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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED Lri

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics.

As used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support

intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when proper- ably be expected to cause the failure of the life support
ly used in accordance with instructions for use provided device or system, or to affect its safety or effectiveness.

with the product, can be reasonably expected to result in
significant injury to the user.
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INTRODUCTION

This databook contains datasheets on the SGS-THOMSON range of CMOS B-series
integrated circuits. :

The information on each product, in accordance with EIA/JJEDEC specifications, has
been specially presented in order that the performance of the product can be readily
evalutated within any required equipment design.

The two sections, Military/CECC and Radiation Hardened products, are inicuded for
more stringent device requirements such as Military, Space, Biomedical and other high
reliability applications.

New developments in packaging include the PLCC package; all the surface out-line
packages (SO) are made to JEDEC standards.

In addition, general considerations that should be taken into account in the operation
and application of CMOS B-series integrated circuits are described. Selection guides
are included to simplify the task of choosing the best combination of circuits a for
system.

The databook also contains the results of the reliability studies made by SGS-THOMSON
on its CMOS B-series.
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ALPHANUMERICAL INDEX

Package | P:

N.lll'ly'np:er Function gllgg Nuzlgb:r
HCC/HCF 4000B Dual 3-Input NOR Gate Plus Inverter . . . . . ... .. 14 63
HCC/HCF 4001B Quad 2-InputNORGate . . . ... ........... 14 63
HCC/HCF 4002B Dual 4-InputNORGate . ................ 14 63
HCC/HCF 4006B 18-Stage Static Shift Register . . . . . ... ... ... 14 71
HCC/HCF 4007UB | Dual Complementary Pair Plus Inverter . . . . ... .. 14 77
HCC/HCF 4008B 4BitFullAdder . .. .................. 16 87
HCC/HCF 4009UB | Hex Buffer/Converters Inverting . . . . . ... ... .. 16 95
HCC/HCF 4010B Hex Buffer/Convertersnon Inverting . . . . . ... ... 16 95
HCC/HCF 4011B Quad 2-InputNAND Gate . .. ............. 14 103
HCC/HCF 4012B Dual 4-InputNAND Gate . . .............. 14 103
HCC/HCF 4013B DualDFlip-Flop . ... ................. 14 111
HCC/HCF 4014B 8-Stage Static Synchronous Shift Register . . . . . . . 16 117
HCC/HCF 4015B Dual 4-Stage Static Shift Register . . . . . ... .. .. 16 125
HCC/HCF 4016B Quad Bilateral Switch . . . ... ... ......... 14 133
HCC/HCF 4017B Decade Counter/Divider . . . . ... ... ....... 16 143
HCC/HCF 4018B Presettable Divide-by-"N"Counter . . . . .. ... ... 16 151
HCC/HCF 4019B Quad AND/OR SelectGate . . . . ........... 16 159
HCC/HCF 4020B 14-Stage Binary/Ripple Counter . . . . ... ... ... 16 167
HCC/HCF 4021B 8-Stage Static Shift Register . . . . . . ... ... ... 16 117
HCC/HCF 4022B Divide-by-8 Counter/Divider . . ... .......... 16 143
HCC/HCF 4023B Triple 3-InputNAND Gate . . . ............. 14 103
HCC/HCF 4024B 7-Stage Binary/Ripple Counter . . . . ... ...... 14 167
HCC/HCF 4025B Triple 3-InputNORGate . . . . .. ........... 14 63
HCC/HCF 4026B Decade Counter/Divider 7-Segment Display Driver . . . 16 173
HCC/HCF 4027B Dual J-K Master-Slave Flip-Flop . . . . ... ... ... 16 183
HCC/HCF 4028B BCD-to-Decimal Decoder . . . .. ... ........ 16 191
HCC/HCF 4029B | Presettable Up/Down Counter . . . . .. ........ 16 201
HCC/HCF 4030B Quad Exclusive ORGate . . .............. 14 209
HCC/HCF 4031B 64-Stage Static Shift Register . . . . . ... ... ... 16 217
HCC/HCF 4032B Triple Serial Adder . . . . ... ... .. ........ 16 225
HCC/HCF 4033B Decade Counter/Divider 7-Segment Display Driver . . . 16 173
HCC/HCF 4034B 8-Stage Static Bidirectional Bus Register . . . . .. .. 24 233
HCC/HCF 4035B 4-Stage Parallel I/O Shift Register . . . . ... ... .. 16 245
HCC/HCF 4038B Triple Serial Adder . . . .. ... ............ 16 225
HCC/HCF 4040B 12-Stage Binary/Ripple Counter . . . . ... ... ... 14 167
HCC/HCF 4041UB | Quad True/Complement Buffer . . . . ... ... ... 14 255
HCC/HCF 4042B QuadClockedD Latch . . . . ... ........... 16 263
HCC/HCF 4043B Quad 3-State NORR/SlLatch . . ... ... ...... 16 271
HCC/HCF 4044B Quad 3-State NANDR/SlLatch . . ... ........ 16 271
HCC/HCF 4045B 21-StageCounter . . ... ... ............ 16 279 «
HCC/HCF 4046B Micropower Phase LockedLoop . . .. ... ... .. 16 285 &
HCC/HCF 4047B Monostable/Astable Multivibrator . . . . . .. ... .. 14 295
HCC/HCF 4048B Multifunction Expandable 8-lnputGate . . . ... ... 16 305
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ALPHANUMERICAL INDEX

Number Function PRI | Numper
HCC/HCF 4049UB | Hex Inverting Buffer/Converter . . . . . ... ... .. 16 313
HCC/HCF 4050B Hex Non Inverting Buffer/Converter . . . . .. ... .. 16 313
HCC/HCF 4051B Single 8-Channel Analog Multiplexer/Demultiplexer . . . 16 321
HCC/HCF 4052B Different. 4-Channel Analog Multiplexer/Demultiplexer 16 321
HCC/HCF 4053B Triple 2-Channel Analog Multiplexer/Demuliplexer 16 321
HCC/HCF 4054B 4-Segment Display Driver . . . . ... ... ...... 16 333
HCC/HCF 4055B BCD to 7-Segment Decoder/Driver . . . . .. .. ... 16 333
HCC/HCF 4056B BCD to 7-Segment Decoder/Driver . . . . .. ... .. 16 333
HCC/HCF 4060B 14-Stage Counter/Divider AND Oscillator . . . . . . . . 16 343
HCC/HCF 4063B 4-Bit Magnitude Comparator . . . . ... ... ... .. 16 351
HCC/HCF 4066B Quad Bilateral Switch . . . . . ... ... ... .... 24 359
HCC/HCF 4067B Single 16-Channel Analog Multiplexer/Demultiplexer 24 365
HCC/HCF 4068B 8-Input NAND/AND Gate . . . . . ........... 14 377
HCC/HCF 4069UB | HexInverter . . . ... ... ... ... ........ 14 383
HCC/HCF 4070B Quad Exclusive-OrGate . . . ... ........... 14 391
HCC/HCF 4071B Quad2-InputORGate . . . . .. ............ 14 397
HCC/HCF 4072B Dual4-InputORGate . . ................ 14 397
HCC/HCF 4073B Triple 3-InputANDGate . . . .. ............ 14 403
HCC/HCF 4075B Triple 3-InputORGate . . . . .. ... ......... 14 397
HCC/HCF 4076B 4-BitD-Type Register . . . . ... ........... 16 409
HCC/HCF 4077B Quad Exclusive-NORGate . . ............. 14 391
HCC/HCF 4078B 8- InputNOR/ORGate . . ... ... .......... 14 417
HCC/HCF 4081B Quad 2-InputANDGate . . . .. ... ......... 14 403
HCC/HCF 4082B Dual 4-InputANDGate . . .. ............. 14 403
HCC/HCF 4085B Dual 2-Wide 2-Input AND-OR-Inverter Gate . . . . . . . 14 423
HCC/HCF 4086B Expand 4-Wide 2-Input AND-OR-Inverter Gate . . . . . 14 431
HCC/HCF 4089B Binary Rate Multiplexer . . . . . ... ......... 16 ¢ 439
HCC/HCF 4093B Quad 2-Input NAND Schmitt Trigger . . . . ... ... 14 449
HCC/HCF 4094B 8-Stage Shift-AND-Store Bus Register . . . . . . . .. 16 457
HCC/HCF 4095B Gated J-K Master-Slave Flip-Flop . . . . .. ... ... 14 467
HCC/HCF 4096B Gated J-K Master-Slave Flip-Flop . . . . . ... .... 14 467
HCC/HCF 4097B Different. 8-Channel Analog Multiplexer/Demultiplexer 24 365
HCC/HCF 4098B Dual Monostable Multivibrator . . . . . . .. ... ... 16 475
HCC/HCF 4099B 8-BitAddressableLatch . . . .. ............ 16 485
HCC/HCF 4502B Strobed Hex Inverter/Buffer . . . . . . ... ... ... 16 495
HCC/HCF 4503B Hex Buffer (3-State non-Inverter) . . . . .. ...... 16 501
HCC/HCF 4504B Hex TTL or CMOS to CMOS Level Shifter . . . . ... 16 509
HCC/HCF 4508B Dual 4-Bit Latch (3-State Outputs) . . . . . . ... ... 24 511
HCC/HCF 4510B Presettable 4-Bit BCD Up/Down Counter . . . . . . .. 16 521
HCC/HCF 4511B BCD to 7 Segment Latch-Decoder/Driver . . . . . . .. 16 531
HCC/HCF 4512B 8-Channel Data Selector With 3-State Output . . . . . . 16 543
HCC/HCF 4514B 4-Bit Latch/4-to-16 Line Decoder (Out. High) . . . . .. 24 551
HCC/HCF 4515B 4-Bit Latch/4-to-16 Line Decoder (Out. Low) . . .. .. 24 551
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ALPHANUMERICAL INDEX

e Package | P
Nurber Function “DIP°. | Number
HCC/HCF 4516B Presettable 4-Bit Binary Up/Down Counter . . . . . . . 16 521
HCC/HCF 4517B Dual 64-Stage Static Shift Register . . . . .. ... .. 16 559
HCC/HCF 4518B DualBCDUpCounter . . . ... ............ 16 567
HCC/HCF 4519B 4-BitAND/OR Selector . . . . ... ... ....... 16 577
HCC/HCF 4520B DualBinaryUp Counter . . . ... ........... 16 567
HCC/HCF 4521B 24-Stage Frequency Divider . . . . . ... ....... 16 ¢ 579
HCC/HCF 4522B Programmable BCD Divider-by-N Counter . . . . . .. 16e 581
HCC/HCF 4527B BCD Rate Multiplier . . . ... ............. 16 » 583
HCC/HCF 4529B Dual 4-Channel or Single 8-Channel Analog Data Selector 16 593
HCC/HCF 4532B 8-Input Priority Encoder . . . . .. ... ... .. ... 16 599
HCC/HCF 4536B Programmable Timer . . ... ............. 16 ¢ 609
HCC/HCF 4538B Dual Precision Monostable Multivibrator . . . . . . . .. 16 623
HCC/HCF 4541B Programmable Timer . . . ... ............ 14 633
HCC/HCF 4543B BCD-to-7 Segment Latch/Decoder/Driver . . . . . . .. 16 639
HCC/HCF 4555B Dual 1-of-4 Decoder/Demultiplexer (Out. High) . . . . . 16 647
HCC/HCF 4556B Dual 1-of-4 Decoder/Demultiplexer (Out. Low) . . . .. 16 647
HCC/HCF 4560B NBCDAdder . .. .................... 16 * 657
HCC/HCF 4566B Industrial Time-Base Generator . . . . .. ....... 16 » 659
HCC/HCF 4572B HexGate . . . . ... ... ............... 16 661
HCC/HCF 4585B 4-Bit Magnitude Comparator . . . . ... ........ 16 663
HCC/HCF 4724B 8-BitAddressableLatch . . .. ............. 16+ 671
HCC/HCF 40100B | 32-Stage Static Left/Right Shift Register . . . . . . .. 16 « 681
HCC/HCF 40101B | 9-Bit Parity Generator/Checker . . . .. ... ... .. 14 689
HCC/HCF 40102B | Presettable 2-Decade BCD Down Counter . . . . . .. 16 695
HCC/HCF 40103B | Presettable 8-Bit Binary Down Counter . . . . ... .. 16 695
HCC/HCF 40104B | 4-Bit Bidirectional Universal Shift Register . . .. . .. 16 © 705
HCC/HCF 40105B | 4-Bitx16Word . . .. ... .............. 14 713
HCC/HCF 40106B | Hex Schmitt Trigger . . .. ... ... ... ...... 14 721
HCC/HCF 40107B | Dual 2-Input NAND Buffer/Driver . . . . .. ... ... 8 729
HCC/HCF 40108B | 4x4 Multiport Register . . . . ... ... ........ 24 739
HCC/HCF 40109B | Quad Low-to-High Voltage Level Shifter . . . . . .. .. 16 749
HCC/HCF 40110B | Decade Up Down Counter/Decoder/Latch/Driver . . . . 16 ¢ 757
HCC/HCF 40147B | 10-Line to 4-Line BCD Priority Encoder . . . . . . . .. 16 765
HCC/HCF 40160B | Decade Counter/AsynchronousClear . . . ... .. .. 16 773
HCC/HCF 40161B | Binary Counter/Asynchronous Clear . . . . . . ... .. 16 773
HCC/HCF 40162B | Decade Counter/Synchronous Clear . . ... ... .. 16 773
HCC/HCF 40163B | Binary Counter/SynchronousClear . . . .. ... ... 16 773
HCC/HCF 40174B | Hex"D" . . . . . . . . . ittt 16 783
HCC/HCF 40181B | 4-Bit Arithmetic LogicUnit . . . . . .. ... ... ... 24 791
HCC/HCF 40182B | Look-Ahead Carry Generator . . . ... ... ... .. 16 799
HCC/HCF 40192B | Presettable 4-Bit BCD Up/Down Counter . . . . .. .. 16 807
HCC/HCF 40193B | Presettable 4-Bit Binary Up/Down Counter . . . . . .. 16 807
HCC/HCF 40194B | 4-Bit Bidirectional Universal Shift Register . . . . . .. 16 705
HCC/HCF 40208B | 4x4 Multiport Register . . . ... ... ... ...... 24 817




ALPHANUMERICAL INDEX

Type Package | Page
Number Function DIP Number
HCC/HCF 40257B | Quad 2-Line-to-1-Line Data Selector/Multiplexer . . . . 16 827
M22100 4x4 Cross Point Switch with Control Memory . . . . . . 16 833
M22101 4x4x2 Cross Point Switches with Control Memory . . . 24 843
M22102 4x4x2 Cross Point Switches with Control Memory . . . 24 843
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SELECTION GUIDE

HCC/HCF 4000B/4500B 40100B STANDARD SERIES AND CROSSPOINT SWITCHES

Function Standard Code
NAND 4011B, 4012B, 4023B, 4068B, 401078
NOR 40008
AND 4068B, 4073B, 4081B, 4082B
OR 4071B, 4072B, 4075B, 4078B
SGI,EER INVERTER 4069UB, 4502B
BUFFER 4007UB, 4009UB, 4010B, 4041UB, 4049UB, 40508, 4502B,
4503B, 401078
MULTIFUNCTION :g; ig, 4030B, 4048B, 4070B, 4077B, 40858, 4086B, 4572UB,
SCHMITT TRIGGER 4093B, 401068
FLIP- J-K FLIP-FLOP 40278, 40958, 4096B
FLOP D FLIP-FLOP 4013B, 4076B, 40174B
INTERFACE CIRCUIT 4009UB, 4010B, 4504B, 401098
LATCH 40428, 4043B, 4044B, 4099B, 45088
MULTIVIBRATOR 40478, 40988, 45388
DECODER 4028B, 4514B, 4515B, 4555B, 45568
ENCODER 45328, 401478
DISPLAY DRIVER 4054B, 40558, 4056B, 4511B, 4543B
WITH COUNTER 40268, 40338, 40110B
D b
REGISTER STORAGE 40768, 4099B, 401088, 402088
FIFO 401058
4017B, 4018B, 4022B, 4029B, 4510B, 45168, 4518B, 45208,
SYNCRONOUS 4521B, 4522B, 401028, 401038, 40160B, 40161B, 40162B,
COUNTER 40163B, 401928, 401938
BINARY RIPPLE 4020B, 4024B, 4040B, 4060B
CLOCK TIMER 4045B, 4536B, 4541B, 4566B
MULTIPLEXER/ Slrg}#gLGlc :g; gg: :g;gg, 4051B, 4052B, 4053B, 4066B, 4067B, 4097B,
DEMULTIPLEXER
DATA SELECTOR 4512B, 45298, 402578, 4519B
ADDER 4008B, 40328, 4038B, 45608
'éf‘F',E"LmET'C COMPARATOR 4030B, 4063B, 4070B, 4077B, 4585B, 40101B
ALU/MULTIPLEXER | 4089B, 45278, 40181B, 401828
PHASE LOCKED LOOP 4046B
CROSSPOINT 4x4 22100
SWITCH 4x4x2 22101, 22012
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CMOS 4000B SERIES INFORMATION

THE PRODUCT FEATURES

SGS-THOMSON's 4000B family of metal gate
CMOS monolithic integrated circuits provides the
design engineer with a wide range of products which
approache the ideal in performance.

The combination of low power dissipation, flexible
power-supply design, high noise immunity and fan
- out capability have made this logic family extreme-
ly popular.

These products are mainly used in telecommunica-
tion and consumer/commodity fields and high relia-
bility applications such as space and biomedical
use.

SGS-THOMSON CMOS 4000B family is backed up
by one of the most extensive product ranges in the
industry, a cost effectiveness together with high-re-
liability and high quality thus offering the user the
best solution to a greater number of applications.

CMOS Metal Gate

OXIDE METAL GATE METAL

3 6s07

THE PRODUCT TECHNOLOGY

Although the CMOS 4000B is a mature product
family, SGS-THOMSON continuously introduces
improvements in the process, according to the pres-
ent "state of the art".

lon implantation gives precise control of channel dop-
ing allowing a much tighter distribution of device
parameters and better reproducibility of the process.

The entire process is tracked using an on-line com-
puter system. Moreover, in line with SGS-THOM-
SON quality control philosophy, particular attention
is paid to upgrading production facilities. All the
above factors lead to improvements in reliability,
controllability, repeatibility or, in one word, quality.

THE PRODUCT INFORMATION

The SGS-THOMSON CMOS HCC/HCF 40008
series meets the industry standardized specifica-
tions co-ordinated by EIA/JEDEC Solid State Pro-
ducts Council.

The official JEDEC specifications for static parame-
ters are primarily applicable to gates, inverters, high
current (inverting) drivers and devices with Medium
Scale Integration.

Special types such as analog switches, multiplexers
and multivibrators do not have the same input-out-
put standards as the B series specifications but are
still given with a B suffix because they satisfy the
remaining JEDEC specifications.

SGS-THOMSON HCC/HCF 4000B types have the following Absolute Maximum Ratings:

Symbol Description Value Unit
" Supply Voltage: HCC -0.5t0 20 \
Db HCF (1) -05t0 18 Vv
Vi Input Voltage -0.5to Vpp + 0.5 v
] DC Input Current (any input) +10 mA
Ptot Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Top= Full Package-temperature Range 100 mw
T Operating Temperature: HCC types -55t0 + 125 °C
op HCF types —40to+ 85 °C
Tstg Storage Temperature -850 + 150 EC

1) During factory testing, the HCF devices are measured applying the same values of supply voltage as for HCC types.
Moreover the HCF limits for quiescent current (I.) and input leakage current (I, i) are as for the HCC limits.

‘_ -THOMSON
Y/ Eﬂ@S
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CMOS 4000B SERIES INFORMATION

The Recommended Operating Conditions are specified as follows:

Symbol Parameter Value Unit
VDD Supply voltage: HCC 3to 18 \
HCF (1) 3t0 15 \
Vi Input voltage 0to Vbp \
Top Operating temperature: HCC types -55t0 + 125 °C
HCF types —40to+ 85 °C

1) Daring factory testing, the HCF devices are measured applying the same values of supply voltage as for HCC types.
Moreover the HCF limits for quiescent current (I) and input leakage current (i, IiL) are as for the HCC limits.

If these ratings are compared with the correspond-
ing JEDEC values shown in table Il and Ill it can be
seen that the SGS-THOMSON HCC/HCF 4000B
devices have much better limits than those of the
JEDEC specifications. The static electrical charac-
teristics of the HCC/HCF 4000B series, excluding
special devices such as analog switches, multiplex-
ers, drivers, etc. are shown in table |.

The SGS-THOMSON HCC/HCF 4000B family has
the quiescent leakage current (IL), specified at 5,
10, 15, 20 V and the other static electrical charac-
teristics at 5, 10, 15 V for both extended and inter-
mediate temperature ranges.

HCC/HCF 4000B Series Features

The principal features of the HCC/HCF 4000B
series are as follows:

m Operating range of HCC 3-18V; HCF 3-15V

m Rationalised range of quiescent leakage current
(L) specifications corresponding to gate, buffer
and flip-flop, and Medium Scale Integration pro-
ducts.

m Maximum input leakage current (lIH, liL) of £ 1
uA at Vpp= 18V for HCC, 15V for HCF with Vi=
0to 18V for HCC, 0 to 15V for HCF, over the full
temperature range.

m Input and output logic levels completely inde-
pendent of temperature.

m Input voltage levels which define a very high DC
noise immunity (45% VDD typical).

m Noise margins of 1.0V min. at 5V VbD
2.0V min. at 10V VpD
2.5V min. at 15V VpDp

m Low (400 Q typical) and constant output imped-
ance in both logical states giving fixed and equal
output transition times.

m Output current capable of driving
a) two low power TTL loads
b) one low power Schottky TTL load
c) two HLL loads
over the rated temperature range.

= Output current and input threshold independent
of the number of inputs parallel together.

m Square transfer voltage characteristics.

General COS/MOS Characteristics

The main advantages offered by COS/MOS de-
vices over corresponding bipolar devices (DTL,
LPS, TTL, ECL, HLL) are:

— Very low quiescent power dissipation
(typically 10 nW/gate, 10 vW/MSI)

— Wide operating voltage range
(3 to 18V for HCC; 3-15V for HCF)

— High input impedance (typically 10'2 Q)

— High DC noise immunity
(typically 45% of supply voltage).

This digital family however has slower switching
speeds than most bipolar families.

For example the typical propagation times for
COS/MOS and other logic families are:

COS/MOS ECL
35 2

Propagation
Delay Time (ns)

LPS TTL DTL HLL

5 10 30 110

16
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CMOS 4000B SERIES INFORMATION

Moreover, due to the high input impedance of the
MOS gates, COS/MOS devices require greater
care in handling.

The normal gate oxide thickness is 800 to 1000A
with a corresponding breakdown voltage between
gate and substrate of 80 to 90V.

The electrostatic potential of the human body is
much higher than this range, reaching 12kV with a
discharge capacity of approximately 100 pF.

Electronic components have to be protected from
the hazard of static electricity, from the manufactur-
ing stage down to where they are utilized. MOS
devices are typically voltage and field sensitive; the
;_hilr:1 oxide layers can be destroyed by the electric
ield.

Fig. A

OXIDE LAVER GATE

DRAIN SOURCE

5-6903

This happens mostly because a charged conductor,
typically a person, is radiply discharged through the
device.

There will be no net charge on any portion of the
MOS structure; when the induced high field ex-
ceeds the breakdown voltage of the MOS capacitor
structure we may have a self-healing break-down,
degradation or catastrophic failure.

The failure hazard is not limited to the gate region
but it could occur wherever two conductive areas
are separated by a thin insulator.

We have envisaged two sets of precautions: input
protection networks and static discharge control
(handling).

The HCC/HCF 4000B devices use an improved
protection network over that used in the 4000A
series. The level of protection for the 4000B pro-
ducts has been raised to 4 kV, the previous solution
for the 4000A products protected the gate oxide
against electrostatic discharges only up to approxi-
mately 1 kV. The following figures show the dif-
ference between the two input protection networks
for a basic inverter:

o7 SESTHOMS0N

Fig. B
—-O%D0
0 & éom &Xos
1 O
o2& q r O
5-28151 OVss
Fig. C
—OVoo
i——D-'--i ‘_“} A0S 074 X08
“4 :} — —0
Aoz 03k L‘HWE A4
$-2816/1 ‘OVSS

The protection capability has been verified with the
following discharge set as show in figure below.

Measurement to the MIL-STD 883C-3015

R1=10MA R2:1.5K0
HIGH
SUPPLY o.U.T
VOLTAGE
J- C=100pF
I $-6907/1
5 Positive and 5 Negative shots

In COS/MOS as in Linear Integrated Circuits a
"latch-up” phenomenon may appear. This is caused
by an electrical pulse which, acting on an SCR
structure of parasitic bipolar transistors inside
COS/MOS devices (shownin fig. D), produces alow
resistance path between supply voltage and ground
that remains after the pulse has ceased leading
rapidly to device destruction.

17



CMOS 4000B SERIES INFORMATION

Fig. D

LATERAL pnp
B <02

n SUB

S-2819/1

CS=CHANNEL STOPPER

This phenomenon will occur either when VDD is

more than the maximum rating and approaches the

breakdown voltage of the SCR structure or when

any of the following conditions are verified:

a) the product of the gains of the two parasitic
transistors is greater than or equal to unity;

b) the base-emitter junction of both transistors is
forward biased;

c) supply voltage and input circuits are able to
deliver a current equal to the holding current of
the SCR (fig. E).

In particular, condition (b) may be caused by:
1) voltages induced through the oxide by base
metallization;

2) lateral voltage drops between substrate and P-
well due to photo-current generated by radiation.
These drops can forward bias the gate-cathode
junction of the parasitic SCR.

This effect is particularly significant in buffers which
are devices most subject to latch-up due to the

Fig. E

Too

SCR
TURN-ONf-- - =
CURRENT

Isusf-===--mmmmm oo - oo

Voo

combination of large geometry and low silicon re-
sistivity. For these reasons voltage transient or large
output current surges occurring during operation
near the maximum rating should be avoided.

The B series devices are much better protected against latch-up than the A series because of their higher

typical breakdown voltage:

Characteristics A series B series
VBR 17V 25V
Vsus 15V 22V
Isus 10to 40 mA 50 to 100 mA

L‘y‘l" SGS-THOMSON
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CMOS 4000B SERIES INFORMATION

B Series Dynamic Switching Parameters
The dynamic electrical characteristics are specified
at Tamb= 25°C under the following conditions:

— load capacitance (CL) of 50 pF and load resist-
ance (RL) of 200 kQ;

— input pulse amplitude equal to supply voltage
(Vob);

— input rise and fall times of 20 ns;

— propagation delay times measured from 50% the
point of the input voltage to the 50% point of the
output voltage;

— transition times measured from 10% to 90% of
the supply voltage (VDD).

In some devices other time parameters are also
specified:

a) Set up time

b) Hold time

¢) Removal time

d) Tri-state disable delay times.

The figures (F and G) show the meaning of these
parameters

Comparison between B and UB devices

The HCC/HCF 4000B family also includes suffix UB
products that only meet some of the B series elec-
trical specifications.

These have logic outputs that are not buffered, and
ViL and VIH that are specified at 20% Vbp and 80%
VDD respectively for VDp= 5V and 10V and 17%
VDD and 83% VDD respectively for Vpp= 15V.

Fig. F
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The corresponding values of suffix B types are:

ViL= 30% V|
Vi 305 V2 for Vop= 5V and 10V

and

ViL=27% V

Vir= 73% Vop 0 Voo= 16V

The other main differences between B and UB
gates are summarized on the page 20.

If B and UB gates are presented with slow transition
time signals the behaviour of the two types differs.
In fact, because of high AC gain of B devices
(obtained with the two extra inverters) the outputs
tend to develop a few cycles of oscillation between
VDD and Vss when input rise or fall time is more
than 1 ms at Vpp= 5V and AC noise is reduced to
2-3 mV within the B device bandwidth.

The unbuffered gates (which have less gain) tend
not to oscillate with the same input ramp unless a
noise voltage of 200 to 300 mV is present within the
device bandwidth.

Fig. G
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CMOS 4000B SERIES INFORMATION

50 ns at Vpp= 15V

Characteristics Buffered Unbuffered
Typical Output Constant: 400 Q (typ) Variable: Dependent on number of inputs
Impedance at Vpp= 5V paralleled together
Voltage Transfer Square and independent of the Rounded (as A serial) and shifted with different
Characteristic number of inputs tied together number of inputs paralleled together
Moderate: 150 ns at Vpp= 5V Fast: 60 ns at Vpp= 5V
Propagation Delay 65 ns at Vpp= 10V 30 ns at Vpp= 10V

25 ns at Vpp= 15V

AC Gain High and constant: = 68 dB

Low and dependent on supply voltage:
28dB at Vpp= 5V
23 dB at Vpp= 10V
18 dB at Vpp= 15V

Low: 230 kHz at Vpp= 5V
AC Band Width 280 kHz at Vpp= 10V
295 kHz at Vpp= 15V

High: 710 kHz at Vpp= 5V
885 kHz at Vpp= 10V
2800 kHz at Vpp= 15V

Low: Average 1 to 2 pF

High: Average 2 to 3 pF

2.5V at Vpp=15V

Input Capacitance Peak 2to4pF Peak 5to 10 pF
Excellent: 1.0V at Vpp= 5V Good: 0.5V at Vpp= 5V
Noise Margin 2.0V at Vpp=10V 1.0V at Vpp= 10V

1.0V at Vpp= 15V

200 ns (typ.) at Vpbp= 5V

Output Transition Time CL =50pF

50 to 100 ns at Vpp= 5V
CL =50pF

GENERAL OPERATING AND HANDLING
INSTRUCTIONS

Power Source Rules

1) Referring to standard input network protection of
fig. B, when separate power supplies are used
for VDD and for the device inputs, the VDD supply
should always be turned on before the input
signal source and the input signal should be
turned off before the VDD supply is turned off.
This rule will prevent the D1 input protection
diode from overdissipation and possible damage
when the device power supply is grounded.
When the device power supply is an open circuit,
violation of this rule can result in undesired circuit
operation although device damage may not re-
sult; AC inputs can be rectified by D1 input diode
to act as a power supply.

2) The steady power-supply operating voltage should
be kept within the recommended operating condi-
tions and always below the maximum ratings.

3) The power-supply polarity for COS/MOS cir-
cuits should not be reversed. The positive
(Vo) terminal should never be more than 0.5V
negative with respect to the negative (Vss) ter-
minal (VDD-VSs >—0.5V). Reversal of polarities
will forward-bias and short the structural and
protection diode between Vpp and Vss.

20

4) Power-source current capability should be
limited to the minimum value which will assure
good logic operation.

5) Large values of resistors in series with Vpp or
Vss should be avoided; transient turn-on of input
protection diodes can result from drops across
such resistors during switching.

A good practice is to use a zener protection diode
in parallel with the power bus as shown in fig. H
below. The zener value should be above the ex-
pected maximum regulation excursion, but should
not exceed the maximum supply voltge.

A current limiting resistor is included if the supply
impedance is lower than the zener power dissipa-
tion rating to allow for a given zener voltage.

The shunt capacitor value is chosen to supply re-
quired peak current switching transients.

Fig. H

S-2817




CMOS 4000B SERIES INFORMATION

Input Signal Rules

1) Signals should not be applied to the inputs while

the device power supply is off unless the input
current is limited to a steady—state value of less
than 10mA. Input-signal interfaces that swing the
allowable 0.5V above Vpp or below Vss should
be current-limited to 10mA or less.
Whenever the possibility of exceeding 10mA of
input current exists, a resistor in series with the
input must be used. The value of this resistor can
be as high as 10kQ without affecting static elec-
trical characteristics. However, speed will be re-
duced because of the added RC time constant.
Particular attention should be given to long input-
signal lines where high inductance can increase
the likelihood of large-signal pickup in noisy en-
vironments. In these cases, series resistance
with shunt capacitance at the IC input terminals
is recommended. The shunt capacitance should
be made as large as possible consistent with the
system speed requirements.

2) All COS/MOS inputs should be terminated cor-
rectly. When COS/MOS inputs are wired to edge
card connectors with COS/MOS drive coming
from another PC board, a shunt resistor should
be connected to VDD or Vss.

3) When COS/MOS circuits are driven by TTL logic
a pull-up resistor should be connected from the
COS/MOS inputs to 5V.

4) Input signals should be maintained within the
recommended input signal swing range.

5) Input rise and fall times for clocked devices must
not exceed 15 ps in order to avoid high power
consumption, false triggering, etc. With slower
inputs a Schmitt trigger must be employed.

Output Rules

1) The power dissipation in a COS/MOS package
should not exceed the rated value for the am-
bient temperature specified. The actual dissipa-
tion should be calculated when (a) shorting
outputs directly to VDD or Vss, (b) driving low-
impedance loads, or (c) directly driving the base
of PNP or NPN bipolar transistors.

2) Output short circuits often result from testing
errors or improper board assembly. Shorts on
buffer outputs on power supplies greater than 5V
can damage COS/MOS devices.

3) COS/MQOS, like active pull-up TTL, cannot be
connected in the "wire-OR" configuration be-

&7 S5STHOMEON

cause an "on" PMOS and an "on" NMOS transistor
could be directly shorted across the power-supply
rails. For applications with wire OR configurations it
is necessary to use devices with tri-state logic out-
puts.

4) Paralleling gates is recommended only when the
gates are within the same IC package.

5) Output loads should return to a voltage within the
supply-voltage range (VDD to VsS).

6) Large capacitive loads (greater than 5000 pF) on
COS/MOS buffers of high-current drivers act like
short circuits and may over-dissipate output tran-
sistors.

7) Output transistors may be over-dissipated by
operating buffers as linear amplifiers or using
these types as one-shot or astable multivibra-
tors.

8) Shorting of the output to VSS or VDD can cause

the device power dissipation to exceed the safe
value of 500 mW as shown in fig. I.
This is possible with supply voltage higher than
5V. For cases in which a short circuited load is
driven directly (base of PNP or NPN bipolar
transistor) the requirements for gate operation
must be determined by consulting the published
data. Note that a individual output transistor
dissipation must be limited to 100 mW.

Fig. 1 - Standard COS/MOS Thermal
Derating Chart
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CMOS 4000B SERIES INFORMATION

Noise Immunity and Noise Margin

DC Noise Immunity

The V|L and VIH characteristics define the maximum
tolerable noise voltages at an input terminal when
input signals are within 50 mV of supply lines.

Noise Margin

The noise margin voltage is the maximum voltage
that can be added, at an input voltage Vi = VoL or
VOH of the preceding stage without upsetting the
logic or causing the output to exceed the output
voltge Vo.

In pratice, DC noise immunity is much more signifi-
cant than noise margin because the COS/MOS
outputs are normally within 50mV of supply lines.
Noise immunity increases if the input pulse width
becomes less than the propagation delay of the
circuit.

This condition is often described as AC noise im-
munity.

Handling

SGS-THOMSON has choosen a no-compromise
strategy inthe MOS ESD protection. From the wafer
level to the shipping of finished units, we fully guar-
antee each work station and processing of the parts.

The supplier best commitment is useless if the end
user does not provide the same level of protection

and care in application.

Here are the basic static control protection rules to
comply with the rules the following procedures
should be set up:

a) Handling equipment, trays, table tops and tran-
sport carts should be conductive;

b) Metal parts of fixtures, tools, soldering irons and
table tops should be grounded to a common

point;

¢) Operators should use grounded (metal or con-
ductive) plastic wrist straps with a 1MQ series
resistor;

d) Packages should not be removed from their
conductive or antistatic carriers until required;
this should only be done by a grounded operator.
Devices removed should be placed in a conduc-
tive tray;

e) All tests should be performed by a grounded
operator and after completion of test, devices
should be reinserted in conductive carriers;

f) The printed circuit boards should have shorting
bars installed prior to assembly (soldering). When
possible COS/MOS IC’s should be the last com-
ponent to be installed on printed circuit boards.

Table | - STATIC ELECTRICAL CHARACTERISTICS (SGS-THOMSON 4000B and UB)

Test Conditions Values
Parameter Vi Vo lo Voo TLow 25°C THigh Unit
M | ™ | @A) V) | Min. | Max. | Min. | Max. | Min. | Max.
o5 5 0.25 0.25 75
Hce | oro 10 05 05 15
ypes | o145 15 1 1 30
IL (gates) 0/20 20 5 5 150 | HA
o5 5 1 1 75
;',S(':s 0/10 10 2 2 15
015 15 4 4 30
o5 5 1 1 30
Hce | oro 10 2 2 60
types [ o5 15 4 4 120
IL (buffer FF) 0/20 20 20 20 600 | MA
o5 5 4 30
HCF
types |_0/10 10 8 8 60
0115 15 16 16 120

22

£ THOMSO|
Y/ usmgm@mu@'é




CMOS 4000B SERIES INFORMATION

Table | - STATIC ELECTRICAL CHARACTERISTICS 4000B and UB (Cont'd)

Test Conditions Values
Parameter Vi Vo lo | Voo TLow 25°C THigh Unit
M | O | @AV | Min, | Max. | Min. | Max. | Min. | Max.
/5 5 5 5 150
Hee | ono 10 10 20 300
ypes | o155 15 20 20 600
I (MSI) 0/20 20 100 100 3000 | MA
o5 5 20 20 150
gg:s 0110 10 40 40 300
0/15 15 80 80 600
VoH 05 <1 5 | 495 4.95 4.95
010 <1 | 10 | 995 9.95 9.95 v
0/15 <1 | 15 | 1495 14.95 14.95
VoL 5/0 <1 5 0.05 0.05 0.05
10/0 <1 10 0.05 0.05 0.05 v
15/0 <1 | 15 0.05 0.05 0.05
VIH(B series) 0545 | <1 5 | 35 35 35
119 | <1 | 10 7 7 7 v
15135 <1 | 15 | 11 1 11
VL (B series) 45/05| <1 5 1.5 1.5 1.5
a | <1 | 10 3 3 3 v
13515] <1 | 15 4 4 4
VIH (UB series) 05/45| <1 5 4 4 4
1/9 <1 10 8 8 8 v
213 | <1 | 15 | 12 12 12
ViL (UB series) 4505 <1 5 1 1 1
o | <1 | 10 2 2 2 v
132 | <1 | 15 3 3 3
o5 | 25 5 | -2 16 -1.15
HCC | o5 | 46 —0.64 —0.51 -0.36
ypes | gi0 | 95 10 |-16 13 0.9
IoH 015 | 135 15 | <42 34 24 mA
05 | 25 5 |-153 ~1.36 1.1
HCcF | o5 | 46 5 | -052 —0.44 ~0.36
wypes [ o0 | o5 10 | -1.30 1.1 -0.90
015 | 135 15 | 36 -3 2.4
Ly7 SE3THOMSON
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Table | - STATIC ELECTRICAL CHARACTERISTICS 4000B and UB (Cont'd)

Test Conditions Values
Parameter Vi Vo o Voo TLow 25°C Thigh Unit
VM | VM | @A) V) | Min, | Max. | Min. | Max. | Min. | Max.
HEC 0/5 0.4 5 0.64 0.51 0.36
types 0/10 0.5 10 1.6 1.3 0.9
loL 0/15 15 15 4.2 3.4 24 mA
0/5 0.4 5 0.52 0.44 0.36
HCF 0 0 10 1.3 1.1 0.9
types |91 5 . . .
0/15 1.5 15 3.6 3 24
t';ggs 0/18 18 +0.1 +0.1 +1
L iH Any input pA
HOF | ons 15 0.3 0.3 +1
ypes
HCC 0/18 18 +0.4 10.4 +12
types
loL, loH HoF HA
types 0/15 15 +1.0 +1.0 7.5
Ci 7.5 pF
Ci (uB) 225 pF
STANDARD JEDEC SPECIFICATIONS
Table Il - ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
VbDp Supply voltage -0.5t0 18 \"
Vi Input Voltage —0.5to Vpp +0.5 Vv
Il DC input current (any input) +10 mA
Tstg Storage temperature range —65to 150 °C
Table lll - RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Value Unit
Vbbp Supply voltage 3to 15 \"
Vi Input Voltage; 0to Vpp Y
T Operating temperature — for extended range devices -551t0 125 o
°p - for intermediate range devices —40to 85

24

£ SGS-THOMSO!
Y/ MICROELECTRONIGS




CMOS 4000B SERIES INFORMATION

Table IV - STATIC ELECTRICAL JEDEC CHARACTERISTICS

Test Conditions Values
Parameter Vi Vo lo | Voo Tiow 25°C THigh Unit
M [ VM [@A] V) | Min | Max. | Min. | Max. | Min. | Max.
5 0.25 0.25 75
HCC 10 0.5 0.5 15
15 1 1 30
IL (gates) 5 1 1 75 | M
HCF 10 2 2 15
15 4 4 30
5 4 4 30
HCC 10 8 8 60
IL 15 16 16 120
(buffer FF) 5 4 4 30| M
HCF 10 8 8 60
15 16 16 120
5 5 5 150
HCC 10 10 10 300
15 20 20 600
IL (MSI) 5 20 20 150 | MA
HCF 10 40 40 300
15 80 80 600
05 <1 5 0.05 0.05 0.05
VoL 0/10 <1 10 0.05 0.05 0.05 v
0/15 <1 15 0.05 0.05 0.05
5/0 <1 5 | 4.95 4.95 4.95
VOH 10/0 <1 10 | 9.95 9.95 9.95 v
15/0 <1 15 [ 14.95 14.95 14.95
0545 | <1 5 1.5 1.5 1.5
viL 1/9 <1 10 3 3 3 '
1.5/13.5] <1 15 4 4 4
45/05 | <1 5 | 35 35 35
VIH 91 <1 10 7 7 7 \'
13.5/1.5] <1 15 1 11 11
0/5 0.4 5 | 0.64 0.51 0.36
HCce 010 | 05 10 | 16 1.3 0.9
oL 015 15 15 | 4.2 3.4 2.4 mA
0/5 0.4 5 | 052 0.44 0.36
HCF 010 | o5 10 | 1.3 1.1 0.9
015 | 15 15 [ 36 3 2.4
0/5 46 5 [-0.25 0.2 -0.14
HCC 010 | 95 10 | -0.62 0.5 035 ]| ,
on 015 | 135 15 | -1.8 -15 -1.1 mA
0/5 46 5 |02 —0.16 —-0.12
HCF 010 [ 95 10 |05 —0.4 —0.3
015 | 135 15 |14 -1.2 -1.0
) HCC 0/15 15 +0.1 +0.1 uA
HCF 0/15 15 +0.3 +0.3 + uA
Ci 7.5 pF

&7 SEETHONSON
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MILITARY / CECC PRODUCTS

SGS-THOMSON is a leading supplier of high-relia-
bility integrated circuits devoted to those applica-
tions (military, medical, telecom, nuclear instruments,
aerospace etc.) where reliability must be guaran-
teed or certified for each and every lot. The philos-
ophy of "zero failure" in hi-rel products has lead
SGS-THOMSON to obtain approval from many im-
portant international inspection authorities:
ESA/SCC, Italian Ministry of Defence, BSI, CECC,
CNET, Association of Electronic industries in Sin-
gapore, and so on.

Two of the additional screening procedures SGS-
THOMSON can offer are standardized and are
intended to provide the user with:

- a standard process flow to reduce costs and de-
livery time, due to the totally automated manage-
ment of the production;

- logic families screened according to military spe-
cifications.

The two different screening levels are "SGS-
THOMSON PLUS" and MIL STD 883C Lev. B. The
former undergoes a level of screening between that
of the standard production and the MIL STD 883C.
Moreover all screening levels of CECC are avail-
able since SGS-THOMSON in an approved mani-
facturer. G-REL integrated circuits are supplied in
hermetically sealed packages that have been de-

Table 1- SGS-THOMSON PLUS SCREENING FLOW

veloped to meet the requirements of military, aero-
space and critical industrial applications.

Packages supplied include:
— ceramic dual in line metal sealed

— ceramic dual in line frit sealed
— ceramic leadless chip carrier

— ceramic flat

SGS-THOMSON PLUS PROGRAM

CMOS 4000B is available screened according to
the SGS-THOMSON PLUS flow chart described in
Table 1. The SGS-THOMSON PLUS program is a
modification of the MIL STD 883C maintaining a
very high quality level with the right ratio
quality/price for customers whose production is not
intended for military applications demanding lot
release and certification. The electrical screening is
performed 100% before and after the Burn-in test.
All the electrical parameters listed in the datasheets
are 100% tested.

Group A acceptance tests are performed as shown
in Table 2.

[ ASSY

[ RAW-LINE ACCEPTANCE

[ 100% ELECTRICAL TESTING

[ MARKING

[ 100% BURN-IN

I MIL-STD 883 C METHOD 1015:
168 hrs at 125°C

HERMETICITY
(FINE) 100%

COND. A1, PRESSSRIZATION

MIL-STD 883 C METHOD 1014
l 2hrs at 4 ATM 5x10™ CC/S

| POST BURN-IN ELEC. TESTING

[ LOT ACCEPTANCE SEE TABLE 2

[ PACKING

[ PACKING ACCEPTANCE

[ SHIPMENT

£ SGS-THOMSON
Y/ MICROELECTRONICS
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Table 2 - OUTGOING QUALITY CONTROL

Mil Std883c | Inspection | Acceptable
Test Method Level Quality Notes
Level (AQL)
VISUAL & CUMULATIVE MAJOR + MINOR
MECHANICAL 2009 ! 0.04 DEFECTS
P ApaVE CUMULATIVE (INOPERATIVE + DC
FAILURES - I 0.04 PARAMETERS OVER GUARANTEED
AN, o TEMPERATURE RANGE)
RESISTANCE
TO SOLVENTS 2015 83 0.65
SOLDERABILITY 2003 s3 0.65
HERMETICITY 1014 I 0.15 FINE AND GROSS LEACAGES
MIL-STD 883 C LEVEL B

All the HCC devices are available in ceramic pack- conducted as described in the Group A, B, C, and
ages, processed and screened according to the D tests of the MIL-STD 883C Method 5005.
MIL-STD 883C Lev. B, flow chart shown in Table 3. A certificate of conformity is issued and included
Quality conformance inspection procedures are  with each shipment.

Table 3 - Screening Flow for MIL-STD-883C Lev. B Method 5004

s o wecur

INTERNAL VISUAL 2010 TEST COND. B 100%
STABILIZATION BAKE 1008 100%
TEMPERATURE CYCLING 1010 TEST COND. C 100%
CONSTANT ACCELERATION 2001 TEST COND. E 100%
SEAL: FINE GROSS 1014 100%
PREBURN-IN ELECTRICAL PARAMETERS PER APPLICABLE DEVICE SPECIFICATION *
BURN-IN TEST 1015 168 hrs 125°c 100%
POST-BURN-IN ELECTRICAL PARAMETERS PER APPLICABLE DEVICE SPECIFICATION 100%
FINAL ELECTRICAL TEST: PER APPLICABLE DEVICE SPECIFICATION
STATIC TEST:
1. 25°C (SUBGROUP |, TABLE | 5005) 100%
2. MAX AND MIN. RATED OPERATING TEMP. 100%

(SUBGROUP 2, 3 TABLE | 5005)
DYNAMIC TESTS AND SWITCHING TEST 25°C 100%
(SUBGROUP 4, 9 TABLE |, 5005)
FUNCTIONAL TEST 25°C 100%
(SUBGROUP 7, TABLE |, 5005)
EXTERNAL VISUAL 2009 100%

* 100% for devices which require data calculation as defined in MIL-STD-883C METHOD 5004.

57 ss:THoMso
30



MILITARY / CECC PRODUCTS

CECC QUALIFIED

Most of the devices of CMOS 4000B family are
available qualified and released according to CECC
90000 specifications. Each shipment is relased with
the official CECC certificate and each device shows
the official CECC logo. SGS-THOMSON offers

screening according to levels B, C, D, E, F, and H.
In all cases lot acceptance is made with AQLs
according to the assessment level R which is the
most severe.

The screening flow of all levels is shown in Tab. 4,
5, and 6.

Table 4 - CECC SCREENS AND TESTS DESCRIPTION

gf!reees? Screen or Test cnggéeggeos% Conditions
Number Unless Otherwise
Stated
1 Internal visual examination 4.21 See Appendix A of CECC 90 000
2 Storage at high temperature 4.6.1 T = Tstg max.
t = 24 hrs min.
No final measurement
3 Change of temperature 46.8 Tmin = Tstg min.
Tmax = Tstg max
10 cycles. No final measurement
4 Acceleration steady state 4.6.7 Acceleration = 294 000 m/s* (30 000 gn) un-
less otherwise specified
Direction = Y2. No final measurement
5 External visual examination 422 422
(optional)
6 Sealing a: tracer gas method with  [4.6.9.1 Test QK
mass spectrometer
b: gross leak 4.6.9.2 Test QC
7 Particle impact noise detection under consideration | under consideration
8 Serialization - -
9 Electrical test (pre burn-in) CECC 90 100 As for Sub-Groups A2 and A3 of relevant DS
unless specified
101 |Bum-in _ T = max. operating temperature, t = 240 hrs min.
. Electrical conditions as specified in the DS
102 Burn-in Tamb = 125 °C unless otherwise limited by the
technology when a lower limit is specified in
- the famile/ or DS.
t = 16825 hrs or any equivalent combination of it.
Electrical conditions as specified in the DS
" Electrical tests As for Sub-Groups A2 and A3 of relevant DS
(post bum-in) unless otherwise specified.

- The DS will prescribe the maximum deviations
allowable from the results recorded in the
preceding electrical tests

12 Reverse bias bum-in Tamb = 150 °C unless otherwise limited by the

_ technology when a lower limit is specified in

the family or Ds. t = 72 hrs min.
Electrical conditions as specified in the DS
13.1 Final electrical tests _ As for Sub-Groups A2, A3, Ada, Adb, and A5
of the relevant DS
132 |Final electrical tests _ gss for Sub-Groups A2 and A3 of the relevant
14 Radiographic Under consideration | Under consideration
15 Electrical tests at max. operating _ As for Sub-Groups Ada of the relevant DS
temperature unless otherwise specified
16 External visual examination 4.2.2 4.2.2

o7 RETHINRN
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Table 5 - SCREENING PROCEDURES: FLOW DIAGRAMS (Screen test number at left of each block)

S10NAa0Hd 3330 / AHVLITIN

[ Production lot
[ Screening class H I L Screening class B Screening class C Screening class D Screening class E J r Screening class F
1 | Internal visual 1 | Internal visual Internal visual
examination examination examination
2 | Storage at high 2 | Storage at high Storage at high
temperature temperature temperature
3 | Change of 3 | Change of Change of 3 | Change of 3 | Change of
temperature temperature temperature temperature temperature
4 | Acceleration 4 | Acceleration Acceleration
steady state steady state steady state
5 | External visual 5 | External visual External visual
examination examination examination
(optional) (optional) (optional) n -
Seal 1 | 1
6 | Sealing (1) 6 | Sealing (1) Sealing (1) 6 | ing (1) 6 | Seal ing (1)
7 | Particle impact 15 | Electrical tests at 15 | Electrical tests at
noise detection maximum operating maximum operating
8 | Serialization temperature (2) temperlature (3]
9 | Electrical tests 9 | Electrical tests 9 | Electrical tests Electrical test:
(Pre burn-in) (Pre burm-in) (Pre burn-in) i (Pre burnin)
10.1 | Burn-in 10.2 | Burn-in 10.2 | Burn-in 10.2 | Burn-in
11 | Electrical tests 11 | Electrical tests 11 | Electrical tests 11 | Electrical test:
(Post burn-in) (Post burn-in) (Post burn-in) (Post burmin)
12 | Reverse bias
burn-in
11 | Electrical tests
(Post burn-in)
6 | Sealing (1)
13.1 | Final electrical 13.1 | Final electrical Final electrical 13.2 | Final electrical 13.2 | Final electrical 13.2 Flnal electrical
tests tests tests tests tests
14 | Radiography
16 | External visual 16 | External visual 16 Externa.l visual 16 | External visual 16 | External visual 16 Extemal visual
examination examination examination examination exammahon exammatnon
Groups A, B, C inspection (on ple basis) followed by external visual ion of the used samples ]

} g : Applies only for cavity devices (ceramic package)
: Apply only for non-cavity devices (plastic package)
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Table 6 - CECC INSPECTION GROUPS AND TEST CONDITION

Examination or test

D
ND (1)

Inspection requirements

GROUP A
INSPECTION

Assessment levels

R

IL AQL

Sub-Group A1
Visual examination

ND

| 0.04

Sub-Group A2
Verification of the function

ND

Il 0.04

Sub-Group A3
Static characteristics at 25°C

ND

[l 0.04

Sub-Group Ada
Static characteristics at maximum
operating temperature

ND

Il 0.04

Sub-Group A4b
Static characteristics at minimum
operating temperature

ND

S-4 1.0

Sub-Group A5
Dynamic characteristic at 25°C

ND

Il 0.065

GROUP B
INSPECTION

Assessment levels

R

L AQL

Sub-Group B1
Dimensions

ND

S-4 1.0

Sub-Group B2
Solderability

S-3 25

Sub-Group B3
Sealing test

ND

I 1.0

Sub-Group B4
Change of temperature
Followed by:

1) For cavity packages:
Fine and gross leak test

2) For non-cavity packages:
Damp heat accelerated

End point tests:
Electrical tests as for Sub-Groups
A2 and A3

ND

ND

S-4 25

Sub-Group B5
Electrical endurance 168hrs

End point tests:
Electrical tests as for Sub-Groups
A2 and A3

ND

Note: 1) rl?l = Destructive test

= Non destructive test
For more detailed information see CECC 90-100 issue 2 specs.

L7 S53:THOMSON
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MILITARY / CECC PRODUCTS

CECC CMOS

ORDERING CODE:
HCC 4013 F OM2 RB

—L ASSESSMENT + SCREENING LEVEL
INTERNAL CODE

PACKAGE

DEVICE TYPE

TEMPERATURE RANGE

TEMPERATURE RANGE

HCF Standard ( — 40°C to + 85°C)
HCC Extended ( — 55°C to + 125°C)
PACKAGES:
B Plastic Dual in Line
F Ceramic Dual in Line Frit Seal
K@ Ceramic Flat (For Level RH only)
D@ Ceramic Dual in Line Metal Sealed (For Level RH only)
Z@ Ceramic Leadless Chip Carrier (CLCC - For Level RH only)

@ = Production plant to be Qualified

ASSESSMENT + SCREENING LEVELS

RB See the Screening Levels Table on page 32
RC* See the Screening Levels Table on page 32
RD See the Screening Levels Table on page 32
RE See the Screening Levels Table on page 32
RF See the Screening Levels Table on page 32

RH @ See the Screening Levels Table on page 32

* = Available on big demand only.
@ = Production plant to be Qualified.

Ay7 33 THomsoN
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MILITARY / CECC PRODUCTS

DETAILED LIST OF APPROVED DEVICES

Type CECC Spec. N° Type CECC Spec. N°
4001B 90104 /105 40608 90104 /213
4002B 90104 / 106 4066B 90104 /138
4006B 90104 /107 40688 90104 /139
4007UB 90104 /108 4069UB 90104/ 140
4008B 90104/ 109 4070B 90104 /187
4011B 90104/ 110 4071B 90104 /141
40128 90104 / 111 40728 90104/ 142
4013B 90104 /112 4073B 90104 /143
4014B 90104 /113 4075B 90104/ 144
4015B 90104/ 114 4076B 90104 / 145
4016B 90104/ 115 40778 90104 / 146
4017B 90104 /170 4078B 90104 / 147
4018B 90104 /171 4081B 90104 / 148
4019B 90104 /172 40828 90104/ 149
40208 90104/ 116 4085B 90104 / 226
4021B 90104 /117 4093B 90104 /214
40228 90104 /118 4094B 90104 / 188
4023B 90104/ 119 4098B 90104 / 224
4024B 90104 /120 40998 90104 / 150
40258 90104 / 121 4502B 90104/ 152
40278 90104 /122 4503B 90104 /175
4028B 90104 /123 4508B 90104 / 155
40298 90104/ 124 45108 90104 / 156
4030B 90104/ 125 4511B 90104/ 157
4032B 90104/ 126 4512B 90104 / 158
4034B 90104 /127 45148 90104 / 159
4035B 90104 /128 45158 90104 / 160
4038B 90104 /129 4516B 90104 /161
40408 90104 /130 4517B 90104 / 162
4042B 90104 /185 45188 90104 /163
4043B 90104 / 186 45208 90104/ 165
4044B 90104 /132 45278 90104 / 168
40468 90104 /212 4532B 90104/178
4047B 90104 / 225 4536B 90104 /218
4049UB 90104 /133 4538B 90104 /179
4050B 90104/ 134 45558 90104 /199
4051B 90104 /135 4556B 90104 /181
4052 90104 /136 4585B 90104 /203
4053 90104/ 137

IVI :U(ENS
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Mod 288 - 100 - 5-89 - Ach

HARMONIZED SYSTEM OF QUALITY ASSESSMENT FOR ELECTRONIC COMPONENTS
| CECC | ECQAC

REGISTRATION NUMBER: ISSUE NUMBER: 3
OF '

AT THEIR PLACE(S) OF WORK

IN RESPECT OF GENERIC/SEXCMEKEREX SPECIFIC
TITLE: - MONOLITHIC INTEGRATED CIRCUITS

THE ORGANIZATION, FACILITIES AND INSP) HAVE BEEN FOUND TO COMPLY WITH THE
REQUIREMENTS OF DOCUMENT CECC 00 I ENT IN RESPECT OF THE FAMILIES OF COMPONENTS LISTED IN THE
APPROVAL DOCUMENT(S) NO S080SGSC

THIS CERTIFICATE DOES NOT AUTOMATIC, OR CERTIFICATE OF CONFORMITY. THE
APPROVAL OF ANY PARTICULAR TYPE OF EL CERTIFICATE.

PLACE: MILANO

DATE: 27 September 1990

CECC NOTE: Thus certificate is valid only in conjunction with the approval
9090SGSC

document(s) No
CENELEC Electronic

Components Committee This approval and this Certificate may be suspended or withdrawn in accordance
ECQ AC with CECC 00 100 implemented in CEI - CCE 00 100.
They may be suspended or withdrawn if no capability approvz}l or quahl; ication
Electronic Components 1 of a C has been d within one year of its date of issue. R
Quality Assurance Committee Tlus certificate remains the property y of the body which granted it. 20138 Mitano - Via Quintikano 43
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RADIATION HARDENED
PRODUCTS
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RADIATION HARDENED PRODUCTS

Radiation Hardened versions of HCC 4000 series
types are offered by SGS-THOMSON for special
applications in Space, Biomedical and Military
fields.

These devices are supplied in accordance to the
relevant Hi-Rel processing and screening specifica-
tions requested in the particular field (MIL 883,
SCC9000, etc) and are electrically and mechan-
ically identical to their non-hardened equivalent.

The actual radiation resistance of SGS-THOMSON
RAD-HARD C-MOS parts can vary slightly from lot
to lotand from type to type, but has repeatedly been
demonstrated (see fig. 1) to be far in excess of the
limit of 100K rads, normally requested for space and
choosen by SGS-THOMSON as a standard refer-
ence for certification.

By changing the diffusion of the basic CMOS pro-
cess, a rad-hard capability of total dose is achieved
up to 1.10° rads (Si). These rad-hard devices are
processed according to ESA/SCC 9000 specifica-
tions and these types are subjected to a special
process that monitors the tolerances more efficient-
ly. The flow-chart is shown in Table 1.

The radiation exposure changes the levels of thre-
shold voltages and leakage currents as shown in
the figure below, thus a different diffusion process
is necessary to monitor the effects of the radiation.
Pre-and post-radiation measurements are made of
threshold, threshold delta, leakage current and go,
no-go functional tests in order to ensure that shift
and absolute values are within the specified limits.
ESA/SCC screening levels and tests are shown in
the following pages.

See list of qualified devices, page 45.

Fig. 1 - Example of Thereshold drifts versus radiation dose as measured on a sample of SGS-THOM-
SON RAD-HARD production tested by an independent laboratory. Parts tested were guaranteed to
withstand 100K rads, but all show voltage thereshold shifts well inside radiation spec limits even at
300K rads (courtesy Hahn Meithner Institute, Berlin).
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RADIATION HARDENED PRODUCTS

Table 1 - ESA/SCC GENERIC SPECIFICATION 9000
CHART Il - FINAL PRODUCTION TEST

PRODUCTION AND CONTROLS IN
ACCORDANCE WITH ESA/SCC BASIC
SPECIFICATION N. 20100

[ PRODUCTION UP TO ENCAPSULATION STAGE |

INTERNAL (PRE-ENCAPSULATION)
VISUAL INSPECTION

[ BOND STRENGTH TEST ]

[ DIE - SHEAR TEST |

[ ENCAPSULATION |

[ HIGH TEMPERATURE STABILISATION BAKE |

I TEMPERATURE CYCLING

]
[ CONSTANT ACCELERATION ]

PARTICLE IMPACT NOISE DETECTION
(PIND) TEST

[ SEAL TEST, FINE & GROSS LEAK (OPTIONAL) |

ELECTRICAL MEASURAMENT AT ROOM
TEMPERATURE

ELECTRICAL MEASUREMENT AT HIGH AND
LOW TEMPERATURES (OPTIONAL)

[ MARKING (PLUS SERIALISATION FOR LEVEL B) |

[

EXTERNAL VISUAL INSPECTION
SAMPLING AQL 1%, INSPECTION LEVEL Il

[ DIMENSION CHECK |

TO CHART Il

40
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RADIATION HARDENED PRODUCTS

CHART Iil - BURN-IN — AND ELECTRICAL MEASUREMENTS

| COMPONENTS FROM FINAL PRODUCTION TEST | | TESTING LEVE(I:.S l
[ PARAMETER DRIFT VALUE (INITIAL MEASUREMENTS) | [ X ]
[ HIGH TEMPERATURE F!EVERSE BIAS BURN-IN | | X X ]
[ PARAMETER DRIFT VALUE (INTERMEDIATE MEASUREMENTS) | [ X ]

I
240 hours - LEVEL B"
POWER BURN-IN X X
168 hours - LEVEL ‘'C”

[ PARAMETER DRIFT VALUE (FINAL MEASUREMENTS) | [ x |
o Lo v tuees |
[ ELECTRICAL MEASUREMENLS AT ROOM TEMPERATURE | [ x X ]
| RADIOGRAPHIlc INSPECTION | S |
{ SEAL TEST (FINE AND GROSS LEAK) | [ x X ]
[ EXTERNAL VISUAL INSPECTION ] | X X ]
[ CHECK FOR LOT FAILURE | [ X X |
TO CHART V

L’_I' SGS-THOMSON

MIGROELECTIRONICS
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CHART V - LOT ACCEPTANCE TEST

[ LEVEL 1 I
[ ENVIRONMENTAL MECHANICAL SUBGROUP ][ LEVEL 2 |
[ SHOCII( TEST | [ THERMAL SHOCK | [ LEVIEL 3 ]
[ wamlmon | [ MOISTURE RESISTANCE | [ ENDURANCE SUBGROUP | | ELECTRICAL SUBGROUP |
[ CONSTANT ACCELERATION | [ OPERATING LIFE | [EECTRICAL MEASUT!! AT ROOM TEMPER. | [ SOLDERABILITY |
[ SEAL TEST

DURING ENDURANCE TEST HIGH AND LOW TEMPERATURE

__ELECTRICALMEASUREMENT AT ROOM TEMPERATURE |

] [ELECTRICAL MEASUREMENT] lELECTRICAL MEASUREMENTATI[ MARKING PERMANENCE |

[EXTERNAL VISUAL INSPECTION | [ EXTERNAL VISUAL INSPECTION ] |

TERMINAL STRENGTH ]

[ EXTERNAL VISUAL INSPECTION

|

l EXTERNAL VISUAL INSPECTION

1 FAILURE ALLOWED

1 FAILURE ALLOWED

No FAILURE ALLOWED

LEVEL 1 - LOT ACCEPTANCE

] [LEVEL 2-LOT ACCEPTANCE] [

LEVEL 3 - LOT ACCEPTANCE ]

Note: Level 1 includes Level 2 and Level 3
Level 2 includes Level 3

S10NA0Hd IN3IQHVH NOLLVIavH
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&g\ - european space agency

\ = agence spatiale européenne

Certificate of Qualification No. 73 D

This is to certify that SGS-THOMSON, Rennes, France

has been qualified by ESA for the supply of Integrated Circuits C MOS B
Series (See ESA/SCC QPL for Types)

for use in ESA space programmes, according to ESA/SCC Generic
Specification 9000 and applicable Detail Specifications (See ESA/SCC QPL)

as recommended by the Space Components Coordination Group.
This certificate is valid until April 1992.

H» -

Head of Product Assurance Z 2 % S Date
and Safety Department 9 April 1990

S10NAa0Hd AaN3AYVYH NOlLvIavy



RADIATION HARDENED PRODUCTS

RADIATION-HARDENED CMOS

ORDERING CODE:
9201-040 04 B

SCREENING LEVEL
PACKAGE

DEVICE TYPE

SCREENING LEVELS:

B See Chart I, Page 41

C See Chart lll, Page 41
PACKAGES:

01 Ceramic Flat Gold Plated

02 Ceramic Flat Tin Plated

03 Ceramic Dual in Line Metal Sealed Gold Plated

04 Ceramic Dual in Line Metal Sealed Tin Plated

07 Leadless Ceramic Chip Carrier (LCCC)
MARKING:

Parts are marked with the ordering code.

ﬁ SGS-THOMSON

MICROELECTRONICS



RADIATION HARDENED PRODUCTS

DETAILED LIST OF APPROVED DEVICES

A SCC Spec. N°
9201/040 9306/016 9401/010
9201 /041 2B $ 9204 /023 9201/048
9201/ 042 e 9201/ 045 , 2 9201/063
9306/013 § . 9204 /024 ' 9201/082
9202/ 038 ( 9201/046 . 9201/ 064
9202/ 039 . 9408 /017 - 407! 9201/ 065
9208 / 002 ' = 9406 / 001 4 . 9306/ 022
9204/ 036 9203 /022 9201/ 055
9306 / 040 9205/010 9201 /062
9306 /033 9204 /025 9201 /052
9409/ 005 - 9201/ 047 9201 /066
9401/013 ' 9306/017 , 9201/ 067
9306 / 034 : 9306/ 025 9201/068
9407 /003 9306 /018 9202/ 060
9201 /043 9204 /026 9409 /002
9201 /044 B 9202/ 040 - 40e4 3 9306/ 026
9203/ 023 | qoazB i 9202 / 041 S HO9BE 9206 / 003
9306 /014 ’ : 9202/ 042 ' ; 9202/ 058
9206 /015 o 9202/ 043 9401 /006
9202/ 050 _ 9202/ 026 % 9401/030
9204/ 047 9207/003 9202/ 063
9204 /054 : 9201 /054 : 9204 /053
9204 /020 ' 9202/ 045 9408 /006
9203 /038 : 9202/ 046 9408/012
9204 /021 g 9202/ 047 9205/ 011
9202/ 068 g 4 9202/ 048 9204 /045
9202/ 069 9202/ 049 9204/013
9202/ 051 9204 / 052 9204 /028
9204 /041 ‘ 9209/ 001 9408/ 026
9306 /032 9408 / 005 9202/ 065
9204 /022 : ‘ 9408 / 009 v 9408 / 011
9301 /009 i 9201/061 -t 9408 /025
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RELIABILITY REPORT

RELIABILITY AND FAILURE MECHANISMS
FUNDAMENTALS

-Through accelerated stresses we ascertain the
value of the components failure rates, in terms of
how many devices (in percent) are expected to fail
every 1000 hours of operation (A or F.R.)

-Failure rate versus time of activity shows the well-
known trend.

-Failure rate

-

TIME

$-6909

During the first time period the products are affected
by the so-called "infant mortality" intrinsic to all
semiconductor technologies. End users are very
sensitive to this parameter which causes early oper-
ational failures in their equipment.

TARGETS

SGS-THOMSON periodically reviews and publish-
es lifetime results; at this time a new set of failure
rate targets are being defined. These targets are
translated into actual required test hours.

The goal is a steady shift of the limits.
Failure rate A

$-6910 TIME

TESTS

With accelerated tests we define the failure rate of
the products, then, derating the data for different
conditions, we know the life expectancy under the
actual operating conditions.

o7 S5 THONEON

In its simplest form the failure rate (at a given
temperature) is:

__N
FR=5 0

N = Number of failures
Where D = Number of components

H = Number of testing hours
If we intend to determine the failure rate at other
temperatures an acceleration factor must be con-
sidered.
Some tests are accelerated by means of increased
temperature, based on the assumption of the Ar-
rhenius law:

FR.=AeEXKT ()
A = Constant
Ea = Activation energy
K = Boltzman’s constant
Tj = Junction Absolute temperature

For two different temp. F.R.(T1)=F(T1, T2)F.R.(T2)

sl _ -Eaf(1 _ l

from (2) itis: F(T1,T2) = EXP[ K (T1 T ®
Clearly the choice of an appropriate activation en-
ergy, Ea is of paramount importance.
The different mechanisms which could lead to cir-
cuit failure are characterized by specific activation
energies whose values are published in the relevant
literature.

THUS THE CORRECT PROCEDURE IS

CALCULATED AT TEST CONDITIONS

AND WITH A CERTAIN CONFIDENCE
LEVEL

ACCELERATED TEST

FAILURE ANALYSIS

. CALCULATED AT OTHER
CHOICE OF Ea— TEMPERATURES
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RELIABILITY REPORT

Arrhenius equation (2) describes the rate of many
processes responsible for degradation and failure
of electronic components; it follows that if the tran-
sition of an item from an initial stable condition to a
defined degraded state occurs by a thermally acti-
vated mechanism, then the time for the transition is
given by an equation of the form:

MTBF = B EXP (Ea/Kt)
MTBF = Mean time between failure
B = Temperature-independent constant

MTBF can be defined as the time to suffer a device
degradation. The dramatic effect of the choice of the
Ea value can be seen by plotting equation (2).

The acceleration effect of a 125°C device junction
test with respect to 70°C actual device junction
operation is equal to a factor of 100 for Ea = 1eV
and respectively 4 for Ea = 0.3eV.

Some words of caution are needed about published
values of Ea:

A)They are often related to high temperature test
where a single Ea (with high value) mechanism
has become significant.

B)They are specifically related to the devices pro-
duced by that supplier (and to its technology) and
in that period of time.

C)They could be modified by the mutual action of
other stresses (voltage, mechanical)

D)Field device-application conditions should be
considered.

Life-Hours
G-5435
Time 7
V4
Lev / 1oV !
' ¥ 7
V4 W4
|{ y 4
0.8eV
wi

R

250 200 175 150 125 100 75 0 T

Main Failure modes and relevant activation energies

3

Failure Mode Activat::\r;)Energy Accelerating
SURFACE CHARGE 1.0-1.05 HIGH TEMPERATURE BIAS
IONIC CONTAMINATION 1.0-1.4 HIGH TEMPERATURE BIAS
DIELECTRIC DEFECTS 0.3-0.6 HIGH TEMPERATURE BIAS
ELECTROMIGRATION 05-1.2 HIGH TEMPERATURE BIAS
INTERMETALLIC GROWTH 1.0-1.05 HIGH TEMPERATURE BIAS, STORAGE
METAL CORROSION 0.3-08 HIGH HUMIDITY BIAS

50
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RELIABILITY REPORT

WAFER FAB TYPICAL PRODUCTION PROCESS FLOW CHART

[1]

___n '

Key: .
O 100% operation or sereening

@ 100% operation with SPC
I \»-process control (monitar)

D QA Gate inspection {szimple acceptance)

Material inspection
Starting materials are inspecied following written
spacifications and records are maintained for fraceabifity.
Certified suppliers supply STS materials,

Water fabrication
Masking, efching, diffusion and metallization processes
produce finished dice in wafer form,
Critical paratneters are under SPC.

fo-process control
Wafers and process environment are inspected
at the main process steps.

Electrical parameter testing
Tost patterns or wafers are tested
following statistica rules.

Electricat wafer sort (probing)
Each die is slectrically tested and identified
when it doesn't meet the electrical requirements.

Finished waler inspection
Active surface and back finish are inspected on each
diffusion lot before release for die fab and assembly.

Ly7 $E3THOMSON
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RELIABILITY REPORT

In-process control during wafer fabrication
The table emphasizes the most important fabrication steps with the relevant SPC measures and/or monitors

performed.
PROCESS STEPS IN-PROCESS INSPECTIONS/MONITORS
OXIDATION - Visual
- Thickness

— Refractive Index
- CV plot (stability of ionic concentration and contamination control)

DEPOSITION: Nitride, Poly Si

— Visual

— Thickness

— Refractive index
— Doping content

PHOTOLITHOGRAPHY — Mask and wafer cleanliness
— Alignment and focusing accuracy
- Gritical dimensions
ETCHING — Quality of etching and wafer cleanliness

— Critical dimensions

DOPING BY IMPLANT
(P, As, B)

— Sheet resistance (dose and implant uniformity)

DOPING BY DIFFUSION — Sheet resistance
> AS) - Thickness o

- GV plot (stability of ionic concentration and contamination control)
EPITAXIAL GROWTH — Thickness

— Resistivity

— Crystal quality (stacking faults, bumps and others)
METALLIZATION — Wafer cleanliness

- Visual

- SEM (step coverage and film quality)

- Thickness

- GV plot (stability of ionic concentration and contamination control)
INTERMEDIATE AND FINAL - Thickness
PASSIVATION - Doping content

— Passivation integrity (density of pinholes and cracks)

- Visual
BACK FINISHING — Wafer thickness

- Back metal thickness

- Metal adherence
ELECTRICAL — Main parameters for active and parasitic structures (e. g. threshold
CHARACTERIZATION voltage, saturation current, hre, resistances, capacitances ...)
WAFER INSPECTION — Visual (microscope and/or laser surface inspection system)
ALL DEPOSITIONS AND - Surface Scan (to detect and to measure foreign particles)
PHOTOLITHOGRAPHY

‘7_, SGS-THOMSON
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RELIABILITY REPORT

ASSEMBLY TYPICAL PRODUCTION PROCESS FLOW CHART

Key:
O 100% operation or screening
. 100% operation with SPC
Il 1n-process controt (monitor)
D QA Gate inspection {sample acceptance)
Hermetic Moulded
package package
v v
(7] Material Inspection [7] Moulding and
Starting materials are inspected " stabilization bake
following zinriﬁ&n sp;ﬁiffcg%ns and __n Soai
Tecoras arg matmain or paling atmosphere
traceability. Certified su?piiers gunm:l”
supply 8TS materials. _m e
i amd lid torque
@D Die separation 8 control, "

Wafers are separated into individual

dice and electrical rejects are Trim & Fgm 'a:m! Lead @

removed.
(®  visual screening O) Internal water-vapar
Dice are inspected and selected at content cont
high magnification. "
igh impact shock
E‘ﬂ Quality Inspection Elﬂ iy
Each die iot is accepted before ’ Final bake 22
assembly (visual inspection of
surface). Raw line Inspection 23]
Die sitach 29) Marking and Elecrcal 9)
n
Wire hond Grous A lns‘ i 2]
roup A Inspection
Precap visual® 13 {Finished products)
Agsembled but unsealed units arg
individually inspected at low and —EX Group B, ¢ and D tests*+ B
high power magnifications. .
Quality inspaction E'}—_l g Facking @
Each lot is accepted before 3 Packing and
sealing to verify compliance fo ' documentation
precap inspection specifications. Inspection
Sealing
Vacuum prebake and high
temperature final seal. oY
v ¥ Shipping Shipping

* Omitted when the intninsic quality meets the specified quality level
** For non military products, these rehiability tests can be performed after step 23 on 100% electrically tested samples (when requested)

(ST = i

2
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RELIABILITY REPORT

In-process control during assembly process

The table emphasizes the most important fabrication steps with the relevant SPC measures and/or monitors

performed.
PROCESS
STEPS TESTS DESGR%PTi'OK
11 DIE ATTACH —Integrated Circuits
MIL-STD-883 Method 2010 cond B (internal visual) and
Method 2019 (die shear strength); CECC 90000
—Discrete Devices
MIL-STD-750 Method 2072 éinternal visual) and Method
2017 (die shear strength); CECC 50000
12 WIRE BOND — Integrated Circuits
MIL-STD-883 Method 2010 cond. B (internal visual) and
Method 2011 cond. D (bond strength); CECC 9000
- Discrete Devices
MIL-STD-750 Method 2072 gnternal visual) and Method 2037
(bond strength); CECC 5000
14 QUALITY INSPECTION |- Integrated Circuits
MIL-STD-883 Methods 2010 cond. B (internal visual); CECC 90000
-Discrete Devices
MIL-STD-750 Method 2072 (internal visual); CECC 50000
16 MOULDING AND — Visual and temperature process control
STABILIZATION BAKE
17 SEALING Moisture content:
ATMOSPHERE <200 ppm for Ceramic packages
CONTROL <100 ppm for Metal Can packages
18 SEAL CONTROL Fine Leak

- Integrated Circuits

MIL-STD-883 Method 1014 cond. A1

Helium leak detector after pressurization in He for:

2h at 5.1 atm Limit: 5 x 10-%cc/s for ICV < 0.05 cc
4h at 5.1 atm Limit: 5 x 108 cc/s for ICV > 0.05 < 0.5 cc
2h at 3.0 atm Limit: 1 x 107 cc/s for ICV > 0.5 < 1cc
5h at 3.0 atm Limit: 5 x 108cc/s for ICV > 1 < 10cc

ICV = Internal Cavity Volume

— Discrete Devices
MIL-STD-750 Method 1071 cond. H1
Helium leak detector after pressurization in He for:
2h at 4.1 atm Limit: 5 x 10 cc/s for ICV < 0.4 cc
2h at 4.1 atm Limit: 2 x 107 cc/s for ICV > 0.4 cc
4h at 2.0 atm Limit: 1 x 107 cc/s for ICV > 0.4 cc

Gross Leak

- Integrated Circuits
MIL-STD-883 Method 1014 cond. C1 (fluorocarbon gross leak)
5 Torr vacuum for 30 minutes minimum followed by
pressurization of the devices immersed in mineral oil and
subsequent immersion in another mineral oil at Ta = 125°C

— Discrete Devices
MIL-STD-750 Method 1071 cond. C (fluorocarbon gross leak)
0.5 Torr vacuum for 1h, except for ICV > 0.1 cc, followed by
pressurization of the devices immersed in mineral oil at:
4.1 atm for 2h ICV < 0.1 cc or
5.1 atm for 2h ICV > 0.1 cc
and subsequent immersion in mineral oil at Ta = 125°C

o7 SEETHOMEON



RELIABILITY REPORT

In-process control during assembly process (cont’d)

PROCESS
STEPS TESTS DESCRIPTION
18 LID TORQUE Ceramic packages only
(cont.d) | CONTROL MIL-STD-883 Method 2024
(e.g. > 60 Kg x cm for seal area values between 1.41 and 1.73 cm?)
19 TRIM & FORM —Trim & Form not for Metal Can packages
AND LEAD FINISH - Dimensions, thickness and contamination control
— Solderability control:
A%;ing as per page 51
215 £5°C for 3 £0.5 sec. (SMD only)
235 +5°C for 2 £0.5 sec.
245 +5°C for 5 +£0.5 sec.

20 INTERNAL WATER Dew Point method MIL-STD-883 Method 1018 procedure 3
VAPOR CONTENT 5000 ppm max (dew point temperature less than - 15°C)
CONTROL Ceramic packages only

21 HIGH IMPACT SHOCK | Metal Can packages only (except TO3)
20000 g minimum; t = 25 sec. minimum; Y1 axis only

22 FINAL BAKE For SMD only (according to internal specifications)
23 RAW LINE External Visual
INSPECTION — Integrated Circuits

MIL-STD-883 Method 2009; CECC 90000
- Discrete Devices
MIL-STD-750 Method 2071; CECC 50000

Note: at this step some reliability tests (pressure pot,
temperature cycling, life test etc.) are performed as a monitor,
generally on a weekly basis, to have fast feedback on process
behaviour (Real Time Control Tests)

25 GROUP A See page 56
INSPECTION
26 GROUPS B, C AND Performed on the product family representative types (by
D TESTS rotation); the results are extended to all the other devices of the
same family according to the structure similarity concept
28 PACKING AND Inspection for:
DOCUMENTATION - right quantity
INSPECTION - right type
- right boxing
- right labelling
- right documentation
—various
&7 SS5THOMSON
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RELIABILITY REPORT

GROUP A INSPECTION - FINISHED PRODUCT ACCEPTANCE

ICs and Discrete devices

SUBGROUP PARAMETERS MINIMUM | ACCEPTANCE
SAMPLE SIZE NUMBER
Al Visual and mechanical inspection 315 0
A2+A3+A4 Cumulative electrical and inoperative mechanical failures 315 0

Notes
- This product acceptance 1s valid for standard production, for agreed customer programs other sampling plans can be applied
- Specified temperature ranges according to SGS-THOMSON databooks

PPM (RESULTS AND TARGETS)

As a consequence of its quality improvement programmes SGS-THOMSON has continually improved

outgoing quality and is pursuing ambitious quality targets.

PPM values and targets for cumulative electrical failures* (inoperative mechanical included)

1986 1987 1988 1989 1990 1991
75 60 40 30 20 10

* Values referred to the end of each year.

CMOS
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RELIABILITY REPORT

GROUPS B, C AND D TESTS

Integrated circuits - Groups B, C and D tests
Every week or every three months on raw line and/or finished products

TEST SGS-THOMSON PACKAGE
PROCEDURE TEST CONDITIONS
ga
5 g 18 . 1251828
& 29iF
: i At
a2 == g = | 8 3 £382 {1}
1 Physical dimension 2016 |4.3 | Data Sheet Drawing X X x {2 |0
2 | Resistance to 2015 |44 |1 minute immersion in solvent X X x | 4 |0
solvents solution followed by 10 strokes with
a hard brush as per MIL-STD method
gthg procedure shall be repeated
times)
3 | Solderability 2003 |4.6.10{ 215+5°C 3+0.5sec. - |- 1x |2 |0 |2
Cond 1) 235 £5°C 2 +0.5sec. X [ x | x
245 +£5°C 5 +0.5sec. X X X
4 | Operating Life Test 1005 | 4.8 | 1000 h according to detail spec X | x | x |45 |0 |3
or
Intermittent Life Test - |- 5000 Cycles - |- |x
(for Power devices)
end point electrical as per device spec. X | x | x
parameters
5 | Temperature cycling 1010 | 4.6.8 | 10cycles Ta=-65°C to + 150°C X X |- |12 |0
Constant acceleration 2001 |4.6.7 | 30000¢g x | x |- 4
Seal - fine 1014 | 4.6.9 | see page 38 X | x |-
- gross x | x | -
6 | Pressure pot - |- Ta=121°C, 2 atm, 240 h min. - |- x |20
end point electrical as per device spec. -1 - ]x
parameters
7 | HAST (Hig hlg - 4.6.3 | 130°C/85%RH with bias t=150h - |-1x ]2 (0
?cc{e)lerated tress Cond2| according to detail specification
es
end point electrical as per device spec. - =1
parameters

Notes

1) Sample can be increased according to LTPD table, till c=2

2) Aging of 8h 1n steam vapor or 16h at 155°C Soldening temperature of 215°C for SMD only

3) Ta such to have Tj=T) max

4) 20000g for packages with cavity penmeter of 5cm or more and/or with a mass of 5 grams or more

7 3THONEN
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RELIABILITY REPORT

Integrated circuits - Groups B, C and D tests

Every six months on raw line and/or finished products

TEST SG5-THOMSON PACKABE
PROCEDURE . TEST CONDITIONS
2 = =
§ 8 g 2 2 gg EE E
g 5 | 28 AR R
2 = | d= £3 82 i}
1 Lead integrity 2004 | 4612 (1)|Tenstle test (as per CECC 90000) - - 22 0
4612 (2) | Lead Fatigue Cond B2 X X 2
- wire leads’ a force of of 0229 +0 014 Kg
for three 90 +5° arcs on each lead
bending cycle 2to 5 sec
- dual-in-hine and power moulded packages
the leads shall be bent 3 times
simultaneously for at least 15° permanent
bend, returning then to the original position
Solder pad adhesion Cond D - X - 3
aforce of 0.299 Kg min to each solder
pad for 30secminimum
Seal - fine 1014 | 469 see page 54 X X -
- gross - X X -

2 | Thermal shock 1011|468 Cond B, 15 shocks, Ta=-85t0 + 125°C X X - 2 0
Temperature cycling 1010 |468 Cond C; 100 cycles Ta=-65to +150°C X X X 4
Moisture resistance 1004 | 463 Lead bend conditioning b3 X -

followed by 10 of 24h, Ta = 25°C t0 65°C
RH = 80% to 100%, one 3h cycle at Ta=-10C
Seal - fine 1014 | 469 see page 54 X X -
- gross X X -
Visual examination :g% - without appraisal of marking X X -
end point electncal as per device spec X X X
parameters

3 Mechanical shock 2002 |464 Cond B, 1500g, 05 msec, 5 blows in each of X X - 22 0

the 6 orientations; not operating
Vibration, vanable 2007 | 465 Cond A, 20g, 3 orientations, f = 20102000 cps, | X X -
frequency four 4 minutes cycles, 48 minutes total,

not operating
Constant accelerations 2001 (467 Cond E; 30000 g; Y1 onentation only X X - 5
Seal - fine 1014 | 469 see page 54 X X -

- gross X X -
Visual examination 1010 |- X X
1011

end point electncal as per device spec X X -
parameters

4 Salt atmosphere 1009 |4614 |Cond A. 10to 50 gr of NaCl per m? X X X 2 0

for 24 h at Ta= 35°C min

Seal - fine 1014 | 469 see page 54 X X -

- gross X X -
Visual examination 1009 | 4614 b3 X b3

5 | Humidity test - 463 85°C/85% RH with biast = 1000h - - X 45 [0
Cond1 | according to detail specification

end point electncal as per device spec - - X
parameters

6 Internal water-vapor 1018 |- Dew point method procedure 3 X X - 3 0 6
content (¢ ppm max) 5 1

7 Lid Torque 2024 |- see page 54 - b3 - 22 0 7

Notes

1) Sample can be increased according to LTPD table, till c=2

2) Not for SMD
3) Leadless chip carrier only

4) For plastic packages Ta= -65/-40°C according to device type
5) 20000g for packages with cavity penmeter of Scm or more and/or with a mass of 5 grams or more
6) Test three devices  If one fails, test two additional devices with no failure

7) Applied only to packages which use glass-fnit seal to lead the frame lead or package body (1 ¢ wherever fnt seal establishes hermeticity or package integrity)

‘y_l SGS-THOMSON
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RELIABILITY REPORT

LPS - RESULTS SUMMARY

Plastic Ceramic S.0. Package
ndi-
Test Condi- | 1989 | 1990 | 1989 | 1990 | 1989 | 1990
SS REJ| SS REJ| SS REJ| SS REJ| SS REJ| SS REJ
HIGH TEMPERATURE 1000 hrs (1971 O (1809 O | 620 O | 675 O | 738 0 | 756 O
BIAS 2000hrs | 540 O | 513 0 | 135 0 198 0 | 216 0
TEMPERATURE 1000hrs |1951 O [180 O | _ _ | _ _ | 738 0 | 918 0
HUMIDITY BIAS 2000hrs | 513 0 | 378 0 180 0 | 216 ©
168hrs [2125 0 (1830 0O 795 0 | 810 0
PRESSURE COOKER 336hs | 675 0 | 630 0 | - |~ ~ |25 o |20 o
THERMAL SHOCKS 200cyc (1425 O (1950 O | 450 O | 375 O | 150 O | 125 0O
200 cyc
Rl 1000¢cyc (1070 0 [1110 o0 | 570 o |[540 o0 |58 o | 630 o
ENVIRONMENTAL L
SEQUENCE - - |- -1 o0 1275 0 F - - |- -
MECHANICAL SEQUENCE - -]l - =118 o0 |1275 0 | - - | - -
RESISTANCE TO
SOLVENT 475 1 | 425 1 |35 0 |35 0 |45 1 |[375 0
SOLDERABILITY 475 0 | 425 0 (350 O |35 0 |45 2 | 375 1
LEAD INTEGRITY 475 0 | 425 0 [ 350 0 |35 0
HAST 9%hs| 175 0 | 225 o0 | _ _ | _ _ |10 0 |[125 0
240hrs | 100 O | 100 O 50 0 75 0
FAILURE RATE EVALUATION (AT 60% CONFIDENCE LEVEL)
Failure Rate
) FIT *
Package Device x Hours Fail
125°C 55°C
PLASTIC 3.78x 10° 0 242 05
CERAMIC 1.32x 10° 0 693 1.4
S.0. PACKAGE 1.49x 10° 0 613 1.3

* FIT = Failure in Time. Number of failures/10® Hours of operation (or 10°®). The activation energy, from analysis, was chosen
as 0.7 eV based on our tests results: the failure rate at lower operating temperature can be extrapolated from the Arrhenius
plot.

The actual junction temperature should be used; it can be computed using the relationship
Tj=TA + (P x 6JA)

Where Tj = Junction temperature
TA = Ambient temperature
6JA = Junction to ambient thermal resistance (typically 100°C/watt for a 16 pin DIP)
P = Power actual consumption

57 SGS-THOMSO

WANREXARN RTADENNER

59






DATASHEETS

61







C'- SGS-THOMSON HCC/HCF4000B-4001B
7’ MICROELECTRONICS  HCC/HCF4002B-4025B
NOR GATE

4000B-DUAL 3 INPUT PLUS INVERTER
4001B-QUAD 2 INPUT

4002B-DUAL 4 INPUT

4025B TRIPLE 3 INPUT

s PROPAGATION DELAY TIME = 60 ns (typ.) AT
CL=50pF, Vop=10V

= BUFFERED INPUTS AND OUTPUTS

= STANDARDIZED SYMMETRICAL OUTPUT
CHARACTERISTICS

= QUIESCENT CURRENT SPECIFIED TO 20 V
FOR HCC DEVICE

= 5V, 10V AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

s 100% TESTED FOR QUIESCENT CURRENT

s MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N. 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF B
SERIES CMOS DEVICES "

DESCRIPTION

The HCC4000B, HCC4001B, HCC4002B and
HCC4025B (extended temperature range) and
HCF4000B, HCF4001B, HCF4002B and
HCF4025B (intermediate temperature range) are
monolithic integrated circuit, available in 14-lead
dual in line plastic or ceramic package and plastic
micropackage.

PIN CONNECTIONS

The HCC/HCF4000B, HCC/HCF4001B, HCC/HCF
4002B and HCC/HCF4025B nor gate provide the
system designer with direct implementation of the
nor function and supplement the existing family of
COS/MOS gates. All inputs and outputs are buffe-
red.

EY F
(Plastic Package) (Ceramic Package)

-

M1 C1
(Micro Package) (Chip Carrier)

ORDER CODES :
HCCXXXXBF HCFXXXXBM1
HCFXXXXBEY HCFXXXXBC1

4000B 4001B

1

YVl
X

NC ] K=D%EF ] 14
NC 2] 113

A 3] — ] 12
B o H=AsBIC n
[ | ] 10
Wl s

w o Lo
G

<
8

O 0O X -« © >

10

O x o mm

NC & ls £ K s

4002B 4025B

U

1 — 114 v,
1i=i5 oo

A

B 2] ] 13

D 3] ] 12

E ‘[bl ] 1

FosH ] 10
K=D+EF, B

NG s 7l P

114 Voo

K
112 H
G
F

0O « - = T0

K=E+F+G+H

reto7a0 Pe10790

September 1988
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HCC/HCF4000B-4001B-4002B-4025B

ABSOLUTE MAXIMUM RATING

Symbol Parameter Value Unit
Voo * | Supply Voltage: HCC Types -0.5to +20 Vv
HCF Types -0.5to +18 \

\ Input Voltage -0.5 to Vpp + 0.5 )

l DC Input Current (any one input) +10 mA

Ptot Total Power Dissipation (per package) 200 mw

Dissipation per Output Transistor

for Top = Full Package Temperature Range 100 mw

Top Operating Temperature: HCC Types -5510 +125 °c
HCF Types -40 to +85 °c

Tstg Storage Temperature -65 to +150 °Cc

Stresses above those listed under "Absolute Maximum Ratings” may cause permanentdamage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for external penods may affect device reliability.

* All voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage: HCC Types 3to 18 Vv
HCF Types 3to 15 )
Vi _Input Voltage 0to Voo \
Top Operating Temperature: HCC Types -55 to +125 °c
HCF Types -40 to +85 °c
28 L3y SGS-THOMSON
Y/ RicroELECTRORICS



HCC/HCF4000B-4001B-4002B-4025B

SCHEMATIC AND LOGIC DIAGRAMS

40008

]
T

: Zo¢ B¢
ASSES
=
8 f 0
-
T
S o
FF_TIF_TI

H I
5 Uy Uy

THERMINAL FOR SECOND GATE)

INVERTER AND 1 OF 2 GATES (NUMBERS IN PARANTHESES ARE

4001B

1e

(8.6.13)
28 il
(05.12) | o
"

3
3" (10,4,11)

OTHER GATE)

Vss

$C05740

1 OF 4 GATES (NUMBERS IN PARANTHESES ARE THERMINAL FOR

o4
7 X

Yuss
ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

(8,6.13) 3
2 (10,4,11)
(9.5,12)
LC10450
Y00
r X
oO—4— 73—
r
$-2299 yvss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK
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HCC/HCF4000B-4001B-4002B-4025B

SCHEMATIC AND LOGIC DIAGRAMS (continued)

4002B

IFT_TIL
[___Tl.[

& :l

(1 g

4 m I_":l

o N=REL
3 1
® I o

SC05770

4025B

ﬂ
e

Vss
1 OF 2 GATES (NUMBERS IN PARANTHESES ARE THERMINAL FOR SE-
COND GATE)
Voo
Tu
_]59 —| ﬂn —lﬂp dn
1 1 :IT
o
3¢ | ’ m
p
(111 :_—J . -I:j- :|
it B | |
@.12) ::J_ 7 =, :|
50 1 3 I"'l ]
(8.13) LJ ok
7 505750
Vss

INVERTER AND 1 OF 3 GATES (NUMBERS IN PARANTHESES ARE
THERMINAL FOR OTHER GATES)

Voo
A 7
O -
2 7 §
$-2299 &
Vss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

(9,10)

LC10470

AVoo
7 ? 3
oO—4— 33—+
7 ¥ 7 Y
$-2299 }
Vss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK
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HCC/HCF4000B-4001B-4002B-4025B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditios Value
Symbol Parameter Vi Vo Ilol | Voo Tiow* 25 °C ThiGH * Unit
M1 M |[®A)] (V) | Min. | Max. | Min. | Typ. | Max. | Min. | Max.
IL Quiescent 0/5 5 0.25 0.01 | 0.25 75
Current HCC o110 10 0.5 0.01| 05 15
Types [g/15 15 1 0.01] 1 30
0/20 20 5 002| 5 50| M
HCE |05 5 1 0.01| 1 75
Types |.0/10 10 2 001 2 15
0/15 15 4 001 4 30
Vou | Output High 0/5 <1| 5 | 495 4.95 4.95
Voltage 0/10 <1]10 [9.95 9.95 9.95 v
0/15 <1| 15 [14.95 14.95 14.95
VoL | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <1] 10 0.05 0.05 005| V
15/0 <1] 15 0.05 0.05 0.05
ViH | Input High 0545 |<1| 5 | 35 35 35
Voltage 119 |<1|10] 7 7 7 v
15135 <1 | 15 | 11 11 1
Vii | Input Low 4505 <1]| 5 15 1.5 1.5
Voltage 91 | <1] 10 3 3 3 v
1351.5| <1 | 15 4 4 4
lon | Output 05| 25 5 | -2 1.6 | -3.2 -1.15
Drive HCC |o55| 46 5 |-0.64 -0.51] -1 -0.36
Current  |Types [o/10] 0.5 10 | -1.6 13| 26 -0.9
0/15| 13.5 15 | -4.2 34 | 6.8 2.4 mA
05| 25 5 |-1.53 -1.36] -3.2 1.1
HCF | o5 | 46 5 |-0.52 0.44| -1 -0.36
Types [o10] 95 10 [ -1.3 1.1 | -26 0.9
0/15| 135 15 | -36 3.0 | 6.8 2.4
lo. | Output Hee |5 0.4 5 | 0.64 051 | 1 0.36
Sink
Types | 0/10| 0.5 10 | 1.6 13 | 26 0.9
Current 015| 1.5 15 | 4.2 34 | 68 2.4 mA
HCF |5 | 04 5 | 052 044 | 1 0.36
Types [0/10] 0.5 10 | 1.3 11 | 2.6 0.9
0/15] 15 15 | 3.6 30 | 68 2.4
v, b | Input HCC 1048 18 +0.1 +105| +0.1 +1
Leakage Types
Current HCF Any Input s HA
T 0/15 15 0.3 +10°| +0.3 +1
ypes
Ci Input Any Input 5 7.5 F
Capacitance p
* Tuow = -55°C for HCC device: -40 °C for HCF device.
* Tuian = +125 °C for HCC device: +85 °C for HCF device.
The Noise Margin for both "1" and "0" level is: 1V min. with Voo = 5 V, 2 V min. with Voo = 10 V, 2.5 V min. with Vop = 15 V
L3r SGS-THOMSON 5/8
Y/ HICROELECTROMICS
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HCC/HCF4000B-4001B-4002B-4025B

DYNAMIC ELECTRIEAL CHARACTERISTICS (Tamb = 25 °C, CL = 50 pF, RL = 200 KQ,
typical temperature coefficent for all Vpp values is 03 %/°C, all input rise and fall times= 20 ns)

Symbol Parameter Test Conditions Value Unit
Vop (V)| Min. | Typ. | Max.
tPHL Propagation Delay Time 5 125 | 250
trLH 10 60 | 120 ns
5 45 90
trHL Transition Time 5 100 | 200
trin 10 50 100 ns
15 40 80

Typical Output Low (sink) Current Characteristics

G-2336

fou [ 11
™~ Tamp = 25°C Vos 15V_|
- a—
%
,l

2 A
16 r

Yy h
2 -
. y,

sv]
&

A
1]

° 2 4« 6 8 10 n vostv)

Typical Output High (source) Current Charac-
teristics

G-2338

Minimum Output Low (sink) Current Charac-
teristics

. G -2337
fou [TT : [ 1
(mA) Tamb=25°C |
Vgs=15¥ |
12
P |
10 - 111
] l( 4 oV , H
6 . |
/]
[ y
4 4
2 / sv!
e anNERENEEERRES
v T
Ll itdg L4
[ 2 4 6 8 0 12 Vps (V)

Minimum Output High (sorce) Current Charac-
teristics

6-2339

L] [}
11T . [11
“lon Vgg = - toH -
(mA) e (m&) LT
S \
© \ \N
1\ Y
N N
N |olov N ~-10v
0 1o \\\
N
N
Tamp=25°C [ sv Tamp=25°C SN e
* | T T * [Tl 1\7]__
° s 0 Vs (V) ° s 10 Vps (V)
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HCC/HCF4000B-4001B-4002B-4025B

Typical Transition Time vs Load Capacitance

GC32980

Yrw
T, | |
(1“;3 Ty =25°C
1/
Vpp =5V o
120 v
80 ~
, d 10V 1
——
0 ] "1
= 15V
0 20 40 60 80 C (pf)

Typical Voltage Transfer Characteristics as a
Function of Temperature

Typical Propagation Delay Time vs Load Capa-
citance

'FNL GC33080
IPLN) Tamy =25°C
ns
160 ,4/
| ]
Vgp =5V
120 Pt
1
/,
80 =
1ov e
-t .—'—-’_——
40
= 15v
0 20 40 60 8 C_(pF)

Typical Power Dissipation Per Gate vs Fre-
quency

V. GC33060 GC33070
o W = ==z =
v (y'.)W) T qmp =25°C i
. C =50pF = AL
Vgp =15V G, =15pFreerem )
15 = 104, A8
] ra -
4
1'd
1oV 1 5
10 0% 5]
L T
Tom =25°C H ‘ z
2 [Vpp =15V
H 5V 102 0D j
5 ==t z
« 1oV
2[—— 5V
10‘ 468 468 4 468
(] 1 2 3
0 5 10 15V, (V) 10 10 10 10* ° 1, (Khz)
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HCC/HCF4000B-4001B-4002B-4025B

TEST CIRCUITS
Quiescent Device Current. Noise Immunity.
Voo
T Vop
Voo
INPUTS
o INPUTS OUTPUTS
Vss ~ >
ViH -~ —
o\_’ -~ — * @
v -~ — g
— .
@ NOTE .
TEST ANY COMBINATION
OF INPUTS
Vss 5-2079/1
Vss
S-1992/1
Input Leakage Current.
Voo
INPUTS
Voo poa—
o CJ
VSS |
-
NOTE: MEASURE INPUTS
SEQUENTIALLY TO BOTH 5199412
Vpp AND V5. CONNECT
ALL UNUSED INPUTS TO Vsg
EITHER Vpp OR Vg

8/8
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HCC/HCF4006B

18-STAGE STATIC SHIFT REGISTER

» PERMANENT REGISTER STORAGE WITH
CLOCK LINE "HIGH" OR "LOW" ... NO INFOR-
MATION RECIRCULATION REQUIRED

a FULLY STATIC OPERATION

s SHIFTING RATES UP TO 12MHz @ 10V (typ.)

« STANDARDIZED SYMMETRICAL OUTPUT
CHARACTERISTICS

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

» INPUT CURRENT OF 100nA AT 18V AND 25 °C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= 5V, 10V, AND 15V PARAMETRIC RATING

» MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N’ 13A, "STANDARD SPE-
CIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4006B (extended temperature range) and
the HCF4006B (standard temperature range), are
monolithic integrated circuits, available in 14-lead
dual in-line plastic or ceramic package and plastic
micro package. The types are comprised of 4 sepa-
rate "shift register” sections ; two sections of four sta-
ges and two sections of five stages with an output
tap at the fourth stage. Each section has an inde~
pendent "single rail" data path. A common clock si-
gnalis used for all stages. Data is shifted to the next
stage on negative-going transitions of the clock.
Through appropriate connections of inputs and out-
puts, multiple register sections of 4, 5, 8, and 9 sta-
ges or single register sections of 10, 12, 13, 14, 16,
17 and 18 can be implemented using one
HCC/HCF4006B package. Longer shift register
sections can be assembled by using more than one
HCC/HCF4006B. To facilitate cascading stages
when clock rise and fall times are slow, an optional
output (D1 + 4') that is delayed one-half clock-cycle,
is provided (see truth table for output from pin 2).

June 1989

EY F
(Plastic Package) (Ceramic Frit Seal Package)

* o

(Micro Package) (Plastic Chlp Carrier)
ORDER CODES :
HCC4006BF HCF4006BM1

HCF4006BEY  HCF4006BC1

PIN CONNECTIONS

Dt

[ RY'S D1 &

CLOCK D2.5

D2 D2+4
03 D3+ 4

04 D4.S

Vss [\

1/6
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HCC/HCF4006B

FUNCTIONAL DIAGRAM

Voo

114

01

4 13
o
4 — D1.4’
Jr e,
024 st HZ-02+s

cLock—344 LY

S 4 10
MmN

7
S$-2664 Vis
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types - 05to + 20 \Y
HCF Types -05to+ 18 \"
v, Input Voltage —0.5to Vpp + 0.5 Vv
Iy DC Input Current (any one input) +10 mA
Ptot Total Power Dissipation (per package) 200 mwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types —-55t0 + 125 °C
HCF Types —40to + 85 °C
Tstg Storage Temperature —65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification I1s not implied. Exposure to absolute maximum rating conditions for external periods may affect device
reliability.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo | Supply Voltage : HCC Types 3to 18 \"
HCF Types 3to 15 Vv
\ Input Voltage 0 to Vpp \"
Top Operating Temperature : HCC Types -55t0 + 125 °C
HCF Types —40to + 85 °C
26 LNy SGS-THOMSON
Y/ saicroELECTRONICS
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HCC/HCF4006B

LOGIC DIAGRAM AND TRUTH TABLES (one register stage)

jall

b o o}—F

o
-

- —

[a)

[a]
r

—

-
Q O

—p

o
~

0O—¢

cL cL 2 r 3
i l 5-2665
P P = }'ss
16 16 Q a ALL INPUTS (PIN 1,3.456) PROTECTED
n n D ‘D_O BY COS/MOS PROTECTION NETWORK
' I QUY IF4thOR
L cL 265 Sth STAGE
TRUTH TABLE FOR OUTPUT FROM TRUTH TABLE FOR SHIFT REGISTER
PIN 2 STAGE
Dy +4 cLe D +4' D cLa D+1
0 £ 0 0 av 0
1 e 1 1 v 1
X v NC X e NC
1 =HIGH X = DON'T CARE
0 =LOW A = LEVEL CHANGE
NC = NO CHANGE
LNy SGS-THOMSON 3%
Y/ iicRomLECTRONICS

73



HCC/HCF4006B

Test Conditions Value
Symbol Parameter Vi| Vo |ilof]Voo| Tiow* 25° Thign* | Unit
M| VM |GA] V| Mn [Max.| Min. | Typ. [Max.| Min. |Max.
Quiescent 0/5 5 5 0.04 5 150
Current  Ipce [ono 10 10 0.04 | 10 300
Types /45 15 20 0.04 | 20 600
C 0/20 20 100 0.08 | 100 3o000| A
0/5 5 20 0.04 | 20 150
HCF
Types | 010 10 40 0.04 | 40 300
015 15 80 0.04 | 80 600
Output High /5 <1 | 5 |49 4.95 4.95
Vou | Voltage 0/10 <1 | 10 | 9.95 9.95 9.95 v
0/15 <1 | 15 [1495 14.95 14.95
Output Low 5/0 <1 5 0.05 0.05 0.05
VoL | Voltage 10/0 <1 | 10 0.05 0.05 0.05| V
15/0 < |15 0.05 0.05 0.05
Input High 0545| <1 | 5 | 35 35 35
Vi | Voltage 119 | <1 | 10| 7 7 7 v
15135 <1 | 15 | 11 1 1
Input Low 45/05| <1 | 5 15 15 15
v | Voltage a1 | <1 | 10 3 3 3|V
135115 <1 | 15 4 4 4
Output 05 | 25 -2 -16| -32 -1.15
Drive HCC o5 | 46 - 064 -051] -1 -0.36
Current Types
010| 95 10 [-16 -13| -26 ~09
loH 015| 135 15 | - 42 -34| -68 -24 mA
o5 | 25 5 |-153 -1.36] -3.2 1.1
HCF | o5 | 46 5 |-052 —0.44| —1 ~0.36
Types 'o/10] 95 10 |-13 -11] -26 -09
015 135 15 |-36 -30| -68 —24
Output o5 | 04 5 | 0.64 051 | 1 0.36
Sink HCC oo os 10| 16 13 | 26 0.9
Current Types
ot 15| 15 15 | 4.2 34 | 68 2.4 mA
vop L5 04 5 | 052 044 | 1 0.36
Types [010] 05 10| 13 11 | 28 0.9
015| 15 15 | 3.6 30 | 68 2.4
- :_"ep:‘fage ?&is 018 - 18 +0.1 +105 [£0.1 +1
j Current HCF S HA
Types | 915 15 +0.3 +10° |+03 +1
C Input Capacitance Any Input 5 75 pF

-

-

4/6

Tiow = — 55°C for HCC device : — 40°C for HCF device.
Thigh = + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1™ and "0" level is : 1V min. with Vpp = 5V, 2V min. with Vpp = 10V, 2.5 V min. with Vop = 15V.
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HCC/HCF4006B

DYNAMIC ELECTRICAL CHARACTERISTICS (T mp = 25°C, C, = 50pF, R, = 200k,
typical temperature coefficient for all Vpp values is 0.3%/°C, all input rise and fall times = 20ns)

Test Conditions Value
Symbol Parameter - Unit
Vpp (V)| Min. | Typ. | Max.
tpLnH, tpHL| Propagation Delay Time 5 200
10 100 ns
15 80
tTHL, tTen| Transition Time 5 100
10 50 ns
15 40
tw Clock Pulse Width 5 100
10 45 ns
15 30
te, Clock Input Rise or Fall Time* 5 15
10 15 us
B 15 15
teotsp | Data Setup Time 5 50
10 25 ns
15 20
fmax Maximum Clock Input Frequency 5 5
10 12 MHz
15 16

*

output of the driving stage for the estimated capacitive load.

If more than unit is cascaded t.CL should be made less than or equal to the sum of the transition time and the fixed propagation delay of the

Typical Output Low (sink) Current Characteristics. Minimum Output Low (sink) Current Charac-
teristics.

G-2336 6-2337
fo [T1 11T fou [TT ]
ma) Tamb = 25°C Vos =15v_| (mA) Tamb=25°C \

1 |
% ) " ] Vgg =15 ||
2 % 10 11
/ -
i T 1
hd 4 8 Y 1oV T
- | L L
12 6 /, " |
8 & L
4 v 2 11 1 T
r‘/ Wﬂ_Ll“.A Ll .
11 ALl il L i
[ 2 4 6 & 0 n Vps(V) 0 2 4 6 8 0 12 VsV

7 S5HNS

5/6
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HCC/HCF4006B

Typical Output High (source) Current Charac-
teristics.

Minimum Output High (source) Current Charac-
teristics.

° l _[ ] 6-2338 0 _[ TI 6-2339
Hon Vgs = - ] ou Vo = -
(ma) por 3t - S=-5V
10 s
\ N \\
\ N
\
-0V N -
20 - 10 \ 10V
N
\‘
N
N 1] N
% Tamb =25°C ~Y s Tamp=25¢| | | N-1sv | |
1715 ] T it I
° s 10 -Vps (V) 0 s 10 ~Vps (V)
TEST CIRCUITS
Quiescent Device Current. Input Voltage.
Voo
I Voo
Yoo
INPUTS |
v INPUTS OUTPUTS
ss —
ViH -— —
o\—-& -] > '
v — e -
- —>
NOTE
TEST ANY COMBINATION
OF INPUTS
Vss $-2079/1
Vss
S-19921
Input Current.
Voo
INPUTS
Voo
o C )
Vs -
-]
NOTE: MEASURE INPUTS
SEQUENTIALLY TO BOTH 1 s-198412
Vpp AND Vss. CONNECT
ALL UNUSED INPUTS TO Vss
EITHER Vpp OR vgg
&6 L3y §Gs-THOMSON
MICROELECTROMICS
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MICROELECTRONICS

HCC4007UB
HCF4007UB

DUAL COMPLEMENTARY PAIR PLUS INVERTER

= STANDARDIZED SYMMETRICAL OUTPUT
CHARACTERISTICS

= MEDIUM SPEED OPERATION tpHL, tpLH = 30ns
typ.) AT 10V

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF B
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4007UB is a monolithic integrated circuit,
available in 14-lead dual in-line plastic or ceramic
package and plastic micropackage.

The HCC4007UB type is comprised of three n-chan-
nel and three p-channel enhancement type MOS
transistors. The transistor elements are accessible
through the package terminals to provide a conve-
nient means for constructing the various typical cir-
cuits as shown in typical applications. More complex
functions are possible using multiple packages.
Numbers shown in parentheses indicate terminals
that are connected together to form the varius con-
figurations listed.

September 1988

EY F
(Plastic Package) (Ceramic Package)
M1 c1
(Micro Package) (Chip Carrier)
ORDER CODES :
HCC4007UBF HCF4007UBM1
HCF4007UBEY HCF4007UBC1
PIN CONNECTIONS
ﬂ VopQ1-Q2- Q5 (P)
SUBSTRATES Q, (P
Q2(P) SOURCE e W(P)
Q2(P) DRAIN I Qy(P) SOURCE
Q3(N) DRAIN
Q2 caTES I Qi(P) SOURCE
Q,(N) souree ] Q3(P) DRAIN
Q2(N) DRAIN [ Q3 GATES
Qy GATES [ Qs(N) SOURCE
Ves:04-Q2- Qs (N)
SUBSTRATES Qy(N) ! Q1) oRaN
SOURCE

1/9
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HCC/HCF4007UB

FUNCTIONAL DIAGRAM

o= TEL;

N
—
— |

VSS LC10540 o 9
ABSOLUTE MAXIMUM RATING

Symbol Parameter Value Unit

Voo * | Supply Voltage: HCC Types -0.5 to +20 \"

HCF Types -0.5to +18 )

Vi Input Voltage -0.5 to Voo + 0.5 \

I DC Input Current (any one input) +10 mA
Ptot Total Power Dissipation (per package) 200 mw

Dissipation per Output Transistor

for Top = Full Package Temperature Range 100 mwW

Top Operating Temperature: HCC Types -55t0 +125 °c

HCF Types -40 to +85 °C

Tsg Storage Temperature -65 to +150 °c

Stresses above those listed under "Absolute Maximum Ratings" may cause permanentdamage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for external penods may affect device reliability.

* All voltage values are referred to Vss pin voltage

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vobp Supply Voitage: HCC Types 3to 18 \"
HCF Types 31015 \

\ Input Voltage 0to Voo \

Top Operating Temperature: HCC Types -55 to +125 °c
HCF Types -40 to +85 °c

2/9
K7 33N
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HCC/HCF4007UB

SCHEMATIC DIAGRAM (showing input, output and parasitic diodes)

re=-""1—""

o7 AO4 scoamo 409
Voo
D2 A COSMOS OUTPUT PROTECTION NETWORK BE-
TWEEN TERMINALNOS. 1,2, 4,5,8,9, 11, 12,13, AND

THE CORRESPONDING DRAINS AND/OR SOURCES

—oO ?:R"':::‘KL % COS/MOS INPUT PROTECTION NETWORK

¥ PARASITIC AND NETWORK COMPONENTS
D1=N+TO PWELL

| D2 = P+ TO SUBSTRATE

y R1=1-5KQ

scos790 R2=15-30Q

3/9
79
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HCC/HCF4007UB

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditios Value
Symbol Parameter Vi Vo llo] | Voo Teow * 25 °C ThicH * Unit
M| M [eA][ V) | Min. | Max. | Min. | Typ. | Max. | Min. | Max.
L | Quiescent 0/5 5 0.25 0.01 | 0.25 75
Current HCC |o/10 10 0.5 0.01] 05 15
Types [/15 15 1 001 1 0] A
0/20 20 5 0.02| 5 150
HoF |95 5 1 0.01] 1 7.5
Types | 0/10 10 2 001| 2 15
0/15 15 4 0.01] 4 30
Vou | Output High 0/5 <1| 5 | 495 4.95 4.95
Voltage 0/10 <1] 10 | 9.95 9.95 9.95 v
0/15 <1| 15 |14.95 14.95 14.95
VoL | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <1 10 ¢ 0.05 0.05 005| V
15/0 <1] 15 0.05 0.05 0.05
ViH Input High 0.5/45 | <1 5 4 4 4
Voltage 19 |<1] 10| 8 8 8 v
15135| <1 | 15 | 125 125 12.5
Vi | Input Low 45/05|<1| 5 1 1 1
Voltage 91 |<1] 10 2 2 2 v
135M1.5| <1 | 15 25 25 25
lon | Output 05| 25 5 | -2 -1.6 | 3.2 -1.15
Drive HCC | o5 | 46 5 |-0.64 051 -1 -0.36
Current | Types o0 o5 10 | 16 1.3 | 26 09
0/15| 13.5 15 | -4.2 34| -68 2.4 mA
05| 25 5 |-1.53 -1.36| -3.2 -1.1
HCF | o5 | 46 5 |-052 -0.44| -1 -0.36
Types [o0] 95 10|13 11| 26 0.9
0/15| 135 15 | -3.6 3.0 | -6.8 2.4
lo. | Output Hee |05 | 04 5 | 0.64 051 | 1 0.36
Sink
T 0/10| 05 10 | 1.6 13 | 26 0.9
Current ypes
015 1.5 15 | 4.2 34 | 68 2.4 mA
WoF |05 04 5 | 052 0.44 | 1 0.36
Types [0110] 05 10 | 1.3 11 | 26 0.9
015| 15 15 | 36 30 | 68 2.4
li, I :_"p‘" HCC 118 18 +0.1 +10° | +0.1 +1
eakage Types Any Input WA
Current HCF 5
Types |15 15 +0.3 +10°| 0.3 +1
Ci Input Capacitance Any Input 5 7.5 pF

* Tiow =-55 °C for HCC device: -40 °C for HCF device.
* ThieH = +125 °C for HCC device: +85 °C for HCF device.
The Noise Margin for both "1" and "0" level is: 1V min. with Voo = 5 V, 2 V min. with Vop = 10 V, 2.5 V min. with Vpp = 15 V

4/9 -
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HCC/HCF4007UB

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, CL = 50 pF, RL = 200 KQ,
typical temperature coefficent for all Vpp values is 03 %/°C, all input rise and fall times= 20 ns)

Symbol Parameter Test Conditions Value Unit
Vop (V)| Min. | Typ. | Max.
trLH Propagation Delay Time 5 55 110
teHL 10 30 60 ns
15 25 50
tTLH Transition Time 5 100 | 200
trHL 10 50 100 ns
15 40 80

Minimum and Maximum Voltage Transfer Characterisctics for Inverter and test Circuit

GC33090

Vo (V) [Vgy =15V

™ T omp =25 °C

10V

N Vi Vo
’ \ o Dc o

6 I5v LC10500

0 2 4 6 8 10 12 V.(V)

Typical Current and Voltage Transfer Characteristics for Inverter and Test Circuit

Yo =73y SmR
v { 1 ! 14 11 Voo
A\ Tam=25°C1| |
AN Vo |
[P g— v
10V a[15V | [}
10 \ i O— | VO
7 10 D 'I
7 % 12
5V & \
5 7 \
& 10V
AN K -
’) \
SV :\ LC10490
0 5 10 v, (V)
L3y SGS-THOMSON 59
Y/ wicroELECTRONICS

81



HCC/HCF4007UB

Typical Voltage Transfer Characteristics for NAND Gate and Test Circuit

v 6C33140
(‘g A-SINGLE INPUT ouu}_
B-TWO_ INPUTS ONLY
C~THREE INPUTS V
+ OTHER INPUTS |
Vgp =15V [—| SWITcH To Vop A
15 T
LAl
B
10V =
10 A
B Torms =25°C
 sv A
5 : — . '8
| ] L-\‘—-\— Cl v
t: V DD LC10520
0 5 10 15V, (V)

Typical Voltage Transfer Characteristics for NOR Gate and Test Circuit

v, GC33150
o
) A-SINGLE INPUT ONLY | |
B-TWO_INPUTS ONLY
C~THREE INPUTS v
+ OTHEN INPUTS A I
Vpp =15V SWITCHES TO GROUND

A

2

<
|
[oX::]

= . I I—— VO
105 0/0—:)0—»
Tamb =25°C "_g)_

B = LC10530
0 5 10 15V, (V)

ALY

<
O@o>» O®®>

JHNI

Typical Output Low (Sink) Current Caracteristics Minimum Output Low (Sink) Current Charac-

teristics
G-2336 - 6-2337
fou [TT lo [T1 ‘ ]
A Tamb = 25°C Vos =15V | (mA) Tamb=25°C
T
Vg5 =15
26 12
'l/ I
» A o HEEEEN
// T
A ' o
' )4 z P EERY ARERT]
— 1 -/
12 — 6 , /.
, ,/(
[ /4 . ;/
SV] V
& i i 1SV
P P
| L1 o I N
0 2 4 6 8 0 1 Vps(V) o 2 4 6 8 1 12 Vps (V)
6/9 LNy SGS-THOMSON
Y/ icrosEeTRONICS
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HCC/HCF4007UB

Typical Output High (Source) Current Charac-
teristics

G-2338

[
n 1] ]
Ves =-S5V
(mA)
\
10
N
\ ‘\‘
\ N
N -10v
20
1
o Tamb =25°C B0
[T 1
° s 10 -vps (V)

Typical Voltage Transfer Characteristics as a
Function of Temperature

VO 05532
o PRV ] { T 1]
N Tomp =125°C]_|
N -55 °C
A\ -l
10 HOV T
N | $125°C
| —55 °C
]
[T
5 [sv LL1125°C
11 1 4-55 °C
N
\ N
0 5 10 v, (V)

Typical Transition Time vs. Load Capacitance

1 GC32980
TLH

Minimum Output High (Sourrce) Current Charac-
teristics

R 6-2339
2 TTT
Vos=-5V
(mA)
s N
A\
N [~ -10V
10 N
AN
-
N
5 Tamb=25°C A N\ -15V
IR RENE
0 H 10 -Vps (V)

Typical Propagation Delay Time vs. Load Capa-
citance

?PLH GC33110
1euL Tamb =25°C
(ns)

80 Vd

/l
60
Voo =5V
d L~
40
// //
2 1w T+
Fsv.
0 20 40 60 80 C_(pF)

Typical Dissipatio Per Gate vs. Frequency Char-
acteristics

pm
zm) | | (W)
ns,
! T =25°C 5
160 o — 10%
< 4
120 Voo =5V | 10
/
10%
80 ~
jrd 10v 1 10%
——
0 AT
= 15V
i 100 3 248 4 8 5 6 48 7
0 20 40 60 80 C.(pF) 10 10 10>~ 10 107 (Hz)
LNy SGS-THOMSON 7
Y/ haicroELECTRONICS
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HCC/HCF4007UB

TYPICAL APPLICATIONS (Sample COS/MOS logic circuit arrangements using type 4007UB)

Triple Inverters: (14, 2, 11); (8, 13); (1, 5); 3-Input NOR Gate: (13, 2); (1, 11); (12, 5, 8);
(4,7,9). 4,7,9).

10 12 3
o——[>o—o 10
LC10550
LC10510
3-Input NAND Gate: (1, 12, 13); (2, 14, 11); High Sink Current Driver: (6, 3, 10); (8, 5, 12);
(4, 8); (5, 9). (11, 14); (4, 7, 9).
J Voo
P
[
60— 12 8 :1 2 _|>o_
50— Yoo e payn
LC10560
‘ VSS LC10580
High Source Current Driver: (6, 3, 10); High Sink and Source Current Driver: (6, 3, 10);
(13, 1, 12); (14, 2, 11); (7, 9). (14, 2, 11); (7, 4,9); (13, 8, 1, 5, 12).

Voo

!
|_|J 6 gL HJ.

G S EEL
N
S e S T I Al
N = = =
. |
._1\/35 LC10590
‘VSS Le10570
8/9

‘ SGS-THOMSON
Y/ sucroeecTRONICS
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HCC/HCF4007UB

Dual Bidirectional Trasmission Gating: (1, 5, 12); (2, 9); (11, 4); (8, 13, 10); (6, 3).

2 o,
6 (|N1)
CLOCK o© {164
N 12
(ouT)
TG, s
5 OUT
(IN2)
LC10600
TEST CIRCUIT
Quiescent Device Current. Input Voltage.
Voo
I VoD
Vpp T
INPUTS
o INPUTS OUTPUTS
VSS - |
Vin - —>
O,
p +
> —
i -~ — -
e F—>
® NOTE :
TEST ANY ONE INPUT 1
WITH OTHER INPUTS
Vss AT Vpp OR Vsg Vss 5-1993/4
$-1992/1
Input Leakage Current.
VoD
INPUTS
Voo -
(o] [ )
Vss -
-]
NOTE:MEASURE INPUTS
SEQUENTIALLY TO BOTH l 108412
Vpp AND Vss. CONNECT
ALL UNUSED INPUTS TO Vss
EITHER Vpp OR Vgg
SGS-THOMSON 9/9
<77
Y/ WicroELECTROMICS
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{vy SGS-THOMSON
I GiicRoELECTRONICS HCC/HCF4008B

4-BIT FULL ADDER WITH PARALLEL CARRY OUTPUT

= 4 SUM OUTPUTS PLUS PARALLEL LOOK-
AHERD CARRY-OUTPUT

» HIGH-SPEED OPERATION-SUM IN-TO-SUM
OUT 160ns (typ.) : CARRY IN-TO-CARRY OUT
50ns (typ.) AT Vop = 10V, C = 50pF

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

. EY F

FOR HCC DEVICE
= 100% TESTED FOR QUIESCENT CURRENT
= 5V, 10V, AND 15V PARAMETRIC RATING m

s MEETS ALL REQUIREMENTS OF JEDEC TEN- 0
TATIVE STANDARD N° 13A, "STANDARD M c1
gEE%g'gagg%sEs%FéngcmPT|ON OF "B (Micro Package) (Plastic Chip Carrier)

ORDER CODES :

HCC4008BF HCF4008BM1
HCF4008BEY  HCF4008BC1

PIN CONNECTIONS

DESCRIPTION

The HCC4008B (extended temperature range) and
HCF4008B (intermediate temperature range) are 83
monolithic integrated circuits, available in 16-lead
dual in-line plastic or ceramic package and plastic
micropackage.

The HCC/HCF4008B types consist of four full adder

“ |
[
[
[

stages with fast look ahead carry provision from a2 s 12
[
{
{

Voo
84

A3 co

B2 S4

S3
stage to stage. Circuitry is included to provide a fast
"parallel-carry-out” to permit high-speed operation
in arithmetic sections using several HCC/HCF
4008B's.

HCC/HCF4008B inputs include the four sets of bits Vss
to be added, A1 to A4 and B1 to Ba, in addition to the
"Carry In" bit from a previous section.
HCC/HCF4008B outputs include the four sum bits,
S1to Sa4. Inaddition to the high speed "parallel-carry-
out" which may be utilized at a succeeding
HCC/HCF4008B section.

81 S2

St

L
-
. @
|~ — aa — an — aan — aan — g —

@
©w

Cl

June 1989 1/8
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HCC/HCF4008B

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types -05t0+20 \"
HCF Types —-05to+ 18 v
V, Input Voltage —05to Vpp + 0.5 \%
Iy DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types —-55to + 125 °C
HCF Types - 40to + 85 °C
Tstig Storage Temperature —65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-

tions of this specification 1s not implied. Exposure to absolute maximum rating conditions for external periods may affect device
reliability

* All voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vop | Supply Voltage : HCC Types 3to 18 Vv
HCF Types 3to 15 \"
Vi Input Voltage 0 to Vpp Vv
Top Operating Temperature : HCC Types —55to + 125 °C
HCF Types —-40to + 85 °C
28 Ly7 SGS-THOMSON
Y/ icroriEcTRONICS
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HCC/HCF4008B

LOGIC DIAGRAM

HIGH SPEED

14

r PARALLEL CARRY [~ 20C0
B4 O 13
1 SuM |—Os4
AL O
e
B3 (\rz 12
3 SUM s3
A3 O—
1
4
82 1
o suM  |——O0s2
A2 0%
Voo C2
81 & su 10 s1
R % a1 ol M
O_j 1: el o 1
- (CARRY-INPUT) 5-0645/1
ALL INPUTS ARE m:szscvsn BY PIN16=Vpp
COS/MOS PROTECTION NETWORK PIN 8=Vgg
TRUTH TABLE
A B Cl co SUM
o o o (¢] (o}
| (0] (o} (e} |
(¢] | o o |
| | o [ (0]
o o | O |
| (o) | | o}
o | | | (0]
| | | | |

3/8
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HCC/HCF4008B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter \"A Vo llo| | Voo Tiow' 25°C Thgh* Unit
M1 M TEA) [ V) [ Min. [Max. | Min. [ Typ. [Max. | Min. [Max.
I Quiescent 0/5 5 5 0.04 5 150
Current | .~~ [o0/10 10 10 0.04 | 10 300
Types | 0/15 15 20 0.04 | 20 600
0/20 20 100 0.08 | 100 3000 pA
0/5 5 20 0.04 | 20 150
HCF o0 10 40 0.04 | 40 300
Types
0/15 15 80 0.04 | 80 600
Von | Output High 0/5 <1]| 5 [495 4.95 4.95
Voltage 0/10 <1 | 10 [ 995 9.95 9.95 v
0/15 <1 | 15 [14.95 14.95 14.95
VoL Output Low 5/0 <1 5 0.05 0.05 0.05
Voltage 10/0 <1] 10 0.05 0.05 005| V
15/0 <1 15 0.05 0.05 0.05
Viy | Input High 0545(<1| 5 | 35 35 35
Voitage 179 [<1]|10] 7 7 7 v
15135 <1 | 15 | 11 11 11
ViL Input Low 4505 | <1 5 15 15 15
Voltage a1 |[<1] 10 3 3 3 v
13515| <1 | 15 4 4 4
lon Output 0/5 25 5 -2 -16|-3.2 — 1.15
Drive Hee |o/5| 46 5 |-064 - 051 -1 - 0.36
Current
Types|{0/10| 95 10 |-16 -13]|-26 - 09
0/115| 135 15 |-42 —34|-68 —24 A
o/5| 25 5 |-153 — 1.36)- 3.2 -1
HCF |or5] 46 5 |-052 - 0.44| — 1 - 0.36
Types|o/10| 95 10 [-13 -11]-26 - 09
0/15| 135 15 |- 36 -30|-68 -24
lou | Output 5| 04 5 |o0.64 051 | 1 0.36
gi;‘rkrem 'T";is 0/10| 05 10 | 16 13 | 26 0.9
0115| 15 15 | 4.2 34 | 68 24 A
0/5| 04 5 | 052 044 | 1 0.36
;'ﬁ;s 0/10| 05 10 | 1.3 11 | 26 0.9
0115 15 15 | 36 30 | 68 24
I, he | Input _l-ricc 0/18 18 +0.1 +1075| £ 0.1 +1
Leakage ypes
curent  [ncr fons] ™™ 75 +03 +10°5(+ 0.3 ren i
Types
Cy Input Capacitance Any Input 5 75 pF

* Tiow= — 55°C for HCC device : — 40°C for HCF device.

* Tugh= + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both 1" and "0" level is : 1V mun. with Vpp = 5V, 2V min. with Vop = 10V, 2.5 V min. with Vpp = 15V.

4/8
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HCC/HCF4008B

DYNAMIC ELECTRICAL CHARACTERISTICS (T mp = 25 °C, C = 50 pF, R, = 200 kQ,
typical temperature coefficient for all Vpp values is 0.3 %/°C, all input rise and fall times = 20 ns)

Symbol Parameter Test Conditions Value Unit
Vpp (V)| Min. | Typ. | Max.
tpLH, tpHL| Propagation Delay | Sum In to 5 400 800
Time Sum Out 10 160 320
15 115 | 230
Carry In to 5 370 | 740
Sum Out 10 155 | 310
15 115 | 230 ns
Sum in to 5 200 | 400
Carry Out 10 90 180
15 65 130
Carry In to 5 100 | 200
Carry Out 10 50 | 100
15 40 80
ttHL, tten| Transition Time 5 100 | 200
10 50 100 ns
15 40 80

Typical Output Low (sink) Current.

G-2336

1
o[ TTTTI
[N Tamb = 25°C __&s =15v||
R
%
A
e
20
Y
,/
% /
p 10

2 -
s A

Sv]
b

A
1~
| 11

0 2 4 & 8 0 w VstV

&r

Minimum Output Low (sink) Current Charac-

teristics.
6 -2337
fou [T1 EERE
(mA) Tamb=25°C
T
» TVgs =15
4 i
Pas EH‘*T
o AL
: e
8 L_J i/ i T | T
BENAV . | ]
sy alinm —~
« HAA ]
cf T
o T T O O A
V] 2 4 6 8 0 12 Vps (V)
SGS-THOMSON 58
MICROELECTRONICS
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HCC/HCF4008B

Typical Output High (source) Current Charac- Minimum Output High (source) Current Charac-
teristics. teristics.
0 ] I ] 6-2338 0 l"[ l 6-2339
-lon - B ~lon 4
(ma) SRR (mA) Ls7-%
\ .
S
° N \N
N N
N N
YN
© g ~= a1 i \\ P~ -10V
N
\\
Y N
15V T, P
Tamb=25°C ~ amb=25°C I\ -15V
L T "
® [T111 1 [T I T ITIT
o s 10 -Vps (V) 0 H 10 -Vps (V)
Typical Sum-in to Sum Out Propagation Delay Typical Carry-in to Carry-Out Propagation Delay
vs. Load Capacitance. vs. Load Capacitance.
- 2827 ¢ G -2828
t, PLH
o [ g e 1] = oo i rte
(ns) L (ns) 1]
400 VD’.SV 160
350 - 140
00 120 Yoo =5V
0 100 Lt
200 80 S
150 - — e 60 10V :
15V
100 =S w o =ITsv
T
50 i © |
I I
] 10 20 30 40 50 6 70 80 C(pF) ) 10 20 30 4 SO 60 70 80 Cg (pF)
Typical Carry-in to Sum Out Propagation Delay Typical Sum-in to Carry-Out Propagation Delay
Time vs. Load Capacitance. Time vs. Load Capacitance.
-2829 - 2830
tpLH TTT11 Nl TTTT
tpL Tamb = 25°C A tPHL Famb,_=25°C
(ns) (ns)
400 INEEEEDCd 20
350 o 280
-
=
300 %0 Voo =5V 1A
1
20 200 ~
200 = 160 >
150 = = 120 oV | 1
10 sV | g0 1 i - T
[ ——— 15V
» I “ |
1 T
1] 10 20 30 4« S0 60 7 80 C(pF) 0 10 20 30 40 SO 60 70 80 Cp (pF)
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HCC/HCF4008B

Typical Dynamic Power Dissipation/Package vs.

Frequency.

IIHIIIII|

7

68 2 & 68
10° 10 15 (KHz)

TYPICAL APPLICATIONS
SPEED CHARACTERISTICS OF A 16-BIT ADDER.
-
co tpa(S,-C0)e3tpy(C1-CO)= 240ns
A3-16) ———] HBC/HBF [ -co)e -cO). -So)=
8!3-'6% —] Moo l S13-16 tpd(S,-C0)+2tpd(CI-CO)etpgd(Cl-Sg)=345ns
CI
A
co tpd(S,-C0)+ 2tpq (CI-CO)=190ns
A9-'2‘ —
i — HeC/HeE [ 59-12  tp(5,-C0)+ tpd(CI-CON+tpd(CI-So)= 295 ns
- ict
?co tpd(Sy-C0)+tpd(CI-CO)=140ns
AS-8 | _ HBC/ HBF - - . -So)=
e } =] e [ 55-8  tpa(5,-CO)+tpa(C1-So)=245ns
- Ta
o pd(S,-C0)=90ns
A-6 )| T wecmer [T - _So)=
B1-4 } = l.oot;‘l! - — ( S1-4  tpd(5,-So)=160ns
cI
Vss S- 2382
Notes : All "A" and "B" input bits occur at t = 0.
All sums settled at t = 345ns.
Ci= 50pF, Tamb = 25°C, Vob-Vss = 10V.
LNy SGS-THOMSON 8
Y/ NiCROELECTRONICS
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HCC/HCF4008B

TEST CIRCUITS
Quiescent Device Current. Input Voltage.
Voo
I Voo
D
INPUTS
o INPUTS OUTPUTS
Vss —
ViH -~ L—»
B
5> ] .
. — )
Vie - — -
-— -
NOTE
@ TEST ANY COMBINATION
OF INPUTS
Vss $-2079/1
Vss
S-19921
Input Current.
Voo
INPUTS
]
Vop -
o
Vss -~
-y
NOTE : MEASURE INPUTS
SEQUENTIALLY TO BOTH l s o19412
Vpp AND Vgs. CONNECT
ALL UNUSED INPUTS TO vss
EITHER Vpp OR Vg
5 (37 SGS-THOMSON
] icrorzcTRONICS
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HCC/HCF4009UB
HCC/HCF4010B

HEX BUFFER/CONVERTERS

4009UB-INVERTING TYPE
4010B-NON INVERTING TYPE

=« CMOS TO DTL/TTL HEX CONVERTER

a HIGH-TO-LOW LEVEL LOGIC CONVERSION

» MULTIPLEXER: 1-TO-6 OR 6-TO-1

» HIGH"SINK" AND "SOURCE" CURRENT CA-
PABILITY

= 5V, 10V AND 15V PARAMETRIC RATINGS

= MAXIMUM INPUT CURRENT OF 100 pA AT
18V OVER FULL

s« PACKAGE AND TEMPERATURE RANGE;
100nA AT 18V AND 25°C

= 100% TESTED FOR QUIESCENT CURRENT
AT 20V

» MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N. 13A, " STANDARD
SPECIFICATIONS FOR DESCRIPTION OF B
SERIES CMOS DEVICES *

DESCRIPTION

The HCC4009UB/4010B (extended temperature
range) and the HCF4009UB/4010B (intermediate
temperature range) are monolithic integrated cir-
cuits available in 16-lead dual in line plastic or cera-

non-inverting Hex Buffer/Converters, respectively.
Both devices can be used as CMOS to TTL or DTL
logic-level converters, as current "sink" or "source"
drivers or as multiplexer (1 to 6).

4049UB and 4050B are prefered replacements for
4009UB and 4010B, respectively, in buffer applica-
tions.

EY F
(Plastic Package) (Ceramic Package)
M1 c1

(Micro Package) (Chip Carrier)

ORDER CODES :

f ; ; HCCXXXXBF HCFXXXXBM1
mic packages and plastic micropackage. HOFXXXXBEY HOEXXXXBC1
The HCC/HCF4009UB/4010B are inverting and
PIN CONNECTIONS

4009UB 4010B
\J

Vee 1] 116 Voo Vee 11 16 Vg
SE OIS T VNS
A s 14 F A 3 “wF
H=B + [ﬁ 13 NC H=B 4 [ﬁ 13 NC
B s &] 12 K=E B s 12 K=E
1=C s[ﬁ 11 E 1=C s[ﬁ " E

C 7] &] 10 J=D c 7] 10 J=D
Vss sl ls D Vss 2] + D

PC10770 PC10760
September 1988 1/8
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HCC/HCF4009UB HCC/HCF4010B

SCHEMATIC DIAGRAM: COS/MOS TO DTL OR TTL CONVERTER (1 of 6 identical units)

Vi

Vop —
GND —

4009UB

T =

SC05730

GND —

4010B

T]
o
T1]
=z

iy

FL

-
1]

1.
— Vge
— GND

SC05720

Connect Vcc to DTL or TTL supply and Voo to COS/MOS supply

ABSOLUTE MAXIMUM RATING

Symbol Parameter Value Unit
Voo * | Supply Voltage: HCC Types -0.5 to +20 \"
HCF Types -0.5to +18 \

\ Input Voltage -0.5to Vop + 0.5 \

Iy DC Input Current (any one input) +10 mA

Ptot Total Power Dissipation (per package) 200 mwW

Dissipation per Output Transistor

for Top = Full Package Temperature Range 100 mw

Top Operating Temperature: HCC Types -55 to +125 °c
HCF Types -40 to +85 °c

Tstg Storage Temperature -65 to +150 °Cc

Stresses above those listed under "Absolute Maximum Ratings" may cause permanentdamage tothe device This s a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure

to absolute maximum rating conditions for external periods may affect device reliability.

* All voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage: HCC Types 3to 18 Vv
HCF Types 3to 15 \

Vi Input Voltage 0 to Voo \

Top Operating Temperature: HCC Types -55 to +125 °c
HCF Types -40 to +85 °c

2/8
&7 35NN
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HCC/HCF4009UB HCC/HCF4010B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditios Value
Symbol Parameter Vi Vo lo] | Voo Teow * 25 °C ThicH * Unit
M1 M [®A)] (V)| Min. | Max. | Min. | Typ. | Max. | Min. | Max.
I Quiescent 0/5 5 1 0.02| 1 30
Current HCC |on0 10 2 0.02| 2 60
Types [o/15 15 4 0.02| 4 120
0/20 20 20 0.04 | 20 soo | A
HCF |95 5 4 002| 4 30
Types |0/10 10 8 002| 8 60
0/15 15 16 0.02| 16 120
Vou | Output High 0/5 5 | 4.95 4.95 4.95
Voltage 0/10 10 | 9.95 9.95 9.95 v
0/15 15 |14.95 14.95 14.95
VoL Output Low 5/0 5 0.05 0.05 0.05
Voltage 10/0 10 0.05 0.05 005 V
15/0 15 0.05 0.05 0.05
ViH Input High 0.5 5 4 4 4
Voltage (4009UB) 1 10 8 8 8 Y
1.5 15 | 12,5 125 125
ViH Input High 45 5 | 35 35 35
Voltage (4010B) 9 10 7 7 7 \
135 15 | 11 11 11
Vi Input Low 4.5 5 1 1 1
Voltage (4009UB) 9 10 2 2 2 \'
135 15 25 25 25
Vi Input Low 0.5 5 1.5 1.5 1.5
Voltage (4010B) 1 10 3 3 3 \
1.5 15 4 4 4
loH Output 0/5 2.5 5 -1 -0.8 | -1.6 -0.58
Drive HCC | o5 | 46 5 [-0.25 0.2 | -0.4 -0.15
Current |\ Types [g/10] g5 10 | -0.55 -0.45] -0.9 -0.33
0/15{ 135 15 |-1.65 15| 3 -1.1 mA
05| 25 5 | -09 08| -16 -0.65
HCF | o5 | 46 5 [-0.23 0.2 | -0.4 -0.18
Types [o/10] o5 10 | -0.5 -0.45| -0.9 -0.38
015| 135 15 | -1.6 15| -3 -1.25
lo. | Output HoG |05 | 04 5 | 375 3 4 2.1
Sink Types [0/10| 0.5 10 | 10 8 | 10 5.6
Current 015] 15 15 | 30 24 | 36 16 mA
HCF |5 | 04 5 | 36 3 4 2.4
Types |010| 0.5 10 | 0.96 8 | 10 6.4
0/15| 1.5 15 | 40 24 | 36 1.9
I, e | Input Leakage 5
CErrent 9 0/18 18 +0.1 +10% | 10.1 #1 | pA
Ci Input 4009UB Any Input 15 | 22.6
Capacitance | 40108 5 7.5 pF
* Tuow = -55 °C for HCC device: -40 °C for HCF device.
* Thian = +125°C for HCC device: +85 °C for HCF device.
The Noise Margin for both "1" and "0" level 1s: 1V min. with Vop = 5 V, 2 V min. with Vop = 10 V, 2.5 V min. with Voo = 15 V
1573 =

97



HCC/HCF4009UB HCC/HCF4010B

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, CL = 50 pF, RL = 200 KQ,
typical temperature coefficent for all Vpp values is 03 %/°C, all input rise and fall times= 20 ns)

Symbol Parameter Test Conditions Value Unit
Voo (V)| Vi (V) |[Vcc (V)| Min. | Typ. | Max.
trLH Propagation Delay Time 5 5 5 70 140
(4009UB) 10 10 10 40 80
10 10 5 35 | 70 ns
15 15 15 30 60
15 15 5 30 60
trLH Propagation Delay Time 5 5 5 100 | 200
(40108) 10 10 10 50 | 100
10 10 5 50 | 100 | S
15 15 15 35 70
15 15 5 35 70
tPHL Propagation Delay Time 5 5 5 30 60
(4009UB) 10 10 10 20 40
10 10 5 15 | 30 ns
15 15 15 15 30
15 15 5 10 20
tPHL Propagation Delay Time 5 5 5 65 130
(4010B) 10 10 10 35 70
10 10 5 30 | 70 ns
15 15 15 25 50
15 15 5 20 40
trLH Transition Time 5 5 5 150 350
10 10 10 75 150 ns
15 15 15 55 110
tTHL Transition Time 5 5 5 35 70
10 10 10 20 40 ns
15 15 15 15 30

Minimum and Maximum Voltage Transfer Char- Typical Voltage Transfer Characteristics As a

acteristics for 4009UB Function of Temperature for 4009UB
GC33190 v GC33200
Yo (V) [T1] i
V)
T oo =25 °C 5
6 MAX N
= = —MN . IS T o =125°C
5 \\ \ \
|
4 \y Vpp =15V 3 [TV = -55°c
3 HEENON I
‘\_ N\ N 2
2 z \ \
15V i OV sv < \ > Voo =15V
1 \ \ 1 p
1oV Y 10V \
5VN [\5V 1 \ \ \\
0 2 4 B 8 10 12 V,(V) 0 2 4 6 8 10V, (V)
48 (37 SGS-THOMSO!
>/ 4 mnc%@m.ﬁgvm@mm"s
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HCC/HCF4009UB HCC/HCF4010B

Minimum and Maximum Voltage Transfer Char-
acteristics for 4010B

GC33210

Yo (V)
5 r 7
4
3
MIN MAX
2
Tome=25°C
1 Ve =5V
Vgp =5V
J 111
0 12 3 4 5V

Minimum and Maximum Voltage Transfer Char-
acteristics for 4010B

GC33230

Vo (V) [T ]

5 T omp=25°C

Ve =5V

Vop =10V
4
3

MIN MAX
2
1
et

0 2 4 6 8 10V, (V)

Typical Output Los (sink) Current Characteristics

Minimum and Maximum Voltage Transfer Char-

acteristics for 4010B
GC33220

Vo (V)
5 g
4
3
MIN MAX
2
T o =25°C
1 Vee =5V
Voo =10V
- [ [ [
o 2 4 8 B 10V,(V)

Typical Voltage Transfer Characteristics As a
Function ot Temperature for 4010B

6C33240
Yo (V)
5
/
. sv 10V Voo =15V
3
—
| LT
2
1 125 °C<H—
Voo =5V
0 2 4 8 8  10V,(V)

Minimum output Low (sink) Current Charac-
teristics

o 6C33250 lo, GC33260
Il [T T
(ma) HERE (ma) [T [
T Tams =25°C —— Tamp =25°C Vgs =15V
120 60
—
Vs =15V 50 P
100 Y.
80 7 40 //
&0 0V 30 0V
4 — —
40 / 20
17 /48
/ 5V
20HY 5V 10 T
L [
0 2 4 6 8 10 12V, (V) 0 2 4 6 8 10 12 Vi (V)
Ly7 SGS-THOMSON 5/8
Y/ HicroELECTRONICS
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HCC/HCF4009UB HCC/HCF4010B

Typical Output High (source) Current Charac-

teristics
GC33270

lou T
(mA)_ N~ | | ‘
Vs ==5V——

-4

-6 N

-8 \

-10 N

0 1 2 3 4 5 6 -V (V)

Typical Low to High Propagation Delay Time vs
Load Capacitance for 4009UB

GC33290

1PLH o
(ns) [ Toms =25°C P
/
80 Voo =5V 74
60 -
7 T
10V_L~1
40 —
//IV L~
L
-~
20 15V
0 20 40 60 80 ¢ (pF)

Typical Low to High Propagation Delay Time vs
Load Capacitance for 4010B

GC33310

Minimum output High (source) Current Charac-
teristics
lon
(ma)

GC33280

- N
4 N
-6 N

-8

-10 N

4

<10V

N

14 -1|5

-12 - Tomy =25°C

0 1 2 3 4 5 6 -Vu(V)
Typical High to Low Propagation Delay Time vs
Load Capacitance for 4009UB

GC33300

tenL

(ns) - Toms =25°C

40 -

Voo =5V
30
10V_L—

- L~

20
LT | 5V
At

10

0 20 40 60 80 C (pF)

typical High to Low Propagation Delay Time vs
Load Capacitance for 4010B

GC33310

tewm I | teu l
T =250 va T =950 va
() [_Jome 27 Vop =5V (ns) [ Jome 727 Vgp =5V
T
V. ..
YV 4
100 A 100 7
A P
80 80
10V i 10V
60 = 60 —— '
1 - 15V L= 15V
40 —— 40 4
20 20
0 20 40 60 80 100 CL(pF) 0 20 40 60 80 100 CL(pF)
6/8 37 S5S:HOMSON
MICROELECTRONICS
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HCC/HCF4009UB HCC/HCF4010B

Typical Low to High Transition Time vs Load Ca- Typical High to Low Transition Time vs Load Ca-

pacitance pacitance
GC33330 GC33340
o . T o
(ns) [ Toms =25°C (ns) [ Toms =25°C
YV
200 A 40
Voo =5/ Vpp =5V,
P 1
150 30
e A L
v >
100 L Lo AL 20 1]
// ” L~ L/, -
T5v =T 15v
50 L 10
-
0 20 40 60 80 ¢, (pF) 0 20 40 60 80 ¢ (pF)
Typical Dissipation Characteristics
A
1()-"a yab s’ /
6
o . V.
2 Ve =15VA] ; -
2 cc =19 !
0 z THT =S £ i |
« 1OV i
2 1OVIF i
o LI A5 I
0 4 6 1 2 4 3 4 8
10 10 10 10° | (kHz)
LNy SGS-THOMSON 8
7’ MICROELECTRONICS
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HCC/HCF4009UB HCC/HCF4010B

TEST CIRCUITS
Quiescent Device Current.

Noise Immunity.

Vob
I Voo
Voo T
INPUTS
o INPUTS OUTPUTS
Yss —>
VL" -] L .
s ] — + @
o
ViL - — -
@ NOTE
TEST ANY COMBINATION l
OF INPUTS
Vss $-2079/1
Vss
$-1992n
Input Leakage Current.
Vbo
INPUTS
-
Vop -]
o C )
Vss -~
-
NOTE:MEASURE INPUTS
SEQUENTIALLY TO BOTH l S-199412
Vpp AND Vgs. CONNECT
ALL UNUSED INPUTS TO Vss
EITHER Vpp OR Vgg
y8 L3 SGs-THOMSON
MICROELECTRONICS
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SGS-THOMSON
MICROELEGTRONICS

HCC4011B/12B/23B
HCF4011B/12B/23B

NAND GATES

QUAD 2 INPUT HCC/HCF 4011B
DUAL 4 INPUT HCC/HCF 4012B
TRIPLE 3 INPUT HCC/HCF 4023B

» PROPAGATION DELAY TIME = 60ns (typ.) AT
CL = 50pF, Vpp = 10V

= BUFFERED INPUTS AND OUTPUTS

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= 5V, 10V AND 15V PARAMETRIC RATINGS

= MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N°. 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4011B, HCC4012B and HCC4023B (ex-
tended temperature range) and HCF4011B,
HCF4012B and HCF4023B (intermediate tempera-
ture range) are monolithic, integrated circuit, avail-
able in 14-lead dual in-line plastic or ceramic
package and plastic micropackage.

PIN CONNECTIONS

(Plastic Package)

wil

(Micro Package)

(Ceramic Frit Seal Package)

C1
(Plastic Chip Carrier)

ORDER CODES :
HCC40XXBF HCF40XXBM1
HCF40XXBEY  HCF40XXBC1

The HCC/HCF4011B, HCC/HCF4012B and
HCC/HCF4023B NAND gates provide the system
designer with direct implementation of the NAND
function and supplement the existing family of
COS/MOS gates. All inputs and outputs are buf-
fered.

4023B

NC 6]

ves 7 KEF-GH

June 1989

1/7
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HCC/HFC4011B/12B/23B

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vpp* | Supply Voitage : HCC Types ~05to+20 \"
HCF Types -05to+ 18 \'/
V, Input Voltage —0.5to Vpp + 0.5 \
h DC Input Current (any one input) +10 mA
Piwt | Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types —55to + 125 °C
HCF Types —40to + 85 °C
Tstg | Storage Temperature - 65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and
functional operation of the device atthese or any other conditions above those indicated in the operational sections of this specification is notimplied.
Exposure to absolute maximum rating conditions for external periods may affect device reliability.

* Al voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vpp | Supply Voltage : HCC Types 3to 18 \"
HCF Types 3to 15 Vv
vV, Input Voltage 0 to Vpp \"
Top Operating Temperature : HCC Types —-55t0 + 125 °C
HCF Types —40to + 85 °C
27 L3y SGS-THOMSON
Y/ WicRoELECTRONICS
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HCC/HCF4011B/12B/23B

SCHEMATIC AND LOGIC DIAGRAMS

4011B

uT Vop

-
©

UET‘T

(?w

I'IT=_rfl'T'f‘a

U{H

p
3
n] (10,4,11)

5
;

1 0F 4 GATES (NUMBERS IN
PARENTHESES ARE TERMIN

AL

NUMBERS FOR OTHER GATES)

7l Vss

4012B o
%OVoo
2(12) &

P 15,5
3837 :I’—_"“L 1':_‘
3| Nk ]

W T

" Bk QJ
Ik

L LETLE

5 Bt Bt mlinta

1 0OF 2 GATES (NUMBERS IN PARENTHESES

O—t
&

)

g

ARE TERMINAL NUMBERS FOR OTHER GATES) 7
4023B
MTVOD
it
30,1 }
T
wn | [ UH
& 3
IF=
5(8.13) =

J

PE I

TTEITE T[]

6(9,10)

>

U

|

15

L
L ITE

i

10f 3 GATES (NUMBERS IN
PARENTHESES ARE TERMINAL
NUMBERS FOR OTHER GATES)

7$ %s

5-2310

(8,6,13)
3
(10,4,11)

S-2311

oo
F X
O—4—1—F+—+4—
r § Y
$-229
Yss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

Yoo
r SRR
o—4—C 4
4 F 3
s-am
Vss.

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

Yoo
R X
ot4—C——
A Ly
s-229
Vss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

Ly S2HNEN

3/7
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HCC/HFC4011B/12B/23B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter \"A Vo |ltol |Voo Tiow" 25°C Thigh* Unit
M M [ EA M) | Min. [Max. | Min. | Typ. [Max. | Min. [Max.
IL Quiescent 0/5 5 0.25 0.01 { 0.25 7.5
Current | . ~~ [0/10 10 05 001 | 05 15
Types | 0/15 15 1 001 | 1 30
0/20 20 5 002 5 150 | pA
0/5 5 1 001 | 1 75
;‘ﬁ;s 0/10 10 2 001 | 2 15
0/15 15 4 001 | 4 30
Vou | Output High 0/5 <1]| 5 | 495 4.95 4.95
Voltage 0/10 <1 10 995 9.95 9.95 v
0/15 <1 | 15 |14.95 14.95 14.95
VoL | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <1 10 0.05 0.05 005| V
15/0 <115 0.05 0.05 0.05
ViH Input High 0.5/45 | <1 5 35 35 35
Voltage 179 |[<1]|10] 7 7 7 v
15135[ <1 | 15 | 11 1 11
Vi Input Low 45/05 | <1 5 15 1.5 15
Voltage 91 |<1] 10 3 3 3 v
13515( <1 | 15 4 4 4
lon | Output 05| 25 5 | -2 -16|-32 — 1.15
Drive Hoe | o5 | 46 5 |-064 - 051 —1 - 0.36
Current
Types|0/10| 95 10 |-16 -13|-26 -0.9
) 0/15| 135 15 |- 4.2 -34|-68 -24 mA
05| 25 5 |-1.53 - 1.36| - 3.2 -1
HCE |05 | 46 5 |-052 — 0.44) —1 - 0.36
Types|o0/10| 95 10 [-13 -11|-26 -09
0/15| 135 15 |- 3.6 -30(-68 -24
lo. | Output o5 | 04 5 | 064 051 | 1 0.36
glu:]rkrent ?ﬁgs 0M0| 05 10 | 16 13 | 26 0.9
015| 15 15 | 42 34 | 68 24 mA
o5 | 04 5 | 052 0.44 | 1 0.36
HCF Tor0] 05 10 | 1.3 1.1 | 26 0.9
Types
0/15| 15 15 | 3.6 30 | 68 24
h I Il-npukt }T1cc 0/18 18 +0.1 +1075| £ 0.1 1
eakage ypes
Current  Tce [o/15 Any Input 15 £03 1075+ 0.3 +1 WA
Types
Ci Input Capacitance Any Input 5 75 pF

* Tow = — 55°Cfor HCC device — 40°C for HCF device
* Tuig = + 125°C for HCC device + 85°C for HCF device
The Noise Margin for both "1" and "0" level 1s : 1V min with Vop = 5V, 2V min. with Vop = 10V, 2.5V with Vpp = 15V.

4/7
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HCC/HCF4011B/12B/23B

DYNAMIC ELECTRICAL CHARACTERISTICS (T, = 25°C, C| = 50pF, R, = 200k,
typical temperature coefficient for all Vpp values is 0.3%/°C, all input rise and fall times = 20ns)

Test Conditions Value
Symbol Parameter - Unit
Vpo (V)| Min. | Typ. | Max.
teLH, tPHL| Propagation Delay Time 5 125 | 250
10 60 120 ns
15 45 90
tTHL, tteH| Transition Time 5 100 200
10 50 100 ns
15 40 80
TEST CIRCUITS
Quiescent Device Current. Noise Immunity.
Voo
T Voo
Voo T
INPUTS
3 INPUTS OUTPUTS
ss -] —
ViH -~ —>
o\—» -~ L '
VIL - ——> -
@ NOTE
TEST ANY COMBINATION [
OF INPUTS
Vss Vss $-2079/1
S-19921
Input Leakage Current.
Voo
INPUTS
]
Voo -]
(e} [ )
Vss <
-
NOTE : MEASURE INPUTS

SEQUENTIALLY TO BOTH l $-199412
Vpp AND Vgs. CONNECT

ALL UNUSED INPUTS TO Vss

EITHER Vpp OR Vgg

- 5/7
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HCC/HFC4011B/12B/23B

Minimum Output High (source) Current Charac-
teristics.

6-2339

0
R [T1
To Vgs = -5V
(mA) i~
5 \\
AN
N
N T~ -10V
10 \
N
N
N
N
- I Tamp=25°C 1 N-1SY ||
[T Ty v bt b T
0 s 10 —Vps (V)

Typical Output High (source) Current Charac-
teristics.

0 6-2338
ton [T]
(Vo5 --5v
(mA)
A\
10 3 N
AN
N
ANBN -10v
20
™ N
" Tamp=25°C 1 ] 357
TT111 |
0 s 10 ~Vps (V)

Typical Propagation Delay Time per Gate as a
Function of Load Capacitance.

6-2773

tPHL T
tpLn T I
(ns) Tamb =25°C T

160 Vpop=5V

120

0 20 @ 60 80 Cr(pP)

617
&r

108
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Minimum Output Low (sink) Current Charac-
teristics.

ToL [T71 T [ 1
(mA) Tamb=25°C ‘I’
|
Vs =15
12 > il
0 | 11
L 4. |
EnEyaEREcs i
Ll /LA I I
¢ Yyl
, 4
¢ 4
2 sVl .
s I T O L S O
[ N
o 2 4 6 8 10 12 Vos (V)

Typical Output Low (sink) Current Characteristics.

. 6-2336
oL [T1
ma) Tamb =25°C Vos =15V
T 1
2%
V.
/
2
/,
16 /
y U
gt
2 -
N A
//
‘ 5V|
'l/
1 Ll
0 2 4 6 8 10 2 vpstv)

Typical Transition Time vs. Load Capacitance.

- 18431

tTLH [TT]
trHL Mamb = 25°C
(ns)
150
Vop =5'
100
1
A1 L
7 -
4 10V
—
50 = L =
Lt BV
I i
I i
0 20 40 60 80 Cy (pF)




HCC/HCF4011B/12B/23B

Typical Voltage Transfer Characteristics. Typical Power Dissipation/gate vs Frequency.
G-27N G-271712
Vo (= =:
) (uw)? T =
N T .
T =25 4
5 15V 0¢ ambe=25°C
3 T 2
0 L] n’:E= Il ¥
. : gt :
2—Vy ‘“: L
5 5V |o’,l L] E: = =
Tamb=25°C o i
- 2 “‘-D"V;I xlf 1 L'”PF%
oY =15pF
» L Ll
2 468 468 4 . 2 ‘. [
0 s © 15 Vi v 1 0 10? 0 1 e
L3y SGS-THOMSON LA
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HCC/HCF4013B

DUAL 'D’ - TYPE FLIP-FLOP

= SET-RESET CAPABILITY

= STATIC FLIP-FLOP OPERATION - RETAINS
STATE INDEFINITELY WITH CLOCK LEVEL
EITHER "HIGH" OR "LOW"

= MEDIUM-SPEED OPERATION - 16MHz (typ.)
CLOCK TOGGLE RATE AT 10V

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= STANDARDIZED SYMMETRICAL OUTPUT
CHARACTERISTICS

= 5V, 10V, AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

» MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD No. 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4013B (extended temperature range) and
HCF4013B (intermediate temperature range) are
monolithic integrated circuits, available in 14-lead
dual in-line plastic or ceramic package and plastic
micropackage.

The HCC/HCF4013B consists of two identical, inde-
pendent data-type flip-flops. Each flip-flop has inde-
pendent data, set, reset, and clock inputs and Qand
Q outputs. These devices can be used for shift
register applications, and, by connecting 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 inde-
pendent of the clock and is accomplished by a high
level on the set or reset line, respectively.

June 1989

F
(Plastic Package)  (Ceramic Frit Seal Package)

- »

(Micro Package) (Plastic Chlp Carrier)
ORDER CODES :
HCC4013BF HCF4013BM1
HCF4013BEY  HCF4013BC1

PIN CONNECTIONS

a1 1] % vpp
& 2] J3 a2
cLockt 3] 12 a2
RESET1 4] [J1 cLock2
01 sﬂ— 110 RESE T2

seTr e[

99 D2

pa SET2

$-0550/1

1/6
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HCC/HFC4013B

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types -05t0+20 v
HCF Types —-05to+ 18 \
V, Input Voltage - 0.5to Vpp + 0.5 Vv
Iy DC Input Current (any one input) +10 mA
Piwot | Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mW
Top Operating Temperature : HCC Types -55t0+ 125 °C
HCF Types —40to + 85 °C
Tstg Storasge Temperature - 65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This i1s a stress rating
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for external periods may affect device reliability.

* All voltages are with respect to Vss (GND).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vop Supply Voltage : HCC Types 3to 18 \"
HCF Types 3to 15 \
Vi Input Voltage 0 to Voo Vv
Top Operating Temperature : HCC Types —-55t0 + 125 °C
HCF Types —40to + 85 °C
LOGIC DIAGRAM AND TRUTH TABLE (one of two identical flip—flops)
ct | o[ R[s |[a]a@a
e 0 0 0 [ 1
Tl 1o o1 ]o
~ T x T o o o g |NOCHANGE
X [ x |1 o [ o]
X [ x [ o] 1 1 [ o
X X 1 1 1 1
LOGIC 0 = LOW A = LOW LEVEL
LOGIC 1 = HIGH X = DON'T CARE
N(N)= FF1/FF2 TERMINAL
ASSIGNEMENT
o cL CcL PIN 1 =VpD BUFFERED OU'I’PUI'ES ‘vDD
~:(|‘)0—D0—1—D0—L PIN 7eVss LDO_DO_OZM
®ALL INPUTS ARE PROTECTED BY v A i
COS/MOS PROTECTION NETWORK
Oo——C—
r ¥ A
$-2299
Vss

2/6
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HCC/HCF4013B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)
Test Conditions Value
Symbol Parameter \"A Vo llol | Voo Tiow 25°C Tigh® Unit
M| M WA MV [ min. [max. | Min. [ Typ. [Max.| Min. [ Max.
I Quiescent 0/5 5 1 0.02 1 30
Current |~ [or10 10 2 002 | 2 60
Types | 0/15 15 4 002 4 120
0/20 20 20 0.04 | 20 600 | pA
0/5 5 4 002 | 4 30
'}';)Zs 0/10 10 8 002| 8 60
0/15 15 16 0.02 | 16 120
Vou | Output High 0/5 <1| 5 |495 495 495
Voltage 0/10 <1 10 | 995 9.95 9.95 v
0/15 <1 | 15 |14.95 14.95 14.95
VoL | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <110 0.05 0.05 0.05 \Y
15/0 <1 15 0.05 0.05 0.05
Vin | Input High 0545 |<1| 5 | 35 35 35
Voltage 179 [<1]10] 7 7 7 v
15135| <1 | 15 | 11 1 11
Vi Input Low 4.5/05 | <1 5 1.5 1.5 1.5
Voltage 91 [<1] 10 3 3 3 v
13515| <1 | 15 4 4 4
lon | Output 05| 25 5 | -2 -16|-32 - 1.15
gﬂ‘r’r‘:m Hee | o5 | 46 5 |-064 —051] -1 - 0.36
Types|o/10| 95 10 [-1.6 -13|-26 -09
0/15| 135 15 [-4.2 -34|-68 -24 mA
0/5| 25 5 [-1.53 — 1.36| - 3.2 -11
HCF |0/5| 46 5 |-0.52 - 0.44| —1 - 0.36
Types|0/10| 9.5 10 [-13 -11|-26 -09
0/15| 135 15 |- 36 -30|-68 -24
lo. | Output 05| 04 5 | 0.64 051 | 1 0.36
gi:r"rem ;';fe <loto] os 10| 16 13 | 26 0.9
015| 15 15 | 4.2 34 | 68 24 A
o5 | 04 5 |0.52 044 | 1 0.36
?y%’;s 00| 05 10| 13 11 | 26 09
015| 15 15 | 3.6 30 | 68 24
I, e | Input HCC |o0/18 18 +0.1 +1075| + 0.1 +1
Leakage |[Types
Current  fpcr [o/15 Any Input 15 +03 +105[+ 03 +1 hA
Types
Cy Input Capacitance Any Input 5 75 pF
* TLow= — 55°C for HCC device : — 40°C for HCF device.
* Thgh= + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1" and "0" level is : 1V min. with Voo = 5V, 2V min. with Voo = 10V, 2.5 V min. with Voo = 15V.
3/6
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HCC/HFC4013B

DYNAMIC ELECTRICAL CHARACTERISTICS (T, = 25°C, C, = 50pF, R, = 200k,
typical temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall time = 20ns)

Test Conditions Value
Symbol Parameter Unit
Vpp (V)| Min. | Typ. | Max.
teLH, tpHL| Propagation Delay Time 5 150 300
(clock to Q or Q outputs) 10 65 130 ns
15 45 90
teLH Propagation Delay Time 5 150 300
(set to Q or reset to Q) 10 65 130 ns
15 45 920
teHL Propagation Delay Time 5 200 400
(set to Q or reset to Q) 10 85 170 ns
15 60 120
truL, trun| Transition Time 5 100 | 200
10 50 100 ns
15 40 80
foL* Maximum Clock Input Frequency 5 3.5 7
10 8 16 MHz
15 12 24
tw Cock Pulse Width 5 140 70
10 60 30 ns
15 40 20
t, ti** | Clock Input Rise or Fall Time 5 15
10 4 us
15 1
tw Set or Reset Pulse Width 5 180 90
10 80 40 ns
15 50 25
tsetup | Data Setup Time 5 40 20
10 20 10 ns
15 15 7

*Input tr, tf = 5ns.

** If more than unit is cascaded in a parallel clocked application, t- should be made less than or equal to the sum of the fixed
propagation delay time at 15pF and the transition time of the carry output driving stage for the estimated capacitive load.

46 LNy SGS-THOMSON
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HCC/HCF4013B

Typical Output Low (sink) Current Characteristics.

! 6-13“_‘
oL [T1
ma) Tamb = 25°C Vos 15|
e G D
%
,l
20 A
,/
16 /
) oV
p1
2? - -
. A
/i
‘ 5v|
'4
| ] 1
[ 2 4 & 8 10 n Vos(v)

Typical Output High (source) Current Charac-
teristics.

0 6-233’_1
2, 1] ]
N VG = -5V
(mA)
o \
N
N N
N
AUAN 10V
-
20 —
N
N 1 |
» Tamb=25°C SV
| 1
0 s 10 -ps (V)

Typical Propagation Delay Time vs. Load
Capacitance (CLOCK or SET to Q, CLOCK or
RESET to Q).

Minimum Output Low (sink) Current Charac-
teristics.

fou [T1] : |
(mA) Tamb=25°C !

P
|2
10
8 y, v
/ |
6 g
Y /,
/
¢ 4

- i—

7
: 1/M>'s'!lL RN ERREN
S I O A O O O
2 6 8 10 122 VsV

~

o

Minimum Output High (source) Current Charac-
teristics.

0 6-2339
on 11T
Vos=-5V
(ma) 3
-
5 \C
AN
N -10V
10 N
N
AN
N
N
s Tamp=25C| | | N-1sv ||
[T I
0 5 10 -Vps (V)

Typical Propagation Delay Time vs. Load
Capacitance (SET to Q or RESET to Q).

G-2786
:PHL TTTT tPuL 11717 T
(::)H T ‘25'!3 T ::I;‘; Ta[ml:!'il?"([: Iu‘I5V =
1 [Tam (oo
200 200
=
VDD=5V, =
Lt
fort
150 = 150
G T 1
T
10v
100 100 =
oV - ———
o | —
I = — 15V
50 = ——— T 50 | =
|
| I
| i
[} 20 40 60 80 CL(pF) L] 20 40 60 80 CL(pF)
LSy SGS:THOMSON 5/6
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HCC/HFC4013B

Typical Maximum Clock Frequency vs. Supply Typical Power Dissipation Device vs. Frequency.
Voltage.
G-2787
daasannn; |
(MH2) T....f%?rc |
:jt tr, t =5ns|
20 CL=50pF
Wi
20 d 1 ;
/ |
10 7
Yy i
|
1
0 5 10 15 Vpp(W)
TEST CIRCUITS
Quiescent Device Current. Noise Immunity.
Voo
I VoD
Voo T
INPUTS
° INPUTS OUTPUTS
Vss —>
ViH -] —
O,
o> ] - +,
. e
Vie ~] — -
-~ —-
@ NOTE .
TEST ANY ONE INPUT l
WITH OTHER INPUTS
Vss AT Vpp OR Vgg Vss 5-199314
5-19921
Input Leakage Current.
Voo
INPUTS
]
Voo a—
o ( )
Vss 7 -
]
NOTE: MEASURE INPUTS
SEQUENTIALLY TO BOTH 5199412
Vpp AND Vgs. CONNECT
ALL UNUSED INPUTS TO Vg
EITHER Vpp OR Vgg
6/6 LNy SGS-THOMSON
Y/ NicroELECTRONICS
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HCC/HCF4014B
HCC/HCF4021B

8-STAGE STATIC SHIFT REGISTERS

4014B SYNCHRONOUS PARALLEL OR
SERIAL INPUT/SERIAL OUTPUT

4021B ASYNCHRONOUS PARALLEL
INPUT OR SYNCHRONOUS
SERIAL INPUT/SERIAL OUTPUT

= MEDIUM-SPEED OPERATION-12MHz (typ.)
CLOCK RATE AT Vpp — Vss = 10V

s FULLY STATIC OPERATION

= 8 MASTER-SLAVE FLIP-FLOPS PLUS OUT-
PUT BUFFERING AND CONTROL GATING

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= 5V, 10V AND 15V PARAMETRIC RATINGS

s INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4014B, HCC4021B (extended tempera-
ture range) and the HCF4014B, HCF4021B (inter-
mediate temperature range) are monolithic
integrated circuits, available in 16-lead dual in-line
plastic or ceramic package and plastic micro pack-
age. The HCC/HCF4014B and HCC/HCF4021B
series types are 8-stage parallel-or serial-
input/serial-output registers having common
CLOCK and PARALLEL/SERIAL CONTROL in-
puts, a single SERIAL data input, and individual par-
allel "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
synchronously with the positive clock line transi-
tion inthe HCC/HCF4014B. In the HCC/HCF4021B
serial entry is synchronous with the clock but parallel
entry is asynchronous. In both types, entry is con-
trolled by the PARALLEL/SERIAL CONTROL input.
When the PARALLEL/SERIAL CONTROL input is
low, data is serially shifted into the 8-stage register
synchronously with the positive transition of the
clock line. When the PARALLEL/SERIAL CON-
TROL input is high, data is jammed into the 8-stage

June 1989

register via the parallel input lines and synchronous
with the positive transition of the clock line. In the
HCC/HCF4021B, the CLOCK input of the intemnal
stage is "forced" when asynchronous parallel entry
is made. Register expansion using multiple package
is permitted.

EY
(Plastic Package) (Ceramic Package)
M1 C1
(Micro Package) (Plastic Chip Carrier)
ORDER CODES :
HCC40XXBF HCF40XXBM1
HCF40XXBEY  HCF40XXBC1

PIN CONNECTIONS

pi-s b 16]) VoD
as |2 ] | )
as [ uf]  pi-s
Pi-s [l« uf]  ei-s
pi-3 [Is 1)) a7
P2 [ls 1] seriaL N
pi-a o 10f]  clock
vss e 9 ];égfktm
CONTROL

5-2640

1/8
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HCC/HCF4014B/4021B

FUNCTIONAL DIAGRAM

PARALLEL
INPUTS Voo

———
12345678

7]6] 5| 43048 1 |16

PARALLEL _ 9]
SERIAL
CONTROL

SERIAL "

INPUT
12 q6

CLOCK o}

12 oy pBUFFERED
OUTPUTS

13 o

o P
Tosean vss
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types -05to+20 \
HCF Types —-05to+ 18 \"
V, Input Voltage —05to Vpp + 0.5 Vv
Iy DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types —-55to + 125 °C
HCF Types —40to + 85 °C
Tstg Storage Temperature - 65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification I1s not implied. Exposure to absolute maximum rating conditions for external periods may affect device

reliability.
* Al voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo | Supply Voltage : HCC Types 3to 18 v
HCF Types 3to 15 \
\ Input Voltage 0 to Vpp Vv
Top Operating Temperature : HCC Types -55t0 + 125 °C
HCF Types ~40to + 85 °C
28 L§y SGS-THOMSON
Y/ saicromzEcTRONICS
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HCC/HCF4014B/4021B

LOGIC DIAGRAMS

4014B

{VDD

O —

2 I §

S-2299

Vss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

4021B
A'o0
F A
o411
2 'y
S-2299
Voss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

- 3/8
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HCC/HCF4014B/4021B

TRUTH TABLES
HCC/HCF 4014B HCC/HCF4021B
Parallel/ rial|Parallel/ Q
cL ?ne;::atl Serlal P1-1 Pl—n(intgr:\al) Qn cL Isnepuat Sertal PI=1Pl=nl i torna| @0
I x 1 o o0 0 0 X | X 1 0} o0 0 0
1 x 1 1 1 0 X | X 1 0| 1 0 1
I D 4 1 o 1 0 1 X | X ! ! 0 ! 0
X | X 1 1 1 1 1
S X ! Tt ! ! o 0 | X | x| 0 o,
| o 0 X | x 0 Qa1 1 0 X | x 1 |a.)!
s o [x[ x| 1 Ja.|s L X ] 0 [ X[X] Q [QuNe
A X [ X [ X[ X[ @ [Qn|Ne NG S e
X = don't care case.
NC = no change.
STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)
Test Conditions Value
Symbol Parameter \' Vo lllol | Voo Tiow' 25°C Thigh” Unit
™ v ®A) | V) | min. | Max. | min. Typ. | Max. | Min. { Max.
W Quiescent 0/5 5 5 004 | 5 150
Current |\~ (010 10 10 0.04 | 10 300
Types | 0/15 15 20 0.04 | 20 600
0/20 20 100 0.08 | 100 3000| pA
0/5 5 20 0.04 | 20 150
HCF oo 10 40 0.04 | 40 300
Types
0/15 15 80 0.04 | 80 600
Vou | Output High 0/5 <1| 5 |495 495 4.95
Voltage 0/10 <1 10 [ 995 9.95 9.95 v
0/15 <1 | 15 [14.95 14.95 14.95
VoL | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <1 10 0.05 0.05 005| V
15/0 <1]| 15 0.05 0.05 0.05
Vi | Input High 05/45|<1| 5 | 35 35 35
Voltage 11 |<1] 10| 7 7 7 v
15135| <1 | 15 | 11 11 1
Vi Input Low 45/05 | <1 5 1.5 1.5 1.5
Voltage 91 [<1] 10 3 3 3 v
1351.5|<1 | 15 4 4 4
* Tiow = — 55°C for HCC device - 40°C for HCF device.

* Tugh = + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1" and "0" level is - 1V min with Vop = 5V, 2V min. with Vop = 10V, 25 V min with Vpo = 15V

4/8
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HCC/HCF4014B/4021B

STATIC ELECTRICAL CHARACTERISTICS (continued)
Test Conditions Value
Symbol Parameter v, Vo llol | Voo Tiow 25°C Thigh* Unit
M M TEA V) | Min. [max. | Min. [ Typ. [Max. | Min. [Max.
lon Output 0/5 25 5 -2 -16|-3.2 - 1.15
Drive Hcc |0/5| 46 5 |-064 - 0.51| — 1 - 0.36
Current
Types | 0/10 9.5 10 |- 1.6 -13|-26 -09
0/15( 135 15 |- 4.2 -34(-68 —-24 mA
0/5 2.5 5 |-153 - 1.36| - 3.2 -1.1
HCF |0/5 4.6 5 |-052 — 0.44| -1 - 0.36
Types|0/10| 95 10 |-1.3 -1.1]|-26 -09
0/15| 13.5 15 |-36 -30(-68 -24
loL Output 0/ 5 0.4 5 |0.64 0.51 1 0.36
gt‘rkrem ;’f&s 0/10| 05 10 | 16 13 | 26 09
0/15 15 15 | 42 3.4 6.8 24 mA
0/ 5 0.4 5 |0.52 0.44 1 0.36
!I-")E:)Fes 0/10 0.5 10 1.3 1.1 2.6 0.9
0/15 1.5 15 | 36 30 | 6.8 24
I, e | Input HCC |o/18 18 +0.1 #107%(+ 0.1 1
Leakage |Types
Curtemt H)(IZPF ons| AP =g +03 +1075[+ 03 ren e
Types
Ci Input Capacitance Any Input 5 75 pF
* Tiow = — 55°C for HCC device . — 40°C for HCF device.
* Thigh = + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1" and "0" level i1s . 1V min. with Vpp = 5V, 2V min. with Vop = 10V, 25 V min with Vpp = 15V.
DYNAMIC ELECTRICAL CHARACTERISTICS (T mp = 25°C, C = 50pF, R = 200kQ,
typical temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall time = 20ns)
Test Conditions Value
Symbol Parameter Unit
Jﬁm (V)| Min. I Typ. | Max.
CLOCKED OPERATION
teLn, tpHL| Propagation Delay Time 5 160 320
10 80 160 ns
15 60 120
ttHL, tten| Transition Time 5 100 200
10 50 100 ns
15 40 80
feL* Maximum Clock Input Frequency 5 3 6
10 6 12 MHz
15 8.5 17
tw Clock Pulse Width 5 180 90
10 80 40 ns
15 50 25

* If more than one unit is cascaded t.CL should be made less than or equal to the sum of the transition time and the fixed propagation delay of
the output of the dnving stage of the estimated capacitive load.

c_’l SGS-THOMSON
MICROELECTRONICS
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HCC/HCF4014B/4021B

Symbol Parameter Test Conditions Value Unit
[Voo ()| Min. | Typ. | Max.
CLOCKED OPERATION
t ke Clock Input Rise or Fail Time 5 15
10 15 s
15 15
tsetup | Setup Time, serial Input (ref to CL) 5 120 60
10 80 40 s
15 60 30
tsetup | Setup Time, parallel Inputs (4014B) 5 80 40
(ref. to CL) 10 50 o5 ns
15 40 20
tsetp | Setup Time, parallel Inputs (4021B) 5 50 25
(ref. to P/S) 10 30 15 ns
15 20 10
tsetup | Setup Time, parallel/serial Control 5 180 90
(4014B) (ref. to CL) 10 80 40 ns
15 60 30
thold Hold Time, serial in, parallel in, 5
parallel/serial Control 10 0 ns
15 0
twH P/S Pulse Widht (4021B) 5 160 80
10 80 40 ns
15 50 25
trem P/S Removal, time (4021B) 5 280 140
(ref. to CL) 10 140 70 ns
15 100 50

* If more than one unit is cascaded t.CL should be made less than or equal to the sum of the transition tme and the fixed propagation delay of
the output of the driving stage of the estimated capacitive load.

Typical Output Low (sink) Current Characteristics. Minimum Output Low (sink) Current Charac-

teristics.
1 6-2336 6 -2337
oL TT1 1T fou [T ‘ T
ma) Tamb = 25°C Vos =15V (mA) Tamb=25°C ||
T Vos=15Y |
2% 12 1
LA P |4
. 7 o 1]
/ gom
A |
16 7 = o b st j
2 - ] — 6 L i
Yy
s / ‘ //
SV] '/
4 Al asv
A z / um i 10
| 1| I O O O O
° 2 4 6 8 10 12 vps(V) 0 2 4 6 8 0 1 Vos (V)
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HCC/HCF4014B/4021B

Typical Output High (source) Current Charac-

teristics.
° 6-2338
“Ton V l.-lv
(mA) [0S
A\
10 ‘
N
X\
\
\
© -0V
-~
N
Tamb =25°C =15V
30 —
| |
0 10 -Vps (V)

Typical Transition Time vs. Load Capacitance.

- 18431

tren TTT
trhe ami =TsJ'c
(ns)
150
P
Vpp =5V,
100
]
-
4 10V |1
50 = -
v
]
[ 20 40 60 80 Cy (pF)

Typical Dynamic Power Dissapating vs. Clock

Input Frequency.
G- 2965
Prot ¢ it
(W), t
, Al VI :
ot bt n z SV,
== L7
2
lol | | ’ 4
‘ L
1] 11l
72y’ Tamb = 25°C
10? 2 L'\ =15pF — ——
7 L = SOpF ==
N = 2 T i
i 1
\ N
M .
10 e 4 [] L} 4 L]
1 10 10? 100 fey (kHz)

&r

MICROELECTROMNICS

Minimum Output High (source) Current Charac-
teristics.

0 6-2339
-Ion [T1
Vos=-5V
(ma) s
L
\\\
\
N I~ -10v
10 \
N
AN
<
T, 25°C ™
amb = L -1sv
15 i i St
T e TIT
0 B 10 ~Vps (V)

Typical Propagation Delay Time vs. Load Capacit-
ance.

6-2964
teLH [TTTT
tpHL Tamb =25°C
(ns)
300
200
=
Vop =5 =
ez
n
=
100 10V ——— L
bt —-—"
et 15V
1
0 20 %0 60 80 Cy(pF)
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HCC/HCF4014B/4021B

TEST CIRCUITS
Quiescent Device Current. Noise Immunity.
Voo
T Voo
Vv
INPUTS T
3 INPUTS OUTPUTS
SS —
ViH -~ —>
‘N ] . ’
VIL -~ — -
NOTE
@ TEST ANY COMBINATION l
OF INPUTS
Vss $-2079/1
Vss
$-199211
Input Leakage Current. Dynamic Power Dissipation.
Voo swllﬂ‘:'
i 16| Yoo
T G bz 15— ﬁm,.r
3 14— -
INPUTS e X D
Voo — d 17 I =
\_@_. —] s F1
o 7
Vss -] N
-
NOTE: MEASURE INPUTS
SEQUENTIALLY TO BOTH
D ver Coneiect 1 S92 JuuuL
ALL UNUSED INPUTS TO Vss @ _®_————
EITHER Vpp OR Vsg P
Eai|
SER DATA (V& 10_) \'r.lj 5-2643
88 L37 SGS-THOMSON
Y/ sicRoELECTRONICS
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‘7_ SGS-THOMSON

MICROELECTRONICS HCC/HCF4015B
DUAL 4-STAGE STATIC SHIFT REGISTER WITH SERIAL
INPUT/PARALLEL OUTPUT
= MEDIUM SPEED OPERATION : 12MHz (typ.)
CLOCK RATE AT Vpp - Vss = 10V
m FULLY STATIC OPERATION
s 8 MASTER-SLAVE FLIP-FLOPS PLUS INPUT w
AND OUTPUT BUFFERING
= HIGH NOISE IMMUNITY Ev F
= QUIESCENT CURRENT SPECIFIED TO 20V (Plastic Package)  (Ceramic Frit Seal Package)

FOR HCC DEVICE

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

s 100% TESTED FOR QUIESCENT CURRENT

= 5V, 10V, AND 15V PARAMETRIC RATINGS

s MEETS ALL REQUIREMENTS OF JEDEC TEN-

TATIVE STANDARD NO. 13A, "STANDARD M1 oo Car
SPECIFICATIONS FOR DESCRIPTION OF "B" (Micro Package) ~ (Plastic Chip Carrier)
SERIES CMOS DEVICES" ORDER CODES :

HCC4015BF HCF4015BM1
HCF4015BEY  HCF4015BC1

PIN CONNECTIONS

DESCRIPTION CLOCK B

] VDD
The HCC4015B (extended temperature range) and Q4B [ ] DATA B
HCF4015B (intermediate temperature range) are
monolithic integrated circuits, available in 16-lead A s 14l RESET B
dual in-line plastic or ceramic package and plastic QA [l 13]] Q1B
micropackage.

The HCC/HCF4015B consists of two identical, inde-
pendent, 4-stage serial-input/parallel-output registers. RESET A
Each register has independent CLOCK and RESET DATA A []
inputs as well as a single serial DATA input. "Q" out-
puts are available from each of the four stages on both Vss e sf] CLOCK A
registers. All register stages are D-type, master-slave
flip-flops. The logic level present at the DATA input is Fet00%0
transferred into the first register stage and shifted over
one stage at each positive-going clock transition.
Resetting of all stages is accomplished by a highlevel
onthe resetline. Register expansion to 8 stages using
one HCC/HCF4015B package, or to more than 8
stages using additional HCC/HCF4015B's is possible.

o

~
o

Q1A Os 12[] Q28
] Q3B
] Q4A

@

~
o

June 1989 177

125



HCC/HCF4015B

FUNCTIONAL DIAGRAM
Voo T1s
DATA A 74+— H—15 Qia
CLOCK A 91+— 4 F—14 Qa2a
RESETA 64+— STAGE H—13 Q3a
10 Q4A
DATA B 15 —t113 Q18

cocks 14—, —fr2am

STAGE
RESETS8 14+— 11 Q38

12 Q48

8
Vss l 5-08481

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vop* | Supply Voltage : HCC Types - 0510 +20 \"
HCF Types -05t0+18 \"
v, Input Voltage —0.5to Vpp + 0.5 \"
Iy DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types —55t0 + 125 °C
HCF Types —40to + 85 °C
Tstg Storasge Temperature - 65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings "may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for external periods may affect device
reliability.

* All voltage values are referred to Vss pin voltage

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vbp Supply Voltage : HCC Types 3to18 '
HCF Types 3to15 \
Vi Input Voltage 0 to Vpp Vv
Top Operating Temperature : HCC Types —-55t0+ 125 °C
HCF Types — 40 to + 85 °C
27 LNy SGS-THOMSON
Y/ siicRoELECTRONICS
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HCC/HCF4015B

LOGIC DIAGRAMS AND TRUTH TABLE

]

F X
O—<4—"TF—¢+
' 3 F 3

Vss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

cL | bR ]a Qn
L o|lo]o Qn-1
I ERERE Qn_+
Q -
v X[ 0] (no. cr;'ange)
X X | 1] o 0
LNy SGS-THOMSON 87
Y/ HICROELECTROKICS
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HCC/HCF4015B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter " Vo |llol | Voo Tiow 25°C Thigh* Unit
v M | @A | V) | Min. [ Max. | Min. | Typ. [ Max. | Min. | Max.
I Quiescent 0/ 5 5 5 0.04 5 150
Current |~ |0r10 10 10 0.04 | 10 300
Types | 0/15 15 20 0.04 | 20 600
0/20 20 100 0.08 | 100 3000| pA
0/5 5 20 0.04 | 20 150
HCF Toro 10 40 0.04 | 40 300
Types
015 15 80 0.04 | 80 600
Vou | Output High 0/5 <1| 5 | 495 4.95 4.95
Voltage 0/10 <1] 10 [995 9.95 9.95 v
0/15 <1 15 |14.95 14.95 14.95
Vo Output Low 5/0 <1 5 0.05 0.05 0.05
Voltage 10/0 <1 10 0.05 0.05 005| V
15/0 <1 15 0.05 0.05 0.05
Vi Input High 0.5/45 | <1 5 3.5 3.5 3.5
Voltage 179 |(<1|10] 7 7 7 v
15135(<1 | 15 | 11 11 11
Vi Input Low 45/05 | <1 5 1.5 15 1.5
Voltage 91 |<1| 10 3 3 Vv
13515|<1 | 15 4 4
lon | Output 0/5| 25 5 | -2 -16|-3.2 - 1.15
gﬂ‘r’;m ¢cc 0/5| 46 5 |-0.64 —o.51f -1 - 0.3
ypes | 0/10| 9.5 10 |- 1.6 -1.3|-2.6 -0.9
015| 135 15 |- 4.2 -3.4|-6.8 -24 mA
0/5| 25 5 |-1.53 -1.36|- 3.2 -1.1
HCF [0/5 4.6 5 |- 0.52 — 0.4 — 1 — 0.36
Types | 0/10| 9.5 10 |-1.3 -1.1|-26 -0.9
05| 135 15 |- 3.6 -3.0(-6.8 -24
lo. | Output 0/5| 04 5 |0.64 051 | 1 0.36
gt‘r':em :'fpﬁs o10| 05 10| 16 13 | 26 0.9
015| 15 15 | 4.2 34 | 68 24 mA
0/5| 04 5 |052 044 | 1 0.36
?fpzs 010| 05 10|13 11 | 26 0.9
015| 15 15 | 3.6 30 | 6.8 24
[ :-nput HCC |o0/18 18 £0.1 £107°(£0.1 +1
eakage |Types
Current ek o/ Any lnput 15 0.3 +107°+0.3 +1 hA
Types
C Input Capacitance Any Input 5 7.5 pF

* Tiow= — 55°C for HCC device : — 40°C for HCF device
* Thgh= + 125°C for HCC device : + 85°C for HCF device
The Noise Margin for both "1" and “0" level 1s . 1V min with Vop = 5V, 2V min with Vop = 10V, 25 V min with Vpp = 15V.

4/7
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HCC/HCF4015B

DYNAMIC ELECTRICAL CHARACTERISTICS (T,mb, = 25 °C, C, = 50 pF, R_ = 200 kQ,
typical temperature coefficient for all Vpp values is 0.3 %/°C, all input rise and fall times = 20 ns)

Symbol Parameter Test Conditions - Value Unit
|VDD (V)| Min. I Typ.J Max.
CLOCKED OPERATION
tpLH, tpHL| Propagation Delay Time 5 160 320
(carry out or decoded out lines) 10 80 160 ns
15 60 120
tTHL, tten!| Transition Time 5 100 200
(carry out or decoded out lines) 10 50 100 ns
15 40 80
feL Maximum Clock Input Frequency 5 3 6
10 6 12 MHz
15 8.5 17
tw Clock Pulse Width 5 180 20
10 80 40 ns
15 50 25
tr, t* Clock Input Rise or Fall Time 5 15
10 15 us
15 15
tsetup Data Setup Time 5 70 35
10 40 20 ns
15 30 15
RESET OPERATION
tpLH, tpHL| Propagation Delay Time 5 200 400
10 100 | 200 ns
15 80 160
tw Reset Pulse Width 5 200 100
10 80 40 ns
15 60 30

* If more than unit i1s cascaded in the parallel clocked application, tCL should be made less than or equal to the sum of the fixed propagation delay
at 15pF and the transition time of the carry output dnving stage for the estimated capacitive load

: 517
Lyy STHONSRN
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HCC/HCF4015B

Typical Output Low (sink) Current Characteristics. Minimum Output Low (sink) Current Characteristics.

1 6-2336 | . 6 -2337
oL 11 [ oL [ T1 ‘ ]
ma) Tamb = 25°C Vs =tsvl_| (mA) Tamb=25°C
i
% 12
,l
2 % 10
4
16 A s i/
A 1V % /
2 L- 6
/ ’/,
L] 4 ///
4 S 17___._qu_
2 T
P MF—I___\___““ I N N U SR
I L1 [ A L
0 2 4 6 8 10 n Vps(V) 0 2 4 6 8 W 1 Vps (V)

Typical Output High (source) Current Charac- Minimum Output High (source) Current Charac-

teristics. teristics.
0 l | l G-2338 0 _[ ] I 6-2339
lon Vgs = -5V “low Vgs=-5V
(mA) (mA) ~——~
\ |
S
° \\\ \\\
N N
N
N
. -10V N B -
2 — 0 \ 10V
N
N
N
-
N
Tamb =25°C N~ - 15V Tamb=25°C \ -15V
30 1 15 - =1t
[T1 11 1 [T 1t
o S 10 -Vps (V) o 5 10 -Vps (V)
Typical transition Time vs. Load Capacitance. Typical propagation Delay Time vs. Load
Capacitance..
G-20071 6-2962
L [TTTI tPLH 117
tTHL Tamb =25°C tpHL Mamb_= 25°C
(ns) (ns)
160
140 280
o
120 Voo =5V 240
-
100 > /rI/ 200 Nop =5V
80 ,/ = 160 > =
60 4 10 - 120 ]
-
40 = |5v’ 80 = 'ov --: -
20 7 [ w0 -
| |
! ] ]
) 10 20 30 40 50 60 70 80 C (pF) o 0 20 30 4 S0 60 70 80 Ci(pF)
67 Ly7 SGS-THOMSON
Y/ sicRomLECTRONICS
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HCC/HCF4015B

Typical Dynamic Power Dissipation vs. Frequency.

©-296.
Plo(: 1
(W), ] T 1= LA
— 1 H 4
I i %-H /‘ 3
U — = = =
H= H = SEis
‘ 4P AN
N - ] L
me
"/ ov i
10° bt SV
it 7 T +
W4 ’
o AL | u
. ,"‘ ; Tt -
) A Tl
T
| |
o LCAUL LTI
1 10 102
TEST CIRCUITS
Quiescent Device Current. Input current.
Voo
l Voo
Voo I
INPUTS
° INPUTS OUTPUTS
ss . .
Vin - —>
o,
o ] - *
. @)
Vi - = B
pa— -
NOTE
@ TEST ANY COMBINATION 1
OF INPUTS
Vss 5-2079/1
Vss
S-19921
Input Voltage. Power Dissipation.
Voo [
T 00 uf
| v
INPUTS I @ o
-] am I? 15| 0.1 uF
Voo -~ ?—5“-43 14}
°\>-—®_> ~— - 13
o
b L
-~ f, : L
NOTE: MEASURE INPUTS DATA (‘1'“) 10—
SEQUENTIALLY TO BOTH l $-1994/2 8 9—Ci(t,n)
Vpp AND Vss. CONNECT -
ALL UNUSED INPUTS TO Vss s-2638
EITHER Vpp OR Vgs

.THOMS 717
‘7’ msﬂ&smgmwm%g
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HCC/HCF4016B

QUAD BILATERAL SWITCH

= 20V DIGITAL OR %
SWITCHING

m 280Q TYPICAL ON RESISTANCE FOR 15V
OPERATION

= SWITCH ON RESISTANCE MATCHED TO
WITHIN 10Q TYP. OVER 15V SIGNAL INPUT
RANGE

= HIGH ON/OFF OUTPUT-VOLTAGE RATIO :
65dB TYP. @ fis = 10kHz, RL = 10kQ

= HIGH DEGREE OF LINEARITY : < 0.5% DIS-
TORTION TYP. @ fis = 1KHz, Vis =5 Vpp, VoD -
Vss > 10V, RL = 10kQ

= EXTREMELY LOW OFF SWITCH LEAKAGE
RESULTING IN VERY LOW OFFSET CUR-
RENT AND HIGH EFFECTIVE OFF RESIST-
ANCE: 100pA TYP. @ Vpp - Vss = 18V, Tamb =
25°C

» EXTREMELY HIGH CONTROL INPUT IMPED-
ANCE (control circuit isolated from signal circuit
1012Q typ.)

= LOW CROSSTALK BETWEEN SWITCHES :
50dB TYP. @ fis = 0.9MHz, RL = 1kQ

s MATCHED CONTROL-INPUT TO SIGNAL-
OUTPUT CAPACITANCE : REDUCES OUT-
PUT SIGNAL TRANSIENTS

s FREQUENCY RESPONSE’ SWITCH ON =
40MHz (typ.)

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= 5V, 10V, AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= MEETS ALLREQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N’ 13A, "STANDARD SPE-
CIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

10V PEAK-TO-PEAK

DESCRIPTION

The HCC4016B (extended temperature range) and
HCF4016B (intermediate temperature range) are
monolithic integrated circuit, available in 14-lead
dual in-line plastic or ceramic package and plastic
micropackage.

The HCC/HCF4016B Series types are quad bilateral
switches intended for the transmission or multiplexing

June 1989

of analog or digital signals. Each of the four inde-
pendent bilateral switches has a single control signal
input which simultaneously biases both the p and n
device in a given switch ON or OFF.

EY F
(Plastic Package) (Ceramic Frit Seal Package)

-

(Micro Package) (Plastic Chip Carrier)
ORDER CODES :
HCC4016BF HCF4016BM1
HCF4016BEY = HCF4016BC1

PIN CONNECTIONS

1/10
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HCC/HCF4016B

FUNCTIONAL DIAGRAM

nout 1] m []14 vop
SIGNAL
A loutin 2] []13 contROL
A
urin 3] l []12 conTROL
SIGNAL o
B lNsout 4 ]u INJOUT
oW ]SIGNAL
D
conTRoL 5 A 10 outin
CONTROL & ]9 ournn
¢ D SIGNAL
vss 7] W []8 mrour | ©
S$-0781
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types -05to0+20 \
HCF Types -05to + 18 Vv
V, Input Voltage —0.5to Vpp + 0.5 \'
] DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mW
Top Operating Temperature : HCC Types —-551t0 + 125 °C
HCF Types - 40to + 85 °C
Tstg Storage Temperature —65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated Iin the operational sec-
tions of this specification i1s not implied Exposure to absolute maximum rating conditions for external periods may affect device

rehability.
* All voltage values are referred to Vss pin voltage

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vbp Supply Voltage : HCC Types 3to 18 \"
HCF Types 3to 15 \'
\ Input Voltage 0 to Voo Vv
Top Operating Temperature : HCC Types —-55t0 + 125 °C
HCF Types —40to + 85 °C
210 [Ny SGS-THOMSON
Y/ wicromzcTRONICS
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HCC/HCF4016B

SCHEMATIC DIAGRAM
1 OF 4 IDENTICAL SECTION

E HCC-HCF4016B

n
TT
|N/oqu X1 o

S- 2405 Vss __J_

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol|  Parameter Ve =|Vss | Voo | Tiow 25°C Tron” | ynit
Voo | (V) | (V) [Min.|Max.| Min. | Typ. | Max. | Min. | Max.
I Quiescent 5 0.25 0.01 | 0.25 75
Device HCC
Current (all | Types 10 0.5 001 | 05 15
switches 15 1 0.01 | 1 30 | WA
on or all
switches 20 5 002 5 150
off
) HCF 5 1 0.01 | 1 75
Types 10 2 0.01 2 15
15 4 0.01 4 30
SWITCH Vis
Ron | Resistance +75 360 200 | 400 600
HCC -75 360 200 | 400 600
RL = 10kQs |+ 75| 7.5[£0:25 775 280 | 850 1230
+75 370 200 | 400 520
HCF -75 370 200 | 400 520
+ 0.25 790 280 | 850 1080 Q
+5 600 250 | 660 960
HCC -5 600 250 | 660 960
R =10kQ:| + 5 | - 5 [£0:25 1870 580 | 2000 2600
+5 610 250 | 660 840
HCF -5 610 250 | 660 840
+ 0.25 1900 580 (2000 2380
* Tiow= — 55°C for HCC device : — 40°C for HCF device
* Thigh= + 125°C for HCC device * + 85°C for HCF device.
LNy SGS-THOMSON 310
Y/ ucromEcTRONICS
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HCC/HCF4016B

STATIC ELECTRICAL CHARACTERISTICS (continued)

Test Conditions Value
Symbol| Parameter Ve =|Vss | Voo | Tiow 25°C Thoh” | ynit
Voo | (V) | (V) [Min.|Max.| Min. | Typ. | Max. | Min. | Max.
SWITCH (continued)
Ron | Resistance +15 360 200 | 400 600
HCC +15| 0 [+0.25 360 200 | 400 600
RL = 10kQe +9.3 775 300 | 850 1230
+15 370 200 | 400 520
HCF +15| 0 [+0.25 370 200 | 400 520
+9.3 790 300 | 800 1080 Q
+10 600 250 | 660 960
HCC +10| 0 [+0.25 600 250 | 660 960
RL = 10kQ: +58 1870 560 |2000 2600
+10 610 250 | 660 840
HCF +10( 0 |+0.25 610 250 | 660 840
+56 1900 560 | 2000 2380
AON | Resistance ARON —75/+7. 1
(between any 2 | Re = 10k | [ 0 Q
of 4 switches) +51-5|+5 15
Input or Output Vpp |Ve =
Leakage Current HCC Vss s
Switch OFF +18| 0 +0.1 107> |+ 0.1 1
(effective off Voo | Vo = HA
resistance) HCE b Vas
+15 +0.3 1075 [+ 0.3 1
C Input Capacitance 4
Co | Output Vec =Vss ==5 +5 4 pF
Capacitance
Cio Feedthrough 0.2
CONTROL (V¢)
VTH Switch Threshold 5 1 1 2.25 1
Voltage lis = 10uA 10 2 2 45 2 Y]
15 2 2 | 675 2
I Input HCC 18 +0.1 #107%[+ 0.1 £1
Current Types Vis < Vop uA
HCF 15 +03 £1075|£ 03 £1
Types
C Input Capacitance 5 75 pF
* Tiow= — 55°C for HCC device - 40°C for HCF device.
* Thigh= + 125°C for HCC device . + 85°C for HCF device.
4/10 ‘_ SGS-THO
Y/ wicromEcTRONICS
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HCC/HCF4016B

DYNAMIC ELECTRICAL CHARACTERISTICS (T, = 25°C, C, = 50pF all input square
wave rise and fall time = 20ns)

Test Conditions Value
Parameter Unit
Ve (V) RL| £ Vi |Vss|Vop Typ.|Max.
(kQ)|(KHz)] (V) [ (V) | (V)
SWITCH
tpa Propagation Delay Time 10 5 40 | 100
(signal intput to output) _ sq.
Voo 10 Wave GND| 10 20 | 50 | ns
15 15 | 40
Crosstalk Between any 2 of 4 v
Switches (f @ — 50dB) Vo) = Vo =+ 5| 4 '<2> 09 MHz
2010910 > __50dB |Ve® =Vss =-5 -5p-p
I(A)
Frequency Response Switch
"ON" (sine wave input) =Vpp 1 5pp | -5 40 MHz
At20log10v—°=—3dB =+5
|
Feedtrough (switch OFF) =Vss
At 20 log 10 v° - - 50dB - -5 ! - 5pp 5 1.25 MHz
|
Sine Wave Distortion =Vop 10 1 |5pp|-5 04 %
= 5
CONTROL (V¢)
Propagation Delay : Voo 5 35| 70
(turn on control to Voo - Vss 1 or 10 | Voo-Vss =10V| 20 | 40 | ns
output) (sq. wawe) v
Ss 15 15| 30
Max. Allowable Control Input | 4, 1
Repetition Rate (sq. wawe) Vpp |GND| 10 10 MHz
Crosstalk (control input to 10 (sq. wave) 10 GND| 10 50 mv
signal output)

(A) Symmetrical about OV

Typical "ON" Characteristics for 1 of 4 switches with Vpp = + 15V, Vss = 0V, and Test Circuit.
G-12651

T
|

L r— T
w) Tamb=25°C

N/

Y.

(. . -
Z;
7

[TT]

vis
4
10 Ve =V
c =Yoo
A = <t |—o
/ P
) P4
= Vos
L
s p. $-2619
7
“ 7
2 g
/4
0 2 4 6 8 10 12 Vs

(37 SGS-THOMSON 5/10
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HCC/HCF4016B

Typical "ON" Characteristics for 1 of 4 switches with Vpp = + 10V, Vss = 0V, andTest Circuit.

G-1266/1
Vos
Vpp =10V, Vg5 =0V
(v | Do7O%Yss
Tamb=25°C
10
R Y/
Y v
s IS
8 T ( T
; L A S/
V)

4 7 T
S-2419
) N
/-
o 2 4 6 8 10 Vis(v)

Typical "ON" Characteristics for 1 of 4 switches with Vpp = + 5V, Vss = 0V, and Test Circuit.

G-12671

) f
Tamb=25°C |

: = 7
/;/ ‘.r vis

Vos Vpp=5V.Vs5=0V l ! I[
H

0,
%o
N

N,
104
JE
T
L
\T

| !
2 + T
1 /] / 5- 2419
1 e v /
—
[ 1 2 3 4 5 Yis(v)

Typical "ON" Characteristics for 1 of 4 switches with Vpp = + 7.5V, Vss = — 7.5V, and Test Circuit.

G-1268n
Yos [Vpp=75.V55=-75V TTT] |‘9
W) | aasec A
6 T

Q

4

10k0

1kQ . Vis
! |

| Ye

S0 i o

P

i

Vos
R
-4 S- 2619
- /4
y./
-8

-8 6 -4 -2 0 2 4 6 Vis(V)
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HCC/HCF4016B

Typical "ON" Characteristics for 1 of 4 switches with Vpp = + 5V, Vss = — 5V, and Test Circuit.

G-1269/1
Vos
(v) |Vop=5¥Vss=-5V
Tamb=25°C ]
4
H ’\dsp -
i N
2 —t :
| 7
T Y |
0
-2
3
-6
-6 -4 -2 0 2 4 vis(v)

Typical "ON" Characteristics for 1 of 4 switches with Vpp = + 2.5V, Vss = — 2.5V, and Test Circuit.

Vg =e5V

Vis

Lo

Vos

O] et

R{=10kA
S- 2406

6-127011
\/
los -
& [voo=2svvss=-25v |
Tamb=25°C |
2
I N U AU N B
S |
-~
1 b —
N
[ L '
. |
p |
4 :
)74 :
-2 ——t
" l
3 -2 -1 0 1 2 vig(v)

Typical "ON" Characteristics as function of temp.for 1 of 4 switches with Vpp = + 5V and Test Circuit.

Vos
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4
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Vis

=5V

SdEA o

Vos
R =10k
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G-12711n
Vpp=5V.Vss= -5V TTTT
S
; am
! \ H
[y |
-/ L
/i !
i
\1';'
-6 - -2 0 2 4 Vigv)
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HCC/HCF4016B

Typical feedthru vs. frequency-switch "OFF" and Test Circuit.

G-1271211
Y Vpp=5VVg5=-5VNe=-5v I T T A
(mV? VI=5Vp-TS.E WAVE (lmms),i H il i jr; @B)
20 na! H b h
14 | 4 i| |
il S S S
2 jh" T h" HAH 39
—‘[:—L- v P u_}q. }
3 j_# S 2l Al ars
o H ‘1 S, - i 7 ; N
ma {1 S 4 4
NG T T
5 HAHE .f/ s i s
| FT\*
° 2 468 1 468 2 468 2 L68 2 468
L 1 0 ©? 10 fy5(kHz)
Typical Crosstalk between Switch Circuits in the Same Package.
6-2852 -
s TI T T [
w VDD =5, V555V, Yis =5 V5 _ o |
"] SINE WAVE (1.77RMS) T
30
25
20
15 7
10
H B
0 o “

10

10° 10° fis (kHz)

€10 (FIXTURE)=08PF

RF VOLTMETER BOONTON
RADIO MODEL 91-CA

-
i
| OR EQUIVALENT
i
i
1

*CL=(CrxTURE *CMeTER)=2 342554 BPF

FIXTURE AND METER NULLED OUT
5-075311

iv,;:vm

sv
vis ) [T
1

RF VOLTMETER

Ve=Vss BOONTON RADIO
MODEL 91-CA
OR EQUIVALENT
7
P v
\ i , 0s(8)

s5-0754n
2 OF & SWITCHES

FIXTURE AND ME

Typical Switch Frequency response-switch " ON" and Test Circuit.

Vos

G-2843

Vpp =5V, Vgg =-5V, V¢ =5V
(V) 1 v =5Vp-p. SINE WAVE (177RMS)
4
3
2 —R( = IMA and 100k 3 aJaJ““"
Pt
T POINTS
0 4
k0
| S
o — g C—
0" 1 10 fis (MHz)
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C0s=0-8pF

i '} ~ 71 RF VOLTMETER BOONTON
! ! RADIO MODEL S1-CA
| f | OR EQUIVALENT

I |

1 !

I \

[T

¥CL=(CpxryRe *CMETER) =23°2 5548 pF

S-07%1
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HCC/HCF4016B

TYPICAL "ON" RESISTANCE CHARACTERISTICS, T, = 25°C

Supply Load Conditions
Conditions = = _
Characteristic* ondition RL =1 kQ RL =10 kQ Ry =100 kQ
Vobp Vss Value Vs Value Vis Value Vis
V) v) () v) () v) (€) V)
1
Ron +15 0 200 +15 200 +15 80 +15
200 0 200 0 200 0
Ron (max) +15 0 300 + 11 300 +9.3 320 +9.2
Ron +10 0 290 +10 250 + 10 240 +10
290 0 250 0 300 0
Ron (max) +10 0 500 +74 560 +5.6 610 +5.5
Ron +5 0 860 +5 470 +5 450 +5
600 0 580 0 800 0
Ron (max) +5 0 1.7k +42 7k +29 33k +2.7
Ron .25 _25 590 +25 450 +25 490 +25
720 -25 520 -25 520 -25
Ron (max) +25 -25 232k +0.25 300k +0.25 870k +0.25
* Vanation from a perfect switch, Ron= 0Q.
TEST CIRCUITS
"OFF" Switch Input or Put Leakage Current. Square-Wave Response.
Ve =¥ss Voo Voo v
- DD
ty t¢ =20ns
"0 1 e -Heraotes vis =Vop vos
HCC-HCF 40168 |—¢—+—O
1 = Mioka
T 15pFT. Lo
& i
¥ss S- 2607 ¥ss Vés S-2408
UNUSED TERMINALS ARE
éléhus CTED 10 Vg ALL UNUSED TERMINALS ARE CONNECTED TO vVgg

&1

SGS-THOMSON
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HCC/HCF4016B

TEST CIRCUITS (continued)
Crosstalk-control Input to Signal Output.

Propagaton Delay Time Signal Input (Vis) to Sig-
nal Output (Vos).

+10V Vap=+10V
Ve DD;
o/ .
ty =ty =20ns
Yis HCC -HCF 40168 Vos

-l S- 2409
ALL UNUSED TERMINALS ARE CONNECTED TO Vgg

Voo

“10V v v
Is 0s
0 ‘/_\- O—HCC -HCF 4016B

t, =ty =20ns

) L
Vss - 2410
ALL UNUSED TERMINALS ARE CONNECTED TO vgg

ALL UNUSED TERMINALS ARE CONNECTED TO Vgg

Max Allowable Control-input Repetition Rate. Switch Treshold Voltage.
Ahte v a3
e o N B
VoD — { =ty =20ns. j_
Ve
ol{ZO-ns\ Voo TR m F4016 v
rets '°5"°"M\‘ — HCC-HCF4016B os
20ns 0ns 1=10pA
Vis = Yoo O—{ HCC-HCF4016B —‘L—v——ovos y
cL | R, =10k 'S5 M
SWITCH THRESHOLD VOLTAGE IS DEFINED AS THE
VOLTAGE APPLIED TO A TRANSMISSION GATE
Vss s-un/1 CONTROL WHICH CAUSES 10uA OF TRANSMISSION

GATE CURRENT.

Capacitance Cios and Cos.

Tum-On Propagation Delay-control Input to Out-
put.

MEASURED ON BOONTON CAPACITANCE BRIDGE
MODEL 75A (1MHz)

Voo

_____ B Ve Yoo
vis 3 vos retg=2oms
O—¢ ¢ +—O
Y oo : i wsvp ;""‘:/ v
Vgg =-5V Cg=bs ___1]|'_" = HCC-HCF 40168 "IS Voo
ss B} ==Cos
Vpp =+ 5V | ! vss Yos 'aL toVpp
: ____j____ ' 1":5“"'55
1 1
—— I —— "
ALL UNUSED TERMINALS ARE CONNECTED TO V55 S-26141
ALL UNUSED TERMINALS ARE CONNECTED TO Vss
S-2413
10/10 LNy SGS-THOMSON
\ Y/ wicRoELECTROMICS
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HCC/HCF4017B
HCC/HCF4022B

COUNTERS/DIVIDERS

4017B DECADE COUNTER WITH 10
DECODED OUTPUTS

4022B OCTAL COUNTER WITH 8
DECODED OUTPUTS

s FULLY STATIC OPERATION

= MEDIUM SPEED OPERATION-12MHz (typ.) AT
Vpp =10V

= STANDARDIZED SYMMETRICAL OUTPUT
CHARACTERISTICS

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= 5V, 10V, AND 15V PARAMETRIC RATINGS

= MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4017B/4022B (extended temperature ran-
ge) and HCF4017B/4022B (intermediate tempera-
ture range) are monolithic integrated circuits,
available in 16-lead dual in-line plastic or ceramic
package and plastic micro package.

The HCC/HCF4017B and HCC/HCF4022B are 5-
stage and 4-stage Johnson counters having 10 and
8 decoded outputs, respectively. Inputs include a
CLOCK, a RESET, and a CLOCK INHIBIT signal.
Schmitt trigger action in the CLOCK input circuit pro-
vides pulse shaping that allows unlimited clock input
pulse rise and fall times. These counters are advan-
ced one count at the positive clock signal transition
if the CLOCK INHIBIT signal is low. Counter advan-
cement via the clock line is inhibited when the
CLOCK INHIBIT signal is high. A high RESET signal
clears the counter to its zero count. Use of the Joh-
nson decade-counter configuration permits high-
speed operation, 2-input decimal-decode gating,
and spike-free decoded outputs. Anti-lock gating is
provided, thus assuring proper counting sequence.
The decoded outputs are normally low and go high
only at their respective decoded time slot. Each de-
coded output remains high for one full clock cycle.
A CARRY-OUT signal completes one cycle every

June 1989

F
(Ceramic Frit Seal Package)

- @

(Plastic Package)

(Micro Package) (Plastic Chlp Carrier)
ORDER CODES :
HCC40XXBF HCF40XXBM1

HCF40XXBEY  HCF40XXBC1

PIN CONNECTIONS

40178 s [ 1] oo

2 15 ] Reser
3 1 [ cock
e

G

@
= e e e e e
»

S

40228 v b eff Yoo
2 15 [] ReseT
3 1 f] cLock
CLOCK
INHIBIT

ICARRY
5 |8

s5-2332
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HCC/HCF4017B/4022B

10 clock input cycles inthe HCC/HCF4017B or eve-
ry 8 clock input cycles in the HCC/HCF4022B and

FUNCTIONAL DIAGRAM

is used to ripple-clock the succeeding device in a
multi-device counting chain.

4017B 4022B
Voo Voo
16 t|s
2o crock —*4 LI
s siagh "
crock 4] 4 o | 2 }
cLock _13 17 w3 | 3 ReseT —] 2 5
s I el o |§
v s (8 LI
|5 e | 9 .13
Lo g | © 5 g
g 0 .-
2
[ Guteur 4 Shreur
’ T
Vss 5-2325 VSS S- 2326
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types - 05to +20 Vv
HCF Types —-05to+18 \"
Vi Input Voltage —0.5to Vpp + 0.5 \'
Iy DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mW
Top Operating Temperature : HCC Types -55t0+ 125 °C
HCF Types —40to + 85 °C
Tstg Storage Temperature —65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification i1s not implied. Exposure to absolute maximum rating conditions for external periods may affect device

reliability.
* Al voltages values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo | Supply Voltage : HCC Types 3to 18 \
HCF Types 3to 15 Vv
Vi Input Voltage 0 to Vpp \Y)
Top Operating Temperature : HCC Types -55t0 + 125 °C
HCF Types —40to + 85 °C

27 LSy SGS-THOM
Y/ siicrozELECTRONICS

144




HCC/HCF4017B/4022B

LOGIC DIAGRAMS

4017B
0 1 2 3 4 5 6 7 8 9 CaRRY OuUT
3 7 0 ®
A
[T [T ] [ 1 ]
]
L a4 | —F o
A: a —c _ o —c
R R R
resev (15 I r I Yoo
| S 7 3
o4
7 3 3
$-2299
S- 7 VSS
ALL INPUTS ARE PROTECTED BY
COSIMOS PROTECTION
4022
0 1 2 3 4 s 6 7 CARRY OUT
! ®
A
= 1
]
Lo aij o @ o a3 o m—l
a —c o —c a3 —c
R R R
)| ] Voo
koo X
—( ) —4—
x x
$-2299
Vss
ALL INPUTS ARE PROTECTED BY
s- 28 COS/MOS PROTECTION NETWORK
Lyy SGS:THOMSON 87
MICROELECTRONICS
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HCC/HCF4017B/4022B

TIMING DIAGRAMS

4017B

R AVAVAWAVAWAVAWVAVAWAVAWAWAWAWS
RESET 1
CLOCK m
INHIBIT

ge o \ /o \

S-2328

4022B

R AV AV AV AV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAR

RESED T\

p I\

T I .
. I\ I\ fi
s [\ \
s A\ [\
. I Y I

somor . | |

L Ly 355THOMSON
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HCC/HCF4017B/4022B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter v, Vo |llol | Vob Tiow" 25°C Thon” Unit
M| M | @A V) [Min. [Max. | Min. | Typ. | Max. | Min. | Max.
I | Quiescent 0/5 5 5 004 5 150
Current | ~~ [or10 10 10 0.04 | 10 300
Types [ 0/15 15 20 004 | 20 600
0/20 20 100 0.08 | 100 3000 pA
0/5 5 20 004 | 20 150
HCF 50 10 40 0.04 | 40 300
Types .
0/15 15 80 0.04 | 80 600
Vou | Output High 0/5 <1| 5 |495 4.95 4.95
Voltage 010 <1 10 | 995 9.95 9.95 v
0/15 <1 15 [14.95 14.95 14.95
VoL | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <1 10 0.05 0.05 005| V
15/0 <1]| 15 0.05 0.05 0.05
Vi | Input High 0545 |<1| 5 [ 35 35 35
Voltage 19 [<1]10] 7 7 7 v
15135[ <1 | 15 | 11 11 11
Vi | Input Low 4505 <1 5 15 15 15
Voitage g |<1] 10 3 3 3 v
13515| <1 ]| 15 4 4 4
i | Output 0/5| 25 5 | -2 -1.6]-3.2 -
o
Types 0/5 46 5 - - -1 -
0.64 0.51 0.36
00| 95 10 [-16 -1.3[-26 -0.9 mA
015| 135 15 [-4.2 -34|-68 24
0/5| 25 5 | - — |-32 -1
HCF 153 1.36
Types |0/5| 46 5 | - N -
052 0.44 0.36
00| 95 10 [-1.3 -1.1]-26 —0.9
015 135 15 |-3.6 -3.0[-68 —24
. | Output 0/5| 04 5 | 064 051 | 1 0.36
Sink HCC o0 o5 10 | 1.6 13 | 26 0.9
Current  |Types
15| 15 15 | 42 34 | 68 24 A
0/5| 04 5 | o052 044 | 1 0.36
HCF To10| o5 10 | 13 11 | 26 09
Types ) } ) ! !
05| 15 15 | 36 30 | 68 24
Iy i | Input HCC |[o0/18 18 +0.1 +107°(+ 0.1 +1
Leakage |Types
Any Input HA
Current  [ycr [o15 15 +03 +105[+ 0.3 +1
Types
C Input Capacitance Any Input 5 75 pF

* Trow = — 55°C for HCC device : — 40°C for HCF device
* Tugh = + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1" and "0" level is : 1V min width Vpp = 5V, 2V min. width Voo = 10V, 2.5V min. width Voo =

15V.

&7
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HCC/HCF4017B/4022B

DYNAMIC ELECTRICAL CHARACTERISTICS (T, = 25°C, C_ = 50pF, R, = 200k,
typical temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall time = 20ns)

Test Conditions Value
Symbol Parameter Unit
Voo W] Min. | Typ. | Max.
CLOCKED OPERATION
tpLrs truL | Propagation Delay Time 5 325 | 650
Decode Out 10 135 | 270 | ns
15 85 170
Carry Out 5 300 | 600
10 125 | 250 ns
15 80 160
trHL trn | Transition Time 5 100 | 200
Carry Out or Decoded Out Line 10 50 100 ns
15 40 80
fol” Maximum Clock Input Frequency 5 25 5 5
10 | 5 10 MHz
15 55 1
tw Minimum Clock Pulse Width 5 100 | 200
10 45 90 ns
15 30 60
t & Clock Input Rise or Fall Time 5
10 Unlimited us
15
tetup Data Setup Time 5 115 | 230
Minimum Clock Inhibit 10 50 100 ns
15 35 7.5
RESET OPERATION
teLn, teL | Propagation Delay Time 5 265 | 530
Carry Out or Decode Out Lines 10 115 | 230 ns
15 85 170
tw Minimum Reset Pulse Width 5 130 | 260
10 55 110 ns
15 30 60
tem Minimum Reset Removal Time 5 200 | 400
10 140 | 280 ns
15 75 150

* Measured with respect to carry output line.

6/7
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HCC/HCF4017B/4022B

Typical Output Low (sink) Current Characteristics.

6-2336
—

loL ]

ma) Tamb = 25'C Vos <15V

res ==,

%

7
A
20
/I
W,
16 y 4 "
1
2 L~
8
/.
% 5V
r‘y
1]

[ 2 4 6 8 10 4 Vps(V)
Typical Output High (source) Current Charac-
teristics.

6-233

o [T]

Vgs = - SV
(mA)
10 A
N
AR
AN
N\ \‘ -10V
20
N
N
Tamb =25°C 15V
2 T
111 1
] s 10 -Vps (V)

TYPICAL APPLICATIONS

Divide by N Counter (N < 10) with N Decoded Out-
puts.

HCC - HCF 40178

———— 1 F————"f.CLOCK N
HCC - HCF 40228
BESET

s- 00

Minimum Output Low (sink) Current Characteristics.

6-2337

loL . 1 }
o) Tamb=25°C
Vi =154
12 l/
L
10 —I
Bl 1
° JANEES T EREERE
6 P Il :
/ /|
3 //
2 SV
J/r_l_J____.v. R
I I I il

|
4 6 8 0 12 VsV

~

[

Minimum Output High (source ) Current Charac-
teristics.

6-2339
0
“ton [ 11
(ma) Ss3-%Y
S
NS
AN
N -
o \ Tov
AN
A
- Tamp=25%C| | | N-15v ||
[T e
[ S 10 -Vps (V)

When the N decoded output is reached (N
clock pulse) the S-R flip-flop (constructed from
two NOR gates of the HCC/HCF4001B) genera-
tes a reset pulse which clears the
HCC/HCF4017B to its zero count. At this time, if
the N decoded output is greater than or equal
to 6, the Cour line goes high to clock the next
HCC/HCF4017B counter section. The "0" deco-
ded output also goes high at this time. Coinci-
dence of the clock low and decoded "0" output
high resets the S-R ﬂlp flop to enable the
HCC/HCF4017B. If the N decoded output is
less than 6, the Cour line will not go high and,
therefore, cannot be used. In this case "0" deco-
ded output may be used to perform the clocking
function for the next counter.

L7 $65-THOMSON L

149






L{vy SGS-THOMSON
Y tuicroELECTRONICS

HCC/HCF4018B

PRESETTABLE DIVIDE-BY-N COUNTER

= MEDIUM SPEED OPERATION - 10MHz (typ.)
AT Vpp — Vss = 10V

= FULLY STATIC OPERATION

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

s« STANDARDIZED SYMMETRICAL OUTPUT
CHARACTERISTICS

= INPUT CURRENT OF 100nA AT 18V AND 25°C
FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= 5V, 10V, AND 15V PARAMETRIC RATINGS

= MEETS ALLREQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4018B (extended temperature range) and
HCF4018B (intermediate temperature range) are
monolithic integrated circuit, available in 16-lead
dual in-line plastic or ceramic package and plastic
micropackage.

The HCC/HCF4018B types consist 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 provided. Divide by 10, 8, 6, 4, or 2
counter configurations can be implemented by fee-
ding 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 the use of a HCC/HCF4011B gate
package to properly gate the feedback connection
to the DATA input. Divide-by-functions greater than
10 can be achieved by use of multiple HCC/HCF
4018B units. The counter is advanced one count at
the positive clock-signal transition. Schmitt Trigger
action on the clock line permits unlimited clock rise
and fall times. A high RESET signal clears the
counter to an all-zero condition. A high PRESENT-
ENABLE signal allows information on the JAM in-
puts to preset the counter. Anti-lock gating is
provided to assure the proper counting sequence.

June 1989

g

EY
(Plastic Package)

-

M1

(Ceramic Frit Seal Package)

F

(Micro Package) (Plastic Chip Carrier)
ORDER CODES :
HCC4018BF HCF4018BM1
HCF4018BEY HCF4018BC1

PIN CONNECTIONS

DATA —— 1

l—"m:

—— RESET
|—cLock

—as

— 1AM S

— a4

|— PRESET ENABLE

[—— JAM 4

1/7
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HCC/HFC4018B

FUNCTIONAL DIAGRAM

JAM INPUTS Vpp

T

bl blake

PRESET 10
ENABLE |

clock  —

1
DATA  —

reser 2

8

5-088911

BUFFERED OUTPUTS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types —05to+20 \
HCF Types —05to+ 18 \
V, Input Voltage - 05to Vpp +05 \"
Iy DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mW
Top Operating Temperature : HCC Types —-55t0+125 °C
HCF Types - 40 to + 85 °C
Tstq Storage Temperature - 6510 + 150 °C

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device This 1s a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification 1s not implied Exposure to absolute maximum rating conditions for external periods may affect device

reliability.

* All voltage values are refered to Vss pin voltage

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vpp Supply Voltage : HCC Types 3to 18 Vv
HCF Types 3to 15 \"
V) Input Voltage 0 to Vpp Vv
Top Operating Temperature : HCC Types —-55t0 + 125 °C
HCF Types —40to + 85 °C
2 (N7 SGS-THOMSON
Y/ GaucromzcTRONICS
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HCC/HCF4018B

LOGIC DIAGRAM

x|

L 3
C
g

|2(’?J5
Qs

|Yo_£ 13

Yoo
3-----3
— ) —4—
r 3
Vss

®ALL INPUTS PROTECTED
BY COS/MOS INPUT
PROTECTION NETWORK

$-23%

TIMING DIAGRAM

RESET

PRESET

—

\

("DATA" INPUT TIED TO Q5 FOR DECADE COUNTER CONFIGURATION)

cor ANNAANNNAAN N

Jam1
Jam2
Jam3

Jamé

Jams
a1

DON'T CARE UNTIL"PRESET" GOES HIGH

5-0887
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HCC/HFC4018B

STATIC ELECTRICAL CHARACTERISTICS (under recommended operating conditions)

Test Conditions Value
Symbol Parameter A Vo llo| | Vob Tiow" 25°C Thigh” Unit
M| [ ®A) MY [ Min. [Max.| Min. [ Typ. [Max. | Min. [Max.
I Quiescent 0/5 5 5 004 | 5 150
Current |~ [0/10 10 10 0.04 | 10 300
Types | 0/15 15 20 0.04 | 20 600
0/20 20 100 0.08 | 100 3000 pA
0/5 5 20 0.04 | 20 150
HCF om0 10 40 0.04 | 40 300
Types
0/15 15 80 0.04 | 80 600
Vou | Output High 0/5 <1| 5 |495 495 495
Voltage 0/10 <1 | 10 |995 9.95 9.95 v
0/15 <1 | 15 [14.95 14.95 14.95
VoL Output Low 5/0 <1 5 0.05 0.05 0.05
Voltage 10/0 <1 10 0.05 0.05 005| V
15/0 <1] 15 0.05 0.05 0.05
Vin Input High 0545 |<1]| 5 | 35 3.5 35
Voltage 179 |<1]10] 7 7 7 v
15M135| <1 | 15 | 11 1 11
Vi Input Low 45/05 | <1 5 1.5 1.5 1.5
Voltage 91 |<1] 10 3 3 3 v
1351.5| <1 | 15 4 4 4
lon | Output 0/5| 25 5 | -2 -16|-32 - 1.15
gz‘r’; . |Hcc o5 ] 46 5 |-064 — 051 -1 - 0.36
Types|0/10| 9.5 10 [-1.6 -13|-26 -09
0/15| 135 15 |- 4.2 -34|-68 -24 A
o/5| 25 5 |-1.53 - 1.36| — 3.2 -14
HCE |0/5| 46 5 |-052 - 0.44| -1 - 0.36
Types|0/10| 9.5 10 [-1.3 -1.1]|-26 -0.9
0/15| 135 15 |- 36 -30(-68 -24
lo. | Output 0/5| 04 5 |0.64 051 | 1 0.36
giL?ll:'ent .':fpis or0| 05 10 | 16 13 | 26 0.9
0/15| 15 15 | 4.2 34 | 68 24 A
0o/5| 04 5 | 052 0.44 | 1 0.36
HCF Tor0| 05 10 | 13 11 | 26 0.9
Types
0/15| 15 15 | 36 30 | 68 24
I, le ll_npukt ;icc 0/18 18 +0.1 +107%| + 0.1 +1
eakage ypes
current e ons] Y " 15 +0.3 +1075[+ 03 e
Types
Ci Input Capacitance Any Input 5 7.5 pF

* Tiow = — 55°C for HCC device : — 40°C for HCF device
* Tugh = +125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1" and "0" level is : 1V min. with Vpp = 5V, 2V min with Voo = 10V, 2.5 V min. with Vpp = 15V
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HCC/HCF4018B

DYNAMIC ELECTRICAL CHARACTERISTICS (T mb = 25°C, C, = 50pF, R = 200kQ,
typical temperature coefficient for all Vpp values is 0.3%/°C, all input rise and fall times = 20ns)

Test Conditions Value
Symbol Parameter - Unit
Vpp (V)| Min. | Typ. | Max.
teLH, tpHL| Propagation Delay Time 5 200 | 400
10 90 180 ns
15 65 130
ttHL, ttun| Transition Time 5 100 200
10 50 100 ns
15 40 80
foL Maximum Clock Input Frequency 5 3 6
10 7 14 MHz
15 8.5 17
tw Clock Input Width 5 160 80
10 70 35 ns
15 50 25
tr, Clock Input Rise or Fall Time 5
10 Unlimited us
15
tsetup Data Input Set-up Time 5 40 20
10 12 6 ns
15 6 3
th Data Input Hold-time 5 140 70
10 80 40 ns
15 60 30
PRESET* OR RESET OPERATION
tpLH, trHL| Propagation Delay Time 5 275 | 550
(reset or reset to Q) 10 125 | 250 ns
15 90 180
tw Preset or Reset Pulse Width 5 160 80
10 70 35 ns
15 50 25
trem Preset or Reset Removal Time 5 80 40
10 30 15 ns
15 20 10
* At PRESET ENABLE OR JAM inputs
5/7

"_l SGS-'I'I'IOMS%

155



HCC/HFC4018B

Typical Output Low (sink) Current Characteristics. Typical Output high (source) Current Charac-

teristics.

6-2337 0 G-2338
fou [ 11 LTI on 1] ]
(ma) Tamb=25°C ! ({Ves--5v

I (mA)
Vgs =15
12 = |
7’ 10
[ 1L N
10 - N
i - N
N BaY supeS A RS IS
1 | \-|0V
6 ’ yd ) o ®
. —
4 4 ! ’ [
i N
2 - — 2!1*17 i Tamp=25°C (-1sv
e N PR 30 !
AR Tl |
[ 2 4 6 8 10 12 Vps (V) [] 5 10 -Vps (V)
Minimum Output High (source) Current Charac- typical Output low (sink) Current Characteristics.
teristics.
° [TT N ‘o [TTTT] mEE
-1 -
("?A") Vc,:—sv ) Tamb = 25°C l"/GS;'i‘_"r—
- { | 2%
s \ <
AN * d
N\ \‘ 1 l/
16
) 10V
10 ) \ [~-tov 2 - —
Ny
N 8 jr
AN 4 5V|
, T Tamo=25%| [ | | -5y L~
[T iyl I 11
0 s 10 ~Vps (V) [} 2 4 6 8 10 2 Vps(V)
67 LS7 SGS-THOMSON
Y/ WicROELECTRONICS
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HCC/HCF4018B

TYPICAL APPLICATIONS

External connections for divide by 10, 9, 8, 7, 6, 5, 4, 3, 2 operation.
DIVIDEBY 10 Qs _

DIVIDE BY CONNECTED ] NO EXTERNAL
8 — BACK TO COMPONENTS

DIVIDEBY 6 Qs "DATA" REQUIRED

DIVIDEBY 4 Q2

DIVIDEBY 2 O NO CONNECTED

DIVIDE 8Y9
112 HCC-HCF 4011B

ettt
= | CONNECTED BACK
a4 —H | TO"DATA"
as + I(SKIPS ALL-I's" STATE)
|
|

DIVIDE BY?
1/2 HCC - HCF 40118

|
1 | CONNECTED BACK
T ] TO 'DATA

+ 1(SKIPS ALL-'S’ STATE)
I

g 8l

DIVIDE BY 5
112 HCC-HCF 40118

i
| | CONNECTED BACK
] | TO"DATA"
: 1 (SKIPS ALL-{'s"STATE)
I

DIVIDE BY3
1/2 HCC -HCF 4011 B

i
! | CONNECTED BACK
1 TO "DATA
| | (SKIPS ALL-I'S"STATE)
|

8l 8

8 2

L§7 SGS-THOMSON L
’ MICROELECTRONICS
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SGS-THOMSON
MICROBLEGTRONICS

HCC/HCF4019B

QUAD AND/OR SELECT GATE

= MEDIUM SPEED OPERATION : tpHL = tPLH =
60ns (typ.) AT CL = 50pF, Vpp = 10V

= STANDARDIZED, SYMMETRICAL OUTPUT
CHARACTERISTICS

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= 5V, 10V, AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100nA AT 18V AND 25°C

. FORHCC DEVICE
» 100% TESTED FOR QUIESCENT CURRENT

= MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4019B (extended temperature range) and
HCF4019B (intermediate temperature range) are
monolithic integrated circuit, available in 16-lead
dual in-line plastic or ceramic package and plastic
micro package.

The HCC/HCF4019B types are comprised of four
AND/OR select gate configurations, each consisting
of two 2-input AND gates driving a single 2-input OR
gate. Selection is accomplished by control bits Ka
and Kp. In addition to selection of either channel A
or channel B information, the control bits can be ap-
plied simultaneously to accomplish the logical A+B
function.

June 1989

EY F
(Plastic Package)  (Ceramic Frit Seal Package)
M1 c1
(Micro Package ) (Plastic Chip Carrier)
ORDER CODES :
HCC4019BF HCF4019BM1
HCF4019BEY  HCF4019BC1

PIN CONNECTIONS

Voo
A4

Kb
D4=A4Ka+B4Kb
D3=A3Ka+B3Kb
D2=A2Ka+B2Kb
D1=A1Ka+B1Kb
Ka

1/8
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HCC/HCF4019B

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types —05to0 +20 \
HCF Types —~05t0 + 18 Vv
V, Input Voltage - 0.5to Vpp + 0.5 \]
Iy DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types - 5510 + 125 °C
HCF Types ~40to + 85 °C
Tsig | Storage Temperature - 65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for external periods may affect device

reliability
* All voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage : HCC Types 3to18 Vv
HCF Types 3to 15 \
A Input Voltage 0 to Vpp \Y
Top Operating Temperature : HCC Types —55t0 + 125 °C
HCF Types —40to + 85 °C
2/8
c_ SGS-THOMSON
Y/ icroeiEcTRONICS
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HCC/HCF4019B

LOGIC DIAGRAMS
4019B
Ka, Kb Voo
9 |4 TIG
A 18
> —
B,
B4 —
2
A3 —4 12 s
83 — D4=(A4-Ka)(B4-Kb)
Az — 1 2
B2 —3|
Al —841 0_
Bl —1
5072811 18
Vs
TRUTH TABLE
Ka Kb An Bn DN
1 X 1 X 1
1 X 0 X 0
X 1 X 1 1
X 1 X 0 0
0 0 X X 0
X = Don't care
[§7 SGS-THOMSON 358
Y/ HicroELECTRONICS
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HCC/HCF4019B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter vV Vo llo] | Voo Tiow" 25°C Thigh” Unit
M| V) [(A)] (V) [Min.[max.| Min. [ Typ. [Max. | Min. [ Max.
I Quiescent 0/5 5 1 0.02 1 30
Current oo o0 10 2 0.02]| 2 60
Types | 0/15 15 4 002] 4 120
0/20 20 20 0.04 | 20 600 MA
0/ 5 5 4 0.02 4 30
"I-'ﬁ)';s 0/10 10 8 0.02 8 60
0/15 15 16 002 | 16 120
Vou Output High 0/ 5 <1 5 [4.95 4.95 4.95
Voltage 0/10 <1] 10 | 9.95 9.95 9.95 v
0/15 <1 15 [14.95 14.95 14.95
VoL | Output Low 5/0 <1 | 5 0.05 0.05 0.05
Voltage 10/0 <1 10 0.056 0.05 0.05 v
15/0 <1 15 005 0.05 005
ViH Input High 05/45 | <1 5 3.5 35 3.5
Voltage 1/9 <1] 10 7 7 7 Vv
1.5/135[ <1 | 15 11 11 11
Vi Input Low 4.5/05 | <1 5 1.5 15 15
Voltage 9/1 <11 10 3 3 3 Vv
13515 <1 | 15 4 4 4
lon Output 0/5 25 5 -2 -16|-32 - 1.15
Drive Hcc |0/5] 46 5 |-064 - 051 —1 - 0.36
Current  |Types[0/10] 95 10 [-16 —13]-26 - 09
0/15| 135 15 |—-42 -34|-68 -24 mA
0/ 5 2.5 5 |-1.53 —136|—-32 - 11
HCF |o/5] 46 5 |-052 - 0.44] -1 - 0.36
Types|0/10| 95 10 |-13 -11]-26 -09
0/15| 13.5 15 |-36 -30|-68 -24
loL Output HCC 0/ 5 0.4 5 [0.64 0.51 1 0.36
Sink Types 0/10 0.5 10 | 16 13 | 26 09
Current yp 0/15 15 15 | 42 3.4 68 24 A
HCE 0/5 0.4 5 052 0.44 1 0.36 m
Types 0/10 0.5 10 | 1.3 11 2.6 09
0/15 1.5 15 | 36 30 | 68 24
I, lie | Input HCC |o0/18 18 +01 +1075|+ 0.1 +1
Leakage |[Types
Current [HCF [o15| A™!mPut g $03 £10°[+03 ] M
Types
C Input All A and B 5 75 pF
Capacitance | Inputs
Ka and Kb 10 15 pF
Inputs

* Tow= — 55°C for HCC device : — 40°C for HCF device.
* Thigh= + 125°C for HCC device + 85°C for HCF device
The Noise Margin for both "1" and "0" level 1s : 1V min with Vpp = 5V, 2V min with Voo = 10V, 2.5 V min with Vpop = 15V

4/8
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HCC/HCF4019B

DYNAMIC ELECTRICAL CHARACTERISTICS (T mp = 25 °C, C. = 50 pF, R, = 200 kQ,
typical temperature coefficient for all Vpp values is 0.3 %/°C, all input rise and fall times = 20 ns)

Test Conditions Value
Symbol Parameter - Unit
Voo (V)| Min. | Typ. | Max.
teLH, tpHL| Propagation Delay Time 5 150 | 300
10 60 120 ns
15 50 100
tTLH, tTHL| Transition Time 5 100 200
10 50 100 ns
15 40 80

Typical Output Low (sink) Current Characteristics.

6-2336

o [TTTT]
) Tamb = 25°C | vgs =15v_|
1 2>
%
7
/
20 ya
Yy
1 /
4 1
1
] L -
A
]
/4
‘ sv]
'4/
| L
0 2 4 6 8 W0 n Vps(¥)

Typical Output High (source) Current Charac-
teristics.

Minimum Output Low (sink) Current Characteristics.

o EEENEEEREERE

@R [ [Tamb=25C o ! Jj_
ool

" | v[ =15Y ]

1 |

- LAt - .

© r jﬁd.l 1]
—+— f +T+—T_

O A T T

s 1/ Ly

/A » ]

4 i Ll
nv/4 NN
' [

LIRS 4

: / DR o .
i RN B A O I

0 2 4 6 8 10 12 VoV

Minimum Output High (source) Current Charac-
teristics.

0 6-2338 0 6-2339
2 TTT ] i [T T
=~ Vgs = -
(mA) s 1 (ma) gs» -3V
\ -
0 i AN
AN AR N 1 :
‘\ N
\
N \‘ 10V \ ~ ]~
1ov
2 10 \ 4
N
AN
N
N
Tamb =25"C -5V Tamb=25°C [ -1sv
30 it et fie R 15 e —
| 1 [T
[ [ 10 -Vps (V) 0 5 10 -vps (V)
‘_ SGS-THOMSON 5/8
’I MICROELECTRONICS
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HCC/HCF4019B

TYPICAL APPLICATIONS
AND-OR SELECTED GATING.

"8"REGISTER A" REGISTER
THCC-HCF4O1IB OR EQUV | THCCHCF 4008 OR EQUN | MHCcCHCF4om38 OR EQUV | [HCC-HCF40138 OREQUV |
' [ ' | [ i
IENERERETE L !
\ 1 Vo 1 il | i " I
i n 0 [ 0 0 i i " i
I [ i i " I
H [ i i [ I
| I ‘ I [ i
[ S, - | SR R — ) | I L
R S S p—— R - (Kb)
(Ka) ‘ 1 SELECT
| SELECT —1 T 8
A'REGISTER |
i
'
I
'
I
\
'
,
i
I
|
E— HeC-HePeowe | .
oyrput oyreur
SHIET RIGHT INPUT SHIFT LEFT
INPUT
. T
(Ka) . (Kb)
SHIFT ' SHIF
LEFT ' GHT
SELECT SELECT
cLock
P L
I
1
H D1 Qi
Enlsrr 1 SHIFT
i IGHT
ouTPUT ! ouTPUT
LHCC-HCF4OI3BOREQUY
50731

6/8
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HCC/HCF4019B

TYPICAL APPLICATIONS (continued)
TRUE COMPLEMENT SELECTOR.

ouTPUT
2

[ — "7 (Kb)

(Ka) !

TRUE

SELECT | i
+ 1
' |
' '
I
! 1
I
i ]
I |
! l
B '
! '
. '

1+ COMPLEMENT
SELECT

1 HCC-HCF 40018
UR EQUIV

HC C-HCF400B OR EQUIV

= T S T

________ e e
azest  [az-ez asems|  las-e3 acesd _ fac-me
1 T 1 el
;L S I S JE o '
outPUY oureut outPuT ourpyy IR
TRUTH TABLE
K[ K@ ouT
0 0 0
1 0 A-B
0 1 A®B
1 1 A+B
‘ SGS-THOMSON 7/8
/4 gsmmwm
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HCC/HCF4019B

TEST CIRCUITS
Quiescent Device Current. Input Voltage.
Voo
] Voo
\
INPUTS
° INPUTS OUTPUTS
VSS -~ —
Vin -~
o> e * @
o
A b — -
—]
@ NOTE
TEST ANY COMBINATION
OF INPUTS
Vss $-2079/1
Vss
$-19921
Input Leakage Current. Dynamic Power Dissipation.
VoD 500 pF
INPUTS [@gV: 1 ,,F‘ 1 ;Voo
—2 15|
Yoo -~ . Lo
o\—( > - e 1) IHZLL
Vsg -~ t—1s 12 CL||—~
-] HG n I——<
NOTE: MEASURE INPUTS — L =1H
SEQUENTIALLY TO BOTH l S-199412 (} 9
Vpp AND Vgs. CONNECT
ALL UNUSED INPUTS TO Vsg
EITHER Vpp OR Vsg -4 s-2013

8/8
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SGS-THOMSON HCC4020B/24B/40B
MICROELECTRONICS

HCF4020B/24B/40B

RIPPLE-CARRY BINARY COUNTER/DIVIDERS

4020B - 14 STAGE
4024B - 7 STAGE
4040B - 12 STAGE

= MEDIUM-SPEED OPERATION

» FULLY STATIC OPERATION

= COMMON RESET

= BUFFERED INPUTS AND OUTPUTS

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

= STANDARDIZED SYMMETRICAL OUTPUT

= CHARACTERISTICS

= 5V, 10V, AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100nA AT 18V AND
25°C FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

= MEETS ALLREQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD No. 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES"

DESCRIPTION

The HCC4XXXB (extended temperature range)
and HCF4XXXB (intermediate temperature range)
are monolithic integrated circuits, available in 14-
lead dual in-line for 4024B and 16-lead dual in-line
for 4020B, 4040B plastic or ceramic package and
plastic micropackage.

F
(Plastic Package) (Ceramic Package)
M1 C1
(Micro Package) (Plastic Chip Carrier)
ORDER CODES :
HCC40XXBF HCF40XXBM1
HCF40XXBEY  HCF40XXBC1

The HCC/HCF4020B, 4024B, and 4040B are ripple-
carry binary counters. All counter stages are master-
slave flip-flops. The state of a counter advances one
count on the negative transition of each input pulse ;
a high level on the RESET line resets the counter to
its all zeros stage. Schmitt trigger action on the input-
pulse line permits unlimited clock rise and fall times.
All inputs and outputs are buffered.

PIN CONNECTIONS
40208 4024B 4040B
an |1 6] Voo 4 . 1 [] Yoo anz | 6 Voo
an 2 15] an reser [z u] e as [|2 5] an
a3 14] Q10 as s ul] aw
Q7 [3 12 ] Q1
as |« nf) a8 a7 |« 1] as
w [ wfl o
as ﬂs .z] a9 a s 12f] ase
ar s 1|lreser e [ b ] ne a3 [ 1 || reser
a (7 wJ @ a4 [6 9] @ ez |7 w] ¢
vss e of a Vss q7 s]nc vss |8 of ar
$-2343 S-2342n s-0om
March 1989 1/6
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HCC/HFC4020B/24B/40B

FUNCTIONAL DIAGRAMS

4020B 4024B 4040B
VTn Voo VT)
16 [ 16
sH— o 14 1 Q12
MRets —o 17— ae 12 a1 ¢ —o 5 f—an
el W e ol oo 3
4 b a » —
6)—a |3 9 @ g nf—as |35
Yarre B8 2 RESET 2 6 —o i e ¢ [ Z: g
COUNTER :i — ::) E 7;‘?‘& . o g COUNTER : . &
— (PPLE Iy [ 5
15— an f COUNTER o % sl—ac E
1 f—an |~ < 6f)—a3 |7
Reser  —|n 21— on 7’ @ ReseT —Jn 7@
8 H NC=8.10,13 8 @
{ $-0484/1 s-onaz l s-2337
ves Vs vss
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpop* | Supply Voltage : HCC Types - 05to +20 \
HCF Types -05to+ 18 \"
\' Input Voltage —0.5to Vpp + 0.5 Vv
l DC Input Current (any one input) +10 mA
Ptot Total Power Dissipation (per package) 200 mwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mwW
Top Operating Temperature : HCC Types —55t0 + 125 °C
HCF Types —40to + 85 °C
Tsig Storage Temperature -65t0 + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This 1s a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification 1s not implied. Exposure to absolute maximum rating conditions for external periods may affect device
reliability

" All voltage values are refered to Vss pin voltage

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage : HCC Types 3to 18 \Y
HCF Types 3to 15 \%
' Input Voltage 0 to Vpp Vv
Top Operating Temperature : HCC Types -551t0 + 125 °C
HCF Types —-40to + 85 °C
2/ [Ny SGS-THOMSON
Y/ iicRoEEcTRONICS
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HCC/HCF4020B/24B/40B

LOGIC DIAGRAMS
4020B
- S - —
@1 Q1 ®2 Q2 |¢3 013{——&4 Q14
® FF1 FF2 : 1 FF%
— P 1— [ -
N P o a1 $2 02 192 ou:—«pun au|
1 P] | ! fr-rr L
| I |
T
Qi a  am aw
$-2338
4040B
FU N P o -
#1 Q1 P2 Q2 193 an :—¢7 an
@ £F1 FF2 : 1 FF12
» 15 a5 &
N 1 o a1 "l P2 o Q2 1?3 n :—4&7 Rmz
|
l l 4 FF3-FFM |l——r
[
a1 Q2 Q3 an an
S$-2340
4024B
_______ < —
CIY] Q6 —{¢7 07
L}
@ FF1 1 FF7
- — 1! — —
R L2l a a1 as—¢7 Q7 H
R
1 FF3-FF6 : | |
RE— |
- __; i
o1 a2 Q3 as 2339 a7
Yoo
&
O——( 11—+
r 3 3
529
Vss
ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK
LSy SGS-THOMSON 3/6
Y/ MicRoELECTRONICS
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HCC/HFC4020B/24B/40B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol|  Parameter Vi| Vo [llol[Von| Tiow 25°C Thigh* Unit
V) V) | @A V) [ Min. [Max. | Min. Typ. | Max. | Min. | Max.
I Quiescent 0/5 5 5 0.04 5 150
Current |, ~~ [0r10 10 10 0.04 | 10 300
Types | 0/15 15 20 0.04 | 20 600
0/20 20 100 0.08 | 100 3000| MA
0/5 5 20 0.04 | 20 150
HCF om0 10 40 0.04 | 40 300
Types
015 15 80 0.04 | 80 600
Voy | Output High 0/5 <1| 5 |495 4.95 4.95
Voltage 0/10 <1 ] 10 [ 995 9.95 9.95 v
0/15 <1 | 15 |14.95 14.95 14.95
Voo | Output Low 5/0 <1| 5 0.05 0.05 0.05
Voltage 10/0 <110 0.05 0.05 005| V
15/0 <1 15 0.05 0.05 0.05
Vi | Input High 0545|<1]| 5 | 35 35 35
Voltage 179 |<1|10] 7 7 7 v
15135 <1 | 15 | 11 11 1
Vi Input Low 4.5/05 | <1 5 1.5 1.5 1.5
Voltage a1 |<1| 10 3 3 3 v
135/15| <1 | 15 4 4 4
lon | Output o5| 25 5 | -2 -16|-32 - 1.15
Drive Hee |ors| 46 5 |-064 051 -1 _0.36
Current
Types|0/10| 9.5 10 |-1.6 -13|-26 -09
0/15| 135 15 |- 42 ~34|-68 -24 mA
0/5| 25 5 |-153 - 1.36| — 3.2 -1.1
HCE |o/5| 48 5 |-0.52 —0.44| —1 - 0.36
Types|0/10| 95 10 [-1.3 -1.1]|-26 -09
0/15| 135 15 |- 36 -30|-68 -24
lo. | Output 0/5| 04 5 |0.64 051 | 1 0.36
g‘:“rkrem :ﬁgs o10] 05 10 | 16 13 | 26 0.9
015| 15 15 | 42 34 | 68 24 mA
0/5]| 04 5 | o052 044 | 1 0.36
?&ZS 0/10| 05 10 | 1.3 11 | 26 0.9
015| 15 15 | 36 30 | 68 24
Iy i :_npuk: ;lcc 0/18 18 +0.1 #1075+ 0.1 £1
eakage es
Current H)g)F v A T +03 +1075[+ 03 e e
Types
Ci Input Capacitance Any Input 5 75 pF

* Tiow= — 55°C for HCC device : — 40°C for HCF device.
* Tugh= + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1" and "0" level is : 1V min. with Vpp = 5V, 2V min. with Vpp = 10V, 2.5 V min. with Vpp = 15V.

4/6
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HCC/HCF4020B/24B/40B

DYNAMIC ELECTRICAL CHARACTERISTICS (T, = 25°C, C|_ = 50pF, R = 200k,
typical temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall time = 20ns).

Test Conditions Value
Symbol Parameter Unit
[Voo (V)| Min. | Typ. | Max.
INPUT-PULSE OPERATION
tpLH, tpHL| Propagation Delay Time 5 180 | 360
(9 to Q1 Out) 10 80 | 160 | ns
15 65 130
tpLH, tpHL| Propagation Delay Time 5 100 200
Qn to Qn 41 10 40 | 80 | ns
15 30 60
trin, tthe| Transition Time 5 100 200
10 50 100 ns
15 40 80
tw Minimum Input Pulse Width 5 70 140
10 30 60 ns
15 20 40
tr, ¢ Input Pulse Rise and Fall Time 5
10 Unlimited us
15
fmax Maximum Clock Input Frequency 5 35 7
10 8 16 MHz
15 12 24
RESET OPERATION
tPHL Propagation Delay Time 5 140 | 280
10 60 120 ns
15 50 100
tw Minimum Reset Pulse Width 5 100 | 200
10 40 80 ns
15 30 60
trem Reset Removal Time 5 175 350
10 75 150 ns
15 50 100
7 3STHONSON =

171



HCC/HFC4020B/24B/40B

Minimum Output Low (sink) Current Typical Output Low (source) Current
Characteristics. Characteristics.

6-1:?7 0 G-2338
foc [T1] 1] “on [ T] ]
(mA) Tamb=25°C # . ‘1_ - Ves=-5v

TVgs=15¥ |
” A \
. A LT * ITRK
R AN
T ] A
I EERYAESEEEEEEN Y o
R 4 1 I ~
¢ /A : HI *
/ i i
4 / r ?*_ \\
1 | P
o T T RN R
Ll i it » T1111 1
o 2 4 6 8 0 12 Vps (V) L] H 10 -Vps (V)
Minimum Output High (source) Current Typical Output High (sink) Current
Characteristics. Characteristics.
0 G-2339 1 G-2336
“Ton L[] T fo [TTTT]
(ma) b i T e 2 Tes
_‘N\ %
s K i y
AR N _:ﬁ" 2 pd
16 A
11 y 10V
10 N v 2 /r — -
™N y,
\‘ T 8 /)
T, 25°C ™ ¢ 1 =
s amb = i _\7-|5}IA _‘ _
! Tl it a1l d L 11
L] s 10 -Vps (V) 0 2 4 6 8 10 12 Vps(V)

Details of Typical Flip-flop Stage.

o}— 6
— o
D

oL

-
oF—%

8l

|

P
— Q
r]\ n
® ®
XON F
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‘_ SGS-THOMSON HCC/HCF4026B
Y inicRosLECTRONICS HCC/HCF4033B

DECADE COUNTERS/DIVIDERS WITH DECODED
7-SEGMENT DISPLAY OUTPUTS

WITH; DISPLAY ENABLE 4026B
RIPPLE BLANKING 4033B

» COUNTER AND 7-SEGMENT DECODING IN

ONE PACKAGE
s EASILY INTERFACED WITH 7-SEGMENT DIS-
PLAY TYPES
s FULLY STATIC COUNTER OPERATION : DC
TO 6MHz (typ.) AT Vpp = 10V (Plastic Package) (Ceramic Frit Seal Package)
= IDEAL FOR LOW-POWER DISPLAYS
= DISPLAY ENABLE OUTPUT - 4026B
= "RIPPLE BLANKING" AND LAMP TEST - 4033B 0
= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE c1
= STANDARDIZED SYMMETRICAL OUTPUT (Micro Package) (Plastic Chip Carrier)
CHARACTERISTICS
= 5V, 10V, AND 15V PARAMETRIC RATING HCW)&SEER nggfo SXBM1
" ::'\lOPF'iJ I'gg %‘EI\E/:\IJEOF 100nA AT 18V AND 25°C HCF40XXBEY  HCF40XXBC1
= 100% TESTED FOR QUIESCENT CURRENT
= MEETS ALLREQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B" PIN CONNECTIONS
SERIES CMOS DEVICES"
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The HCC4026B/4033B (extended temperature 4026B  vee W
range) and HCF4026B/4033B (intermediate ENABLE ouT
temperature range) are monolithic integrated cir-
cuits, available in 16-lead dual in-line plastic or
ceramic package and plastic micro package. The ! I "
HCC/HCF4026B and HCC/HCF4033B each con- s 7 10
sist of a 5-stage Johnson decade counter and an
output decoder which converts the Johnson code to
a 7-segment decoded output for driving one stage s
in a numerical display. These devices are particular-
ly advantageous in display applications where low oo
power dissipation and/or low package count are im- aock [l 15
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portant. Inputs common to both types are CLOCK, meme
RESET, & CLOCK INHIBIT ; common outputs are 40338 o
CARRY OUT and the seven decoded outputs (a, b, g;'{rimc
¢, d, e, f, g). Additional inputs and outputs for the caney out [fs 12
HCC/HCF4026B include DISPLAY ENABLE input , le "
and DISPLAY ENABLE and UNGATED "C-SEG-

MENT" outputs. Signals peculiar to the 9 [
HCC/HCF4033B are RIPPLE-BLANKING INPUT
AND LAMP TEST INPUT and a RIPPLE-BLANK-
ING OUTPUT. A high RESET signal clears the S
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HCC/HCF4026B/4033B

decade counter to its zero count. The counter is ad-
vanced one count at the positive clock signal tran-
sition if the CLOCK INHIBIT signal is low. Counter
advancement via the clock line is inhibited when the
CLOCK INHIBIT signal is high. Antilock gating is
provided on the JOHNSON counter, thus assuring
proper counting sequence. The CARRY-OUT (Cout)
signal completes one cycle every ten CLOCK
INPUT cycles and is used to clock the succeeding
decade directly in a multi-decade counting chain.
The seven decoded outputs (a, b, ¢, d, e, f, g) il-
luminate the proper segments in a seven segment
display device used for representing the decimal
numbers 0 to 9. The 7-segment outputs go high on
selection in the HCC/HCF4033B ; in the HCC/-
HCF4026B these outputs go high only when the
DISPLAY ENABLE IN is high.

HCC/HCF4026B - When the DISPLAY ENABLE IN
is low the seven decoded outputs are forced low re-
gardless of the state of the counter. Activation of the
display only when required results in significant po-
wer savings. This system also facilitates implemen-
tation of display-character multiplexing. The
CARRY OUT and UNGATED "C-SEGMENT" si-
gnals are not gated by the DISPLAY ENABLE and
therefore are available continuously. This feature is
a requirement in implementation of certain divider
functions such as divide-by-60 and divide-by-12.

HCC/HCF4033B - The HCC/HCF4033B has
provisions for automatic blanking of the non-sig-
nificant zeros in a multi-digit decimal number which
results in an easily readable display consistent
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with normal writing practice. For example, the num-
ber 0050.07000 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 HCC/HCF4033B associated with the most sig-
nificant digit in the display to a low-level voltage and
connecting the RBO terminal of that stage to the RBI
terminal of the HCC/HCF4033B in the next-lower
significant position in the display. This procedure is
continued for each succeeding HCC/HCF4033B on
the integer side of the display. On the fraction side
of the display the RBI of the HCC/HCF4033B as-
sociated with the least significant bit is connected to
a low-level voltage and the RBO of that HCC/-
HCF4033B is connected to the RBI terminal of the
HCC/HCF4033B in the next more-significant-bit
position. Again, this procedure is continued for all
HCC/HCF4033B’s on the fraction side of the dis-
play. 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-sig-
nificant-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
HCC/HCF4033B associated with it to a high-level
voltage. Ripple blanking of non-significant zeros
provides an appreciable savings in display power.
The HCC/HCF4033B has a LAMP TEST input
which, when connected to a high-level voltage,
overrides normal decoder operation and enables a
check to be made on possible display malfunctions
by putting the seven outputs in the high state.




HCC/HCF4026B/4033B

FUNCTIONAL DIAGRAMS
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpp* | Supply Voltage : HCC Types -05to+20 \"
HCF Types -05t0+ 18 \']
V, Input Voltage —0.5to Vpp +0.5 \
I DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mw
Top Operating Temperature : HCC Types —-55t0+ 125 °C
HCF Types —40to + 85 °C
Tstg Storasge Temperature - 65to + 150 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This I1s a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-

tions of this specification 1s not implied. Exposure to absolute maximum rating conditions for external periods may affect device
reliability.

* Al voltages values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage : HCC Types 3to 18 \
HCF Types 3to 15 \"
" Input Voltage 0 to Voo \]
Top Operating Temperature : HCC Types -55t0 + 125 °C
HCF Types —-40to + 85 °C
LNy SGS:THOMSON 810
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HCC/HCF4026B/4033B

LOGIC DIAGRAMS
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