




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5037P
SWITCHING TIME TEST WAVEFORMS
WAVEFORM 1.
20ns }an
A
90% 90% DD
COUNT INPUT 50% s0%
£ 107 10% s — s
| tpLH tpHL,
/L Vou
90% A’XQOZ
A,B,C,Doyt 1} 50% 50%
Foz Xr&/‘ VoL
WAVEFORM 2. tr tr
Vbp
TRANSFER
Vss
Von
A,B,C,DouT
VoL
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_ TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA
4 3P C2MOS DIGITAL INTEGRATED CIRCUIT
TCSO 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 1 5 max. 16
Therefore, TC5043P can cover all the regions ranging 1
from conventional CR timers to motor timers.
This device is so designed that the external parts DIP16(3D16A~P)
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) PIN ASSIGNMENT
. Wide range of fine adjustment of oscillation
frequency (£507% or over) (TOP VIEW)
. Low power consumption (2mW ..... Typ.)
. Little supply voltage regulation of oscillation v 2D
cycle (1%/V) 58 1 8-
. Narrow temperature variations of oscillation cycle ADT —2 151 Vop
(0.02%/°C) osciy -3 14l @10
. Internal auto reset function 0sCopr {4 13-
. Precision CR oscillation circuit T/D ~5 12l-q
Internal zener diode fEsET |6 ul s,
. Timer/Divider switchable P ol s
. Simple display of time elapsed of oscillation INHIBIT ~ -1
. Programmable frequency division ratio able to be Ropr —{8 oL So
set in eight ways
APPLICATIONS:
. Industrial timers
. Timers for various commercial equipment
. Low-frequency oscillators TRUTH TABLE
ABSOLUTE MAXIMUM RATINGS X | 7/p| InE OPERATION
CHARACTERISTIC SYMBOL RATING UNIT L * ] RESET
DC Supply Voltage Vpp Vgg-0.5~Vgstl2 H H H | TIMER OPERATION
Input Voltage VIN Vss-0.5~Vpp+0.5 " L B DIVIDER
v OPERATION
8‘;;2:2 ROHT’ Q/10 VouT Vs5-0.5~ Vsstl2 o | « | o | TEMPORARY sTOP
& Q,Q,0sCouT Vss-0.5~Vpp+0.5 OF OPERATION
DC Input Current 1IN +10
mA % Don 't Care
Zener Current Iz 10
Power Dissipation Pp 300 oW
Operating Temperature 40~
Range Topr 40~ 85 .
Storage Temperature ¢
Range Tstg -65~150
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5043P

SYSTEM DIAGRAM

TIMER/BIVIDER INHIBIT sp 8§ Sz
‘(ED 7
Vpp Vpp
A X 18
x
DECODER 2 @3 a
5
0SCoyt " ] <= = Q
= OSCILLATION | | FIXED FREQUENCY| . Z%ngﬁglﬁ z
] 3 CIRCUIT DIVISION CIRCUIT |  |GIRCUIT 5 Q,
o= OSCIN + i ’ 10
il 1 T
AUTO RESET
Vpp|CIRCUIT
VoD T
N 20k
o) © O—0©
> r——
;L ADJUST RESET Royr * VoD 2D Vpp

Outputs marked with * are N-channel open drain structure.

IMING DIAGRAM (1)

Timer operation, Programmable frequency division ratio 1/1
(T/D="R", INHIBIT="H", S(=S1=S,="L")

| I

l VoD

T l'

VAl
08CoyT M ——————————————— ﬂﬂ

<Ié‘f:£r“>_JUm---14:“t-H5 A

osCry

1

2

3

100
200
300
400
500
600
700
800
900

. For outputs marked with *, add pull-up resistance to VDD.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5043P

TIMING DIAGRAM

2. Divider operation, Programmable frequency division ratio 1/1
(T/p="L", INHIBIT="H", S0=S1=S2="L")

RESET
100- Toge

Q

le——1000-Tgge ~——ee—— 1000:Tpgg —f

* Connect pull-up resistance to f% output.

PIN FUNCTION

PIN NO. SYMBOL FUNCTION
1 Vss GND (0V) Pin
2 ADJUST Pin for fine adjustment for oscillation frequency.

Externally apply the voltage ranging from 0.2Vpp to 0.55Vpp.

3 0SCyn Oscillation circuit configuration pins : These pins start oscilla-
tion when resistor R is connected between 0SCyN and 0SCoyr and capa-
4 0SCoyT citor C between OSCIN and Vgs, respectively. In case VADJ is 0.39Vp

oscillation cycle becomes almost Tpgc=RC.

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

All the counters are reset at "L" level. At the rising edge of this
input, the device begins to count.

! When this pin is set at "L" level, the device keeps stopping oscilla
7 INHIBIT tion during the period of "L" level state. The pin is used for tem-
porary stop of oscillation.

Only at time of timer operation, reset signal is output. (At the
time when RESET = "L" and during the period of auto reset at the

8 RESETOUT | rising time of power supply, output is off.)
For the divider mode, this pin should be open.
Sy“S3 are frequency division ratio switching inputs of the counter.
9 So Eight time intervals can be predetermined by combining pins, Sg ~ S;
1
( T = 1000 x )
fosc
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5043P

[N NO. SYMBOL FUNCTION
S2 L H
S1 L H L H
10
S1 So L H L H L H L H
Time inter-
vals of timed T 31 6T | 10T | 60T | 30T |300T | 600T
11 S2 * In the divider operation mode, the above time intervals of timer
become half cycles of Q and Q.
12 Q Q and Q are time-up outputs. After the end of time intervals,
Q reaches "H" level and Q reaches "L'" level. While the divider is
13 qQ operating, these outputs oscillate at double the cycle of time range
of timer.
Q Q/10 is a pin which outputs the elapsed time of timer, and outputs
14 6 the pulse of 1/10 cycle of timer time.
This is N-channel open drain output.
15 Vpp Power supply pin
16 2D The cathode terminal of zener diode is put out of this pin. This pin

is used as a stabilized power supply by making the connection to Vpp.

‘RATIONAL DESCRIPTION

. Oscillation Circuit

v

The oscillation circuit can be made up by connect- o 15
ing resistor R between O0SCyy and 0SCouyr and capacitor 4 D
C between 0SCyy and Vgg(GND) as shown in Fig. 1. OSCOUTADJ 2

<

This IC has two levels of built-in reference =32 3 louTyy $ VR
voltage Vy(0.62 Vpp) and reference voltage Vi (=Vapy) oL 1k Vgs
externally supplied to ADJ pin, and performs oscilla- J; P
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 — =Vpp
varying the voltage of ADJ pin. 0SCoyr
When Vppjs 0.39 Vpp, the oscillation cycle is

decided from the equation of Tpge=RC (T : [S], R[%],
VapJ should be used within the range of

CclFD.

0.2Vpp~ 0.55Vpp.

Tose
Fig. 1 Oscillation Circuit
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5043P

2.

3.

Eal

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 SQ v S2.

S L H
Select 2

Note 1.

S
Input ! L H L

H T=1000-Tpg(

So L H L H L H

L H Note 2.

Time inter-
vals of Timer 3T 6T 10T | 60T |{30T

"L" level

300T |600T may be oper

Reset operation

The internal counter is kept reset by the built-in
auto reset circuit until the power supply level reaches
reset release voltage (Vpp) at time of application of
power. However, the power rising time of more than 500us
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 500us
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 (Rgyr) 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 Royr is not in use,
it should be kept set open (or at "L" level).

Inhibit operation

0.9 Vpp

- V.
Vpp RD

4—|-0avpp

Rour

d00us

1-[”'" RESET
~
<

Fig. 2 Auto Reset Circuit

Oscillation can be stopped by setting INHIBIT input at "L" level.

Normal operation can be performed by setting INHIBIT

Divider function

When the T/D pin is set open (or at "H" level), this

input open (or at "H" level)

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=0V)

ITEM SYMBOL MIN. TYP. MAX. UNIT
upply Voltage Vpp 6.2 - 10 \
ligh Level Input Voltage |Viy 0.8Vpp - Vpp v
ow Level Input Voltage VIiL 0 - 0.2Vpp v
xternal Resistor R 5K - 2M Q
xternal Capacity C 1000P - 5u F
lutput Voltage VouT |* Applcable to Royr' /10 0 - 10 v
ECTRICAL CHARACTERISTICS (Vgg=0V)

— =40°C 25°C 85°C
ITEM SYMBOL | TEST CONDITION [VDD UNIT
(v) | MIN.|MAX.|MIN. | TYP.|MAX.| MIN.| MAX.
v Iz=1ma 6.218.1 | 6.5| 7.2| 8.2 6 8.5
. - v
mer Voltage Z [ Iz=10ma 6.2 8.1 | 6.5 7.3| 8.2 8.5
gh Level I Vor=6v ; -1.2| - |-1.2|-2.5| - |-1.0 | -
itput Current OH VoH=3V ~5.2 - -5.2 1-9.0 - -4.0 _
mA
w Level 1
tput Current oL | Vor=0.4v 7] 1.0 1.0 | 2.0 0.8
.gh Level Vig=10V, (Exclu- -3
iput Current I1H | give of SevS2) 10 | - 5 - |10 5 - 5
T T A
w Level "11=0V, (Exclusiveg u
I —_ 10 - -5 - 110-3 | - - -
\put Current L lof R-TNE-2/D) 10 5 5
i11-up Resistance| Rpy [R,TNH,T/D Inputs| - | 7 | 50| 10 | 20 | 50 | 10 | 75
11-d ks
t2i-down R -] 45 | 200 | 6 00 | 200 | 66 |300
:sistance PD | S0,S1,57 Inputs 6 |1
Vou= R
itput OFF Current| Iopp| 'OH=10V, ROUT, 30| _ 11,0 | - -3/1.0 | - |10.0] pa
P Q/10 Outputs 10 v
ito Reset Release v
yltage RD - - - 2.6 - 5.2 - - v
ipply Current Ipp C=0.1puF, R=1MO*| 10 - - - | 0.3 - - - mA
All inputs and outputs are open.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5043P

EXAMPLES OF APPLIED CIRCUIT

+0

o Timer Circuit I (Basic Type)

[

INPUT

Ad

DT e

181588

an
161413111 109

TC5043P

1 2 34 5 6 7 8

e,

{ RESET/START

CUTPUT

(Time of timer can be varied to linear by using resistor R

deciding time constant with variable resistance.)

o Timer Circuit II (Elapsed Time Displaying Type)

+ y vvv‘
» . Sp~Sz2
181588 ‘J‘L &b 'Z
nnon r1r1r1;]1r1 rqu
6 1 s 13 1R 1 109 16 15 14 13 12 11 10 9
INPUT -'1& TC5043P TC4017BP
o 123 4 56178 12 3456 78
ci-.LfJ_jJTTUIIIULE ITILJL‘JLJLJLJ JT
<
O {—s )
e c =
[“___TZZZZZZZZZL_
— TD62504P x 2
aND
:{3 3 3 x5 3 3 3 3 l‘
b S S 3 3 3 I8 S T Y § o
¢ O
TIR109 x 10 151588
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA _
C2MOS DIGITAL INTEGRATED CIRCUIT TC5050P
SILICON MONOLITHIC

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 INPUT
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 DIP 16 (3D16A—F)
DTL can be directly driven.

ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VpD Vgs=0.5~Vgs+10 \ M oM
Input Voltage VIN Vss-0.5~Vpp+0.5 v Aé l
Output Voltage Vour | Vss-0.5~Vpp+0.5 v PINZ—2 5f—Doyr
Dy —{1
DC Input Current IIN 110 mA 2 6 F—
I
|Power Dissipation Pp 300 mW CLOCK NC 7,16
Storage Temperature - ° ™ oM Vpp 5 16
Range Tstg -55~125 ¢ Veg | 8
Lead Temp./Time T 260°C - 10sec P 1
P sol e Drnz — 13
Drs —1a 10 —DoyT
LOGIC DIAGRAM Nl 9
]
INPUT OUTPUT
DATA IN; DATA INp MODE MODE CLOCK
DATA OUT
TRUTH TABLE
ths Tth+1 th+50 Tn+64
Drni|DPinz| IM | OM | Doyr| OM |Doyr
52-iTATE 14;S;AGE H * H L | ® 5 H
oL0CK [ 7 7 L ® H|L H L
(2 OF 1 EQUIVALENT ) * " B ¥ H
—_ . - ¥ L L | L L H L
cP 53
. # Don’t Care
n *n+1 tn+50 tn+64

(1 STAGE STATIC SHIFT REGISTER)
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5050P
RECOMMENDED OPERATING CONDITIONS (VSS=OV)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. | UNIT
Supply Voltage Vpp 3 - 8 \
Input Voltage VIiN 0 - Vpp \
Operating Temperature| Topr -30 - 85 °C
ELECTRICAL CHARACTERISTICS (VSS=OV)
V- v -30°C 25°C 85°C I
CHARACTERISTIC BOL EEST s tyh° [FIN. | MAX.|MIN. [TYP. | MAX.| MIN.] MAX.
High Level Output v 11ouT) <1luA _ _ _
Tigh e P on |y Mo | 5 | 4.9 4.95| 5.00 4.95 v
Low Level Output v 11 1<1MA
ouT - - {4 -
Voltage oL VIN=VDD, Vss 5 0.05 0.00] 0.03 0.05
High Level Output | I |VOH=2.5V 5 |-1.2§ - t1.25|-5.0| - |-1.0| -
Current OH ¥IN=VDD.VSS w
Low Level Output 1 01=0.4Y 5 3.2 - 3.2 |7.0} - 2.4 | -
Current P OL ¥IN=V8DS,VVSASSV
High Level Input ouT=Y.oV, 4.
Voltage P Vin [TaurT<1vA 5 | 3.5 - 3.5 | 2.75) - | 3.5 - v
Low Level Input v QUT=0.5V, 4.5V - . - . .5 - .
Voltage 1L [iToyTi<ipA > 1.5 2.2511 1.5
H.Level Input Current| 1Ty | VIg=8V 8 - 0.2 | - 11075 }0.2 - 11.0 | pA
L.Level Input Current| IIL [VI1=0V 8 - -0.2 - -1075]-0.2 - +1.0 | pA
Quiescent Current C. [ Ipp | *VIN=VSS,Vpp 5 50 - 50 - 375 | pA
*# All valid input combination
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50pF)

CHARACTERISTIC SYMBOL |TEST CONDITIONS rg——ims— MIN. | TYP. | MaX. UNIT
Output Rise Time [ 5 - 135 400 ns
Output Fall Time tf 5 - 100 200 ns
(Low-High)P.Delay Time| CtpLH 5 - 500 1000 as
(High-Low)P.Delav Time| tpHI 5 - 400 1000
Max.Clock Rise Time tro _ _

Max.Clock Fall Time [ 5 20 Hs
Max. Clock Frequency fMAXd 5 1.0 2.5 - MHz
Data Set Up Time Tset-up 5 - 100 250 ns
Data Hold Time hold 5 - -100 50 ns
anutCapa- CLOCK_INPUT| ¢ 10 15 pF
citance  JorpEr 1npuT] 1IN - 3 7.5
SWITCHING TIME TEST WAVEFORM
20ns 20ns
—— —‘-—-—°—
DATA IN1 po% 0% 50%
0% 0% tset-up, Chold A
CLOCK
0% 0%
50% 0%
DATA OUT 10% 0%
- -t
pLH pHL INPUT MODE, OUTPUT MODE and DATA IN2="H
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TOSHIBA INTEGRATED CIRCUIT TECHKICAL DATA —

C2MOS DIGITAL INTEGRATED CIRCUIT TC5051P
SILICON MONOLITHIC TC5052P

TC5051P 4 DIGIT DECADE COUNTER WITH BLANKING CONTROL
TC5052P 4 DIGIT DECADE COUNTER WITH CLOCK ENABLE

TC5051P 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 "H"
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 DIP 16 (3D164—F)
capable to inhibit CLOCK by means of CLOCK ENABLE
input.
ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT
TC5051P TC5052P
DC Supply Voltage VDD | VSS=0.5~Vss+ld v °
Input Voltage VIN Vss=0.5~Vpp+0.5 v T T
Output Voltage VouT | VSS-0.5~Vpp+0.5 v z z
DC Input Current IIN +10 mA é é
Power Dissipation PDp 300 mW s S
Storage Temperature 65 ~ ° 8 8
Range Tstg 65 150 C
Lead Temp./Time Tsol 260°C - 10sec
BLOCK DIAGRAM
(MsD) (1sp) BLANEING® ¥
Ty Tp Ty Tg CONTROL A B ¢ D
SCAN IN osc T-COUNTER BLANK BUFFER ‘j
* MULTIPLEXER
TRANSFER T 1T 1T 1T T T T
° 11 11 [
LATCH LATCH LATCHA] LATCH I

o

#*
CLOCK ENABLE l
CLOCK IN :]DJ—G 1/10 d 1/10 td 110
O ¢

'd 1710
CLEAR ! 1 1 ]
¥ , Only for TCS5052P 7
# %, 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 T, |DIGIT SELECT 4 |Outputs to select the digit of BCD OUT (Qutput signal

3 T and correspond in ascending order from T;. "H" level
3 DIGIT SELECT 3 is shifted from T, T, T3 then Ty in sequence for

3 T DIGIT SELECT 2 |every eight clocks of Syy. In'the case of TC5052P, whén
2 oIT S 1 CLEAK isgset to hﬂ" aliNof T1~Ty become "L" and when

4 | 1y [DIGIT SELECT 1 |CLEAR falls the scan jp glyays,figrigd from Ti. Ty- Ty

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.

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

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

8 Vss |Vss (GND)
"H" level is output as long as the counter holds

9 CAo ICARRY OUT ""9999", This becomes "L" level for all other counts.
First stage decimal counter clock, which triggers at

10 Ccp CLOCK INPUT the falling edge.

CE |CLOCK ENABLE Clock input is inhibited by "L" level
11 (TC5052P)

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

(TC5051P) for higher order digits than a specific digit positior
can be arhieved_h1_cnnng;Lin8_I.anpnl_ig—iﬂ;_________

o]

12 A BCD OUT A BCD outputs of decimal counter.
When T1="H", the highest order digit (4th digit) is
13 B |BCD OUT B output. When T2="H", 3rd digit is output, when T3="H'[,
14 C |BCD OUT € 2nd digit is output and when T.="H", 1st digit is
15 D BCD OUT D gg&guﬁépgiezgﬁg suppress is activated, all the out-
16 Vop VoD Vpp 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 dynamically to BCD OUT in synchronism with Syy.
When TRANSFER input is changed frompq'l-l" 32:) ,;%JQP’ rx‘ne counter com:enytn at the falling Bhge

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 Agyr~Doyr on time sharin
basis and switching of digit is achieved by connecting a capacitor between SCAN IN inpu
and Vgg(GND) (internal oscillation) 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 T} =~ 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 (TC5051P)

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 *
" oo = VDD ..... No Zero Suppress
" " =T2 ..... Zero Suppress for only thousand's digit *

" " = T3 ..... Zero Suppress for thousnad's and

*
hundred's digits

" " = T4 eeeee Zero Suppress for all except unit's digit *

When blanking is activated, all of Agyr - Doyr become "H".

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

counter, normal output may not be seen.

MING CHART

CLEAR 1
sean 7 4 P ULALALAULALAULALTULALTUUUUUL

T1 ‘ | ‘
T2
T3
Ty
BCD OUT 103 X 102 X 10l 10

* ,.... TC5051P, — TC5052P
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5051P, TC5052P

RECOMMENDED OPERATING CONDITIONS(Vss=0V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Supply Voltage Von 3 - 12 v
Input Voltage VIN 0 - VDD v
Syy Connecting Capa. Cexr 50 - 30000 pF
Operating Temp. Topr -40 - 85 °C
ELECTRICAL CHARACTERISTICS (VSS=OV)

o o o
CHARACTERISTIC  |SYMBOL| ONDTxETigus Vpp |—=407C 25°C 85°¢ |UN
(v) | MIN.| MAX. MIN.| TYP.|MAX. | MIN. | MAX.
1 ] - . - ) -
High Level Vou Ioyr'<1luA 5| 4.95 4.95| 5.00 4.95
Output Voltage Vin=Vss,Vpp 10| 9.95| - |9.95/10.00{ - 9.95| -
Low Level 11ouT | <1uA s| - ]0.05| - | 0.00] 0.0 - | o0.05
Output Voltage Voo |Vix=Yss:Vop 10/ -|0.05| - |0.00 0.05 - |0.05
High Level Voy=4.6V 5(-0.2 - |-0.16 - 0.12 -
Output Current Iou [Voy=9.5v 10|-0.5 - |-0.4 - 0.3 -
Vin=Vss»>Vpp
Low Level Vor=0.4V _ _
Output Current IOL VorL=0.5V 31 0.52 0.44 0.36 T
VIN=Vss,VDD 10 .3 - | 1.11 - 10.9 -
High Level v Voyr=0.5V,4.5V 5| 3.5 - | 3.5 |2.75 - | 3.5 -
Input Voltage IH |{Voyr=1.0v,9.0v| 10, 7.0 - | 7.0 |5.5 - 7.0
1Igyr! <1pA
Low Level v VOUT=O.5V,4.5V 5 - .5 - 2.25 1.5 1.5 A
Input Voltage IL VOUT=1.0V,9.0V 10 - 0 - 4.5 3.0 - 3.0
1Toyr! <1pA 0
High Lev?l Input 5
Current (other 1 Vou=12V _ _ -
than STN) 1 |ViH 12 0.3 10 0.3 1.0
Low Level Input 5 }
Current (other 1 |Vy=0V 12| - k0.3 | - |-107°-0.3 -1.0
than Syy) IL
High Level Input _ _ _ _
Current (Syy) Ig Viy=12V 12 50 - 200 }
Low Level Input .
Current (Spy) I Vyp =0v 12 - - 1.5 | - 6 - 1
Quiescent Current 1 Vo mVew Ve 5| - 200 - 200 - 500 !
Consumption DD | IN "SS°"DD 10| - - | 500 | - 500 | - |1000
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5051P, TC5052P

VITCHING CHARACTERISTICS (Ta=25°C, VSS=OV’ CL=50pF)
SHARACTERISTICS SYMBOL TEST CONDITIONS VVDD(V) MIN. TYP. MAX. UNIT
itput Rise Time t. 1(5) : 122 ggg
itput Fall Time te 5 - 100 200 ns
10 - 50 100
sopagation Delay t
; ” LH ="H" 5 - 1200 2500
CLOCK-BCD P T,="H
me (CLOC our) | tom 4 10 - 450 | 1000 ns
ropagation Dela§ tpLH 5 - 900 2000
‘me (CLOCK-CARRY) ns
tpHL 10 - 400 800
-opagation Delay tpLH 5 _ 1200 2500
me (Spy - Tp) tpHL | 10 - 450 | 1000 ns
ropagation Delay tpLH 5
- 1600 2500
me (Syy -BCDyyT) tpHL 10 _ 200 1400 ns
‘opagation Delay t
H -
me (CLEAR-BCDoyr) PHL “ - 200 | 2500 ns
n. Clear Pulse Y 5 - 700 | 1500
.dth (CLEAR) 10 - 350 750 ne
n. Transfer t
1lse Width v > - 140 500 ns
TRANSFER 10 - 50 250
1x. Clock £ 5 1.0 1. -
‘equency MAX¢$
2.0 -
\ 10 i
5 0.5 1.0 -
1X. Scan
equency - 10 |, 1.0 | 2.0 -
n. Clear Removal N 5
me rem 10 ns
n. Set Up Time tset-u 5
"RANSFER-CLOCK) P 10
5 ns
n. Set Up Time ¢ 10
'RANSFER-CLEAR) set-up
x. Clock Rise Time tr‘b 5 20 - —
1x. Clock Fall Time tfd’ 10 2.5 - - Uus
iput Capacitance Cin pF
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5051P, TC5052P

SWITCHING TIME TEST CIRUIT

TEST CIRCUIT

+H

L
P.G.1 Vop o
7 M f—o——o CLOCK . 'I’_‘
2  p—o— CLEAR ——0—
P.G.2 & o TRF o —
] E o SIN "
g | o |B.C(CE) . ,':
P.G.3 I

vss
I | 3 "
Cy, = 50pF

SWITCHING TIME TEST WAVEFORMS

WAVEFORM 1.

CLOCK

BCDoyr
CARRY OUT

WAVEFORM 2.

SCAN IN

T, OUT,
BCDoyt

20ns 20ns
- [90% :9—/.
N 507 / 0% \ 50%
E 10% 10% \
_dtr tf
—— _
77 o
g i
foz 10%
Tl T
20ns 20ns
90%
ZZ 50% QOIZZ 50%
—| 10% c.}ﬂ._/
Er, tf
90% 4 ] 90%
507% 50%
ﬁlO% i 10%
tplH tpHL

CLEAR="L"
CE(TC5052P)="H"
B.C.(TC5051P)="H"
TRF="H"

SIN : Any Pulses

CLEAR="L"
CE, (B.C.)="H"
TRF="H"

CLOCK : Any Pulses

TOSHIBA
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5051P, TC5052P

NITCHING TIME TEST WAVEFORMS
WNAVEFORM 3.
20ns 20ns 20ns 20ns
CLEAR /509" 3& 9%, CLEAR 20% S’Sg%z
1

Joz L 107
BCDoyT %\52% CLOCK

CLOCK : PG trem
CE(BC)="H" BCD /
TR}(' =)"H" out

SIN = nyg"

TRANSFER

No Change

P h -
BCDoyT No Change /
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_ TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

$ggggig C2MOS DIGITA(;_ IN'HI'ECGRATED CIRCUIT
SILICON MONOLITHI

TC5053P 4-DIGIT UP/DOWN DECADE COUNTER
TC5054P 4-DIGIT UP/DOWN 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.
DIP24(6D24A-P)
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VpD | Vgg=0.5~Vgg+10 v | PIN ASSGNMENT
Input Voltage VIN Vgs-0.5~Vpp+0.5 \ (TOP VIEW)
Output Voltage Vour | Vss-0.5~Vpp+0.5 v e—1 ~ 24— Vpp
: b—2 23— BORROW
DC Input Current 1IN 110 mA & c—s 22l caRrmy
Power Dissipation Pp 300 mW g ‘é a4 —sa 21— TRF
&
1S{torage Temperature Tstg -55~125 °c w e 5 20— MR
ange ’ £f—6 19— TEST
Lead Temp./Time Tsol 260°C -+ 1l0sec g7 18— UP
E T; —8 17 |— DOWN
BLOCK DIAGRAM g; Tg—9 16 |— TR
:o Tz —10 15— Sty
[~ Tgs—11 14 — RgxT
Ty Tz T3 Tg BLC 2 b c d e f g A |vgg—12 13 f— BLC
Sty 0— L _
m SCAN BOD-TO 7 SEGMENT SEGMENT OUTPUTS MODE
Rggr O— COUNTER DECODER / DRIVER
TC5053P
TR O—ox ] ll ﬂ
0 1 2 3 4
I~ oz I
MULTIPLEXER 11 II I"‘I ) L‘,
TRF 0— LATCH I T
il RN 1
5 6 7 8 °
T TC5054P
UPoﬁ O CARRY 0 1 2 3 4
4 DIGIT UP/DOWN COUNTER 1= I
pom o BORROW A e el
TEST o—J 1 i
MR Y B R O i |
5 6 7 8 9
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616

VEIHSOL

DIGIT SELECT T-RESET

T Tp 3 T B

SEGMENT DRIVE

et

B

SCAY,
SCAN COUNTER BLANK

BOD-TO-7 SEGMENT
CIRCUIT DECODER

Rext
MULTIPLEXER
TRANSFER
A B C D
LATCH LATCH LATCH LATCH
TEST @
CARRY
Jﬂ l
UP CLOCK 43 y: I I
‘_”“" ﬁ’ q 1" " cA} UP/DOWN UP/DOWN UP/DOWN
DOW DECADE COUNTEHR DECADE CDUNTER DECADE COUNTE
BLOCK D R BOj [_A BORROW
] 1 3

MASTER

RESET (20 S04

WYYIYIQ %3074

dS0SI1 ‘d€S0SIL

VAva IVOINHOIL LINOHIO d3LVHOILNI VEIHSOL



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5053P, TC5054P

TIMING CHART

UP CLOCK

DOWN CLOCK
(a)) *

(By) *
(Cy) *
(Dy) *
(CAy)*
(Bol)*
CARRY

BORROW

T RESET

SCAN 1IN
T1

T2

T3
T4

a~8 oyr #x

COUNT SEQUENCE

[«)
MASTER RESET |

2

1

Q
999
0998

— boss

UYL
|

I I
C

1
=
1

SCAN SEQUENCE

1

* Internal

—

i

WILT_FJ'I_H_HJH{LTL

103 | ) 102 X | 10!

10Y

I | P

** Required pull down Register

TOSHIBA
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5053P, TC5054P
DESCRIPTION OF PIN FUNCTION
PIN NG.|SYMBOL NAME FUNCTION
1 a SEGMENT a The segments a v g are the outputs that have convereted
2 b " b the decimal up/down counter BCD outputs into 7-segment
3 ¢ [ ¢ display element driving codes.
- These segment signals are synchronous with SCAN inputs
4 d d and are dynamically output from the higher order digit.
5 e " e Since they are designed so that Igy is large, they can
6 £ " £ directly drive a cathod common type LED.
7 g ” g
8 Ty DIGIT SELECT 1| These are the outputs indicating the digits of the outputs
9 Ty " 21 @ v g and correspond to the higher-order positions from
10 T3 " 3 T1 upward.
These outputs are automatically switched in order of T; -
11 T4 " 4| T2 — T3 - T4 - T1 by giving clock to SCAM input.
12 Vgs Vss (GND)
"H" |No O suppression| The reading 0 suppression of the dig-
13 BLC BLANKING Reading zero its of more than the higher-order (N-1)
CONTROL np suppression of can be made by connecting this termi-
All digits nal to Tn.
SCAN clock is produced by connecting a resistor between
14 RexT | REGISTER Rgxt @nd SyN. In case Sy is externally provided,
EXTERNAL RgxT should be opened.
This is a clock input of digit selection counter. If a
15 SIN SCAN IN resistor is connected between SyN and REXT , SCAN Counter
can make self-osillation.(Pulse may be externally applied)
16 T T-COUNTER Operation of SCAN counter can be stopped by "H" level.
R RESET Whenever TR is fallen, SCAN counter starts scanning fromTj.
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 "H" level.
The internal counter makes up count at the rising edge of
18 UpP UP COUNT a pulse if the pulse is provided to the in a state where
DOWN input is kept at "H" level.
This set to "L" level. (When it is set to "H" level,
19 TEST | TEST counting varies with the rising or falling edge.)
20 MR MASTER RESET | A state of count is cleared to "0000" at the 'H" 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
2 TRF | TRANSFER change to "L" level are not changed by the change in
counter contents because the previous contents remain kept
in the latch circuit.
In UP COUNT, when the COUNTER contents reaches "9999",
"y i i holds "L"
22 CARRY | CARRY H" level is output as long as UP COUNTER input holds
level.
In DOWN COUNT, when the COUNTER contents reaches '0000",
23 [BORROW | BORROW "H" level is output as long as DOWN COUNTER input holds "L"
level.
24 Vpb | Vpp (VpD)
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5053P, TC5054P
RECOMMENDED OPERATING CONDITION (Vss=0V)
ITEM SYMBOL MIN. TYP. MAX. |UNIT
Supply Voltage Vop 3 - 8 v
Input Voltage VIN 0 - Vpp v
Operating Temperature Topr -30 - 85 °C
REXT EXTERNAL REGISTANCE R 5K - M Q
ELECTRICAL CHARACTERISTICS (V35=0V)
-30°C 25°C 85°C
ITEM SYMBOL TEST 3
CONDITION | (Y [MINMAX [MIN]TYPMAY |MIN| MAX UNIT
] T1VT4CarryBorrow 1 4951 - Ja9s5] - | - [a95] -
High Level anvg oy [OUTl<luA g T ola s = a0l = v
Output Voltage REXT VIN=VSS, VDD 495 < |495] - | = [495] =
Low Level T1lnTsCarryBorrow v |TouT|<1lua s L= JQOS - |- 1005| - |005 v
Output Voltage REXT OL  |ViN=Vss,VDD - 1005] - |- loos| - laos
T1nT4CarryBorrow I VOH=4.6V -02| - |-016| = | = (012| -
High Level ang OH  [Tyop=3.5V 5 |-20] - |-20,- |- [-15] - |ma
Output Current
REXT Vog=4.6V -002 - 1002 - | - 1001| -
Low Level T1VI4farryBorrow oL VoL=0. 4V 5 052| - | 044/ - | - [036] - mA
Output Current REXT 002| - 002 - | - |o01| -
Disable Current (avg) IpL VoL=0V 8 - 30| - 104 - - =30 uA
High Level UP/DOWN CLOCK 5 3.5| - 3.5 - - |3.5] - v
Input Voltage | OTHER Vin 3.5| - |3.5275| - |3.5
Low Level UP/DOWN CLOCK VoL 5 |- 1.5 - |- 1.5 - 1.5 v
Input Voltage | OTHER - |1.5] - |2251.5] - 1.5
High Level Input Current I1H VIH=8V 8 | - |o15] - [109]015] - [1.0
Low Level Input Current ITL VIL=0V 8 | - R015] - [-10°f015] - |1.0 uA
Quiescent Current Consumption 1pp gég;;iséggg 8 | - - - - VA
Ipp TEST CIRCUIT
Ipp - fIN
- 10
S A v
470u] 0.1y s i //
E< "
3
n M
£ o
Q o
TRF BLC © 3 %
DOWN V e
DD g 102 A I
UP TC5053P L o v
TC5054P |aL T 3 7
* Input pulse ou s E:? d
condition TR TEST  |Cp=50pF e A
Duty ratio=50% Sin _Vss MR 5
tr=tf=20ns Ll 1 1 1 8_101
10° 106
Input Frequency fIN (Hz)
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA —

omosoam wrecamep arcur T EOODABE

TC5064BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT/NON INVERTING TYPE
TC5065BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT/INVERTING TYPE
TC5064BP and TC5065BP contain six circuits of buffers
having two common INHIBIT inputs (AN, BIN)-

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
high voltage MOS LSI's.

TC5064BP is non-inverting type and TC5065BP is
inverting type.

DIP 16 (3D164A—P)

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage VpDp Vgg-0.5~Vgg+20 v
Input Voltage VIN Vss-0.5~Vpp+0.5 v PIN ASSIGNMENT
TC5064BP
Output Voltage Vour | Vpp-50 ~Vpp+0.5 v OUT; OUTz OUTg OUT4OUTsOUTg
Power Dissipation Pp 300 mW 5] 1e] 1] 12| 1l 10
DC Input Current 11N *10 mA
Vpp . 16
Storage Temperature Tsrg ~65 ~150 °c Vgs . 8
Range ArN, 1
Lead Temp./Time Tsol 260°C - 10sec Biv. 9 2] 3 4 s e =
IN; INp INg INg INg 1IN
LOGIC DIAGRAM TR e e T e
1/6 TCS064BP VoD TC5065BP

ou*lo

J— 200
AIN BIN 1
Vopp ; 16
Vgg 8
& 1
; T T 11T 1T gl

1N1 INz IN3 1N4 IN5 Ih6

myl

oUT; OUTg OUTg OUT4 OUT5 oUTg

176 TC5065BP TRUTH TABLE
Vop
INPUT OUTPUT
Aty Bry ATy | Bin| IN | TC5064BP | TC5065BP

H |L HZ H
L | H |H H HZ
* L * HZ HZ
l l l l l l l l l l H | % | * HZ HZ

INy § INz § INg ¢ INg § IN5 ¢ INg HZ ; High Impedance

OUT; OUTz OUTz OUT, OUTs OUTg % ; Do’ t care
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5064BP, TC5065BP

RECOMMENDED OPRATING CONDITIONS (VSS=0V)
CHARACTERISTIC SYMBOL| MIN. TYP. MAX. UNLT
Supply Voltage Vpp 3 18 v
Input Voltage VIN 0 VDD v
Operating Temp. Topr -40 85 °C

ELECTRICAL CHARACTERISTICS (Vss=0v)

TEST oD -40°C 25°C 85°C
CHARACTERISTIC SUMBOL  conprTONS (V)| MIN.| MAX. MIN.| TYP.| MAX.| MIN.| MAX. UNID
High Level 1 Toyr 1< 134 5| 4.95 : 4.95| 5.00 : 4.95 :
Output Voltage Vou VIN=VSS or V 10 9.95 9.95{10.00 9.95 v
P g IN DD|15 {14.95| - [14.95|15.00{ - [4.95| -
Vog=3V (Vpp-2V)| 5 | - 6 - - 5! -10 - |- 4 -
High Levle 1 Voy=2V (Vpp-3V)| 5 -9 - - 8] -13 - -6 - A
Output Current OB \you=7v (Vpp-3V)|10 | -12 | - | -10| -25| - |-8 | -
Vog=12V(Vpp-3V)| 15 | -17 - -15| -35 - | -12 -
. * Vour=0.5V,4.5V | 5 | 3.5 - 3.5| 2.75| - | 3.5 -
’I*;gt’]tl‘f,z;ta . Vg |[Voyr=1.0v,9.0v [10 | 7.0 | - | 7.0/ 5.5| - |7.0 | -
P & Vour=1.5V,13.5V| 15 [11.0 | - |11.0] 8.25 - {@1.5 | -
\
* Voyr=0.5V,4.5V | 5 - 1.5 - | 2.25) 1.5 - 1.5
Ifﬁ“u‘t‘e;jita . VIL [Voyr=1.0v,9.0v 10 | - | 3.0| - |4.5| 3.0] - | 3.0
P & Voyr=1.5V,13.5V|15 | - | 4.0 | - | 6.75| 4.0| - | 4.0
Output OFF L Vouyr = OV 15 - -3 - |-0.01| -3 - -10 A
Current OFF lyoyr = VDD-45V |15 | - |-10| - |1 |-10 | - |-20
= - - -5 -
Input Current Irg [Nig = 18V 18 0.3 10 0.3 1.0 A
IIL vy, = OV 18 | - |-0.3| - |-1073|-0.3| - |-1.0
. 5 - 4.0 - l0.005| 4.0 | - 30
Quiescent VIN=VSS, VpD,
Ipp 10 - 8.0 | -- |0.010{ 8.0 | - 60 | pA
Supply Current OUTPUTS OPEN 15 _ 16.0 - l0.015/16.0 _ 120
* RpL = 20 ko
SWITCHING CHARACTERISTICS (Ta=25°C, Vss=0v, CL=50pF)
CHARACTERISTIC SYMBOL | TEST CONDITIONS |ypp(v) | MIN. | TYP. | MAX. | UNIT
5 - 100 200
Output Rise Time tr Ry = 20 ka 10 - 50 100 ns
15 - 40 80
5 - 5.0 8.0
Output Fall Time tf RL = 20 kn 10 - 5.0 8.0 ns
15 - 5.0 8.0
5 - 200 500
(LOW-HIGH) ) tplH | Ry = 20 ka 10 - | 100 | 25 | uns
Propagation Delay Time 15 _ 80 200
(HIGH-LOW) 5 - 2.0 4.0
Propagation Delay Time tpHL Rp = 20 ko 10 - 2.0 4.0 Hs
15 - 2.0 4.0
Input Capacity CIN 5 7.5 pF
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5064BP, TC5065BP

SWITCHING TIME TEST CIRCUIT AND WAVEFORM

INPUT
% iVDD
VDD
.G o—
P g’;N ouT OUTPUT
—o— pAt P
WIN . (oUT (TC5064BP)
SS
JT RL I CL
OUTPUT
(TC5065BP)
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5064BP, TC5065BP

EXAMPLES OF APPLICABLE CIRCUITS

(1) Fluorescent Display Tube Driving Circuit

Filament Power Supply

filb

Vpp=5V
o
s
& —E
ol
«» e
-
Q -
i 4
O -
w |-
TTL
b 15,
PMOS[ or v
INMOS| 15T Db

i

(U

L1
L1 1

I

Digit Signal
IRERRE!

il

(2) Interface between CMOS and PMOS

A

A

o In

Fluorescent
Display Tube

VpD
cMOS

Vss

VD —l%

TC5064BP
VSS

Vss1

PMOS

> R,

—AAA
WA

RL=20 kQ~ 30kQ J)

Vss2

TOSHIBA
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA _

TC5066BP

C2MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC TCSO67BP

TC5066BP 7-HIGH VOLTAGE BUFFER/NON INVERTING TYPE
TC5067BP 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.. 16

..... Maximum Rating), these are suitable for driving 1

fluorescent display tubes and for interfacing with DIP 16 (3D16A=FP)

‘high voltage MOS LSI's.

ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT
TC5066BP
DC Supply Voltage Vpp Vgs~0.5~Vss+20 A
Input Voltage VIN Vgs=0.5~ Vppt+0.5 \
Output Voltage Voutr | Vpp-50~Vpp+0.5 v QUT, OUT, OUT3 OUT, OUTs OUTg OUT,
Power Dissipation Pp 300 mW 1] 12| 13l 1] 11l 1] e
DC Input Current IIN +10 mA
Storage Temperature 6B~ °
Range Tstg 65 150 C
Lead Temp./Time Tsol 260°C - 1lOsec C1| 2| 8| & 5| 8| 7

INy INz INz INg INs INg 1INy
.0GIC DIAGRAM

Vpp . 16 , Vgg 8
1/7 TC5066BP
° Vpp
TC5067BP
N ouT
OUT; OUT; OUTg OUT, 00T, OUTg OUTy
0 Vss 5| 14| 13| 12| 11| 10| 9
1/7 TC5067BP
—0 Vpp
1| 2| 3| < 5| 6] 7
IN ouT INy INg INg IN, INg INg INy
Vpp: 16 , Vgs ., 8
- Vss

—
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5066BP, TC5067BP

RECOMMENDED OPERATING CONDITIONS (VS‘S=0V)

CHARACTERISTIC SYMBOL MIN. TYP. | MAX. | UNIT
Supply Voltage Vpp 3 18
Input Voltage VIN 0 VDD
Operating Temp. Topr =40 85

ELECTRICAL CHARACTERISTICS (VSS=0V)

-40°C 25°C 85°C
CHARACTERISTIC  |SYMBOL ongiiions VDD
c (v) | MIN. MAX.| MIN.|TYP. | MAX.| MIN.| MAX.
High Level [Zouz| < Lud 5| 4.95 - | 495 5.00 - 4.95 -
e 1t Veltage VoH |4 o%0es or vpp| 10| 9-95 9.95|10.00 9.95
P & N 15 |14.95 - |14.95/15.00 - [14.95| -
Vou=3V((VDD-2\)I 5{ -6 - - g -10 - | -4 -
Vor=2V(Vpp-3V) | 5| -9| - |- 13| - |-6| -
High Level Iog |Vor=7V(Vpp-3V)| 10 | -12| - | -10| -25| - | -8 -
Output Current OH
Von=12v(vpp-3y| 15 | -17| - | -15| -35| - | -12 | -
VIN=Vss or Vpp
High Level Vour=t-5V 51 4.0 - | 4.0 - a0 | -
Input Voltage vig |yOUIT9:07 101 8.04 - 8.0 e
= . - |12, - h2.s5 | -
(TC5066BP) VouT=13.5V 15 |12.5 12.5 1
*
Vour=0.5V 5 - 1.0 - 1.0| - 1.0
Low Level
Vour=1.0V 10} - | 2.0| - 2.0/ - | 2.0
Input Voltage ViL VOUT=1 5v 15 C 55| - 25| - 205
(TC5066BP) oyr=1- ; .
) Vour=0.5V 5] 3.5 - | 3.5|2.75] - | 3.5 ]| -
?:gth3Zitage vo. |Vour=1.0v 10 7.0 -|7.0(55| -|70] -
IH - - - -
(T6306738) vour=1.5V 15 |11.0 11.0 |8.25 11.0
*
VouTr=4.5V 5 - 1.5 - |2.25] 1.5 = 1.5
;z;utezzitage .. |Vour=9.0v 0] - | 3.0 - |45 | 3.0/ - | 3.0
IL - - ol - 6. 0l - .
(Te50675P) VouT=13.5V , 15 4.0 6.75| 4.0 4.0
Output OFF L Vour = OV 15| - 3| - Jo.o1] 3] - |10
Leak Current OFF | yoyr = -30v |15 - | 10 | - |1 10| - | 20
Input |H Level | Iyg | Vig = 18V 18| - | 0.3] - | 05| 0.3] - | 1.0
Currenti y ve1 | 170 | viL = ov 18] - |-0.3] - | 10-0.3] - [-1.0
Quiescent - 5] - | 4.0 - lo.005 4.0] - 30
Supply Ipp | N = V0Do¥ss) 19 | - | 8.0 - lo.01d 8.0/ - | 60
Current utputs Open | 15 | _ |36.0| - |0.015 16.0| - | 120

* Rp = 20 ka
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5066BP, TC5067BP

SWITCHING CHARACTERISTICS

(Ta=25°C, Vgs=0V, CL=50pF)

CHARACTERISTIC SYMBOL TEST CONDITIONS |ypp(V MIN. TYP. MAX. UNIT
5 - 100 200
Output Rise Time tr Rp =20 ka 10 - 50 100 ns
15 - 40 80
5 - 5.0 8.0
Output Fall Time tf Ry = 20 ko 10 - 5.0 8.0 s
15 - 5.0 8.0
5 - 200 500
(LOW-HIGH)
P tion Delay Ti tplH| Ry = 20 ko 10 - 100 250 ns
ropagation Delay Time 1s - 80 200
5 - 2.0 4.0
(HIGH-LOW)
tpHL| Ry = 20 ko 10 - 2.0 4.0 Ms
[Propagation Delay Time 15 _ 2.0 4.0
Input Capacity CIN - 5 7.5 pF
SWITCHING TIME TEST CIRCUIT AND WAVEFORM
20ns 20ns
INPUT fs0%* \88%
;I Vbp ___-.Zmz X:_J.Qz_
t t
VDD += f
P.G. —o0— IN ouT OUTPUT ggz 50 90%
ouT TC5066BP)
v (oD ¢ ——{10% 104 —0o
35 Ry cy — PLE~———tpHL
"L ;l: tf tr
—_ 90% 907
OUTPUT 50% 50%
(TC506 7BP) 0% [ 107
tpHL tpLH
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5066BP, TC5067BP

EXAMPLES OF APPLICABLE CIRCUITS

(1) Fluorescent Display Tube Driving Circuit

4 n 5V

Filament , Tower Supply

1F

L1
L1l

Do I D1

Vpp=5v
[«]
- Sy
]
=}
- O0fe-
3 G
P s
PP |
ol o
3 L)
o w
:
&) FD
TTL ) Cir- "E
CMOS| ‘Cuit
PMOS( or =
INMOS| LSI i~
sg |
2ar- g &
[=] —

Fluorescent
Display Tube

;%RL Ry : 20 ko ~ 100 ko

+ l

(2) 1Interface between CMOS and PMOS

VpD VoD

CMOS —

4%
TC5066BP
Vss Vsg Ry,

o)

Vss1

PMOS

Rp=20 ka ~ 30 kn

(=}

Vss2
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA —
TC5068BP

C2MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC TCSOGQBP

TC5068BP, TC5069BP BCD TO 7-SEGMENT LATCH/DECODER/DRIVER

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 common 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). DIP16 (3D164~FP)
The TC5068BP is of a hexadecimal display indicating
type, and the TC5069BP is of a BCD display puls "L",
"g'", "A", "P", "-", and "blank" display indicating
type. PIN ASSIGNMENT

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT ST —1 16— Vgs
DC Supply Voltage VoD Vgs=0.5 ~Vgs+20 v 20 — 2 B—a
Input Voltage VIN | Vss=0.5~Vpp+0.5 A 4 s R
B -
N -50 ~Vpp+0. e 13
Output Voltage * our1 | Vpp-50~Vpp+0.5 v c s 1ob—a
VoyT2 | Vss-0.5~Vppt+0.5 v 5 n
—6 — e
+
DC Input Current IIN I10 mA BL ., ob—¢
Power Dissipation Pp 300 mW
Operating Temperature Vss s il
pe y _W0 ~ °
Ronge Topr 40 ~ 85 c
Storage Temperature - °
Range Tstg 65 150 C
# VOUT1 is applied to segment output, and VQUT2 to zero
BLOCK DIAGRAM output.
BLANKING (:)._t>e
STROBE ®_{>0_——l T »— —(2) z=ro our
orrvn pta
A 3 f
<:> S/ VoD
o !
LATCH DECODER ouTe
© ® D@ - 3
10) £ : - &
> © DT=—©® ¢ s
e e e m - J
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5068BP, TC5069BP

TRUTH TABLE

mmw sm|alalalalalalalalalalalajalala
ZO
M EIEIEIEI G I B IR I B EIE B
SlalmiAalalPm | o m | mpm m s aAa
M olalmlalm[alalalzm|alm|alm|=|mm]ala
m glalmiatn|m|ajm|z|a=|m=ialalalala
Sleolafmfm]afm|mmfm|mpmpm|Aafm|malala
Clelalalmm === [a]a == =0 )= [=]=]a 3
o elal=lalmla]a|mlz|z]a]z]ala]m]x]a]a
o N EI I I I R I I A T A R e e d
Ol [wlaf=la(alal={=]=x|x]x|x|=]=]a]= =
M ola{m|ajmialalalm{alm]|alm|m|mfmfm|m
m ofalm|Almmlalmmfalm | alm ]
Slolam|m]afmm | m | fm ] mmm A A A
Elalalm|m|mlm|m]ala=]e]=|=]a] A=
@l A fsm A m i fm mmma m A
<[E|AlmlAalm|Aalm|alm|alm|apm]Aalm]Aalm |k
alxlalalm|mlalalm|mialAalmm]Ala)mfm
m opklAalAala|Alm|mlmmAalajalalm)mm i
=]
> la lafalalalatalalalmmmfm| oo fm )%
L]
Alzalalalalalalalalalalalalalajala]a
N A IR B E A B T R A B R e e e R

Don't care

*

Undetermined

wygr

Upon the BCD code previously applied when ST

Depends

on g

“Ry,”

Required pull down resister

IAN

DISPLAY INDICATING TYPE

TC5068BP

TC5069BP

RECOMMENDED OPERATING CONDITIONS (Vss=0V)

&

MAX

18

Vop

TYP

MIN

Vop

Vin

B E E
A 71 & E

&
TOSHIBA
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5068BP, TC5069BP
ELECTRICAL CHARACTERISTICS (Vgg=0V)
Vool -40°C 25°C 85°C
CHARACTERISTIC |SYMBOL|[TEST CONDITION UNIT
(V) | MIN. | MAX.|MIN. | TYP. |MAX. | MIN. | MAX.
High Level 1 <1lpA 5| 4.95| - |4.95| 5.00| - 4,935 -
Output Voltage Vou | Tour| 10| 9.95 - |9.95(10.00| -~ 9.95 - \Y
VIN=Vss or Vpp | 15 {14.95| - [4.95]15.00| ~- |14.95
Low Level | Tout| < 1ua 5({ - 10.05| - 0.00{0.05 - | 0.05
Output Voltage | VoL Ver=Vee or V 10| - |0.05 | - 0.00(0.05 - | 0.05| V
(ZERO OUT) INTSS DD |35 - |0.05| - | o0.00[0.05| - |0.05
Vou= 3V(Vpp-2V)| 5| -6 - -5 - -4 -
High Level Vog= 2V(Vpp-3V)| 5| -9 - -8 - -6| -
Output Current Iog Vor= 7V(Vpp-3V)| 10| -12 - -10 - -8 - nA
(Segment OUT) Vou=12V(Vpp-3V)| 15| -17 | - |-15 - | -12] -
ViN=Vss or Vpp
High Level Vou= 4.6V 5| -0.2 - F0.16 - r0.12 -
Output Current | o Vou= 9.5V 10| -0.5| =~ 0.4 - 0.3 - nA
(Zero OUT) OH |vpog=13.5V 15| -1.4] =~ 1.2 - 1.0 -
VIN=Vss or Vpp
Low Level VoL=0.4V 5| 0.52| - |0.44 - |0.36| -
Output Current 1 VorL=0.5V 10 1.3 - 1.1 - 0.9 - mA
(Zero OUT) OL |vgp=1.5V 15| 3.6 - |3.0 - 2.4 -
ViN=Vss or Vpp
Vour=0-5, 4.5V | 5] 3.5 - [3.5 [ 2.75] - [3.5 -
High Level vgg |VOUT=1.0, 9.0V | 10 7.0 - |7.0 | 5.5 - |7.0 | - A
Input Voltage +  |Vour=1.5, 13.5V 15 11.0 - f1.0 | 8.25| - Q1.0 | -
[Tout| <lua
Voyr=0.5, 4.5V| 5| - |1.5 - 2.25| 1.5 | - 1.5
Low Level vyp |Vour=1.0, 9.0v|10{ - }3.0 - 4.5 | 3.0 - 3.0 v
Input Voltage % |Voyr=1.5,13.5V| 15| - |4.0 | - 6.75| 4.0 | - 4.0
|Tour| <1lua
Output Off-leak Varm=0
ouT=0V 15| - -3 - |-0.01] -3| - -10
Current IoFF = - |- - - - - - HA
(Sesment OUT) VouT=-30V 15 10 1 10 20
Input |1bvel | ITH |VIg=18V 18] - |0.3 | - | 1075 0.3 - 1.0] ua
Current| "L . | IrL |VIL=0V 18| - 10.3 | - (-10-5|-0.3 -1.0
Quiescent . VinN=Vgs or Vpp| 5| - | 20 | - ]0.005] 20| - 150
Supply Current DD | Outputs Open 10 - 40 - |0.010f 40| - 300 pA
*k 15| - 80 | - |0.015| 80| -~ 600
* Ry = 20 kQ
*% All valid input combinations.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5068BP, TC5069BP

SWITCHING CHARACTERISTICS (Ta=25°C, Vgg=0V, CL=50pF)

CHARACTERISTIC SYMBOL | TEST CONDITION ‘(’3? MIN. TYP. MAX. | UNIT
Output Rise Time ¢ R 1k 13 = 128 igg
SEGMENT T L= - ns
( oun) 15 - 40 80
Output Rise Time ¢ 1(5) - 122 ggg
(ZERO OUT) r -
15 - 50 160
5 - 100 | 200 | °
Output Fall Time
(ZERO OUT) tf 10 - 50 100
15 - 40 80
(Low-High) Propagation 5 - 750 | 1800
Delay Time tPLH RL = 1 kQ 10 - 300 600
(A, B, C,D-SEGMENT ouT) 15 - 200 400
ns
(High-Low) Propagation 5 - 750 | 1800
Delay Time tPHL RL = 1 kQ 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 = 1 kQ 10 - 100 200
(BL-SEGMENT OUT) 15 - 80 160
ns
(High-Low) Propagation 5 - 200 400
Delay Time tPHL Ry = 1 kQ 10 - 100 200
(BL-SEGMENT OUT) 15 - 80 160
¢ 5 - 60 200
Minimum ST Pulse Width (‘S’T) 10 - 30 100 ns
15 - 25 80
5 - 35 200
Minimum Setup Time
tset-UP 10 - 20 100
(ST-A,B,C,D IN) 15 _ 10 80
5] - — | 100 | "¢
Minimum Hold Time
t hold 10 - - 60
(ST-A,B,C,D IN) 15 _ _ 40
Input Capacitance CIN - 5 7.5 pF
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5068BP, TC5069BP

SWITCHING TIME TEST CIRCUIT

VDD
P.6 1 =[O AP
Sato—BL  a~g
o<
P.G 2 | & & Lo—1ST  ZERO
L

SWITCHING TIME TEST WAVEFORM

WAVE FORM 1

A~D IN 7 WAVE FORM 3
a~g OUT BL IN 50% 50%
L 90%
ZERO OUT YPLHE a~g OUT ’ 5C %
TPHL } TPIH
WAVE FORM 2
A~D IN Hoo% 50%
- Thold
ST IN \_‘50% 50%N. 50%
tget-UP I I tw
APPLICATION EXAMPLE
FLUORESCENT DISPLAY TUBE DRIVE CIRCUIT FILAMENT POWER SUPPLY .
?VDD I 1l T
(e~ —
a -——-
A—{A Tcsoes| || 0 =T =T =
DATA BB A s Y SN B A I__
; °r1° ' _11_1 1|
OUTPUT —
S Y T d == -
g
CPU or -i— I
Ls1 o Vop ' b1 Iz ---- | Dn
D1 || Dn-1
DIGIT Dz |- |TC5066BP| ! |
or | ti
OUTPUTS | |resosimE| 1
Dn : r
1L %.‘.; Ry
= O -Ev Ry, ; 20 KQ~100KQ
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5068BP, TC5069BP

APPLICATION EXAMPLE

LEADING ZERO SUPPRESS CIRCUIT (STATIC DRIVE)

'-BL Z0 BL ZOJ

MsD
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA —

grxgc)SND’:AGAL%L:_I}l;:ECGRATED CIRCUIT ;ggg;gg’ TC5071P

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

TC5071P 995959 TIMER

TC5072P 595999 TIMER

DIP 42 (6D424—D)

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT
DC Supply Voltage Vpp Vgg-0.5~Vgs+10 v
Input Voltage VIN Vss-0.5~Vpp+0.5 v
Output Voltage Voutr | Vss=0.5~Vpp+0.5 v
DC Input Current 11N 10 mA
Power Dissipation Pp 300 mW
Storage Temperature . °
Range Tstg 65 150 C
Lead Temp./Time Tsol 260°C - 10sec
PIN ASSIGNMENT
= 4 o e
[ & o & =)
m =z [ julel
- w - = ow =
= el Z = a
= - =@ o XA a
B EEE &4 g -
NEXDD T TN ~ D @<
O AE OO0 <O ACQY Y N8 AF OO
ZDONDOOEEREX IAQAAN ARA B>
$§3I393B8588I83538r883R8 K

® 0w 2y 5
D QIO g 8 oY 0w e BoD o<
= PEN X o O oo <
> lw |3 Sy~
e e~ 3 a3
= S ©w & o
E °© 2z
=0 [l
& g 58
@ M o/
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8g¢

BCD OUT

(2%)(@H (@)=Y

A B C
o

D

SEGMENT OUT

a b e d e f g

IRRRREN

7 SEGMENT
DECODER / DRIVER

DIGIT OUT
(MsD) (LSD)
Dg Dg Dy Dg Dz Dy

o

MULTIPLEXER

% STORE 0——-J

6 DIGIT

LATCH

1 BLAN

KING

DIGIT COUNTER

SCAN 0sC

[ Voo
SET

COMPA

RATOR

HEEEE

- UP/ DOWN o—]
COUNT INH1BIT o—nf
% COUNT o——ef

CLEAR o0}

6 DIGIT BCD
UP,//DOWN COUNTER

—0 CARRY

—o ZERO

6 DIGIT REGISTER

6 DIGIT MULTIPLEXER 6 DIGIT MULTIPLEXER
A
] o [} ) &
LOAD CA (B CC ¢CD Vgg LOAD RA RB RC RD Vsg
COUNTER (20) (21) (22) (&) REGISTER (2°) (21)(223 (233

¥ Schmitt trigger

COUNTER BCD IN

inputs .

REGISTER BCD IN

WYY9VIQ %2079

d2Z0SJ1 ‘diZ0SO1 ‘d0L0SOL

V1VA TVOINHOIL 1INOYID A3LVHOILNI VEIHSOL



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5070P, TC5071P, TC5072P

DESCRIPTION OF PIN FUNCTION

PIN No. SYMBOL FUNCTION
1 NC No connection
2 VpD Vpp power supply (3-8V)
At "L" level, the digit counter is reset, and D6 (MSD) only
3 S—ET- provide.
The Segment-out changes to the blanking state.
At "H" level, normal display operation.
4 iz8 "H" No zero blanking
"L Leading zero blanking in the higher order 5 digits.
5 a
6 b
’ < Each pin is seven segment output of 6-digit counter. The outpuf
8 d is synchronized with the digit-out and is provided stepwise
9 e from the most significant digit.
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 ¢ When SET input is at "L" level, the most significant digit data
15 D is provided.
"y At positive edge of the STORE input, the contents of the
counter are latched.
16 STORE
np The contents of the counter are straight transferred to
the miltiplexer.
17 CcD
18 cC BCD input at the time when data are preset to the 6-digit
19 CB counter.
(With the LOAD COUNTER input at "H" level.)
20 CA
At "H" level, the 6-digit counter is reset, and the contents of
21 CLEAR the counter become ALL "0".
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 Vgg GND (OV)
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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 1
the contents coincide each other during setting by the inputs
of LOAD REGISTER and LOAD COUNTER, the output is inhibited and
"L" level remains unchanged.

25 D1(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 |

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)

LOAD-REGISTER | "H" RA ~RD input is set to 6-digit register.

i (LOAD-R)

"L Write operation to the register is inhibited.
LOAD - COUNTER "H" CA~CD input is preset to the 6-digit counter.

32 (LOAD-C)

""" 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
register.

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

36 RA

lock 1 t of 6-digit count
37 COUNT ?Cgﬁn:igguatothe poSitive edge of clock)
COUNT- INHIBIT "H" No counting

38 (C-INH)
"L" |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.
gy
41 UP/DOWN H Up count.
" Down count.
42 NC No connection.

TOSHIBA
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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'

99998599999 [000000 |000001|00000C 9997| 999996 99999’7L999998 000000
cowwr [ LI L L LI LI 11 L [y By Ny
UP./ DOWN 1 |
C-INH 11
CLEAR 1
CARRY
ZERO 1
EQUAL » |

% Register value 1s preset to 999098.

DIGIT COUNTER TIMING CHART

{oenssans. e AF?W@%?@FG#%%E%&
LT

3

SET 1
D6 ( MSD) ___J 1
D5 | L
D4
3 Im!
D2 L
D1(LSD) 1

PRSI S0 ST T ST (5D 5 8T EE 6T 13 €5 SIS ST 6
a~g HurHuHiwHwHieHwHioHoH wH i E v =hiH o E

HZ  High impedance. (Segment driver off.)

LOAD REGISTER, LOCAD COUNTER TIMING CHART

Dn+1 Dy Dp-1

SCAN w/\
{ (CX) % © Timing Where data 18
(EXTERNAL CLOCK) I i l ‘ I permitted tobe written at

the nth digit.

LOAD COUNTER, |_‘_'|
LOAD REGISTER .
/;\ % % . Taming where data 1s written
BCD IN ~VALID) 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-INH, and CLEAR at "L" level. At time of up-
counting, CARRY and ZERO outputs are "H" level at '000000", and at time of down-
counting, CARRY output is at "H" level at "999999" (for TC5070P), "995959" (for
TC5071P), and "595999: (for TC5072P).

When CARRY output is at "H" level, CARRY output remain at "H" leve until COUNT
input falls, even if CLEAR and LOAD-C inputs are changed to "H" level.

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

rarely miscounts if waveform is not sharp.

COMPARATOR OPERATION

EQUAL output is provided at "H'" level, when the contents of the counter coincide
with the comparator value set by LOAD-R input. However, even if they concide each
other during setting by LOAD-C and LOAD:-R input, output operation is inhibited and

"L" level remains unchanged.

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 input.
The presetting of data to the counter is acquired by setting LOAD.C input to "H"
level, 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~D1 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.

LATCH OPERATION

At STORE input is at "L" level, the contents of counter are straight transferred
to the multipiexer, and the output indicates the contents of counter.

At STORE input is at "H" 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

TC5070P, TC5071P, 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.

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 "H" 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 "H" 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)

0 1 2 3 4 5 6 7 8 9 10~15
T A R Ry B Y B Y A B B A B Y O
[/ A I A B BN [ A B B A A By

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 0SC, 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

(€x).

(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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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5070P, TC5071P, TC5072P

OPERATING CONSIDERATION (Cont'd)

SCAN 0SC
1 .
fosc=-F (Hz) (TYP.) 257C
1
! Vop
som ‘E SCAN (CX) T
= —
cX &= | — VN
1
’J; | T D-BLANKING
L o e DIGIT
ouT
Lo — 10°
N i1
=W —
. T+
N I
N > =3V
~ \:)\ 3 w0 i ,/ v
2 =Nay Vpp=3V s ~HFE
~ PRI . 2
© N ____I 5 [ o) 17
g \ 8 H =z
<
“ NN O | 3
16° A o 300
NS a
A
N
N
N =
107 10
10% 108 10* 10° 10t 10% 10% 10t
cX  (pF) DIGIT OUT (us)
RECOMMENDED OPERATING CONDITIONS (vgs=0V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
DC Supply Voltage Vpp 3 - 8 v
Input Voltage VIN 0 - VDD v
Operating Temperature _ °
Range Topr 40 85 c
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5070P, TC5071P, TC5072P

TATIC ELECTRICAL CHARACTERISTICS (Vsg=0V)

- ] -a © © o
CHARACTERISTIC |50~ | TEST  ° [vpp e ¢ 8°C  lunir
(V) { MIN.| MAX.| MIN.| TYP.| MAX.| MIN.| MAX.

;iz;;:vel Output IToyr | <1eA )

Except SEGMENT Von VIN=VSS, VDD 5| 4.95| - 4.95| 5.00| - 4,95 -
OUTPUT)

2Y22§:e1 Output 1oyt < lua

Excent SECMENT VoL |y e=vss,vpp | 0| - | ©-95| - | 0-00| 0.05) - | 0.05
OUTPUT)

igh-Level Output

oltage vou|'touTt<lea |l 4 ol | 40| 45| - | 4.0 -
SEGMENT OUTPUT) ViN=Vss,VDD

utput High Current Vonu=4.6V

1 I 5| -0.2 - -0.16| -0.8 - |-0.12 -

A~D, EQ, CA, ZE O vin=Vss, VDD

OUTPUT)

utput High Current Vonu=4.2V
D1~ D6 OUTPUT) Ion VN=Yss,VDD 51-0.75( - -0.7| -1.5} - -0.6 -

mA
utput Low Current VorL=0.4V
Except SEGMENT IoL _ 51 0.52| - 0.44] 1.2 - 0.36| -
OUTPUT) VIN=Vss, VDD
utput High Current Vog=3.5V
SEGMENT OUTPUT) ToH| y1y=vss, Vpp 51 =25 - -25 -30f - -20| -
nput Low Voltage Von=4.0V
Except Schmitt Vin|VorL=0.5V 5 3.5 - 3.5| 2.75| - 3.5 -
Trigger Input) 1 Tour! <1zA
v

nput High Voltage Von=4.0V

Except Schmitt VIL|VorL=0.5V 51 - 1.5 - 2.15| 1.5 - 1.5
Trigger Input) 1Igyr! <124

igh-Level Input
urrent

Except Pull Up/ I14|Vig=8v 81 - 0.3] - 10-5 0.3} - 1.0| «A
Down Resistance

Input)
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TC5070P, TC5071P, TC5072P

STATIC ELECTRICAL CHARACTERISTICS (Vss=0V)

o o -] .
CHARACTERISTIC ggﬁ EEEEITION VDD 40°c °¢C 85°C ot
(V)| MIN.| MAX.| MIN.| TYP.| MAX.[| MIN.| MAX.
Low-Level Input
Current
(Except Pull Up/ 11L|VIp=0v 8l - -0.3| - 10-5| -0.3| - -1.0
Down Resistance
Input)
High-Level Input
Current I13|VIg=8V 8 - 5.0 - - 5.0 - 5.0
(SET IN)
Low-Level Input
Current 1| V=0V gl - | -180| - -70| -160] - | -140| La
(SET 1IN)
High-Level Input
Current
= - - - 4
(CA~CD, RA~RD, I1y|Vig=8V 8 180 80| 160 140
SCAN IN)
Low-Level Input
Current 1L |V1L=0V 8| - | -5.0] - - | -s.0l - | -s5.0
(CA~CD, RA~RD IN)
E°W'Lezel Input s{ - | -2.3 - | -1.0| -2.0] - | -1.8
urren . 11| viL=0v mA
(SCAN IN) 8| - -3.6| - I -1.6| -3.2] - -2.8
Output Leakage
Current IpL|VoL=0V 8| - -3.0| - |-10-4| -3.0| - -1.5| uA
(SEGMENT OUT)
. ¢ Devi SCAN=Vpp 5| - 750 - | 180| 500/ - | 1000
: gﬁiizii“ evice Ipp|SET, ca~cp, uA
RA~RD OPEN 8| - 1500 - 250 1900 - 2000
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TC5070P, TC5071P, TC5072P

)YNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vpp=5.0V, Vss=0V, CL=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION MIN.| TYP.| MAX.|UNIT
Jutput Transition Time tr SEGMENT OUT (Rp=1kQ) - 70 200
(Low to High) tr OTHER OUT - | 100 | 400
Jutput Transition Time
(High to Low) tf Except SEGMENT OUT - 70 200
COUNT-BCD, SEGMENT OUT "
tpLH, tpHL (RL=1kQ) ’ - 750 |1500
tpLH, tpHL COUNT-CARRY OUT - 150 400
'ropagation Delay Time tpLH, tpHL |COUNT-ZERO OUT - 200 | 400 | ns
tpLH, tpHL COUNT-EQUAL OUT - 270 500
tpLH, tpHL |SCAN-DIGIT OUT - | 250 | 500
tpLH, tpHL |SCAN-BCD OUT - 750 |1500
ropagation Delay Time tpLH SCAN-SEGMENT OUT (Rp=1k€) - 500 {1000
tpHL SCAN-SEGMENT OUT (RpL=1kQ) - 300 700
fMAX-1 | count In = 2.0 | 4.0 -
lax. Clock Frequency fMAX-2 1.0 1.6 - MHz
fMAX SCAN IN 0.5 | 1.0 -
lin. Pulse Width tw CLEAR IN - | 250 | 500
tw STORE IN - 80 | 160
tset-up |COUNT-STORE - 70 | 150
tset-up COUNT-UP/DOWN - 230 500
in. Set-up Time tset-up |STORE-CLEAR - 130 | 300
tset-up |COUNT-C-IN - 0 | 100
tset-up |SCAN IN-LOAB.C, LOAD-R - -40 50 | 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 trd %igﬁgt Schmitt Trigger 20 - -
ime Except Schmitt Trigger 20 e
tig Input - -
ositive Trigger
hreshold Voltage Ve - 3.0 | 4.0
egative Trigger _ v
hreshold Voltage N 1.0 1.8
ysteresis Voltage VH 0.5 | 1.2 -
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TC5070P, TC5071P, TC5072P

DYNAMIC ELECTRICAL CAHRACTERISTICS (Ta=25°C, Vpp=5.0V, Vss=0V, Cp=50pF)

CHARACTERISTIC SYMBOL TEST CONDITION MIN.| TYP.| MAX.|UNT
Quiescent Device Current Ipp COUNT IN = H & L - 250 - uA
(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 fyax-j, and CARRY, EQUAL, and ZERO outputs

can respond as far as fMAX-2.
WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS
WAVEFORM 1

COUNT ié;/’c—\__j' 50% ¥ 50% #50% 509
ZERO OUT 50% 50%
-———a tpLH UpHL

EQUAL OUT Iso% Iso%

) -—+tpLH  “pHL= =—1tpHL

CARRY OUT 50% 50 %

—— U pLH -
a~g OUT —L\L@% iso%
=" UpHL R e
a~D OUT 50% 50%
T tpLE  UpHL
WAVEFORM 2
SCAN #50% .<50% A 50% 50 %
D1~D6 OUT
A ~TD OUT 50%
= LH TpHL
a~g OUT —/——_— 50% Tso% \
SpHL UpLH
WAVEFORM 3 '
COUNT £ 50% /5()%“\——4/5?\——4( 50%
UP/ DOWN 50% 50%% tset-up
Tthold tset-up V——-
C-INH - E— 7 50%
T SR —
STCRE s0% 50% 50%,
= tset-up
CLEAR 50%’[ 50%¢
tset-up Trem
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TC5070P, TC5071P, TC5072P

WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS

WAVEFORM 4
SCAN _—/_—_—_\ 50% 50%
LOAD-C, ¢/50% N 50%
toan-R /] N
BCD IN Sﬂt’ \]50%

Teet-up ‘hold

# Output t, and tg :

note the output change time during 10~90% of Vout.

Tset-up thold

TYPICAL INPUT SELECT CIRCUIT

(1) IN CASE OF DATA PRESETTING WITH

DIGITAL SWITCE,ETC.

DIGIT OUT Del_IDs| Jpa| oz | o2 Dy
Dg
Y= N N N
D4 [—© ca
»1 | S I N BN AN AN
50
Tes070P P99 ? 99 cc _J—\_r—\ K

o r :I t Yyyy
b% [—o— - St CcD l \
CD }j—o- -

—

(2) IN CASE OF DaTA PRESETTING WITH

SCAN

SET

TC5070P CPU

LOAD-C

0Q0a
Barme

* In. case 0f presetting 569723

MICRC-COMPUTER, ETC.

# In case of presetting 569723
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TC5070P, TC5071P, TC5072P

APPLICATION CIRCUIT

§ I_I I_1 TLR312 X 6
=il 1
4 4
5v " TC4050BP TC62003P
. - 199% > Do
—rL ABCD abcdefg —
COUNT 1 t—
—1C-INH 1
UP,/TOWN De
° CLEAR
t— STORE I
—T1LZB
1557 cp~ca mp~Ra  scay Ot
LOAD:C T : T
° 5 J | 5000pF (CERAMIC CAPACITOR)
o - l
LOAD-R
. 1kQ
1 T 1
Vpp=5V 1s1s88 Y Is i Y ¥ i Y 3 fqi]l]ils;
000 oo ) ogo
Vgg =0V DIGITAL-SW
(0~9)
MSD LSD
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA —
C2MOS DIGITAL INTEGRATED CIRCUIT TC 5 090 AP
SILICON MONOLITHIC

TC5090AP  PENTAPHASIC INTEGRATION 8-BIT A/D 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 16-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. DIP 16 (3D16A—P)
FEATURES:
. High precision : 1 LSB MAX. Vryn=5V
. Low power consumption: 10mW(Typ.) @(fggé-lbﬂiz)
; . =5+ a
. Single power supply : Vpp=5%l.5V PIN ASSIGNMENT

. High-speed conversion: 2mS(Max.) @fpsc=1.5MHz

. 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 RENB—| 1 16— Vpp

. Battery-driven instruments RSEL — 2 15| moc
AN — 3 14}~ DATA 3
sTC 4 13\ DATA 2
INTT —5 121 paTa 1

ABSOLUTE MAXIMUM RATINGS INT; {6 11[. DATA O

CHARACTERISTIC SYMBOL RATING UNIT INTo —7 10— 0SCogr

Vgg — [} .

DC Supply Voltage Vpp Vgs-0.5~Vgs+8 v ss 18 0SCn

Input Voltage VIN Vgs=0.5~Vppt+0.5 v

(TOP VIEW)

Output Voltage Vour | Vss-=0.5~Vpp+0.5 v

DC Input Current 1IN +10 mA

Power Dissipation Pp 300 mW

Operating Temperature 40 ~ °

Range Topr 40~ 85 ¢

Storage Temperature ~ °

Range Tstg -65~150 C
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TC5090AP

TOSHIBA

BLOCK DIAGRAM

Rf

R1 C1
INTT ,[ INTg I 1 INTo 0SCIN
Tl

Inte-
Ay O— S~y 8rator | Compactor Oscillation
ol circuit
|~ S
offset drift |a gﬁ:gi circuit and
automatic cor-N\——
recting circuit I 1 l 1 l l l l
Data latch
\ v Multiplexer RSEL
VoD i | ] {
Vss - 3-state buffer RENB
b8
0 1 2 3
Data Outputs
TIMING DIAGRAM
PHASE 1 0 1 11 | 111 | v 0o | 1
Correction . ! Correction
Conversion cycle ————=m-
’ cycle cycle
V¢ P
x . /
VINTO 47
(Integrator Out-)
put Voltage
VINTI
(Integrator In-, Yss | Vop | Vss | Vpp | AN Vss VDD Vss
put Voltage i
STC 58
EOC l I
DATA 0l1d data X New data
AIN = VDD
Note)* 4 AIN = 1/2 VpD
AIN = Vss
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TCS5090AP

FUNCTIONAL DESCRIPTION

1)

(a)

System Description (Pentaphasic Integration)
The operation of the TC5090AP
I Power On ]
is composed of the correction cycle

and the conversion cycle as shown X
Initial cor- Min. 64 Cor-
in the timing chart. While the rection period rection cycles

power is switched on, the repeti-
tion of correction cycle and con- K

Correction cycl PHASE 0,1
version cycle enables the TC5090AP

at make A/D conversion under the

optimum conditions at all times.

The operation flowchart is shown in YES PHASE 0,1,
Initial correction period
The internal state of this LSI is
reasonably unsettled at the time Fig. 1 Operation Flowchart

when the power is switched on;
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 0) for which VDD is integrated
and the period (PHASE I) for which Vgg is integrated.

Since system correction is performed in steps at the end of
this PHASE I, 64 correction cycles (64 X 1024 - Tnge) are
required as the initial correction period. (TosC denotes

one clock cycle.)
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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 O 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 11 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-Tpsc),
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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TC5090AP
(d) Constant of integration
The Ry and Cy composing the integrator should be selected
to satisfy the following equation.
103
RiCr = (0.9n2.5) - —— [S
1C1 = ( ) 050 [s]
Attention should be paid to the fact that, when the external
R oscillation is used, fosc has #30% variations in regard to
the typ. value in Fig. 5 due to variations in sample and
temperature characteristic.
In other words, if the typ. value in Fig. 5 is denoted by
fR.TYP, the Ry and CI should be selected according to the
following equation.
3
10
RiCr = (1.2~1.75) * —/———— [S
o fR-TYP !
(2) Output Data Mode
TRUTH TABLE
DIGITAL OUTPUTS
RENB ANALOG INPUT RSEL = "LV 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 < $1sB L L || |1 L | L L
1 1
H - -2-LSB v -Z—LSB L L L L L L L L
1 3
H 5LSB ~ 2 LSB H L L L L L L L
H | e Straight Binary
H "FS"—%LSB n "FS"—%LSB L H H H H H H H
H "FS"—%LSB ~ "FS"-%LSB H H H H H H H H
H "FS"-% LSB < H H H H H H H H
Note : Vgg = OV 1 LSB = Vpp/256
"FS" ..... Full Scale (Vpp)
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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.

l 0sc 0sC l 0sC 0sC
. — -
Rf External Clock

JLUuL

Fig.2 Clock Supplying Methods

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

o Time (tSE) from the fall of STC I II

STC to the fall of EOC. |

EOC
tsE=3 Tosc 2 Tosc tSE t
2708C "2 L |tES
o Time (tpg) from the out of DATA
DATA output to the rise of EOC tDE
tDE = %—TOSC Fig.3 Timing chart of STC/EOC

o Min. time (tgg) from the rise of EOC to the accpetance of
another STC.

1 3
tgs = 5 Tosc v 3 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 RiEL j
of 0SC terminal, the pulse width of RENB ~
tw 'thold
more than (2-Tpgc) is required.
Either RSEL input or RENB input Fig.4 Timing chart of

is required to be set to "H" level at

Control Input

the falling time of STC by reason of internal structure.

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

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

NOTE : tw>2 - TosC, thold> Tosc + 50ns
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RECOMMENDED OPERATING CONDITIONS (VsS=0v)

ITEM

SYMBOL

MIN.

TYP.

UNIT

Supply Voltage

VDD

3.5

5

6.5

Input Voltage

VIN

0

VDD

Integral Resistor

RI

0.4

MQ

Integral Capacitor

C1

Note

Oscillatory Resistance

RE | VoD = 5v

10

l

kQ

Note: Refer to Fuction Description (1) for determing the values of RI and Cp,
respectively,

ELECTRICAL CHARACTERISTICS (Vss=0V)

ITEM

SYM-
BOL

msT [l 4%

25°C

85°C

UNIT

T
CONDITIONS V] | MIN.] MAX.

MIN.

TYP.| MAX.

MIN. | MAX.

Input High Voltage

Von

| TOUT | <1uA
VIN=Vss, VDD

4.95

5.00 | -

4.95 -

Output Low Voltage

VoL

|TouT|<1ua
ViN=Vss,Vpp

0.00 |0.05

Output High Current

IoH

Vou=4.0V *
5 |-1.2 | -
VIN=VsS,Vpp

mA

Output Low Current

IoL

VoL=0.4V =*
VIN=VSs, VDD

2.0

1.6 -

Input High Voltage

ViH

* 15 12,4 -

2.4

2.4 -

Input Low Voltage

VIL

Output Disable
Current

IDH
IpL

Vou=6.5V
VoL=0V

+0-4/20.5

Input Current

118
I

Vip=6.5V
Vip=0V

*
o
w

]

s
"

+107°|30.3

A

Analog Switch Off-
Leak Current

IoFF

I1g=6.5V
Vip=0v

+1079]40.3

Operating Con-

IpD
(opr)

sumption Current

fosc=1MHz | 5 - -

2.0 3

mA

* Applicable to digital input/output.

0SCIN/0SCouT-

Not applicable to analog input/output and

TOSHIBA
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SWITCHING CHARACTERISTICS (VbD=5v, Vss=0V, 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
o) Trme | o RS
- Y RSEL("L">"H")-DATA OUT
(High-Low) Propaga- tpHL _ 150 400
tion Delay Time P
eyl HEREE
(High Low)yPro;aga RSEL("H">"L")~DATA OUT
- - N -
tion Delay Time PHL 300 700 ns
Output Enable Time i?ﬁ - 80 250
tLz RENB-DATA OUT
Output Disable Time tHZ - 280 500
Max. Clock Frequency | fMaxg| OSC Input 1.5 3.0 - MHz
Min. Clock Frequency fMINg | OSC Input - - 100 kHz
Input Capacity CIN Digital Inputs - 4 - pF
Analog Input Capacity| CIN - 7 - pF
3—Stat§ Output CouT _ 8 _ pF
Capacity
SYSTEM CHARACTERISTICS (Ta=-40~ 85°C)
ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
1 1
Zero Point Error Ezp - i-z ¢7
Full Scale Error EFs Vpp=5V, Vgs=0V - + % +1 LSB
Nonlinearit - + 1
rity -4 +1
. . 2
STC Min. Pulse Width tw * - - s
fosc
. . 10° 3
Conversion Time tconv.| AIN=0"VFS * - - 3.1x10 s
fosc “fosc

* fosc : OSC terminal clock frequency [Hz], FS : Full Scale voltage, Vpp level
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TC5090AP

TEST CIRCUIT

Ipp(opr.) Test Circuit

470uF é = ]: 0.1uF

Switching Time Test Circuit

1 l Rp=1kQ
16 1 16
Rf { ’ ne P.G[ |2 11
10 i : 3 12 bo DA °
5 pur 13 o
M DUT 15[~ 5 %_é
500pF 15001};E 6 RLoLke
1
PFT 7 1,2,4,8 P 7 3 8 = = == = C =50pF
= il
Rf is adjusted as fpgC = 1MHz.
SWITCHING CHARACTERISTICS TEST WAVEFORMS
1. tplH, tpHL (RSEL-DATA) 2. tzn, tzH, tLZ, tZL
20ns 20ns 20ns 20ns

RSEL 50%" 9%%, RENB 90% 9%
10% 107 189 N_2V%,

DATAQw3 ‘ 07 90% %
— A% 08 DATAQ~3 107 k
tpril | | | epmL —

tZH tHZ
DATAO'\:B 50% DATAO«,3 ¢ 90% /—
\ oz
tpHL tpLH
J ' tzL tLz
3. ty (STC)

STC
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STANDARD CHARACTERISTICS CHARTS
Fig. 1 VDD - IDD(opr) Fig. 2 Ipp(opr) - fosc
T 3[Ta=25°C o~ 22[ Ta=25°C /
¢ rfosc=1 MHz g R oscillationy
5 251 (R oscillation g 20t TYP.
o L I
=<é TYP. DD/ £ }
o2 — 18 +
oa DA
28 &g Vpp=
. 5 15 336 | 0.5v -
g / 5 a
(&) pd ©Aa
w1 2714
b hs
« o
Sos 512
g0 1 2 3 4 5 6 7 a 100k 300k 500k 1M 2M
) Supply Voltage VDD (V) o Clock Frequency £f0SC (Hz)
Fig. 3 P-channel Output Buffer Drain Fig. 4 N-channel Output Buffer Drain
Current Characteristics Current Characteristics
Drain to Source Potential Difference VDS(V 14 | Vgs =5V
6 -5 -4 -3 -2 -1 0 y .
0 212 / Ta =25°C
\Y = -
GS 5V . - E / TYP.
Ta = 25°C - 10
2 / gl |8 /
TYP.
-2 & » 8
[=]
[
S
// —-3 o 3 /
1 i I S,
T T =] =
o I 140 - 7
= g2
- a
5 b
a 001 2 3 4 5 6 7
6 Drain to Source Potential Difference VDS(V)
Fig.5 Rf - fosc Fig. 6 fosc - Vpp
—= T =~
Ol | Vpp =5V £ xzf Rf =20ko
&) Ta = 25°C © i Ta=25°C
[P Re] EES 8
SO T~ TYP & TYP.
s
> R . z
g = | -
g~ T 1 ER=]
o T < T o
O " N i 4
fol 8 T ] NI 1 foul
e ol ] i LN =
9 § [ |1 ! H\ S F
pu) \ =) .
1 @ o
- 1 N o
= 3
-
Q glk 3k 10k 30k 50k 100k S 0 1 2 3 4 5 6 7
o~ External Resistor Rf[Q] = Supply Voltage VDD (V)
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Fig. 7 tpd - VDD (PENB-DATA) Fig. 8 tpd - VDD (RSEL (L~+H)-DATA)

Ta=25°C TYP. Ta=25°C

o
o

500
PL=1k N CL=50pF

w uv
o
o

= 300
CL=50pF TYP. \\

[
o
(=}

/

100 ~—

tpPHL

50

tZL,tZH

w
o

30

-
o

10

1 2 3 4 5 6 7
Supply Voltage VDD(V)

0 1 2 3 4 5 6
Supply Voltage VDD(V)

Propagation Delay Time tpd (ns)
u
o

Propagation Delay Time tpd (ns)

]
=
(]
©
o
=
L8]
—
o

tpd - VDD(RSEL(H - L)-DATA) R1.Cr - fosc

Ta = 25°C —— S ~

N ]
Cy, = 50pF < EpLH —]

N

AN A} Vpp=5V

w
o
o

w
o
o

TYP. N

tpHL |

=
o
o

100 N

w
o

-
o

10°4

o

1 2 3 4 5 6 7
Supply Voltage Vpp(V)

105 106
Clock Frequency f0SC (Hz)

Propagation Delay Time tpd (ns)
w
IS

Integrator Time Constant Ry-Ci(s)
%

(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 determing Ry-Cy.
(R1:C1= (0.9~ 2.5) [Sec])

fosc
In case of the determination of Ry and Cy, the product, or the value,
of Ry and Cy is required to be within the range of MIN. to MAX. as shown

in Fig. 10 after due consideration of dispersiom.
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TC5091AP  PENTAPHASIC INTEGRATION 8-BIT A/D CONVERTER

The TC5091AP is a pentaphasic integration 8-bit A/D
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 bitg
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. DIF 28 ( 6D28A—P)
FEATURES:

. High precision : *LSB(Max.) V=5V

. Low power consumption: 10mW(Typ.) @(fggc=1MHz) PIN ASSIGNMENT

. Single power supply : Vpp=5%l.5V

. High-speed conversion: 2ms(Max.) @fpSc=1.5MHz

. 6-channel analog multiplexer contained

. Reference clock oscillation cirucit contained
(CR oscillation)

. 3-state output with output latch

. TTL/CMOS compatible digital Input/Output

. Offset automatic correction

4

CHS; -1 28 F Vpp
APPLICATIONS: cusy 4z vk ons
. Various control instruments 0 7 2
(for temperature, humidity, pressure, etc.) VREF 3 26 - BOC
. Home electric appliances Agwnp 14 25 acko
. Electrical wiring apparatuses R _ B
. Battery-driven instruments N0 73 %[~ OVER FLOW
ANy 16 23|~ DATA 3
AIN2 17 22— DATA 2
- ANz 7|8 21~ DATA 1
ABSOLUTE MAXIMUM RATINGS
Arng TJ© 20 [~ DATA O
CHARACTERISTIC SYMBOL RATING UNIT amns 10 191 RENB
DC Supply Voltage Vpp |Vss-0.5~Vss+8 v vty 1 18+ ReEL
Input Voltage VIN |Vgs-0.5~Vpp+0.5 \' INT; 12 1wk osc out
Output Voltage VouT |Vss-0.5~Vpp+0.5 v INTQ 7]13 16~ 0SC IN
Reference Supply Vgs 7|14 15[~ STC
Voltage VREF | VAGND~VDD*0.5| V
Analog Ground Voltage Vaenp| Vss=0.5~VREF v (TOP VIEW)
DC Input Current I1N 10 mA
Power Dissipation Pp 300 mi
Operating Temperature °
Range Topr -40~ 85 ¢
Storage Temperature - °
Range Tstg 65~ 150 c
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BLOCK DIAGRAM
R1 Cr Rf
it
INTT <l INTJ [ 1 INTO __ OSCIN oscoyr STC  EOC
Integ-
VREF St rator c Oscillation
N omparator Circuit
AGND S~
; Nl
0 ~—y Ve
" Control circuit
2|1 S~ Off-set drift |, and counter —© GCKO
=) automatic cor- \'_
2 . . .
.5(2 S~— ‘ recting circuit T I l I I | ]TT
w|3 ~ ( Data latch |
- N Multipl l——o0 RSEL
g 4 ~ <—_— Channel select- ] |u 17 xeT
ing decoder l |
5 S~ 3-state buffer —0 RENB
b Ll
vss VDD 0 1 2 OVER O 1 2 3
— FLOW
Channel Select Inputs Data Outputs
TIMING DIAGRAM
PHASE 1 | o |1 o | m | v | o | 1
Correctio . Correction
cycle_'%‘— Conversion cycle ——-—-{—- cycle
\/e
VINT O

(Integrator out-
put voltage

)

VINT I
Integrator in- AGND | VREF | AGND | VREF | AIN | AGND | VREF | AGND
put voltage
STC i
EOC | —
DATA
(Include OVER FLOW) 0ld Data X_New Data
GCKO i fu
——— A1y = YREF
(Note) * { ————— AIN = 5 VREF
—- —AIN = AGND
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FUNCTION OF EACH PIN
l;iN SYMBOL NAME & FUNCTION PNION SYMBOL NAME & FUNCTION
(Channel Select Inputs) I/0 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 CHSQV2. ternal registance. Clock can
1|CHS 1 . 17 |0SCOUT| be supplied from outside
These select inputs are taken through input of OSC IN
into the internal latch by & P .
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
order 4 bits to 4-bit data
TRUTH TABLE OF MULTIPLEXER 18 RSEL output.
CHS2 | CHS1 | CHSO | ON channel "H": Output of the higher
L L L VREF* order 4 bits.
L L H AGND* "L'": Output of the lower
L H L AINo order 4 bits.
2 {CHS O L H H AIN, (Read Enable)
H L L AIN, .
q T T ATN Data read signal.
3 g, -
" H T ATV, 19 RENB H": The data 0 "3 and over
i T T ATN flow can be output.
2 "L": The output above is at
* Test Conditions high impedance.
(Reference Voltage) 20 | DATA O | (3-state Parallel Data Outputs)
3l v Reference voltage supplying 21 | DATA1l | Conversion data output.
REF 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 MSB.
(Analog Ground) In case of overrange or
4 | AGND |Electrical potential to deter- 2% OVER- | underranbe, "H" level is
mine "zero point" of AIN. FLOW output and the output is 3-
5 | AIN O] (Analog Ground) i state output.
6 | AIN ] |Analog input terminals, by (Gated Clock Output)
7 AIN 2 |which AIN selected by CHS Pulses of number equivalent to
8 | AIN inputs are integrated. Input 25 GCKO | the conversion data are out-
9 AIN 4 | voltage range is AGNDVVREF. put during conversion
10 | AINS (356 pulses at full scale)
(Integrator Input, Integrator (End of Conversion)
11 INT I |Junction, Integrator Output) Conversion endig signal. EOC
. 26| EOC |goes to "L" level at the fall
12 INT J 12;:§Ia§or'zzn51;ts o;‘. ex: of STC, and returns to "H"
13 INT O esi ‘or 1 and ex level at the end of conversion.
ternal capacitor Cj.
. (Channel Select Input)
(Digital Ground) 27| CHS 2 .
14 Vss Normally ov Refer to Pins 1 and 2.
(Start Conversion) 28| vop (Power Supply)
15 STC Conversion starting signal. 5V + 1.5V -
Conversion starts at the fall-
ing edge.
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TC5091AP

FUNCTIONAL DESCRIPTION

(1) System Description (Pentaphasic Integration)

The operation of the TC5091AP
L Pover ON |

l Initial correc- | Min.64 Cor-
tion period rection cycles

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 TC5091AP

at make A/D conversion under the o
optimum conditions at all times. i @

[Correction cycle J PHASE 0, I

The operation flowcahrt is shown in YES
. PHASE 0, I
Fig. 1. Conversion cycle 11, TII, IV
] ’ ’
(a) 1Initial correction period l New data I
|
The internal state of this LSI is
reasonably unsettled at the time Fig. 1 Operation Flowchart

when the power is switched onj;
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 integrated
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 (€4 x 1024 - Tpsc) are
required as the initial correction period. (TOSC denotes one

clock cycle.)

TOSHIBA 566




TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA
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(b)

(c)

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 O 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.

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-ToscC),
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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TC5091AP

(d) Constant of integration

The Ry and Cy composing the integrator should be selected
to satisfy the following equation.

VREF 103
. , — S
VDD fosc [s]

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

R1C1 = (0.92.5)

R oscillation is used, foSC has #30% variations in regard to
the typ. value in Fig. 5 due to variations in sample and

temperature characteristic.

In other words, if the typ. value in Fig. 5 is denoted by
fR~TYP,~ihe Ry and Cy should be selected according to the
following equation.

VREF  _ 103

R1C1 = (1.2 1.75) - VoD TR-TYP

[s]

(2) Output Data Mode

TRUTH TABLE

DIGITAL  OUTPUTS
RSEL = "L" RSEL = "H" OVER
Rl LOG INPUT
ENB ANA Ne DATA | DATA | DATA | DATA | DATA | DATA [DATA | DATA |prow
0 1 2 3 0 1 2 3
Don't Care High Impedance
H N%LSB L L L L L L L H H
H %Lsn '\»%LSB L L L L L | L L L L
H %—LSB '\r-g-LSB H L L | L L L L L L
H |  sececeescceans Straight Binary
X 5
H "FS"—ELSB'\'"FS"--;-LSB L H H H H H H H |L
H "Fs"..%LSB ~ "FS"-3LSB H H H | H H | H H H |L
H "FS"—%LSB " H H H | ® H H H H |H
Note : *AGND = OV - 1LSB = "FS"/256
«"FS" ..... Full Scale (=VRgf)
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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.
0sc 0sc 0sc 0sC
IN ouT IN ouT
R¢ External Clock
Fig. 2 Clock Supplying Methods
(4) Timings for STC-EOC and EOC-DATA

STC
o Time (tSE) from the fall of I ll

STC to the fall of EOC.

1 3 EOC
tse= 3 Tosc V5 Tosc — | tsE _ 1 lese

DATA
o Time (tpg) from the out of
DATA output to the rise of EOC tDE
1 . . .
tDE = f'TOSC Fig. 3 Timing Chart of STC, EOC

O Min. time (tgs) from the rise of EOC to the acceptance of

another STC.

1 3
tES = 5 Tosc 7 Tosc
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(5) 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. ouT
The output pluse has the frequency cor- GCKO l l | I

responding to four times of refernece
clock as shown in Fig. 4, and is Fig. 4 Timing Chart of GCKO Output
synchronized with the rising edge of

0sC OUT.

(6) Timing for STC Input and CHS Input

STC ___J—__-

STC signal is taken in synchro-

CHS
nously with the internal clock. %(44
. —
Therefore, if Tpgc denotes one clock tw thold

. h .
cycle of OSC terminal, the pulse width Fig.5 Timing Chart of Control Inpu
of more than (2-Tpsc) is required.

Since the data of CHSpn2 are also latched in synchronously with the

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

(Tosc + 50ns) or more after the fall of STC.

NOTE : tw > 2-TosC, thoild > Tosc + 50ms
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TC5092AP

RECOMMENDED OPERATING CONDITIONS (VSs=o0V)

ITEM SYMBOL MIN. TYP. MAX. Unit
Supply Voltage VDD 3.5 5 6.5 v
Input Voltage VIN 0 - VDD v
Reference Voltage VREF 3 - VDD \'A
Analog Ground Voltage VAGND 0 0 1 \'A
Integral Resistor RI 0.4 - 2 Mo
Integral Capacitor C1 (Note) - - - -
Oscillatory Resistance Rf VDD = 5V 10 - - MQ

Note:
C1

Refer to the operating consideration (1) for determing the values of Rl and
respectively.

The ripples of VpD and VREF should be held down to less than 1/256 of the
respective absolute values in view of precision.

ELECTRICAL CHARACTERISTICS (Vss=0V)
SYM- TEST -40°C 25°C 85°C
ITEM Vpp T UNIT
BOL CONDITION (V) | MIN MAX. MIN;l TYP.| MAX.|MIN. | MAX.
IOUT|<1 uA
Output High Voltage| Vou \|71N=VL; von | 5 1495 - |4.95(5.00| - |4.95| -
: v
IouT|<1 nA
Output Low Voltage|V | 5 - 10.05 - 10.00(0.05| - 0.05
P & oL VIN=Vss, VDD
. VOH=4 .0V
Output High Current| Igy VIN=VSS,VDD 5 |-1.2 - |-1.0{-2.0} - 0.7
0.4V mé
VoL=0.
Output Low C t| I * 5 2.4 - 12.0 | 4.0} - 1.6 -
utput Low Current| IQL VIN=VsS, VDD
Input High Voltage|Viy * 5 2.4 - 2.4 - - 2.4 -
v
Input Low Voltage |VIL * 5 - 0.8 | - - 10.8 - |0.8
Output Disable 1DH Vou=6.5V A
Current IoL | VoL=0v */6.5( - [#0.5| - |+10 | #0.5| - +5
I Vig=6.5V =5
Input Current 1?]{. V?{;OV *!6.5| - 0.3 | - |+107|x0.3| - 1 LA
Analog Switch Vig=6.5V -5
hs In=6. _ _ _
Input Leak Current OFF ViL=0v 6.5 +0.3 #1071 £0.3 e
Operating Con- | IDD | fogc ) My, | 5 | - - - 18| 3| - |-
sumption Current |(opr) mA
Reference Supply Con+ VREF = 5V _ _ _
sumption Current REF AGND = OV 3 0.310.6

* Applicable to digital input/output.

OSCIN/OSCOUT‘

Not applicable to

analog input/output and
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SWITCHING CHARACTERISTICS (VpD=5v, VSs=0V, Ta=25°C, CL= 50pF)

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Output Rise Time tr - 50 100
Output Fall Time tf - 40 100
Low-High) Propaga- t
tion Delay Time PLH 200 400
n 0SCoyT-GCKO
(High-Low) Propaga- tPHL _ 150 400
tion Delay Time
(Low-High) Propaga- tPLH _ 180 400
tion Delay Time RSEL("'L"+"H")-DATA OUT
(High-Low) Propaga- tPHL 150 400
tion Delay Time . ns
(Low-High) Propaga- tPLH _ 380 700
tion Delay Time RSEL("H"+"L")-DATA OUT
(High-Low) Propaga- tPHL _ 300 700
tion Delay Time
Output Enable Time E%}_]‘ - 80 250
Output Disable Time EI};% - 280 500
Max. Clock Frequency | fMAZ@ | 0SC Input 1.5 3.0 - MHz
Min. Clock Frequency | fMIN@ |OSC Input - - 100 kHz
Input Capacity CIN Digital Input - 4 - pF
Analog Input Capacity| CIN Ao Vv As - 7 - pF
3-State Output Capacity | COUT - 8 - pF
SYSTEM CHARACTERISITCS (Ta= -40~ 85°C)
ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
. 1 1
Zero Point Error Ezp - + n + 5
VREF = VDD = 5V 1
Full Scale Error Ers - + Z +1 LSB
Vagnp = OV
Nonlinearity - + % +1
STC Min. Pulse Width tw - - 2 _ s
fosc
CHS Min. Hold Time thold | STC = CHSgn2 - - f—cl)%é-c»so ns
3 3
Conversion Time tconv. AIN=0~FS _10-_ - 3.1x107 s
fosc fosc

* £0SC : 0SC terminal clock frequency [Hz], FS : Full 6cale voltage, Vpp level
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* TEST CIRCUIT
Ipp(opr.) Test Circuit Switching Time Test Circuit
0.1uF
47uF 3 ¢ ==/-£- T
I . ,I RL=1kQ
1628 3 20 o lSL-]SZBZO
Rf . p.c{17 21
17 18 2
11 DUT 25 |- 19 pur 23 o
1MQ 12
1819 27 g 26 RL=1k§
1500pF L2 12,41415 1500pF T13 ¢ 5 414 27 } $711 T TCL=50pF
_____ i
™
Rf is adjusted as fosc = 1 MHz.
SWITCHING CHARACTERISTICS TEST WAVEFORMS
1. tpLH, tpHL (0SC OUT - GCKO) 2. tpLH, tpHL (RSEL - DATA)
20ns 20ns
0SCour / 50% \_ RSEL
-/ -
tr
GCKO DATAGY
DATAQ3 { 50
tpLH tPHL
T T
3. tzL,tzH,tLZ,tZL 4. ty (STC), thold (CHS)
20ns 20ns 20ns 20ns
— s

190%

RENB . ;

% 50%

_if o }:i%__ sTC 3%

tw
907 PSS A—
DATAQW3 )
OVER FLOW 10% \ CHSQv3 50%
tZH tHZ thold

DATAQA3 907 /‘
OVER FLOW 10%
tzZL

tLz
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STANDARD CHARACTERISTICS CHARTS

Fig. 1 VpD - IDD(opr Fig. 2 IpD(opr) - fosc

2 Tl Ta=25°C [ 2 9 Ta=25°C /

g . fosc=1MHz / g [ R oscilla-

5 o (Roscilla-y 5 of tion

S N \tion Ipp S« TYP. A

g - TYP. E o 1

—_ . +

o< o~

aE g‘é_ VDD=

5»::“‘. 7 3 _ o 5.0V

o / cad

S ¢ A

[ 4 (3=

o0 téo ~

5 -

- -

: oo

g 0 1 2 4 o o ¢ ~—100k 300k 500k 1M 2M

o Supply Voltage VDD (V) ° Clock Frequency £0SC (Hz)

Fig. 3  P-channel Output Buffer Drain Fig. 4 N-channel Output Buffer Drain
Current Characteristics Current Characteristics

Dorain to Source Potential Difference VDS (V) 14 al Vgs =5V

- -6 - - - -2 -

7 6 -5 4 -3 10, L P Ta = 25°C
Ves = -5V 3 2 TYP.
Ta = 25°C -1 E10 //

a
a
TYP. o (SN
2| e
A -3 & § oy
L~ ’5‘ =
53 S 4
"1 (&}
4 2 =
«© - 2
& g
5 S}
0 1 2 5 6
-6 Drain to Source Potential Difference VDS(V)
Fig. 5 Rf - fosc Fig. 6 fosc - Vobp
EE Vpp =5V E = Rf = 20kQ
LAl N ~ o
> Ta =25°C o 5 Ta=25°C
n = 2= 8
on + 1 TYP. & | Tye.

> ki 5
o
£ = s
£3 4 = R
T x
(Y Q
28 g & ]

o N c
58 S=
5 N 5 o
S x N 3
18 3
"gv-qlk 3k 5k 10k 30k 50k 100k o 0 2 3 4 5 6
<} External Resistor Rf (Q) o Supply Voltage VDD (V)
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Fig. 7 tpd - VDD (RENB-DATA) Fig.8 tpd -VDD (RSEL (L~H)-DATA)
i~ Ta=25°C TYP. i~ [ Ta=25°C
£ 500 o £ 500f o = 50uF
et Ry = et - CL=50p
] ~N ]
t t 300}
5300r 0 sopF Lz, tHZ | | & TYP.
tPLH
& N g \i
£ 100 N £ 100
> > tpHL
© )
< 50 : =~ 50
& &
= 30 tzL, tZH| | © 30
o o
o o
=] E=]
5 s
o 10 o 10
5 0 2 4 5 [ 5 0 L 2 3 4 5 6 7
& Supply Voltage VDD (V) & Supply Voltage VDD (V)
Fig. 9 tpd -VDD (RSEL (H~L)-DATA) Fig.10 tpd - VDD (9SCOUT - GCKO)
r 1 1 F T
~ [ ° A T ~ I
@ I Ta = 25°C AN T %) [ Ta=25°C T
E 500t N — I £ 500f
F CL = 50pF P tPLH r CL = 50pF
L N 2 300p P u
= TYP. = TYP. N
I
:‘é tpHL .% N pLH
=100 =~ 100 :':
t
E ;, pHL
v 50 o 50
a a
= 30 = 30
S S
o o
e -
© P
o0 o0
g 10 s 10
° 3 4 5 6 7 ° 0 1 2 3 4 5 6 7
[ Supply Voltage VDD (V) [ Supply Voltage VDD (V)
Fig. 11 RiC1, - foscC
AN AN (Note)
o RN - Vpp = VREF The characterisitcs at left have been
~ 3 e prepared for reference at the time of
& 1 determination of an integrator time
L N\ MAX constant according to the equation of
o ‘\ \
o MIN['N N _ - __VREF 103
E 163 \ (R1C1 = (0.9~2.5) “pp " fosc (s))
) AN .
y N for determing Ry-Cy.
(S In case of the determination of Ry and
g Cy, the product, or the value, of RI
b and C; is required to be within the
LA range of MIN. to MAX. as shown in left
w 10 figure after due consideration of
v 105 106 3 -
£ dispersion.
= Clock Frequency f0SC (Hz)
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TC 509 2 AP C2MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC5092AP €2M0S 13-BIT A/D CONVERTER

GENERAL DESCRIPTION

The TC5092AP is an integration 13-bit A/D converter
of high precision and low power consumption.

The 13-bit, 3-state data output is capable of
independent enable in 4 bits so as to be connected
directly to 4-bit/8-bit/12-bit data bus. (LSB is
common to lower order 4 bits.)

Further, since this converter has an 8-channel analog
multiplexer, and a serial clock output functiom, it
is most suitable as data collection unit of various
industrial control instruments.

DIP 42 (6D42A-P)

FEATURES:

. High precision............ +1 LSB(Typ.)

. Low power consumption..... 10mW(Typ.)

. Single power supply....... Vpp=5V0. 5V

. High-speed conversion.....fcp Max.=5MHz PIN ASSIGNMENT

. 8-channel analog multiplexer contained
. TLL/CMOS compatible digital Input/Output
. Capable of direct connection to 4-/8-/12-bit bus

APPLICATIONS:
. Various industrial control instruments pB12 §1 Vop
. Data collection modules DB Q2 X1N
DB1O § 3 XouT
DB 9 R4 @GCKO
DB 815 HDEN
vB 76 C1
DATA
Bys | DB 607 f C2
DB 508 350 INTO
ABSOLUTE MAXIMUM RATINGS DB 489 34 INTT
33 ) INTI
CHARACTERISTIC SYMBOL RATING UNIT DB 8
DB 2 328 A1NO
DC Supply Voltage Vpp |Vss-0.5~Vgs+7 v DB 1 310 ANy
Input Voltage VIN |Vss-0.5~ Vpp+0.5 v bB O sofl A1nz
EOC 200 A
Reference Supply IN3 | Analog
Voltage VREF | VagND~VpD*+0.5| V LDEN 2l Ay | 1oP0T
MDEN 278 AINs
Analog Ground Voltage | VAGND Vgs-0.5~VREFR sTC 26 Arne
Output Voltage Voyr | Vss-0.5~ Vpp+0.5 v CHSz 258 AN |
DC I 1 +10 orS1 Z ¥ Ve
nput Current IN - mA CHSq 2 172 VRgp
Power Dissipation Pp 300 mW Vgss 22 AaND
Operating Temperature —40 ~ °
Range Topr 40~85 C
Storage Temperature °
Range Tstg ~-65~150 C
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FUNCTION OF EACH PIN
;(I)N Symbol NAME & FUNCTION Pt | symbol NAME & FUNCTION
1 | DB12 Reference voltage supply
v terminal, which supplies the
2 | DB1l 23 | VREFR VREF - AGND
3| pB10O voltage of B —
4| DB 9 24 | VREF Reference voltage supply
5 DB 8 3-State Parallel terminal
6| DB 7 Data Outputs 25 | A7 | Analog input terminal
Input voltage range:
7 DB 6 DB12 : MSB AGND "V VREF
8| DB 5 DB 0 : LSB 26 | A1ne Arbitrary input can be se-
lected by CHS input.
S| DB 27 | AINS
10 DB 3 CHSO | CHSy | CHS2 | AN
11| DB 2 28 | AING L | L | L | AN
12 DB 1 ‘ H L L AIN1
A
13| DB 0 29 | AIN3 L H L AIN2
End of Conversion A H H L AIN3
EOC goes to "L" level at the | 0 IN2 L L H AIN4
14 EOC fall of STC signal, and re-
turns to "H" level at the 31 | AIN1 H L H AINS
end of conversion. L H H AIN6
Low Data Enable 32 | AINO H H H AIN7
15 | LDEN ! DBo v DB, are read by "H"
. level input. Integrator Input
. Integrator Junction
Medium Data Enable
16 | MDEN | DBs~ DB, are read by "H" 33 | INIp | Integrator Output
level i N The integrator consists of
ev nput- these three terminals.
Start Conversion
Conversion starts at the fall Ry C1
time, if pulse input at "H" m
17| STC | level is provided. "L" level| 34 | INTj
should be kept during con- INTT INTy INTo
version. RI and CI should satisfy the
18| CHS, Channel Select Inputs following formula and be set
These pins are address inputs as small a value as possible
19 | cus for selecting eight analog . 13000
! | inputs of AINO™AIN7, and 35 |y | RUCT > Tfosc (S
20 | CcHSg ;:icgaken into the internal However, R of 1 " 2M2 should
be used.
21| Vss | Digital Ground 36 c Capacitors connection terminals
22 | AGND Analog Ground 2 for offset calibration.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5092AP

FUNCTION OF EACH PIN

E(I)N Symbol NAME & FUNCTION
0.1pF is connected between
37 C1 C2 and C1, and 0.01pF C) and
Vss, respectively.
High Data Enable
38 HDEN | DBg " 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 | Vpp Supply Voltage 5V+0.5V
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vaiHSol

Eoc(14—<

ste@—>

Xout

chs2 (18)—>—
cnsy ()—>—
cusoQO—>—

Data Bus
HDEN MDEN LDEN GCKO O 1 2 3 4 5 6 7 8 9 10 11 12
? @YQ ? G ©@ @ W O ®
RS st 13-BIT DATA HOLD LATCH WITH PRESET FUNCTION
11 1T 1 1 1 [ 1T 1 [ [
Z ‘« 1 13-BIT RIPPLE CARRY BINARY COUNTER 1/2
[ ? 0P AMP
COMP.
EDGE
DETECTOR PHASE CONTROL v JVREF
Xm@—[: D> |_~ CIRCUIT
=T [ v
— l [
sT |_[ EN
2
B g
Q (=}
=2} 1 1
=< ° ® ° ° ®. Py -
‘_%i XX XX XX
o & sXT RO R RERO
VoD vss VREF AGND 7 6 5 4 3 2 1 0 INT]

Analog Input

35) INTo
%) INT;
37) C1

23) VREF/2

36) C2

WYY9YIA W3LSAS

dVi60SOL

ViY@ TVOINHOIL 1INDOHIO a31vHOILNI VEIHSOL



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5092AP

TIMING CHART

PHASE 0 0 1 1I 111 v 0
H Ve
]
v
INTO PR S — VREF/Z
STC
EOC
DB
acko I ---=--- === |
VINTL AGND VREF AIN AGND
T1 T2 T3(=T2) T4 —— AIN = VREF
~——— AIN= VREF/2
—-— AIN = AGND

FUNCTIONAL DESCRIPTION

(1) Conversion cycle
In the state of PHASE 0', the operztion of L3I is at a stop and the integrating
amplifier performs as voltage follower. Under this condition the external capac-

tor (0.1uF across C1 and C3)

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 tointegrate AGND until its output reaches V(.

In PHASE III the integrator integrates the analog input for the same period of
time as Ty 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 V¢.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5092AP

FUNC

TIONAL DESCRIPTION

(2)

Let the time in PHASE IV be T4. Then the
following equation is made (formed) by
omitting error factors such as offset
drift.

T4

v
T REF (AGND=0V) ... (1)

VAIN =

In case of this LSI, Ty is designed by
4096 x 2.Tosc (TosC denotes reference
clock synchronization). Therefore, the
above formula letting 2:Tpgc be T is

changed as follows:

v T
AIN 4
e @)

That is, 13-bit resolution A/D conversion

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

Voltage Follower 41

————

YES

[ﬁoffset Correction ]

lggalibration Cycle ]
1

Analog Input
Integration

i

Digital ConversionJ

L

Update Data

l

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

However, it is recommended that Ry and Cy composing the integrator be set to the

values close to 13000/f0sc as possible after having satisfied the following

formula.

RyCy > 13000 / fpsc, RI = 1 ~ 2MQ is used.

Output data format

13-bit output data are output to 13 independent 3-state data buses DBg'v DBj2.
Since 13-bit outputs can be independently placed on 3-state every group of High,

Medium and Low of 4 bits/4 bits/5 bits from the higher order, it is easy to con-

nect the micrccomputer to buses of 4, 8, 12 bits.

PHASE 0

PHASE 0'

PHASE I
PHASE II

PHASE I

PHASE IV

581
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5092AP

FUNCTIONAL DESCRIPTION

TRUTH TABLE

LDEN | MDEN | HDEN Analog Input PATA QUTFUTS _(DE)
ol1[2]3]4]s]6]7]8]o [r0[11]12
L L L z
H L L p[p[n][p]D z .
L H L z D
H H L Don't Care D[D[D[D[D D|D
L L H z . D|D|D|D
H L H BEBEBE pD(D|D|D
L H H z D D|D|D|D|D]|D
<1/2LSB viv|ofofefe)|{e]{clej{c]|L
1/2LSB & 3/2LSB AR AR R AR AR L LN R Y
H H H | et Straight Binary
"FS"-5/2LSB ~"FS"-3/2LSB | L|H |H|H| H|H|H|H|H|H |H|H|H
"FS"-3/2 LSB < H|H|H|H| H|H|H|H|H|H|H
Note : FS «v--- Full 'Scale, 1 LSB = (VREF-AGND)/8192, Z ... High Impedance
D .-+ "H" or "L" Level

(3) Basic clock

Since this LSI operates on the basis of the frequency given to XIN input, a

stable clock (4f< 0.005%) must be used for the clock 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.

X X
Open

External Clock

(b)
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TCS5092AP

“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 xToge [S] ceveneenenieiinnnnnenns (4)

(where T is oscillation cycle of basic clock.)
0SC

For example, when fop=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 Togc+ 0.006 +ty,(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 10Oms.
2..Comp1ete at least one cycle as a dummy conversion cycle.

| T smapling y

~

ste M M
Eoc |

L T conversion 6ms

e

Reference voltage

This LSI has three reference input voltage terminals of AGND"%'VREF’ and Vppp.
Since analog input signal is quantized to 1/8192 in the range of Agyp ™ ARgr for

digitization, stable voltages must be supplied to-%—VREF and Vggp-
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5092AP

FUNCTIONAL DESCRIPTION

put

age

VREF

For

bits

Espacially the value of % VREF voltage has direct effects upon conversion ac-

curacy; therefore, it is recommonded that adjustment be made so as to agree out-

data with analog input by actually making A/D convert by use of input volt-
at FS (full scale) or 1/2FS level.

The left figure shows an example of re-

VREF ference voltage supplying circuit.
R3 L Ca TC5092P C1 v C3 are filter capacitors for pre-
c1 % { %VREF venting reference voltage variations to
be caused by ripple or induction noise.
Ry T3 Generally the value of capacitor is
AeD ™ about 0.01~+0.1uF, though it varieswith
ND

the system.

(6) BUS Interface

connecting a microcomputer to BUS line, three independent enable terminals

are used. These three enable terminals permit the processing in the unit of 4

(5 bits for the low order digit only). The microcomputer can be directly

connected to the BUS of 4712 bits easily by allocating proper address of micr6:
computer to the TC5092AP,

A B (b) 8 Bit Interface (c) 12 Bit Interface
(a) 4 Bit ? ? aﬁ
Interface] A B 1 Q
=TC4555BP
Qo Qi Q22 l____|
LDEN MDEN LDEN MDEN
EDEN Hi B\I_o
o e}
> 12 -0 122
10 0 100
o -0 —o
0 -—O
! —o
i Lo
o
4 o
4 Bit T 8 Bit 3
| — b .
12 Bit

TOSHIBA
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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 5.5 v
Digital Input Voltage VIN 0 - Vbp 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=0V, Ta= -40~ 85°C)
ITEM SYMBOL TEST CONDITION VDD | MIN. | TYP.| MAX. | UNIT
(V)
Output High Voltage Vour Iog=-1uA,Digital output 5 4.9 5.0 - \
Output Low Voltage VoL IoL=1vA, Digital output 5 - 0.0 0.1
Digital Input except XIN 5 2.4 - -
Input High Voltage \
B M 5 | 45| - | -
\
Digital Input except XIN| 5 - - 0.8
Input Low Voltage ViL
XIN 5 - - 0.5
\ =
Output High Current Ion O = 2.4V 4.75 | -1.0 - - mA
Digital output except XOUT
Output Low Current 1 VoL = 0.4V 475 16| - | - | ma
P oL Digital output except XouT{ :
IDH | Vog= 5.5V, DBg™ DBj2 5.5 - | 1003 s
Output Disable Current DL VoL = 0.0V, DBg~ DB12 5.5 - 1-10-3 -5
HA
11H VIN=5.5V,Digital input | 5.5 - 10-5| 1.0
Input Current
I1L | v1=0.0V,Digital input | 5.5 | - [-1073-1.0
Analog Switch Off-Leak I0FF | Analog input/output 5.5 - #1074 - HA
Analog Switch = - - Q
On Resistor RoN RL = 10k& >
. VREF = V = - -
Operating Consump- Iop Digital ggtput fcp=5SMHz | 5 2 n
; L. e
tion Current Digital °P®" |gpeimiz | S - 1 -
input GND
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC5092AP

SWITCHING CHARACTERISTICS (VDD =5V+10%, VSS =0V, Ta =25°C, CL =50pF)

ITEM SYMBOL TEST CONDITION MIN. | TYP.| MaX. | UNIT
Output Rise Time tr Digital output - 50 150
ns
Output Fall Time tf Digital output - 40 150
t
Output Enable Time t;lﬁ LDEN - - -
MDEN -DB Output ns
t
Output Disable Time Lz HDEN - - -
thz
Max. Clock Frequency fMAXS | XIN 5.0 - -
Min. Clock Frequency fMING | XIN - - - MHzZ

CIN Digital input - - -
Input Capacity

CIN Analog input - - - pF

3-State Output Capacity | COUT | DB Output - - -

SYSTEM CHARACTERISTICS  (Vpp= 5V+10%, Vss= 0V, Ta= 25°C)

ITEM SYMBOL TEST CONDITION MIN. TYP. MAX. | UNIT
Resolution n - 13 - Bit
fcp = 5 MHz - - 8.2
i i ms
Conversion Time Tc fop = 1 MHz - - a1
fcp = 5 MHz 14.2 - -
Sampling Cycle TSpL ms
’ fcp = 1 MHz 47 - -
Nonlinearity - +1
Zero Scale Error Ezp - +2 | LSB
=V
Full Scale Error EFs Vpp= "REF - +1
STC Min. Pulse Width tw - - |2/fosc| s
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA —
C2MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC TC7400BP

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

lbuffers which consist of inverters, the input/output
transmission characteristic has been improved and the
lvariation of transmission time caused by increase of

load capacity has been kept minimum.

DIP 14 (3D14A-P)

ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT
CHARACTERISTIC SYMBOL RATING UNIT

DC Supply Voltage Vpp Vgs-0.5~Vgs+20 Te7400BE

Input Voltage VIN Vss-0.5~Vpp+0.5

Output Voltage Vour Vgg-0.5~Vpp+0.5

DC Input Current 1IN t10 mA

Power Dissipation Pp 300 mW

;torage Temperature Tstg ~65 ~150 oc VoD

ange 1| 18] 12| 1| 10 o] 8] |

Lead Temp./Time Tsol 260°C - 10sec

LOGIC DIAGRAM —r’D;‘|rJ._[-—E};j

1/4 TC7400BP

[
>
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* TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC7400BP
RECOMMENDED OPERATING CONDITIONS _(VsSsS=0V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Supply Voltage VDD 3 - 18 v
Input Voltage VIN 0 - Vpp v
Operating Temp. Topr -40 - 85 °c

ELECTRICAL CHARACTERISTICS (VSS=0V)
-40°C 25° °
CHARACTERISTIC |SYMBOL|TEST CONDITIONS VDD >°C 8°C _lunt
(v) | MIN.| MAX. | MIN. | TYP.| MAX. | MIN. | MAX.
5| 4.99 - | 4.95] 5.000 - | 4.95| -
"H" Level ITour!< luA 10| 9.99 9
Vo .95 - .95/10.00 - | 9.95| -
Output Voltage VIN = VsS,VDD | 15 |14.95 - |14.95{15.000 - [14.95
v
LY Level ' TouT < 1A s| - ]o.05] - | 0.000.05] - | 0.05
VoL 10| - [o0.05] - | o0.000.05| - | 0.05
Output Voltage VIN = Yoo (15| - [o0.05] - | 0.0000.05] - | 0.05
VOH = 4.6V 5{-0.2| -~ |-0.16{-0.5| - |-0.12| -
"H" Level Tog |VOH = 9.5V 10 {-0.5| - |-0.4 |-1.2| - (-0.3 | -
Output Current Voy = 13.5V 15 |~1.4| - (-1.2 |-6.0| - [-1.0 -
VIN = Vss,VpD oA
VoL = 0.4V 5] 0.52 - |o0.44] 1.5 - |0.36] -
"L" Level VoL = 0.5V 10| 1.3| - 1.0 | 3.5| - 0.9 -
Output Current ToL |voL = 1.5v 15| 3.6 | - 3.0 |15 - 2.4 -
VIiN = Vpp
VouT=0.5V,4.5V 5 3.5 - 3.5 2.75 - 3.5 -
"H" Level Input VouT=1.0V,9.0V | 10 7.0 - 7.0 5.5 - 7.0 -
Voltage VIH |oyr=1.5V,13.5V| 15 [11.0 | - [11.0 | 8.25| - [11.0 | -
1T0UT 1< LuA
VouT= 45| 5] - |1.5] - | 2.25 1.5] - |[15] ¥
"M Level vy, [Vour= 9.ov|10| - |3.0| - | 4.5] 3.0/ - | 3.0
Input Voltage VouT= 13.515 | - | 4.0 | - | 6.75 4.0] - | 4.0
1oyt i< 1pA
Input | 'H" Level| Ipy [VIH = 18V 18] - | 0.3] - [ 1073 0.3] - [1.0 N
Current| " Level| I7L [VIL = OV 18| - |-0.3] - |-107-0.3| - |-1.0
Quiescent 5| - | 1.0 - [0.001 1.0] - | 7.5
Supnly Current Ipp [VIN = Vss,VDD |10 | - | 2.0| - |o0.001 2.0| - |15 pA
PPy * 15| - | 4.0] - |0.002 4.0| - |30

* All valid input combinations
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF)

CHARACTERISTIC SYMBOL| TEST CONDITIONS ‘(ID? MIN. | TYP. | MAX. UNIT
v
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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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC7400BP

[TCHING CHARACTERISTICS (Ta=25°C, Vgg-OV, Cp=50pF)

CHARACTERISTIC SYMBOL CON,IIJ‘II':'?"'.{ONS VDD (V) MIN. TYP. MAX. UNIT
(Low-High) 5 - 140 300
Propagation tpLH 10 - 60 150
Delay Time 15 - 50 125
C7400BP ,
(High=Low) 5 - 180 300
Propagation tpHL 10 - 80 150
Delay Time 15 - 60 125
Input Capacitance CIN - 5 7.5 pF
TEST CIRCUIT SWITCHING TIME TEST CIRCUIT AND WAVEFORM

TEST CIRUCIT

| »
| i Jasor
P.G. q

hd INPU'1]| |
H WAVEFORM

|
]Vss ch=50PF

* INPUT PULSE CONDITION
DUTY RATIO = 507
ty=tg=20ns

INPUT

OUTPUT
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— TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA
TC7 40 4UBP C2MOS DIGITAL INTEGRATED CIRCUIT
SILICON MONOLITHIC

TC7404UBP HEX INVERTING BUFFER

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 MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT PIN ASSIGNMENT
DC Supply Voltage Vpp Vss-0.5~Vgs+20 v
Input Voltage Vin Vgs=0.5~Vpp+0.5 v
Output Voltage Vour | Vss-0.5~Vpp+0.5 v 1e
DC Input Current ITN +10 mA IVDD
Power Dissipation Pp 300 mW
:;:;:ge Temperature Tetg ~65 ~150 °oc 1 —*
Lead Temp./Time Tsol 260°C. . 10sec 3
CIRCUIT DIAGRAM s 6

Vpp (1/6 TC7404UBP )

i

??Vvv%

n 10
X 3
I‘I i3 1z
INPUT O- —W OUTPUT
Vs
% L’ J s
Vss
RECOMMENDED OPERATING CONDITIONS (Vgg=0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
DC Supply Voltage Vpp 3 - 18 v
Input Voltage VIN 0 - VDD v
Operating Temperature Range Topr -40 - 85 °C
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC7404UBP
SWITCHING CHARACTERISTICS (Ta=25°C, Vss=0v, CL=50pF)
TEST
CHARACTERISTIC SYMBOL CONDITIONS Vob (D) MIN. TYP. MAX. UNIT
(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

A)))

- - INPUT

P.G.: PULSE GENERATOR
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC7404UBP
ELECTRICAL CHARACTERISTICS (Vgg=OV)
CHARACTERISTIC SYMBOL TEST v -40°C 25°C 85°C UNTT
CONDITIONS DD
(v) |MIN. | MaX.|MIN. | TYP.| MAX. | MIN.| MAX
3i§h Level Output v IToyy! <1uA 5] 4.99 - |4.95] 5.00 - 4.95 -
oltage OH | VIN=Vss 10| 9.99 - }9.95{10.000 - | 9.95 -
15 |14.99 - [4.95[15.000 - |14.95 - | |
5| - |0.05 - |0.000.05] - |0.05
<
voy Level Queput 1y Loyt <1uA 10| - |0.05 - |o0.000.05 - |0.05
8 Vin=Vpp 15| - |o0.05/ - |0.000.05 - |0.05
High Level Output Voy=2.5V 5-1.40 - +1.25 - |-1.0| -
Current Iog | Vou=9.5V 10 [-1.4Q - 1.25 - [-1.0 -
Vou=13.5V 15 | -4.00 - £3.75 - |-3.0| -
Vin=V
IN=Vss "
VOL=0.4V 5 3.5 - 3.2 - 2.5
ped Level Output 1., | voL=0.5v 10| 6.0 - [5.0 - | 3.6
urrent VoL=1.5V 15 [ 26.0| - p4.0 - l18.0
Vin=Vpp
High Level Input Vour=0-5V 5| 4.0 - |4.0 |3.0] -1|4.0]| -
V.. | Vopr=1.0V 10| 8.0 - |8.0 (6.5 -|8.0] -
Voltage IH
VOUTgl'SV 15 12.0 - 12.0 9.5 - 12.0 -
IToyt! <1uA
= v
Low Level Input v Vour=4-5V 5 - 1.0} - 2.0 1.0/ - |1.0
Voyr=9-0V 10 - 120} - 2.5| 2.0 - |2.0
Voltage IL _
Vour=13.5V 15 -] 2.5| - 3.0 2.5 - [2.5
|IouT! <1uA
H.Level Input Currert Iyyl Vip=18V 18 - 10.3] - J1072] 0.3] - |1.0 LA
L.Level Input Current Iyyf VIp=0V 18 - |-0.3] - 41070 ]-0.3] - }F1.0
Quiescent' Current 5 - | 4.0} - ]0.007 4.01 - |30
Consumption I | Vey=Vee, v 10/ -|8.0| - |0.004 8.0/ - |60 |pA
DD iN ss>'DD | 15| - [16.0 | - [0.008 16.0{ - [120
* All valid input combination
SWITCHING CHARACTERISTICS (Ta=25°C, Vg =0V, C;=50pF)
CHARACTERISTIC SYMBOL |TEST CONDITIONS —— MIN. -| TyP. MAX. UNTT
Output Rise Time t 5 - 130 400
r 10 - 65 200
15 - 50 160
5 - 100 700 ns
Output Fall Time tf 10 _ 50 100
15 - 40 80
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA _
C2MOS DIGITAL INTEGRATED CIRCUIT TC 6BP
SILICON MONOLITHIC 747

TC7476BP DUAL J-K MASTER-SLAVE FLIP-FLOP
TC7476BP is J-K master-slave flip-flop having Clear

and Preset functioms.

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 DIF16 (3D164~P)
PRESET is set "L" and CLEAR is set "H", Q

becomes "H" regardless of other inputs.

PIN ASSIGNMENT

2 v
ABSOLUTE MAXIMUM RATINGS é}{ ;i
CHARACTERISTIC SYMBOL RATING UNIT 4 _{ 7 ab—15 eo—7 =i
DC Supply Voltage VDD Vgs-0.5~ Vgs+20 \ 1 cp 6 —qcP
Input Voltage VIN Vss-0.5~Vpp+0.5 \ w6k T—1 12—k Tlw
Output Voltage Voyr | Vss-0.5~Vpp+0.5 v °L c%_
DC Input Current 11N +t10 mA 1’ s
Power Dissipation Pp 300 mW
Storage Temperature Vpop 5. Vss 12
& P Tstg -65 ~150 °c
Range
Lead Temp./Time Tsol 260°C - 10sec TRUTH TABLE
INPUTS OUTPUT
LOGIC DIAGRAM ZI5 s [ oA anes | Soms
CLEAR (S, Bl |s |« = "
— L | H|=* # # L
PRESET
LD |» ® | % L
7 @ - H|BE L |u|b] aep | T
|lu |1 |8|L L H
£ Bluls |u|t]| = L
Blu |8 |H|L n an
H|H |4 * J_ Qn A

% Don’ t care

CLOCK No—aT0 5 A Level change
: . No change

[ >o—] >0 CP ¢ * Change
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC7476BP
RECOMMENDED OPERATING CONDITIONS (VSS=0V)

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

ELECTRICAL CHARACTERISTICS (VSs=0V)
-40°C 25°C 85°C
SYMBOL|TEST CONDITIONS| VDD UNIT
CHARACTERISTLC ¢ ONS (v)| MIN.] max, [ MIn. | TvP.] Max. | mIn. | Max.
"E Level [Tout| <1uA 5| 4.95 - | 4.95| 5.00 - | 4.95| -
Vou 10 | 9.98 - | 9.95/10.00 - | 9.95| -
Output Voltage VIN = VsS,VDD | 15 |14.95 14.95/15.00 14.95
v
"L Level v ITout| < LuA 5/ - |o0.05] - | 0.00/0.05| - |0.05
Output Voltage 0L |oix = Vec.y 10| - ]0.05| - | 0.000.05| - [0.05
P IN = Vss,¥DD | 45 0.05| - | 0.00/0.05| - Jo0.05
VoH = 4.6V 5 |-0.2 -0.16 -0.12
"H" Level 1. |Vou = 9.5V 10 |-0.5| - |-0.4 - |-0.3 -
Output Current OH |vgg = 13.5V 15 | -1.41 - [-1.2 - |-1.0 -
VIN = Vss,VDD
VoL = 0.4V 51 0.52 - | 0.44 - lo.3e| - | ™
"L" Level Ton WOEZ 92y 10 1.3 - |1.1 - |09 | -
Output Current OL = *- 15| 3.6 | - 3.0 - 2.4 -
VIN = Vss,VpD
Vour=0.5V,4.5V | 51 3.5 - | 3,5 2.75) - |3.5]| -
"H" Level Imput | y Vour=1.0v,9.0v |10 | 7.0| - | 7.0 | 55| - 7.0 | -
Voltage H |Voyr=1.5V,13.5V| 15 [11.0 | - |11.0 | 8.25 - fi1.0 | -
|TouT| < 1pA
Vour=0.5v,4.5V | 5| - | 1.5] - | 2.25] 1.5]| - |1.5]| "
"L Level VIL VoUT‘l.OV,g.OV 10 - 3.0 - 4.5 3.0 - 3.0
Input Voltage VouT=1.5V,13.5V} 15 - 4.0 - 6.75| 4.0 - 4.0
|ToUT| < 1A
Input |"H" Level] ITH |vim = 18V 18] - | 03] - [107] 03] - |1.0
Current| "i" Level| IrL [VIL = OV 18 - |-0.3| - [-10-5]-0.3] - |-1.0

; - - - |o.o02[ 4.0 - 30

Quiescent 5 4.0 .
I VIN = Vss,V - - |o.004f 8.0 - 60 | ma
oD [VIN = VsS,Vpp | 10 8.0
Supply Current * 15| - l16.0] - |o.o08{16.0| - | 120
* All-'valid input combinations
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0v, CL=50pF)
CHARACTERISTIC | SYMBOL| TEST CONDITIONS ‘(13? 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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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

TC7476BP
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=OV, CL=50PF)
CHARACTERISTIC SYMBOL TEST MIN. | TYP. | MAX. | UNIT
CONDITIONS Vo (V) : : :
Low-High) Propaga- t 5 - 550
tion Delay Time PLH Waveform 1 10 - 350
(CLOCK - Q, Q) 15 - 300 ns
(High-Low) Propaga- t 5 - 500
tion Delay Time pHL Waveform 1 10 - 300
(CLOCK - Q, Q) 15 - 260
(Low-High) Propaga- 5 - 600
tion Delay Time tpLH Waveform 2 10 - 300
(CL, PR - Q, Q) 15 - 260 s
(High-Low) Propaga- N 5 - 600
tion Delay Time pHL Waveform 2 10 - 300
(CL, PR - Q, @ 15 - 260
£ 5 1.0 -
Max. Clock Frequency MAXg | Waveform 1 10 3.0 - MHz
15 3.5 -
Max. Clock Rise Time Erd Waveform 1 13 222 - :
Max. Clock Fall Time fé . us
15 1.0 - -
. L 5 - 500
Min. Clear, Preset (@%ﬂ{) Waveform 2 10 - 250 ns
Pulse Width _tw
PRESET) 15 - 200
) . " 5 - 250
Min. Set-up Time set-up Waveform 3 10 - 125 ns
- 15 - 100
Input Capacitance Cry 5 7.5 Pt
SWITCHING TIME TEST WAVEFORMS
WAVEFORM 1
TEST CONDITION TEST 1
TEST | J K | c@ | PR | crock CLOCK
1 Voo | Yop | Vop | Vpp | B-G.1
2 (v, v, [p.c1 P‘.]G.2 GND .
3 P.G.1|P.G.1 VDD DD P.G.2
WAVEFORM 2 WAVEFORM 3
TEST 2 0ns  20ms TEST 3
e ‘-—T—
PRESET ; 297 907 1K
NT0Z /107
CLEAR CLOCK
t
| “pim
907 Q
Q 50%
— 0% ¢
T

TOSHIBA






DIMENSIONAL OUTLINES

B
v







TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

DIP 8 PIN OUTLINE DRAWING (3D8A-P) Unit in mm
8 5
4]
g
1 4
100MAX 762+025
=
; :
3 °
o o
" /
E /:’ “\\
g 4 \
2541025I } | 051015
12£015 o0~ 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.l and No.8 leads.

DIP 14 PIN OUTLINE DRAWING (3D14A-P) Unit in om

14 8
MM erim

5 SMAX

19 YMAX 7621085

]
—
J5IMIN

2 SMIN 50 MAX

e t01
05+015 2545025 || 025 005

144015

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.l and No.l4 leads.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

DIP 16 PIN OUTLINE DRAWING (3D16A-P) Unit in mm
16 9
>4
g
0
1 8
199 MAX 7624025
:
>4
3 \ ©
- /
z— III
=] "
= "
51 I, u
05+015 254+ 025 | 025! 955
14+ 015 0~15°

Note)

of each

lead that is obtained on the basis of No.1 and No. 16

Lead pitch is 2.54 and tolerance is *0.25 against theoretical center

leads.

DIP 24 PIN OUTLINE DRAWING (6D24A-P)

Unit in mm

4
Ao OoOaMOmom

)

| W S g wn g wm g W g w— g w -

50 MAX

33 0MAX

+

054£015

254+025

13
Mmooy
=
«
<
—
O
12 15244025
=
E
0
o

144015

32MIN

Note)

of each

Lead pitch is 2.54 and tolerance is *0.25 against theoretical center

lead that is obtained on the basis of No.l and No.24 leads.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

DIP 28 PIN OUTLINE DRAWING (6D28A-P) Unit in mm
28 15
o O o B o W o W o B o W O e W O e W s o B o W o | __r
54
) E
o~
3
A

| SN0 o gy G g Oy G S S g G S g S

>4
g 1 14 15244025
1 - 380MAX | &
1 3
0
o
4 @ \
/i W\
T v +01
= | 054015 2544025 1l . °?5-0ps
= H +—+
=
a 144015 0~ 18°
)

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.28 leads.

DIP 42 PIN OUTLINE DRAWING (6D42A-P) Unit in mm
4% 22
1
]
3
[
ht
OO0 00 0000000000000
1 21
o]
g \ 63.8MAX | 1524+025_|

B

I

054015 2541025

141015

Z2MIN

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.l and No.42 leads.
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

MFP 14 PIN OUTLINE DRAWING (F14GB-P) Unit in mm

D000

TUUTTTY

' 105MaX 76104

| SLJ(:K,_L

__“ 0.431005_! g12’7t012 T‘li 05025

Note) Lead pitch is 1.27 and tolerance is :0.12 against theoretical center

of each lead that is obtained on the basis of No.l and No.1l4 laeds.

MFP 16 PIN OUTLINE DRAWING (F16GC-P) Unit in mm
16 9
>
E
A
w
1 8
>
78104 §
@

avT

. 0.43£005 1274012 ' 0.5+025

Note) Lead pitch is 1.27 and tolerance is '0.12 against theoretical center

of each lead that is obtained on the basis of No.1l and No.16 leads.
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MAINTENANCE-DISCONTINUED

TYPE NUMBERS
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA

MAINTENANCE-DISCONTINUED TYPE NUMBERS

TYPE NO. FUNCTION REPLACEMENT
TC4508C DUAL 4-BIT LATCH TC4508BP

TC5000C/P | DUAL 50/64 STAGE STATIC SHIFT REGISTER TC5050P

TC5001C 4-DIGIT DECADE COUNTER TC5001P

TC5004P DUAL 500/512-BIT DYNAMIC SHIFT REGISTER -
TC5010pP 4-DIGIT UP/DOWN COUNTER WITH TIMER (TC5053P), (TC5054P)
TC5030BP 81[]]%1;U%-INPUT NAND GATE WITH P-CHANNEL OPEN DRAIN -
TC5034P 4-BIT PRESETTABLE "N" COUNTER/DECODER/DRIVER -
TC5042BP BCD TO 7-SEGMENT DECODER/DRIVER TC5002BP, TC5022BP
TC5055P 31/2 DIGIT DVM CIRCUIT -
TC7410BP TRIPLE 3-INPUT POSITIVE NAND GATE TC4023BP

TC7420BP DUAL 4-INPUT POSITIVE NAND GATE TC4012BP

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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