












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5037P 

SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS VDD(V) MIN. TYP. MAX. UNIT 

Low-High)!ropagation 
toLH COUNT INPUT -+ 5 - 600 1000 DeLiv Time 

A,B,C, DOUT High-Low)Propagation tpHL 5 - 600 1000 
Delav" Time (WAVEFORM 1) 

�L�o�w�-�H�i�g�h�)�~�r�o�p�a�g�a�t�i�o�n� 
toLH TRANSFER -+ 5 400 1000 ns 

Delay Time -
�H�i�g�h�-�L�o�w�)�p�r�o�p�a�g�a�t�~�o�n� t:>HL 

A,B,C, Dour 
5 - 400 1000 Delav Time ,. 

�.�m�~�~�~�'� 7) 

Max. Clock Rise/Fall Time tr<p,tf<p 5 20 - - )Js 

Min. Clear Pulse Width t (RE) RESET(O), (9) 5 - - 1000 
w ns 

Min. TransferPulse Width t (TR) TRANSFER 5 - - 1000 
w 

Input 6, 7 PIN CIN - 5 7.5 
Capacitance 3 PIN CIN - 7 10 pF 

5 PIN CIN - 9 15 

Max. Frequency fMAX 5 0.5 2.0 - MHz 

SWITCHING TIME TEST CIRCUIT 

VDD 1 
'" SIN AoUT ...:l 

'" CLOCK BOUT OUTPUT ..,; 

'" :: CLEAR COUT '" ;:> 

'" TRANSFER DOUT I 
CL=50pF 

'" 
V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5037P 

SWITCHING TIME TEST WAVEFORMS 

WAVEFORM 1. 

VDD 

COUNT INPUT 50% 

- VSS 

VOH 

A,B,C,DOUT 

VOL 

WAVEFORM 2. tr tf 

VDD 

TRANSFER 

VSS 

VOH 

A,B,C,DOUT 
10% 

VOL 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5043P C2MOS DIGITAL INTEGRATED CfRCUIT 
SILICON MONOLITHIC 

TC5043P PROGRAMMABLE CR TIMER/DIVIDER 
TC5043P is an timer consisting of CR oscillation 
circuit and frequency division circuit. 
The oscillation circuit is made up by externally 
installing one resistor and one capacitor, being able 
to be set in a wide range of cycle. The frequency 
division circuit consists of fixed stage of 1/1000 
and variable stage of 1/1-1/600, being capable of 
performing frequency division of 6 x 10 5 max. 
Therefore, TC5043P can cover all the regions ranging 
from conventional CR timers to motor timers. 
This device is so designed that the external parts 
required may be reduced to the minimum by means of 
the built-in zener diode, auto reset circuit, and 
pull-up/pull-down resistance. 

FEATURES: 
Wide time range of timer (5ms -1500Hr) 
Wide range of fine adjustment of oscillation 
frequency (±50% or over) 
Low power consumption (2mW •..•. Typ.) 
Little supply voltage regulation of oscillation 
cycle (l%/V) 
Narrow temperature variations of oscillation cycle 
(0.02%/"C) 
Internal auto reset function 
Precision CR oscillation circuit 
Internal zener diode 
Timer/Divider switchable 
Simple display of time elapsed of oscillat~on 
Programmable frequency division ratio able to be 
set in eight ways 

APPLICATIONS: 
Industrial timers 

. Timers for various commercial equipment 

. Low-frequency oscillators 

ABSOLUTE 14AXINUM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage VDD VSS-0.5-VSS+12 

Input Voltage VIN VSS-O. 5 - VDD+O. 5 V 
Output I ROUT, Q/IO 

VOUT 
VSS-O. 5 - VSS+l2 

Voltage I Q,Q,OSCOlTT VSS-O. 5 - VDD+O. 5 

DC Input Current lIN flO 
rnA 

Zener Current IZ 10 

Power Dissipation PD 300 mW 
Operating Temperature 

Topr -40 - 85 Range 
°c Storage Temperature 

Tstg -65 -150 Range 

DIP16 (3DI6A-P) 

PIN ASS I GNtlENT 

(TOP VIEW) 

VSS-~ ZD 

AN - 2 

OSCIN - 3 

OSCOUT 

T/D - 5 

ii"E"§ET 

INHIBIT 

ROUT 

6 

7 

8 

TRUTH TABLE 
J< T/D INH 

L .. .. 
H H H 

H L H 

H .. L 

fi! Don't Care 

15 VDD 

14 Q,/10 

13 "Ii 
12,Q, 

11 S2 

10 S1 

9 So 

OPERATION 

RESET 

TIMER OPERATION 

DIVIDER 

OPERATION 

TEMPORARY STOP 
OF OPERATION 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

SYSTEM DIAGRAM 

Tl MEf\/BIV IDER 

:-*----------' RJi:SET ADJUST 

Outputs marked with * are N-chann~l open drain structure. 

IMING DIAGRAM (1) 

Timer operation, Programmable frequency division ratio 1/1 
(T/D="H", INHIBIT="H", SO=Sl=S2="L") 

OSCOUT 

TC5043P 

---t-t-tllllll--~ 

I IIII!! 1111 :! :.'---

"I II I III I I . . 
~* i'U1hlumhlUm- I 

ROUT*l ~ 
. For outputs marked with *, add pull-up resistance to VDD. 

-------------503 ----------TOSHIBA 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5043P 

TIMING DIAGRAM 

2. Divider operation, Programmable frequency division ratio 1/1 
(T/n="L", INHTIiIT="H", SO=Sl=S2="L") 

REffiJ 
Q * 
10 

1---1000. TOSC --l-- 1000·Tos c 

* Connect pull-up resistance to ..Q. 
10 output. 

PIN FUNCTION 
PIN NO. SYMBOL FUNCTION 

1 VSS GND (OV) Pin 

2 ADJUST Pin for fine adjustment for oscillation frequency. 
Externally apply the voltage ranging from 0.2VDD to O.SSVDD. 

3 OSCIN Oscillation circuit configuration pins : These pins start oscilla-
tion when resistor R is connected between OSCIN and OSCOUT and capa-

4 OSCOUT citor C between OSCIN and VSS, respectively. In case VADJ is 0.39VD 
oscillation cycle becomes almost TOSC=RC. 

5 TIMER Timer/divider switching input. 
/DIVIER At time of open (or fiR" level), this device operates as a timer, and 

at time of "L" level it operates as a divider. 

I RESET 
All the counters are reset at ilL" level. At the rising edge of this 

6 
input, the device begins to count. 

Hhen this pin is set at "LII level, the device keeps stopping osci11a 
7 INHIBIT tion during the period of ilL" level state. The pin is used for tem-

porary stop of oscillation. 

I Only at time of timer operation, reset signal is output. (At the 

8 RESETOUT 
time when RESET = tiLl! and during the period of auto reset at the 
rising time of power supply, output is off. ) 
For the divider mode, this pin should be open. 

SU"'5J are frequency division ratio switching inputs of the counter. 
9 50 Eight time intervals can be predetermined by combining pins, 50 '\, 5: 

( T = 1000 x __ 1_) 
fosc 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5043P 

[N NO. 5YMBOL FUNCTION 

52 L H 

51 L H L H 
10 50 L j H L I H L I H L I H 

Time inter-* 
I I I I vals of time T 3T 6T lOT 60T 30T 300T 600T 

11 * In the divider operation mode, the above time intervals of timer 
become half cycles of Q and ~ 

12 Q Q and Q are time-up outputs. After the end of time intervals, 

13 
Q reaches "H" level and Q reaches "L" level. While the divider is 
operati~g, these outputs oscillate at double the cycle of time range 
of timer. 

14 Q 
10 

Q/IO is a pin which outputs the elapsed time of timer, and outputs 
the pulse of 1/10 cycle of timer time. 
This is N-channel open drain output. 

15 Power supply pin 

16 ZD 
The cathode termina,- of zener diode is P"Jt out of tl-'.is pi.n. This pin 
is used as a stabilized power supply by making the connection to VDD. 

:RATIONAL DESCRIPTION 
Oscillation Circuit 

The oscillation circuit can be made up by connect­
ing resistor R between OSCIN and 05CODT and capacitor 
C be tween 05CIN and V ss (GND) us shown in F;.g. l. 

This IC has two levels of built-in reference 
voltage VH(0.62 VDD) and reference voltage VL(=VADJ) 
externally supplied to ADJ pin, and performs oscilla­
tion in such a form as the charge and discharge wave 
of CR runs between these two levels. 

Therefore, oscillation cycle can be adjusted by 
varying the voltage of ADJ pin. 

When VADJ~ 0.39 VDD, the oscillation cycle is 
decided from the equation of TOSC=RC (T : [5], R[0], 
C[F]). VADJ should be used within the range of 

O. 2VDD '" O. 55VDD' 

'*' vDD 

OSCOUT JlJUL 
WUl,::::,., 

osc lN 

~ vAnS 

Tose 
Fig. 1 Oscillation Circuit 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5043P 

2. Counting circuit (Frequency dividing circuit) 

This circuit consists of the fixed frequency dividing stage of 1/1000 and the 
variable frequency dividing stage of 1/1 ~ 1/600. 

Time intervals of timer can be predetermined in eight ways by combining three 
inputs of So ~ S2. 

S2 L H 
Select 

Sl 
Input 

L H L 

So L I H L H L H 
Time inter-

T I 3T 6T lOT 60T 30T vals of Timer 

3. Reset operation 

The internal counter is kept reset by the built-in 
auto reset circuit until the power supply level reaches 
reset release voltage (VRD ) at time of application of 
power. However, the power rising time of more than 500~s 
should be taken for abrupt rising edge of power supply 
because there may be no possibility of the internal 
counter being reset. In case of the rising time of 500~s 
or below, differentiation circuit is made up by adding 
the capacitor to RESET terminal. (Refer to Fig. 2) 

It is a matter of course that the internal circuit 
can be reset even by setting RESET input at "L" level. 
When the reset operation is released, oscillating and 
counting operations start. The reset signal is being 
output to this IC. 

In case where this pin (RoUT) is internally reset, 
it is off (at the rising time of power supply and during 
"L" level of RESET); therefore, this pin can be used for 
making -the external circuit synchronize by use of pull­
up resistance or equivalent. While RoUT is not in use, 
it should be kept set open (or at "L" level). 

4. Inhibit operation 

H 

L 

300T 

H 

600T 

Note l. 

T=lOOO· TOS( 

Note 2. 
"L" level 
may be oper 

~ 
~O 

Fig. 2 Auto Reset Circuit 

Oscillation can be stopped by setting INHIBIT input at "L" level. 
Normal operation can be performed by setting INHIBIT input open (or at "H" level) 

5. Divider function 

When the T/D pin is set open (or at "H" level), this device operates as a timer. 
When this pin is set at "H" level, this divice can be used as a divider which continuE 
operating oscillation/counting without creating time-up signal. 

For the divider mode, however, RoUT cannot be used. (Open or "L"). 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5043P 

COMMENDED OPERATING CONDITIONS (VSS=OV) 

ITEM SYMBOL MIN. TYP. MAX. UNIT 

,upp1y Voltage VDD 6.2 - 10 V 

ligh Level Input Voltage VIR 0.8VDD - VDD V 

,ow Level Input Voltage VIL 0 - 0.2VDD V 

:xterna1 Resistor R 5K - 2M n 

:xterna1 Capacity C 1000P - 5\1 F 

lutput Voltage VOUT * App1cab1e to RoUT' 0/10 0 - 10 V 

.ECTRICAL CHARACTERISTICS (VSS=OV) 

.--- -40'C 25'C 85'C 
ITEM SYMBOL TEST CONUITION ~DD UNIT 

(V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

IZ=lmA 6.2 8.1 6.5 7.2 8.2 6.6 8.5 
,ner Voltage Vz - V 

IZ=lOmA 6.2 8.1 6.5 7.3 8.2 6.6 8.5 

.gh Level VOR=6V -1.2 - -1. 2 -2.5 - -1.0 -
lOR 7 

ltput Current VOR=3V -5.2 - -5.2 -9.0 - -4.0 -
mA 

IW Level IOL VOL=0.4V 7 1.0 - 1.0 2.0 - 0.8 -ltput Current 
.gh Level 

IIR 
VIR=10V, (Exc1u-

10 5 - 10-3 5 - 5 lput Current sive of SO"'S2) -
IW Level 'IL -OV, (ExclusivE \1A 

IlL 10 - -5 - 10-3 -5 - -5 
lput Current of R'INR",:/D) 

,ll-up Resistance RpU R,INH,T/D Inputs - 7 50 10 20 50 10 75 
kn 

,ll-down RpD SO, Sl' S2 Inputs - 45 200 66 100 200 66 300 
,sistance 

,tput OFF Current IOFF VOR=10V, ROUT, 10 -Q/10 Outputs 
1.0 - 10-3 1.0 - 10.0 \1A 

,to Reset Release 
VRD 5.2 11tage - - - 2.6 - - - V 

'pp1y Current IDD C=O.l\1F, R=lM!l* 10 - - - 0.3 - - - mA 

All 1nputs and outputs are open. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5043P 

EXAMPLES OF APPLIED CIRCUIT 

• Timer Circuit I (Basic Type) 

r 
INPUT 

OUTPUT 

(Time of timer can be varied to linear by using resistor R 
deciding time constant with variable resistance.) 

• Timer Circuit II (Elapsed Time Displaying Type) 

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

INPUT 

~ 
L;TPUT 

TIRl09 " la lS1588 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC TC5050P 

TC5050P DUAL 50/64 STAGE STATIC SHIFT REGISTER 
TC5050P is static shift register consisting of D type 
flip-flops, and can be used as either 50 bit shift 
register or 64 bit shift register depending on OUTPUT 
MODE input. 
Since one of two input data can be selected by lNPUT 
MODE input, the applications for scratch pad memories 
etc. can be realized by connecting one of data inputs 
to the output. And if two circuits are connected in 
series, this can be expanded to 100 bit, 114 bit or 
128 bit shift register. 
When used with 5 volts power supply, one of TTL or 
DTL can be directly driven. 

ABSOLUTE t·1AXIr1UM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage VDD 

Input Voltage VIN 

Output Voltage VOUT 

DC Input Current lIN 

Power Dissipation PD 
! Storage Temperature 

Tstg Range 

Lead Temp. /Time Tsol 

LOGIC DIAGRAN 

CLOCK 

(2 OF 1 EQ,UIV ALENT) 

CP 

... r.:::- cP 
--~CP 

VSS-O. 5 - VSS+lO V 

VSS-0.5 - VDD+O. 5 V 

VSS-0.5 - VDD+O. 5 V 

±10 rnA 

300 mW 

-55 -125 °c 

260°C • 10sec 

DATA OUT 

(1 STAGE STATIC SHIFT REGISTER) 

DIP 16 (3D16A-F) 

PIN ASSIGNNENT 

1M OM 

0 4 

DIN2 2 
5 DOUT 

DIN1 1 
6 

CLOCK NO ; 7,16 

1M OM VDD; J.6 d SS;S 

l II 
DIN2 1.3 

10 DOUT 
DINl 14 9 

CLOCK 

TRUTH TABLE 
tn· tn+l t n +50 t n +6'-

DINI DIN2 1M OM DOUT OM DOUT 

H .. H L H H H 

L .. H L L H L 

.. H L L H H H 

IE L L L L H L 

• Don't Care 

"n tn+l t n+50 t n +64 

-,- r- U 
CLOCK n --f1JL--

.- _ .. 
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TOSHIBA INTEGRATED 61RcUIT TECHNICAL DATA 

1CSosop 
RECOMMENDED OPERATING CONDITIONS (VSS=OV) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. i UNIT 
Supply Voltage Vnn 3 - 8 I V 
Input Voltage VTN 0 - Vnn I V 
Operat~ng Temperature Topr -jU - 85 1 C 

ELECTRICAL CHARACTERISTICS (VSS=OV) 

CHARACTERISTIC Sv:!l- TEST ~ 
-30°C 25°C 85°C UN] 

BOL r.mmrrrONS MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

High Level Output VOH IIOUTI<l\.lA 5 4.9 - 4.95 5.00 - 4.95 - V Voltall;e VIN=Vnn,Vss 
Low Level Output 

VOL IIOUTI<l\.lA 
5 0.05 0.00 0.0 0.05 Voltage VTN=Vnn,V!;!; - - -

High Level Output IOH VOH=2.5V 5 -1.2 - 1.25 -5.0 - -1.0 -Current VIN=VDD VSS mJ 
Low Level Output IOL 

VOL=0.4v 5 3.2 - 3.2 7.0 - 2.4 -
Current VIN=Vnn,Vss 
Hiyh Level Input V01l'T·~0.~V ,4.5V 

3.5 3.5 3.5 Vo tage VIH IIOlIT I <'l\.lA 5 - 2.75 - -
V 

Low Level Input VIL 
vmrr=0.5V 4.5V 5 - 1.5 - 2.25 1.5 - 1.5 Voltage 110UTI<l\.lA 

H.Level InDut Curren ITH VTH=8V 8 - 0.2 - 10-5 0.2 - 1.0 )lA. 
Level Input Current ~IL V!L=OV 8 - -0.2 - -10-5 -0.2 - ],0 )lA. 

Quiescent Current C. Inn "VIN=VSS,VDD 5 - 50 - 50 - 37.5 JlA 
Ail valid input combination 

SWITCHING CHARACTERISTICS (Ta=25°C, VSs=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
VDI: (V) MIN. TYP. MAX. UNIT 

Output Rise Time t :J - l.D 4UU ns 
Output Fall Time tf 5 - 100 200 ns 
(Low-Hill:h)P .nela.v Time tDLH 5 - 500 1000 ns 
,(High-Low)P.Delav Time tnHl. 5 - 400 1000 
Max.Clock Rise Time t~ 

5 20 - - \.Is Max.Clock Fall Time tf'll 
Max. Clock Frequency fMAXdl 5 1.0 2.5 - MHz 
Data Set Up Time "set-uD 5 - 100 250 ns 
Data Hold Time "hold 5 - -lOQ 50 ns 
InputCapa- CLOCK INPUT CIN - 10 15 pF citance OTf:ER I!IPUT - 5 7.5 

SWITCHING TIME TEST WAVEFORM 

DATA INI 

CLOCK 

nATA OUT 

tpHL INPUT MODE, OUTPUT MODE and DATA IN2="H 
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TOSHIBA INTEGRATED CIRCUIT TECH"ICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5051P 
TC5052P 

TC5051P 
TC5052P 

4 DIGIT DECADE COUNTER WITH BLANKING CONTROL 
4 DIGIT DECADE COUNTER WITH CLOCK ENABLE 

TC505lP and TC5052P are four digit decimal up 
counters. The contents of counter are dynamically 
output digit by digit in sequence from the higher­
order digit to BCD OUTPUT. When the content of 
counter reaches "9999", CARRY OUT is output with "R" 
level, and it holds "L" level for other counter 
contents. 
!TC5051P has BLANKING CONTROL input which facilitates 
'the leading zero suppress operation for higher order 
digits than arbitrary digit position. And TC5052P is 
capable to inhibit CLOCK by means of CLOCK ENABLE 
input. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTIC SYMBOL 

DC Supply Voltage VDD 

Input Voltage VIN 

Output Voltage VOUT 

DC Input Current lIN 
Power Dissipation PD 
Storage Temperature 

Tstg Range 

Lead Temp. /Time Tsol 

BLOCK DIAGRAM 

SCAN IN 0------1 

RATING UNIT 

VSS-0.5- VSS+14 V 

VSS-0.5 - VDD+0.5 V 

VSS-0.5 - VDD+0.5 V 

±10 rnA 

300 mW 

-65 -150 DC 

260DC • 10sec 

(MSD) (LSD) BLANKING .... 
CONTROL 

,,~ 
DIP 16 (3D16A-?) 

PIN ASSIGNNENT 

TC5051P TC5052P 

T4 1 16 VDD T4 1 16 VDD 
T3 2 15 D TS 2 15 D 
T2 3 14 C T2 3 14 C 
Tl 4 13 B Tl 4 13 B 

SIN 5 12 A SIN 5 12 A 
TRF 6 ::.l Be TRF 6 11 CE 

CL 10 CP CL 7 10 CP 
VSS 9 CAO vss 8 9 CAO 

A B D 

TRANSFER O-----h~+_H-t--...,....-t-+_++--.,._+++_I_-__, 

.. 
CLOCK ENABLE 0--.---, 

CLOCK IN 

W ; Only for TC5052P 
..... Only for TC5051P CARRY OUT 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5051P, TC5052P 

DESCRIPTION OF PIN FUNCTION 

PIN No. SYMBOL NAME FUNCTION 
1 T4 iDIGIT SELECT 4 Outputs to select the digit of BCD OUT (Output signal 

2 T3 DIGIT SELECT 3 
and correspond in ascending order from TI: I1HI! level 
is shifted from TI, T2, Ts then T4 in sequence for 

3 T2 DIGIT SELECT 2 eveIk eight clocf,s of SIN. In'the case of TC5052P, wh n 

DI GIT SELECT 1 
CLE is k~;~ to ~~;" al of TI-T4 become "L" and "hen 

4 T, CLEAR fal the s anrHA~l'1:!¥:sTiI~~J;f~d from TI. Tl- T 

SCAN INPUT T-COUNTER CLOCK input. The clock can be generated by 

5 SIN connecting a capacitor between this terminal and GND. 

6 TRF TRANSFER H Decimal counter outputs are transferred to the 
multiplexer as they are. 

L The counter outputs at the falling edge of TRF are 
latched. 

7 CLEAR 
The counter is reset to "0000" by "H" level input. 

CL TC5052P establishes the synchronism of T-counter by 
means of CLEAR input. 

S VSS VSS (GND) 
"H" level is output as long as the counter holds 

9 CAo CARRY OUT "9999". This becomes "L" level for all other counts. 

First stage decimal counter clock, which triggers at 
10 CP CLOCK INPUT the falling edge. 

CE CLOCK ENABLE Clock input is inhibited by "L" level 

11 (TC5052P) 

BC BLANK CONTROL 
All digits are displayed by "H" level, leading zero 
suppress can be achieved by "L" level and zero suppre s 

(TC5051P) ~~;: e!g~~L ~~~~r ,,~igits >;~~~" a T s~~;~~~c t~i~~ ~ positio 

12 A BCD OUT A BCD outputs of decimal counter. 

13 B BCD OUT B 
When Tl="H", the highest order digit (4th digit) is 

14 
output. When T2="HII, 3rd digit is output, when Ts="H' , 

C BCD OUT C 2nd digit is output and when T4="H", 1st digit is 

15 D BCD OUT D ~!"!;~u~';'~~!oz~?iP, ~~p,p,fess is activated. all the out-

16 VDD VDD Vnn Power Supply (3 - 12 volts) 

OPERATING CONSIDERATION 
* Count and Reset Operations 

When CLEAR input is set at "H" level. the counter is reset to "0000". If pulse is 
applied to CLOCK input after returning CLEAR input to "L". the counter advances its 
count up to "9999" at the falling edge of clock providing CLOCK ENABLE to be "H". If 
CLOCK ENABLE is "L". CLOCK is inhibited. CARRY OUT is output with "H" level only when 
the count is "9999". 
* Latch Operation - When TRANSFER input is set to "H". the counter output is transferred 
to the multiplexer as it is and output dynam~q~lly to BCD OUT in synchronism with ST~. 
When TRANSFER input is changed from "H" to 'L , toe counter content at the falling --eage 
of TRANSFER is stored in the latch and BCD OUT is not varied even if the count changes. 
*Scan Operation - BCD output of each digit is output on common AoUr-DOUT on time sharin 
basis and switching of digit is achieved by connecting a capacitor between SCAN IN inpu 
and VSS(GND) (internal osc111ation) or by supplying external clock from SCAN IN. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5051P, TC5052P 

'ERATING CONSIDERATION 

Capacitance of approximately 1000pF is recommended for the internal oscillation. 

Switching of digit is in synchronism with the timing outputs of T1 - T4' 

When T1 is "H" thousand's digit is output to BCD OUT, when T2 is "H" hundred's digit 

is output, when T3 is "H" ten's digit is output, and when T4 is "H" unit's digit is 

output. 

Blanking Operation (TCSOS1P) 

By controlling BLANKING CONTROL, leading zero suppress of higher order digit posi­

tions than a specific digit position can be achieved by the function of internal 

circuit. 

BLANKING CONTROL = VSS Zero Suppress for all digits * 
" - VDD No Zero Suppress 

- T2 Zero Suppress for only thous and's digit * 
- T3 Zero Suppress for thousnad's and 

* hundred's digits 

- T4 Zero Suppress for all except unit's digit * 

When blanking is activated, all of AoUT - DOUT become flH". 

* (Note) When a carry occurs from the counter and during one cycle of T 

counter, normal output may not be seen. 

MING CHART 

CLEAR :J 
* 

SCAN IN 

* 
T1 

T2 

I 

T3 

T4 
I 

BCD OUT 103 X 102 lOI 

* TCSOS1P, TCSOS2P 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5051P, TC5052P 

RECOMMENDED OPERATING CONDITIONS(VSS=OV) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage Vnn 3 - 12 V 
Input Voltage VIN 0 - VOO V 

SIN Connecting Capa. CEXT 50 - 30000 pF 
Operating Temp. Topr -4U - IS:> 'C 

ELECTRICAL CHARACTERISTICS (VSS=OV) 

TEST r--
-40°C 25°C 85°C CHARACTERISTIC SYMBOL VOO UN 

CONDITIONS (V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

High Level VOH 
IIOUTkl~A 5 4.95 - 4.95 5.00 - 4.95 -

Output Voltage VIN=VSS,VOO 10 9.95 - 9.95 10.00 - 9.95 -
Low Level IIOUT'<l~A 5 - 0.05 - 0.00 0.0 - 0.05 
Output Voltage VOL VIN=VSS'VOO 10 - 0.05 - 0.00 0.00; - 0.05 

High Level VOH=4.6V 5 -0.2 - -0.16 - 0.12 -
Output Current IOH VOH=9.5V 10 -0.5 - -0.4 - 0.3 -

VIN=VSS'VOO 

Low Level VOL=0.4V 5 0.52 0.44 0.36 
Output Current IOL VOL=0.5V - - - It 

VIN=VSS,VOO 10 1.3 - 1.11 - 0.9 -
High Level VIH 

VOUT=0.5V,4.5V 5 3.5 - 3.5 2.75 - 3.5 -
Input Voltage VOUT=1.0V ,9 .OV 10 7.0 - 7.0 5.5 - 7.0 

I lOUT I <l~A 

Low Level 
VOUT=0.5V,4.5V 5 - 1.5 - 2.25 1.5 - 1.5 \ 

Input Voltage 
VIL VOUT=1.0V ,9 .OV 10 - 3.0 - 4.5 3.0 - 3.0 

IIOUTl<l~A 0 
High Level Input 

10-5 Current (other 
IIH VlH=12V 12 - 0.3 - 0.3 - 1.0 

than SIN) 
Low Level Input ~ 

Current (other 
IlL VIL=OV 12 - 0.3 - _10-5 -0.3 - -1.0 

than SIN) 
High Level Input VlH=12V 12 - - 50 200 - -Current (SIN) IIH 

- ~ 

Low Level Input 
Current (SIN) IlL VIL=OV 12 - - 1.5 - 6 - - [ 

Quiescent Current 
Ion VIN=Vss'VDn 

5 - - 200 - 200 - 500 
Consumption 10 - - 500 - 500 - 1000 1 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TCSOS1P, TCSOS2P 

~ITCHING CHARACTERISTICS (Ta-25°C V -OV C -50pF) - , '~SE- , L-

:HARACTERISTICS SYMBOL TEST CONDITIONS 
c:-;:j 
~DD(V}I MIN. TYP. MAX. I UNIT 

Itput Rise Time 

I 

5 

I 
- 130 400 

t 10 65 200 r -
I 

-
I 

ns 
Itput Fall Time t f 5 - 100 200 , 

10 50 100 , -
I 

,opagation Delay tpLH 
I 

I 

I 

I 1200 
I 

eme (CLOCK-BCDOUT ) T4=flH" 5 
1 

- 2500 
tpHL 10 - 450 1000 

ns 
i 

,oparation Dela~ tpLH 5 
I 

-
I 

900 

1

2000 ~me CLOCK-CARR) 
tpHL 10 - 400 800 

ns 

! 

,opagation Delay tpLH I 5 1200 
1

2500 
I 

-
.me (SIN - Tn) tpHL I 10 450 1000 

ns , 
I -

:opagation Delay tpLH ! i I 
I 

I 
5 - 1600 I 2500 

eme (SIN -BCDOUT) tpHL I i 10 I 700 
1

1400 
ns 

I I ! -
:opagation Delay tpHL ! 5 - 900 12000 I .me (CLEAR-BCDOUT) I ns 

i 10 - 350 800 

.n. Clear Pulse 
t , 

5 700 
1

1500 w I -
.dth (CLEAR) 10 - 350 

ns 

I I 750 

.n. Transfer t 
I 

5 140 I 500 
lIse Width 

w -
10 50 250 

ns 
TRANSFER -

IX. Clock 
fMAX<jJ 

5 1.0 1.5 -
'equency 10 2.0 3.5 - MHz 

, 

I 
5 I 0.5 1.0 -

IX. Scan I I· fMAX ! 10 1.0 2.0 -
:equency , 

.n. Clear Removal I 

I 
5 

I 
t ! 10 ~me rem 

i 
ns , 

.n. Set Up Time t 

I I 
5 I 

I :RANSFER-CLOCK) 
set-up 10 I 

I 

I 
I 

5 
, ns 

~n . Set Up Time t 10 
I 

'RANSFER-CLEAR) set-up I I I , 

IX. Clock Rise Time tr<jJ I 

I 

5 20 - -
I IX. Clock Fall Time tf<jJ , 10 2.5 - - ~s 

,put Capacitance CrN pF 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5051P, TC5052P 

SWITCHING TIME TEST CIRUIT 

TEST CIRCUIT 

w 
...:l 

'" ...: .... 
:= .... 
::> ..: .... 

SWITCHING TIME TEST WAVEFORMS 

WAVEFORM 1. 

CLOCK 

BCDOUT 
CARRY OUT 

WAVEFORM 2. 

SCAN IN 

Tn OUT, 

BCDOUT 
50% 

__ ...,....:ffO% 

CL 
VDD 

CLOCK 
CLEAR 
TRF 

SIN 
B.C(CE) 

1 

CLEAR="L" 

CE(TC5052P)="H" 

B.C. (TC505lP)="H" 

TRF=l1H" 

SIN : Any Pulses 

CLEAR="L" 

CE, (B.C.)="H" 

TRF="H" 

CLOCK : Any Pulses 
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~ITCHING TIME TEST WAVEFORMS 

"AVE FORM 3. 

CLEAR 

BCDOUT 

CLOCK : PG 
CE(BC):"H" 
TRF = "HI ' 

SIN = fiR" 

CLOCK 

CLEAR 

~ 
I 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5051P, TC5052P 

CLEAR 

CLOCK 

I 
I , 

BCDOUT 
t rem ;--

_---.JI 
(CE(BC):"H", TRF:"H", SIN:"H") 

__________ N_O_C_h_a_n_g_e ____ ---"j __ No Change _ BCDOUT . 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5053P 
TC5054P 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5053P 
TC5054P 

4-DIGIT UP/DOWN DECADE COUNTER 
4-DIGIT UP/DOlIN DECADE COUNTER 

TC5053P/TC5054P is a 4-digit decimal up/down counter 
containing 7-segment decoder/driver. 
The counter consists internally of a 4-digit latch, 
multiplexer, scan oscillating circuit, and decoder/ 
driver capable of directly driving LED. 
The clock input is independently equipped with an 
up-clock and a down-clock. Each input has the 
function of a Schmitt trigger. 
This type of up/down counter can be widely applied 
to counters, panelmeters, etc. 

ABSOLUTE r,lAXIMUI1 RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage 

Input Voltage 

Output Voltage 

DC Input Current 

Power Dissipation 

Storage Temperature 
Range 

Lead Temp./Time 

BLOCK DIAGRAM 

SIN 

REXT 

T R o--::::::rlT-J 

TRF 

UP 

DOWN 

TEST 

VDD 

VlN 

VOUT 

lIN 

PD 

Tstg 

Tsol 

MR 

Vss-0.5- Vss+l0 V 

VSS-O. 5 - VDD+O. 5 V 

VSS-O. 5 - VDD+O. 5 V 

±10 rnA 

300 mW 

-55 -125 DC 

260 DC 10sec 

CARRY 

BORROW 

DIP 24 (6D24A-P) 

PIN ASSGN~1ENT 

(TOP VIEW) 

a 24 

b 2 23 

'"' 3 22 
" "''"' "''' d 4 21 00 

'" Ol 20 

f 19 

g 18 

'"' Tl 8 17 0 

" "''"' T2 16 
~~ T3 10 15 

'"' H T4 11 14 0 
H 

'" VSS 12 13 

SEGI'lENT OUTPUTS l,lODE 

TC5053P 
. 

I , I I-I - I ,_, , J 

LI I , I , , -, , , -, 
7 8 

TC5054P 
3 

I , 1 _I -/ I I , L -
L L I , , , 
_I 1-1 , ,-I 

5 8 

VDD 

BORROW 

CARRY 

TRF 

MR 

TEST 

UP 

DOWN 

TR 

SIN 

REXT 

BLC 

4 

LI 
I 

L , 
J 

4 

I - I , 
L I 
_I 

9 
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SC 

r--

i L __ _ 

REXT 

~ .., 
TRANS 

TEST 

UP CLOCK 

DOW~LOCK 

-I MASTER 
a RESET 

CD 
! 

= 

DIGn SELECT T-RESET 

Tl T2 T3 '14 BLC 

1 'Tl '1 T 
~ I 

J-. SCAN COUNTER BLANK 
::"\. CIRCUI 
~ r 

~ 
MULTIPLEXER 

R 
A B C D 

LATCH L- LATCH '--

~--

it. ~ J ~ 1. El Cl d 
../ UP/DOWN 
~ ~ R BOJrr DECADE COUNl'E rr 
..I 17' D 

0}---{) A 

SEGNENT DRIVE 

abcdefg 

"" r-
o 
n 

"" 

~~~~~~[iJ- "~Ii 
BOD-TO-7 SEGMENT 

I-- DECODER 

,-

LATCH LATCH 

C. 

UP/DOWN ~ UP/DOWN ~ 
DECADE COONTE DECADE COUNl'E 

~ 
BI W 

, 

~ 
0 en 
I 

~ 
Z 
~ 
m 
Gl 

d ~ 
en ~ 

0 
(") 

U1 til 
w c 

:0 
=i 
~ 
m 

-I (") 

0 I 

U1 
Z 

0 ~ 
r 

~ 0 

" 
~ :t' 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5053P, !C5054P 

TI:lING CHAF.T 

COUNT SEQUENCE 

MASTER RESET O.-iINl" V" " "tCX'''':::::~I~IO 
.,g:.,g: ~11 i" 4 " 11'1 ~ C! ~ ~ 

UP CLOCK 

DOWN CLOCK 

CARRY 

I I 

L 1rl ~~ ~ rl~ ~ ~ 1 
W~~ r--

~1 rut 1 ~~ - r- - r- r- r r- r 

- f- '- - r-- - '- f- '-
I 

r-r- r-r- I r'- r-r-
-- -- -

I I 
r-

II 
r-

I 
,.... 
- r--

I 

r- r--

I I , 
f- ,.... 

I I ,.... r--

I I 

BORROW I I 
I 

I I I r- I I I I 

* Internal 
SCAN SEQUENCE 

T RESET I I \ I I I I I 
SCAN IN 

TZ 

1-1-rr-
r-

r-lLrLr-r-h-liL rL~ _L n- - r{ - -
I 

I 
I 

I i I I 
I 

I I 

I I I I 
I 

I II I I I I 

I I I I I I I 
I : 

I I 
I I 'I 
~ 103 10Z X 101 ):. lOu 

I I I I I I I I I I I I I"-T 

T4 

** Required pull down Re ister 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5053P, TC5054P 
DESCRIPTION OF PIN FUNCTION 
PIN NO. SYMBOL NAME FUNCTION 
I 1 a SEGMENT a The segments a 'U g are the outputs that have convereted 

2 b " b the decimal up/down counter BCD outputs into 7-segment 
3 c " c display element driving codes. 

" 
These segment signals are synchronous with SCAN inputs 

4 d d and are dynamically output from the higher order d igi t. 
5 e " e Since they are designed so that lOR is large, they can 
6 f " f directly drive a cathod common type LED. 

i 7 g " g 

8 Tl DIGIT SELECT 1 These are the outputs indicating the digits of the outputs 
9 T2 " 2 a 'U g and correspond to the higher-order positions from 

10 T3 " 3 
Tl upward. 
These outputs are automatically switched in order of Tl -

11 T4 " 4 T2 - T3 - T4 - Tl by giving clock to SCAt! input. 
12 VSS VSS (GND) 

"H" No 0 suppression The reading 0 suppression of the dig-
BLANKING Reading zero its of more than the higher-order(N-l) 13 BLC CONTROL suppression of be made by connecting this ternli-ilL" can 

All digits nal to Tn. 
SCAN crock is produced bv connectlng a reslstor between 

14 REXT REGISTER REXT and SIN' In case SIN is externally provided, 
EXTERNAL REXT should be opened. 

This is a clock input of digit selection counter. If a 
15 SIN SCAN IN resistor is connected between SIN and REXT , SCAN Counter 

can make self-osillation. (Pulse may be externally applied) 

T-COUNTER Operation of SCAN counter can be stopped by "H" level. 
16 TR 

RESET \''henever TR is fallen, SCAN counter starts scanning from Tl. 

The internal counter makes document at the rising edge of 
17 DOWN DOWN COUNT a pulse if the pulse is provided to the in a state where 

UP input is kept at IIH" level. 
The internal counter makes up count at the rising edge of 

18 UP UP COUNT a pulse if the pulse is provided to the in a state where 
DOWN input is kept at "H" level. 

19 This set to ilL" level. (Hhen it is set to "H" level, 
TEST TEST 

counting varies with the rising or fall in" edge.) 

20 MR MASTER RESET A state of count is cleared to "0000" at the ' HI! level. 

In case of "H" level input, the counter contents are 
always being output through a multiplexer. In case of "L" 
level input, however, the counter contents before the 

21 TRF 

I 

TRANSFER change to "L" level are not changed by the change in 
counter contents because the previous contents remain kept 
in the latch circuit. 

CARRY I CARRY 

In UP COUNT, when the COUNTER contents reaches "9999", 

22 "H" level is output as long as UP COUNTER input holds "L" 
level. 

I In DOWN COUNT, when the COUNTER contents reaches "0000", 
23 FORROW BORROW "H" level is output as long as DOWN COUNTER input holds ilL" 

level. 
24 I VDD VDD (VDD) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5053P, TC5054P 

RECOt·1t~EllDED OPERATING CONDITION (VSS=OV) 
ITEM SYMBCL MIN. TYP. MAX. UNIT 

Supply Voltage Vnn 3 - 8 V 
Input Voltage VIN 0 - VDD V 
Operating Temperature Topr -30 - 85 °C 
REXT EXTERNAL REGISTANCE R 5K - 1M n 

ELECTRICAL CHARACTERISTICS (V3S=OV) 
ITEM SYMBOL TEST -3(}OC 25"C 85°C 

CONDITION ~~~ MIN MAX MIN TYP ~ MIN MAX 
UNI 

Tl~T~Carry~orrow I lOUT I <l\lA 
4.95 - 4~5 - - 495 -

High Level a 'V g VOH 5 4.0 - 4.0 4.5 - 4.0 - V 
Output Voltage REXT VIN=VSS,VDD 

4.95 1 - 4.95 - - 495 -
Low Level Tl'VT4Farry~orrow I lOUT I <l\lA - Q05 - - 0.05 - 0.05 

REXT VOL VIN=VSS,VDD 5 V 
Output Voltage - 0.05 - - 0.05 - 0.05 

Tl'VT~Carry~orrow VOH=4.6V -02 - -016 - - .(l12 -
High Level a ~ g IOH VOH-3.5V 5 -20 - -20 - - -15 - mA 
Output Current 

REXT VOH=4.6V -0.0 q02 - 0.01 - - -
Low Level Tl'VT4Parry~orrow IOL VOL=0.4V o.s2 - 0.44 - - 0.36 - mA 5 Output Current REXT 0.02 - 0.02 - - 0.01 -
Disable Current (a'Vg) IDL VOL=OV 8 - 3.0 - 104 - - -3.0 \lA 

High Level UP/DOWN CLOCK 3.5 - 3.5 - - 3.5 -
Input Voltage VIH 5 V 

OTHER 3.5 - 3.5 2,75 - 3.5 -
Low Level UP/DOWN CLOCK VIL 5 - 1.5 - - 1.5 - 1.5 V 
Input Voltage OTHER - 1.5 - 2.25 1.5 - 1.5 
High Level Input Current IIH VUJ=8V 8 - Q15 - lOS 0.15 - 1.0 
Low Level Input Current IlL VIL-OV 8 - -0.15 - -:t.a=' 0.15 - 1.0 \lA 

Quiescent Current Consumption IDD VIN=VSS,VDD 8 - - - - \lA OUTPUT OPEN 

100 TEST CIRCUIT 
IDD - fIN 

" 10 

~ 1470\1 

0 .... ~ 
0.1\1 .u< 

p.,;:>. 

A T E~ 
:I 
III '" I I I I " p., o 0 

TRF BLC u"" / Q 

DOWN VDD .u ... 

iil02 

B-
UP TC5053P '" -: '" TC5054P ALL :I u 

OUTPUTS 00 * Input pulse " .... 
condition TR TEST CL=5OpF .u 

Duty ratio=50% SIN VSS MR 
01 

'" ., 
tr=tf=20ns 

..h- g-lol 
105 106 

Input Frequency fIN (Hz) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5064BP 
TC5065BP 

TC5064BP 
TC5065BP 

HEX HIGH VOLTAGE BUFFER WITH INHIBIT/NON INVERTING TYPE 
HEX HIGH VOLTAGE BUFFER WITH INHIBIT/lNVERTINGr-T!..!YLP"'-E _________ ...., 

TC5064BP and TC5065BP contain six circuits of buffers 
having two common INHIBIT inputs (AIN, BIN). 
As both have the output of open drain structure with 
high bleakdown voltage P-channel MaS FET (-50 volts .. 
... Maximum Rating), these are suitable for driving 
fluorescent display tubes and for interfacing with 
high voltage MaS LSI's. 
TC5064BP is non-inverting type and TC5065BP is 
inverting type. 

ABSOLUTE MAXI~1ur1 RATINGS 
CHARACTERISTIC SYMBOL RATING 

DC Supply Voltage VDD VSS-0.5 -VSS+20 

Input Voltage VlN VSS-0.5 -VDD+0.5 

Output Voltage VOUT VDD-50 -VDD+0.5 

Pmver Dissipation PD 300 

DC Input Current lIN ±10 

Storage Temperature 
Tstg -65 -150 Range 

Lead Temp./Time Tsol 260 DC lOsec 

LOGIC DIAGRA~l 

l/E 

1/6 TC5065BP 

IN1 IN2 IN3 IN4 IN5 IN6 

UNIT 

V 

V 

V 

mW 

rnA 

DC 

OUT1 OUT2 OUT3 OUT4 OUT5 OUT6 

,,~. 
DIP 16 (3D16A-P) 

PIN ASSIGNf.1ENT 
TC5064BP 

VDD. 
Vss , 
AIN • 

"BIN . 

OUTl OUT2 OUT3 OUT40UT50UT6 

rThm~~'~rH~ 
9~~~~~~ 

IN1 IN2 1N3 IN4 IN5 1N6 

T85065BP 

TRUTH TABLE 
INPUT OUTPUT 

-
An: Bn: IN TC5064EP TC50155BP 

L H L HZ H 

L H H H HZ 

"' L .. HZ HZ 

H .. .. HZ HZ 

HZ ; Hlgh Impedance .. ; Dor! t care 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5064B~TC5065BP 

RECOMMENDED OPRATING CONDITIONS (VSS=OV) 

CHARACTERISTIC SYMBO MIN. TYP. MAX. UNIT 

Supply Voltage VOO 3 18 V 

Input Voltage VIN 0 VOO V 

Operating Temp. Topr -40 85 °c 

ELECTRICAL CHARACTERISTICS (VSS-OV) -
TEST VDD -40°C 25°C 85°C 

CHARACTERISTIC SYMBO UNI1 CONDITIONS (V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

High Level I lOUT 1< 1.uA S 4.9S - 4.95 5.00 - 4.95 -

I 
VOH 10 9.95 - 9.95 10.00 - 9.95 - V Output Voltage VIN=VSS or VOO 15 14.95 - 14.95 15.00 - 4.95 -

VOH=3V (VOO-2V) 5 - 6 - I - 5 -10 - - 4 -
High LevIe 

IOH 
VOH=2V (VOO-3V) 5 - 9 - I - 8 -13 - - 6 - mA Output Current VOH=7V (VOO-3V) 10 -12 - -10 -25 - - 8 -
VOH=12V(VDO-3V) 15 -17 - -15 -35 - -12 -

* VOUT=0.SV,4.5V 5 3.5 - 3.5 2.75 - 3.5 -High Level 
VIH VOUT=1.0V,9.0V 10 7.0 - 7.0 S.S - 7.0 -Input Voltage 

VOUT=1. SV, 13. 5V IS H.O - 11.0 8.25 - loS -
* IVOUT=O .SV,4 .SV loS 2.2S loS 1.5 

V 
Low Level S - - -
Input Voltage VIL I~OUT=1.0V' 9 .OV 10 - 3.0 - 4.S 3.0 - 3.0 

VOUT=1. SV, 13. SV IS - 4.0 - 6.7S 4.0 - 4.0 

Output OFF IVOUT = OV IS - -3 - -0.01 -3 - -10 
}lA 

Current IOFF VOUT = Voo-45V IS - - 10 - -1 -10 - - 20 

lIB VIB = 18V 18 - 0.3 - 10 S 0.3 - 1.0 Input Current }lA 
IlL Vn = OV 18 - -0.3 - -10-5 -0.3 - -1.0 

Quiescent VIN=VSS, VOD, S - 4.0 - O.OOS 4.0 - 30 

Supply Current IOD OUTPUTS OPEN 10 - 8.0 -- 0.010 8.0 - 60 }lA 
IS - 16.0 - O.OlS 16.0 - 120 

* RL = 20 kn 
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS VOO(V) MIN. TYP. MAX. UNIT 
I S - 100 200 

Output Rise Time tr RL = 20 kn 10 - SO 100 ns 
IS - 40 80 
S - 5.0 8.0 

Output Fall Time tf RL = 20 kn 10 - 5.0 8.0 jlS 

IS - 5.0 8.0 

(LOW-HIGH) S - 200 SOO 

Propagation Delay Time tpLH RL = 20 kn 10 - 100 2S0 ns 
15 - 80 200 

(HIGH-LOW) 5 - 2.0 4.0 
Propagation Oe1ay Time tpHL RL = 20 kn 10 - 2.0 4.0 )ls 

15 - 2.0 4.0 
Input Capacity GIN S 7.5 pF 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5064BRTC5065BP 

;WITCHING TIME TEST CIRCUIT AND WAVEFORM 

l VDD 
INPUT 

P.G N 
VDD 

OUT OUTPUT 
IN (OUT (TC5064BP) 
IN 

RL I CL 

OUTPUT 
(TC5065BP) 

tpHL tpLH 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5064BRTC5065BP 

EXAMPLES OF APPLICABLE CIRCUITS 

(1) Fluorescent Display Tube Driving Circuit 

VDD=SV 
Filament Power Supply 4~SV 

.------illt------~ 

~ 

g;, 
..... 
rJl 

.u 
c: 

~ 
'" rJl 

~~S! C~~it 
MOS or 

OS LSI 

(2) Interface between CMOS and PMOS 

I 
VDD 

CMOS c--

VSS 

I 

I 
I 

RL 20 

-EV 

r 
I 

VDD -I~ 

6:~ 
5'8 

I 
b 

VSSl 

I I I I -, 
I L I I I -

DO Dl Do 

Fluorescent 
Display Tube 

kn - 100 kn 

I 

PMOS 

RL 

I 
RL=20 kD~ 30krl b 

VSS2 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5066BP 
TC5067BP 

TC5066BP 
TC5067BP 

7-HIGH VOLTAGE BUFFER/NON INVERTING TYPE 
7-HIGH VOLTAGE BUFFER/INVERTING TYPE 

TC5066BP and TC5067BP contain seven independent 

circuits of buffers. TC5066BP in non-inverting type 

and TC5067BP is inverting type. 

As both have the output of open drain structure with 

high bleakdown voltage P-channel MOS FET (-50 volts •• 

.••.• Maximum Rating), these are suitable for driving 

fluorescent display tubes and for interfacing with 

Ihigh voltage MOS LSI's. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTIC 

DC Supply Voltage 

Input Voltage 

Output Voltage 

Power Dissipation 

DC Input Current 
Storage Temperature 
Range 

Lead Temp ./Time 

.OGI C DIAGRAf.1 

1/7 TC5066BP 

1/7 TC5067BP 

SYMBOL 

VDD 

VIN 

VOUT 

PD 

lIN 

Tstg 

Tsol 

RATING UNIT 

VSS-0.5 - VSS+20 V 

VSS-O.5- VDD+O.5 V 

VDD-50 - VDD+O. 5 V 

300 mW 

±10 rnA 

-65 -150 °c 

260°C • lOse c 

V DD 

0 UT 

V Ss 

V DD 

0 UT 

V ss 

527 

DIP 16 (3DI6A-P) 

PIN ASSIGNMENT 

TC5066BP 

VDD ' 16 Vss ; 8 

TC5067BP 

OUTI OUT2 =3 OUT4 CUl5 0UT6 OUT7 

~~~~~~~ 123406'1 

INI IN2 IN3 IN4 IN5 IN6 IN7 

VDD; 16 , VSS ' 8 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5066B~TC5067BP 

RECOMMENDED OPERATING CONDITIONS (VSS=OV) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage VDD 3 18 V 

Input Voltage VIN 0 VDD V 

Operating Temp. Topr -40 85 °c 

ELECTRICAL CHARACTERISTICS (VSS=OV) 

TEST r--- -40·C 25°C 85°C 
CHARACTERISTIC SYMBOL CONDITIONS VDD 11 

(V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

High Level I lOUT I < 1).lA 
5 4.95 - 4.95 5.00 - 4.95 -

VOH 10 9.95 - 9.95 1O.0C - 9.95 - V Output Voltage VIN=VSS or VDD 15 14.95 - 14.95 l5.0C - 14.95 -
VOH=3V (VDD-2V 5 - 6 - - 5 -10 - - 4 -

High Level VOH=2V(VDD-3V) 5 - 9 - - 8 -13 - - 6 -
IOH VOH=7V(VDD-3V) 10 -12 -10 -25 - - 8 

IDA 
Output Current - -

VOH=12V(VDD-3", 15 -17 - -15 -35 - -12 -
VIN=VSS or VDD 

High Level VOUT=4.5V 5 4.0 - 4.0 - 4.0 -
Input Voltage VIR VOUT=9.0V 10 8.0 - 8.0 - 8.0 -
(TC5066BP) VOUT=13.5V 15 l2.5 - 12.5 - 12.5 -

* V 

Low Level VOUT=0.5V 5 - 1.0 - 1.0 - 1.0 

Input Voltage VIL VOUT=1.0V 10 - 2.0 - 2.0 - 2.0 
VOUT=1.5V 15 - 2.5 - 2.5 - 2.5 

(TC5066BP) 
* 

High Level VOUT=0.5V 5 3.5 - 3.5 2.75 - 3.5 -
Input Voltage VIH 

VOUT=1.0V 10 7.0 - 7.0 5.5 - 7.0 -
(TC5067B~) 

VOUT=1.5V 15 11.0 - 11.0 8.25 - 11.0 -
* , 

Low Level VOUT=4.5V 5 - 1.5 - 2.25 1.5 - 1.5 

Input Voltag;e VIL 
VOUT=9.0V 10 - 3.0 - 4.5 3.0 - 3.0 

(TC5067BP) VOUT=13.5V 15 - 4.0 - 6.75 4.0 - 4.0 

* 
Output OFF 

IOFF 
VOUT = OV 15 - 3 - 0.01 3 - 10 

Leak Current VOUT = -30V 15 - 10 - 1 10 - 20 fo 

Input I H Level IIH VIH = l8V 18 - 0.3 - 105 0.3 - 1.0 
Currentj L Level 10-5 

)J< 

IIL VlL = OV 18 - -0.3 - -0.3 - -1.0 

Quiescent 
VIN = VDD,VSS 

5 - 4.0 - 0.005 4.0 - 30 
Supply IDD 10 - 8.0 - 0.010 8.0 - 60 ).l 

Current 
Outputs Open 15 - 16.0 - 0.015 16.0 - 120 

* RL = 20 kn 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5066B~TC5067BP 

SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
~ 

MIN. TYP. MAX. UNIT VDD(V 

5 - 100 200 
Output Rise Time tr RL = -20 kn 10 - 50 100 ns 

15 - 40 80 

5 - 5.0 8.0 
Output Fall Time tf RL = 20 kn 10 - 5.0 8.0 )ls 

15 - 5.0 8.0 

(LOW-HIGH) 5 - 200 500 

Propagation Delay Time tpLH RL = 20 kn 10 - 100 250 ns 
15 - 80 200 

(HIGH-LOW) 5 - 2.0 4.0 

Propagation Delay Time tpHL RL = 20 kn 10 - 2.0 4.0 )IS 

15 - 2.0 4.0 

Input Capacity CIN - 5 7.5 pF 

SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

INPUT 

I VDD 

VDD 
IN OUT OUTPUT 

(OUT) (TC5066BP) 

VSS 

rCL 
RL 

OUTPUT 
(TC5067BP) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5066BP, TC5067BP 

EXAMPLES OF APPLICABLE CIRCUITS 

(1) Fluorescent Display Tube Driving Circuit 

..... 
'" " H 00 

en ... 
....1 en 

.... .., 
0 " OJ .., e ... 
::l OJ 
u en 
.... ... 

U 

TTL} Cir­CMOS Cuit 
PMOS or 

OS LSI ..... 

'" .., c ... 
00 ... 
... en 
Q 

VDD=5V 

(2) Interface between CMOS and PMOS 

I 
VDD 

CMOS -

VSS 

I 

Filament Power Supply 4 ~ 5V 
r-------IIII------~__! 

I-I 
I-I 

DO 

I-I 
LI 

Dl 

Fluorescent 
isplay Tub 

RL RL 20 k.n ~ 100 kn 

-EV 

I 
I I 

VDD -1~ 
PMOS 

C§~06~ 
RL 

I I 
1 RL=20 kn '" 30 kn b 
VSSI VSS2 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5068BP, TC5069BP BCD TO 7-SEG~1ENT LATCH/DECODER/DRIVER 

TC5068BP 
TC5069BP 

.-------------------~ The TC5068BP and TC5069BP are decoders which convert 
the inputs of BCD codes into the 7-segment display 
element driving signals. Since the segment output is 
of an open drain structure with high breakdown 
voltage P-channel FET, these decoders can directly 
drive fluorescent display tubes. 
Each of four input lines contains a latch controlled 
by cornmon strobe input, to facilitate static drive. 
Each BL input is used for forcing all the segments to 
the OFF state; therefore, the decoders can be applied 
to the leading zero suppress by combining zero output 
(When input code is at "0", "H" level is output). 
The TC5068BP is of a hexadecimal display indicating 
type, and the TC5069BP is of a BCD display puIs "L", 
"H", "All, "P", "_", and "blank" display indicating 
type. 

ABSOLUTE r~AXIMUrfl, RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage VDD Vss-0.5 -Vss+20 V 

Input Voltage VIN VSS-0.5 - VDO+O. 5 V 

Output Voltage * VOUTl VDD-50 - VDD+O. 5 V 

VOUT2 VSS-0.5 -VDD+O. 5 V 

DC Input Current lIN :t10 rnA 

Power Dissipation PD 300 mW 
Operating Temperature 

Topr -40 -85 °c Range 

Storage Temperature 
Tstg -65 -150 °c Range 

~ VOUTI LS applLed to segment output, and VOUT2 to zero 
BLOCK DIAGRAM output. 

BLANKING ~ )--[:>0------------------, 

STROBE 

DI?16 (3D16A-P) 

PIN ASSIGNMENT 

8T 16 Vss 
20 15 a 

A 3 14 b 

B 
4 l3 

C 12 d 

D II 

BL 10 

Vss 8 g 

ZERO OUT 

DRIVER 
'DRIVER I 

A 

B 4)-----1 

4 BIT 

~ATCE 
c 

D 

f--+t-l---i BCD TO 

7 SEGMENT 

1---01+---1 DEC ODER 

b 

d 

g 

: pVDD : 
, , 
: r : 
'-1 I 

: y OJT /: 

, gl 

, Vss I 
I I 
~ _________ J 
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rOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5068B~TC5069BP' 

TRUTH TABLE 

OUTPUTS 
INPUTS 

TC5068BP 6 TC5069BP 6 

ST BL D C B A a b c d e f g a b c d e f g 

* H * * * * L L L L L L L L L L L L L L 

H L L L L L HiH H H H H L H H H H H H L 

H L L L L H L H H L L L L L H H L L L L 

H L L L H L H H L H H L H H H L H H L H 

H L L L H H H H H H L L H H H H H L L H 

H L L H L L L H H L L H H L H H L L H H 

H L L H L H H L H H L H H H L H H L H H 

H L L H H L H L H H H H H H L H H H H H 

H L L H H H H H H L L H L H H H L L H L 

H L H L L L H H H H H H H H H H H H H H 

H L H L L H H H H H L H H H H H H L H H 

H L H L H L H H H L H H H L L L H H H L 

H L H L H H L L H H H H H L H H L H H H 

H L H H L L H L L H H H L H H H L H H H 

H L H H L H L H H H H L H H H L L H H H 

H L H H H L H L L H H H H L L L L L L H 

H L H H H H H L L L H H H L L L L L L L 

L L * * * * 66 

* ; Don't care 
1< ; Undetermined 

t:::L::, • Depends Upon the BCD code prevlously applled when ST= "R" 

6 ; Requlred pull down resister "RL" 

DISPLAY INDICATING TYPE 
TC5068BP 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 - , -, - I , I , 1 I 
- , -, - I C'I , - , I -I , 

- -
, , , 

I_I - -, - - -, , - -
, , , 

-
, I_I -.JI I , - , '- , -' I -

TC5069BP 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

I-I -, I I , - 1 
- 'I , 1'-1 II , , 1 

ZERO 
OUT 

1< 
H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

15 

1= 
I 

15 

=1 - 1= I-I 1 
1=1 1-,,- - BLANK 

'-, , '- I 1 - -' I _I I , , , 

RECO~l~lENDED OPERATING CONDITIONS (Vss=OV) 

JJl i3 ~c -5 MIN TYP MAX .!jj. 

'it ~ 'it IE V DD 3 - 18 V 

A 7J 'it IE V IN 0 - V Dn V 

t:!: 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5068B~TC5069BP 

ELECTRICAL CHARACTERISTICS(vss=OV) 
.--- -40°C 25°C 85°C 

CHARACTERISTIC SYMBOL TEST CONDITION VDD UNIT 
(V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

High Level I IOUTI < lilA 5 4.95 - 4.95 5.00 - 4.9 -
Output Voltage VOR 10 9.95 - 9.95 10.00 - 9.9 - V 

VIN=VSS or VDD 15 14.95 - 4.95 15.00 - 14.9 -
Low Level I lOUT I < lilA 5 - 0.05 - 0.00 0.05 - 0.05 
Output Voltage VOL VIN=VSS or VDD 

10 - 0.05 - 0.00 0.05 - 0.05 V 
(ZERO OUT) 15 - 0.05 - 0.00 0.05 - 0.05 

VOR= 3V(VDD-2V) 5 -6 - -5 - -4 -
Righ Level VOR= 2V(VDD-3V) 5 -9 - -8 - -6 -
Output Current lOR VOR= 7V(VDD-3V) 10 -12 - -10 - -8 - mA 
(Segment OUT) VOR=12V(VDD-3V) 15 -17 - -15 - -12 -

VIWVSS or VDD 

Righ Level VOR= 4.6V 5 -0.2 - 0.16 - 0.12 -
Output Current VOR= 9.5V 10 -0.5 - 0.4 - 0.3 -

lOR mA 
(Zero OUT) VOR=13.5V 15 -1.4 - 1.2 - 1.0 -

VIN=VSS or VDD 

Low Level VOL=0.4V 5 0.52 - 0.44 - 0.36 -
Output Current VOL=0.5V 10 1.3 - 1.1 - 0.9 - mA 

(Zero OUT) IOL VOL=1.5V 15 3.6 - 3.0 - 2.4 -
VIWVSS or VDD 

VOU~0.5, 4.5V 5 3.5 - 3.5 2.75 - 3.5 -
Righ Level 

VIR VOUT=1.0, 9.0V 10 7.0 - 7.0 5.5 - 7.0 - V 
Input Voltage 

* 
VOU~1.5, 13.5\ 15 11.0 - 1.0 8.25 - 1.0 -
I lOUT I < lilA 

VOUT=0.5, 4.5V 5 - 1.5 - 2.25 1.5 - 1.5 
Low Level VIL VOU~1.0, 9.0V 10 - 3.0 - 4.5 3.0 - 3.0 V 
Input Voltage * VO~1. 5,13. 5V 15 - 4.0 - 6.75 4.0 - 4.0 

I lOUT I < lilA 
Output Off-leak VOUT=OV 15 - -3 - -0.01 -3 - -10 
Current IOFF \lA 
(Segment OUT) VOUT=-30V 15 - -10 - -1 -10 - -20 

Input I L~ve1 IIR VlH=18V 18 - 0.3 - 10-5 0.3 - 1.0 lJA 
current! IlL" 

Level IlL VIL=OV 18 - 0.3 - -10-5 -0.3 -1.0 

Quiescent VIN=VSS or VDD 5 - 20 - 0.005 20 - 150 

Supply Current IDD Outputs Open 10 - 40 - 0.010 40 - 300 \lA 

** 15 - 80 - 0.015 80 - 600 

** All valid input combinations. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5068BP, TC5069BP 

SWITCHING CHARACTERISTICS (Ta=25°C, VSs=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITION 'ViiD 
(V) 

MIN. TYP. MAX. UNIT 

Output Rise Time 5 - 100 200 

(SEGMENT OUT) tr RL = 1 kn 10 - 50 100 ns 
15 - 40 80 

Output Rise Time 5 - 130 400 

(ZERO OUT) tr 10 - 65 200 
15 - 50 160 

ns 
5 Output Fall Time - 100 200 

(ZERO OUT) tf 10 - 50 100 
15 - 40 80 

(Low-High) Propagation 5 - 750 1800 
Delay Time tpLH RL = 1kn 10 - 300 600 
(A,B,C,D-SEGMENT OUT) 15 - 200 400 

ns 
(High-Low) Propagation 5 - 750 1800 
Delay Time tPHL RL ~ 1kn 10 - 300 600 
(A,B,C,D-SEGMENT OUT) 15 - 200 400 

(Low-High) Propagation 5 - 250 500 
Delay Time tpLH 10 - 125 250 
(A,B,C,D-ZERO OUT) 15 - 100 200 

ns 
(High-Low) Propagation 5 - 250 500 
Delay Time tpHL 10 - 125 250 
(A,B,C,D-ZERO OUT) 15 - 100 200 

(Low-High) Propagation 5 - 200 400 
Delay Time tpLH RL = 1k.(l 10 - 100 200 
(BL-SEGMENT OUT) 15 - 80 160 

ns 
(High-Low) Propagation 5 - 200 400 
Delay Time tpHL RL = 1kn 10 - 100 200 
(BL-SEGMENT OUT) 15 - 80 160 

5 - 60 200 
Minimum 5T Pulse Width tw 10 - 30 100 ns 

(ST) 15 - 25 80 

Minimum Setup Time 
5 - 35 200 

tset-UP 10 - 20 100 
(ST-A,B,C,D IN) 15 - 10 80 

ns 
Minimum Hold Time 

5 - - 100 

(ST-A,B,C,D IN) 
t hold 10 - - 60 

15 - - 40 

Input Capacitance CIN - 5 7.5 pF 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5068B~TC5069BP 

SWITCHING TIME TEST CIRCUIT 
20ns 20ns 

a-g ~-o--~--. 
P.G 1,2 

(IN RJT) 

SWITCHING TIME TEST WAVEFORM 

WAVE FORM 1 

A-D IN 

a-g OUT 

ZERO OUT 

WAVE FORM 2 

A-D IN 

ST IN 

ZERO 
Vss 

WAVE FORM 3 

-;.--1----- tw 

APPLICATION EXAMPLE 
FLUORESCENT DISPLAY TUBE DRIVE CIRCUIT 

VDD 

a 

{ 
A A TC5068 

DATA B B :OP 

OUTPUTS 
C C 
D D 

CPU or 
LS1 

r DIGIT D2 

OUTPUTS I 
I 
I 

Dn 

-EV 

FILAMENT POWER SUPPLY 

,-, 
1_' 

Dn 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5068B~TC5069BP 

APPLICATION EXAMPLE 

LEADING ZERO SUPPRESS CIRCUIT (STATIC DRIVE) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TENTATIVE 

TC5070P/TC5071P/TC5072P 6 DIGIT UNIVERSAL COUNTER 
TC5070P/TC5071P/TC5072P are 6-digit universal counter 
containing 6-digit memory register in addition to 
functions of up/down counting, data presetting, zero 
suppress, and latch. 
The counted contents are output in BCD and seven 
segment dynamically stepwise from most significant 
digit in synchronization with input of SCAN. 
The seven-segment output can directly drive the 
common cathode type LED. 
In addition to CARRY and ZERO outputs, these counter 
are provided with EQUAL output, permitting a wide 
range of applications such as for measuring 
instruments, timers, etc. 

Maximum counting value 
TC5070P 999999 COUNTER 
TC507lP 995959 TIMER 
TC5072P 595999 THIER 

ABSOLUTE t·1AXI MUr·l RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage VDD Vss-0.5- VSS+IO V 

Input Voltage VIN VSS-O. 5- VDD+O. 5 V 

Output Voltage VOUT VSS-O. 5- VDD+O. 5 V 

DC Input Current lIN tlO rnA 

Power Dissipation PD 300 mW 
Storage Temperature 

Tstg -65-150 °c Range 

Lead Temp./Time Tsol 260°C 10sec 

PIN ASS I GNr·1ENT 

'" ill hh ., 
"' H" ... z ., h 00 

WH !-< ~ ::: 
~~ 

z 

'" g 
I~ 0 

"'''' " '7 '" '" ... 
'" 

OJ 

'''' 0 '" z '" ~ " "' "' '" .. .. 
"" " "" '" .. 0 .. '" " '" 0 0 "' .. '" z '" " " " '" '" "' "' 

..., ..., 
" " " " [ ~ .-< S1 '" III 1- <0 '" .. ~ '" .-< ?l 0> gJ ,.. ... '" '" '" '" '" '" '" '" '" 

r .-< '" '" .. '" <0 CD 0> ::: .-< '" ~ ... '" 1- .-< .-< .-< .-< 

Co) 0 If-< IIll d .c 0 ~ til <: 11::1 :: 0 

'" ;' I;;: I~ ------- ---..--.--... 
" o 

" " '" 

~ 

'" " 
~ 

~ 

TC5070P, TC5071P 
TC5972P 

DIP42 (6D42A-P) 

'" OJ ..., ..., .. z 
::; '" '" .. cT " " '" 

., ,. 
" 

t-l ~ ~ '" '" 

;!i ~ 0 '"' '" '" 
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d 
en 
:z:: -
= 

<..n 

"" 00 

lti STOHFi 

+ U P/ [i(')WN 
COUNT INHIBIT 

'!. COUNT 

Ct,EAR 

BCD OUT 

(2°) (2') (22)(2') 
ABC JJ 

SEGMENT OUT 

nbrdef 

riiiiii 
I 7 SE(JMENT 

D~;COOFR/ DH lVER 

1 11 
MU1,T1P1Jf1~XFjR 

1 
6 DIOIT lJATCH 

T 
-l 

6 D [Q [1' BCD 

UP/DOWN COUNTER 

1 
6 DIGIT MULTIPLEXER 

TA1AD CA eB CC CD Vss 
COUNTER (20) (2') (22) (2') 

COUNTER BCD IN 

>!; 8chm1. tt t.rlg~El[ inputs. 

DIGIT OUT 

(MSD) (WD) 

D6 D5 D4- D3 D2 D 1 

1 
I 

R ~ ~ R RI ri r-I BLANK I N(J I 1 

H II Hll T COt) NTP:R ~ H SCAN OSC I 
! 

'" 
COMPARATOR 

1 
I 

I 

H 
I 
I 6 

LOAD 

REGISTER 

6 DIGIT REGISTER 

DIGIT MULTIPLEXER 

RA RIl RC RD 

(20) (2') (22) (2') 

REiJISTER BCD IN 

I 

I 
Vss 

OJ -I --i 
0 r-

(') [fJ 0 
I n 

C1I iD ;;<: 

0 » 0 ...., 
Z ~ 

» 0 --i GO m ;;0 :0 Gl » :n 3: 
-I :J:j 
(') m 

0 
C1I 0 0 Ii ...., 

0 
~ c 
:0 =i 

--i 
LZR 1-1 m 

0 (') I 
Z C1I 0 0 » ...., r 

I\) 0 
SCAN * I" ~ 

I--: VnD 

SET 

EXtUAL 

CARRY 

ZERO 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

DESCRIPTION OF PIN FUNCTION 

PIN No. SYMBOL FUNCTION 

1 NC No connection 

2 VDD VDD power supply (3-8V) 

At ilL" level, the digit counter is reset, and D6 (MSD) only 
-- provide. 

3 SET 
The Segment-out changes to the blanking state. 
At "HI! level, normal display operation. 

4 LZB 
"HI! No zero blanking 

"LII Leading zero blanking in the higher order 5 digits. 

5 a 

6 b 

7 c Each pin is seven segment output of 6-digit counter. The output 
8 d is synchronized with the digit-out and is provided stepwise 

9 
from the most significant digit. 

e 

10 f 

11 g 

12 A Each pin is BCD output of 6-digit counter. The output is 

13 B synchronized with the digit-out and is provided stepwise from 
the most significant digit. 

14 C When SET input is at "L" level, the most significant digit data 

15 D is provided. 

"HI! At positive edge of the STORE input, the contents of the 
counter are latched. 

16 STORE 

"L" The contents of the counter are straight transferred to 
the miltiplexer. 

17 CD 

18 CC BCD input at the time when data are preset to the 6-digit 

19 CB 
counter. 
(With the LOAD COUNTER input at "R" level. ) 

20 CA 

At "HH level, the 6-digit counter is reset, and the contents of 
21 CLEAR the counter become ALL "a". 

ZERO output become at "H" level. 
Auto scan oscillator is operated by connecting a capacitor 

22 SCAN (2000-20000pF) between No.22 (SCAN) and No.23 (VSS) terminals. 
External scan oscillator may also be used to drive the scan 
input. 

23 VSS GND (OV) 
I 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

DESCRIPTION OF PIN FUNCTION (Cont'd) 

PIN No. SYMBOL FUNCTION 

When the contents of the 6-digit register set by the input of 
RA, RB, RC, and RD coincide with the contents of 6-digit 

24 EQUAL counter, EQUAL output is provided at "H" level. Even if both 
the contents coincide each other during setting by the inputs 
of LOAD REGISTER and LOAD COUNTER, 
"L" level remains unchan"ed 

the output is inhibited and 

25 Dl(LSD) 

26 D2 
These are the outputs to display the digits of segment out and 
BCD-out. 

27 D3 When SET input reaches "L" level, the digit counter is reset I 

28 D4 
and D6 (MSD) only is provided. When "SET" input rises at "H" 
level, the output is provided in the order of D5, D4 ••. in 

29 D5 synchronization with the SCAN clock. 

30 D6(MSD) 

31 
LOAD·REGISTER "HI! RA -RD input is set to 6-digit register. 

(LOAD·R) ilL" Write operation to the register is inhibited. 

32 
LOAD· COUNTER "R" CA - CD input is preset to the 6-digit counter. 

(LOAD·C) "L" Write operation to the counter is inhibited. 

33 RD 

34 RC BCD input at the time when the data are set to the 6-digit 

35 RB 
register. 
(With the LOAD REGISTER input at "HII level. ) 

36 RA 

37 COUNT '(tock input 0L~-digit counter 
Counting at the positive edit", of clock) 

38 
COUNT· INHIBIT fiR" No counting 

(C·INH) ilL" Counting 

When the contents of counter have become "000000" at time of 
up-counting, CARRY output is provided at "H" level during this 
time from rise to fall of COUNT input. 

39 CARRY When the contents of counter have become "999999" (for TC5070P) 
"995959" (for TC5071P), and "595999" (for TC5072P) at time of 
down-counting, CARRY output is also provided at "H" level 
during this time from rise and fall of COUNT input. 

When the contents of counter have become "00000", ZERO is 

40 ZERO 
provided at "H" level. 
During presetting by the LOAD COUNTER input, output operation 
is inhibited and "L" level remains unchanged. 

41 UP/DOWN 
"H" Up count. 

"Lit Down count. 

42 NC No connection. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

TIMING CHART 

6 DIGIT COUNTER TIMING CHART (TC5070P);LOAD'C, LOAD'R='L' 

COUNT 

UP/DOWN 

C·INH --+---~--~--r-+----r--~~~r---+-------------r-~ 

CLEAR --+---~--~--r-+----r--~~~r---+-------------r-----~ 
CARRY __ +-__ ~ __ ~ 

ZERO __ +-__ -+ __ --' 
E(!UAL 

~ Reg~8~er value l6 preset to 999998. 

DIGIT COUNTER TIMING CHART 

SCAN 

{ ':CX) 
(EXTFRNAI", CLOCK 

Ii'--/i'-/i'-/"'-../p:( K* K Kt::::}::(t:/ ~ ZL - r--- r--- -

SET 

DB(MSD) 

D5 

- h u-Li-- r--- h ~ 
D4 r- h 
D3 !--

D2 hi --
Dl (LSD) I h 
A-D X 10' X 10' X 10' X 10' X 10' X 10° X lC' X lC' X 10' X 10' X 10' X 105 X 10' X 

a - g ~ lO'~ 10' ~ 10' ~ 10' ~ 10' ~ 10° § 10' §jl0' §jl0' § 10'§jlO' § HZ §.8§ 10' § 

HZ HIgh Impedance. \ Segment. drlver off.) 

LOAD REGISTER, LOAD SaUNTER TIMING CHART 

SCAN 

(ex) 

{(EXTERNAL CLOCK; 

LOAD COUNTER, 
LOAD REGISTER 

BCD IN ====:t--+--'-----~-~-+-A~ID~---
"'* 

~ : TImIng Where data 18 

permItted tobe wrItten at 

the nth dIgIt. 

,,~~ TImlng where data 16 wrltten 

at the nth dIgIt. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

UPERATING CONSIDERATION 
1. COUNTER OPERATION 

Counting is stepped by the rise of clock when the clock is added to COUNT input at 

state of the inputs of LOAD·C, C·INR, and CLEAR at "L" level. At time of up­

counting, CARRY and ZERO outputs are "Rn level at "000000", and at time of down­

counting, CARRY output is at "R" level at "999999" (for TC5070P), "995959" (for 

TC5071P), and "595999: (for TC5072P). 

When CARRY output is at "R" level, CARRY output remain at "R" leve until COUNT 

input falls, even if CLEAR and LOAD·C inputs are changed to "R" level. 

For COUNT and UP/DOWN inputs is shaped schmitt trigger, COUNT and UP/DOWN inputs 

rarely miscounts if waveform is not sharp. 

2. COMPARATOR OPERATION 

EQUAL output is provided at "R" level, when the contents of the counter coincide 

with the comparator value set by LOAD·R input. Rowever, even if they concide each 

other during setting by LOAD·C and LOAD·R input, output operation is inhibited and 

ilL" level remains unchanged. 

3. LOAD COUNTER AND LOAD REGISTER OPERATIONS 

When the data required to preset the counter or when the comprating value is 

required to set to the register, such operation is made by LOAD·C and LOAD·R inp~t. 

The presetting of data to the counter is acquired by setting LOAD·C input to "R" 

levef, synchronizing CA - CD input with the digit counter, and setting the digits 

one after another. For the purpose, the external circuits are required for timing 

of D6~Dl output with CA-CD input. The comprator value can be set to the register 

in the same way. Load register operation is independently of counting operation; 

therfore, even during setting of the data to the register, counting can be 

performed. (See an example of input setting circuits.) 

(Note) that normal operation is not acquired when the data exceeding the maximum 

counting value (for each digit) shown on page 1 for the individual items are set 

to the counter and register. 

4. LATCR OPERATION 

At STORE input is at "L" level, the contents of counter are straight transferred 

to the multiplexer, and the output indicates the contents of counter. 

At STORE input is at "R" level, the indicating output remains unchanged although 

the count varies for the contents of counter are latched at the positive edge of 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070~TC5071~TC5072P 

OPERATING CONSIDERATION (Cont'd) 

STORE input. When STORE is turned to "L" level, the contents of counter at that 

time are provided. STORE input shape schmitt trigger. 

5. DISPLAY OPERATION 

At LZB input is at "L" level, the higher order 5 digits of SEGMENT-OUT output are 

changed to the state of leading zero blanking. 

At "R" level, the function of leading zero blanking is released. 

At SET input is at "L" level, the SEGMENT-OUT output is changed to the state of 

blanking, and the digit counter is reset, and D6 (MSD) only is provided. At that 

time, the BCD-OUT output provided the data of the 6th digit. At "R" level, the 

DIGIT-OUT output provided in the order of D6, D5, D4, in synchronization with 

SCAN, and SEGMENT-OUT and CD-OUT output are also provided in synchronization. 

Segment Display Format (Common Cathod type LED) 

2 3 4 5 6 7 8 10-15 

I - I I -I ::1 U S ,- I I I-I '-I I-
Ll 1- _I I CJ I I-I _I ,-I-

6. SCANNING OPERATION 

AUTO SCAN operation can be performed by inserting a capacitor between the terminal 

SCAN and the terminal VSS. By adding an external clock to the terminal SCAN, 

MANUAL SCAN operation can be performed. 

SCAN OSC actuates the digit counter, and at the AUTO SCAN operation, the digit 

blanking is applied to each DIGIT OUT for the T/150 period of one cycle (T) of 

SCAN OSC, therfore, can be prevented overlap of each DIGIT OUT. One cycle of 

DIGIT OUT is equal to 6 cycles of SCAN OSC. 

SCAN signal synchronize with data signal setting by the LOAD REGISTER and/or LOAD 

COUNTER inputs. An external capacitor of 2000 to 20000pF is required for SCAN 

(CX) • 

(Note) BCD-OUT output may involve some hazards at the change of COUNT input and 

DIGIT-OUT output; However, such hazards do not hinder operation because 

they occur during the blanking hours for DIGIT-OUT and SEGMENT-OUT output. 
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TC5070P, TC5071P, TC5072P 

OPERATING CONSIDERATION (Cont'd) 

SCAN OSC 

I 

SCAN :I~ '~VDD 

cx r. 
1: 

I L.. _________ _ 

';;' 
C-
o 
OJ 
0 .... 

10' 

J.Cil 

lci' 
10 

~ 

2 

VDD 

~ 
k>(1 

10' 

ox (pF) 

3V 

5 

8 

RECOMMENDED OPERATING CONDITIONS (Vss=OV) 

CHARACTERISTIC SYMBOL TEST CONDITION 

DC Supply Voltage VDD 

Input Voltage VIN 
Operating TemperaturE 

Topr Range 

1 
fOSC=""T (Hz) (TYP.) 25"C 

SCAN (CX) I T I 

~-:: 
L-l...l D-BLANKING 
DIGIT 

OUT 

VDD= 3V 'I I 
5 
8 

~ 

DIGIT OUT (1'.) 

MIN. TYP. MAX. 

3 - 8 

0 - VDD 

-40 - 85 

UNIT 

V 

V 

DC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

rATIC ELECTRICAL CHARACTERISTICS (VSS-OV) 

SYM- TEST r--- -40·C 25·C 85·C CHARACTERISTIC BOL CONDITION VDD UNIT 
(V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

igh-Level Output 
I lOUT I <ltlA oltage 

Except SEGMENT VOH VIN=VSS,VDD 
5 4.95 - 4.95 5.00 - 4.95 -

OUTPUT) 
ow-Level Output 

I lOUT I <l.J.<A oltage 
Except SEGMENT VOL VIN=VSS,VDD 

5 - 0.05 - 0.00 0.05 - 0.05 V 

OUTPUT) 

igh-Level Output 
I lOUT I <lilA oltage VOH 5 4.0 - 4.0 4.5 - 4.0 -

SEGMENT OUTPUT) VIN-VSS,VDD 

utput High Current VOH=4.6V 

A-D, EQ, CA, ZE IOH VIN=VSS,VDD 
5 -002 - -0.16 -008 - -0.12 -

OUTPUT) 

utput High Current VOH=402V 

Dl- D6 OUTPUT) 10H VIN=VSS,VDD 
5 -0075 - -007 -1.5 - -006 -

rnA 

utput Low Current VOL=004V 
Except SEGMENT IOL VIN=VSS,VDD 

5 0.52 - 0044 1.2 - 0036 -
OUTPUT) 

utput High Current VOH=3.5V 

SEGMENT OUTPUT) lOH VIN=VSS,VDD 
5 -25 - -25 -50 - -20 -

nput Low Voltage VOHE 400V 

Except Schmitt VIR VOL=0.5V 5 305 - 305 2.75 - 305 -
Trigger Input) I lOUT I < lilA 

V 
nput High Voltage VOH=400V 

Except Schmitt VIL VOL=005V 5 - 1.5 - 2015 1.5 - 1.5 
Trigger Input) I lOUT I <lilA 

.igh-Level Input 
urrent 
Except Pull Up/ IIR V IR= 8V 8 - 003 - 10-5 0.3 - 1.0 IlA 
Down Resistance 
Input) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

STATIC ELECTRICAL CHARACTERISTICS (Vss=OV) 

SYM- TEST - -40°C 25°C 85°C 
CHARACTERISTIC VDD UNI1 BOL CONDITION (V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

Low-Level Input 
Current 
(Except Pull Up/ IlL VIL=OV 8 - -0.3 - 10-5 -0.3 - -1.0 
Down Resistance 
Input) 

High-Level Input 
Current IlH VIW 8V 8 - 5.0 - - 5.0 - 5.0 

(SET IN) 

Low-Level Input 
Current 

IlL VIL=OV 8 -180 -70 -160 -140 f.lA - - -
(SET IN) 

High-Level Input 
Current 

(CA - CD, RA-RD, IlH VIH=8V 8 - 180 - 80 160 - 140 

SCAN IN) 

Low-Level Input 
Current 

IlL VIL=OV 8 -5.0 - -5.0 - -5.0 - -
(CA - CD, RA-RD IN) 

Low-Level Input 5 - -2.3 - -1.0 -2.0 - -1. 8 
Current , IIL VIL=OV rnA 
(SCAN IN) 8 - -3.6 - -1. 6 -3.2 - -2.8 

Output Leakage 
-10-4 Current IDL VOL=OV 8 - -3.0 - -3.0 - -1.5 f.lA 

(SEGMENT OUT) 

SCAN=VDD 5 - 750 - 180 500 - 1000 
~ Quiescent Device 

IDD SET, CA- CD, f.lA 
Current 8 - 1500 - 250 1000 - 2000 

RA- RD OPEN 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

IYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C. VDD=5.0V. VSs=OV. CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

)utput Transition Time tr SEGMENT OUT (RL=lkn) - 70 200 
(Low to High) 

tr OTHER OUT - 100 400 

)utput Transition Time 
Except SEGMENT OUT 70 200 (High to Low) tf -

COUNT-BCD. SEGMENT OUT " 

tpLH. tpHL (RL=lkn) - 750 1500 

tpLH. tpHL COUNT-CARRY OUT - ISO 400 

'ropagation Delay Time tpLH. tpHL COUNT-ZERO OUT - 200 400 ns 

tpLH. tpHL COUNT-EQUAL OUT - 270 500 

tpLH. tpHL SCAN-DIGIT OUT - 250 sao 
tpLH. tpHL SCAN-BCD OUT - 750 1500 

'ropagation Delay Time tpLH SCAN-SEGMENT OUT (RL =lkn) - 500 1000 

tpHL SCAN-SEGMENT OUT (RL=lkn) - 300 700 

fMAX-l COUNT IN .. 2.0 4.0 -
laXa Clock Frequency fMAX-2 1.0 1.6 - MHz , 

fMAX SCAN IN 0.5 1.0 -
lin. Pulse Width tw CLEAR IN - 250 sao 

tw STORE IN - 80 160 

tset-up COUNT-STORE - 70 ISO 

tset-up COUNT-UP/DOWN - 230 sao 

ina Set-up Time tset-up STORE-CLEAR - 130 300 

tset-up COUNT-C· IN - a 100 

tset-up SCAN IN-LOAIl.C. LOAD·R - -40 SO ns 

tset-up SCAN IN-BCDIN - 200 450 

thold COUNT-UP/DOWN - 40 150 

in. Hold Time thold SCAN IN-LOAD·C. LOAD·R - 70 200 

thold SCAN IN-BCDIN - 140 300 

in. Removal Time trem COUNT-CLEAR - 60 150 

ax. Input Rise/Fall trill 
j;xcept Schml.tt Trl.gger 20 - -Innut 

irne 'j;xcept Schml.tt Trl.gger 
p,S 

tflll Input 20 - -
ositive Trigger Vp 3.0 4.0 
hreshold Voltage -
egative Trigger 

VN 1.0 
hreshold Voltage 

1.8 - V 

ysteresis Voltage VH 0.5 1.2 -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

DYNAMIC ELECTRICAL CAHRACTERISTICS (Ta=25°C VDD=5.0V Vss=OV CL=50pF) . . . 
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNI 

IDD 
COUNT IN = H & L - 250 -Quiescent Device Current "A 

(CX=2000 - 20000pF) COUNT IN = 1 MHz - 650 -
Input Capacitance CIN Except SCAN IN - 5.0 7.5 pF 

* The count operation can respond as far as fMAX-l. and CARRY, EQUAL, and ZERO outputs 
can respond as far as fMAX-2. 

WAVEFORMS FOR MEASUREr~ENT OF DYNAf.1I C CHARACTER! STI CS 
WAVEFORM 1 

COUNT 

ZERO OUT 

EQ.UAL OUT 

CARRY OUT 

a - gOUT 

a - D OUT 

WAVEFORM 2 

SCAN 

Dl- D6 OUT 

A - D OUT 

a - gOUT 

WAVEFORM 3 

COUNT 

UP/ DOWN 

C·INH 

CLEAR 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

WAVEFORMS FOR MEASUREMENT OF DYNAMI C CHARACTERISTI CS 

WAVEFORM 4 

SCAN 

LOAD·C. 
LOAD·R 

BCD IN 

50% 

50% ~% 

5O/fo 

" 
50%/ ,\50'70 

~ 1 
teet-up thold 

*' Output t r a.nd tf : note the output change tlme dun.ng lO-90~ of vou't;. 

TYPICAL INPUT SELECT CIRCUIT 

(1) IN CASE OF DATA PRESETTING WITH DIGITAL SWITCH,ETC. 

DIGIT OUT 

D6 
D5 
D4 CA 

Dl CB 

TC5070P 
CC 

x~ 
gB CD [\ 

• I~ case of pre8ett~ng 569723 

(2) IN CASE OF DATA PRESETTING WITH MICRC-COMPUTER, ETC. 

SCAN 1----1 

SET 1----1 SCAN 

TC5070P CPU LOAD·C 

LOAD· C 1-----1 CA-CD ----{ 

• In case of presettlng 569723 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5070P, TC5071P, TC5072P 

APPLICATION CIRCUIT 

5V 

ABC D 

0--1--1 COUNT 
C·INH 
Up/"iiQWll 

0--+-+-1 CLEAR 
STORE D6~~ 

Dl~ 
CD-CA RD-RA SCAN 

LOAD· c ~~I~~~~nr--=I::::: o----t-_--' l5000P F (CERAMIC CAPACITOR) 

LOAD·R 

VDD; 5 V 

VSS; 0 V 

1S1588 

DIGITAL-SW 

(0- g) 

1kO 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5090AP PENTAPHASIC INTEGRATION 8-BIT AID CONVERTER 
The TC5090AP is a pentaphase integration 8-bit A/D 
converter of high precision and low power consumption, 
which is mounted in a compact l6-pin standard package. 
The 8-bit output data can be taken out in the form of 
time-shared higher order 4 bits and lower order 4 bits 
on four 3-state data outputs. 
This output system is designed specifically 
considering interface to 4-bit CPU. 
The features of low power consumption and compact 
outline are applicable to battery-driven small-sized 
instruments. 

FEATURES: 
High precision ±l LSB MAX. V =5V 
Low power consumption: 10mlv(Typ.) @(lD'-=lMHz) 
Single power supply VDD=5±1.5V OSC 
High-speed conversion: 2mS(Max.) @fOSC=I.5MHz 
Reference clock oscillation circuit contained 
(CR oscillation)" 
3-state output with output latch 
TTL/CMOS compatible digital Input/Output 
Offset automatic correction 

APPLICATIONS: 
Various control instruments (for temperature, 
humidity, pressure, etc.) 
Home electric appliances 
Electric wiring apparatuses 
Battery-driven instruments 

ABSOLUTE MAX!f.1Ut·l RATIIIGS 
CHARACTERISTIC SYMBOL RATING 

DC Supply Voltage VOO VSS-0.5-VSS+8 

Input Voltage VIN VSS-0.5 - VDO+O. 5 

Output Voltage VOUT VSS-0.5 - VOn+O. 5 

DC Input Current lIN ±10 

Power Dissipation Po 300 
Operating Temperature 

Topr -40 -85 Range 

Storage Temperature 
Tstg -65 -150 

Range 

UNIT 

V 

V 

V 

mA 

mW 

·C 

·C 

TC5090AP 

DIP 15 (:3D16A-P) 

PIN ASSIGNMENT 

RENB-~-VDD 
RSEL - 2 15 _ EOC' 

aIN - :3 14_ DATA 

STe· _ 4 13 _ DATA 

:3 

2 

INTI - 5 12 _ DATA 1 

INTJ - 6 11_ DATA 0 

INTo - 7 10 ~ OSCOUT 

VSS - 8 9 - OSCIN 

(TOP VIEW) 
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TC5090A~ 

BLOCK DIAGRAM 

RI CI Rf 
INTI INTJ EOC 

RSEL 

VDD 

VSS RENB 

0 1 2 3 
Data Outputs 

TIMING DIAGRAM 

PHASE I 0 I II IV I 

Vc 

VINTO 
(Integrator Out-) 
put Voltage 

VINTI 
(Integrator In- VSS VDD VSS VDD AIN VSS VDD VSS 
put Voltage 

STC f1 
EOC 

DATA Old data X New data 

{AIN = VDD 
Note)* AIN - 1/2 VDD 

AIN = Vss 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5090AP 

FUNCTIONAL DESCRIPTION 

(1) System Description (Pentaphasic Integration) 

The operation of the TC5D9DAP 

is composed of the correction cycle 

and the conversion cycle as shown 

in the timing chart. While the 

power is switched on, the repetj­

tion of correction cycle and con­

version cycle enables the TC5D9DAP 

at make AID conversion under the 

optimum conditions at all times. 

The operation flowchart is shown in 

Min. 64 Cor­
rection cycles 

Fig. 1. 

(a) Initial correction period 

The internal state of this LSI is 

reasonably unsettled at the time 

when the power is switched on; 

PHASE D,I 

PHASE D,I, 
II,III,IV 

Fig. 1 Operation Flowchart 

therefore, the initial correction cycle is requires before stable 

converting operation becomes possible. 

The correction cycle automatically corrects conversion error 

caused by offset voltage of the integrator or the like, and 

is composed of the period (PHASE D) for which VDD is integrated 

and the period (PHASE I) for which VSS is integrated. 

Since system correction is performed in steps at the end of 

this PHASE I, 64 correction cycles (64 x lD24 • TOSC) are 

required as the initial correction period. (Tose denotes 

one clock cycle.) 

-------------553----------TOSHIBA 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5090AP 

(b) Conversion cycle 

If the initial corection cycle period is completed, normal conver­

sion becomes possible. 

When STC input is given, (although the correction cycle in 

PHASE 0 or PHASE I is in operation at this time), the correc­

tion operation stops, and the conversion cycle starts. 

In other words, even if STC input is given, this LSI performs 

the same operation as the correction cycle until PHASE I is 

completed; but it does not perform the correction at the time 

of completion of PHASE I, and shifts to PHASE II. Therefore, 

attention should be given to the fact that PHASE I prior to 

PHASE II does not act as correction cycle. 

When STC input is given, the LSI integrates analog input in 

PHASE III through PHASE I and PHASE II, performing digital 

conversion in PHASE IV. When the LSI completes digital con­

version in PHASE IV, the output is turned to the new data and 

the LSI returns to the correction cycle. 

(c) Correction cycle 

IVhen the next STC input is given between completion of 

arbitrary conversion cycle (at the time of completion of 

PHASE IV) and completion of one correction cycle (1024·TOSC), 

no correction is substantially made. Therefore, in case the 

STC input is consecutively given, another STC should be 

given after the lapse of one correction cycle at the earliest 

from completion of PHASE IV. When the STC input is given 

during conversion (while EOC is at "L" level), the STC cannot 

be accepted. 
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(d) Constant of integration 

The RI and CI composing the integrator should be selected 

to satisfy the following equation. 

RICI = (0.9 "'2.5) [S] 

Attention should be paid to the fact that, when the external 
R oscillation is used, fOSC has ±30% variations in regard to 

the typo value in Fig. 5 due to variations in sample and 

temperature characteristic. 

In other words, if the typo value in Fig. 5 is denoted by 

fR.TYP, the RI and CI should be selected according to the 

following equation. 

RICI = (1.2", 1. 75) [S] 

(2) Output Data Mode 

TRUTH TABLE 

DIGITAL OUTPUTS 

TC5090AP 

RENB ANALOG INPUT RSEL = "L" RSEL = "H" 
DATA DATA DATA DATA DATA DATA DATA DATA 

0 1 2 3 0 1 2 3 

L Don't care High Impedance 

H < t LSB L L L L L L L L 

H 1 .!. LSB - "2 LSB '" 2 L L L L L L L L 
-

H .!.LSB '" 2 
1 LSB 
2 H L L L L L L L 

H ................ " Straight Binary 

H "FS"-2. LSB 
2 

'" "Fs,,2 LSB 
2 L H H H H H H H 

H "FS,,_l LSB 
2 

'" "FS".l. LSB 
2 H H H H H H H H 

H "FS"-.!. LSB < 
2 H H H H H H H H 

Note VSS = OV 1 LSB VDD/256 

"FS" ..•.. Full Scale (VDD) 
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TC5090AP 

8-bit digital data is output on four data lines after 

having been divided into the higher order 4 bits and the lower 

order 4 bits. Either the higher order bits or the lower order 

bits can be selected by RSEL. 

(3) System Clock Oscillation Circuit 

For oscillating reference clock the oscillation circuit is 

composed of external resistors as shown in Fig. 2. 

I O;NC ~~; 
~ or 

I O;NC ~~; 
~ 

Rf External Clock 

Fig.2 Clock Supplying Methods 

(4) Timings for STC-EOC and EOC-DATA 

a 

a 

Time (tSE) from the fall of 

STC to the fall of EOC. 

Time (tOE) from the out of 

DATA output to the rise of EOC 

I tOE; t TOSC 

STC ~ ___ -.JrL 
EOC 

I I 

lJ tSE Ok 
DATA C 

--------------~~~. 

Fig.3 Ti~ing chart of STC/EOC 

a Min. time (tES) from the rise of EOC to the accpetance of 

another STC. 

I 3 
tES 2 TOSC ~ 2 TOSC 
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TC5090AP 

(5) Timings for STC Input and RSEL/RENB Input 

STC signal is taken in synchro­

nously with the internal clock; there­

fore, if TOSC denotes one clock cycle 

of OSC terminal, the pulse width of 

more than (Z·TOSC) is required. 

Either RSEL input or RENB input 

is required to be set to "H" level at 

RSEL 
or 

RENB 

S~ 

l,oi,J-
Fig.4 Timing chart of 

Control Input 

the falling time of STC by reason of internal structure. 

Further, the hold time of (TOSC + 50ns) or more after the falling 

time of STC at least for "H" level time of RSEL or REMB is required. 

NOTE tw> Z . TOSC, thold> TOSC + 50ns 
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TC5090AP 

RI:CUMMENDED OPERATING CONDITIONS (VSS = OV) 

ITEM SYMBOL MIN. TYP. MAX. 
Supply Voltage VDD 3.5 5 6.5 
Input Voltage VIN 0 - VDD 
Integral Resistor RI 0.4 - 2 

Integral Capacitor CI Note 

Oscillatory Resistance Rf VDD = 5V 10 - -
Note: Refer to Fuction Description (1) for deterrning the values of RI and CI. 

respectively. 

ELECTRICAL CHARACTERISTICS (VSS = OV) 

SYM- TEST .--- -40°C 25°C I 85°C 
ITEM VDD 

BOL CONDITIONS [V) MIN. MAX. MIN. TYP. MAX. I MIN. MAX. 

Input High Voltage VOH 
1 IOUTI <lilA 5 4.95 - 4.95 5.00 - 4.95 -VIN=VSS,VDD 

Output Low Voltage VOL 
I lOUT I <lilA 5 -VIN=VSS.VDD 

0.05 - 0.00 0.05 - 0.05 

Output High Current IOH VOH=4.0V 
* 5 -1.2 - -1.0 -2.0 - -0.7 -VIN=VSS,VDD 

Output Low Current VOL=0.4V * IOL 
VIN=VSS.VDD 5 2.4 - 2.0 4.0 - 1.6 -

Input High Voltage VIH * 5 2.4 - 2.4 - - 2.4 -

Input Low Voltage VIL * 5 - 0.8 - - 0.8 - 0.8 

Output Disable IDH VOH=6.SV 
* 6.5 - +0.5 - ±1O- 4 ±D.S - ±5 Current IDL VOL=OV 1-

Input Current IIH VIH=6.5V 
* 6.5 - 1±0.3 - ±10-5 ±D.3 - ±l IlL VIL=OV I 

Analog Switch Off- IIW6 . 5V HO-S IOFF 6.5 - ±D.3 - :to. 3 - ±l Leak Current VIL=OV 

Operating Con- IDD 
) fOSC = 1 MHz 5 - 2.0 3 - -surnption Current (opr - -

UNIT 

V 
V 

MrI 

krl 

UNIT 

V 

rnA 

V 

IlA 

rnA 

* Applicable to digital input/output. Not applicable to analog input/output and 
OSCIN/OSCOUT· 
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TC5090AP 

SWITCHING CHARACTERISTICS (VDD = 5V, vss = OV, Ta = 25°C. CL = 50 pF) 

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Output Rise Time tr - 50 100 
Output Fall Time tr - 40 100 
(Low-High) Propaga- tpLH - 180 400 tion Delay Time RSEL("L"+"H")-DATA OUT 
(High-Low) Propaga- tpHL - 150 400 tion Delay Time 
(Low-High) Propaga- tpLH - 380 700 tion Delay Time RSEL("H"+"L")-DATA OUT 
(High-Low) Propaga- tpHL - 300 700 ns tion Delay Time 

Output Enable T~me tZL - 80 250 tZH 
RENB-DATA OUT 

Output Disable Time tLZ 
I - I 280 500 

tHZ 
Max. Clock Frequency fMAX!6 OSC Input 1.5 3.0 - MHz 

Min. Clock Frequency fMIN!6 OSC Input - - 100 kHz 

Input Capacity CIN Digi tal Inputs - 4 - pF 

Analog Input Capacity CIN - 7 - pF 

3-State Output COUT - 8 - pF 
Capacity 

SYSTEM CHARACTERISTICS (Ta = -40'" 85°C) 

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Zero Point Error EZp - ±l J-4 2 

Full Scale Error EFS VDD=5V, VSS=OV - ±l ±l LSB 4 

Nonlinearity - +l 
±l - 4 

STC Min. Pulse Width * 
2 

tw - -
fOSC 

s 

Conversion Time AIN = 0'" FS * 
10' 

3 .1xlO' tconv. fosc - s 
fOSC 

* fOSC OSC terminal clock frequency [Hzl. FS Full Scale voltage. VDD level 
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TC5090AP 

TEST CIRCUIT 

IDD(opr.) Test Circuit 
Switching Time Test Circuit 

Rf 

1M 

7 

Rf is adjusted as fOSC = 1MHz. 

SWITCHING CHARACTERISTICS TEST WAVEFORMS 

1. tpLH, tpHL (RSEL-DATA) 

20ns 20ns 

3. tw (STC) 

STC 

RENB 

CL = 50pF 

20ns 20ns 
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STANDARD CHARACTERISTICS CHARTS 
Fig. 1 V I ( ) DD - DD opr 

'-' 3 Ta=2S °c I c: 
'" fDSC=l MHz I ... 
"'2.5 (R oscillation 

IDD J 
,,~ 

u< TYP. ~ ~ 

c: e / 
0'-'2 

i7 ..... 0 
'-'0 "'H / ~L5 
c: / 
0 
u 
CD 1 
c: ..... 
'-' 
i::os 
~ 0 1 2 3 4 S 6 
0 

Fig. 3 
SUDDlv Voltacr e VDD (V) 

P-channel Output Buffer Drain 
Current Characteristics 

7 

Drain to Source Potential Difference VDS(V 
-6 -S -4 -3 -2 -1 0 

0 
VGS = -SV 

Ta=2SoC II 
1 ! 

TYP. I III -2 ;; 
I il 
I A" 1 

'-' 
-3 c: 

'" ...... : ... 
~ 

... 
I " 4 u 

I c: ..... 
'" -5 ... 

Q 

!-Ii 
Fig 5 Rf - fOSC 

~~ VDD 5V 
'" ~ I I 
U Ta = 2S °C 
tJ:lZ -OM -;. ....; I TYP. .... 

I i 
... 

TInTI 1 >, i : Ill'----. u 
c ::!:: "' .... . ., 
" 0' , I ,. I ... 
1lJ"" I 

~8 i Iii 

'" I iii ! II I i 1'\Z' I c..., 
I I! I I I I : 1111", I ';;8 I I 

'-'M 

T T IT I II1III11 ~ '" .... .... ..... ..., 
U olk 3k 10k 30k 50k lOOk 
'" 0 External Resistor Rf[n] 0 .... 
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Fig 2 IDD(opr) - fOSC 
'-' 22 Ta=2SoC / c 
'" R oscillatioIf / ... 
~ 20 TYP. 
u 
c 

./ .;; 1.8 
'-'~ 

UVDD= ./ ....... 0.< e e f-0'SV ,....., I ~ 1..6 
5 0 ---u 0 

~'l!> 
'Ii 
'" ... 12 IlJ "lOOk 300k SOOk 1M 2M 0. 
0 

Fig. 4 

14 

<" 12 
,5 
o 10 

H 

'-' 8 
c 
'" ... 6 ... 
" u 

4 
c ..... 

2 I '" ... 
Cl rT 

0 
0 

Clock Frequency 'fOSC (Hz) 

I 

II 

1 

N-channel Output Buffer Drain 
Current Characteristics 

I V I VGS = 5V 
I 

If I Ta=2SoC 

1 I TYP. 
II , 

I 

I I 
I 

I 

2 3 4 S 6 7 
Drain to Source Potential Difference VDS (V) 

Fig 6 fOSC - VDD 
~ 

I N 

~ Rf = 20kn e 
u 
tJ:l 

....; Ta = 25°C 
0 TYP • .... / 

>, I V 
U V c: 
IlJ ::!:: 

1/ " .... I i 0' 

'" It I ... 
""' I I I c: I 
0 ::!:: V I I ..... 00 
'-' ",; I I i '" .... 

I I I .... ..... 
U 0 1 2 3 4 5 6 7 
'" Voltage VDD (V) 0 Supply 
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Fig. 7 "pd - VDD (PENB-DATA) Fig. 8 tpd - VDD (RSEL (L+H)-DATA) 

-;;;- 500 
Ta-Z5°C TYP. 

" PL=lk ~ 

"' tLZ,tHZ 
'" 300 CL=50pF I'---. 0-
w ....... 

Q) 'r--. 8 
;::: 100 

-;;;- 500 
Ta-Z5°C 

-.:. CL-50pF 
'" 300 TYP. ....... "'- ........ w 

Q) ~ r:::: r--.... tpLH 
8 R ;::: 100 

>- >-
tpHL 

.; 
50 M 

Q) tZL, tZH 
'" 

.; 
50 M 

" '" 30 
" I 0 .... " 

30 
0 

.,..; 
w w 
.; .; 
eo 

10 .; 
"'- 0 1 Z 3 4 5 6 7 0 

eo 
10 .; 

"'- 0 1 2 3 4 5 6 0 ... Supply Voltage VDD(V) 0. 
... Supply Voltage VDD(V) 0. 

Fig. 9 tpd - VDD(RSEL(H + L) -DATA) Fig.10 Rr,CI - fOSC 

-;;;- 500 
Ta - 25°C ~ 

VDD 5V m 
-.:. CL - 50pF 

~ 
~LH r-

'" 300 TYP. I ...................... 0-
W 

~ 'I. H 

'-? "-
H MIN." ~.MAX. 0:: 

Q) 

I 
tpHL 

I 8 
;::: 100 

w 

I 
, 

" I I ::: la-
m 

>-.; , 
..... 50 
Q) 

'" I 
c 30 

i 0 .... 

I 
w 
.; 
eo 
.; 10 
0- 0 1 Z 3 4 5 6 0 ... Supply Voltage VDD(V) 0. 

c 
0 , 

U 
Q) 

8 
.,..; 
E-< i ... 
0 
w 
.; 

tola-
105 106 Q) 

w 
Clock fOSC (Hz) " Frequency 

H 

(Note) The characteristics at Fig. 10 have been prepared for reference at the 

time of determination of an integrator time constant, according to the 

equation of 103 for de terming RI,CI. 
(RI,CI= (0.9'OZ.5) fosc [Sec]) 

In case of the determination of RI and CI, the product~ or the value, 

of RI and CI is required to be within the range of MIN. to MAX. as shown 

in Fig. 10 after due consideration of dispersioD. 

7 

I 
I 

i 

i 

I 
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C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5091AP PENTAPHASIC INTEGRATION 8-BIT AID CONVERTER 
The TC509lAP is a pentaphasic integration 8-bit AID 
converter of high precision and low power consumption. 
The 8-bit output data can be taken out in the form of 
time-shared higher order 4 bits and lower order 4 bit 
on four 3-state data output. Either the higher order 
bits or the lower order bits can be selected by RSEL 
input. This output system is designed specifically 
considering interface to 4-bit CPU. 
Further, since this converter has an analog 
multiplexer capable of selecting the input data up to 
six channels, an over-range flag, and a serial clock 
output function, it is used for a variety of 
applications. 

FEATURES: 
High precision ±LSB(Max.) VDD=5V 
Low power consumption: 10mW(Typ.) @(f -l~ffi 
Single power supply VDD=5±1.5V OSC- Z 

High-speed conversion: 2ms (~lax.) @fOSC=1.5MHz 
6-channel analog multiplexer contained 
Reference clock oscillation cirucit contained 
(CR oscillation) 
3-state output \vith output latch 
TTL/CMOS compatible digital Input/Output 
Offset automatic correction 

APPLICATIONS: 
Various control instruments 
(for temperature, humIdity, pressure, etc.) 
Horne electric appliances 
Electrical wiring apparatuses 
Battery-driven instruments 

ABSOLUTE t·1AX I MUt·1 RATINGS 
CHARACTERISTIC SYMBOL 

DC Supply Voltage VDD 

Input Voltage VIN 

Output Voltage VOUT 
Reference Supply 

VREF Voltage 

Analog Ground Voltage VAGND 

DC Input Current lIN 

Power Dissipation PD 

Operating Temperature 
Topr Range 

Storage Temperature 
Tstg Range 

RATING 

Vss-0.5-Vss+8 

VSS-O. 5 - VDD+O. 5 

VSS-0.5 - VDD+O. 5 

V AGND - VDD+O. 5 

VSS-0.5-VREF 

flO 

300 

-40- 85 

-65-150 

UNIT 

V 

V 

V 

V 

V 

rnA 

ml~ 

·C 

·C 

TC5091AP 

DI.F 28 (6D28A-P) 

PIN ASSIGWmn 

CHS 1 ~ VDD 

CHS O 2 27 CHS 2 

VREF 3 26 EOC 

AGND 4 25 aCKO 

AINO 5 24 OVER FLOW 

AINI 23 DATA 3 

AIN2 22 DATA 2 

AIN3 8 21 DATA 1 

AIN4 9 20 DATA a 

AIN5 10 19 RENE 

INTI 11 18 RSEL 

INTJ 12 17 OSC OUT 

INTO 13 16 ose IN 

Vss 14 15 STC 

(TOP VIEW) 
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BLOCK DIAGRAM 

INTI 

VREF 

AGND 

o 

5 

VSS 

TIMING DIAGRAM 

PHASE 

INTJ INTO 

Integ-

VDD 

Channel Select Inputs 

I o I 

Rf 

OSCOUT STC EOC 

GCKO 

~Ir----~~~~---------L __ -ARSEL 

II 

OVER 0 
FLOW 

III 

I 2 

Data Outputs 

IV 

RENB 

3 

o I 

Correctio~ Conversion cycle ________ -r_Correction 

VINTO *,/ /" 

Vc ~CYCle I , ,/' cycle 

(Integrator out-) ---
put voltage 

VINT I 
AcND VREF I AGND I VREF lAIN AGND VREF I AGND (Integrator in-) ~~~-L~~~,-=~~~.~~ __ ~.~~ __ L-__ -=~~ ____ L-~~-L~~_ 

put voltage 

STC 

EOC 

____ ~~L ______________________________ ___ 

DATA Old Data X New Data (Include OVER FLOW) __________________ ~~~~~ __________________ ' 

GCKO 11111111 111111 

{
---AIN = VREF } 

(Note) * ----- AIN = t VREF 
--. --AIN = AGND 
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FUNCTION OF EACH PIN 
PIN SYMBOL NAHE & FUNCTION PIN NAME & FUNCTION No. No. SYMBOL 

(Channel Select Inputs) I/O for reference clocl os-
Address inputs to select ana- 16 OSC IN cillation. Clock oscillation 
log inputs, which consist of can be made by means of ex-
three terminals of CHSO~2. ternal registance. Clock can 

1 CHS 1 These select inputs are 17 DSC OUT be supplied from outside 
taken through input of OSC IN. 

into the internal latch by 
the falling edge of STC (Read Select) 
inputs. Input to select the higher 
Test mode should not be used. order 4 bits or the lower 

TRUTH TABLE OF NULTIPLEXER order 4 bits to 4-bit data 
18 RSEL output. 

CHS2 CHSI I CHSO ON channel "HI1: Output of the higher 
L L I L VREF* order 4 bits. I 

L L : H AGND* "LII: Output of the lower 
L H L AINo order 4 bits. 

2 CHS 0 L H H AIN, 
(Read Enable) H L L AIN2 

H L H AIN. 
Data read signal. 

H H L AIN. 19 RENB "H": The data 0 ~3 and over-

H H R AIN. 
flow can be output. 

"L": The output above is at 
* Test Conditions high impedance. 

(Reference Voltage) 20 DATA 0 (3-state Parallel Data Outputs) 

3 VREF 
Reference voltage supplying 21 DATA 1 Conversion data output. 
terminal, which performs as 22 DATA 2 The data 0 is LSB, and the 
full-scale voltage of AIN. 23 DATA 3 data 3 is NSB. 

(Analog Ground) In case of overrange or 
4 AcND Electrical potential to deter- 24 OVER- underranbe, oR" level is 

mine "zero point" of AIN. FLOW output and the output is 3-

5 AIN 0 (Analog Ground) state output. 

6 AIN 1 Analog input terminals, by (Gated Clock Output) 
7 AIN L which AIN selected by CHS Pulses of number equivalent to 
8 AIN 3 inputs are integrated. Input 25 GCKO the conversion data are out-
9 AIN 4 voltage range is AGND'WREF. put during conversion 

10 AIN5 (356 pulses at full scale) 

(Integrator Input, Integrator (End of Conversion) 
11 lNT I Junction, Integrator Output) Conversion endig signal.EOC 

12 INT J Integrator consists of 
26 EOC goes to "L" level at the fall 

ex- of STC, and returns to "H" 
13 INT 0 ternal resistor RI and ex- level at the end of conversion. 

ternal capacitor CI' 

(Digital Ground) 27 CRS 2 
(Channel Select Input) 

14 VSS Normally OV Refer to Pins 1 and 2. 

(Start Conversion) 28 VDD 
(Power Supply) 

15 STC Conversion ~~:~~~n~ts~~~al~ll_ 5V :I: 1.5V 
Conversion 
ing edge. 
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TC5091AP 

FUNCTIONAL DESCRIPTION 

(1) System Description (Pentaphasic Integration) 

The operation of the TC509lAP 

is composed of the correction cycle 

and the conversion cycle as shown 

in the timing chart. While the 

power is switched on, the repeti­

tion of correction cycle and con­

version cycle enables the TC509lAP 

at make AID conversion under the 

optimum conditions at all times. 

The operation flowcahrt is shown in 

Fig. 1. 

(a) Initial correction period 

The internal state of this LSI is 

reasonably unsettled at the time 

when the power is switched on; 

Min.64 Cor­
rection cycles 

PHASE 0, I 

PHASE 0, I 
II, III, IV 

Fig. 1 Operation Flowchart 

therefore, the initial correction cycle is requires before stable 

coverting operation becomes possible. 

The correction cycle automatically corrects conversion error 

caused by offset voltage of the integrator or the like, and 

is composed of the period (PHASE 0) for which VREF is integ~ated 

and the period (PHASE I) for which AGND is integrated. 

Since system correction is performed in steps at the end of 

this PHASE I, 64 correction cycles (64 x 1024 • TOSe) are 

required as the initial correction period. (TOSC denotes one 

clock cycle.) 
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(b) Conversion cycle 

If the initial correction cycle period is completed, normal 

conversion becomes possible. 

When STC input is given, (although the correction cycle in 

PHASE 0 or PHASE I is in operation at this time), the correc­

tion operation stops, and the conversion cycle starts. 

In other words, even if STC input is given, this LSI performs 

the same operation as the correction cycle until PHASE I is 

completed; but it does not perform the correction at the time 

of completion of PHASE I, and shifts to PHASE II. Therefore, 

attention should be given to the fact that PHASE I prior to 

PHASE II does not act as correction cycle. 

When STC input is given, the LSI integrates analog input in 

PHASE III through PHASE I and PHASE II, performing digital 

conversion in PHASE IV. When the LSI completes digital con­

version in PHASE IV, the output is turned to the new data and 

the LSI returns to the correction cycle. 

(c) Correction cycle 

When the next STC input is given between completion of 

arbitrary conversion cycle (at the time of completion of 

PHASE IV) and completion of one correction cycle (1024·TOSC), 

no correction is substantially made. Therefore, in case the 

STC input is consecutively given, another STC should be 

given after the lapse of one correction cycle at the earliest 

from completion of PHASE IV. When the STC input is given 

during conversion (While EOC is at "L" level), the STC cannot 

be accepted. 

TC5091AP 
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(d) Constant of integration 

The RI and CI composing the integrator should be selected 

to satisfy the following equation. 

VREF 
RICI a (0.9 ",2.5) . VDD . 

103 
fOSC 

IS] 

Attention should be paid to the fact that, when the external 

R oscillation is used, fOSC has :30% variations in regard to 

the typo value in Fig. 5 due to variations in sample and 

temperature characteristic. 

In other words, if the typo value in Fig. 5 is denoted by 

fR.TYP, ~he RI and CI should be selected according to the 

following equation. 

RIC I - (1.2 '" 1. 75) 
103 

IS] 
fR·TYP 

(2) Output Data Mode 

TRUTH TABLE 
DIGITAL OUTPUTS 

RSEL = "L" RSEL a "HI! 
RENB ANALOG INPUT 

DATA DATA DATA DATA DATA DATA DATA 
0 1 2 3 0 1 2 

L Don't Care High Impedance 

H "'tLSB L L L L L L L 

H .!.LSB "'!.LSB 
2 2 

L L L L L L L 

H .!.LSB ",lLSB 
2 2 H L L L L L L 

H .............. Straight Binary 

H "FS"-~LSB '" "Fs,,_lLSB 
22 L H H H H H H 

H "FS"-tLSB '" "FS'~LSB H H H H H H H 

H "FS"-.!.LSB '" 2 H H H H H H H 

Note • AGND - OV • lLSB = "FS"/256 

• "FS" •.•.. Full Scale (=VREF) 

OVER 
DATA FLOW 

3 

H . H 

L L 

L L 

H L 

H L 

H H 
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8-bit digital data is output on four data lines after 

having been divided into the higher order 4 bits and the lower 

order 4 bits. Either the higher order bits or the lower order 

bits can be selected by RSEL. 

(3) System Clock Oscillation Circuit 

For oscillating reference clock the oscillation circuit is 

composed of external resistors as shown in Fig. 2. 

OSC OSC 
IN OUT c=r- OR 

Fig. 2 Clock Supplying Methods 

(4) Timings for STC-EOC and EOC-DATA 

o Time (tSE) from the fall of 

STC to the fall of EOC. 

tSE = tTOSC 'V i TOSC 

o Time (tDE) from the out of 

DATA output to the rise of EOC 

I tDE = t TOSC 

I °i~ ~~i 
~ 

External Clock 

STC -.ll'---__ --JfL 
I I 

EOC 

~ tSE 

DATA-----~ 

Fig. 3 Timing Chart of STC, EOC 

o Min. time (tES) from the rise of EOC to the acceptance of 

another STC. 

I 3 
tES 2 TOSC 'V 2 TOSC 

-----,-----------569 ---------- TOSHIBA 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5091AP 

(S) GCKO Output (Gated Clock Output) 

During the conversion (PHASE IV), 

the pulses of number equivalent to the 

values of digital data can be obtained 

on GCKO output. 

The output pluse has the frequency cor­

responding to four times of refernece 

clock as shown in Fig. 4, and is 

synchronized with the rising edge of 

OSC OUT. 

(6) Timing for STC Input and CHS Input 

STC signal is taken in synchro­

nously with the internal clock. 

Therefore, if TOSC denotes one clock 

cycle of OSC terminal, the pulse width 

of more than (2. TOSC) is required. 

OSC 
OUT 

GCKO 

Fig. 4 Timing Chart of GCKO Output 

STC ~ 

II f~ CHS 

tw thold 

Fig.S Timing Chart of Control lnpu 

Since the data of CHSO~2 are also latched in synchronously with the 

internal clock, the CHS signal at least requires the hold time of 

(TOSC + SOns) or more after the fall of STC. 

NOTE tw > 2.TOSC, thold > TOSC + SOns 
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RECOt1MENDED OPERATING CONDITIONS (VSS: OV) 

ITEM SYMBOL MIN. TYP. MAX. Unit 
Supply Voltage VDD 3.5 ·S 6.S V 
Input Voltage VIN 0 - VDD V 
Reference Voltage VREF 3 - Vnn V 
Analog Ground Voltage VAGND 0 0 1 V 
Integral Resistor RI 0.4 - 2 M[l 
Integral Capacitor CI (Note) - - - -
Oscillatory Resistance Rf VDD- SV 10 - - ~m 

Note: Refer to the operating consideration (1) for de terming the values of RI and 
CI respectively. 
The ripples of VDD and VREF should be held down to less than 1/2S6 of the 
respective absolute values in view of precision. 

ELECTRI CAL CHARACTER I STI CS (Vss: OV) 

SYM- TEST - -40·C 2SoC 85°C 
ITEM VDD 

! UNIT 
BOL CONDITION (V) MIN. MAX. MIN. I TYP. MAX. MIN. MAX. 

Output High Voltage VOH 
I lOUT I <1 ~A 5 4.95 VIN=VSS,VDD - 4.9S 5.00 - 4.95 -

Output Low Voltage VOL 
I lOUT I <1 ~A S - O.OS - 0.00 0.05 - 0.05 
VIN=VSS,VDD 

Output High Current IOH 
VOH=4.0V 

* 5 -1.2 -1.0 -2.0 -0.7 -VIN=VSS,VDD - -

Output Low Current IOL 
VOL=0.4V 

* 5 2.4 - 2.0 4.0 - 1.6 -VIN:VSS,VDD 

Input High Voltage VIH * S 2.4 - 2.4 - - 2.4 -

Input Low Voltage VIL * S - 0.8 - - 0.8 - 0.8 

Output Disable IDH VOH=6.SV * 6.5 ±O.S ±l0-4 ,,0.5 ±5 Current IDL VOL=OV - - -

Input Current 
IIH VIH=6.5V * 6.S - ±D.3 - ±l0-5 ±0.3 - ±l IlL VIL=OV 

Analog Switch 
IOFF VIH=6.5V 6.5 ±0.3 *lO-S ±0.3 ±l Input Leak Current VIL=OV - - -

Operating Con- IDD fOSC=l MHz 5 - - - 1.8 3 - -sumption Current (opr.) 

Reference Supply Con I REF VREF = 5V 
5 0.3 0.6 sumption Current AGND = OV - - - - -

* Applicable to digital input/output. Not applicable to analog input/output and 
OSCIN/OSCOUT' 

V 

rnA 

V 

~A 

rnA 
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SWITCHING CHARACTERISTICS (VDD= 5V, VSS= ov, Ta= 25·C, CL- 50pF) 

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Outnut Rise Time tr - 50 100 
Output Fall Time tf - 40 100 
(Low-High) Propaga- tpLH - 200 400 tion Delay Time 
(High-Low) Propaga- OSCOUT-GCKO 

tion Delay Time 
tpHL - 150 400 

(Low-High) Propaga- tPLH - 180 400 tion Delay Time RSEL("L"-+"H")-DATA OUT (High-Low) Propaga- tPHL 150 40Q 
tion Delav Time ns 
(Low-High) Propaga- tPLH - 380 700 tion Delav Time 
(High-Low) Propaga-

RSEL("H"-+"L")-DATA OUT 

tion De lav Time 
tpHL - 300 7QO 

Output Enable Time tZL - 80 250 tZH 

Output Disable Time tLZ - 280 500 tHZ 
Max. Clock Frequency fMAZ0 OSC Input 1.5 3.0 - MHz 
Min. Clock Frequency fMIN0 OSC Input - - 100 kHz 
Input Capacity CIN Digital Input - 4 - pF 
Analog Input Capacity CIN Ao '" A. - 7 - pF 
3-State Output Capaci ty COUT - 8 - pF 

SYSTEM CHARACTERISITCS (Ta = -40'" 85·C) 

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Zero Point Error EZp - ±l ±l 
4 2 

VREF = VDD = 5V 
+l Full Scale Error EFS - ± 1 LSB 

VAGND = OV 
- 4 

Nonlinearity - ±l ± 1 4 

STC Min. Pulse Width tw 2 - -
fOSC 

s 

CHS Min. Hold Time thold STC = CHSO",2 - - ~50 ns 
fOSC 

Conversion Time tconv. AIN = 0 '" FS 
103 3.1xl03 

fOSC 
-
~ 

s 

* fOSC OSC terminal clock frequency [Hz), FS Full Scale voltage, VDD level 
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• TEST CIRCUIT 

IDD(opr.) Test Circuit Switching Time Test Circuit 

1MQ 
lS00pF 

Rf is adjusted as fOSC = 1 MHz. 

SvJITCHI NG CHARACTERISTJ CS TEST WAVEFORMS 

1. tpLH, tpHL (OSC OUT - GCKO) 

OSCOUT 

GCKO 

3. tZL, tZH, tLZ, tZL 

RENB 

DATAo",3 
OVER FLOW 

DATAO",3 
OVER FLOW 

1 

CL=SOpF 

2. tpL)'!, tpHL (RSEL - DATA) 

4. tw (STC), thold (CHS) 

20ns 20ns 

STC 

CHSO"'3 
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STANDARD CHARACTERISTICS CHARTS 
FiJ',. 1 VDD - IDD(opr) 

... Ta = 2S"C 
iii foSC = IMHz / .. 

'" .. 
(~ic;;cilla-) " N _1-U IDD; c: TYP. 

O~N 

I I II I 'j~ 
i§C I I / i 
~o~ 

I I C:O,"", 
0-

1 I U 
OIl '""' I 1 c: .... 

I I ... 
'" '" .. 00 1 2 3 III 
0. Supply Voltage VDD (V) 0 

Fig. 3 P-channel Output Buffer Drain 
Current Characteristics 

Dorain to Source Potential Difference VIE (V) 
-7 -6 -S -4 -3 -2 -1 00 

VGS = -SV / <-
Ta = 2S"C I / 

1-5 
0 

TYP. / ..-
-2 

/ I ... 
c: 

I I /1 III 
I 3 .. .. 

I V " U ,..- i -4 .~ 
I '" .. 

0 
-5 

-6 

Fig. 5 Rf fOSC 

~;;: 
VDD - 5V 

::::.'" Ta = 2S"C U 
til;;: 

I I 0<'> TYP. .... 
» I I~ ----J I u c:;;: 
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Fig 8 tpd - VDD (RSEL (L"'H)-DATA) 
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(Note) 
The characterisitcs at left have been 
prepared for reference at the time of 
determination of an integrator time 
constant according to the equation of 

VREF 103 
(RICI = (0.9"-'2.S)·VOO· fOSC (s» 

for de terming Rr·CI. 

In case of the determination of Rr and 
CI, the product, or the value, of Rr 
and CI is required to be within the 
range of MIN·. to MAX. as shown in left 
figure after due consideration of 
dispersion • 

7 

7 
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TC5092AP 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC5092AP C2140S 13-BIT AID CONVERTER 
GENERAL DESCRIPTION 
The TC5092AP is an integration l3-bit A/D converter 
of high precision and low power consumption. 
The l3-bit, 3-state data output is capable of 
independent enable in 4 bits so as to be connected 
directly to 4-bit/S-bit/12-bit data bus. (LSB is 
common to lower order 4 bits.) 
Further, since this converter has an S-channel analog 
multiplexer, and a serial clock output function, it 
is most suitable as data collection unit of various 
industrial control instruments. 

DIP 42 (6D42A-P) 
FEATURES: 

High precision ••.••.•••... ±l LSB(Typ.) 
Low power consumption ••••. lOmW(Typ.) 
Single power supply .••.••• VDD=5V±O.5V 
High-speed conversion ..•.. fCP Max.=5MHz 
8-channel analog multiplexer contained 
TLL/CMOS compatible digital Input/Output 
Capable of direct connection to 4-/S-/l2-bit bus 

APPLICATIONS: 
Various industrial control instruments 

. Data collection modules 

ABSOLUTE I4AXmur,1 RATINGS 

CHARACTERISTIC SYMBOL RATING 

DC Supply Voltage VDD Vss-0.5-VSS+7 

Input Voltage VIN VSS-O. 5- VDD+O. 5 

Reference Supply 
VREF V AGND - VDD+O. 5 Voltage 

Analog Ground Voltage VAGND VSS-0.5 -VREF 

Output Voltage VOUT VSS-0.5-VDD+0.5 

DC Input Current lIN ±Io 
Power Dissipation PD 300 

Operating Temperature 
Topr -40-S5 Range 

Storage Temperature 
Tstg -65 -150 Range 

UNIT 

V 

V 

V 

V 

V 

rnA 

mW 

°c 

°c 

Piti ASSIGNHENT 

DB12 ~ VDD 
DBll 2 41 XIN 

DBI0 3 40 XOUT 

DB 9 4 39 GOKO 

DB 8 5 38 HDEN 

DB 7 6 37 01 
DATA DB 6 7 36 02 BUS 

DB 5 8 35 INTO 

DB 4 9 34 INTJ 

DB 3 10 33 INTI 

DB 2 11 32 AINO 

DB 1 12 31 AINI 

DB 0 13 30 AIN2 

EOO 14 29 AIN3 Analog 
LDEN 15 28 AIN4 Input 

I4DEN If 27 AIN5 

STC 17 26 AIN6 

CHS2 18 25 AIN7 

OHSI 19 24 VREF 

CHSo 20 23 1/2 VREF 

Vss 21 22 iIoND 
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TC5092AP 

FUNCTION OF EACH PIN 

PIN Symbol NAME & FUNCTION PIN Symbol NAME & FUNCTION NO. NO. 

1 DB12 Reference voltage supply 

2 DB 11 23 VREF(l terminal, which supplies the 

voltage of VREF - AGND 
3 DBlO 2 
4 DB 9 24 VREF Reference voltage supply 

5 DB 8 3-State Parallel terminal 

6 DB 7 Data Outputs 25 AIN7 Analog input terminal 
Input voltage range: 

7 DB 6 DB12 : MSB AGND'" VREF 
8 5 

26 AIN6 Arbitrary input can be se-DB DB 0 : LSB 
lected by CHS input. 

9 DB 4 
27 AIN5 

10 DB 3 CHSO CHSI CHS2 AIN 

11 DB 2 28 I AIN4 L L L AINO 
" I H L L AINI 12 DB 1 

13 DB 0 29 AIN3 L H L AIN2 

End of Conversion H H L AIN3 

EOC goes to "L" level at the 30 AIN2 L L H AIN4 
14 EOC fall of STC signal, and re-

H L H AIN5 turns to "H" level at the 31 AINI 
end of conversion. L H H AIN6 

Low Data Enable 32 AINO H H H AIN7 
15 LDEN i DB. '" DB. are read by "H" 

level input. Integrator Input 

Medium Data Enable Integrator Junction 

16 MDEN DBs '" DB. are read by "HH 33 INTI Integrator Output 

level input. The integrator consists of 
these three terminals. 

Start Conversion 
Conversion starts at the fall RI CI 
time, if pulse input at "H" .---r=:=J 1'==1 

17 STC level is provided. "LII level 34 INTJ 

! 
should be kept during con- INTI INTJ INTO 
version. 

RI and CI should satisfy the 
18 CHS2 Channel Select Inputs following formula and be set 

These pins are address inputs as small a value as possible 
19 CHSl for selecting eight analog 13000 [S1 inputs of AINO '" AUF, and 35 INTO RI·CI > fOSC 

20 CHSO are taken into the internal 
However, R of 1 "'2M!) should latch 
be used. 

21 VSS Digital Ground Capacitors connection terminals 
22 AGND Analog Ground 36 C2 for offset calibration. 
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TC5092AP 

FUNCTION OF EACH PIN 

PIN Symbol NAME & FUNCTION NO. 

O.l~F is connected between 
37 Cl C2 and Cl, and O.Ol)lF CI and 

VSS, respectively. 

High Data Enable 
38 HDEN DB9 '" DB12 are read by "H" 

level input. 

Gated Clock Output 

39 GCKO Pulses of number equivalent 
to conversion data are out-
put during conversion. 

Terminals for system clock 
40 XOUT oscillation. 

Crystal oscillators are con-

41 XIN nected to both the ends of 
terminals. 

42 VDD Supply Voltage 5V±O.5V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5092AP 

TIMING CHART 

PHASE 0 0' I II 

VINTO / I~ 

STC 

EOC 

DB 

C;CKO 

AGND VREF 

T2 

FUNCTIONAL DESCRIPTION 
(1) Conversion cycle 

III IV 0 

rEf? 
"- Vc 

1111 

AIN 

T3(=T2) 

I( 

----------- II 

AGND 

1-- AIN = VREF 

---- AIN = VREF /2 

--- AIN = AGND 

In the state of PHASE 0', the oper~tion of L31 is at a stop and the inte~rating 

amplifier performs as voltage follower. Under this condition the external capac­

tor (O.l~F across Cl and C2) 

When STC is given, the offset voltage charged into external capacitors is applied 

to non-inversion of the integrator, thus cancelling the offset volage equivalently. 

In PHASE I, the integrator continues to integrate AGND until its output reaches VC. 

In PHASE III the integrator integrates the analog input for the same period of 

time as T2 after it has integrated VREF for a fixed period of time (T2) in PHASE II. 

Finally, in PHASE IV the integrator continues to integrate AGND until its output 

reaches VC' 
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FUNCTIONAL DESCRIPTION 

Let the time in PHASE IV be T4. Then the 

following equation is made (formed) by 

omitting error factors such as offset 

drift. 

~ VREF (AGND=OV) ... (1) 
2T2 

In case of this LSI, T2 is designed by 

4096 x 2.TOSC (TOSC denotes reference 

clock synchronization). Therefore, the 

above formula letting 2·TOSC be T is 

changed as follows: 

VAIN T4 
VREF = Sl92T .. .•.• •.. .•.•.. (2) 

Thatis, l3-bit resolution AID conversion 

of FS (full scale) = 8192 can be made liy 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

Power On 

TC5092AP 

PHASE 0 

PHASE 0' 

PHASE I 
PHASE II 

PHASE ill 

PHASE IV 

counting the period of T4 by use of a clock having T frequency. 

However, it is recommended that RI and CI composing the integrator be set to the 

values close to l3000/fOSC as possible after having satisfied the following 

formula. 

RICI > 13000 / fOSC, RI 1 '" 2MQ is used. (3) 

(2) Output data format 

13-bit output data are output to 13 independent 3-state data buses DBO'" DBI2. 

Since l3-bit outputs can be independently placed on 3-state every group of High, 

Medium and Low of 4 hits/4 bits IS bits from the higher order, it is. easy to con­

nect the microcomputer to buses of 4, 8, 12 bits. 
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TC5092AP 

FUNCTIONAL DESCRIPTION 

TRUTH TABLE 

nATA OUTPUTS (nB) 
LnEN MDEN HnEN Analog Input 

01 1 1 2 131 4 5 6 7 8 9 10 11 12 

L L L Z 

nlnlnlnln 
z 

H L L 
Z 

L H L Z n n n n 

H H L non't Care nlnlnlnln n n n n 

L L H Z n n n n 

nlnlnlnln 
z 

H L H n n n n 

L H H Z n n n n n n n n 

<1/2LSB LILILILIL L L L L L L L L 

1/2LSB '" 3/2LSB RILILjLIL L L L L L L L L 

H H H ............ Straight Binary 

"FS"-5/2LSB '" "FS"-3/2LSB LIB IHIHI R H H H H H H H H 

"FS"-3/2 LSB < HIHIHIHIH H H H H H H H H 

Note : FS ..... Full'Scale, 1 LSB = (VREF-AGNn)/8192, z . .. High Impedance 

n .. , I1H" or "LI! Level 

(3) Basic clock 

Since this LSI operates on the basis of the frequency given to XIN input, a 

stable clock (Jf < 0.005%) must be used for the cLlck to be given to XIN. 

Therefore, it is proper that the oscillation circuit is configured as shown in 

the following figure (a) by the use of externally mounted crystal becuase the 

LSI has a built-in inverter for crystal oscillation. 

I XIN ~ XOUT I ~ f---iDf-- Open 

T J: 
External Clock 

.-
(a) (b) 
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TC5092AP 

'UNCTIONAL DESCRIPTION 

(4) How to give STC input, Conversion time, and Sampling cycle 

STC input is taken in with the reference clock of LSI, but the positive pulse 

having the pulse width for at least two cycles is required for internal starting. 

The conversion time of from the fall of STC input to the rise of EOC output. 

Letting this time be Tc MAX(Maximum conversion time), then the following equation 

is obtained. 

TcMAX = 41000 xTOSC [S] ••••••••••••••••••••••••• (4) 

(where TOSC is oscillation cycle of basic clock.) 

For example, when fCp=5MHz, TcMAX=8.2ms. For one-time sampling, an accurate 

output can be obtained from the falling edge of STC input after the lapse of 

TcMAX. 

For consecutive sampling, however, STC input must be given after the lapse of a 

given period of time (6ms) from the rise of EOC. This period (6ms) is the time 

required for the recovery of LSI to normal state. 

Therefore, the minimum sampling cycle TsMIN is as follows: 

TsMIN = 41000 x TOSC + 0.006 + tw(STC) [S] •••••••• (5) 

Note: When power is set ON, following start-up procedure is required due to 

indefinite state of internal circuitry. 

1. Applying clock, STC is to be set high over 10ms. 

2. Complete at least one cycle as a dummy conversion cycle. 

I T smapling I 

STC -1l rL 
L-----

1 
EOC IL ___________ ~ 

I T conversion 6ms 

;) Reference voltage 

1 This LSI has three reference input voltage terminals of AGND , ;rVREF' and VREF • 

Since analog input signal is quantized to 1/8192 in the range of AGND '" AREF for 
1 digitization, stable voltages must be supplied to T VREF and VREF • 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5092Ar? 

FUNCTI ONAL DE SCR I PTI ON 

1 
Espacially the value of 2 VREF voltage has direct effects upon conversion ac-

curacy; therefore, it is recommonded that adjustment be made so as to agree out­

put data with analog input by actually making AID convert by use of input volt­

age at FS (full scale) or l/2FS level. 

VREF 

R C2 

Cl 

R C3 

"eND ~ 

(6) BUS Interface 

VREF 

TCS092P 

lVREF 
2 

"eND 

~ 
( 

J 

) 

The left figure shows an example of re­

ference voltage supplying circuit. 

Cl ~ C3 are filter capacitors for pre­

venting reference voltage variations to 

be caused by ripple or induction noise. 

Generally the value of capacitor is 

about O.Ol~O.l)JF, though it varies with 

the system. 

For connecting a microcomputer to BUS line, three independent enable terminals 

are used. These three enable terminals permit the processing in the unit of 4 

bits (5 bits for the low order digit only). The microcomputer can be directly • 

connected to the BUS of 4~12 bits easily by allocating proper address of micr~ 
computer to the TC5092AP. 

(b) 8 Bit Interface (c) 12 Bit Interface 

lOf-_!+--O 

o 
12 Bit 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC5092AP 

RECOMMENDED OPERATING CONDITION 

ITEM SYMBOL MIN. ! TYP. MAX. UNIT 

Supply Voltage VDD 4.5 5.0 I 5.5 V 

Digital Input Voltage VIN 0 - VDD V 

Analog Input Voltage VAIN AGND - VREF -
Reference Supply Voltage VREF 4.0 - VDD V 

Analog Ground Voltage VAGND 0 0 0.5 V 

ELECTRICAL CHARACTERISTICS (VDD= 5V ± 10%, VSS = OV, Ta = -40'" 85°C) 

.---
ITEM SYMBOL TEST CONDITION VDD MIN. TYP. MAX. UNIT 

(V) 

Output High Voltage VOH IOH=-ll1A,Digital output 5 4.9 5.0 - V 

Output Low Voltage VOL IOL=ll1A, Digital output 5 - 0.0 0.1 

Digital Input except XIN 5 2.4 - -
Input High Voltage VIR 

XIN 5 4.5 - -
V 

Digital Input except XIN 5 - - 0.8 
Input Low Voltage VIL 

XIN 5 - - 0.5 

Output High Current IOH 
VOH = 2.4V 

4.75 -1.0 - - mA 
Digital output except Xour 

Output Low Current IOL 
VOL = 0.4V 

4.75 1.6 mA 
Digi tal output excep t XOUT 

- -
, 

IDH VOH= 5.5V, DBO '" DB12 5.5 - 10-3 5 
Output Disable Current 

IDL VOL = O.OV, DEO '" DB12 5.5 - -10-3 -5 

10-5 
l1A 

IIH VIN=5.5V,Digital input 5.5 - 1.0 
Input Current 

IlL Vn=O.OV,Digital input 5.5 - _10-5 -1.0 

Analog Switch Off-Leak IOFF Analog input/output 5.5 - ±10-4 - ).lA 

Analog Switch RON RL = 10kr2 
On Resistor 

5 - - r2 

Operating Consump- VREF= VDD fCp=5MHz 5 - 2 -
IDD 

Digital output mA 
tion Current Digital 

open 
fCp=lMHz 5 - 1 -

input GND 
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TC5092AP 

SWITCHING CHARACTERISTICS (VDD & SV:l:10%. VSS = OV. Ta & 2S"C. CL = SOpF) 

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Output Rise Time tr Digital output - 50 lSO 
ns 

Output Fall Time tf Digital output - 40 lSO 

Output Enable Time 
tZL 
tZH LO~l 

- - -
MDEN -DB Output ns 

Output Disable Time tLZ 
HDEN 

tHZ - - -
Max. Clock Frequency fMAXe\ XIN 5.0 - -
Min. Clock Frequency fMINe\ XIN - - - MHz 

CIN Digital input - - -
Input Capacity 

CIN Analog input - - - pF 

3-State Output Capacity COUT DB Output - - -

SYSTErl CHARACTERISTICS (VDD=SVi-lO%. VSS=OV. Ta a 2S"C) 

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Resolution n - 13 - Bit 

fCp = 5 MHz - - 8.2 
Conversion Time Tc ms 

fcp = 1 MHz - - 41 

fCp - 5 MHz 14.2 - -
Sampling Cycle TSPL ms 

fcp - 1 MHz 47 - -
Nonlinearity - :I:l 

Zero Scale Error EZp - :1:2 LSB 

Full Scale Error EFS VDD- VREF - i-l 

STC Min. Pulse Width tw - - 2/fOSC S 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC7400BP QUAD 2-INPUT POSITIVE NAND GATE 

TC7400BP is two input positive logic NAND gate. 

Since all the outputs of this gate are equiped with 

buffers which consist of inverters, the input/output 

transmission characteristic has been improved and the 

fariation of transmission time caused by increase of 

load capacity has been kept minimum. 

ABSOLUTE MAXIMur1 RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage VDD VSS-O. 5 - VSS+20 V 

Input Voltage VIN VSS-0.5 - VDD+O. 5 V 

Output Voltage VaUT VSS-O. 5 - VDD+O. 5 V 

DC Input Current lIN ±10 rnA 

Power Dissipation PD 300 ml, 

Storage Temperature 
Tstg Range 

-65 -150 °c 

Lead Temp./Time Tsol 260°C 10sec 

LOGIC DIAGRAM 

1/4 TC7400BP 

J.~. J"..... "'" ~ 
B ~ X 

TC7400BP 

DIP 14 (3D14A-P) 

PIN ASSIGNMENT 

TC7400BP 

Vss 
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TC7400BP 

RECOMMENDED OPERATING CONDITIONS (VSS=OV) 
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage VDD 3 - 18 V 
Input Voltage VIN 0 - VDD V 
Operating Temp. Topr -40 - 85 ·C 

ELECTRICAL CHARACTERISTICS (VSS=OV) 

CONDITlONS'vDD 
-40·C 25·C 85·C 

CHARACTERISTIC SYMBOL TEST UNIT 
(V) MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

IIOUTI< 1)lA 
5 4.9 - 4.95 5.00 - 4.95 -"H" Level 

VOH 10 9.9 - 9.95 10.00 - 9.95 -Output Voltage VIN = VSS,VDD 15 14.9 - 14.95 15.001 - 14.95 -
V 

"L" Level I lOUT 1< 1)lA 5 - 0.05 - 0.00 0.05 - 0.05 
VOL 10 - 0.05 - 0.00 0.05 - 0.05 Output Voltage VIN = VDD 15 0.05 0.00 0.05 0.05 - - -

VOH = 4.6V 5 -0.2 - -0.16 -0.5 - -0.12 -
"HI! Level IoH VOH = 9.5V 10 -0.5 - -0.4 -1.2 - -0.3 -
Output Current VOH = 13.5V 15 -1.4 - -1.2 -6.0 - -1.0 -

VIN = VSS,VDD 
VOL = 0.4V 5 0.5 - 0.44 1.5 - 0.36 - rnA 

"L" Level VOL .: 0.5V 10 1.3 - 1.0 3.5 - 0.9 -
Output Current IOL VOL = 1.5V 15 3.6 - 3.0 15 - 2.4 -

VIN = VDD 
VOUT-0.5V,4.5V 5 3.5 - 3.5 2.75 - 3.5 -

flH" Level Input VOUT=1.0V,9.0V 10 7.0 - 7.0 5.5 - 7.0 -
Voltage VIH VOUT=1. 5V, 13. 5V 15 11.0 - 11.0 8.25 - 11.0 -

I lOUT 1< 1)lA 

VOUT- 4.5V 5 - 1.5 - 2.25 1.5 - 1.5 V 

TIL" Level VIL VOUT= 9.0V 10 - 3.0 - 4.5 3.0 - 3.0 
Input Voltage VOUT= 13.51i 15 - 4.0 - 6.75 4.0 - 4.0 

I lOUT 1< l).1A 

Input I "H" Level IIH VIH = 18V 18 - 0.3 - 10-5 0.3 - 1.0 

currentl "L" Level VIL = OV -10-5 
)lA 

IIL 18 - -0.3 - -0.3 - -1.0 

Quiescent 5 - 1.0 - 0.001 1.0 - 7.5 
IDD VIN = VSS,VDD 10 - 2.0 - 0.001 2.0 - 15 )lA Supply Current 

* 15 - 4.0 - 0.002 4.0 - 30 

* All valid input combinations 

SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS rv-
(~~ MIN. TYP. MAX. UNIT 

5 - 130 400 
Output Rise Time tr 10 - 65 200 

15 - 50 160 
5 100 200 ns -

Output Fall Time tf 10 - 50 100 
15 - 40 80 
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TC7400BP 

[TCHING CHARACTERISTICS (Ta=25°C, VSS-OV, CL=50pF) 

CHARACTERISTIC SYMBOL 

(Low-High) 
Propa~ation 

Delay Time 
tpLH 

:7400BP 

(High=Low) 
Propagation 
Delay Time 

tpHL 

Input Capacitance CIN 

TEST CIRCUIT 

P.G.~--~--4 ~ 

* NPU I 

L_-r-;_..J !L=50PF 

* INPUT PULSE CONDITION 

DUTY RATIO = 50% 

t r =tf=20ns 

TEST 
CONDITIONS VDD(V) MIN. TYP. MAX. UNIT 

5 - 140 300 
10 - 60 150 
15 - 50 125 

ns , 
5 - 180 300 

10 - 80 150 
15 - 60 125 

- 5 7.5 pF 

SIHTCHING TIME TEST CIRCUIT AND WAVEFORM 

TEST CIRUCIT 

VDD 

lVAVEFORM 
20ns 20ns 

INPUT 

OUTPUT 
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TC7404UBP 
TC7404UBP HEX I NVERTI NG BUFFER 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC7404UBP contains six circuits of inverter type 

buffers. This has pin to pin compatibility with 

TC4069UBP and its large output current enables to 

directly drive one TTL with 5 volt power supply. 

In addition to its original application as inverters, 

this can be used as clock drivers and for TTL 

interface circuits. 

,,~ 
DIP 14 (3D14A-P) 

ABSOLUTE MAXH1UM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGN~lEtH 

DC Supply Voltage VDD VSS-O. 5 - VSS+20 V 

Input Voltage VIN VSS-0.5 -VDD+0.5 V 

Output Voltage VOUT VSS-0.5 - VDD+O. 5 V 

DC Input Current lIN ho rnA 

14 

VDD 

Power Dissipation PD 300 mW 

Storage Temperature 
Tstg -65 -150 °c Range 

1 

Lead Temp./Time Tsol 260°C· • 10sec :3 

CI RCUIT DIAGRA~' 
5 

9 

11 

13 

Vss 
7 

RECOMMENDED OPERATING CONDITIONS (VSs=OV) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. 

DC Supply Voltage VDD 3 - 18 

Input Voltage VIN 0 - VDD 

Operating Temperature Range Topr -40 - 85 

4 

8 

10 

12 

UNIT 

\' 

V 

°c 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC7404UBP 

SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS Vnn (V) 

(Low-High) 5 - 80 150 

Propagation Delay tpLH 10 - 40 100 ns 

Time 15 - 35 80 

(High-Low) 5 - 50 150 

Propagation Delay tpHL 10 - 30 100 ns 

Time 15 - 25 80 

Input Capacity CIN - 15 - pF 

SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

INPUT 

OUTPUT 

P.G.: PULSE GENERATOR 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC7404UBP 

ELECTRICAL CHARACTERISTICS (V OV) SS= 

CHARACTERISTIC SYMBO TEST r.;- -40°C 25°C 85°C UNI1 
CONDITIONS 

VDD 
1m HIN. MAX. MIN. TYP. MAX. MIN. MAX 

High Level Output IIOUTI <lilA 5 4.9 - 4.95 5.0( - 4.95 -
Voltage VOH VIN=VSS 10 9.9 - 9.95 10.0C - 9.95 -

15 14.9 - 4.95 15.00 - 14.95 - V 

Low Level Output IIOUTI <lilA 
5 - 0.05 - 0.00 0.05 - 0.05 

Voltage VOL 10 - 0.05 - 0.00 0.05 - 0.05 
VIN=VDD 15 - 0.05 - O.OC 0.05 - 0.05 

High Level Output VOH=2.5V 5 -1.4 - 1.25 - -1.0 -
Current IOH VOH=9.5V 10 -1.4 - 1.25 - -1.0 -

VOH=13.5V 15 -4.0 - 3.75 - -3.0 -
VIN=VSS 

mA 
VOL=0.4V 5 3.5 - 3.2 - 2.5 

Low Level Output 
IOL VOL=0.5V 10 6.0 - 5.0 - 3.6 

Current VOL=!. 5V 15 26.0 - 4.0 - 18.0 

Vnl=Vnn 

High Level Input 
VOUT=0.5V 5 4.0 - 4.0 3.0 - 4.0 -

Voltage 
VIH VOUT=1.0V 10 8.0 - 8.0 6.5 - 8.0 -

VOUT=1.5V 15 12.0 - 2.0 9.5 - 12.0 -
IIOUTI <lilA 

VOUT=4.5V 5 - 1.0 - 2.0 1.0 - 1.0 V 
Low Level Input 
Voltage 

VIL VOUT=9.0V 10 - 2.0 - 2.5 2.0 - 2.0 
VOUT=13.5V 15 - 2.5 - 3.0 2.5 - 2.5 

I lOUT I <lilA 
H.Leve1 Input Curre t In VIH=18V 18 - 0.3 - 10~ 0.3 - 1.0 IlA 
L.Leve1 Input Curre t IlL VIL=OV 18 - -0.3 - 10-;:> -0.3 - 1.0 

Quiescent'Current 5 - 4.0 - 0.00 4.0 - 30 

Consumption IDD VIN=VSS,VDD 
10 - 8.0 - O.OO~ 8.0 - 60 IlA 
15 - 16.0 - O.OO! 16.0 - 20 

* 
* All valid input combination 

SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
Vnn(V) MIN. TYP. MAX. UNIT 

Output Rise Time t 5 - 130 400 
r 10 - 65 200 

15 - 50 160 

5 - 100 200 ns 
Output Fall Time t f 10 - 50 100 

15 - 40 80 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 

TC7476BP DUAL J-K t4ASTER-SLAVE FLIP-FLOP 

TC7476BP is J-K master-slave flip-flop having Clear 

and Pr;S;t functions. 

J-K Mode ; When clock input is applied with CLEAR 
and PRESET kept at "H", the output varies 

depending on the conditions of J and L at 

the falling edge of CLOCK input. 

R-S Mode When CLEAR is set to "L", output Q becomes 

"L" regardless of other inputs, and when 

PRESET is set "L" and CLEAR is set "H", Q 

becomes "H" regardless of other inputs. 

ABSOLUTE HAXH1UM RATINGS 
CHARACTERISTIC SYMBOL RATING UNIT 

DC Supply Voltage VDD VSS-O. 5 - VSS+20 V 

Input Voltage VIN VSS-O. 5 - VDD+O' 5 V 

Output Voltage VOUT VSS-0.5 - VDD+O. 5 V 

DC Input Current lIN tlO rnA 

Power Dissipation PD 300 mW 
Storage Temperature 

Tstg -65 -150 ·C 
Range 

Lead Temp. /Time Tsol 260·C • 10sec 

LOGIC DIAGRAM 

J 

K 

CP CP 
~-----------------+------{>~~~~ ~ 

TC7476BP 

DIF 16 (:lD16A-P) 

PIN ASSIGNMENT 

7 

PR PR 
4 J '< 15 9 J '< 11 

CP 6 CP 

16 K Ii 14 12 K Q 10 

CL CL 

:I 8 

VDD 5. Vss 13 

TRUTH TABLE 

INPUTS OUTPUT 

CL PR J K cP/I '<n+1 '<,,+1 
H L • ., ... H L 

L H .. ... .. L H 

L U .. .. '" L H 

H H L L 1.. '<n ~n· 

H H L H 1.. L H 

H H H L l.. H L 

H H H H 1.. .", 
"n ~n· • 

H H • , S '<n ~I.· 

.. Don' t care 
l\ Level change 

No change .. Change 
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T()SHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC7476BP 

RECOMMENDED OPERATING CONDITIONS (VSS=OV) 
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage VDD 3 - 18 V I 
Input Voltage VIN 0 - VDD V J 
Operating Temp. Topr -40 - 85 °c I 

ELECTRICAL CHARACTERISTICS (VSS=OV) 
r.:-- -40°C 25°C 85°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS VDD 
MINol MAX. 

UNIT 
(V) MIN. TYP. MAX. MIN. MAX. 

IfHI1 Level I lOUT I < l}lA 5 4.9~ - 4.95 5.00 - 4.95 -
Output Voltage VOH 10 9.9~ - 9.95 10.00 - 9.95 -

VIN = VSS,VDD 15 14.9 - 14.95 15.00 - 14.95 -
0.05 

V 
ilL" Level IIOUTI < l,uA 5 - 0.05 - 0.00 - 0.05 

VOL 10 - 0.05 - 0.00 0.05 - 0.05 Output Voltage VIN = VSS,VDD 15 - 0.05 - 0.00 0.05 - 0.05 
VOH = 4.6V 5 -0.2 - -0.16 - -0.12 -

"R" Level 
lOR 

VOH = 9.5V 10 -0.5 - -0.4 - -0.3 -
Output Current VOH = l3.5V 15 -1.4 - -1.2 - -1.0 -

VIN - VSS,VDD 
VOL - 0.4V 5 

::~'I 
- 0.44 - 0.36 mA -

ilL" Level IOL 
VOL = 0.5V 10 - 1.1 - 0.9 -

Output Current VOL = 1.5V 15 3.6 - 3.0 - 2.4 -
VIN = VSS,VDD 
VOUT=0.5V,4.5V 5 3.5 - 3.5 2.75 - 3.5 -

"H" Level Input VIH 
VOUT=1. OV, 9. OV 10 7.0 - 7.0 5.5 - 7.0 -

Voltage VOUT=1. SV, 13. SV 15 11.0 - 11.0 8.25 - 11.0 -
I lOUT I < 1}lA 

VOUT-O.SV,4.SV 5 - 1.5 - 2.25 1.5 - 1.5 V 

"L" Level VIL VOUT=1.0V,9.0V 10 - 3.0 - 4.5 3.0 - 3.0 
Input Voltage VOUT=1.SV,13.SV 15 - 4.0 - 6.75 4.0 - 4.0 

I IOUTI < l,uA 

Input l "H" Level IIH VIR = l8V 18 - 0.3 - 10-'" 0.3 - 1.0 
}lA 

currentl "L" Level IIL VIL = OV 18 - -0.3 - -10-5 -0.3 - -1.0 

Quie scent 5 - 4.0 - 0.002 4.0 - 30 

Supply Current IDD VIN = VSS,VDD 10 - 8.0 - 0.004 8.0 - 60 }lA 

* 15 - 16.0 - 0.008 16.0 - 120 

* All-valid, input combinations 
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF) 

CHARACTERISTIC SYMBOL TEST CONDITIONS V- MIN. TYP • MAX. UNIT . (~f 
5 - 130 400 

Output Rise Time tr 10 - 65 200 
15 - SO 160 
5 - 100 200 ns 

Output Fall Time tf 10 - SO 100 
15 - 40 80 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50 p F) 

CHARACTERISTIC SYMBOL TEST 
CONDITIONS vnn (V) 

(Low-H1gh) Propaga-
tpLH Waveform 1 5 

tion Delay T.ime 10 
(CLOCK - Q. Q) 15 

5 (High-Low) Propaga-
tion Delay TEne tpHL Waveform 1 10 

(CLOCK - Q. Q) 15 

(Low-High) Propaga- 5 
tion Delay Ti,!!!e tpLH Waveform 2 10 
(eL. PR - Q, Q) 15 
(High-Low) Propaga-

tpHL 
5 

tion Delay Ti,!!!e Waveform 2 10 
(cr:. PR - Q. Q) 15 

fMAX~ 
5 

Max. Clock Frequency Waveform 1 10 
15 

t Waveform 1 5 
~lax. Clock Rise Time tr~ 
Max. Clock Fall Time f~ 

10 
15 

Min. Clear. Preset tw 5 
(C~~AR) Waveform 2 10 Pulse Width 
(PRESET) 15 

Min. Set-up Time set-up 
5 

Waveform 3 10 
- ~ - -

15 
Input Capacitance Crn 

SWITCHING TIME TEST WAVEFORMS 

TEST CONDITION 

TEST 

1 
2 
3 

WAVEFORH 2 
TEST 2 

PRESET 

CLEAR 

Q 

J K CL 

Vnn Vnn Vnn 

Vnn Vnn P.G.l 
.G.l P.G.1 VDD 

20ns 20ns 

WAVEFORM 1 
TEST 1 

PR CLOCK CLOCK 

Vnn P.G.1 

P.G. GND 
VDD p.G.2 Q 

WAVEFORM 3 
TEST 3 

J,K 

CLOCK 

Q 

595 

HIN. 

-
-
-
-
-
-
-
-
-
-
-
-

1.0 
3.0 
3.5 

20 
2.5 
1.0 
-
-
-
-
-
-

TC7476BP 

TYP. MAX. UNIT 

550 
350 
300 
500 

ns 

300 
260 

600 
300 
260 ns 
600 
300 
260 
-
- MHz 
-

- -
- - )lS 

- -
500 
250 ns 
200 

250 
125 ns 
100 

5 7.5 pI' 

20ns 20ns 

20ns 
-+---;-

TOSHIBA 
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DIMENSIONAL OUTLINES 





TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 8 PIN OUTLINE DRAWING (3D8A-P) Unit in mm 

8 5 

0] 
1 4 

762±025 

254±O 25 o 5±O 15 

12± 0 15 

Note) Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.8 leads. 

DIP 14 PIN OUTLINE DRAWING (3D14A-P) 

19 YMAX 

o 5± 0 15 

1.4±O 15 

2.54±O 25 

, , 
" I, 

" u 

Unit in mm 

762±025 

II 025 ~~.65 

Note) Lead pitch is 2.54 and tolerance is to.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.14 leads. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 16 PIN OUTLINE DRAWING (3D16A-P) Unit in mm 

199 MAX 762±025 

1 1 

o 5± 015 2 54± 025 

14± 0 15 

Note) Lead pitch is 2.54 and tolerance is +0.25 af';ainst theoretical center 

of each lead that is obtained on the basis of No. I and No.16 leads. 

DIP 24 PIN OUTLINE DRAIHNG (6D24A-P) Unit in mm 

24 13 

~ 
[::::::::]~ 

12 1524±O25 0 

U 
'0 330MAX 

I' 

" U 

o 25~ g65 z II t;j 14 ±O 15 O-lbo 0l 

"' 

Note) Lead pi tch is 2.54 and tolerance is +0.25 af';ainst theoretical center 

of each lead that is obtained on the basis of No.1 and No.24 leads. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

O.5±O 15 

14±O 15 

254±025 

, 
I , 

II 

Uni t in mm 

1524±025 

, 
\ 

o 25~gl;5 -

Note) Lead pitch is 2.54 and tolerant'e is '0.25 against tllPoretieal center 

of each lead that i.s obtained on the basis of No.1 and No.28 leads. 

DIP 42 PIN OUTLINE DRAWING (6D42A-P) Unit in RID 

~ I 63.814AX I~ '''''"'" III ~ 

:,~~~: ~\ 
~' :.: 

z ~ ~ II 025~g65 
~ II 1.4±015 
", 

Note) Lead pitch is 2.54 and tolerance is to.2S ag~inst theoretical center 

of each lead that is obtained on the basis of No. 1 and No.42 leads. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

t~FP 14 PIN OUTLINE DRAWING {Fl4GB-P} Unit in mm 

8 

1 
~II 
"" , 

~rrTr~-n-r~~n-~ --L 

~II i 105MAX 1"1 

~i=-&1i1t1l"""fit1i ~l~r,f-~AJ 
I! 0.43+005 I' i127.tG12 '1105+025 II . 

Note) Lead pitch is 1.27 and tolprance is :0.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and Nv.14 laeds. 

~JFP 16 PIN OUTLINE DRAWING {F16GC-P} Uni t in mm 

16 9 

8 

I 10514AX I ~ ~ ~~I 
,,.....-------..1 ~ 2L~1j 

-I-l-"'===...I--l._1=_2::.?:.:±:.:O::;:.l2 r II 0.5 ± ° 25 

Note) Lead pitch is 1. 27 and tolerance is '0.12 against theoretical center 

of each lead that is obtained ()n the basis of N().l and No.16 leads. 
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MAINTENANCE-DISCONTINUED 
TYPE NUMBERS 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~~INTENANCE-DISCONTINUED TYPE NUMBERS 

TYPE NO. FUNCTION REPLACEMENT 

TC4S08C DUAL 4-BIT LATCH TC4S08BP 

TCSOOOC/P DUAL SO/64 STAGE STATIC SHIFT REGISTER TCSOSOP 

TCSOOIC 4-DIGIT DECADE COUNTER TCSOOlP 

TCSOO4P DUAL SOO/S12-BIT DYNAMIC SHIFT REGISTER -
TCSOIOP 4-DIGIT UP/DOWN COUNTER WITH TIMER (TCSOS3P), (TCSOS4P) 

TCS030BP QUAD 2-INPUT NAND GATE WITH P-CHANNEL OPEN DRAIN -OUTPUT 

TCS034p 4-BIT PRESETTABLE "N" COUNTER/DECODER/DRIVER -
TCS042BP BCD TO 7-SEGMENT DECODER/DRIVER TCS002BP, TCS022BP 

TCSOSSP 31/2 DIGIT DVM CIRCUIT -
TC74l0BP TRIPLE 3-INPUT POSITIVE NAND GATE TC4023BP 

TC7420BP DUAL 4-INPUT POSITIVE NAND GATE TC40l2BP 

Note: The replacement types are approximately similar to the maintenance types 

in terms of the characteristics and functions, but not exact equivalent. 

In case of doubt the original data sheets should be consulted before use. 
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