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FOREWORD

Toshiba C2MOS IC Family

-The Toshiba C2MOS family is a group of all-purpose CMOS
digital ICs which are composed of materials having various logic
functions. They not only can be used for industrial electronics
equipment and home electronics equipment but also have applica-
tions in a variety of fields.

CMOS devices have such features as low power consumption, a
single power supply, a wide operating voltage range and a high noise
margin. In addition, they have epoch-making characteristics which
conventional ICs do not have. They have recently established a firm
position as all-purpose logic elements in conjunction with TTL and
LSTTL.

Since the introduction of the C2MOS IC in 1972, Toshiba has
made every effort to develop products which are more reliable and
less expensive.

Meanwhile, with respect to product standardization, Toshiba
marketed B series products (conform to EIA/JEDEC international
standards) domestically for the first time in April 1978. Then in
January 1982, Toshiba became the first in Japan to develop and mass
produce a compact, thin type, mini flat C>2 MOS and has continued to
be a world leader in the field of CMOS IC development.

Currently, in the Toshiba C?MOS family, in addition to 149
types of standard dual inline devices, 58 typés of mini flat devices
are available.

In addition to this publication, there is a separate edition availa-
ble which contains High Speed C2MOS data book. Please use it
along with this publication.



IMPORTANT NOTICES

The circuit examples illustrated herein are pre-
sented only as a guide for the performances or the
applications of our products.

Keep in mind that no responsibility is assumed
by TOSHIBA for its use, nor for any infringements
of patents or other rights of the third parties which
may result from its use, and that no license is
granted by implication or otherwise under any patent
or patent rights of TOSHIBA.

Toshiba reserves the right to make changes to
any product for improving reliability, function or
other characteristics. -
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TC4000 Series

PRODUCT NAME FUNCTION PAGE
TC4000BP DUAL 3 INPUT NOR GATE PLUS INVERTER 75
TC4001BP/BF QUAD 2 INPUT NOR GATE 80
TC4001UBP QUAD 2 INPUT NOR GATE 83
TC4002BP/BF DUAL 4 INPUT NOR GATE 80
TC4006BP 18-STAGE STATIC SHIFT REGISTER 86
TC4007UBP /UBF DUAL COMPLEMENTARY PAIR+INVERTER 30
TC4008BP 4-BIT FULL ADDER ) 94
TC4009UBP HEX BUFFER/CONVERTER (Inverting Type) 97
TC4010BP HEX BUFFER/CONVERTER (Non-Inverting Type) 97
TC4011BP/BF QUAD 2 INPUT NAND GATE 107
TC4011UBP QUAD 2 INPUT NAND GATE 83
TC4012BP/BF DUAL 4 INPUT NAND GATE 107
TC4013BP/BF DUAL D-TYPE FLIP FLOP 104
TC4014BP 8-STAGE STATIC SHIFT REGISTER 108
TC4015BP/BF DUAL 4-STAGE SHIFT REGISTER 112
TC4016BP/BF QUAD BILATERAL SWITCH 116
TC4017BP/BF DECADE COUNTER/DIVIDER 121
TC4018BP PRESETTABLE DIVIDE-BY-''N" COUNTER 126
TC4019BP/BF QUAD AND/OR SELECT GATE 131
TC4020BP /BF 14 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 134
TC4021BP 8-STAGE STATIC SHIFT REGISTER 138
TC4022BP OCTAL COUNTER/DIVIDER 142
TC4023BP/BF TRIPLE 3 INPUT NAND GATE 107
TC4024BP/BF 7 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 147
TC4025BP/BF TRIPLE 3 INPUT NOR GATE 80
TC4027BP/BF DUAL J-K MASTER-SLAVE FLIP-FLOP 151
TC4028BP/BF BCD-TO-DECOMAL DECODER 155
TC4029BP /BF PRESETTABLE UP/DOWN COUNTER 158
TC4030BP/BF QUAD EXCLUSIVE-OR GATE 164
TC4032BP TRIPLE SERIAL ADDER (Positive Adder) 167
TC4O3LBP 8-STAGE STATIC BIDIRECTIONAL PARALLEL?SERIAL IN/OUT 172

BUS REGISTER
TC4035BP 4-STAGE PARALLEL IN/PARALLEL OUT SHIFT REGISTER 177
TC4036BP 4 WORD x 8 BIT STATIC RAM 182 |
TC4038BP TRIPLE SERIAL ADDER (Negative Adder) 167
TC4039BP 182

4 WORD X8 BIT STATIC RAM




TC4000 Series (Continued)

PRODUCT NAME FUNCTION PAGE
TC4040BP/BF 12 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 188
TC4042BP /BF QUAD CLOCKED "D" LATCH 192
TC4043BP QUAD 3-STAGE NOR R/S LATCH 196
TC4044BP /BF QUAD 3-STATE NAND R/S LATCH 200
TC4047BP LOW-POWER MONOSTABLE/ASTABLE MULTIVIBRATOR 204
TC4049BP /BF HEX BUFFER/CONVERTER (Inverting Type) 211
TC4050BP/BF HEX BUFFER/CONVERTER ‘(Non-Inverting Type) 211
TC4051BP/BF SINGLE 8-CHANNEL MULTIPLEXER/DEMULTIPLEXER 214
TC4052BP /BF DIFFERENTIAL 4-CHANNEL MULTIPLEXER/DEMULTIPLEXER 214
TC4053BP /BF TRIPLE 2~ CHANNEL MULTIPLEXER/DEMULTIPLEXER 214
TC4054BP /BF LIQUID-CRYSTAL DISPLAY DRIVER (4-Segment) 218
TC4055BP LIQUID-CRYSTAL DISPLAY DRIVER (BCD TO 7-Segment) 222
TC4056BP /BF LIQUID-CRYSTAL DISPLAY DRIVER (BCD TO 7-Segment) 222
TC4063BP/BF 4-BIT MAGNITUDE COMPARATOR 227
TC4066BP /BF QUAD BILATERAL SWITCH 231
TC4068BP/BF 8 INPUT NAND/AND GATE 236
TC4069UBP/ UBF HEX INVERTER 239
TC4071BP/BF QUAD 2 INPUT OR GATE 242
TC4072BP/BF DUAL 4 INPUT OR GATE 242
TC4073BP/BF TRIPLE 3 INPUT AND GATE 245
TC4075BP/BF TRIPLE 3 INPUT OR GATE 242
TC4076BP 4-BIT D-TYPE REGISTER 248
TC4077BP/BF QUAD EXCLUSIVE-NOR GATE 253
TC4078BP /BF 8 INPUT NOR/OR GATE 256
TC4081BP/BF QUAD 2 INPUT AND GATE 245
TC4082BP DUAL 4 INPUT AND GATE 245
TC4085BP DUAL 2-WIDE 2 INPUT AND-OR-INVERT GATE 259
TC4086BP 4-WIDE 2 INPUT AND-OR-INVERT GATE 262
TC4093BP/BF QUAD 2 INPUT NAND SCHMITT TRIGGER 266
TC4094BP/BF 8-BIT SHIFT-AND-STORE BUS REGISTER 269
TC4099BP /BF 8-BIT ADDRESSABLE LATCH 275
TC40102BP 8-STAGE PRESETTABLE DOWN COUNTER (2-Decode BCD Type) 280
TC40103BP 8-STAGE PRESETTABLE DOWN COUNTER (8-Bit Bynary Type) 280
TC40104BP 4-BIT BIDIRECTIONAL SHIFT REGISTER WITH 3-STATE 289

OUTPUTS
TC40107BP DUAL 2 INPUT NAND BUFFER/DRIVER 295




TC4000 Series (Continued)

PRODUCT NAME FUNCTION PAGE
TC40117BP PROGRAMMABLE DUAL 4-BIT TERMINATOR 298
TC40160BP PROGRAMMABLE DECADE COUNTER WITH ASYNCHRONOUS CLEAR 303
TC40161BP PROGRAMMABLE BINARY COUNTER WITH ASYNCHRONOUS CLEAR 303
TC40162BP PROGRAMMABLE DECADE COUNTER WITH SYNCHRONOUS CLEAR 303
TC40163BP PROGRAMMABLE BINARY COUNTER WITH SYNCHRONOUS CLEAR 303
TC40174BP/BF HEX "D"-TYPE FLIP-FLOP 311
TC40175BP/BF QUAD "D"-TYPE FLIP-FLOP 315
TC40192BP PRESETTABLE BCD UP/DOWN COUNTER 319
TC40193BP PRESETTABLE BINARY UP/DOWN COUNTER 319
TC40194BP 4-BIT BIDIRECTIONAL SHIFT REGISTER WITH RESET 289
TC4500 Series

PRODUCT NAME FUNCTION PAGE
TC4501BP TRIPLE .GATE (Dual 4 Input NAND+2 Input NOR/OR) 326
TC4502BP STROBED HEX INVERTER/BUFFER 330
TC4503BP/BF HEX NON-INVERTING 3-STATE BUFFER 334
TC4508BP DUAL 4-BIT LATCH 337
TC4510BP/BF PRESETTABLE BCD UP/DOWN COUNTER 342
TC4511BP/BF BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 3438
TC4512BP/BF 8-CHANNEL DATA SELECTOR 353
TC4514BP 4-BIT LATCH/4-TO-16 LINE DECODER (High) 356
TC4515BP 4-BIT LATCH/4-TO-16 LINE DECODER (Low) 356
TC4516BP/BF PRESETTABLE BINARY UP/DOWN COUNTER 361
TC4518BP/BF DUAL BCD UP COUNTER 367
TC4519BP 4-BIT AND/OR SELECTOR 373
TC4520BP/BF DUAL BINARY UP COUNTER 367
TC4521BP 24-STAGE FREQUENCY DIVIDER 376
TC4522BP PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (BCD) 381
TC4526BP/BF PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (Binary) 381
TC4527BP BCD RATE MULTIPLIER 389
TC4528BP/BF DUAL MONOSTABLE MULTIVIBRATOR 395
TC4530BP DUAL 5 —INPUT MAJORITY LOGIC GATE 399
TC4531BP 12-BIT PARITY TREE 402
TC4532BP 8-BIT PRIORITY ENCODER 405
TC4538BP/BF DUAL PRECISION MONOSTABLE MULTIVIBRATOR 409
TC4539BP/BF DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 414




TC4500 Series (Continued)

PRODUCT NAME FUNCTION PAGE
TC4543BP/BF BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 417
TC4555BP DUAL BINARY TO 1-OF-4 DECODER/DEMULTIPLEXER (Hihg) 422
TC4556BP/BF DUAL BINARY TO 1-0OF-4 DECODER/DEMULTIPLEXER (Low) 422
TC4560BP NBCD ADDER 426
TC4561BP 9's COMPLEMENTER 431
TC4572BP/BF HEX GATE (4 INVERTER+2 Input NOR+2 Input NAND) 435
TC4583BP DUAL SCHMITT TRIGGER. 438
TC4584BP/BF HEX SCHMITT TRIGGER 442
TC4585BP 4-BIT MAGNITUTE COMPARATOR 445
TC5000 Series

PRODUCT NAME FUNCTION PAGE
TC5001P 4-DIGIT DEGADE COUNTER 449
TC5002BP BCD TO 7-SEGMENT DECODER/LED DRIVER 459
TC5012BP/BF HEX NON-INVERTING 3-STATE BUFFER 464
TC5018P 4-BIT BINARY COUNTER/CLOCK GENERATOR 467
TC5020BP HEX LOW-TO-HIGH VOLTAGE TRANSLATOR 471
TC5022BP BCD TO 7-SEGMENT DECODER/LED DRIVER 459
TC5023BP 16-CHANNEL MULTIPLEXER 474
TC5024BP QUAD 3-STATE NON-INVERTING BUFFER 477
TC5025BP QUAD 3-STATE NON-INVERTING BUFFER 477
TC5026BP DECADE COUNTER 481
TC5027BP BINARY COUNTER 485
TC5029BP QUAD 2-INPUT NAND OPEN DRAIN GATE (N-CHANNEL) 489
TC5032P 6-DIGIT DECADE COUNTER 492
TC5036P 17-STAGE HIGH SPEED FREQUENCY DIVIDER (DYNAMIC) 501
TC5036AP 17-STAGE HIGH SPEED FREQUENCY DIVIDER 505
TC5037P 4-DIGIT DECADE COUNTER 510
TC5043P CR TIMER 517
TC5048P 17-STAGE HIGH SPEED FREQUENCY DIVIDER (DYNAMIC) 501
TC5048AP 17-STAGE HIGH SPEED FREQUENCY DIVIDER 505
TC5050P DUAL 50/64~STAGE STATIC SHIFT REGISTER 524
TC5051P 4~DIGIT DECADE COUNTER 526
TC5052P 4-DIGIT DECADE COUNTER 526
TC5053P 4-DIGIT UP/DOWN DECADE COUNTER 533
TC5054P 4=DIGIT UP/DOWN DECADE COUNTER 533
TC5064BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT 540
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TC5000 Series (Continued)

PRODUCT NAME FUNCTION PAGE
TC5065BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT 540
TC5066BP 7-LINE HIGH VOLTAGE BUFFER 544
TC5067BP 7-LINE HIGH VOLTAGE BUFFER 544
TC5068BP BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 548
TC5069BP BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 548
TC5070P 6 DIGIT UNIVERSAL COUNTER '999999" 554
TC5071P 6 DIGIT UNIVERSAL TIMER "995959" 554
TC5072P 6 DIGIT UNIVERSAL TIMER "595999" 554
TC7400 Series

PRODUCT NAME FUNCTION PAGE
TC7400BP QUAD 2-INPUT POSITIVE NAND GATE 568
TC7404UBP HEX INVERTING BUFFER 571
TC7476BP DUAL J-K MASTER SLAVE FLIP FLOP 574
TC5000 Series/TC35000 Series (A/D CONVERTER Series)

PRODUCT NAME FUNCTION PAGE
TC5090AP 8 BIT A/D CONVERTER 577
TC5091AP 8 BIT A/D CONVERTER (WITH 6ch ANALOG MPX.) 590
TC5092AP 13 BIT A/D CONVERTER {WITH 8ch ANALOG MPX.) 603
TC5093AP 8 BIT A/D CONVERTER (WITH 8ch ANALOG MPX.) 614
TC35094P 8 BIT A/D CONVERTER 620
TC35095P 8 BIT 8ch SERIAL I/0 A/D CONVERTER 625
TC35096P 8 BIT 4ch SERIAL I/0 A/D CONVERTER 631
TC35097P 8 BIT 2ch SERIAL I/0 A/D CONVERTER 637
TC35098P 8 BIT SERIAL I/0 A/D CONVERTER 642
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FUNCTION SELECTION TABLE

FUNCTION DEVICES
NAND TC4011BP/BF,TC4011UBP ,TC4012BP/BF , TC4023BP /BF , TC4068BP /BF
TC7400BP
NOR TC4000BP, TC4001BP/BF , TC4001UBP, TC4002BP /BF , TC40258P /BF
TC4078BP/BF ‘
AND TC4068BP/BF , TC4073BP/BF, TC4081BP /BF , TC4082BP
OR TC4071BP/BF,TC4072BP/BF , TC4075BP /BF , TC4078BP /BF
GATES INVERTER TC4007UBP /UBF, TC4009UBP, TC4049BP /BF , TC4069UBP /UBF, TC7404UBP
BUFFERS BUFFERS TC4009UBP, TC4010BP, TC4049BP /BF , TC4050BP /BF
3-STATE TC4502BP, TC5012BP /BF , TC5024BP, TC5025BP , TC4503BP
OPEN DRAIN |TC40107BP,TC5029BP,TC5064BP,TC5065BP,TC5066BP,TC5067BP
MULTIFUNCTION ¥gigigg§{2€2§§ggg?¥gzgséﬁgﬁgg7BP/Bf,TC40853P,TC4086BP,Tc4501BP
SCHMITT TRIGGER |TC4093BP/BF,TC4583BP,TCA4584BP/BF
LEVEL SHIFTER |TC4009UBP,TC4010BP,TC4049BP/BF,TC4050BP/BF, TC5020BP
FLIP-FLOP TC4013BP/BF,TC4027BP/BF, TC40174BP /BF , TC4017 58P /BF , TC7476BP
LATCHES TC4042BP/BF , TC4043BP, TC4044BP /BF , TC4099BP /BF , TC4508BP
MULTIVIBRATORS TC4047BP, TC4528BP/BF, TC4538BP /BF
DECODERS TC4028BP /BF ,TC4514BP . TC4515BP . TC4555BP , TC4556BP /BF
LED TC4511BP/BF, TC5002BP, TC5022BP
giiggﬁY LcD TG4054BP/BF , TC4055BP , TC4056BP/BF , TC4 54 3BP /BF
. DIGITRON TC5068BP.TC5069BP
ENCODER TC4532BP
SHIFT TC4006BP, TC4014BP, TC4015BP/BF , TC4021BP, TC4034BP, TC4035BP
REGISTERS TC4094BP/BF, TC40104BP, TC40194BP, TC5050P
STORAGE TC4076BP
BINARY TC4029BP /BF, TC40161BP,TC40163BP,TC40193BP,TC4516BP /BF
TC4520BP/BF , TC5018BP, TC5027BP
DECADE TC4029BP/BF , TC40160BP , TC40162BP, TC40192BP, TC4510BP/BF
TC4518BP/BF,TC5026BP
COUNTERS DIVIDER TC4020BP/BF, TC4024BP/BF, TC4040BP /BF , TC4521BP, TC5036P , TC5036AP
TC5048P, TC5048AP
DIVIDE-BY-"N"  |TC4018BP,TC40102BP,TC40103BP,TC4522BP,TC4526BP/BF
N-DIGIT DECADE | TC5001P,TC5032P,TC5037P,TC5051P, TC5052P,TC5053P, TC5054P, TC507 0P
OTHER TC4017BP/BF, TC4022BP
TIMERS TC5043P,TC5071P,TC5072P
MULTI~ ANALOG TC4051BP/BF, TC4052BP/BF , TC4053BP /BF
PLEXERS DIGITAL TC4512BP/BF, TC4539BP/BF , TC5023BP
ADDER TC4008BP, TC4032BP, TC4038BP, TC4560BP
COMPARATOR TC4063BP /BF , TC4585BP
2§;€ﬁ¥221c PARITY TREE TC4531BP
RATE MULTIPLIER |TC4527BP
9's COMPLEMENTER| TC4561BP
MEMORIES (RAM) TC4036BP, TC4039BP
ANALOG SWITCH TC4016BP/BF,TC4066BP/BF
OTHER TC40117BP

A/D CONVERTERS

TC5090AP, TC5091AP, TC5092AP, TC5093AP , TC35094P , TC35095P, TC35096P
TC35097P, TC35098P
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1.

OUTLINE

C2MOS IC Family

1.1

CMOS and C2MOS

'""CMOS" is an abbreviation of "Complementary Metal Oxide Semi-
conductor", and "Complemehtary" means to combine P-channel type MOS
FET and N-channel type MOS FET complementarily. The CMOS circuit
configuration, since its announcement at ISSCC in 1963, attracted
a large expectation for its performance with super-low power con-
sumption and operation at low voltage, and after such process as
settlement of production problems through the ion implantation
process, reduction in pattern size through circuit research, etc.,

has now been established as one field of integrated circuits.

At present, use of CMOS LSI in electronic calculators, clocks, etc.
is remarkable. In addition to these LSI, the features of CMOS

are also very attractive in the field of so-called industrial
electronic equipment including measuring and control equipment,
business machines, etc., and it may be said to be a matter of course

that CMOS logic family is demanded.

To respond these need promptly, TOSHIBA has put CMOS logic element
on sale as C2ZMOS IC Family.

c2M0S is an abbreviation of "Clocked CMOS", which is one of the CMOS

"circuit configurations. This type of circuit was made public by

Toshiba at ISSCC in 1973 and since then, it has been applied to
mainly sequential circuits of TOSHIBA's MSI and LSI as it becomes

an extremely powerful circuit means.
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1

Therefore, CZMOS is used as the general name of TOSHIBA CMOS ICs

including combined circuits without clocked gate used.

.2 TOSHIBA C2MOS Family

C2MOS Family products shown below are made available from TOSHIBA

for use in all sorts of equipment.

— TC4000B Series
Compatible with RCA's CD4000B Series

— TC4500B Series
— Standard ——— Compatible with MOT's MC14500B Series

2
C<M08 L TC5000B/TC5000 Series

TOSHIBA's original series

L~ TC7400B Series
Compatible with TTL 54/74 Series

TC40HO00 Series

TOSHIBA |— High-speed— Compatible with TTL 54/74 Series

c2M0S c2M0s TC50HO00 Series

TOSHIBA's original series

— TC74HCO0 Series, TC74HCOOA Series
Compatible with TTL 54/74 Series

- TC74HC4000 Series, TC74HC4000A Series
L Compatible with RCA's CD4000B Series

I— TC74HC4500 Series, TC74HC4500A Series
Compatible with MOT's MC14500B Series

L TC74HCT000 Series, TC74HCTOO0A Series

. Input level is compatible with TTL

Advanced

L High~Speed
€2M0S

TC74AC00 Series
Compatible with TTL 54/74 Series

16



Further, the Mini-Flat Package (MFP) C2ZMOS Family products are
also available from TOSHIBA to satisfy demands of equipment for

compact size and light weight.

TC4000BF Series

Standard R 3
— - TC4500UBF Series
C2M0OS Type
TC5000BF Series
TOSHIBA MFP High-speed — TC4OHOOOF Series
¢2MOS Fami ly C2MOS Type

L— TC50HOOOF Series

— TC74HCOOF Series, TC74HCOOAF
Series

TC74HC4000F Series, TC74HC4000AF
Series

“— TC74HC4500F Series, TC74HC4500AF
Series

| _ Advanced High-Speed

C2MOS Type —— TC74ACO0F Series

1.3 Standard Construction of Model No. of C2MOS Family Products

TC 4011 BP
L————- P: Plastic package

F: Mini flat package
"B" Series standard product

Part No.

TOSHIBA C2MOS

17



1.4

TOSHIBA B Series C2MOS
TOSHIBA B Series C2MOS have ratings and characterisitcs
satisfying EIA/JEDEC standards;.definitely speaking, they have
basic characteristics shown below: ‘
A wider operating supply voltage range of 3 ™ 18V.
Guaranteed electrical characteristics under 3 supply voltage con-
ditions of 5V, 10V and 15V.
Buffer structure adopted for all outputs
2 inputs of LTITL (Low Power TTL) and 1 input of LSTTL (Low Power
Shottkey TTL) can be directly driven.
Noise Immunity: 1v (Min) @ Vpp = 5V *1
2V (Min) @ vpp = 10V
2.5V (Min) @ Vpp = 15V
*1  "UB" Series products and some products including analog switch,

level shifter, etc. have different noise margines.



2. Operational Principle and Features of CMOS
2.1 Basic circuit and structure of CMOS

Inverter circuit is taken as an example of CMOS basic circuit. CMOS
inverter, as shown in Fig. 2-1, consists of the common input terminal
shared by P-channel enhancement (normally off) type MOS FET and N-channel
enhancement type MOS FET and the common output terminal shared by each
drain.

As shown in the same figure, CMOS inverter, uses P-channel and N-
channel MOS FETs complementarily.

Usually, the source of P-channel MOS FET is connected to Vpp (+supply)
and the source of N-channel MOS FET is connected to Vgg (usually GND) .

Fig. 2-2 illustrates the cross section using the basic process.

N-type silicon is used as substrate for CMOS basic process.

VoD For normal P-channel MOS FETs , P-type
s impure material is selectively diffused in
P-CHANNEL FET the domain of N-type substrate to form the
¢ D source and the drain. For CMOS, however,
T D oUTEUT since N-channel MOS FET is also required to
e} N-CHANNEL FET be formed in same substrate, after form-
s ' ing P-type island domain (P-well) in N-type
Vss substrate by means of ion implanation,
N-channel MOS FET is formed in this P-well.

Fig. 2-1 Circuit Diagram And P-channel MOS FET is formed in the sub-

0S I t
of CMOS Inverter strate outside of this island domain.

VoD IN " ouT Vgss

A¢ WIRING

ME_FLP_I IN!!meMliJ 7 ¥ OXIDE FILM

— S P-WELL
-CHANNEL MOS TR

“ V
CHANNEL STOPPER

N SUBSTRATE

P-CHANNEL MOS TR

Fig. 2-2 Structural Cross Section of AL Gate CMOS
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N-type substrate and P-well are separated (reverse biased) by Vpp and
Vgg. Therefore, P-channel and N-channel FETs operate independently each

other with no mutual interferences.

Fig. 2-2 is the basic cross section of CMOS inverter. The static
protection circuit is inserted in the input gate as shown in Fig. 2-3 for

the actual products.

INPUT INPUT GATE A

N-SUBSTRATE /

L——OVDD

Fig. 2-3 CMOS Input Protection Circuit

Fig. 2-4 shows the equivalent circuit of CMOS inverter including the
input protection circuit and the parasitic circuits. Fig. 2-4 actually

represents the circuits of TC4069 UBP and TC7404 UBP.

\2
0DD

%Dz Epa Di,D2; Input protection diode

DLE----- 7r[4}——1 L SO ; Input protection resistor
N My _ o D3,Dy; Parasitic diode formed by
R [4 ouT P-channel MOS FET
o2& ' N Ds,Dg; Parasitic diode formed by

kD5 & Ds N-channel MOS FET
7 Yag D7 ; Parasitic diode formed by
P-well

Fig. 2-4 CMOS Inverter taking Parasitic Circuits into Consideration

Although the diodes inserted in the equivalent circuit are all re-
verse bias during operation without causing any interferences for normal
circuit operatibn, caution should be observed since degradation and damage
of the elements may be resulted by making those diodes forward biased when
the power supply is connected with reverse polarity or the interface is

driven roughly.

20



2.2 Basic characteristics of CMOS

CMOS is a classification based on the circuit configuration and the
characteristics of each MOS FET actually used are equal to common enhance-

ment type FETs.

Therefore, in the case of CMOS also, the characteristics of P-channel

and N-channel MOS FETs can be basically approximated by $hockley's equation.

Ips = K [2Vpg(Vgs - Vp) - Vps2), Vpg < Vgg = VT ..... (2.1)
Ips = K (Vgs - Vp) 2 , Vpg 2 Vg = VT e... (2.2)
Ips =0 > Vgs < Vg . (2.3)

Where the constant K is

e
5 Channel length
;  Channel width
Eox 5 Dielectric constant of gate oxide film
tox ; Thickness of gate oxide film
u ; Mobility of electron or positive hole
Vpg ; Potential difference between drain and source
ves s Pofential difference between gate and source
Vr ; Threshold voltage
Using the above approximation equations Von(Vo)

(2.1) v (2.3), the basic characteristics are

explained below taking inverter as an example.

(1) Transfer characteristic of inverter
Vin
The input voltage, the output voltage and

the power supply voltages are assumed to be

ViN, Voyr and +Vg volts respectively.

The threshold voltages are assumed to be

Vrp for P-channel FET and Vpy for N-channel

FET respectively. Fig. 2-5 Relationships of

Various Bias

21




Here, Vrp is considered to have negative value and Vpy to héve positive
value. As it is clear from Fig. 2-5, Vpg and Vgg which appeared in
equations (2.1) "V (2.3) are

Vps = Vour > Vgs = VIN
for N-channel FET.

So, equations (2.1) v (2.3) can be rewritten as shown below.

Ipsy = Ky [2Vour(ViN-Viw)-Vour?l,  Vour < VIn - Voy ... (2.4)
Ipsy = Ky (Viy - Vqp 2 > Vour 2 VIN = VTN ... (2.5)
IpsN = 0 5 ViN < VTN ... (2.6)

On the other hand, since
Vps = Vo - Voyr AND Vgg = Vg - Viy
for P-channel, equations (2.1) ~ (2.3) can be rewritten as follows.

_ 24-
Ipsp = Kpl2(Vp-Voyur) (Vo-Vin-| Vop |- (Vo-Vour) <1,

Vour > Viy + |vrp| ..... (2.7)
Ipsp = Kp(Vo-Vin-|Vre) 2, Vour < Viy + |Vop|  ..... (2.8)
Ipsp = 0 JVIN + |Vrp| 2 Vo ceee. (2.9)

When the input voltage of inverter varies from 0 volts to Vg volts,
the operating range of each MOS FET can be classified into the following

five regions.
@ oy < vy £ iy
@ Vry < VIN < Vour -|Vrp|
® vour - |Vrp| S Vin S Vour * VIn
® vVoyr + Vry < VIN < Vo - |Vrp|

® v - |Vrpl

1IN

Vin £ Vo

The currents in the above five regions for each FET forming the

inverter can be represented by equations (2.4) N (2.9) respectively.
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(2)

When the input/output transfer characteristic is to be obtained, since
the current carried by P-channel, Ipgp is equal to the current carried
by N-channel, Ipgy, the transfer characteristic in each region is

obtained by making Ipgy = Ipgp-

Especially, by making Ipgy = Ipgp in the equations (2.5) and (2.8) of

current in the region of 2 , the following equation is obtained.

VIN =

Fig. 2-6 shows the comparison between the theoretical values obtained

by those equations and the measuring values.

Vo = 10V
10
—~ N
- |
N
& 8 8V
) ——— : MEASURING
= i VALUE
= ----- ! THEORETI CAL
87 VALUE BY
3 SHOCKLEY 'S
. EQUATION
=
f=}
Ay
=
f=]
(@]
A
6 8

INPUT VOLTAGE Vg (v)

Fig. 2-6 Input/Output Transfer Characteristics
Step respense of inverter

When step input which varies from O volts to +Vg volts is applied to the
inverter input, P-channel FET is turned off and N-channel FET is turned

on. As a result, electrical charge stored in the load capacitor Coyr is
discharged through N-channel FET and the output voltage Voyr varies from
+Vp volts to 0O volts as the discharge proceeds.




a) When Voyr 2 Vg - VN

The equation for current is given by (2.5) and since Coyp is dis-
charged by this current,
d Vour
- Ipsy = Cour —3¢  » Vour = Vp at 5 =0

N
When this is integrated,

se. - fVour Cout )
o dt = - VO KN(VO—VTN)Z dVOUT
Namely,
Cout
= e -V ceee.. (2210
Kn (g - w2 (VO our) (2.10)

If tg is defined at Vgyr = Vg - Vpy,
o - —Cour - VN
0 Ky(Vo -Vry) 2
b) When Vout £ VO - VTN

If integrated similarly as a) using equation (2.4),

v
t ~CoNT sVour 1 1
Shde = ———  _ x + -
o 2Ky(Vo-Vry) - Vo-Vry | Vour — 2(o-Vour)-Vour)  °CF
Then,
- Cout 2(Yo-V) -Vour (2.11)
KN (VO_VTN) ZKN(VO-VTN) n VOUT ..... .

As the fall time tg is the time required for the output voltage to vary
from 907 to 10%Z, if t; is assumed to be the time for the output

voltage to reach 90% of Vg and tj; is assumed to be the time

to reach 10% of Vp, t] and ty are given from equations (2.10) and
(2.11) as follows.

Cout
e i Ty e~ 0.1V,
t1 Ky (Vo-Vrn)2 ® 0

i Cout VIN Cout [Z(VO—VTN)-O.1V0]
2 7 knWp-vrp 2 T 2Ry(Vo-Vry) T 0.1vg
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Therefore,

VTN-0.1V0 VTN

= - =l —) - Y

tg = to-t) {VO-VTN +1/2 40 (2005 D-11px W ... (2.12)
Cour

h ™N = ————
where Ky (VoY)

L Eox By Wy

K
N tox Ly

(9

1/2

The rise time ty, can be obtained similarly and the result will be

the same as equation (2.12) except that N is replaced by P.

Features of CMOS

Table 2-1 compares the characteristics of logic families including
CMOS. From this table it is clear that although the speed is slower
than others, the power dissipation in quiescent state and the noise

immunity are far superior to others.

And since CMOS has wider operating supply voltage range, the supply

vpltage can be flexibly set according to the applications and where to

be used.
Table 2-1 Comparison of Various Logic Families
Parameter Standard|Low power| Low power CMOS CMO S
(typical values) TTL TTL Schottky TTL| (5V) (1ov)
Propagation Delay Time(ns) 10 33 5% 10 70 35
F/F Toggle Frequency (MHz) 35 3 40 v 80 3 6
Q?iescent Power Dissipa- 10 1 8.5 5x10-6 |2x10-5
tion (mW)
Noiseilmmunity Q) 1 1 0.8 2 4
Fanout 10 10 20 50 50

Propagation delay time and F/F toggle frequency

As shown by equation (2.12) -in 2.2, the propagation delay time of
CMOS is proportional to Coyt (load capacitance) and inversely proportional

to the constant Ky which is determined by design and process.
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(2)

Therefore, in order to make the propagation delay time shorter, it
is necessary to make Copyp smaller and W/L in design considerations.
However, since the internal diffusion cpapcitance in CMOS is included
in Coyr, the internal capacitance increases proportionally to W/L and

actually the propagation delay time tends to have a limitation.

In the standard C2ZMOS ICs the propagation delay time is determined
by balancing other electrical parameters since there are other limita-
tions such as the output current and the breakdown voltage causing to

have larger value than other logic elements as shown in Table 2-1.

However, the products for specific applications and CMOS ICs
having the capabilities of high speed operations for the high speed
frequency divider are currently being developed, and the speed of
around 10ns delay per internal stage of CMOS at 5 volts has been
obtained providing the expectation that the product range of such CMOS
will be expanded for the systems requiring the high frequency operations

in the feature.

Quiescent (Static) power dissipation and operating power dissipation

In the standard CMOS, when the input holds "L" (Vgg) level or "H"
(Vpp) level, N-channel FET or P-channel FET is kept turned off. So,
the current from Vpp to Vgg is limited to the reverse direction satura-
tion current of PN junction and the surface leakage current caused
mainly by contamination on the chip surface; consequently, the value

is only 1InA v 2nA at the normal temperature for gate ICs.

In the case of other logic circuits except CMOS, when the output
driving transistor is turned on, direct current flows down from
Vce to GND through the load causing the power dissipation in the
quiescent state to be approximately equal to the operating power

dissipation.

26



(3)

The operating power dissipation of CMOS can be considered to be only
the switching power loss which is generated to charge/discharge the load
capacitance while inverting the logical levels, so that the operating

power dissipation is proportional to the switching frequency.

100
STANDRAD TTL ,//
10 I //,
N
LOW POWER SCHOTTKY TTL /// /’////
5 . /.
~
L jzow_powmr 111 I ,// ,/,7 g
a
N
oy
01
001
103 104 105 106 107
INPUT FREQUENCY (Hz)

Fig. 2-7 Operating frequency VS Power Dissipation of CMOS/TTL

Fig. 2-7 shows the relationship between the operating frequency and
the power dissipation of TTL and CMOS, As shown in the figure, the
advantages of CMOS will be fully utilized at the operating frequency
lower than 106Hz.

Noise immunity

For CMOS circuits as shown in Fig.2-6, since the device threshold
voltage is ideally set to the mid-point of supply voltage, the maximum
noise immunity can be obtained among the various logic devices. It can be
seen from the same figure that the standard value of noise immunity for
CMOS is 2 volts (at Vpp = 5V) or 4 volts (at Vpp = 10V), which are

considerably larger than the value of 1 volt for TTL.
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The device threshold voltage of CMOS, however, is determined by
On-resistance ratio of E-channel and N-channel MOS FETs and directly
affected by the variations of those values. Therefore, the noise immunity
guaranteed in the catalog of "B Series'" products is 1 volt (at Vpp = 5V)

or 2 volts (at Vpp = 10V), and attention should be paid to this point.

Fanout

Since the protection diodes are reversely biased as long as rating
voltages (Vgg v Vpp) are applied, CMOS input has extremely high DC
impedance (Ryy = 1011Q).

Furthermore, since the gate of MOS FET equivalently functions as
one of electrodes of parallel plate capacitor, AC characteristic

indicates the capacitive value of approximately 5pF.

This situation can be illustrated as shown in Fig. 2-8. These
resistive component and capacitive component are insertes in parallel

to Vpp side and Vgg side.

prmmm—mm oo

| VoD

|

i Ry S

Ns CIN

: 7 Rpy 3 1010-101g
INPUT O

: Cin 3 3 — 5 pF

: Rin :; CIN

l ’I

L Ves ___

Fig. 2-8 Equivalent Circuit of CMOS Input

Therefore, in order to drive CMOS input, only very little current
is required electrically to supply or to drain. This fact means that
the output impedance of normal CMOS is around 200 - 1K § which makes it

possible to drive the almost unlimited number of CMOS in DC operation.

However, as the number of fanout increases (n, for example), all
of input capacitance Cyy are connected in parallel, increasing the load
capacitance of output. So, the load capacitance viewed from the driving

side is,
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CL =M Gy F Cg et e (2.13)
Cg : Stray capacitance generated by wiring, etc.

and this Cp, causes the propagation delay time to increase.

Considering these situations, the practical number of fanout for
C2M0S has been determined to be 50. The fact that 50 fanouts can be
actually provided eliminates almost all restrictions in the wiring

arrangements of wired logic circuits.

3. Basic Circuit of CMOS
3.1 Positive Togic and negative logic

The difference between positive logic and negative logic is only
conceptual difference and it can not be said that the positive logic should

be sued for CMOS.

The netative logic is easier to consider about P-channel MOS device
due to the fact that negative supply voltages are used and that FET is
turned on when negative potential is applied. However in CMOS both P

channel and N-channel are the driving MOS and also the load MOS, so the

conditions are same for the positive logic and the negative logic.

It has been decided that C2MOS family is described in the positive
logic in the catalog because of the facts that the positive logic is
easier to handle for the design engineers who are familiar with the design
works of wired logic circuits especially with TTL and that recently N-
channel LSI become more and more popular-and the positive logic is more

convenient for the interfaces.

In order to avoid any confusion on the positive logic and the negative
logic of the truth table, the potentially high logic level is described
to be "H" level and the low logic level to be "L" level. Therefore, "H"
in the truth table corresponds to "1" of the positive logic and "L"

corresponds to "0" of the same posotive logic.
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Table 3-1 Basic Logical Circuits
Circuit Function Logical Symbol Logical Equation or Truth Table
Inverter A —Do— X A —<{>— X X =4
A A _ -
NAND Gate B:Do—x B:D—x X=F B=%+T3B
A A -
X = =
NOR Gate 5 10— Bm——x X=AFB=% B
A A _ _
AND Gate tD—x B:D°_X X=A-B=EK+3
A - A - -
OR Gate Bj:)—x B'_‘_D—-X X=A+B=4
¢ A X O . 1
Clocked 7 3 a q I % ; DON'T CARE
Inverter A —M; X A—4>}—¢ z 2 1 7 | & | HZ; HIGH IMPEDANCA
L % | HZ
) [} A X o e \
 Transmission ¢ ¢ ° ° " # , DON'T CARE
cate A % X A‘%— % a L L | BZ; HIGH IMPEDANCE
[} E L B3 HZ

EXCLUSIVE~-OR
Gate

o >

o]

X=(a+B): (A+3B)

EXCLUSIVE-NOR

R - -
% X=(A-B)+(ZE-B
s j s R D CL Q
| H L | % % H
s S y .
D - Type p-p oF ¢ oD ala L H | % * L
L L |8 | F| &8
Flip - Flop cL—CL _ Q-TqTT-qcL Q7 L i I I A
T ? L L | % | L [ape
% 3 DON'T CARE
R R
45 NO CHANGE
s R 7 K cL Q
S = H L x| % * H
| L H x ¢ % L
J/K Type E 8 L
P N I e - L L o | F]ay
CL—CL cr9cL L L “ R =
_ | - L L H L ¥ | =
. K—K QrFQ KHK -
Flip - Flop R R e L L | H H F {ant™
I T L | L | % | %= | L |2
R R
% ; DON'T CARE
A} NO CHANGE
< ; TOGGLE
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3.2

3.3
(1)

Basic logic circuits

The basic logic blocks used in C2M0S are shown in Table 3-1. The logic
diagrams illustrated in the technical bulletin of each product and the logic
diagrams in this manual are configured by the basic blocks shown in
Table 3-1. With partial exceptions, these logic diagrams are based on
MIL-STD806(C) . (Special symbols are wused for the clocked inverter, the

transmission gate, etc.)

Configuration of basic circuit

NAND/NOR

CMOS NAND gate, as illus- VoD VoD
trated in Fig. 3-1 i), is formed

by connecting P-channel FETs

in parallel between Vpp and the ﬂ ﬂ Ao———————{
output and by connecting N- x Bo =
channel FETs in series between A { %
Vgg and the output. B ol 4 4

When both inputs A and as Vag

B are "H", both of N-channel

FETs in series are turned on, A :1::>}__X A
- X
B B::[::>}__

causing the impedance between X

and Vgg to be low. At this time, I) NAND GATE II) NOR GATE

both of P-channel FETs are turned Fig. 3-1 NAND/NOR CGate

off cutting off X from Vpp.

Therefore, the output becomes nearly equal to VSS generating "L" level.
In the case of other input modes, at last one of P-channels FETs is
turned on and one N-channel FETs are turned off causing the output to be

"H" level.

NOR gate of ii) in Fig. 3-1 is fabricated in the reversed way of NAND

ate i) to generate "H" output only when both of inputs A and B are "L'".
g g P y P
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The gates with 3 inputs or more can be realized with the same configura-
tion simply by increasing the number of stages of P-channel or N-channel
FETs in series or in parallel. 1In the case of c2Mos up to around four
inputs the device can be configured with one stage, but the gates with

more inputs are realized by combining the basic circuits.

AND/OR

Since the output is always inverted by one stage of CMOS gate, AND
gate and OR gate are realized by adding an inverter to the output of NAND/
OR of (1).

Therefore, it is important for CMOS MSI/LSI to effectively combine
NAND/NOR rather than to fabricate the gates with AND/OR, in order to reduce

the number of elements.

Transmission gate

Fig. 3-2 illustrates the basic circuit of transmission gate.
This circuit provides the function of reed switch which transmits the data
when both of P-channel and N-channel are "ON" (c="H") and separates the

output from the input when those are "OFF" (C="L").

Since both of P-channel and N- v
Q VDD
channel are used, the capability of

——o(}————o
cancelling the back gate bias effect is L ©

one of advantages and the capability of

IN -0 0UT

keeping the low impedance over the wide

signal range of Vgg v Vpp is another ad- T

vantage. 7
Vss

The applications would be as follows.
Fig. 3-2 Transmission Gate
i) Switching functions of sequencial

circuits, such as shift registers, counters, etc.

ii) Analog switches iii) . 3-stage gates®

32



*3-state gates: 3-state is named for the capability of providing three
states of output which are normal "H", normal "L" and high impedance
condition not being connected to Vpp or Vgg, namely not "H'" nor "L".
This characteristic can be applied for the intervace with bus line of

process control systems and multiplexers.

(4) Clocked gate DD
When a delay circuit or a switching circuit is P Q1
required, the transmission gate is usually used.
However, this circuit has a disadvantage that the 4z
pattern becomes more complicated with increased area o ot
when the circuit is to be integrated in LSI. The 4
one which overcomes this disadvantage keeping the [ o—{ Qe
characteristics of conventional transmission gate !
is the clocked gate (clocked inverter) shown in s
Fig. 3-3. Fig. 3-3 Clocked Gate

Q2 and Q3 are normal configuration of inverter, however by serially
inserting Q1 and Q4 in the circuit, the function of normal inverter can
be obtained when Q1 and Q4 are "ON'" (4="H") and the output has high im-
pedance when Q1 and Q4 are "OFF" (4="L").

Although this circuit does not have
the functions of analog switch, all the A
other functions of transmission gate

are provided. %:ji:}—x

I) EXCLUSIVE OR
If the concept of this clocked

inverter is expanded, clocked NAND and A%

clocked NOR can be realized.

- A o x

(5) Exclusive OR/Exclusive NOR )
II) EXCLUSIVE NOR

Exclusive OR is also called
coincidence circuit which gives the Fig. 3-4 Exclusive OR/NOR
output of "L'" when all the inputs are at "H" or "L" level and gives the

output of "H'" when at least one of inputs differs from others.
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Exclusive NOR is the one with the inverted output of the above ex-
clusive OR and gives the output of "H'" when all the inputs coincide at

"H" or "L" level.
Fig. 3-4 illustrates the configurations of these circuits.

(6) D-type flip-flop/ J-K type flip-flop

These will be explained in the chapter of Flip-Flops.

4. Maximum Ratings and Recommended Operating Conditions
4.1 Maximum ratings

The maximum ratings are specified for each c2mMos product. Nor only

for C2MOS, the maximum ratings are the values which should not be exceeded

in order to guarantee the 1life and the reliability of integrated circuits,

and usually considered to be the absolute maximum ratings.

The absolute maximum ratings are the values which may not be exceeded

even for a short instance and none of any rating values may not be exceeded

When the circuits are used exceeding the maximum ratings, their character-

istics may not be recovered and in extreme cases permanent damage may be

resulted.

Therefore, when a circuit is designed, extreme attention should be

paid to variations of supply voltages, characteristics of connected com-

ponents, surges of input/output signal lines, environment temperature, etc.

Table 4-1 lists the common maximum ratings of B series c2Mos.

When the maximum ratings of each product differ from the common ratings,

the former takes precedence.
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(2)

Table 4-1 Common Maximum Ratings of B Series C2MOS

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VDD Vgs = 0.5 Vv Vgg + 20 bV
Input Voltage VIN Vgg - 0.5~ Vvpp + 0.5 \Y
OQutput Voltage Vout Vgs - 0.5 v vpp + 0.5 v
DC Input Current I1N +10 mA
Power Dissipation Pp 300 mW
Storage Temp. Range| Tstg. -65 " 150 oC
Lead Temp./Time Tsol. 260°C+10 sec

DC Supply voltage

This is DC supply volt age applied between Vpp terminal and Vgg ter-
minal. Usually biased to satisfy Vpp >Vgg and the reverse bias due to the
undershoot of DC power supply, etc. should be limited to -0.5 volts.

If higher voltage than this vlaue is given in the condition of Vgg >Vpp,
the parasitic diode D7 shown in Fig. 2-4 is forward biased causing ex-
cessive current to flow from Vgg to Vpp and in extreme cases, the element

may be damaged.

The upper limit of 20 volts is established based on the breakdown
voltages of parasitic diodes and transistors of various circuits, and the
value should never be exceeded. If voltage applied exceeding the rating,
CMOS device may reach to the secondary breakdown region of latch-up, etc.
from the primary breakdown region. Since Vgg is set to GND (0 volts) in
most cases, the voltage of Vpp terminal should be considered to be in the

range of -0.5 v 20 volts.

Input voltage and output voltage

The electrostatic protection diodes are inserted in the input as shown
in Fig. 2-3 and Fig. 2-4. These diodes are not installed to absorb the

current fed from outside but installed to protect the input oxide film from
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(4)

the destruction caused by electrostatic charge. Therefore, the input
voltage is limited to the range that input protection diodes are not
forward biased. The lower limit is VSS -0.5 volts and the upper limit is
VDD +0.5 volts.

The output terminal is used usually to drive CMOS and other electro-—
nic components and although any voltage is not applied from outside, situa-
tions where the voltage transiently varies due to the external surge
or driving of a capacitive load or an inductive load may possibly exist.
If the output voltage exceeds the range of Vss-YDD in this case, D4 and
D¢ of Fig. 2-4 are forward biased causing excessive current to flow from
the output to VDD or from VSS to the oupput.

As this current possibly causes primary damage of opening the out-
put line and secondary damage of latch-up, the output voltage is simi-
larly as the input specified as a rating to be in the range of Vss - 0.5
volts ~ VDD + 0.5 volts to prevent the parasitic diode to be forward

biased.

DC Input current

This item may seem to be contradictory with the rating of input
voltage (2), but this indicates the critical value at which the input
protection diodes and other elements will not be destroyed or degraded
when voltages exceeding the ratings are applied due to surges caused by
interfaces. Therefore it is not recommended to design circuits which
flow DC current through the input protection diodes. Even when it can
not be avoided to apply voltage causing current to flow to the input,

the current should be limited to 1 mA or less.

Power dissipation

As far as CMOS is used in a normal manner, the power dissipation
is extremely small not causing any problems concerning the allowable
loss. However, When LED is driven or big current is driven by the buffer,
power is consumed in CMOS. For C2MOS, the power dissipation is spec-

ified to be 300 mW* per package. (* ; Except Mini Flat Package.)
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Since the power dissipation in the internal circuit can be mneglected for
€2M0S in most cases comparing with that of the output stage, the power

dissipation can be calculated only considering the output stage.

(5) Storage temperature range

This indicates the ambient temperature at which degradation of
characteristics or reliability is not resulted even if the products are
exposed in the environment for long time without applying the supply
voltage. In the case of CZMOS, the storage temperature range of

-65°C ~ 150°C is specified as the rating.

(6) Lead temperature and time

These are conditions which should be limited when soldered after
mounting ¢2MOS on the printed circuit board. Regardless whether a solder

pot is used or a soldering iron is used, the lead temperdture should be

limited up to 260°C and soldering
should be completed within 10 sec.
When a solder pot is used, the area

which is allowed to dip into solder

STOPPER
is up to the stopper of IC lead
frame.
4.2 Recommended operating conditions .
P g Fig.4-1 External appearance

These are the ranges where the
operations of c2M0S IC are guaranteed and when the ranges are exceeded
the operations are not guaranteed even 1f such ranges are inside of
the maximum ratings. Therefore, it is important to use the products

inside of these ranges.
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Table 4-2 Common Recommended Operating Conditions of CZMOS(VSS=0V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
DC Supply Voltage VDD 3 - 18 \
Input Voltage VIN 0 - Vbp \
Operating Temp. Range Topr =40 - 85 °C

Table 4-2 lists the common recommended operating conditions of B
series C2MOS. When the recommended operating conditions of each product
differ from the common recommended operating conditions, the former

takes precedence.

DC supply voltage

‘Wide range of operating DC supply voltage, 3 volts ~ 18 volts
from VSS is guaranteed for B series C2M0S. The lower limit of 3 volts is
determined by VI of P-channel and N-channel FETs and when the voltage
becomes lower than this value, VGS gets so small that the normal
operations of CMOS can not be expected. The upper limit of 18 volts is

determined by the breakdown voltage.

-
Operating temperature range

This is the temperature range where the normal operations and
characteristics of IC are guaranteed. The operations of B series C2ZMOS

are guaranteed in the wide range of -40°C ~ 80°C.
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Table 5-1 Static Electrical Characteristics of TC4001BP (Vsg=0V)
- o o o
CHARACTERISTIC | SYMBOL| TEST CONDITION [Vpp 407c 25°¢C 85°C_ |untts
(V)| MIN.| MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
hightevel I Tour | <1ua 50 4.95 - 4.95| 5.00| - 4,95 -
Output Voltage VOH |y vss Vo 10| 9.95| - 9.95(10.00| - 9.95| -
15(14.95| - |14.95(15.00| - |[14.95| - v
- . - . . - .0
oLevel | Togr | <LuA 5 0.05 0.00| 0.05 0.05
Output Voltage VoL VIN=VsS, VDD 10| - 0.05| - 0.00| 0.05| - 0.05
15| - 0.05| - 0.00| 0.05| - 0.05
Vog=4.6V 5|-0.61| - |-0.51| -1.0| - |-0.42| -
VOH=2.5V 5 | -2.5| - -2.1| -4.0| - -1.7| -
Output High - _ _ _ _ - - -
Current Iog |VoH=9.5V 10| -1.5 1.3 2.2 1.1
Vou=13.5V 15| -4.0| - | -3.4| -9.0| - -2.8| -
Vin=Vss A
Vo1,=0.4V 5| 0.61| - 0.51| 1.2 - 0.42| -
Output Low Tor VoL=0.5V 10| 1.5| - 1.3] 3.2 - 1.1 -
Current Vor=1.5V 15| 4.0| - 3.4| 12.0] - 2.8| -
VIN=VSS,VDD
Voyr=0.5V 5| 3.5 - 3.5 2.75| - 3.5| -
Input High VoyT=1.0V 10 7.0 - 7.0 5.5{ - 7.0 -
Voltage VIn
Voyr=1.5V, 13.5V| 15| 11.0| - 11.0| 8.25| - 11.0| -
1Toyr | <1uA v
Voyr=0.5V, 4.5V 5| - 1.5 - 2.25| 1.5| - 1.5
Input Low VoyuT=1.0V, 9.0V 10 - 3.0 - 4.5 3.0 - 3.0
Voltage VIL
Voyr=1.0V, 13.5V| 15| - 4.0| - 6.75| 4.0 - |. 4.0
1Toyr | <luwA
T
Input Y evel| I |vim=18v 18| - 0.1 - | 105 o.1| - 1.0
mnyn
Current Level| ITL |Vrp=0v 18| - | -0.1| - |[-10-5] -0.1| - | -1.0
5| - 0.25| - lo.o01| 0.25| - 7.5 wA
Quiescent . o _ _ _
Device Current Ipp |VIN=VSS,VpD 10 0.5 0.001] 0.5 15
% 15| - 1.0 - 0.002\ 1.0{ - 30
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5. Static Electrical Characteristics and Dynamic Electrical Characteristics

5.1 Static Electrical characteristics

Table 5-1 lists the static electrical characteristics of TC4001BP.

Excluding the products with special specifications, the guaranty of
static electrical characteristics and the specifications are standardized,
so that each characteristic of TC4001BP (QUAD 2-INPUT NOR GATE) will be

explained here.

(1) High-Tevel output voltage/low-level output voltage (Vgu/VoL)

Fig. 5-1 illustrates the test circuits of Vgy/Vgr. Each input terminal
is connected to Vgg or Vpp to get the specified logic level at the output.
When the output level can not be determined in the cases of counters, etc.
the output logic is determined by applying pulses in advance. Since the
load conditions are Igy=-1uA and Igp=1uA, and the measurement is taken in the

region where Ipg of FET is extremely small, usually Vgg=* Vgg, and Vgr = Vss.

VoD VoD VoD
— log=—1x4 - Iop=1l4a ~—Ig=1laA
Veor Vor Vor,
Vss Vss Vss
I) Vg TEST I1I) Vg TEST III) Vgp TEST

Fig. 5-1 Test Circuits of Vgu/VoL
In the cases of interfacing CMOSs each other, the input/output conditions
will be approximately equal to the above values. This fact indicated that
the switching operation gives the ideal swing from Vgg for "L" level of

logic signal to Vpp for "H" level in CMOS circuits.

(2) Output high current / Output low current (IgH, Ip)

Fig. 5-2 illustrates the test circuits of Igg/Ig;. The input condi-
tions are set in the same manner as for measuring Vpy/Vgp. In this case,
connecting a constant supply voltage to the output to be measured, the cur-

rent flowing out (Ipp) through P-channel  FET is measured for high level
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Fig. 5-2 Test Circuits of IOH/IOL

output and the current flowing in through N-channel FET is measured for low
level output. These currents are guaranteed at one point in the non-
saturation region (also called triode region) of each FET, and the minimum
values are guaranteed in the specification table for both Ipy and Igp,.

These can be a guidance to achieve current driving by CMOS output.

Input high voltage / Input low voltage (Vyy/ViL)

Fig. 5-3 illustrates the test circuits of Vyy/Vip. Vg and Vip are
the voltages which can be recognized as "H" level and "L" level at the

input of IC being measured, and the minimum value is guaranteed for Vip

VoD DD

Iop=144 Iog=—1l#4A
) O

Vss Vss Vss

Fig. 5-3 Test Circuits of Vyg/Vyp
and the maximum value is guaranteed for Vyj. Whether or not IC being
measured has correctly recognizes the input level is confirmed by the fact
that the output level is at the specified level (higher than Vgy or lower than

VOL listed in the measurement conditions).
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(4)

Hihg-level input current/Tow-level input current (I1p/I)

The input current in

the range of the ratings of o VDD
CMOS is considered to be the
sum of the reverse current
of input protection diode

and the sutface leakage cur-

rent. Si
ent nce both of these Vsg V=0V Vsg

leakage currents are extreme-

ly small at the normal tem- Fig. 5-4 Test Circuit of Iyg/Iy,

perature {1072~ 10_4(uA)}, the operating maximun voltage is applied for

the tests. However, the specified value of *0.3uA (maximum) is guaranteed
considering stability of automatic testing. Other inputs except one being
measured are usually connected to Vgg for testing Viyg and to VbD for testing

VIL-

Quiescent device current (Ipp)

When CMOS input holds Vpp level or Vgg level, as described in the
paragraph of Features of CMOS, P-channel FET or N-channel FEI is always
turned off. So, the quiescent device current is total of the reverse
leakage currents at PN junctions in the chip. This value is also extremely
small at room temperature reaching only. 1 nA (10=2 A) (standard value at
Ta=25°C, Vpp=5V) for gate IC. Since this quiescent device current is
guaranteed over all possible combinations of logic conditions of input pins,

the combinations will be of very large number and usually such quiescent

VoD

Fig. 5-5 Test Circuit of Ipp
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device current is guaranteed at the point where the distribution is
higher than the actual situations taking a certain degree of margins

for test precision and test method.

Fig. 5-5 illustrates examples of test circuits of Ipp. Since Ipp with
both of two inputs holding "H" can be estimated by measuring at the condi-

tions 1i) and iii), the test is omitted in many cases.

(6) 3-State output leakage current (Ipy/Ipp)

This characteristic is not required for TC4001BP but it is required
for the products having 3-state output and the products with open drain
to specify the leakage current when the output is placed in the high

impedance state.

Ipg is the leakage current when the signal of "H" level is applied to
the OFF output and Ipp is the leakage current when the signal of "L" level

is applied.

Vpp VDD

-_I_._1 r__njl-__]

Vop =9 IN pyp ) VoD N o i —IoL
or jIN ouT or

: R -_J VTH l R _JVfL

Vs Vss

Fig. 5-6 Test Circuit of Ipy/Ipy

Fig. 5-6 1illustrates the test circuits of 3-state output leakage.
Naturally, the inputs are connected to generate the high impedance state

at the output to be measured.

5.2 Dynamic electircal characteristics

The dynamic electrical characteristics are to guarantee the transient
characteristics of C2MOS and specified with the load capacitance of 50pF

at the ambient temperature of 25°C.
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As the test circuits and the test waveforms are described in the
technical material for each product, only the basic characteristics

are explained here comitting the detail explanations.

(1) Conditions of applying input pulse

Unless otherwise specified, pulse swinging completely from Vgg to
Vpp shall be applied as the input waveform. The rise time and the fall
time are the time required for the waveform to vary from 107 to 907, and
both of tr and tf are adjusted to 20ns. (Fig. 5-7)
(2) Output transition time (tTLH/tTHL)
The output transition time are the time required for the waveform

swining from Vpg to Vgr, to vary from 10% to 90%. (Fig. 5-8)

20ns 20ns LTLH T,
— v — Vou
INPUT 90% 90 bD OUTPUT 0% 90
WAVEFORM WA VEFORM
— S10% 108 v _ Hio% 10%% v
Fig. 5-7 1Input Conditions Fig. 5-8 torg/tTHL
VoD
INPUT WAVEFORM 50% 50%
Vss h
tpLH H
. Vor
OUTPUT WAVEFORM 50% \ 50%
VoL —
Fig. 5-9 tPLH/tPHL

(3) Propagation delay time (tPLH/tPHL)

These are the propagation delays from the time when signal is given
to the input of IC being measured until the output responds. The time
delay from varying the input level to the output to respond varying from

"L" to "H" is called t and on the contrary the time delay required

PLH

for the output to vary from "H" to "L" is called t In practice,

PHL"
however, since the circuit threshold voltage of CMOS is 1/2.Vpy (theo-

retical value), the time delay is specified to be the time period between
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(5)

(6)

507 point of the input waveform to 50% point of the output waveform .
(Fig. 5-9)

It may be easy to understand concerning the gate ICs since the
measurement conditions are less complicated, but MSI has higher number
of input/output terminals and the delay time is specified designating

the input pins and the cutput pins.

Minimum pulse width (tw)

The counters and the registers have the reset and the preset inputs

to determine the initial state in many cases.

The minimum pulse width is the critical value of pulse width with which
these terminals recognize it as the normal signal, and since the maximum
value of distribution is specified, it is required to apply pulse with
the width wider than the value. The pulse width is specified by the time
period between 50% point of the 1eading edge and 507 point of the

trailing edge.

Maximum clock frequency (fc|)

This is the maximum clock frequency at which the flip-flops and the
counters perform normal operations, and the minimum value of distribution
is specified. It is required to design applications with the condition of

the minimum value or lower of the value specified.
Unless otherwise specified, the duty cycle of clock input is 50%.

Maximum clock input rise time/fall time (tyc /te. )

When the clock input waveform of a sequencial circuit, such as flip-
flop or counter becomes dull, the possibility of racing or mis-counting
(abnormal counting operations) arises. The critical values of t, ., and
tgo are specified in the catalog and the clock inputs having rise time

and fall time shorter than the minimum value are required.
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(7) Minimum data set-up time (tgy)

The outputs of flip-flops and shift registers are determined by
the conditions of data inputs at the time of clock input transition.
Therefore, if the transitions of clock and data input occur at the same
time, the output may not be definite, so that the data inputs require
to be settled before the transition of clock input, and this required

settling time is called minimum data set-up time.

The maximum value of distribution is specified in the catalog and
it is required to keep the set-up time longer than this value for ap-

plications.

6. Cautions on Handling

By reason of its configuration, ¢2M0S IC behaves itself in the manner
different from Bipolar Logic centering around the conventional TTL.
Although ¢2M0S 1IC has many advantages over TTL, unsuitable method of use
may result in the failure of full use of these advantages. In this chapter
explanation is made on the cautions in handling C?MOS IC and the cautions

in designing circuits by using C2MOS IC.

6.1 Configuration of c2M0S necessary to know before handling and designing

c2Mo08 1IC input is connected to the gate electrode of MOS configuration

having extremely thin oxide. As shown in Fig. 6-1, MOS configuration is de-

fined in general as the sandwich

configuration consisting of metal,
G (AL)

(—\\ ///éij[—j:g//SSioz) oxide and semiconductor.
] The thickness (tox) of oxide
P P . .
t insulator located directly under
ox ) (81)
8 N the gate electrode is usually as
D

thin as 0.1~0.2p; therefore, even

e

Fig. 6-1 MOS Configuration when the voltage of 100V~200V is
(Example of P-Channel MOS) applied between gate and N-sub—
strate the electric field strength'of oxide insulator just under the gate

reaches as large as 107V/cm, causing dielectric breakdown by discharge.
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For protecting the gate from the above-mentioned dielectric breakdown.

TOSHIBA C2MOS IC is provided at each

input terminal with the protective cir-

VoD
cuit consisting of diode and resistor
X - -Xp as shown in Fig. 6-2. According to the
INPUT = TO INPUT : :
TERMINALO__“AQV_ GAT; same figure, the voltage applied to the
p2 & input terminal is clamped by D1 and Djp
i at Vpp and Vgg, whereby the input gate
— Vgg

is protected. However, the input pro-

tective circuit has its limit.

Fig. 6-2 Input Protection Circuit

As an example, the static electricity remaining in the fibers by the
friction of fibers and needle of injustrical sewing machine for synthetic
fibers or ghat generated by men and women walking on a carpet may reach
several kV-~ some dozen kV, though the voltage differs depending on relative

humidity and surface condition.

The above-mentioned static electricity is stored in the storing case of
fibers or in human body, which is equivalent to the fact that the above-
mentioned voltage is charged to the electrostatic capacity or human body

capacity (200 ~ 300PF). When this

VDD . . 2
electric charge discharges to C4MOS

¢ input, it is transformed into the energy
An. X Y ¥
INPUT x i ouTPUT

sufficient to break down C2MOS input.

D3 x In addition to the input protective

D5 diode, parasitic diodes are formed be-

tween each terminal in c2Mos IC, and all

» 5 these diodes are of inverse bias at the
Fig.6-3 Parasitic circuit of C4MOS ICvoltage within the max. rating.
However, when the voltage exceeding the max. rating is applied between each

terminal, excessively large current flows to these diodes.

Fig. 6-3 shows the parasistic circuit formed between each terminal of
c2M0S IC. In same figure, Dy and Dy are the input protective diodes, D3 is
the diode formed by P-well diffusion, D4 is the diode by the drain formation
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of P-channel MOS FET, and D5 is the diode by the drain formation of N-channel

MOS FET. S is the parasistic thyristor formed between each diffusion area.

For example, when the voltage exceeding the range of Vgg ~ Vpp is applied
to C2MOS input or output and the excessively large current flows to these
diodes, firstly the fusing of input and output wiring or power supply wire
will occur and secondly, short-circuit phenomenon between Vpp ~ Vgg (this is
generally called the Latch-up, resulting in fusing of power supply wire as
the destruction mode) will be induced by the "ON" working of parasistic

thyristor.

Therefore, it is necessary to use the voltage on input and output

terminals within the rating without fail.

7. Cautions on Handling CZMOS IC
7.1 Transportation and storing

The input and output of C2MOS IC which is not actually installed are
in the state of high impedance. It is, therefore, necessary to protect
the C2MOS IC from the external electric stress, such as the discharge

from ambient charged body, the induction from space electric field, etc.

Therefore, in transporting and storing CZMOS IC, it is necessary to
use the conductive mat, metallec box, the box lined with aluminum foil,
etc. so that each terminal of IC may become the same electric potential.
TOSHIBA C2MOS IC is inserted in a magazine given no-charging treatment
at the time of shipment, do not take it out from the magazine unnecessarity.
Especially, avoid to use plastic or vinyl container which is apt to charge

static electricity. .

Store the IC at the location where it is not exposed ro the direct
sunlight. Pay careful attention to store at the location of the relative

humidity which should be neither extremely high not extremely low.

48



7.2 Acceptance inspection

In case of conducting acceptance test on c2Mos IC, first of all it

is necessary to ascertain that there is

no transient phenomenon as overshoot or
TEST undershoot etc. between each terminal of
SYSTEM

— test system by using synchroscope. Next,

zgi conduct test by using the calibration IC
1MQ for ascertaining that there is no error in

= = the test program. In the case of giving

test pulses, it is necessary to give input

Fig. 7-1 Grounding signal after turning on the power supply.

It is necessary to take out the IC on the grounded work table. 1In
conducting the test, ground the test system and inspector. For prevent—
ing the electric shock accident by the electricity leak from electric

equipment, ground the inspector through approx. M2 resistor without fail.

Be sure to turn off the power supply when IC is inserted in IC socket
or IC is drawn out of the socket. The accedent of test system may give
fatal damage to IC. It is, therefore, advisable to carry out the self-

diagnosic program in advance before test.

7.3 Assembling

As mentioned in 2.2, in case of installing c2MOS IC on the printed
base board, it is necessary to make protection from the static electricity
by grounding electric equipment, work tables (desks), and work men. It
is advisable to ground a work table by putting metal plate or aluminum
foil on the surface. Refrain as practicable as possible from wearing
chemical fiber work cloth. Electricity leak from electric equipment
shall be prevented by reason of safety. So, it is necessary to perio-—

dically check to see that there is no leak in the electric equipment.

In case of shaping the lead frame for installing IC, it is recommended
that pincette and other jigs be used for preventing the stress from being
imposed on the root.

It is ideal that the jigs are grounded.
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7.4

7.5

Soldering and cleaning-

In case of carrying out soldering by using soldering iron and solder-—
ing tank, perform the soldering work within 10 seconds at the temperature
260°C below. It is confirmed that TOSHIBA C2ZMOS IC has no problem on
reliability even in case the temperature stress is given to the stopper

or lead at 260°C for 10 seconds.

Use the soldering iron with no leak on its tip. It is advisable
to use A class soldering iron, the dielectric resistance of which is

over 10 MQ.

In using the soldering tank, it is necessary to ground the tank for
preventing the unstable electric potential. After soldering IC to a
printed base board, for removing flux and others, accelerating cleaning

method is adopted in many cases by using detergent and ultrasonic wave.

In this case, full attention should be given to the selection of
solvent so that the cleaning may have no influence on the outer case and

mark of C2MOS IC. In general, it is advisable to use FUREON series.

In the ultrasonic cleaning, consideration should be given to the
cleaning method so that the main body may form a shadow to the oscillator.
This is for preventing IC and base board from the stress by resonance.

At the same time, concideration should be given to the cleaning time which

shall be within 30 seconds

Adjustment and test

In conducting adjustment and test of set on completion of printed
base board, before turning on the power supply it is advisable to ascertain
that there are no errors in polarity and others of power supply, etc.
As to the printed base board, ascertain that there are no solder bridge,
cracks, etc. Usually, the c2mM0s system requires only a small supply
current, so that the abnormality of system can be checked, from the
excessive supply current. In case of conducting test by using the com-—
mercially available constant-voltage power supply, it is recommended that

the current limit be imposed on the power supply.
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For the system consisting of several sheets of printed base boards,
the printed base boards should be drawn out of and insert in the mother
board for checking the system. In this case, the work shall be made after

turning off the power supply.

In observing each part of printed base board with an oscilloscope at

the time of test, it is necessary to be careful so that the tip of probe

may not contact other signal wires and supply wire. In case the location
to be observed is decided in advance, it is one of the methods to stand
the test pin for exclusive use. Do not lcad out this test pin directly
from the signal wire. It is advisable to protect c2M0S circuit from
static electricity and erroneous conncction by inserting over 10K re-

sistance in series.

In case of conducting test at high temperature and low temperature,
it is necessary to ground the thermost:atic oven. The set in the oven

should be installed on the conductors.
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8.

Mini Flat Package (MFP) CZMOS

8.1

Features and Applications

When compared with existing DIP, Toshiba MFP €2MOS IC has the

following features:

In

Small in size and a space factor at time of installation can be

made small.
Installation to thin type equipment is possible

It is possible to assemble to both sides of a printed base board.

addition, when compared with use of IC chip, MFP ¢2M0S IC has

the following features:

Easy to handle and reliability is improved.
It becomes easy to automate the assembly process.
Easy to replace defective parts.

Electrical characteristics guaranteed at the same level as DIP

assure safe use.

Dimensions are in accordance with EIAJ General Provisions.

TOSHIBA MFP C2MOS IC Family can be used for not only hybrid IC but

also various equipment having limited printed base board area, set

weight, thickness, etc. In addition, it will become possible to

use MFP C2ZMOS IC Family on cquipment in the fields to which the ap-

plication was not feasible so0 far.

o Hybrid ICs o Portable measuring instruments

o Portable VIRs o Electric/electronic instruments for
motor cars

o Video cameras o Small-sized business machines
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3.2

o Hand-held computers o Cameras

o Remote & radio con- o Telephones
trol equipment

o Various equipment o Others

Structure

Shown in Fig. 8-1 is the internal structural diagram of MFP c2Mos
IC. IC chip is attached to the central section which is called

the bed, and is connected to the load frame from the electrode on
the chip by Au wires. The enclosure is transfer molded by epoxy

resin.

The lead frame is tinned, allowing the easy soldering in install-

ing a substrate.
Fig. 8-1 Internal Structure (In case of 16-pin IC)

BONDING WIRE

IC PELLET

LEAD
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8.3 Product Name

8.4

MFP cZMOS IC product is named in accordance with general plastic
type DIP product name, but the last character (alphabet) of pro-

duct name is changed from "P" of plastic to "F" of Flat.

Example: TC4011BP — TC4011BF

‘However, "TC" is omitted for the marking on actual ICs for  the

limited space. Therefore, please order ICs under formal product

names as exampled in the above.

BRAND | Lot wo.

-'- 8401H

_4011BF
z

SIMPLIFIED PRODUCT NAME

Comparison with Standard DIP (miniaturized effect)
Miniaturized effect of the mini flat package (MFP) when compared

with the standard dual in-line package (DIP) is shown in Fig. 8-2.

When MFP C2MOS IC is used, it is possible to make a printed base
board small in size and light in weight to 1/2 in occupied space,

1/2.5 in height and 1/5.5 in weight.
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Fig. 8-2 Comparison of DIP and MFP c2MoS IC

Occupied space (typ.) of printed base board

7.62 mm

7.8 mm
Tz ]—jr

- 19.9 mm

10.5 mm

L

Height (typ.)

./

1.6 mm 4.0 mm

Weight (typ.)

e,

180 mg/IC 1000 mg
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8.5 Maximum Ratings and Electrical Characteristics

(1)

(2)

(3)

Maximum ratings

The maximum ratings of MFP c2M0S IC are the same as those of

ordinary DIP products except power dissipation (Pp).

Electrical characteristics

The electrical characteristics of MFP C2MOS IC are the same as

those of ordinary DIP products.

Power dissipation (Pp)

The enclosure of MFP C2MOS IC is small, and the power

dissipation during the natural radiation is as less as 180 mW

(at 85°C). Shown in Fig. 8-3 is the power dissipation character-
istic of MFP C2MOS IC. Since heat radiation from leads to a
substrated becomes large when actually mounted, the power dis-
sipation may be larger than that of a single unit. It is,
however, necessary to examine the actual heat radiation of MFP

c2Mos IC thoroughly with it actually mounted.

However, power consumption of MFP C2MOS IC when not in operation
is minimum for its structure and even when in operation, it is
possible to suppress power consumption below several tens mW
unless an extermely severe method of use is employed, for in-
stance, to drive large current by its output. Therefore, except
special cases, it is considered not necessary to take much care

of power dissipation.
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Fig. 8-3 Power Dissipation of MFP c2M0S 1IC (14/16 pins)
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8.5 Mounting Method

To mount MFP CZMOS IC, the conventional mini-mold transistor/super
mini-mold transistor mounting methods can be applied. Various

mounting methods are available for selective use according to

purpose.

(1) Reflow soldering method

The reflow soldering method is the most general method for
mouting chip components (resistor, capacitor, transistor, etc.)
on a substrate and needless to say, can be applied to MFP

¢2Mos 1IC.
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(2)

In the reflow soldering, a preliminary soldering and flux are
applied to a printed base board in advance. Further, a printed
base board may be applied with solder paste selectively in the
screen printing. In the preliminary slodering, flux may be
applied to the terminal side of IC instead of a printed base

with a brush or sponge.

ICs are temporarity fixed at fixed locations by flux or solder
paste. If it is desirable to temporarily fix ICs more quickly,
fix ICs by applying a small amount of bonding agent on their

back sides.

Then, when a substrate with component parts fixed temporarily

is passed over a hot plate or through a tunnel kiln, or conveyor
type heater,; the solder preliminary applied is melted (reflow)
and the soldering is made. Maximum allowable on risin and lead

part is 260°C, and allowable time period is 10 second.

Wave soldering method

Wave soldering is the most popular method to assemble dual inline
devices.

In order to apply this method to MFP, following procedure is
usually taken.

A package is fixed on the printed circuit board using an adhesive.
After handling the board upside down, that board is putted on the
flowing solder, Maximum allowable temperature of solder is 260°C,
and allowable time period of dipping is 10 second.

During this soldering, the circumference of the molded package is
completely filled with solder.

As the thermal shock of a package is worth than the other method,
shorter soldering time and lower solder temperature is recommended.
Pre-heating is also effective befor wave soldering process in order

to reduce the thermal shock.
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(3) Method by soldering iron
A package is fixed by flux, bonding agent, etc. using a soldering
iron with the thin finished tip and a thin solder of 0.5mm¢ or
below. The soldering work with a soldering iron shall be performed
within 10 seconds at 260°C or 3 seconds at 350°C or below.
This method is not suited to mass production but is used for

experiment and repair.

(4) Conductive paste method
This method uses conductive paste instead of solder for installing
component parts.
This paste is epoxy resin with gold or silver mixed. First, apply
paste to the contact section, arrange component parts and leave
them for 1 to 3 hours at 100 to 150°C for curing.
However, when compared with the method using solder, this method
has the weakness in reliability of adhesion and therefore, it is
necessary to take the utmost care.
Shown in Fig. 8-4 are examples of flowcahrts in various mounting

methoes.

Fig. 8-5 shows the Maximum temperature profile at soldering process.
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Fig. 8-4 Various Mounting Flowcharts
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Fig. 8-5 Maximum Temperature Profile at Soldering
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8.7 Mount Pad Dimensions (for 300 mil type)

TIME (sec)

An example of size of mount pads for MFP ¢2MOS IC is shown in

Fig. 8-6 for reference in designing printed base board.

This size is in accordance with EIAJ General Provisions.

Fig. 8-6
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8.8 Cautions for Use

For effective use of MFP c2M0s IC it is necessary not only to

strictly observe instructions (handling, static electricity, etc.)

for use of ordinary DIP package ¢2M0S IC but also to pay attention

to the following points.

(1

(2)

Tmeperature at time of soldering

IC is exposed to high temperature at time of soldering.
Basically, however, the soldering can be carried out at lead
temperature 350°C for 3 sec or less in case of the saldering
iron method, and at atmospheric temperatures on the resin sur-
face 260°C for 10 sec or less and lead temperature 260°C for

10 sec or less in case of the reflow method, and flow soldering

method.

However, except an unavoidable case it is desirable to use a
method to complete soldering in a short time as could as possible.
In case of infrared reflow method, the mold body temperature may
be higher than the lead temperature. Therefore temperature

control should be done observing mold body temperature.

Type of flux and cleaning

Flux in activated resin composition is most extensively used for
soldering. It is recommended to avoid use of chloric flux as
reliability may be adversely affected by residual chlorine, etc.
If sholdering flux is left, leads may be corroded, marks on IC
may become hard to be read and other troubles may be cause, and
it is therefore necessary to wash and remove flux completely.

It is advisable to use FUREON Series solvents for cleaning.
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(3

Formation of leads

Leads of MFP C2MOS IC are formed in the L-shape to facilitate
mounting to a flat substrate. If they are straightened, their

strength can be reduced.

Further, if stress is applied to leads and they are deformed
during they are handled, it is more difficult to reshape them

to the original shape than ordinary DIP type IC.
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9. Cautions on Designing Circuits

9.1 Input processing

As the input of CMOS IC is very VDD
high impedance (Rry %+ 1012Q), 2
logic level is not constant in the -
open state. In this case, if the

input is in the medium level, both
P-channel and N-channel transistors * r(:I:_

are in the state of connection, !

whereby the unnecessary supply 11 ]

current flows. Vgs
( % DISUSED GATE )

Therefore, be sure to connect
the unnecessary input line to Vpp,
\ss or other input/output wires, for which logic level is decided, as
shown in Fig. 9-1. JUnstable contact of soldered parts causes erroneous

working of CMOS system or increase in supply current. Therefore, care

should be taken to wiring.

CERAMIC CAPACITOR 0.014F ~ 01 uF

T2 3 3 3

[(*AN

BBBB%

&

ot

BBBB

1N

.TANTALUM (ELECTRIC FIELD) CAPACITOR
10uF ~ 100uF

s

F/
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9.2

Designing power supply

In general, CMOS is small in current dissipation as compared with
other bipolar digital IC; therefore, it can be used by the small capa-
city power supply. By reason of its operation, however, CMOS consumes
electric power in the form of spike. This makes it necessary to make
the high-frequency impedance of power supply lower. Concretely speaking,
it is necessary to make supply (Vpp) wire and GND (Vsg) wire thick and
short and insert 0.01lpF~ 0. 1uF capacitor as the high-frequency filters
in the inportant areas between power supply and GND on the printed base
board. As to the low-frequency filter. 10uF~ 100uF/printed base board
will do for the purpose. Fig. 9-2 shows an example of printed base

boards.

And average supply current varies considerably depending on such
factors as the working frequency, load on capacitor, supply voltage,
rise and fall of input signals, etc. Therefore, particular attention
is required in the case of driving by simple power supply of Zenor
diode of battery driving. In case there are overshoot and undershoot
at the transient time of power supply, arrangement shall be made by

using filters, etc. so as to avoid exceeding the max. rating.

INPUT TERMINAL

R
Rp
Ry = 10kQ

Rp = 100kQ

Fig.9-3 Input Processing of Printed Base Board
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9.3

9.4

Input processing of printed base board

VoD

PROTECTION CIRCUIT

o

OUTSIDE OF
BASE BOARD
OUTSIDE
OF BASE

BOARD
Vss
PROTECTION CIRCUIT
Dy, Dg : 181588
(a). PROTECTION OF INPUT WIRE (b) PROTECTION OF OUTPUT WIRE

Fig.9-4 Protection of Input/Qutput Wires

When the input terminal of printed base board consists of C2MOS input
only, like the individual CMOS device, the input terminal is in electrically
floating condition, whereby there is a possibility of receiving damage by

static electricity, etc. Therefore, as shown in Fig. 9-3, by inserting

over 10k{ resistance in series in
advance, it is possible to protect ———[>x>—dk—l‘gi"—[>X*———
C2MOS from the overcurrent. IO

And, it is more effective if R : OUTPUT GURRENT CONTROLLING
the input terminal can be pulled Rg: ?ﬁiénggRRENT CONTROLL ING
up or down by approx 100k{ resistance. §g§£ggo§F¥ITH POWER SUPPLY

Fig.9-5 Method of Inserting
Capacitor

Measures for noise and surg of signal input/output wire

In many cases the signal input wire coming in the printed base board
and the control output wires coming out the printed base board are con-
nected with other electronic parts. In general, it can be said that the
signal wire is long in many cases. In case the surge is applied to these
input/output wires by induction, there is a possibility of deterioration
or breakdown of CMOS IC being caused by overcurrent (overvoltage).

Therefore, in case the input/output signal wires are long and when the
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9.5

9.6

high voltage wire exists in the outside printed base board, it is neces-
sary to insert the protective circuit as shown in Fig.9-4. The method
of separating the base board through photocoupler and lead relay contact

is also effective.

In case of making test pin, it is advisable to make protection in

advance as shown in Fig. 9-1 to Fig. 9-4.

Signal wire and capacitor to be connected to Vpp or Vss

In case the capacitor is connected directly to signal wire for re-
moving the delay and noise in signal, the capacitor up to 500pF in
capacity can be connected directly, but capacitors larger in capacity
shall be connected through such resistors as shown in Fig. 9-5.

These resistors are used for restricting the flow of current to the
parasitic circuit of CMOS input/output at the time of "ON" and "OFF'" of
power supply and for preventing CMOS output from short-circuiting for a
long time. It can be said that 10kQ or over will be suitable as the

resistance value for both R and Rg.

Output short-circuiting

In C2MOS IC, buffer is added to the output, whereby it is possible
to carry out the current driving of both source (IgH) and sink (IQL).
Therefore, in case "H" level output wire is short-circuited with GND
(Vgg) wire or "L" level output wire is short-circuited with Vpp wire,
overcurrent flows to C?MOS output. In particular, if supply voltage is
high, this current may cause the package to exceed the permissible power
disipation; therefore, attention shall be given to prevention of the

output short-circuit.

0f course, it is impossible to connect normal outputs together,
but concerning the C?MOS which has three-state output, wired OR is
permitted under the condition that more than two-wire outputs do not

come to enable simultaneously.




9.7 Influence of input slow in rise or fall time

In case the waveform slow in

rige time or fall time is applied

to CMOS input, the output of gate VoD D Q
IC, etc. may tend to oscillate in !

the neighborhood of Vpy (device INPUT oL
threshold voltage) of input wave-

form. This is because, in the VIN___////I——__\\\\\~__

D

i ghborhood of W CMOS t
neighborhood of VTH, gate Fig.9-6 Example of Clock Input Shaped
becomes equivalently linear by Waveform
amplification, whereby the minute

supply ripples and noise appear on the output after amplification.

For suppressing the above phenomenon, consideration should be taken
to insert the high-frequenéy filter capacitor between Vpp and Vgg of
oscillating IC or to use Schmitt trigger IC. In particular, attention
should be given to the clock input of sequence circuit.

Fig. 9-6 shows an example of clock shaping.

9.8 Variation of various characteristics
(1) Circuit threshold voltage

The circuit threshold voltage of c2MoS is designed for l/zvVDD
ideally, but in réality the voltage is influenced directly by the varia-
tions of both P/N FETs because the voltage is decided by the voltage
dividing effect of both P/N MOS FETs. As compared with the bipolar IC,
therefore, the variation is considerably large. For example, differen-
tiation circuit/integration circuit by CR and timer circuit are greatly
influenced in terms of time by this variation, and in reality compensa-

tion effect is required by the use of variable resistors.
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(2)

Vpp

VARIATION RANGE
ouT

Vpp=5V
IN

XX " Vss

X Bkx x
| L XX RRHXRXX | 1 1
¢} 1 2 3 4 5
QY]

10v

¥ XXX X
X XZX XX
% X

v k&

b X
X
X
iae
-

L

(e}
~2
[
o

15V

X. XX
S8t

XXX X
L ! 1 | LXK X | 1 | | 1

0 3 45 6 w5 9 105 1% 15
)

Ta=257C

X

Fig.9-7 Variation Data of TC4011BP Vry

Fig. 9-7 shows the variation data for TC4011BP circuit threshold
voltage. As to other types, variations can be considered to be similar

to TC4011BP.

Qutput current

The variation of output current can be considered to be Max. *30%
to the standard value. Fig. 9-8 shows the output current characteristics
(standard value) of TC4007UBP. So far as this figure is concened, it
follows that considerable drain current flow at the domain where Vpp
is high. However, if output current is large, internal loss of FET
becomes large at the same time, resulting in lowering the thermal
reliability. 1In reality, therefore, it is suitable to use at the

non~-saturation domain up to |VDS| <1.5V.
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Drain Current Ip (mA)

P-Channel Drain Current Characteristics

Drain Voltage Vpg (V)
“

-12 -10 -8 —6 -4 -2 %
Ta=25°C A
J v/
(TYR) Vgg =—5V // —5
///
/;/ -10
y /
,// / —15
-10_+~] //
o
~20
-15
//f —25

N-Channel Drain Current Characteristics

50 T
Ta=257C %GS=15V
(TYP.)

40 /

w1/

/ 10

10

0 2 4 6 8 10 12
Drain Voltage Vpg (V)

Fig. 9-8 Output Current Characteristics

of TC4007UBP
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Switching time

Propagation delay times such as tpry, tpyr, etc., toggle frequency
of counter, etc. have max. *#307 variation to the standard value.
However, these parameters vary depending on the interface conditions of
load capacitance, etc., therefore, it is necessary to consider fanout

at the portion where operating speed is high.

9.9 Temperature parameters of various characteristics

(M)

(3)

Device threshold voltage

The device threshold voltage is considerably stable to the temper-
ature because the temperature coefficients of ON resistance of P-channel
and N-channel FETs become the puls values. The temperature coefficients

are approx. -2 %v-3 mV/°C at Vpp=5V and approx. -4~V -5 mV/°C at Vpp=10V.

Qutput current

The output current has the minus temperature coefficients for both
P/N FETs, which are approx. -0 47%/°C. Namely, under the temperature
condition of approx. 85°C the current value becomes small by about 25%
as compared with the normal temperature (about 25°C). This is an
important point in deciding the overdrive coefficient in case of driving

transistor, etc. by current.

Input current, Quiescent device current and 3-state output leakage current

These leak currents are theoretically the leak currents in the
opposite direction of PN junction, and are extremely small in value at
normal temperature. With the rise in temperature, however, the values

increase at exponential function.

In reality, it is convenient to remember that with the rise in

ambient temperature by 25°C the leak current increases by about 1 digit.

Howeve, in reality the input current is approx. 10710~ 10711 [A] at
normal temperature and the quiescent device current is approx. 1079 [A] at
gate IC. These are the levels which have no problems on the practical

use at high temperature.

71



Propagation delay time and max. clock frequency

As the propagation delay time may be regardéd as the time for
charging and discharging the internal capacitance and load capacitance
of ON resistance of FET, the propagation dealy time is considered to
be equivalent to the temperature coefficient of ON resistance.
Therefore, the temperature coefficient becomes approx. 0.4%/°C, while,
in the neighborhood of 85°C, tpry and tpyp, increase by approx. 25% to
the normal temperature value. on the contrary, the max. clock frequency

decreases by approx. 25%.
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C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4000BP DUAL 3-INPUT NOR GATE PLUS INVERTER

The TC4000BP is a combined gate which contains dual
3-input positive NOR gate plus inverter in one
package.

Since all the outputs of this gate are provided with
the buffers of inverters, the input/output
transmission characteristics have been improved and
the noise immunity has been elevated, Thus, an
increase inpropagation delay time caused by an

increase in load capacity is kept to a minimum.

DIP 14(3D14A—P)

MAXIMUM RATINGS

PIN ASSIGNMENT

CHARACTERISTIC SYMBOL RATING UNIT U,

DC Supply Voltage VDD Vgs-0.5~Vgs+20 \ NCE: EE]VDD
Input Voltage VIN Vgg-0.5~Vpp+0.5 \Y NCEZ 13| o
Output Voltage VouT | Vss-0.5~Vpp+0.5 \Y AlEz 12| By
DC Input Current 1IN 10 mA B [4] 11] 4z
Power Dissipation Pp 300 mW clEZ 10] xg
Operating- Ambient o 3

—40~ 6 9|y
Temperature Range Ta 40~ 85 ¢ Xl[: :]
S Vggl|7 8lY
R;zzzge Temperature Tstg —65~150 o [:
Lead Temp./Time Tsol 260°C . 10sec (TOP VIEW)
LOGIC DIAGRAM

NOR INVERTER

B X Yo——Do—c{>—Do——o§
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TC4000BP

RECOMMENDED OPERATING CONDITIONS (Vss=0V)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage Vpp 3 - 18 \Y
Input Voltage VIN 0 - VpD \
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
o o o
CHARACTERISTIC zgz' TEST CONDITION [vpp -407¢ 257¢ 85°C_ luwrr
(V) | MIN. | MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
5| 4.95 - | 4.95| 5.00 - | 4.95 -
High-Level 1 Tour! <1zA
Output Voltage VoH ViN=Vss 10| 9.95 - | 9.95|10.00 -19.95 -
15(14.95 - [14.95]15.00 - |14.95 - v
5 - | 0.05 - | 0.00| 0.05 - | 0.05
Low-Level 1Toutl <1lzA o
Output Voltage VoL VIN=VSS, VoD 10 - | 0.05 - | 0.00}| 0.05 - .05
15 - | 0.05 - | 0.00| 0.05 - | 0.05
Vou=4.6V 5[-0.61 - |-0.51| -1.0 - |-0s42 -
Vou=2.5V 5| -2.5 - -2.1| -4.0 - -1.7 -
Output High _ _ _ _ - - - -
Current Iou|Vou=9.5V 10| -1.5 1.3| -2.2 1.1
Vou=13.5V 15| -4.0 - | -3.4| -9.0 - | -2.8 -
ViN=Vss mA
VoL=0.4V 5| 0.61 - | 0.51] 1.5 - | 0.42 -
Output Low VoL=0.5V 10 1.5 - 1.3 3.8 - 1.1 -
Current ToL
VoL=1.5V 15| 4.0 - 3.4] 15.0 - 2.8 -
VIiN=Vss, VDD
Vour=0.5V,4.5V 5/ 3.5 - 3.5| 2.75 - 3.5 -
Input High Vin Vour=1.0vV,9.0V 10 7.0 - 7.0 5.5 - 7.0 -
Voltage Vour=1.5V,13.5v| 15| 11.0| - | 11.0| 8.25| - | 11.0| -
1
I TouT! <1eA v
VouT=0.5V,4.5V 5 - 1.5 - | 2.25 - 1.5
Input Low Vour=1.0v,9.0V 10 - 3.0 - 4.5 3. - 3.0
Voltage VIL
VouT=1.5V,13.5V| 15 - 4.0 - | 6.75 - 4.0
ITouTl <lzA
Input ['H" Level| ITH|VIH=18V 18 - 0.1 - | 10-5| 0.1 - 1.0 A
n
Currenting i povel | 11| viL=0v 18] - | -0.1] - [-10-5] -0.1] -] -1.0
5 - | 0.25 - |0.001| 0.25 - 7.5
Quiescent Device _ _ _
Current IpDp YIN—VSS,VDD 10 - 0.5 0.001 0.5 15( A
* 15| - 1.0 - |0.002| 1.0 - 30

# A1l valid input combinations.
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TC4000BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cp=50pF)

CHARACTERISTIC SYMBOL| TEST CONDITION MIN. TYP. MAX. UNIT
Vpp (V)
5 - 80 200
Output Transition Time
(Low to High) tTLH 10 - 50 100
15 - 40 80
ns
5 - 80 200
Output Transition Time
(High to Low) CTHL 10 - 50 100
15 - 40 80
5 - 90 180
Propagation Delay
& | Time (Low to High) tpLH 10 - 50 100
= 15 - 40 80
=) ns
= 5 - 90 180
= | Propagation Delay
Time (High to Low)| 'PHL 10 - 50 100
15 - 40 80
5 - 100 200
Propagation Delay _
Time (Low to High) tpLH 10 50 100
S 15 - 40 80
o ns
= 5 - 100 200
Propagation Delay _
Time (High to Low)| CPHL 10 50 100
15 - 40 80
Input Capacitance CIN - 5 7.5 pF

CIRCUITS AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

TEST CIRCUIT WAVEFORM
VoD

PULSE OUTFUT 20ns 20n
GENERATOR
J;CL:5OPF INPUT
Vpp
PULSE INFUT OUTPUT OUTPUT
GENERATOR

Cy,=50pF
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TC4000BP

OPERATING SUPPLY CURRENT TEST CIRCUIT

B
bl L sk ly L
ST Te ’;[ = To J:
VoD Vpp
INPUT
PULSE
OUTPUT
PULSE OUTPUT GENERATOR
GENERATOR
/ICL=5OpF ch=50pF
20ns 20ns
5o VoD
INPUT 90% N
1
10% 0% Vag
Duty Ratio=50%
Ion - Vou (TYP.) IoL - VoL (TYP.)
Vou — Vpp (V) L Ta=25T I < ,r
O
-10 -8 —6 —4 -2 0, 0 //Qja \\ odf 4
Vpp=5V 7’ 4SO N J&&:,\ 20, | |
Y @ RS 1?%
1 P4 /] N4,
— -10 30 = N
10_L-1 s / 3
4
//r /] = e 4/ 10
— [P ¢ ~20 g 2 20 /
~ = yd
vV
= //
- ] _ o A
od{" N /, 30 10 /,
L 167@ 0 N\ / 5
pr%’*\‘ —40 0 |
<o \\ 0 2 P 6 8 10
i - Ta=25C Vor, (V)
Il 1 L
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TC4000BP

tTLH, tTHL - Vpp (TYP.) tpLH, tpHL - Vpp (TYP.)
Ta=25C Ta=R5C
300 C,=50pk 300 C1,=50pF
~
e =2 \
S ) INV \\NOR
E
5710 - 2 3100 N
= 3 =
< = EJP‘:‘*
g & ~L ] -
. 50 S = % 50 -
S S a
R | jages
BE 30 % 30
5
j==] ol
o =
o
2]
o
10l 10
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
SUPPLY VOLTAGE Vpp (V) SUPPLY VOLTAGE Vpp (V)
Voyr - ViN  (TYP.) Ipp/GATE - fry  (TYP.)
LL1] Ta=25C Loook T2=25C
I . E
~ 14— Vpp=15V N e
> &
2 s [ [ VINO_DO_QVOUT g 500
% 10_(_ 10 (] Bffa [T 5 _ %00
v
> i I Vour Sg
S
a8 & 200 = ——
o) BiA =] A
g @8 50 Z
8 9s B © 40 %
4 VIN Vour z T
4 o
& %
E . e
2 [TITTTT] S —
0 LTI TTI] S~
0 2 4 6 8 10 12 14 16 18 10k 30k 100k 300k M
INPUT VOLTAGE Viy (V) INPUT FREQUENCY fry (Hz)
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— TC4001BP/BF, TC4002BP/BF,

TC4025BP/BF

C®MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4001BP/TC4001BF QUAD 2 INPUT NOR GATE
TC4002BP/TC4002BF DUAL 4 INPUT NOR GATE
TC4025BP/TC4025BF TRIPLE 3 INPUT NOR GATE

The TC4001BP/BF, the TC4025BP/BF and TC4002BP/BF
are 2-input, 3-input, 4-input positive NOR gate, re-

spectively.

Since the outputs of these gates are equipped with

the buffers, the input/output transmission character-
istics have been improved and the variation of trans-
mission time due to an increase in the load capacity

is kept minimum.

ABSOLUTE MAXIMUM RATINGS

14

1

DIP14(3D14A-P)

Mégi;;%%%;éi
1

MFP14 (F14GB-P)

PIN ASSIGNMENT

(TOP VIEW)

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VpD Vss=0.5 v Vgs+20 v
Input Voltage VIN Vgg—0.5 v Vppt0.5 v
Output Voltage Vout Vgg=0.5~Vpp+0.5 v
DC Input Current Itn *10 mA
Power Dissipation Pp 300(DIP) /180 (MFP) mW
Operating T N
Temperature Range A -40 85 ¢
Storage °
Temperature Range Tstg =65+ 150 &
Lead Temp./Time Tsol 260°C 10 sec
LOGIC DIAGRAM

1/4 TC4001BP/BF

X=A+B

A
X
B:: l

1/2 TC4002BP/BF X=AFBC+D

A

B X
c
D
1/3 TC40R5BP/BF S
X=A+B+C
A
B X

G

TC400 1BP/BF
Vpp A4 B4 X4 X3 B3 A3

BB B BB

Al Bl X1 X2 BZ A2 Vgg

TC4002BP/BF
Vpp X2 A2 B2 C2 D2 NC

X1 Al Bl Cl1 Dl NC Vg

TC4025BP/BF

HIBIEBIEIBIEE

A2 B2 Al Bl CL X1 Vgg
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TC4001BP/BF, TC4002BP/BF, TC4025BP/BF

RECOMMENDED OPERATING CONDITIONS  (Vgg=0V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VoD 3 - 18 Y
Input Voltage Vin 0 - Vpp v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
Vppl —40°C 25°C 85°C
CHARACTERISTIC [SYMBOL| TEST CONDITIONS UNITS
(V) |MIN. | MAX. | MIN.| TYP.|MAX.| MIN.| MAX.
5 14.95 | - | 4.95 5.00] - | 4.95| -
High-Level [Topr|<lua
Olg] eze] Vo 10 [9.95| - | 9.95/10.00 - | 9.95| -
utput Voltage Vin=Vss» Vpp 15 [14.95| - |14.9515.00 - ha.os| - |
51 - ]0.05] - | 0.000.05| - |0.05
- I <1luA
Low-Level VoL I Tour| <1y 10| - |o.05] - | 0.000.05] - [0.05
Output Voltage V.. =V v
IN-Vss> Vpp 15| - 10.05] - | 0.000.05] - 0.05
Vou=4 .6V 5 |-0.61] - |-0.5L1(-1.0| - |-0.42] -
. V=2 5V 5 1-2.5| - |-2.1 |-4.0]| = |-1.7 -
Output High OH
Tog |Vou=9.5V 10 [-1.5] - |-1.3 |-2.2 | = |-1.1 | -
Current Vou=13.5V 15 |-4.0| - |-3.4 |-9.0| - |-2.8 -
VIn=Vss . mA
VoL=0.4V 5 10.61| - |o0.51] 1.2 | - |o0.42] -
Output Low VoL=0.5V 10 |1.5 - 1.3 3.2 - 1.1 -
Current ToL  |vgr=1.5v 15 (4.0 | - |3.4 [12.0] - |2.8]| -
Vin=Vss» Vpp
Voyr=0.5V 5 3.5 - 3.5 [2.75 | - 3.5 -
Input High Voyr=1.0V 10 |7.0 - 7.0 |5.5 - 7.0 -
V - [y
Voltage IH |Voyp=1.5V,13.5v |15 {11.0 | - [11.0 {8.25| - (1.0 | -
[Tour|<luA v
Vour=0.5V, 4.5V | 5 | - |1.5 | - |2.25]| 1.5] - [ 1.5
Input Low Voyr=1.0V, 9.0V |10 | - |[3.0 | - 4.5 | 3.0] - | 3.0
v _
Voltage 1L |Voyp=1.5V,13.5V |15 | = |4.0 | - |6.75] 4.0] - | 4.0
[Toyr | <ina
“HY I = 18| - 1] - {10501 | - | 1.0
Input Level IH V=18V 1 0. . .
Ty n
Current Lgvel I, (Vop=ov 18| - 0.1 | - [|-10-30.1 | - [-l.0 N
u
Quiescent e v 5| - |o0.25] - lo.001|0.25] - | 7.5
Devi Ipp INTYSS> VDD 10 | - 0.5 - |o.001f 0.5 - 15
evice Current * 150 - |1.0] - lo.o02|1.0 | - | 30

* All valid input combinations.
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TC4001BP/BF, TC4002BP/BF, TC4025BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vss=0v, CL=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION Vpp(V)| MIN. TYP. MAX. UNITS
Output Transition Time 5 - 80 200
trin 10 - 50 100
(TC4002BP/BF) 15 - 40 80
A . 5 - 80 200
Output Transition Time — 10 _ 50 100
(TC4002BP/BF) 15 - 40 80
Output Transition Time 5 - 70 200
(TC4001BP/BF), trLH 10 - 35 100
(TC4025BP/BF) 15 - 30 80
Output Transition Time ¢ 5 - 70 200
(TC4001BP/BF), THL 10 - 35 100
(TC4025BP/BF) 15 - 30 80
Propagation Delay Time tpLH 13 : gg igg
(TC4001BP/BF) 15 - 25 80 ns
. 5 - 65 200
Propagation Delay Time tpHL 10 _ 30 100
(TC4001BP/BF) 15 - 25 80
Propagation Delay Time, > - 100 250
tpLH 10 - 40 120
(TC4002BP/BF) 15 _ 30 90
Propagation Delay Time - 13 : 128 i;g
(TC4002BP/BF) P 1s - P %
5 - 70 200
Propagation Delay Time torn 10 _ 35 100
(TC4025BP/BF) P 15 _ 30 80
. . 5 - 70 200
Propagation Delay Time
pag 7 tpHL 10 - 35 100
(TC4025BP/BF) 15 - 30 80
Input Capacitance Cin - 5 7.5 pF
CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
CIRCUIT WAVEFORM
20ns 20ns
- e
;90% 1 90;
INPUT 50% . 50
_Z 10% S‘loﬁ
P.g tTHL tTLH
——:¥ 90%
50% 53%
C,=50pF OUTPUT N10% 10%
J; TpHL tpLH
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cmos oeme nreswareo ereur— TCAQ(1UBP, TC4011UBP

TC400TUBP QUAD 2 INPUT NOR GATE
TC401TUBP QUAD 2 INPUT NAND GATE

TC4001UBP and TC4011UBP are 2 input NOR gate and
2 input NAND gate respectively. The pin connections
are same as TC4001BP and TC4011BP but the internal
circuits consist of only basic NAND (NOR) circuit
without the waveform shaping inverters.

Therefore, these are suitable for the applications 14
in linear circuits such as oscillator circuits and
amplifier circuits, and these have advantage in the 1
applications of logical processing systems with
faster operating speed.

DIP14(3D14A-P)

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC |SYMBOL RATING UNIT | PIN ASSIGNMENT
DC Supply Voltage | Vpp Vgg = 0,5vVgg+20 v TC4001UBP
Input Voltage VIN Vgg - 0.5+ Vpp+0.5 v ——
Output Voltage Vour | Vss-0.54Vpp+0.5 v A1 [ 17] Voo
DC Input Current Ity +10 mA Bl [%] 15] A4
Power Dissipation | Pp 300 mW %1 Ei 5] Be
Operating T _ °
Temperature Range A 40 85 ¢ X2 [4f 1] X4
Storage _ . °
Temperature Range Tstg 651150 ¢ B2 EEP E xs
Lead Temp./Time Tso1 260°C + 10 sec . Az[g of B3
LOGIC DIAGRAM vss [2] 6] a3
1/4 TC4001UBP 1/4 TC4011UBP G401 1UBP
VoD VpD
Q 0

[
o T =

IN BoO— o OUT X XgE
B2 5
©0O0UT X IN Ao }
Az |8
SRS —
-l _l IN B VssE

(TOP VIEW)

Vss Vss




TC4001UBP, TC4011UBP

RECOMMENDED OPERATING CONDITIONS (Vqq=0V)
ss
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage Vpp 3 - 18 v
Input Voltage Vin 0 - VDD v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
-40°C 25°C 85°C
CHARACTERISTIC [SYMBOL | TEST CONDITION | VDD UNITS
(v) | MIN.| MAX.|MIN.| TYP.|MAX. | MIN.| MAX.
5 | 4.95] - |4.95] 5.00] - | 4.95| -
High-Level |Toyr | <iua
Vo 10 | 9.95] - |9.95/10.00 - | 9.95 -
Output Voltage Vin=Vss> Vop 15 [14.95| - [4.95(15.00] - [|14.95] -
v
LowLevel | Togr| <1ua 5| - |0.05| - | 0.000.05] - [0.05
VoL 10 - |0.05| - 0.00{ 0.05| - ]0.05
Output Voltage Vin=Vss, VoD 15 | - |0.05]| - | 0.000.05] - |o0.05
Vou=4-6V 5 |-0.61] - [-0.5]-1.0| - |-0.42] -
_ Vog=2.5V 5 |-2.5 | - |-2.1|-4.0| - |-1.7 | -
Output High Toy |Vou=9-5V 10 |-1.5 | - |-1.3]-2.2| - |-1.1| -
Current Voy=13.5V 15 |-4.0 | - |-3.4/-9.0| - |-2.8| -
Vin=Vss, Vpp nA
VoL=0.4V 5 |o0.61] - |o0.51] 1.2 - |o0.42| -
Output Low . VoL=0.5V 10 1.5 - |1.3]3.2] - |11 -
oL - - - -
Current Vor=1.5V 15 | 4.0 3.4 |12.0 2.8
Vin=Vss, Vpp .
Voyr=0.5V, 4.5V | 5 | 4.0 | - |4.0 | 3.0 | - 0| -
Input High v Vopr=1.0vV, 9.0V |10 | 8.0 - |8.0] 6.5] - .0 -
IH - - - -
Voltage Vour=1.5V,13.5V |15 [12.0 12.0| 9.5 12.0
[Toyr|<lua v
Vour=0-5V, 4.5V | 5 | = | 1.5 | - | 2.0 1.0 1.0
Input Low . Vour=1.0v, 9.0V {10 | - | 2.0 [ - | 3.5 2.0 2.0
IL = - -
Voltage Voyr=1.5V,13.5V |15 3.0 5. 3.0 3.0
| Toyr|<ina
"H" _ _5
Input Hver| ITH  [Vg=18V 18 | - |o0.1| - | 103 0.1 1.0
"Lll _
Corrent |\ "L | I |vyg=ov 18 | - |-0.1| - |-1075-0.1 1o
] 5 | - Jo.25| - Jo.o01|0.25 7.5
QUlfscent Iop  |{Vin=Vss> Vop 10 | - |0.5 | - ]0.001/0.5 15
Device Current * 15 | - l1.0 | - {0.002]1.0 30

* All valid input combinations.
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TC4001UBP, TC4011UBP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

CHARACTERISTIC SYMBOL TEST CONDITIONS Vpp (V) MIN. TYP. MAX. | UNITS

Output Transition Time trLE 13 : ;g igg
(TC4001UBP) 15 - 30 50
Ouzizzog;zgiition Time — 13 : ;g igg
15 - 30 80
Output Transition Time - 18 : ;g igg

(TC4011UBP) 15 - 30 80 e
Output Transition Time lg - gg igg
(TC4011UBP) CTHL 15 : 20 80
Propagation Delay Time tpLH lg : ;2 123
(TC4001UBP) tpHL 15 - 20 50
Propagation Delay Time tpLH 5 - 50 110
(TC4011UBP) EpHL }2 : 52 gg

Input Capacitance CIN - 5 7.5 pF

CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTIC

CIRCUIT 1 CIRCUIT 2

TC4001UBP Vop TC4011UBP VoD

| -
P.G. i OUTPUT
P.G. _lEEHE:i::[::)O___+"____}-
L. ’1———’ J:CL:5OpF
WAVEFORM
20ns 20ns
—) S
INPUT F)ﬁ 00%
j 50% - | 50%
Ano% \‘;&0%
ﬂTHL trLe
90% +50%
50% 50%
OUTPUT 10% 10%
bpHL bpLH
' 1

85



TC4006BP

C?MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4006BP 18-STAGE STATIC SHIFT REGISTER

TC4006BP is static shift register of 18 bits maximum
which consists of two 4 bit shift registers and two

5 bit shift registers, and the clock is supplied from
the common CLOCK input for all the shift registers,
Since 5 bit shift register is provided with 4 bit
output Dpt+4 in addition to serial data output Dn+5,
the shift register with arbitrary number of stages of
4,5,8,9,10,12,13,14,16,17 and 18 can be obtained by
the combination of inputs and outputs of 4 bit and

5 bit shift registers.

Each register is shifted by the falling edge of
CLOCK. .

14

1
DIP 14(3D14A—P)

MAXIMUM RATINGS

PIN ASSIGMENT

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VDD Vgs-0.5~Vgs+20 \Y
Input Voltage VIN Vgs-0.5~Vpp+0.5 \
Output Voltage VouT | Vss-0.5~Vppt+0.5 \
DC Input Current IIN +10 mA
Power Dissipation Pp 300 mW
Operating Ambient 0 -~ ac °
Temperature Range Ta 40~85 ¢
Storage Temperature °
Range Tstg -65 ~150 C
Lead Temp./Time Tsol 260°C - 10sec

D1 VoD
NC Dy+4
CLOCK Do+5
Dy Do+4
Dg Dz +4
Dy Dy+5
Vgs Dg+4

LOGIC DIAGRAM

TRUTH TABLE (SINGLE STAGE)

-———{>3) n1+e
>1) pa+4
’ @ Da2+5

D Q
qCL

———D—® Dg+4
>(8) Do+t

D o{>2) py+5
qCL

CLOCK

INPUTS OUTPUT
Dp CLOCK Dp+1
L 1 L
H 1 H
x e Dn

% Don't care
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TC4006BP

RECOMMENDED OPERATING CONDITIONS (vss=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage Vpp 3 - 18 v
Input Voltage VIN 0 - VDD \Y
STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) '
SYM— 7 -40°C 25°C 85°C
CHARACTERISTIC TEST CONDITION | /DD UNIT
BOL (V) | MIN. | MAX.| MIN.| TYP.| MAX.| MIN. | MAX.
| | 5| 4.95 - 4.95| 5.00 - 4.95 -
{ oh— I <luA
High-Level vou| °VF 10] 9.95| - | 9.95[10.00] - | 9.95| -
Output Voltage VIN=VSS, VDD
15(14.95 - |14.95]15.00 - |14.95 - v
| | 5 - 0.05 - 0.00{ 0.05 - 0.05
- I <1z A
Low-Level vor| OUT 10| - |o.05| - |o0.00]0.05| =-|o0.05
Output Voltage VIN=VSS, VDD
’ 15{ - | 0.05 - | 0.00]| 0.05 - 1 0.05
Vou=4.6V 5]|-0.61 - |-0.51] -1.0 - 1-0.42 -
VOH=2.5V 51 =2.51 - -2.1] -4.0 - -1.7 -
Output High _ _ _ _
Current IoH|Vou=9.5V 10 1.5 -1.3| -2.2 - -1.1
Vop=13.5V 15| -4.0| - | -3.4| -9.0f - | -2.8 -
Vin=Vss, VDD A
Vor=0.4V 5] 0.61 - To.51] 1.5] - | o0.42 -
Output Low VorL=0.5V 10 1.5 - 1.3 3.8 - 1.1 -
Current ToL
VorL=1.5V 15 4.0 - 3.4 15.0 - 2.8 -
VIN=VSS, VDD
VouTt=0.5V, 4.5V 5 3.5 - 3.5 2.75 - 3.5 -
Input High VouyT=1.0V,9.0V 10 7.0 - 7.0 5.5 - 7.0 -
Voltage VIH
Vour=1.5V,13.5V| 15| 11.0 - 11.0| 8.25 - 11.0 -
| ToyT! <1xA v
vVouT=0.5V,4.5V 5 - - 2.25| 1.5 -
Input Low Voyr=1.0V,9.0V | 10 - - 4.5 3.0 - 3.
Voltage VIL
. VouTr=1.5V,13.5V{ 15 - - 6.75 4.0 -
I TouT | <luA
Input |'H" Level Irg|Vip=18V 18 - 0.1 - | 10-5] 0.1 - 1.0 A
7
Currenti i yeyel T1L|ViL=0V 18] -] -0.1] - [-10-5] -0.1] -] -1.0
5 - 5 - 10.005 5 - 150
Quiescent Device _ _ B B
Current Ipp ZIN Vss,VpD 10 10 0.010 10 300| xA
) 15 - 20 - |0.015 20 - 600

# All valid input

combinations.
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TC4006BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cr=50pF)

CHARACTERISTIC SYMBOL |TEST CONDITION v D MIN. TYP. MAX. UNIT
DD
5 - 80 200
Output Transition Time
(Low to High) tTLH 10 - >0 100
) 15 - 40 80
ns
5 - 80 200
Output Transition Time
(High to Low) CTHL 10 - >0 100
15 - 40 80
- 170 400
tpLH > /
Propagation Delay Time 10 - 75 200 ns
tpHL
15 - 65 160
5 2.5 8 -
Max. Clock Frequency fer 10 5 17 - MHz
N 15 7 20 -
5 - 60 180
Min. Clock Pulse Width tw 10 - 30 80 ns
15 - 25 50
5 20 - -
Max. Clock Rise Time trCL
. 10 2.5 - - ns
Max. Clock Fall Time tfCL
15 1.0 - -
5 - 20 100
Min. Set-up Time
(DATA - CLOCK) tsu 10 - 8 50 ns
15 - 5 40
5 - -2 60
Min. Hold Time ty 10 _ 4 40 ns
(DATA - CLOCK)
15 - 5 30
Input Capacitance CIN - 5 7.5 pF
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TC4006BP

WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1. 20ns 20ns
v
S50% 00% \ DD
CLOCK 50% 50%
10% 10%
— Ves
Dp+4 Von
Dp+5 50% 50%
— VoL,
TpLH N TpHL
WAVEFORM 2.
20ns 20ns
0% VDD
Dn 50%
10%
= Vss
VoD
CLOCK /
Vss
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TC4007UBP/UBF

C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4007UBP/TC4007UBF DUAL COMPLEMENTARY PAIR PLUS INVERTER

TC4007UBP/UBF contains three elements of P-channel
enhancement type MOS FET and three elements of N-
channel enhancement type MOS FET. One pair of P-
channel and N-channel functions as inverter and
remaining two pairs provide the respective outputs of
source and drain separately. Depending on how
connections are made, the versatile applications such
as inverter, waveform shaping circuits, NAND(MOR)
gatys, linear amplifiers, clocked gates, transmission
gates and high fan-out buffers are easily obtainable.

MAXIMUM RATINGS

14

1
DIP14(3D14A-P)

1
MFP14( F14GB-P)

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VDD Vss-0.5~Vgs+20 v
Input Voltage VIN V§s-0.5~Vppt0.5 v
Output Voltage * VouT | Vss-0.5~Vppt0.5 v
DC Input Current IIN *10 mA
Power Dissipation Pp 300(DIP)/180(MFP) | mW
Operating Ambient A0 ~ °
Temperature Range Ta 40~85 ¢
Storage Temperature - °
Range Tstg 65 ~150 C
Lead Temp./Time Tsol 260°C - 10 sec

# Applicable for Dp, DN, SP, SN and OUT terminals.
LOGIC DIAGRAM

PIN ASSIGMENT

§ Vop
§ Spy
j ourg
i Dp3
§ 1Ny
B Sn3

I om

(TOP VIEW)

Dpz Sp2

60 ©

Vpp Sp1

oJoloNoos-¥o!

Vgs Dni1 INz Sye Dyz INz Syg

OUTg
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TC4007UBP/UBF

RECOMMENDED OPERATING CONDITIONS (vgs=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage VDD 3 - 18 v
Input Voltage VIN 0 - VpD v
STATIC ELECTRICAL CHARACTERISTICS (vgs=0V)
CHARACTERISTIC EEE_ TEST CONDITION [Vpp |— 9 ¢ 25°C 85°C  |yntr
) | MIN. | MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
50 4.95| - | 4.95| 5.00| - | 4.95 -
C ohe I 1xA
High-Level vor| TOVTH=1~ 10] 9.95| - | 9.95(10.00] - | 9.95| -
Output Voltage ViN=Vss
15014.95| - [14.95]15.00| - [14.95| - | o
5 - | 0.05] - |o0.00]0.05| - |o0.05
- I < 1xA
Low-Level vor| 'ToUT! 10| - |o.05| - |o0.00]0.05] - |o0.05
Output Voltage VIN=VDD
15| - ] o0.05| - | o0.00|0.05] =~ | 0.05
VoH=4. 6V 5/-0.61| - |-0.51| -1.0| - |-0.42| -
Vog=2.5V 5| =2.5 - -2.1| -4.0 - | -1.7 -
Output High _ T _ _ a _ _ _
Cormont ToH |Vou=9. 5V 10| -1.5 1.3] -2.2 1.1
Vor=13.5V 15| -4.0| - | =3.4| -9.0] - | -2.8] -
Vin=Vss oA
VoL=0. 4V 51 0.61] - | 0.51] 1.5| - | 0.42] -
Output Low ToL VoL=0.5V 10| 1.5 - 1.3| 3.8 - 1.1 -
Current VorL=1.5V 15| 4.0 - | 3.4|15.0] - | 2.8 -
Vin=VDD
VouT=0. 5V 5| 4.0f - | 4.0| 3.0 -1| 4.0 -
Input High Voyr=1.0V 10 8.0 - 8.0 6.5 - 8.0 -
Voltage VIH
VouT=1.5V 15| 12.01 - | 12.0| 9.5| - | 12.0| -
| TouT! < 1#A v
VouT=4. 5V 50 - 1.0 - 3.o| 1.0 - 1.0
Input Low VoyTt=9.0V 10 - 2.0 - 3.5 2.0 - 2.0
Voltage VIL
Vour=13.5V 150 - 3.0/ - 5.5| 3.0 - 3.0
| TouT! < 1A
Input |"H" Level ITH|Vig=18V 18 - 0.1 - | 10-5| 0.1 - 1.0 uA
Current| i 1 ovel 111,| Vi =0V 18] - | -0.1] - |-10-5| —0.1] - | -1.0
5/ -1 o0.25] - {0.001] 0.25 - 7.5
Quiescent Device _ _ _ _
Current IpD :IN"VSS’VDD 10 0.5 0.001| 0.5 15| #A
’ 15| - | 1.0f - [0.002| 1.0| - 30

# A1l valid input combinations.
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TC4007UBP/UBF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, C1=50pF, INVERTER)

CHARACTERISTIC SYMBOL| TEST CONDITION MIN. TYP. MAX. UNIT
Vpp (V)
5 - 80 180
Output Transition Time
(Low to High) tTLH 10 - 50 90
15 - 40 70
ns
Output Transition Time : 5 - 80 150
(High to Low) tTHL 10 - 50 80
15 - 40 60
5 - 55 110
Propagation Delay
Time (Low to High) tpLH 10 - 25 60
15 - 20 50
. ns
) 5 - 40 110
Propagation Delay _
Time (High to Low) tpHL 10 20 60
15 - 15 50
Input Capacitance CIN - 5 7.5 pF

CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

TEST CIRCUIT WAVEFORM

INPUT

INPUT

¢ =50pF OUTPUT
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TC4007UBP/UBF

TYPICAL APPLICATION

1. TREE LOGIC 2. CLOCKED INVERTER 3. ANALOG DATA SELECTOR
B &
VoD
14
6
# o—|
13
11
10 10 12
A —oX A B
°
3 5
3
Bo~—14 % o—I|
4 7
Vss
6
oo—m78 |
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TC4008BP C*MOS DIGITAL INTEGRATED CIRCUIT
' . SILICON MONOLITHIC

TC4008BP _4-BIT FULL ADDER

TC4008BP is full adder of 4 bit parallel processing
type equipped with high speed parallel carry circuit.
The sum of binary inputs applied to four augend data
input lines (A1-A4), four addend data input lines
(B1-B4) and carry input (CIN) from the lower order is
obtained in binary code from added data output (S1-S4)
and carry output (CQUT) to the higher order. Adders
of 4xn bits with cascade connections and add/
substract circuits with simple external circuits can
be easily obtained.

DIP 16(3D16A—P)

MAXIMUM_RATINGS

CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGNMENT
DC Supply. Voltage VDD Vgs-0.5~Vgs+20 \
Input Voltage VIN Vgs-0.5~Vpp+0.5 \ Ay VoD
Output Voltage VouT | Vss-0.5~Vpp+0.5 \ Bz By
DC Input Current 1IN t10 mA Ag Coyr
Power Dissipation Pp 300 mW Bz S
. . Ag S
Operating Ambient TA —40~ 85 °c 3
Temperature Range By Sp
itorage Temperature Totg ~65~150 o Ay =
ange Vss CIN
Lead Temp./Time Tsol 260°C - 10sec

(TOP VIEW)

LOGIC DIAGRAM

TRUTH TABLE

14) Coyt Cout
Bn b
] F.A.n Sn

An *

B

4 Cin

Ay 19 84

By (2 INPUTS OUTPUTS
Bp An | Cin | Sn | Cour

Az (3 12) 83 L L L L L
L L H H L

B2 () D |
L H L H L

A1) s

1 (o)—+D 2 L H | H L H

By 1 H L L H L
H L H L H

s
8 (7) 1981 H H L L H
CIN(:}——————— H H H H H
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TC4008BP

RECOMMENDED OPERATING CONDITIONS (Vss=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. | MAX. UNIT
DC Supply Voltage VpD 3 - 18 v
Input Voltage VIN 0 - VDD )
STATIC ELECTRICAL CHARACTERISTICS (vsgs=0V)
CHARACTERISTIC ggz‘ TEST coNpITION [vpp | ~407C 25°¢ 85°C _ lun1t
(V) | MIN. | MAX. | MIN. | TYP. | MAX. | MIN. | MAX.
504.95| - [4.95]5.00] - |4.95] -
High-Level e 10)9.95| - [9.95l0.00] - |9.95| -
Output Voltage V1N=Vss, VDD
151495 | - |14.95)15.00| - Jua.9s| - | |
o Topr | <1u 5| - ]o.05] - [o0.00]0.05] - [o0.05
outpue voltage | VOL |yrnevss.vop 10 - |o0.05] - |o0.00]l0.05{ - |o0.05
15 - |0.05] - |o0.00]0.05| - |o0.05
Vop=4.6V 5/-0.61| - |-0.51|-1.0| - |-0.42| -
Vor=2. 5V s|-2.5] - | -2.1|-4.0 - |-1.7] -
83§§:§tﬁigh Tou |Vou=9. 5v 10| -1.5| - |-1.3|-2.2] - |-1.1]| -
Vou=13.5V 15] -4.0] - | -3.4|-9.0] - |-2.8] -
VIN=VSS,VDD mA
VoL=0.4V 5[ 0.61] - |o0.51| 1.5] - |o0.42] -
Output Low ToL VoL=0.5V 101 1.5 - 1.3 3.8 - 1.1 -
Current VoL=1.5V 150 4.0 - | 3.4|15.0| - | 2.8 -
VIN=VSS, VDD
Vour=0.5V,4.5V | 5| 3.5| - | 3.5|2.75] - | 3.5] -
Input High ypg|VoUT=1.0v,9.0v | 10| 7.0| - | 7.0/ 5.5/ - | 7.0 -
Voltage Voyr=1.5V,13.5v| 15| 11.0| - | 11.0| 8.25| - | 11.0| -
I Tour) <1uA v
Vour=0.5V,4.5V | S| - | 1.5| - |2.25| 1.5 -
Input Low VIL VoyT=1.0V,9.0V | 10 - 3.0 - 4.51 3.0 -
Voltage Vour=1.5V,13.5v| 15| - | 4.0 - |6.75| 4.0 - | 4.0
1Iout | < 1leA
Input |"H" Level Irp|Vin=18V 18] -] o1 -Tiw05[ 0a] -1 10f
Current v pevel I1|vir=0v 18] - |-0.1| - [-10-5] -0.1| - [ -1.0
, s - 5[~ - [0.005 s - | 150
g:iiizegﬁrrent 0D | VIN=Vss. VoD 10 - 10| - lo.ot0| 10| - | 300] na
: g 15 - 20 - lo.015| 20| - | 600

# All valid input combinations.
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TC4008BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

CHARACTERISTIC SYMBOL |TEST CONDITION MIN. TYP. MAX. UNIT
Vpp (V)
5 - 80 200
Output Transition Time
tTLH 10 - 50 100
(Low to High)
15 - 40 80
ns
5 - 80 200
Output Transition Time
tTHL 10 - 50 100
(High to Low)
15 - 40 80
b Dealy T 5 - 300 800
.Propagation Dealy Time t
B pLH 10 - 120 320 ns
(An,Bn - Sn) tpHL
15 - 80 230
P ’ Delay T 5 - 270 400
ropagation Dela ime tpLH
" pBg CARRY OZT) P 10 - 110 180 ns
n,Bn ~ tpHL
P 15 - 75 | 130
, on Delaw 11 5| - 260 740
ropagation Delay Time toLH
P 10 - 100 310 ns
(CARRY IN - Sp) tpHL
15 - 70 230
5 - 120 200
Propagation Delay Time | tpLH
10 - 50 100 ns
(CARRY IN - CARRY OUT) tpHL
15 - 40 80
Input Capacitance CIN - 5 7.5 pF
WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
WAVEFORM 1. WAVEFORM 2.
20ns 20ns 20ns 20ns
An, o 90% 0% 90%
Bn / 50% | 50% CARRY IN Z 50% 50%
- 10% \Kld% A-10% %
trugn | _brom THL roH
I— 90% 1 o ] 9 0% 3
Sn, 50% 5 Sn, 50% 50%
CARRY 'OUT 10% 132 CARRY OUT 10% 10%
tpHL t"pLH tpHL tpLH
s | A50T X— 90% s | 0% — 90
n’ n» 50% 50%
CARRY OUT aﬁig;; f(ﬂj CARRY OUT ]f 10% 107
iy tTHL oLy CTHL
UpLH CpHL { EpLH TpHL
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emos oam mresrreo creut—— TCAQQ9UBP, TC4010BP =

TC4009UBP  HEX BUFFER/CONVERTER (INVERTING TYPE)
TC4010BP  HEX BUFFER/CONVERTER (NON-INVERTING TYPE)

DIP 16(3D16A-P)

PIN ASSIGNMENT

TC4009UBP and TC4010BP contain six circuits of buffers
with the level shift function. TC4009UBP provides
inverted outputs and TC4010BP provides non-inverted
outputs. Large output current enables to directly
drive one TTL/MDTL input. Furthermore, since the
logical amplitude of Vpp-VsS can be converted to the
logical amplitude of VCC-VsS by supplying two separate
power supplies with the condition of (Vpp>Vcc), these)
are suitable for the interface from C2MOS system
operating with the power supply voltage of 5 volts or
higher to TTL/MDTL system.
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING UNIT
\ Vgs-0.5~ Vgs+20 \
DC Supply Voltage bD S8 8§
: Vee Vgs-0.5~Vpp+0.5 \
Input Voltage VIN Vgs—-0.5 ~Vpp+0.5 v
Output Voltage Voutr | Vgs-0.5~Vgct+0.5 v
DC Input Current Iy 10 mA
Power Dissipation Pp 300 mW
Operating Ambient ’ - °
Temperature Range Ta -40~85 ¢
Storage Temperature - ’ °
Range Tstg -65~150 C
Lead Temp./Time Tsol 260°C - 10sec
CIRCUIT DIAGRAM
1,6 TC4009UBP Vpp % vce
!
TN 5
INPUT o M ] O OUTPUT
x L% L[ﬂ
" Vgs
1,6 TC4010BP VoD s Voo
{
X xfd H
INPUT O— " —oO OUTPUT
y e
- Vss
¥ Parasitic Liocds

TC4009UBP

T\

ool o
%&%
o o
Ao

Iy

TC4010BP

EQ'VDD

o1 [z Elos
AL
15] no
Eos

038 b 15
Is|” 1 o,
Vgs |8 E Iy

(TOP VIEW)
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TC4009uBP, TC4010BP

RECOMMENDED OPERATING

CONDITIONS (vgs=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage VDD 3 - 18 v
vee - VDD v
Input Voltage VIN - VDD \
STATIC ELECTRICAL CHARACTERISTICS (Vss=0V, Vpp=Vcc)
o o o
CHARACTERISTIC ggz_ TEST CONDITION |Vpp 407C 25°C 857¢C UNIT
(V) | MIN. | MAX. | MIN. | TYP. | MAX. | MIN. | MAX.
I Tour | <14A 5| 4.95 - | 4.95| 5.00 - | 4.95 -
High-Level
Output Voltage VoH VIN=VsS, VDD 10| 9.95 9.95(10.00 9.95
15 (14.95 - |14.95|15.00 - [14.95 - v
1 |<1 5 - | 0.05 - | 0.00| 0.05 - | 0.05
- UT | <leA
Low-Level vor| © 10| - |o0.05| - |o0.00]0.05] - |o0.05
Output Voltage V1N=Vss,VDD
15 - 0.05 - 0.00| 0.05 - 0.05
Vou=4.6V 5]-0.73 - |-0.65| -1.2 - |-0.58 -
VoH=2.5V 5| -2.4 - | =2.1| -4.5 - | -1.9 -
Output High _ B _ _ _ _
Current IoH|Vop=9.5V 10| -1.8 1.65( -2.8 1.35
VoH=13.5V 15| -4.8 - -4.3 -11 = -3.5 -
VIN=VSS, VDD mA
VoL=0.4V 5 3.8 - 3.2 7 - 2.9 -
Output Low Vor=0.5V 10 9.6 - 8.0 13 - 6.6 -
Current ToL
Vor=1.5V 15| 25.0 - 24.0 47 - 20.0 .
VIN=VsS, VDD
VouT=0.5V 5 4.0 - 4.0 .5 - 4.0 -
Input High Voyr=1.0V 10| 8.0 - | 8.0l 5.0 - | 8.0 -
Voltage VIiH
(TC4009UBP) Voyr=1.5V 15| 12.0 - 12.0 .5 - 12.0 -
1TouT ! <1eA
Input Low VouT=4.5V 5 - . - 1.7 1.0 - 1.0
Voltage ViL|Vour=9.0V 10 - 1. - 2 1.5 - 1.5 v
(TC4009UBP) VouT=13.5V 15 - | 1. - 2.5] 1.5] - 15
I oyt ! <1zA
Input High VouT=4.5V 51 3.5 - 3.5| 2.75 - 3.5 -
Voltage vy | YoUT=9-0V 10| 7.0 - 7.0 5.5 - | 7.0 -
(TC40108P) Vour=13.5V 15| 11.0| - | 11.0| 8.25| - | 11.0] -
1 ToyTrl< 1eA
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TC4009UBP, TC4010BP

STATIC ELECTRICAL CHARACTERISTICS (Vss=0V, Vpp=Vcc)

- ~40° 25° o
CHARACTERISTIC SYM TEST CONDITION|VDD o7¢ >C 8>°c UNIT
BOL (V)| MIN.| MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
Input Low VouT=0.5V 5 - 1.5 - | 2.25| 1.5 - 1.5
Voltage VouT=1.0V 10 - 3.0 - 4.5 3.0 - 3.0 y
{(TC4010BP) ViL
VouT=1.5V 15 - 4.0 - 6.75| 4.0 - 4.0
1 TouT I<1zA .
Input |"H" Level ITH|Vrg=18V 18 - 0.1 - | 10°%| 0.1 - 1.0} .
Current i evel 11L|vir=ov 18] - | -0.1] - [-10-5| —0.1] - [ -1.0
o 5 - 1.0 - 10.002| 1.0 - 30
Quiescent Device _ _
Current Ipp ZIN‘VSSaVDD 10 - 2.0 - 10.004 2.0 60| xA
' 15 - 4.0 - {0.008| 4.0 - 120
% All valid input combination. % Include Icc.
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cr=50pF, Vpp=Vcc)
CHARACTERISTIC SYMBOL| TEST CONDITION MIN. TYP. MAX. UNIT
Vpp (V)
5 - 75 350
Output Transition Time _
(Low to High) LTLH 10 30 150
15 - 20 110
ns
5 - 25 70
Output Transition Time
(High to Low) CTHL 10 15 40
15 - 12 30
5 - 40 140
Propagation Delay _
& | Time (Low to High) tpLH 10 25 80
2 15 - 15 60
2 ns
s 5 - 25 60
© | Propagation Delay
& - 15 40
Time (High to Low) EpHL 10
15 - 15 30
5 - 45 200
Propagation Delay _
o Time (Low to High) tpLH 10 25 100
/M 15 - 15 70
S ns
2 5 - 50 130
© | Propagation Delay
& - 2 70
Time (High to Low) EpHL 10 >
15 - 15 50
- 15 22.5
Input Capacitance CIN TC4009uBP pF
TC4010BP - 5 7.5
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TC4009UBP, TC4010BP

WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

TC4009UBP
20ns 20ns
90% 90%
INPUT Z 50% 50%
—_—FT10% 10%
CTHL _triH
90% 90%
OUTPUT 50% 50%
% 10%
TpHL LpiH
1

TC4010BP
20ns 20ns
50% 90%
INPUT 50% 50%
+—10% 10%
Loy LTHL
909 90%
OUTPUT 50%) 50%
10% kld%
tpLH T pHL
' =
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C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4011BP/BF, TC4012BP/BF,
TC4023BP/BF

TCAC11BP/TC4011BF QUAD 2 INPUT NAND GATE
TC4012BP/TC4012BF DUAL 4 INPUT NAND GATE
TC4023BP/TC4023BF TRIPLE 3 IMPUT MAND GATE

The TC4011BP/BF, TC4023BP/BF, and TC4012BP/BF

are 2-input, 3-input, and 4-input positive logic NAND

gates respectively.

Since all the outputs of these gates are provided
with the inverters as buffers, the input/output
|characteristics have been improved and the variation
of propagation delay time due to the increase in load

capacity is kept down to the minimum.

ABSOLUTE MAXIMUM RATINGS

1
DIP14(3D14A—P)

1

MFP14(F14GB—P)

PIN ASSIGNMENT (TOP VIEW)

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage Vpp Vgg-0.5 v Vgg+20 v
Input Voltage VIN Vgg-0.5 vVppt+0.5 v
Output Voltage Vour Vgg=0.5 v Vpp+0.5 v
DC Input Current TIn 10 mA
Power Dissipation Fp 300(DIP) /180(MFP) | mW
Operating o
Temperature Range Ta -40 85 C
Storage T 5 a, °
Temperature Range stg 65150 ¢
Lead Temp./Time Tsol 260°C » 10 sec

LOGIC DIAGRAM

1,4 TC4011BE/BF

TC4011BE/BF
VDD A4 B4 X4 x B A
[e][s]

[14] i3] [17] [11] [a0]

gl
Ehalihie=N

[T LT T ]

Al Bl X1 X2 B2 AR Vgg
T C4012BE/BF

VDD X2 A2 B2 C©2 D2 NC

[T [r%] [12] 3] [i9] [o] [ ]

B E S B R

X1 Al Bl Cl1 D1 NC Vgg

TC4023BE/BF
VDD AZ B3 03 X3 X2 C2
4] (5] [r2] 3] (39 [5] [5]
————

CTETET ] B [e]T

A% B2 Al Bl Cl1 X1 Vgg
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TC4011BP/BF, TC4012BP/BF, TC4023BP/BF

RECOMMENDED OPERATING CONDITIONS (Vsg=0V)

CHARACTERISTIC SYMBOL ' MIN. TYP. MAX. UNITS
DC Supply Voltage VDD 3 - 18 \4
Input Voltage VIiN 0 - VoD v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
-40°C 25°C 85°C
CHARACTERISTIC |SYMBOL| TEST CONDITION ¥3? S B [V pe R IV B UNITS
5| %4.95| - |4.95]5.00] - [4.95] -
i oh— I <1pA
figh-Level Vou I Tout| 10|9.95| - [9.95(10.00] - [9.95]| -
Output Voltage Vin=Vsss Vpp 15|14.95| - [14.95|15.00] - |[14.95| - v
LouLevel | Tour|<Lua 5 - lo.05 - lo.00] 0.05| - |o.05
ow-Leve VoL OUT| <=k 10| - |o.05] - |o0.00] 0.05 - |o0.05
Output Voltage Vin=Vpp 15| - |o0.05| - [o0.00] 0.05| - |o0.05
Vou=5 .6V 50-0.61] - |-0.51] -1.0] - |-0.42] -
Vop=2. 5V 5(-2.5| - |-2.1|-4.0] - |-1.7] -
Output High L Vor=9-5V 10[-1.5 | - [-1.3|-2.2| - |-1.1| -
Current O =13, 5v 15 |-4.0 | - [-3.4]-9.0] - |-2.8]| -
VINVss, Vpp oA
Vor,=0.4V 5/0.61| - |0.51| 1.2| - |0.42 | =
Output Low . Vor=0.5V 10| 1.5 - {1.3 3.21 - 1.1 -
Current OL |vgr=1.5V 15 4.0 | - |3.4 |12.0] - |2.8 | -
VIN=VpD
Voyr=0.5V, 4.5v| 5[3.5 | - | 3.5[2.75| - | 3.5| -
Input High Voyr=1.0v, 9.0V| 10 7.0 - 7.0 5.5 - 7.0 | -
\Y% _
Voltage M \Voyp=1.5V,13.5V | 15 i1.0 | - [11.0|8.25| - [11.0| -
| Tour|<1ua v
VouT=4 .5V 5] - | 1.5 - |2.25/1.5] - |1.5
Input Low Vour=9.0V 10 - 3.0 | - 4.5 3.0 - 13.0
v - - -
Voltage IL | Voyr=13.5V 15| - 4.0 6.75| 4.0 4.0
[Tour|<1ua
i I V=18V 18 - |o1]| - 10501 - |1.0
Input Level IH IH . . .
IIL" - _5
Current Level | 1L Vyp=0v 18| - |-0.1 - k1072 |-0.1 - |-1.0 "
: 50 - |o0.25| - |o0.001] 0.25| - |7.5
Quiescent Vo=V v
Ipp | N '85> DD 0| - |o0.5| - |o.001]0.5| - |15
Device Current * 15 - |1.0| - |o0.002] 1.0 | - |30

* All valid input combinations.
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TC4011BP/BF, TC4012BP/BF, TC4023BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, VSSs=0v, CL=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION VDD(V) | MIN. TYP. MAX. | UNITS
Output Transition Time 5 - 80 200
tTLH 10 - 50 100
(TC4012BP/BF) 15 - 40 - 80
5 - 80 200
Output Transilion Time truL 10 _ 50 100
(TC4012BP/BF) 15 - 40 80
Output Transition Time . 5 - 70 ) 200
(TC4O11BP/BF) TLH 10 - 35 ] 100
(TC4023BP/BF) 15 - 30 80
Output Transition Time 5 - 70 200
(TC4011BP/BF) tTHL 10 - 35 100
(TC4023BP/BF) 15 - 30 80
5 - 65 200
Propagation Delay Time o 10 _ 30 100
p
(TC4011BP/BF) 15 - 25 80
s . 5 - 65 200
Propagation Delay Time tpHL 10 _ 30 100 ns
(TC4011BP/BF) 15 - 25 80
. . 5 - 95 250
Propagation Delay Time tpLn 10 _ 45 120
(TC4012BP/BF) 15 - 30 90
P i el 1 5 - 95 250
ropagation Delay Time € pHL 10 _ 45 120
(TC4012BP/BF) 15 - 30 90
5 - 90 250
P . .
ropagation Delay Time toLn 10 _ 45 100
(TC4023BP/BF) 15 - 35 80
. . 5 - 90 250
Propagation Delay Time tpHL 10 - 45 100
(TC4023BP/BF) 15 - 35 80
Input Capacitance Cin - 5 7.5 pF
CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
CIRCUIT WAVEFORM
20ns 20ns
oo
90% 0%
INPUT 50% 1
Z 10% \ 10%
tTHL TTLH
e OUTPUT 232 2
10% 12;%
CpHL tpLH
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C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4013BP/BF

-

TC4013BP/TC4013BF DUAL D-TYPE FLIP FLOP

TC4013BP/BF contains two independent circuits
of D type flip—flop. The input level applied to
DATA input are transferred to Q and Q output by ris-
ing edge of the clock pulse. When SET input is
placed at "H", and RESET input is placed at "L",
outputs become Q='"H", and Q="L". When RESET input is
placed at "H", and SET input is placed at "L", out-
puts become Q="L", and Q="H". When both of RESET
input and SET input are at "H", outputs become Q="H"

and Q="H".

14

1
DIP14 (3D14A-P)

14

1

MFP14(F14GB-P)

ABSOLUTE MAXIMUM RATINGS

PIN ASSIGNMENT

CHARACTERISTIC SYMBOL RATING UNIT
BC Supply Voltage VpD Vsg=0.5 v Vgg+20 v Ql Vpp
Tnput Voltage VIN | Vgg-0.5%vVpp+0.5 v a1 ar
v Vgg-=0.5~ Vpp+0.5 \ —
Cutput Voltage 0UT SS ~ VDD CLOCK1 Q2
DC Input Current I £10 mA
RESET1 CLOCKR
Power Dissipation Pp 300(DIP)/180(MFP) mW
H DATAL RESET2
Operating Topr 40 Vv 85 °c
Temperature Range SET1 DATA2
Storage °
Temperature Range Tstg =65 150 c Vss SKETZ2
Lead Temp./Time Tsol 260°C - 10 sec (ToP VIEW)
LOGIC DIAGRAM
BLOCK DIAGRAM
RESET @2%}
6 8
| I
8 S
5—D af-1  eo—p a—1s
3 —cL  @f-2 ll—orL Qf-12
R R
I |
4 10
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TC4013BP/BF

TRUTH TABLE

INPUTS OUTPUTS
RESET SET DATA CLOCKA | Qp+1 Qn+1
L H * * H L *: Don't care
1 L * * L q
i i o * Ty H A: Level Change
L L L _F L H *: No change
L L o H L
L L * . Qn* Qn-
RECOMMENDED OPERATING CONDITIONS (Vss=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VDD 3 - 18 v
Input Voltage VIN 0 - VDD v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
VoD -40°C 25°C 85°C
CHARACTERISTIC |SYMBOL| TEST CONDITION |'D UNITS
(V) | MIN.|MAX. | MIN. | TYP.| MAX. MIN.| MAX.
5] 4.95] - 4.95] 5.00] - |4.95| -
High-Level I <1lpA
Olg Vol Vou | Lour| 10| 9.95| - 9.95|10.00[ - | 9.95| -
utput Voltage =
pu ag Vin=Vsss Vop 15[14.95 - {14.95]15.00) - [14.95| - | o
51 - [o.05| - 0.00[0.05| - 0.05
Low-Level I <lpA
v VoL [Tour| 10| - ]0.05| - | 0.00[0.05| -~ | 0.05
Output Voltage Vo=V v .
IN~Vss> Vpp 15 - Jo0.05| - 0.00]0.05| - 0.05
Vou=4-6V 5|-0.61| - |o.51|-1.0| - |-0.42| -
Vou=2.5V
Output High ot 50-2.5 | - k2.1 |40 - }1.7 | -
Ton Vou=9.5V
Current Vop=13.5V 10(-1.5 | = 1.3 |-2.2 | - |-1.1 | -
Vin=Vss, Vpp 15|-4.0 - -3.4 [-9.0 - [-2.8 - N
m
VoL=0.4V 5| 0.61] - 0.51] 1.2 - | o0.42] -
Vo1L=0.5V
Output Low Ton | 0% 01.5) - [1.3]3.2] - |11 ] -
Current Vor=1.5V
Vin=Vss, Vbp 15] 4.0 | - 3.4 |12.0 - |2.8 -
Vour=0.5V, 4.5V| 5| 3.5 | - |3.5 | 2.75| - |3.5 -
) Vour=1.0V, 9.0V
Input High ST wf7.0] - |7.0 5.5 - |7.0] -
Voltage Voyr=1.5V,13.5V
| Loyt |<lua 15(11.0 | - [i1.0 | 8.25| - [11.0 | - v
Vour=0.5V, 4.5V| 5| _ 11,5 - | 2.25/1.5 - | 1.5
Input Low VOUT=1 . OV, 9.0V
v 10| - |[3.0 - 4.5 (3.0 - 3.0
Voltage IL Voyr=1.5V,13.5V
!IOUT|<1UA 15 - 4.0 - 6.75| 4.0 - 4.0
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TC4013BP/BF

STATIC ELECTRICAL CHARACTERISTICS (Continued)

VDD -40°C 25°C 85°C
CHARACTERISTIC |SYMBOL| TEST CONDITION UNITS
(V)| MIN.| MAX.| MIN.| TYP.| MAX.| MIN.|MAX.
"
Input |0 .| T | vis=18v 18| - | 0.1] - | 1075 0.1 - | 1.0
LA
Current |"L" _ -
Level | Tt | Vyr=ov 18| - | -0.1{ - |-1073]-0.1| - [-1.0
. 5 - 1 - J0.002| 1 - 30
Quiescent
Ipp Vin=Vsss Vpp 10 - 2 - 10.004| 2 - 60| wuA
Device Current . 15 - 4 - Jo.008| 4 - 120
* All valid input combinations.
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cy=50pF)
CHARACTERISTIC SYMBOL TEST CONDITION vpp(v)y| MIN. | TYP. | MAX. | UNITS
outout T ‘tion Ti 5 ] - 70 200
utpu ransition 1me tTLH 10 _ 35 100
(Low to High) 15 - 30 80
output T tion Ti 5 - 70 200
(o) L N
utpu ransition ime tTHL 10 _ 35 100
(High to Low) 15 - 30 80
5 - 130
Propagation Delay Time tpLH 300
— 10 - 65 130 ns
(CLOCK - Q, Q tpHL 15 - 50 20
5 - 110 300
P tion D i
ropagation Delay ?ime tp1H 10 _ 50 130
(SET, RESET - Q, Q) 15 - 40 90
) . 5 - 110 300
Propagation Delay Time tpHL 10 B 50 130
(SET, RESET - Q, Q) 15 - 40 90
5 3.5 |- 8 -
Max. Clock Frequency fer 10 8 16 - Miz
15 12 20 -
Max. Clock Input Rise tycL 5
Max. Clock Tnput Fall 1o No Limit bs
X. oc npu a
Time | TfCL 15
Min. Pulse Width 5 - 60 | 180
tw 10 - 30 80
(SET, RESET) 15 - 25 50
7 5 - 60 140
Min. Clock Pulse Width ty 10 - 30 60 ns
15 - 25 40
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TC4013BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0v, CL=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION VDD(V) MIN. TYP. MAX. UNIT
Mi S Ti > ) - 40
in. Set-up Time teu 10 _ B 20
(DATA - CLOCK) 15 _ - 15
5 - 20 40
Min. Hold Ti
. Ho me ty 10 - 10 20 ns
(DATA - CLOCK) 15 - 6 15
) . 5 - - 40
Min. Removal Time trem 10 _ _ 20
(SET, RESET - CLOCK) 15 _ - 15
Input Capacitance CiN - 5 7.5 pF

WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1 WAVEFORM 2
<0ns %0ns 20ns 2018
90 20%
DATA SET Z 50% 50%
—F|10% 0
t’W
90% = RESET
50% 50%
Q
tpLH TpHL
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TC4014BP C*MOS DIGITAL INTEGRATED CIRCUIT
= SILICON MONOLITHIC

e

TC4014BP  8-STAGE STATIC SHIFT REGISTER
(SYNCHRONOUS PARALLEL OR SERIAL INPUT/SERIAL OUTPUT)

TC4014BP is 8 stage shift register having PARALLEL
IN/SERIAL OUT operation, which can also perform
SERIAL IN/SERIAL OUT operation. In both parallel
operation and serial operation, the input data is
obtained on the output of edch F/F by rising edge of
CLOCK input. (SYNCHRONOUS PARALLEL OR SYNCHRONOUS
SERIAL INPUT)

Switching of parallel operation and serial operation
is achieved by P/S CONTROL input. PARALLEL operation
is performed when P/S CONTROL is "H" and SERIAL DIP 16(3D16A-P)
operation is performed when it is "L':

MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGNMENT
DC Supply Voltage VpD Vgs-0.5~Vgg+20 v
Input Voltage VIN Vgg-0.5~Vpp+0.5 v PIg Vo
Output Voltage VouTr | Vgs-0.5~Vppt0.5 v a6 PIy
DC Input Current IIN +10 mA Qg Plg
Power Dissipation Pp 300 mW PIy PIs
: . PIz Qy
Operaﬁlng Ambient Ta 40 ~85 o
Temperature Range Plg SERIAL IN
St?rage Temperature Tstg —65~150 °c PIy CLOCK
Range Vas P/5
Lead Temp./Time Tsol 260°C - 10sec CONTROL
0
LOGIC DIAGRAM (ror viEm
PARALLEL 1N p;
Jae Flz Pls Fle : TRUTH TABLE
®© & © InpUTS oureuTs A
CLOCK
o [B/S|PI1|PIn| SI | @y Qn
SERIAL IN | Flo|={=|1o]|s| a-1
D q D Qq D Q P Q F v | = |=|8|®=H Qn—1
—CL rCL I—CL r(‘L J" H L 9 % 8 L
PIg PIy Plg PIg I " H L % u I
P8 . .
CONTROL @‘D"‘ @ @ @ @ el |e|=x]|1L "
¥ e e |8 |=|=n H
CLOCK (0) b | = | = | ® | % | No Change
Y R D R D d D Q, D n; 2~8
Y CL oy CcL oL A Q1~Qs=Internal
1 —] H H aan; Level Change
% Don't _Care

Qs Qr Q6
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TC4014BP

RECOMMENDED OPERATING CONDITIONS (Vss=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage VDD . 3 - 18 \
Input Voltage VIN 0 - VDD N
STATIC ELECTRICAL CHARACTERISTICS (vss=0)
— _ o o o
CHARACTERISTIC ggf TEST CONDITION [Vpp 407¢ 25°C 85°¢C UNIT
(V) | MIN. | MAX. | MIN. | TYP. | MAX. | MIN. | MAX.
5| 4.95 - | 4.95| 5.00 - | 4.95 -
i oh— I < 1uA
High-Level S 10] 9.95| - | 9.95(10.00| - |9.95| -
Output Voltage VIN=VSS,VDD
’ 15 |14.95 - 114.95|15.00 - [14.95 - v
| TouT] < 1uA 5 - 1 0.05 - | 0.00| 0.05 - | o0.05
Low-Level v 10| - ]o0.05| - |o0.00|0.05| - o0.05
Output Voltage OLIVIN=Vss,VDD : : : :
15 - 10.05 - | 0.00[ 0.05 - | 0.05
Vou=4. 6V 5|-0.61 - |-0.51| -1.0 - |-0.42 -
VOH=2. 5V 5| -2.5 - | =2.1] =4.0 - | -1.7 -
Output High _ _ _ _ _ _ _ _
Current Ion|VoH=9.5V 10 1.5 1.3 2.2 1.1
Vog=13.5V 15| -4.0 - | -3.4] -9.0 - | -2.8 -
VIN=VSS, VDD mA
VoL=0.4V 5] 0.61 - | 0.51] 1.5 - | 0.42 -
Output Low VoL=0.5V 10 1.5 - 1.3 3.8 - 1.1 -
Current ToL
VoL=1.5 15| 4.0 - 3.4] 15.0 - 2.8 -
VIN=VSS, VDD
Vour=0.5V,4.5V 5| 3.5 - 3.5| 2.75 - 3.5 -
Input High V1R Voyur=1.0vV,9.0V | 10 7.0 - 7.0 5.5 - 7.0 -
Voltage Vour=1.5V,13.5v| 15| 11.0| - | 11.0] 8.25| - | 11.0| -
I Toyt] <1zA v
VouT=0.5V,4.5V 5 - 1.5 - | 2.25| 1. - 1.5
Input Low ViL Vour=1.0V,9.0V | 10 - 3.0 - 4.5 . - 3.0
Voltage Vour=1.5v,13.5v| 15| - | 4.0 - | 6.75] 4. - | 4.0
I Toyr! <12A
Input |"H" Level ITH|Viy=18V 18 - 0.1 - | 10-5{ 0.1 - 10| o
Current fupn 1 ovell 111 |viL=0v 18] - | -0.1] - |-10-5] -0.1] - [-1.0
5 - 5 - |0.005 5 - 150
Quiescent _ _ _ _
Device Current Ipp XIN—VSS,VDD 10 10 0.010 10 300 | #A
’ 15 - 20 - |o0.015 20 - 600

# All valid input combinations.
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TC4014BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF)

CHARACTERISTIC SYMBOL | TEST CONDITION MIN. TYP. MAX. UNIT
Vpp (V)
5 - 80 200
Output Transition Time 00
ETLH 10 - 50 1
(Low to High)
15 - 40 80
ns
5 - 80 200
Output Transition Time
ETHL 10 - 50 100
(High to Low)
. 15 - 40 80
P . Delay T . ’ 5 - 160 320
ropagation Delay Time
pLH 10 - 70 160 ns
(CLOCK - Q) tpHL ‘
15 - 50 120
5 3 7.5 -
Max. Clock Frequency fcL ) 10 . 6 20 - MHz
. i ~ 15 8.5 26 -
5 - 65 180
Min. Clock Pulse Width tyw . 10 - 25 80 ns
15 - 20 50
5 20 - -
Max. Clock Rise Time trCL
10 2.5 - - us
Max. Clock Fall Time tfCcL
15 1.0 - -
. 5 - 40 120
Min. Set-Up Time .
tsu 10 - 15 80
(SI - CLOCK)
. : 15 - 10 60
5 - 35 80
Min. Set-Up Time
tsy i 10 - 15. 50 ns
(PI - CLOCK)
15 - 10 40
5 .- 80 180
Min. Set-Up Time
— tsuy 10 - 30 80
(P/S - CLOCK) .
15 - 20 60
Min. Hold Time 5 - -10 60
ST, - -2
<PI,— CLOCK> ty 10 30 ns
P/S 15 - 0 20
Input Capacitance CIN - 5 7.5 pF
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TC4014BP

WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1. WAVEFORM 2.
20ns 20ns
ST, 50% X fo0%
50% b1, < 50% < 50%
CLOCK b5 % o
LTHL 20ns
. one
90% 90%
Qs ~Qg 50% CLOCK 50%
\10% 10%
tpHL tsy tyH
T T
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Tc401 SBP/BF C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

===

TC4015BP/TC4015BF DUAL 4-STAGE STATIC SHIFT REGISTER
(With Serial Input/Parallel Output)

TC4015BP/BF contains two circuits of 4 stage shift
registers and the independent output is derived from
each stage. As all the D type flip-flops of every
stage have common RESET input, asynchronous clear oper-
‘ation can be achieved by an external signal at arbi-
trary timing. The flip-flop of each stage is triggered
by rising edge of CLOCK input. DIP16(3D16A-P)
RESET input of "H'" level resets the contents of all
the stages to "L'" regardless of CLOCK and DATA inputs
and all of data outputs Ql through Q4 become "L". 16
This can be used for converting serial data to parallel]
one and for ring counters of any numbering systems.

1

-MFP16(F16GC-P)

ABSOLUTE MAXIMUM RATINGS

CHARACTERTSTIC | SYMBOL RATING uniT | PIN ASSIGNMENT
DC Supply Voltage | Vpp |Vss -0.5~ Vgg +20 v
Input Voltaée ViN | Vsg -0.5vVpp +0.5 \
crock Bff2 Vo
Output Voltage Vour | Vss -0.54 Vpp +0.5 v
+Bf2
DC Input Current | Iyy 10 mA ws] 15 DATA B
Power Dissipation | Py | 300(DIP)/180(MFP) i S E 14 RESET B
i 244 Q1B
i S B e .
i ~ene Qafs 12§ @23
Storage °
Temperature Range Tstg 657150 ¢ RESET Aff6 11§ 438
| Lead Temp./Time Tsol 260°C - 10 sec pata aff” 108 qaa
LOGIC DIAGRAM : Vsslg 9l CLOCK 4
1,2 TC4015BP,“BF @ o, (TOP VIEW)
a1 a2 as @ VANG:
& S TRUTH TABLE
. : /\ /\
DATA INPUTS OUTPUTS
@ [ >o—>o—p a D Q D Q D crock & | DATA| RESET | Q1 | @R | o3 | qe
CL CL J CL J cL F L L L|Ql|aqr]|aqs
[ q q Q
CLOCK [ Gl " R4 l> R l7 R I H L H|Ql|qz|a3
@ [Do—>0— ¢ ¢ ] L * L NO CHANGE
* * H LI LI Ll L
Grbeb
A ! LEVEL CHANGE

* : DON'T CARE
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TC4015BP/BF

113

RECOMMENDED OPERATING CONDITIONS (Vss=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VDD 3 - 18
Input Voltage VIN 0 - VDD
STATIC CLECTRICAL CHARACTERISTICS (vs5=0V)
. -40°C 25°C 85°C
CHARACTERISTIC | SYMBOL| TEST CONDITIONS [Vpp UNITS
(v) | MIN. [MAX. | MIN.|TYP. | MAX.| MIN.| MAX.
High-Level v | Tour | <1uA 514.95| - |4.95| 5.00] - |4.95] -
Output Voltage | 'OH Vin=Vsg Vop 10| 9.95| - |9.95|10.00] - |9.95
S 15|14.95| - [4.95|15.00| - P4.95| - v
Low-Level v |Lour | <1ua 5| - | o.0f - |o0.00l0.05|] - | o0.05
oL _ _ _
Output Voltage . VIN=Vss, Vpp 10 0.05 0.00{0.05 0.05
15| - | 0,05 - | 0.00/0,05 0.05
Vou=h .6V 51-0.61] - |-0.51 -1.0] - |-0.42] -
Output High . Vop=2.5V 501-2.5 | - |-2.1}|-4.0| - |-1.7] -
Current OH 1\ you=9.5v 10 1.5 | - |-1.3|-2.2| - |-1.1| -
Vop=13.5V 15 |-4.0 | - |-3.4]-9.0] -+ |-2.8] - ",
Vin=Vss, Vpp
Vor,=0.4V 510.61] - [0.51| 1.2 | - |0.42| -
Output Low I Vor,=0.5V 10| 1.5 - (1.3 | 3.2 - |1.1 -
oL
Current | vor=1.5v 1504.0 ] - [3.4 12.0| - |2.8 | -
Vin=Vss, Vpp
Vour=0.5V, 4.5V] 5] 3.5 | - |3.5 | 2.75] - [3.5 | -
Input High Vopr=1.0v, 9.0v| 10| 7.0 | - [7.0 | 55| - |7.0 | -
Voltage Vin Voyp=1.5V,13.5V| 15[11.0 | - Q1.0 | 8.25| =- [1.0 | -
| Tour | <1pa ' v
Voup=0.5V, 4.5v| 5| - 1.5 - |2.25] 1.5 - | 1.5
Input Low v Voyr=1l.0v, 9.0V| 10| - 3.0 - 4.5 3.0 - 3.0
Voltage W yopr=1,5v,13.5v| 15| - | 4.0| = | 6.75] 4.0| - | 4.0
|Toyr|<1uA
llH" 5
Tnput | 1eve; | TIH | VIH=18Y 18| - |o0.1] - |10 0.1 - | 1.0 X
u
Currenty" _ _5
Tevel | TmL | ViL=ov 18| - [-0.1] - }-10-3|-0.1| - |-1.0
Quiescent V=V v 5 - 5 - 10.005| 5 - 150
bevice Current | DD IN=¥ss, 'DD 10| - |10 - lo.o10l 10 | - | 300 wa
* 15| - |20 - lo.o15| 20 | - | 600
* All valid input combinations.



TC4015BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cr=50pF)

CHARACTERISTIC SYMBOL | TEST CONDITION ‘(7% MIN. TYP. MAX. | UNITS
Output. Transition Time lg i ;g igg
(Low to High) tTLH -
15 - 30 80
Output Transition Time > i 70 200
(High to Low) ETHL 10 B 3 100
15 - 30 80
ns
Propagation Delay Time tpLH > ~ 128 igg
(CLOCK - Q) t 10 _
pHL 15 - 50 120
Propagation Delay Time . lg - Zg 388
RESET - HL -
( Q P 15 - 40 160
5 3 8 -
Max. Clock Frequency for, 10 6 17 - MHz
15 8.5 20 -
5 - 35 180
Min. Clock Pulse Width ty 10 - 25 80
15 - 20 50
- 2
Min. Pulse Width 5 ;g gg
| (RESET) “WH 10 N
15 - 20 60
5 - 8 70
Min. Set-up Time
- tsu 10 - 4 40 ns
(DATA - CLOCK) 15 _ 0 30
Min. Hold Time tg 1(5) - g gg
(DATA - CLOCK) 15 _ 4 20
Min. Removal Time ¢ 13 : 8 28
(RESET - CLOCK) rem 15 _ 0 20
5
Max. Clock Input Rise Time tyeL o
10 No Limit us
Max. Clock Input Fall Time tecr 15
Input Capacitance Cin - I 5 | 7.5 pF
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TC4015BP/BF

WAVEFORM FOR MEASUREMENT OF

DYNAMIC CHARACTERISTICS

WAVEFORM 1

CLOCK

20ns 20ns

90% 90%

tTLH

50% 50%
0% X2o% /

CTHL

l

90%
50%

10%

WAVEFORM 2

20ns

P

On

90%
CLOCK

10%

90%

tJ.O%

tpLH

20ns
——

50%
A|10%

twu Trem

RESET 7 50% 50%

TpHL

50%

90%.

WAVEFORM 3

20ng

90%
DATA 2<50%
10%
20ns
-
90
CLOCK 50%
10%
‘t»SU._I ty
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Tc401 GB P/BF C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TCA016BP/TC4016BF QUAD BILATERAL SWITCH

TC4016BP/BF contains for circuits of independent
bidirectional switches. When control input CONT is
placed at "H" level, the impedance between the -input
and output of switch becomes low and when CONT is
placed at "L" level, it becomes high. This can be
used for switching analog and digital signals.

Resistance during ON, RoN
2.5 x 102Q(TYP.) ....... Vpp-Vgg=10V
1.5 % 10%Q(TYP.) ....... Vpp=Vgg=15V

Resistance during OFF, Rgpp MFP14(F14GB-P)

Ropr(TYP.) > 1090

PIN ASSIGNMENT

ABSOLUTE MAXIMUM RATINGS 1\
CHARACTERTSTIC SYMBOL RATING oty | ovours 4] 4] VoD
DC Supply Voltage Vpp | Vgg—0.5~ Vgg+20 \Y OUT/IN1 [E ZQCONTl
Control Input Voltage VeI | Vss=0.5~ Vppt+0.5 v OUT/TNZ E{ iaCONTA
Switch I/O Vo],tage VI/O VSS—O .5 VDD+0 .5 \4 IN/OUTg E El IN/OUT4
Control Input Current Ic *10 mA [: EJOWL4N4
: 5 0
Power Dissipation Pp | 300(DIP)/180 (MFP) | mW CONTR
Operating Temperature T 40~ 85 oc CONT3 Ei——————1jIEEaOU®4NS
gange Veg EZ E]IN/OUTS
torage Temperature Tstg —65~ 150 o
Range (TOP VIEW)
Lead Temp./Time Tsol 260°C « 10 sec
LOGIC DIAGRAM TRUTH TABLE
(1/4 TC4016BP/BF)
GONTFOL | IMPEDANCE BETWEEN

IN/OUT — OUT/IN %
CONT 0——'I >0— .
H 1~20x102Q

L >10%Q

O 0/1

10 O ¥ SEE STATIC ELECTRICAL

CHARACTERISTICS

;
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TC4016BP/BF

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VpD 3 - 18 v
Input/Output Voltage Vin/Vout 0 - VbD
STATIC ELECTRICAL CHARACTERISTICS (In case not specifically appointed, Vgg=0V)
TEST -40°C 25°C 85°C
CHARACTERISTIC | SYMBOL Vss |VDD UNITS
CONDITIONS | (v) | (V) | MIN.|MAX. | MIN. | TYP. MIN. | MAX.
Control Input >13.5 1 - 3.51 2.4 3.5 -
i P Vi | |Tis|=10uA w0[7.0| - | 7.0] 4.8 7.0] -
High Voltage
15| 11.0| - [11.0| 7.2 11.0| - v
51 - [ 1.0 1.7 ~T1.0
Control Input X
viL | |Iis|=10pA 10| - | 1.0] - 1.7 - |1.0
Low Voltage
15 - | 1.0 - 1.7 - |1.0
VIN=5V 5 - - - 300 - -
Viy=2.5V 51 - | - - | 2000 - -
Vin=0.25V 51 - - - 300 - -
ViN=10V 10| - |600]| - 180 - | 840
VIN=>V 10| - | 600 - 300 - 840
Vin=0.25V 10| - 600 | - 130 - 840
On-State ViN=15v 15| - 370 | - 140 - 520
Resistance Roy | VIN=7.5V 15 - 370 | - 160 - 520
ViN=0.25V 15| - | 370 - 100 - | 520 o
ViN=5V -5 5] - 600 - 180 - | 840
ViN=+0.25V | -5 501 - | 600 - 300 - | 840
VIN=-5V -5 5] - 600 | - 130 - 840
Vin=7.5V |-7.5[7.5| - [ 370 | - 140 - [520
Vig=t0.25V .7 517.5| - | 370 | - 160 - 520
ViN=-7.5V |-7.5]7.5| - 370 | - 100 - 520
AOn-State
Resistance Rendh -5 5 - - - 7 - -
(Between Any ON -7.517.5| - - - 5 - -
2 Switches )
Input/Output I Vin=18V,Voyr=0V| 18 | - |#100 | - [*0.1 - |¥1000 A
Leakage Current | O'¥ |vin=0V,Vour=18V| 18| - |+100 | - [0.1 - [*1000
' 5/ - | o0.25] - J|o.001 - | 7.5
uie t V=V \4
gevi::ez e | oD [ INTTDD> TSS 10 - |o0.5] - Jo.o01 - |15
¢ * 15| - |[1.0| - Jo.002 - |30 .
it
IIH | Vg=18V 18 - |o0a1| - |10 - | 1.0
Input Current
I, | Vp=0v 18| - |-0.1| - |107 - | -1.0

* All valid input combinations.
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TC4016BP/BF

shall be fyax.
*2

*3

x4
shall be crosstalk.

Sine wave of #2.5Vp-p shall be used for Vjg4
shall be feed—through.

Vijg shall be sine wave of *2.5Vp-p.

118

Sine wave of #2.5Vp-p shall be used for Vig and the frequency of 20 logig

Vis

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITIONS Vgg (V) |Vpp (V) MIN. | TYP.| MAX.|UNITS
Propagation Delay Time tpLH 0 5 - 24 45
Cp=50pF 0 10 - 11 | 15
(IN - oUT) tpHL 0 15 - s | 12
- ns
. . 0 5 - 35 70
Propagation Delay Time tpLH =
(zOﬁTROL OUTz t ooy 0 10 - 20| 40
PHL ) € =50pF o | 15 | - | 17| 30
Max. Control Input fuax Rp=1kQ 0 3 - 10 -
Repetition Rate Cy=50pF 0 10 - 12 -
(cont) | "L 0 15 - | 12| -
= - 2 -
Ry, ]2.k§2 4 Mz
R1=2kQ - 2 -
: MAX | 1ok ]
-3dB Cutoff Frequency L=L0k0 -5 5 - 22 -
(1-0) |Ry=100ko ~ 0 | -
RL=1MQ
C1,=15pF (*1) - 22 ] -
Total Harmonic _ Rp=10kn -5 5 _ 0:16] - v
Distortion f=1MHz (*2)
-50dB Feedthrough . 5 5 600 -
Frequency Ry =1ka 3] - : - - z
-50dB Crosstalk
Frequency - Ry =1kS (CONEE 5 - 1 - MHz
RIN= - -
Crosstalk N ikQ 0 > >0 ;
(CONTROL - OUT) R B 0 i R el I
Cp=15pF 0 15 - | 150 | =~
. Control Input - 51 7.5
Input Capacitance CIN
Switch I/0 - 5 - PF
Feed through Capacitance| CiN-oUT - 0.5 -
Vos
*1 Sine wave of *2.5Vp-p shall be used for Vig and the frequency of 20 10g10—————3dB

V
and the frequency of 20 1oglovg§=-50dB
is

Vos
———=—50dB




TC4016BP/BF

CIRCUIT FOR MEASUREMENT OF ELECTRICAL CHARACTERISTICS

L. tpius CpHL . 2. torys tpyp(CONTROL - OUT)
1,/0-0/1 VoD YVDD
rT T 1/0!--4;———1 i
P.a L0 ! s g o SWy
I . P.G
cT o ]-(/L——5OpF

WAVEFORM WAVEFORM
tp=20ns tg=20us
= e Vin Vin
1,/0
Vour VouT

0/1

(Vin—Vout)

o R =10x ————= [kQ)

o o Vour )

b fyax(C)

VoD tp,=20ns tf=20ns
VoD
CONTROL
0/1
1,01
P.G
c

0/1
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TC4016BP/BF

CIRCUIT FOR MEASUREMENT OF ELECTRICAL CHARACTERISTICS

5.

CROSSTALK BETWEEN ANY TWO SWITCHES

SWITCH ON

VouT

1/0 IN

P.G 10
—————— . — —_-_25V
Lo /\ [\
/ \ ov
Vem o T T T T T —25V
DD SWITCH OFF
6. CROSSTALK, CONTROL TO INPUT
t . =20ns tf=20ns
v
50 S0% X | DD
CONTOROL 1IN
—F 10% 10% - Vss
P.G
Vout
R, =1kQ
7. TOTAL HARMONIC DISTORTION, fMAX(I-O), FEEDTHROUGH

//,~§§\ ————— — — - 25V
\ ov
1 A ———— —25V
£
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C2MOS DIGITAL INTEGRATED CIRCUIT TC401 7BP/BF
SILICON MONOLITHIC '

—

TC4017BP/TC4017BF DECADE COUNTER/DIVIDER

TC4017BP/BF is decimal Johnson counter consisting of
5 stage D-type flip-flop equipped with the decoder to
convert the output to decimal.
Depending on the number of count pulses fed to CLOCK
or CLOCK INHIBIT one output among 10 output lines
"Qp" through "Q9" becomes "H" level.
The counter advances its state at rising edge of DIP 16 (3D16A-P)
CLOCK (CLOCK INHIBIT="L") or falling edge of CLOCK
INHIBIT (CLOCK="H"). RESET input to "H" level resets
the counter to Qp="H" and Q1 through Q9='"L" regardless 16
of CLOCK and CLOCK INHIBIT.
1
MFP 16 (F18GC-F)
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGNMENT
DC Supply Voltage Vpp Vgs-0.5~Vgs+20 v
Input Voltage VIN Vgs-0.5~Vpp+0.5 \ i Voo
Output Voltage Vour | Vss-0.5~Vpp+0.5 v | RESET
DC Input Current TN +10 mA j crock
Power Dissipation Pp 300(DIP)/180(MFP) | mW |§§§§§IT
X . | CARRY OUT
Operating Ambient A 40 ~85 °c
Temperature Range b ao
Storage Temperature Tstg 65 ~150 °c ™
Range b os
Lead Temp./Time Tsol 260°C - 10sec
TOP VIEW
LOGIC DIAGRAM ¢ )
CLOCK
CLOCK - TRUTH_TABLE
INHIBIT 1 2
INPUTS
SELECTED
) CLOCK OUTPUT
CLOCK o | et | RESET
% e H 0
RESET(:}{x
e 4 *
S al+—p s al * L an (NC)
oL cL L L Qn (NC)
Qh [ o x L L Qn+ 1
1 L L an (NC)
H Rl L an (N0)
H T L Qn+ 1
& Level Change
% Don't Care
NC ; No Change
THY . qo~Qe="H"
CARRY OUT { gt
Qo0 a6 "L"--q5~a9="H
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TC4017BP/BF

TIMING CHART

RESET — | —
ovock L L LML L Ly
CLOCK
INHgBIT 1 I [ 1L
Qo |
Q1
Qz
Q3
Qg
Qs
Q6
Qy
Qg
Q9
CARRY OUT
RECOMMENDED OPERATING CONDITIONS (vgg=0V)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX UNIT
DC Supply Voltage VDD 3 - 18 v
Input Voltage VIN 0 - VDD \Y
STATIC ELECTRICAL CHARACTERISTICS (vgs=0V)
o o o
CHARACTERISTIC ;gz_ TEST CONDITION |Vpp -40°C 257¢ 85°C UNIT
(V)| MIN.| MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
51 4.95 - | 4.95] 5.00 - | 4.95 -
High-Level | ToyTl<leA
v 10 | 9.95 -] 9.95/10.00 -1 9.95 -
Output Voltage OH Vin=Vss, VDD
15 |14.95 - 114.95{15.00 - 114.95 - v
1 l<1uA 5 - | 0.05 - | 0.00f 0.05 - .05
Low-Level vo| OVt 10 -] o005 -] 0.00 0.05 -] o0.05
Output Voltage VIN=Vss,VpD
15 -1 0.05 - | 0.00| 0.05 - .05
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TC4017BP/BF

STATIC ELECTRICAL CHARACTERISTICS (Vss=0V)

CHARACTERISTIC ggg_ TEST CONDITION |VpD -40°¢C 25°¢C 85°¢C UNIT
(V)| MIN.| MAX.| MIN.| TYP.| MAX MIN.| MAX.
Vou=4.6V 5 |-0.61 - |-0.51| -1.0 - |-0.42 -
Vou=2.5V 51 -2.5 - | =2.1] -4.0 - -1.7 -
Output High _ _ _ _ _ _ _ _
Current IoH| Vou=9.5V 10 1.5 1.3] -2.2 1.1
Vop=13.5V 15 | -4.0 - | -3.4/ -9.0| - | -2.8 -
VIN=VsS, VDD mA
VoL=0.4V 51 0.61 - | 0.51] 1.5 - | 0.42 -
Output Low . V01=0.5V 10 1.5 - 1.3 - 1.1 -
Current OLygp=1.5v 15| 4.0 -| 3.4 15.0|. -| 2.8 -
VIN=VsS, VDD
Vour=0.5V, 4.5Vf 5 3.5 - 3.5 2.75 - 3.5 -
Input High 1vour=1.0v, 9.0v[10 | 7.0 -| 7.0 5.5 -| 7.0 -
Voltage VIH
VoyTr=1.5V,13.5V|15 | 11.0 - | 11.0| 8.25 - | 11.0 -
1 ToyT | <leA v
VoyT=0.5V, 4.5V| 5 - 1. - 2.25 - 1.
Input Low Voyr=1.0V, 9.0V|10 - 3. - 4.5 3. - 3.
Voltage VIL
VouT=1.5V,13.5V[ 15 - - 6.75 - .
1 TouT | <leA
Input |"H"Level| Itu|Vig=18V 18 - 0.1 - | 1073 0.1 - 1.0 .
Current fuy iy evel| 11| vip=0v 18 ~ | -0.1 -]-105] -0.1] - -1.0
5 - 5 - 10.005 5 - 150
Quiescent _ _ _
Device Current Ipp gIN'VSS,VDD 10 - 10 0.010 }0 300 «~A
15 - 20 - 10.015 20 - 600
# All valid input combination.
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF)
CHARACTERISTIC SYMBOL | TEST CONDITION Vpp (V) MIN. TYP. MAX. UNIT
5 80 200
Output Transition Time
t 10 50 100
(Low to High) TLH
15 40 80
ns
. 5 - 80 200
Output Transition Time
t 10 - 50 100
(High to Low) THL
15 40 80
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TC4017BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cp=50pF)

CHARACTERISTIC SYMBOL | TEST CONDITION VoD ) MIN. TYP. MAX. UNIT
P ion Delay Ti 5 - 325 650
ropagation Delay Time tpLH
P 10 - 135 270
(CLOCK - Qn) tpHL
15 - 85 170
5 - 280 600
Propagation Delay Time tpLH
10 - 110 250 ns
(CLOCK - CARRY OUT) tpHL
15 - 75 160
Propagation Delay Time toLH 5 - 265 530
(RESET - On ) tp 10 - 115 230
RESET - CARRY OUT pHL 15 - 85 170
5 2.5 6 -
Max. Clock Frequency fer 10 5 12 - MHz
15 6.7 13.5 -
5 - 85 200
Min. Clock Pulse Width | ty 10 - 40 90
15 - 35 60
ns
5 - 50 260
Min. Pulse Width
twH 10 - 20 110
RESET
( ) 15 - 15 60
5
Max. Clock Rise Time tyrCL
10 No Lomit ns
Max. Clock Fall Time teCL
15
5 - 30 230
Min. Set-up Time
tsy 10 - 15 100 ns
(CLOCK INHIBIT - CLCOK)
15 - 10 70
5 - -55 400
Min. Removal Time
t 10 - -20 275 ns
(RESET - CLOCK) rem
15 - -15 150
Input Capacitance CIN - 5 7.5 pF
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TC4017BP/BF

WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1.

CLOCK

Qn

CARRY OUT

WAVEFORM 2.

CLOCK

RESET

Q1~Qg

Q0,
CARRY OUT

R20ns

CLOCK

20ns _ ”0ns
90% 90% / / \
50% 50% 50%
10% 0% / /
UTHL
90%
50%
1%
4
TpHL
i
WAVEFORM 3.
20ns R0ns 20ns
) —
CLOCK 5
INHIBIT N 13%
x-9%%¢
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Tc401 SBP /CMOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4018BP PRESETTABLE DIVIDE-BY-"N" COUNTER

TC4018BP is frequency division counter consisting of
5 bit Johnson counter having capability of frequency
division by the factors of 1/2, 1/4, 1/6, 1/8 and
1/10 by connecting outputs Q] through Q5 to DATA
input. Similarly by connecting the outputs of Q1
through Q5 to DATA input through gates, frequency
division by the factors of 1/3, 1/5, 1/7 and 1/9 can
be achieved.

RESET and PRESET are asynchronous type and when
RESET=""H", all of Q1 through Q5 are "H". When
PRESET ENABLE="H", Qp is complement of INp. DIP 16{3D16A~P)
The counter advances its state by rising edge of
clock input.

MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VDD Vgs-0.5~Vgg+20 v DATA
Input Voltage VIN Vgs-0.5~ Vppt0.5 \4 IN1
Output Voltage vouT | Vss-0.5~Vppt0.5 v IN2
DC Input Current IIN 10 mA Qz
Power Dissipation Pp 300 mW a1
Operating Ambient 0 ° a3
Temperature Range Ta 40~85 ¢ IN3
Storage Temperature CBE ° Vgs
Range Tstg 65 150 C
Lead Temp./Time Tsol * 260°C - 10sec. (TOP VIEW)
LOGIC DIAGRAM
IN1 IN2 IN3 INg INs

©

® ® G
PRESET ,
ENABLE @E}' [>o- . .
ES

RESET (5)—Do—o EP é;j : :

*
DATA@ b B b R o Rg R g D R o

D
cL e T oL cL oL
5 5 5 s 5
L L [ | L
o1ock (Do

% RESET precedent type F/F % % g g

Q1 Q2 Q3 Qg Qs
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TC4018BP

TIMING CHART

CLOCK

RESET
PRESET
ENABLE

Ny

INg

INg

INg

INg

DON'T CARE
UNTIL PRESET
GOES HIGH

(@5 CONNECTED TO DATA LNPUT)

FUNCTION SELECTION, TRUTH TABLE

FUNCTION SELECTION TRUTH TABLE
CiﬁgﬁfR %2$§E§£PUT COMMENTE CLOOX | RESWT | PE o ?”
(Pin 1) to : _L L L P Qn &
10 (Division) Qs KR L L % Dn
8 " Qg * L H L H
6 " QS _ % L - . .
4 " QZ = q - - u
2 ” Q7 ] '
* Don t care
o " Q5 , Qa USE AND GATE 2 No Change
7 ” T, , ax
5 " §3 ’ qz
3 ” T, , a1
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TC4018BP

RECOMMENDED OPERATING CONDITIONS (Vss=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage VDD 3 - 18 \
Input Voltage VIN 0 - VDD \
STATIC ELECTRICAL CHARACTERISTICS (vgs=0V)
o o o
CHARACTERISTIC :g%’ TEST CONDITION |Vpp -407C 25°C 857C UNIT
(V) | MIN. | MAX. | MIN. | TYP. | MAX. | MIN.| MAX.
. LA 50 4.95 - | 4.95| 5.00 - | 4.95 -
igh— 1 IoUT| < la
High-Level Vox 10} 9.95| - | 9.95[10.00| - | 9.95| -
Output Voltage VIN=VSS, VDD
15 |14.95 - |14.95(15.00 - |14.95 - v
| Terro] < Loa 5 - | 0.05 - | 0.00| 0.05 - | 0.05
- ouUT iz
Low-Level VoL i0] - |o.05| - |o0.00]0.05| - ]o0.05
Output Voltage VIN=VSS, VDD
15 - | 0.05 - | 0.00| 0.05 - | 0.05
Vou=4.6V 5|-0.61 - |-0.51| -1.0 - |-0.42 -
Vou=2.5V -2.5 - | =2.1] -4.0 - | -1.7 -
Output High _ B B B B
Current Ton|Vou=9.5V 10| -1.5 - | -1.3| -2.2 1.1
Vop=13.5V 15| -4.0 - | =3.4] -9.0 - | -2.8 -
VIN=VSS, VDD nA
VoL=0.4V 5| 0.61 - | o.51] 1. - | 0.42 -
Output Low VoL=0.5V 10| 1.5 - 1.3 3. - 1.1 -
Current ToL
VoL=1.5V 15| 4.0 - 3.4] 15.0 - 2.8 -
VIN=VSS, VDD
VouT=0.5V,4.5V 5| 3.5 - 3.5| 2.75 - 3.5 -
Input High Vg VouT=1.0V,9.0V 10 7.0 - 7.0 5.5 - 7.0 -
Voltage Vour=1.5V,13.5V| 15| 11.0| - | 11.0{ 8.25| - | 11.0| -
I ToyT! <1zA v
VouT=0.5V,4. 5V 5 - . - ] 2.25] 1.5 - 1.5
Input Low Voyr=1.0V,9.0V | 10 - . - 4.5| 3.0 - 3.0
Voltage ViL
VouT=1.5V,13.5V| 15 - 4. -1 6.75| 4.0 - 4.0
I Ioyr] <1leA
Input |"H" Level ITH|VIH=18V 18 - 0.1 - | 10-5]| 0.1 - 1.0}
Current vy w ovel 11| Vir=0v 18] - | -0.1] - |-10-5] —0.1| - | -1.0
5 - 5 - |0.005 5 - 150
Quiescent _ _ _ _
Device Current Ipp ZIN—VSS’VDD 10 10 0.010 10 300| #«A
’ 15 - 20 - |0.015 20 - 600

#* All valied input combinations.
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- TC4018BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cy=50pF)

CHARACTERISTIC SYMBOL | TEST CONDITION v W MIN. TYP. MAX. UNIT
DD
5 - 80 200
Output Transition Time
(Low to High) CTLH 10 50 100
15 - 40 80
ns
5 - 80 200
Output Transition Time
(High to Low) ETHL 10 N >0 100
15 - 40 80
Propagation Delay Time | tpLy > - 280 260
(CLOCK - Q) EpHL 10 - 110 220
15 - 80 160
Propagation Dealy Time 5 - 300 600
tpLH
PRESET . 1 - 110 250
(enasLE _6> tpHL 0 ° "
15 - 80 180
5 - 300 600
Propagation Delay Time _
(RESET - Q) tpLH 10 110 250
15 - 80 180
5 2 4 -
Max. Clock Frequency feor 10 5.5 11 - MHz
15 8 16 -
5 - 125 250
Min. Clock Pulse Width ty 10 - 45 90 ns
15 - 30 60
5
Max. Clock Rise Time tyrCL
10 No Limit ns
Max. Clock Fall Time tecL
15
5 - 35 70
Min. Set-up Time .
t 10 - 15 30 ns
(DATA - CLOCK) SU
15 - 10 20
5 - -20 0
Min. Hold Time 2 14
th 10 - -5 80 ns
(DATA - CLOCK)
15 - -5 60
Min. Removal Time 5 - 35 80
t 10 - 15 30 ns
(ggéET N CLOCK) e
) 15 - 10 20
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TC4018BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

. CHARACTERISTIC SYMBOL | TEST CONDITION VD D) MIN. TYP. MAX. UNIT
Min. Pulse Width 5 - 110 220
(PRESET ENABLE,> tWH 10 - 40 80 ns
RESET 15 - 30 60
Input Capacitance CIN - 5 7.5 pF
WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
WAVEFORM 1.
20nls EDns
90% 90%
CLOCK ZEsd% \ 50%
\ ;Z—-ld% A/ \___
‘o L
90%
T 50%
10%
pHL
WAVEFORM 2.
R0ns
%%o%‘""—‘*
PRESET ENABLE, /
RESET / 50% 50%
A1 10% S
[ 50% 50%
_ tpLH N TpHL
WAVEFORM 3. WAVEFORM 4.
20ns 20ns 20ns
X f90% ) 90% 90%
DATA < o0 <5U% PRESggsggABLE, o 50%
j 10% 10%
twr
CLOCK CLOCK
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C’MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4019BP/TC4019BF QUAD AND/OR SELECT GATE

TC4019BP/BF is four circuit AND-OR SELECT GATE.
The basic circuit consists of two 2 input AND gates
and an OR gate receiving two outputs from the AND
gates. The input signals applied to An and Bn (n=
1v4) are selected by the common selection input to
all the four circuits, KA and KB and the outputs are
obtained at Dn.

This is suitable for data selectors and

multiplexers of 4 bits 2 channels.

ABSOLUTE MAXIMUM RATINGS

DIP16(3D16A-P)

1

MFP16(F16GC-P)

CHARACTERISTIC | SYMBOL RATING untT | PIN ASSIGNMENT
DC Supply Voltage | Vpp |Vgg -0.5 vVgg +20 \
Input Voltage ViN |Vss ~0.5 A Vpp +0.5 v 1 16] Vop
A
Output Voltage VoyT |Vss =0.5 vVpp +0.5 v & lof as
DC Input Current IN +10 1y ' mA 3 14 kB
Power Dissipation | Pp 300(DIP) /180 (MFP) oW 4 13 Da
i 5 12 D3
Operating T, —40 85 og
Temperature Range 6 11 D2
Storage ~65 v150 °c " ok o1
Temperature Range Tstg ) ]
K
Lead Temp./Time Tsol 260°C - 10 sec 9' A
TOP VIEW
LOGIC DIAGRAM ¢ )
KB 14 O— TRUTH TABLE
AL 15 O INPUTS OUTPUT
18 De KA | KB | An | Bn Dn
pe Lo ‘ H L H * H
A3 2 O— H L L * L
12 D3 L H * H H
B3 3 O ] . L i " o =
L L * * L
AR 4 O
11 D2 " " L 1 i3
B2 5 O- B H H L 54 H
H H H L H
Al 6 O— o m a a . u °
Bl 7 O———— L ! LOW LEVEL
KA 9 O— | H : HIGH LEVEL
* : DON'T CARE
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TC4019BP/BF

RECOMMENDED OPERATING CONDITIONS (Vgg=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX . UNITS
DC Supply Voltage Vpp 3 - 18 v
Input Voltage ViN 0 - VDD v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
-40°C 25°C 85°C
CHARACTERISTIC | SYMBOL| TEST CONDITIONS [VpD UNITS
(V) | MIN. | MAX.|MIN. | TYP. | MAX.|MIN. | MAX.
High-Level Vo | ITopr|<lus 54,95 - 4.95/5.00| - 4,95 -
Output Voltage ViV v 10 1 9.95 - 9.95{10.00 - 9.95 -
IN“Yss> "DD 15 |14.95 - [14.95/15.00] - |14.95] - v
LoueLevel v 1| <1oA 5 -~ lo.05] - Jo.00[0.05] - Jo.05
OwW—Leve <
oL our | <1w
Output Voltage Ve Y 10 - {o0.05| - ]o0.00|0.05] - ]o0.05
IN""SS> "DD 15 - | 0.05{ - |0.00|0.05| - [0.05
Vou=4 .6V 5 (-0.61 - |-0.51] -1.0] - |-0.42] -
Output High T Vop=2.5V 5(-2.5{ - [-2.1{-4.0( - [-1.7 -
H - - - |- _ - |- _
Current Vor=9. 5V 10 | 1.5 1.3 | -2.2 1.1
Vor=13.5V 15| -4.0| - |-3.4|-9.0] - |-2.8 -
Vin=Vss»> Vpp mA
Vor=0.4V 510.61| - | 0.51] 1.2] - lo.42 -
Output TLow ” Vor.=0.5V 10 [ 1.5 - 1.3 3.2 - |1.1 -
L -
Current voL=1.5V 15 { 4.0 - 3.4 |12.0] - [2.8 -
Vin=Vsss Vpp
Vour=0-5V, 4.5V| 5 3.5 - 3.5 2.75| - 3.5 -
Input High vpg | Vour=1.0v, 9.0V 1017.0 - 7.0 | 5.5 - | 7.0 -
Voltage Voyr=1.5V,13.5V| 15 [11.,0 | - |[11.0{8.25| - |[11.0 -
[Toyr|<1ua ) v
Vout=0.5V, 4.5V| 5| - 1.5 | - 2.25| 1.5 - 1.5
Input Low Vi, |vogr=1.0v, 9.ov|{10| - }|3.0| - |4.5 |3.0] - | 3.0
Voltage Voyr=1.5V,13.5V| 15| - | 4.0 | - |6.75] 4.0 | - | 4.0
IIOUT|<1UA
e 8 0 0o 0
Input Level Itg |Vrg=18V 1 - .1 - 1 .1 - 1. A
Current | "L 171, | Vip=0V -5 1o
Level 18 - ’0.]. - -10 "0-1 an
Quiescent L VineVee. ¥ 5 - {o0.25{ - [0.00Y 0.25] - 7.5
u -
evice ¢ DD JINTYSS> DD g | | o.s| - |o.00] 0.5 - | 15| uA
evice Current 150 - | 1.0l - |o.00q 1.0| - 30

* All valid input combinations
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TC4019BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=OV, Cy=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION VDD(V) MIN. TYP. MAX. | UNITS
Output Transition Time t 5 _ 0
(Low to High) TLH 70' 200
Output T iti T4 10 - 35 100
utput Transition Time Frre L o )
(High to Low) THL 15 - 30 80
Propagation Delay Time tpLH > - 73 300
A, B D ¢ 10 - 40 120 ns
» B -D) PHL 15 - 30 | 100
Propagation Delay Time toLn > - 73 300
- ¢ 10 - 40 | 120
(KA, KB - D) PHL 15 - 30 100
An, Bn Input . - 5 7.5
Input Capacitance Cin pF
KA, KB Input - 12 20

WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM
20ns 20ns
- e
90 90%
INPUT Z 50% 50%
— fhos Xéﬁﬁ_______
CTTH PTHL
50% 0%
50% 50%
OUTPUT 10% 10%
TpLH TpHL
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Tc402 OBP/BF C’MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

e

TC4020BP/TCA020BF 14 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS

TC4020BP/BF is 14 stage ripple carry binary
counter having asynchronous clear function. The
counter advances its counting stage by falling edge
of CLOCK input. When RESET input is placed "H", all
the circuits are reset regardless of CLOCK input making
all the outputs (Ql, Q4 v Ql4) to be "L".
This is most suitable for frequency dividers, control
circuits and timing circuits. DIP16(3D16A-P)
ABSOLUTE MAXIMUM RATINGS mw
* CHARACTERISTIC |SYMBOL RATING UNITS =
DC Supply Voltage | VDD Vgg=0.5~ Vgg+20 \
Input Voltage Vin Vgg=0.5q Vppt0.5 v MFP16(F16GC-P)
Output Voltage VouT Vgg=0.5~ Vppt0.5 v -
P & 55 DD PIN ASSIGNMENT
DC Input Current I1n +10 mA
Power Dissipation | Pp 300(DIP) /180 (MFP) mW
. Q1zf1 Vpp
Operating T ~40 " 85 °q
Temperature Range A Q13 Qll
Storage
T - o Qlsa Q10
Temperature Range stg 65~ 150 ¢ e
) Q6
Lead Temp./Time Tsol 260°C » 10 sec
Q5 Q9
TRUTH TABLE Q7 RESET
CLOCK A | RESET OUTPUT STATE N
* il ALL OUTPUTS="L" as erock
= L NO CHANGE Vgs a1
R L ADVANCE TO NEXT STATE (TOP VIEW)
A : LEVEL CHANGE, *: DON'T CARE
LOGIC DIAGRAM
34t T\ Q5 Q6 3 &7
CLOCK 1
LD LD l_. D I_ D D [— D D
oL _ cL _ oL _ cL _ CL _ cL _ oL _
RO R R ROH RO R R
RESET 1 b 1 ] b 1 T
—
d S d J P 4 g
5 R = R 5 R = R =R = R =R
@ o e “or, e op % Yo Qe Q or 9%
D ?1 DT DJ DJ Dq D
- v,
Q14 Q13 Q12 @11 Q1o ) a8
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TC4020BP/BF

RECOMMENDED OPERATING CONDITIONS (Vgs=0V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VDD 3 - 18 N
Input Voltage VIN 0 - VpD \

STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V)

C Vpp—40°C 25°¢ 857¢ UNITS
HARACTERISTIC |SYMBOL
MBOL| TEST CONDITIONS (v)| MIN. |MAX. | MIN. | TYP. | MAX. | MIN.| MAX.
High-Level . [ Tour|<1uA 5 | 4.95| - |4.95]5.00] - |4.95| -
Output Voltage OH VoV 10 | 9.95| - |9.95(10.00] - [9.95| -
IN''SS> DD 115 |14.95| - [14.95|15.00| - [4.95 v
Low-Level | Toyp|<1uA 5 - lo.05] - 0.00/0.05 | - 0.05
0 Vol VoL - 10 - lo.o5| - 0.00/0.05 | - 0.05
utput Voltage Vin=Vss> Vbb |15 | - Jo.05| - | 0.00/0.05| - | o0.05
Vou=4. 6V 5 |-0.61] - }o0.52| ~1.0] - Fo0.42| -
Output High VoH=2.5V 5 -2.5 - |-2.1]-4.0 - [-1.7| -
Current Ion | Vou=9.5V 10 | -1.5| - |-1.3|-2.2| - |-1.1| -
Vou=13.5V 15 | 4.0 - |-3.4|-9.0] - |-2.8]| -
VIN=Vss, Vpp mA
Vor=0.4V 5 | 0.61] - |o0.51| 1.2) - |o0.42| -
Output Low I VoL=0.5V 10 1.5 - 1.3 3.2( - 1.1 -
Current OL | yor=1.5V 15 4.0 - 3.4 12.0| - 2.81 -
VinN=Vss, Vpp
Vour=0.5V, 4.5V| 5 3.5 - 3.5 2.75] - 3.5 -
Input High v Voyr=1.0V, 9.0V (10 7.0 - 7.0 5.5 - 7.0 -
Voltage M yoyp=1.5v,13.5v|15 | 11.0| - |11.0| 8.25| - |11.0| -
[Tour]<1na v
Vour=0.5V, 4.5V| 5 - |15 = [2.25]1.5] - [1.5]
Input Low Voyr=1.0v, 9.0V |10 - 3.0 | - 4.5 3.0 - 3.0
Voltage VIL | voyr=1.5v,13.5V|15 - | 4.0] - |6.75| 4.0 - |4.0
| Tour| <1na
(et j
Input szel Ity | Vig=18V 18 - 0.1 - 10-5| 0.1 | - 1.0 "
Current | v - -5
1 Vip=0v 18 - |-0.1| - [-107?|-0.1| = -1.0
Level L L
Quiescent 5 - 5| - |0.005 51 - 150
Device C | oo | VIn=Vss, Vop 10 - 10| - |o.010| 10| - 300 pA
tee furren . 15 | - 20| - lo.015| 20| - 600

* All valid input combinations.
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TC4020BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

CHARACTERISTIC SYMBOL| TEST CONDITIONS Vpp(V)| MIN. TYP. MAX. |UNITS
Output Transition Time 3 B 70 200
(Low to High) TLH 10 - » 100
g 15 - 30 80
" Qutput Transition Time 5 - 70 200
(High to Low) tTyy, 10 - 35 100
& 15 - 30 80
Propagation Delay Time 5 - lgg igg
AT _ tHhLH 10 -
(CLOCK Q1) P 15 B 65 130
Propagation Delay Time . lg - lgg igg
A HL -
(CLOCK - Q1) P 15 } 65 | 130 |
Propagation Delay Time ¢ lg - 1288 iggg
iy LH -
(CLOCK - Q14) P 15 - 400 800
Propagation Delay Time > - 1000 2000
__ 14 tpHL 10 - 500 1000
(CLOCK - Q14) 15 - 400 800
Propagation Delay Time 3 B 150 280
(RESET -Q) tpHL 10 - 70 120
15 - 50 100
5 3.5 10 -
Max. Clock Frequency fcL 10 8 20 - MHz
15 12 25 -
5 - 50 140
Min. Clock Pulse Width tw 10 - 20 60
15 - 15 40
. . 5 - 100 200
Min. Pulse Width ty 10 _ 40 80 ns
(RESET) 15 - 30 60
5 - ' - 350
Min. Removal Time ¢ 10 _ _ 150
(RESET - CLOCK) |orem 15 - - 100
Max. Clock Input Rise Time | tycp, 18 Yo Limit
o iml us
Max. Clock Input Fall Time | tfCL 15
Input Capacitance CIiN - l 5 | 7.5 | pF
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TC4020BP/BF

WAVEFROM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1 WAVEFORM 2
20ns 20ns 20n]s 20ns
90% 50% f&)’%—’\ 90%
CLOCK 50% N”O% 50% RESET / 50% ﬁ 50%
10% 10% . A 109 10%

|_i___ ! t

tTLH TTHL, w
e
oTo7 A— 90%

Q 50% 50% CLOCK / 50%
10% 10% I

CpLH CpHL

TpHL
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C®*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

~ TC4021BP

TC4021BP 8-STAGE STATIC SHIFT REGISTER
(ASYNCHRONOUS PARALLEL INPUT OR SYNCHRONOUS SERIAL

INPUT/SERIAL OUTPUT)

TC4021BP is 8 stage parallel in/serial out shift
register, which can be used also for serial in/serial
out operations.
In the case of parallel operation, the data of
PARALLEL IN is input to each F/F asynchronously with
CLOCK and the output is obtained. 1In the case of
serial operation, each F/F is triggered by rising edge|
of CLOCK. (ASYNCHRONOUS PARALLEL OR SYNCHRQNOUS
SERTAL INPUT) .o ’ ,
Switching of PARALLEL operation and SERIAL operation DIP 16(3D16A~P)
is achieved by P/T CONTROL input. When P/S CONTROL
input is "H", PARALLEL operation is designated and
when it is "L", SERIAL operation is designated. PIN ASSIGNMENT
# VDD
MAXIMUM RATINGS j PIv
#Pls
CHARACTERISTIC SYMBOL RATING UNIT § P15
DC Supply Volt v Vgs-0.5 ~Vss+20 s N
C Supply Voltage DD SS SS A
Input Voltage VIN Vss-0.5~Vpp+0.5 \ § CLOCK
Output Voltage VouT | V§s=0.5~Vppt0.5 v pr/s
TOP VIEW
DC Input Current ITN $10 mA (ror vIEW)
Power Dissipation Pp 300 mW TRUTH TABLE
: : INPUTS OUTPUTS &
Operating Ambient A —40~85 °c T
Temperature Range A P,/S|PI;|PIn|SI | Qp Qn
Storage Temperature
Range ’ Tstg —65~150 °c 4 | | ®* % | L|L| Q1
4 | | x| x| 8|H Qn—1
. o
Lead Temp./Time Tsol 260°C 10sec T = | % | % | %o change
LOGIC DIAGRAM * |H | L|L | *¥]| L L
PARALLEL INj PIp Plg PIy PIg * |H | L |H | *| 1L H
SERIAL IN @ @ @ * |n |a|u|x|=8 L
—? ) FP] E?P I ¥ |H |H |H | % |=H H
@>—p atp ap &P a-Pp a —
l_CIiDE dCLPE l_cgE [_CI{DE I_CgE 45 Q1~Qs Internal
T T T T l an; Level Change
' 4 + % ; Don't Care
CLOCK ?E; Py Fls
@9 ) o> < = = INTERNAL FLIP FLOPS
R D—Q_ D@ D P r_“ - - ‘1
Ha_ cLb da_ cif o oL PE —
© Fer ] P es ] ‘g ] | | &
P,S CONTROL T T T 5 a
I cL oL :;:jl
CP—.[itgi. oL - J
Qg Qy Q6 L——- - - -
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TC4021BP

RECOMMENDED OPERATING CONDITIONS (Vss=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage VpD 3 - 18 v
Input Voltage VIN 0 - Vpp \
STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V)
—- o o o
CHARACTERISTIC ggf— TEST CONDITION [Vpp 40°C 25°C 85°¢C UNIT
(V) | MIN. | MAX.| MIN.| TYP.| MAX. | MIN.| MAX.
|1 | <1pA 51 4.95 - 4.951 5.00 - 4.95 -
High-Level ouT ! <lu
Output Voltage VoH VIN=VSS, VDD 10| 9.95 - 9.95(10.00 - 9.95
15(14.95 - 114.95{15.00 - |14.95 - v
11 | <1ua 5 - 0.05 - 0.00| 0.05 - 0.05
- ouT ! <le
Low-Level VoL 10/ - lo.05| - |o0.00|0.05] - ]o0.05
Output Voltage VIN=Vss,Vpp
15 - 0.05 - 0.00| 0.05 - 0.05
Vou=4.6V 51-0.61 - |-0.51| -1.0 - |-0.42 -
Vonr=2.5V 50 2.5 - | -2.1| -4.0| - | -1.7 -
Output High _ B _ _ _ _ _ _
Current IoH|{VoH=9.5V 10 1.5 1.3 2.2 1.1
Vou=13.5V 15| -4.0 - -3.4( -9.0 - -2.8 -
Vin=Vss,Vpp A
V01.=0.4V 5| 0.61 - 0.51 1.5 - 0.42 -
Output Low Vo1=0.5V 10 1.5 - 1.3 3.8 - 1.1 -
Current ToL
VoL=1.5V 15 4.0 - 3.4( 15.0 - 2.8 -
VIN=VSS,VDD
VouTr=0.5V,4.5V 5 3.5 - 3.5| 2.75 - 3.5 -
Input High V1 Voyur=1.0V,9.0V 10 7.0 . 7.0 5.5 - 7.0 -
Voltage Vour=1.5v,13.5v| 15| 11.0| - | 11.0| 8.25| - | 11.0| -
1 IOUTI <1reA v
VouTt=0.5V, 4.5V 5 - 1.5 - 2.25 1.5 - 1.5
Input Low V1L VoyT=1.0V,9.0V 10 - 3.0 - 4.5 3.0 - 3.0
Voltage Vour=1.5v,13.5v| 15| - | 4.0 - | 6.75| 4.0 - | 4.0
1 TouT ! <1eA
Input |"H'" Level Iyy|Vig=18V 18 - 0.1 - | 10-5] 0.1 - 1.0 LA
Currenting pevel Iyp|ViL=0v 18] - | -o.1] - [|-10-5] —0.1] - | -1.0
5 - 5 - 10.005 5 - 150
Quiescent _ _ a 1 _ 300
Device Current Ipp ZIN Vss,VDD 10 10 0.010 0 rA
) 15 - 20 - 10.015 20 - 600

# All valid input combinations.
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- TC4021BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, Cp=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION Vpp (V) MIN. TYP. MAX. UNIT
Output Transition Time > - 80 200
(Low to High) tTLH 10 - 50 100
15 - 40 80
ns
: 5 - 80 200
Output Transition Time
(High to Low) THL 10 - >0 100
15 - 40 80
. . 5 - 150 320
Propagation Delay Time tpLH
- 65 160
(CLOCK - Q) tpmL 10 e
15 - 45 120
. ‘ . 5 - 230 460
Propagation Delay Time tpLH
— 10 - 90 180 ns
(®/s - Q) tpHL
15 - 60 120
5 3 6.5 -
Max. Clock Frequency feL 10 6 18 - MHz
15 8.5 24 -
5 - 80 180
Min. Clock Pulse Width | ty 10 - 30 80 ns
15 - 20 50
2 - -
Max. Clock Rise Time tyCL > 0
. 10 2.5 - - us
Max. Clock Fall Time tfcL
15 1.0 - -
- 40 12
Min. Set-up Time > 0
1 - 20 80
(ST - CLOCK) tsu 0 ne
. 15 - 15 60
Min. Set-up Time > N 25 30
— 1 - 15
T - P/3) tsy 0 30 ns
15 - 10 20
Min. Hold Time 5 - 35 70
SI - CLOCK
- 20
(PI T ) ty 10 40 ns
15 - 15 30
5 - 90 180
Min. Pulse Width
- t 10 - 30 80
(P/S - CONTROL) WH e
15 - 10 50
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TC4021BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, C1=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION v W) MIN. TYP. MAX. UNIT
DD
5 - 45 280
Min. Removal Time
_ t 10 - 20 140 ns
(P/S - CLOCK) rem
15 - 15 100
Input Capacitance CIN - 5 7.5 pF

WAVEFORIS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1. _R0Ons 20ns
90% 90%
50% 50%
CLOCK Z_ it 1% 7
trTLH LTHL
i_ -,——4
50% 90%
Q 50% 50%
1% "1 0%
TpLH TpHL
= =4
WAVEFORM 2. WAVEFORM 3. 20ns 20ns
20ns 20ns S0% X ¥o0%
PI < 5%0 >< 50%
107
> 90% b ‘96% 10%
SI 50% < 50% 20
10% L 10% ne
20ns T 90%
P/s 50%
10%
90%
CLOCK 50% tSU. ty
10%
ot
tsy tm
WAVEFROM 4.

P/s

CLOCK
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1C4022BP

C?MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4022BP  OCTAL COUNTER/DIVIDER

TC4022BP is octal Johnson counter consisting of 4
stage D-type flip-flops and equipped with decoder
which convert the output to octal.

Depending on the number of count pulses applied to
CLOCK or CLOCK INHIBIT input, one of eight outputs Qg
through Q7 becomes "H". The counter advances its
counting state by rising edge of CLOCK when CLOCK
INHIBIT="L" and by falling edge of CLOCK INHIBIT when
CLOCK="H".

RESET input with "H" level resets the counter to
Qo="H" and Q1~ Q7="L" regardless of CLOCK and CLOCK
INHIBIT.

MAXIMUM RATINGS

DIP 16 (3D16A~P)

Qo Qs Qg Q7 CARRY OUT

CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGNMENT
DC Supply Voltage Vpp Vgg-0.5~Vgg+20 v
Input Voltage VIN Vgs-0.5~Vppt0.5 \ Q1 VoD
Output Voltage Vout Vgs-0.5~Vpp+0.5 \ Q0 RESET
DC Input Current IIN +10 mA Q2 CLOCK
CLOCK
Power Dissipation Pp 300 mi Qs INHIBIT
Operating Ambient a0 ° Q6 CARRY OUT
Temperature Range Ta 40~85 ¢ NC ™ 7
Storage Temperature Tstg —65~150 °c as Qy
Range
Vss NC
Lead Temp./Time Tsol 260°C -10sec
(TOP VIEW)
LOGIC DIAGRAM
cLock  CLOCK TRUTH TABLE
INHIBIT @ w Do ag 7 as
INPUTS
SELECTED
= CLOCK & I;gfg¥§g rEsET | OUTFUT
* * H Q0
RESET (5-Do—— z 2 ) i! H L an(NC)
—HD S gq| DS QH— r—D S q¢+D S q
TCL cL _l cL oL L * L an(¥c)
2 I- af’ [ ) [ al KN L L an + 1
' 1 L L Qn(nC)
H _r L Qn(NC)
p H —L L Qn + 1

A Level Change
% ; Don't Care
NC ; No Change

gt ~Qr="H"
caRry our{,H, "0~4s= H
L '..Q4~Q7= H
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TC4022BP

TIMING CHART

RESET N
CLOCK | l | I L_ L_ LJ L_ LJ l__1
CLOCK INHIBIT L ur
Qo ] T
Q1
Q2
Q3
Qe
Qs
Q6
Qy
CARRY OUT
RECOMMENDED OPERATING CONDITIONS (vgg=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage VDD .  ; 3 - 18 \Y
Input Voltage VIN 0 - VDD \Y,
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)

o o o
CHARACTERISTIC SYM- TEST CONDITION -407C 25°¢C 85°¢C UNIT
BOL VDD
(V)| MIN.| MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
5| 4.95 - | 4.95] 5.00 - 4.95 -
. 1 ToyT] <1zA
High-Level _ _
Output Voltage Vou VIN=VSS, VDD 10 9.95 9.95[10.00 9.95
15(14.95 - 114.95(15.00 - |14.95 - v
- | 0.0 - | 0.00f 0.05 - 0.05
Low-Level Hour | <lrA ’ 0 05 0.05 0.05
Output Voltage VoL VIN=VSS,VDD 10 - <03 - | 0.00) 0.0 - ’
15 - | 0.05 - | 0.00} 0.05 - 0.05
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TC4022BP

STATIC ELECTRICAL CHARACTERISTICS (Vss=0V)

CHARACTERISTIC ggf’ TEST CONDITION |Vpp -40°c 25°¢ 85°¢C UNIT
(V) | MIN. | MAX. | MIN.| TYP.| MAX.| MIN. | MAX.
Vou=4.6V 5|-0.61 - |-0.51| -1.0 - |-0.42 -
Vou=2.5V 5] -2.5 - | =2.1} -4.0 - | -1.7 -
Output High _ _ _ _ _ _
Current 1oy |Von=9.5V 10| -1.5 - 1.3] -2.2 1.1
Vop=13.5V 15| -4.0 - | =3.4| -9.0 - | -2.8 -
VoL=0.4V 5| 0.61 - | 0.51] 1.5 - | 0.42 -
Output Low VoL=0.5V 10 1.5 - 1.3 3.8 - 1.1 -
Current ToL
VorL=1.5V 15| 4.0 - 3.4] 15.0 - 2.8 -
VIN=Vss,VDD
VouT=0.5V,4.5V 5/ 3.5 - 3.5] 2.75 - 3.5 -
Input High ViK VouT=1.0v,9.0V | 10| 7.0 - 7.0] 5.5 - 7.0 -
Voltage Vour=1.5v,13.5v| 15| 11.0| - | 11.0f| 8.25| - | 11.0] -
1 TouT | <1zA -
VouTr=0.5V,4.5V 5 - - | 2.25| 1.5 - 1.5
Input Low Vour=1.0vV,9.0V | 10 - - 4.5 3.0 - 3.0
Voltage VIL
voyr=1.5V,13.5V| 15 - . - | 6.75| 4.0 - 4.0
I TouT] <1xA
Input "H" Level ITH|VIp=18V 18 - 0.1 - 10-5 0.1 - 1.0 uA
Corrent Loy (el 111 |ViL=0V 18] - | -0.1 - {-10-5| -0.1| - | -1.0
, 5 - 5 - ]0.005 5 - 150
Quiescent - _ a _
Device Current Ipp :IN Vss, VDD 10 10 0.010 10 300 #A
) 15 - 20 - |0.015 20 - 600
# All valid input combinations.
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) .
CHARACTERISTIC SYMBOL | TEST CONDITION Vop (V) MIN. TYP. MAX. | UNIT
5 - - 80 200
Output Transition Time
(Low to High) tTLH 10 - 50 100
v 15 - 40 80
ns
5 - 80 200
Output Transition Time
(High to Low) tTHL 10 - 50 100
15 - 40 80
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TC4022BP

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

CHARACTERISTIC SYMBOL| TEST CONDITION Vpp (V) MIN. TYP. MAX. UNIT
- 2
Propagation Delay Time tpLH 3 3\5 650
10 - 135 270
(CLOCK - Qn) tpHL
15 - 85 170
Propagation Delay Time tpLH > - 280 600
- 2
(CLOCK - CARRY OUT) tpllL 10 110 250
15 - 75 160 ns
Propagation Delay Time 5 - 265 530
tpLH
RESET - Q . 10 - 115 230
(RESET - CARRY OUT tpHL
15 - 85 170
5 2.5 6 -
Max. Clock Frquency feoL 10 5 12 - MHz
15 6.7 13.5 -
5 - 85 200
Min. Clock Pulse Width tw 10 - 40 90
15 - 35 60
ns
- 2
Min. Pulse Width > 20 00
10 - 20 110
(RESET) W
15 - 15 60
. . 5
Max. Clock Rise Time trCL
imit
Max. Clock Fall Time tfCL 10 No Limi s
15
. . 5 - 30 230
Min. Set-up Time
- 15 100
(CLOCK INHTBIT - CLOCK) | =SU 10 : ns
15 - 10 70
5 - -55 400
Min. Removal Time
(RESET - CLOCK) trem 10 - -20 275 ns
15 - -15 150
Input Capacitance CIN - 5 7.5 pF
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TC4022BP

WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

CLOCK

Qn

CARRY OUT

WAVEFORM 2.

CLOCK

RESET

Q1~Qy

Qo,
CARRY OUT

WAVEFORM 1.

20ns 20ns
90% 9%
507% 50% 50%
l10% -10% / /
tTLH tryn
90% 90%
50% 507
10% 10%
t 1 -t
pLH
TpHL
)’I
WAVEFORM 3.
20ns 20ns
ey
90% [;b%
507 CLOCK
1%  \19% INHIBIT
trem
20ns 20ns
‘o u 9%
50% 50 ) CLOCK
,z_lu% 10%
twh
50%
tpHL
50%
TpLH
-

20ns

90%

50%

10%

20ns
90%
50%
10%
tsu
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C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4024BP/BF

TC4024BP/TCA024BF 7 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS

TC4024BP/BF is 7 stage ripple carry type binary
counter having asynchronous clear function.
The counter advances its counting state by falling
edge of CLOCK input.
When RESET input is placed at "H", all the internal
flip~flops are reset making all the outputs Q1
through Q7 to be "L'" regardless of CLOCK input.
This is suitable for frequency divider circuits and

control circuits.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC |SYMBOL RATING UNIT
DC Supply Voltage | VbD Vgg—0.5n Vgg+20 v
Input Voltage Vin Vgg=0.5~ Vppt+0.5 v
Output Voltage Vout Vgg=0.5~ Vppt0.5 v
DC Input Current Iy *10 mA
Power Dissipation | Pp 300 (DIP) /180 (MFP) mW
Operating T _ °
Temperature Range A 4085 ¢
Storage —-65 " °
Temperature Range Tstg 657 150 ¢
Lead Temp./Time Tso1 260°C * 10sec
TRUTH TABLE

CLOCK A RESET OUTPUT STAGE
% H All Outputs = "L"
_ L No Change
e L Advance to Next State

A: Level Change, *: Don't Care

14

1
DIP14(3D14A-P)

14

1
MFP14(F14GB—P)

PIN ASSIGNMENT

CLOCK
RESET

Q7

(TOP VIEW)

LOGIC DIAGRAM

Q4 Q5

CL

LT;M—G)%

+—qT
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TC4024BP/BF

RECOMMENDED OPERATING CONDITIONS (Vss=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage Vpp 3 - 18 \
Input Voltage VIN 0 - VpD v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
-40°C 25°C 85°C
CHARACTERISTIC |SYMBOL| TEST conprTIONS| VDD UNITS
(V) [MIN. | MAX. | MIN.| TYP.|MAX. | MIN.| MAX.
High-Level [ Tour | <1nA 514.95| - 4.95[5.00 | - 4.95( -
Von 10 [9.95| - 9.95|10.00| - 9.95 -
Output Voltage VIN=Vsss VDD 15 [14.95| - |14.95[15.00] - |14.95 - | |
e T R I e R N R
o oL o| - |o. - . 05| - .05
Output Voltage =
P & Vin=Vsss Vpp 15| - |o.05| - [0.00]0.05| - |o0.05
Vor=b4. 6V 5 [-0.61] - [-0.51|-1.0 | - |-0.42| -
Vou=2.5V 5 (-2.5| - |-2.1 |-4.0| = |1.7 | -
Output High Ton
Vou=9.5V 10 {-1.5| - |-1.3 |-2.2| - |1.1 -
Current Vop=13.5V 15 |-4.0| - |-3.4 {-9.0| - |-2.8 | -
Vin=Vsss Vop A
Vor=0.4V 5 [ 0.61] - |0.51] 1.2 | - |o0.42] -
Output Low Vor=0.5V 10 - 3. - -
for gy g
Current or=1-5V 15 - 3.4 {12.0 | - 2. -
Vin=Vsss Vop
Voyr=0.5V, 4.5V | 5 | 3. - 1. 2.75) - |3.5 | -
Input High Vouyr=1.0V, 9.0V |19 | 7. - 7. 5] - 7. -
VIn
Voltage Vour=1.5V, 13.5V|15 {11.0 | - f11.0 | 8.25 - [1.0 -
[ Toyr|<1na v
f Vour=0.5V, 4.5V | 5 | - | 1. T 1225 1.5 = | 1.5
Input Low v Vopp=1.0V, 9.0V {10 | - - | 4.5 - | 3.0
IL
Voltage Voyr=1.5V, 13.5V|15 - | 4. - 6.75| 4. - | 4.0
| Tour| <1uA
"HY I 18] - |o1| - |10 0.1] - | 1.0
Input |yoyel IH  |[Vyg=18V . . . R
A
Current|"y" _ -5
Level | IIL  [Vrn=ov 18 | - [-0.1| - |-1073|-0.1| - |-1.0
) 5 | - 5 | - lo.005] 5 | - | 150
Quiescent B
] Ipp [Vin=Vss, Vop 10| - | 10| - Jo.010] 10 | - | 300 pa
Device Current
* 15| - {15 | - |o.015] 20 | - | 600

* All valid input combinations.
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TC4024BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cr=50pF)

CHARACTERISTIC SYMBOL gggnglON Vpp(vy| MIN. | TYP. | MAX. |UNITS
Output Transition Time ) > - /0 200
; tTLH 10 - 35 100
(Low to High) 15 - 30 80
Output Transition Time t > - /0 200
' THL 10 - 35 | 100
(High to Low) 15 _ 30 80
Propagation Delay Time 5 - 140 360
o tpLH 10 - 70 160
(CLOCK - Q1) 15 - 50 130
Propagation Delay Time €pHL lg : 1?8 igg
(CLOCK - Q1) 15 - 50 130
ns
5 - 400 1200
Proo: . .
ro?agatlon Delay Time tpLH 10 _ 160 590
(CLOCK - Q7) 15 - 115 430
5 - 400 | 1200
Propagation Delay Time
STOCE — tpHL 10 - 160 520
(CLOCK -Q7) 15 - 115 | 430
Propagation Delay Time 5 - 140 280
— 10 - 70 | 120
(RESET - Q) P 15 - 50 | 100
5 3.5 14 -
Max. Clock Frequency foL 10 8 30 - MHz
15 12 40 -
Max. Clock Input Rise Time trcL 5
10 No Limit
Max. Clock Input Fall Time teeL 15 o e
5 - v 40 140
Min. Clock Pulse Width tw 10 - 20 60
15 - 15 40
. . 5 - 40 200
Min. Pulse Width
. fulse Wi tun 10 - 20 80 ns
(RESET) 15 - 15 60
5 - 0 350
Minimum Removal Time trem 10 - 0 150
15 - 0 100
Input Capacitance CIN - 5 7.5 pF
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TC4024BP/BF

WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 1 ‘ WAVEFORM 2
20us 20us 20ns 2IOns
EN 20% 0% RESET 90 90%
CLOCK N 50% 50% 50% j 50% 50%
10% \_— R o LYY X10%
trig Ty Y1EL TwH
Q
Q 50%
CpHL
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C*MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4027BP/BF

TC4227BP/TC4027BF DUAL J-K MASTER-SLAVE FLIP-FLOP

TC4027BP/BF is J-K master-slave flip-flop having
RESET and SET functions.

In the case of J-K made, when the clock input is
given with both RESET and SET at "L", the output
changes al rising edge of the clock according to the
states of J and K.

16

1
DIP16(3D16A—P)

When SET input is placed at "H", and RESET input is
placed at "L", outputs become Q="H", and Q='"L".

When RESET input is placed at "H", and SET input is
placed at "L", outputs become Q="L", and Q="H". B\
When both of RESET input and SET input are at "H'",

outputs become Q="H" and Q="H". MFP16(F16GC—P)

PIN ASSIGNMENT

ABSOLUTE HMAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT ~
Q1 f1 16 vpp
DC Supply Voltage Vpp | Vgg-0.5 Vgg+20 v o ]
Input Voltage Vin Vgg=0.5vVppt0.5 \ e az
Output Voltage Vout | Vgg-0.5~Vppt0.5 v crockl fs 2l gz
DC Input Current Ty *+10 mA rESETL |q 13 crookz
Power Dissipation Pp 300(DIP) /180(MFP) | mW €1 s 12]] RESET2
Operating T
J1
Temperature Range opr -40 v 85 °c |6 lll K2
Storage R seT1 ||y 10f 52
Temperature Range Tstg -65"150 c I
v 8 of sET2
Lead Temp./Time Tsol 260°C - 10 sec S8
(TOP VIEW)

LOGIC DIAGRAM

1/2 TC4027BP,/BF

BLOCK DIAGRAM

s s
67 Q1 10—J Q15
34qcL 13 HcL
5K Qf=2 11 4K Q14

R R

T I

4 12

151




TC4027BP/BF

TRUTH TABLE

INPUTS OUTPUTS
RESET | SET J K CLOCKA | Qp+1 Qn+1
L H * * * H L * : DON'T CARE
H L * * * L H A : LEVEL CHANGE
i L * * * i 1 + : NO CHANGE
L L L L i On* Qn * :
L L L H Hy L H **: CHANGE
L L H L ¥ H L
L L H H ay Qn**| Qn--
L L * 1 Qn* Qn*
RECOMMENDED OPERATING CONDITIONS (Vgg=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VpD 3 - 18 v
Input Voltage VIN 0 - VpD v
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
o o o
CHARACTERTSTIC [SYMBOL | TEST CONDITION | VDD 40°C 25°C 85°C  lunits
(V) | MIN.|MAX. | MIN.| TYP.|MAX. | MIN.| MAX.
5| 4. - 4. . - . -
High-Level . | Tour | <1uA 95 95| 5.00 4.95
OH 10 | 9.95 - 9.95[10.00 - 9.95| -
Output Voltage Viv=Vac. V
INTVSSs VDD 15 [14.95 - |[14.95/15.00] - |14.95| - v
Lou-Level . | Toup| <1ua 5 - |0.05) - 0.00{ 0.05| - {0.05
oL 10 - |o.05| - 0.00[0.05| - [0.05
Output Voltage V.=V v
IN "Ss* "DD 15 - |o.05| - 0.00{0.05| - |0.05
Vou=4.6V 5 |-0.61 - |-0.51|-1.0 | - [-0.42] -
. Vog=2.5V
Output High OH 5 1-2.5 | - |-2.1 |-4.0| - [|-1.7 | -
IOH VOH=9. 5v
Current Von=13.5V 10 |-1.5 - -1.3 |-2.2 - -1.1 -
VIN=VSS’ VDD 15 —4.0 - ‘3.4 —9.0 - —2.8 - mA
Vor,=0.4V 51 0.61) - |o0.51] 1.2 | - |o0.42] -
Output Low Vo1=0.5V
1 - _ -
Current oL VoL=1.5V 10 | 1.5 1.3 | 3.2 1.1
Vin-Vss» VoD 15 | 4.0 | - 3.4 [12.0 | - 2.8 | -
Vour=0.5V, 4.5V| 5 | 3.5 | - 3.5 | 2.75| - 3.5 | -
Input High \ =1.0V, 9.0V
VI out ’ 10|70 - |7.0]5.5]- |7.0]- v
Voltage Vour=1.5V,13.5V
15 |11.0 | - 11.0 | 8.25| - |11.0]| -
|Toyr|<1ua
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TC4027BP/BF

STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)

-40°C 25°C 85°C
CHARACTERISTIC |SYMBOL| TEST CONDITION | VDD UNIT
) MIN.| MAX. | MIN.| TYP.|MAX. | MIN.| MAX.
Vour=0.5V, 4.5V | 5 | _ | 15| - |2.25| 1.5 - | 1.5
Input Low \ =1.0V, 9.0V
P vip  |OUT L ool - | 3.0 - | 4.5 3.0 - [ 3.0 v
Voltage Vour—1.5V,13.5V
TouT | <1pA 15 - 4.0 - |6.75 | 4.0 - 4.0
"H" _5
Input Itn  |vyg=18v 18 - 0.1 - 10 0.1] - 1.0
Cu;rent "Lﬁvel ! HA
Lever| TIL  [Vir=ov 18| - | 0.1 - |-1072|-0.1| - [-1.0
. 5 - 1 - [0.002 1 - 30
iescent =
su c Ipp Vin~Vss> Voo 10 - 2 - |0.004] 2 - 60 | pA
i t o
evice turren * 150 - |4 - lo.o08] 4 | - | 120
* All valid input combinations.
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0v, CL=50pF)
CHARACTERISTIC SYMBOL TEST CONDITIONS VDD(V) MIN. TYP. MAX. | UNITS
Output T itd Ti 5 - 70 200
utpu ransition Time o 10 _ 35 100
(Low to High) 15 _ 30 80
Output Transition Time 3 - 70 200
tHL 10 - 35 100
(High to Low) 15 _ 30 80
ns
5 - 150 300
P ti Del Time tpLH
ropagation e—ay i P 10 _ 75 130
(CLOCK - Q, Q) EpHL 15 - 60 90
Propagation Delay Time tpLH 5 - 120 300
_ 10 - 60 130
(SET, RESET - Q, Q) UL, 15 _ 45 90
5 3.5 8 -
Max. Clock Frequency for 10 8 16 - Miz
15 12 20 -
Max. Clock Input Rise trcr, 5
Time ..
10 No Limit us
Max. Clock Input Fall
P Time tecL 15
Min. Pulse Width > - 60 180
in. Pulse Widt ty 10 _ 35 80
(SET, RESET) 15 - 25 50
5 - 60 40 | "¢
Min. Clock Pulse Width ty 10 - 35 60
) 15 - 25 40
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TC4027BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Continued)
CHARACTERISTIC SYMBOL TEST CONDITION VDD(V) MIN. TYP. MAX. UNIT
. . 5 - 30 140
Min. —
in. Set-up Time tsu 10 _ 10 50
(J, K - CLOCK) 15 - ‘5 35
5 - - 140
Min. Hold Time ty 10 _ _ 50 ns
(J, K - CLOCK) 15 _ _ 35
Min. Removal Time 5 - B 40
trem 10 - - 20
(SET, RESET - CLOCK) 15 _ _ 15
Input Capacitance CIN - 5 7.5 pF
WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
WAVEFORM 1
20ns 20ns
- =
. 90%
CLOCK é?\_} / 5%?%%
J 10%  \0%
Q 50% 50%
TpLH TpHL
WAVEFORM 2 WAVEFORM 3
20ns 20ns 20ns 20ns
0% 90%
SET 50% J,K
/- 10% 10% 1
20ns R0ns 20 ns
90 90%
RESET 50% % " CLOCK
10% ST/ S
tTLH tTHL tTTLH UTHL
N 5&(9);)6% 90% N 20% 90%
10% 0% I Yot 10
|“oLE YpHL ‘
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C?’MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4028BP/BF

TC4028BP/TC4028BF BCD-TO-DECIMAL DECODER

155

The TC4028BP/BF is a BCD-to-DECIMAL decoder which
converts BCD signal into DECIMAL signal.
0f ten outputs from Q0 to Q9, one output correspond-
ing to input BCD code goes to the "H" level and all
the others remain at the "L" level. DIP16(3D16A-P)
When D is used as inhibit input by use of three input
lines from A to C, this decoder can be served as a 16
BINARY-to-0OCTAL decoder. 1
MAXIMUM RATINGS MFP16 (F16GC-P)
CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGNMENT
DC Supply Voltage VDD | Vg5-0.5n Vgs+20 v
Input Voltage VIN Vgg=0.5~ Vppt+0.5 v 1 VoD
Output Voltage Voyr | Vgs-0.5~ Vppt0.5 v 2 as
3 Q1
DC Input Current In +10 mA . N
Power Dissipation Pp 300 (DIP) /180 (MFP) mW 5 c
i D
Operating Temperature TA —40~ 85 °q 6
Range kd A
Storage Temperature
T - ° 8 Q8
Range stg 65 150 C
Lead Temp./Time Tso1 260°C » 10 sec (TOP VIEW)
LOGIC DIAGRAM TRUTH TABLE
INPUTS OUTPUTS
D|c| B| A|qolal|az|q3las|as{as|q7{qs|Qs
O P>—®ao vlofelo]e|o]elele]e]n]e]e]n
v|Lu|o|H|n|E|L|L|L|L|L|{L|{L|L
= > @
A QI’_'»'1""V"___TZZZQ::X** ) vlulalo]o]o]e]ole|o]]e]]T
D 1 P az L|L|E|E|L|L|L|H|L|L|L|L|D]L
p +—4
{:: 5 i: s vlg|u|u||n|n|L|HE|L|L|L|L]|L
5 r__:i:): L|H|L|H|L|L|L|L|L|H|L|L|L|D
© I E ‘ T > P—Das vlele|n|o]o|o|ofo|u|E|{L|L|D
——i:>} v|H|E|H|L|L|L|L|L|L|L|H|L|L
c ——J >0 alo|ofofo)ofefofe]cfc]o]r]t
) a6 H|L|L|H|L|L|{L|L|L|L|{L|L|L|H
] > glofa|ofo|o|o|o|o|o|o|L|n]L
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TC4028BP/BF

RECOMMENDED OPERATING CONDITIONS (Vvgs=0V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
DC Supply Voltage VDD 3 - 18 v
Input Voltage VIN 0 - VDD Y
STATIC ELECTRICAL CHARACTERISTICS
-40°C’ 25°C 85°C
CHARACTERISTIC TEST CONDITION | VDD UNIT
(v) |MIN. [MAX. | MIN.|TYP. | MAX. | MIN. | MAX.
HiehLevel 1 C1un 5| 4.95 - 4.95 5.000 - |4.95| -
out ’tezeltage Vou |y our| <1v 10| 9.95] - | 9.9510.00 - |9.95| -
utpu o -
P IN=Vss» VDD 15| 14.95 - |14.9515.00 - [14.95| -
] A
Low-Level |Tour| <1luA 50 - |o.05| - | 0.000.05| - 0.05
outout Volt VoL, eVen 10| - |o0.05| - 0.00 0.05| - | 0.05
u u o age =
P & INTUSS» DD 15| - |o0.05| - | 0.0000.05{ - |0.05
Vo= -6V 5/-0.61 - |-0.51-1.0| - |-0.42| -
Vou=2-5V 5/-2.5| - |-2.1[-4.0| - |-1.7 -
Output High
1 = - S _ . _
Current OH |Vog=9.5V 10 | -1.5 1.3]-2.2 1.1
Vor=13.5V 15|-4.0| - |-3.4|-9.0 - |-2.8 -
VIN=Vss,DD mA
Vor=0.4V 5(0.61| - 0.511 1.2| - |o0.42] -
Output Low . VoL=0.5V 10 .5 - 1. 3. - 1.1 -
Current oL\ yor=1.5v 15| 4.0 - | 3.4l12.0] - |28 -
ViN=Vss,Vss
Vour=0.5V, 4.5 5| 3. - 3.5 2.75] - | 3.5 -
Input High v Vour=1.0v, 9.0v| 10| 7. - 7.0 .5 - 7.0 -
TH
Voltage Voyr=1.5V,13.5v| 15 [11.0 - | 11.0| 8.29 - [11.0 | -
| Tour| <1ua v
Voyr=0.5V, 4.5V 5| - |1.5 - 2.25/ 1.5 - .5
Input Low VL Voyr=1.0v, 9.0V} 10 - 3.0 - 4.5 3. -
Voltage Voyr=1.5V,13.5V| 15 - | 4.0 - 6.75| 4. -
[Tour| <lua
HHII 5
Input  |Level Ity | Vyg=18V 18] - |o0.1 - (10°5] 0.1 - 1.0
Current |"L" 5 HA
Level | IIL |Vip=ov 18| - |-0.1 - |-10-5|-0.1 - |-1.0
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TC4028BP/BF

STATIC ELECTRICAL CHARACTERISTICS (vggq=0V)

SYM— -40°C 25°C 85°C
CHARACTERISTIC | 3 TEST CONDITION | Vpp UNIT
L (V) | MIN. | MAX. | MIN. | TYP. | MAX. | MIN. | MAX.
Quiescent 5 - 5 - 10.005 5 - 150
Device Inn | VIN=Vas,Vnp 10| - 10 - lo.o010| 10 - 300 | ua
Current 20| - 20 | - |o.015| 20 | - | 600
*All valid input combinations.
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cr=50pF)
CHARACTERISTIC SYMBOL |TEST CONDITION MIN. TYP. MAX UNIT
Vpp (V)
5 - 70 200
Output Transition Time
(Low to High) trLy 10 - 35 100
15 - 30 80
ns
5 - 70 200
Output Transition Time
1 - 3 1
(High to Low) tTHL 0 > 00
15 - 30 80
. ' tpLH 5 - 110 350
Propagation Delay Time 10 - 55 160 ns
EpHL 15 = 40 120
Input Capacitance CiN - 5 7.5 pF

WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

A,

B,C,D

20ns

90%

10%,

so%z xsgzz 7

Z0ns

90%

éO% 5
tTLH TTHL
b -]
0 g0 F—
50% 50% 50% 50%
10% \-10% g |
tpLE TpHL, [ tpLH

tpHL
T
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= TC4029BP/BF

C®MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4029BP/TC4029BF PRESETTABLE UP/DOWN COUNTER

TC4029BP/BF is up/down counter having the capabilities of
preset operation, parallel carry connection and decimal/
binary switching. Switching of decimal counter and
binary counter is controlled by BINARY/DECADE input("H"-
Binary and "L'"-Decimal), and switching of UP/DOWN is
controlled by UP/DOWN input ("H"-Count up and "L'"-Count
down). As PRESET ENABLE input at "H" level causes input
information at Ayy through Dyy to be directly input to
the flip-flops, any arbitrary count can be set. The
counter advances its counting state by rising edge of
CLOCK input.

MAXIMUM RATINGS

DIP16(3D16A-P)

16

1

CHARACTERISTIC SYMBOL RATING UNIT MFP16(F16GC-P)
DC Supply Voltage VDD Vgg=0.5~ Vgg+20 v PIN ASSIGNMENT
Input Voltage VIN Vgg=0.5% Vpp+0.5 v PRESET
ENABLE |1 16 Vpp
Output Voltage Vout Vgg=0.5~ Vppt0.5 v Dourh 2 15 joLook
DC Input Current I1n +10 mA byl 3 14fCour
Power Dissipation Pp 300(DIP) /180 (MFP) | mW AInge 1301y
- 5 128
gperatlng Temperature Ty ~40~ 85 o CARRY 1IN 51N
ange south 6 11gBouT
ggggzge Temperature Tstg 65 150 °¢ CARRY OUTfv 10 JuE/BOWN
i ° Vssie 19)BINARY/
Lead Temp./Time Tsol 260°C « 10sec DECADE
(TOP VIEW)
LOGIC DIAGRAM
AN AguT Bin  Bour Cn Cour DiNy  Dour CARRY
o G B @ ©® @ @ ® ouT
PRESET O D
gv 4 09 2 Y
P 5 P 5 P B P 1 i
— J PQ L——< J PQ —— J Q J Q9
+ cL cL oL cL
[_.—o K K K K
0LoCcK (19—o— > Q Q '
CARRY IN C)“DXFLE;; tw +

UE/DOWN
BINARY/
SEoADE (&) o

I
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TC4029BP/BF

TRUTH TABLE

P ———— PRESET — e
CARRY 1IN ENABLE UP/DOWN BINARY/DECADE OPERATION
L L H * UP CONUT
L L L * DOWN COUNT
* H * %* PRESET -
* Don't care
H L * * NO COUNT
L L * H BINARY COUNT
L L * L DECADE COUNT

TIMING DIAGRAM

BINARY MODE (B/D: "H")
7,8 ,9 10,11,12, 13 14,15

GLOCK ﬂ_ly‘uﬂ_mm

CARRY IN

1 1 0 15 14

&#Lr?_h_i'ﬁl{rtrﬁl{h_ gEpEgl
]

UB/DOWN 1
PRESET ENABLE 1 T

AIN
Bin

CIN
DIN . |

AouT 1 — 11 L 1 1| T —

BouT

Cour

Doy ]
CARRY 0UT

CECADE MODE (B/D: "L")

0 1 2 3 4 5

CLOCK _mnnmmnh_mmmmmnmnmmmmmmmn_

CARRY IN T

UPR/DOWN |
PRESET ENABLE | | [

AN |
BIN J
CIN [
DIN Vss
?z S Ty S o Y Y s Iy Y e I s A
ou
]
CouT |
DouT
CARRY OUT \
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TC4029BP/BF

RECOMMENDED OPERATING CONDITIONS (Vgg=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
DC Supply Voltage VoD 3 - 18 v
Input Voltage Vin 0 - VDD \
STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
-40°C 25°C 85°C
CHARACTERISTIC |SYMBOL | TEST CONDITION |VDD UNIT
(V) | MIN.| MAX.| MIN.| TYP.| MAX.|MIN. | MAX.
54,95 - | 4.95] 5.00] - [4.95] -
High-Level I 1uA
oli tezelt Von | Touz| < v 10| 9.95| - | 9.95|10.00| - [9.95| -
utput Voltage] Vin=Vac, V
INYSS> DD 15014.95| - |14.95|15.00| =- |14.95] - v
Z Z ; . ~J0.05
LOw—Level v !IOUTI < 1UA 5 0.05 0 00 0 05
Output Voltage O Yix=Tss» Vop 10| - | o0.05| - | 0.00| 0.05| - |0.05
15| - | o0.05 - | 0.00| 0.05| - |0.05
Vop=b.6V 5|-0.61| - |-0.51| -1.0| - |-0.42 -
. Vou=2.5V 5l-2.5 | - |-2.1| -4.0| - |-1.7] -
OQutput Hi
urput TR T0H | Voy=9.5V 100-1.5 | - |-1.3 | -2.2| - |-1.1] -
Current )
: Vop=13.5V 15]-4.0 | - [-3. -9.0| - |-2.8]| -
Vin=Vss, Vpp A
Vor=0.4V 51 0.61] - | o.51] 1.2 - [o0.42] -
Output Low I Vor,=0.5V 10| 1.5 - 1.3 3.2 - |1.1 -
Current OL | yop=1.5v 15| 4.0 | - | 3.4 1200 - |2.8 | -
Vin=Vsss Vop
Vour=0.5V, 4.5V | 5| 3.5 | - | 3.5(2.75| - | 3.5| -
Input High Vi Vour=1-0V, 9.0V | 10| 7.0 | - | 7.0 |5.5 - | 7.0 -
Voltage Voyr=1.5V, 13.5V| 15/11.0 | - [11.0 [8.25 | - |11.0| -
| Tout| < uA ' v
Vour=0.5V, 4.5V | 5| - | 1.5 | - [2.25] 1.5] - [1.5
Input Low VOUT=1.0V, 9.0V 10 - 3.0 - 4.5 3.0 - 3.0
v
Voltage Tl voyp=1.5v, 13.5v] 15| - | 4.0 | - |6.75| 4.0| - |4.0
[Tour| < 1uA
"HII 5
I Vig=18v 18] - |o0.1| - | 107 0.1 - 1.0
Input |Level 1H 18
uA
Current|"L" -5
I V11,=0V 18| - |-0.1 - |-1077}-0.1| - -1.0
Level L IL
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TC4029BP/BF

STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)

-40°C 25°C 85°C
CHARACTERISTIC !SYMBOL| TEST CONDITION |VDD UNIT,
(V) | MIN, | MAX.| MIN.| TYP.|MAX. |MIN. | MAX.
Quiescent 5| - 5 | - |o0.005 5 | - 150
= 10 - 10 - 0.010{ 10 - 300 | A
Device Current | 1DD Vip=Vsss Vpp
. 15| - 20 | - [0.015] 20 | - 600

* All valid input combinations.

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

CHARACTERISTIC SYMBOL |TEST CONDITION Vpp (V) MIN. TYP. MAX. UNIT
- 200
Output Transition Time 3 70
tTLH 10 - 35 100
(Low to High) 15 _ 30 80
5 - 70 200
Output Transition Time £
THL 10 - 35 100
(High to Low) 15 - 30 80
Propagation Delay Time tpLH 5 - 180 470
¢ 10 - 85 200
(CLOCK - A, B, C, Dgyr) pHL 15 _ 65 160
- 220 500
Propagation Delay Time tpLH >
10 - 100 260
(CLOCK - CARRY OUT) tpHL 15 _ 75 190
180 | 470 |
Propagation Delay Time toLl 5 - 8
(PRESET ENABLE ¢ 10 - 85 200
- A, B, C, Dgyp) pHL 15 - 65 160
Propagation Delay Time tpLH 3 - 240 640
(PRESET ENABLE 10 - 110 | 290
- CARRY 0UT) EpHL 15 - 80 | 210
Propagation Delay Time tpLu 3 - 85 340
10 - 45 100
Y - t
(CARRY IN CARRY OUT) pHL 15 _ 35 80
5 - 40 130
Min. Clock Pulse Width tw 10 - | 20 70
15 - 15 50
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TC4029BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION VDD(V) MIN. TYP. MAX. UNIT
Mi Pulse Width > ~ > 130
in. Pulse Widt - 10 - 25 70 ns
(PRESET ENABLE) 15 - 20 50
5 2 5 -
Max. Clock Frequency fCL 10 4 10 - MHz
15 5.5 14 -
. . t 5
Max. Clock Input Rise Time| trCL 10 No Limit us
o Limi
Max. Clock Input Fall Time| tfcL 15
5 - 75 140
Min. Set-up Time "
[ SU -
(CARRY IN - CLOCK) ]]:2 z; gg
Min. Set-up Time 3 - 120 320
_ _ tsy 10 - 55 130
(B/D, U/D - CLOCK) 15 40 90
Min. Set-up Time 3 - 35 70
tsy 10 - 15 30
(A,B,C,D - PRESET ENABLE) 15 10 20
. . 5 - - 50
Min. Hold Time
. ty 10 - - 30 ns
(CARRY IN - CLOCK) 15 _ _ 25
5 - - 30
Min. Hold Time
_ _ ty 10 - - 30
(B/D, U/D - CLOCK) 15 _ " 30
Min. Hold Time > - 15 70
ty 10 - 10 40
(A,B,C,D - PRESET ENABLE) 15 _ 5 40
s R 1T 5 - 40 150
in. Removal Time trem 10 _ 20 80
(PRESET ENABLE - CLOCK) 15 - 15 60
Input Capacitance CIn = 5 7.5 pF
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TC4029BP/BF

SWITCHING TIME TEST WAVEFORMS

WAVEFORM 1
20ns 20ns
90% 90%
CLOCK 50% 50% 50%
,Z_ 10% 10%
trLH YrHL
e e 4
90 - 90!
A,B,C,Doyr 50% 50%
10% tpEL 0%
tyLH
, STHL [TLH
90% 90
CARRY OUT 50% 50%
10% 10%
tpHL tpLH
T il
WAVEFORM 2 WAVEFORM 3
20ns 20ns 20ns 20ns
— . - ——
50 90% —4\7 ggg 90%
PRESET ENABLE 50% 50% SAREY TN A 50%
| s 0% N.o% 10%
WH
A,B,C,DoyT» CARRY OUT 0 50
SRR O 50% CARRY OUT 50% %
tpLH, YpHL tpHL ItpLH
WAVEFORM 4 WAVEFROM 5
20ns 20ns 20ns
-t e 5%
90% 90% BINARY,DEBADE,
CARRY IN 50% 50% B 50% 50%
10% 10% >/ DO 10%
20ns 20ns
- -
90% 90%
CLOCK 50% CLOCK 50%
10% 10%
tsu | tH tgu tq
I |
WAVEFORM 6 WAVEFORM 7
20ns 20ns
[ - o
90% ;r; 90%
A,B,C,Dy < 50% 50% 50%
10% PRESET ENABLE %510%
20ns
PRESET ENABLE gg: CLOCK
10%
tsu | g
T
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Tc4 03 OBP/BF C®MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC4030BP/TC4030BF QUAD EXCLUSIVE-OR GATE

TC4030BP/BF contains four circuits of exclusive OR
gates. Since the buffers of two stage inverters are
provided for all the outputs, the input/output voltage

characteristic has been improved and the noise

immunity has been also improved. And increase of
transmission time due to load capacity increase is DIP14(3D14A-P)

kept minimum.
14
Wide variety of applications are offerred, such as
1
digital comparators and parity circuits.
MFP14(F14GB-P)

ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage | Vpp |[Vgg -0.5 nVgg +20 v
I t Voltage v Vgg -0.5 AVpp +0.5 \Y
nput Voltag IN SS ~Vpp AlE EVDD
Output Voltage VoyTr |Vss =0.5 ~Vpp +0.5 \
B:Ll: 13} A4
DC Input Current Itn +10 mA
Power Dissipation | Pp  |300(DIP)/180(MFP) mW x[s] 12] B4
Operating _ ° X2[£ 11| X4
Temperature Range Ta 40 85 ¢ [: :]
B2|5 X3
Storage Tstg -65 150 °c
Temperature Range AZ[E E]Bs
Lead Temp./Time T 260°C - 10
ead Temp./Tim sol sec vss[: g|as
CIRCUIT DIAGRAM
(TOP VIEW)
1/4 TC4030BP,BF
TRUTH TABLE
INPUz INPUTS OUTPUT
OUTPUT A B X
X
L L L
INPUT
B L H
H L H
H H
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TC4030BP/BF

RECOMMENDED OPERATING CONDITIONS (Vgg=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNITS
DC Supply Voltage VpD 3 - 18 v
Input Voltage VIN 0 - Vpp \Y
STATIC ELECTRICAL CHARACIERISTICS (Vgg=0V)
_ - -40°C 25°C 85°C
CHARACTERISTIC |SYMBOL|TEST CONDITIONS | VDD UNITS
(v)| mIn.[Max. | MIN. | TYP.| MAX. | MIN. | MAX.
High-L 1 AuA 51 4.95 - | 4.95] 5.0 - | 4.95
éli tezeita .| vom J OHg' “V 10 | 9.95 - | 9.95/10.000 - | 4.95
utput Toitag IN=VSs, TDD 15 [14.99 - |14.95/15.00 - [14.95 v
Low-Level |IOUT|<1“A 5 - 0.05 - 0.00 0.05 - 0.05
output Volt VoL - 10| - [o0.05{ - | 0.000.05| - | 0.09
Htput Yottage Vine¥ss» Voo |15 | - |o.05| - | 0.000.05| - | 0.09
Vop=4 . 6V 51-0.61 - [-0.51| -1.00 - |-0.42
Output High Vop=2.5V 5(-2.5| - [-2.1]| -4.0 - |-1.7
Current ToH |yoy=9.5v 10 [-1.5] - |-1.3] -2.4 - [-1.1
Von=13.5V 15 {-4.0{ - [-3.4| -9.4 - |-2.8
Vin=Vss, Vpp A
Vo1=0.4V 5| 0.6l - | o0.51] 1.2 - | 0.42
Output Low 1, |Vo10-5V 10| 1.5 - [ 1.3 3.4 - |1.1
L
Current Vor=1.5V 15| 4.0 - | 3.4 12.d - | 2.8
Vin=Vss, Vpp
Vour=0.5V, 4.5V | 5| 3.5| - | 3.5| 2.75 - | 3.5
Intput High go [Your=1.0v, 9.0v 10 | 70| - | 700 5.5) - ) 7.0
Voltage ™M lyopr=1.5v,13.5v | 15 [11.0| - |11.0 | 8.25 - [11.0
I Toyr | <1ua A
= - . ~ | 22515 - | 1.5
Tnput Low Voyp=0.5V, 4.5V | 5 L.5
Voltage vy, |Vour=1-0v,9.0v 10| - 3.0 - | 4.5|3.0| - | 3.0
Voyr=1-5V,13.5V | 15 | - 4.0 - | 6.75 4.0 [ - | 4.0
[Tout | <1uA
UHH
Input |fevel I |Vip=18V 18| - 0.1 - |1075| 0.1} - .0 "
Current| """
Level Trr |Vip=0v 18| - |-0.1| - f10-5f-0.1f - |-1.0
50 - - .001 - | 7.5
Quiescent T VIN=VSS, Vpp 0
. DD ' 10 | - - |o.001] 2 - 15 uA
Device Current % 15 _ B 0.002 4 _ 30

* A1l valid input combinations.
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TC4030BP/BF

DYNAMIC ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vgg=0V, Cy=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION VDD(V) MIN. TYP. MAX. | UNITS
output T . y 5 - 70 200
utput Transition Time —_— 10 a 35 100
(Low to High) 15 - 30 80
ns
Output Transition Time 5 - 70 200
. truL 10 - 35 100
(High to Low) 15 - 30 80
tpLH 5 - 90 280
Propagation Delay Time 10 - 45 130 ns
EpHL
15 - 35 100
Input Capacitance Ciy - 5 7.5 pF
CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
CIRCUIT WAVEFORM
Ons 20ns
%o% ‘)S 90%
INPUT ¥ 50% N 50%
—-z;lO% 0%
tTHL trnH
P.G . -
90% 90
OUTPUT 50% '50%
\_10% 10%
TpHL TpLH

166




cuos oo wresrareo oror—— TCA03 2BP, TC4038BP

TC4032BP TRIPLE SERIAL ADDER (POSITIVE LOGIC ADDER)
TC4038BP  TRiPLE SERIAL ADDER (NEGATIVE LOGIC ADDER)

TC4032BP and TC4038BP are tripple serial adders
having common CLOCK input and CARRY RESET input to
all the adders.

Each adder has two SERIAL DATA inputs (An and

Bn; n=1 - 3), INVERT input and SUM output. Uhen
INVERT input is "L", both TC4032BP and TC4038BP
perform positive addition and when it is '"'H", negative
addition is performed.

CARRY of TC4032BP is triggered by rising edge of
CLOCK and CARRY of TC4038BP is triggered by falling
edge of CLOCK.

DIP16(3D16A-P)

ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT

DC Supply Voltage VpD Vgs-0.5~Vgg+20 \Y i Vop
Input Voltage VIN Vgs-0.5~Vpp+0.5 \ i A3
Output Voltage VouT Vgs-0.5~Vpp+0.5 \Y § Bs
DC Input Current 11N +10 mA f A2
Power Dissipation Pp 300 mW :22

- 1
gzigztlng Temperature A ~40 ~85 o0 ™
;;ggzge Temperature Totg ~65~150 °c i SUM;
Lead Temp./Time Tsol 260°C . 10 sec (rox vimw)
LOGIC DIAGRAM

TC4032BP 1wy, TC4038BP

| | - - M

— i i
L] '
INVlG}'— : @W
| Ay SUM;

e
|

—CL ql
CARRY | CL

RESET - Z - -
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TC4032BP, TC4038BP

TIMING DIAGRAM

TC4032BP

WORD; + WORDy

WORDs + WORDy

A

B

)

—

CARRY RESET |

CLOCK _J"‘L_|—LJ

L

-
[
|
mﬂ_mn_n_m:"\_n_mm
—

_L_ITUFL

=

CARRY RESET

i | I

v, | [ T

. 1 H |
S | | L l i

[
: WORD;y 00111100=+4+60 ‘ WORDz 11011011=—37 :
| +WORDz 00110010=+50 | +WORDg 11001110=—50 |
01101110=+110 1.0101001=—8"7
TC4038BP

o WORD; + WORDg l WORDz + WORDg .
A : L t] | I ‘l_
B I| [ 1 J Il l [ ] [ 'll__

crock |

Te

|
I | |
INV, | ] i
| | H |
sum | I | Il i
| |
t WORD; 11000011=—61 | WORDz 0.0100100=+36 |
| +WORDz 11001101=-51 | +WORDy 00110001=+49 |
10010000=—112 01010101=+85
RECOMMENDED OPERATING CONDITIONS (Vss=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
DC Supply Voltage VpD 3 - 18 \
Input Voltage VIN 0 - VDD \i
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TC4032BP, TC4038BP

STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V)
CHARACTERISTIC ggg" TEST CONDITION [Vpp -407C 257¢C 85°C UNIT
(V)| MIN.| MAX.| MIN.| TYP.| MAX.| MIN.| MAX.
4. - | 4. .00 < | 4.95 -
High-Level ITout | <1aA ° > %) >
Output Voltage Vou VIN=Y$5, VDD 10| 9.95 -1 9.95/10.00 -1 9.95 -
15[14.95 - |14.95(15.00 - |14.95 - v
| Tour | <LuA 5 - | 0.05 - | 0.00| 0.05 - | 0.05
Low-Level v 10| - ]o0.05] =-|o0.00 0.05| -] o0.05
Output Voltage OL VIN=VsS, VDD . : ) .
15 - | 0.05 - | 0.00| 0.05 -1 0.05
Vou=4. 6V 5(-0.61 - |-0.51] -1.0 - |-0.42 -
Vog=2.5V 5| -2.5 - | -2.1| -4.0 - | -1.7 -
Output High _ _ _ _
Curront Tou| Vou=9.5V 10| -1.5 - | -1.3] -2.2 1.1
Vor=13.5V 15| -4.0 - | =3.4] -9.0 - | -2.8 -
VIN=VSS, VDD mA
Vo1,=0.4V 5| 0.61 -] 0.51] 1.5 - | 0.42 -
Output Low ToL VoL=0.5V 10 1.5 - 1.3 3.8 - 1.1 -
Current VoL=1.5V 15| 4.0 - | 3.4| 15.0] -| 2.8 -
VIN=VSs, VDD
VouT=0.5V, 4.5V| 5| 3.5 - 3.5 2.75 - 3.5 -
Input High Vin Voyr=1.0V, 9.0V| 10 7.0 - 7.0 5.5 - 7.0 -
Voltage Vour=1.5v,13.5v| 15| 11.0| - | 11.0| 8.25| - | 11.0] -
] ToyT 1 <1eA v
VouT=0.5V, 4.5V 5 - 1. - 2.25]. - .5
Input Low VouT=1.0V, 9.0V| 10 - - 4.5 -
Voltage VIL
Voyr=1.5V,13.5V| 15 - - | 6.75 - .
1TouT! <leA ’
Input |"H" Level Irn|Vig=18V 18 - 0.1 - | 10-5] 0.1 - 1.0 A
o
Current v w cvel 111|viL=0v 18] -] 0.1 - [-10-5] -0.1] -] -1.0
5 - 5 - 10.005 5 - 150
Quiescent Device _ _ _ _
Current Ipp ZIN"V387VDD 10 10 0.010 10 300{ «A
) 15 - 20 - |0.015 20 - 600

#* A1l valid input

combinations.
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TC40328BP, TC4038BP

DYNAMIC ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vgs=0V, Cp=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION VoD (V) MIN. TYP. MAX. UNIT
Output Transition Time 2 B 80 200
(Low to High) tTLH 10 - 30 100
15 - 40 80
ns
Output Transition Time > - 80 200
(High to Low) LTHL 10 - >0 100
15 - 40 80
Propagation Delay Time | tpLH 5 - 240 650
(CLOCK - SUM) tpHL 10 - 9> 350
15 - 70 300
ns
Propagation Delay Time <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>