 £ Tt T\=25°C -
| ——t—" T,=25°C 45 E | I 1 L
T A= - 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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APPLICATIONS INFORMATION

SCL4011UB

% 4011UB

P—> OUTPUT

Gated Oscillator

va HIGH
%2 4011UB
. : o, 11
' L HIGH
92* o @ Low l ———TSTRANSFER VOLTAGE POINT- INVERTER A
[ T 0y ci HIGH == ==
’—‘— e @ Low
HIGH = === ; ER VOLTAGE POINT 8
cz#= :;“2 @ Low I \L\—
® HiGH "
Low tj
Compensated Monostable Multivibrator
(Independent of Transfer Voltage)
Voo
n.:; :;nz
si6 ! o 3,
N " ;DD—oourrur
[ 4
k % 4011UB
Ry*Rp* 10 &0
PONT Iy €y * €2 * 0.001 uF
CIRCUIT WAVEFORM

Frequency Doubler
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SOLID §%

STATE SCL4013B
SCIENTIFIC

CMOS DUAL D-TYPE FLIP-FLOP
FEATURES

¢ independent Set and Reset Controls
¢ Static Operation

¢ Logic Edge-Clocked Design

¢ 16MHz Toggle Rate @ 10Vdc

DESCRIPTION

The 4013B 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

cta o | R !s |afQ
| 0 [} [} 0 1
| oo 1 0
™~ | x o |0 | a]| @ |NocHANGE
x x 1 (1] 0 1
n x [ 1 1 /]
x x 1 1 1 1
A = Level Change
x = Don’t Care
LOGIC DIAGRAM

44

CONNECTION DIAGRAM
(all packages)

Vop Q2 52 CLy Ry D3 Sp

| 1 | | | | |

14 13 12 11 10 9 8
4013B

1 2 3 4 5 6 7

| | [ | | | |

Qy Q¢ CLy Ry Dy Sy Vss

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

Operating Temperature Ta
C, D, F, H Device

3to156 Vdc

65 to +125 ©OC

E Device 40to +85 ©C
BLOCK DIAGRAM
Voo
L]
ser, 8
[ 2.5
CLOCK" 3 L 744 '_—| °:
reser, 8
ser, 8
L |
02 Y4 L1235,
szﬁt-—ﬂ F/F2 -—12 Q2
reser, 0 |
24
vss




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4013B

\"/ T 2 +25°C T ? .
PARAMETER PO | CONDITIONS LOW "__"0" Units
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |Vin=Vssor Vpp| - 1.0 - 10.005{ 1.0 - 30 |uAdc
10 | Al valid input - 2.0 - (0.01 2.0 - 60
15 |combinations — 4.0 - 1002 { 40 - 120

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications.”

? TLow =-565°C for C, D, F, H device.

= -40°C for E device.

Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, To =256°C)

Typical P-Channel
Source Current Characteristics

45

Vos, DRAIN VOLTAGE (Vde)

Voo . .
PARAMETER vde) I Min. T Typ. | Max. | Units
CLOCKED OPERATION
PROPAGATION DELAY TIME tpLH. tPHL 5 - 125 250 ns
10 - 65 130
15 = 45 80
OUTPUT TRANSITION TIME triH. trHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWe 5 - 70 140 ns
10 - 30 60
15 - 20 40
MAXIMUM CLOCK FREQUENCY feL 5 4.0 7.0 - MHz
10 8.0 16 -
15 12.5 25 -
MAXIMUM CLOCK RISE AND FALL TIME' trcL. ticL 5 15 - - us
10 10 -- -
15 5 - —
MINIMUM SETUP TIME tsotup 5 - 25 50 ns
10 - 10 20
15 - 75 15
MINIMUM HOLD TIME thots 5 - -25 0 ns
10 - -10 0
15 - -6 0
SET AND RESET OPERATIONS
PROPAGATION DELAY TIME
StoQ,Rto @ toLn 5 - 125 250 ns
10 - 65 130
15 - 45 30
MINIMUM SET AND RESET PULSE WIDTH PWs.PWg 5 - 65 130 ns
10 - 30 60
15 - 25 50
SET AND RESET REMOVAL TIME tiom 5 - 0 25 ns
10 - 0 10
15 - 0 5
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 % ML
| — g 45 Vos = 15 Vde
Vgs==5 Vdc S =~ E 40
T A 10 F = 3
1 74 g % 20 v
= -15 -
Vs ==10 Vde 7 =
A 2 = =] Vos = 10 Vde
/ 25 § : 20
30 15 //
R 93 10
Vgs=—15 Vde 40 T 2 54 Vgs =5 Vde T,=25°C
| . 45 11 W
1 1 Ta=25°C i 0 4 6 8 10 12 14 16 18 20

Typical N-Channel
Sink Current Characteristics
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SCL4014B

FEATURES

¢ Synchronous Parallel Input/Serial Output

¢ Synchronous Serial Input/Serial Output

4 Fully Static Operation — DC to 6 MHz @ 10Vdc
4 Q Outputs from Stages 6, 7, and 8 Available

DESCRIPTION

The 4014B 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, Q
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 4014B packages is permitted.

TRUTH TABLE
Serial Operation

SER Q6 Q7 Qs
t cLock IN P/s t=n+6|t-n+7 |t=n+8
n - (1] (o] o ? ?
n+1 Y anay 1 ] 1 (4] ?
n2 | (1] (4] 0 1 (o]
3| 1 0 1 ] 1
N\ X 0| a6 | @7 | a8
Parallel Operation
CLOCK SERIN | P/S | PI-m | *Qp
- X 1 o] o]
Y o X 1 1 1

*Q6, Q7, and Q8 are available externally
X = Don’t Care

CMOS 8-STAGE SHIFT REGISTER

CONNECTION DIAGRAM
(all packages)

SER
VppPl-7 PI-6PI-5 Q7 IN CL P/s
] l | | L1 1 |
16 15 14 13 12 11 10 9
4014B
1 2 3 4 5 6 7 8

I | I | | | |
PI-8 Qg Qg Pi-4 PI-3 PI-2 PI-1 Vgg

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 Vpp-Vss 3to156 Vdc

Operating Temperature  Tp
C, D, F, H Device -65to +125 ©C
E Device 40to +85 ©C

LOGIC DIAGRAM

PARALLEL
SERIAL
CONTROL

ul Ll

SERIAL
INPUT

10

PI-3 Pl4  PIS P16 P17 P8

P11y 12

bitasib

AS STAGE ONE
" 5 ==

CLock

TERMINAL 16 Voo
TERMINAL 8 GND |, 2 3




ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

SCL4014B

2 o, 2
PARAMETER Voo | conpITIONS | TLOw *5C THIGH™ | ynits
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT oo Vin=Vss of Voo | — 5| - (oos| 5| - | 150 |uAde
10 |Allvalidinput | — | 10| - |01 10| - | 300
o e 15_|combinations [ - 20 -_102 20 - | 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “ 40008 Series Family Specifications”.
? T ow =-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 (C_ =50pF, Ty =25°C)

Vpp

PARAMETER (vde) Min. Typ. Max. Units-
PROPAGATION DELAY TIME toLH. tp 5 - 160 320 ns
R BT - 80 | 160
R 15 - 60 120
100 200
OUTPUT TRANSITION TIME trim. t 5 - ns
TLH - TTHL 10 . 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 90 180 ns
10 - 40 80
. 15 - 25 50
MAXIMUM CLOCK FREQUENCY foL 5 3.0 5 - MHz
10 6.0 10 -
— 15 8.5 14 -
MAXIMUM CLOCK RISE AND FALL TIME' tcL, ticL 5 15 - - us
10 15 - -
15 5 - -
MINIMUM SETUP TIME
Serial Input teotup 5 - 60 120 ns
10 - 40 80
15 - 30 60
P/S Input t 5 - 90 180 ns
e 10 - 40 80
15 - 30 _ 60
Parallel Inputs t 5 - 90 180 ns
e 10 - 40 80
15 - 30 60
MINIMUM HOLD TIME
All Inputs thold 5 - 40 80 ns
10 - 20 40
15 - 10 20
! 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.
Vs, DRAIN VOLTAGE (Vdc)
-20 -18 -16 14 12 10 -8 -6 4 -2 0 —_
J I ;vu 5 g
==5 Vdc =5 =
¢:sl /,/ 10 g E
.- v 45 8 =
Yos =10 Vi  E g Vs = 15 Ve
2 3 —+—
Vgs =—15 Ve il % [
T Z S - Vos = 10 Vde
= 2 10 i
25 Vs = 5 Ve T,=25°C -
=25°C 4 P A 11
Ta= = 0 2 4 6 8 10 12 14 16 18 20
Voo, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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CMOS DUAL 4-STAGE SHIFT REGISTER
FEATURES

4 Serial Input/Paralle! Output

¢ Direct Reset

4 Two Independent Sections

¢ Fully Static Operation - DC to SMHz @ 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. Q
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
40158’s, is possible.

TRUTH TABLE

cL* D R Q Qg
0 0 0 Qn-1
_/_ 1 0 1 Qn.‘]
=~ X 0 Q1 Qn |[(NOCHANGE)
X X 1 V) 0
* = LEVEL CHANGE
X=DON'T CARE
LOGIC DIAGRAM.
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CONNECTION DIAGRAM
(all packages)

V?D Dg Rg Q‘;B Q3 Q38 Q4A CLa
| | 1 | |

16 15 14 13 12 11 10 9
40158

1 2 3 4 5 6 7 8

1 R I I

CLg Q4 Q3A Q27 Q1A RA DA 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 VpD - Vss

Operating Temperature Ta
C, D, F, H Device

3to15 Vdc

55 to +126 °C

E Device 40to +85 ©C
BLOCK DIAGRAM
5
g
! 4.STAGE
Ce | sHirT REGISTER
Rg _‘.‘—-
ur nl ni zi
Qg G5 035 O
| —
4 BUFFERED
ouTRUTS
Oa L
cLa A | 4STAGE
SHIFT REGISTER
Ra L]
111
O1a @24 03, Q4u
. ——
Vss+8 4 BUFFERED
Voo - 16 ouTPUTS




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4015B

2 © 2
PARAMETER Voo | conpiTiONs [ TLow 15 THIGH" | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. { Min. | Max
QUIESCENT DEVICE
CURRENT loo| 5 [Vin=VssorVpp| - 5 - | oos 5 150 |uAdc
10 |All vahid input - 10 - 0.1 10 - 300
15 |combinations - 15 - 0.2 20 - | 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, =50pF, T, =25°C)
Voo I )
PARAMETER ] (vde) I Min. I Typ. I Max. I Units
CLOCKED OPERATION
PROPAGATION DELAY TIME teLH. tPHL 5 - 250 500 ns
10 - 100 200
15 - S0 180
OUTPUT TRANSITION TIME trim. T 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWc 5 200 400 ns
10 - 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY foL 5 1.25 25 — MHz
10 25 5.0 -
15 3.0 6.0 -
MAXIMUM CLOCK RISE AND FALL TIME' tew. tiel 5 15 - us
10 15 - -
15 5 -
MINIMUM DATA INPUT DATA SETUP TIME tserup 5 - 150 300 ns
10 - 50 100
15 - 40 80
MINIMUM DATA INPUT HOLD TIME tholy 5 - 0 50 ns
10 - 0 25
15 — 0 15
RESET OPERATION
PROPAGATION DELAY TIME tPHL 5 - 200 400 ns
10 - 100 200
15 - S0 180
MINIMUM RESET PULSE WIDTH PWg 5 - 200 400 ns
10 - 80 160
15 - 60 120
RESET REMOVAL TIME trom 5 - 375 750 ns
10 - 125 250
15 — ° 100 200
! 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.
Vos, DRAIN VOLTAGE (Vdc) 50 — T
.20 -18 -16 -14 -12 - 8 6 -4 -
20 -18 -16 -14 -12 1]0 ? ? 4 -2 0 545 Ves = 16 Ve
Vs ==5 Vi 5 = T 4
! l A 10 ¥ = 35 <
I A 145 8 £ 2
Vs ==10 Vde 7 158 &
20 = S Vo = 10 Vde
/ 25 8 S 20—
32 z 15 / ]
30 @ F 77
» 35 = °; 10 A
3 = c = 25°
Vos =15 Vdc—j- «3 o T,=25C
|
1 1 Th=2C1 45 2 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
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SCL4016B

FEATURES
¢ Wide Range of Digital and Analog Signal Levels-
Digital or Analog Signals to 18 Volts peak

¢ Low ON Resistance —
200 2 typ. over 15Vp-p Signal Input Range, @
15Vdc

¢ Matched Switch Characteristics - 102 typ. Dif-

ference between Rgpn Values at a Fixed Bias
Point over 15Vp-p Signal Input Range @ 15Vdc

¢ High On/Off Output Voltage Ratio — 65 dB typ.

@ f;s = 10kHz, R = 10KQ2
¢ High degree of Linearity - < 0.4% Distortion
typ. @ fis = 1kHz, Vig=5Vp.p, VpD-Vss>10V,
RL = 10k§2
Extremely Low OFF Switch Leakage Resulting
in Very Low Offset Current and High Effective
OFF resistance - 10pA typ. @ Vpp-Vss = 10V,
Ta =25°C
Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signal Circuit)
10128 typ.
¢ Low Crosstalk between Switches - -50dB typ.
@ fig = 0.9MHz, R = 1k
4 Matched Control-Input to Signal-Output Capac-
itances - Reduces Output Signal Transients
¢ Transmits Frequencies up to 40MHz

DESCRIPTION

The 4016B 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.

SCHEMATIC DIAGRAM

CMOS QUAD ANALOG SWITCH

CONNECTION DIAGRAM
(all packages)

SWITCH SWITCH SWITCH
A D C
el e A

Vpbp € C IN OUT OUT IN
1 | | i | j
14 13 12 11 10 9 8
40168
1 2 3 4 5 6 7
1 1 1T 1 |
INOUTOUT IN C C Vgs

SWITCH SWITCH SWITCH
A 8 Cc

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

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

3to15 Vdc

-65 to +126 ©OC
40to0+85 ©C

Voo

. -41

WPUT

LOGIC DIAGRAM
coNTROL A

CONTROL
VOLTAGE tvei

il

vss

INPUT SIGNALS Vig)

SIGNAL A
ouTPYUT
INPUT
SIGNAL 8

:
” 2
:
conTRoL .KE
s 2 outeur
INPUT

TERMINAL Nos 1,4,0,11

OUTAUT SIGNALS tVoy)
TERMINAL Nos 2.3.9.10

’"nn ngw
i weut
"
W O CONTROL D @ SIGNAL O
" 2 outeur

8
CONTROL € @ SIGNAL C
s 2 outeur

.
* Voo Vss
SwiTCm t




SCL4016B
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'
Vss | Vi Tiow® 25°C Thign? i
PARAMETER CONDITIONS | vy | vy oo HIGH___ | Units
Min. | Max. | Min. | Typ. | Max. [ Min. | Max.
| vin. | Vax
QUIESCENT DEVICE loo
CURRENT Vin=VssorVpo | 0 s| - |o005| - |ooo0oq 005 15 | uAdc
All valid input 0 10| - 0.1 - ]0.001 | 0.1 - 3.0
combinations 0 15| - |02 - (0002|002 | - 6.0
MINIMUM INPUT HIGH Vin
VOLTAGE 0 5 - 35 - |15 35 | - 35 | vde
(Control Input) 0 10| - 70| - |15 70 | - 7.0
0 15 11.0 - s 10 | - 11.0
MAXIMUM INPUT LOW Vio
VOLTAGE Vis =Vss 0 51 09| - 07 |15 - |04 - | Vde
(Control Input) Vos = Voo 0 101 09 | - 07 (15 - |04 -
los =10uA 0 15| 09 | - 0.7 |15 04 -
SWITCH INPUT/QUTPUT loer | V¢ = Vgs
LEAKAGE _ -5 _
Bt ok, Vis = Vpp 0 15 | - [200) - |x107 01| - |£10| wAdc
Vis=Vpp - V
ON-RESISTANCE Ron v|5= vﬂz_ﬁi 0 15 - | 30| - 200 400 | - [520 | ¢
Rf - 10 0 0| - |600| ~ | 250 | 660 | — | 840
ON-RESISTANCE MATCH ARgy Vis
(Same package) Ve =Vgppo (Vdo)
Re=10k2 58 as|as| - [ - | - | 0] - |- -]a
+5 5 | +5 - - | - 5 - | - -
NOTES: ' ining Static ical Cl istics are listed under “4000B Series Family Specifications.”
? Tiow = -55°C for C, D, F. H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 86°C for E device.
3 Conditions for measuring Vyy:
I
Voo Vos Vis Tiow 25°C Tyen UNITS
5 5 46 -25 -20 -.14
10 10 95 -62 -5 -.35 mA
15 15 135 -18 -150 -110
DYNAMIC CHARACTERISTICS (C_ = 50 pF, T, = 25°C)
Vss | Voo | u
PARAMETER CONDITIONS (vde) | (Vde) Min. | Typ.| Max. | UNIT
SIGNAL INPUTS (Vs) AND OUTPUTS (Vgs)
PROPAGATION DELAY TIME toLm,
Signal input to teue | Ve = Voo 0 5 - 20 40 ns
signal output Vs = square wave 0 10 - 10 20
R, = 10kQ 0 15 | - 75| 18
BANDWIDTH (-3dB) BW R
(Sine Wave) Ve = Voo k2| 5 +5 - 54 - MHz
Vis = 5Vpp T0kQ - [a0 -
centered | 100kQ2 - 38 -
@0.0Vdc mQ - 37 -
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SCL4016B

ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C, =50 pF, Ta = 25°C) (Continued)

vss | Voo | mi )
PARAMETER CONDITIONS vde) | (vde) Min. | Typ. | Max. | Units
SIGNAL INPUTS (V) AND QUTPUTS (Vos! (Continued)
INSERTION LOSS R
L
{=2010g,0Y0s) _
v Ve = Voo wa| s 5 | - 23| - dR
' Vi = xS - ozl -
5V 100k - o] -
cen::ved ™ - 005 -
@0.0Vdc
SIGNAL DISTORTION
(Sine Wave) Ve = Voo s 6 [ - | oa| - %
Vis = 8
centered
@0.0vdc
t,g = 1.0kHz
R, = 10kQ
FEEDTHROUGH (-50d8)
Ve = Vss Re
Vis = 5V, %Q 5 .5 - 12501 kHz
centered T i0ks2] ~ 74 -
@0.0vde TO0KS2 - [ -
MQ - 2| -
CROSSTALK (-50dB)
(Between two switches) Ve (A) = Vpp -5 +5 - 09 - MH2
V¢ (B) = Vgg
VislA) = 5V,
centered
@0.0Vdc
R, = 1.0k
CAPACITANCE
Input Cis - 4 - pF
Output Cos Ve = Vgg -5 +5 - 4 - pF
Feedthrough Cios - 0.2 - oF
CONTROL INPUT (V)
PROPAGATION DELAY TIME toLm,
L | Vss S Vis < Vpp 0 5 - a0 80 ns
Turn on R, = 10kQ 0 10 20 40
0 15 15 30
MAXIMUM INPUT FREQUENCY fe Vss € Vis < Vpp 0 5 - 5 - MHz
R, = 1.0kQ 0 10 - 10
0 15 - 12 -
CROSSTALK
(To signal port) Ve = Square wave 0 5 - 30 - mV
R, = 10kQ 0 10 - | s0 -
Ry = 1.0kQ 0 1 | - |00
TYPICAL ON-RESISTANCE CHARACTERISTICS
CHARAC- SUPPLY LOAD
TERISTIC®| CONDITIONS CONDITIONS
AL = 1K1 Ry = 10kl | A, = 100k3? |
Voo | Vss Wﬁll‘s' Vis |VALUE[ Vi
wv) (\7] ) v) ) v) Q) v
N s | o 200 | +15 | 200 | +15 | 180 | +15 |
ON 200 o | 200 o | 200 0
RON(an +15 [} 300 +n 300 +9.3 320 +9.2
290 +10 250 1 1
Ron s | o 0 | 240 | 410
290 0 250 [ 300 0
NON(MIL) +10 0o 500 +7.4 | 560 +%6 | 610 +55
860 +5 470 +5 450 +5
Ron +5 ]
600 0 580 [} 800 ]
RON(mn.l +5 o 1.7 .2 7% +29 33k 427
200 +7.5 | 200 +15 180 +1.5
Ron 415 | =718
200 —7.L 200 -15 180 -15
RON(ml.) +15 | -75] 290 $0.25] 280 *25 400 $0.25
260 +5 250 +5 240 +5
“ON +5 -5
310 -5 | 250 -5 240 -5
Ronimex)| +6 [ — 5 [e00 [:025] se0 [ :0.25] 760 [ :025
a 25 25 590 +25 | 450 425 490 425
+2. -
ON 720 [-25 [ 520 [ -25 | 520 | -25
RON(MIL) +25 | -25| 232 | t0.25| 300k | 20.26( 870k | :0.25

* Verwtion from a perfect switch; Rgy = 002,
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OUTPUT SIGNAL VOLTS (Vog)

SUPPLY VOLTS: Vpp = +18, Vgg * O
AMBIENT TEMPERATURE (Ty) = 25°C

s X S T L)

INPUT SIGNAL VOLTS (vig)

Typ. ON characteristics for 1 of 4 switches

with Vpp=+15V, Vgg=0V

OUTPUT SIGNAL VOLTS {Vos)

SUPPLY VOLTS: Vpg=+3; Vgge0
AMBIENT TEMPERATURE (Ty) =28°C

T
T
T
T

)

>

HT
FNG
o«
§
[}
4=

A f“le—O
Vos
) AL

INSE NN
' 2

1
1
3 4
INPUT SIGNAL VOLTS (Vig)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+5V, Vgg=0V

OUTPUT SIGNAL VOLTS (Vog )

6| SUPPLY voLTS : vpp e +3,vgge-3

AMBIENT TEMPERATURE (Tp)e25°C

-2 o 2
INPUT SIGNAL VOLTS (Vig)

Typ. ON characteristics for 1 of 4 switches
with Vpp=15V, Vgg=-5V
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SCL4016B

SUPPLY VOLTS: Vpp= +10;

*0
AMBIENT TEMI &fx-zs-c

OUTPUT SIGNAL VOLTS (Vog)

INPUT SIGNAL VOLTS (Vig)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+10V, Vgg=0V

SUPPLY VOLTS: Voo *475; Vgg *-T3
AMBIENT TEMPERATURE (T, )e23°C

OUTPUT SIGNAL VOLTS (Vps)
1
5 o

o 23
INPUT SIGNAL VOLTS (Vig)

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

SUPPLY VOLTS: Vpg ® + 2.5V; Vgg * -2.5V
AMBIENT TEMPERATURE (Ta) = 25°C
TITTIT

w

/

[
1T
1

OUTPUT SIGNAL VOLTS (\og)
o

a8 Vis
s
Voo
I -
3

T

.l 2
INPUT SIGNAL VOLTS (Wg)

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



SCL4016B

SINE WAVE (I 77 RMS) '
[CONTROL VOLTS (Vg)=+5 :
® LOAD CAPACITANCE * (Crix *CMETER) id

Vis N

SUPPLY VOLTS: Vpo++3.Vss*~5 Cios B0oNToN. BABD)
WV, - |
INPUT SIGNAL VOLTS (Vig)® S Vp-P rodk-- MODEL 91-CA

1
| oREQUIV
)
1

I |
}
é' 20— L0aD RESISTANCE (R 1+ 1M T ]
a= ——t— -34d8
£3 15 ; o l-omrsaH
ez 0osn N
4 wal |
52
ag 1
3 l !
3 H
ost L
0.1 ] Yo .

100

INPUT SIGNAL FREQUENCY (f,,) M1z

Typ. switch frequency response - switch ON

[SUPPLY vous vunns Vss*-S
Ve)e-5
iNPUT stc'm. vous (Vig)*5 Vp-p SINE WAVE (177 RMS)

2 30RL0AD CAPACITANCE (cL)-CFuxrms +CMETER
2 FIXTURE AND METER NULLED
2 C10Spixrumes M | 37
]
g [ /1 2
E g/ s &
g y 5 Ao 5
I3 . L]
H Al <7 £
z [
] A les =
. Y
5 /111 /
15 81
3 4 {

107! ‘, 102 03 04

INPUT SIGNAL FREQUENCY (fig) kN2

'SUPPLY VOLTS:Vgp*+5, Vgs*-5 [

INPUT SIGNAL VOLTS (Vig)e S Vp.p SINE WAVE (1 77 RMS)
G 30} FIXTURE AND METER NULLED OUT 3ss
2 o [ R A s li
[ e . i N
g R | S ST L H ¥
£ Serwmnrt O S
! wvordih 0 g
3 200 s Swe 1T 1T H
»w . qwa | Sxa i ' o
2 sf- oo ‘\v' it I %
o 11 v v LTMETER | 4“2
i - < Vs wonvo;« RADIO ]

: v
- OR EQUIV 4s S
T
g : .. n Ves 8 Y

m N s
3 i I v
o z F 4 swwcuss | ‘
0! 10 02 1037 ¢ *fos

INPUT SIGNAL FREQUENCY (f,,)— kHz

Typ. feedthru vs. freq. - switch OFF

Typ. crosstalk between switch circuits in the

same package

1OV E
°
tretfs 20ns Vie T Ves
L
xa ok

ALL UNUSED TERMINALS
ARE CONNECTED TO Vgq

APPLICATIONS INFORMATION

LOGIC FUNCTIONS USING THE 40168

Crosstalk-control input to signal output

A
A
Vin L% v S Vos Fead v
c R
v, v, Fed
s : : osl o
! \ ' '
—-———— & 1Yos o
ooy ws R - a
% A% 1 Vs )
vis Vis 4 4 .
‘ LoGIC "1*
LogIc “0°
LoGIc “o*
OR Gate AND Gate Inverter
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SCL4016B

APPLICATIONS INFORMATION (Continued)
LATCHING DPDT SWITCH

The latch feature insures positive switching action in response to non-repetitive or
erratic commands. A HIGH input to Aq turns S3 and S4 ON, a HIGH to A3 turns Sq and
S2 ON. Desirable for use with limit detectors, peak detectors, or mechanical contact
closures.

Ay ol

1/2 40118

|
ST

Q.

8

TRUTH TABLE

State of Switches
Command After Command
Ao Aq S3 &Sy S1 &Sy
(o] o] Same Same
0 1 On Off
1 o} Ooff On
1 1 INDETERMINATE

SELECT INPUTS

® 0 ® 0 O
490 Laoofeo 00 Lieoo Lazo ecx
Digitally controlled resistor network Digitally-controlled capacitor network.

(Vg1 - V7 are Select Inputs)
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SOLID @%

STATE SCL4017B
SCIENTIFIC

CMOS DECADE COUNTER/DIVIDER
FEATURES

¢ 10 Decoded Decimal Outputs

¢ Direct Reset

4 Trigger from either Edge of Clock Input

4 Carry Output for Cascading Stages

¢ Fully Static Operation—DC to 12MHz @ 10Vdc

DESCRIPTION

The 40178 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 (CoyT) 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.

FUNCTIONAL TRUTH TABLE
(Positive Logic)

Clock Decode

Clock Enable Reset Output =n

4] X o n

X 1 o n

X X 1 “0"
D ] ] n+1
~— X o n

X —_— o] n

1 ~— 4] n+1

x = Don‘t Care
1f n<<5 Carry = “1*’, Otherwise = ‘0"’

CONNECTION DIAGRAM
(all packages)

Vpp R CL CECoyr “9"”"4" "8"

] L1 1 1 1

16 15 14 13 12 11 10 9
40178

1 2 3 4 5 6 7 8

T 1T T T T 1 !

4B HqnHQr 27 MET 7" "3 Vgg

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vss 3to15 Vdc

Operating Temperature TA

C, D, F, H Device -65to +125 ©C

E Device 40to +85 ©C
BLOCK DIAGRAM
Clock 14 O—— of—o3
1p—02
2—0a
3 7
4p——0 10
Clock
e 130G s}l—o
6—os
7—o©06
sl—o09
9f—o 11
Aeset 150—{  Cou —o0 12
Vop = Pin 16
Vgg = Pin8




ELECTRICAL CHARACTERISTICS

SCL4017B

STATIC CHARACTERISTICS '
2 S 2
PARAMETER Voo | conpITIONS | TLow *5¢ THIGH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo| 5 |Vin=VssorVop| - 5| - |005| 5 | - | 150 | uAdc
CURRENT 10 |Al valid input - 10 - 0.1 10 - 300
R 16 Jcombinations | - | 20 | - ] 0.2 20 — | 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.

2 T ow =-55°C for C, D, F, H device.
=-40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 86°C for E device.
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SCL40178
ELECTRICAL CHARACTERISTICS
DYNAMIC CHARACTERISTICS (C_ =50pF, T5 = 25°C)

PARAMETER wBo | Min. Typ. Max. | Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
To Decoded Outputs teLH, oy 5 -- 350 700 ns
10 - 200 400
15 — 150 300
To Carry Output toH. tPHL 5 - 325 650 ns
10 - 175 350
15 — 125 250
OUTPUT TRANSITION TIME
Decoded Outputs triH. tTHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
Carry Output trim. tTHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWcy 5 - 100 200 ns
10 - 40 70
15 - 30 60
MAXIMUM CLOCK FREQUENCY feL 5 25 5.0 - MHz
10 7.0 120 -
15 9.3 16.0 =
MAXIMUM CLOCK OR ENABLE RISE AND tcL. tcL
FALL TIME 5 NO LIMIT
10
15
MINIMUM ENABLE SETUP TIME teorup 5 -~ 100 300 ns
10 - 50 100
15 - 35 70
MINIMUM ENABLE REMOVAL TIME trem 5 - 250 500 ns
10 - 100 200
15 - 75 150
RESET OPERATION
PROPAGATION DELAY TIME
To Decoded Outputs teLH, tPHL 5 - 325 650 ns
10 - 175 350
15 - 125 250
To Carry Output tpLH, tPHL 5 - 325 650 ns
10 - 175 350
15 - 125 250
MINIMUM RESET PULSE WIDTH PWg 5 - 150 300 ns
10 - 75 150
15 — 60 120
RESET REMOVAL TIME trem 5 - 250 500 ns
10 - 100 200
15 — 80 160
STATIC CHARACTERISTICS!
PARAMENTER | Vpp CONDITIONS Tiow? 25°C ThigH? Units
Min Max Min Typ Max Min Max
QUIESCENTDEVICE | & [ iy = Vggorvpp | - 5 - - 5 150
10 | AllValid input - 10 - - 10 - 300 nAde
CURRENT 15 | Combinations - 20 - - 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”
2 Tow = —55°C for C, D, F, H devices.
= —40°C for E devices.
Tuign = +1256°Cfor C, D, F, H devices.
= +85°C for E devices.
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SCL4017B

AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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SCL4017B

APPLICATIONS INFORMATION

COUNTER EXPANSION

This figure shows a technique for extending the number of decoded output states
for the 4017B. Decoded outputs are sequential within each stage and from stage
to stage, with no dead time (except propagation delay).

R R R
cL cL cL
40178 40178 40178
CE CE F CE
O 1se048 9 01eee 8 9 L 1ese 8 9
- = -
—_— 8 Decoded
9 Decoded 8 Decoded Outwputs
Outputs Outputs
Clock -— < —_———— e—
First Stage Intermediate 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 4001B) generates a reset pulse which clears the 4017B
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 "0’ output
“high” resets the S-R flip-flop to enable the 4017B.

If the Nth decoded output is less than 6, the CoyT 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.

CLOCK Cour
" FoRNes
&ﬁ, 40178 REsET 2 CLOCK : N
f oL T
N DECODED
OUTPUTS 0 DECODED OUTPYT ALTERNATE Coyr
— FOR N « 270 10
1o CLOCK : N
:- 40018 -!
1 I
[ i
' '
1 '
1 |
1 |
| )
1
' 1
1
1 1
e e J
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SOLID @%

STATE SCL4018B
SCIENTIFIC

CMOS PRESETTABLE TABLE DIVIDE-BY-N COUNTER
FEATURES

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

4 Johnson Counter Configuration for Spike-Free
Counting

¢ Fully Static operation - DC to 5MHz @ 10Vdc

DESCRIPTION

The 4018B consists of 5 Johnson-Counter
stages, buffered Q 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 Q5, Q4,
Q3, Q2, Q1 signals, respectively, back to the Data
input. Divide-by-9, 7, 5, or 3 counter configurations
can be implemented by use of a single SCL40818B
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.

TIMING DIAGRAM

TOATA NPUT T ET IU Le PR LECATE (DONTER D UNE L, kLT
QI AV AVAVAV VAV VAV AV VAV AV AV VAV AVAVAVAVAVAVAV S
RESET T\ e
EnaLE N —
Jam 1 [
Jom 2 | [P ——
Jom 3 }D’/:"’ _ie):( UNTIL PRESE " —_— —
Jam a | I S W
soms ) T
3, T T
13 /M L Y aanananan W
3y I J S 1
Ga J S | SR

Qs T T T T

CONNECTION DIAGRAM
(all packages)

Vpp R CcL 65 Jg 54 PE Jg
] ] ] | ] |

6 15 14 13 12 11 10 9
40188

1 2 3 4 5 6 71 8

| | | | | |

DATA J1 J2 Q, QO Q3 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  Vpp-Vgss 3to15 Vdc

Operating Temperature Ta
C, D, F, H Device -65 to +125 ©C
E Device 40to +85 ©C

BLOCK DIAGRAM

caputtinam e
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SCL4018B
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

o 2
PARAMETER Voo | conpitions | Teow’ 15C THiGH | ynits
(Vde) Min. | Max. | Min. | Typ. [ Max. | Min. [ Max.
QUIESCENT DEVICE oo
CURRENT 5 [Vin=VgsorVpp| — 5 - | 005 5 ~ | 150 |uAdc
10 | All valid input - 10 - 101 10 - | 300
15 binati - | 20| - Jo2 | 20| - |e00

NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Tuign = #125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)

PARAMETER | (\\//52) l Min. I Tye. l Max. I Units
CLOCKED OPERATION
PROPAGATION DELAY TIME toLu, tPHL 5 - 500 1000 ns
10 - 150 300
15 - 120 240
OUTPUT TRANSITION TiME tremtri| B - 130 260 ns
10 - 65 130
15 - 50 100
MINIMUM CLOCK PULSE WIDTH PWe, 5 _ 200 400 ns
10 - 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY feo 5 125 25 - MHz
10 25 5.0 -
15 3.0 6.0 -
MAXIMUM CLOCK RISE AND FALL TIME'  |ter. tice 5 15 - - us
10 15 - -
15 5 - -
MIMIMUM DATA INPUT SETUP TIME toorun 5 - 200 400 ns
10 - 100 200
15 - 80 160
MINIMUM DATA INPUT HOLD TIME thot 5 - 0 100 ns
10 - 0 50
15 - 0 40
PRESET OR RESET OPERATION
PROPAGATION DELAY TIME oL, toHe
From PE or Reset Input 5 - 500 1000 ns
10 - 250 500
15 - 200 400
MINIMUM PRESET OR RESET PULSE WIDTH  |[PWpr.PWd & - 200 400 ns
10 - 100 200
15 - 80 160
MINIMUM JAM INPUT SETUP TIME toorun 5 - 200 400 ns
10 - 100 200
15 - 80 160
PRESET OR RESET REMOVAL TIME tram 5 - 375 750 ns
10 - 125 250
15 - 90 180

! 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.

Vps, DRAIN VOLTABE (vdc)
-20 18 -16 -14 -12 10 8 -6 -4 -2 0 -
T 8
os == 5 Vdc S = K
1' - 10 ;
= b -15 o]
Vs ==10 Vde o g £ 2 Ves = 15 Vde
25 E S 2 i
Vgs ==—15 Vdc E] S 15 V.. =10 Vdc
=
S a 10 t
3 =5 F—1— V.. =5 Vdc TA=25°C
—wcq 2 rza i S
'I',‘l-251 - 0 4 6 8 10 12 14 16 18 20
Vis. DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SCL4018B

LOGIC DIAGRAM
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SOLID §%

STATE SCL4019B
SCIENTIFIC

CMOS QUAD AND-OR SELECT GATE
FEATURES

¢ Replaces Three Simple Gate Packages
¢ Medium Speed Operation

4 All Inputs Diode-Protected

4 All Outputs Buffered

DESCRIPTION

The 4019B 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 K5 and Kp,. 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.

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)

s

ox oO»

—FT ‘[..JJT“

L]

| TIT_JTLJTLJT"
—LTOI

Bil=
e

CONNECTION DIAGRAM
(all packages)

Vpp A4 Kp Dg D3 D2 Dq K,

| | ] | | | | ]

16 15 14 13 12 11 10 9
4019B

1 2 3 4 5 6 7 8

I | | I | | | 1

B4 Az B3z Az Bz Aq B Vgg

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 Vpp-Vss 3to15 Vdc
Operating Temperature Ta
C, D, F, H Device 65 to +125 OC
E Device 40 to +85 ©°C
LOGIC DIAGRAM
3
'04 —1
2 d o3
2
8y
3
Az
N 02
8: T
* —0 8 * GND
—Q 18+ Voo
Ay
L[]
-%IO
7
70—t
‘l
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SCL4019B
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS !

0,
PARAMETER Voo | conpiTions | TLow’ 5C ThiGH | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |Vin=VssorVeo| - | 10| - [ooos| 10 | = | 30 |uAde
10 |Allvalidinput | - | 20| - loo1 |20 | - | 60
15 |combinations - 4.0 — 10.02 4.0 - 120

NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 TLow =-55°C for C, D, F, H device.
= -40°C for E device.
THIGH = +I2S°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C_ =50pF, T4 = 25°C)

PARAMETER (‘\’/32) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLH. tPHL
From Any Input 5 - 150 300 ns
10 - 60 120
15 - 50 100
OUTPUT TRANSITION TIME trim, trhL 5 - 100 200 ns
10 - 50 100
15 - 40 80

Vs, DRAIN VOLTAGE (Vdc)

20 18 -16 14 -12 -10 -8B -6 2 0 % Tl
LR L gs Voo = 15 Ve
Vos ==5 Vdg 5 = g 40
0 c % 4
[~} =
Vgs ==10 Vde A5 8 g 30
’ 20 = g% 7 Vos = 10 Vde
/ 2 S 2
25 g = 7
30 2 FI //
» 35 3 | o
Vos =—15 Vic L] “0 3 = 5 Vcsl--"J T, =25 C
i T 1 TA\=25°C45 2 0 4 6 8 10 12 14 16 18 20
L L -50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
SHIFT SHIET r
‘ﬂm?lu; !__I.__ PR U U DU DUNDE [y S Sy, "'l‘ﬁ - LEFT INPUT i
' |
! ‘ .
‘s'n‘c?‘n_’ : mf E
LEFT RIGHT -
SELECT SELECT
I O I I D . .
SCL40198 T T g r ] T T : I(‘(;:rmtnt
TRUE : | seLect
—CL SELECT ) )
o+ Horay SHIFT ! ,
et -+ RIGHT H '
st e T Lo Y aoeeY Y . L
ekl IR SR . S S L ————————— our our out ot
*sCL40138 ! ! } ‘
“Shift left/shift right” register. ““True/complement’’ selector.
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SOLID @0@

STATE SCL40208B
SCIENTIFIC
CMOS 14-STAGE BINARY COUNTER
FEATURES
4 14 Fully Static Stages CONNECTION DIAGRAM
¢ Buffered Outputs Available from 12 Stages (all packages)
¢ Common Reset Line
¢ 8MHz Counting Rate @ 10Vdc Vpp Q11Q10 @8 Q9 R CL O1
4 Al 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,
counter controls, and frequency-dividing circuits.

TRUTH TABLE

CLOCK RESET OUTPUT STATE
— (o] No Change
Ad t t
/. 0 vanstt:gteo nex
X 1 A!l Outputs are low

X = Don’t Care

16 15 14 13 12 11 10 9
40208
1 2 3 4 5 6 7 8
T 1T T T T 1 |
Q12 Q13 Q14 Q6 Q5 Q7 Q4 Vgg

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 @ Vpp-Vgs 3to156 Vdc

Operat‘ing Temperature Ta
C, D, F, H Device -65t0 +126 oC
E Device 40to +85 ©OC

LOGIC DIAGRAM

cLocx a Q¢ Q5 06 Q7 08 09 010 On Q2 a3 ate
[{-) 19) {14} 1(5) T(ll T(Gl TI!) le) ?{Ml Tﬂ& ) 20 3
[
I
CL 0 cL l L L or
FFI FF2 FF3 FFa FFS THRU FFI2 FFI3 . FFla
(U] (.- L L & o —  opb— & @
L] L} L} L} L] R R
| ) ] i j
AEsero——— o> _. _ L
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4020B

2 O 7
PARAMETER Voo | conpiTions | TLow 5cC THiGH” | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENTIon| 5 |Vin=VssorVoo| — | 5 | - | 005] 5 | — | 150 |pAde
10 |Allvatidinput | — | 10 | - |01 | 10| - | 300
o 1. 1 15_|combinations |l 20| - lo2 |2 | - |so00

NOTES: ! Remalnmg Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 TLow =-55°C for C, D, F, H device.

= -40°C for E device.

Thign = +125°C for C, D, F, H device.

=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, T, =25°C)

PARAMETER I W dc) —[ Min. | Typ. I Max. T Units
CLOCKED OPERATION :
PROPAGATION DELAY TIME )
Clock to Q1 tpLH. tPHL 5 - 180 360 ns
10 - 80 160
15 - 65 130
Q;t0Q; +1 tpLH. tPHL 5 - 100 200 ns
10 - 40 80
15 - 30 60
OUTPUT TRANSITION TIME trin tTHL 5 - 100 200 ns
10 - 40 80
15 - 30 60
MINIMUM CLOCK PULSE WIDTH PWcL 5 - 70 140 ns
10 - 30 60
15 - 20 40
MAXIMUM CLOCK FREQUENCY foL 5 3.0 45 - MHz
) 10 6.0 9.0 -
15 7.5 11.0 -
MAXIMUM CLOCK RISE AND FALL TIME trcL. ticL 5 - 100 50 us
10 - 100 50
15 - 100 50
RESET OPERATION
PROPAGATION DELAY TIME tPHL 5 - 200 400 ns
10 - 100 200
15 - 75 150
MINIMUM RESET PULSE WIDTH PWg 5 - 100 200 ns
10 - 40 80
15 - 30 60
RESET REMOVAL TIME trem 5 - 150 300 ns
10 - 65 126
15 - 40 75
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SCL40208

Vps, DRAIN VOLTAGE (Vdc)
-20 -18 -6 -14 12 -10 8 6 -4 -2 0 -
I [ 8
Ves==5 Vdc 5 = =
e 405 ~ Ves = 15 Ve
Vs ==10 Vde 15 g E 12 Gas
i - 0= £ 10 -
Ves =—15 Vde 25 § % : i Vi = 10 Vo
z s, / |
3 : s l
z =2 Vo =5 Vde T‘.=251°°_
T =204 = 0 6 8 10 12 14 16 18 20
Vos. DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
TIMING DIAGRAM
8 16 3¢ [T 128 56 512 1024 2048 4096 8192 16,384
uoc*"U‘LFLJ'U__U"LJ__LF_U—"U_—U_'TJ_U'U"—U—_U_U__U_
RHesut —1
R s T B M U e H s B M SN (N M M OO
Qs | U I IS A N N e (N A MU A
as B I W IS F IS I B AN U N S
Qe | R U I N N S M I S B
a7 | N W I I I IR BN A
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an | R I I S S
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Q14 | I
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R
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soLD S
STATE @@ SCL4021B
SCIENTIFIC

CMOS 8-STAGE STATIC SHIFT REGISTER
FEATURES

4 Asynchronous Parallel Input/Serial Output

4 Synchronous Serial Input/Serial Output

4 Fully Static Operation - DC to 8MHz @ 10Vdc
4 Q Outputs from Stages 6, 7, and 8 Available

DESCRIPTION

The 4021B 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

CONNECTION DIAGRAM
(all packages)

SER

Vpp PI-7 P16 PI-5 Q7 IN CL P/S

L1 1 1 I 1 | ]

16 15 14 13 12 11 10 9
4021B

1 2 3 4 5 6 7 8

1 1 1 [ I |
PI-8 Q6 Q8 PI-4 PI-3 PI-2 PI-1 Vgg

Add suffix for package:

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

H Chip

F 16-pin Flat

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage

VpD - Vss

3to 15

Vdc

line. Operating Temperature Ta
Register expansion is possible using additional C, D, F, H Device -65to +126 ©C
4021B packages. E Device 40to+85 ©C
TRUTH TABLE
SERIAL OPERATION: PARALLEL OPERATION:
SER Q6 | Q7 | a8 CLOCK | SER IN P/S Pl-m *Qm
t |[|CLOCK | IN | P/S|t=n+6|t=n+7|t=n+8
X X 1 (o] o]
n I a o 0 o] ? ? X X 1 1 1
n+1 - 1 0 1 0 ? -
n+2 S 0 0 ) 1 0 *Q6, Q7, & Q8 are available externally
n+3 —r 1 0 1 0 1 X = Don't Care
T\ X ] Q6 Q7 Qs

LOGIC DIAGRAM
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SCL4021B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 o 2
PARAMETER Voo | conpiTIONs | Ttow *5C THIGH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Iopl :
CURRENT 5|Vin = Vss Of Vpp|  — 5 - |o0os| 5| - | 150 |puAde
10 | All valid input — 10 - | 0.01 10 - 300
15 |combinations - 20 - |02 20 - | 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 Tiow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign =+125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ =50 pF, To =25°C)
Voo . .
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME BeLH. teHL
5 - 180 360 ns
From Clock or P/S Input 10 - 90 180
15 — 75 150
OUTPUT TRANSITION TIME tTLHITHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWcL
5 - 90 180 ns
10 - 40 80
15 — 25 50
MAXIMUM CLOCK FREQUENCY foL
5 3 5 - MHz
10 6 12 -
15 8 16 -
MAXIMUM CLOCK RISE & FALL TIME' trew, trcL
5 15 - - us
10 15 - -
15 15 - -
MINIMUM P/S PULSE WIDTH PW
5 - 80 160 ns
10 - 40 80
15 - 25 50
MINIMUM SETUP TIME tsetup
5 - 60 120 ns
Parallel or Serial Inputs 10 - 40 80
15 = 30 60
MINIMUM HOLD TIME thotd
5 - 100 200 ns
Parallel or Serial Inputs 10 - 30 60
15 - 20 40
P/S REMOVAL TIME trern
5 - 140 280 ns
10 - 70 140
15 - 50 100

! 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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SCL4021B

Vos. DRAIN VOLTAGE (Vdc)
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SOLID @0%

STATE SCL4022B
SCIENTIFIC
CMOS OCTAL COUNTER/DIVIDER
FEATURES
4 Eight Decoded Outputs CONNECTION DIAGRAM
4 Direct Reset {all packages)
¢ Trigger from either Edge of Clock Input
¢ Carry Output for Cascading Stages Vop R cL ce CouT“a” “7" N.C.
¢ Fully Static Operation - DC to SMHz @ 10Vdc | L] ] L 1 1 ]

DESCRIPTION

The 4022B consists of a 4-stage Johnson
Divide-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 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 (CoyT)
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

] X o]} n

X 1 0 n
e [} 0 n+1
- X 0 n

1 - 0 n+1

X e 0 n

X X 1 “0"

X Don’t Care 1f n <4 Carry = 1, otherwise = 0

16 15 14 13 12 11 10 9
40228

1 2 3 4 5 6 7 8
I 1 I TR | |
wqn Qe wgn wBT wgn N.C. “3" Vgg
Add suffix for package:

C 16-pin Cerdip

D 16-pin Ceramic

€ 16-pin Epoxy’

F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to15 Vdc

Operating Temperature Ta
C, D, F, H Device -65to +126 ©OC
E Device 40to +85 ©C

BLOCK DIAGRAM

Clock 14 o]

Clock
Enable 13

N OV aWwN -0

Raset 15 O—

Vpp - Pin 16
Vgg = Pin8

Cout —o 12




SCL40228

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o, 2
PARAMETER Voo | conpiTiOns |__TLow 15 C THIGH” | ypits
(vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 [Vin=VesorVoo| — | 5| - |00s| & - | 150 |nAde
10 |Allvalidinput | - | 10| - o1 | 10| = | 300
15 |combinations - | 20| —fo02] 20 -]e00|

NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 Tiow =-55°C for C, D, F, H device.
= -40°C for E device.
THign = +125°C for C, D, F, H device.
=+ 85°C for E device.
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SCL4022B

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T4 =25°C)

VDD . .
PARAMETER (vde) Min. Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
teLH. tPHL 5 - 600 1200 ns
To Decoded Outputs 10 - 240 480
15 - 180 360
teLH. tPHL 5 - 500 1000 ns
To Carry Output 10 - 200 400
15 - 150 .300
OUTPUT TRANSITION TIME
triH, trHL 5 - 250 500 ns
Decoded Outputs 10 - 125 250
15 - 90 180
troH. tTHL 5 - 180 360 -ns
Carry Output 10 - 90 180
15 — 65 130
MINIMUM CLOCK PULSE WIDTH PWcy
5 - 200 400 ns
10 — 100 200
15 — 80 160
MAXIMUM CLOCK FREQUENCY feL
5 1.25 25 - MHz
10 25 5.0 -
15 3.0 6.0 —
MAXIMUM CLOCK OR ENABLE trew tieL
RISE AND FALL TIME 5 15 - - us
10 15 - -
15 5 - -
MINIMUM ENABLE SETUP TIME tsotup
5 - 175 350 ns
10 - 75 150
15 - 55 110
MINIMUM ENABLE REMOVAL TIME trem
5 — 250 500 ns
10 - 100 200
15 — 75 150
RESET OPERATION
PROPAGATION DELAY TIME
tPLH. tPHL 5 - 500 1000 ns
To Decoded Qutputs 10 - 200 400
15 — 140 280
teLH 5 - 400 800 ns
To Carry Output 10 - 150 300
15 - 110 220
MINIMUM RESET PULSE WIDTH PWg
5 - 150 300 ns
10 - 75 150
15 — 60 120
RESET REMOVAL TIME trem
5 - 250 500 ns
10 - 100 200
15 - 80 160
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SCL4022B

AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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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).

c. R cL R . R
ce 4022B ce 4022B ce 40228B
0 1¢0¢.6 7 01 006 7 .:1...67
1T T T T
T 1
6 Decoded
7 Decoded 6 Decoded Outputs
Outputs — Outputs
Clock & - —_——— —
First Stage Intermediate 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
4001B) generates a reset pulse which clears the
4022B to its zero count. At this time, if the
Nth decoded output is greater than or equal to 4,
the CoyT line goes high to clock the next counter
section. The “0” decoded output also goes high at
this time. Coincidence of the clock “low” and de-

coded “0” 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 “0"” decoded output may
be used to perform the clock function for the next
counter.

CouT
FORN =65

CLOCK
CLOCK
ENABLE 40228
[T
N DECODED
OUTPUTS

RESET

0 DECODED OUTPUT

f=CLOCK+N

ALTERNATE CoyT

FORN=2TOS8
f=CLOCK TN
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g.?A'i!E Q’% SCL4024B
SCIENTIFIC

CMOS 7-STAGE BINARY COUNTER
FEATURES

¢ 7 Fully Static Stages

¢ Buffered Outputs Available from All Stages

¢ Common Reset Line

¢ 8 MHz Counting Rate @ 10Vdc
¢ Al Inputs Buffered

DESCRIPTION

The 4024B is a single chip monolithic me-
dium scale integrated circuit containing N-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-siave flip-flop. The counter state is advanced
one count on the negative-going transition of each

CONNECTION DIAGRAM

(all packages)

Vpp NC Q3 Qz NC Q3 NC
11 | l | L |
14 13 12 11 10 9 8

40248
] 2 3 4 5 6 7
1 T I | | | VI
CL R Q7 Qg Qg Q4 VSs

input pulse.
TRUTH TABLE
Clock Reset State
RECOMMENDED OPERATING CONDITIONS

(o] (o] No Change

o 1 All Outputs Low For maximum reliability:

1 [0} No Change _

1 1 All Outputs Low DC Supply Voltage Vpp-Vgs 3to15 Vdc
- 0 No Change Operating Temperature Ta
— 1 Ali Outputs Low C, D, F, H Device -55t0 +1256 OC
T\ (o] Advance One Count E Device 40to +85 ©C
N\ 1 All Outputs Low

LOGIC DIAGRAM
Q1 Q2 2k ] Q4 Qs Q¢ Qy
12) n (9 (6) 15) (4) (3)
cLocK
m T T, A T, T .o LI
Ra. aa, Q, Q. Ro., Ro, .Ro,
RESET )—Do—{>¢—l L -4 -+ l i ]
(2 PIN 14 VDD
PIN 7 Vss
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SCL4024B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 O, 2
PARAMETER Voo | conpiTions | TLow *5C Tuign | ynies
(Vde) Min. | Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Vin=VssorVop| - 5[ -]o005| 5 — | 150 |uAdc
10 |All valid input - 10 -1 01 10 - | 300
15 |combinations - 20 -1 0.2 20 — | 600
NOTES: ' Remaining Static Etectrical Characteristics are listed under "4000B Series Family Specifications”.
TLow =-55°C for C, D, F, H device.
=-40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ =50 pF, T5=25°C)
Voo . .
PARAMETER (Vo) Min. Typ. Max Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Q, teLH, tPHL 5 - 180 360 ns
v 10 - 80 160
15 — 65 130
Qt0Q;, 1 teLH, tPHL 5 - 100 200 ns
10 - 40 80
15 - 30 60
OUTPUT TRANSITION TIME trLH, tTHL
5 - 100 200 ns
10 - 50 100
15 — 40 80
MINIMUM CLOCK PULSE WIDTH PWeL
5 - 120 240 ns
10 — 60 120
15 — 45 90
MAXIMUM CLOCK FREQUENCY feu
5 2 4 — MH2z
10 5 10 —
15 6 12 —
MAXIMUM CLOCK RISE AND FALL TIME treLs ticL
5 15 - — us
10 10 - —
15 5 - —
RESET OPERATION
PROPAGATION DELAY TIME teHL
5 - 200 400 ns
10 - 100 200
15 — 80 160
MINIMUM RESET PULSE WIDTH PWg .
5 - 200 400 ns
10 - 100 200
. 15 — 80 160
RESET REMOVAL TIME trem
5 - 200 400 ns
10 - 100 200
15 - 80 160
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SCL40248

Vos. DRAIN VOLTAGE (Vdc)
<20 -18 16 14 12 -10 -8 6 4 -2 0 _
Ve ==5 Vd 5 §
=- ;I 5 =
c’l /'/ 10 H =
Ves=—10 Vde P -15 E Fr
1 20 = &€ 25 Vgs = 15 Vde
- e 3 +
Vs = =15 Vd o | z 2 [
s = 19 M 30 2 g5 4 Ves = 10 Vde
a5 5 S0 i
40 3 £5 Ves = 5 Ve T,=25°C
1. o250 ¢4 45 § N S ||
A7 0 0 2 4 6 8 10 12 14 16 18 20
- Vns, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
TYPICAL COUNTER STAGE
RESET
Q
CL O—
g
RESET
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e Q% SCL4026AB
SCL4033AB
SCIENTIFIC
FEATURES
¢ Decade Counter and 7-Segment Decoder in One CONNECTION DIAGRAM
Package (all packages)
¢ Easily Interfaced with 7-Segment Display Types
4 Direct Reset UNG c!
4 Display Enable Function (4026AB) ) . ’
¢ Ripple Blanking and Lamp Test Functions Vpp R LT" ¢ e a
(4033AB) 1 1 | | | | | |
¢ Trigger from either Edge of Clock Input 16 15 14 13 12 11 10 9
4 Carry Output for Cascading Stages 4026AB 4033AB
4 Fully Static Operation - DC to 5MHz @ 10Vdc 1 2 3 4 5 6 1 8
| | | | |
DESCRIPTION CcL gr’i L Coutf g Vgg
These two devices each consist of a 5-stage DEin! DEout !
Johnson Decade Counter and an Output Decoder RBI2 RBO2
which converts the Johnson code to a 7-segment
decoded output for driving each stage in a numer- | 4026 AB
ical display. A high Reset signal clears the decade 24033A8

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 (CoyT) 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
readablle 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
RBO 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 4033AB on the integer side of
the display. On the fraction side of the display the

80

Add suffix for package:

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

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

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

3to15 Vdc

65 to +1256 ©C
40to +85 ©C

RBI of the 4033AB associated with the least
significant digit is connected to a “low-level” volt-
age and the RBO 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 RBO of the next-more-
significant stage). For Example: optional zero -
0.7346.

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

A “high” Lamp Test signal turns on all outputs.



SCL4026AB, SCL4033AB

LOGIC DIAGRAM

TIMING DIAGRAM
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4026AB Decade Counter/7-Segment Decoder with Display Enable
LOGIC DIAGRAM TIMING DIAGRAM
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4033AB Decade Counter/7-Segment Decoder with Ripple Blanking
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SCL4026AB, SCL4033AB

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

Voo

Ty

+25°C

2
Thicu

PARAMETER (vde) CONDITIONS Units
de Min. [ Max. [ Min. | Typ. | Max. [ Min. | Max.
QUIESCENT DEVICE loo] 5 |Vin=VssorVoo | - s| - | oo0s| s - 150 | uAdc
CURRENT 10 |All valid input - 10 - 0.1 {10 - 300
15 [combinations = 20 - 102 20 - 600
OUTPUT HIGH (SOURCE)
CURRENT
low
Decoded outputs 5 |Von=4.6V -0.174 - [-0.14|-0.28 - |-0.10 ~ | mAdc
10 [Von=9.5V -0374 - |-03 |-06 - }-0.21 -
15 [Von=13.5V -1.25 - |-10 [-25 - |-0.7 -
Vin=Vss or Voo
Carry output 5 |Von=4.6V -0.19 — |-0.15 [-0.4 - {-0.11 - | mAdc
10 |Vou=9.5V -0.43 - |-0.35(-1.0 - [-0.25 -
15 |Vou=13.5V -1.57 - [-1.25]-4.0 - [-0.88 -
Vin=Vss or Vpp
Remaining Outputs 5 |Von=4.6V -0.10 - |[-0.08 [-0.2 — |-0.056( ~— [mAdc
10 (Vonu=9.5V -0.25 - |-0.20 [ -0.5 - |-0.14 -
15 |Vonu=13.5V -0.75 - |-0.60 | -1.5 - |-0.42 -
Vin=Vss or Voo
OUTPUT LOW (SINK)
CURRENT o
y
All Outputs Except Carry 5 |VoL=0.4V 0.124 - [ 0.1 0.3 - | 0.07 — | mAde
10 |Vo_=0.5V 0.31 - 0.25] 0.6 - [0175) -
15 [Vo_=1.5V 1.44 - 1.15| 25 - 10.81 -
Vin=Vss or Vpp
Carry output 5 |VoL=04V 0.19 - 1 0.15] 04 - 0.11 — | mAdc
10 Vo =0.5V 0.45 - 035| 1.0 - 0.25 -
15 |Vo,=1.5V 1.57 - 1.25 | 4.0 - 0.88 -
Vin=Vss of Vop

NOTES: ! Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.

= -40°C for E device.

Thign = +125°C for C, D, F, H device.

=+ 85°C for E device.
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SCL4026AB, SCL4033AB

ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C_ =50pF, To = 25°C)

PARAMETER Voo Min. Typ. Max. Units

{Vdc)
CLOCKED OPERATION

PROPAGATION DELAY TIME

Clock to Decoded Outputs teLH . tPHL 5 - 500 1000 ns
10 - 225 450
15 - 175 350
Clock to Carry Out toLH, tPHL 5 - 450 300 ns
10 - 125 250
15 — 100 200
OUTPUT TRANSITION TIME
Decoded Outputs tren, trHL 5 - 250 500 ns
10 - 125 250
15 - 100 200
Carry Output tyLH. tTH 5 - 200 400 ns
10 - 100 200
15 - 80 160
MINIMUM CLOCK OR ENABLE PULSE PWcy. 5 - 200 400 ns
WIDTH PWce 10 - 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY feL 5 1.25 25 - MHz
10 25 5.0 -
. 15 3.0 6.0 -
MAXIMUM CLOCK OR ENABLE RISE AND t.cL. tioL 5 15 - - us
FALL TIME 10 15 - -
15 3 — —
MINIMUM CLOCK OR ENABLE SETUP teotup
TIME 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 Qutput teLH. tPHL 5 - 500 1000 ns
10 - 125 250
15 - 100 200

MINIMUM RESET PULSE WIDTH PWg 5 - 200 400 ns
10 - 100 200
15 - 80 160

RESET REMOVAL TIME trom 5 - 375 750 ns
10 - 150 300
15 - 125 250
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SCL4026AB, SCL4033AB

DISPLAY INTERFACE

DISPLAY ENABLE
CONTROL

cLock O—
ENABLE
RESET

v
VoD 25V (MIN) é— pad

Ig20.4mA
IF 2 12 mA/Seq. (100 %OUTY CYCLE)
Bée (MIN) 230

VCE(SAT)ISO.S YV

b4
SEGMENTS

rrrveyre

LIGHT EMITTING DIODE DISPLAYS

Voo MONSANTO MAN 3
Low POWER)
Voo
DISPLAY ENASLE é
CONTROL
L A
cLock O r
7 L
ENASLE O—secmenTs [ <
RESET l b
e
é’v”
vop2 3.5V B
Ip® S mA/SEGMENT

100% DUTY CYCLE
ReVp-Vpg -Vg (LED)
Tuo

WHERE Vp e INPUT PULSE

Voo

VIAILSV TO3S Y

R=Vpo-Veg (gat) Ve LED) Ve * ATROSs DICGE
WHERE Vg 'onwn‘o”om ACROSS 0I0DE
LOW-POWER INCANDESCENT
INCANDESCENT READOUTS READOUTS
v ASSUMED ASSUMED
) N TRANSISTOR TRANSISTOR
CHARACTERISTICS CHARACTERISTICS
oo seanenTs Bdc (min.)2 30 Ly
DISPLAY ENASLE £ . 1 w VeE(sar)< 050V Bdc (min.) .-o ::v
] e, o
8Vpp 2 3.5V (min.) Veg(sat)$
cLocK - g 2 0.25 mA (min.) aVpp = 8V (min.)
o— - ' S 7' . DD
- 7 secaents | < = T S mA (min.) Ig = 1.0mA (min.)
ReSET o 4049UB It= 24mA (min.)
B @Vpp = W0V (min.)
= im Vo"0" S 0.6V 4049UB
= I7 = 8 mA (min.) 8Vpp = 10V (min.)
#Vpp = 6V (min.) V0" < 2V
1/6 4049UB Vo 0" < 10V IT = 20mA (min.)
I7 = S5mA (min.) V235V TO6V

NEON READOUTS

vy 170V OC
Yoo
OISPLAY ENABLE $
CONTROL
cwcuol— -~
o— n
EHARLE, 7secuents | =
mrP =
*TF
‘TRANSISTOR CHARACTERISTICS
Leakage with transistor cutoff < 0.05mA
V(BRICER - >V
Bactmin) 2 30

LOW-VOLTAGE VACUUM FLUORESCENT READOUTS

WITH Von*18V MEDIUM BRIGHTNESS

srod hei oht,

Filament

Voo IN LOW AMBIENT LIGHT BACKGROUND
'« DISPLAY t WILL RESULT. THE POINT OF KO
ENABLE NOTICEBLE GLOW IS Vops & 4.5V
cLocK
133y ENABLE 7
VOLTAGE SEGMENTS
RESET
Vss
wasy ()
' 18V
AC OR DC

TUBE REQUIREMENTS: 100 to 300 A/ seg-
ment at tube voltages of 12V to 25V depending

on requ
45mA at 1.6V, AC or DC.
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SOLID %%

STATE SCL40278
SCIENTIFIC

CMOS DUAL J-K FLIP-FLOP
FEATURES
4 Individual Set and Reset Controls CONNECTION DIAGRAM
¢ Fully Static Operation (all packages)

¢ Logic Edge-Clocked Design

¢ 8MHz Toggle Rate @ 10Vdc Vop Q1 T¢ CLq Ry Kq J1 §

Lt 1 1 1 1 |
16 15 14 13 12 11 10 9

DESCRIPTION 40278

The 4027B consists of two identical inde- 1 2 3 4 5 6 7 8
pendent CMOS J-K master-slave Flip-Flops. The | | | | JI 1 v
40278 is useful in performing control, register, Q2 Qz CLz Ry Kz Jy Sz Vss
and toggle functions. Logic levels present at the J Add suffix for package:

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 RECOMMENDED OPERATING CONDITIONS
or Reset input. For maximum reliability:

DC Supply Voltage Vpp-Vgs 3to15 Vdc

Operating Temperature Ta

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

C, D, F, H Device -65t0 +126 OC
E Device 40to +85 ©C
TRUTH TABLE
®t,.1 INPUTS tt, OUTPUTS
cLAa [J|K[s]|r]|a]a]a
_/ |1]|x|o]o]o]1]o
WHERE 1 = HIGH LEVEL
_/Ix|o|ofof1]1]o0 0= LOW LEVEL
’ A.LEVEL CHANGE
o|]X|ojojo]o]|1 X - DON'T CARE
/|x|1]ojo]1]o]1 ®.1,) REFERS TO THE INTERVAL
PRIOR TO THE POSITIVE CLOCK
—\— X{xjojojlx (No Change) PULSE TRANSITION
X XIx|1]o0|x]1]0 t-ty REFERS TO THE TIME INTER-
VAL AFTER THE POSITIVE
X X|IX|0oj1]xX]O]|1 CLOCK PULSE TRANSITION
X Ix|x]1]1]x]1
LOGIC DIAGRAM (one of two Flip-Flops) BLOCK DIAGRAM
R
SET,
4 a . o
cLock, £
K RESET,
F1329
5 02
X2
CL Q cLoCKy N
. o
RESET, -
S
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SCL4027B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

Source Current Characteristics

86

2 5 2
PARAMETER Voo | conpiTions |TLow *5C - | TwiGH” | ynis
(Vde) Min. | Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 [Vn=VssorVoo | -~ | 10} - looos| 10| - 30 {uAdc
10 |All valid input - 20 - 10.01 2.0 - 60
U L 15 Jcombinations | - | 40 ] - 1002 | 40| - [120] __
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Tricn = +125°C for C. D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ =50pF, T =25°C)
Voo | aie | T I I
PARAMETER (vde) | Min, J' Typ. L Max. X Units
L CLOCKED PR AT ION g ee e
PROPAGATION DELAY TIME teLH, tPHL 5 | - I 150 | 300 | ns
10 o 65 130 |
Lo e e B D o 480 100 i .
OUTPUT TRANSITION TIME trim. trHL 5 i -} 100 : 200 ns
10 - ’ 50 : 100 | ;
——— - - S N =S S (IO IS SO
MINIMUM CLOCK PULSE WIDTH PWcL 5 - : 165 330 ns I
10 ! - 60 ! 120
SR U SRS S S S T S [ T N
MAXIMUM CLOCK FREQUENCY feL 5 1 1.5 ; 30 | - MHz
10 4.0 80 | -
e e A e - Lo 80 L w0 oo i .
MAXIMUM CLOCK RISE AND FALL TIME! tew. tcL 5 15 - i - Hs i
10 5 - -
A AP NS -0 N SN NS S I
MINIMUM SETUP TIME teowo 5 - 100 | 200 ns
10 - 50 ;. 100
J I I WLz _poee 80 L ]
MINIMUM HOLD TIME thois 5 T s | 0 ns
10 - -10 i 0
I — 15 Iy 5o L P
SET AND RESET OPERATION o -
PROPAGATIQN DELAY TIME ! !
StoQ,RtoQ teLH 5 - 150 300 ns
10 - 65 130
| _ ~ 15 - 50__ 100 1
MINIMUM SET AND RESET PULSE WIDTH PWs.PWg 5 - 100 200 ns
10 - 50 100
—_ 15 - 40 80
( SET AND RESET REMOVAL TIME trem 5 - o 25 ns
10 - 0 10
15 - 1 0 5
' 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.
Vo, DRAIN VOLTAGE (Vdc) 50 a——
<20 -18 -16 -14 -12 -1'0 -8[ # 4 -2 0 g 45 Voo = 15 V&
Vs =~ Vdc ] 5 s -
T . A a0 % = 3 -
1 ’/ e E 4
__ -15 g 4
Ves ==10 Vde 7 &
. 20 = 55 Vos = 10 Vde
/] 25 & 20 y,
30 § g 15 [/’
L | e
V@=-15Vf¢/'/ 40 i £ 5%’ V.-.gJ=5lMc TA=25I°C4
. =280 ¢ | 1
T 1 T,=2°C145 2 0 4 6 8 10 12 14 16 18 20
-50 Voe, ORAIN VOLTAGE (Vée)
Typical P-Channel Typical N-Channel

Sink Current Characteristics




SOLID Q%

STATE SCL4028B
SCIENTIFIC

CMOS BCD-TO-DECIMAL DECODER
FEATURES

¢ BCD-to-Decimal or Binary-to-Octal Decoding
4 Buffered Outputs go High on Selection
4 Low Outputs for all lllegal 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 O through 7 to go low.
If unused, the D input must be connected to Vss.

Expanded decoding such as binary-to-hexadeci-
mal (1-o0f-16), etc., can be achieved by using other
40288 devices. This part is useful for code
conversion, address decoding, memory selection
control, demultiplexing, and readout decoding.

TRUTH TABLE

Input Output
DCBA|9 87 65 43210
0 0 0OO(jOOOOOUOU OO OU O 1
0 00O 1|0 00 0 0 O0OOOT11TO0
0 01 0|/0OO0OO0OO0OOOT TODO
001 110 0000 0 1 0 0O
01 00(0O0OO0OO0OTITO0TOO OO
o1 0 1/00 001 00 0 0O
011 0/0001000O0O0TGO0
o1 1 1/0 01 00 0O O0OUPO
1.000(0 1 OO0 0 OO0 O0OOT OO
100 11 0000 0O OUOTP O
101 0|0 0O OOO O OOOTOO
101 10 0 000 00O O OO
110 0/]0 0 0OOOO O OOTPOO
110 1/]00 0 0000 OOTDO
111 0|0 000 00 O0OOTD0O
111 1/0 00 0 00 0 0 O0O
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CONNECTION DIAGRAM

(all packages)
Vbp3 1 B C D A 8
| ] 1 ] | ] |
16 15 14 13 12 11 10 9
40288

1 2 3 4 5 6 7 8
T 17T 1T 1T 1 | | ]
4 2 0 7 9 5 6 Vgs

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  Vpp- Vss

Operating Temperature  Tp
C, D, F, H Device

3to15 Vdc

65 to +126 OC

E Device 40to +85 OC
BLOCK DIAGRAM
( 100—a “0"|—o03
e l—o018
38it "2 —o2
inaryd 130—8 ~3"}—o1s | Octa!
8421 8inary Decoded | pecimat
Inputs g o1 ecima
8co o Outputs § pecoded
Inputs B 06 Outputs
120—{C “6"}—07
7" }—o0a
"g"p—09
L " 0 g s
Vpp = Pin 16
Vgg = Pin8




SCL4028B
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 ©, 2
PARAMETER Voo | conpiTions |Tiow *25¢ THIGH™ | ynits
(Vde) Min. | Max. | Min. [ Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo| & [Vin=VesorVoo | - 5| — |o00s| 5| - | 150 |uAde
CURRENT 10 |All valid input - 0] — |01 10| - | 300
15 |combinations = 20 — 0.2 20 - 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trigu = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, Ty = 25°C)

PARAMETER (‘\//33) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLm. tPHL 5 - 150 300 ns
10 - 60 120
15 - 50 100
OUTPUT TRANSITION TIME trems trie 5 - 0 180 ns
10 - 50 100
15 - 40 80
Vos. DRAIN VOLTAGE (Vdc) 50 T
20 18 416 -14 <12 10 8 -6 -4 -
20 -18_-16 210 8 6 4 2 0 = 4 Voo = 16 Ve
Ves==5 Ve 5 = g«
i ir A 10 : = 3 ]
=
Ves ==10 Vdc // 152 g %
¥ zg E £ gg 7 Vs =10 Vde
25 g =
30 2 =15 =
] S 10 4A
Vgs =—15 Vdc '/ _40§ = 5% Vcsl=slvdc T,=25C
i op ] . J I
T 1 Ta=28°0-45 2 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

LOGIC DIAGRAM

4 DD

°3 D°_"_—D°_‘ i [ [ .

- 88



APPLICATIONS INFORMATION

CODE CONVERSION CIRCUIT

SCL4028B

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 4028B 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-Bit Binary code, a 15 expressed in 4-Bit Gray code,

or a 5 expressed in Excess-3 code.

INPUT CODES
Hexs Decsnet
INPUTS INPUTS v
1/6 4069UB RO e . uTRTNER
[4 a e
=<l 8@23«
BIc[8]Aloa|vAupasc| <)< [o] 1z [3]e]s e ]7 ]6 ol [rafia[ia]is
o]010]] o] o oo ofo[o]o]o] o]0 K
ofofo[ [ [ 11]o o oJofof o]
o[v[o] z[ 3] [ olz]7]0 0 o[olo[ o [
] o[ [ 3] 2fo[ 3> ooonot& ofolo]ol o] 0
vfoJo] «f 7]+ «Je] Jo[oJo]o] 1 ]ofo]o]o]o[ o] 0] 0]0]0]0
A 8 c 0o A 8 c ° 1Jo]] s| e]z 3]oJofofojo]1]ofojofo]of o] o]o]o]o
40288 40288 1rjol el a3l 1] 1e 0101010100
012345678089 01 234567809 :;;;:,:;2 : :
TTITTTIT TTTTTTIT Iolel T sTitel 15 lohs
01234567 89 1011121314 15 :::?:‘:::;os‘oo:ooooo ;
16 UTPUTS T[1]o]o[iz] 8]e] 56 oooool'o:ro o[ o[
1[1fefifn3a] e 41100000}9 [] ololo
1[1]r1JoJra] 11} ["e]s]s]o[o]o]o]o]ofofo]o]0ol o[ 0] 0] 0] 1[0
[ [1 [ ]s]10 9[9]ojoJoojofo[o]o[ofofo] o] o[ o] 0] 1
Code Conversion Chart
6-BIT BINARY TO 1-OF-64 ADDRESS DECODER
INPUTS
l_—,—_——\
T9F . Tleon
a6cC_ 0
40288
lo 670
1=
*/ "7 * ¥ *7
) T 1 1
T T T ) O T 1T II
1T 11 11 T T 11 1
I Iasc 1faec ollasec ollaec ollaec ojlaec ol[aec ol
.40288 40288 40288 402 40288 40288 40288 40288

88
0123436789 Jo-ceaae-- o [0-=----- o lo------- s lo------- of [0--<----9

i g

Irl r LA I ' LS I L} T I LAl
\Ol234367 8- ---- 15 16-=----- 23 24------3 R----- 39 40----- a7 IS o5 %-----63
A
* 1/6 4069UB 64 OUTPUTSISELECTED OUTPUT 1S MIGH)
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SOLID @%

STATE SCL4029B
SCIENTIFIC

FEATURES

¢ Binary or Decade Up/Down Counting CONNECTION DIAGRAM

4 BCD Outputs in Decade Mode (all packages)

¢ Asynchronous Preset Enable

4 Internally Synchronous for High Speed Vpp CL Q3 J3z Ja Q3 U/D B/D

¢ Logic Edge-Clocked Design | | | | | | | |

¢ 6MHz Counting Rate @ 10Vdc 16 15 14 13 12 11 10 9

4 Carry Output for Cascading Stages 40298

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 Vgg
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.

90

1 2 3 4 5 6 7 8
1 1 1T 1 T 1 1
PE Qg Jg 47 CI

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3to15 Vdc

55 to +126 ©OC

E Device 40to +85 ©OC

TRUTH TABLE

Ci |up | pPE [B/D Action

1 X 1] X | No Count

(1] 1 (V] 0 | Count Up (Decade)

0 1 o 1 | Count Up (Binary)

[} 0 V] 0 | Count Down (Decade)

4] [+] o] 1 | Count Down (Binary)

X X 1 X | Preset

X = Don’t Care

BLOCK DIAGRAM

10—PE Qq [—os

50—oCT

20—B/D Qpf—oMn

100—u/D

50— CL Qg —o14

40 — .l1

120—Jgy Qqf—o2

130—J3 _— Vpp - Pin 16
304, cor—o’ Vgs = Pin8




SCL4029B

LOGIC DIAGRAM

J2 Q2
Aj
4
pl

TN

B/D

TIMING DIAGRAMS

Binary Mode

s

o

N

-

o

N 28 T sl X N T I I O

ﬁ -

.

S Y U R Y R 1 R S SO Y Y PR

-

~

................... B Y N I D

e

L)

-

N

CJ

—l -«

S R o e B P P
N A A )

Decade Mode
N
Lo
1 L)

L
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SCL4029B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 5 2
PARAMETER Voo | conpiTiONs | TLow *5C THIGH” | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Vin=Vss or Vpp - 5 — 10.05 5 - 150 |uAdc
10 |All valid input - 10 - |01 10 - 300
15 |combinations - 20 - |0.2 20 - 600
NOTES: ' Remaining Static Characteristics are listed under “4000B Series Family Specifications”
2 T_ow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125.C for C, D, F, H device.
=+ 85 C for E device.
DYNAMIC CHARACTERISTICS (C_ =50pF, T, =25°C)
Voo ; A
PARAMETER (vad) Min. Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY TIME teLH. tPHL
Clock to Q 5 - 250 500 ns
10 - 120 240
15 — 90 180
Clock to Carry Out 5 - 280 560 ns
10 - 130 260
15 — 95 190
Carry In to Carry Out 5 - 170 340 ns
10 - 70 140
15 — 50 100
OUTPUT TRANSITION TIME trLm, tTHL 5 _ 100 200 ns
10 - 50 100
15 — 40 80
MINIMUM CLOCK PULSE WIDTH PWc, 5 - 170 340 ns
10 - 85 170
15 — 70 140
MAXIMUM CLOCK FREQUENCY feL 5 20 4 - MHz
10 4.0 8 -
15 5.5 11 -
MAXIMUM CLOCK RISE AND FALL TIME' trcLs ticL 5 15 - - s
10 15 - -
15 15 — —
MINIMUM SETUP TIME tsetwp
Carry In 5 - 150 300 ns
10 - 65 130
15 — 50 100
Up/Down, B/D 5 - 3256 650 ns
10 - 115 230
15 - 85 170
PRESET OPERATION
PROPAGATION DELAY TIME tpLH, tPHL 5 - 360 720 ns
Preset Enable to Q 10 - 140 280
15 — 110 220
Preset Enable to Carry Out 5 - 410 820 ns
10 - 165 330
15 - 130 260
MINIMUM PRESET ENABLE PULSE WIDTH PWpe 5 - 170 340 ns
10 - 85 170
15 — 70 140
PRESET ENABLE REMOVAL TIME trem 5 - 325 650 ns
10 - 110 220
15 — 90 180

! 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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SCL4029B

Vos, DRAIN VOLTAGE (Vdc)
-20 -18 <16 -14 12 -10 -8 6 4 -2 0 -
Vo= N2 s §
il o s
- P a5 B £
Vos =10 Ve ;g § g 2% Vos = 15 Ve
2 8 S — t
Vgs ==—15 Vdc ] g 15 - Vos = 10 Vde
= =; 10 f
3 5 Vs = 5 Vde Ta=25°C+
; R N L1
T,.=25C+ 2 0 2 4 6 8 10 12 14 16 18 20
1 Vos. DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
CASCADING CONNECTIONS
PARALLEL CLOCKING
UWDOWN >
PRESET -
ENABLE
$l l_LLLL
U/D PE W R Ny Jg U0 PE & Jp Jy Jg U Py g dy g
40208 _ o 40298 « 40298 wh
&0 CL O Oy Oy 04 80 G 9 0y 03 Qg w_a 9 o,
- | X
et
RIPPLE CLOCKING
UM OoWN
PRESETY
T L1l
UMD PE &y Jp J3 g U/ PE &4 I 3 e
er 40298 ey 40298 |
8/0 CL O Oz O3 04 8/ _cL 9 03,0y 04
CLOCK —I
Setae -

The Up/Down control can be changed at any count The only restriction on changing
the Up/Down controt 15 that the clock input to the first counting stage must be “high™

PROGRAMMABLE CASCADED FREQUENCY DIVIDER

fout .
I I ' | ] |
R — |
~Q; Q; Q3 Qg4 (21 Q2 Q3 Qg4
—qcm co. co. TO.
= Clock Lso —{Clock MS©O
1 /o 40298 oo 40298
0 « Down
B/D
% 92 93 h J2 33 Ja
PV v v v vt v v
( { C ( no { : { ( nn
' |
*Voo Voo
. Thumbwhee! Swi
o] | g
n
*Vpp—t—= fout " —-
Open = Count BCD L-VV\F:L
Closed = Count Binary =
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STATE SCL4030B
SCIENTIFIC

CMOS QUAD EXCLUSIVE-OR GATE
FEATURES

4 Buffered Outputs

¢ Diode Protection on all Inputs

4 Fully “B"-Series Compatible

¢ Pin Compatible with 4070 types, MC14507,
74C86

DESCRIPTION

The 4030B 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 Y
0 0 o]
1 o 1
o 1 1
1 1 o

Where 1 = High Level
0 = Low Level

LOGIC DIAGRAM

wion 7)) D>

SCHEMATIC DIAGRAM
(one of four gates)

CONNECTION DIAGRAM
(all packages)

Vpp 4B 4A 4Y 3Y 3B 3A

I R N N N S|

14 13 12 11 10 9 8
4030B

1 2 3 4 5 6 7

1 T T T 1 1
1A 1B 1Y 2Y 2A 2B Vgg

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat
Chip

ITmMmOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpDp - Vss

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

3to15 Vdc

65 to +125 OC
40to +85 ©oC

Note: The 4030B is identical to the 4070B;
the devices are fully interchangeable in all
applications.

+ Voo

FUNCTION DIAGRAM

:g ;:D—-J 1Y
28 ) 2
2 s
B e
Y = A@B
Vpp =Pin 14
Vgs =Pin 7
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

SCL4030B

A-LEAST SIGMIFIC

ANT
©-MOST SIGNIFICANT Il‘l‘ (SiGN 8IT)

95

2 o, 2
PARAMETER Voo | conpDITIONS | TLOW *2%5¢C THIGH” | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. T_Max
QUIESCENT DEVICE Ioo
CURRENT 5 |Vin=VssorVop | - |0.05 | — [0.0005| 005 - | 15 |uAdc
10 |All valid input - |0.10 - |0.001 0.10 - 3.0
15 |combinations - (0.20 - [0.002 | 0.20 = _q._()__ o
NOTES: ! Remammg Statlc Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 TLow =-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 (C, =50pF, T4 =25°C)
: Voo i i
PARAMETER (Vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLH, tPHL 5 - 140 280 ns
' 10 - 65 130
15 = 50 100
OUTPUT TRANSITION TIME triH, tTHL 5 - 100 200 ns
10 — 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vdc) 50 —r—
20 -18 -16 -14 -12 -1Io a' ? 4 2 0 § . Voo = 15 Ve
Vs ==5 Vdc 5 s t 4
I 1 A 10 % =~ 3
1 A 158 E 20
Ves==10 Vde 7 5 2 &
v 20 = 55 Vos = 10 Vde
/] 25 P S 2
% 3 g st A4
b g [} 10 /A/
L 3 2 2 =5Vde
Ves ==15 Vde « 3 £ 5 Yoo = ) T\=25°C
1 1
i T T1,=2°014 2 0 2 4 6 8 10 12 14 16 18 20
1 -50 Vos, BRAIN VOLTAGE (Véc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
8-BIT TWO'S COMPLEMENT ADDER/SUBTRACTOR
40308
'I '2 73 V‘ V’ V‘ V., V.
| | won
—e- ® — <>t (13
M ) r I PR PR
| I | © 9 0 0 8 0 00 -ofr 1oy 1 to1 11 -
-1 1 1 -
U -+ - HEFE S S S M R A R
el el i b MR S N
A 8 Az Bz Ay B3Ag Bg] [A; 8; Az 82 A3 B3 A4 B¢ . .
40088 co—lc = . :
- (canY -| ) 40088 9 D IS . . .
IN) ouT) O 1 1 1 1t 1 1 0 8|1 0 0 0 0 0 O 1 ea?
I[I "]l O 1t 1 1 1 1 1 1V et O O 6 O 6 0 0 --i»
. .‘ Bt ds e . % %t Sel Two's complement numbers and their equivalent
o0 L aoevmac AU R B LA decimal values.



SOLID §>@

STATE SCL4034B
SCIENTIFIC
FEATURES
¢ Bidirectional Parallel Data Inputs CONNECTION DIAGRAM
€ Parallel or Serial Inputs/Parallel Outputs (all packages)
€ Asynchronous or Synchronous Parallel Data

Loading VonAg A; Ag As Ag Az Ay Aq CL A/S P/S
@ Data Recirculation for Register Storage ?D 1117 I6 I5 14 |3 12 l1 U
€ Parallel Enable on Data Lines for Bus

Connection 24 2322 21 2019 18 17 16 15 14 13
@ Static Operation - DC to 5MHz @ 10Vdc 4034B

DESCRIPTION

The 4034B 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/B), 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.

1 2 3 45 6 7 8 9 101112

r 1 rrr 11 11 1 7T 1°
Bg By Bg Bg B4 B3 By By AE SD A/B Vgg

Add suffix for package:
D 24-pin Ceramic
E 24-pin Epoxy
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgs 3tol15 Vdc

Operating Temperature Ta
D, H Device -65to +126 ©C
E Device 40to +85 ©C

BLOCK DIAGRAM

A2

Data
A3 Ag Ag Ag Ay Ag

fi?lli’

8-81t Register

A
Serial Data 1
Input
A Enable —
A/8—
Parallel/Serial P/S — Control
Logic
Asyn/Syn A/S — T
Clock #
By




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:

A Enable Input — When high, this input enables
the bus A data lines.

A/B Input (Data A or B) — 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)

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/S Input (Asynchronous/Synchronous to the
Clock) — When this input is high, the datais trans-
ferred independently from the clock rate; when
low, the clock is enabled and the data is transferred
synchronously.

TIMING DIAGRAM

cock LALLM

A
envagte M e L
(3] SN

“A” Ensble | P/S | A/B | A/S Operation®
L L L X Serial Mode; Synch. Seris! Data input, “A" Parailel Date Outputs Disabled
L H X Serial Mode; Synch. Serial Data Input, 8" Parallel Data Output
L H L L Parsitel Mode; B Synch. Parallel Data Inputs, A" Paraliel Data Outputs Dissbled
L H L H Parallel Mode; “'B"* Asynch. Parallet Data Inputs, "A” Paralle! Data Outputs Disabled
L H H L :.u]lol Mode; “A" Parallel Data Inputs Dissbled, 8" Parallel Data Outputs, Synch Data
L H H H Paralle! Mode; “'A” Parallel Dsta Inputs Disabled, 8™ Parallel Data Outputs, Asynch
Dsts Recirculation
H L L X Seriasl Mode; Synch. Serial Data input, “A” Parallel Data Output
H L L] x Serizl Mode; Synch. Seris! Data Input, 8" Parallel Data Output
H H L L Parsitel Mode; “B” Synch. Parailel Data Input, A" Parailel Data Quiput
H H L H Parallel Mode; “'B" Asynch. Parallel Data Input, “A” Parallel Data Output
H H H L Paraliel Mode; ““A” Synch. Parailel Data Input, “B* Parallel Dats Qutput
H H H H Paraltel Mode; ““A** Asynch. Parallel Data Input, '8 Perailel Data Output 8sf

* Outputs change at positive transition of clock in the serial mode snd when the A/S control input is

“low"’ in the perallel mode.

LOGIC DIAGRAM

ADATA
LINES ARE
outeuTs

@ BOATA LINES ARE QUTPUTS —e»|

9

ae
1A ENABLE)

Lk

Prs
(PARALLEL
SERIALI

10
seRia
oata O—

as O
1ASYNCSYNC)

1]

Lok O

MFLIP FLOP LOGIC

6STAGES
SAME AS STAGE |

FLIP FLOP
TAUTH TABLE %8

X OON'T CARE
#FINVALID CONDITION




SCL4034B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER Voo | conpiTions |Ttow *5C THiGH™ | ynits
(vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE ool
CURRENT 5 |Vin=VssorVop | — 5 - | 0.05 5 - 150 | uAdc
10 [All valid inputs - 10 - 101 10 - 300
15 |combinations - 20 - |0.2 20 - 600
3-STATE OUTPUT LEAKAGE |Iz,
CURRENT 15 - |#0.1 — |#10° 0.1 — |*1.0 | #Adc
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 o -
TLow = -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 {C_ =50pF, T = 25°C)
VDD 2 .
PARAMETER (Vo) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLH. tPHL 5 - 350 700 ns
10 - 120 240
15 - 100 200
OUTPUT TRANSITION TIME trin. tTHL 5 - 180 360 ns
10 - 90 180
15 — 70 140
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 125 250 ns
10 - 50 100
15 - 40 80
MAXIMUM CLOCK FREQUENCY feL 5 2 4 - MHz
10 4 8 -
15 6 12 -
MAXIMUM CLOCK RISE AND FALL TIME' trew. ticL 5 15 - - us
10 15 - -
156 15 - -
MINIMUM HIGH-LEVEL PULSE WIDTH
AE, P/S, A/S Inputs PWae, 5 - 180 360 ns
PWess. 10 - 90 180
PWas 15 - 70 140
MINIMUM SETUP TIME
A, B; Serial Inputs teorup 5 - 140 280 ns
10 — 70 140
15 - 50 100

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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APPLICATIONS INFORMATION

SCL4034B

‘oo Vop A" ENABLE Y=
T d b 4444 iabibibi
5§f;:’~>—ssl . ’:::ktn s "::':AT'RLEL Soa :f A" PARALLE L ;-E *A" PARALL EL
vppeiA® AsB A/B ouTa a8 DATA
_: :Ls B PARALLEL i 8 PARALLEL _rd ars Ass
DATA r cL DATA = o CL () PADR‘A*LAI.EL :: cL 'B‘Pol:'A‘ll(l
T T e |
SERIAL
peis TARAEL | | [

::r DATA
Cl' A-BY.

Yy -
16-Bit parallel in/parallel out, parallel in/serial out, 16-Bit Serial in/gated parallel out register
serial in/parallel out, serial in/serial out register.

Sl TR SO TN MR N I A |
SERIAL AE  \_______ A PARALLEL DATA——
DATA >—*|S!

Vpp = A/B

A/S

cL
P/S

r———B8 PARALLEL DATA ——

40348

<«———N—STAGE SELECTION —e

N-stage shift register with fixed serial output line.

smrLE/NOLD)'—_ll L 1 1

SERIAL DATA

CLOCK )}——o

40168

N=1-8
SERIAL
ouTPUT

—=e
Vop —
A/S y—n

AE 1 8
\——"A" PARALLEL DATA ——/

si

A8 40348

A/S

cL

/——"B" PARALLEL DATA ——\

P/s

IREREERRE!

TO DISPLAY, ETC.

Sample and hold register — serial/parallel in parallel out.

Voo

AE |

A/8
A/S

CL
Prsi

[
<A DATA=8

=8 DATA=-8

— |

i

OUTPUT

TIMING DIAGRAM
"

f2

U

BV VIV T T
n— U U

cvoex LU LAY LM UUARAARAY
ps M MUrUULIUNUMLUrUTUT

=l

1 >t

b

g —ehe————— 1) o g e
% WHEN 1,212, 1, IS PROPORTIONAL TO THE PHASE OF f) WITH RESPECT TO f2

) < fo—ef

Frequency

and phase comparator
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SCL4034B

APPLICATIONS INFORMATION (Continued)

SHIFT LEFT QUTPUT

A 5NABLE xE
SHIFT >
LEFT/ >
SRTEJT ja- “A” PARALLEL DATA «@— “A” PARALLEL DATA -.l

= -
4 SHIFT RIGHT
SHFT ouTPUT
RIGHT
AE AE | 8
« INPUT
Ve s LamiSI
Lasdp s s
REG1 | L4 REG. 2
« cLock AS AS
Ds c ro=lct
ars A 8 ABl 8 SHIFT
A A LEFT INPUT %
PARALLEL ALY sy SEaLAE A ALARI)
ENTRY Y
’ cL
AE

K omn g tl

—EPS
Voo AS

REG.3

AE (@ A PARALLELDATA B> 8

AE aA PARALLEL DATA®S

s

Ps
VDD—:A -

L
A B 1" BPARALLELDATA g

REG.4

=

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
lines, on register 3 and 4 and allows parallel data
into registers 1 and 2, Other logic schemes may be

(e

ERERRERRE]

™ =
-

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.

Shift right/shift left with parallel inputs

4 4§ oousLe-sus svsTEM (ENABLE INPUTS ON BOTH SIDES)
——————
] ! lofes Afle— S P PS  Af
| l‘- 1 [} - 1 ] i
1 P- 2 2 - 2 * 2 2 * 2
|  MEMORY F-l e : < : 2 ‘o ] T0 2nd
uNnIT [ A ! o | .8X2a BUS

: = RS : :‘ REG ': S| REG |5 SYSTEM

oo . s 6
I oo 7J * 4 7J 4 7 7

P- D U 8 D

—_——— "' ”“ :‘i (41 s-"ﬂsct. sn‘.‘sn.
[T X1
ey, Y ¥ VY 11 ey ——

r b SI AS A Cl ST ASAA CL |
| 1 e At at rshed | |

N 1 T 1 1 “
: oo ’] l: - X F oo :
| PERIPHERAL Lo :. vREG . b ozee 13 oy  ARITHMETIC !
| unIT [ s sA L unir |

D0 * - s * oo |
| ey 7 7 7 7 poan| |
1 e b s s Qe | )
[ '} e

LA
BUS LINES *4034AB
(SINGLE)

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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souog% | | | R '
STATE | - y SCL40358
' SCIENTIFIC

CMOS 4-BIT PARALLEL-IN/PARALLEL-OUT SHIFT REGISTER

L X R X X 2 J

FEATURES :
4-Stage Clocked Serial-Shift Operation - CONNECTION DIAGRAM
Synchronous Parallel Loading of All Stages ’ . lan packages)
J-K Serial Inputs to First Stage . o o
Asynchronous True/Complement Control of all Voo Q2 03 Q4 PI-4.PI3 P12 PI-1
Outputs TR A A N A R
Asynchronous Reset
Static Operation — DC to 6MHz @ 10Vdc 16 _15 14 143035132 1110 9
DESCR : [ .
SCRIPTION ‘ 1 2 3 4 5 6§ 7 8
The 4035B is a Four-Stage Clocked Serial T T T T T 1 T
Register having provisions for synchronous parallel : Qp- T/ K. J R CL P/S Vgg
inputs to each stage and serial inputs to the first )
stage via JK logic. Register stages 2, 3, and 4 are .
coupled in a serial “D" flip-flop configuration when . . .
the register is in the serial mode (Parallel/Serial /Add suffix for package:
control low). C 16-pin Cerdip
Parallel entry via the “D" line of each register D  16-pin Ceramic
stage is permitted only when the Parallel/Serial E 16-pin Epoxy
_control is high. In the parallel or serial mode in- © F. 16-pin Flat
formation is transferred on positive Clock trans- H Chip
itions, :
When the True/Complement control is high, the

true contents of the register are available at the j ]
outp_ut terminals. When the True/Complement con- RECOMMENDED OPERATING CONDITIONS
trol is low, the outputs are the complements of the o S :

data in the register. The True/Complement control For maximum reliability:

functions asynchronously with respect to the Clock DC Supply Voltage Vpp-Vss 3to15 Vde
signal. Operating Temperature  Tp

JK mput logic is provided on the first stage C. D, F, H Device 55 to +125 OC
serial input to minimize logic requirements, partic- . E Device . 4010 +85 OC

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- BLOCK DIAGRAM

sion, sequence generation, up/down Johnson or "
ring counters, pseudo-random code generation,
90— PI-1
frequency and phase comparators, and sample-and-
hold registers. . 10 0— PI-2
- . Q1 }—on
TRUTH TABLE 10— P1-3
tn.1 (Inputs) t, (Outputs) " 120—pl-a Q2 o018
cL |J|K|R Qnol Q, 70—4P/S
/S lo|x]|o ) 0 ‘ so—y Q3 }—o1a
J |1|x]o 0 1 so—gkK ‘
Q4}—o13
_/|x|o]o 1 0 . 6o0—]Clock
_/— 1]o0{o |Qn; Q,.; Toggle Mode 20—{T/C R
S Ix|1]o | 1 1 ' so——_!
Vv = Pin 16
—\_ XX |0 |Qpy Qp.3 . ) vg:= Ping
X X |X |1 X o ' '
X = Don’t Care
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SCL40358
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS

; - Voo Toow® +26°C - | Twon®
PARAMETER CONDITIONS - Units
(Vde) Min. | Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo g
CURRENT 5 |Vin=Vss or Vpp - 5 ‘= 10.05 5 - 150 nAdc
10 JAIl valid input - 10 - |01 10 - | 300
15 |combinations - 20 - 102 20 - | 600

NOTES: ' Remaining Statlc Electrical Characteristics are listed under “40008B Series Flmlly Speclﬁutlom .
2 Teow = -55 C for C, D, F, H device.
=-40° C for E device.
TH‘GH = +125 C for C, D, F, H device.
=+ 85°C for E devnce

DYNAMIC CHARACTERISTICS (C, =50pF, Tp =25°C)

PARAMETER Voo, | Min | Tye. | Mex | Unis
CLOCKED OPERATION B
PROPAGATION DELAY TIME : .
From Clock Input teLH. tPHL 5 - 250 500 ns
10 - .1|-100 200
15 = 75 150
From T/C Input teLH. tPHL 5 - 1 150 - 300 ns
10 - 60. . 120
15 - 45 | 9%
OUTPUT TRANSITION TIME trim. trHL 5 - - 8. | .160 ns
0 | - -40 . . 80
15 .= 30 60
MINIMUM CLOCK PULSE WIDTH PWecL 5 ) - 100 - -+ 200 ns
10 - | @ 90
15 . - 30 60
MAXIMUM CLOCK FREQUENCY foL 5 20 . 40 - MH2z
10 5.0 100 -
15 60 | 120 -
MAXIMUM CLOCK RISE & FALL TIME' tcL. tieL 5 B L - us
10 16 - -
15 LL TS =
MINIMUM SETUP TIME )
J, K Inputs teetup 5 - 110 220 ns
10 . - 40 80
15 - .30 60
P/S, Parallel Inputs teotup 5 - 70 " 140 ns
10 - 25 50
15 - 20 40
MINIMUM HOLD TIME ’ '
J, K inputs thold 5 - -25 25 ns
10 - -10 10
15 - -5 5
P/S, Parallel inputs thokd 5 - -25 25 ns
10 - -10 10
15 - -5 5
RESET OPERATION :
PROPAGATION DELAY TIME temL 5 - 230 460 ns
10 - 120 240
156 - 90 - 180
MINIMUM RESET PULSE WIDTH PWgp 5 - 125 250 ns
10 - 55 110
15 - ) . 80

! 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.

102




SCL40358

Vns. DRAIN VOLTAGE (Vdc)
<20 -18 16 14 12 .10 -8 6 -4 -2 0 -
I T T g
i =74 R <
(-]
Ves=~10 Ve // -15 ; u
4 -20 g
Vi 2 8 :
2 B 3
. -35 ; >
Vs ==15 Vde 40 =
= 7A=zs°c--45§
[ 1 1 R I

50
45

Vs = 15 Vde

T

4

25

Ves=1

0 Vde

10 {445

5 Ves=5

Vde

L1

T.=25°C
L1

0 2 4 6 8
Vs, DRAIN VOLTAGE (Vdc)

10

12

14

16 18 20

Typical P-Channel
Source Current Characteristics

LOGIC DIAGRAM

Typical N-Channel
Sink Current Characteristics

PARALLEL

PARALLEL INPUT -1 P1-2 P1.3 Pl-4
SERIA
CONTROL P o1} Qo " on
?
] I
4 O—1
= 0 g gt Q) r— 0 O
'y [ ! [
3 ° ) )
sl > 3 3 .0
cLock
Ne.
O 1>°
RESET
30- Do>—
TRUE/COMPL.
Tic)
1 s N4 it}
Q, Q,
TERMINAL NO. 16V,
TERMINAL NO. 8GN
APPLICATIONS INFORMATION
S
o[ ] w[ ] ] w npuT
L[ Pt PI-2 P1-3 P1-4
LEFT/RIGHT —— P/S
.
lm:_t;’ _C J
ooy 35
crock—3ew
- 7
reser—n i
9 g2 | o 94
gro b Lls Ll Lls o
ouTPY! TRUE /COMP. CONTROL N TRUE MODE uTPUT

Shift Left/Shift Right Register
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SOLID Sy

STATE SCLINES
SCIENTIFIC SRR
FEATURES - _
® 12 Fully Static Stages CONNECTION DIAGRAM
@ ANl 12 Buffered Outputs Available (all packages)
: Common Reset Line
8MHz Counting Rate @ 10Vdc
vDDQ11Q10 Q8 Q9 R CL Qf
@ Al Inputs Buffered T
DESCRIPTION 16 15 14 13 12 11 10 9
The 4040B consists of 12-ripple-carry 40408
binary counter stages with appropriate input buffers 1 2 3 4 5 6 7 8
and reset circuitry. The counter is reset to its “all L | I ) ! !
0's” state by a high level on the Reset input. The Q12 @6 05 Q7 Q4 Q3 Q2 VSS
counter is advanced one count on the negative-
going transition of each input puise. Isolation
from external noise and the effects of loads is pro- Add suffix for package:
vided by output buffering. . "
Applications include time delay circuits, counter g :g'_::: g::::ic
controls, and frequency dividers. E  16-pin Epoxy
F  16-pin Flat
H Chip
‘TRUTH TABLE )
Clock Reset Output State RECOMMENDED OPERATING CONDITIONS
e [} No Change For maximum reliability: e
- [ Advance to next DC Supply Voltage Vpp-Vss 3016 Vde . -
State Operating Temperature ~ Tp ' o !
x -1 All Outputs are low C, D, F, H Device 55104126 °oC - ..
X = Don’t Care E Device 4010485 °C . o ¢
LOGIC DIAGRAM
etocl‘m °z( n OJ(GI (S) ofﬂ) “Zlofﬂm s”uzr'romnoi;sv

cL

FFS THRY FFI2

RESET.
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ELECTRICAL CHARACTERISTICS

SCL4040B

STATIC CHARACTERISTICS '
2 o 2 i
PARAMETER Voo | conpiTions | Tiow 2238 C Tuigh™ | ynits
(Vde) Min. | Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo -
CURRENT 5 Vin=VesorVoo | - | 6| - | 005] s - | 150 |uAde
10 |[All valid input - 10 - 0.1 10 - | 300
15 jcombinations - 20 -102] 2| - | 600
MYES' ' Romammg Sutlc Electrical Characteristics are listed under “4000B Series Family Specifications”.
. ? Teow = ~55 C for C, D, F, H device.
= -40° C for E device.
ThuigH © 4125 C for C, D, F, H device.
=+ 85°C for E device.
DVNAMIC CHARACTERISTICS (C, =50pF, To =25°C)
PARAMETER r W del | Min. I Typ. I Max, Unitg
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Q1 teLH. tPHL 5 - 180 320 ns
10 - 80 160
15 - 65 130
Q;t0Q; .y tpLH, tPHL 5 - 100 200 ns.
10 - 40 60
15 - 30 30
OUTPUT TRANSITION TIME treHs trHL 5 - 100 200 ns
10 - 40 80
15° — 30 60
MINIMUM CLOCK PULSE WIDTH PW(;L 5 - 70 140 ns
10 - 30 60
15 - 20 40
MAXIMUM CLOCK FREQUENCY feL 5 3.0 45 - MH2z
10 6.0 9.0 -
15 75 1.0 -
MAXIMUM CLOCK RISE AND FALL TIME teLs ticL 5 50 100 - us
10 50 100 -
15 50 100 -
RESET OPERATION
PROPAGATION DELAY TIME teHL 5 - 200 400 ns
10 - 100 200
15 - 75 150
MINIMUM RESET PULSE WIDTH PWg 5 - 100 200 ns
10 - 40 80
15 - 30 60
RESET REMOVAL TIME trem 5 - 150 300 . ns
i 10 - 65 1256 )
15 - 40 75
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SCL4040B

Vos, DRAIN VOLTAGE (Vdc)
20 -18 416 -14 -12 .10 8 6 4 -2 0 _
T 1
Vos==5 Vi 425 = g
} -10 3 bt
Vs = =10 Vdc _,5§ £, Vs = 15 Vde
20 = § 10
— o 2 /
Vos =16 Ve 55 = 8 y Ves = 10 Vde
- m 6 +
5 H L 1]
F 1P 4 l
; =2 Vi =5 Ve T,=25°¢C
o K2 MO N -
=8 0 2 4 6 8 10 12 14 16 18 20
Vps, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

TIMING DIAGRAM

1 2 4 8 16 32 64 128 256 512 1024 2048 4096

LS 0 I I T I I e i s Y 1 U I I I
Reset |

LI B I N SRS S A S SN S S N S I

2 LT L

@ Lo
Qs J T
as Sl I I NP I RN I N S I
as S I S I I N i S I
a7 _— B I e S I S S
as B I I U I N
as I I I U I
atw I I I I
an I N
an I I

TYPICAL COUNTER STAGE

L «— b
cL
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SOLID

STATE SCL4041UB
SCIENTIFIC -

- CMOS QUAD TRUE/COMPLEMENT BUFFER
FEATURES :

® Both True and Complement Outputs Available
Simultaneously _ )

@ High Source and Sink Current

@ Diode Protection on All Inputs

DESCRIPTION

The 4041UB Quad. True/Complement Buf-
fer is a monolithic integrated circuit constructed
with P-Channel and N-Channel enhancement-mode
devices. The outputs have low resistance and are
capable of sinking or sourcing high currents for use
in driver applications 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

CONNECTION DIAGRAM
(all packages)

VDD 4A 4W 4Y 3A 3W 3Y

e O R R
14 13 12 11 10 9 8
4041UB
1 2 3 4 5 6 1
T T T T T

1Y 1W 1A 2Y 2W 2A Vgg

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 VpD - Vss 3t0o15 Vdc

Operating Temperature Ta
C, D, F, H Device 55 to #1256 ©C
E Device 40to0 +85 ©C

oyt
o | - Y
~1 1

Vs Va

Voo
—~
COMPLEMENT

_jj. oUTPUT

(one of four buffers) LOGIC DIAGRAM
’ Voo Vop A w
3 1
‘—1=I M L__Z 3
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SCL4041UB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

- 2 S 7
PARAMETER Voo | conpiTions | _TLow *B5C TuigH__ | ynies
Vde) Min. [ Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE loo| - 5 |Vn=VesorVoo| — | 10| - |000s| 10] - | 30 [uAde
CURRENT 710 |All valid input - | 20] - {001} 20| - [ 60
.15 binati - 4.0 - 1002 40 - | 120
MINIMUM INPUT HIGH Vin '
VOLTAGE .
Non-Inverting Outputs 5 |Vou=4.5V - 35 - 275 | 35 - | 35 jvde
. 10 |Von=9.0V - -1 10| - |85 [ 70| - |70
15 |Von=13.5V - | 1nao - |82 {110 - [11.0
- ol <1uA
Inverting Outputs ‘5 |VoL=0.5V - 40| - (275 | 40 - | 40 |Vdc
10 [VoL=1.0V - | 80| - |55 |80 - |80
15. VoL =15V - |120]| - |825|120| - [120
ST )
MAXIMUM INPUT LOW Vie
VOLTAGE .
Non-Inverting Outputs 5 |Vo,_=0.5V 15| = 161225 | - 15| — |[Vde
‘ 10 (VoL =1.0V 30| - 30(45 - 30| -
15 [Vo =15V 40| - | 40lems| - | 40| -
o] SwA
Inverting Outputs 5 |Von=4.5V 1.0 - 10|22 | - 1.0 | = |Vde
10 |Von=9.0V 20 - 20|45 - 20 | -
15 |Vou=13.5V 30| - 30675 | - 30| -
llo] S1HA
OUTPUT HIGH (SOURCE) )
CURRENT
i lon
Non-Inverting Outputs 5 |Von=4.6V 17| - | -14)28 | - |10 - |mAde
: 10 [Von=9.5V 50| - | 40|80 [ - |-28| -
15 |Vow=135vV  [-16 - |13 |26 | - |9 |-
) Vm:\/oo
Inverting Outputs 5 |Vou=4.6V -0.7% - | -0.6 (1.0 - -0.421 - |mAde
10 |Von=9.5V -2.2 - -1.8 |-3.6 - -1.3 -
15 [Von=13.5V 80| - | -65/13 - |-a5| -
Vin=Vss
OUTPUT LOW (SINK)
CURRENT
lou
Non-inverting Outputs 5 |Vo,=0.4V 20| - 16|32 - 1.1 | - [mAdc
10 Vo =05V 6.2 - 50110 - 35 | -
15 {Vo_=1.5V 23 - 185 | 38 - 13 -
Vin=Vss
Inverting Outputs 5 |Vo_=04V 10 - 08|13 - 0.56] - |mAdc
10 Vo, =0.5V 25 - 2040 - 14 { -
15 [Vo_=1.5V 1" - 85|17 - 68 | -
Vin=Vop

NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
? TLow =-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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SCL4041UB

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C =50pF, T = 25°C)

Vop i 4
PARAMETER (vae) Min. Typ. Max Units
PROPAGATION DELAY TIME
Non-Inverting Outputs teLH. teHL 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 trin, trHL 5 - 40 80 ns
10 - 20 40
15 - 15 30
Inverting Outputs triH, trH 5 — 35 70 ns
10 - 20 40
15 - 15 30
INPUT CAPACITANCE Cin - - 10 15 pF
NON-INVERTING (TRUE) OUTPUT
100 T
Vps, DRAIN VOLTAGE (Vdc) s % Voo = i5 Vd|t__
-20 -18 -16 -14 -12 10 -8 6 -4 -2 0 2 /
(LN E 80 4
Ves ==5 Vde v £ 70
/2 g 5 /
30 3 £ 5 Vs = 10 Vde
> =
Z 40 = =z 40 /
Ve = =10 Vdc 50 2 = %2
-4
-60 2 ei 20 ” Vi« =5 Vde
70 5 = 40 =1 1 T,=25°C
80 3T [ [
| Ves =—15 Vdc T,=25°C 90 2 0 2 4 6 8 10 12 14 16 18 20
L | L 100 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
INVERTING (COMPLEMENT) OUTPUT
Vs, DRAIN VOLTAGE (Vdc) 100
20 18 16 14 12 -10 8 _6 -4 2 0 g%
LA, s E 80
Vs =-5 Vdc // ..10 §- s 70
7/ ° & 60 Vs = 15 Ve —
52 £ 50 ?
f— 0 = S w 5 |
Ves ==10 Vdc 2% g g A - Vs = 10 Vde
0 § g »
3 3 3 oL L Vo =5 Vi T,=25°C -
— -40 g 111 11
L Ve =15 Vdc T— T.=25°C— 45 B 0 2 4 6 8 10 12 14 16 18 20
P L 1 s Vs, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics




SCL4041UB

2 T T T 1 AMBIENT TEMPERATURE g
L AMBENT TEMPERATURE P @ (Ta)* 25°C __l_ l p
¢ 30— (Ta)e28°C - € sof- Al 3
£ A = - | 32
N 3 oot
Z4 — 3% £ | 0"?‘\
: T ARER g
3 ) - o T g
NEE L dlRE== : 28 8s
é T v — a e i —
H
g 10 oo™ £ woo*!%Y
g
80 ke 0 [ 90
LOAD CAPACITANCE (C_)-PF LOAD CAPACITANCE (CL)-PF

Typical transition time vs. Cy -
complement output.

'Typical transition time vs. C| -true output.

———— T
£ ‘““':TT Tf_"z’;'::"“"‘ [ s ,‘N] :i. AMBIENT TEMPERATURE | "
Faa A qo\.m&?-\"“\ &% gre2stc 6l
£ e O ST e
! 1 — 5 T ol
- l I 4 < ~oN
5 L WDD"N 3 60| S I —
_—— /
8 . — —1 s, oo St —
B =L 5
Voo I~ |
g X é " oo Y
626 JB 0 ; 0 70 80 90 [ 0 %
LOAD CAPACITANCE (C_)-PF LOAD CAPACITANCE (C_)-PF

Typical propagation delay time vs. Cy -true output. Typical propagation delay time vs.

C|-complement output.

APPLICATIONS INFORMATION

Low Power D/A Converter

cLock -SCL4040AB
ESET 12 STAGE BINARY CTR

I 22 23 24 25 26 27 28 29 20 gl R

LIECEREEELREKELRELERE

6l 0l 3| 3| e 0f i3] 3 6 013

* W) * | *

4 [ J " 1] H mse
11 : *4041UB
2rfer fr2r JRR Jr iR |

2R A Abrdadadrdada AJout
Ll " ARRRAR ARRRR RRARRR

For resolution and accuracy of £ ¥ least significant
bit (LSB), choose the values for R (shown in Table
1) where R equals the value of the external ladder
resistor plus the switch source impedance.

The values have been tabulated for Vpp = 5V and
Vgs =0V. For different supply (reference) voltages,
the switch source impedance must be computed
and added to the value of R shown in Table 1).

TABLE I. RESISTANCE VALUES AT Vpp—Vss = 5V,

Ta = 25°C
Rmin
RESOLUTION ACCURACY OF 1/2 LS8 )

4 bit £3.25% of full scale 35k
6bn £0.8% of full scale 14k

8bit £0.2% of full scale 56 k

10 bit £0.05% of full scale 224 k
12bnt £0.0125% of tull scale 896 k

TABLE 11. ON RESISTANCE VALUES
AT Vpg = 0.1V, T4 = 25°C

VpD-Vss RN Rp
(Volts) Q) Q)
5 175 ¢ 50 200+ 75
10 75225 90 + 30
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SOLID @%

STATE SCL4042B
SCIENTIFIC
FEATURES
4 Common Clock CONNECTION DIAGRAM
¢ Positive- or Negative-Edge Clocking (all packages)
4 Qand G Outputs Available from Each Latch
Vop Q4 D4DL30—3 Q3 Q3 Q3
| | | | L
DESCRIPTION 6 15 14 13 12 11 10 9
4042B devices contain four Latch circuits, 40428

each strabed by a common Clock. Complementary 1 2 3 4 5 6 7 8
buffered outputs are available from each circuit. T T T T T T

Information present at the Data input is trans- a Q, 83 D1 CL P Do V
ferred to outputs Q and Q during the Clock level 4 1 M 1 2 Vss
which is programmed by the Polarity input. For
Polarity = O the transfer occurs during the O 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 = 0 and negative for Polarity
= 1) the information present at the input during
the Clock transition is retained at the outputs until
an opposite Clock transition occurs.

TRUTH TABLE

CLOCK [POLARITY Q
0 0 s}
J 0 LATCH
1 1 D

. 1 LATCH

LOGIC DIAGRAMS
One of four latches

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VDD - Vss
Ta

DC Supply Voltage 3to15 Vdc

Operating Temperature

C, D, F, H Device 65to0 +126 ©oC

E Device 40to +85 ©C
BLOCK DIAGRAM
5 D1 4: |> | Leten | 2 01
Clock 1 a
Pohrhysz J 3 1
6
02 7 Latch _1?) 02
2 —
— —g Q,
D3 13 Latch | 3 Q3
3 —
——0 Q.
12 3
D4 14 D Latch 1 Q4
Vpp = Pin 16 4 =
Vss = Pin8 — SE— Qq

mnm




SCL4042B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 g 2
PARAMETER Voo | conpDITIONS | TLow *5C THIGH™ | ypits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=Vss or Vpp - 5 - 1.0 5 - 150 {uAdc
10 [All valid input -] 10 - | 20| 10| - | 300
15 [combinations - 20 - 4.0 20 - 600
NOTES: ! Remaining Static Characteristics are listed under "4000B Series Family Specifications”.
2 T_ow =-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 (C, =50pF, To=25°C)
VDD " .
PARAMETER (vde) Min. Typ. Max Units
PROPAGATION DELAY TIME
From Data Inputs teLH, tPHL 5 - 110 220 ns
10 - 55 110
15 — © 40 80
From Clock Polarity Inputs teLH. tPHL 5 - 150 300 ns
10 - 75 150
15 - 50 100
OUTPUT TRANSITION TIME LM, tTTHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWcL 5 - 100 200 ns
10 - 50 100
15 — 30 60
MAXIMUM CLOCK RISE AND FALL TIME trcL. ticL 5 15 - - us
10 5 - -
15 3 - -
MINIMUM DATA INPUT SETUP TIME teetup 5 - -20 50 ns
10 - -10 30
15 — -5 25
MINIMUM DATA INPUT HOLD TIME thold 5 - 0 100 ns
10 - 0 50
15 — 0 40
Vos, DRAIN VOLTAGE (Vdc)
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 -
v ' g vde 5 %
i o7 d DS £
Vgs ==10 Vde P 45 § g
o) 20 S & 2 Vgs = 15 Vde
e 3 t
25 g 20 T
Vs ==15 Vde 2 ; 15 S Vos = 10 Vde
3 S ;
% L5 Ves = 5 Vdc T,=25°C
o P N | 1
Th=2"C1 2 0 4 6 8 10 12 14 16 18 20

Typical P-Channel

Source Current Characteristics
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Vos, DRAIN VOLTAGE (Vi)

Typical N-Channel

Sink Current Characteristics




soLD S SCLA043B

STATE 3P

SCIENTIFIC SCLaen
CMOS QUAD 3-STATE R-S LATCHES

FEATURES

4 Separate Set and Reset Inputs for each Latch

¢ Active-High (4043 B) or Active-Low
(4044 B) Inputs

4 3-State Outputs with Common Enable

DESCRIPTION

4043B types are Quad cross-coupled 3-
state  CMOS NOR Latches, and the 4044 B
types are Quad cross-coupled 3-state CMOS NAND
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 “0” 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

4043 B
S R E |a
X X (o] ocC*
o [e] [} NC+
] o | |
(o] | ] (o]
[} | | o
* OPEN CIRCUIT
+ NO CHANGE
A& DOMINATED BY S = | INPUT
4044 B
S R E |a
X X (o] ocC*
[} | [} NC+
o 1 i |
| o | (o]
(o] (o] ! an

* OPEN CIRCUIT
+ NO CHANGE
AADOMINATED BY R = O INPUT

CONNECTION DIAGRAMS

(all packages)
Vpp Rg S4 NC S3 Rz Qz Q3
1 1 1 1 1 1 ]
16 15 14 13 12 11 10 9
40438
1 2 3 4 5 6 7 8

1 | I 1 | ! | !
Q4 Q1 Ry S7 EN Sy Ry Vgg

Vpop S4 R4 Q1 Rz S3 Q3 Qz

11 1 d 1 | L

16 15 14 13 12 11 10 9
4044 B

1 2 3 4 5 6 7 8

| I 1T 1T 1 | 1

Q4 NC Sq¢ Ry EN Ry So Vgg

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 Vpp-Vgs 3to156 Vdc

Operating Temperature TA
C, D, F, H Device -65to +126 ©oC
E Device 40t0+85 ©C

BLOCK DIAGRAMS

4043 B 4044 B
Voo VYoo
16 16

4
10— 2, MO/ n 3,
1 1
reu i e B
3
g m Lt IO erm [
" 7 2 5 7 2
1 12
S H S e
#30—— $30——
si0—2 n [ uO%: uaren 1 0%
[Wo WL : 5,0—

ENABLE ENABLE

Vss Vss
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SCL4043B, SCL4044B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 o, 2
PARAMETER “o’" CONDITIONS | TLow *%C Tuign” | ynits
de) Min. | Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT loo| 5 |Vin=VssorVpop | — | 1.0 - | 0.008| 1.0 - 30 |pAdc
10 [All valid input - 120 - (001 ]|20 - 60
15 |combinations - | 4.0 - | 0.02}4.0 — 120
3-STATE OUTPUT LEAKAGE ||, | 15 |Enable= Vg - |01 - |#104| 201 | - [£1.0 |pAdc
CURRENT

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.

Teow =-55°C for C, D, F, H device.
= -40°C for E device.

Tuign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, T = 25°C)

Typical P-Channel
Source Current Characteristics
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PARAMETER (\\’132) Min. Typ. Max. | Units
PROPAGATION DELAY TIME
From Sor R Inputs toLH. tPHL 5 - 150 300 ns
10 - 70 140
15 - 50 100
From Enable Input tprz. thLz
tozn. teze 5 - 75 150 ns
10 - 35 70
15 - 30 60
OUTPUT TRANSITION TIME triH. tTHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM SET OR RESET PULSE WIDTH PWs,PWq 5 - 80 160 ns
10 - 40 80
15 - 30 60
SET OR RESET REMOVAL TIME trem 5 - 25 50 ns
10 - 15 30
15 - 10 20
Vps, DRAIN VOLTAGE (Vdc)
-20 18 16 -14 12 -10 -8 6 -4 -2 0 -
LI — s
vcsl='5 vde -5 £ T
103 = _
Vc.slj'10 vde 15 § £, - Vos = 15 Vde
= [
— e -20 e 5 10 /
Vos =—15 Vdt %53 = : Vos = 10 Vde
m 4
] H nvi |
3 2 pd |
> =2 Ves =5 Vdc T,=25°C-
T, =25C - K I S | [
AT 0 4 6 8 10 12 14 16 18 2
Vs, DRAIN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics




LOGIC DIAGRAMS

SCL4043B, SCL40448B

——-A0448_____ Voo
(one of four latches)
Voo e Voo
L
; R ;
s _ Q R ‘ )
S ] P S i ]
ss . ss
ENABLE —-Do—a__Do_; Vss ENaBLE ———DO_—‘L_Do_J Vss
APPLICATIONS INFORMATION
Multiple bus storage
Switch bounce eliminator
IR;AD—A O
ENABLE A O——
sus B
e Depio
40 | qurpur
v o [

r lr 40018 .l
I |!
2 )
) 10
susc [3
D
]
. 13
LoAD C

ENASLE € O-

LOAD O

ExABLE 0O

RESET

2/3 4049UB

* 40438
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SOLID &
STATE @9
SCIENTIFIC

SCL4046B
SCL4446B

FEATURES

¢ Very low power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vdc
€ Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (4046B)
Up to 4MHz (typ) @ 10Vdc (4446B)
Low frequency drift — 0.04%/°C (typ) @ 10Vdc
Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-puise output for lock indication
VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
High VCO linearity 1% (typ)
Source-follower output of VCO control input
(Demodulator Output)
Zener Diode to assist Supply Regulation

L X 4

® o o

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-trequency conversion

Tone decoding

FSK-Modems

Signal conditioning

L X 2 X X X X X J

DESCRIPTION

The 40468 and 4446B phase-locked
loops contain two phase comparators, a voltage-
controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
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 PCIo¢, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator II (with leading edge sensing logic) pro-
vides digital error signals PCIIg,,¢ and Phase Pulses,
and maintains a 0° phase shift between input
signals (duty cycle is immaterial). The linear VCO
produces an output signal VCOqyt whose frequency
is determined by the voltage of ii.put VCOj, and
the capacitor and resistors connected to pins C1a,
Cig. R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOjp, signal is needed but no loading can be
tolerated. The inhibit input Inh, 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.
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CMOS PHASE-LOCKED LOOPS

CONNECTION DIAGRAM

(all packages)
ZENER DEMOD OUT
SIG PC vCcoO
Vpp N 65F R2 R1 IN
| B I N N ]
16 15 14 13 12 11 10 9
4046B 44468
1 2 3 4 5 6 7 8
| I T
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:
VDD - Vss
TA

DC Supply Voltage 3to15 Vdc

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

65 to +125 ©C
40to +85 ©C

BLOCK DIAGRAM
SIGNAL @ Voo

L}
PHASE
COMPARATOR T

COMPA‘I;,AYDR PHASE COMP I OUT

—==43 7
[PHASE COMP II OUT
PHASE
COMPARATOR
) I
r our PHASE PULSES ~ R3
o —@©H veo IN Low
PASS
T cp JFILTER
vss VWD) DEMODULATOR
R2 our T
vss VY @ Vss
(O3 Rg
INHIBIT
ZENER ‘
vss (@ @ ENE ves

Fig. 1



SCL4046B, SCL4446B

VCO SECTION

The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor R1 and capacitor C1 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 (10'22) 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 (Rg) of 50kS2 or more should be connected
from this terminal to Vgg. 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 “0"< 30% (Vpp -
Vssg), logic “1” 2 70% (Vpp-Vss)]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

Phase comparator I is an exclusive-OR 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 Vpp/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 (fg).

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 (2f.).

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 (2f| ). 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.

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.

>
g
e AVERAGE OUTPUT
- VOLTAGE
§ Vool
'
=
=t
Vi L
g DD/2
8
<
& 1 1
g o 90° 80°

SIGNAL-T0-~ COMPARATOR
INPUTS PHASE DIFFERENCE

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.

PHASE COMPARATORI

Input State

X x

Sig Comp
In In

PCIOut

sionaL weur e - LT Lo

VCO OUTPUT (TERM 4 )«

comparator iNpuT ) Lt

(TERM 3)

prase cowearator - 1) M MLI™

. OUTPUT (TERM. 2) —v
oD

VCO INPUT (TERM.9)s S\ NN~

LOW-PASS FILTER .
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator I in locked condition



SCL40468, SCL4446B

PHASE COMPARATOR IT
input State |
X X
Sig  Comp
In In
3 State

PCIIOut o Output Disconnected !

Phase Pulses ] ! °

VCO OUTPUT (TERM 4)*
COMPARATOR INPUT
(TERM 3)

PHASE COMPARATOR II
OUTPUT (TERM.I3)

VCO INPUT (TERM.9)=

SIGNAL INPUT (TERM. 14) J—l e n 2 r

LOW-PASS FILTER ~Vss

oUTPUT Voo
ALY ALY

PHASE PULSE (TERM. 1) U -Ves

NOTE: DASHED LINE 1S AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase comparator II in locked condition.

Phase-comparator II 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 Vpp or
down to Vgg, 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 phase 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 phase 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 II,
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. With
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.



DESIGN INFORMATIO

This information is a guide for approximating
the values of external components for the
4046B and 4446B in a Phase-Locked Loop
system. The selected external components must be

$CL4046B, SCL44468

R1, R2 = 2k2, Rg = 10kS2
C1215pF
In addition to the given design information refer
to Figure 5 for R1, R2, and C1 component selec-

within the following ranges: tions.

USING PHASE COMPARATOR I USING PHASE COMPARATOR I

CHARACTERISTICS vco mt:::): OFFSET VCO WITH OFFSET vco wnno;o.u: OFFSET VCO WITH OFFSET
fo
iy~ = — .
-—= 21

[V ;_4 .1 L

|

VCO Frequency |
S
voo/2 Voo voo’2 Voo

Voo

Voo/2
VCO INPUT VOLTAGE

Voo’2 VoD
VCO INPUT VOLTAGE

VCO INPUT VOLTAGE

VCO INPUT VOLTAGE

For No Signal Input VCO in PLL system will adjust to center frequency,fq

VCO in PLL system will adjust
1o lowest operating frequency, fmin

frequency range

2 = full Vi
Frequency Lock Range,2f L= fulveo
21 = fmax—tmin
Frequency Capture N RS our
Range, 2fc O_'\M'I_O
TeR3C2 FRC2 2f¢ ~L [Z
I T
Loop Filter
Component IN  R3 our
Selection
Re
For 2 fc,see Ref.
c2

fc=fL

ing 0° and

90° at center frequency (fo), app

Phase Angle between
180° at ends of lock range (2fy )

Signal and Comparator

Always 0° in lock

Fig.5¢c to determine
ratio R2/R1 to obtain
R1

Locks on Harmonics of v N
Center Frequency es -
Signal Input Noise .
Rejection High Low
— Given: fg — Given: f | and f_ — Given: frmax — Given: fmin & fmax
— Use fo with Fig.5a to — Calculate fmn from — Calculate fo from — Use fmin with Fig.5b
determine R1 and C1 the equation the equation 10 determine R2andC1
fmin =fo —fL . = fmax trmax
— Use tmin withFig. 5b o — Calculate ==
to determine R2and C1| _ yge ¢, o with Fig.Sa to ¢
f determine R1 and C1 — Use =28 ith Fi
vco - Calculate 7 ! Use g with FigSc
Component from the equation to determine
Selection fmax fo+t ratio R2/R1 to
max _To* 'L
S — obtain R1
fmin fo—fL
fmax
— Use7— with
min

REF. G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
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SCL4046B, SCL4446B

ELECTRICAL CHARACTERISTICS '

2 o 2
PARAMETER Voo | conpITIONS | TLOW *25¢C TuieH” | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Inhibit = Vpp - 5 - | 0.05 5 - 150 |uAdc
10 |Signal Input= - 10 - 10.01 10 - 300
15 Voo - 20 - 102 20 - 600
TOTAL POWERDISSIPATION [Py Inh = Ves,
V€O, = Yoo
f, = 10kHz2
5| Cu.=15pF - - =foo7|{ - - - |mw
10 R] = IMQ, - _ - 0.6 - - p— 1
15| R2=Rg=e | _ | | —J24 | - | -] -
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 Teow =-55°C for C, D, F, H device.
= -40°C for.E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
PARAMETER CONDITIONS V, %°c UNIT
oo Min. I Typ. ] Max.
VCO SECTION
MAXIMUM OPERATING| foax
FREQUENCY
40468 R1 Ci
R2 =00 10k 50pF 5 0.5 0.8 - MHz
VCOW = Voo 10 1.0 15 -
15 1.3 1.9 —
6k 50pF 5 0.6 1.0 - MHz
10 14 21 -
15 1.8 2.7 -
2k S50pF 5 - 13 - MHz
10 - 29 -
15 - 3.8 —
44468 R2 =00 R1 C1
VCOw =Voo | 10k 50pF | 5 0.7 1.0 - MHz
10 1.3 2.0 -
15 1.9 28 -
6k 50pF 5 0.9 1.3 MH2z
10 19 29 -
15 2.6 3.9
2k S0pF 5 - 1.8 - ‘MHz
10 - 3.9 -
i 15 — 5.4 -
LINEARITY R2=o0
VCOin = 2.620.3V, 5 - 1 - %
R1=210kQ
VCO, = 5.025V, 10 - 1 -
R1=>400k2
VCO,y = 7.5£5.0V, 15 - 1 -
R1=21MQ
INPUT Cin Pin 14 Only - - . 10 F
CAPACITANCE All Other Inputs = = = 75 | "
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ELECTRICAL CHARACTERISTICS {Continued)

SCLA4046B, SCL4446B

+25°C
PARAMETER CONDITIONS Vpop Min. Typ. I Max. UNIT
VCO SECTION (Continued)
TEMPERATURE-
FREQUENCY
STABILITY
No Offset R2=c0 5 - 0.120.24 - |%fc
10 - 0.04-0.08 -
15 — 0.015-0.03
With Offset R2< 10X R1 5 - 0.06-0.12 - | %Pc
10 - 0.05-0.1 -
15 — 0.03-0.06 -
INPUT RESISTANCE Rin
(VCO,\) 5,10, 15 - 108 - MQ
OUTPUT DUTY All valid input combin-
CYCLE ations and voltages - 50 - %
OUTPUT TRANSITION .. . ¢
TIME TLHTTHL ¢, = 50pF 5 - 100 200 |ns
10 - 50 100
15 = 40 80
PHASE COMPARATORS
INPUT RESISTANCE
Signal Input | R;n 5 1 3 - MQ
10 0.2 0.7 -
15 0.1 0.3 -
Comparator Rin 5, 10, 15 - 108 - MQ
Input
AC-COUPLED INPUT |V
SENSITIVITY
Signal Input 5 - 200 400 mV
10 - 400 800
15 - 700 1400
OUTPUT TRANSITION
TIME
PC1, PCT [trums trhe 5 - 100 200 | ns
Outputs C, = 50pF 10 - 50 100
) 15 40 80
Phase Pulses trun. trHL 5 - 130 260 ns
Output 10 - 65 130
) 15 - 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE VCO,\ -
Vpem | Rg>50k 5 - 14 22 | Vde
10 - 1.6 22
16 - 1.8 2.2
LINEARITY Rg>»50k
VCOyN = 2.5£0.3V 5 - 0.1 - %
VCOy =5.0£2.5V 10 - 0.6 -
VCOyy =7.5$5.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE Vz Iz = 50uA - 6.3 7.0 77 |V
DYNAMIC Rz Iz = 1mA - - 100 - Q
RESISTANCE
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SCL4046B, SCL4446B

B — - 5 - — T
SCL40468 sCLadacB ]
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Fig. 5 (a) Typical center frequency (fg) vs C1 (R2 = 00, VCOyy = —— , T = 25°C)
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Fig. 5 (b) Typical frequency offset vs C1 (VCO = Vgs, Ta = 25°C)
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Fig. 5 (c) Typical fmax/fmin vs R2/R1
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AMBIENT TEMPERATURE (T,1e20°C |
VCOin * vpo/2 . R2+ @ i
S )
2 Op— —— e — e e
it
4 .
- :
S . i
z P
5y :
5 i N
Y C1250 pF
1 uf
LS LA
o
(3 W 3?::
E
L —
H] ° 30 bF
o P
. N
2 . 0 2 . s 2 4 68

R-x0
Fig. 6 (a) - Typical VCO power dissipation
at center frequency vs R1.

VCO POWER DISSIPATION (Pp)=p W

R2-%Q

Fig. 6 (b) - Typical VCO power dissipation
at fmin vs R2.

% SF aument rewpenarune (1,1:25%C
X ;' VCO [N °*Vpp/2. RISR2:©
£
L]
I
2 "“\(
v,
o Yoir,
s e,
£ 4 Y007,
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A L4 s Lo P
2 « 60 2 2 4 S8 y 2 4« 68
0 10 10
Re-xQ

Fig. 6 (c) - Typical source follower
power dissipation vs Rg.

NOTE: To obtain approximate total
power dissipation of PLL system
for no-signal input

'D (Total) = PD “o),* PD “M‘N) + PD (Rs)
— Phase Comparator |

Po (Total) = PD “M'N)
— Phase Comparator 11
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AMBIENT TEMPERATURE (T4 )s 25°C I l l

- SUPPLY VOLTAGE vppe8v, fge250 KNy
° 2} -- R
> | |
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i 10V.90°730 KMz
% 16 = —
§ / / 15V, 10 950 K2
g, A 1/ }
: 1
3
H
§ 12
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100 ) (3 .IOW H . € [ ]

PEAK - TO-PEAK SIGNAL INPUT VOLTAGE (v,l-nv

Fig. 7 — Typical lock range vs
signal input amplitude
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Fig: 8(a, b) — Typical VCO linearity vs R1 and C1
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SCL40478

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 Level
in Astable Mode

» Triggered on either a Low to High or High to
Low Transition in Monostable Mode

s Asynchronous Master Reset

= Output Pulse Width Independent of Trigger
Pulse, in Monostable Mode

= May Be Utilized as Free Running or Gated
Oscillator, in Astable Mode

DESCRIPTION

4047B 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 3) 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
Q 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

CONNECTION DIAGRAM
@
w 5 &
= O n O
2 O w @
S Tz
23 & £ E

> 0 x o O w +

14 13 12 11 10 9 8
40478

1.2 3 4 5 6 7

Orzwwae g
Qlag >
s go
oOvw w o
O<<D—
[3) |
o«

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 transition to both the + trigger
and retrigger inputs.

A high_level on Reset input resets the outputs
Q to low, Q to high.

r——— — —
| 3 ,0sC
ouTt
5
ASTAsuso—l—-u c
ASTABLE y
| GATE TivinG onthor.  fe——}ZoreTricaen
4 CONTROL
ASTABLE o—-l—.q
T Low l l
TRIGGERO-S FowER |> [10
- ° ASTABLE Q
MONOSTABLE [ MULTIVIBRATOR FR;%:{)EE";CY
oG 8 CONTROL ViDk |11
+TRIGGER o—]——. (+ I: 5
14 l
Ve l eopgema
Vss e _



Absolute Maximum Ratings

Vpp DC Supply Voltage
Vi~ Input Voltage

Ts Storage Temperature

Range

Pp Package Dissipation

-05to + 18vDC
-0.5to Vpp +0.5Voc

-65°Cto +150°C

T, Lead Temperature

(Soldering, 10 seconds)

500mwW
300°C

SCL4047B

Recommended Operating Conditions

Vpp DC Supply Voltage 3to 15Vpc
V\n Input Voltage 0toVppVvpe
Ta Operating Temperature Range

SCL4047BC, D, F, H —-55°Cto +125°C
SCL4047BE —40°Cto +85°C

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 Q 2
PARAMETER Voo | conpITIONS | TLow *5¢C THigH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=Vss or Vpp - |10 - |o.0005| 1.0 - 30 [uAdc
10 |All valid input - |20 - |0.001 | 20 - 60
15 |combinations - | 4.0 0.002 | 4.0 - 120
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
2 TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
AC ELECTRICAL CHARACTERISTICS
Tp =25°C,Cy = 50pF
PARAMETER CONDITIONS MIN TYP MAX UNITS
tpHL. tPLH Propagation Delay Time Astable. | Vpp = 5V 200 400 ns
Astable to OSC Out Vpp = 10V 100 200 ns
Vpp = 15V 80 160 ns
tpHL tPLH Astable, AstabletoQQ Vpp = 5V 550 900 ns
Vpp = 10V 250 500 ns
Vpp = 15V 200 400 ns
tpHL tPLH + Trigger, — TriggertoQQ Vpp = 5V 700 1200 ns
Vpp = 10V 300 600 ns
Vpp = 15V 240 480 ns
tpHL tPLH + Trigger, RetriggertoQ Q Vpp = 5V 300 600 ns
VDD = 10V 175 300 ns
Vpp = 15V 150 250 ns
tpHL tPLH ResettoQQ Vpp = 5V 300 500 ns
Vpp = 10V 125 250 ns
Vpp = 15V 100 200 ns
trHL tTLH Transition Time Q, Q, OSC Out Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
" Vpp = 15V 40 80 ns
twis twH Minimum Input Pulse Duration Any Input
Vpp = 5V 500 1000 ns
VDD =10V 200 400 ns
VDD = 15V 160 320 ns
treL. trcL + Trigger, Retrigger, Rise and Vpp = 5V 15 us
Fall Time Vpp = 10V 5 us
VDD = 15V 5 ns
CiNn Average Input Capacitance Any Input 5 75 pF
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SCL4047B

AsTABLE (B)

ASTABLE (3)-o>

CTC*

RTC

+ Trigger
— Trigger @
S
il (5300
R1 R2) RETRIGGER
VDD — T '-D,._
Vss
. (I:P:JPSUTSO F;ROTECTED BY = g 3 5 QJ ‘I
M . L D> o>
RESISTOR - DIODE NETWORK \J F§2 FE3 FFa a
. Voo Vss PTco_ >co *Ico
Qu Q —>
! R R1 R2 R {>°"@
0 i t_f A
CAUTION: ®
Vss TERMINAL 3 IS MORE SENSITIVE
**MODIFIED INPUT PROTECTION  TO STATIC ELECTRICAL DISCHARGE;  92CM-21432  EXTERNAL
CIRCUIT TO PERMIT LARGER EXTRA HANDLING PRECAUTIONS RESET
INPUT-VOLTAGE SWINGS ARE RECOMMENDED
TRUTH TABLE
TERMINAL CONNECTIONS TYPICAL OUTPUT
INPUT PULSE |OUTPUT PERIOD OR
FUNCTION TOVpp | TOVss TO PULSE FROM | PULSE WIDTH
Astable Multivibrator
Free-Running 4,5,6,14 | 7,8,9,12 10,11,13 ta(10,11) = 4.40RC
True Gating 4,6,14 7,8,9,12 5 10, 11,13
Complement Gating 6,14 57,8,9,12 |4 10, 11,13 tA(13) = 2.20RC
Monostable Multivibrator
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
Retriggerable 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

ASTABLE
C04047B |, ——ouT
OJGLOCK| COUNTER
RESET
ineuT _[ L o
PULSE text = (N-1)ta + (tm + tA/2)
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Typical Q, Q, Osc Out Period
Accuracy vs Supply Voltage

(Astable Mode Operation)

o3 T 11

g5 A Ta = 25°C

ch S\

2o \ |

(,5 8 10 X({:

[e]

22 s o\

8« AN N

< E NN

Q o0

]

o

g g s
5 10 ET

Vpp —SUPPLY VOLTAGE (V)

fQ,(_) R C

A 1000 kHz 22k 10 pF

B 100kHz 22k 100 pF

C 10kHz 220k 100 pF

D 1kHz 220k 1000 pF

E 100Hz 2.2M 1000 pF

Typical Q, Q and Osc Out

Period Accuracy vs Temperature

Astable Mode Operation

16 £ [DBv,10v,15v) T AGY
G 1gHcusvi—LA(ov)

z 3 C(5V, 10V)

0 slillBusw] A (15V)
>a B(10V)

g° L eev

T 0

3 B(5V)

9 A(15V) B(10V) i
< -5

a | B(15V) |

o A (10V) C(s'v 10V)

T -10 T Ccsv)

a AEY) D (5V, 10V, 15V)

-65-35 -5 25 55 85 115 145

Tao—AMBIENT TEMPERATURE ("C)

TYPICAL PERFORMANCE CHARACTERISTICS

SCL4047B

Typical Q, Q, Pulse Width
Accuracy vs Supply Voltage
Monostable Mode Operation

39 T T 11

oz Ta = 25°CH

kg 1A 3

oo \

£Z 0

o©<

20 NE

Q AV \

I s ch

T NI

E T

s OB =]

w \\ —]

] N

35 -5

a R
5 10 15

Vpp—SUPPLY VOLTAGE (V)

tm R C
A 2us 22K 10 pF
B 7us 22k 100 pF
C 60us 220k 100 pF
D  550us 220k 1000 pF
E 55ms 2.2M 1000 pF
Typical Q and Q Pulse Width

Accuracy vs Temperature
Monostable Mode Operation

S [ TGV, 10V)/T
&G 15 {D(8V, 10V, 15V) .|

> . A .

92 |\[cdov.15v) A (15V)
& 210 HBsy) vl
39 | hlcew B 5V)
2 B(10V _—B(10V)
I o E—B(15V)
5 =G (15V)
g _5(BOV C BV, 10v)
w A(15V)7|D (5, 10V, 15V)

wn 1 1 1 i

4 -10 T

2 /'A(sv 10V)I [ l

-65-

35-5 25 55 85115 145

Ta —TEMPERATURE ("C)

fa.G R c tm R c
A 1000 kHz 22k 10 pF A s 22K 10 pF
B 100kHz 22k 100 pF B 7us 22k 100 pF
C 10kHz 220k 100 pF C 60us 220k 100 pF
D 1kHz 220k 1000 pF D 550us 220k 1000 pF
TIMING DIAGRAMS
Astable Mode Monostable Mode Retrigger Mode
oscout_ L I L I + TRIGGER RE;S:ggES
Q —I_l——‘_ oscourd L T L L oscout__ [ LI L |
-1, —p| I e
Q Q
-tm
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SOLID S SCL4049UB
STATE Q@ SCL40508
SCIENTIFIC

CMOS HEX BUFFERS/CONVERTERS
FEATURES

¢ Direct Drive of 2 TTL/DTL Loads
4 Operation from Single Supply
¢ Pin-for Pin Replacements for 4009UB 40108

DESCRIPTION

The 4049UB and 4050B are Inverting and Non-
Inverting Hex Buffers, respectively, and feature logic-
level conversions using only one supply voltage (Vcg).
The Input-signal high level (V|y) can exceed the Voo
supply voltage when these devices are used for logic-
level conversions. These devices are intended for use
as CMOS-to-DTL/TTL converters and can drive directly
two DTL/TTL Loads.

The 4049UB and 4050B are interchangeable with
4009 UB and 4010B devices, respectively. In these
applications the 4049UB and 40508 are pin-compatible
with the 4009UB and 4010B, 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 4049UB or 4050B; therefore, connection to
this terminal is of no consequence to circuit operation.

SCHEMATIC DIAGRAMS

=
‘rl R - out
—O
IN
1 3 IR,
—
-4 VSS
4049UB

jow 13 19
n . ] n
O—
mz our
A EN I 4
11,‘155
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CONNECTION DIAGRAM
(all packages)

NC 6Y 6A NC 5Y B5A 4Y 4A

| I I S I S |

16 15 14 13 12 11 10 9
4049UB 40508

1 2 3 4 5 6 7 8

| T T T

Vee 1Y 1A 2Y 2A 3Y 3A Vgg

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
Vce - Vss
TA

DC Supply Voltage 3to15 Vdc

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

-65 to +126 ©OC
40to +85 ©C

Note: These devices contain input protection net-
works to Vgg only. Therefore, V| (max)
may exceed Vg without damage (subject
to absolute maximum ratings).

LOGIC DIAGRAMS

1A H>2 qy 1A >y
2a > 2v 2a 2> av
3a ¢ av 3a L{>-¢ 3v
aA 2{>" av aa > av
5A 2 5y 5A > s5v
6A 2 Y 6A = 2 ey

e e

e Y=A Wi Y=A

4049UB 40508




SCL4049UB, SCL4050B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

7 5 7
PARAMETER Vee | conpITIONS —TL *BC Tuicn___| ynies
(Vde) Min. | Max.| Min. | Typ. | Max. | Min. | Max.
gSERSECNE-P,T DEVICE lCC 5 VIN=VSS or VDD _ 1.0 _ 0.005| 1.0 - 30 “Adc
10 | Allvalid input _ 20 _ |001 ] 20 _ 60
15 | combinations - 40| - 002 40 - | 120
OUTPUT LOW (SINK) loL
CURRENT
5 |Vo_=0.4V 3.7 - 30| 64 - 2.1 — | mAdd]
10 |Vo_=0.5V 10 - 8.0 |16 - 5.6 -
15 |Vo =15V 30 — | 24,0 a0 - e8| -
Vin=Vss or Voo
NOTES: ; Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications”.
TLow =-55C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, =50pF, To =25°C)
Vin (Vee | Min. Tye. Max. Unit
PARAMETER vdellvee) in YP ax nits
PROPAGATION DELAY TIME teLH '
4049UB 5 5 - 60 120 ns
10 |10 - 32 65
15 |15 — 25 50
10 5 - 45 90 ns
15 5 — 45 90
40508 5 5 - 70 140 ns
10 |10 - 40 80
15 |15 — 30 60
10 5 - 45 90 ns
15 5 — 40 80
4049UB teHL 5 5 - 32 65 ns
10 |10 - 20 40
15 [15 — 15 30
10 5 - 15 30 ns
15 5 — 10 20
40508 5 5 - 55 110 ns
10 |10 - 27 55
15 {15 — 15 30
10 5 - 50 100 ns
15 5 - 50 100
OUTPUT TRANSITION TIME trew 5 5 - 80 160 ns
10 |10 - 40 80
15 |15 — 30 60
true 5 5 - 30 60 ns
10 |10 - 20 40
15 |15 — 15 30
INPUT CAPACITANCE Cin
4049U8B — — — 15 225 pF
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SCL4049UB, SCL4050B

Vos. DRAIN VOLTAGE (Vdc)
<20 -18 16 14 <12 10 8 6 -4 -2 0 l [
T T 1 M 1
Vs =5 Vdc—| 5 = g V.. = 15 Vdc —
TR y, 10 * = 140 ——
! A a5 8 =
Vos =-10 Vec T/ ol g
I -20 = 100 -
Vi 2 8 S w A
30 2 g 60 / V.. =10 Vdc
L 4 .35 5 S oA~ !
Vos ==15 Voo -40% S 20 / V..=5vdc T,=25 C
4 o ¢ o -45 L1 L1
[ | Ta=2°C o0 0 2 4 6 8 10 12 14 16 18 20
) Vi, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

..4_.!::@!.‘;!4.1&. HE
i £ SUPPLY VOLTAGE (vec)® 10V
© SUPPLY VOLTAGE (V) *I10V B S S g
> >
| 1 it
3 ° T
5 e :
[~ AMBIENT TEMPERATURE (T )e-58°C i1 hd
w - - w
g $3842 52 2
- e :
2 Eh s 2 i)
-
g :
13
3 3. 3 5 *H
g e : 3 e
3 i LI Sompms Gne S
223 tEiee 5t i
VB
H 5 st st BHiEnaliil
[ ' 2 3 4 S 6 7 8 9 © 1 3 S 8 9 10
INPUT VOLTAGE ‘VI -V INPUT VOLTAGE (VI 1=V
Typical voltage transfer characteristics as a function Typical voltage transfer characteristics as a function
of temperature for 4049UB. of temperature for 40508B.
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SOLID < SCL4051B
STATE QQ SCL4052B
SCIENTIFIC SCL4053B

CMOS ANALOG MULTIPLEXERS/DEMULTIPLEXERS

FEATURES
4 Wide Range of Digital and Analog Signal Levels: CONNECTION DIAGRAMS
Digital-3 to 15V, Analog-to 15V, (all packages)
¢ Low ON-Resistance: 8052 (typ.) over entire
15V Signal-Input Range for Vpp-Vgg = 15V
P-p v 1 0 3 A B C
¢ High OFF-Resistance: Input Leakage * 10pA ?D 12 | | ] | |
(typ) @ Vpp-VEg = 10V 15 14 13 12 11 10 9
® Logic-Level Conversion for Digital Addressing 16
Signals of 3 to 15V (Vpp-Vss= 3V to 15V) to 40518 -
Switch Analog Signals to 15Vp., (Vpp-VEE 1 2 3 4 5 6
= 15V) 1 I T 1T 1 1 |
4 6COMM? 5 INHVgg Vgg
¢ Matched Switch Characteristics: ARy = 552
(typ.) for Vpp-Vgg = 18V com
¢ Very Low Quiescent Power Dissipation under Vpp 2X 1X X 0X 3X A B
all Digital Control Input and Supply Conditions: 1 1 ] 1 1 1 |
1UW typ. @ Vpp-Vss = Vpp-VEE = 10V 16 15 14 13 12 11 10 9
¢ Binary Address Decoding on Chip 40528
1 2 3 4 5 6 7 8
DESCRIPTION T T 1 1 1 1 T
The 40518, 40528, and 40538 are OY 2V COM 3Y 1Y INH Vee Vss
Digitally-Controlled Analog Switches having low
ON-impedance and very low OFF leakage current. v comMmcom
N oo B A AY AX A B (o
Control of analog signals up to 15V, can be 1 1 | i I | | 1
achieved by digital signal amplitudes of 3 to 15V. 15 14 13 12 11 10 9
For example, if V = +5V, Vgg = 0V, and V 16
' s 5V 1o 45 g 40538
= -5V, analog signals from -5V to +5V can be
controlled by digital inputs of 0 to 5V. The muiti- ll % 3f ‘: % ? |7 ?
plexer circuits dissipate extremely low quiescent
power over the full Vpp - Vgg and Vpp - Vg BYBX = CY CgM CX INH Vge Vss
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, B, and C, RECOMMENDED OPERATING CONDITIONS
and an Inhibit input. The three binary signals select For maximum reliability:

1 of 8 channels to be turned ON and connect the
input to the output.
4052B is a Differential 4-Channel Multi-

DC Supply Voltage Vpp-Vss 3to15 Vdc
Vpp-VeEg 3to15 Vdc

plexer having two binary Control inputs, A and B, Operating Temperature  Tp

and an Inhibit input. The two binary input signals C. D, F, H Device 65 t0 +125 °oC

select 1 of 4 pairs of channels to be turned on and E Device 4010 +85 ©C

connect the differential analog inputs to the

differential outputs. NOTE: There are no restrictions on the relative
4053B is a Triple 4-Channel Multiplexer magnitudes of Vgg and Vgg, providing

having three separate digital Control inputs, A, B, Absolute Maximum Ratings are observed.

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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SCL4051B, SCL4052B, SCL4053B

LOGIC DIAGRAMS

._.9_@ CHANNEL 0INIOUT

Voo (W 'ﬁ_‘ : CHANNEL 1 INIOUT

" © - .@_@ CHANNEL 21NIOUT
Sinary

s ()l el on B ._-0_@ CHANNEL 3INIOUT
o1co0te

c O— win b—&-@ CHANNEL 4 INIOUT

g

3) CHANNEL SINIOUT

40518

CCHANNEL 6 INIOUT

CCHANNEL 7IN/OUT

———( common ouran

Single 8-Channel Multiplexer

17
Lvit

11} CHANNEL X OUTAN

1) CHANNEL 0X INIOUT

(1) CHANNEL 1X INOUT

() CHANNEL 2X INIOUT

(L) CHANNEL 3X INOUT

r@—(:) CCHANNEL OY INIOUT

O

Vee (0

40528

() common voutan

Differential 4-Channel Multiplexer

-—Q—(xr) CHANNEL Ax INIOUT

o0 L‘ [ -1, CHANNEL Ay INOUT
A Q -
:— —@ 1) crannzLeamour
Senany N )
8 (oy—f e y—@-< ) CHANNEL By INOUT
LNOT Rt o Bt —e—(\ CHANNEL Cx INOUT
- gyt )
NH (4 @ 1) cranneLcymour
Vas 73 L———©) commoncoumin
(Y commonsoutnn
Vee (s \——@ COMMON A OUTAN

Triple 2-Channel Multiplexer

TRUTH TABLE

INPUT STATES “ON'" CHANNELS
INHIBIT C 8 A 4051 4052 4053

(o] o] (o] [o] (4] Ox, Oy | cx, bx, ax
0 0 0 1 1 1x, 1y cx, bx, ay
0 0 1 (0] 2 2x, 2y cx, by, ax
0 [} 1 1 3 3x, 3y cx, by, ay
0 1 o o 4 cy, bx, ax
0 1 0 1 5 cy, bx, ay
0 1 1 (1] 6 cy, by, ax
)] 1 1 1 7 cy, by, ay
1 * * * NONE | NONE NONE

* = Don't care
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SCL40518B, SCL4052B, SCL4053B

ELECTRICAL CHARACTERISTICS'

STATIC CHARACTERISTICS '
Vss | Voo [V Tiow® +25°C ThigH’ )
PARAMETER CONDITION Ss | YDD | VEE ts
TIONS (Vdc)|(Vdc) (Vdc)| Min. | Max. [Min. | Typ. | Max. |Min. | Max. Uni
QUIESCENT |DD \"J |N=VS$ or VDD 0 +5 0 - 5 — 0.05 5 -_ 150 ‘lAdC
DEVICE CURRENT All valid input 0 [+10 0 - 10 - 0.1 10 - 300
combinations
+5 |-5
0 [+15 |0 - 20 - | 0.2 20 - 600
+75|-75
MINIMUM INPUT VIH Vis=Vee 0 5 0 - 35| - 2.75 35| - 3.5 |Vdc
HIGH VOLTAGE * Nos=Vop 0 (10 |O - 70| - | 55 70| - 7.0
(Control and Inhibit los =101A 0 15 |0 - 1.0 - | 825| 11.0| - 1.0
Inputs)
MAXIMUM INPUT | V,_ Ms=Vee 0 5 0 15 - 1.5 2.25 - 15 — |Vdc
LOW VOLTAGE Nos=Vop 0o (10 (O 3.0 - |30 | 45 - |30 -
(Control and Inhibit Tlos=10uA 0o {15 |0 40 - |40 | 675 - |40 -
Inputs)
SWITCH INPUT/
OUTPUT LEAKAG
Any channel OFF . bre Min=Vss orVop | 0 | +75]-75 | — |#100 | - |20.01|#100 | — |+1000{nAdc
V=17.5Vdc
All channels OFF | lorr(inh =7.5Vdc 0 | +75]|-75
Vis=27.5Vdc
40518 — | +400 — | +0.08 | +400 — | #1000|nAdc
40528 — | +200 — | $0.04 [+200 — | *1000
40538 — | £100 — | $0.02{+100 — | %1000
ON-RESISTANCE
Ron| Vin=Vss or Vpp|-7.5 | +7.5 [-7.5
VeeSVu<Vpp | 0 [+15 0 - 220 - 125 | 280 ot 400| Q
R_=10kQ -5 +5 |- - | 310 - | 180 | 400 - 590 Q
0 |+10 | O
-25| +2.5/-25 - | 2000 - | 470 2500 — | 3500 @
0 +%5 |0
ON-RESISTANCE [ARonMiN=Vss Or Vpp | -7.5 | +7.5/-7.5 - - - 5 - - - | Q
MATCH Mee<V,<Vpp [0 |[+15 | O
{Same Package) R, = 10kS2 -5 |+10 |-5 - - - 10 - | - -] Q
0 [+10 | O
-25| +2.5/-2.5 - - - 50 - - -1 Q
0 +%5 | 0

NOTES: ' Remaining Static Characteristics are listed under “4000B Series Family Specifications”.
2 In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp 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 Ry values shown).
No Vpp current will flow through Ry_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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SCL4051B, SCL4052B, SCL4053B
ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C, = 50pF, Ta =25°C)

v, | vV, v " | | R
PAR ss | Voo | Vee | Min. Typ. Max. Unit
AMETER CONDITIONS wae) | vaa | vae) in. 1) ax. nits
SIGNAL INPUTS (V) AND OUTPUTS (V)
PROPAGATION DELAY [to, 44
TIME tore
Signal Input to Signal Inh = Vgg 1] 5 0 - 30 60 ns
Output Vin=Vgs orVop | 0 10 0 - 15 30
V5= Square Wave| 0 15 0 - 125 25
Ry = 10kQ
BANDWIDTH (-3dB) BW |Inh=Vgs R
(Sine Wave) Vin=Vss 0 +% |5 - 54 - MHz
or Vpp - 40 -
Vis5V,, - 38 -
|centered - 37 -
@ 0.0Vdc
INSERTION LOSS
Vor Inh=Vss R
(= 2010g;0 v, Vin=Ves 0 5 |5 - 23 - d8
or Vpp - 0.2 -
V=5V, [100kD - 0.1 -
centered - 0.05 -
. @ 0.0Vdc
SIGNAL DISTORTION Inh = Vgg
(Sine Wave) . Vin=Vss or Vpp| -7.5 +15 | -15 - 0.1 - . %
Vig = 5Vp.p -5 45 |5 - 0.2 -
centered -25 +25 | -25 - 1.0 -
@ 0.0vde
fy = 1.0kHz
R, = 10kQ
FEEDTHROUGH Inh =Vgs R
(-40dB) Vin=Vss 0 5 |5 - 1250 - kHz
or Vpp - 140 -
V=5V, 5 [100kQ) - 18 -
centered - 2 -
@0.0Vde
CROSSTALK (-40dB)
Between two switches Inh = Vgg 0 +5 -5 - 1.0 - MHz
Vin=Vss or Vpp
Vis=5Vpp
centered
@0.0Vde
R =1.0kQ
CAPACITANCE Inh = Vpp
Input Cis 1] +5 -5 - 5 - pF
40518 = 30 =
Common Cos 40528 | 0 FLI I - 18 - pF
40538 - 10 -
Feedthrough Cios 0 +5 -5 - 0.2 - oF
CONTROL INPUTS
PROPAGATION DELAY
TIME' IteLn,|Inh = Vs 0 +75 | -15 - 160 320 ns
tone |Vee<VicVoo |0 +15 0 - 120 240
Turn on Ry = 10kQ 0 +5 -5 = 225 450
1] +10 0 = 160 320
-2.5 +25 | -25 - 400 800
0 +5 )] - 360 720
INHIBIT INPUT
PROPAGATION DELAY]to 1 |Vin=Vss or Voo| 0 +75 | -18 - 160 320 ns
TIME tonae |Vis = Voo 0 +15 0 - 120 240
Ry = 10k 0 15 -5 - 200 400
Turn on 0 +10 0 - 160 320
-2.5 +25 | -25 - 400 800
0 +5 0 - 360 720
INHIBIT RECOVERY [t |ViN=VssorVpp| 0 +15 |-15 - 150 300 ns
TIME? Vee<Vy<Vpp| 0 +15 0 - 80 160
Ry = 10kQ2 0 +5 -5 = 200 400
0 +10 0 = 105 210
-2.5 425 |-25 - 300 600
] +5 0 - 225 450

Notes: ' Channel Overlap time — interval following change of control input during which two channels may be ON simultaneousty.
2Interval following removal of Inhibit during which channel information is invalid.
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SCL4051B, SCL4052B, SCL4053B

350] aMBIENT TEMPERATURE
\Tals25°C
309} s

~ OnMS

IR : 2 n [suPPLY vOLTAGE- -
. Mtvpp- Vgg!* 5V ..

CHANNEL "ON” RESISTANCE (Roy)

-8 - - -2 0
SIGNAL VOLTAGE (v ) — VOLTS

Typical Channel “ON" resistance vs. signal voltage

B[ SUPPLY VOLTAGE Vpp*SV TTORD WESISTARCE
sv 00 (R, ) »100°KD, 10KA
Vgg OV Vegg* -3V TS 3.
@ T
5 JauBiENT TEMPERATURE (Tg)225°C
2 f N ,
I
)
>? 2
w
8
2
a0
3
>
o
]
8 -2
w
.
2
= -4
3
° e
-6

INPUT SIGNAL VOLTAGE (V,(} — VOLTS

Typical “ON”" characteristics

SUPPLY VOLTS: Vpp*+5,vss* -3 Clos RF VOLTMETER
INPUT SIGNAL VOLTS (Vige S Vp-p - 4 --, BOONTGN RaGO)
SINE WAVE (1 77 AMS) f | MooEL 9i-ca

[CONTROL VOLTS (Vc)=48 ! !
@ LOAD CAPACITANCE * (Crix *CMETER) ,v{ 1! Vou
Vie nLd ' (RMS)
U 0
Vervgp T *

: [ i : \
£ 20— loao RESISTANCE (R,)+ 1MA + ~"1’
3 L 1
e — e !
s 080
z2 13—t — e POINTS
ez : S | Jiooxa N +_
[P . A
- i waf |
53 o ——+ T3 - T |
a9 i “ }
S
3 . P i
1°_ox i i H 1 .

o1 2 LD « 0 H 0 100

INPUT SIGNAL FREQUENCY (1) MMz

Typ. switch frequency response-switch “ON”

ISUPPLY VOLTS Vpp*+S, Vgg*-S
[CONTROL VOLTS (Vc)e-S
- INPUT SIGNAL VOI.TS (V,5)*S Vp_p SINE WAVE (177 RMS)
% 30k LOAD CAPACITANCE (CL)*CFIXTURE *CMETER
z 'ﬂlYuﬂE AND METER WLLED out )
3 19S5 r gRE 1 i i
5o AL
-3 : 11 .
2 Al 3
2 i | =
2 TS/ » 2
ot sf | I IS §
3 R e
= © s S
4 A g
z H -
s A =
" q <
5 / //
g /
3 - .
R4 VT T
1/ W
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. 2 4
07! ' [ 02 03 04

INPUT SIGNAL FREQUENCY (f;5) kMz

SUPPLY VOLTS.Vpp*+3: Vgg*-5 T T 11

INPUT SIGNAL VOLTS (Vig)® 8 Vp_p SINE WAVE (177 RMS)
T 30} FIXTURE AND METER MULLED OUT T 388
Z [ I N TR ' "ot ]T
s
5 2 v joo I + L 137
g I Vwvuwow P o i |
S . { f ) 2
E
H zo[r37:§, 4 +{HJ b 2
© 5 SN I =3
g i v il %
a2 S v Voo RF VOLTMETER [+~ 32
< . C Yss soonron RADIO w
& [ L. MODEL 91-ca / 13
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s 1t { e /
4 1 pLld [ G
e 3 : Y N
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Typ. feedthru vs. freq. — switch “OFF”

SCHEMATIC DIAGRAM
OF ONE SWITCH

Typ. crosstalk between switch circuits in the same

package
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SOLID Q‘%

STATE SCL4060B
SCIENTIFIC
CMOS 14-STAGE COUNTER AND OSCILLATOR

FEATURES
¢ 14 Fully Static Stages CONNECTION DIAGRAM
4 10 Buffered Outputs Available (all packages)
: g&::mgn v ll'a'ine @ 10vd

t t T
¢ ANl Active Oscillator Compo:ents on Chip for Vopalo a8 a9 R ¢ & ¢

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
e [) No Changs
- [] Advance 10 next
ns v st:u e
x 1 Al Outputs are low

X = Don‘t Care

L1 ] L1 1l |

16 15 14 13 12 11 10 9
40608

1 2 3 4 5 6 7 8

1 11T 1T 1 1 I
Q12 Q13Q14 Q6 Q5 Q7 Q4 Vgg

Add suffix for package:
16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to156 Vg

Operating Temperature TaA
C, D, F, H Device 55 to +125 °C
E Device 40 to +85 °C

LOGIC DIAGRAM

Qs o8 o7 o Qo

#ﬂl r!b mr»?m 13) 9118} Ottm

FF3 THRU PFIR




STATIC CHARACTERISTICS'

ELECTRICAL CHARACTERISTICS

SCL4060B

PARAMETER Voo | conpiTioNs | Teow’ +25°C Iﬂ% Units
(Vde) Min. | Max. | Min. | Typ. [ Max. | Min. [ Max.
QUIESCENT DEVICE loo| 5 |Vin=VssorVpp| - 5 — |o00s{ 5| - | 150 |uAdc
CURRENT 10 | Al valid input - 10 - |01 10 - | 300
R I 15 [combinations | - | 20| - 102 [ 20 — | 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
2 TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Thigw = +125°C for C, D, F, H_device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, =50pF, T4 =25°C)
e e
PARAMETER I (vde) T Min. Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Q4 teLH topyy 5 - 400 800 ns
10 - 200 400
15 - 150 300
QjtoQj+1 tpLH. tPHL ‘5 - 100 200 ns
10 - 40 80
15 — 30 60
OUTPUT TRANSITION TIME trme traL 5 - 100 200 | ns
10 - 40 80
15 - 30 60
MINIMUM CLOCK PULSE WIDTH PWcL 5 - 70 140 ns
10 - 30 60
15 - 20 40,
MAXIMUM CLOCK FREQUENCY feL 5 3.0 45 - MHz
10 6.0 9.0 -
15 7.5 11.0 -
MAXIMUM CLOCK RISE AND FALL TIME tecL. ticL 5 50 100 - us
10 50 100 -
15 50 100 -
RESET OPERATION
PROPAGATION DELAY TIME thHL 5 - 200 400 ns
10 - 100 200
15 75 150
MINIMUM RESET PULSE WIDTH PWg 5 - 100 200 ns
10 - 40 80
15 - 30 60
RESET REMOVAL TIME trem 5 - 150 300 ns
10 - 65 125
15 — 40 75
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SCL4060B

© Vos, DRAIN VOLTAGE (Vdc)
-20 -18 -16 14 -12 -10 8 6 -4 -2 0 -
I | S — m
Vgs ==5 Vde 5 = H
- -10 = |
vc.l=-1o Véc _,5§ £, Vos = 15 Vde
[ 4
20 = 10
— e a
Vs =—15 Vdc -25§ = 8 // Vos = 10 Vde
6 3
3 E NviES +—
z Z 2 Voo =5 Ve 1,25 ¢
= 9280 ¢ o TR 1
Thowe 0 2 4 6 8 10 12 14 16 18 20
Vos. DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

TIMING DIAGRAM

8 16 32 64 128 256 512 1024 2048 4096 8192 16.384
cw‘U‘UW‘U‘TUT‘U‘IF‘U“U‘“U’U‘U“U‘U
Rout—l
Qa I U e W I I A (N S S S

as 1T 1T _"1T_"1 "
a6 B I I N I I A A S (N B
a7 | W I I I I I N
a8 | R I I E I A N
as | B I I I I I N
a0 I IS N I I
Q12 | I I I
Q13 | I U
a1s I

TYPICAL COUNTER STAGE

CL «— b
cL
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APPLICATIONS INFORMATION

SCL4060B

______________ TYRCAL VALUES
1 OSCILLATOR Rg Ry e opmA®
| FREQUENCY xa | o T Voo * 10V
| 10 o | e | o3
| 100 Ws % | & |01, 03
[} 1000 Mz 450 % | 0014F 04
_______ J 10 Kz 450 “% 0.001 uF oS
100 Ki 480 3 100 pf 07
1= 57, @Voo" OV oo w© [ a5 [ oo 0
Cy> 100 pF
Ry>1KQ
Rg 310 Ry
Typical RC oscillator circuit
F———————————
| 4060B 0
| |
| |
(I RN S —
d
sMQ SRS 100M$
Rg= (5X—> 10X) Rg(xTAL)
CsCtr
ST cr Cs+Ct  CLIXTAL)
Typical crystal oscillator circuit
$o PIN9
U
{40608 1
| | Voo
: : ta—Vy -
| SR RN (O, J
TYPICAL COMPONENT VALUES Vss
FOR OPERATION FROM 60 Hz v,
INPUT AT Vppe3 TOIS VOLTS: z
Rg:150 KR AL ve
Ry +390 KO
VI Rg #R, A/
(FOR USE WHEN INPUT SIGNALS WITH VP-_sa__‘. -
SLOW RISE-FALL TIME ARE USED ' Ry >Rg
R¢-Rg v
et

Input pulse-shaping circuit (Schmitt trigger)

Input circuit characteristics for pulse-shaping

circuit.
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gTO-AL'l!E @% SCL4066B
SCIENTIFIC

CMOS QUAD ANALOG SWITCH
FEATURES

¢ Transmission or Muiltiplexing of Analog or
Digital Signals
80$2 Typical ON-Resistance for 15-Volt oper-
ation
Switch ON-Resistance Matched to within 552
over 15-Volt Signal-Input Range
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
High Degree of Linearity:
<0.5% Distortion (typ) @ fis = 1kHz,
Vis =5Vp.p, VDp-Vss =10V, R = 10kS2
¢ Extremely Low OFF switch Leakage Resulting
in very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vsg= 10V, Tp=25°C
4 Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signal Circuit):
10122 (typ)
¢ Low Crosstalk between Switches:
-50dB (typ) @ fis= 0.9MHz, Ry = 1k§2
4 Matched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
9 Frequency Response, Switch ON = 40MHz (typ)

® & o o

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 Vgg 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)

SWITCH
CONTROL

—_—  Ow

Vis
NORMAL OPERATION
CONTROL-LINE_ BIASING.
SWITCH ON Vc"i"* Vpp
SWITCH OFF, V¢ 0" sVss

¥»
1 e

| S

SIGNAL-LEVEL RANGE
Vss SVis =Vop

out
Vos

CONTROL
V¢
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CONNECTION DIAGRAM

(all packages)
Switch

A Switch D  Switch C

- et At
Vpp € C IN OUT OUT IN
| | | | | | L
14 13 12 1 10 9 8

40668

1 2 3 4 5 6 7
| | I | 1 | I
N OUTQUIIN ¢ € Vss

Switch A

Switch B Swé:tch

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

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

3to15 Vdc

5510 +126 ©C
4010 +85 ©C

The advantages over single-channel switches include
peak input-signal voltage swings equal to the full supply
voltage, and more constant ON-impedance over the
input-signal range. For sample-and-hold 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

%m.

VoDl
vISTINT




STATIC CHARACTERISTICS

ELECTRICAL CHARACTERISTICS

SCL4066B

Vss | Voo| Tiow’ 25°C TuigH’ .
PARAMETER CONDITIONS Units
{Vde) | (Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT loo | Vin=Vss or Voo 0 5| - | 00sf] - [o.000s| 0.05| — | 1.5]| nAdc
All valid input o | 10| - 01| - 10.001| 01 - | 30
combinations 0 15 | - 02| - |0002| 0.2 - | 60
MINIMUM INPUT HIGH Vin
VOLTAGE Vis = Ves 0 5| - | 36| - |275 | 35| - | 35| vdc
(Control Input) Vos= Voo o110 - | 70| - [55 70 - 70
los = 10uA o | 15| - [1o] - [825 [110] -] 110
MAXIMUM INPUT LOW ViL
VOLTAGE Vis = Vss 0 51 10 - 1.0 |2.25 - 1.0 - Vdc
{Control Input) Vos=Vpp 0 10 | 20 - 20 |45 - 20 -
los = 10uA 0| 15|30 - | 30675 | - | 30| -
SWITCH INPUT/OUTPUT loer
LEAKAGE Ve =Vss 715 | +715| - +100 — {+0.01 | 100 — |%+1000} nAdc
Vis=+7.6Vdc
ON-RESISTANCE Ron
Ve =Voo TS50 1 o20| - | 8o 280 - | 320 @
Vis = Vss/Vop 0 [ +15
Vos = Yop-Vss [T T
2 } - 400 - | 120| 500f - | 550]
0 +10
Ry = 10k§2
251 +251 _ 1a000| - | 270{2s00] - |3s00] &
0 +5
ON-RESISTANCE MATCH ARon
(Same package) Ve =Vpp 7.5 | 475 _ _ _ s| - _ | a
Vis = Vss/Vop 0 +15
Vop—Vss
Vos = ———= | .
0s 2 5 +5 _ _ _ 10| - _ Q
0 +10
R, =10kQ
25 | +25| _ | _ B ol - _ Q
0 +5

NOTES: ' Remaining Static Electrical Characteristics are listed under 40008 Series Family Specifications .
TLow =-55°C for C, D, F, H device.

= -40°C for E device.

Thign = +125°C for C, D, F, H device.

=+ 85°C for E device.

3 Conditions for measuring V :

Voo Vos
5 5
10 10
15 15

Vis
46
95
135

los
Trow 25°C THIGH UNITS
-.25 -.20 -.14
- .62 - .50 -.35 mA
-18  -150  -110
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SCL4066B

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T =25°C)

Vss

Vop

PARAMETER CONDITIONS (vde) | (vde) Min, Typ. Max Units
SIGNAL INPUTS (V;5) AND OUTPUTS (V)
PROPAGATION DELAY TIME | tp 1 |Vc=Vop
tere | Vis=Square 0 5 - 20 40 ns
Signal Input to Signal Output Wave 0 10 - 10 20
Ry = 10k2 0 15 - 75 15
BANDWIDTH (-3dB) BW (Vc.=Vpp R |
(Sine Wave) Vis=5Vpp[ 1kQ -5 +5 - 54 - MHz
centered | 10k - 40 -
@ 0.0Vdc{100k$2 - 38 -
I MQ - 37 -
INSERTION LOSS
(=20 1og; 2= :
= 0910\,7 Ve=Vpp R_
Vis=bVpp| 1kQ| -5 +5 - 23 - dB
centered | 10k2 - 0.2 -
@0.0Vdc[100k2 - 0.1 -
1MQ - 0.05 -
SIGNAL DISTORTION
(Sine Wave) Ve=Vpp -5 +5 - 0.16 - %
Vis=5vP-D
centered
@ 0.0Vdc
fis=1.0kHz
Ry = 10k2
FEEDTHROUGH {-50dB) Ve=Vss R_
Vis=5Vppl 1kQ -5 +5 - 1250 - kHz
centered | 10k$2 - 140 -
@0.0Vdc|100kQ - 18 —
1mMQ — 2 —
CROSSTALK (-50d8B) V:(A)=Vpp -5 45 - 0.9 - MHz
Between two switches V¢(B)=Vgs
Vis(A)=5V,,
centered
@0.0vdc
RL = 10kQ2
CAPACITANCE
Input Cis - 8 - pF
Output Cos |Vec =Vss -5 +5 - 8 - pF
Feedthrough Cios - 0.5 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | tpc [VssS<Vis<Vpp 0 5 - 50 100 ns
Turn on Ry = 10k 0 10 - 25 50
0 15 - 20 40
MAXIMUM INPUT fc Vss<VisSVpp 0 5 - 5 - MHz
FREQUENCY Ry = 1.0kQ2 0 10 - 10 -
0 15 — 12 -
CROSSTALK
(To signal port) V,.=Square Wave 0 5 - 30 - mV
Ry = 10k2 0 10 - 50 -
Rin = 1.0kQ 0 15 - 100 -
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1 o

»
S HTY

330 AMBIENT TEMPERATURE ihRERE
$ (Ta)e25°C + t
X 300l I I 1 1T
o T 1 e lid L1
I 3T I SuPPLY voLTAGE | 17T+
% sol Vop-Vss)=5V | ]iii!
= + P+ i fiicitiaee
CHIH 1335282, 853220228 FORES B aae
- 88 T ISR POSRS ROSEE RER M
] 1 o 1 : 3 4144
H EHTH ¥ 1228 TS ISR
5 2a181 dubhith
2 3 as: |
S
& 23283 12k
2 b+t 10
o e : :<
1
S T
2 !
g i
H '
a
q T
o 1
H
H

PODS

:

;

4+ 1ttt S538 58

H f SHHHHT i
-8 -6 - -2 0

SIGNAL VOLTAGE (V,) — VOLTS

Typical channel ON resistance vs. signal voltage for
three values of supply voltage (Vpp-Vsg)

SUPPLY VOLTS: Vpp©*+5,vsg*~3 Cios RF VOLTMETER
INPUT SIGNAL VOLTS (Vig)* 8 Vp-p r-{t--, BOONTON Radio
SINE WAVE (1.77 RMS) H [ TR
[CONTROL VOLTS (vc)=+8 ! i ! !

@ LOAD CAPACITANCE *(CF)x *CMETER) .P{ 1! Vos
Vis N 4 (RMS)
Ve Voo +

| [ | | I

F 200 LoaD RESISTANCE (R\)+ 1M 1
i

T
- - -348
FENr I > N POINTS |
o | ooxn N
D
23 -
- >
3
o3 L

o . [} ) K O

INPUT SIGNAL FREQUENCY (f;,) MHz

Typ. switch frequency response - switch “ON”

[supPLY VOLTS:Vop++5. ves==5 1111 | 111
INPUT SIGNAL VOLTS (Vi) 5 Vp_p SINE WAVE LI 77 RMS)

G 30| FIXTURE AND METER NULLED OUT 333
2 L O I B PR
[
" 2 V(. Voo 37
H LEN Vs ) N T -
2 —I ho &
§ 20 u— . 4 0 2
3 14 T ]
H ,E o 3" | 5

18— RE VOLTMETER 433
g TN Ve’ ¥ss BOONTON RADIO H
§ _1 MODEL 91-CA :
2 N I— OR EQUIV PR
= —-i -
2 Selal T v )
va- o i.v: ! mni s

2 OF & SWITCHES “JH/ﬂ
[+] Al 0o a4 g
0! ' 0 0?2 03 o4

INPUT SIGNAL FREQUENCY ('i.)— kM

Typ. crosstalk between switch circuits in the same
package

143

SCL4066B

6[SUPPLY VOLTAGE Vpp*5V
Vsg * -8V
AMBIENT TEMPERATURE (Ty) »25°C

1 OF 4
SWITCHES

OUTPUT SIGNAL VOLTAGE (Vgg) — VOLTS

vss =
ALL UNUSED TERMINALS
ARE CONNECTED TO Vss
-6 -4 -2 [ 2 4 6
INPUT SIGNAL VOLTAGE (V,q) — VOLTS

Typical ON characteristics for 1 of 4 channels.

[SUPPLY VOLTS Vpp*+5, Vss*-5
CONTROL VOLTS (Ve)e-5
. 3o|INPUT SIGNAL VOLTS (V,s)+5 Vp-p SINE WAVE (177 RMS)
3 30k L0AD CAPACITANCE (CL)CEXTURE < CMETER
£ {AIXTURE AND METER NULLED O
| !
£ €105ty M / ‘ll -
2 i ] -
= H o
] sA L 0 8
F } i 39 -
w N / Q/ 5
H /oIS H &
= & Hlas 3
2 S, S
z N £
2 Al s
. 4
2
g /
™

3 I

102 03 04

INPUT SIGNAL FREQUENCY (f}q) kN2

Typ. feedthru vs. freq. — switch “OFF”

“10V, Ve
o Y W o——Dn——l
teetfs 200 vi

(0 ki Ve

®a oxn

ALL UNUSED TERMINALS
ARE CONNECTED TO Vgq

Test circuit, crosstalk-control input to signal output




SCL4066B

SPECIAL CONSIDERATIONS — 40668

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/R (R = effective external
load of the 4 4066B bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed
from 40668.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp 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 Rgy values shown).

No Vpp current will flow through R 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

b) SPOT
Vos2
o) sesT O—0 o0
v
vis Vos visS - o"os 1S
o L
ove L
a) DPOT
opsT
¢l ops vosaz Visa
Vi
VisA Voss Visa Vosa Vosal Vl’ ‘0sA2
—O Visa O—— Vosal Oo—o —0

B, b g

O—°Jr —O0
Vnsn__@‘ e o P osez Vise
—O' N ViseO- 581

Ov, n
Basic Switch Functions using the 4066B
€4=0.001C,
L
-
SELECT O-
C3-0.01C, —
—} 3 ~
- : N
‘ca 2 Nad. OPEN LOOP GAIN
SELECT O— q F\
C2=0.1C ] N
™m R w 3
CONTROL 5 g e ez tea JrensL
fe2 5 - L — A ——
SELECT O- 2 \ \ ~
C, > LN
L \ \ N
o —i} @ ob— \ LI 2 T 3 N LS
SELECT O \
FREQUENCY - Hz
JV‘V‘v
R, R3 AL [VOLTAGE GAIN BELOW/ BREAK FREQUENCY)
v R
INO——AA—¢ - ﬁ;:
1
fc (BREAK FREQUENCY) = — 1.
Vour < 20R4Cx
+ UNITY GAIN FRE A
. (UM | OUENCY) - 5
2

. 'PSien)
MAX ATTENUATION « D58

Active Low Pass Filter with Digitally Selected Break Frequency
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SoLID (&3 ScLasus
SCIENTIFIC

CMOS HEX INVERTER
FEATURES

¢ Fully “B"-Series Compatible
¢ Diode Protection on all Inputs
4 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)

CONNECTION DIAGRAM
(all packages)

Vpp 6A 6Y 5A SY 4A 4Y
| | | | ] | |

14 13 12 11 10 9 8
4069UB
1 2 3 4 5 6 17
I T T 1T T
1A 1Y 2A 2Y 3A 3Y Vgg

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3to15 Vdc

55 to +125 ©C

oo ' ° E Device 40to +85 ©C
JLu J
Y
AQ }—O
103.8,9,1.13) 2(4,6.8,10.12)
ur
vss
LOGIC DIAGRAM
73 l.nu‘nenr nunnuua: lm-zs‘c ;;‘ 1A 1 2_° 1y
1S + -SUWLV VOLTAM (vw)-lsv T -

T 1“{” eI 3N 4
>zsHl : 1 2A 2y
[ } Hi
? o il 5[~_ 6
y "°F 3A O—Do—o 3y
i L

73 8
s iHH : aa o> ay
s a8 anal
3 [ 11 10
Msiset sy OV ::e 5% SRS 5A —o 5Y
e TSR
L33 3V.: TR e 13|>12
o 2% S 78 10 125 18 6A 6Y
INPUT VOLTAGE (v} —V
Vgs =7
Vpp = 14
Typical current and voltage transfer characteristics
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SCL4069UB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER Voo | cONDITIONS | TLOW *5¢C THiGH | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Ioo
CURRENT 5 |Vin=VgsorVpp| — | 005| - |0.0008 005| - | 1.5 | uAdc
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 Characteristics are listed under "4000B Series Family Specifications”.
2 T_ow =-55°C for C, D, F, H device.
=-40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, =50pF, T4 = 25°C)
Vpo i f
PARAMETER (vda) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLn. trL 5 - 50 100 ns
10 - 25 50
15 — 20 40
OUTPUT TRANSITION TIME trim, trHL 5 - 75 150 ns
10 - 35 70
15 — 30 60
Vns. DRAIN VOLTAGE (Vdc) 50
20 -18 -16 -14 12 -10 8 -6 -4 - T 1
20 -18 -16 2 l0 !‘3 ? 4 Zj 545 Vs = 15 Vdc
Vis==5 Vdc 74 (5 =~ g 4
1 :-10 ¥ = 35 <
1 g E /
s ==10 Vdc 7 115 2 @
20 = 5 25 Vs =10 Vdc
/f 1725 g : 20 o
30 A =5
L. i35 5 S 10 L
Ves =—15 Ve <] 40 3 05 Vs =5 Vde T,=25°C
{ T,=25°CH 45 & Ll Ll
1 T 1 A% 0 0 2 4 6 8 10 12 14 16 18 20
S Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

APPLICATIONS INFORMATION

5ML2 R, 100M!?
Rs  R., (65X 10X R.
XTAL
c.C
G
cs ¢t CuCr

1

Cr

22R.C,

R.

12X -10X+ R,

171 a0ny

Rs .
N our

Ry
UPPER SWITCHING POINT
Rg+Ry Vpp
=

vpw

LOWER SWITCHING POINT

Rt-Rs Voo

v —_— =
NS TRy 2

Ry > Rg

Typical crystal oscillator circuit

Typical RC oscillator circuit
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>
g%rlg NZ SCL4070B
SCIENTIFIC

CMOS QUAD EXCLUSIVE-OR GATE

FEATURES
4 Buffered Outputs CONNECTION DIAGRAM
¢ Diode Protection on all Inputs (all packages)
¢ Fully “B"-Series Compatible
4 Pin Compatible with 4030 types, MC14507, Vpp 4B 4A 4Y 3Y 3B 3A
74C86 1 | I R | l |
14 13 12 11 10 9 8
DESCRIPTION 40708
The 4070B contains four independent ex- 1 2 3 4 3 6 7

clusive-OR gates integrated on a single monolithic 1|A 1IB 1ly 2'y 2IA 215 \,l$

silicon chip. Each exclusive-OR gate consists of five
N-channel and five P-channel enhancement-mode

transistors, plus output buffering devices. Add suffix for package:
C 14-pin Cerdip
TRUTH TABLE D 14-pin Ceramic
. (one of four gates) E 14-pin Epoxy
A B Y F 14-.pin Flat
Py o 0 H Chip
1 0 1
0 1 1
L 1 o RECOMMENDED OPERATING CONDITIONS
Where 1 = High Level . FOPITTONgN
0= Low Level For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to15 Vdc
LOGIC DIAGRAM Operating Temperature TA

C, D, F, H Device 65 to +126 ©OC

. + o
40708 :)) > [> D E Device 40to+85 ©C

Note: The 4070B is identical to the 4030B;
the devices are fully interchangeable in all

SCHEMATIC DIAGRAM applications.
(one of four gates)

+Voo

FUNCTION DIAGRAM
A 1A v
r{ 1B 7:D— 1
2A s
v 28 s:)D__
! 3A &
¥ ‘ 3 1) D—n3v
. ' 4A 1
a8 r::D_" ay
Y = A®B
Vpp =Pin 14
Vss =Pin7
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SCL4070B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 o 2
PARAMETER oD | coNDITIONS | _Tiow 1BC THiGH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |Vin=VgsorVpp| - [0.05 — 10.0005| 0.05 - 1.5 | uAdc
: 10 |All valid input - |0.10 — |0.001 | 0.10 - 3.0
15 |combinations — 10.20 — ]0.002 | 0.20 - | 6.0
NOTES: ! Remaining Statuc Electrical Characteristics are listed under * 4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
= -40°C for E device.
Tmcn —+125 C for C, D, F, H device.
=+ 85°C for Edevtce
DYNAMIC CHARACTERISTICS (C_ =50pF, T, = 25°C)
Voo i i
PARAMETER (vae) Min. Typ. Max. Units
PROPAGATION DELAY TIME teLH. tPHL 5 - 140 280 ns
10 - 65 130
15 — 50 100
OUTPUT TRANSITION TIME trLn. tTHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Véc) 50 I
20 18 16 14 12 10 8 6 -4 2 0 = 4 Voo = 15 Vi
T T 1
V=-S5V —F 5 = é 40 ]
DR E 3
Vos=-10 Vdc // -15 g g %
y -20 S 2 Vos = 10 Vée
- / 25 g e 2
30 R E 15 7 //
. .35 = 8 10 |£A T
Vs =15 Ve, 40 § 25 "“l"l T\=25°C
i“_"] T T,=25°C{45 & 0 46 8 10 12 14 16 18 20
L1 .50 Vos, DRAIN VOLTAGE (Vc)
Typical P-Channel ‘Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
8-BIT TWO’S COMPLEMENT ADDER/SUBTRACTOR
40708
Xg Xy Xg Xg Xq Xy Xy Xy Xg Xy Xg X5 X4 X3 X3 X,
o 0 0 0 0 0 o o -0 ) 1) ] 1 1 ] ] ] .-
o 0 o o 0 o o ] - ] ] ] 1 1 ) ] 0 o2
o 06 0o o o o 1 0 =2 ] ] ] 1 ] 1 0 ' .=l
o 06 o 0 o o 1 ] -3 ) ) ) 1 1 ) 0 0 -~
. . . . . . . . . ] ] 1 1 1 ° ] 1 .8
A B Az By Ay ByAg By A By Az By A3 By Aq By oo : o
' 40088 Iy & Lo . -
'—fc'm' . i 40088 Cq— oL I oLl .
il an IR IR I ] O I U A
BB 17T 11
43 S Sy Sa Ss S¢ S7 S Two’s complement numbers and
P . CHNPLY TS 1 3 their equivalent decimal values

A-LEAST SIGHIFICANT
©-MOSY SIGNIFICANT IIV 1Sich BiT)
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soLID $
STATE @@
SCIENTIFIC

SCL40718
SCL40728
SCL40758

4071B - Quad 2-Input OR
4072B - Dual 4-Input OR
4075B - Triple 3-Input OR
FEATURES

¢ Buffered Outputs
4 Diode Protection on all Inputs
¢ Fully ““B"-Series Compatible

TRUTH TABLE

Inputs Output
00...0 0
All other combinations 1

FUNCTION DIAGRAMS

4071B

R 3 1Y
1B 2
2A 5

4 2Y
2B 6
3A 8

10 3Y
3B 9
anrz 1 ay
48 13

Y=A+B

40728
1A 2

iB8 3 L
—1 1Y
1C 4
1D s
9

2A

28 10
2C n
2D 12 Y=A+B+C+D

13 2Y

v

40758
1A 1
1B 2
1C 8
2A 3
28 4
2C s
3AMN
3B 12
3C 13

2y

10 3Y

Y

Y=A+B+C

Vpp * Pin 14
Vgg =Pin 7
for all Devicas

CMOS OR GATES

CONNECTION DIAGRAMS
(all packages)

Vpp 48 4A 4Y 3Y 38 3A

| | | l ] | L

14 13 12 11 10 9 8
40718

1A 18 1Y 2Y 2A 2B Vgg

Vpp 2Y 2D 2C 2B 2A NC

| | 1 | | 1 1

14 13 12 11 10 9 8
40728

1 2 3 4 5 6 7

T T T T 11

1Y 1A 1B 1C 1D NC Vgg

Vpp 3C 3B 3A 3Y 1Y 1C

14 13 12 11 10 9 8
40758
1 2 3 4 5 6 17

1A 1B 2A 2B 2C 2Y vVgg

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss 3t015 Vdc

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

65 to +126 ©°C
40to +85 ©C
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SCL4071B, SCL4072B, SCL4075B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 5 2
PARAMETER V°°) CONDITIONS | TL 5C THIGH™ | ynits
(Vde Min. | Max. Typ. | Max. [ Min. | Max
QUIESCENT DEVICE oo
CURRENT 5 |V|n=VssorVpp - 0.05 0.0005| 0.05 - 1.5 |uAdc
10 |All valid input - | 0.10 0.001 | 0.10 - 30
15 |combinations = 0.20 0.002 | 0.20 = 6.0
NOTES: ' Remaining Static Electrical Characteristics are listed under “*4000B Series Family Specifications".
TLow = -55°C for C, D, F, H device.
= -40°C for E device.
Trigu = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C. =50pF, T =25°C)
Voo .
PARAMETER (Vde) Typ. Max Units
PROPAGATION DELAY TIME teLH. tPHL 5 100 200 ns
10 50 100
15 40 80
OUTPUT TRANSITION TIME [~ 5 90 180 ns
10 45 90
15 40 80
Vos, DRAIN VOLTAGE (Vdc)
20 -18 <16 -14 12 10 8 -6 -4 2 0 % T
T T g 45 Ves = 15 Vde
Vos ==5 Vdc ] 5 = E Y
A o ! s S
-]
Vs =—10 Vdc // 52 g
r 20 = s % Vos = 10 Vde
/ 25 8 S 2 N
= = A
30 A RN 7
» 35 =5 s 10
Voo =15 Ve “0 3 =05 Vos =5 108 T, =250
T ] TA=25°C+45 2 4 6 8 10 12 14 16 18 20
1 | 50

Typical P-Channel
Source Current Characteristics

LOGIC DIAGRAMS

Vos, DRAIN VOLTAGE (Vdc)

Typical N-Channel

Sink Current Characteristics

SCHEMATIC DIAGRAM 4072B (1 of 2 gates)

4071B

) >

40728

40758

ot +———]

oyt

]

+ﬁ+

|

£

|
ﬁﬁ
4

v
Ves

E -

T

d
&
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SOLID Q%

STATE $CL4076B
SCIENTIFIC

CMOS 4-BIT D-TYPE REGISTER
FEATURES

¢ 3-State Outputs with Gated Control Lines

4 Fully Independent Clock

¢ Asynchronous Reset

¢ Fully Static Operation - DC to 12MHz @ 10Vdc

DESCRIPTION

The 4076B 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 | Clock |G1 G2 D Q
1 x Ix X X 0
0 0 X X X Q NC
o | |1 X x a NC
o |/ [x 1 X Q NC
o | Jo 0 1 1
o |/ |o 0 0 0
0 1 X X X Q NC
o [T\ |x X X Q 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
0= Low Level

X = Don’t Care
NC = No Change
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CONNECTION DIAGRAM
(all packages)

DATA
DISABLE

Vpp R D1 D2 D3 D4 G2 G1

l ] L1 ] | ]

16 15 14 13 12 11 10 9

40768
1 2 3 4 5 6 7 8
| [ 1

M _N Q1 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  Vpp - Vss

3to15 Vdc

Operating Temperature ~ Tp
C, D, F, H Device 65 to +125 ©C
E Device 40to +85 ©C
BLOCK DIAGRAM
15 —| Reset Q13
14— D1
13— D2
12—D3 Q24
11— D4
10 — Gz} Data
9 — G1f Disable Q3 |—5
7 —| Clock
2— N }Oulnut
1— M fDissble Qa6
Vpp = Pin 16
Vgs = Pin8




SCL4076B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 O, 2
PARAMETER Voo | conpiTioNs | TL EC THIGH | ynits
(Vde) Min. | Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Vin=Vss or Vppo - 15 - 0.05 (5 — | 150 |upAdc
10 |All valid input - |10 - 0.1 |10 — | 300
15_|combinations — |20 0.2 120 — | 600
3-STATE OUTPUT LEAKAGE |Iz,
CURRENT 15 — [#0.1 — | #10™]*0.1 — [#1.0 |uAdc
NOTES: ' Remaining Static Electrical Characteristics are listed under “4600B Series Family Specifications”.
2 TLow =-56°C for C, D, F, H device.
= -40°C for E device.
Thign =+125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) .
voo . -
PARAMETER | (vde) | Min. I Typ. | Max. | Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Q teLH, teHL 5 - 150 300 ns
10 - 70 140
15 - 45 90
Output Disable to Q terz, tpLz 5 - 75 150 ns
10 - 40 80
15 — 30 60
tpzH. tezL 5 - 80 160 ns
10 - 35 70
15 — 25 50
OUTPUT TRANSITION TIME trLH. tTHL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 80 160 ns
10 - 40 80
15 - 30 60
MAXIMUM CLOCK FREQUENCY fcoL 5 3.0 6.0 - MHz
10 6.0 12 -
15 8.0 16 -
MAXIMUM CLOCK RISE & FALL TIME' treL, ticL 5 15 - - us
10 15 - -
15 15 - -
MINIMUM SETUP TIME
Data Inputs teotup 5 = 75 150 ns
10 - 40 80
15 - 30 60
Data Disable Inputs teotup 5 - 100 200 ns
10 - 60 120
15 — 45 80
MINIMUM HOLD TIME
All Inputs thold 5 - 75 150 ns
10 - 35 70
15 - _30 60
RESET OPERATION
PROPAGATION DELAY TIME tpHL 5 - 200 400 ns
10 - 100 200
15 — 75 150
MINIMUM RESET PULSE WIDTH PWgr 5 - 75 150 ns
10 - 40 80
15 - 30 60
RESET REMOVAL TIME trom 5 - 100 200 ns
10 - 60 120
15 — 45 90

! 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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SCL40768

Vos, DRAIN VOLTAGE (Vdc)

20 -18 <16 14 12 -10 8 -6 -4 -2 O
T T T
Vos==5 Vdc —— 5 =
Tl J[ /1 0 %
Vs ==10 Vde 5 2
hd L/ 0 2
Vi %5 g
30 @A
P’ -36 E
Vos =—15 Vit L] -40 %
l

T,=25°C-{-45 &

L 1 T P

lor, DRAIN CURRENT (mAdc)

50 T 1
45 Vs = 15 Vde
4

25

Vos = 10 Vde

15

10 |-AA
5%/ Vos=$5 T,=25°C -
1| L1
0 4 6 8 10 12 14 16 18 20
Voo, DRAIN VOLTAGE (Vdc)

Vde

Typical P-Channel
Source Current Characteristics

Typical N-Channel
Sink Current Characteristics

THREE-STATE PROPAGATION DELAY

TIMING DIAGRAM WAVESHAPE AND CIRCUIT
° ,’ 20 ns |=—20 ns
tput v
- Input Rise and Fall 20 ns o::::. ,50 90% oo
Input | 90% Voo Mor N * So% N 1o%
L. 50% ° Vss
nformation 10% ) . f— .
U ber , e Vss Pz T P2ZL, Von
twtup—] o ‘setup = =20 nsof |- AnyQ | 9o%
Voo Output fon | =25V@®Vpp-SV.
Clock |
‘ e b | RERY
Vss Any Q 90% {. 6vV®Vpp=10V
| Qutput 10% _nvmvovm-,- 15V
PLH — Outputs Outputs %
=V —t— —efo——-—- — Outputs
a  outut OH Connected Disconnected Connected
| Vo Any Q
TLH THL~ - Output
Aeset = Other |o— RLETRIE |
N Input 00 0r tp 2 3nd tpz,
Data Disable G1 and G2 = 0 o:‘::‘l e-*scLao76s l Vss f0r truz and tzu
Output Disable M and N = 0 Disable =1 Cy = 50pF
Mor N =
LOGIC DIAGRAM

D1 148 0——

Output Disable M |m
Output Disable N 2

Data Disable G1 9
Data Disable G2 10

e Do

T s

D2 13

Clock 7 o—-Dcﬁ

03 12 0—

(<]
—J

4 Q2

11

i w— o |

6 Q4

Reset 15 0—{ >o—
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SOLID @0%

STATE SCL4077B
SCIENTIFIC
FEATURES
¢ Buffered Outputs CONNECTION DIAGRAM
4 Diode Protection on all Inputs (all packages)
4 Fully “B"-Series Compatible
Vpp 4B 4A 4Y 3Y 3B 3A
| I | | | |
DESCRIPTION 14 13 12 11 10 9 8
The 40778 contains four independent ex- 40778
clusive-NOR gates integrated on a single monolithic 1 2 3 4 5 6 7
silicon chip. Each exclusive-NOR gate consists of ! | 1 ! I | |
five N-channel and five P-channel enhancement- 1A 1B 1Y 2Y 2A 2B Vgg
mode transistors, plus output buffering devices.
Add suffix for package:
TRUTH TABLE C 14-pin Cerdip
(one of four gates) D  14-pin Ceramic
A B Y E 14-pin Epoxy
F  14-pin Flat

o o 1 H Chip

1 (o] 0

0 1 ]

1 1 1 RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage VpD - Vss 3to15 Vdc

Operating Temperature Ta
C, D, F, H Device -65to +125 ©C
E Device 40to +85 ©C

Where 1 = High Level
0= Low Level

LOGIC DIAGRAM
(one of four gates)

40778 :)D—-Do—

SCHEMATIC DIAGRAM
(one of four gates)

+veo

I
Al A

FUNCTION DIAGRAM

-
o >
-
<

NN
o >

© |0 1O O N =
;b w
N
<

. -
| r + ' ——
“i; : ‘ﬁE? {y 3A 10 3y
1" 3B
“J—Tu~ ) 12
a—‘[?l -4 an 11
A ~ a——{ ~ VV 13 4y
B T4 "
;:- Y-A®B
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

SCL4077B

2 o 2
PARAMETER Voo | conpITIONS | TLOW *25C THIGH™ | ynits
(Vde) Min. | Max.| Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Vjy=VgsorVpp| — | 0.06| — ]0.0005 0.05| — 1.5 |uAdc
10 |Alivalid input - 0.10 - |[0.001 [ 0.10| — 3.0
15 |combinations - 0.20f — 10.002 [ 0.20| — 6.0
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T_ow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
Voo . .
PARAMETER (vae) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLn tPHL
5 - 150 300 ns
10 - 65 130
15 — 50 100
OUTPUT TRANSITION TIME trLn. tTHL
5 - 100 200 ns
10 - 50 100
15 — 40 80
Vos. DRAIN VOLTAGE (Vdc) 50 —
-20 -18 -16 -14 -12 -110 ? tls 4 2 0 = 45 Vi = 18 W8
Ve ==5 Ve — A 5 = g0
1 1 A -10 z =~ 35
1 =] E 3
Ves ==10 Vde 7 5 g &
7 20 = S Voo = 10 Vde
/ % 8 S T
30 2 E 15 ///
(=] A
L a5 10
Vos =—15 Vde -40 % £ 5 %/ le=51“° T,=25°C o
N o _ -
1 1 T=2%eq6 2 0 2 4 6 8 10 12 14 16 18 20
-50 Vps, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics



SOLID <
STATE @@
SCIENTIFIC

SCL4081B
SCL4082B
SCL4073B

4081B - Quad 2-Input AND
4082B - Dual 4-Input AND
4073B - Triple 3-Input AND

FEATURES

¢ Buffered Outputs
¢ Diode Protection on all Inputs
¢ Fully “B"-Series Compatible

TRUTH TABLE

Inputs Output
11--41 1
All other combinations 0
FUNCTION DIAGRAMS
4081B
18 2
28 6
3A °:D——|o 3y
3B 9
aA ‘2:D-—n 4y
48 13
Y = AB
40828
1A 2
8 3 1oy
1c 4
1D 5
2A 9
2C 1
2D 12 Y = ABCD
40738
1A 1
1icC 8
2A 3
2C 5
3A 1
3C 113
Y = ABC
Vpp = Pin 14
Vgs =Pin 7

for all Devices
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CMOS AND GATES

CONNECTION DIAGRAMS
(all packages)

Vpp 48 4A 4y 3Y 38 3A

1 | ] L1 | ]
14 13 12 11 10 9 8
40818
1 2 3 4 S5 6 7
I [ | L |
1A 18 1Y 2Y 2A 2B Vgg
Vpp 2Y 2D 2C 28 2A NC

1 | L1 | | L
14 13 122 1 10 9 8

40828
1 2 3 4 5 6 7
I | | I 1 1
1Y 1A 1B 1C 1D NC Vgg
Vpp3C 3B 3A 3Y 1Y 1C
A l l | | L1
14 13 12 11 10 9 8
40738
1 2 3 4 5 6 17
| [ [ I | |
1A 1B 2A 2B 2C 2Y Vgg

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VoD - Vss
Operating Temperature Ta

C, D, F, H Device
E Device

DC Supply Voltage 3to15 Vdc

-55 to +125 ©oC
40to +85 ©C



SCL4081B, SCL4082B, SCL4073B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '*

2 ° 2
PARAMETER Voo | conpITIONS |—_TLow *5C TuigH” | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. [ Max.
QUIESCENT DEVICE oo
CURRENT 5 |V =VesorVpp| - | 005| - 10.0005 0.05| - 1.5 |uAdc
10 | All valid input - 0.10 - ]0.001 | 0.10 3.0
15 |combinations 0.20| - 0.002 | 0.20) - 60 | |

NOTES: ' . Remaining Stallc Electrical Characteristics are listed under “4000B Series Family Specifications”.
Tu.ow = -65"C for C, D, F, H device.
= -40"C for € devu:e
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C_ = 50pF, T, = 25°C)

PARAMETER (\\//32) Min. Typ. Max. UnitsJ
PROPAGATION DELAY TIME toLH. tPHL 5 - 120 240 ns
10 - 60 120
15 - 46 ;90
OUTPUT TRANSITION TIME trom. tThd 5 - 100 200 ns |
10 - 50| 100 l
e . oL dw - 40 i 80 |
Vns, DRAIN VOLTAGE (Vdc) 50 T
-20 -1]a 416 -14 -12 -llo -lI! -? 4 2 0 g % V. = 15 Ve
T Vs ==5 Vde ] % 5 o= E 40
11 A 40 ¥ . 3 -
T S )
Vi =-10 Vde 7 15 2 g
20 = S 51/ Vs = 10 Vde
A 25 & S22
2 g 54
g g W[
g * 2 : Vos = 5 Vit
Vs =—15 Vde L] .40 i Y - “'-"l’ ) T,=2°C
|/ 1 1
i T .l=2-'»l°c—45-'-' 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
LOGIC DIAGRAMS SCHEMATIC DIAGRAM - 40828 (1 of 2 gates)
Yoo
: be
4081B [ ‘ )
> '"'T
40828 o :
outsut
40738 weur —
Vas
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SOLID $$
STATE @@
SCIENTIFIC

CMOS DUAL 2-WIDE, 2-INPUT AND-OR-INVERTER GATE

FEATURES

= Medium-speed operation —tpy; = 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 LLA at 15 V over full
temperature range; 100 nA at 15 V and 25°C
= Noise margin (over full package-temperature
range):
1Vat VDD =5V
2VatVpp=10V
25VatVpp=15V
= 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”

SCL4085B

CONNECTION DIAGRAM

INHIBIT 2
INHIBIT 1

TOP VIEW

INHIBIT 1 L —
Al
B1 4
ca Jd

DESCRIPTION ov 13

The 4085 contains a pair of AND-OR-INVERT e
gates, each consisting of two 2-input AND gates

driving a 3-input NOR gate. Individual inhibit con-
trols are provided for both A-O-| gates.

B2
c2
D2
The 40858B types are supplied in 14-lead dual-in-line
ceramic packages (D and C suffixes), 14-lead dual- €= INHIBIT + AB + CD
in-line plastic packages (E suffix), 14-lead ceramic
flat packs (F suffix), and in chip form (H suffix).

FUNCTIONAL DIAGRAM

RECOMMENDED
OPERATING CONDITIONS

For maximum reliability, nominal operating con-
ditions should be selected so that operation is al-
ways within the following ranges:

: ‘ AMEIIENT TE’MP GTA) = 2p C

Yy . R lSUPFLV VOLTAGE (Vnn!t |§\ 6

CHARACTERISTIC LIMITS UNITS o Cfeummen A voo oo
Min. Max. » '"IT‘ o e
Supply Voltage Range 3 18 v ¢ 10 _c;:n:":‘_ - v, Vo' e
(For Tp = Full 3 veac | f | 3

Package Temperature 5 U\

a S5k - - 142

Range) 5 ! h
} } 0

: ! ;
o 5 10 15

INPUT VOLTAGE (V}  V
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS

SCL4085B

2 o 2
PARAMETER Voo | conpiTions | TLow L Tuigh Units
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 [Vin=VssorVpoo| - |005 | — 10,0005/ 005 — | 15 |[uAde
10 |All valid input - lo10 | - jooo1|o010| - |30
15 |combinations - 10.20 — 10.002 | 0.20 - 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.

2 T_ow = -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.

ABSOLUTE MAXIMUM RATINGS

DC SUPPLY-VOLTAGE RANGE, (VDD)
(Voltages referenced to

Vgg Terminal). . . .. .... —0.5 to +20V
INPUT VOLTAGE RANGE,
ALLINPUTS ....... —0.5 to Vpp +0.5V
DC INPUT CURRENT,
ANYONEINPUT. .. ... ...... 10 mA

POWER DISSIPATION PER PACKAGE (PD):
For Ta = —40 to +60°C
(PACKAGE TYPE E)
For Ta = +60 to +85e
For Ta = +60 to +85° C
(PACKAGE TYPE E) Derate Linearly
at 12 mW/° C to 200 mW
For Tp = —55 to +100°C
(PACKAGE TYPES D, F, C)
For Ta = +100 to +125°C
(PACKAGE TYPES D, F, C). 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 (TA):
PACKAGE TYPESD, F,C,H . —55t0 +125°C

500 mW

PACKAGETYPEE....... —40to +85°C
STORAGE TEMPERATURE o
RANGE (Tstg) —65to0 +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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DYNAMIC ELECTRICAL CHARACTERISTICS
(Ta = 25°C, Input t,, tg = 20 ns, CL = 50pF, R = 200 KQ)

CONDITIONS LIMITS
CHARACTERISTICS Voo UNITS
v Typ. Max.
Propagation Detay Time (Data) 5 25 | 350
High-to-Low Level PHL :g :g :gg ns
5 310 | 620 |
Low-to-High Level BLH :g ———-‘;z Z:g s
Propagation Delay Ttme (Inhibit): ’_—‘g 150 :‘m:
High-to-Low Level PHL e —Eoﬁ _805 "
5 250 500
Low-to-High Level PLH 10 100 200 ns
15 70 140
T 5 100 200
ransition Time THL 'TLH 0 T 300 s
15 40 |80 |
Input Capacrtance Cin I Any Input 5 75 pF

All inputs protection
by standard CMOS
protection network.




SOLID §%

STATE SCL4086B
SCIENTIFIC
CMOS EXPANDABLE 4-WIDE,
2-INPUT AND-OR INVERT GATE
FEATURES

CONNECTION DIAGRAM
= Medium-speed operation — tpyy; = 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 1.LA over full
package-temperature range; 100 nA at 15 V and
25°C
= Noise margin (over full package temperature
range):
1VatVpp=5V
2VatVpp=10V
25VatVpp=15V NHIBIT/ERP 10
» Standardized, symmetrical output characteristics A
» 5.V, 10-V, and 15-V parametric ratings 5
s Meets all requirements of JEDEC Tentative Stan-
dard No. 13A, ““Standard Specifications for Des-
cription of ‘B’ Series CMOS Devices”’

Voo
D

c
ENABLE/EXP.
INHIBIT/EXP,
H
c

TOPVIEW

LOGIC 1 = HIGH

DESCRIPTION . LOGICO - LOW
The 4086B contains one 4-wide 2-input AND-OR- H Vpp = 14
INVERT gate with an INHIBIT/EXP input and an ENABLE/EXP o Vgs*7
ENABLE/EXP input. For a 4-wide A-O-l-function ne-e

INHIBIT/EXP is tied to Vgg and ENABLE/EXP to
Vpp- See Fig. 2 and its associated explanation for
applications where a capability greater than 4-wide
is required.

= INH + ENABLE + AB » CD + EF - GH

«

FUNCTIONAL DIAGRAM
The 40868 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).

AMBIENT TEMP. (TA) =25C
15 ' ! !
RECOMMENDED > | sottace | Yool I Voo
OPERATING CONDITIONS ® 'Eggg'" v
For maximum reliability, nominal operating con- “6; ° CURRENT
ditions should be selected so that operation is al- 5 i
ways within the following ranges: . N
z 3
&
CHARACTERISTIC LIMITS UNITS 3
Min. Max. 0 < 10 15
v,) -
Supply Voltage Range 3 18 \Y) IPUT VOLTASE ;) -V
_ FIGURE |
(For Ta = Full TYPICAL VOLTAGE AND CURRENT
Package Temperature TRANSFER CHARACTERISTICS
Range)
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ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

SCL4086B

2 D 2
PARAMETER Voo | conpiTIONs | TLOW *5C THIGH ™ | ynies
(Vde) Min. | Max. | Min. | Typ. | Max. [ Min. | Max.
QUIESCENT DEVICE 100
CURRENT 5 [Vin=VgsorVoo| - [005 | - |0.0005| 0.05| - | 15 |pAdc
10 |All valid input - |0.10 — ]0.001 | 0.10 - 3.0
15 |combinations - 10.20 — ]0.002 | 0.20 — 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.

2 TLow =-55°C for C, D, F, H device.
= -40°C for E device.
THIGH = +125°C for C, D, F, H device.
=+ 86°C for E device.

ABSQLUTE MAXIMUM RATINGS
DC SUPPLY-VOLTAGE RANGE, (VDD)
(Voltages referenced to

Vgg Terminal). . . ... ... —05t0o+18V
INPUT VOLTAGE RANGE,
ALLINPUTS .. .... —0.5to Vpp +0.5 V
DC INPUT CURRENT,
ANY ONE INPUT . .. ........ 10 mA

POWER DISSIPATION PER PACKAGE (Pp):
For Ta = —40 to +60° C

(PACKAGE TYPEE). . . ...... 500 mW
For T = +60 to +85° C
(PACKAGE TYPEE). . . .. Derate Linearly

at 12 mW/° C to 200 mW
For Ta = —55 to +100°C '

(PACKAGE TYPES D, C, F) ... 500 mwW
For TpA =+100to +125°C
(PACKAGE TYPESD,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 (Ta):

PACKAGE TYPESD,F,C,H —55to0+125°C

PACKAGE TYPE E —40 to +85° C
STORAGE TEMPERATURE

RANGE (Tgeg) .. ... ... —65 to +150° C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £1/32 inch (1.59 + 0.79 mm)
from case for 10 s max. +265° C

Fig. 3 shows two 4086's utilized to obtain an 8-wide 2-input
A-O-1 function. The output (J1) of one 4086 is fed directly to
the ENABLE/EXP2 line of the second 4086. In a similar
fashion, eany NAND gate output can be fed directly into the
ENABLE/E XP input to obtain a 5-wide A-O-1 function. In addition,
any AND gate output can be fed directly into the INHIBIT/EXP
input with the same result.

NKIBIT 1R, r"“_-

ar
81

NMiBIT/ERP, ’_—.—
az

v,
82

c2
02

3
o1

€
2

€2
F2

(3]
"

[
H2

t
ENABLE EXP,  Vpp ENASLE/EXP,

42 RTBYV CIBT  ETFI "Gt AZB2+ C202 FETFZ + FZNZ

TWO 40868'S CONNECTED
AS AN BWIDE 2 INPUT A O-1 GATE

161

DYNAMIC ELECTRICAL CHARACTERISTICS
(Ta = 25°C; Input t,, t = 20ns, C = 50pF, R = 200KQ)

CHARACTERISTIC CONDITIONS Limrs uNITS
:’o,o Tve. | max.
Pronagation Delay Time 225 a50
(Datal T 30 180 ns
High to Low Level, tpy, 1 60 120
700
Low to High Level, tpy yy T 140 280 ns
1 100 200
Propagation Detay Tine 150 300
(Inhitut) High 10 Low T 50 120 s
Level, tppy (1vH) [ 40 80
Com 1 Lo, B — -
PLHUNKI 5 70 140
Teansition Tume: ) 100 [ 200
o - 0 50 100 s
HL L 15 au 80
Tt Capar tance Cyy Any It 5 75 WF
0
N 0
1 N
. F =3 = E 'l...a L
2
. =
OF —
3 nd
i
. - "
@ 4111145
oG = 5 oo
Voo
A 5
= Ia N
’L 3 o » »!
o-t—5 3 5——;-[ ::-BH
1% U
® 1]
Y
g nd %
]a Yoo
@~ ]
3 O
[0
INKISIT EXP @' Va3

RaLL INPUTS PROTEGTED BY
STANDARD CMOS PROTECT (%
NETWORK



SOLID é%

STATE SCL4093B
SCIENTIFIC
FEATURES
¢ Schmitt Trigger Action on each Input with no CONNECTION DIAGRAM
External Components (all packages)
¢ Quad 2-Input NAND Configuration
¢ Noise Immunity Greater than 50% Vpp 4A 4B 4Y 3Y 3A 38
¢ No Limit on Input Rise and Fall Times 1 i [ O |
14 13 12 11 10 9 8
4093B
1 2 3 4 5 6 7
| [ | 1 1 | I
1A 1B 1Y 2Y 2A 2B Vgg
DESCRIPTION

The 4093B consists of four Schmitt
trigger circuits. Each circuit functions as a 2-
input NAND 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 (Vp) and the RECOMMENDED OPERATING CONDITIONS
negative voltage (V) is defined as the hysteresis

voltage (V). This device is useful in high-noise For maximum reliability:

environments and in wave and pulse shapers and DC Supply Voltage Vpop-Vss 3to15 Vdc
multivibrators. Operating Temperature Ta
C, D, F, H Device 65 t0 +125 ©OC
E Device 40to +85 OC

LOGIC DIAGRAM

A v BLOCK DIAGRAM
B O

Y = AB
* All inputs protected by
Standard Protection Network 1A —4 - Vpp
18 ——’% 12 aa
1Y =} 2 48
2y -4 H— a4y
2A ——’@a H) 4= 3y
28 —* 2 3a
vgs 4 *— 38
Y - AB
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STATIC CHARACTERISTICS'

ELECTRICAL CHARACTERISTICS

SCL4093B

2 o 2
PARAMETER Voo | cONDITIONS | TLOW *5 € THIGH | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Ioo
CURRENT 5 |Vin:Vgs 0t Voo| - | 10 - |0.0005| 1.0 - | 30 |uAdc
10 |All valid input - 2.0 - [0.001 | 2.0 - 60
o 15 |combinations | - | 40 | - 0.002 | 4.0 - 120 |
POSITIVE TRIGGER Ve
THRESHOLD VOLTAGE v s 3 wp | 23| 29 |35 291typ  |Vdc
10 5.9 typ 45 5.9 7.0 5.9 typ
e s | .l 89wp | 68| 89 | 11 | 89typ
NEGATIVE TRIGGER Vi
THRESHOLD VOLTAGE vl 5 26wp | 15 | 23 | 27 21typ Ve
; 10 4 typ | 30 | 39 |55 38 typ
' 15 55typ | 40 ! 54 | 82 5.3 typ
HYSTERESIS 5 4 |20 4|75 |20 4 | 20
VOLTAGE Vu| 10 7 |30 | 7 |9 |30 7 | 30 | Vg
15 85| 40 | 85 [1.20 |40 85| 4.0

NOTES: " Remaining Static Electrical Characteristics are listed under 40008 Series Family Specifications”.
* TLow = -55°C for C, D, F, H device.
= -40°C for E device.

ThicH

= +125"C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, Tp =25 C)

T
PARAMETER (‘\’,gg) | Min. " tve. Max. Units
PROPAGATION DELAY TIME toLm. et 5 | - 190 380 ns
IV - 9 | 180
15 | - 656 ! 130
OUTPUT TRANSITION TIME Hrore U 5 | - ' 100 200 ns
: 0 - 50 ' 100
L 15 | - i 40 80
Vi, DRAIN VOLTAGE (Vdc) 5
20 18 16 14 12 10 8 6 -4 2 0 — T T
T T 1 l] 8 Vs = 15 Vde
V..=-5Vdc S o= g 40
| - 7 . : E
4 T AL 10 3 g - =
! rot A 53 z %
r T V..==10 Vdc / 1 S g
— = Y, 120 % 5 gg Vo =10 Vdo
N 1'25 S = A
30 2 s 15 //
- 35 5 S 10
Vi = =15 Ve~ .40§ 3 sUA 1 Vi=5Vie To=25°C 4
Py T,=25C45 & )| | 1 1
1 I IS 0 2 4 6 8 10 12 14 16 18 20
: Vis. DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics




SCL4093B

U
e oenle
“. vi T
SEVE L
LE LR [
cutpyut BT
CHARAC TER.STIC (maRACTER 570
Yo Vi e e e eee e . —--
LY. f——m==—gea . r
Vmve N ‘:"., . ! “,:‘,‘. N
ats on [ '.:]
" ; L
' vo N ) N
]
N el MBEL up =g oMaxy
Definition of Vp V| and V4. Transfer characteristic
of 1 of 4 gates.
138 {u T
["supeiy vouTace (vpplaisv [1iifs i UiEslte 1 's
> e »
T 129) q 1
° o2 3
> il o=
, s
3 IS )
> 79 -~ 3 >
5 0oz 5 ALL oTwER
i . H a PACKAGE
3* SEhae: 3 "o von
29 +
[+
0 2% ) 7% "5
VOLYAGE (vll-v INPUT vouAGE tpi-v
Typical current and voltage transfer characteristics. Typical voltage transfer characteristics as a
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APPLICATIONS INFORMATION
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SCL4094B

CMOS 8-STAGE SHIFT-AND-STORE BUS REGISTER

FEATURES:
s 3-gtate parallel outputs for connection

to common bus

= Separate serial outputs synchronous to
both positive and negative clock edges
for cascading

s Mediumspeedoperation—5MHzat10V

= Quiescent current specified to 15 V

« Maximum input leakage of 1 uA at15 Vv
(full package-temperature range)

= 1-V noise margin (full package-tem-
perature range)

s 5-V, 10-V, and 15-V parametric ratings

DESCRIPTION:

The 4094B is an B8-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 Qg 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'
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
applications

CONNECTION DIAGRAM

CLOCK STROBE

Vss Q4Q3 Q2 Q1 | DATA I
1 1 1 1 1 1
8 7 6 5 4 3 2 1

40948

9 10 11 12 13 14 15 16

T 1 T T T T T
Qs Q'sQ8 Q7 Q6 Q5 [ Voo

OUTPUT

ENABLE

FUNCTIONAL DIAGRAM

SERIAL
OUTPUTS
8.STAGE - Q's

SHIFT
CLOCK 3| pegister |2-qr,

O

8-BIT
STORAGE
REGISTER

O

3-STATE
OUTPUTS

DATA 27

stRose 1}

OUTPUT

ENABLE 15 Veo 16

Vss-8

PARALLEL OUTPUTS Q1 - Q8

(TERMINALS 4.5. 6.7. 14, 13, 12, 11, RESPECTIVELY)




SCL4094B

RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted.

For i reliability, | operating conditions should be selected so that
operation is always within the following ranges:
v, LIMITS
CHARACTERISTIC (\‘;‘)’ UNITS
MIN. MAX.
Supply-Voitage Range (For T, = Full
3 18 v
Package-Temperature Range)
5 125 -
Data Setup Time, tg 10 55 — ns
15 35 -
5 200 —
Clock Pulse Width, ty, 10 100 — ns
15 83 -
5 1.25
Clock Input Frequency, fc, 10 dc 25 MH,
15 3
Clock Rise & Fall Time, t,CL, tCL* 5,10, 15 — 15 us
5 200 —
Strobe Pulse Width, t, 10 80 — ns
15 70 —_

*If more than one unit is cascaded tCL (for Qg 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.

stRoee

arcn

oureur
ENABLE

3
STATE
?

02

Looes

Q4 05 o8 o7

Logic Diagram

ALL INPUTS PROTECTED
OY STAKDARD PROTECTION
NETWOr

TRUTH TABLE
Parallel Serial
cock LML LU
Loox i ; . CLa g”":l’t Strobe | Data | Outputs Outputs
DATA N _I—L_F_E_L_[_:_\_{-TH_!_l_l_’-!j_,J_L_ nable Qt QN Qs* Q's
staoee ] W T /| o | x | x [oc|oc|ar]| N
oureur | L e L L ~N_| o X x | oc [ oc | NC | a7
msmLo_'_l—\_Fl'Lu_L._J"‘l_}J—l_als_Tl;’:l__r_L | 0 x | Nc | Nc | a7 | NC
ommm_r—\_rr’-l_J—HL'g,-i,-e'-IJ—mﬂ_J—\_ 1] 1 o] o |aul|ar|ne
ar (i J"LIJ—L',_F"\_r—L |1 1 1 1 | aw | @7 | NC
TTTT . R | 1 1 1 NC | NC | NC | a7
output 97 - M L-s'l-‘A‘-lE- ‘1_'—‘_1——\_ oo
= 1 Ch ic 1= High = h
S 2 ERRENE St
Q' I |T' I | ) | “At the positive clock edge information in the 7th shift register stage is transferred to
osUET':UM# = mm 1 | | the Bth register stage and the Qg output.

166




STATIC ELECTRICAL CHARACTERISTICS

SCL4094B

Tyow? +25°C Tug? Units
PARAMETER Voo Min. Max. Min. Typ. Max. Min. Mox.
QUIESCENT DEVICE 5 5 - .02 5 - 150
CURRENT (lo) 10 — 10 —= .02 10 = 300 HA
15 — 20 — .02 20 600
3-STATE OUTPUT LEAKAGE . - - -
CURRENT (1) 15 - =01 - =10 =01 =1 A
NOTES: ' g Static El (o] istics are listed under ' 4000B Series Family Specifications "
2T.ow = —55°C for C, D, F, H devices.
= -40°C for E Devices.
Twan = +125°C for E, D, F, H devices.
= +86°C for E devices.
DYNAMIC ELECTRICAL CHARACTERISTICS
AtT,=25C; Inputt,, t, =20 ns, C. =50 pF
LIMITS
ALL PACKAGES
CHARACTERISTIC Voo UNITS|
v) MIN. TYP. MAX.
Propagation Delay Time.
tous. town 5 - 300 600
Clock to Serial Qutput (Q's) 10 — 125 250 | ns
15 - 95 190
5 T — 230 460
Clock to Serial Output (Q’s) 10 — 110 220 | ns
15 — 75 150
5 — 420 840
Clock to Parallel Output 10 - 195 390 | ns
15 — 135 270
s | — | 200 | 80
Strobe to Parallel Qutput 10 - 145 290 | ns
15 — 100 200
Output Enable to Parallel 5 - 140 280
Qutput: 10 — 75 150 | ns
ton 15 - 55 110
5 I - 225 450
town 10 - 95 190 | ns
15 — 70 140
5 - 100 200
Minimum Strobe Pulse 10 - 40 80 | ns
Width, tw 15 - 35 70
5 — 100 200
Minimum Clock Pulse 10 - 50 100 | ns
Width, ty 15 — 40 83
5 - 60 125
Minimum Data Setup 10 — 30 85 | ns
Time, tg 15 - 20 35
5 — 100 200
Transitien Fime; 10 — 50 100 | ns
trows brw 15 - 40 80
Clock Rise and Fall Time;
t. t 5,10,15| — — 15 | us
5 1.25 25 -—
Max. Clock Input 10 25 5 — | MH,
Frequency, fc, 15 3 6 —
Average Input Capacitance,
C, (Any Input) —_ — 5 - pF
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SCIENTIFIC

8-BIT ADDRESSABLE LATCH
FEATURES

B Serial data input

B Active parallel output

B Storage register capability

B Master clear

@ Can function as demultiplexer

APPLICATIONS

B Multi-line decoders
8 A/D converters

DESCRIPTION

The 4099B 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 A0, A1, A2) and when
WRITE DISABLE is at a low level. When WRITE DISABLE is
high, data entry is inhibited; however, all 8 outputs can
be continuously read independent of WRITE DISABLE and
address inputs.

A master RESET input is available, which resets all bits to a
logic “0” level when RESET and WRITE DISABLE are at a
high level. When RESET is at a high level, and WRITE
DISABLE is at a low level, the latch acts as a 1-of-8
demultiplexer; the bit that is addressed has an active output
which follows the data input, while all unaddressed bits are
held to a logic “0"” level.

LOGIC DIAGRAM

»
oar O_'D"_D"_"
.
-
neser O_Do_Do._.
a
Voo ADORESS
Vsl wo
Voo u 18
oaTa "
o
va
(-9
wouzren
'ALL INPUTS ARE
PROTECTED 8Y
IMOS PROT
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CONNECTION DIAGRAM

Vgg @6 Q5 Q4 Q3 Q2 Q1 Q0
16 15 14 13 12 11 10 9

40998
1 .2 3 4 5 6 7 8
Q7 R D WD A0 A1 A2 VSS
TRUTH TABLE
Addressed Unaddressed
WD R Latch Latch
0o o0 D Holds previous data
0 1 D 0
1 0 Holds previous data
1 1 0 0

TIMING DIAGRAMS

A0 | N o
T 3
A2 /— —
70%
)
l— tw——

Fig.1 — Definition of WRITE DISABLE ON time.

AO,A1, A2 tw

WRITE DISABLE P_’/
pATA_ [ T o s ':AL_F_——
RESET — | \ (3)(5 Lt—w'\—
o T\ =
a7 ___—:Ftp®\.:{Ftp® tp—e—_

Fig. 2 — Master timing diagram.



SCL40998

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS1, 2

v ILow2 +25°C THIGH Unit

PARAMETER DD "Min. [ Max.| Min. | Typ. | Max.| Min.| Max. | " '®
QUIESCENTDEVICE Ipp | 5 |— | 5 |— |o002| 5 | — |150

CURRENT 10 [— |10 |[— 00210 [ — |300 |uA
5 |— |20 |— |o002[{20 |— |600

DYNAMIC CHARACTERISTICS
Ta = 25° C, CL = 50 pF, Inputt,, t{ = 20 ns, RL = 200 K

LIMITS
CHARACTERISTIC SEE Voo ALLPACKAGETYPES UNITS
FIG 2* V) TYP. MAX.
Propagation Delay: tp 4, 5 200 400
teHL @ 10 75 150
Data to Output 15 50 100
WRITE DISABLE 5 200 400
to Output. tpLH, @ 10 80 160 ns
tpHL 15 60 120
5 175 350
Reset to Output, @ 10 80 160
tpHL 15 65 130
Address to Output, 5 225 450
toun, @ 10 100 200
tpHL 15 75 150
Transition Time, Try, 5 100 200
(Any Output) ty 4 10 50 100 ns
15 40 80
Minimum Pulse 5 100 200
Width, ty @ 10 50 100 ns
Data 15 40 80
5 200 400
Address 10 100 200 ns
15 65 125
5 75 150
Reset @ 10 40 75 ns
15 25 50
Minimum Setup 5 50 100
Time, tg @ 10 25 50 ns
Data to WRITE DISABLE 15 20 35
Minimum Hold 5 75 150
Time, ty @ 10 40 75 ns
Data to WRITE DISABLE 15 25 50
Average Input Capacitance _
C, Any Input 5 pF

*Circled numbers refer to times indicated on master timing
diagram.

Note: In addition to the above characteristics, a WRITE
DISABLE ON time (the time that WRITE DISABLE is at a high
level) must be observed during an address change for the total
time that the external address lines A0, A1, and A2 are
settling to a stable level, to prevent a wrong cell from being
addressed (see Fig. 1).
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SCL4160B

e Q% SCL4161B
SCL4162B
SCIENTIFIC SCL41638B
CMOS SYNCHRONOUS 4-BIT COUNTERS
FEATURES
4 BCD Decade (4160B, 4162B) or 4-Bit CONNECTION DIAGRAM
Binary ( 4161B, 4163B) Counting (all packages)
4 Internal Look-Ahead for Fast Counting
4 Carry Output for Cascading VpbpCo Q7 Qp Q3 Q4 TE L
¢ Synchronously Programmable 1 | | | ]
¢ Sychronous Counting 16 15 14 13 12 11 10 9
4 Load Control Input 4160B — 41638
¢ Clear Input - Asynchronous (4160B, 4161B) 1 2 3 4 5 6 7 8
or Synchronous (4162B, 4163B) T T T T T T T I
¢ Static Operation - DC to 5MHz @ 10Vdc CLR CLK P1 P2 P3 P4 PE VSS

DESCRIPTION

The 4160B - 4163B 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

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 VpD - Vss 3to15 Vdc

Operating Temperature TA
C, D, F, H Device -65to +126 ©°C
E Device 40to +85 ©C

BLOCK DIAGRAM

41608B/41618B
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

4162B8/4163B

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

70— PE ai—O014
100—TE

1 O— Ciear Q2—013
9 O— Loaa

2 O— Clock Q3p—012
30—P1

40— P2 Q4—oOMn
5 O—{P3

6 0—{Pa Carrvl o5

Out

Vpp - Pin 16
Vgs = Pin 8
SELECTOR GUIDE
CLEAR MODULUS
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

maximum count desired can be accomplished with
one external NAND gate. The gate output is con-
nected to the Clear input to synchronously clear
the counter to 0000 (LLLL).

The carry look-ahead circuitry provides 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.

"+ Vps, DRAIN VOLTAGE (Vdc)
20 -18 16 14 -12 -10 8 -6 4 -2 0 % T
T g 45 Vs = 15 Vde
Vos == 5 Vde 5 = E 4
1 ! A 0 2 = 3
1 / S = 20 /.
Vos ==10 Vdc 7 15 2 g
0 = 35 Ve =10 Vde
25 € S 2
2 E A A
30 B g 15 v
/
» 35 5 S 10 A
Voo =—-15 Vit .4o§ = 5%’ "<:-'l=5;"’° T,=25°C -
1 o 1 1
=1 r.l=zslc 45 = 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
SWITCHING WAVEFORMS

Ciear —\_-/—

o] = - tsctir (Crear) 41628, 41638 onty
Load
50,
"'l M= fetun
Data Input :l/_ -«
- d ‘sn-m

Enable (PE or TE)

Clock —

- -

L | LACTR
Qutput — ..‘ i:-o. —II‘
(Q or Carry) 3

PHL (Crear)

100, |
-—-W;wl— 1y r—-—
41608 41618 on'y
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SCL4160B, SCL4161B, SCL4162B, SCL4163B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

7 o 2
PARAMETER VoD | CONDITIONS | TLOW 5C TuigH__ | ynins
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=Vssor Vpp| - 5 - 0.05 5 - 150 |pAdc
10 |All valid input - 10 0.1 10 - 300
...... oo .1 115 _[combinations | - | 20 | - J02 |20 | - | 600 __
NOTES: ' Remaining Static Electrical Characteristics are listed under “ 4000B Series Family Specifications”.
* Tiow = -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 devnce
DYNAMIC CHARACTERISTICS (C, = 50pF, To = 25°C)
PARAMETER (\\I/z':) l Min. ] Typ. l Max. I Units
CLOCKED OPERATION e [
PROPAGATION DELAY TIME toLr. tprd) B
Clock to Q 5 - 200 400 ns
10 - 80 160
% - 60 120
Clock to Carry Out 5 - 240 480 ns
10 - 95 190
15 1 - 75 150
TE to Carry Out 5 - 180 360 ns
10 - 70 140
. I RS N, I - 50 100
OUTPUT TRANSITION TIME trom. trae
5 - 100 200 ns
10 - 50 100
R D . 15 - 40 _ 80
MINIMUM CLOCK PULSE WIDTH PWc,
5 - 85 170 ns
10 - 35 70
R SO AU RO LR S 25 50
MAXIMUM CLOCK FREQUENCY feL
5 20 3.0 - MHz
10 5.5 8.5 -
. o e 15 8.0 12.0 - ]
MAXIMUM CLOCK RISE AND FALL TIME' teew. oL
5 50 oo - ms
10 50 o -
e 15 50 o0 -
MINIMUM SETUP TIME teerup
Data to Clock 5 - 120 240 ns
10 - 45 90
5 | - 30 65
Load to Clock 5 - 120 240 ns
10 - 45 90
15 = 30 65
PE or TE to Clock 5 - 170 340 ns
10 - 70 140
SO USSR NN LD IS 50 100
CLEAR OPERATION e R e
‘PROPAGATION DELAY TiME ~~~ 7 7~ !"pLH, ten B B
Clear to Q
(4160, 4161 only) 5 - 150 300 ns
10 - 50 100
B | 15 | - 30 60
MINIMUM SETUP TIME tsetup
Clear to Clock 5 - 120 240 ns
(4162, 4163 only) 10 - 50 100
e . e s = 0 |6 [ . __

v 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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SCL4160B, SCL4161B, SCL4162B, SCL4163B

41608, 4162B LOGIC DIAGRAM
(Clear is synchronous for 4162B)

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

..g_4>,,__ [.[) ..

é___<{>_{\ L—;_,——._-__... "
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SCL4160B, SCL4161B, SCL4162B, SCL4163B

4161B, 4163B LOGIC DIAGRAM
(Clear is Synchronous for 4163B)

Sequence illustrated in waveforms:

3. Count to thirteen, fourtéen, fifteen, zero, one and two.
4,

Clear outputs to zero,

Preset to binary twelve, Inhibit,

Clock (81618}

e LA UMULUnUUUrUrLuULUe

b
Enabies { e E E | E ]
——— M e
R AR e W
Outputs :——J ; :
— T :
o : : 2 : 3 195 o 1 ?:
Out -l 1 ;I 14 ] é

Ctear Preset

6
o
,.
P Ties']
q
o "
ock ase
-
7
e
e D [> S Carny Our
41618, 41638 TIMING DIAGRAM
Ciear 11618) TRwve hranous
L
Crear (81638) 1 :I.'_,ymm-mov\‘
H
Lo
LT
'
" :
'
Data P2 T
nputs -
r:——l i
] i L
N ' —T—
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SCIENTIFIC

SCL4174B

CMOS HEXTYPE D FLIP-FLOP

FEATURES:

s Static Operation

= All Inputs and Outputs Buffered

® Diode Protection on All Inputs

s Supply Voltage Range = 3.0 Vdc to 18 Vdc

® Output Compatible with Two HTL Loads,
Two Low-Power TTL
Loads or One Low-Power Schottky TTL Load

s Functional Equivalent to TTL 74174

DESCRIPTION:

The 4174B 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 Q 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 Vss)

CONNECTION DIAGRAM

9 o— Clock Qop—o 2
1 06— Reset

Qi—o5
3 0—D0
41748
6 0— D2 Q3}—o 10
11 0— D3 Qs 12
130— D4
140— D5 Qs 15
Vgo = Pin 16
Vss = Pin 8

Rating Symbol Value Unit
DC Supply Voltage Voo -0.5t0 +18 vdc
Input Voltage. All inputs Via -0.5 to Vpp +0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range—C, D, F, H Ta -551t0 +125 °C
E ~-40 to +85
Storage Temperature Range Tuo -65to +150 °C
TRUTH TABLE
(Positive Logic)
INPUTS OUTPUT
Clock | Data Reset Q
e 0 1 0
e 1 1 1 N
[o]
AN X 1 Q Change
X X 0 0
X = Don't Care
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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 V,, and
Vo be constrained to the range Vs < (Via
or Vou) < Voo

Unused inputs must always be tied to an

appropriate logic voitage level (e.g., either
Vg OF Vo).




SCL4174B

SWITCHING CHARACTERISTICS* (C, = 50 pF, T, = 25°C)

Voo All Types
Characteristic Symbol Ve Min Typ Max Unit
Output Rise and Fall Time t.t ns
5.0 - 100 200
10 — 50 100
15 — 40 80
Propagation Delay Time—Clock to Q T ns
towt 5.0 — 150 300
10 — 70 140
15 — 50 100
Propagation Delay Time—Reset to Q tony ns
5.0 - 250 500
10 - 100 200
15 —_ 75 150
Minimum Clock Pulse Width PW, 5.0 - 75 150 ns
10 - 45 90
15 - 35 70
Minimum Reset Pulse Width PWq 5.0 — 100 200 ns
10 - 50 100
15 - 40 80
Maximum Clock Pulse Frequency PRF 5.0 20 7.0 - MHz
10 5.0 120 -
15 6.5 15.5 -
Maximum Clock Puise Rise and Fall Time t. t 5.0 15 - — Hs
10 15 - —
15 15 - —_
Data Setup Time tsetuo 5.0 - 20 40 ns
10 — 10 20
15 - 0 15
Data Hold Time thota 5.0 - 40 80 ns
10 - 20 40
15 - 15 30
Reset Removal Time** trem 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 positive-going transition of the clock.
STATIC CHARACTERISTICS'
2 o, 2
PARAMETER (\\/,3", CONDITIONS [ _TU t5C Tuion” | ynits
| Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop 5 |Vn= Vs; orVpp| - 5 - 10.005 5 - 150 {uAdc
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 “4000B Series Family Specifications”.

TLow = -55°C for C, D, H device.
= -40°C for E device.

Trign = +126°C for C,D, F, H device.

=+ 85°C for E device.
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SCL4174B

TIMING DIAGRAM

Reset 50%
VSS
PWa
FUNCTIONAL BLOCK DIAGRAM
3 6 1 13 14
Do D1 D2 D3 D4 D5
1o} D D D D D
Cc - B b= o) f—
__ 98 42 MR e 3 9w Cqpd
. i T i b 7 g
9 O—D'\
Clock
2 5 7 10 12 15
Qo Q1 Q2 Q3 Q4 Qs
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SOLID £
STATE Q@ SCL4192B
SCIENTIFIC SCL4193B
CMOS PRESETTABLE UP-DOWN COUNTERS
(Dual Clock with Reset)
FEATURES: APPLICATIONS:

= Individual clock lines for counting up
or counting down

s Synchronous high-speed carry and
borrow propagation delays for cascading

= Asynchronous reset and preset
capability

s Medium-speed operation—f., =

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
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= Up/down difference counting

= Multistage ripple counting

s Synchronous frequency dividers

s A/D and D/A conversion

= Programmable binary or BCD counting

41928, 41938
FUNCTIONAL DIAGRAM

41928, 41938
TERMINAL ASSIGNMENT

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 4193B 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).



SCL4192B, SCL4193B

________ L —— -4
1 . .
)
te S1
!
'R R2 R3 R4
[} . S2 . S3 sS4
: A @
a J2 J3 Ja

CONTROL LOGIC 1
® SAME AS CONTROL LOGIC 1

CLOCK uP
S

Voo

I_ 'BORROW

Vi

*ALL INPUTS PROTECTED BY
COS MOS PROTECTION NETWORK

oo 2002 6003 7004

41928 logic diagram (BCD).
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SCL41928B,SCL4193B

STATIC CHARACTERISTICS '

2 o, 2
PARAMETER o0 | conpITIONS | _Tow *5C TuigH | ynis
(Vde) ' Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo 5 [Vin=VssOr Vpp| - 5 - 0.04 5 - 150 |uAdc
CURRENT 10 | Allvalid input - 10 - 0.04 10 - 300
15 | combinations - 20 - 0.04 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow = -55°C for C, D, H device.
= -40°C for E device.
Thign = +125°C for C,D, F, H device.
=+ 85°C for E device.
JUL I A K R ) J1J2 93 U4
€LOCK UP 19 CARRY CLOCK UP a2 |- CARRY
CcLOCK DOWN o BORROW CLOCK DOWN ﬁ:: rsonnow
a1 Q2 Q3 Q4 Qt 02 03 04
RESET
PRESET
ENABLE
Cascaded counter packages.
Vos, DRAIN VOLTAGE (Vdc) 50 T
-20 -18 -16 -14 -12 -1]0 8[ 6l 4 2 0 g 45 Ves = 15 Ve
Vi=-5 5 = 40
Il Vdc_’_/ 10 3 = 3
L g )
Vs ==10 Vde 7 15 2 &
20 = 55 Ves =10 Ve
A 25 g 20 v
30 g 15 7
35 X °3 10 A
Ves =—15 Vde / 40 § £ 5SYA V(;,;]:SI“t T,=25°C
1 1 L
Ta=25°C445 2 0 2 4 6 8 10 12 14 16 18 20
L I L — L1 50 Vos. DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics

180

Typical N-Channel
Sink Current Characteristics




SCL4192B, SCL4193B

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Voo-Vss 3to 15 Vdc

Operating Temperature Ta

C, D, F, H Device -55t0 +125 °C
E Device -40to +85 °C
— twnre— ty, "’|l
1 I
! 1
CLO’CKM
1
RESET ! | +
PRESET ENABLE — D —_
1 e trem®
* RESET OR PRESET ENABLE REMOVAL TIME
Timing diagram defining t..
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C
Input t, t, = 20 ns, C, = 50 pF, R, = 200 kQ
Voo | LIMITS
CHARACTERISTIC V) MinJrypMax|UNITS
5 | — (250)|500
Propagation Delay Time tpy, tpw: 10 | —|120/240} ns
CLOCK UP or CLOCK DOWN to Q, RESETtoQ | 15 | — | 90{180
— 5 | — |200|400
PEto Q 10 | — [100{200{ ns
15 | — | 70|140
5 | — (160|320
CLOCK UP to CARRY, CLOCK DOWN to 10 | —| 80[160f o
BORROW 15 | — | 60}120
_ 5 | — |300{600
RESET or PE to BORROW or CARRY 10 | — |150|300| ns
15 | — (110|220
5 | — |100{200
Transition Time, ty, trw 10 | — | 50|100| ns
15 | — | 40{ 80
5 |—|40] 80
Min. Removal Time, t,.n* RESET or PE 10 | —|20)40] ns
15 [— |15 30
5 | — |240]|480
Min. Puise Width, ty RESET 10 | — [150{300| ns
15 | — |130|260
_ 5 | — (120|240
PE 10 | — | 85|170| ns
15 | — | 70{140
5 |—|90]/180
CLOCK 10 | —[45] 80| ns
15 | — 30| 60
5 2| 4| —
Max. Clock Input Frequency, fe, 10 4| 8| — | MHz
15 16511 | —
5§ |—|— |15
Clock Rise & Fall time, t,, t, 10 |—|—|15| us
15 —| 8
Input Capacitance, Ciy:
RESET — |—|10{15| pF
All Other Inputs — |—| 5|75]| pF

*The time required for RESET or PRESET ENABLE control to be removed before clocking (see timing
diagram).
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SCL4192B, SCL4193B

1
CLR

p—

PE !
0

Jd 11—
[

*ALL INPUTS PROTECTED BY
COS MOS

Je 1
F === 0—

1
B o

1
4 o=

ck !

up O
CK 1

Ja

ON 0
ar !

0

1
a2,

[ ]

11

1
Q34

1
Q4

—1
CARRY ¢

1
BORROW
COUNT —

14
CLR

] 7 89

4192B timin,

-

01 2 1098

g diagram.

pE !

3 0

PROTECTION NETWORX o g 1=
0

J2 11—
0

4193B logic diagram (binary).

1
35—

1
J4

0=
ck !

up 0
CLk 1

ON ©
o !

0

021

0

T

1
a3,

1
Q4

—_—
CARRY g

—
BORROW
COUNT —

Internal logic of Flip-flop.

TRUTH TABLE

CLOCK
UP

PRESET

ENABLE | RESET

ACTION

0 COUNT UP

e
N

NO COUNT

COUNT DOWN

NO COUNT

PRESET

1
1
X
X

X|lo|alala|a
-~ lolo|lo|o

X
X RESET

1 =HIGH

LEVEL 0= LOW LEVEL X = DON'T CARE
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4193B timing diagram.



SOLID &

STATE @@ SCL4402B

SCIENTIFIC SCL4412B
CMOS EXPANDABLE GATES

FEATURES

¢ Dual 4-Input Gates with Uncommitted Output
Transistors

4 Simplifies Construction of Combinational
Logic Functions

4 CMOS-to-TTL Interface Capability

4 Al Inputs Diode-Protected

DESCRIPTION

These devices are buffered Dual 4-input NOR
Gates (4402B) and NAND Gates (4412B),
with uncommitted output transistors. Gate expan-
sion, complex combinational gating, and interface
circuits can be constructed from these devices.

LOGIC DIAGRAMS

4402B

Vos. DRAIN VOLTAGE (Vdc)
16 -14 12 .10 -8 -6 -4 2 0
I i T
Vs ==~5 Vde —T— 5
| | A 10
Vas =I-w vdc -15
- ,/ 20
Vi 25
-30
< -35
Vs =15 Vde <] -40
== T, =25°C 45
1 1 I

-20 -18

(3pvw) IN3HEND NIvEa ™

Typical P-Channel
Source Current Characteristics
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CONNECTION DIAGRAM
(all packages)

vob ' VB inzg™? inagOBoNgSNB

| ] ] ] ] ] |

16 15 14 13 12 11 10 9
4402B 44128

1 2 3 4 5 6 7 8

I I | ! | I | 1

IN1 IN3 A S-P D-Na
IN2 4 ING A A D-Pa Vss
D = Drain
S = Source

Add suffix for package:

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

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voltage Vpp-Vss 3to15 Vdc
Operating Temperature Ta
C, D, F, H Device -65to +125 ©C
E Device 40to +85 ©C
jg ——
5 < = 15 Vde
2 0 s
E
E 30
g »
3 Vos =10 Vi
g 15 / ]
(=] 10 /;/
K s% Voo =5 Vde T, =25°C -
L1 [
0 2 4 6 8 10 12 14 16 18 20
Vns. DRAIN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics



SCL4402B, SCL4412B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 o 2
PARAMETER Voo | coNDITIONS | TLOW *5¢ THiGH™ | ynits
(vde)| - Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Vin=Vssor Vpp| — 0.05| — ]0.0005| 0.05| - 15 |pAdc
10 |All valid input - 0.10| - (0001 | 0.10| - 3.0
15 |combinations - 0.20| - ]0.002 | 0.20| - 6.0
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C = 50pF, T, = 25°C)
PARAMETER (‘\’,gg, Min. Typ. Max. | Units
PROPAGATION DELAY TIME toLn, toHL
Connected as Dual 4-Input Gates 5 - 125 250 ns
10 - 60 120
_ 15 - 45 90
OUTPUT TRANSITION TIME trim, trad
5 - 100 200 ns
10 - 50 100
15 - 40 80
APPLICATIONS INFORMATION
4402B
'__Il' 16
,—Lj 0V C1) SV
; -|'_’ ’ :’ 5 cMos ™
" —-l rr ) |F=r i ot
3 J 3 qs l " ] e
4 5 a .1 ] Lo
12 _| —r 12 il b2
13 ¢ 10 N
“ M e 13 l.-‘=~ N " oS
s ;r 0 14 ':]9 v ey i rmastor
1% 7 { i
e - e
‘L‘J  ——
8 " scLaa028

8-Input NOR Configuration
(:77Z2°3-4-12:13+18+715

Dual 4-Input OR/NAND Gate
f=01+2+3+41°(12+413+14415)

Interfacing CMOS to TTL

4412B

1
2
1
4

12
13
i}
15

8-Input NAND
+ 123412131415

1
2
3
4
12 =
13
AL
5

Vou

8
Dual 4-Input AND/NOR Gate

t 11234 112131415

For additional information, see Application Note AN-102.
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SOLID Q%

STATE SCL4404B
SCIENTIFIC

CMOS 8-STAGE BINARY COUNTER
FEATURES

¢ 8-Stage Synchronous Counter

¢ Buffered Outputs from all 8 Stages

¢ Direct Reset

¢ Fully Static Operation — DC to 8MHz @ 10Vdc

DESCRIPTION

The 4404B 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

CONNECTION DIAGRAM
(all packages)

Vpp Qg Q7 Q3 NC Q3 NC
- | | | | |
14 13 12 11 10 9 8
4404B
1 2 3 4 5 6 7
I I i | 1 | |
CLK R Qy Qg Qg Qg 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

CLOCK | RESET | OUTPUT STATE For maximum reliability:
s [ No Change DC Supply Voltage Vpp-Vgs 3to15 Vdc
N i Bt Operating Temperature ~ Tp
X 1 __|ANOumutsarelow C, D, F, H Device 55 to +126 ©OC
X = Don't Care E Device 40to +85 ©C
LOGIC DIAGRAM
Q Q; Q; Q¢ Qs Qs Q; Qg
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SCL4404B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 o, 2
PARAMETER Voo | conpiTions | Tiow +5C TuigH” | ynies
(Vde) Min. | Max. | Min..| Typ. | Max. [ Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=Vssor Vop| - 5| - |oos 5 | - | 150 | uAdc
10 |All valid input - 10 - 0.1 10 - 300
15 [combinations - 20 - 0.2 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Twign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T4 = 25°C)
Vopp i i
PARAMETER [ (vde) I Min. | Typ. I Max. ‘ Units
CLOCKED OPERATION
PROPAGATION DELAY TIME teLm. teHL T
5 - 250 500 ns
10 - 125 250
15 - 100 200
OUTPUT TRANSITION TIME trim. trHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWcL
5 - 125 250 ns
10 - 65 130
15 - 50 100
MAXIMUM CLOCK FREQUENCY feL
5 2.0 4.0 - MHz
10 4.0 8.0 -
15 5 10 -
MAXIMUM CLOCK RISE AND FALL TIME tew toL
5 15 - - Hs
10 5 - -
15 3 - —
RESET OPERATION
PROPAGATION DELAY TIME teuL
5 - 175 350 ns
10 - 75 150
15 - 60 120
MINIMUM RESET PULSE WIDTH PWg
5 - 100 200 ns
10 - 50 100
15 — 40 80
RESET REMOVAL TIME trom
5 - 200 400 ns
10 - 90 180
15 - 65 130
Vs, DRAIN VOLTAGE (Vdc) 50
20 -18 16 -14 -12 10 -8 -6 -4 - , T 1
|0 T 2 2 g% Vs = 15 Vde
Vis == 5 Vdc 5 = T 4
T 4 a0 g1 <
o fil g z %
Vs =-10 Ve 7 ;: g £
— P :25 e 3 20 / Vs =10 Vde
3 z Y=
30 2 = B~
.35 H 8 10 /4
Y - =
Vos =~15 Ve <] 40 2 5 sS4 Ve=Sve T,=25°C
+ T,=25°C- 45 & L Ll
[ 1 ] A5 = 0 2 4 6 8 10 12 14 16 18 20
-50 Vns, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

186



SOLID @%

STATE SCL4416B
SCIENTIFIC 4 |

CMOS QUAD ANALOG SWITCH
FEATURES -

4 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 §2 typ. over 16Vp.p Signal Input Range,
VpD - Vss = 15V

¢ Matched Switch Characteristics - 102 typ.
Difference Between R Values at a Fixed
Bias Point over 15 Vp-p Signal Input Range,
Vpp - Vss = 15V

¢ High “ON/OFF" Output Voltage Ratio —
65 dB typ. @ fig = 10 kHz, R_= 10k

¢ High Degree of Linearity — 0.4% Distortion
typ. @ fi = 1 kHz, Vis =5 Vp.p, Vpp - Vss =
10V, R =10k

¢ Extremely low OFF Switch Leakage Resulting
in Very Low Offset Current and High Effective
OFF Switch Resistance= 10 pA typ.
@ Vpp- Vss =10V, T = 25° C

¢ Extremely High Control Input Impedance
(Control Circuit Isolated from Signal Circuit) —
1012Q) typ.

¢ Low Crosstalk Between Switches — -50dB typ.
@ fig = 0.9 MHz, R| = 1k}

4 Matched Control-Input to Signal-Output
Capacitances - Reduces Output Signal Transients

¢ Transmits Frequencies up to 40MHz

DESCRIPTION

The 4416B 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.

CONNECTION DIAGRAM
(all packages)

SWITCH SWITCH SWITCH
A D Cc
- ——— S N i

Vpp C C IN OUT OUT IN

| | | — l l ]
14 13 12 11 10 9 8
44168
1 2 3 4 5 6§ 7
I I | I | [ Il
INOUTOUT IN C C Vgg
g . —
SWITCH SWITCH SWITCH
A B8 Cc

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 Vpp-Vgs 3to15 Vdc

Operating Temperature TA
C, D, F, H Device -65to +125 ©OC
E Device 40to +85 ©C

The CMOS switch permits peak input-signal voitage
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.

SCHEMATIC DIAGRAM LOGIC DIAGRAM
Voo
llr
CONTROL
m\nn tve? J J J "
» > » » -t e — P ocontaon o fom
orr - 1 - @fb -
—l_L" > 3 * vt oY) 2 comeain £
ves© T J ~ _i N J» N . @;m.,
NPUT SIGNALS (Vi) —_— l —_— j onn i:'.”
TERMINAL hos 1,481 0=t
19m ‘o (T2 H ugn
OUTPUT SIGNALS Ivgy)
TCRMINAL Mo 2.3.9.10 _{ ey {:E IR:.} 4 Ilql I E:;IE: T\ comreon --—‘.i% .
2Iouv s I',..v 9I out .oI:- AN ‘—'—@ e
SWitin & [ORITN Y [T RIS ] Satray “_'J
NOTE:
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 4016 B
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SCL4416B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

Vss | Voo | Tiow® 25°C Thigh® )
P CONDITIONS Units
ARAMETER (Vde) | (Vde) " T Max. [ Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT Vin =Vesor Voo | 0O 5 - [005| - [o0c0g 005| - |15 [ pAde
All valid input 0 10| - 0.1 - {0.001 | 0.1 - 3.0
combinations [} 15| - |02 - |0.002]|02 | - 6.0
MINIMUM INPUT HIGH Vim
VOLTAGE Vis = Vss 0 5| - |29 | - [16 |27 |- |24 |vde
(Control Input) Vos = Voo 0 10 - |29 - |15 27 | - 24
los = 10uA 0 5 - |29 | - [15 |27 |- |24
MAXIMUM INPUT LOW Vie
VOLTAGE Vi =Ves 0 s{ 09| - |07 |15 - |oa - | vde
(Control Input) Vos = Voo 0 10| 09 | - 07 (1.5 - |04 -
los = 10pA 0 15| 09 | - 0.7 (1.5 - |04 -
SWITCH INPUT/QUTPUT lokr | Ve = Vss® Vi
LEAKAGE 75 75| #7.5| - [£250| - |20 | 2250 - {:2500| nAdc
{Switch off) 557 | 6 | +5 | - [x125 - |x001] £125| - [+1250
ON-RESISTANCE Ron Vis
Ve =Vpp' (Vdc)
RO=100 56 75 |+75| - | 200) - [100 220 | - [as0|
-75 - [ 20| - 100 | 220 | - | 450
+0.25 - | 180| - 801|200 | - | 420
+5 5 | 45 - | 260 - 160'( 300 | - | 500 |
-5 - | 260 | - 160 | 300 | - | 500
£0.25 - 1260 - | 150 | 290 | — | 500
+15 0 | +15 | - | 230 - | 130|250 | - 500 | 2
+0.26 - 100 ( - 40 | 120 - 260
+9.3 - | 280 - 160 | 270 | - 580
+10 0 [+0| - | 20 - 120 | 240 | - 500 | 2
+0.25 - [ 100]| - 60| 130 | - | 280
+5.6 - | 400 - 220 | 420 | - | 9060
ON-RESISTANCE MATCH ARon Vis
{Same package) Ve =Vpp® (Vde)
Ru=10rme ] as|as| - | - | - | 0] - | -] -|=
5 5 | +5 - - - B - | - -
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
Teow =-55"C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
. =+ 85°C for E device.
4 Reverse polarity of V¢ (control input) for switches B and C.
DYNAMIC CHARACTERISTICS (C_ = 50 pF, To = 25°C)
Vss | Voo |
PARAMETER CONDITIONS (vde) | (Vde) Min. | Typ.| Max. | Units
SIGNAL INPUTS (V(s) AND OUTPUTS (Vgg)
PROPAGATION DELAY TIME toLH,
Signal input to tuL | Ve = Voo' 0 5 - 20 40 ns
signal output Vis = square wave 0 10 - 10 20
Ry =10kQ 0 15 - 7.5 15
BANDWIDTH (-348) BW Ru
(Sine Wave) Ve = Vpo' k2] 5 +5 - 54 - | mMHz
Vis = 5V, [ 10kQ - [Cao] -
centered 100K - ] -
@0.0Vdc mwmQ - 37 -
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ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C_ =50 pF, T4 = 25°C) (Continued)

SCL4416B

Vss | Voo i i
PARAMETER CONDITIONS wvae) | (vae) Min. I Tvp.] Max. | Units
SIGNAL INPUTS (Vs) AND OUTPUTS (Vgg) (Continued)
INSERTION LOSS
Ry
= V
(= 20109,070%) Ve = Voo wa| s w | - 23| -| <8
Vis = ’___!#ﬂ(% - 0.2 -
5V, 1 - 0.1 -
centered MQ - 0.05| -
@0.0Vdc
SIGNAL DISTORTION
(Sine Wave) Ve = Vpo' 5 +5 - 04 - %
Vis = 5V,
eoj:xeved o
@0.0vdc
tig = 1.0kHz
R, = 1k
FEEDTHROUGH (-50d8B)
Ve = Vgs' Ry
Vis = 6V _ - 1 ~ | kH
centered ” __G‘!!!kn s 8 - ii - :
@0.0vdc T00kQ - 7 -
1MQ - 2 -
CROSSTALK (-50dB)
(Between two switches) Ve (A) = Vgo! -6 +5 - 09 - | MHz
V¢ (B) = Vg !
ViglA) = 5V,
centered
@0.0vde
R, = 1.0k
CAPACITANCE
Input Cs - 4 - pF
Output Cos | Ve = Vss' 5 +5 - 4 - oF
Feedthrough Cios - 02 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME teLm,
o | Vss € Vis € Voo 0 s | - | 40 80 ns
Turnon Ry =10kQ [} 10 - 20 40
] 15 - 15 30
MAXIMUM INPUT FREQUENCY fc Vgs € Vis & Vpp 0 5 - 5 - MHz
R, = 1.0k 0 0| - [0 -
0 15 - 12 -
CROSSTALK
(To signal port) V¢ = Square wave 1] 5 - 30 - mV
R, = 10kQ 0 10 - 50 -
Ry = 1.0kQ 0 15 | - |100 -

NOTE: 'Reverse polarity of V¢ (control input) for switches B and C.

TYPICAL ON-RESISTANCE CHARACTERISTICS

[CHARAC- | sueeLY
venisTic*| conoiTioNs
Ay = 100k52
Voo Ve M VALUET V,,
miwmla v @|w]wm]|w
"o e | o 200 |18 | 200 | +16 | 180 | +15 |
200 0 | 200 o | 200 [}
[Rontmex)| +16 ] 0 [0 [+11 |30 | %3 [0 | w2
200 | +10 | 250 | +10 | 240 | +10
fon 1010 e 0 | 250 0 | 300 ]
Ronimex)[ +10 | 0 | 500 |+7.4 | 560 | +6.6 | 610 | +55
B0 |+5 | 470 | +5 | 60 [+ 5
Ron 1 ° Iew 0 [s80 | o | 800 )
[Agyimes| +6 [0 [ [wa2 [ ™ [w29 [ax |27
200 | 475 | 200 | 415 | 180 | 415
Ron 8| 18 e (78 | 20 | 75 | 10 | 75
Ronimex]| +16 | —75[ 200 | $0.25| 280 | 25 | 400 |
200 [+6 | %0 | +8 | 240 [+5
Ron *S =530 |8 [0 | -5 |20 | -5
Royimex)| + 6 | -6 [000 | 2026| se0 | s026] 760 | 2025
[ B0 |26 | 450 | +25 | 400 | 28
Ron 28| 28 {25 | 520 | 25 | 520 |25
Ronimex)| +25 | —25 ] 232« | 20.25] 300« | 2026] 670w | 025

*© Veristion from a perfect switch; Ry = 063,
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SCL4416B

SUPPLY VOLTS: Vpp©+3,ves® -3

INPUT SIGNAL VOLTS (Vig) S vp-p
SINE WAVE (1.77 RMS)

CONTROL VOLTS (vc)e+8

® LDAD CAPACITANCE * (Crix *CMETER)

" AN ;
3 20— LOAD RESISTANCE (R )+ iMQ T
i . tH
e -308
33 1 o mvsL
&2 | | Toorxa N |
LY H
e wa i
22 i
g
3 !
[© osf

o1 ) 0 T 0 O

INPUT SIGNAL FREQUENCY (1)) MMz

Typ. switch frequency response - switch “ON”

SUPPLY VOLTS:Vpp*+3: Vss*-3 TTT T T

INPUT SIGNAL VOLTS (Vig)® § Vp.p SINE WAVE (177 RMS)
2 30} FIXTURE AND METER NULLED OUT 388
i Frve b bl
St 'c‘Voo 37
§ L’v Vs W) N
2 3
3 20f 39 2
it ..n g
2 3 RF vouu:rm 4 5§
H e+ ”ss SOONTON A z
H MODEL 91- cA / 13
e OoR va as <
-
.2. e Vos (8) /

Kn s,
3 3 1 i
20r 4 sm'rcnts I | P
[ ' 0 0?2 03 *

INPUT SIGNAL FREQUENCY (f; ) — &Mz

Typ. crosstalk between switch circuits in the same
package

SUPPLY VOLTS Vpp* ¢S, Vg
[CONTROL VOLTS (Vg )= -3
INPUT SIGNAL VOLTS (V,g)+5

)

Vp.p SINE WAVE (.77 RMS}

INPUT SIGNAL FREQUENCY {f, ) kN2

7 30k L0AD CAPACITANCE (CLICrixTuRe +CMETER
> nIYURE AND METER NULLED O .

RS . H
g 1% e fheee 0 v edy?
g 9 -
3 v ; g
i wod] v g g
H 5 i s

18 e 1- s S
H ISA 8
] A v
w «
- 4
2
2 ; o
3 " o

/o
5
[}
107! 03 0

Typ. feedthru vs. freq. — switch “OFF”

e/ U

wetls 20ns

(L¥) oxa

ALL UNUSED TERIINALS
ARE CONNECTED 10 Vgq

Test circuit, Crosstalk-control input to

signal output.

APPLICATIONS INFORMATION

4416B connected as a DPDT Switch

1
INPUT A —

SIGNAL A

OUTPUT A 2

OuTPUT B

SIGNAL 8

INPUT 8

"
b—— Voo
3 on
controL & [,

j CONTROL D _I'ou

1

INPUT O

SIGNAL O
10

Ls

ofF

'\_ CONTROL 8

"9\ conTROL C
oN

OuTPUT D

CUTPUT C

SIGNAL C

8
— INPUT C
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SOLID i
SCL4433AB
SCIENTIFIC
FEATURES
4 Monolithic Construction of Bipolar Transistors CONNECTION DIAGRAM
on Outputs Allow Direct Display Drive (all packages)
4 Decade Counter and 7-Segment Decoder in One UNG ¢!

Package Vpp R LT2¢c b e a d
¢ Direct Reset | I | L1 1 ]
¢ Display Enable Function (4426 AB) 16 15 14 13 12 11 10 9
4 Ripple Blanking and Lamp Test Functions 4426 AB 4433AB

(4433AB) 1_2 3 4 5 6 7 8
: Trigger from either Edge of Clock Input T T T T T T

Carry Output for Cascading Stages .1
¢ Fully Static Operation - DC to 5MHz @ 10Vdc et ?:B';‘z Co T 9 Vss
DESCRIPTION DEour’  14426A8

RBO?2 24433A8B

These two devices each consist of a 5-stage Add suffix f Kage:
Johnson decade counter and an output decoder sulfix tor package:
which converts the Johnson code to a 7-segment C  16-pin Cerdip F  16-pin Fiat
decoded output for driving each stage in a num- D 16-pin Ceramic H  Chip

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
(CouT) 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 provisions for automatic
blanking of the nonsignificant zeros in a multi-
digit decimal number which resuits 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 continued
for each succeeding 4433AB on the integer
side of the display. On the fraction side of the dis-
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E 16-pin Epoxy

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage 3to15 Vdc

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

VpD - Vss
TA

55 to +125 ©OC

40to +85 ©C

play the RBI of the 4433AB associated with
the least significant digit is connected to a “low
level” voltage and the RBO of the 4433ABis
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 RBO 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. Al 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 Vpp.

——
(CLOCK + 10)

TIMING DIAGRAM

. I PN
nhuann nnnnaneuuy

[ D SN U e SUOE R

[ WU S AV g B |
J SUNE L e U B S |
Y e U VU
e—— - - - R

DISPLAY

1

I
J“_ I

Q

o

w Ll_,
-~
-

kY
ol
usJ

o 1 2 8

4426AB Decade Counter/7-Segment Decoder/Driver with Display Enable.

LOGIC DIAGRAM

T
(CLOCK + 10)

Collector of each output transistor
internally tied to Vpp.

TIMING DIAGRAM

PR im

DISPLAY
dl 12 2H5161 1818
o 1 2 3 4 5 6 7 8 9

4433B Decade Counter/7-Segment Decoder/Driver with Ripple Blanking.
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ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '’

SCL4426AB, SCL4433AB

2 o 2
PARAMETER Voo | conpiTiONs |_Ttow *5¢C THIGH” | ynigs
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Iop
CURRENT 5 |Vin=VesorVpo| — |5 | - |005| 5| — | 150 |uAde
10 |All valid input - 10 - 0.1 10 - 300
15 [combinations — 15 - 0.2 20 - 600
HIGH LEVEL OUTPUT \or|
VOLTAGE 5 |Vin=VesorVoo| 425| — | 425] - | - | 428 - |vdc
Decoded Outputs 10 9.25 - 9.25| - - 9.25 -
15 |llgl < 1uA 14.25 - 1425 - - 14.25 -
MINIMUM INPUT HIGH Vinl
VOLTAGE 5 |Vo=05Vor
4.25V - 3.75| - 275 | 3.75| - 3.75 | Vdc
10 |Vo=1.0Vor
9.0V - 7.5 - 5.5 7.5 - 7.5
15 |Vo=15Vor
13.5V - 11.25| - 8.25 |11.25 - 11.25
llol < TuA
MAXIMUM INPUT LOW ViL
VOLTAGE 5 |Vo =0.5V or
4,25V 1.25 — 1.25]2.25 - 1.25 — | Vdc
10 |Vo =1.0Vor
9.0v 25 - 25 (45 - 7.5 -
15 |Vg = 1.5V or
13.5V 3.75 - 3.75 [ 6.75 - 3.75 -
llo| < 1WA
OUTPUT HIGH (SOURCE) lg
CURRENT 5 |Von =3.5V - - |16 |25 - - - | mAdc
Decoded Outputs® 10 |Vou =8.5V - - | - |60 - - -
15 |Vou =13.5V - - - |-100 - - _
lon
Carry Output 5 |Von =4.6V -010( - [-0.10 |-04 - 1007 - | mAdc
10 |Vou =9.5V 030 - }-0.30 1.0 - 1020 -
15 |Von =135V -0.90 - {-0.90 }-4.0 - |-0.65 -
Vin = Vss Or Voo
Remaining Outputs 5 [Von =4.6V -0.08 — | -0.08 |-0.2 - -0.06| - |mAdc
10 |Von =9.5V 0.20 - |-0.20 }-0.5 - 0.14 -
15 |Vgy =135V 60| — |oe0l15 | - |-042] -
Vin = Vss or Vop
OUTPUT LOW (SINK) lou
CURRENT 5 |VoL =0.4V 0.10 — [-0.10 | 0.4 - -0.07 — | mAdc
10 [Vor-osv  |030| - |[030[10 | = |020] =
Carry Output 15 [Vo_ =15V 090 — (-0.90 |4.0 - |-065} -
Vin = Vss or Vop
Remaining Outputs 5 |Vo_ =04V 013| - |008|025 | — |-006| - [mAdc
10 |VoL =05V 031 - |-020]{06 | - |0.14| -
15 (VoL =1.5V 143| — |o060(25 | - |-042| -
Vin = Ves or Voo

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow = -55°C for C, D, F, H device.

=-40°C for E device.

Thign = +125°C for C, D, F, H device.

=+ 86°C for E device.

3 Observe Package Power Dissipation rating.
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SCL4426AB, SCL4433AB

ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)

Voo

PARAMETER (vao) Min. Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Decoded Outputs teLm, tPHL
5 - 850 1700 ns
10 - 250 500
15 - 200 400
Clock to Carry Out teLn. tPHL
5 - 500 1000 ns
10 - 125 250
15 - 100 200
OUTPUT TRANSITION TIME
Decoded Outputs trLn, tTHL
5 - 450 900 ns
10 - 200 400
15 - 150 300
Carry Output triLm, try
5 - 250 500 ns
10 - 125 250
15 - 100 200
MINIMUM CLOCK OR ENABLE PULSE WIDTH | PW¢,,
PWce
5 - 200 400 ns
10 - 100 200
15 80 160
MAXIMUM CLOCK FREQUENCY feL
5 1.2 25 - MHz
10 25 5.0 -
15 3.0 6.0 -
MAXIMUM CLOCK OR ENABLE RISE AND
FALL TIME treL. teL
5 15 - - us
10 15 - -
15 3 - —
MINIMUM CLOCK OR ENABLE SETUP TIME teetup
5 - 250 500 ns
10 - 100 200
15 = 80 160
RESET OPERATION
PROPAGATION DELAY TIME
Reset to Decoded Outputs teLH, tPHL
5 - 700 1400 ns
10 - 250 500
15 - 200 400
Reset to Carry Output teLn. tehd
5 - 500 1000 ns
10 - 125 250
15 - 100 200
MINIMUM RESET PULSE WIDTH PWg
5 - 200 400 ns
10 - 100 200
15 — 80 160
RESET REMOVAL TIME trem
5 - 375 750 ns
10 - 150 300
15 - 125 250

194




SCL4426AB, SCL4433AB

OUTPUT NETWORK

- i \\

40

CMOs
INVERTER

OUTPUT \
20
Do not
operate
4426/33
w0r without series R \
in this region

A \:\.\

3 10 Voo 15
Typical Output Current per Segment vs. Supply

The darlington NPN transistor network Voltage.
shown is typical of each of seven segment drive
outputs per integrated circuit.

/

DISPLAY INTERFACE

3,
Rx
Voo KQ
Ig = SmA
Actve
Ouptay 7] oueur M- 2}
S
.
9
T Lomt
e s
o o eauvaient
° teustance
v
H
— 1 Ig = 10mA'
|
Vss
1g *15mA
Typical Display Connection
'y -l d
0 5 10 Vopqp 15
Ry required to limit LED Current
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SOLID @0%

STATE SCL4428B
SCIENTIFIC

CMOS BINARY-TO-OCTAL DECODER
FEATURES ,

4 Binary-to-Octal Decoding
4 Buffered Outputs Go High on Selection
¢ Strobe Input for Simple Expansion

DESCRIPTION

The 4428B is a one-of-eight CMOS Strobed
Decoder. The three inputs labeled Xg, 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

A&‘:’:? Output

Xo Xq Xg [0 120 134 5 e 7
PIN 10 11 8 3 12 2 13 1 5 6 4
V] 0 [} 1 o o0 0o o 0 0 0
o 0o 1/0 1 0 o0 0 0O 0 O
o 1 0/0 o1 o0 0 0 0 O
0 1 10 o o0 1 0 0 0 O
1 o 0|0 o 0o o0 1 0o 0 o0
1t 0o 1/0 o0 0 o0 0 1 0 0
1 1 0|0 o 0o o0 0 0 1 0
1 1 1]0o o 0 0 0 0 0 1
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CONNECTION DIAGRAM
(all packages)

Vpp “3" “1" X; Xy STR Xg
| I N ] |
14 13 12 11 10 9 8

44288

1 2 3 4 5 6 7
| | | ! I | |
s i sgr nge 4B G Vge

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:
VoD - Vss
TA

DC Supply Voltage 3to15 Vdc

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

-65 to +125 ©OC
4010 +85 ©C

BLOCK DIAGRAM

8 0—Xg “0"}—o03
e 012
oo 02

381t
e 013 | Octat

Binary
Inputs

1mo—dix, -

N O g s WwWN

90——STR

Vpp = Pin 14
Vgg = Pin 7




SCL 44288

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS "

2 O, 2
PARAMETER Voo | conpITIONS | TLow *B5C TuiGH" | ynies
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 Vi = Vgs orVop| — 5| - [005| 5| - | 150 | pAde
10 | All valid input - 10 - 0.1 10 - 300
15 | combinations = 20 - |02 20 = 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T = 25°C)
Vop i .
PARAMETERS (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLH. tPHL
5 - 225 450 ns
10 - 100 200
15 - 70 140
OUTPUT TRANSITION TIME L, by
5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos. DRAIN VOLTAGE (Vdc) 50 T
20 18 -16 -14 -12 -1Io zli tls 4 2 0 = & Vo = 15 Ve
Ves=-5Vle +—4FA 5 = 2w
— A0 % e 5 “
F 4
Vgs =—10 Vdc // 15 2 g %
, 0 = 5 571/ Vos = 10 Ve
/ b S 2
25 E] E] 15 / ]
30 A g v
d % 3 : s 5 Vd
Vos ==15 Vit —L, “ 3 3 5/ vcsL- 1 J T,=25
T T T,=2°0- 45 8 0 2 4 6 8 10 12 14 16 18 20
-50 Vns, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

LOGIC DIAGRAM

7 3
O—Vss _1_>_‘D°_4>_—0 "o
12
Do °D O “1”
2
DO—OD—O e
13
Po—dq>—3
1
Do—d>—0

g

;
Q CLeYe

10— Dor—o = )—o—d>—0
STROBE = > Do—d> O

197




SCL4428B
APPLICATIONS INFORMATION
SIX-BIT BINARY 1-OF-64 DECODER
Inputs
A B C ©O E F Inhibit
7 ] 7 ? (No Selection)
Xo X4 Xq STR
44288
ot g
1 1 T T 1 1 1
1 D & T 1 1 T 1 T T i 1 b 1 l I
T 1T T D N W T T 1 T 1T 7T T T [T T 1 1 1
X Xq X2 STR| [ Xg X4 X5 STR| [ xg X x5 STR| [ Xg Xy X5 STR| [ Xg X3 X2 STR| [ xg X4 X3 STR| [ X Xy X, STR| | Xg Xy X5 STR
44288 44288 44288 44288 44288 44288 44288 44288
0" g “g g "0 1 g I l:.on RS I R L) 1 Q' g g g
| I [ 1T T.. 1 o] [ I T T T 1. I
o 7 8 15 16 23 24 31 32 39 40 47 a8 55 56 63
\ — —— - e
64 Outputs (Selected Output is High)
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s%'-g NS SCL4441UB
SCIENTIFIC

CMOS QUAD BUFFER-DRIVER
FEATURES

¢ Symmetrical High-Current Outputs

4 High-Speed Operation with Large Capacitive
Loads

¢ Low Output Impedance

¢ Diode Protection on all Inputs

DESCRIPTION

The 4441UB is a monolithic N-channel and
Pchannel 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.

SCHEMATIC DIAGRAM
(one of four buffers)

+Vpp

Y
Input Qutput

1T I
pesgasas:
ba d
T
[ oae.
] X
s ' :
g dilkenn; T aze: soads babd
= =
S BHHIENE s sase: z
1 ssn T 1
> 9 18 Bt 1
HH Leie —
14 4+ Led
a H T I .
§ s Sv + -+ ] 4
3.8 + H1iT
) 1 ++- e by
28 1+t i1 : 1
N 1 T
1 3\ - T
+ S 4ot 4
[ 28 * S 75 0 s 5 178 20

INPUT VOLTAGE (Vy)-V

Minimum and maximum transfer characteristics.
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CONNECTION DIAGRAM
(all packages)

Vpp 4A 4Y NC 3A 3Y NC

| | | | | | |

14 13 12 11 10 9 8

4441UB

1 2 3 4 5 6 7
I 1 1 ! I ] I

NC 1Y 1A NC 2Y 2A Vgg

Add suffix for package:
C 14-pin Cerdip F  14-pin Flat

D 14-pin Ceramic
E 14-pin Epoxy

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3t0o15 Vdc

55 t0 +125 ©C

E Device 40to +85 ©C
LOGIC DIAGRAM
1A 1Y
3 > 2
2A > 2y
6 5
3A > 3y
10 9
4A 4y
13 I\‘ 12
7 Vss L vy i
14 Voo
T T 1 T 1
AMBIERT TEMPERATURE l
o (T‘l zs-c .ql -1
g.
T w* A
8 \J | — I
5 \“uO‘ e .
v
—.o—'lf'fa—ro—%fcoL—Jr—m—-o

LOAD TA-AC:TANCE (S )-PF

Typical propagation delay time vs. C_



SCL4441UB

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 © 2
PARAMETER VoD | conDITIONS | TLow BC _ThigH™_| ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo _
CURRENT 5 |Vin=VssorVop | - 1.0 | - | 0005 1.0 | — 30 | puAdc
10 |Allvalidinput | — 120 | - 00120 [.- | 60
15 |combinations — 4.0 - 0.02 | 4.0 — 120
OUTPUT HIGH (SOURCE) lon
CURRENT 5 |Vou =4.6V 25 - -2.0 |-45 - 1.4 — | mAdc
10 |Vou =9.5V -7.3 - -5.8 |-14.0 - -4.0 -
15 |Von =13.5V -23.1 - |-18.5 |-45 - |-13.0 -
Vin = Vss
OUTPUT LOW (SINK) loL
CURRENT
5 (VoL =04V 24 - 24 | 45| - 1.7 | - |mAdc
10 [Vo_ =0.5V 7.0 - 7.0 { 140 - 4.9 -
15 |VoL =15V 222 - 127 45 — 19 -
Vin =Vob
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ = 50pF, T, = 25°C)
VDD - .
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME tpLH. tPHL
5 - 90 180 ns
10 - 45 90
15 - 35 70
OUTPUT TRANSITION TIME trim trad
5 - 80 180 ns
10 - 45 a0
15 - 35 70
Vs, DRAIN VOLTAGE (Vdc) 200
20 18 16 14 412 10 8 6 -4 2 0 ~ 180 I
L Voo =-5 Vde 20 - 2 160 Vo = 15 Vde —|
: H E
- g & 7
=1 60 2 g 120 7
, e 2 & 100 A Vs = 10 Vde
V/ e 3 /
) 100 § S %
; Vos=-10 Vde v (120 R g 60 Y/ 4
| | 140 5 S 40 /’ Vs = 5 Vde
’ ] / 160 ) F T\=25°C
(- Vas =15 Vde 2] 180 8 [ | —
. s o0 2 4 6 8 10 12 14 16 18 20
-2 Vo, DRAIN VOLTAGE (Vdc)

Typical P-Channel

Source Current Characteristics

200

Typical N-Channel
Sink Current Characteristics




SOLID @%

STATE SCL4445B
SCIENTIFIC
FEATURES
¢ Low Duty Cycle Push-Pull Outputs CONNECTION DIAGRAM
4 Inverter on Chip for Crystal Oscillator Circuit (all packages)
¢ Buffered Output Available for Trimming fo g Vss NC NC /4 NC NC
R Oscillator | ) A | | 1 | )
21 Fully Static Stages
¢ 10MHz Counting Rate @ 10Vdc 16 15 14 13 12 11 10 9
4445B

1 2 3 4 5 6 7 8

DESCRIPTION I 1 I 1 I | |

The 44458 monolithic aluminum  gate V1 V2 Vpp NC NC NC Y Y+d

CMOS integrated circuit consists of an oscillator in-
verter, 21 toggle flip-flops, and two flip-flops used Add suffix for package:
to produce a 3.125% duty cycle output wave-form.

Push-pull operation is provided by the inverter out- g :gp:z g:d":c
put bgffers. A divide-by-4 frequency output is pro- E 1 6-pin E :x !
vided as an oscillator monitor or subsidiary high F 16-pin FlF;t Y
frequency output. H Ch‘p
The 4445B is especially suited for low- P
power timekeeping applications such as desk or
wall clocks, automobile clocks, and digital timing RECOMMENDED OPERATING CONDITIONS
references. Its output is suitable for driving mini- For maximum reliability:

ature synchronous motors, stepping motors, or ex-

ternal bipolar transistors in push-push fashion. DC Supply Voltage  Vpp-Vss 3to15 Vdc

The 4445B is pin compatible with device Operating Temperature T
type CD4045A. The extra function f5/4 is pro- C. D, F, H Device 55 to +126 ©C
vided on pin 11. E Device 40to +85 ©C
TIMING DIAGRAM LOGIC DIAGRAM

Monitor
v 1
. — v fosa

—r— » e —

Oscillator 15 7
O §0 Y p—
Yed
e 2
to O \/ 2

T3 - 0.03125T,
"‘"l" ‘T°’| T3 =057,

¥ TEE[E g AWeENT y}::_:gt_anwa: a1 :25°C =] [~ T2]AMBIENT TEMPERATURE (Ta)e25°C %

= Q538 T 332 2 e S

8 -

& i g

iy i z

ax T ]

£ e

2 iz w

3 : P

E 5 | g

s_‘ il i" : | ; i &

d rﬁ H HHE it & H

10 12 2 16 2 4 8 10 2 19
SUPPLY VOLTAGE (vppl—V SUPPLY VOLTAGE (Vgp)—V

Typical propagation delay (f, toy or y + d out) Typical fo vs. Vpp (CL = 50pF).

vs. Vpp. (Ci = 50pF).
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SCL4445B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 o 2
PARAMETER VoD | cONDITIONS | TLOW 5 C THIGH | ynits
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 | Vin=VgsOr Vpp| — 5 - | 0.05 5 - 150 | uAdc
10 | All'valid input - 10 0.1 10| - | 300
15 | combinations - 20 - 0.2 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T, ow = -55°C for C, D, F, H device.
= -40°C for E device.
Trigh = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
VDD . .
PARAMETER (vde) Min. Typ. Max. Units
OUTPUT TRANSITION TIME trims trad
5 - 100 200 ns
10 - 50 100
R R 15 - 40 80
MAXIMUM CLOCK FREQUENCY foL
5 3 6 — MHz
10 5 10 _
R T 15 6 12 -
MAXIMUM CLOCK RISE AND FALL TIME teews ticL
5 15 - us
10 15 - -
S DA N 1 5 = =
Vos, DRAIN VOLTAGE (Vdc) 50 —T
20 -18 -16 -14 -12 -1lo ? f 4 2 0 - 45 Vo = 15 Ve
Vis==5 Vdc ] 5 - g 40
1 | A 10 % =~ 3 -
. 1 '/ 5 3 5 30
Vs ==~10 Vde! 7 - g &
y 2 5 571/ Vos = 10 Vde
4 2% € z 20—
30 2 5 -~
» 35 X S 1044
Vos =~15 Vic > “« 3 < STt Ty=25°C -
R T,=257C145 8 0 2 4 6 8 10 1z 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics




SCL44458
LOGIC DIAGRAM

1nyfed
V| s Yed
DD vy = _Db_
3 1 ¢ 8
16 FF 18 Q
13 r—Do— FF2 3 r—.— .;‘. r:
17 ¢
Ts Y
14 2 .

Vss Vo Te t 7

APPLICATIONS INFORMATION

RECOMMENDED CIRCUIT
FOR 2.097152 MHz OSCILLATOR v
DD
1H
CR 3 44458 " " :
=10 Ng‘za —-Il CLOCK
Rz=2K 1 7
Cq =120 pF 8 MOTOR
C2=530pF R1 Y
CR = 2.097152 MHz 16 N
Quartz Crystal 15 1E-
\—
I! R2 ) R 8
* Cq Ca
ﬁ 14 ” " 1 Hz
Vss

Typical clock motor driver
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SOLID @0%

STATE SCL4449UB
SCIENTIFIC

CMOS HEX INVERTER
FEATURES

4 All Inputs Fully Diode-Protected
4 Pin Compatible with 4009B, 4049B
¢ Fully “B’-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.

SCHEMATIC DIAGRAM
(one of six inverters)

AO :}_S

17.3[AMBIENT TEMPERATURE (Ta)=25° C 1 ~1 173
LTI T
18 LISUPPLY VOLTAGE (Vpo) » 18V )
TN 14 4 111
F = I i <
>RSS5 12
1 HF T T R
® LoV nidiipdi] e
it ~Ip 111 =0 =
4 L H L s
=1 N T3 ‘LE_ &
é‘l‘ H Iyisv + 78 &
v HH i A R 8
2 F 88 1o Sduddanade SSREE I
3° ifisin Hrioe £
10V, ﬂ_‘ _ Yiye
2.8 . 25
1] = 1Susdd
-+
(3 [ ‘V‘ro

o 28 s 7.8 10 2 18
INPUT VOLTAGE (V) —V

Typical current and voltage transfer characteristics.
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CONNECTION DIAGRAM
(all packages)

Vpp 6Y 6A NC 5Y 5A 4Y 4A

| | | | ] | ] |

16 15 14 13 12 11 10 9
4449UB

1 2 3 4 5 6 7 8

[ ! ! 1 I | ]

Vpp 1Y 1A 2Y 2A 3Y 3A Vgg

Add suffix for package:
16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITmMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to15 Vdc

Operating Temperature TaA
C, D, F, H Device -65 to +1256 OC
E Device 40t0 +85 ©OC

LOGIC DIAGRAM

1A 1Y

2A 2Y
3y

4y

YYYY

-
[

5A 8Y

6A 6Y

<
]
>l

Vpo o—




SCL4448UB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS

1

2 o 2
PARAMETER Voo | conpiTions | TLow 15C Thigh” | ynits
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |Vj=VssorVop| — | 005 — |0.000§ 005 — | 15 [uAdc
10 | All valid input - 0.10f - (0.001| O.10( - 3.0
15 | combinations — 0.20f — ]0.002 | 0.20] - 6.0
NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T_ow =-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 (C, = 50pF, T = 25°C)
VDD - o
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLn, tHL
5 - 60 120 ns
10 - 30 60
15 - 25 50
OUTPUT TRANSITION TIME triLH. trHl
5 - 100 200 ns
10 - 50 100
15 — 40 80
Vos, DRAIN VOLTAGE (Vdc) 50 I : ;
-20 -18 -16 -14 -12 - 8 6 -4 -
2 'lo ? ? 42 §45 Vs = 15 Vde
Vos == 5 Vdo ] 5 = E Y
Ft o & : 3
=
Vos ==10 Vdc // B2 g X
, 20 2 g% Vos =10 Vde
Vi 25 8 22
a0 2 s 15 A
m / Ve
K] 2 10 A
Vos =—15 Vit L 4 3 £ 5 Vos =5 Vde Ta=25°C -
1 T. =25 45 z 11 JI
[T 1 2 =2 < 0 2 4 6 8 10 12 14 16 18 20
-50 Vs, DRAIN VOLTAGE (Vde)

Typical P-Channel

Source Current Characteristics

Typical N-Channel

Sink Current Characteristics

APPLICATIONS INFORMATION

176 asague

SMQ<R,<100MQ
Rg  Rg=(5X~=10X) Rs xrtaL)

—i0 GsCr

s Cuxrau
Cs= cr Cs+Cy

1/3 aad9up

Ry

s -1
2.2R+C;

R (2X~10X) Ry

1/3 aassus

Rs
m%‘m

Ry
UPPER SWITCHING POINT :
v S Voo
LOWER SWITCHING POINT:
Je-fs Yoo
Ry 2
Ry > Rg

V™

Typical crystal oscillator circuit

Typical RC oscillator circuit
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Input pulse shaping circuit (Schmitt
trigger)




SOLID £
STATE @@
SCIENTIFIC

SCL4502B

CMOS STROBED HEX INVERTER/BUFFER

FEATURES

4 3-State Outputs with Separate Disable Control

¢ Common Input Inhibit Line

¢ TTL Output Drive Guaranteed Over

Temperature Range

¢ Output Impedance << 200 {2 @ 5Vdc Guaranteed
Over Temperature Range

DESCRIPTION

The 4502B 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

Dp Inhibit | Disable | Qp
0 0 0 1
1 0 0 0
X 1 0 0
X X 1 High
Impedance

X = Don’t Care

SCHEMATIC DIAGRAM (1 of 6 buffers)

VYoo

Vo, DRAIN VOLTAGE (Vdc)

20 -18 16 114 12 -10 8 -6 -4 2 0
T T
Vos == 5 Vdc—] S
o7 i
Vgs==10 Vde -15
e Z 7T §
25 &
30 B
y .35 E
Voo =—15 Vée —<] -40 %
- T,=25°C45 &
l I 1 1 50
Typical P-Channel

Source Current Characteristics
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CONNECTION DIAGRAM
(all packages)

Vpp D6 Q6 D5 Inh Q5 D4 Q4

L1 1 1 1 1 I 1

16 15 14 13 12 11 10 9
4502B

1 2 3 4 5 6 7 8

| | I LI | | I

D3 Q3 D1 Dis Q1 D2 Q2 Vgg

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:
VDD - Vss
TA

DC Supply Voltage 3to15 Vdc

Operating Temperature

C, D, F, H Device -65to +125 ©OC

E Device 40to +85 ©OC
LOGIC DIAGRAM
Jsmre -
Outout Dradiie
" '::g-o- o
02 #0— o @
03 lo-{:iy_‘" @
o oo ] S ter o
N _”_jj:_o.. -
) noﬂa" o
Vpp =P 10
Vgg=tin 8
- L1
}: 160 Voo =15 Vde| |
= 140
E 120
£ 100 7 Vs = 10 Vde
S 180
3 alh
) 9 Ves =5 Vde
< 2 T,=25°C
] L1
0 2 4 6 8 10 12 14 16 18 20
Vs, DRAIN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics



ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

SCL4502B

2 o 2
PARAMETER Voo | conpiTIONS | TLow I C THIGH | ynits
(Vde) Min. | Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 [Vin=VgsorVpp| — [ 1.0 — | 0.005{ 1.0 - 30 (nAdc
10 | Al valid input - 2.0 - 0.01 | 2.0 - 60
15 | combinations - 4.0 - 1002 |40 — 120
OUTPUT LOW (SINK) loL
CURRENT 5 |VoL =04V 35 | - 28 |5.7 - 20| - |mAdc
10 | VoL = 0.5V 78 | - 6.3 [12.5 - 44| -
15 (VoL = 1.5V 29 - 240 (49 - 16 -
Vin = Vs or Vop
3-STATE OUTPUT Iz,
LEAKAGE CURRENT 15 - |*01 - | #10% |20 - | 1.0 |uAdc
NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow =-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 (C_ = 50pF, Ta = 25°C)
PARAMETER (\(,'32) Min. - Typ. Max. Units
PROPAGATION DELAY TIME
F Data Input: t
rom Data Inputs PLH 5 _ 125 250 ns
10 - 60 120
15 - 45 90
teHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
From Disable terz. trLz
tpzn.
pzH. tPZL 5 _ 65 130 ns
10 - 30 60
15 - 25 50
OUTPUT TRANSITION TIME trim
5 - 100 200 ns
10 - 50 100
15 - 40 80
truu
5 - 60 120 ns
10 - 30 60
15 - 20 40

Swetih Ponit-ons for 3 State Test

‘ O
TEST St S2 34 Sa T .
1z | Owen | Coosen | Ciosen | Ooer %' f,
0z Crosea | Onen Ooen | Croves N o
w2 Crosea | Quen Oocen” | Crosen say, Jdsp——o —
' coen | Cioser | Croser | voen M o i
il fo oer xs: Qoutouts tenz—d
o p - J I
’. —_ Eiv,-. B

«05v@vpp -
10V, ang 15 v

tp;
g l"{t 2vevpp* SV

sv.

* 6v®vpp 10V
T1OVeveps 18V

0%
—— VoL

3-State AC Test Circuit and Waveforms (tpz, tpzH, tPLZ, tPZL )
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SOLID &

STATE @@ SL4504B
SCIENTIFIC

PRELIMINARY HEX NON-INVERTING LEVEL SHIFTER
FEATURES

W Up and down level-shifting capability

W Input Threshold Can Be Shifted for TTL
Compatibility

H 3 to 18 Vdc Operation for Vpp and Ve

B Diode Protected Inputs to Vgg

DESCRIPTION

The 4504B 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 Vpp level selects the output voltage levels and
the V¢ level sets the input signal levels.

CONNECTION DIAGRAM
(all packages)
Voo Fout FinMode Eqyy Ein Dout Din
L ] 1 1 | 1 ]
15

16 14 13 12 10 9

45048
1 2 3 4 5 6 7 8

1 I I L | | I
Vee Aout Ain Bout Bin Cout Cin 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 Vpp— Vss
Operating Temperature Ta
C, D, F, H Device

31015 Vg

—-55t0 +125°C

E Device —-40to +85°C
LOGIC DIAGRAM
Vee Vbp
Input O—— SL;;‘:' Output
o S o e
1/6 of package shown
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SCL4504B

STATIC CHARACTERISTICS
Vss |Vop | Tiow? 25°C THIGH2 )
PARAMETER CONDITIONS |y 10\ | (vde) [Min. | Max. | Win. | Typ. | Max. | Min. | Max, | Uit
QUIESCENT DEVICE | Ipp
CURRENT Vin = VggorVpp| © 5 | — |o00s | — joo0005| 005 | — | 15 |pAde
All valid input 0 10 - 0.1 — | 0.001 0.1 - 3.0
combinations 0 15 - 0.2 — 10.002 | 0.2 - 6.0
NOTES: ' Remaining Static Electrical Characteristics are listed under ““4000B Series Family Specifications”
2Tiow = —55°Cfor C, D, F, H device.
= —40°C for E device.
THigH = +125°Cfor C, D, F, H device
= + 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
CHARACTERISTIC symoL | sHIFTING MopE | Yec | Voo Limits Uniits
Vdc Vdc | Min. | Typ. | Max.
PROPAGATION DELAY, tonL TTL—CMOS 5.0 10 - 120 - ns
HIGH TO LOW Vpo > Ve 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, toHL TTL - CMOS 5.0 10 — 200 - ns
LOW TO HIGH Vpp > Ve 50 | 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 tTLH, tTHL ALL - 5.0 - 100 - ns
AND FALL TIME - 10 - 50 —
- 15 - 40 -
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SOLID @%

STATE SCL4508B
SCIENTIFIC
FEATURES
¢ Two Independent Four-Bit Latches CONNECTION DIAGRAM
4 3-State Outputs (all packages)
¢ Direct Reset .
¢ Al Inputs Buffered Q3g Q2 Qlg QO Disg MRg

vpp | D3g | D2g l p1g | Dog | sTR

] L] || L |
DESCRIPTION 24 23 22 21 20 19 18 17 16 15 14 13
The 4508B consists of two identical inde- 45088

pendent 4-Bit Latches with separate Strobe (ST) 1 2 4 5 6 12
and Master Reset (MR) controls. Separate Disable T i T Z 8 ? 10 l'l
inputs force the outputs to a high-impedance MR, | Disa | QO l Q1al Q2a | Q34
state for bus line applications.

STap DOp D1ap D24 D35 Vss
These devices find primary use in buffer stor-
age, holding register, and display circuits, and other
general digital logic applications. :
Add suffix for package:
D 24-pin Ceramic
E 24-pin Plastic
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage VpD - Vss 3to15 Vdc
Operating Temperature TaA

D, H Device -65 to +1256 OC
E Device 40 to +85 ©C.
TRUTH TABLE BLOCK DIAGRAM
MR [ ST [ Disable [ D3 [ D2 [ D1 [ oo @i Jaz]ar Jao
o | 1 o o [o[lololo]o [0
0 1 [ 0 0 1 0 [ 0 1 1 ——MR  qo}——:5
[ 1 o 0 1 [) 0 [ 1 ] 2——SsT
0 1 0 0 1 o [ o 0 1 0 0 3 ——pDis Qlf——7
0 | 1 0 1 o | o | o | 0o [0 | o 4 —— b0
0 | o 0 X | x | x| x Latched 6 o1 @f—*°
1 X 0 X X X X 0 [o 0 [o 8 —— D2
X X 1 X X X X High Impedance 10— p3 @M

X = Don't Care

13 MR .
Qo p— 17
14 ST °
15 c—mmed Dis Q1 p——— 19
16 =——q DO
18 —{ D1 Qp—21
20 D2 ]
22 = D3 a3 2
Vpp = Pin 24
Vgs = Pin 12
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

SCL4508B

2 5 2
PARAMETER Voo | conpiTIONs |_TLow *5¢C THIGH" | ynits
(Vde) Min. { Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 | Vin=Ves of Voo| — 5| - (005 | &| — | 150 |uAdc
10 | Allvalid input - 10 - 0.1 10 - 300
15 | combinations — 20 - 102 20 - 600
3-STATE OUTPUT LEAKAGE IzL
CURRENT 15 — 0.1 — [+107] 0.1 - | *1.0 |uAdc
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow =-55°C for D, H device.
=-40°C for E device.
Trion = +125°C for D, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, Tp = 25°C)
VDD N .
PARAMETER (vdc) Min. Typ. Max. Units
PROPAGATION DELAY TIME
From Data Inputs tpLH. tPHL
5 - 220 440 ns
10 - 90 180
15 - 60 120
From Disable Input tenz. tpLz
tezm. trzL
5 - 85 170 ns
10 - 45 90
15 - 30 60
OUTPUT TRANSITION TIME trom, trad
5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM MASTER RESET PULSE WIDTH PWmr
5 - 100 200 ns
10 - 50 100
15 — 35 70
MINIMUM STROBE PULSE WIDTH PWgt
5 - 70 140 ns
10 - 35 70
15 - 20 40
MINIMUM SETUP TIME
Data Inputs teetup
5 - 25 50 ns
10 - 10 20
15 - 5 10
MINIMUM HOLD TIME
Data Inputs thold
5 - 0 0 ns
A0 - 0 0
15 — 0 0
Vos, DRAIN VOLTAGE (Vdc) 50 —
20 -18 -16 -14 -12 -1lo t: ? 4 2 0 - 5 Vo = 16 We
Voo =-5 Vdc 5 = % 40
| | y. 10 ¥ = 3 =
N A 115 8 E 3
Vos=~-10 Vdc '20 g £
/( '25 e 3 2 / Vs = 10 Vde
K =
a2 3 S // 4
L 35 5 S0
Vs =—15 Vde / -40 3 £ 5 Vos =5 vde T,=25°C 4
, A z 4 | | i
1 | Ta=208 2 2 4 6 8 10 12 14 16 18 20
; -50 Vog, DRAIN VOLTAGE (Vdc)

Typical P-Channel

Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics



SCL4508B

3-STATE AC TEST CIRCUIT AND WAVEFORMS

Voo
MR l\’oo
Pulse Qo —oO
ST ST
Generator 4 o L o losseat—o TEST | ST sT2 sT3 sT4
3 ——0—— 0o tenz oPEN | cLOSE | cLose | open
sT3 ¢—O0—— 01 a2 o 10k TPz CLOSE | OPEN | OPEN | CLOSE
¢+—o——o2 . TzL | CLOSE | OPEN | OPEN | CLOSE
b——O0——— 03 tpzn OPEN | CLOSE | CLOSE | OPEN
sTa
---Voo
v
Von
£25V@Vpp=5V,
Q3 Output  tpHz —ef - T 10V and 15 v
TP L 2vevgp: sV
90% ! {= 6V@Vpp 10V
i =10V@®Vpp =15V
10% v
oL
APPLICATIONS INFORMATION
BUS REGISTER
Reset
Clock
M T o 4 1)
. | 4.8it Shift agitshift | |
soe:l: Register Register |
L_. I ___I_ Py
[ -
Strobe ’
T = S o = =
|Quad Latch 45088 Quad Latch '
Disable > | o] (3State) (3-State) |
Lo e — ==
Disable —i [7 i E
4 Line Data Bus >
DUAL MULTIPLEXED BUS REGISTER WITH FUNCTION SELECT
I | l I Data Bus
r 1 —’ FUNCTION SELECT
| 3-State I | 3-State
| |4BitLewn | 4-Bit Latch | -
| f_%a al { 5%&; A B Function
1 J | 8 I\
[ %.Line Date Bus 0 o} Inhibit (all 0)
] T ) < 40198 1 o Select A Bus
[ 4.Line Data Bus ? : sAel:c;B Bus
S NS N R —
| [ | A
' 3-Gtate I I 3-State | 8
| asitteen [ | | |asrtawn]| |
[ . ]
FRA-! -7
FUNCTION SELECT
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SOLID @6%

STATE SCL4510B
SCIENTIFIC

FEATURES

4 internally Synchronous for High Speed CONNECTION DIAGRAM

4 Asynchronous Preset Enable (all packages)

4 Asynchronous Reset

¢ Logic Edge-Clocked Design Vpp CL Q3 P3 P2 Q2 U/D R

4 6MHz Counting Rate @ 10Vdc ] L1 1 1 1 1

¢ Carry Output for Cascading Stages 16 15 14 13 12 11 10 9

DESCRIPTION

The 4510B consists of a fourstage 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 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 Vgg 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 ] [+] No Count
[+] 1 0 0 Count Up
o 0 0 ) Count Down
X X 1 0 Preset
X x X 1 Reset

X = Don’t Care

213

1 2 3 4 5
T T
P4 P1 CiI

7 8
— 1
Vss

|
=3 P

PE Q4 co

Add suffix for package:
16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITmMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

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

3t015 Vdc

55 to +125 OC
40to +85 ©OC

BLOCK DIAGRAM

10— PE Qip—o6
50— Carry In
90—R Q2f—omn
10 0—— Up/Down
15 O—— Clock Qaf—o14
4 0—1P1
120—p2 Qap—o02
130—{r3 R
3o—pe Sl o7
Out
Vpp = Pin 16
Vgg = Pin8




SCL4510B

LOGIC DIAGRAM

TIMING DIAGRAM

i wmwwmmw

Up/Down 1

" Reset L

PEMY

(4]

P2

P3

P4

Sl I T I T o B I O O

Q2

Q3 |
Q4 :

i

Carry Out p
Count { O} 1} 213 4|5]|]6}7|8|]9]8|7]|6)5]|4
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SCL45108

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

2 © 2
PARAMETER Voo | conpiTiONS |_Ttow R THIGH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENT{log 5 |Vin=VssorVoo| — | 5| - |005| s | - [ 150 |pAdc
10 [Allvalidinput | — | 10| - {01 | 10| - | 300
15 |combinations - 20 — 0.2 20 - 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
Teow =-55°C for C, D, F, H device.
= -40°C for E device.
THign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, To = 25°C)

PARAMETER l (‘\’/32) r Min. T Typ. L Max. LUnits
CLOCKED OPERATION
PROPAGATION DELAY TIME toLH. b
Clock to Q FLeTRL - 200 | 400 ns
10 - 100 200
15 - 75 150
Clock to Carry Out 5 - 210 420 ns
Y 10 - 120 240
15 — 90 180
Carry In to Carry Out 5 - 125 250 ns
10 - 60 120
15 — 50 100
OUTPUT TRANSITION TIME t: Wt
Ty 5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWcL
5 - 170 340 ns
10 - 85 170
15 - 70 140
MAXIMUM CLOCK FREQUENCY f
e 5 20 40 - MHz
10 4.0 8.0 —
15 5.5 11.0 -
MAXIMUM CLOCK RISE AND FALL TIME' tew, trer
5 15 - - Hs
10 15 - -
15 15 — —
MINIMUM SETUP TIME tsetup
Carry In 5 - 130 260 ns
10 - 65 130
15 — 50 100
Up/Down 5 - 250 500 ns
10 - 100 200
15 - 75 150
PRESET OR RESET OPERATION
PROPAGATION DELAY TIME toLn, ton
Preset Enable or Reset to Q T 5 - 210 420 ns
10 _ 105 210
15 Z 90 180
Preset Enable or Reset to Carry Out 5 - 320 640 ns
10 - 160 320
15 - 25 250
MINIMUM PRESET ENABLE OR RESET
PULSE WIDTH PWee, PWg
5 - 100 200 ns
10 - 50 100
15 - 40 80
PRESET ENABLE OR RESET REMOVAL TIME | t,em
5 - 325 650 - ns
10 - 110 220
15 - 90 180

! 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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SCL4510B

Source Current Characteristics

Vos, BRAIN VOLTAGE (Vdc)
.20 -18 -16 14 12 10 8 6 4 -2 O -
Voo =-5 Vi 5 §
cs =< 10 T E
0 | =
- -1§ &
Vos =-10 Vdc g g Voo = 15 Vds
| -20 g2 .
] 2 8 S — IL
Vos =15 Vde 20 2 25 g Voo =10 Vde
E S L |
‘g < 5 Voo =5 Vde T,I=2SI°C-
1 1 1
T,=25°CH < 2 4 6 8 10 12 14 16 18 20
L1 Vps, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel

Sink Current Characteristics

APPLICATIONS INFORMATION
CASCADING COUNTERS

PARALLEL_CLOCKI
Wvoown >
-
[4)44 14y [44)1
VD PE PIP2PI P U D PE P1 P2 P] Pa U DPE PY P2 P]PA
L—q ¢ asies CoO o—q & asi8 EOpPp——q<T av108 CO P—b
A_CL 01020304 R CL 01020304 R_CLQ1 020304
JiTIR EIRX! ERRYS
aox >
RESET
RIPPLE CLOCKING
uwoowm —
=
[4L)) T
U D PE P1 P2 P3 P4 U D PE PV P2 P3 Pe U D PE PY P2 P] Pa
TT as108 CoO. DT_C T1 45108 CO Oy €7  as108 €O
R CL Q10203 Q4 R CL Q10203 Q4 A CL Q1Q2Q3 Q4
__] 19 Vi JRERX
oo
RESET -
The Up/Down control can be chenged at any count. The only restriction on changing
the Up/Down control is that the clock input 10 the first counting stage must be “Migh*"

Cascading Counter Packages.

four OF Q2 a3 ae Q a2 a3 Qe
PE L PE
Co4--<dCi co
£ ELR Lso. 09 :‘;mk mso. ©°
1eup N 45108 1. 45108
0« Down u/0 :/D
Mfe1 P2 P3_ Pa [1"p1 P2 P3  Pa
MMt M
t ‘ ‘ { no ( f f ( L
| |
*Voo Voo
Closk Uin) T e tor Resstors = 10080
‘V;{“— ﬂ.’_' --:.. '"'."_"
n
Open = Count L‘\N’fj_

Programmable Cascaded Frequency Divider
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SOLID Q%

STATE SCLA511B
SCIENTIFIC
CMOS BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
FEATURES
¢ ;igg:l“-gt)nnant Sourcing Bipolar Outputs (Up to CONNECTION DIAGRAM
€ Latched Storage of Input Code (all packages)
¢ lBlta:::(.ing Input for Display Intensity Modu- Segment Outputs
a
¢ Lamp Test Provision Vop f 9 a b ¢ d e
4 Readout Blanking for lllegal Input Combi- ? L1 ] L1 1

nations

DESCRIPTION

The 4511B provides the functions 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,
respectively. 1t can be used with LED, incandes-
cent, fluorescent, gas discharge, or liquid crystal
readouts either directly or indirectly.

Applications include counter display drivers,
seven-segment decimal display, and various clock,
watch, and timer uses. ’

TRUTH TABLE

LE|BI|LT]D C B AJa b c d e f g |DISPLAY
X|X] O] X X X X|[1 1 11111 8
X|]0J.1]X X X X{0 0 00 00 O] Blank
0|1 110 0 00(7 1 11 110 ]
0|1 1100 0 1/01 10000 1
o1 110 0 1 0|11 01 101 2
01 1/]0 0 1 1111 11001 3
0o1l1 110 1 00/01 1001 1 4
0ol 1101 01(10 11011 5
0|1 110 1 1 0|00 1 1 111 6
01l 1]0 1 t 1]11 10000 7
o]l 1] 0 00111 11 111 8
0] 11190 0 1|11 10011 9
0] 1|17 0 1 0/00 00 00 O| Blank
0|1 1/1 0 1 1100 00 00 O Blank
o1 11191 00/00 00 00 O Blank
o1 111 1 0 100 00 0O O| Blank
o1 1171 1 0/00 00 00 O Blank
0]1 1]1 1 1 1100 00 00 O Blank
111 1| X X X X * *

X = Don’t care

* Depends upon the BCD code applied during the 0 to 1
transition of LE.

BLOCK DIAGRAM
70— A ol o113 L
10—{8 bl o512 ! ﬁb
20—{C cl—omn .Lc
60— 0 el—o10 -
30— L7 ¢}—09
4a0—Q el {—O015 vVpp=Pin16
s0—] L€ ol—o14 Vss=Ping

DISPLAY

o | o | 9
gl 12134]5]6]78]9)]
o 1 2 3 4 5 6 7 8 9

16 15 14 13 12 11 10 9

45118
1 3 4 5 6 7
| | 1 I | | 1
B C LT Bl LE D A Vgg
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:
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Vpp-Vss 3to15 Vdc

TA

DC Supply Voltage

Operating Temperature

C, D, F, H Device -65t0 +126 ©C

E Device 40to +85 ©OC
- —— 7 T .
; K A L oeaaten ouTPUT
P T\ 1\ CURRENT
R t OUTPUT DAIVE —
=3 | | CURRENT
wie T T T
I N ! I +—
ggg TR N N o
=2 1 Y N H
g8 , NG N N
:§§ N TN 7 Ngwmuason
§§§ ; H © e iguvpp ras v
255 iou o T TR A
2 . N .
25% fvoorsowl Lwoo- 0wy S 10Mmax 1859 —
s 2, | I VI 1QHmas +1259) §
) 50 10 15 20
VOO OC SUPPLY VOLTAGE (Vac) emmmmme
VOM. OUTPUT DRIVE VOLTAGE (Vac)= ==

Typical P-Channel
Source Current Characteristics

The maximum continuous (worst case) derated
output drive current applies 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 Vpp | conoimions | Tiow® +25°C TuigH' | units
(vde) Min.|Max. | Min] Typ.|Max.| Min.|Max.
QUIESCENT lop :
DEVICE CURRENT 5 |Vin=VgsorVpp| — | 5 — (005 6 [ — |150 |wAdc
10 | Allvalid input - 110 — |01 (10 - 300
15 | combinations - 120 - 102 |20 — |600
OUTPUT DRIVE Vour -
VOLTAGE 5 loy=0mAdc |499| — | 49950 | — |[a95| — | vdc
-5 J - |as|- | - |-
-10 - - [39fa3|- [ -|-
-15 |- -l3s|- | - |-
-20 —| - |34f3m|- | -]~
-25 |- ] -l3s |- | -]-
10 lox =0mAdc 9.99| — 9.99110 - 995| — Vde
-5 - - | =les|- | - |-
-10 —| - |90o|os|- | - |-
-15 - - —J903|- | - |-
-20 - - 86 (890 — - |-
-25 |- | -lem|- [ -|-
15 loy=0mAdc [1499] — |[1498hs |- [1496 - | vdc
-5 -l - - has|- | - |-
-10 - - |140f1a18| - | - |-
-15 - - | -aes|- | - |-
-20 —| - |136f1395( - | - |-
-25 -1 - ["-[38|- | - |-
OUTPUT LOW oL
(SINK) CURRENT 5 |Vo =04V 19 - [ 16[34 |- |11 [— | mAde
10 |V =05V 50 — | 40({e65 (- |28]—
15 |Vo =15V 138 - |02 |- |77~
Vin=Vss or Vop

NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
? Tiow = -65°C for C, D, F, H device.
= -40°C for E device.
Tuign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)

PARAMETER (“’,gg, Min. Typ. Max. | Units
PROPAGATION DELAY TIME
From Data Inputs teLn
s - 520 1040 ns
10 - 210 420
15 - 150 300
LT
5 - 660 1320 n
10 - 260 520
15 - 180 360
From Blanking Input toLn
5 - 300 600 ns
10 - 125 250
15 - 100 200
oHL
5 - 500 1000 ns
10 - 200 400
15 - 160 320
From Lamp Test Input oL
5 - 300 600 ns
10 - 120 240
15 - 90 180
toHL
5 - 325 650 ns
10 - 130 260
15 - 95 180
OUTPUT TRANSITION TIME trum 5 170 250
- 25 ns
10 - 120 200
15 = 100 180
ty _
He 5 - 400 900 m
10 - 225, _450
15 - 200 400
MINIMUM DATA INPUT SETUP TIME Yetup 5 %0 180
- ns
10 - 40 80
15 - 20 40
MINIMUM DATA INPUT HOLD TIME thota
5 - -80 0 ns
10 - -40 0
15 - -20
MINIMUM LATCH ENABLE PULSE WIDTH PW e
5 - 260 520 ns
10 - 110 220
15 = 65 130
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LOGIC DIAGRAM

SCL4511B

[14}
so0— 4
—a
(£
({3
[ =
—
y
A
— - —s c L]
cat | ¢ R
L]
A —
- —c —
.
)
<
(8!

uy
©

___,D__ o,

oMo mawe >

APPLICATIONS INFORMATION

DISPLAY CONNECTIONS

LIGHT EMITTING DIODE (LED) READOUT

GAS DISCHARGE READOUT
Appropriate

—_— Voitage
—-- )
Common
Anode LED !! - =
Common 1V -
Cathode LED °
45118 45118 —
—O—"VW\——
OUTPUT OUTPUT
N 45118
y-- 17V = OUTPUT
FLUORESCENT READOLT INCANDESCENT READOUT LIQUID CRYSTAL (LCDF g, ciration
Voo READOUT (Square Wave
Vgs to Vpp!
Direct <
{Low Brightness) ** :: -
45118 &L -~
OUTPUT
e 45118 N {
= ouUTPUT 45118
OUTPUT 1°4 Ot 40308
— Filament
Supply —_—-—
= Vgg or appropriate i Direct dc drive of LCD’s not recommended
voltage below Vgg — for life of LCD readouts.

##A filament pre-warm resistor is recommended
to reduce filament therma! shock and
increase the effective cold resistance of the
filament.
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SCIENTIFIC

SCL45128

FEATURES

¢ 3-State Output with Disable Control
¢ Separate Inhibit Input

¢ Selects One of Eight Data Sources

¢ Performs Parallel-To-Serial Conversion

DESCRIPTION

The 4512B 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

[+ B8 A |INHIBIT|DISABLE P4
(1] [\] (4] (4] +] X0
[ ] o 1 (4] ] x1
(] 1 (] (] o X2
] 1 1 o (] x3
1 (-] 4] (4] ] x4
1 [} 1 [+] ] x$
\J 1 4] (4] ] X6
1 1 \J [+] ] x7?
(4 [ (4 B 0 [
High
L4 ¢ L4 ¢ ! 1mpedance

@ = Don‘t Cere

CMOS 8-CHANNEL DATA SELECTOR
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CONNECTION DIAGRAM

(all packages)
VppDis Z C B A Inh X7
| | | | | ] |
16 15 14 13 12 11 10 9
45128
1 2 3 4 5 6 7 8
I T 1 1 | | |
X0 X1 X2 X3 X4 X5 X6 Vgg
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  Vpp - Vss

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

3to15 Vdc

65 to0 +125 ©C
40to +85 ©C

BLOCK DIAGRAM

15 Disable Z}——O14
|OO—Jlnhlbll
110——A
120—8
130—C
10— x0
20—x1
30— X2
40— x3
5H x4
6 O—— x5
70— x6

90— x7 Voo = Pin 16

Vgs = Pin8




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4512B

2 o 2
PARAMETER Voo | conpiTions | TLow B5C TuigH” | ynies
(Vde) Min. | Max. | Min. | Typ. | Mex. | Min. | Max.
QUIESCENT DEVICE CURRENT |l
5 |Vin=VesorVpp| - 5 | - |005| 5| - |150 |uAdc
10 |Allvalid input - 10 - 0.1 10 - 300
15 |combinations 20 - 102 20 - | 600
3-STATE OUTPUT LEAKAGE ke
CURRENT 15 - {01 ]| - [#10*] 201 [ — [#1.0 |uAdc
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
? TLow =-55°C for C, D, F, H device. :
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ = 50pF, To = 25°C)
A Vp I B
PARAMETER (vae Min. Typ. Max. Units
PROPAGATION DELAY TIME
From Lnhibit
TPLHIPHL] g - 120 20 ns
10 - 55 110
15 - 40 80
From Select Input t t
PLH. TPHL 5 - 225 450 ns
10 - 100 200
15 - 75 150
From Data Input 1, t
PLH, fPHL 5 - 200 400 ns
10 - 80 160
15 - 60 120
From Disable tenz. trzH
tpLz. b
Lz 5 - 60 120 ns
10 - 30 60
15 - 25 50
OUTPUT TRANSITION TIME t , t
TRRTTHY g - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vdc)
<20 -8 -16 -14 12 10 -8 -6 -4 -2 0 -
v ' .l- vd 5 g
=<5 Vdc Z |5 =
csl /‘// -10 ; E
— =]
Vos =-10 Vde e A5 2 Wy
} 20 = £ 25 Vr,sl= 15 vde
Vg5 =—15 Vd % § =2 i
o= 1o 2 2 Vs = 10 Vdc
= S 10 i
3 =5 Vs =5 Vde TA=25°C
1. =25° ¢4 s el M 1
AT = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics




SCL4512B

LOGIC DIAGRAM

_D.
&

ﬁéﬁ\’l

Vpp = Pin 16
Vgs = Pin 8

Voo

Vss

H 15
Disable o-
Voo
Pulse ;
Generator Voo
Disable Disable
Voo z 1nput
CL
s3 =
Output VOL{‘ 25V@Vpp SV.
S2 tPHZ —ei  fo— . tpzH 10V.and 15V
se s 2v@vpp 5V
i Outout —————y 1 VoH{s evevpp 10V
= Vgs 10% S10V@Vpp 15V
- —Vou
Vss
Switch Positions for 3-State Test
TEST St s2 s3 sS4

tPHZ Open Closed | Closea Open

Vss oLz Closed Open Open Closed

tpZL Closed Open Open Closed

- pzH Open Ctosed | Ctosed Open

3-State AC Test Circuit and Waveform
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SCL4512B

APPLICATIONS INFORMATION
32-INPUT MULTIPLEXER

Output terminals of several 4512B devices
can be connected to a single data bus. One
4512B is selected by the 3-state Disable
control, and the remaining devices are disabled into

a high-impedance state. A 32-input multiplexer
utilizing four 4512B data selectors and a single
40118B is shown.

INPUT INPUT
324NPUT MULTIPLEXER,

, NELE
THE INPUT 1S SELECTED 403
BY 5-01T ADDRESS A4 - Ag
AND PRESENTED AT
THE OUTPUT
-:‘: !

T

INPUT  INPUT

Inh D x7 X6 X3 X4 X3 X2 X1 X0
a

c

1

Ioh Do X2 X6 X X& X3 X2 X1 X0

1N D X7 X6 X3 X4 X3 X2 X1 X0 1NN Ow X7 X6 Xb X4 X3 X2 X1 XO
a a

|

3 c

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
functions, 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 4512B 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

B S o o
eFTITITICAFCFCC|O
cFITTFETITICC0
s ITFrITrHrIecexC0
P FFPIFIICIN

/\_/\
H = HIGH Leve!
L = LOW Level
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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 4512B is connected to
VpD. Vss, D, or D 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 D. The
next two are HIGH, so X1 is connected to Vpp,
etc.

’o' >4
b jY
Voo /
- AS
c A X0 X1Xx2 X3
8 —1qB

A—c

~




SOLID $$&
sire D et
SCIENTIFIC

CMOS 4-T0-16 LINE DECODERS WITH LATCH
FEATURES

¢ Strobed Input Latch

4 Inhibit Control

¢ Selected Output Active High (4514B) or
Active Low (4515B)

DESCRIPTION

The 4514B and 4515B are two out-
put options of a 4to-16 Line Decoder with
Latched Inputs. The 4514B presents a logic
“1"" at the selected output, and the 4515B
presents a logic 0" at the selected output. The
latches hold the last input data presented prior to
the Strobe transition from ““1” to “0”. Inhibit
allows all outputs to be placed at “0”
(4514B), or “1” (4515B), 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 “0”

] 0 00O SO

(4] 0 0 0 1 S1

1] 0010 S2

0 00 1 1 S3

0 o100 sS4

0 01 0 1 S5

(1] o110 S6

0 o1 1 1 S7

0 10 00 S8

1] 100 1 S9

0 1010 S10

0 1.0 1 1 S11

[} 1100 S12

o 11 0 1 S13

(1] 1110 S14

0 11 1 1 S15

1 X X X X JAlIl Outputs
= 0", 45148

All Outputs
=*1", 45158
X = Don’t Care

CONNECTION DIAGRAM
(all packages)

Data
Inputs Outputs

——
Vob D4 S10 S8 S14 S12
INHI D3 | s11| s9 | s15 | s13
| R o el e
24 23 22 21 20 19 18 17 16 15 14 13
4514B 4515B
1 2 3 45 6 7 8 9101112

st | 02| s6 | sa | s1 | sol

D1 s7 S6 S3 S2 Vgg

e S— T
Data Outputs

Inputs

Add suffix for package:
D 24-pin Ceramic
E 24-pin Epoxy
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to15 Vdc
Operating Temperature Ta

D, H Device -55 to +126 ©C
E Device 40to +85 ©C
BLOCK DIAGRAM

sol—o” ABCD
. s1Poa8ED
Voo = Pin 24 s2l- 20 R8T D
Vgs = Pin 12 8 g
s3|—oa8lB
sa—s——oiacﬁ
Danlo—ﬂ A 55-5—05§C§
3 8 se—oABCD
Dnu2H 41016 S7—O‘ ABCD
Latch -
Dote 3 21 [+ Decoder 58—0‘7 AESD
2 o sopco0AaBCO
Data 4 0—— s10F—oABCD
snp=o aBCo

. -
stobe o——] S12fj0ABCO
s13pcoadco
S1aF—©ABCD
sisf—o0ABCD

lnhlbltcza J
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SCL4514B, SCL4515B
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

2 o 2
PARAMETER Voo | conpITIONS |TLow *5C THIGH | ynits
(vde) Min. | Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE CURRENT | lpp
5 |Vin=VssorVop [ — 5 | — |005 5| — | 150 |pAdc
10 | All valid input - 10 - 0.1 10 - 300
15 | combinations - 20 - 0.2 20 - 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
=-40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ =50pF, To= 25°C)
Vop i ;
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLil tPHL
From Data Inputs 5 - 485 970 ns
10 - 185 370
15 - 135 270
From Inhibit Input 5 - 250 500 ns
10 — 110 220
15 - 85 170
OUTPUT TRANSITION TIME trom, trad
5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM DATA INPUT SETUP TIME tsetup
5 - 75 150 ns
10 - 35 70
15 - 20 40
MINIMUM STROBE PULSE WIDTH PWst
5 - 125 250 ns
10 - 50 100
15 - 40 75
Vos, DRAIN VOLTAGE (Vdc)
20 18 -16 -14 12 10 8 6 -4 -2 0 _
T 3+ ]
Vos ==5Vde—F~F— 5 = =
1 /,/ 10 53 :
L e ) =
Yos =10 Ve ,23 £ g . Vos = 15 Vde
25 g 3 20 t
Vs = =15 Vdc 2 g =10 vee
= S 10 t
% =5 Vs =5 Vde Al= 25; C
1 1 1
T,=%C1 = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SCL4514B, SCL4515B

LOGIC DIAGRAM

Osta} 2

Osta2 3

Oatal3 20

Dawa 4 22

Strobe 1

Inhibit 23

i
ot

1 o
[a— e ()

;

]

:

§

20 s10
- A8EoD
19 S11
D D D ABco
L {4 14 S12
- aBco
13 513
- AB8CD
16 S14

VY Y

in 45158 Only
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SOLID @0%

STATE SCL4516B
SCIENTIFIC
FEATURES
4 Internally Synchronous for High Speed CONNECTION DIAGRAM
4 Asynchronous Preset Enable (all packages)
¢ Asynchronous Reset
¢ Logic Edge-Clocked Design Vpp CL @3 P3 P2 Q2 U/D R
4 6MHz Counting Rate @ 10Vdc | L1 ] | [ l
4 Carry Output for Cascading Stages 16 15 14 13 12 11 10 9
45168

DESCRIPTION 1 2 3 4 5 6 7 8

The 4516B consists of a four-stage Up/ ! | L A R
Down Counter with provisions for ‘‘look-ahead” PE Q4 P4 P1 Cl Q1 CO Vss
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 Add suffix ﬁ.)' packége.
signals, Four separate buffered Q signals and a C  16-pin Cerdip
Carry-out signal are provided as outputs. D 16’°f“ Ceramic

A high Preset Enable signal allows information E 16'9!“ Epoxy
on the Jam inputs to preset the counter to any :: éﬁfp'“ Flat

P

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 Vgg 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
o 1 0 0 Count Up
) ] o o Count Down
X X 1 [}] Preset
X X X 1 Reset

X = Don't Care

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

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

3to15 Vdc

55 to +125 ©C
-40to +856 ©C

BLOCK DIAGRAM

1 O——PE a1 6
50—ofTarry '
90—R Q2f——CMn
10 0—— Up/Down
15 O— Clock Q3 L —ora

a0—py
12 0— P2 oa|—-o02
130—1p3

VDD Pin 16

Vgs Pin8
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SCL45168

LOGIC DIAGRAM

Yoo

TIMING DIAGRAM

v
Yoo

Ves

C [ L[] =
C e
c L .
J -
0 ] ,
2 L :
i N :
= T :
. ] :
C i .
m o
_Hlﬁ o
C e
m b
C L .
C i s
C L s
C 1 2
C L .
C | .
C | .
C ] .
C L .
Sl e 3§
3 hi
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4516B

2 o 2
PARAMETER Voo | conpiTions | _Tow BC THiGH”_| ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENT [lpp|
5 |Vin=VesorVpp | - | 5 | — |005 | 5] - |150 |uAdc
10 |All valid input - 10 - 0.1 10 - 300
15 | combinations = 20 - |02 20 - | 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
TLow = -55°C for C, D, F, H device.
=-40°C for E device.
Thien = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ = 50pF, Ty = 25°C)
Voo . L R
PARAMETER [ (vde) ] Min. 1 Typ. Max. Units
CLOCKED OPERATION i
PROPAGATION DELAY TIME tom, tPHL
Clock to Q 5 - 200 400 ns
10 - 100 200
15 - 75 150
Clock to Carry Out 5 - 210 420 ns
10 - 120 240
15 - 90 180
Carry In to Carry Out 5 - 125 250 ns
10 - 60 120
15 - 50 100
OUTPUT TRANSITION TIME trim trHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWcL
5 - 170 340 ns
10 - 85 170
15 - 70 140
MAXIMUM CLOCK FREQUENCY feL
5 20 40 - MHz
10 4.0 8.0 -
15 5.5 11.0 —
MAXIMUM CLOCK RISE AND FALL TIME! teew, tew
5 15 - Hs
10 15 -
15 15 - -
MINIMUM SETUP TIME towup
Carry In 5 - 130 260 ns
10 - 65 130
15 — 50 100
Up/Down 5 - 250 500 ns
10 - 100 200
15 — 75 150
PRESET OR RESET OPERATION
PROPAGATION DELAY TIME oL tPHL
Preset Enable or Reset to Q 5 - 210 420 ns
10 - 105 210
15 - 90 180
Preset Enable or Reset to Carry Out 5 - 320 640 ns
10 - 160 320
15 - 125 250
MINIMUM PRESET ENABLE OR RESET
PULSE WIDTH PWpe, PWg
5 - 100 200 ns
10 - 50 100
15 - 40 80
PRESET ENABLE OR RESET REMOVAL TIME |t.em )
5 - 325 650 ns
10 - 110 220
15 — S0 180

! 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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SCL4516B

Vo5, DRAIN VOLTAGE (Vde)
20 18 -16 -14 12 10 8 6 -4 -2 0 -
T 1 g
Vs ==5Vlc—$2— -5 5 €
} ] / 10 ¥ -
P 3 =
Vos ==10 Vde ‘15 2 g, Vos = 15 Vée
20 = 3 N
25 & ] = j[
Vo ==15 Vde 2 S5 Vgs = 10 Vde
= =; 10 -+
35 S5 = T,=25°C
% Yos = 8 Ve e
T.=25°C k) 0 2 4 6 8 10 12 14 16 18 20
L1 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
CASCADING COUNTERS
PARALLEL CLOCKING
woowN —
TaRE .

Iy JITY Libly

U D PE PY P2 P PA U D Pt P1 P2 P3 P4 LD PE P P2 PIPA

& 45168 de 45168 &b d& 45168 'cBD .

R CL 01020304 A_CL Q1020304 R_CLQ1 020304

338 i1 1173

RIPPLE CLOCKING

z

Ei m’
8

L . |

Lbil BT T

U D PE P1 P2 P3 Pa U D PE P1 P2 P3 Pg U D PE PY P2 P3 P4

7 45168 5o o7 45168 5ho dev 45168 5hs

R CL Q1Q2Q3 Q4 A CL Q1020304 A CL Q' Q2 Q3 Q4

il JRERR RRRR

o

RESET
The Up/Down control can be changed at any count The only restriction on changing
the Up/Down control 1s thet the clock input to the first counting stage must be “Migh”

Cascading counter packages.

four Q1 a2 a3 Qe a a2 o as
PE —L PE
,_—-15‘- Co (4--<dTi co
.D. M.S.D.
= Clock :t;fez []Clock as?sz
1=y 4
02 Oown u/o T u/o
%1 P2 p3  Pa 1%p1 P2 P3  ra
S St R e S S S e
( f f ( no { t { ( L
‘ |
*Voo Voo
Clock (tn) Thumbwhee! Switches
— (Open for 0™) Resstors = 10803
—/Aewat “ J .. fin
Voot --- out® o
Open = Count LW-}

Programmable Cascaded Frequency Divider
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SOLID §>@

STATE SCL45178
SCIENTIFIC

CMOS 64-BIT DUAL SHIFT REGISTER
FEATURES
¢ independent Clock, Write Enable Inputs CONNECTION DIAGRAM
* Static Operation
:&1mmmm.; 10VDC Vpp Q16g Q48 WEg Cg Q64g Q32 Dg
* Tri-State Output at 64th Bit 1 11 1 | I
© Balanced Output Drive Current Specifications 15 14 13 11 10 9

4517B

DESCRIPTION 2 3 4 7 8

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.

I

Q164 Q485 WEA Ca Q644 Q324 DA Vss

FUNCTIONAL TRUTH TABLE
WRITE
CLOCK ENABLE DATA 16-BIT TAP 32-BIT TAP 48-BIT TAP 64-BIT TAP
Content of 16-Bit Content of 32-Bit Content of 48:Bit Content of 64-Bit
0 0 X Displayed Displayed Displayed Displayed
0 1 X High Impedance High Impedance High Impedance High Impedance
1 0 X Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit
Displayed Displayed Displayed Displayed
1 1 X High Impedance High Impedance High Impedance High Impedance
-~~~ 0 Dataentered Contentof 16-Bit Content of 33-Bit Content of 49-Bit Content of 64-Bit
into 1st Bit Displayed Displayed Displayed Displayed
—~ 1 Dataentered Dataat tap entered Data at tap entered Data at tap entered High Impedance
Into 1st Bit into 17-Bit into 32-Bit into 48-Bit
N~ O X Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit
Displayed Displayed Displayed Displayed
N— 1 X High Impedance High Impedance High Impedance High Impedance
X = Don’t Care
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SCL4517

ELECTRICAL CHARACTERISTICS

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage Vpp +15t0 —05 Vgc
Input Voltage, all inputs ViN Vppto —05 Vg
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range Tp

C, D, F, H Device —-55t0 +125 °C

E Device —40to +85 °C

Storage Temperature Range ~ Tgyg —65to + 150 °C

STATIC CHARACTERISTICS'

]
PARAMETER Vpp |conpmmons |__Ttow? +25°C _Twieh2_ | oy
(Vdc) Min. | Max. | Min. | Typ. |Max. | Min. | Max.
QUIESCENT DEVICE Ipp
CURRENT 5 Vin=VssorVpp | — 005 | — 0.0005/0.05 | — 15 pAdc
10 All valid input - 0.10 | — 0.001 |0.10 | — 3.0
15 combinations - 020 | — 0.002 {020 | — 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under "4000B Series Family Specifications”.
2T ow = —55°CforC, D, F, H device.
= —40°C for E device.
THIGH = +125°C for C, D, F, H device.
= +85°C for E device.

SWITCHING CHARACTERISTICS* (T, = 25°C)

Typ.
CHARACTERISTIC SYMBOL | Vpp Min. All Types | Max. Unit
Output Transition Time t, 5.0 — 100 200 ns
(CL = 15pF) tTLH 10 — 50 100
tTHL 15 - 40 80
Propagation Delay Time (C_= 15 pF) tPLH
tPHL 6.0 — 200 400 ns
10 - 110 220
15 - 90 180
Minimum Clock Pulse Width PW¢ 5.0 — 170 250 ns
10 - 75 100
16 - 60 75
Maximum Clock Pulse Frequency PRF | 50 2.0 3.0 - MHz
10 5.0 6.7 -
15 6.7 8.3 —
Maximum Clock Pulse Rise and Fall Time t, tf 50 - - No -
10 - - Limit
15 —_ —_ *
Data to Clock Setup Time tsetup 5.0 - -40 -10 ns
10 - -15 0
15 - 0 5
Data to Clock Hold Time thold 5.0 — 75 120 ns
10 L= 25 50
15 - 10 25
Write Enable to Clock Setup Time tsetup 5.0 - 170 300 ns
10 - 65 130
15 - 50 80
Write Enable to Clock Release Time trel 5.0 - 160 280 ns
10 - 55 120
15 - 40 70

*The formula given is for the typical characteristics only.
**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.
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SCL4517

AC TEST WAVEFOAMS
1 PCW
Pin No's i /N 16 17 18
Clock 4(|2)—/ ————— b-—
tral
Write 3 (13) q ! |
thoigt thotd0 ) .
y .
tetup 1 e S —| e 20 ng —ent e
Osta in 7 (9) so%/-
thold1
etupt =t - ;{ - f10tUD0O v !
16-bit outputy (15) ™hotd0 oo i
17-bit input tholgt '
—— 20 N3 ;
YHetup ! e - t30tup0 Voo
32-b1t output 8 (10} hola0
33-bit nput thoigt - -—l
- 20 ns
tsetup 1 e :II ‘setup0 o0
48-bit output 2 (14) thola0

49-dit input

' {
=i 220 N -

-

64 brt output S(11)

v e ve Vss
PLH l-- Voo
vss

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Voo
T
L3
REPETITIVE WAVEFORM 0O0——p——o—]p 16 032048 Q64 I
. Voo co o—{C I cL
N\ e L
c Vss J =
T~ C_
[-)
o vss
(= 1/21y) —0—{C
p—o—we
) Q16 Q32 Q48 Q
1
Vss 64
s0uF R o °‘:{.°‘-}.°‘;{.c‘;+.
EXPANOED BLOCK DIAGRAM
(1/2 OF DEVICE SHOWN)
Cloek o >o- --- --- -- .-
Omo—D: o a o aft{o afer0 aft4o aQ af-t4o afeHo af+40
e 1 c 2 c 16 c 17 Cc 32 c 33 —cC a8 C a9 C gs Q
3-State [ WE 3:State WE r3-Stete WE 3-State
Write l- |- [ ]- i J—
Eneble --- ‘ c-- ‘ -- e ---
L l 64-bit output
Write Enable = 0, 16-bit outout  32-bit output 43-bitcutpur  Migh Impedance
Write Engble = 1, 17-bit input 33-bjt input 49-dit input
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gg'&"g @% SCL4518B
SCL4520B

SCIENTIFIC

FEATURES

¢ Two Independent 4-Bit Counters CONNECTION DIAGRAM

4 Internally Synchronous for High Speed (all packages)

¢ Dual BCD (4518B) and Dual Binary
(4520B) Configurations Vop Rg Qzp Q2B Q18 Qo ENg CLKg

¢ Direct Reset 1 1 1 1 1 1L L 1

¢ Logic Edge Clocked Design 16 15 14 13 12 11 10 9

4 Trigger from either Edge of Clock Signal 45188 45208

4 Static Operation— DC to 5MHz @ 10Vdc 1 2 3 4 5 6 7 8
DESCRIPTION L S L S L

CLKAEN Q1A Q24 Q Ra Vi

The 45188 Dual BCD Counter and the AENAQoA Q14 G2 O3A RA Vss

45208 Dual Binary Counter are constructed

with MOS P-channel and N-channel enhancement- Add suffix for package:

mode devices in a single monolithic structure. Each . :

consists of two identical, independent, internally g :g.s:: g::grl:ic

synchronous 4-stage counters. The counter stages E  16-pin Epoxy

are type-D flip-flops, with interchangeable Clock F  16-pin Flat

and Enable lines for incrementing on either the H Chip

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 Change
| 0 0 No Change
1 N 0 No Change
X X 1 Q0 thruQ3 =0
X = Don't Care
TIMING DIAGRAM
1]2|3]a|s5{6[7]8]9[t0]n]i2]13]14|15|16]17|18]
coce TR ARRARR AL
h IUuuILE—
..'.'1 l_
1]2|3lalsle]7l8|slo]1]2[3fa]sfs]|7[8[9 0
r.,o__J‘L_f‘l_F'l_JFLqLJ L
o T HH | T
g
o =
l::osa;t'wunnuuolasc
wo— HHHHH L
o T T T LT T
43204
\Aa
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RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3to15 Vdc

65 to +126 ©oC

E Device 40to +85 ©C
BLOCK DIAGRAM
cLock
5 Qg }—o3
Qql—o4
2 ¢ Qs b—o
ENABLE 2 s
R Qzpb—os6
RESET
o |
c:.q’cx Qo "
Q4 p—o 12
10 ¢
ENABLE Q2 —oM
R Q3o
RESET
o |
4518 — Dual BCD
4520 — Dual Binary Up Counter




SCL4518B, SCL4520B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 O, 2
PARAMETER Voo | conpiTions |__Tiow *5¢C THIGH” | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE [
CURRENT 5 |Vin=VssorVpp | - 5 - | 005 5| - 150 [uwAdc
10 | All valid input - 10 - 0.1 10 - 300
. .l L5 |combinauons ] - | 20 | - 02 | 20| - 600}
NOTES: ' Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
! Tow = -55°C for C, D, F, H device.
= -40 ‘C, for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, To = 25'C)
T
PARAMETER { (\\1132) [ Min, I Tve. | Max. I Uniits
| CLOCKED OPERATION N ——. R
PROPAGATION DELAY TIME tpLr. tonL '
From Clock or Clock Enable 5 - 225 450 ns
10 - 100 200
e _ 15 - 80 160 ]
OUTPUT TRANSITION TIME t Lty
i I - 100 200 ns
10 - 50 100
L 15 - 40 __39__________4
MINIMUM CLOCK PULSE WIDTH PWc H
5 - 100 200 ns
10 - 50 100
e 15 - 35 70
MINIMUM CLOCK ENABLE PULSE WIDTH PWce
5 - 200 400 ns
10 - 100 200
R 15 - 70 140
MAXIMUM CLOCK FREQUENCY feu
5 15 3.0 - MHz
10 3.0 6.0 -
15 4.0 8.0 -
MAXIMUM CLOCK OR CLOCK ENABLE RISE
& FALL TIME' teL. treL
5 15 - - Hs
10 5 - -
15 - -
RESET OPERATION
PROPAGATION DELAY TIME tonL
5 - 225 450 ns
10 - 100 200
15 - 80 160
MINIMUM RESET PULSE WIDTH PWg
5 - 120 240 ns
10 - 50 100
15 - 40 80
RESET REMOVAL TIME tram
5 - 100 200 ns
10 - 50 100
15 — 40 80
! 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.
Vos, DRAIN VOLTAGE (Vdc)
<20 -18 -16 -14 12 -10 -8 -6 -4 -2 0 -
I | [ —
Ves =<5 Vdc 5 = %
l _ ’d 10 z -
Vos ==10 Vd i 15 § §
=- e -
s 20 = € 2 Ves = 15 Vde
fx] <3 I
25 € = 20 1
Ves ==15 Vdc 2 S 15 A Vos = 10 Vde
X S 10 t
El 25 Vos =S5 Vit To=26°C~
X 11 ||
Ty =28 tq = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel . Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SCL4518B, SCL4520B

LOGIC DIAGRAMS

o

[

L ¢

Eneble

Clocs

DUAL BCO UP
45188 - Tw

O IDEN

COUN
TICAL STAGES

| g Ly

DUAL BINARY UP COUNTER
45208 - TWO IDENTICAL STAGES

APPLICATIONS INFORMATION

CLOCK
INPUT

7__1'___9

CLOCK ENABLE RESET
A A A

CLOCK ENABLE RESET
8 ] -}

Qog Q18 Q2 Q38

CLOCK ENABLE RESET
A A LY

Qoa Q14 Q24 Q34

CLOCK ENABLE RESET
B 8 8

Qo Q18 Q28 Q38

|
[
I
I
I QoA @1AQ24 Q34

A
}

sl ol s ¢ 2l el e 3l o] sl ¢ w2l sl el
L ese2os ) | _esezes J
Ripple cascading of four counters with positive-edge triggering.
vy | -5
INPUT 40718

CLgCK UUABBLE RESET

| Qo8 Q18 Q28 Q38
1) 12} ] 14|

| 4 3

————
|
I

CLOCK ENABLE RESET
A A A

Qog Q18 Q2B Q38

SQLﬂG

%* 40128

Synchronous cascading of four binary counters with negative-edge triggering.
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50'-1'_3 Q®g SCL4522B
STA SCL4526B
SCIENTIFIC
FEATURES
4 Internally Synchronous for High Speed CONNECTION DIAGRAM
4 BCD Decade (4522B) or 4-Bit Binary (all packages)

(4526B) Down Counters
4 Asychronous Preset Enable v Qa Dpa CF “0” Dpo MR Q
4 Asynchronous Reset ch 13 f3 [ P2 | 12
¢ Cascadable ) 16 15 14 13 12 11 10 9
4 Static Operation — DC to 5SMHz @ 10Vdc 1 2 3 4 5 6 7 8
¢ Trigger from Either Edge of Clock Input T T T T T 1 T T

Q4 Dpg PE Inh Dp; C Q4 Vgs

DESCRIPTION

The 4522B BCD Counter and the Add suffix for package:
4526B Binary Counter are constructed with C  16-pin Cerdi
MOS P-channel and N-channel enhancement-mode D 1 -pin Cer P
devices in a single monolithic structure. £ ‘gg!" E ramic

These devices are programmable, cascadable F 1 s_pfn F:ac:xy
down counters with a decoded ‘0" state output H Chipm a

for divide-by-N applications. in single stage applica-
tions the ‘0" 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

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voltage
Operating Temperature

3to15 Vdc

VDD - Vss
Ta

C, D, F, H Device

E Device

65 to +1256 ©OC
40 to +85 ©C

BLOCK DIAGRAM

Both Types
Preset | Master
Clock | Inhibit | Ensble | Reset | Action
[} () ° 0 | NoCount
va o ] 0 |cCountt
x \J ] L] No Count 13 O—CF Q1—o07
1 o L) Count 1
x -\x_ 1 0 | Proser 3 0—{PE
X 3 X 1| Reset 5 O opr Q2 o9
11 O——Op2
14 O0—Dp3 Q3I—O15
20—{opg
45228 45268 G IS EID
Ouput Output a Inhibit
Count Q4 T a3 T a2 | ar Count a4 T @3 | @2 | a1
9 1 0 0 1 15 1 1 1 1 6 O0—C ~0p—012
8 1 ] 0 0 1 1 1 1 )
7 f T 3 13 1 1 [ 1
6 M N ° 12 1 1 (] []
1 i 1 1 1
z g 1" 10 1 1 o Vpo * an 16
3 1 Y 9 1 [ 1 Vgg = Pin8
2 1 0 8 ] o
1 [ 1 7 1 1
] o [ 6 1 1 ]
3 1 [ 1
4 1 o ()
3 [ 1 1
2 o 1 [
1 0 [} 1
[ [] ] ]
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SCL4522B, SCL4526B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

2 0 2
PARAMETER Voo | conpiTioNs | TLow BC TuigH™ | ynits
(Vde) Min. | Max. [ Min. | Typ. | Max. [ Min, | Max.
QUIESCENT DEVICE [
CURRENT 5 |Vin=VssorVoo| - 5 | - |oos| 5| - | 150 [uAdc
10 |Allvalidinput | - | 10 [ = |01 10| - |300
15 | combinations - 20 - 0.2 20 - 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = S50pF, Ta = 25°C)

PARAMETER | “\;%2) rMin. T Typ. I Max. l Units
CLOCKED OPERATION
PROPAGATION DELAY TIME LK, PPHL
Clock or Inhibit to Q 5 - 415 830 ns
10 - 160 320
15 - 120 240
Clock or Inhibit to 0" 5 - 175 350 ns
10 - 125 250
15 - 100 200
OUTPUT TRANSITION TIME tyLh. trHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWer
5 - 125 250 ns
10 - 50 100
15 — 40 80
MAXIMUM CLOCK FREQUENCY feL
5 15 2.0 - MHz
10 3.0 5.0 -
15 4.0 6.6 -
MAXIMUM CLOCK OR INHIBIT RISE AND
FALL TIME! teL. tic
5 15 - - Hs
10 15 - -
15 15 - -
PRESET CPERATION
PROPAGATION DELAY TIME toLm. tPHL
PEtoQ 5 - 415 830 ns
10 - 160 320
15 - 120 240
PE to “O" 5 - 175 350 ns
10 - 125 250
15 - 100 200
MINIMUM PRESET ENABLE PULSE WIDTH PWpe
5 - 125 250 ns
10 - 50 100
15 - 40 80
MINIMUM DATA INPUT HOLD TIME thotd
5 - 75 126 ns
10 - 25 50
15 - 20 40
RESET OPERATION
PROPAGATION DELAY TIME
MR to Q teHL
5 - 415 830 ns
10 - 160 320
15 — 120 240
MR to “O" teLH
5 - 175 350 ns
10 - 125 250
15 - 100 200
MINIMUM MASTER RESET PULSE WIDTH PWur
5 - 150 300 ns
10 - 125 250
15 - 100 200

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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SCL4522B, SCL4526B

Vos, DRAIN VOLTAGE (Vdc) 50 T
-20 -18_-16 -14 -12 %10 81 ? 4 2 0 g % Voo = 15 Vde
Vs == 5 Ve 5 s g4
1 ] A a0 ¥ : 35
1 7] o a2 d
Vs =10 Vde 15 2 &
cs / <
’ 20 = RS Vs = 10 Vde
Vi 25 8 o 2
20 3 g sl A<
35 g =] 10 /1/ -
< h -
==15 Vde |, 3 £ 5 Vgs =5 Vde T,=25°C -
vi 5 L. - jg 2 L1 Y
l ']*' ll TAl=25|C' = 0 2 4 6 8 10 12 14 16 18 20
-50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

45228 LOGIC DIAGRAM (BCD Divide-by-N Counter)

Qr

Dpy ar Op2 Q2 Op3 a3 Opa Qa

4 : I
1 ’ T[ . T L
L{po MR I _DMROr L{oMB gl o MRq|
(< —ﬁC (S C

H ] 113 <
7 e P:]___)—J’vsfi’_‘4 T ee ST Teed
Voo

CF jw

|
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SCL45228B, SCL4526B

APPLICATIONS INFORMATION

Cycle inhibit
e
*Voo
10k Q1 Q2 a3 aqa Q1 Q@2 a3 a4
| | | ¢+ | | | |
PE " L] Pe Counting Cycle
= | 1cr oD oF 9 (15)
u LS.D. MS.D. 2114
MR 4522/268 O MR 4522/26B 0
Clock L{inn Inh
c
= Opy1 Dp2 Dp3 Dpg Op1 Op2 Dp3 DOrpa |,
10 ok no "
- - 1 1
0 (0)—=e0—=Stop at 0"’
( { { { |° ( { - { | Lso MSD
Counter Counter
r‘VDD Twvoo
Master
Roset Thumbwhee! Switches
{Open = 0")
2-Stage Programmable Down Counter (One Cycle)
fout
t n
fout = ;
Q1 Q2 @3 a4 Q1 Q2 a3 Q4 Counting Cyel
| | 1 - | 1 | i ounting Cycle
L{ PE " PE —9(15)
¢ Ls.D. PO ek ms.D. 8114
Clock [—MR 4522/268B o~ MR 4522/268B o
fin r‘ inh Inh
c f c
/= -L Dpy Op2 DOp3 Dpa o Op1 Op2 DOp3 DOpg 10k
10k
= — n0 nt
= tvapwa g fn | T pe e g by S
2(2) 2
0 nt 1(1) 1
LLf_(__/ L_Lj_(___/ L' 0 o
= 1 L.S.D MS.D.
*Voo *Voo Counter Counter
Master
Raset Thumbwheel Switches

(Open = 0"}

2-Stage Programmable Frequency Divider
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SATE Q% SCL4527B

STATE
SCIENTIFIC

CMOS BCD RATE MULTIPLIER

FEATURES
4 Internally Synchronous for High Speed CONNECTION DIAGRAM
4 Strobe for Enabling or Inhibiting Outputs (all packages)
¢ Enable and Cascade Inputs
4 9 Output Available for Cascading Multiplier
¢ Complementary Outputs Vop B A ClearCasc Eijn ST Clock
¢ Clear and Set-To-Nine Inputs [ T N N B |
16 15 14 13 12 11 10 9
DESCRIPTION 45278
The 4527B is a BCD Digital Rate Multiplier 1 2 3 4 5 6 71 8
(DRM) which provides an output pulse rate of the 17 T 1T _1_ T 1
clock input pulse rate multiplied by 1/10 of the “9" € D Set OutOut Egye Vss
BCD input. For example, when the BCD input is 8, Multiplier
there will be 8 output pulses for every 10 input
pulses. The output is clocked on the negative-going i kage:
edge of the input clock. This device may be used to Add "' e
perform arithmetic operations, solve algebraic and c '6"’}" c"’“""_
differential equations, generate logarithms and D 16pin Ceramic
trigonometric functions, A/D and D/A conversion, E  16pin Epoxy
and frequency division. F  16pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage Vpp-Vgs 3to16 Vde
Operating Temperature  Tp

C, D, F, H Device 66 to +126 ©C
E Device 40to +86 ©C
TRUTH TABLE BLOCK DIAGRAM
Number of Pulses
o
tmpun Owtput Logi Love
(Hee L)
Mo of NIRRT
O |C |8 |A|ComPm | Eppy | Swobe | Caxcate | Coar | st | OUT | BUT | Eour | v a o___l
olejfo]e [0) ° ° ° ° ° L " ] ]
[ ] [] ° 1 10 [} ] [] o L] 1 1 1 1 S
elofr e 10 ° ° ° ° ° 2 2 1 1 120——Casc  Eout}—o07
o jo || 10 0 0 0 0 0 3 3 1 1 10 €in
BEERE [0 0 ° ° ° ° . 0 [ 1
ofjrv o | 10 L] (] [} ° o (] s ) 1 Rste iInput 9 O——{Clock out }—06
A ERERK] 10 ° ° ° ° ° . . 1 ] o
[BENERE 10 0 0 ° ° ° 7 ? 1 1 10 sT
(B ERD 10 ° ° ° ° ° . 0 1 1 140— A
t{o]o | 10 ° ° ° ° ° ’ 0 ] 1 1s0—{8 gut—os
1{o]v]e 10 ° ° °- ° ° [ [ ] 1 Multiplier
1o | 10 0 0 ° (] 0 L] [ 1 1 uitie 20—|cC
[(BERERD 10 ° ° ° ° ° . 0 1 [ 3o0—o ~9" —o01
(R EREKRE 10 ° ° ° ° ° (] . 1 1 Clear
INENER K] ° ° ° ° ° ° ] . 1 '
[HENERE 10 ° [ 0 ° 0 . » 1 1 13 o__J
Oupends on internd
x[x|x|x 0 1 ° ° ° ° o of counter
x| x|>|x 1) ° ) ° ° ° L [} 1 ]
xlx|x]x 10 0 ° 1 0 0 " . 1 1 Vpp = Pin 16
v x| x|x 1 ° ) ° 1 ° 0 | 0 ] Y Vss = Pin 8
o |x|x|x 10 ° ° ° ] ° L H " L
x|[x|x|x 10 ° ° ° ° ' L " L "
‘Outpul me ss the first 16 lines of this truth table (depending on values of A, 8,C, D).
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LOGIC DIAGRAM

TIMING DIAGRAM

Enabie in DC 8 A
" 302

—
—

9
Ctock

-
Do
I°>;

Ciear l!: SettoNine 04

Strobe  Cascade
10

-
O D e ,

—{)—DO————o 7 €nable Out

012345678901234
Clock

2

6 Out

Output (Pin 61

Weewna — L MU
8 Enadled " " "
cemames I N1 NLN_JLA
oenstes [ UUULIUVIN
Voo * Pin 16 v
Eour | I
¥
S S | R S | B

(Preset No of 1}

(Preset No of 21 ll " : "

(Preset No of 3) I Il II : Il "

(Praset No of 4) _nJ‘L_n_n__n_n_

weminootsr fI I N LN

weeserno ot6r _JI] "l"i me

(Preset No of 7) _nﬂnn_ﬂmi_ﬂﬂn_
h

APPLICATIONS INFORMATION
Cascading Connections
For words of more than one digit, 4527B devices may be 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 BCDq +0.01 BCD2 +...)

cLoexO-

Two 4527B°’s cascaded in the “Multiply” mode
with a preset number of 36.
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Output Rate = Clock Rate X

SIOMFICANT LEAST SINMRICANT
oieIT oKIT
y—1a orn © o—a ou@
o—{s our| o—{s ouTj—
o—{¢ Sov}— 1—{c Sorh—
1—0 o—{o
cuocx  Eout _] —{cloex  Eout[™
—€in s tin °y
e L B
QEAR s CLEAR 3

cLockO-

01234567090 1234356709%0
cLock

"@mnﬂmn_nmm
ONE OF FOUR OUTPUT PULSES CONTRIBUTED BY

ORM (2) TO OUTPUT FOR EVERY 100 CLOCK PULSES
(L] PRESET No 94

Two 45278B°’s cascaded in the
with a preset number of 94,

“Add” mode

In the Muitiply mode, the fraction programmed

into the first DRM is multiplied by the fraction
programmed into the second one.

BCD14
0 X

BCD2

10

X...



ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCLA4527B

S, 2
PARAMETER Voo | conpiTions | Tiow’ 5C THIGH™ | it
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT loo| 5 |Vin=VssorVoo| - | 8| - {005 | 5 — | 150 |uAde
10 |All valid input - 10 - |01 10 - 300
15 |combinations - 20 - (0.2 20 - 600

NOTES: ' Remaining Static Electrical Characteristics are listed under “40008B Series Family Specifications”.
? TLow = -55°C for C, D, F, H device.

= -40°C for E device.

Thign = +125°C for C, D, F, H device.

=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, Ty = 25°C)

PARAMETER I (‘653) ! Min. L Typ. , Max. ] Units
CLOCKED OPERATION
PROPAGATION DELAY TIME teLm teHL
Clock to Out g - 1?2 :13053 ns
1 -
15 - 60 120
Clock to Out 5 - 953 :gg ns
10 -
15 = 35 70
Clock to Egy, 5 - 333 500 ns
10 - 200
15 - 75 150
Clock to 9" 5 - 300 600 ns
10 - 126 250
15 - 100 200
Cascade to Out g - gg :gg ns
1 -
: 15 - 35 70
Strobe to Out 13 - 1;3 ?gg ns
15 = 60 120
OUTPUT TRANSITION TIME troH. trHy 5 130 260
- ns
10 - 65 130
15 - 50 100
MINIMUM CLOCK PULSE WIDTH PWeoL 165 330
5 - ns
10 - 85 170
15 - 65 130
MAXIMUM CLOCK FREQUENCY feu 5 "
5 1. 3.0 - MHz
10 3.0 6.0 -
15 4.0 8 -
MAXIMUM CLOCK RISE AND FALL TIME' teeL treL
5 15 - - Hs
10 15 - -
15 15 - -
MINIMUM ENABLE IN SETUP TIME tietup
5 - 175 350 ns
10 - 60 120
15 — 45 90
SET OR CLEAR OPERATION
PROPAGATION DELAY TIME tpl_..htp..“T 0
5 - 350 70! ns
10 - 150 300
15 - 115 230
MINIMUM SET OR CLEAR PULSE WIDTH PWs, PWc % 8
. 5 - 1 ns
10 - 35 70
15 - 30 60
SET OR CLEAR REMOVAL TIME tram . o
5 - -20 ns
10 - -10 0
15 - - 715 0

! 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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APPLICATIONS INFORMATION

Multiplication of Two Variables

A
R1 =fcLk (g

A, ,B AB
R2 =fcLk {15! {79! = foLk (i)

R3=fcLk (%)

R2 addresses “up” count, R3 ad-
dresses “down” count. The interface
circuit converts to a single clock with
mode control. When loop stabilizes,

Ro2=R3

AB N
fcLK (WO) = foLk (ﬁ)
orN= %‘

Note: To prevent simultaneous “up” and
“down” commands, a multiphase clock
input must be used.
Generation of A2/3

- A2 1, _ A2
R1 =fcLk ({0g' {30! = feLk (3o60!

N3
R2=fcLk (1000)

At equilibrium,

R1=R2
N3=A2
or N = A2/3

" o

Note: To prevent simultaneous ‘‘up
and ‘‘down’’ commands, a multiphase
clock input must be used.

Frequency Ratios

Rq =fq/10"

Rg = faN/10" where n = number of stages
At equilibrium,

R1=R2

N =fq/fp

Note: To prevent simultaneous com-
mands (overlap), f1 and fo may require
preconditioning.

229
202 22

g

£

case
i
DRAM
s
(3 k}
[
1/6 4069
P ar
Ed
2!
1t 22 . AS
o :‘ w0
I
kL
——
2992
1 -
—
{
1l 598
B R LR

40018

176 4063

. oAm

s
P2 223

s atld

——
" 0 22223
40018
R
O—s{cLock our b
CASE
Ein +v
L ? =
S Voo Vss
c Py
UP/DOWN  p,
P3
45108
Pe
2 R, ci
O—sfciocx  our |2 cLoek .
case OFM Q1 0203 04
En vss
20
st 2
2
23
N'llllz
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soLID $$; @@
STATE SCL4528B
SCIENTIFIC
FEATURES
¢ Two Independent Multivibrators on One Chip CONNECTION DIAGRAM
¢ Triggerable from Leading- or Trailing-Edge (all packages)
Puise
® Retriggerable Vpp 2T72T, 2Cp2A 28 20 20
¢ Resettable [ R R |
4 Qand Q Buffered Outputs Available
¢ Wide Range of Output Pulse Widths 16 15 14 1:5281; 1w s
1 2 3 4 5 6 7 8
DESCRIPTION T I | 1 | 1
1Ty 1T 1Cp 1A 1B G vgs

The 4528B 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 (Ry-Cx). 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

Cp.

FUNCTION TABLE

INPUTS OUTPUTS
Co | A B Q| d
L X X L H
X H X L H
X X L L H
H |t |H |ITL|1r
H L || |[JLjUu

H = High Level (Steady State)
L = Low Level (Steady State)

t = Transition, Low-to-High

| = Transition, High-to-Low

X = lrrelevant (Inc. Transitions)
I 1= One High-Level Pulse

1I= One Low-Level Pulse

VpD - Vss

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage

Operating Temperature Ta
C, D, F, H Device

3to 15

65 t0 +126 ©C

E Device 40to +85 ©OC
BLOCK DIAGRAM
(one of two devices)
Cx Ax
P
A T s
IN Qf—0Q

BIN a———o3

Co

RESET b

Ry and Cx are external components.
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45288 PULSE WIDTH VS. Ry, Cx. Vpp

oMt — T 7 T T | T
6 T Z 74 m— 1 // 1177 1z
A /i 4 ya
5v e A s 5 N 3
? ,y /Ov % 10v /4‘/’& /l‘r;
;‘s’: 15 15v 15v r/ 15¢
™m0 / / / ‘é 4
: v.a 7 ~ v Z
. 7 77
4 < / /4 y/' /) /// /
R 3 & N V7
. S <
: 7 R L N o y
S 1 7 /1'{ 7 a 3
6
g v 74 7 p /4
2
s A 7 17
w
% Y
€ 2 . &Y / //
e v AT 7 7 7
6 A Sv. v
4“7%7 // :u Y //' Y7 >
AW/ 781N A% RN Zat:
W A
hal 4 6 2 e T s 681 2 468 2 4 6 2 468 7 4 7 4 68
107 10 w0t Wt w0 !t 10" 10° 10

PULSE WIDTH (Seconds}

LOGIC DIAGRAM

S B

»

=
o
£
&>

- FOR ALL VALUES OF Vpp 3V T0 18V +
Il

o
o
S

2
&

7 ol 7

e

LATCH

NORMALIZED PULSE WIDTH
s

-
2
o
o
m
£
Fm——g =3

Tt 0.85

o o o e

~

1
o Y L 60 40 20 W s 80 100 120
A,LD_"_D- > Ta, AMRIENT TEMPERATURE (°C)

*STANDARD INPUT PROTECTION AT THESE POINTS

Normalized Pulse Width versus Temperature

Notes:

There is no effective maximum limit on Ry:
recommended minimum value for Ry is 1KQ.
There are no restrictions on the value of Cy.

For proper operation all unused inputs should
be tied to a logic level. The mode point (T2) of a
unused half of device should be tied high through
an external resistor to Vpp.
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ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

v Toow® +25°C Thicn®
PARAMETER DD | CONDITIONS LOW ~HIGH | ynits
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE ol
CURRENT 5 |Vin=VesorVoo | — 5| - |0058| 5| - |150 [uAde
10 | All valid input - 10 - 0.1 10 - 300
20 | combinations - 20 - 102 20 | - 600
NOTES: ' R ini tatic Electrical Ch istics are listed under "4000B Series Family Specifications”.

? Teow = -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 (C, = 50pF, Ta = 25°C)

Cx | Rx Voo i
PARAMETER {pF) (k) (Vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLm,
t
From Aor B A T 5 - 270 540 ns
10 - 90 180
15 - 70 140
1000{ 10 5 - 510 1020 ns
10 - 170 340
15 = 120 240
From Cp 15/ 5 5 - 270 540 ns
10 - S0 180
15 - 70 140 d
1000| 10 5 - 550 1100 ns
10 - 300 600
15 - 250 500
OUTPUT TRANSITION TIME trim.
tyue
- - 5 - 130 260 ns
10 - 65 130
15 = 50 100
Note: @ Output | tyop
15| 5 5 - 130 260 ns
10 - 65 130
15 - 50 100
1000{ 10 5 - 270 540 ns
10 - 240 480
15 - 220 440
MINIMUM INPUT PULSE WIDTH PW,,
A or B Input -] - 5 - 70 140 ns
10 - 30 60
15 - 25 50
OUTPUT PULSE WIDTH MATCH APW,,,
Same package 1000] 10 5 - + 75 *15 %
10 - L $10 +20
15 — +10 +20
Different packages 1000| 10 5 - - *50 %
10 - - 50
15 - - +50
Vos, DRAIN VOLTAGE (Vdc)
<20 -18 -16 -14 12 -10 -8 6 -4 -2 0 _
v, ' s]) vd 5 -
=- c - -—
csl /'//' -10 g 5
-—}-’ (-]
Vs =-10 Vie —p< 15 2 E
1 20 = = 25 Vas = 15 Vde _
- 2 § 3% 1=
Vgs =15 Vde - - |
g 2 § 15 4 Ves = 10 Vde
S S 10 {
%‘ 25 Ves =5 Ve T,=25C
1. =25 ¢ L1 1 1 1
e = 0 2 4 6 8 10 12 14 16 18 20
Vs, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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AC TEST WAVEFORMS
A f 50% 9';/; / \ so%f \ Voo
- I"— PWin 'r:| [ ':" i (
1 -l . ! !
e s | e el ; i
w 50% 9‘:;‘ Voo
% Y S
—ﬂ PW;,, T
co } . }
! " Voo
o e e e e
F PWour | ftprne] mu. _:1)‘_,‘_{_ tonL - et
90% 1
' £ 50% 50% 50% 50%
Q =
— PHL  tPHL- lo— -~ T';:Htl [- - b tpLH :
a 2
50% * E °0% \1 ’V \ so%{ \
APPLICATIONS INFORMATION
Cx Ryx C. Ry
6 J"L o= AAAN, Voo g—i—-—| Vo
ITI T2 T T2
Vss Ve
A Q A Q
p——e OUT IN —— — OUT
v 45288 . % 4528B T
— o—
8 Q
VD?‘-c Cy,
Co Voo
Voo
' U1 | —
Q | _l-T{ | Q l I
- = teLn |‘_‘ T —"'
Astable Operation Connection for Non-Retriggerable Operation
Cxy Cx> R
JV\/V—- Voo Vo
€ F’I Jlk I T T2 e
Vss
A (o)} A Q2 out
%2 45288 Y2 45288B
8 a1 :] Q2
Voo
Co Co
TVm.) TVoD
a ] U |J U
f—T1
= T2

Astable Multivibrator with Adiustable Period and Duty Cycle
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STATE SCL4531B
SCIENTIFIC

CMOS 12-BIT PARITY TREE
FEATURES

@ Variable Word Length
¢ Buffered Output
¢ Parity Selection Input

DESCRIPTION | | | | | |

The 45318 12-Bit Parity Tree is con- 16 15 14 13 12 11 10 9
structed with MOS P-channel and N-channel 45318
enhancement-mode devices in a single monolithic 1 2 3 4 5 6 7 8
structure. The circuit consists of 12 Data-bit inputs 1 T 1 T T T T
(DO thru D11), an even or odd Parity Selection D6 D5 D4 D3 D2 D1 DO Vgg
input (W), and an output (Q). The Parity Selection
input can be considered as an additional bit. Words i
of less than 13 bits can generate an even or odd Add suffix for package:
parity output if the remaining inputs are selected C 16-pi-- Cerdip
to contain an even number of 1's. Words of greater D 16-pin Ceramic
than 12 bits can be accommodated by cascading E 16-pin Epoxy
other 4531B devices by using the W input. F  16-pin Flat
Applications include checking or including a redun- H Chip

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.

CONNECTION DIAGRAM
(all packages).

Vpp D7 D8 D9 D10D11 W Q
]

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

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

3to 15

65 to +125 ©C
40 to +85 ©C

Vdc

TRUTH TABLE LOGIC DIAGRAM
INPUTS ouTPUT
BECIMAL
10CTALY
wlonow]- 02| 01 | DO|EQUIVALENT| @°
ol 6] 0 5160l 0 o o oo 7
ol o o o o 1 ) m 1
ol o| o o 1 ol 2 @& 1 CAN
ol o] o 0 1 1 3w [}
o[ o o 1 o[ o &« @ 1 02 5
ol o] o 1] o 1 [RTY) [}
ol o o 1 1 (] 6 [ o 03 4
ol o o 1 1 1 7 o 1 D4 3
I HEEHEE z or 2
1 1 0 o 0 | 8184 (177701 ] o6 1
[N ] 1 o o 1 | 8esrrrrn 1
1] 1+ o ' 0 | 81861177721 ' D7 18
1| 1 o | 1 1 | 8187 117773 [)
1 1 1 1 ] 0 [ 81881(17774) 1 08 14
v 1 I ] 1 | 8189117775 o
1] 1 1 1 0 | 81901177761 o 09 3
1] o 1 |- 1 1 1 | 81911779 1 D10 12
0+ Even Parity  Note May redefine 10 surt apphication by
1+ 0ad Persty Manipulsting W #nd/or Other sveilsble D's o1 1 Vpp = Pin 16
Odd/Even W 10 O~ Vgg = Pin 8
Q=00®01®02®...Q01MEOW
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'®

2 0, 2
PARAMETER Voo | conpiTions | TLow +5°C Thign® | ypits
(Vde) Min. | Max. | Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE \
CURRENT °d 5 |Vn=VesorVoo| - 5 | — |oos| 51 - |150 |uAde
10 |Alivalidinput | — [ 10 | - |01 | 10| - | 300
15 |combinations - 20 - 0.2 20 - 600

NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.

= -40°C for E device.

Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C_ = 50pF, Ty = 26°C)

Typical P-Channel

Source Current Characteristics

250

PARAMETER (\(,32) Min. Typ. Max. Units
PROPAGATION DELAY TIME
From D Inputs teLH tPHL 5 420 840
_ ns
10 - 175 350
15 - 120 240
From W Input teLH, tPHL 5 250 500
- ns
10 - 100 200
15 - 70 140
OUTPUT TRANSITION TIME trim tTHL . 120 260
- ns
10 - 65 130
15 - 50 100
Vos, DRAIN VOLTAGE (Vdc)
20 18 16 14 12 10 8 6 -4 -2 0 =
v, I—-.'! vde 5 = %
csl ;'//' 10 i ;
Vs =-10 Ve :;g g g 2 Voo = 15 Vdc
L [x] 3 20 —
—= 2% 5 = 7 l
Ves =—15 Vde ] 215 Vos = 10 Vde
£ S 10 - t
g 2 \cs-:sv“g r,l=zs;c-
1 1
T=2%07 2 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics




soLD &
STATE @g SCL4532B
SCIENTIFIC

CMOS 8-BIT PRIORITY ENCODER
FEATURES
« Converts from 1 of 8 binary CONNECTION DIAGRAM

* Provides cascading features to handle any number of
inputs

* group select indicates one or more priority inputs

* Standardized, symmetrical output characteristics

* Noise margin (full package-temperature range):
1WVatVpp = 6V
2VatVpp = 10V
25VatVpp = 16V

* 5V, 10V, and 16V parametric ratings

Voo Eg 65 03 D2 DI 00 QO
IHENEREN

1615141312 1110 §

) 45328

|
4

[

2345678
AR
04 DS 0607 £7Q2Q! Vgg

RECOMMENDED OPERATING CONDITIONS

APPLICATIONS For reliability, nominal operating conditions should
* Priority encoder be selected so that operation is always within the following
* Binary or BCD encoder (keyboard encoding) ranges.
* Floating point arithmetic Charactoristic | Min. Max, | Umits
Supply Voltage
DESCRIPTION Range (for Ta=| 3 5 v
Full Package
The 4532B consists of combinational logic that encodes Temp. Range)
the highest priority input (D7-D0) to a 3-bit binary code.
The eight inputs, D7 through DO, each have an assigned FUNCTIONAL DIAGRAM
priority; D7 is the highest priority and DO is the lowest.
The priority encoder is inhibited when the chip-enable input o7 T oo —
Ey is low. Then Ej is high, the binary representation of [ o
the highest-priority input appears on output lines Q2-Q0, : ':::".'
and the group select line GS is high to indicate that '.
priority il.'npu?s are present. The enable-out (Eg) is high when oo | i ) to
no priority inputs are present. If any one input is high, T
Eq is low and all cascaded lower-order stages are disabled. " D_ -
[x
TRUTH TABLE
input Output
Ef | D7 | D6 | D5 | D4 |D3 | D2 | D1 | DO GS| 02| Q1| Q0| Ep
0 X X X X X X X X 0 0 0 0 0
1 0 0 0 V] 0 0 0 0 0 1] 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 1] 1 X X X X X 1 1 0 1 0
1 [ 0 0 1 X X X X 1 1 0 0 0
1]0 0 o|o 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 (1] [1] 1 0
1 0 0 0 [1] 0 0 1] 1 1 1] 0 0 0
X = Don‘t Care Logic 1 = High Logic 0= Low
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Y

QUTPUTS
By

-

X]

-

X

*o8
®
Q2
L D -8
®
oz
®
—
; 1 >0
*00 3 €
L 2
“eq — Vss
Voo 92CL-26361R)
®ALL INPUTS PROTECTED BY
COS/MOS PROTECTION NETWORK
vss
4532 logic diagram.
Voo
Voo ' INPUTS
INPUTS ML
\78 :\—— -l
Vi -
-
\/
‘00
Vss f
wPygs |
Yoo - NOTE
i MEASURE INPUTS
Quiescent device current test circuit. :\»—@-— - SEOUENTIALLY,
Vs han TO BOTH Vpp AND Vgg:
-l CONNECT ALL UNUSED
WPUTS TO EITHER
! Vpo OR Vg
vss

Input current test circuit.

262

OTE .
TEST ANY ONE INPUT,
WITH OTHER INPUTS AT
Vop OR Vss

Input voltage test circuit.



ELECTRICAL CHARACTERISTICS

SCL4532B

STATIC CHARACTERISTICS?
T 2 +25°C T 2
PARAMETER Voo | CONDITIONS Low HIGH Units
(Vdc) Min.|Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 ViN=vggorVpp | — | 5 | — |o005| & | — [ 150 | pAdc
10 Al Valid input — {10 |- fo1r |10 | - | 300
15 combinations - 20 - 02 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under ‘“4000B Series Family Specifications”
2T ow = -56°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 ELECTRICAL CHARACTERISTICS at T, = 25°C; C = 50 pF.
TEST CONDITONS LIMITS
CHARACTERISTIC Voo ALL TYPES UNITS
VOLTS TYP. MAX.
PROPAGATION DELAY TIME tpy, tpLH 5 110 220
EjtoEq, E to GS 10 55 110
15 45 85
5 170 340
Ejto Qm, Dn to Gs 10 85 170 ns
15 65 125
5 220 440
Dnto QM 10 110 220
15 85 160
5 100 200
TRANSITION TIME tyy, troy 10 50 100 ns
15 40 80
INPUT CAPACITANCE C Any Input 5 75 pF
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AC TEST WAVEFORMS
—= PCW
NCW o

Pin No's 1 /K— 16 17
Clock 4 (lz;—j ————— I.—

trat F

Write 3 (13) l

thold1 thotd0 ;

tyotup1 g - tyarun0| ___ 20 Ny = b

/

Dstain 7 (9) . $0% \ f
hold1
tserup 1 e tsetup0 v PHL —-1
18-bit outputy (15) thotd0 oo
17-bit input thotd 1
1 —— 20 ns. tom
Yetup? — [=-etup0 Voo -
32-bit outout 6 (10) hoia0
33-bit input thoid 1
1 - 20 ns

tsatup 1 [=-tsetup0 Voo PH L —ed

48-bit output 2 (14) thold0
49-dbit input

.
]

2

f

7
{

2

64-bit output S(11)

Vss

|

|

|

|

|

|

|

|

|

i

| 2

|3

]

]

[ ;

-

{
T
Al
i

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Voo
Cv
REPETITIVE WAVEFORM po— g oo 0316032048084 I I
Voo c o—c cL
NV aa e T
- C Vss =
Co
o =
o Vss Oo—C
(f= 1/215)
p—O— WE
p—0—

SouFﬁ

e g
Mo

EXPANDOED BLOCK DIAGRAM
(1/2 OF DEVICE SHOWN)

omo—Df o abH-Hdo alio aolgHo aoffdo  olpHo  oFt{e  elHo  ofido
e 1 c 2 Hc 16 c 17 Cc 32 c 33 C as C a9 C sa Q
r— 3-State WE 3-State WE 3-State WE 3-State
Write —— [ P ! e 4 [ ___J—
Eneste l 1 L 84-bit output
Write Enable = 0, 16-bit cutput 32.bit output a8.bitoutpur  High Impedance
Write Enable = 1, 17-bit input 33-bit input 49-bit input
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SOLID @0%

STATE $CL45438
SCIENTIFIC

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
FEATURES

¢ Phase Input Signal Reproduced on Outputs for
Liquid Crystal Display

4 Latched Storage of Input Code

¢ Blanking Input for Display Intensity
Modulation

¢ Readout Blanking for lllegal Input
Combinations

4 Pin Compatible with CD4056A (with Pin 7

Tied to Vgg)

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 (Ph), Blanking (Bl), and Latch Disable (LD)
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 are connected directly to the
segments of the readout. For other types of
readouts, such as light-emitting diode (LED), 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
w|e| P |DCB Aja bc o e t g|Display
X 1 ] X X X X|0 0 0 0 0 0 O] Blanx
1 [ o 0000t T 1111 0] O
1 [ o 000 10y 10000 1
1 ] [ 001 0[y v 0111 01 H
1 ] o 001 1]t 11 1001] 3
1 ) [ 01 00f01 100 V] &

1 o o 01011011011 5
1 o o 01 10(1 01 1 11 €
AJ '] [] 01 3 1]t 110000 7
1 [ o 1000 v 1 1 11 8
1 [ ] 100 1{1 ¢+ v v 01 9
Al o [ 101 0/0000O0O0 Of6anm
1 ] (] 1 01 1/10 0 0 0 0 0 0] Blanx
1 [ [ 11 00f0 000 0 0 Of8tank
1 o o 1101(0000 0 0 Of86lanx
1 o o 1110|0000 0 0 OfB8ienx
1 (] ] 1 11 1]00000 0 Ofs6tenk
[] [ [] X X X X c. o
t 1 1 1 Inverse of Cutput Ouplay
Combinations a3 sbove]
Above

X = Don't care

t = Above Combinations

* = For liquid crystal readouts, apply 8 square wave 10 Ph

For common cathode LED readouts, select Ph = O.
For common anode LED readouts, select Ph = 1
* = Depands upon the BCD code previously applied when LD = 1

255

CONNECTION DIAGRAM
(all packages)

Vopp f 9 e d c b a
| | | | | | | |
16 15 14 13 12 11 10 9
45438
1 2 3 4 5 6 7 8
| | 1 | I |
Lb C B D A Ph Bl Vgg
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 3to16 Vde

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

VpD - Vss
Ta

65t0 +126 ©C

40to +85 ©C

DVM, etc.) display driver, computer/calculator
display driver, cockpit display driver, and various
clock, watch, and timer uses.

BLOCK DIAGRAM

so_‘A al o9 2
3o—8 b}—o10 ! no
20— ¢ ¢ f—o 11 . A
4 0—— 0 ab—o012 d
60— pn el—o013
70— 81 t}—018 vpp =Pin16
10— LD 9—o014 Vss=Pin8
DISPLAY

EEECEEREE




SCL4543B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS!

2 o 2
PARAMETER Voo | conDITIONS | TLow 5C THIGH | ynits
(vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Iop)
CURRENT 5 |Vin=VesorVoo | — 5| — |0.05 5 | = | 150 |uAdc
10 | All valid input - 10 - 0.1 10 - 300
15 | combinations — 20 - |02 20 - 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 TLow =-55°C for C, D, F, H device.
=-40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T5 = 25°C)
Vpo . .
PARAMETER (Vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLH, tPHL
5 - 550 1100 ns
10 - 210 420
15 - 160 320
OUTPUT TRANSITION TIME triH tTHL
5 - 100 200 ns
10 - 50 100
15 — 40 80
MINIMUM DATA INPUT SETUP TIME Yotup
5 - -40 0 ns
10 - -16 0
15 — -10 0
MINIMUM DATA INPUT HOLD TIME thold
5 - 40 80 ns
10 - 15 30
15 — 10 20
MINIMUM LD PULSE WIDTH PW o
5 - 125 250 ns
10 - 50 100
15 — 40 80
Vos, DRAIN VOLTAGE (Vdc) 50 T
-20 -18 -16 -14 -12%10 ? ? 4 2 0 = 4 Voo = 15 Ve
Vs ==5 Vdc ] 5 - g0
1L i A 10 !; ; 35
Vos=—10 Vde // 52 g o
20 = 55 Vos = 10 Vde
/] 25 € : 20
= =
30 2 s 15 77
L, .35 = n‘: 10 A
Vos =—15 Vde L 40 g £ 54 "csj=-"l“‘ T,=25°C
1 1 1
TA=2°C 45 & 0 4 6 6 10 12 14 16 18 20
I - L—L— 50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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LOGIC DIAGRAM

SCL4543B

Bi 7

Vpp = Pin 16
Vss = Pin8

Aso—Do—

D4

==
=S

o>

APPLICATIONS INFORMATION
CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

45438B One of Seven Segments
OUtp::‘t / Common

Backplane

Square Wave
(Vgs to Vpp)

LIGHT EMITTING DIODE (LED) READOUT

Common Common Voo
Cathode LED Anode LED
25438 B
Output T
Ph —_—

= Vss J:‘ {v

Note: Bipolar transistors may be added for gain (for Vpp <10V or lout 2 10 mA).

INCANDESCENT READOUT

Appropriate

Voltage
[
P =
p -——-——
45438
Output
Ph

FLUORESCENT READOUT

45438
Output [—O0—
Ph
A
Vss

Filament
= Supply

1 Vgg or appropriate
= voltage below Vgs.

GAS DISCHARGE READOUT

Appropriate
Voltage
[
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SOLID

STATE S Sorancad

SCIENTIFIC SCLASS6B
CMOS DUAL 2-T0-4 LINE DECODERS

FEATURES

¢ Buffered Outputs

4 Selected Output Active High (4555B) or
Active Low (4556B) )

¢ Expandable

DESCRIPTION

The 4555B and 4556B are constructed
with complementary MOS (CMOS) enhancement-
mode devices. Each decoder/demultiplexer has two
Select inputs (A and B), an active-low Enable input
(E), and four mutually-exclusive outputs (Q0, Q1,
Q2, Q3). The 4555B has the selected output
go to the "high’ state, and the 4556B has the
selected output go to the “low’’ state. Expanded
decoding such as binary-to-hexadecimal (1-0f-16),
etc.,, can be achieved by using other 4555B 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 B | A ] asla2jai}aolas|G2/a1{co

o olo Jofojof1]1|[1]1]0
o ol olo|1]of1]|1]o|1
0 110 fof1|o]jo]1|ofr |1
0 101 1(0|ofoJof1 (1]
1 x|x Jojojofo1]1]1 ]

X = Don’t Care

CONNECTION DIAGRAM
(all packages)

Vpp Eg Ag Bg Qjs QigQ2s Q38
1 1 | | | | ] |
16 15 14 13 12 11 10 9

45558 45568

1 2 3 4 5 6 7 8
T 1 T T T T 1
EA Aa Ba Qa Qi Q34 Q3A Vss

*Inverted for 45568

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  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3to16 Vde

55 to +126 ©C

E Device 40to +856 ©C
BLOCK DIAGRAMS
45558 45568
2 A Qo——4 2—A 60‘——‘
3 8 af—s 8 arp—=5
T Q26 z G2—¢6
! Q3f—7 ' Gaf—7
18 A aop—12 A aop—-12
. e Qi——n 3 e aip—mn
- az2f—10 - G2f—10
s—qE af—s W—qF Gaf—9
Vpp = Pin 16
Vgs = Pin8
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SCL4555B, SCLA4556B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

2 S 2
PARAMETER Voo | conprTions | TLow *B5C TigH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE ]
CURRENT ®°l 5 |viy=VesorVoo | - s | - [oos| 5| - |150 [uAdc
10 |[Allvalid inputs - 10 - 101 10 - 300
15 | combinations - 20 - |02 2 | - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T4 = 25°C)
Vpo ) .
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME
45558 teLH, teHL
= 5 - 140 280 ns
10 - 65 130
15 - 50 100
45568 teLH, tPHL
5 - 160 320 ns
10 - 75 150
15 - 50 100
OUTPUT TRANSITION TIME treme tTHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vdc)
-20 18 -16 14 12 -10 -8 6 -4 -2 0 _
I 8
Vgs==5 Vdc 5 =~
—— s =
Vos==10 Vde = 15 2 @
1 2 = = 25 Vu‘= 15 vde
__L/ . 25 2 © 90 i
= =15 Vd ] =
Vos =15 Ve 2 215 Vos =10 Vit
E S 10} — —t
3 2s Vs =5 Vdc TA=25°C
L g el 1
Th=2C7 2 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vde)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

LOGIC DIAGRAM (% of Dual)

A

oo -
oo el {>o-
o— >

*Eliminated for 45558




Q OUTPUTS

TRUTH TABLE

1/]o0jofojojo]jojof1]0O
1{1]|ojojojDfo|O|O|"

1
1

C|B|A|O|1]2]3]4]5]6]7
ojojofijojojojojojojo
ojojtjoj1jojojojojojo
of{1]o0]jojoj1jojojojO|O
oj1}{1]ojojoj1jo]OjO]O
110j0]jo0]jo]jo]joj1]0jO|O
1,0/1]0f/0jo0j0]jOj1]0}0

INPUTS

0
DATA

0
DATA
0o

3
OUTPUTS
.

Q7

OUTPUTS

a1l
0
DATA
[
es
Q6

% 4555B
TRUTH TABLE

p—
roel—

0
03

1/6 4069UB
45558

re—-—-

E
L———
1-of-8 Decoder Using 4555B

0] 0 |DATA

SELECT

INPUTS [
SELECT

INPUTS

1A

APPLICATIONS INFORMATION

1-0of-4 Line Data Demultiplexer Using 45558

a

e
1/6 4069UB

|

DECODER
INPUTS

SCL4555B, SCL4556B

TRUTH TABLE

wlo|o|o|o|o|ololojo|o|o|o|o|e|of -l
T|ojo|o|o|e|e|o|o|e|o|e|o|o|o|~|o|e
ololejo|o|e|o|o|olefe|o|o|o]|~|o]|o|e
olo|ole|o]o|eo|ofe]|o]|o]o|o|~|e|e]|ofe
~|o]o|olo|o|o|o|o|o|e|o|~|o|0|lo|0OlO
Em0000000000|000000
WSOOOOOOOOOIOOOOOOO
al=[elele|e]|e]e]ojof~| || e]|o]o]e|o]|e
O|~|o[o[o|o|e]|o|e]~|o|c]|o]o]|o|o]|o]o]e
o]o[ofele]e]e]~[elo]e]e][e|o]|o|e]ofe
w[olo|o|olo|~|o|e]e|e]ojo|e]|e]|e]|o|e
<|o|ofe]e|~]|o]o[e[e]o]o|o|o]|c]e] o]
o|ololol~lo]o]e]elo]c]o]o[e]e|ec]ofe
~Jofo]~lololo]ofe]|o]e]o]ofe]e]|o]ofe
~Jol~le[e]|eo[c]o[o]o]o]e]|o]|e]|e]e] o]
o]~|o]e|ojo|c]ole]o]o]o]o|o]|o]o] o]0
<|o|~|o]~|o|~lo]|~|o]| ~|e|~|o]|-|e]|~|e
N8001|00|100|100|1x
WCOOOO!I!IOOOO'!I!X
Z[alelelelelalelele|~l~|~]-1=1-1-]~| %
wlo|o|e]eo|e]|e|ele|o|o|o]o]le]e]o]o|~

[-ouTpuTs

T

o 1w
hd /

% 45568

(a

INPUTS

oecooen |

X = don't care

1-0f-16 Decoder Using 4555B/ 4556B
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SCL4581B

SOLID @%

STATE

SCIENTIFIC

FEATURES

4 Function and Pinout Equivalent to 74181

& Provides 16 Logic Functions and 16 Arithmetic
Functions

4 Comparator Function

4 Positive or Negative Logic

4 Full Look-Ahead for High-Speed Operations on
Long Words

DESCRIPTION
The 4581B 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
S3) with the Mode Control input high, while the
desired arithmetic operation is selected by applying

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 (P) and Carry generate (G)

outputs are provided tc 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 (Cp)
and a Ripple-Carry output (Cp+4) are included for
ripple-through operation.

ALU SIGNAL DESIGNATIONS

Designation Pin Nos. Function
A3, A2, A1, A0 |19, 21, 23,2| Word A Inputs
B3, B2,81, BO |18, 20, 22, 1 Word B Inputs
Function- t
$3,52,51,50 |3,4 5,6 o
Cn 7 Inv. Carry Input
Mode Control
mcC 8 Input
F3, F2, F1, FO |13, 11, 10, 9] Function Outputs
A=8B 14 Comparator Output,
Carry Propagate
P 15 Output
Ch+4 16 Inv. Carry Output
Carry Generate
G 17 Qutput

CMOS 4-BIT ARITHMETIC LOGIC UNIT

CONNECTION DIAGRAM
(all packages)

INPUTS OUTPUTS

R T, T
Vop A1 B1 A By A3Bg G CpigP A=BF3
N N A N N T A T |

24 23 22 21 20 1S 18 17 16 15 14 13

45818
1 2 3 45 6 7 8 9 101112

11111 1T 1 1T T7T
BO AO S3 S2 S1 SO C,MC FO F1 F2Vgg
m N —

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 VpD - Vss 3to15 Vdc
Operating Temperature Ta
D, H Device -565 to +126 OC
E Device 40to +85 ©C
BLOCK DIAGRAM
30—
Function | 4 o
Select
Inputs SO—I
soj
SO S1 5283
20-d 40 Fol—o9
Word | 230-q A1 E1010| output
A |210qa2 F2—011| Function
1909 A3 Ea013
1oqs0 8l 14 ComParison
Word 220981 Output
8 200-d 82 Riople
Cn+a—016 Corry
180~ 83 Output
Carry in 70— Cp,
- "l Look
Mode §o—mc G017 Ahead
Control P _015| Carry
Outputs

Vpp = Pin 24
Vgg = Pin 12
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SCL4581B

ALU FUNCTION GENERATION
The 45818 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.
30—
Function
o—
Select 4
I1nputs 5 Oy
6
Vpp = Pin 24
2 S0 515283 Vss = Pin 12
o—dqao0 Fo 09
_ 23 0—daA1 _
word A 21 A2 F1[——010 [ Output
19 A3 F2l—on Function
{ 1 ::j 80 Faf—o13
Word B 22 o—qs81 A 8}—014 Comparison Output
20 82 Cnegf——016 Ripple Carry Output
18 0—qe3 - “
Carry in 7 0——{C, G Look A
B 15 Carry Outputs
Mode Control 8 O——={MC
FIGURE 1
(Use with Table 1 for Positive logic,
with Table 2 for negative logic)

(Use with Table 2 for positive logic,
with Table 1 for negative logic)

3 Oy
Py SE—

N e ——

6

) 50515283

230—a1 0

21 o—A2 Fi—>

19 0—{ A3 F2p—on

1 o—i80 F3p—o013

22 0—{81 Ae8l—ota

20 0—{B2 Eoral—ote

'8 83 Gj—o17

7 0—ACn

8 o—AMC 4
FIGURE 2

TABLE 1 TABLE 2
ACTIVE-LOW DATA ACTIVE-HIGH DATA
SELECTION M Nc-n MG = L ARITHMETIC GPERATIONS SELECTION [y MC - L; ARITHMETIC GPERATIONS
LoGIC Ch=L ChoH — LOGIC Ta=H Ca=t
{53 52 51 50| L pncrions| tno carry) (with carry) . S3 52 $1 50| pyncrions (no carry) (with carry)
L L L L|F=A F=AMINUS 1 F=A “Jv-t L oL]FsR F=A Fs APLUS 1
L L L H|F=AB F = AB MINUS 1 F=AB ‘ffv v L H{F=AFB |[F=- A+B F=(A+B)PLUS 1
L L H L|F=K+8 |F=ABMINUS) F=AB e LW L|F=As F=A+T F=(A+B)IPLUS 1
L L H H[F=1 F = MINUS 1 (2's COMP) | F = ZERO ) L L H H|F=0 F = MINUS 1 (2's COMPL)| F = ZERO
L HL LIF<ATB |F=APLUSIA+B) F=APLUSIA+BIPLUSY |lL H L L|F=7RB F = APLUS AB F = APLUS AB PLUS 1
L H L H|F=B F=ABPLUS(A+B) |F=ABPLUS(IA+BIPLUSI[|L H L H|F=B F=(A+B)PLUSAB  |F=(A+B)PLUS ABPLUS |
L HH L|F<A®B|F=AMINUSBMINUS1|F=AMINUSB L H HL|FeA® B |[F=AMINUSBMINUSY [F= AMINUSB
L H H H|g=A+B |F=A+B F=(A+B)PLUS 1 L H H H|F=AF £ = ABMINUS 1 F=AB
H L L L|F=%s F=APLUS(A+B) F=APLUS(A+BIPLUST [|[H L L L|[F=E+B |F=APLUSAB F = APLUS AB PLUS 1
H L L H|F=A® B |F=APLUSB F=APLUSBPLUS 1 H L L H(F:A®B [F=APLUSB F=APLUSBPLUS 1
H L H L|F=8 F = AB PLUS (A +B) F=ABPLUS(A+B)RLUSY|/H L H L|F=8 F = (A +B) PLUS AB F = (A +B) PLUS AB PLUS 1
H L H H|F=A+B F=(A+8B) F={A + B)PLUS.1 H L H H|F=AB F=ABMINUS 1 F=AB
H H L L|F=0 F=APLUS A® F=APLUSAPLUS 1 H H L L|F=1 F=APLUSA® FaAPLUSAPLUS1
H H L H|F=AF F = ABPLUS A F = ABPLUSAPLUS | IH H L H|F=A+B |F=(A+B)PLUSA F=(A+B)PLUSAPLUS |
H H H L|F=AB F=ABPLUS A F= ABPLUSAPLUS 1 H H H L|F=A+B |[F=(a+BIPLUSA F=(A+B)PLUSAPLUS 1
l" H H H|F=A F=A F=APLUS H H H HIF=A F=AMINUS 1 F=A
*Each bit is shifted to the next more significant position.
When the device is in the subtract mode Data | ¢ 1cn,y | Mognituge
(LHHL), comparison of two 4-bit words present at e s
the A and B inputs is provided using the A=B Active | L H a<s
output. It assumes a high-level state when indi- High H t :>:
cating equality. Also, when the ALU is in the ——— —
subtract mode the Cp+4 output can be used to Active | H L A<s
indicate relative magnitude as shown in this table: Low - o :;:
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4581B

7 S 7
PARAMETER Voo | conpiions | _Teow 15c Tuian”_ | ynies
(Vde) Min. | Max. | Min. | Typ.
QUIESCENT DEVICE loo
CURRENT 5 [VinsVssorVoo | - s | - [005| 5| - |150 |uAde
10 | All valid input - 10 - 0.1 10 - 300
15 inati - 20 - |02 20 | - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
? Tiow = -55°C for D, H device.
= -40°C for E device.
Tuign = +125°C for D, H device.
=+ 86°C for E device.
DYNAMIC CHARACTERISTICS (C_ = 50pF, T4 = 25°C)
Voo .
PARAMETER (Vo) Min, Typ. Max. Units
PROPAGATION DELAY TIME toLn. toHL
Sum In to Sum Cut 5 - 400 800 ns
10 - 160 320
15 - 120 240
Sum In to Sum Out (Logic Mode) 5 - 380 760 ns
10 - 190 380
15 —- 160 320
SumintoA=8 5 - 450 800 ns
10 - 275 550
15 - 225 450
SumintoPor G 5 - 300 600 ns
10 - 150 300
15 - 125 250
Suminto C.g 5 - 300 600 ns
10 - 150 300
15 - 125 250
Carry In to Sum Out 5 - 200 400 ns
10 - 100 50
15 - 70 3
Carry Into Cpeg 5 - 200 400 ns
10 - 100 50
15 - 70 35
OUTPUT TRANSITION TIME Trim triy
5 - 100 200 ns
10 - 50 100
15 - 40 80
AC Test Setup Reference Table
AC PATHS OC DATA INPUTS
TEST INPUTS | OUTPUTS TO Vgs TO Vpo MODE
s””d';':: Sumout Ao any F a"""g;"’ o ang's Adg
i“.’:’.';‘ ';?:e Ao 3 “""'g"""’ a's ane's Ada
s;;‘..;. ."°"f. 80 Cary “"': :" Remaining 6's Ada
s“;‘;;‘. ;°T‘f;".4 8o & a% :" Remaining 6's Add
c'(‘,:?.f";'l‘g:' Cn Any F Al As ang's Ada
CD'Ie ::yc'r':::. Cn Cnea an A’y Ang's Add
s w0A=8 an g
ugc‘lnay Time A0 A-8 Rcmamin; A's Cn Sub
S 10 St
anioy Tme”t | ands | anyE ana's ™ Exclumve
{Logic Mode)
Vos, DRAIN VOLTAGE (Vde)
<20 18 -16 -14 12 -10 8 6 -4 -2 0 -
v T"‘ fli Vdc 5 g
o8 == Z (5 =
| A 10 2 -
Ves==10 Vde y § @ Voo = 15 Vée!
! 20 . § 25 o)
__1 - e 20 }
Ves =—15 Vic = g ) !
o -
¥ E 15 Vs = 10 Vée
] 10 i
a o
% 2s Vs =5 Vde Ta=28C4
1 1 i
nl=251°0- = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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SCL4581B

APPLICATIONS INFORMATION

ADDITION REQUIREMENTS

Number Package Count Carry Method
of [Arithmetic/ Look-Ahead Between
Bits [Logic Units | Carry Generators ALU's
1to4 1 None
5to8 2 Ripple -
9to 16 3or4 1 Full Look-Ahead
17t064| 51to 16 2to5 Full Look-Ahead

EXPANSION TECHNIQUES

45818

Cn Cnea Co  Cnea Cn Cnea Cn Cnes

16 Bit AL U, Ripple Carry

Va 45818 \

G3 P}

GO PO Cpux G PV Cpuy G2P2 Cp.y

45828

16 Bit ALU. Two Level Look Aheso

G P
G1P1 Chuy 67 P: Chez GD wo Chen G) P1 Cpay 52 P Cney G3 P3
Cn
45828 G » 45828 G P
32 81t ALU Two Lever Look Ahead Over 16 Bit Groups
/ 45818 \
Cn Cnig Cnea cma Cn Chea Ch Cn
G P G P
Gn P0 Cpex G1P1 Cp.y G2P2 Cp., G3P3 GOPO Cnen G1P1 Cpuy
c
ase28 " 45828
Combined two level 100k ahesd snd riople carry ALY
ass18
/ \
—q Cn Cn Cn Cn
[ G P G 3
GO PO Cpon G1P1 Cpey G2 P2 Cp.y G3 P3 GOP0 Cr.y G1P1 Cp.y G2P2 Cneg G3 P3 GO PO Cnen
Cn Cn Cn
45828 . 45828 6 » 45828
r GOPO Cnen Gt Py Chuy

45828

\

64 Bit ALU Fuil Carry LOOM Ahega «n Three L evers

A and B Inputs and F Outputs are not shown (45818B).
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STATE SCL4582B
SCIENTIFIC
CMOS LOOK-AHEAD CARRY BLOCK
FEATURES
4 E%pandable to any Number of Bits CONNECTION DIAGRAM
4 High-Speed Operation (all packages)
¢ Directly Compatible with 4581B ALU
Vpop P2 G2 Cp CnixCnty G Cn+z

DESCRIPTION | | ] | |

The 4582B is a high-speed, Look-Ahead 16 15 14 13 12 11 10 9
Carry Generator capable of anticipating a carry 45828
across four binary adders or group of adders. It is 1 2 3 4 5 6 7 8
cascadable to perform full look-ahead across n-bit JELIN I I U N R A
adders. Carry, generate-carry, and propagate-carry G1 P1 GO PO G3 P3 P Vgg
functions are provided.

When used in conjunction with the 4581B .
Arithmetic Logic Unit (ALU), these generators Add suffix for package:
provide high-speed carry look-ahead capability for C 16-pin Cerdip
any word length. Each 4582B generates the D 16-pin Ceramic
look-ahead (anticipated carry) across a group of E 16-pin Epoxy
four ALU’s and, in addition, other carry look- F  16-pin Flat
ahead circuits may be employed to anticipate carry H Chip
across sections of four look-ahead packages up to

n-bits.

Carry input and output of the 4581B ALU
are in their true form and the carry propagate (P)
and carry generate (G) 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 4581B
data sheet are also applicable to and compatible
with the look-ahead generator.

PIN DESIGNATIONS

DESIGNATION | PIN NO's FUNCTION
&o &1 &5 &3 Active-Low
G0.G1.G2.G3 3.1.148 Carry-Generate Inputs
50 F3 P53 Pa Active-Low
P0.P1.P2P3 4.2.18.6 Carry-Propagste Inputs
Cn 13 Carry Input
Cnex:Cney | 12119 Carey Outputs
n+z
G 10 Active-Low Group
Carry-Generate Output
7 9 Active-Low Group
Carry Propagate Output

LOGIC EQUATIONS

Cn+x = GO+ POOC,
Cney = G1+P10GO+PI1OPOOC,
Cnez = G2+P20G1 +P20P10GO+P2eP1OPOOC,
=G3+P30G2+P3eP20G1 +P30P26eP1eGO
PoP3eP2ePlero

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

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

3to 16 Vdc

65 to +125 OC
40to +85 ©OC

BLOCK DIAGRAM

130—{Cpp Cpex[—o012
G1 Cnsyl—on

Chns42p—09

l——o010

L
]
ol
(2]

Vpp = Pin 16
Vgs = Pin 8
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SCL4582B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER (‘\’,30 CONDITIONS | Tu *5C TuigH” | ynies
) Min. | Max. | Min. | Typ. | Max. | Min. [ Max
QUIESCENT DEVICE loo
CURRENT 5 |[Vin=VesorVop | — 5§ | — loos| 5| — | 150 |uAdc
10 | All valid input - 10 - 0.1 10 - 300
15 | combinations - 20 - |02 20 | - 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign =+125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (Cl_ = 50pF, To = 25°C)
PARAMETER (‘\l/"dc") Min. Typ. | Max. | Units
PROPAGATION DELAY TIME teLH. tPHL
5 - 200 400 ns
10 - 100 200
15 — 85 160
OUTPUT TRANSITION TIME trLm, trHL
5 — 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vde)
20 -18 -16 -14 12 -10 -8 -6 -4 -2 0 _
]
Vgs==5 Vdc 5 -
b /7 10 H i
S (-]
Vg = =10 Vde e -15 g
1 20 25 Ves = 15 Vde
=" b £ i
=T 15 Vos =10 Vde
] S 19 “;
; £ Voo =5 Vée TA=26°C
° ¢ 111 11
V=2 = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
’ 45818 \
co N o €. co 5 ca €0
; ; - ; . [‘
o % Cus 1t Py Cany 2 *2 Cauy 3 %y B (R s Cacy 2 %2 Cans s %y *  Ces
45828 . . 45828 | ass28 \
% €. v %) Cany
45828 L

64-BIT ALY, FULL-CARRY LOOK-AHEAD IN THREE LEVELS
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STATE SCL4584B
SCIENTIFIC

CMOS HEX INVERTING SCHMITT TRIGGER
FEATURES:

a Schmitt Trigger Action on each Input with no External
Components

e Noise Immunity Greater than 30%

= No Limit on Input Rise and Fall Times

® Pin for Pin Replacement for CD401068, MM74C14 and
MCl45848B

= Also Pin Compatible with 74C04 and 4069 Hex Invert-
ers

DESCRIPTION:

The 4584B 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
4584B may be used in place of the MCI4069B hex
inverter for enhanced noise immunity or to square up
slowly changing waveforms.

LOGIC DIAGRAMS

1 10

13 12

TYYYYY

Voo = 14, Vgg = 7

267

CONNECTION DIAGRAM
{all packages)

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

| I I I VN N W |

14 13 12 11 10 9 8
45848

1 2 3 4 5 6 7

T

1A 1Y 2A 2Y 3A 3Y Vg

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat

Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage Voo-Vss 3t0 15 Vdc
Operating Temperature Ta

C. D, F, H Device -55t0 +125 °C
E Device -40to +85 °C



SCL4584B

STATIC CHARACTERISTICS'

ELECTRICAL CHARACTERISTICS

Voo Toow? +25°C Tucn?
PARAMETER (vVdc) CONDITIONS in. Max. | Min. Typ. Max. n. Wax | Units
QUIESCENT loo 5 |Viy = Vgg Or Voo — 10 | — .005 1.0 — 30
DEVICE CURRENT 10 |[AIl valid input - 20 | — .01 2.0 — 60 | uA
15 |combinations - 4.0 - .02 4.0 - 120
POSITIVE TRIGGER Vie 5 23 35|23 29 35 |23 35
THRESHOLD VOLTAGE 10 45 70 |45 53 70 | 45 7.0 v
15 6.8 110 | 68 7.7 110 | 6.8 1.0
NEGATIVE Vin 5 1.5 27 | 1.5 215 27 | 156 2.7
TRIGGER THRESHOLD 10 3.0 55|30 44 55 | 3.0 55 v
VOLTAGE 15 4.0 82 |40 65 8.2 | 40 8.2
HYSTERESIS Vu 5 4 2.0 .4 .75 2.0 4 20
VOLTAGE 10 7 3.0 7 .95 3.0 7 3.0 v
15 .85 4.0 .85 1.2 4.0 .85 4.0
NOTES: ' Remaining Static Electrical Characteristics are listed under " 4000B Series Family Specifications™.
2T ow = —55°C for C. D, F, H devices.
= -40°C for E Devices.
Twen = +125°C for E, D, F, H devices.
= +85°C for E devices.
DYNAMIC CHARACTERISTICS (C,_ = 50pF, T, = 25°C)
VDD
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY [ 5 86 107 150
TIME tone 10 42 48 60 ns
15 30 35 40
OUTPUT TRANSITION trun 5 44 62 200
TIME tone 10 24 29 100 ns
15 19 23 80
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§%’E Q% SCL45858
SCIENTIFIC

CMOS 4-BIT MAGNITUDE COMPARATOR
FEATURES

4 Binary or BCD Comparison
¢ Expandable
¢ A<B, A=B, A>B Outputs Available

DESCRIPTION

This 4-Bit Magnitude Comparator performs
comparison of straight binary and straight BCD
(8-4-2-1) codes. Three decisions about two 4-bit
words (A, B) 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 may be compared by
connecting comparators in cascade. The A<B and
A=B outputs of a stage handling less-significant bits
are connected to the corresponding A<B 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.

CONNECTION DIAGRAM
(all packages)

INPUTS OUTPUTS INPUTS

A et e et~
Vpp A3 B3 A>B A<B BO A0 B1
I N IR I B |

16 15 14 13 12 11 10 9
45858
1 2 3 4 5 6 7 8

| LR T T T
B2 A2 A=B A>B A<B A=B A1 Vgg
- — —— e INPUT
INPUTS | CASCADING

output 'NPUTS

Add suffix for package:
16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VDD - Vss
Ta

DC Supply Voltage 3t015 Vdc

Operating Temperature

C, D, F, H Device -55t0 +126 ©C

E Device 40to +85 ©C
TRUTH TABLE BLOCK DIAGRAM
- Inputs — Outputs
Comparing Cas, 9
A3 B3 [A2,82 [A1,B1 [A0,B0 [A<B|A=B|ASB[A<B[A=B[A>B 40—qta>8ii,
A3>83 ; E3 X X X T [ 0 1 6 0—{(A=8);,
A3=83 |A2>82 X x X x 1 o [ 1 (ACB) (ASB
A3=B3 | A2-B2 | AT>B1 X x| x| 1] o] of 1 so <Blin (A>Bloy [—o013
A3=B3 | A2=B2 | A1=B1 | Ac>B0 | X x 1 0 0 1 100— A0
A3=83 | A2=B2 | A1=B1 | AO=BO 0 0 1 0 0 1 10— 80
A3=B3 | A2=B2 |A1=81 | A0=B0O 0 1 X [ 1 [\
A3=83 |A2-82 | A1=81 [ A0=80 | 1 ol x|l 1]1el o 70— A1 (A=Bloy [—03
A3=83 | A2=82 A1=<:1 A0<B0 | X X X 1 0 ) 90— 81
A3=83 | A2=B2 | A1<B1 x X X X 1 0 4] ° A2
A3=83 | A2<B2 X X x X x 1 (] ] 2
A3<B3 X X X X X X 1 0 0 10— 82 (ALB)gyt —o012
X X X X X 3 o | — | — 0 15 0— A3

X = Don’t Care 14a0— 83

Voo " Pin 16

Vgs =Pin 8
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SCL4585B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER Voo | conpITIONS | TLow *5C THIGH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 [Wn=VssorVop | — 5 - | 0.05 5| - 150 | pAdc
10 |Allvalidinput | — | 10 [ - |01 10 | - | 300
15 | combinations - 20 - 102 20 | - 600
NOTES: ! Remammg Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 Teow = -55 C for C, D, F, H device.
= -40°C for E device.
TrHicH —+125 C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
VDD . .
PARAMETER i) Min. Typ. Max. Units
PROPAGATION DELAY TIME [
5 - 300 600 ns
10 - 125 250
15 - 80 160
OUTPUT TRANSITION TIME trone t
TLH tTHL 5 B 100 200 ns
10 - 50 100
15 - 40 80
Vo, DRAIN VOLTAGE (Vdc)
<20 18 16 -14 12 -10 8 -6 -4 -2 0
v I .'In\m 5 §
GsI - /' 10 { -
—P—’ (-]
Ves =-10 Vde e -15 g g
4 -20 &€ 25 Vs = 15 Vde
__ 1 e 3 +
Vg5 =—15 Vdc =5 % |
¥ 2 g A Vos = 10 Ve
3 S 10 4
a a3
g £ 5 Vs =5 Vde TA=26°C +
T, =25C+ e 1 1 1
AT 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel

Source Current Characteristics

LOGIC DIAGRAM

Typical N-Channel

Sink Current Characteristics

14 .
8 S Doy {x
: Y
15 [
A3 O—Qm i e S
82 o-—-t'\oq--{/o

L—D‘Q

.
o

s

v

)

a2 FD*KD»T P -
81 S Do f o= -
r»LJ"‘

o !
P i

- ~<[>o-a(>—'3m<s)°m

5
(A< Blijn o—>°
. 6
(A=B) i o—>o

4
(A >B),0—>o—

3
(A=B)gyq

13
(A>B)ouy
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SCL45858B

APPLICATIONS INFORMATION

COMPARISON OF TWO N-BIT WORDS

A0 A1 A2 A3 A4 A5 A6 A7 An 3 An:2 An 1 An
L[] L] [ 1]
N
\.’\A/‘\./ \,\;\’\/ X OUTPUTS
0 —1A<8B A<B A<B A<B [~ ---—1A<B ALB F—
1—1A=8B 4585 A=B A=8B 4585 A=B [~ ---—|A=B 4585 A-B |
11— A>B B A>sfNC 1-{a>8 B A>B FNC 11A>8B B A>B
R |
|1 !
BO B1 B2 B3 B4 B85 B6 B7 Bn-3 Bn-2 Bn-1 Bn

INPUTS Y
MSB) B1 —{——
A19 e

83
A3
818 —————dq82 4585
A18 =g A2
B17 [:1]
A7 Al

B16

ole _— This application demonstrates how these magni-
A8 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.

WORD NUMBER
LENGTH OF PKGS

1-4 bits 1
5-20 bits 2-6
21-100 bits 8-31

4585

OUTPUTS
A<B
A-g
AB

1l

—f2

-~

83
A3
B2
A2
81 (1] A<B
Al A AsD
(LSB) BO e————dq0 A8 p=NC
AQ w———ed 0D r
0 —dya<s
1 ———dpeg
1 =—da>8
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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 "“B'" meet or exceed the industry standard CMOS
specifications described herein.

1. PURPOSE AND SCOPE

1.1 Purpose
To develop a standard of *'B"" 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 B Series CMOS devices.

2. DEFINITIONS

2.1 “B" Serles

“B" Series CMOS includes both buffered and unbutfered devices.
2.2 “Buffered”

Abuffered outputis 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 Listing of Standard Specifications. Table 1 lists the standard specifications for “B" Series CMOS
devices.

3.2 Absolute Maximum Ratings. In the maximum ratings listed below voltages are referenced to Vss.
' ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage Von -0.5to + 18 Vdc

Input Voltage Vin —0.5 to Vpp+ 0.5 Vde

DC Input Current [ +10 mAdc
(any one input)

Storage Temperature Range Ts —65to + 150 °C

3.3 Recommended Operating Conditions. Recommended operating conditions are listed below.
RECOMMENDED OPERATING CONDITIONS

DC Supply Voltage Voo +3to + 15 Vvdc
Operating Temperature Range Ta
Military-Range Devices -55t0 + 125 °C
Commercial-Range Devices —40to + 85 °C

3.4 Designation of “B” Series CMOS Devices
Those parts which have analog inputs and/or outputs shall be included in the “B" Series providing
those parts’ maximum ratings and logical input and output parameters conform to the *'B" Series,
such as (including, but not limited to):
40518 4053B
40528 40668
Products that meet 'B’’ Series specifications except that the logical outputs are not buffered and the
Vo and V,y specifications are 20% and .80% of Vpp, respectively, shall be marked with the UB
designation, such as (including, but not limited to):
4000UB  4002uB 4011UB 4023uB 4041UB  4069UB
4001UB  4007UB 4012UB  4025UB  4049UB
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STATIC CHARACTERISTICS

LIMITS
TEMP. [ Vpp Tow®* +25°C Thign"*
PARAMETER RANGE|(vde)| CONDITIONS e T T i, Typ.| Max. | Min.| Max NS
loo | Quiescent Mil 5 - | 025 - -l o025 -] 78
Device Current 10 | Vyn=Vgs or Vpp - | 05 - -] 05 - 115 MAdc
15 -1 10 - -1 10 - 130
GATES
5 | All valid input -1 10 - -1 1.0 - 75
Comm| 10 [ combinations - 2.0 - -1 20 - |15 pAdc
15 - | 40 = -1 40 - 130
5 -1 10 - -1 10 - 130
Mil 10 |Vin=VggorVpp | — | 20 - -1 20 — | 60 pAdc
15 - | 40 - -| 40 - 1120
BUFFERS,
FLIP-FLOPS Comm| 6 | Allvalid input - 4.0 - -1| 4.0 - 130
10 | combinations - 8.0 - -1 80 - | 60 HAdc
15 - |16.0 - - 116.0 - 1120
5 -15 - -5 -] 150
Mil 10 | Vin=VssorVpp | - |10 - 10 — | 300 | wAdc
15 - {20 - - |20 — | 600
MSI 5 | All valid input - |20 - -120 — | 180
Comm| 10 | combinations - |40 - - |40 — | 300 | uAdc
15 - |80 - - 180 — | 600
VoL | Low-Level 5 - | 0.05 - - | 0.05 - | 0.05
Output Voltage All 10 | Vin=VgsorVpp | — | 005 - - | 0.05 - | 0.05| vde
15 | |lof <1pA - | 005 - - | 0.085 -1 0.05
Von| High-Level 5 495| - | a98| -| - | 495 -
Output Voltage All 10 [ Vin=Vssor Vpp | 9.95 - | 995 - - | 995 - | Vde
15 ||ig] <1pA 1495 - |1495| - — [1a08] -
Vi | Input Low Vo=
Voltage 5-| 0.5Vord.5v - 1.5 - - 15 - 15
All 10 1.0V or 9.0V -1 30 - -1 30| -] 3.0 |Vvde
15 15Vor135v | - | 4.0 - -1 40 -1 40
ligl <1uA
Vin | Input High Vo=
Voltage 5 0.5Vor4.5v 35 -1 35 g - 35 -
All 10 1.0Vor9.0v | 7.0 - 70 - - 170 = | vde
15 1.6Vor 135V (11.0 -{1no - - {110 -
[lo] <twA
loL | Output Low 5 | Vo=04V,
(Sink) Current Vin=0o0r 8V 0.64 - | 0.61 - - | 0.36] -
10 | Vo=0.5V,
Mil Vin=0o0r 10V 16 ~| 13 - - |09 — | mAde
15 | Vo=1.5V,
Vin=0or 16V 42 -] 34 - - | 24 -
5 | Vo=04V,
Vin=0o0r 5V 052 - | 044 - - | 036 -
10 (Vo =05V,
Comm Vin=0or 10V 1.3 -1 1 - - |1 09 |* - | mAdc
15 [ Vo=1.5V,
Vin=0or 15V 3.6 -1 380 - - ] 24 -
lo | Output High 5 | Vo=4.6V,
(Source) Current Vin=0o0r 5V -025| - |-0.2 - - |-014] -
10 | Vo=9.5V,
Mil Vin=0or10V  |-062| - | -05 - — |-035| - | mAdc
15 | Vo=13.5V,
Vin=0or 16V -1.8 -|-18 - - [-11 -
5 [Vo=4.6V,
Vin=0or 5V -0.2 -|-0.16| - - [-0.12] -
10 | Vo=9.5V,
Comm Vin=0or 10V -05 -]-04 - - ]-03 — | mAdc]
16 | Vo=13.5V,
ViN=Oor15V_ [-14 =1-12 - - |-1.0 -
hn | Input Current Mil 15 | Vin=0or 15V - {%0.1 - - | 0.1 - | 1.0 | uAdc
Comm| 15_| V)n=0or 16V - [$0.3 - -1 %03 — 1210 | yAdc
Cin | Input Capacitance Al — | Any Input - - - - 7.5 - - | pF
per Unit Load

*T_ow = -56°C for Military Temp. Range device, -40°C for Commercial Temp. Range device.

*Trign = +125°C for Military Temp. Range device, +85°C for Commercial Temp. Range device.
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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
Vss. 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 surface between source

N—Channel MOSFET Operation

+Vps

|.._T DRAIN
GATE SUBSTRATE
Ve _J SOURCE
ov e +V

"""" DRAIN N+
P SUBSTRATE

Figure 1

P—Channel MOSFET Operation
GA;E_] :; l =
Ve !—-l
“Vos

OXIDE

++++++++ | DRAIN P+
N SUBSTRATE

Figure 3

and drain. When a threshold voltage V1« 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, is forced higher
than V-Vix; 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, V. A P-type inversion
layer, or channel, is formed when a negative voitage is
applied to the gate with respect to the source. The
threshold voltage Vrpis defined as that value of V; which
causes a specified minimum conductivity between
source and drain. Saturation occurs when the drain-to-
source voltage Vo is forced more negative than V-Vq..
Figure 4 shows typical drain characteristics for a
P-channel MOS transistor.

Typical N-Channel! Drain Characteristics

Va=15V
AMBIENT TEMPERATURE 1T, 1425 C

. TYPICAL TEMPERATURE COEFFICIENT
©s=FOR), 03\ C "ITTTTC T

ORAIN MILLIAMPE KES 11, 1
3
7
'
'
)
H
'

0 25 5 5 10 125 15
ORAIN TO SOURCE VOLTS (Vy5)

Figure 2

Typical P-Channel Drain Characteristics
DRAIN-TO-SOURCE VOLTS (Vps!
15 125 0 15 .5 .25
Vgi=-SV :

—
b
T
)
g —
3 &
191) S3YINVITIIN NIVEO

AMBIENT TEMPERATURE ( ¢’
TEMPERATURE COEFFICIENT FOR Ig « .0 3%/°C - -

Figure 4
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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 Vpp, is applied at the input,
the P-channel switches off and the N-channel switches
on. Thus, the output is connected to Vs through the low
on-resistance of the N-channel device. Alternatively,
applying Vss to the input turns off the N-channel and
turns on the P-channel. In this state, the output is con-
nected to Vp, through the equivalent on-resistance of
the P-channel device. Therefore, an input voitage of Vi,
results in an output voltage of Vg, and an input voltage
of Vs results in an output voltage of V. The circuitis a
simple digital inverter.

Figure §
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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 NAND 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 NAND Gate

+Voo




CMOS Combinational Logic Function
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Note that in each circuit there exists no DC path

from V,,, to V.. if @ connection is made to V., through

the N-channels. a corresponding P-channel blocks the
connection to Vy,,; 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/NAND 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 - 400¢) and OFF-resistance typi-
cally about 10''€). There is no offset voltage across the
switch. These characteristics approach those of the
ideal switch (R.x = 0, Ropr = 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 Vy,, terminal relative to
Vss. The minimum value of 3 Vdc represents the
maximum expected value of either P-channel or
N-channel transistor threshold voltages. Operation at
lower voitages 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 testriction on low-
current avalanche is somewhat conservative, there is
the possibility of on-chip current transients turning on
the parasitic bipolar transistors inherent in CMOS con-
struction. The chip can enter secondary breakdown be-
cause these transients can easily exceed the 10 - 50 mA
sustaining current required. The result is a short circuit
reflected at the supply and catastrophic device failure
(see Figure 1).

s]s]
Bipolar Secondary
Parasitic Breakdown

Mode /

1 -Low Current
Igf—————— : Junction

( Avalanche
1

Vs
Data Sheet Maximum Supply Rating

Voo

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
Vip and Vg 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 .

E:« = %2CV*
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:

Py = 25’ =CiVinf  (Va = 0Vde)
Note that this component increases linearly with load
capacitance C,, operating frequency f, and the square
of the operating voltage Vy. Figure 2 shows this func-
tional dependence for a typical CMOS gate.

The Figure assumes input rise and fall times of
20ns. As these transition times increase, however, cur-
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Fig. 2 — Typical gate power dissipation
characteristics
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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 |1 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:

Pre o f (te + t) Vo
where the constant of proportionality is dependent
upon device parameters.

The relationship between supply current Ippand Igs.
load capacitance, and input rise and fall time is illus-
trated in Figure 4.

The waveforms (a) show I, Iss. and the through-
current |y for a load capacitance of 15pF and t,, t; of
10us. The smaller of the |,y and I 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 AND 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 back-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. Ry 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 V
cycle).

Replacing the filter capacitor with a rechargeable
battery provides an easy method of implementing a
back-up supply (see Figure 6). Here, Rgsupplies 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-
sients 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-voitage dc 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 Vpp and Vs 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 u 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 » 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-
tions, 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:

Ty, =Ta+Pp(04)

where T, = junction temperature

Ta = ambient temperature

Pp = calculated power dissipation

©,, = thermal resistance, junction-to-ambient
Worst-case and typical values of ©;, for common IC
package types in still air and without heat sinking are
shown in the table:

0, ,(°C/watt)

Package Type 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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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 resuits 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 (Lo, lo).
switching through-current (I+.), propagation delays
(teuus teur), @and output transition times (tq, tru) are
direct effects of channel resistance. These param-
etersvaryaschannelresistance 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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INPUT VOLTAGE RANGE

Input signals should never exceed the range from
0.5 Vdc more negative than Vs to 0.5 Vdc more positive
than V. 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
(Vi) and maximum input low-level voltage (V) which
guarantee an output voltage of no lower than 90% of Vpp
or no higher than 10% of Vp, under no-load conditions
(|la]<1nA). 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, V4 is
typically 55% of Vpp, and Vi is 45% of Vp,. (Note: the
older designations of Vy, and Vy, can be related to V,y
and V, by the following:

Van = Vop - Viy (min)
V. = Vi (max) - Vgs.)

Worst-casespecificationsunderthese outputvoltage
requirements are 20% of Vyp 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 voitage with input pattern on multiple input gates.
Figure 9 shows the typical range in switching voltage for
a conventional 4-input NAND gate. Observe that V,y
(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 much more 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 combina-
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 dc noise immunity limits
are prevented from propagating through the device. A
typical example of dc 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-
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tions 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 muitivibrators, 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 5pF 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 3us to 15us
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 100V. 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 'tHandling 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
D1 and D2. which clamp the input voltage to Vssand Vi,
respectively, and series resistor R, whose nominal value
is 1.5K(). 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 voitage and temperature; these varia-

. tions were discussed previously. Transistor charac-
teristics are illustrated on most device data sheets.

BUFFERED OUTPUTS

Consider the conventional CMOS 2-input NAND
gate structure of Figure 12. Since the N-channel 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-

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 dc
and ac fanout are constant, and the user need not con-
cern himself with several sets of loadihg 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), dc 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 if 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. If the capacitive load is charged when the
power supply is removed, the diode from the output to
the supply (output D2 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 1mA.
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INTERFACE PARAMETERS

Table | provides interface parameters between
CMOS and other logic families under the following con-

1. The power-supply voltage level and tolerances are
chosen to accommodate the interfaced elements,

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

since CMOS devices will operate over a much wider element.
range.
TABLE I. CMOS INTERFACE PARAMETERS
INTERFACE INTERFACE INTERFACE
INTERFACE NOISE MARGIN LOGIC LEVELS MAXIMUM | REMARKS
411" “0" (‘1" “0" FAN ouT
CM0S-CM0S 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 system
CMOS-TTL/DTL | 2.5V 0.4V 2.0V 0.8V 2 Buffers only
TTUDTL-CMOS [ 1.1V 1.1V 3.5V 1.5V See Remarks | 2K pull-up resistor for TTL or open-
collector DTL. Fan-out determined by
dynamic requirements
CMOS-LTTL 2.5V 0.5V 2.0V 0.7v 2 Standard ‘B"" Series Output Drive
LTTL-CMOS 1.1V 1.2V 3.5V 1.5V See Remarks | 3K() pull-up resistor. Fan-out determined
by dynamic requirements
CMOS-LSTTL 2.5V 0.4V 2.0V 0.8v 1 Standard “'B" Series Output Drive
LSTTL-CMOS 1.1v 1.1V 3.5V 1.5V See Remarks | 3K pull-up resistor. Fan-out determined
by dynami¢ requirements.
CMOS-HTL 5.0V 5.0V 8.5V 6.5V 1
HTL-CMOS 2.5V 2.5V 1.0V a0V > 50 Active pull-up HTL
3.5V 3.5V ' ' > 50 Passive pull-up HTL with 2KQ to 5KQ
pull-up resistor.
CMO0S-M0S 3.0v 4.0V 3.0v 9.0v > 50 High threshold PMOS:
VssVpp=13V
2.5V 6.0V 2.5V 1.0V > 50 Low threshold PMOS:
Vss' DD_1OV
M0S-CMOS 3.9v 3.9v 3.9v 9.1V > 50 High threshold PMOS:
EVDD=13V
3.0v 3.0v 2.0V 2.0V > 50 Low threshold PMOS:
VSS-VDD=10V
CMOS-ECL 0.225V 4325V | -1.105  -1.475 2 Vpp=ground
vSs= '5.2V
ECL-CMOS 0.66V* 1.56V* | -1.56V  -3.64V > 50 Vpp=ground
Vss= -5.2v

NOTES: 1. Interface Noise Margin
For 1" Column — difference between output high level of one device and input high level of next device.
For ‘0" Column — difference between output low level of one device and input low level of next device.
2. Interface Logic Level Worst-case threshold level going from one device to the input of another.

* typical with transistor driver



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 voitage. and device tem-
perature.

All device data sheets give dynamic characteristics
atVy,, 5.10.and 15 Vdc. 50pF load capacitance. and
25 C ambient temperature.

CAPACITIVE LOADING

The higher output impedance ot CMOS devices,
in comparison to TTL. 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 puise 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.
4443UB) and unbuffered 2-input gates
(4001UB. 4011UB). 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.
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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% 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
ameans 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 .is 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.

e 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.

. CLEANING

Use static neutralizing ion blower when manually
cleaning with brushes.

00 o

Ground all automatic equipment.
Ground cleaning baskets.

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.

TESTING

Use grounded metallic fixtures where possible.

Use static neutralizing ion air blower when using au-
tomatic handlers.

Use conductive handling trays.

Don'tinsert 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 suitindividual 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

e 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-
controllied 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.

e |ndividual 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-channel 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 assembly. 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 carriers.

All external leads of assemblies should be shorted
together.



Typical Package Outlines
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