














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

CMOS DIGITAL INTEGRATED CIRCUIT 

TC74HC651P OCTAL BUS TRANSCEIVER/REGISTER (INVERTING) 
TC74HC652P OCTAL BUS TRANSCEIVER/REGISTER 
The TC74HC651 and TC74HC652 are high speed CMOS 
OCTAL BUS TRANSCEIVER/REGISTER fabricated with 
silicon gate C2MOS technology. 
They achieve the high speed operation similar to 
equivalent LSTTL while maintaining the CMOS low 
power dissipation. 
These devices are bus tranceiver with 3-state 
outputs, D-type flip-flops, and control circuitry 
arranged for multiplexed transmission of data di­
rectly from the input bus or from the internal re­
gisters. If enable inputs GAB and GBA are held 
"H", A bus are inputs and B bus are outputs, and 
if GAB and GBA are held "L", B bus are inputs and 
A bus are outputs. 
Enable input GAB is held "L" and either GBA is held 
"H", respectively, A bus and B bus are isolated. 
If the select inputs (SAB, SBA) are held "L", these 
bus outputs �r�e�a�l�~�t�i�m�e�.� If the select inputs are 
held "H", these bus outputs the state of the inter­
nal flip-flops. These flip-flops change state on 
positive going transition of the clock pulses (CAB, 
CBA). The TC74HC651 is inverting output type while 
the TC74HC652 is non-inverting output type. 
All inputs are equipped with protection circuits 
against static discharge or transient excess 
voltage. 

FEATURES: 

• High Speed ••••.••.••••• t pd=27ns(Typ.) at VCC=5V 

• Low Power Dissipation •• �I�C�C�=�4�~�A�(�M�a�x�.�)� at Ta=25°C 

• High Noise Immunity ••••• VNIH=VNIL=28% VCC(Min.) 

• Output Drive Capability •••••••••• 15 LSTTL Loads 

• Symmetrical Output Impedance .• I I OH I=I OL=6mA(Min.) 

• Balanced Propagation Delays •••••••..•• �t�p�L�H�~�t�p�H�L� 

• Wide Operating Voltage Range •••• VCC(Opr.)=2V'V 6V 

• Pin and Function Compatible with 74LS651/652 

NOTICE FOR APPLICATION 

TC74HC651 P==== 
TC74HC652P 

PRELIMINARY 

DIP24(3D24A-P) 

CLOCK AB 1 

S.ELErr AB 2 

ENABLE GAB 3 2 SELECT BA 

Al 4 1 ENABLE GBA 

A2 5 Bl 

A3 6 

A4 7 B3 

A5 8 B4 

A6 9 

A7 10 

AS 11 B7 

GND 12 

(TOP VIEW) 

It is prohibited to apply a signal to a bus terminal when it is in output mode. 
And when a bus terminal is floating (high impedance state), it is requested to fix 
the input level by means of external pull down or pull up resistor or BUS �T�S�P�u�~�I�N�A�T�O�R� 

IC (TC40117BP). 
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-
d TRUTH TABLE 

~,I TC74HC652 (The truth table for TC74HC651 is the same as this, but with the outputs inverted) -
~ 

PAB GBA CAB CBA SAB SBA A B Function 

INPUTS INPUTS Both the A bus and the B bus are inputs. 
- - I- - - - - - - -- --- - - --- -----------------------------------------------
X X X X Z Z The output functions of the A and B bus are disabled. 

L H ----
Both the A and B bus are used for inputs to internal Flip-flops. 

-t -t -t nn a ........ (J) 
I .... ffi 

::::I: ::::I: l> 

nn z 
-t en en m 

en en G) 
JJ N -.A ~ -a -a m 
0 

S _f X X INPUTS INPUTS Data at the bus will be stored on low to high transition of the 
clock inputs. 

() 
Jj 
() 
c 

OUTPUTS INPUTS The A bus are outputs and the B bus are inputs. 
-- - - --- 1---- 1--- L --- - -L-- - - ------------------------------------------------
X* X X L H H 

The data at the B bus are displayed at the A bus. 

=l 
-t m 
() 
I 
Z 

L L The data at the B bus are displayed at the A bus. 0 
l> 

X* S X L H H 
The data of the B bus are stored to the internal flip-flops on 

L L low to high transition of the clock pulse. 

X* X X H Qn X 
The data stored to the internal flip-flops are displayed at the 
A bus. 

r 
0 

~ 
~ 

t---- --f- -<--

L L The data at the B bus are stored to the internal flip-flops on 
X* f X H H H low to high transition of the clock pulse. The states of the 

internal flip-flops output directly to the A bus. 
!: 
CD 

INPUTS OUTPUTS The A bus are inputs and the B bus are outputs. 
1-- --- - - - - ---- - - -~-1-----------------------------------------------

X X,', L X 
L L The data at the A bus are displayed at the B bus. 
H H 

L L The data at the B bus are displayed at the A bus. 

I x* L X H H 
The data of the B bus are stored to the internal flip-flops on 

H H low to high transition of the clock pulse. 

X X* H X X Qn 
The data stored to the internal flip-flops are displayed at the 
B bus. 

f--

L L The data at the A bus are stored to internal flip-flops on low to 

_f X* H X high transition of the clock pulse. Th~ states of the internal 
H H flip-flops output directly to the B tus. 

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

OUTPUTS OUTPUTS Both the A bus and the B bus are outputs. 
1---- - - -- --- ----- -- --- --------------------------------------------------

H L X X H H Qn Qn 
The data stored to the internal flip-flops are displayed at the 
A and B bus res~tively. 

S J H H Qn Qn 
The output at the A bus are disxlayed at the B bus, the output at 

~ 

the B hus are displayed at the bus respectively. 
X: Don't Care Qn: The data stored to thp- internal flip-flops by most recent low to high transition of 
the clock inputs. Z: High Impedance *: The data at the A and B bus will be stored to the internal 
flip-flops on every low to high transition of the clock inputs. 



LUGIL UIAlil-{AM 

GAB G------I 

Al G---+--+---+----I 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC651P 
TC74HC652P 

TC74HC65l 

1---+----<:>< 1---+---4I~--o Bl 

I 

~-A8o--t~ __ _ SAME AS ABOVE -t---- _ -------=:::r-v B8 

CAB 0>-----------' L....--------O CBA 

SABo-----l 1-------(') SBA 

NOTE. IN CASE OF TC74HC652 OUTPUT INVERTER MARKED * AT A BUS AND B BUS ARE ELIMINATED. 

TIMING CHART 
GAB ----------------, 

GBA ____________ ---, 

SAB __ .......JI LJU V////II/////// ////TIIIT/////T/// 
I I I I 

SBA IJZIlIZllflZ!flZ// !IJIZYI1ffflYJJVZl I LJL.r 
CAB fl-Jl I I rl I V7 iill 1T////T/lI//;z;M; d;lz; 
CBA _I~ ;:-{l UrU-
:~ f~~L~r-LHJ-~_ 

I~ ...----- A: INPUT B:OUTPUT ----..;------A: OUTPUT B : INPUT ---.; .. 1 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC651P 
TC74HC652P 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply Voltage Range 

DC Input Voltage 

Bus Terminal Voltage 
Input Diode Current 

Output Diode Current 

DC Output Current 
DC Vcc/Ground Curren~ 

Power Dissipation 

Storage Temperature 

Lead Temperature 10sec 

SYMBOL 

VCC 

VIN 

VI/O 

11K 

10K 

lOUT 

ICC 

PD 

Tstg 

TL 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL 

Supply Voltage VCC 

Input Voltage VIN 

Bus Terminal Voltage VI/O 
Operating Temperature Topr 

Input Rise and Fall Time tr, tf 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST 

High-Level 
VIH 

Input Voltage 

Low-Level VIL 
Input Voltage 

VI~=VIH High-Level 
VOH Output Voltage or VIL 

VALUE UNIT 

-0.5'\.. 7 V 

-0.5 '\.. VCc+O. 5 V 

-0 . 5 '\., V CC+O . 5 V 

±20 mA 

±20 rnA 

±25 rnA 

±50 rnA 

500* mW 

-65 '\.. 150 °c 

300 °c 

LIMIT UNIT 

2 '\..6 V 

o '\.. VCC V 

o '\.. VCC V 

-40'\.. 85 °c 

o '\.. 1000 eVCC=2. OV) 
o '\.. 500 eVCe=4. 5V) ns 
o '\.. 400 (VCC=6. OV) 

CONDITION 
Vee MIN. 

2.0 1.5 
4.5 3.15 

6.0 4.2 

2.0 -
4.5 -
6.0 -
2.0 1.9 

IOH=-20~A 4.5 4.4 
6.0 5.9 

IOH=-4rnA 4.5 4.18 

I IOH=-5.2rnA 6.0 5.68 

SOOmW in the range of 
Ta=-40°C'" 6SoC and from 
Ta=6Soe up to 8Soe derating 
factor of -lOmW/oe shall 
be applied until 300mW. 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 
GAB,GBA,CAB 
SAB,SBA 
CBA 

INPUT 

GND 

A,B 

Ta=25°C Ta=-40'\..85°C 

TYP. MAX. MIN. MAX. 

- - 1.5 -
- - 3.15 -
- - 4.2 -

- O.S - 0.5 
- 1. 35 - 1. 35 

- 1.8 - 1.8 

2.0 - 1.9 -
4.5 - 4.4 -
6.0 - 5.9 -

4.31 - 4.13 -
5.80 - 5.63 -

UNIT 

V 

V 

V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DC ELECTRICAL CHARACTERISTICS (Continued) 

- Ta=25°C 
PARAMETER SYMBOL TEST CONDITION VCC MIN. TYP. 

2.0 - 0.0 

IOL= 2OllA 4.5 - 0.0 
Low-Level VIN=VIH 

VOL 6.0 - 0.0 
Output Voltage or VIL I OL=6mA 4.5 - 0.17 

I OL=7.8mA 6.0 - 0.18 
3-State Output 

102 
VIN=VIH or VIL 

Off-State 6.0 - -
Current VOUT=VCC or GND 

Input Leakage lIN VI~VCC GND 6.0 - -
Current'~ 

or 

Quiescent 
ICC VIN=VCC or GND 6.0 - -Suppy Current 

-* Applicable onlt to GAB, GBA, CAB, CBA, SAB, SBA inputs. 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT t r =tf=6ns) 
,.--- Ta=25°C 

PARAMETER SYMBOL TEST CONDITION VCC MIN. TYP. 

tTLH 2.0 - 25 
Output Transition Time 4.5 - 7 

tTHL 6.0 - 6 

Propagation Delay Time tpHL 
2.0 - 92 

4.5 - 23 (BUS - BUS) tpHL 
6.0 - 20 

Propagation Delay Time tpLH 2.0 - 124 
4.5 - 31 

(CLOCK - BUS) tpHL 
6.0 26 -

tpLH 2.0 - 112 
Propagation Delay Time 

4.5 - 28 
(SELECT - BUS) tpHL 

6.0 - 24 

Minimum Clock Pulse tw(H) 2.0 - 30 
4.5 - 8 

Width tw(L) 6.0 7 -

Minimum Data Set-up 2.0 - 5 

Time 
ts 4.5 - 1 

6.0 - 1 

2.0 - -
Minimum Data Hold Time th 4.~ - -

6.0 - ----

TC74HC651P 
TC74HC652P 

Ta=-40rv85°C 
UNIT 

MAX. MIN. MAX. 

0.1 - 0.1 

0.1 - 0.1 

0.1 - 0.1 V 

0.26 - 0.33 

0.26 - 0.33 

±0.5 - ±5.0 

±0.1 - ±1.0 llA 

4.0 - 40.0 

Ta=-40rv85°C UNIT 
MAX. MIN. MAX. 

60 - 75 
12 - 15 
10 - 13 

180 - 225 

36 - 45 
31 - 38 

240 - 300 
48 - 60 
41 - 51 

220 - 275 
44 - 55 ns 

37 - 47 

75 - 95 
15 - 19 
13 - 16 

50 - 65 
10 - 13 

9 - 11 

25 - 30 
5 - 6 
5 - 5 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC651P 
TC74HC652P 

AC CHARACTERISTICS (Continued) 

PARAMETER SYMBOL 

3-State Output tpZL 

Enable Time tpZH 

3-State Output tpLZ 

Disable Time tpHZ 

Input Capacitance CIN 

Output Capacitance COUT 

Power Dissipation 
CpD (l) Capacitance 

TEST CONDITION 

RL=lkn 

RL=lkn 

BUS I/O 

r---

VCC 
MIN. 

2.0 -
4.5 -
6.0 -
2.0 -
4.5 -
6.0 -

-
-
-

Ta=25°C Ta=-40'V85°C 
UNIT 

TYP. MAX. MIN. MAX. 

100 180 - 225 
25 36 - 45 
21 31 - 38 ns 
88 170 - 215 
22 34 - 43 
19 29 - 37 

5 10 - 10 

13 - - - pF 

46 - - -

Note (1): CpD is defined as the value of internal equivalent capacitance of IC which 

is calculated from the operating current consumption without load (refer to 

Te~t Circuit). Average operating current can be obtained by the equation 

hereunder. ICC(Opr.) =CpD • VCC· fIN+ICC 
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SWITCHING CHARACTERISTICS TEST WAVEFORM 

WAVEFORM 1 

6ns 

A or B 
r---- Vee 

SAB or SEA 
GND 

A or B 

WAVEFORM 3 

A or B =t5~. . tJ~~:: 
~ Vee 
eBA50~ 

----- GND 

CAB or 

WAVEFORM 4 

6ns 

Vee 
GAB 

~-----.:i"::..;..----- GND 

B 

B 

QBA='"g" 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

WAVEFORM 2 

WAVEFORM .5 

A 

A 

6ns 

TC74HC651P 
TC74HC652P 

6ns 

~---~ -+----- Vee 

~----GND 

I 
VOg 

lO~ 
~_-"-~_,rl -- VOL 

I ":pLZ 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC651P 
TC74HC652P 

ICC(Opr.) TEST WAVEFORM 

GAB 

GBA 
~-t----~Al 

I Other 

Input 

GND 

Bl 

Be 

* Input transition time is the 
same as that in case of switching 
characteristics test. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT651P 
CMOS DIGITAL INTEGRATED CIRCUIT TC74HCT652P 

TC74HCT651P 
TC74HCT652P 

OCTAL BUS TRANSCEIVER/REGISTER (INVERTING) 
OCTAL BUS TRANSCEIVER/REGISTER 

The TC74HCT651 and TC74HCT652 are high speed 
CMOS OCTAL BUS TRANSCEIVER/REGISTER fabricated with 
silicon gate C2 MOS technology. 
They achieve the high speed operation similar to 
equivalent LSTTL while maintaining the CMOS low 
power dissipation. 
These devices may be used as a level converter for 
interfacing TTL or NMOS to High Speed CMOS. The 
inputs are compatible with TTL, NMOS and CMOS 
output voltage levels. 
These devices are bus transceiver with 3-state 
outputs, D-type flip-flops, and control circuitry 

PRELIMINARY 

arranged for multiplexed transmission of data di-
rectly from the input bus or from the internal re- DIP24(3D24A-P) 

gisters. If enable inputs GAB and GBA are held 
"H", A bus are inputs and B bus are outputs, and 
if GAB and GBA are held ilL", B bus are inputs and PIN ASSIGNMENT 
A bus are outputs. ~----------------------------------~ 

Enable input GAB is held ilL" and either GBA is held 
"H", respectively, A bus and B bus are isolated. 
If the select inputs (SAB, SBA) are held "L", these 
bus outputs real-time. If the select inputs are 
held "H", these bus outputs the state of the inter­
nal flip-flops. These flip-flops change state on 
positive going transition of the clock pulses (CAB, 
CBA). The TC74HCT651 is inverting output type 
while the TC74HCT652 is non-inverting output type. 
All inputs are equipped with protection circuits 
against static discharge or transient excess 
voltage. 

FEATURES: 
• High Speed t pd=27ns(Typ.) at VCC=5V 

• Low Power Dissipation •• ICC=4~A(Max.) at Ta=25°C 

• Compatible with TTL Output ••••••• VIH=2V(Min.) 
VIL=O.8V(Max.) 

• Output Drive Capability ••.•••••••• 15 LSTTL Loads 

CLOCK AB 1 

SELECT AB 2 

ENABLE GAB 3 

Al 4 

A2 5 

A3 6 

A4 7 

A5 8 

A6 9 

A7 10 

A8 11 

GND 12 

24 VCC 

23 CLOCK BA 

22 SELEDT BA 

21 ENABLE GBA 

20 Bl 

19 B2 

18 B3 

17 B4 

16 B5 

15 B6 

14 B7 

13 B8 

(TOP VIEW) 

• Symmetrical Output Impedance •• !IOH!=IOL=6mA(Min.)~ ________________________________ ~ 

• Balanced Propagation Delays •.••••••••• tpLH~tpHL 

• Pin and ~unction Compatible with 74LS651/652 

NOTICE FOR APPLICATION 
It is prohibited to apply a signal to a bus terminal when it is in output mode. 
And when a bus terminal is floating (high impedance state), it is requested to fix 
the input level by means of external pull down or pull up resistor or BUS TERMINATOR 
IC (TC40117BP). 
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d TRUTH TABLE 
en 
:z: -II ,. 

I 

r::: 
at 

I 

TC74HCT652 (The truth table for TC74HCT65l is the same as this, but with the outputs inverted) 

GAB GBA CAB CBA 'SAB SBA A B Function 

INPUTS INPUTS Both the A bus and the B bus are inputs. 
f--- -- 1--- - -- ----- -- -- - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - - ----

X X X X Z Z The output functions of the A and B bus are disabled. 
L H Both the A and B bus are used for inputs to internal Flip-flops. 

J I X X INPUTS INPUTS The data at the bus will be stored on low to high transition of 
the clock inputs. 

OUTPUTS INPUTS .:!~e_ ~..?~s_a_r=- ~u.!~!~ ~n~_t~e_ ~ ~u~ ~:.e_ ~nE~t~~ _____________ 
f--- -- --- -- f----- -----

X* X X L 
L L The data at the B bus are displayed at the A bus. H H 

L L 
The data at the B bus are displayed at the A bus. 

x* S X L H H The data of the B bus are stored to the internal flip-flops on 

L L 
low to high transition of the clock pulse. 

X* X X H Qn X 
,The data stored t~ the internal flip-flops are displayed at the 
A bus. 

S L L 
The data at the B bus are stored to the internal flip-flops on 

X* X H H H 
low to high transition of the clock pulse. The states of the 
internal flip-flops output directly to the A bus. 

INPUTS OUTPUTS The A bus are inputs and the B bus are outputs. 
,"""-- 1--- -- -- -- --- ----- --------------------------------------------

X X* L X 
L L The data at the A bus are displayed at the B bus. H H ----- ---- -----_._---_. __ ._----------_._-------

L L 
The data at the B bus are displayed at the A bus. 

S- x* L X H H 
The data of the B bus are stored to the internal flip-flops on 

H H 
low to high transition of the clock pulse. 

X x* H X X Qn 
The data stor~d to the internal flip-flops are displayed at the 
B bus. 

L L 
The data at the A bus are stored to internal flip-flops on low 

S X* H X H H to high transition of the clock pulse. The states of the interna 
flip-flops output directly to the B bus. 

OUTPUTS OUTPUTS Both the A bus and the B bus are outputs. 
1--- - -- -- --- 1--- ----- - -- --- - - ---- --- --- - --- --- -- - ---- ----

H L X X H H Qn Qn 
The data stored to the internal flip-flops are displayed at the 
A and B bus respectively. 

S I H H Qn Qn 
The output at the A bus are dishlayed at the B bus, the output 
at the B bus are displayed at teA bus respectively. 

X: Don't care Qn: The data stored to the internal flip-flops by most recent low to high transition 
of the clock inputs. Z: High Impedance ,;": The data at the A and B bus will be stored to the 
internal flip-flops on every low to high trnsition of the clock inputs. 

----------

.......... ~ 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT651P 
TC74HCT652P 

LOGIC DIAGRAM 

Al 0--+-+-1----1 ~:>---e---l 

I 

L.-+---

TC74HCT651 

t------<x. ..... --f---e--+-{) BI 

I 

I 

AS o--f-~ ______ I--_S_AME_A_S_A_B_OV_E _ _ +-___ ~ BS 

CAB 0----------' '---------0 CBA 

¢B " o<J-r-o<]-----O SBA 

¢E~ 
SABo-----l X)---¢A 

/0--- ¢A 

Note: In case of TC74HCT652, Output inverter marked * at A bus and B bus are 
eliminated. 

TIMING CHART (TC74HCT652P) 
GAB _____________ ~ 

GBA--------------~ 

SAB L1LJ VII II/II I II /III II I I II 121 I/?/~>; 11/ 
I I , 

SBA /1 III!I I I II II I I I/I/Illf/YJ/!IIJ /J·I ~ 

CA13 n.sl lin I Pili/II 111/lIIIIJ/!/! Ij/YI I I~/~ / 
I L ~ ! Iii II I I 

CBAIIIII/IIII/I/IJV;!I/!2V!//YIY/I!J n..Jl ~ 
r--+---.:-I -:-ti I I I I 

A '--+-----' I I I~'-----' 
B 

A:lnput B:Output A:Output B:lnnut 
" 

~/23 DJn't Care 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT651P 
TC74HCT652P 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply Voltage Range 

DC Input Voltage 
DC Output Voltage 

Input Diode Current 

Output Diode Current 

DC Output Current 
DC Vcc/Ground Current 

Power Dissipation 

Storage Temperature 

Lead Temperature 10sec 

SYMBOL 

VCC 

VIN 

VOUT 

11K 

10K 

lOUT 

ICC 
PD 

Tstg 

TL 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL 

Supply Voltage VCC 
Input Voltage VIN 
Output Voltage VOUT 
Operating Temperature Topr 

Input Rise and Fall Time t r , tf 

DC ELECTRICAL CHARACT,ERISTICS 

VALUE UNIT 
-0.5'\, 7 V 

-0.5 '\, V Cc+O . 5 V 

-0 . 5 '\, V CC+O . 5 V 

±20 rnA 

±20 rnA 

±35 rnA 

±70 rnA 

500'" mW 

-65 '\, 150 °c 
300 o~ 

LIMIT UNIT 

4.5 ~ 5.5 V 

o '\, VCC V 

o '\, VCC V 

-40'\, 85 °c 

O'\, 500 ns 

r---

PARAMETER SYMBOL TEST CONDITION VCC MIN. 

High-Level 4.S 
VIH ( 2.0 

Input Voltage 5.5 

Low-Level 4.S 
VIL ( -

Input Voltage 5.5 

High-Level IOH=-2011A 4.S 4.4 
VOH 

VIN=VIH 
Output Voltage or VIL I OH=-6rnA 4.5 4.lS 

Low-Level VIN=VIH I OL=20]JA 4.5 -
Output Voltage VOL or VIL I OL=6rnA 4.S -

* SOOmW in the range of 
Ta=-40°C'U 65°C and from 
Ta=6SoC up to 85°C 
derating factor of 
-lOmW/oC shall be 
applied unitl 300mW. 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 
GAB,GBA,CAB 
SAB,SBA 
CBA 

INPUT 

GND 

Ta=25°C 

TYP. MAX. 

- -

- O.S 

4.5 -
4.31 -

0.0 0.1 

0.17 0.26 

A,B 

Ta=-40'US5°C 

MIN. MAX. 

2.0 -

- O.S 

4.4 -

4.13 -

- 0.1 

- 0.33 

UNIT 

V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DC ELECTRICAL CHARACTERISTICS (Continued) 

TC74HCT651P 
TC74HCT652P 

~ Ta=25°C Ta=-40rv85°C 
PARAMETER SYMBOL TEST CONDITION VCC UNIT 

MIN. TYP. MAX. MIN. MAX. 

3-State Output V1N=V1H or VIL 
Off-State IOZ 5.5 - - ±O.S - ±5.0 
Current VOUT=VCC or GND 

Input Leakage l1A 
lIN VIN=VCC or GND S.5 - - ±O.l - ±l.0 

Current * 

ICC V1N=VCC or GND 5.5 - - 4.0 - 40.0 
Quiescent 

Supply Current 
Per input: VIN=2.4V 

IC or 0.5V 
Other input: 5.5 - - 2.0 - 2.9 rnA Vec or 

GND 

* Applicable only to GAB, GBA, CAB, CBA, SAB, SBA inputs. 

AC ELECTRICAL CHARACTERISTICS (CL=SOpF, INPUT tr=tf=6ns) 

r-- Ta=25°C Ta=-40rv85°C 
UNIT PARAMETER SYMBOL TEST CONDITION 

VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 
4.S 7 12 IS Output Transition Time - -

tTHL 

Propagation Delay Time tpLH 
4.5 - 20 31 - 39 

(BUS - BUS) tpHL 

Propagation Delay Time tpLH 
(CLOCK - BUS) tpHL 

4.5 - 30 47 - 59 

Propagation Delay Time tpLH 

(SELECT - BUS) 4.5 - 31 48 - 60 
tpHL 

Minimum Clock Pulse tW(H) 
Widht 4.S - 11 20 - 25 ns 

tW(L) 

Minimum Data Set-up 
Time 

ts 4.S - 4 10 - 13 

Minimum Data Hold Time th 4.5 - - 5 - 5 

3-State Output Enable tpZL 
RL=lk~ 4.5 21 30 38 

(GBA - BUS) - -Time tpZH 

3-State Output Disable tpLZ 
RL=lkrl 4.5 - 26 38 48 

tpHZ -
Time (GBA - BUS) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT651,P 
TG74HCT652P 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER' SYMBOL 

3-State Output tpZL 
Enable Time (GAB -BUS: tpZH 

3-State Output Dis- tpLZ 

able Time(GAB - BUS) tpHZ 

Input Capacitance CIN 

Output Capacitance COUT 

Power Dissipation 
CpD(l) 

Capacitance 

(Continued) 

TEST CONDITION 

RL=lk~ 

RL=lkn 

BUS I/O 

TC74HCT651 

TC74HCT652 

~ 

VCC MIN. 

4.5 -

4.5 -

-

-
-
-

* Applicable only to GAB, GBA, CAB, CBA, SAB, SBA inputs. 

Ta=25°C Ta=-40rv85°C 
UNIT 

TYP. MAX. MIN. MAX. 

25 36 - 45 

ns 

25 36 - 45 

5 10 - 10 

13 - - -
52 

pF - - -
52 - - -

Note (1): CpD is defined as the value of internal equivalent capacitance of Ie which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). Average operating current can be obtained by the equation 
hereunder. 
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SWITCHING CHARACTERISTICS TEST WAVEFORM 

WAVEFORM 1 

A or B 
SAB or 

A or B 

WAVEFORM 3 

WAVEFORM 4 

6ns 

GAB 

6ns 

tTLH 

GBA="H" 

6ns 

~--- 3.0V 

1.3V 
OV 

tTHL 

VOH 

VOL 

3.0 V 

OV 

3.0V 

OV 

~"..."...---3.0V 

I~~~--~+~~----- OV 

B 

B 

---I-~+------~--1------~VOL 

"tpHZ 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

WAVEFORM 2 

A or B 

WAVEFORM 5 

GBA 

A 

A 

6ns 6ns 

GAB="L" 
6ns 

TC74HCT651P 
TC74HCT652P 

OV 

----voH 

'-----VOL 
--1---1-

tpHL 

6ns 

1-____ 3.OV 

11\:~::'-'--..T.:I:------- 0 V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74H'CT651 P 
TC14HCT652P 

ICC(Opr.) TEST WAVEFORM 

p.G. 

c:: 
0 
LO 

GAB 
Vee 

GBA 

Al 

Other 
Input 

GND 

VCC=5V 

Vee 
Bl 

INPUT 

GND 

Be 

6ns 6ns 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT651P 
TC74HCT652P 
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III TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 1=== 

TC74HC670P C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC670P 4-WORD x 4-BIT REGISTER FILE (3-STATE) 

The TC74HC670 is a high speed CMOS 4-WORD x 4-BIT REGISTER FILE fabricated with 
silicon gate C2MOS technology. 
It achieves the high speed operation similar to equivalent LSTTL while maintaining 
the CMOS low power dissipation. 
The register file is organized as 4 words of 4 bits each and separate on-chip decoding 
is provided for addressing the four word locations to either write-in or retrieve 
data. This permits simultaneous writing into one location and reading from another 
word location. 
Four data inputs are avairable which are used to supply the 4-bit word to be stored. 
Location of the word is determined by the A and B inputs. When the WRITE-ENABLE input 
is "H", the data inputs are inhibited and their levels can cause no change in the 
information stored in the internal latches. When the READ-ENABLE input "H", the data 
outputs are inhibited and go into the high-impedance state. 
All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES: 
• High Speed •••••••••••.••••• t pd=2Ins(Typ.) at VCC=5V 

• Low Power Dissipation •••••• ICC=4~A(Max.) at Ta=25°C 

• High Noise Immunity •••.•••.• VNIH=VNIL=28% VCC(Min.) 

• Output Drive Capability ••••••••••••.• 10 LSTTL Loads 

• Symmetrical Output Impedance •••• !IOH!=IOL=4mA(Min.) 

• Balanced Propagation Delays ••••••••••••••• tpLH~tpHL 

• Wide Operating Voltage Range ••••••• VCC(Opr.)=2V 'V 6V 

• Pin and Function Compatible with 74LS670 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 'V 7 V 

DC Input Voltage VIN -0.5 "u VCC+O. 5 V 
-~--.---~ 

DC Output Voltage VOUT -0 . 5 "u V CC+O . 5 V 
f----~. --~~~-------~-~ -
Input Diode Current 11K ±20 mA 

~-.-

Output Diode Current 10K ±20 rnA 
r- ~~----r--~ 

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 
--
Power Dissipation PD 500'~ rnW 

--
Storage Temperature Tstg -65 "u 150 °c 

Lead Temperature lOsec TL 300 °c 

,,, 500mW in the range of Ta=-40°C 'V 65°C and from Ta=65°C 
up to 85°C derating factor of -IOrnWjOC shall be applied 
until 300mW. 

DIP16 (3D16A-P) 

PIN ASSIGNMENT 

16 Vee 

15 D1 

D4 3 14 WA 

13 WB 

RA 5 WRITE 
12 ENABLE 

11 READ 
ENABLE 

Q,3 7 10 Q,1 

9 Q,2 

(TOP VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC670P 

TRUTH TABLE 

WRITE FUNCTION TABLE READ FUNCTION TABLE 

WRI n: INP(JTS WORDS READ INPUTS OUTPUTS 
~ --

WB WA Wl-: 0 1 2 3 RB RA RE '1,1 '1,2 Q,3 Q,4 

L L L Q,=D '1,0 Q,O Q,O L L L WODI WOB2 WOB3 WO B4 

L H L '1,U '1.=D '1,0 '1,U L H L WIBI WIB2 WIB3 WIB4 

H L L Q.O '1,0 Q,=D W. C H L L W2Bl W2B2 W2B3 W2B4 

H H L Q, (1 Q.O '1,0 Q.=D H H L W3Bl W~\ B 2 W3B3 W3B4 

X X H Q,O Q.O '1,0 '1,0 X X H .(~ Z Z Z 

NOTc,S 1. x: DON'T CARI-: Z: HIGH IMPEDANCE 

2. ('1.=D)=THl<: FOUR SELECTED INTERNAL FLIP-FLOP O(JTPUTS WILL ASS(JM]'; THE STATES 

APPLH;D TO Tm, FO(JR I':XTl<:RNAL DATA INP(JTS. 

3. Q,l'=THE<: U:Vl<;L OF '1, BEFURI<; THI<: INDICATED INP(JT CONDITIONS WERi<; [':STABLISHI.:D. 

4. WODI=THl<, FIRST BIT (IF WURD 0, etc. 

BLOCK DIAGRAM 

DATA 
IN 

AD~.RJ<SS 

8}';LI<;CT 

m:C(1DER 

ADDRl':SS IN 

(2-BIT) 

LATCH 

4-WDRD 

x 4-BIT 

ADDRl<:S::l 

SI';LI<;CT 

D!<:CUD!':R 

ADDm:ss IN 

(2-BIT) 

3-STATl<: DATA 

BUFFI<:R 
(JUT 
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RECOMMENDED OPERATING CONDITIONS 
PARAHETER SY~1BOL 

Supp ly Voltage Vee 
1--- -

Input Voltage VIN 
1-----

Output Voltage VOUT 
1------ -- - -

Ope rating Temperature Topr 
f------------------- -- -- -----_.-- ---I--------- - ---

L [HJT 

2"'6 
--

0,\, Vee 
----

o '\, Vee 
1-- - --- - ------"----

-40 '\, 85 
f--- ---- ----------~-

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

UNIT 

V 
--

V 
f--~---

V 

°e 
------

TC74HC670P 

INPUT and OUTPUT 
E0UIVALENT CIRCUIT 

INPUT 

Input Rise and Fall Time t r , t f 0 100O(VCC=2.0V) 
0 '\ ')00 (VCC=!+. SV) ns 
0 '\, 400 (Vec=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

PARi\METER SY~1BOL TEST CONDITION UNIT 
Vee HIN. TYP. MAX. MIN. MAX. 

[2.0 1.5 1.5 
14.5 3.15 3.15 V 

High-Level 

Input Voltage 

-
---.J..------- _______ 1

6
. 0 4.2 

1-------------+- ~ 

4.2 

Low-Level 
Input Vol tage 

---- ---- ------

High-Leve 1 

Output Voltage 

f-- -- -- --

Low-Leve 1 

, Out put Vo 1 to.gc 

3-State Output 
Off-State 
Current 

1----- --

lnpn t Leakage 
Current 

Quiescent 
Supply Current 

IOZ 
- ---

lIN 

lee 

or Va 

-

VU~=VIH 

12.0 - - 0.5 - 0.5 

1.8 

14.5 - - 1. 35 - 1. 35 V 

16.0 1.8 
- -- +-----------+--------~---- ~----_I___-___l_--~ 

12.0 1.9 2.0 - 1.9 -

IOH",-20l-u\ 14.5 14.4 4.5 - 4.4 -

r-- ________ 1
6
_
00 ~'-! ..6.~,~_ . : 09 ---=-_ V 

i IOH"'-4mA 4.5 1 4 . 18 4.31 - 4.13 -

_~--IOW:-5.2mAt6---~L~.6_8_ 5.~~ ____ ~ __ ~~63~-

t-- -

IOL"'4mA 

IOL",5.2mA 
--

or VIL 

2.0 - 0.0 0.1 - 0.1 

4.5 - 0.0 0.1 - 0.1 
6.0 -

-

4.5 -
6.0 -

-----t-----

6.0 -

0.0 0.1 
--+-----+--------

0.17 

0.18 
--1---------

-

0.26 

0.26 
-------

±0.5 

0.1 
-------t------

- 0.33 

0.33 
-~-- f---

- ±5.0 

V 

__ Vj)JJT=VJ~_C_~~G}JIl _____ ---1--------+--

VIN=VCC or GND 6.0 - - ±O.1 - ±1.0 ]lA 

VlN=Vec or GND 6.0 - - 4.0 - 40.0 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC670P 
AC ELECTRICAL CHARACTERISTICS 

~ Ta=25°C Ta=-40'V85°C 
PARAMETER SYMBOL TEST CONDITION VCC 

UNIT 
MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 6.0 - 7 13 - 16 

Propagation Delay Time tpLH 2.0 - 100 195 - I 
245 

4.5 - 25 39 

tm (RA, RB ,- Qn) tpHL 6.0 - 21 33 
tpLH 2.0 - 112 220 - 275 Propagation Delay Time 

4.5 - 28 44 - 55 
(WE - Qn) tpHL 6.0 - 24 37 - 47! 

Propagation Delay Time tpLH 2.0 - 92 185 - 230 
4.5 - 23 37 - 46 

(Dn - Qn) tpHL 6.0 - 20 31 - 39 

Minimum Pulse Width 2.0 - 30 75 - 95 
8 15 19 tw(L) 4.5 - -

(WE) 6.0 - 7 13 - 16 

Minimum Set-up Time 2.0 - - 25 - 30 
ts 4.5 - - 5 - 6 

(Dn - WE) 6.0 - - 5 - 5 

Minimum Set-up Time 2.0 - - 0 0 
ts 4.5 - - 0 - 0 

(WA, WB - WE) 6.0 0 0 - - - ns 
Minimum Hold Time 2.0 - 15 50 - 65 

th 4.5 - 3 10 - 13 
(Dn - WE) 6.0 - 3 9 - 11 

Minimum Hold Time 2.0 - - 0 - 0 
th 4.5 - - 0 -

i 
0 

(WA, WE - WE) 6.0 - - 0 - 0 

Minimum Latch Time (1) 2.0 - 20 75 -
I 

95 
tlatch 4.5 - 5 15 - 19 

(WE - RA, RB) 6.0 - 4 13 - 16 
3-State Output tpZL 2.0 - 52 110 - 140 

tpZH 
RL=lkst 4.5 - 13 22 - 28 Enable Time 

6.0 - 11 19 - 24 

3-State Output tpLZ 2.0 - 68 120 - 150 
RL=lkst 4.5 - 17 24 - 30 Disable Time tpHZ 6.0 - 14 20 - 26 

-~ 

Input Capacitance CIN - 5 10 - 10 

Output Capacitance COUT - 10 - - - pF 

Power Dissipation CpD(2) - 44 - - -Capacitance 

Note(l): tlatch 1S the time allowed for the internal output of the latch to assume 
the state of new data. This is important only when attempting to read from 
a location immediately after that location has received new data. 

I 

(2): CpD is defined as the value of internal equivalent capacitance of IC which is 
calculated from the operating current consumption without load (refer to Test 
Circuit). Average operating current can be obtained by the equation hereunder. 

ICC(Opr.)=CPD • VCC • fIN + ICC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC670P 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

6ns 6ns 

Vee 
WA/WB 

--- GND 

Vee 
Dn 

GND 

Vee 

--------------------------- GND 

Vee 

GND 

tTHL tTLH 

6ns 6ns 

GND 
:-)50% / Dn 

r------ Vee 

6ns 6ns I 
Vee 

GND 

Q,n 50 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC670P 

SWITCHING CHARACTERISTICS TEST WAVEFORM (Continued) 

VCC 

( li ) RE 

(NOTE) 
SUCH A LOGIC LEVEL SHALL BE APPLIED TO 
EACH INPUT THAT THE OUTPUT VOLTAG}~ STAYS 
IN THE APPOSITE SIDE TO THE SWITCH CON~ECTION 
LEVEL. WHEN THE OUTPUT IS ENABLED. 

ICC(Opr.) TEST CIRCUIT 

1------'1''-------1 Dl 
VCC 

c:: 
o 
If) 

OTHER 
INPUTS 

GND 

QA 

QB 

QC 

QD 

Qn 
( SW=GND) 

Q,n 

(SW= VCC) 

OUTPUTS 

6 ns 6 n8 

'" INPUT WAVEFUHM IS THE SAME 
AS THAT IN CASE uF SWITCH­
ING CHARACTI':lUST lCS TEST. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA. : 

TC74HC688-"'====' 
PRELIMINARY 

TC74HC688P 8-BIT EQUALITY COMPARATOR 

The TC74HC688 utilizes silicon gate C2MOS technology to achieve operating speeds 

equivalent to LSTTL parts. Along with the low power dissipation and high noise 

immunity of standard C2~fOS integrated circuit, it possesses the driving capability of 

10 LSTTL loads. 

The TC74HC688 compares bit for bit two 8-bit words applied input Po -P7 and input 

Qo - Q7 and indicate whether or not they are equal. 

A single active low enable is provided to facilitate cascading of several packages to 

enable comparison of words greater than 8 bits. All inputs are equipped with 

protection circuit against static discharge or transient excess voltage. 

FEATURES: 

· High Speed .................... tpd=25ns(Typ.) at VCC=5V 

· Low Power Dissipation ......... ICC=4pA(Max.) at Ta=25°C 

High Noise Immunity ........... VNIH=VNIL=28% Vcc(Min.) 

Output Drive Capability ....... lO LSTTL Loads 

· Symmetrical Output Impedance .. jIOHj=IOL=4mA(Min.) 

· Balanced Propagation Delays ... tpLH ~tpHL 

· Wide Operating Voltage Range .. VCC(opr)=2V~6V 

· Pin and Function Compatible with 74LS688. 

DlP2 o( 3D20A-P) 

TRUTH TABLE PIN ASSIGNMENT 

G 20 Vee 

Po 2 19 P=Q, 

INPUT OUTPUT Q,o 3 18 Q,7 

P,Q G P = Q 
PI 4 17 P7 

Q,1 5 16 Q,6 
P = Q L L 

Pz 6 15 P6 
P ~ Q L H 

Q,2 7 14 Q,5 

* H H 
P3 8 13 P 5 

l!:. Don't care 
Q,3 9 12 Q,4 

GND 10 11 P4 

\ '!"Ji' V lEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC688P 

LOGIC DIAGRAM 

1'0 

'to 

l:'1 

l:'2 

't2 

1):5 

't:5 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL 

Supply Voltage Range Vee 

DC Input Voltage VIN 

DC Output Voltage VOUT 

Input Diode Current 11K 

Output Diode Current 10K 
1----

DC Output Current lOUT 

DC Vcc/Ground Current ICC 

Power Dissipation PD 

Storage Temperature Tstg 

Lead Temperature 10sec TL 

G 

+ 

P-=Q, 

.VALUE 

-0.5- 7 

-0.5 - VCC+O. 5 

-0.5 - VCC+O. 5 

±20 

±20 

±25 

±50 

500* 

-65 -150 

300 

UNIT 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

mW 

°c 

°c 

Q,7 

1'7 

't6 

P6' 

Q,h 

l:'h 

Q,4 

l:'4 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

1 -~ 

+ 500mW in the range of Ta=-40°C - 65°C. and from Ta=65°C up to 
85°C derating factor of -lOmW/oC shall be applied until 300mW. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC688P 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT UNIT 

Supply Voltage Vee 2'\,6 V 
r---~---~ ~~-------~--~~-- I---~-~---

Input Voltage VIN o '\, Vee V 
f--~------~-----~--~-~ -- ~--~-~---~--f-.~ 

Output Voltage VOUT o '\, Vee V 
-_. __ . --

Operating Temperature Topr -40 '\, 85 °e 
r------ o '\, 1000(Vee=2 .OV) 

Input Rise and Fall Time tr,tf 0 '\, 500(VCC=4.5V) ns 

0 '\, 400(Vce=6.0V) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Ta=2soC Ta=-40--S5°e 

UNIT 
Vce MIN. TYP. MAX. MIN. MAX. 

VI~ 
2.0 1.5 - - 1.5 -

High-Level 
Input Voltage 4.5 

1
3 . 15 - - 3.15 - V 

6.0 4.2 - - 4.2 -
2.0 - - 0.5 - 0.5 

Low-Level 
Input Voltage VIL 4.5 - - 1. 35 - 1. 35 V 

6.0 - - 1.8 - loS 
~~-------r-

I IOW-2O#A 

2.0 1.9 2.0 - 1.9 -

I 4.5 4.4 4.5 - 4.4 -
High-Level VIN= 

VOH I 6.0 5.9 6.0 5.9 
Output Voltage VIL~ 

- - V 
VIH or .---.--.- I---~-

I IOH=-4mA 4.5 4.1S 4.31 - 4.13 -

IOH=-s.2mA 6.0 5.6S 5.S0 - 5.63 -

2.0 - 0.0 0.1 - 0.1 

VIN= 
IOL=20Il A 4.5 - 0.0 0.1 - 0.1 

I Low-Level 
Output Voltage VOL 

VIH or 
6.0 - 0.0 0.1 - 0.1 V 

VIL 
IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=s.2mA 6.0 - O.lS 0.26 - 0.33 
~~~---- _-J-~ 

Input Leakage 
Current I IN VIN=VeC or GND 6.0 - - ±O.l - ±1.0 

r-------------------~ J1.A 
Quiescent 
Supply Current ICC VIN=VCe or GND 6.0 - - 4.0 - 40.0 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DI>J"A 

TC~,4HC688P 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) 

PARAMETER 
Ta=25°C Ta=-40-8SoC 

SYMBOL TEST CONDITIO~lr-----~--~-----.----+-----~--~ UNIT 

Output Transition 
Time 

Propagation Delay Time 

(Pn,Qn - P=Q ) 

Propagation Delay Time 

(G - P=Q ) 

Input Capacitance 

Power Dissipation 
Capacitance 

tTLH 
tTHL 

tpLH 
tpHL 

tpLH 
tpHL 

CIN 

CpD(l) 

VCC MIN. TYP. MAX. MIN. 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

30 

8 

7 

104 

26 

22 

60 

15 

13 

5 

40 

75 
15 

13 

195 
39 

33 

120 

24 

20 

10 

Note (1) CPD is defined as the value of internal equivalent capacitance of 
is calculated from the operating current consumption without load 
Test Circuit). 

MAX. 

95 

19 

16 

245 

1 
49 ns 

42 

150 

30 

26 

10 
pF 

-

IC which 
(refer to 

Average operating current can be obtained by the equation hereunder. 
ICC(opr)=CPD·VCC·fIN+ICC 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

INPUT 

IN-PHASE 
OUTPUT 

OUT-OF-PHASE 
OUTPUT 

6ns 6ns 

~-_ GND 

ICC(o r} TEST CIRCUIT 

p.G. 
Vee 

~-----~PO 

Cl 
o 
Lf) 

P=~ 

Other 
INPUT 

GND 

Input waveform is the same as that in case 

of switching characteristics test. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DAlE3 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4002 
PRELIMINARY 

TC74HC4002P DUAL 4-INPUT NOR GATE 

The TC74HC4002 is a high speed CMOS 4-INPUT NOR GATE fabricated with silicon gate 

C2MOS technology. 

It achieves the high speed operation similar to equivalent LSTTL while maintaining the 

CMOS low power dissipation. 

The internal circuit is composed of 3 stage including buffer output, which enables 

high noise immunity and stable output. 

All inputs are equipped with protection circuit against static discharge or transient 

excess voltage. 

FEATURES: 

High Speed .................... tpd=llns(Typ.) at VCC=SV 

Low Power Dissipation ......... ICC=l~A(Max.) at Ta=2SoC 

High Noise Immunity ........... VNIH=VNIL=28% Vcc(Min.) 

. Output Drive Capability ....... 10 LSTTL Loads 

Symmetrical Output Impedance .. I IOHI=IOL=4mA(Min.) 

Balanced Propagation Delays ... tpLH ~ tpHL 

Wide Operating Voltage Rahge .. VCC(opr)=2V ~6V 

Pin and Function Compatible with 4002B 

LOGIC DIAGRAM (PER GATE) 

A 

B 

e 

D 

l 

1) I P 14 ( 3D 14 A - P ) 

PIN ASSIGNMENT 

l'i 1 14 Vee 

lA 2 13 2Y 

1 B .'3 12 2A 

Ie 4 11 21:3 

ID 5 10 '::>.1 

NC 6 9 2D 

Vss 7 8 N0 

(TOP VIEW) 

===::J 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

,!,; • 

"tC74HC4002P;" 
, . . 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE 

Supply Voltage Range Vee -0.5 ,\,7 

DC Input Voltage VIN -0.5 'VVee+0.5 
1---

DC Output Voltage VOUT -0.5 'V Vec+O . 5 
r--- -- -----.------------------- -

Input Diode Current 11K ±20 
r---- -_.-

Output Diode Current 10K ±20 
r--- --_ .. 

DC Output Current lOUT ±25 
f----------------------------------- r-----

DC VCC/Ground Current ICC ±50 
f- --- -------------------- ------- --

Power Dissipation PD 500"~ 
f------- -

Storage Temperature Tstg -65 'V 150 
r----------

TL Lead Temperature 10sec 300 

RECOMMENDED OPERATING CONDITIONS 
PARAMETr::R SYMBOL LIMIT 

Supply Voltage VCC 2'V6 

Input Voltage VIN o 'V VCC 

Output Voltage VOUT o "-'Vee 

Operating Temperature Topr -40 'V 85 " 

o 'V 1000(Vce=2 .OV) 
Input Rise and Fall Time tr,tf o 'V 500(VCC=4.5V) 

o 'V 400(Vce=6.0V) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOl TEST CONDITION 
Vce 

2.0 
High-Leve] 

VIH 4.5 
Input Voltage 

6.0 

2.0 
Low-Level 

VIL 4.5 
Input Voltage 

6.0 

2.0 

IOH=-20IlA 4.5 
High-Level 

VOH VIN"~VIL 6.0 Output Voltage 
IOH=-4mA 4.5 

IOH=-5.2rnA 6.0 

UNIT 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

mW 

°c 

°c 

UNIT 

V 

V 

V 

°e 

ns 

* 500mW in the range 
of Ta=-40oe 'V 65 °e 
and from Ta=65°e up 
to 85°C derating 
factor of -lOmW/oC 
shall be applied 
until 300mW. 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

Ta=25°C Ta=-4o-85°C UNIT 
MIN. TYP. MAX. MIN. MAX. 

1.5 - - 1.5 -

3.15 - - 3.15 - V 

4.2 - - 4.2 -
- - 0.5 - 0.5 

- - 1. 35 - 1. 35 V 

- - 1.8 - 1.8 

1.9 2.0 - 1.9 -
4.4 4.5 - 4.4 -
5.9 6.0 - 5.9 - V 

4.18 4.31 - 4.13 -

5.68 5.80 - 5.63 -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC400-2P 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-4o-85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 0.0 0.1 - 0.1 

IOL=20IlA 4.5 - 0.0 0.1 - 0.1 
Low-Level VIN= 
Output Voltage VOL 6.0 - 0.0 0.1 - 0.1 V 

VIH or VIL 
IOL=4mA 4.5 - 0.17 0.26 - 0.33 

I IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 

Input Leakage 
lIN VIN=VCC or GND 6.0 - - ±0.1 - ±1.0 

Current 
Quiescent 

,flA 

Supply Current ICC VIN=VCC or GND 6.0 - - 1.0 - 10.0 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-4o-85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 
Output Transition tTLH 4.5 8 15 19 - - ns 
Time tTHL 

6.0 - 7 13 - 16 

2.0 - 52 105 - 130 
Propagation Delay tpLH 4.5 - 13 21 - 26 ns 
Time tpHL 

6.0 - 11 18 - 22 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation CpD( 1) 
pF 

Capacitance 
- 26 - - -

Note (1) CPD is defined as the value of internal equivalent capacitance of Ie which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD,VCC·f IN+ICC/4 (per Gate) 

SWITCHING CHARACTERISTICS TEST CIRCUIT 

p. G. r-...---,",",-

G 
o 
LD 

ICC(opr) TEST CIRCUIT 

p.G. 

G 
o 
LD 

Input wavefol-m iH the same as 
that in r:a8e "f 8wilrhinp: 
char'a c tpr' i 81, i I~F tAB t, 
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I = TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~C 74HC4017 P IF C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4017P/F DECADE COUNTER/DIVIDER 

The TC74HC 4017 is a high speed CMOS DECADE JOHNSON COUNTER fabricated with 
silicon C2 MOS technology. It achieves the high speed operation similar to equivalent 
LSTTL while maintaining th.e CMOS low power dissipation. I t contains 5-s tage di vided­
by-lO Johnson counter with 10 decoded output (QO - QlO) and carry-out bit. 
This counter is advanced on the, positive edge of clock signal when CE input is held 
low, or it is advanced on the negative edge of the clock enable signal (CE) when CLOCK' 
input is held high, and selected one of ten outputs goes high. Holding high the CLEAR 
input, this counter is cleared to its zero state without regard to the other input 
conditions. 
All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES: 

• High Speed ................ fMAX=45MHz(Typ.! at VCC=5V 

• Low Power Dissipation ...... ICC=4wA(Max.) at Ta=25°C 

• High Noise Immunity ......... VNIH=VNIL=28% Vcc(Min.) 

• Output Drive Capability ............... 10 LSTTL Loads 

• Symmetrical Output Impedance ..... IIOHI=IOL=4mA(Min.) 

• Balanced Propagation Delays ............... tpLH~tpHL 

• Wide Operating Voltage Range ....... VCC (opr. ) =2V 'V 6V 

• Pin and Function Compatible with 40l7B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 'V 7 V 
f----~ 1---------

DC Input Voltage VIN -0. 5 'V V CC+O . 5 V 
-~ f-----~~ -

DC Output Voltage VOUT -0.5 'V V CC+O. 5 V 
e----------.--.------------ --- ------ ._-----_ .. - -_.- ---.---~ ~--.----

Input Diode Current 11K ±20 rnA 
I--------------~--.-----~- --

Output Diode Current 10K ±20 rnA 
----..... ------ 1----------- f--. 

DC Output Current lOUT ±25 rnA 
---

DC Vcc/Ground Current ICC ±50 rnA 
I-----------~--- - -------f------

Power Dissipation PD 500(DIP) i, mW 

l80(MFP) 
---~- -------1--. 

Storage Tempera'ture Tstg -65 'V 150 °c 

Lead Temperature lOsec TL 300 °c 

"I, 500mW in the range of Ta=-40° 'V 65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
until 300mW. 

16 

DIPI6(3DI6A-P) 

J6~~ 
~~ 

1 

MFPI6(FI6GC-P) 

PIN ASSIGNMENT 

'Q,5 1 16 VCC 

Q,1 2 15 CLEAR 

Q,O 3 14 CLOCK 

Q,2 4 13 CE 

Q,6 5 
CARRY 

12 OUT 

Q,7 6 11 Q,9 

Q,3 7 10 Q,4 

GND 8 9 Q,8 

(T 0 P V I EW) 
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TRUTH TABLE 

CLOCK CE CLEAR 

X X H 

L X L 

X H L 

.s- L L 

~ L 
L 

H S L 

H L L 

LOGIC DIAGRAM 

Q,O 

CE 

C LO CK -=1...::.4_------1 

CLEAR :::..15:::.-__ -1 

Q,5 

DECODE OUT PUT 

Q,O 

Q,n 

Q,n 

Q,n+1 

Q,n 

Q,n 

Q, n+1 

Q,6 

Q,1 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

( H) 

Q,2 

Q, 

Q,7 

TC74HC4017P/F 

X : DON'T CARE 

Q,n:NO CHANGE 

Q,8 

D Q, D 

Q,3 

Q,4 

Q, 

12, 

Q,9 CARRY 
OUT 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4011P/F 

TIMING DIAGRAM 

CLEAH 

CLOCK 

CE 

Q,O 

-
Ql 

Q:2 I--

Q3 -
({4 

r---

Q5 -

Q6 r---

-Q'7 

Q8 

Q9 

CAHKY OUT 

RECOMMEN0ED OPERATING CONDITIONS 
PARAMETER SY~1B()L L r~llT 

Supply Voltage Vee 2 '\, h 
--
Input Voltage VIN o c, Vee 

-- --.------------

Output Voltage VOUT 0'\, Vee 

Operating Temperature , Topr -40 '\, 8S 

Input Rise and FalJ Time t y , t[O lOOO(VCc:=2.UV) 
0 " ')00 eVc:c:=!+. W) 
0 ,\,400 (Vee=h. OV) 

f----

'f----

liNTT 

V 

V 

V 

°e 

ns 

r----

r LfLJL.fLJ ru-
I-- r----

-
f----

f----

-
f--

INPUT and OUTPUT 
E~UIVALENT CIRCUIT 

INPUT -{ 
OND 

GND 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4017P/F 

DC ELECTRICAL CHARACTERISTICS 

Ta=-40',,85 ° C 
PARAMETER SYMBOL TEST CONDITION '---~---.-----r----+----,----~ UNIT 

VCC MIN. TYP. M~X. MIN. MAX. 

1.5 
v 

2.0 1.5 
High-Level VIH 4.5 3.15 - - 3.15 
Input Vo ltage 
~ ____________ ~ ______ ~ ______________ ~ __ ~6 __ '0-T_4_. __ 2 ~ __ - __ +-4_._2-4 __ -__ ~ __ ~ 

1 2 . 0 - i - 10.5 - 0.5 
V Low-Level Vn 14.5 - I - 11.35 - 1.35 

Input Voltage '6.0 _ ~8 _ 1.8 

----f--------------f----- ---------------,--1----- -- -- r2~ o-r]-~9~ 0 _-- ~1~-9-+-------+~-----1 

High-Leve 1 

Output Voltage 

VIN=VIH I IOH=-20uA 1
4. 5 4.4 4.5 - 4.4 -

~o~==-4m~\- -J::: t-: :~8 :::1 ~ : ~: 3 ~ 

Low-Leve 1 

Output Voltage 

Input Leakage 
Current 

r-------------- -- ---

Quiescent 
Supply Current 

or VIL 

or VIL 

_ lIN 1_ VIN=.V_CC 

I CC I VIN=VCC 

V 

IOH=-S.2mA 6.0 5.68 5.80 - 5.63 -
- - +- - ---. ---- r-- ------- ---- -- --- -----t---------j 

12.0 - 0.0 0.] - 0.] 

10L=2011A 14.5 - 0.0 0.1 - 0.1 
6.0 0.0 0.1 0.1 

1------- - - --- -- -

IOL=4mA 4.5 

lOL=5.2mA 6.0 = ·c ~ :::' ~:~: '=-I-~:~~ 
V 

- -"-- - ------

or GND 6.0 
--- -

or GND 6.0 

-~-- ~_.~ 1 __ - r-~ -l-~-_-~-----t--]J-A----j 

- 140. a 4.0 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT t r =tf=6ns) 

Ta=25°C Ta=-40'V85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 
2.0 - 30 75 - 95 

Output Transition Time 4.5 - 8 15 - 19 
tTHL 6.0 - 7 13 - 16 

Propagation Delay Time tpLH 2.0 - 100 195 - 245 

4.5 - 25 39 - 49 ns 
(CLOCK, CE - Q, CARRY) tpHL 

6.0 - 21 33 - 42 

2.0 - 100 195 - 245 Propagation Delay Time tpLH 
4.5 25 39 49 - -

(CLEAR - Q, CARRY) tpHL 6.0 - 21 33 - 42 

---------------551-----------TOSHIBA 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC7 4HC4017 P IF 

AC ELECTRICAL CAHRACTERISTICS (Continued) 

Ta=25°C Ta=-40rv85°C 
PARAMETER SYMBOL TEST CONDITION 

VCC MIN. TYP. MAX. MIN. MAX. 
UNIT 

Maximum Clock 2.0 5 10 - 4 -

Frequency fMAX 4.5 25 41 - 20 - MHz 
6.0 29 48 - 24 -

Minimum Pulse Width tw(L) 2.0 - 30 75 - 95 

4.5 - 8 15 - 19 
(CLOCK) tw(H) 

6.0 7 13 16 - -

Minimum Pulse Width 2.0 - 30 75 - 95 

(CLEAR) tw(H) 4.5 - 8 15 - 19 

6.0 - 7 13 - 16 
2.0 - - 0 - 0 

ns 
Minimum Set-up Time ts 4.5 - - 0 - 0 

6.0 - - 0 - 0 

2.0 - 30 75 - 95 
Minimum Hold Time th 4.5 - 7 15 - 19 

6.0 - 6 13 - 16 

Minimum Removal Time 2.0 - 25 75 - 95 

(CLEAR) 
trem 4.5 - 6 15 - 19 

6.0 - 5 13 - 16 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CpD(l) - 74 - - -

Note (1) CpD is defined as the value of internal equivalent capacitance of IC which is 

calculated from the operating current consumption without load (refer to Test 

Circuit). Average operating current can be obtained by the equation hereunder. 

ICC(opr.) = CpD • VCC • fIN + ICC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4017P/F 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

VCC 

CLOCK 
CLEAR 

GND 

VOIl 
Q,n 

VOL 

CLOCK ~_la% \ Vee 

GjD 

Q,O, 
CArmy 

OUT 
50% 

VOH 

VOL 
I tTHL 

CARRY 
OUT 

CLOCK 

CE 

Q,n 

-V- 50% 

--------~/+-----------

/ 
/ 

r - - ---

ICC(opr.) TEST CIRCUIT 

P.G 
I----------IC LO C K 

* CE 

CLEAR 

VCC 

GND 

VCC 

GND 

I 
I 
IOUTPUTS 

CE 

CLOCK 

Q,n 

* 

VCC 
50% 

'------- G ND 

VCC 

GND 

" -- - - - VOH 

/ 

--------~~--------- VOL 

INPUT WAVEFORM IS THE SAME AS 
THAT IN CASE OF SWITCHING 

CHARACTERISTICS TEST. 
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iillfUSHIBA INTEGRATED CIRCUIT TECHNICAL D~TA 
~C7 4HC4020P IF C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4020P/F 14-STAGE BINARY COUNIER 

The TC74HC4020 is a high speed CMOS 14-STAGE BINARY COUNTER/DIVIDER fabricated with 
silicon gate C2 MOS technology. 
It operates approximately ten times as fast as that of metal-gate CMOS IC (4020B) with 
the same power dissipation. 
A clear input is used to reset the-~ounter to the all low level state. A high level 
at CLEAR accoumplishes the reset function. A negative transition on the CLOCK input 
brings one increment to the counter. Twelve kinds of divided output are provided; 
l' st and 4 stage thru 14 stage. And at the last stage, 1/16384 divided frequency will 
be obtained. 
All inputs are equipped with protectiGn circuits against static discharge or 
transient excess voltage. 

FEATURES 

• High Speed ............... f max=60MHz(Typ.)-at VCC=5V r---------------------------~ 

• Low Power Dissipation ..... ICC=4wA (Max.) at Ta=25°C 

• High Noise Immunity ......... VNIH=VNIL=28% VCc(Min.) 

• Output Drive Capability ............... 10LSTTL Loads 

• Symmetrical Output Impedance ... __ JIOHI=IOL=4rnA (Min.) 

• Balanced Propagation Delays ............... tpLH~tpHL 

• Wide Operating Voltage Range ...... VCC (opr.)=2V'V6V 

• Pin and Function Compatible with 4020B. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5'V 7 V 

DC Input Voltage VIN -0.5 'V VCC+O. 5 V 

DC Output Voltage VOUT -0 . 5 'V V CC+O . 5 V 
--

Input Diode Current 11K ±20 rnA 

Output Diode Current 10K ±20 rnA 

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 

Power Dissipation PD 
500 (DIP);'~ 

mW 
180 (MFP) 

Storage Temperature Tstg -65 'V 150 °c 

Lead Temperature 10sec TL 300 °c 

* 500mW in the range of Ta=-40°C'V65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
until 300mW. 

16 

DIP16(3D16A-P) 

169 
1 

MFP16(F16GC-P) 

PIN ASSIGNMENT 

Q12 1 

Q13 2 

Q14 3 

Q6 4, 

Q5 5 

Q7 6 

Q4 7 

GND 8 

(TOP VIEW) 

16 Vce 

15 QlJ. 

14 Q10 

13 Q8 

12 Q9 

11 CLEAR 

10 CLOCK 

9 Q1 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4020P/F 

TRUTH TABLE 
CLOCK CLEAR OUTPUT STATE 

--
X H ALL OUTPUTS = " 1" X DON'T CARE 

~ 1 NO CHANGE 

~ L ADVANCE TO NEXT STATE 

LOGIC DIAGRAM 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4020P/F 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2"u6 

Input Voltage VIN o "u Vec 
---C----

VOUT Output Voltage o "u Vec 
Operating Temperature Topr -40"u 85 

Input Rise and Fall Time t r , tf o "u 1000 (VCC=2. OV) 
o ~,500(VCC=4.5V) 
o "u 400 (VCC=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Vee 

High-Level 2.0 
VIH 4.5 

Input Voltage 
6.0 

2.0 
Low-Level Vn 4.5 
Input Voltage 

6.0 
----

2.0 

VIN=VIH IOH=-20)JA 4.5 
High-Level 

VOH 
6.0 

Output Voltage or VIL IOH=-4mA 4.5 

IOH=-5.2mA 6.0 

2.0 

VIN=VIH IOL'=20)JA 4.5 
Low-Level 6.0 
Output Voltage VOL 

or VIL IOL=4mA 4.5 

IOL=5.2mA 6.0 

Input Leakage 
lIN VIN=Vee or GND 6.0 

Current 

Quiescent 
ICC Supply Current VIN=VCC or GND 6.0 

UNIT 

V 

V 

V 

°c 

ns 

MIN. 

1.5 
3.15 

4.2 

-
-
-

1.9 
4.4 
5.9 

4.18 

5.68 

-
-
-

-
-

-

-

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

Vee Vee 

INPUT _ { .....-......'---<)OUTPUT 

GND 

GND 

Ta=25°C Ta=-40"u85°C 

TYP. HAX. HIN. HAX. 
UNIT 

- - 1.5 -

- - 3.15 - V 

- - 4.2 -

- 0.5 - 0.5 
- 1. 35 - 1. 35 V 

- 1.8 - 1.8 

2.0 - 1.9 -
4.5 - 4.4 -

I 
6.0 - 5.9 - V 

4.31 - 4.13 -

5.80 - 5.63 -

0.0 0.1 - 0.1 

0.0 0.1 - 0.1 
0.0 0.1 - 0.1 

V 
0.17 0.26 - 0.33 

0.18 0.26 - 0.33 

- ±O.l - ±1.0 
)JA 

- 4.0 - 40.0 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4020P/F 

AC ELECTRICAL CHARACTERISITCS (CL=50pF, Input t r =tf=6ns) 

Ta=25°C Ta=-40'\,85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 

Output Transition Time tTLH 4.5 8 15 19 - -
tTHL 6.0 - 7 13 - 16 

Propagation Delay Time tpLH 
2.0 - 72 145 - 180 
4.5 - 18 29 - 36 

(CLOCK - Q1) tpHL 6.0 - 15 25 - 31 
ns 

Propagation Delay Time tpLH 
2.0 - 35 75 - 95 

(Qn - Qn + 1) 
4.5 - 9 15 - 19 

tpHL 6.0 - 8 13 - 16 

Propagation Delay Time 2.0 - 104 205 - 255 

(CLEAR) 
tpHL 4.5 - 26 41 - 50 

6.0 - 22 35 - 43 

2.0 6 14 - 5 -
Maximum Clock f MAX 

Frequency 4.5 30 55 - 24 - MHz 

6.0 35 65 - 28 -

Minimum Pulse Width tw(L) 2.0 - 30 75 - 95 

4.5 - 8 15 - 19 
(CLOCK) tw(H) 6.0 7 13 16 - -

Minimum Pulse Width 2.0 - 60 125 - 155 

(CLEAR) 
tw(H) 4.5 - 15 25 - 31 ns 

6.0 - 13 21 - 26 

2.0 - - 50 - 65 

Minimum Removal Time t rem 4.5 - - 10 - 13 

6.0 - - 9 - 11 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CpD(l) - 23 - - -

Note(l) CpD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). Average operating current can be obtained by the equation 
hereunder. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4020P/F 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

CLEAR 

tw 

CL OCK 

tram 

Q. n 

ICC(opr.) TEST CIRCUIT 

P.G. 

* 
1---.......... ---0 CLOCK 

CLEAR 

GND 

"CC 

GND 

"CC 

GND 

r-- "OH 
/Q.l 

/ 

VOL 
Q.4 - Q.l4 

Q.l 

Q.4 

Q.14 

"OH 

Q. n EO% 

VOL 

VOH 

Q.n+l 

VOL 

t pill 

"OH 

Q.n+l 

VOL 
tpHL 

VCC 

GND 

* INPUT WAVEFORM IS THE SAME AS 

THAT IN CASE OF SWITCHING 

CHARACTERISTICS TEST. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DAT.rs;:====:I 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4022 
PRELIMINARY 

TC74HC4022P OCTAL COUNTER/DIVIDER 

The TC74HC4022 is a high speed CMOS OCTAL COUNTER/DIVIDER fabricated with silicon 
gate C2 MOS technology. 
It achieves the high speed operation similar to equivalent LSTTL while maintaining the 
CMOS low power dissipation. It contains 4-stage divide-by-8 Johnson counter with 8 
decoded output (Qo - Q7) and Carry-out bit. 
This counter is advanced on the positive edge of clock signal when CLOCK ENABLE input 
is held low, or is advanced on the negative edge of clock enable signal \\Then CLOCK 
input is held high, and the selected one of eight outputs goes high. 
Holding high the CLEAR input, this counter is cleared to its zero state without regard 
to the other input conditions. 
All inputs are equipped with protection circuits against static ~ischarge or transient 
excess voltage. 

FEATURES: 

• High Speed .•............. fMAX=43MHz(Typ.) at VCC=5V r-------------------------~ 

• Low Power Dissipation ..... ICC= 4~A(Max.) at Ta=25°C 

• High Noise Immunity ......... VNIH=VNIL=28% Vcc(Min.) 

Output Drive Capability .............. 10 LSTTL Loads 

Symmetrical Output Impedance ..... I IOHI=IOL=4rnA(Min.) 

• Balanced Propagation Delays ....•.......... tpLH~tpHL 

• Wide Operating Voltage Range •...... VCC(opr. )=2V 'V 6V 

• Pin and Function Compatible with 4022B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE I UNIT 

Supply Voltage Range VCC -0.5 'V 7 V 
1--------------------.. -+-.----+----.- -----'\-----1 

DC Input Voltage VIN -0.5 'V VCC+O. 5 V 
f------.-- ------------... --- -,,---- 1--.---------_t_-----1 

DC Output Voltage VOUT -0.5 'V V CC+O. 5 V 
1_------.-----.. - .---.--- .-----1--------.. - t------ ------'----+----; 
Input Diode Current 11K ±20 rnA 
e------- --- ---. - ----.. - ----.. ----1----.---------+----1 

Output Diode Current 10K ±20 rnA 
f----.-.-.----- .. --- .. --.-... -.. ..-~- .. --.... -.-I_--... -.------_t_--__I 

DC Output Current lour ±25 rnA 
f---------,,------.---'----- .. --+----------/-----j 

DC Vcc/Ground Current ICC ±50 rnA 
1------..... --... -------... -.---1---.. - ----1---.. -------+-----1 
Power Dissipation PD 500* mW 

1--------.. - --.-... - ."'-- -'--- - 1---.----- I_.---------_t_--__I 

Storage Temperature Tstg -65 'V 150 °c 
1---.----.-----------+ -------+--- -------+----1 

Lead Temperature 10sec TL 300 °c 

* SOOmW in the range of Ta=-40° ~,65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
unti 1 300mW. 

DIP16 (3Dl6A-P) 

PIN ASSIGNMENT 

Q,1 1 16 VCC 

Q,O 2 15 CLEAR 

Q,2 3 14 CLOCK 

Q,5 4 13 CE 

Q,6 5 12 CARRY 
OUT 

NC 6 11 Q,4 

Q,3 7 10 Q,7 

GND 8 9 NC 

(rop VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4022P 

TRUTH TABLE 
-

CLOCK CE CLEAR DECODE 

X X H 

L X L 

X H L 

I L L 

L L L 

H S L 

H L L 

LOGIC DIAGRAM 

Q,4 

CE 

CLOCK 

CLEAR 

Q,O 

OUTPUT 

Q,O 

Q,n 

Q,n 

Q,n+l 

Q,n 

Q,n 

Q,n+l 

( H) 

Q,l 

Q,5 

X DON'T CARE 

Q,n NO CHANGE 

Q,6 

Q,2 

Q,3 

Q,7 CARRY 
OUT 
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TIMING CHART 

CLEAR I 

CLOCK LJL n-L ~ rL n-n-
CLOCK ENABLE 

Q,O 

Q,l I---

I r--

r--- i 

I 

i Q,3 
I 

11 
I 

I H I Q,5 

! 
~ 

I 

Q,7 

CARRY OUT 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2"'6 

Input Voltage VIN 0", Vee 

Output Voltage VOUT 0", Vee 

Operating Temperature Topr -40'" 85 

Input Rise and Fall Time t r , tf 0'" 1000 (Vee=2. OV) 
o '" 500 (Vee=4. 5V) 
o '" 400 (Vee=6. OV) 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

L 
r-

r------.., 

~ 

UNIT 

V 

V 

V 

°e 

ns 

TC74HC4022P 

I 
t---

I 

LJ~ Lf iLl 
I I r----

~ 

I-------, 

I i -
f--

J '---
I 

I 

r---
'-----' 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

Vce vcc 

INPUT 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4022P 

DC ELECTRICAL CHARACTERISTICS 

Ta=25°C Ta=-40rc,85°C 
PARAMETER SYMBOL TEST CONDITION 

VCC MIN. TYP. MAX. MIN. MAX. 
UNIT 

2.0 1.5 - - 1.5 -High-Level 
VIH 4.5 3.15 - - 3.15 - V 

Input Voltage 
6.0 4.2 - 4.2 --

2.0 - - 0.5 - 0.5 
Low-Level VIL 4.5 - - 1. 35 - 1. 35 V 
Input Voltage 

6.0 - - 1.8 - 1.8 

2.0 1.9 2.0 - 1.9 -

VIN=VIH IOH=-20wA 4.5 4.4 4.5 - 4.4 -
Hi gh - LE:ve 1 

VOH 
6.0 5.9 6.0 - 5.9 - V 

Output Voltage or VIL 
IOH=-4mA 4.5 4.18 4.31 - 4.13 -
IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -

2.0 - 0.0 0.1 - 0.1 

VIN=VIH IOL=20WA 4.5 - 0.0 0.1 - 0.1 
Low-Level 6.0 - 0.0 0.1 - 0.1 

VOL V Output Voltage or VIL IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2rnA 6.0 - 0.18 0.26 - 0.33 

Input Leakage 
lIN VIN=VCC or GND 6.0 - - ±O.l - ±1. 0 

Current 
WA 

Quiescent Suppl 
ICC VIN=VCC or GND 6.0 - - 4.0 - 40.0 Supply Current 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT t r =tf=6nS) 

PARAMETER SYMBOL TEST CONDITION 
25°C -40 rc, 85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 
6.0 - 7 13 - 16 

Propagation Delay Time 2.0 - 100 195 - 245 
tpLH 

4.5 - 25 39 - 49 ns 
(CLOCK - Q, CARRY) tpHL 6.0 - 21 33 - 42 

tpLH 2.0 - 100 195 - 245 
Propagation Delay Time 

4.5 - 25 39 - 49 
(CLEAR - Q, CARRY) tpHL 6.0 - 21 33 - 42 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4022P 

AC ELECTRICAL CHARACTERISTICS (Continued) 

25°C -40'U 85°C 
PARAMETER SYMBOL TEST CONDITION 

VCC 
UNIT 

MIN. TYP. MAX. MIN. MAX. 

Maximum Clock 2.0 5 10 - 4 -
fMAX 4.5 25 40 - 20 - MHz 

frequency 
6.0 29 47 - 24 -

Minimum Pulse Width 
2.0 - 30 75 - 95 

tw(L) 
4.5 - 8 15 - 19 

(CLOCK) tw(H) 6.0 - 7 13 - 16 

2.0 - 35 75 - 95 Minimum Pulse Width 
tw(H) 4.5 - 9 15 - 19 

(CLEAR) 
6.0 8 13 16 - -

2.0 - - 0 - 0 
Minimum Set-up Time ts 4.5 - - 0 - 0 ns 

6.0 - - 0 - 0 

2.0 - 35 75 - 95 
Minimum Hold Time th 4.5 - 9 15 - 19 

6.0 - 8 13 - 16 

2.0 - 30 75 - 95 
Minimum Removal Time t rem 4.5 - 8 15 - 19 

6.0 - 7 13 - 16 

Input Capacitance CIN - 5 10 - 10 
pF 

P0wer Dissipation 
CpD(l) - 52 - - -

Capaci tance 

Note(l) CpD is defined as the value of internal equivalent capacitance of IC which is 

calculated from the operating current consumption without load (refer to Test 

Circuit). Average operating current can be obtained by the equation hereunder. 

ICC (opr. )=CPD • VCC • fIN + ICC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4022P 

SWITCHING CHARACTERISTICS TEST WAVEFORM 
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~' 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4024~ 
PRELIMINARY 

TC74HC4024P 7-STAGE BINARY COUNTER 

The TC74HC4024 is a high speed CMOS 7-STAGE BINARY COUNTER/DIVIDER fabricated 
with silicon gate C2MOS technology. 
It operates approximately ten times as fast as that of metal-gate CMOS IC (4024B) 
with the same power dissipation. 
A clear input is used to reset the counter to the all low level state. A high level 
at CLEAR accomplishes the reset function. A negative transition on the CLOCK input 
brings one increment to the counter. Seven kinds of divided output are provided; 
l'st and 4 stage thru 7 stage. And at the last stage, 1/128 divided frequency will 
be obtained. 
All inputs are equipped with protection circuits against static discharge or 
transient excess voltage. 

FEATURES: 

• High Speed ••..•••••••..•• f max=60MHz(Typ.) at VCC=5V 

• Low Power Dissipation ..••• ICC=4~A (Max.) at Ta=25°Cr-__________________________ ~ 

• High Noise Immunity ......... VNIH=VNIL=28% VCC(Min.) 

• Output Drive Capability ....•......... 10 L5TTL Loads 

• Symmetrical Output Impedance .••• jIOHI=IOL=4rnA(Min.) 

• Balanced Propagation Delays •••..•.••••••.• tpLH~tpHL 

• Wide Operating Voltage Range ••••••• VCC(Opr.)=2V 'V 6V 

• Pin and Function Compatible with 4024B. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 "v 7 V 
--------- . __ . __ ._---- ---- --- ------- --_ .. _--_.- - ------

DC Input Voltage VIN -0.5 "vVCC+0.5 V 
--~-.------

DC Output Voltage VOUT -0.5 "v V CC+O. 5 V 
c-.- --------------------.-.- -----------.---.-------t--------j 

Input Diode Current 11K ±20 rnA 
---------------- -------------------- --- -------------+-----/ 

Output Diode Current 10K ±20 rnA 
f------- ------ --. ----------- - - - - ~-. -------------r------j 

~_ Outp~~c:urre~~_____ lOUT _______ ±_2_5 _____ -t-__ rnA
_---j 

DC Vcc/Ground Current ICC :+50 rnA 
--------- ~--.- ~---

Power Dissipation 500", mW 

~-.------ ------.. ------- -.------ ----------t---------j 

Storage Temperature Tstg -65 "v 150 DC 
f--------.-----~-------------I--.--- f------------j--------j 

Lead Temperat ure 10sec TL 300 ° C 

,', SOOmW in the range of Ta=-40°C 'V 65°C and from Ta=65°C 
up to 85°C derating factor of -IOmW/oC shall be applied 
lJnt i 1 300mW. 

DIP14(3D14A-P) 

PIN ASSIGNMENT, 

CLOCK 1 14 Vce 

CLEAR 2 13 NC 

Q,7 3 12 Q,1 

Q,6 4, 11 Q2 

Q,5 5 10 NC 

Q,4 6 9 Q,3 

GND 7 8 NC 

(TOP VIEW) 
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II 

I 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4024P 

TRUTH TABLE 

CLOCK CLEAR OUTPUT STATE 

X H ALL OUTPUTS = "L" 

I L NO CHANGE 

L L ADVANCE TO NEXT STATE 

LOGIC DIAGRAM 

Ql Q,2 Q,3 

CLEAR 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2 '\,6 
t-----~~~~---~~--- -~~~--~-- ~---~---- f------ -------_. 

Input Voltage VIN o '\, Vee 
-------------~--~------

- VOUT 
--

Output Voltage o '\, Vee 
- ------~------

Operating Temperature Topr -40'\, 85 

Input Rise and Fall Time t r , tf 0'\,1000 (Vee=2. OV) 

0 ,\,500 (Vee=4. 5V) 

0 '\, 400 (Vee=6. OV) 

X DON'T CARE 

Q4 

UNIT 

V 

V 

V 

°e 

ns 

Q,5 Q,6 

INPUT and OUTPUT 
EqUIVALENT CIRCUIT 

Vco Veo 

INPOT -{ 

Q,7 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4024P 

DC ELECTRICAL CHARACTERISTICS 
r-- Ta=25°C Ta=-40'V85°C 

UNIT PARAMETER SYMBOL TEST CONDITION 
Vec MIN. TYP. MAX. MIN. MAX. 

2.0 1.5 - - 1.5 -
High-Level 

VIH 4.5 3.15 3.15 - - -
Input Voltage 

6.0 4.2 - - 4.2 -

Low-Level 
2.0 - - 0.5 - 0.5 

Input Voltage VIL 4.5 - - 1.35 - 1.35 
6.0 - - 1.8 - 1.8 
2.0 1.9 2.0 - 1.9 -

High-Level VIN=VIH or IOH=-20].lA 4.5 4.4 4.5 - 4.4 -
Output Voltage VOH 6.0 5.9 6.0 - 5.9 -

VIL IOH=-4mA 
V 

4.5 4.18 4.31 - 4.13 -
I OH=-5.2mA 6.0 5.68 5.80 - 5.63 -

2.0 - 0.0 0.1 - 0.1 

Low-Level VIN=VIH or IOL=20].lA 4.5 - 0.0 0.1 - 0.1 
VOL 6.0 - 0.0 0.1 - 0.1 

Output Voltage 
VIL IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 

Input Leakage lIN VIN=VCC or GND 6.0 - - ±0.1 - ±1.0 Current 
Quiescent 

].lA 

Supply Current ICC VIN=VCC or GND 6.0 - - 4.0 - 40.0 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT t r =tf=6ns) 

PARAMETER r-- Ta=25°C Ta=-40"v85°C 
SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 
Output Transition Time 

tTLH 
4.5 8 15 19 - -

tTHL 6.0 - 7 13 - 16 

Propagation Delay Time tpLH 2.0 - 72 145 - 180 
4.5 - 18 29 - 36 

(CLOCK - Q1) tpHL 6.0 - 15 25 - 31 
ns 

Propagation Delay Time tpLH 2.0 - 28 60 - 75 

4.5 - 7 12 - 15 
(Qn - Qn+1) tpHL 6.0 - 6 10 - 13 

2.0 - 96 185 - 230 
Propagation Delay Time 

tpHL 4.5 - 24 37 - 46 
(CLEAR - Qn) 6.0 - 20 31 - 39 

Maximum Clock 2.0 6 14 - 5 -
Frequency fMAX 4.5 30 55 - 24 - MHz 

6.0 35 65 - 28 -
Minimum Pulse Width tw(L) 2.0 - 30 75 - 95 

4.5 - 8 15 - 19 ns 
(CLOCK) tw(H) 6.0 - 7 l3 - 16 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4024P 

AC ELECTRICAL CHARACTERISTICS (Continued) 

- Ta=25°C Ta=-40'V85°C 
PARAMETER SYMBOL TEST CONDITION VCC UNIT 

MIN. TYP. MAX. MIN. MAX. 

Minimum Pulse Width 2.0 - 30 75 - 95 
tw(H) 4.5 - 8 15 - 19 

(CLEAR) 6.0 - 7 13 - 16 
2.0 - 15 50 65 

ns -
Minimum Removal Time t rem 4.5 - 3 10 - 13 

6.0 - 3 9 - 11 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CPD(l) - 42 - - -

Note(l): CpD is defined as the value of internal equivalent capacitance of IC which 

is calculated from the operating current consumption without load (refer to 

Test Circuit). Average operating current can be obtained by the equation 

hereunder. ICC (Opr .) = CpD • V CC • fIN + ICC 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

CLEAR 

CLOCK 

Q,n 

Q,n 

~.",.",.--".l-+----- Vce 

~---- GND 
tw 

~--I-..... ---- VCC 

trem 

50% 

50% 

"---- GND 

I 

,-::-- VOH 
/ Q,l 

~--~--- VOL 

6ns 6ns 

Q,n 

Q,n+l 

Q,n+l 

VOH 
50% 

VOL 

VOH 

VOL 
tpLH 

VOH 

VOL 
tpHL 

GND 

VOH 

VOL 
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ICC(Opr.) TEST CIRCUIT 

I---__ --U CLO CK 

CLEAR 

GND 

Ql 

Q7 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4024P 

* INPUT WAVEFORM IS THE SAME 

AS THAT IN CAS~ OF SWITCHING 

CHARACTERISTICS TEST. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~C74HC4028P/F C2MOS DIGITAL INTEGRATED CIRCUIT 

-PRELIMINARY 

TC74HC4028P/F BCD-TO-DECIMAL DE~ODER 
The TC74HC4028 is a high speed CMOS DECIMAL DECODER fabricated with silicon gate c2r10S 
technology. 
It achieves the high speed operation similar to equivalent LSTTL while maintaining the 
CMOS low power dissipation. 
A BCD code applied to the four input (A thru D) provides a high level at the selected 
one of the decimal decoded outputs. A illegal BCD code such as eleven to fifteen 
gives a low level at all outputs. 
The device also can be used as 3-to-8 LINE DECODER, when D input is assigned as a 
disable input. 
The device is useful for code conversion, address decoding, memory selection, 
demultiplexing, or read out decoding. 
All inputs are equipped with prot'ection circuits against static discharge or transient 
excess voltage. 

FEATURES: 

High Speed ...................... t pd=25ns(Typ.)(VCC=5V) 

Low Power Dissipation ........... ICC=4#A(Max.)(Ta=25°C) 

High Noise Immunity ..........•.. VNIH=VNIL=28% Vcc(Min.) 

Output Drive Capability ......... IO LSTTL Loads 

Symmetrical Output Impedance .... 1 IOH1=IOL=4mA(Min.) 

Balanced Propagation Delays ..... tpLH~tpHL 

Wide Operating Voltage Range .... VCC(opr)=2V -6V 

Pin and Function Compatible with 4028B 

16~ 
DIP16(3D16A-P) 

MFP16(F16GC-P) 

PIN ASSIGtH;ENT 

Y4 1 

Y2 2 

YO 3 

Y7 4 

Y9 5 

Y5 6 

Y6 7 

GND 8 

(TOp View) 

16 Vee 

15 Y3 

14. Y 1 

13 F: 

12 C 

11 D 

10 A 

9 Y8 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4028P/F 

LOGIC DIAGRAt'l 

TRUTH TABLE 

INPUTS OUTPUTS . SELECTED OUTPUT 
D C B A YO Yl Y2 Y3 Y4 Ys Y6 Y7 Y8 Y9 

L L L L H L L L L L L L L L YO 

L L L H L H L L L L L L L L Yl 

L L H L L L H L L L L L L L Y2 

L L H H L L L H L L L L L L Y3 

L H L L L L L L H L L L L L Y4 

L H L H L L L L L H L L L L Ys 

L H H L L L L L L L H L L L Y6 

L H H H L L L L L L L H L L Y7 

H L L L L L L L L L L L H L Y8 

H L L H L L L L L L L L L H Y9 

H X H X L L L L L L L L L L NOTE 

H H X X L L L L L L L L L L NOTE 

X Don't care 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4028P/F 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 -7 V 

DC Input Voltage VIN -0.5-VCC+0.5 V 

DC Output Voltage VOUT - 0 . 5 - V CC+O . 5 V 

Input Diode Current 11K ±20 rnA 

Output Diode Current 10K ±20 rnA 

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 

Power Dissipation PD 500(DIP)*/180(MFP) mW 

Storage Temperature Tstg -65 -150 °c 

Lead Temperature 10sec TL 300 °c 

* 500mW in the range of Ta=-40°C -65°C. and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
until 300mW. 

INPUT and OUTPUT EQUIVALENT CIRCUIT 

Vee vee -, 
I 

* I 

INPUT OUTPUT 

• _J 

GND 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4028P/F 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LUllT UNIT 

Supply Voltage Vee 2-6 V 

Input Voltage VIN 0- Vee V 

Output Voltage VOUT O-Vce V 

Operating Temperature Topr -40 - 85 °e 

Q-lOOO(Vee=2.0V) 
Input Rise and Fall 

0- 500 (Vee=4. 5V) Time tr,tf ns 

0- 400 (V ee=6. OV) 

DC ELECTRICAL CHARACTERISTICS 
Ta=25°C Ta=-4Q-85°C 

PARAMETER SYMBOL TESTeONDITION UNIT 
Vee MIN. TYP. MAX. MIN. MAX. 

2.0 1.5 - - 1.5 -
High-Level 

VIH 4.5 3.15 - - 3.15 - V 
Input Voltage 

6.0 4.2 - - 4.2 -

2.0 - - 0.5 - 0.5 
Low-Level 

VIL 4.5 1. 35 1. 35 V 
Input Voltage - - -

6.0 - - 1.8 - 1.8 

2.0 1.9 2.0 - 1.9 -

IOH=-20,llA 4.5 4.4 4.5 - 4.4 -
High-Level VIN= 

VOH 6.0 5.9 6.0 - 5.9 - V 
Output Voltage VIH or VIL 

IOH=-4mA 4.5 4.18 4.31 - 4.13 -

IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -
2.0 - 0.0 0.1 - 0.1 

IOL=20,llA' 4.5 - 0.0 0.1 - 0.1 
Low-Level VIN= 

VOL 6.0 - 0.0 0.1 - 0.1 V 
Output Voltage VIH or VIL 

IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 
Input Leakage 

lIN VIN=VCe or GND 6.0 - - to.l - i1.0 
Current 

Quiescent 
,llA 

Supply Current ICC VIN=VCC or GND 6.0 - - 4.0 - 40.0 

-------------- 573----------TOSHIBA 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4028P/F 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) 

PARAMETER SYMBOL TEST CONDITIO}'l 
Ta=25°C Ta=-4o--85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 
Output Transition tTLH 

4.5 - 8 15 - 19 Time tTHL 
6.0 - 7 13 - 16 

ns 

Propagation 2.0 - 116 225 - 280 
Delay Time tpLH 

(A, B, C,D) 4.5 - 29 45 - 56 
tpHL 

6.0 - 25 38 - 48 

Input Capacitance CIN - 5 10 - 10 
Power Dissipation 

pF 

Capacitance CPD(l) - 58 - - -

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD·VCC·fIN+ICC 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

r-----~---------- Vee 
A,B,e,D 

"------ G ND 

y 
(IN PHASE) 

......... _-f--J"-+--- vOL 

ICC(opr) TEST CIRCUIT 

P.G. 

* 
A 
B 
e 
D 

Vee = 5V 

Vee YO 

GND Y9 

* Input transition time is the same as 
that in case of switching characteristics 
test. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DAT.tr;====11 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4040P / .. =====-
PRELIMINARY 

TC74HC4040P/F 12-STAGE BINARY COUNTER 

GENERAL DESCRIPTION 

The TC74HC4040 is a high speed CMOS l2-STAGE BINARY COUNTER/DIVIDER fabricated with 
silicon gate C2 MOS technology. 
It operates ?pproximately ten times as fast as that of metal-gate CMOS IC (4040B) 
with the same power dissipation. 
A clear input is used to reset the counter to all low level state. A high level at 
CLEAR accomplishes the reset function. A negative transition on the CLOCK input 
brings one increment to the counter. All divided output stages are provided, and 
1/4096 divided frequency will obtained at the last stage. 
All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES 
High Speed ............... f max=60MHz(Typ.) at VCC=5V 

Low Power Dissipation ..... ICC=4wA (Max.) at Ta=25°C 

High Noise Immunity ......... VNIH=VNIL =28% VCC(Min.) 

Output Drive Capability .....•......... 10LSTTL Loads 

Symmetrical Output Impedance ... /IOH /=IOL=4rnA (Min.) 

Balanced Propagation Delays ............... tpLH~tpHL 

• Wide Operating Voltage Range ........ VCC(opr) =2V '\., 6V 

• Pin and Functional Compatible with 4040B. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5'\., 7 V 

DC Input Voltage VIN -0.5 '\., VCC+O. 5 V 

DC Output Voltage VOUT -0 . 5 '\., V CC+O . 5 V 
------

Input Diode Current 11K ±20 rnA 
--

Output Diode Current 10K ±20 rnA 
--c--------r----

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 
------~------------1---
Power Dissipation PD 500(DIP) ,'; mW 

l80(MFP) 

Storage Temperature Tstg -65 '\., 150 °c 

Lead Temperature 10sec TL 300 °c 

)'t 500mW in the range of Ta=-40°C'\.,65°C and from Ta=65°·C 
up to 85°C derating factor of -lOmW/oC shall be applied 
until 300mW. 

DIP16(3D16A-P) 

MFP16(F16GC-P) 

PIN ASSIGNMENT 

Q.12 1 16 Vee 

Q.6 2 15 Q.ll 

Q.5 3 14 Q.10 

Q.7 4 13 Q.8 

Q.4 5 .12 Q.9 

Q.3 6 II CLEAR 

Q,;G 7 10 CLOCK 

GND 8 9 Q.1 

(TOP VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4040P/F 

TRUTH TABLE 
CLOCK CLEAR OUTPUT STATE 

X H ALL OUTPUTS = "L" 

~ L NO CHANGE 
X DON I T CARE 

~ L ADVANCE TO NEXT STATE 

LOGIC DIAGRAM 
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RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2"'6 

Input Voltage VIN 0", Vee 

Output Voltage VOUT 0", Vee 

Operating Temperature Topr -40'" 85 

Input Rise and Fall Time t r , tf 0"'1000 (Vec=2. OV) 
o ~,SOO(Vec=4.5V) 
o '" 400 (Vee=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
VCC 

2.0 High-Level 
VIH 4.5 

Input Voltage 
6.0 

2.0 
Low-Level Vn 4.5 
Input Voltage 

6.0 

I 
2.0 

VIN=VIH IOH=-20]JA 4.5 
High-Level I 

VOH I 6.0 
Output Voltage or VIL r IOH=-4mA 4.5 

I 
I IOH=-5.2mA 6.0 
I 

-- I 

2.0 

VIN=VIH IOL=20)JA 4.5 
Low-Level 6.0 

VOL Output Voltage or VIL IOL=4mA 4.5 

IOL=5.2mA 6.0 

Input Leakage 
lIN VIN=VeC or GND 6.0 

Current 

Quiescent 
ICC VIN=VCC or GND 6.0 Supply Current 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

UNIT 

V 

V 

V 

°e 

ns 

MIN. 

1.5 
3.15 

4.2 

-

-
-

1.9 
4.4 

5.9 

4.18 

5.68 

-
-
-

-
-

-

-

TC74HC4040P/F 

INPUT and OUTPUT 
EqUIVALENT CIRCUIT 

INPUT 

GND 

Ta=25°C Ta=-40",85°C 

TYP. MAX. MIN. MAX. 

- - 1.5 -
- - 3.15 -

- - 4.2 -

- 0.5 - 0.5 
- 1. 35 - 1. 35 

- 1.8 - 1.8 

2.0 - 1.9 -
4.5 - 4.4 -

6.0 - 5.9 -

4.31 - 4.13 -

5.80 - 5.63 -

0.0 0.1 - 0.1 

0.0 0.1 - 0.1 
0.0 0.1 - 0.1 

0.17 0.26 - 0.33 

0.18 0.26 - 0.33 

- :+:0.1 - :+:1.0 

- 4.0 - 40.0 

UNIT 

V 

V 

I 

V 

V 

)JA 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4040P/F 

AC ELECTRICAL CHARACTERISITCS (CL=50pF, Input t r =tf=6ns) 

Ta=25°C Ta=-40'V85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 
Output Transition Time tTLH 4.5 8 15 19 - -

tTHL 6.0 - 7 13 - 16 

Propagation Delay Time tpLH 2.0 - 72 145 - 180 
4.5 - 18 29 - 36 

(CLOCK - Q1) tpHL 6.0 15 25 31 - -
ns 

Propagation Delay Time tpLH 
2.0 - 35 75 - 95 

(Qn - Qn + 1) 
4.5 - 9 15 - 19 

tpHL 6.0 - 8 13 - 16 

Propagation Delay Time 2.0 - 104 205 - 225 

(CLEAR) 
tpHL 4.5 - 26 41 - 50 

6.0 - 22 35 - 43 

Maximum Clock f MAX 
2.0 6 14 - 5 -

Frequency 4.5 30 55 - 24 - MHz 

6.0 35 65 - 28 -

Minimum Pulse Width tw(L) 2.0 - 30 75 - 95 

4.5 - 8 15 - 19 
(CLOCK) tw(H) 6.0 7 13 16 - -

Minimum Pulse Width 2.0 - 60 125 - 155 

(CLEAR) 
tw(H) 4.5 - 15 25 - 31 ns 

6.0 - 13 21 - 26 

2.0 - - 50 - 65 

Minimum Removal Time t rem 4.5 - - 10 - 13 

6.0 - - 9 - 11 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CpD (l) - 32 - - -

Note(l) CpD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). Average operating current can be obtained by the equation 
hereunder. 
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SWITCHING CHARACTERISTICS TEST WAVEFORM 

VCC 

CLEAR 

GND 
tw 

VCC 
CLOCK 

GND 

r-- VOH 
I Q.1 

I 
VOL 

Q.2 - Q.12 

ICC(o r.) TEST CIRCUIT 

VCC=5V 

Vec Q.1 

P.G. r---~-----dCLOeK 

* 

~ 
o 
U) CLEAR 

GND Q12 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4040P/F 

~VOH Q. n EO~ 

VOL 

VOH 

Q.n+1 

* t pIE I 
VOL 

-:IF
VOH 

Q.n+1 50~ 

VOL 
tpHL 

I 

VCC 

GND 

* INPUT WAVEFORM IS THE SAME AS 

THAT IN CASE OF SWITCHING 

CHARACTERIJTICS TEST. 
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IjlC= TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~C74HC4049P/F 
~C74HC4050P/F C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4049 PI F htx 8UFFE:<ICONVERTEP (If'iVEF.TING) 
TC74HC4050 PI F ~iEX BL!FFr~R CO:,!V;::'"l.TER 

The TC74HC4049 and the TC74HC4050 are high speed CMOS HEX BUFFER fabricated with 
silicon gate C2MOS technology. 
It achieves the high speed operation similar to equivalent LSTTL while maintaining the 
CMOS low power dissipation. 
The TC74HC4049 is an inverting buffer, while the TC74HC4050 is a non-inverting buffer. 
The internal circuit is composed of 3-stage or 2-stage inverters, which enables high 
noise immunity and stable output. 
Input protection circuits are different from those of the high speed CMOS IC's. 
They eliminate diodes of VCC side and enable logic-level conversion from high-level 
voltage (up to BV) to low-level voltage. 
These IC's are useful for battery back up circuits, because input voltage can be 
appled on IC's which is not biased by VCC' 

FEATURES: 

High Speed . .................. . tpd=lOns(Typ.) at VCC=5V 

Low Power Dissipation .... .... . ICC=l~A(Max.) at Ta=25°C 

High Noise Immunity .......... ,VNIH=VNIL=28% Vcc(Min.) 

Output Drive Capability .. .... . 15 LSTTL Loads 

Symmetrical Output Impedance .. i1oHi=IOL=6mA(Min.) 

Balanced Propagation Delays ... tpLH~tpHL 

Wide Operating Voltage Range .. VCC(opr)=2V-6V 

Pin and Function Compatible with 4049B, 4050B. 

PIN ASSIGNMENT 
TC'!4HC4049 TC'74HC4050 

VCC 1 16 NC VCC 1 

lY 2 15 6Y lY 2 

lA 3 14 6A lA 3 

2Y 4 13 NC 2Y 4 

2A 5 12 tiy 2A 5 

3Y 6 11 5A 3Y 6 

3A '7 10 4Y :SA '7 

GND 8 9 4A GND 8 

(TOP VI ~'W) 
NC No C,)nnecti on 

16 

DIPI6(3DI6A-P) 

J6~ 
1 

MFPI6(FI6GC-P) 

16 NC 

15 6Y 

14 6A 

13 NC 

12 5Y 

11 5A 

10 4Y 

4A 

(TOP VIEW) 
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CIRCUIT SCHEMATIC (per Gate) 

TC74HC4049 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL 

Supply Voltage Range VCC 

DC Input Voltage VIN 

DC Output Voltage VOUT 

Input Diode Current 11K 

Output Diode Current 10K 
--

DC Output Current lOUT 

DC VCC/Ground Current ICC 

Power Dissipation PD 
Storage Temperature Tstg 

Lead Temperature 10sec TL 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL 

Supply Voltage VCC 

Input Voltage VIN 

Output Voltage VOUT 

Operating Temperature Topr 

Input Rise and Fall Time tr,tf 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4050 
Vcc 

t 
I 

Y A 
I 

* I 

I 
_J 

GND 

VALUE UNIT 

-0.5 rv 7 V 

-0.5 rvl01( V 

-0.5 rv V CC+O. 5 V 

-20 rnA 

±20 rnA 

±35 rnA 

±70 rnA 

500 (DIP)*1y 180 (MFP) mW 

-65 rv 150 °c 

300 °c 

LIMIT UNIT 

2rv6 V 

o rvVCC V 

o rvVCC V 

-40 rv 85 °c 

o rv 1000 (V CC=2. OV) 
0 'V 500(VCC=4.5V) ns 
o 'V 400(VCC=6.0V) 

TC74HC4049P/F 
TC74HC4050P/F 

Vec 

GND 

Note. 
*DC input voltage is 
able to impress -0.5V 
to lOV based on GND 
without any relation 
to voltage of Vce. 
Recommended operating 
condition is from 
OV to 8V and it is 
possible to vonvert 
logic-level from 8V 
to 5V or 5V to 2V. 

**500mW in the range of 
Ta=-40°C rv 65°C and 
from Ta=65°C up to 
85°C derating factor 
of -lOmW/oC shall be 
applied until 300mW. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4049P/F 
TC74HC4050P/F 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 

High-Level 
VIH Input Voltage 

Low-Level 
VIL Input Voltage 

VIN= 
IOH=-20IlA 

High-Level 
Output Voltage VOH 

VIH or VIL IOH=-6mA 

IOH=-7.8mA 

VlN= IOL=20IlA 
Low-Level 
Output Voltage VOL 

VlH or VIL IOL=6mA 

IOL=7.8mA 

Input Leakage 
lIN VIN=VCC or GND Current 

Quiescent 
ICC VIN=VCC or GND Supply Current 

VCC 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

4.5 

6.0 

2.0 

4.5 

6.0 

4.5 

6.0 

6.0 

6.0 

Ta=25°C rra=-4Q-85°C 
UNIT 

MIN. TYP. MAX. MIN. MAX. 

1.5 - - 1.5 -
3.15 - - 3.15 - V 

4.2 - - 4.2 -

- - 0.5 - 0.5 

- - 1. 35 - 1. 35 V 

- - 1.8 - 1.8 

1.9 2.0 - 1.9 -

4.4 4.5 - 4.4 -

5.9 6.0 - 5.9 - V 

4.18 4.31 - 4.13 -
5.68 5.80 - 5.63 -

- 0.0 0.1 - 0.1 

- 0.0 0.1 - 0.1 

- 0.0 0.1 - 0.1 V 

- 0.17 0.26 - 0.33 

- 0.18 0.26 - 0.33 

- - ±O.l - ±1.0 

/1.A 

- - 1.0 - 10.0 

TOSHIBA--------------------~!582-----------------------------



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input t r =tf=6ns) 

TC74HC4049P/F 
TC74HC4050P/F 

Ta=25°C Ta=-40-85 ° C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN~ TYP. MAX. MIN. MAX. 

2.0 - 25 60 - 75 
tTLH 

Output Transition 4.5 - 6 12 - 15 
tTHL ns 

Time 
6.0 - 5 10 - 13 

2.0 - 48 100 - 125 

Propagation Delay 
tpLH 

4.5 12 20 - 25 -
Time tpHL ns 

6.0 - 10 17 - 21 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

CpD(l) - 25 - - -Capacitance 

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CpD·VCC·fI~ICC/6 (per Gate) 

SWITCHING CHARACTERISTICS TEST CIRCUIT 

TC74HC4049 

P.O. 

TC74HC4050 

P.O. 1--------1 

~. 

VaUT 
(HC4049 ) 

VaUT 
(HC4050) 

6 ns 6 ns 

Ir--..,.....-.I---+---- V C C 

'------ GND 

ICC(opr) TEST CIRCUIT 

TC74HC4049 

TC74HC4050 

Input waveform is the same 

as that in case of switching 

characteristics test. 
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[I TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4060P/F C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4060P/F 14-STAGE BINARY COUNTER/DIVIDER WITH OSCILLATOR 
The TC74HC4060 is a high speed CMOS l4-STAGE BINARY COUNTER fabricated with silicon 

gate C2MOS technology. 

It operates ten times as fast as that of metal-gate C2MOS IC (4060BP) with the same 

power dissipation. 

The oscillator configuration allows designs of either RC or crystal oscillator 

circuits. A clear input is used to reset the counter to the all low level state and 

disable the oscillator. A high level at CLEAR accomplishes the reset function. 

A negative transition on the clock input incliments the counter. Ten kinds of divided 

output are provided; 4 stage thru 10 stage and 12 stage thru 14 stage. And at the 

last stage, 1/16384 divided frequency is obtained. 

The 11 input and the CLEAR input are equipped with protection circuits against static 

dischage or transient excess voltage. 

FEATURES: 

· High Speed •.................. f max=60MHz(Typ.)(VCC=5V) 

· Low Power Dissipation ......... ICC=4pA(Max.) (Ta=25°C) 

High Noise Immunity ......... "VNIH=VNIL=28% Vcc(Min.) 

· Output Drive Capability ....... 10 LSTTL Loads 

Symmetrical Output Impedance .. 1 IOHI=IOL=4mA(Min.) 

Balanced Propagation Delays ... tpLH~tpHL 

Wide Operating Voltage Range .. VCC (opr) =2V - 6V 

· Oscillator Confi[ula~ion ..... RC or Crystal Oscillator 

• Schmitt Trigger Clock Input 

Pin and Function Compatible with 4060B 

1 
DI F16(3D16A-P) 

16~ 
1 

MFP16(F16GC-P) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4060P/F 

PIN ASSIGNMENT TRUTH TABLE 

JJ:3 Vee INPUTS 
FUNCTION 

,:,\ ~.i () ~I CLEAR 

;4 ~8 Counter is reset to zero 

;,-) Q,g x H state. 
~O output goes to high level 

;2 CLEAR ¢O output goes to low level 

11 0'1 L L Count up one step. 
10 ¢O 
9 0'0 S L No change. 

(TOp View) x Don't care 

LOGIC DIAGRM~ 

INPUT and OUTPUT EQUIVALENT CIRCUIT 

INPUT O-JV\I\r---+ OUTPUT 

--------------- 585,----------- TOSHIBA 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4060P/F 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE 

Supply Voltage Range Vee -0.5 'U 7 

DC Input Voltage VIN -0.5 'U Vee+O. 5 

DC Output Voltage VOUT -0.5 'U Vee+O. 5 

Input Diode Current 11K ±20 

Output Diode Current 10K ±20 

DC Output Current lOUT ±25 

DC Vee/Ground Current ICC ±50 

Power Dissipation PD 500(DIP)/lBO(MFP) 
Storage Temperature Tstg -65 'U 150 

Lead Temperature 10sec TL 300 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2'U6 

Input Voltage VIN o 'U Vee 

Output Voltage VOUT o 'U Vee 

Operating Temperature Topr -40 'U 85 

o 'U lOOO(Vee=2. OV) 
Input Rise and Fall Time tr,tf o 'U 500(Vee=4.5V) 

o 'U 400(Vee=6.0V) 

DC ELECTRICAL CHARACTERISTICS 

UNIT 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

mW 

°e 

°e 

UNIT 

V 

V 

V 

°e 

ns 

* 500mW in the range 
of Ta=-40oe 'U 65°C 
and from Ta=65°e up 
to 85°C derating 
factor of -lOmW/oe 
shall be applied 
un t i1 300mW. 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°e Ta=-4Q-85°e 

UNIT 
Vee MIN. TYP. MAX. MIN. MAX. 

2.0 1.5 - - 1.5 -
High-Level 

VIH 4.5 3.15 - - 3.15 - V 
Input Voltage 

6.0 4.2 - - 4.2 -

2.0 - - 0.5 - 0.5 
Low-Level 

VIL 4.5 1. 35 1. 35 V Input Voltage - - -
6.0 - - 1.8 - 1.8 

2.0 1.9 2.0 - 1.9 -

High-Level IOH=-20.aA 4.5 4.4 4.5 - 4.4 -
VIN= 

Output Voltage VOH 6.0 5.9 6.0 - 5.9 - V, 
(Q Outputs) VIH or VIL ,.;,' 

IOH=-4mA 4.5 4.18 4.31 - 4.13 -
IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4060P/F 

DC ELECTRICAL CHARACTERISTICS (CONTINUED) 

Ta=25°C Ta=-4Q-85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

High-Level 2.0 1.8 2.0 - 1.8 -
Output Voltage VIN= 

4.5 4.0 VOH IOH=-20.uA 4.5 4.0 - - V 
(r/:Jo,1o Output) VIH or Vn 

5.5 5.9 5.5 6.0 - -

2.0 - 0.0 0.1 - 0.1 

Low-Level IOL=20.uA 4.5 - 0.0 0.1 - 0.1 
VIN= 

Output Voltage VOL 6.0 - 0.0 0.1 - 0.1 V 
(Q Outputs) VIH or Vn 

IOL=4mA 4.5 0.17 0.26 0.33 - -

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 

Low-Level 2.0 - 0.0 0.2 - 0.2 
Output Voltage 

VOL 
VIN= 

IOL=2QuA 4.5 0.0 0.5 0.5 V - -
(r/:Jo,1o Output) VIH or Vn 

0.1 0.5 6.0 - 0.5 -

Input Leakage 
lIN VIN=VCC or GND 6.0 - - ±0.1 - ±1.0 

Current 
.uA 

Quiescent 
Supply Current Ice VIN=VCC or GND 6.0 - - 4.0 - 40.0 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input t r =tf=6ns) 

Ta=25°C Ta=-4G--85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

Vee MIN. TYP. MAX. MIN. HAX. 

2.0 - 30 75 - 95 
Output Transition Time tTLH 

4.5 - 8 15 - 19 
(Q Outputs) tTHL 

16 6.0 - 7 13 -

2.0 - 196 370 - 465 
Propagation Delay Time tpLH 

11 - Q4 
4.5 - 49 74 - 93 

tpHL 
6.0 - 42 63 - 79 ns 
2.0 - 35 75 - 95 

tpLH 
4.5 - 9 15 - 19 

Qn - Qn+1 tpHL 
8 13 6.0 - - 16 

2.0 - 100 195 - 245 
tpLH 

4.5 - 25 39 - 49 
CLEAR - Qn tpHL 

6.0 - 21 33 - 42 

2.0 6 14 - 5 -
Maximum Clock 

fMAX 4.5 30 55 24 MHz - -
Frequency 

6.0 35 65 - 28 -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4060P/F 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) (CONTINUED) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-4c:r-S5°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 
Minimum Pulse Width tw(L) 

(11 ) 
4.5 - 8 15 - 19 

CLOCK tw(H) 
6.0 - 7 13 - 16 

2.0 - 60 125 - 155 

CLEAR tw(H) 4.5 - 15 25 - 31 ns 

6.0 - 13 21 - 26 

2.0 - 40 100 - 125 
Minimum Removal Time 

t rem 4.5 - 10 20 - 25 
CLEAR 

6.0 - 9 17 - 21 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CPD(l) - 33 - - -

Note (I) CPD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD,VCC·fIN+ICC 

SWITCHING CHARACTERIST1CS TEST WAVEFORM 

tpHL (CLEAR - Qn), tw (CLEAR) tpLH,tpHL (CLOCK - Q), tw (CLOCK) 
6ns 

t5 nc ons 

vee; 

OND 

Q4 vOH 

V::I tpHL 
"-D 

V,)i, 

tpHL tpLH, tpHL (Qn - Qn+1) 
tTHL 

VUI, 

Qn Qn 
\' 1.11, 

tTilL 
VI,)!, 

Qn+ 1 Q,n+ 1 
\/U:J 

tpLH tpilL 
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ICC(opr) TEST CIRCUIT 

Vcc 

P.:}. 0'1 
00 

950 
~;. 

4 
0'4 

CLEAR 

GND 
~14 

TYPICAL CLOCK DRIVE CIRCUITS 

EXTERNAL CLOCK DRIVE 

Open 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4060P/F 

• ~I input t r =tf=6ns Duty=50% 

Note 

When CR or crystal oscillation circuit 
is adopted, the dynamic power dissipation 
will be greater than the measured value 
from the test circuit shown left, 
because these oscillion circuits spend 
much supply current. 

TYPICAL RC CIRCUIT TYPICAL CRYSTAL CIRCUIT 

c x 
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I~OSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~C74HC4066P/F C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4066P/F UAD BILATEkAL SWITCH 
The TC74HC4066 is a high speed CMOS QUAD BILATERAL SWITCH fabricated with silicon gate 

C2MOS technology. 

It consists of four independent high speed switches capable of controlling either 

digital or analog signals with as low power dissipation as that of metal-gate C2MOS IC. 

C input is provided to control the switch; the switch is ON while the C input is 

maintained at high level, and the switch is OFF while at low level. 

FEATURES: 

High Speed ..................... t pd=12ns(Typ.) (VCC=5V) 

Low Power Dissipation .......... ICC=l~A(Max.) (Ta=25°C) 

High Noise Immunity ............ VNIH=VNIL=28% Vcc(Min.) 

Low ON Resistance .............. RON=80.n(Typ.) (VCC=5V) 

. High Degree of Liniarity ....... DISTORTION=O.05%(Typ.) 
(VCC=5V) 

Pin and Function Compatible with 4066B 

1 

DIP14(.3D14A-P) 

l,Q 
1 

MB'P14(F14GB-P) 

LOGIC DIAGRAM PER CHANNEL PIN ASSIGNMENT 

1 I/O 1 14 Vcc 

lO/I 2 13 lC 

20/ I 3 12 4C 
I/O 0/1 

2 I/O 4 11 41/0 

2C 5 10 40/1 

3C 6 9 30/1 

GND 
7 8 31/0 

GIN ( V SS ) 

(Top View) 
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ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL 

Supply Voltage Range VCC 

DC Input Voltage VIN 

DC Output Voltage VOUT --
Input Diode Current 11K 

Output Diode Current 10K 
~-

DC Output Current lOUT 

DC VCC/Ground Current ICC 

VALUE 

-0.5 'V 7 

-0.5 'V V Cc+O. 5 

-0.5 'V V CC+O . 5 

±20 

±20 

±25 

±50 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

UNIT 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

TC74HC4066P/F 

* 500mW in the range 
of Ta=-40°C 'V 65°C 
and from Ta=65°C up 
to 85°C derating 
factor of -lOmW/oC 
shall be applied 
until 300mW. 

Power Dissipation PD 500(D1P)*/180(MFP) mW 
Storage Temperature Tstg -65 'V 150 

Lead Temperature 10sec TL 300 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage VCC 2'V6 

Input Voltage VIN o 'V V CC 

Output Voltage VOUT o 'V VCC 

Operating Temperature Topr -40 'V 85 

o 'V 1000(VCC=2 .OV) 
Input Rise and Fall Time tr,tf o 'V 500(vCC=4.5V) 

o 'V 400(VCC=6.0V) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
VCC 

High-Level 
2.0 

Refer to RON Control Input V1H 4.5 
Voltage specification 

6.0 

Low-Level 
2.0 

Control Input VIL I IOFF 1 ~ 1. O.aA 4.5 
Voltage 

6.0 

VC=VIHC 2.0 

ON Resistance RON VI/O=O - VCC 4.5 

II/O=lOO.aA 6.0 
Difference of 2.0 
ON Resistance VC=VIHC 
Between Any Two JRON 4.5 

II/O=lOO.aA 
~~/our 6.0 °tc.hes 

°c 

°c 

UNIT 

V 

V 

V 

°c 

ns 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

CONTROL 
INPUT 

C 

SWITCH 
INPUT / OUTPUT 

Vcc VOCi I 

~~~ r A 
O/~ 

I I 

l+r 

Ta=25°C Ta=-4o-85°C 
UNIT 

MIN. TYP. MAX. MIN. MAX. 

1.5 - - 1.5 -

3.15 - - 3.15 - V 

4.2 - - 4.2 -

- - 0.5 - 0.5 

- - 1. 35 - 1. 35 V 

- - 1.8 - 1.8 

- 2000 - - -

- 100 200 - 250 

- 60 170 - 210 
.Q 

- 50 - - -

- 3 - - -
- 2 - - -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4066P/F 

DC ELECTRICAL CHARACTERISTICS (CONTINUED) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-4Q--85°C UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

Input/Output VC=VILC Leakage Current 
IOFF VI/O=6V, VO/I=OV 6.0 - - ±0.1 - ±0.1 

(Switch OFF) or 
VT/O=OV, VO/I=6V ItA 

Input Leakage 
lIN 6.0 - - ±0.1 - ±1.0 

Current 

Quiescent 
ICC VIN=VCC or GND 6.0 - - 1.0 - 10.0 

SUJ>21y Current 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) 

Ta=25°C Ta=-4(}--85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 13 50 - 65 
Propagation Delay Time tpLH 

RL=10kD. 4.5 - 5 10 - 13 
(Input to Output) tpHL 

6.0 - 4 9 - 11 

2.0 - 56 115 - 145 

Output Enable Time 
tpZH 

RL=lkD. 4.5 14 23 - 29 ns -
tpZL 

6.0 12 20 25 - -

2.0 - 64 115 - 145 

Output Disable Time 
tpLZ 

RL=lkD. 4.5 16 23 29 - -
tpHZ 

6.0 14 20 25 - -

VSS=-2.5V 

Sine Wave Distortion Vin=0.88VRMS 2.5 - 0.05 - - - % 
RL =10k.l"2 

f=lkHz 

Frequency Response VSS=-2.5V 
(Switch ON) 

Vin=0.88VRMS 2.5 30 Vout - - - -
20 loglO v.-=-3dB RL=lkD. ~n MHz 
Feedthrough VSS=-2.5V 
Attenuation (Switch 

Vin=0.88VRMS 2.5 1.0 OFF) - - - -
Vout 

20 loglO Vin =-50dB RL=lkD. 

Crosstalk RIN=lkn 2.0 - 25 - - -
(Control Input to) RL=10kD. 4.5 - 60 - - - mV 
Signal Output 

6.0 - 75 - - -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4066P/F 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) (CONTINUED) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40--85°C 

UNIT 
VCC HIN. TYP. MAX. MIN. MAX. 

f-~-- --- ---
talk (Between Cross 

any two switches) VSS=-2.5V 
Vout Vin=O.88VRMS 2.5 - 1.5 - - -

20 loglO -V-.-=-50dB RL=lkD 
ln MHz 

RL=lkD 
2.0 - 20 - - -

Haximum Control Input 
CL=15pF 4.5 - 30 - - -

Frequency 
VOUT=1/2 VCC 6.0 - 30 - - -

Control Input 
CIN 5 10 10 - -

Capacitance 
Switch Input/Output 

CI/O 6 Capacitance - - - -
pF 

Feedthrough 
CI-O - 0.5 - - -

Capacitance 

Power Dissipation 
CpD(l) 13 

Capacitance 
- - - -

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD·VCC·fIN+ICC/4 (per CHANNEL) 

CHANNEL RESISTANCE (RON) TEST CIRCUIT ICC a r) TEST CIRCUIT 

iUU/1A 

-~ 
C Vee! m-

:P.G. 

I GND i L----r--
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4066P/F 

SWITCHING CHARACTERISTICS TEST CIRCUIT 

2. 

3. 

from--+--~----~ 

P.G. 

, ,i'r< 

L GND 10.

1 ------<r-- ----J 0 .,..h. If) 

CROSSTALK (CONTROL TO OUTPUT) 
5V 

J\ 
from 

P.G. 

CJ 
.'>: 
.-; 

BANDWIDTH AND FEEDTHROUGH 
ATTENUATION 

+2.5 V -2.5V 
+2.5V 

8W 

--2.5V 

4 • C 1-0 , C II a 
eI-O 

r--------H--------, 
I +25V I 
I . I 

~ ----6-- ---, 
e vee \ 

CI/O I 
~ 

I 
L_ GND(V~~ 

I -2.5V 
rl-r 

i'r< 
0. 

l~ 

6ns 6ns 

~--:---t-+---- Vee 

·~---GND 

VO/I 

,8} = Vee. 82= GND) 

VO/I 

(81=GND.82=Vee ) 

TE8T ITEM 

5. CROSSTALK BETWEEN ANY TWO 
SWITCHES 

~2.5V -vi +2.5V 

I 
-3dB BANDWIDTH TEST 

-2.5V 

6. MAXIMUM CONTROL FREQUENCY 

VIN 

JU
v ee 

-OV 

1 
~-----(~_---' 2 vee 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DAT. 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4072 
PRELIMINARY 

TC74HC4072P DUAL 4-INPUT OR GATE 
The TC74HC4072 is a high speed CMOS 4-INPUT OR GATE fabricated with silicon gate C2MOS 

technology. 

It achieves the high speed operation similar to equivalent LSTTL while maintaining the 

CMOS low power dissipation. 

The internal circuit is composed of 3 stage including buffer output, which enables 

high noise immunity and stable output. 

All inputs are equipped with protection circuits against static discharge or excess 

voltage. 

FEATURES: 

. High Speed •.................... t pd=11ns(Typ.)(VCC=5V) 

Low Power Dissipation .......... ICC=1flA(Max.)(Ta=25°C) 

High Noise Immunity ............ VNIH=VNIL=28% Vcc(Min.) 

Output Drive Capability ........ lO LSTTL Loads 

Symmetrical Output Impedance ... ] IOH]=IOL=4mA(Min.) 

. Balanced Propagation Delays .... tpLH~tpHL 

Wide Operating Voltage Range ... VCC(opr)=2V-6V 

Pin and Function Compatible with 4072B 

DIPH (3D14A-P) 

LOGIC DIAGRAr~ (1/2 OF DEVICE SHOWN) PIN ASS I GNr~ENT 

lY 1 14 

1A 2 13 

1B 3 12 
A 

1C 4 11 
B 

Y 1D 5 10 
C 

NC 
D 

6 9 

GND 7 8 

(Top Vi ew) 

VCC 

2Y 

2D 

2C 

2B 

2A 

NC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4072P 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5- 7 V 

DC Input Voltage VIN -0.5- V CC+O .5 V 

DC Output Voltage VOUT -0.5- VCC+O. 5 V 

Input Diode Current 11K ±20 rnA 

Output Diode Current 10K ±20 rnA 

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 

Power Dissipation PD 500+ mW 

Storage Temperature Tstg -65 -150 °c 

Lead Temperature 10sec TL 300 °c 

• 500mW in the range of Ta=-40 -65°C. and from Ta=65°C up to 
85°C derating factor of -lOmW/oC shall be applied until 300mW. 

INPUT and OUTPUT EQUIVALENT CIRCUIT 

INPUT OUTPUT 

GND 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4072P 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT UNIT 

Supply Voltage VCC 2 -6 V 

Input Voltage VIN o -Vce V 

Output Voltage VOUT o -Vcc V 

Operating Temperature Topr -40 -85 °c 

O-lOOO(Vr,r,=?OV) 
Input Rise and Fall 

0- 500 (Vr,r.=4. 5V) Time tr,tf ns 

o -400(VCC=6.0V) 

DC ELECTRICAL CHARACTERISTICS 

Ta=25°C Ta=-4Q-85°e 
PARAMETER SYMBOL TEST CONDITION UNIT 

Vec MIN. TYP. MAX. MIN. MAX. 

2.0 1.5 - - 1.5 -
High-Level 

VIH 4.5 3.15 - - 3.15 - V 
Input Voltage 

6.0 4.2 - - 4.2 -

2.0 - - 0.5 - 0.5 
Low-Level 

VIL 4.5 1. 35 1. 35 V 
Input Voltage - - -

6.0 - - 1.8 - 1.8 

2.0 1.9 2.0 - 1.9 -

IOH=-20ttA 4.5 4.4 4.5 - 4.4 -
High-Level VIN= 

VOH 6.0 5.9 6.0 - 5.9 - V 
Output Voltage VIH or VIL 

IOH=-4mA 4.5 4.18 4.31 - 4.13 -

IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -
2.0 - 0.0 0.1 - 0.1 

IOL=20ttA 4.5 - 0.0 0.1 - 0.1 
Low-Level VIN= 

Output Voltage VOL 6.0 - 0.0 0.1 - 0.1 V 
VIH or VIL 

IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 
Input Leakage 

lIN VIN=VCe or GND 6.0 - - ±O.l - ±1.0 
Current ttA 
Quiescent 

ICC VIN=Vee or GND 6.0 - - 1.0 - 10.0 
Supply Current 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4072P 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40-85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 30 75 - 95 
Output Transition tTLH 

4.5 - 8 15 - 19 
Time tTHL 

6.0 - 7 13 - 16 
ns 

2.0 - 56 llO - 140 
Propagation Delay tpLH 

28 4.5 - 14 22 -Time tpHL 
6.0 - 12 19 - 24 

Input Capacitance CIN - 5 10 - 10 
Power Dissipation 

pF 

Capacitance CpD (1) - 28 - - -

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD·VCC.fIN+ICC/2 (per Gate) 

SWITCHING CHARACTERISTICS TEST CIRCUIT and WAVEFORM 

6 ns 6ns 

P.G. 

ICC(opr) TEST CIRCUIT 

P.G. 

* G 
o 
If) 

*Inpu t waveform is the same as 
that in case of switching 
characteristics test. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DAT.~==I 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4075P/~ 
PRELIMINARY 

TC74HC4075PFTRIPLE 3-INPUT OR GATE 

The TC74HC4075 is a high speed CMOS 3- INPUT OR GATE fabricated with silicon gate 
C2 MOS technology. 

It achieves the high speed operation similar to equivalent LSTTL while maintaining 
the CMOS low power dissipation. 

The internal circuit is composed of 4 stages including buffer output, which enables 
high noise immunity and stable output. 

All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES: 

• High Speed ................. tpd= 9 ns (Typ.) at VCC=5V 

• Low Power Dissipation ...... ICC=lwA(Max.) at Ta=25°C r---------------------------~ 

• High Noise Immunity ........ VNIH=VNIL=28% VCC (Min.) 

• Output Drive Capability ...........•.. 10 LSTTL Loads 

• Symmetrical Output Impedance .•... !IOH!=IOL=4rnA(Min.) 

• Balanced Propagation Delays ........•...•.. tpLH*tpHL 

• Wide Operating Voltage Range ..•.... VCC(Opr.)=2V'\,6V 

• Pin and Function Compatible with 4075B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5'\, 7 V 

DC Input Voltage VIN -0.5 '\, VCc+O. 5 V 

DC Output Voltage VOUT -0 . 5 '\, V CC+O . 5 V 

Input Diode Current 11K ±20 rnA 

Output Diode Current 10K ±20 rnA 
-

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 

Power Dissipation PD 500*(DIP) mW 

l80(MFP) 

Storage Temperature Tstg -65 '\, 150 °c 

Lead Temperature 10sec TL 300 °c 

* 500mW in the range of Ta=-40° '\, 65°C and from Ta=65°C 
up to 85°C derating factor of -lOmWjOC shall be applied 
un til 300mW. 

DIP14(3D14A-P) 

PIN ASSIGNMENT 

2A 1 14 Vcc 

2B 2 1.3 .3C 

1A .3 12 .3B 

IB 4 11 .3A 

Ie 5 10 3Y 

2Y 6 9 2Y 

GND 7 8 2C 

(TOP VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4075P 

LOGIC DIAGRAM 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2"v6 

Input Voltage VIN o "v Vee 

Output Voltage VOUT o "v Vee 
Operating Temperature Topr -40 "v 85 

Input Rise and Fall Time t r , tf o "v 1000 (Vce=2. OV) 
o "v 500 (Vee=4. 5V) 
o "v 400 (Vee=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Vee 

High-Level 2.0 
VIH 4.5 

Input Voltage 
6.0 

2.0 
Low-Level VIL 4.5 
Input Voltage 

6.0 

2.0 

VIN=VIH IOH=-20)JA 4.5 
High-Level 

VOH 
6.0 

Output Voltage or VIL IOH=-4mA 4.5 

IOH=-5.2mA 6.0 

UNIT 

V 

V 

V 

°e 

ns 

MIN. 

1.5 
3.15 

4.2 

-
-
-

1.9 
4.4 
5.9 

4.18 

5.68 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT 

Ta=25°e Ta=-40"v85 ° e 
TYP. MAX. MIN. MAX. 

- - 1.5 -
- - 3.15 -
- - 4.2 -

- 0.5 - 0.5 
- 1. 35 - 1. 35 

- 1.8 - 1.8 

2.0 - 1.9 -
4.5 - 4.4 ....:. 

6.0 - 5.9 -

4.31 - 4.13 -

5.80 - 5.63 -

UNIT 

V 

V 

V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4075P/F 

DC ELECTRICAL CHARACTERISITCS (Continued) 
Ta=25°C Ta=-40'V85°C 

PARAMETER SYMBOL TEST CONDITION UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

I 12.0 - 0.0 0.1 - 0.1 

i 10L =2~::A .I~· 5 
0.0 0.1 - 0.1 

Low-Level 
I 6.0 0.0 0.1 - 0.1 

Output Voltage VOL VIW=VIL t--- ----1------ }---- V 
I IOL=4mA 4.5 0.17 0.26 - 0.33 
I I 0.18 0.26 0.33 ~IOL=5.2rnA 1

6 . 0 -
~ ---f---- ------ --'----

Input Leakage 
lIN VIN=VCC or GND 6.0 - - ±0.1 - ±l.0 

Current 
1--- --f-----f- uA 

Quiescent 
ICC VIN=VCC or GND 6.0 - - l.0 - 10.0 

Supply Current 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input tr=tf=6ns) 

PARAMETER SYMBOL TEST CONDITION Ta=25°C Ta=-40'V85°C UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 
2.0 - 30 75 - 95 

Output Transition Time 4.5 - 8 15 - 19 ns 
tTHL 6.0 - 7 13 - 16 

2.0 - 48 100 - 125 
Propagation Delay Time tpLH 

4.5 - 12 20 - 25 ns 
tpHL 6.0 - 10 17 - 21 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation CpD(l) 
pF 

- 30 - - -
Capacitance 

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which 

is calculated from the operating current consumption without load (refer to 

Tes t Circuit). 

Average operating current can be obtained by the equation hereunder. 

I CC(opr.)=CPD o VCC o fIN+Icc/3 (per gate) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4075P/F 

SWITCHING CHARACTERISTICS TEST CIRCUIT 

6ns 6 ns 

Vee 

ICC(opr.) TEST CIRCUIT 

Vee=5V 

VIN 

P.G. 
~ 

* 10 

* INPUT WAVEFORM IS THE SAME AS 

THAT IN CASE OF SWITCHING 

CHARACTERISTICS TEST. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4078~ 
PRELIMINARY 

TC74HC4078P 8-INPUT OR/NOR GATE 

The TC74HC4078 is a high speed CMOS 8-INPUT NOR GATE fabricated with silicon 

gate C2MOS technology. 

It operates ten times as fast as that of metal-gate C2MOS IC (4078B) with the same 

power dissipation. 

Output X is 8-INPUT NOR, output Y is 8-INPUT OR. Both outputs are buffered, which 

enables high noise immunity and stable output. 

All inputs are equipped with protection circuits against static dischgrge or transient 

excess voltage. 

FEATURES: 

• High Speed ••••••••...•••.•• tpd=14ns (Typ.) at VCC=5V .--____________ ---' 

• Low Power Dissipation ••••.. ICC=l~A(Max.) at Ta=25°C 

• High Noise Immunity .•••.•••• VNIH=VNIL=28% Vcc(Min.) 

• Output Drive Capability •••••••••••••• 10 LSTTL Loads 

• Symmetrical Output Impedance .•••• !IOHI=IOL=4rnA(Min.) 

• Balanced Propagation Delays .••••..•.•••••• tpLH~tpHL 

• Wide Operating Voltage Range •••..• VCC (Opr.)=2V ~ 6V 

• Pin and Function Compatible with 4078B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5'\., 7 V 

DC Input Voltage VIN -0.5 '\., VCC+O. 5 V 

DC Output Voltage VOUT -0 . 5 '\., V CC+O . 5 V 

Input Diode Current 11K ±20 mA 

Output Diode Current 10K ±20 rnA 
--
DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 
--~---------

Power Dissipation PD 500* mW 

Storage Temperature Tstg -65 r" 150 °c 

Lead Temperature 10sec TL 300 °c 

)', 500mW in the range of Ta=-40°C ~.65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
un til 300mW. 

DIP14'( 3D14A-P) 

PIN ASSIGNMENT 

y 1 ~---, 

A 

B 3 

C 4 

D 5 t-----I,'----I 

NC 6 

GND 7 

(TOP VIEW) 

NC: No Conne ctio n 

E 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4078P 

LOGIC DIAGRAM 

A u--~ ..... 

B 

e 

D 

E o---'f'""" ..... 

F 

G 

H 

RECOMMENDED OPERATING CONDITIONS 

y 

;>0------0 X 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

PARAMETER SYMBOL LIMIT UNIT 

Supply Voltage Vee 2"v6 V Vee vee 
------

Input Voltage VIN o "v Vee V 
-- --

Output Voltage VOUT o "v Vee V 
c-------
Operating Temperature Topr -40 "v 85 °e 

Input Rise and Fall Time t r , tf 0,\,1000 (Vee=2. OV) INPUT 

o '\,500(Vee=4.5V) ns 
o "v 400 (Vee=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

Ta=25°e Ta=-40"v85°e 
PARAMETER SYMBOL TEST CONDITION 

Vee MIN. TYP. MAX. MIN. MAX. 

High-Level 2.0 1.5 - - 1.5 -
VIH 4.5 3.15 - - 3.15 -

Input Voltage 
6.0 4.2 4.2 - - -

2.0 - - 0.5 - 0.5 
Low-Level VIL 4.5 - - 1. 35 - 1. 35 
Input Voltage 

6.0 - - 1.8 - 1.8 

2.0 1.9 2.0 - 1.9 -

VIN=VIH IOH=-20wA 4.5 4.4 4.5 - 4.4 -
High-Level 

VOH 
6.0 5.9 6.0 - 5.9 -

Output Voltage or VIL IOH=-4mA 4.5 4.18 4.31 - 4.13 -

IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -

UNIT 

V 

V 

I 
V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4078P 

DC ELECTRICAL CHARACTERISTICS (Continued) 

Ta=25°C Ta=-40'V85°C 
UNIT PARAMETER SYMBOL TEST CONDITION 

VCC MIN. TYP. MAX. MIN. MAX. 

i 
2.0 - 0.0 0.1 - 0.1 

VIN=VIH I 10L =20\JA 4.5 - 0.0 0.1 - 0.1 
Low-Level 

I 
6.0 - 0.0 0.1 - 0.1 

Output Voltage VOL ~-- ---t-----~ --------~-t------ ~--- ----~ V 
or VIL I IOL=4mA 4.5 0.17 0.26 0.33 

I 
O. l8 0.26 0.33 J lOL=5.2mA 6.0 -

---------- - ----- ----------- -------------- -- ---c------ -- -

Input Leakage I 

lIN VIN=VCC or GND 6.0 - - :to.l - .+.1.0 
Current 

--r-----~-----~----~-----~ -~ 1--- IJA 
Quiescent 

ICC VIN=VCC or GND 6.0 - - 1.0 - 10.0 
Supply Current 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input t r =tf=6ns) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40'V85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 
2.0 - 30 75 - 95 

Output Transition Time 4.5 - 8 15 - 19 
tTHL 6.0 - 7 13 - 16 

68 
ns 

tpLH 2.0 - 130 - 165 

Propagation Delay Time 4.5 - 17 26 - 33 
tpHL 

6.0 - 14 22 - 28 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CPD(l) - 73 - - -

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which is 

calculated from the operating current consumption without load (refer to Test 

Circuit). 

Average operating current can be obtained by the equation hereunder. 

ICC(Opr.) = CpD • VCC • fIN + ICC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4078P 

SWITCHING CHARACTERISTICS TEST CIRCUIT 

ICC(Opr.) TEST CIRCUIT 

GND 

6ns 6ns 

INPUT 

I'--~-- GND 

OUTPUT X 

OUTPUT Y 

* INPUT WAVEFORM IS THE SAME AS THAT 

IN CASE OF SWITCHING CHARACTERISTICS 

TEST. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4094P/F 
PRELIMINARY 

TC74HC4094P/F 8-BIT SHIFT AND STORE REGISTER (3-STATE) 

The TC74HC4094 is a high speed CMOS 8-STAGE SHIFT-AND-STORE REGISTER fabricated with 
silicon gate C2 MOS technology. It achieves the high speed operation similar to equiv­
alent LSTTL while maintaining the CMOS low power dissipation. This device consists of 
an 8-bit shift register and a 8-bit latch with 3-state output buffer. Data is shifted 
serially through the shift register on the positive going transition of the clock 
input signal. The output of the last stage (Qs) can be used to cascade several de­
vices. Data on the Qs output is transferred to a second output (Qs') on the following 
negative transition of the clock input signal. The data of each stage of the shift 
register is provided to a latch, which latches data on the negative going transition 
of the STROBE input signal. When STROBE input is held high, data propagates through 
the latch to a 3-state output buffer. This buffer is enabled when OUTPUT ENABLE input 
is taken high. All inputs are equipped with protection circuits against static dis­
charge or transient excess voltage. 

FEATURES 

· High Speed ............... f MAX=42MHz(Typ.) at VCC=5V ~--------------------------~ 

• Low Power Dissipation ...... ICC=4wA(Max.) at Ta=25°C 

• High Noise Immunity ......... VNIH=VNIL=28% VCC (Min.) 

• Output Drive Capability .............. 10 LSTTL Loads 

• Symmetrical Output Impedance .......... IIOHI=IOL=4rnA 

• Balanced Propagation Delays ............... tpLH~tpHL 

• Wide Oerating Voltage Range ........ VCC(opr.)=2V'V6V 

• Pin and Function Compatible with 4094B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5'V 7 V 
f----~-~-------~-

DC Input Voltage VIN -0.5 'V VCc+0.5 V 
f---

DC Output Voltage VOUT -0 . 5 'V V CC+O . 5 V 
---~~--------~--~----.--------1-------
Input Diode Current 11K ±20 rnA 
----- ~------~------1----

Output Diode Current 10K ±20 rnA 
----------------~--~-----~ f-----

DC 
f---

Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 
I-------~------.---. -

Power Dissipation PD 
500 (DIP) ~.~ 

mW 
180 (MFP) 

Storage Temperature Tstg -65 'V 150 °c 

Lead Temperature 10sec TL 300 °c 

,'c 500mW in the range of Ta=-40° 'V 65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
until 300mW. 

DIP16(3D16A-P) 

16~ 
1 

MFP16(F16GC~P) 

PIN ASSIGNMENT 

STROBE 

SERIAL 

CLOCK 

Q,1 

Q,2 

Q,3 

Q,4, 

GND 

1 

IN2 

4, 

(TOP VIEW) 

16 VCC 

15 OE 

14 Q,5 

13 Q,6 

12 Q,7 

11 Q,8 

10 -Q,s 

9 Q,s 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4094P/F 

TIMING CHART 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4094P/F 

TRUTH TABLE 
PARA. OUT SERI.OUT 

CK OE ST S I 
Q.l Q. n Q. s Q. s' 

S H H L L Q.n-l Q.7 NC 

S H H H H Q,n-l Q,7 NC 

~ H L X NC NC Q,7 NC 

~ L X X Z Z Q.7 NC 

L H X X NC NC NC Q,s 

~ L X X Z Z NC Q,s 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2'V6 

Input Voltage VIN o 'V Vee 

Output Voltage VOUT o 'V Vee 
Operating Temperature Topr -40 'V 85 

Input Rise and Fall Time t r , tf o 'V 1000 (Vec=2. OV) 
o 'V 500 (VCC=4. 5V) 
o 'V 400 (Vce=6 . OV) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Vee 

UNIT 

V 

V 

V 

°e 

ns 

X : DONIT CARE 

NC: NO CHANGE 

Z : HIGH IMPEDANCE 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT 

Ta=25°e 

VCC Vee 

GND 

GND 

Ta=-40'V85°e 
MIN. TYP. MAX. MIN. MAX. 

High-Level 2.0- 1.5 - - 1.5 -
VIH 4.5 3.15 - - 3.15 -

Input Voltage 
6.0 4.2 - - 4.2 -, 
2.0 - - 0.5 0.5 -

Low-Level VIL- 4.5 - - 1. 35 - 1. 35 
Input Voltage 

6.0 - - 1.8 1.8 -
2.0 1.9 2.0 - 1.9 -

VIN=VIH IOH=-20]1A 4.5 4.4 4.5 - 4.4 -
High-Level 

VOH 
6.0 5.9 6.0 - 5.9 -

Output Voltage or VIL 
IOH=-4mA 4.5 4.18 4.31 - 4.13 -
IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -

UNIT 

V 

~ 

V 

V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4094P/F 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARM1ETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40"'85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 0.0 0.1 - 0.1 

Low-Level VIN= VIH I OL=20flA 4.5 - 0.0 0.1 - 0.1 
VOL 6.0 - 0.0 0.1 - 0.1 

Output Voltage or VIL V IOL=4mA 4.5 - 0.17 0.26 - 0.33 

I OL=5.2mA 6.0 - 0.18 0.26 - 0.33 

3 State Output VIN=VIH or VIL 
Off-State IOZ 6.0 - - ±0.5 - ±5.0 flA 
Current VOUT=VCC or GND 

Input Leakage lIN VIN=VCC or GND 6.0 - - ±O.l - ±lo 0 Current 
Quiescent flA 

Supply Current ICC VIN=VCC or GND 6.0 - - 4.0 - 40.0 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT tr=tf=6ns) 
25°C -40'" 85°C 

PARAMETER SYMBOL TEST CONDITION UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 6.0 - 7 13 - 16 

Propagation Delay Time tpLH 2.0 - 140 270 - 340 

(CLOCK - Qn) tpHL 
4.5 - 35 54 - 68 
6.0 - 30 46 - 58 

ns 
Propagation Delay Time tpLH 2.0 - 104 20e - 250 

(CLOCK - Qs, Qs') 
4.5 - 26 40 - 50 

tpHL 6.0 - 22 34 - 43 

Propagation Delay Time tpLH 2.0 - 135 210 - 265 
4.5 - 27 42 - 53 

(STROBE - Qn) tpHL 6.0 - 23 36 - 45 

Maximum Clock 2.0 4 10 - 3 -
fMAX 4.5 20 38 - 16 - MHz 

Frequency 6.0 24 45 19 - -
Minimum Clock Pulse tw(H) 2.0 - 35 100 - 125 

4.5 - 9 20 - 25 
Width tw(L) 6.0 - 8 17 - 21 

ns 
Minimum Strobe Pulse 2.0 - 35 100 - 125 

tw(H) 4.5 - 9 20 - 25 
Width 6.0 - 8 17 - 21 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4094P/F 

AC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER SYMBOL TEST CONDITION 25°C -40'\, 85°C 
UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

Minimum Serial In 2.0 - 25 75 - 95 

Set-up Time 
ts 4.5 - 6 15 - 19 

6.0 - 5 13 - 16 

Minimum Strobe 2.0 - 50 150 - 190 

Set-up Time ts 4.5 - 13 30 - 38 
6.0 - 11 26 - 33 

Minimum Serial In 2.0 - - 0 - 0 
th 4.5 - - 0 - 0 

Hold Time 6.0 - - 0 - 0 
ns 

Minimum Strobe Hold 2.0 - - 0 - 0 

Time 
th 4.5 - - 0 - 0 

6.0 - - 0 - 0 

3-State Output Enable tpZL 2.0 - 76 150 - 190 

Time RL=lkSt 4.5 - 19 30 - 38 
tpZH 6.0 - 16 26 - 33 

3-State Output tpLZ 2.0 - 84 165 - 205 

Disable 
RL=lkSt 4.5 - 21 33 - 41 

Time tpHZ 6.0 - 18 28 - 35 
--

Input Capacitance CIN - 5 10 - 10 

Power Dissipation CpD (1) 
pF 

Capacitance - 167 - - -

Note (1) CpD is defined as the value of internal equivalent capacitance of IC which 

is calculated from the operating current consumption without load (refer 

to Test Circuit). Average operating current can be obtained by the equa­

tion hereunder. 

ICC(opr. )=CpD • VCC . fIN + ICC 
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SWITCHING CHARACTERISTICS TEST WAVEFORM 

6ns 6ns 

==x ..... ___ ---Jx~--- Vcc SERIAL IN 

. GND 

~r t 50% \JJ-'-' Vee 
CLOCK ____ 

t 

...... 

w 
50%pt=' 50~ND 

VOH 

STROBE 50% 
VOL 

<pLB, <pHL ., *50% VOB 

. - VOL 

ICC(opr.) TEST WAVEFORM 

tr=tf=6ns 

duty=50% 

II ,vee 
81 J L-.J - GND 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4094P/F 

tpHL 

50% 

ENABLE 5 ..... 0_% ___ -J 

OUTPUTl 

Q,n 

(DATA=LOW) 

Q,n 
(DATA=HIGH) 

tpZH 

CPD CALCULATI ON 

Vec 

GND 

Vec 

GND 

VOH 

tpHL 
VOL 

VOH 

VOL 

Vcc 

GND 

VOH 

VOL 

VOH 

VOL 

tpHZ 

CpD is to be calculated with the 
formula hereunder by using the 
measured value of ICC(opr) in the 
test circuit drawn left side. 

C _ICC(opr) 
PD- fIN"Yce 

n n-Vcc 
CK ~ L-J L--GND 

OUTPUTS At determining the typical value of 
CpD, a relatively high frequency 
lMHz was applied for fIN, in order 
to eliminate the error from the 
quiescent supply current. 

SI 

CK 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC40102P 
CMOS DIGITAL INTEGRATED CIRCUIT TC74HC40103P 

TC74HC40102P DUAL BCD PROGRAMMABLE DOWN COUNTER 
TC74HC40103P 8-BIT BINARY PROGRAMMABLE DOWN COUNTER 

PRELIMINARY 

The TC74HC40102 and TC74HC40103 are high speed CMOS PROGRAMMABLE DOWN COUNTER 
fabricated with silicon gate e2MOS technology. 
They operate ten times as fast as that of metal-gate e2MOS Ie (40l02/40103B) with 
the same power dissipation. Output terminal CO/ZD is placed in active mode at "L" 
level when the contents of count become zero. As the TC74HC40102 adopts BCD binary 
coded decimal notation, setting up to 99 counts is possible. The 74HC40103 with 
8-bits binary construction, can set up to 255 counts. Each type has Cr/CE inhibiting 
clock, APE asynchronous preset control input, SPE synchronous preset control input 
and eLR control input setting counter to maximum counting mode. 
All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES: 
• High Speed ••••••••••••••• fMAX=36MHz(Typ.) at Vee=5V 

• Low Power Dissipation •••••• ICC=4~A(Max.) at Ta=2SoC 
~----------------------~ 

• High Noise Immunity •...•••.. VNIH=VNIL=28% Vee(Min.) 

• Output Drive Capability .•.....•••.... 10 LSTT1 Loads 

• Symmetrical Output Impedance ••••• IIOHI=IOL=4mA(min.) 

• Balanced Propagation Delays ••••••••••••••• tpLH=::tpHL 

• Wide Operating Voltage Range •••••••. Vce (Opr.) =2V 'V 6V 

• Pin and Function Compatible with 40102B, 40103B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range Vee -0.5 '\., 7 V 

DC Input Voltage VIN -0 . 5 '\., V Cc+O . 5 V 

DC Output Voltage VOUT -0 . 5 '\., V CC+O . 5 V 

Input Diode Current 11K ±20 mA 

Output Diode Current 10K ±20 rnA 

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC :t50 rnA 

Power Dissipation PD 500", mW 

Storage Temperature Tstg -65 '\., 150 °c 

Lead Temperature 10sec TL 300 °c 

* 500rnW in the range of Ta=-40°C'V65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
unt i 1 300rnW. 

DIP16( 3D16A-P) 

PIN ASSIGNMENT 

CLOCK 1 16 VCC 

CLEAR 2 15 SPE 

CI/CE 3 14 CO/ZD 

JO 4 13 J7 

J1 5 12 J6 

J2 6 11 J5 

J3 7 10 J4 

GND 8 9 APE 

(TOP VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC40102P 
TC74HC40103P 

TRUTH TABLE 

CONTROL INPUT 
CLEAR APE SPE 

H H H 

H H H 

H H L 

H L X 

L X X 

crlCE 
H 

L 

X 

X 

X 

Note 1. X: Don't care 

MODE 

Count inhibit 

Regular count 
Synchronous 
preset 

Asynchronous 
preset 

Clear 

FUNCTIONAL DESCRIPTION 

Even if clock is given, no count is 
made. 
Down count at rising edge of clock. 
Data of pr terminal is preset at 
rising edge of clock. 

Data of PI terminal is asynchronously 
preset to clock. 

Counter is set to maximum count. 

2. Maximum count: "99" for TC74HC40102 and "255" for TC74HC40l03. 

TIMING CHART 

CLOCK 1 

I I 

CLEAR ~I I 
CI/CE 

APE 

SPE 

J"O 

n 

J"2 

J"3 

J4 

J"5 

J"6 

J"7 

(TC74HC40102 

Number of Count 
(TC74HC40103 

-.J 

-.J 
--, 
I 
--, 
I 
I 
-, 

) 99 

) 255 

I 

I 

I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

98 

254 

, I I 1 

I I I I 

I I I I 

I I 
I I 

I I I I 

I I I I 
I I I I 
I I I I 
I I I I 
I I I 
I I I 

1 

~ 

:5 2 1 0 99 

:5 2 1 0 255 
I 

I , 
1 1 I 1 

I U 1 I 

I I I I I I I I I 
1 1 I 1 1 i 1 

I I I I I I I I 
I I I I I I I II ! I I I I I 1 

I I II i 
I I I I 

I I I I I I I . 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 

I I I 

I 
98 97 6 5 4 3 99 98 97 

254 
1
253 6 5 4 3 255 254 253 
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D 

SPE 
OK 

:r 
SPE 

OLR 

APE 

TE 0 Lt>O=TE 
TE 

SPE 0 Lt>O=SPE 
SPE 

CK 

FUNCTIONAL DESCRIPTION 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~ Q; 
R 

INPUT 

CLEAR APE SPE J 

L X X X 

H L X L 

H L X H 

H H L L 
H H L H 

H H L X 

H H H X 

H H H X 

TC74HC40102P 
TC74HC40103P 

OUTPUT 

'TE CLOCK 'lon+ 1 

X X L 

X X L 

X X H 

X S L 
X S H 

X L 'lon 
L S 'lon 

H X 'lon 

The TC74HC40102 and TC74HC40103 are 8-stage presettable synchronous down coun­

ters. Carry Out/Zero Detect (CO/ZD) is output at the ilL" level for the period of 1 

bit when the readout becomes "0". The TC74HC40102 adopts binary coded decimal nota­

tion, making setting up to 99 counts possible. While the TC74HC40103 adopts 8-bit 

binary counter and can set up to 255 counts. 

COUNT OPERATION 

At the "H" level of control input of CLEAR, SPE and APE, the counter carries out 

down count operation one by one at the rise of pulse given to CLOCK input. Count 

operation can be inhibited by setting Carry Input/Clock Enable (Cr/CE) to the "H" 

level. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC40102P 
TC74HC40103P 

(Continued) 

CO/ZD is output at the "L" level when the readout becomes "0", but is not output even 

if the readout becomes "0" when CI/cE is at the "R" level, thus maintaining the "H" 

level. 

Synchronous cascade operation can be carried out by using CI/CE input and CO/ZD 

output. 

The contents of count jump to maximum count (99 for the TC74HC40102 and 255 for the 

TC74HC40l03) if clock is given when the readout is "0". Therefore, operation of 100-

frequency division and that of 256-frequency division are carried out for the 

TC74HC40102 and TC74HC40l03, respectively, when clock input alone is given without 

various kinds of preset operations. 

PRESET OPERATION AND' RESET OPERATION 

When Clear (CLEAR) input is set to the "L" level, the readout is set to the 

maximum count independently of other inputs. When Asynchronous Preset Enable (APE) 

input is set to the "L" level, readouts given on JO to J7 can be preset asynchronously 

to counter independently of inputs other than CLEAR input. When Synchronous Preset 

Enable (SPE) is set to the "L" level, the readouts given on JO to J7 can be preset to 

counter synchronously with the rise of clock. 

As to these operation modes, refer to the truth table. 

RECOMMENDED OPERATING CONDITIONS 
PARMIETER SYMBOL LHHT UNIT 

Supply Vo~tage Vee 2"v6 V 

Input Voltage VIN o "v Vee V 

Output Voltage VOUT o "v Vee V 
Operating Temperature Topr -40 "v 85 °e 

--
Input Rise and Fall Time tr, tf 0',1000 eVee=2. OV) 

o "v 500 eVee=4. 5V) ns 
o "v 400 (Vee=6. OV) 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT OUTPUT 
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DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 

High-Level 
VIR 

Input Voltage 

Low-Level VIL 
Input Voltage 

IOH=-20wA VIN=VIH High-Level 
VOH Output Voltage or VlL IOH=-4mA 

IOH=-S.2mA 

Low-Level VIN=VIH IOL=20].lA 

VOL Output Voltage or VIL IOL=4mA 

IOL=5.2mA 

Input Leakage 
lIN VIN=VCC or GND Current 

Quiescent 
ICC VIN=VCC or GND 

Supply Current 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

VCC MIN. 

2.0 loS 
4.S 3.15 

6.0 4.2 

2.0 -
4.S -
6.0 -
2.0 1.9 
4.5 4.4 
6.0 S.9 

4.5 4.18 

6.0 5.68 

2.0 -
4.5 -
6.0 -
4.5 -
6.0 -

6.0 -

6.0 -

TC74HC40102P 
TC74HC40103P 

Ta-25°C Ta 40,,-,85°C 
TYP. MA,X. MIN. MAX. 

UNIT 

- - loS 
- - 3.15 - V 

- - 4.2 -

O.S - I 0.5 -
- 1. 35 - 1. 35 V 

- 1.8 - 1.8 

2.0 - 1.9 -
4.5 - 4.4 -
6.0 - 5.9 - V 

4.31 - 4.13 -
5.80 - 5.63 -

--
0.0 0.1 - 0.1 

0.0 0.1 - 0.1 
0.0 0.1 - 0.1 

V 
0.17 0.26 - 0.33j 

I 

0.18 0.26 - 0.33 

- ±O.l - ±1.0 
;_A 

- 4.0 - '40.0 
~ '" 

AC ELECTRICAL CHARACTERISTICS (CL=50pF Input t r =tf=6ns) , 

~IT1 .--- Ta-25°C Ta --40"-'85 ° C 
PARAMETER SYMBOL TEST CONDITION 

VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 
6.0 - 7 13 - 16 

tpLH 2.0 - 128 245 - 305 Propagation Delay Time 
4.5 - 32 49 - 61 ns 

(CLOCK - CO/ZD) tpHL 6.0 - 27 42 - 52 

2.0 - 156 300 - 375 
Propagation Delay Time tpLH 

4.5 - 39 60 - 75 
(APE - CO!ZD) tpHL 6.0 - 33 51 - 64 
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TC74HC40102P 
TC74HC40103P 

AC ELECTRICAL CHARA CTERISTICS 

PARAMETER SYMBOL 

Propagation Delay Time 

(CLEAR - CO/ZD) 
tpLH 

Propagation Delay Time tpLH 

(CI/CE - CO/ZD) tpHL 

Maximum Clock Frequency fMAX 

Minimum Pulse Width tw(H) 

(CLOCK) tw(L) 

Minimum Pulse Width 

(CLEAR, APE) 
tw(L) 

Minimum Removal Time 
'rem 

(CLEAR, APE) 

Minimum Set up Time 

(SPE - CK) ts 

Minimum Set up Time 

(CliCE - CK) 
ts 

Minimum Set up Time 

(In - CK) 
ts 

Minimum Set up Time 

(In - APE) 
ts 

Minimum Hold Time 

(All Inputs) 
th 

Input Capacitance CIN 

Power Dissipation 
CPD(l) Capacitance 

(Continued) 

TEST CONDITION 

74HC40102 
74HC40103 

r---

VCC 

2.0 
4.5 
6.0 

2.0 
4.5 

6.0 
2.0 
4.5 
6.0 

2.0 
4.5 
6.0 
2.0 
4.5 
6.0 

2.0 

4.5 
6.0 
2.0 
4.5 

6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 

6.0 
2.0 

4.5 
6.0 

Ta=25°C Ta=-40",85°C 
UNIT 

MIN. TYP. MAX. MIN. MAX. 

- 124 240 - 300 

- 31 48 - 60 

- 27 41 - 51 
ns 

- 56 115 - 145 

- 14 23 - 29 

- 12 20 - 25 
4 8 - 3 -

20 31 - 16 - MHz 
24 36 - 19 -
- 30 75 - 95 

- 8 15 - 19 

- 7 13 - 16 

- 30 75 - 95 

- 8 15 - 19 

- 7 13 - 16 

- 20 75 - 95 

- 5 15 - 19 

- 4 13 - 16 

- 30 75 - 95 

- 7 15 - 19 

- 6 13 - 16 
ns 

- 56 125 - 160 

- 14 25 - 32 
- 12 21 - 27 

- 25 75 - 95 

- 6 15 - 19 
- 5 13 - 16 

- 30 75 - 95 

- 8 15 - 19 

- 7 13 - 16 

- - 5 - 5 

- - 5 - 5 
- - 5 - ·5 

- 5 10 - 10 

- 110 - - - pF 
- 128 - - -
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC40102P 
TC74HC40103P 

Note(l): CPD is defined as the value of internal equivalent capacitance of IC'which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). Average operating current can be obtained by the equation 
hereunder. 

ICC (opr.) = CpD • VCC • fIN + ICC 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

WAVEFORM 1 WAVEFORM 2 

6ns 6ns 6ns 

VCC Vce 

CLOCK APE 

GND GND 
tvJ.L} 

VOH 
VCC 

CLOCK 

GND 
VOL I 

8.:: X 
VOH 

CO/ZD 

VOL 

WAVEFORM 3 WAVEFORM 4 

6ns 6ns 

VCC 

GND GND 

VCC 

CLOCK 

I 
GND 

CO/ZD Do% / 
t HL 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC40102P 
TC74HC40103P 

SWITCHING CHARACTERISTICS TEST WAVEFORM (Continued) 

WAVEFORM 5 WAVEFORM 6 
6ns 

VCC 

SPE;" J"n 

CI/CE GND 

6ns 

~: 
Vce 

APE, 
CLOCK CLOCK. 

GND 

ts 

** >C ** F/F OUTPUT F/F OUTPUT 

( ** F/F output is internal signal of IC) 

ICC(Opr.) TEST CIRCUIT 

5V 

CO/ZD 

SPE 

Sns 

vce 

GND 

VCC 

GND 

ts 

>C 

Input transition time is 
the same as that in case 
of switching characteristics 
test. 
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EXAMPLE OF TYPICAL APPLICATION 

PROGRAMMABLE DIVIDE-BY-N COUNTER 

JO 

N 

J7 

VCC 

CO/ZD 

SPE 
CLOCK 

PARALLEL CARRY CASCADING 

fOUT 

fOUT 

COUNT 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

fIN 
• fOUT = N+l 

TC74HC40102P 
TC74HC40103P 

• Timing chart whe.n N=13" 
(JO, Jl=VCC, J2'" J7=GND) 

• TC74HC40l02P 

• TC74HC40l03P 

1/2 to 1/100 are 
dividable. 
1/2 to 1/256 are 
dividable. 

CLOCK 
INHIBIT CI/CE CO/ZD....-.--~ CI/CE CO/ZDI----4CI/CE CO/ZD~-""---

CLOCK CLOCK CLOCK 

CLOCK 

~At synchronous cascade connection, huzzerd occurs at CO output after its second 
stage when digit place changes, due to delay arrival. Therefore, take gate from 
TC74HC32 or the like, not from CO output at the rear stage directly. 

PROGRAMMABLE TIMER 

VCC 

JO CLEAR 

SPE 

N 
OUT 

J7 P 
fIN 

SET 

OUT 

ts 
-r-r-
LJ 
--.J 

1--
tw 

N 
tw = (-f -+ t s ) 

IN 

L 
• I 

Note: The above formula does not take 
into account the phase of clock 
input. Therefore, the real pulse 
width is the distance between the 
above formula-l/fIN'" the above 
formula. 
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~OSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

~C74HC4511P/F C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4511P/F BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 

The TC74HC45ll is a high speed CMOS BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER fablicated 

with silicon gate C2MOS technology. It enables high speed latch and decode operation 

with identical pin connection and function to standard CMOS 45llB. 

The segment output driver, which is CMOS construction, has large IOH capability which 

enables to drive cathode common LED directly. 

When lamp test (LT) is taken "L", all segment outputs will go to "H", and when 

blanking (BI) is taken "L" and LT is taken "H" all segment outputs will go to "L". 

These functions are regardless of other inputs and used to test display. 

BI input is used to pulse-modulate the brightness of the~d_l_·s~p~l_a~y~. ____________________ ~ 

When error input code (over 10) is applied to BeD 

input, all segment outputs will go "L" (turn off). 

All inputs are equipped with protection circuits 

against static discharge or transient excess voltage. 

FEATURES: 

· High Speed ................... tw:lSns(Max.) at VCC:4.5V 

Low Power Dissipation ........ leC=4fiA(Max.) at Ta=2Soe 

· High Noise Immunity .......... VNIH=VNIL=28% Vee (Min.) 

· Output Drive Capability ...... lO LSTTL Loads 

· High Output Current .......... I IOHI=20mA 

· Wide Operating Voltage Range. VCC(opr)=2V - 6V 

Pin and Function Compatible with standard CMOS 4S11B. 

DIP16(3D16A-P) 

~
----'-'~-------'" 

16 ~,' __ /---

" 

1 

MFP16(1"16GC-P) 

PIN ASSIGNMENT 

B 1 

-:: 2 

LT 3 

BI 4 

LE 5 

D 6 

A 7 

GND 8 

(Top View) 
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BLOCK DIAGRAM 

a 
A E-< b 

E-< ::q Z p:; 
B H () "" 

p:; 
"" iI1 E-< 

0 ~ "" :> 
I <>: E-< c'J r=I H d 

C <I' ....:1 I 

"" 
0 p:; e r=I rJJ () r=I 

() "" f D iI1 ~ r=I 
g 

LE BI LT 

LOGIC DIAGRAr~ 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4511P/F 

DISPLAY ~10DE 

A 

"" r=I 
0 B 
() 

E-< C t:> 
p... 
Z 
H D 

DIS-
PLAY 

L H L 

L L H 

L L L 

L L L 

" 
1 ::1 

'-' 1'-

a 

fUfb 
e'_/e 

d 

H L H 

H L L 

L H H 

L L L 

::' '-' '-_I , _I 

L H L H 

H H L L 

H H L L 

L L H H 

C I CJ CI 
1-' "-1 1 

01234 5 6 7 8 9 

LT ~------------------------------------, BI _4 ______________________ 
u 

~~ LE "V" Ltx>---ct>-)<o' 

D 

a 

b 

c 

e 

d 

B 

e 

A 
g 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4511P/F 

TRUTH TABLE 
INPUTS OUTPUTS DISPLAY 

LE BI LT D C B A b d f 
MODE 

a c e g 

X X L X X X X H H H H H H H 8 

X L H X X X X L L L L L L L BLANK 

L H H L L L L H H H H H H L 0 

L H H L L L H L H H L L L L 1 

L H H L L H L H H L H H L H 2 

L H H L L H H H H H H L L H 3 

L H H L H L L L H H L L H H 4 

L H H L H L H H L H H L H H 5 

L H H L H H L L L H H H H H 6 

L H H L H H H H H H L L L L 7 

L H H H L L L H H H H H H H 8 

L H H H L L H H H H L L H H 9 

L H H H L H X L L L L L L L BLANK 

L H H H H X X L L L L L L L BLANK 

H H H X X X X Hold the stage at the leading edge of LE 

X: Don't care. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0. 5 ~ 7 V 

DC Input Voltage VIN -0.5 - VCC+O. 5 V 

DC Output 'Voltage VOUT -0. 5 ~ VCC+O. 5 V 

Input Diode Current 11K ±20 rnA 

Output Diode Current 10K ±20 rnA 

DC Output Current lOUT +25/-35 rnA 

DC Vec/Ground Current ICC +150/-50 rnA 

Power Dissipation PD 500(DIP)*/180(MFP) mW 

Storage Temperature Tstg -65 ~ 150 °c 

Lead Temperature 10sec TL 300 °c 

.~ 500mW in the range of Ta=-40°C- 65°C. 
and from Ta=65°C up to 85°C derating factor of -lOmW;oC 
shall be applied until 300mW. 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

GND GND 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4511P/F 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT UNIT 

Supply Voltage VCC 2"-6 V 

Input Voltage VIN o "-VCC V 

Output Voltage VOUT o "-VCC V 

Operating Temperature Topr -40"- 85 °c 

0"- 1000(VCC=2. OV) 
Input Rise and Fall Time tr,tf o '" 500(VCC=4.5V) ns 

o "- 400(VCC=6.0V) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40--85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 1.5 - - 1.5 -
High-Level 

VIH 4.5 3.15 - - 3.15 - V 
Input Voltage 

6.0 4.2 - - 4.2 -

2.0 - - 0.5 - 0.5 
Low-Level 

VIL 4.5 1. 35 1. 35 V Input Voltage - - -

6.0 - - 1.8 - 1.8 

2.0 1.9 2.0 - 1.9 -

IOH=-2011A 4.5 4.4 4.5 - 4.4 -
High-Level VIN= 6.0 5.9 6.0 - 5.9 - V 
Output Voltage VOH 

VIH or VIL IOH=-6mA 4.5 4.18 4.31 - 4.13 -

IOH=-20mA 4.5 3.20 3.80 - 2.90 -
IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -

2.0 - 0.0 0.1 - 0.1 

IOL=20IlA 4.5 - 0.0 0.1 - 0.1 
Low-Level VIN= 

6.0 0.0 0.1 0.1 V 
Output Voltage VOL - -

VIH or VIL 
IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 
Input Leakage 

lIN VIN=VCC or GND 6.0 - - ±O.l - ±1.0 
Current 

/lA 
Quiescent 

ICC VIN=VCC or GND 6.0 - - 4.0 - 40.0 
Supply Current 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4511P IF 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input t r =tf=6ns) 

PARAMETER SYMBOL TEST CONDITIOT\ 
Ta=25°C Ta=-4Q-85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 25 60 - 75 
Output Transition 

tTLH 4.5 - 6 12 - 15 
Time Low to High 6.0 - 5 10 - 13 

Output Transition 
2.0 - 30 75 - 95 

tTHL 4.5 - 8 15 - 19 Time High to Low 
6.0 - 7 13 - 16 

2.0 - 192 400 - 500 
Propagation Delay Time tpLH 4.5 48 80 100 - - ns 
(BCD-Segment) tpHL 6.0 - 41 68 - 85 

2.0 - 116 250 - 315 
P~agation Delay Time tpLH 4.5 29 50 63 - -
(BI - Segment) tpHL 6.0 - 25 43 - 54 

2.0 - 72 150 - 190 
Propagation Delay Time tpLH 4.5 18 30 38 - -(LT - Segment) tpHL 6.0 - 15 26 - 33 

2.0 - 192 400 - 500 
Propagation Delay Time tpLH 4.5 48 80 - 100 -(LE - Segment) tpHL 6.0 - 41 68 - 85 

Pulse Width 
2.0 - 30 75 - 95 

Minimum 4.5 8 15 19 
(LE) tw(L) - -

6.0 - 7 13 - 16 ns 
2.0 - 35 75 - 95 

Minimum Data 
ts 4.5 9 15 - 19 -

Set-up Time 6.0 - 8 13 - 16 

Minimum Data Hold 
2.0 - - 0 - 0 

th 4.5 - - 0 - 0 
Time 6.0 - - 0 - 0 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation CPD(l) 
pF 

- 136 - - -
Capacitance 

Note (1) CPD is defined as the value of internal equivalent capacitance of IC which 
is calculated from the operating current consumption without load (refer to 
Test Circuit). 
Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD·VCC·fIN+Icc 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4511PjF 

ICC(opr) TEST CIRCUIT 

6 ns 6ns 

V
,N ~% l[ ! 

V(]C 

a 

V1N 
b (A. B, 8) 10% 

JND 
A 

P.G. B ri 

,-' e 

D f VOUT 

LE GND g (3~ g ') 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

Data--Segment Deh.y Time LE-Segment Delay Time 

A~D LE 

50% 

'-------+-,+- VOL 

BI-Segment Delay Time LT-Segment D"llay Time 

B :- LT 

'--____ ,-+--____ GND 

r------.-+----- VOH 

~------I---- Vo L 

Data Set-up/Hold Time 

,----- Vee 

50% 

'--_____ J, ______ GND 

LE 50% 
_______ J _________ VOL 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC7 4HC4511 P/F 

APP,UCATION CIRCUIT 

Static Display Circuit 

Vee RX7 

5V±lO % LED Display 
Recommended Resistance R' 

DISPLAY COLOR ~¥6fi¥K R 
LT a 

TLR358 Red 13.4mm 390.0. 
BI b 

A 

B d 
BCD { 

IN C e 

D f 

LE LE g 

TLR362 " 14.2 " 
TLR332 " 7.6 " 
TLR342 " 10.9 " 
TLG358 Green 13.4mm 160.0. 

GND TLG362 " 14.2 " 
TLG332 " 7.6 " 
TLG342 " 10.9 " 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4514 
C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4515 

PRELIMINARY 
TC74HC4514P 4-TO-16 LINE DECODER/LATCH 
TC74HC4515P 4-TO-16 LINE DECODER/LATCH (INV.) 

The TC74HC4514 and TC74HC4515 are high s~eed CMOS 4-LINE TO l6-LINE DECODER WITH 
LATCHED INPUTS fabricated with silicon gate CMOS technology. It achieves the high 
speed operation similar to equivalent LSTTL while maintaining the CMOS low power 
dissipation. A binary code stored in the four input latches (A thru D) provides a 
high level (HC45l4) or a low level (HC45l5) at the selected one of sixteen outputs 
excluding the other fifteen outputs, when the inhibit input (INHIBIT) is held low. 
When the inhibit input is held high, all outputs are kept 10w level (HC45l4) or high 
level (HC45l5) , while the latch function is available. The data applied to the data 
inputs are transfered to the Q outputs of latches when the strobe input is held high. 
When the strobe input is taken low, the information data applied to the data input at 
a time is retained at the output of latches. All inputs are equipped with protection 
circuits against static discharge or transient excess voltage. 

FEATURES: 

• High Speed ................ tpd=22ns (Typ.) at VCC=5V,.-----------------I 

• Low Power Dissipation ........ ICC=4~A (Max.) at 25°C 

• High Noise Immunity ........ VNIH=VNIL=28% VCC (Min.) 

• Output Drive Capability .............. 10 LSTTL Loads 

• Symmetrical Output Impedance ........... iloHi=IOL=4mA 

• Balanced Propagation Delays ............... tpLH~tpHL 

• Wide Operating Voltage Range ...... VCC (opr. )=2V 'V 6V 

• Pin and Function Compatible with 4514B/451,}B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5'V 7 V 
------------------------~-----

DC Input Voltage VIN -0.5 'V VCC+O. 5 V 
'--~-----~----------~-- -----~ -----------------+-----------1 

DC Output Voltage VOUT -0.5'VVCC+0.5 V 
r------------ --- ---------- - ---------- -----------1--------------------+---------1 

Input Diode Current 11K ±20 rnA 
c------------- ----------- - -----------------------'-------~---I___----------------+__-----______l 

Output Diode Current 10K ±20 rnA 
1-------- - - ----- --------- ------- ----- f---------------f---------------------f-------l 

DC Output Current lOUT ±25 rnA 
I---~-------- --------- ------- ----- -------~f____---------_+----____I 

DC Vcc/Ground Current ICC ±50 rnA 
r----- - - ------ ------ -- --- ---- ---- 1--------- -----------------_+----_______1 
Power Dissipation PD 500* mW 

r-------- - ---- ---- -------------I------~- -----------------+-------1 

Storage Temperature Tstg -65 'V 150 °c 
I----""'--------~-------------------I--------_t_----------_+---_______I 

Lea'B Temperature lOsec TL 300 °c 

-J: 500mW in the range of Ta=-40 ° C ,\,65 °c and from Ta=65 ° C 
up to 85°C derating factor of -lOmW/oC shall be applied 
unt i 1 300mW. 

DIP24 (3D24A-P) 

0_300 INCH( 7.62mm) ROW 
SPACING 

PIN ASSIGNMENT 

STROBE 

A 

B 

Cs.;,)8 7 

(8 6 )8 6 

(85)85 

(84)84 

(83)83 

(TOP VIEW) 

Vee 
INHIBIT 

D 

e 

8 10( 810) 

811(811) 

88 (Sg) 

89 (sg) 

814(814) 

815(815) 

812(812) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4514P 
TC74HC4515P 

TRUTH TABLE 
INPUTS 

INHIBIT A B 

L L L 

L H L 

L L H 

L H H 

L L L 

L H L 

L L H 

L H H 

L L L 

L H L 

L L H 

L H H 

L L L 

L H L 

L L H 

L H H 

H X X 

LOGIC DIAGRAM 

C D 

L L 

L L 

L L 

L L 

H L 

H L 

H L 

H L 

L H 

L H 

L H 

L H 

H H 

H H 

H H 

H H 

X X 

SELECTED OUTPUT 
TC74HC4514P - 'H' 

(TC74HC4515P - 'L' ) 

So (SO ) 

Sl (Sl ) 

S2 (S2 ) 

83 (S3 ) 

S4 (S4 ) 

S5 (S5 ) 

S6 (S6 ) 

S7 (S7 ) 

88 (S8 J 
89 (S9 ) 

S10 (S10) 

Sll (Sll) 

S12 (S12) 

S13 (S13) 

S14 (S14) 

815 (815 ) 

TC74HC4514 - ALL OUTPUTS 
(TC74HC4515 - ALL OUTPUTS 

'L' 
'H' ) 

X : DON'T CARE 

STROBE=' H' 

STROBE= 'L' 

REFER TO 

TRUTH TABLE 

DATA AT THE NEGATIVE GOING 

TRANSITION OF 8TROBE SHALL 

BE PROVIDED ON THE EACH OUT­

PUT WHILE STROBE IS HELD LOW. 

23 TC74HC4514 
INHIBIT~--------------------------------------~ 

A 

B 

C 

D 

STROBE~_A. 'II (NOTE)FOR TC74HC4515 DEVICE. L __ - ___ - - - - __ J 

CIRCUIT DIAGRAM SHOWN AT THE ~ - - - - - - - - --, 
if> ~-. BOTTOM SHALL TAKE THE PLACE -f--l-..I"' -v v - I . So-TIl5 

OF OUTPUT CIRCUITS. L __________ ~ 
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RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage VCC 2'\,6 

Input Voltage VIN o '\, VCC 

Output Voltage VOUT o '\, VCC 
Operating Temperature Topr -40'\, 85 

Input Rise and Fall Time tr~ tf o '\, 1000 (VCC=2. OV) 
o '\, 500 (VCC=4. 5V) 
o '\, 400 (VCC=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
VCC 

High-Level 2.0 
VIH 4.5 

Input Voltage 
6.0 

2.0 
Low-Level VIL 4.5 
Input Voltage 

6.0 

2.0 

VIN=VIH IOH=-20~A 4.5 
High-Level 

VOH 6.0 
Output Voltage or VIL IOH=-4rnA 4.5 

IOH=-5.2rnA 6.0 

2.0 

VIN=VIH IOL=20~A 4.5 
Low-Level 6.0 
Output Voltage VOL 

or VIL IOL=4mA 4.5 

IOL=5.2rnA 6.0 

Input Leakage 
lIN VIN=VCC or GND 6.0 

Current 

Quiescent 
Supply Current ICC VIN=VCC or GND 6.0 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

UNIT 

V 

V 

V 

°c 

ns 

MIN. 

1.5 
3.15 

4.2 

-
-
-

1.9 
4.4 
5.9 

4.18 

5.68 

-
-
-
-
-

-

-

TC74HC4514P 
TC74HC4515P 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT 

Ta=25°C 
TYP. MAX. 

- -
- -
- -

- 0.5 
- 1. 35 

- 1.8 

2.0 -

4.5 -
6.0 -

4.31 -
5.80 -

0.0 0.1 

0.0 0.1 
0.0 0.1 

0.17 0.26 

0.18 0.26 

- ±O.l 

- 4.0 

OUTPUT 
"'--+---0 

Ta=-40'\,85°C 
MIN. MAX. 

UNIT 

1.5 -
3.15 - V 

4.2 -

- 0.5 
- 1. 35 V 

- 1.8 

1.9 -
4.4 -
5.9 - V 

4.13 -
5.63 -

- 0.1 

- 0.1 

- 0.1 
V 

- 0.33 

- 0.33 

- ±1.0 

~A 

- 40.0 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4514P 
TC74HC4515P 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT t r =tf=6nS) 

PARAMETER SYMBOL TEST CONDITION 
VCC MIN. 

2.0 -
Output Rise, Fall Time tTLH 4.5 -

tTHL 6.0 -

Propagation Delay Time 2.0 -
tpLH 

4.5 -
DATA - Sn' ~ tpHL 6.0 -

2.0 -
STROBE - Sn, Sn 

tpLH 
4.5 -

tpHL 6.0 -

2.0 -
tpLH 

4.5 INHIBIT - Sn' ~ -
tpHL 6.0 -

Mininum Pulse Width 2.0 -

STROBE tw(H) 4.5 -
6.0 -

Minimum Set-up Time 2.0 -
ts 4.5 -

DATA 6.0 -

Minimum Hold Time 2.0 -

DATA th 4.5 -
6.0 -

Input Capacitance CIN -
Power Dissipation 

CpD (l) 
TC74HC4514P -

Capacitance [TC74HC4515P] -

25°C -40 'V 85°C 
UNIT 

TYP. MAX. MIN. MAX. 

30 75 - 95 
8 15 - 19 

7 13 - 16 

108 215 - 270 
27 43 - 54 

23 37 - 46 

124 245 - 305 

31 49 - 61 
26 42 - 52 

88 175 - 220 

22 35 - 44 nS 

19 30 - 37 

30 75 - 95 

8 15 - 19 

7 13 - 16 

10 50 - 65 

4 10 - 13 

3 9 - 11 

- 5 - 5 

- 5 - 5 
- 5 - 5 

5 10 - 10 

69 - - - pF 

[72 ] - - -

Note(l) CPD is defined as the value of internal equivalent capacitance of IC which is 
calculated from the operating current consumption without load (refer to Test 
Circuit). Average operating current can be obtained by the equation hereunder. 

ICC(opr)=CPD • VCC • fIN + ICC 
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ICC(opr.) TEST WAVEFORM 

p.G. 

* 

VCC=5V 

A 

B 

C 

D 

INHIBIT 

SWITCHING CHARACTERISITCS TEST WAVEFORM 

A ~ D 50% 5010 

INHIBIT 

5010 

Sn or sn 

50% 

A ~ D 
5010 5010 

te th ts 

STROBE 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

So (so) 
SI (SI) 

S2 (S2) 

th 

tTLH 

tTH 

TC74HC4514P 
TC74HC4515P 

* INPUT WAVEFORM IS THE SAME AS 

THAT IN CASE OF SWITCHING 

CHARACTERISTICS TEST. 

---vcc 

GND 

VCC 

GND 

VOH 

VOL 

VCC 

5010 

GND 

VCC 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

-rC14HC4518P 
rC14HC4520P/F C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC4518P DUAL BCD COUNTER 
TC74HC4520P/F DUAL 4-BIT BINARY COUNTER 

The TC74HC4518 and TC74HC4520 are high speed CMOS DUAL BCD/4-BIT BINARY COUNTER 
fabricated with silicon gate C2MOS technology. 
It operates ten times as fast as that of metal-gate C2MOS IC (45l8B/4520B) with the 
same power dissipation. 
Since both of TC74HC4518 and TC74HC4520 contain two independent circuits of counters 
with the same functions in one package, counting or frequency division of two BCD 
digits or eight binary bits can be achieved with one IC. The counters _can be reset 
to "0" (QO 'V Q3="L") by giving "H" level signal to CLEAR input regardless of other 
inputs. The counting condition is changed by the positive going transition of CLOCK 
input if CE="H" or by the negative going transition of CE if CLOCK="L". 
All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES: 

• High Speed .•.•••.•••••.•. fMAX=53MHz(Typ.) at VCC=5V 

• Low Power Dissipation ..•.•.. ICC=4~A(Max.) at Ta=25°C r---------------------------~ 

• High Noise Immunity ...•••••. VNIH=VNIL=28% VCC(Min.) 

• Output Drive Capability ..••..•..•...• 10 LSTTL Loads 

• Symmetrical Output Impedance .•••• IIOHI=IOL=4rnA(Min.) 

• Balanced Propagation Delays ..••.••••••••.• tpLH~tpHL 

• Wide Operating Voltage Range •.•••.• VCC(Opr.)=2V 'V 6V 

• Pin and Function Compatible with 45l8B/4520B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 'V 7 V 
~--------- --- ---------- -----------------------+-----1 

DC Input Voltage VIN -0.5 'V VCc+0.5 V 
r--------------- ---- - - -- -- - f---------------- ----- -----------+-----1 

DC Output Voltage VOUT -0.5 'V V CC+O. 5 V 
--------------- --- --- -----~ --- -- --------+------1 

Input Diode Current 11K i20 mA 
f-------------------- --------- --- - -----------------------+-------1 

Output Diode Current 10K ±20 rnA 
~-------------------------- --f--------- - --------------------+------t 

DC Output Current lOUT ±25 rnA 
- ---------- --------- -----------+------1 

DC VCc/Ground Current ICC :50 rnA 
~--------------- -- - -- -- ------ - -----------------------i-------i 

Power Dissipation PD SOO(DIP)* mW 

l80(MFP) 
f----------------------------- ------r--------------+--------j 
Storage Temperature Tstg -65 'V 150 

Lead Temperature 10sec 

~', 500mW in the range of Ta=-40° 'V 65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
un t i1 300mW. 

1 

DIP16(3D16A-P) 

16Q 
1 

MFP16(I<'16GC-P) 

PIN ASSIGNMENT 

1CLOCK 1 16 

1CLOCK 2 
ENABLE 

15 

1Q.0 3 14 

13 

1Q.2 12 

11 

lCLEAR 7 10 

9 

(TOP VIEW) 

Vce 

2CLEAR 

2Q.3 

2Q.2 

2Q.1 

2Q.0 

2CLOCK 
ENABLE 
2CLOCK 
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TRUTH TABLE 
INPUTS 

CLOCK CLOCK ENABLE 

I 
L 

L 
X 

S 
H 

X 

TIMING CHART 
TC'74HC4518 

CLOCK 

CLEAR 

CLOCK 
ENABLE 

Q.O 

Q.1 

Q.2 

Q.3 

TC'74HC4520 

CLOCK 

CLEAR 

CLOCK 
ENABLE 

Q.O 

Q.1 

Q.2 

Q.3 

H 

~ 
X 

S 
L 

L 
X 

o 1 

--1 

fo-

-

a 1 

- 1 

I'""'-

-

-

CLEAR 

L 

L 

L 

L 

L 

L 

H 

2 3 4 5 

1 1 1 rL 

~ r--
......... '--

r---
~ r--

234 5 

rL ru 1 rt 

f0- r--

- r-
,...-r--

r- -
I 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

FUNCTION 

INCLEMENT COUNTER 

INCLEMENT COUNTER 

NO CHANGE 

NO CHANGE 

NO CHANGE 

NO CHANGE 

Q.O THRU Q.3=L 

6 '7 8 9 0 1 1 1 

L rL n.. n.. rL 1 Ln 

I 
r-- r--

r-- r-- r--
f0-r-- I 

r--r--

6 '7 8 9 10 11 1J 11 

rt ru L IL rL rL 1 1 

1/ 

r-- r-

r-- ......... r--

- r--
'---

TC74HC4518P 
TC74HC4520P/F 

X DON'T CARE 

2 3 4 5 6 '7 8 8 8 8 0 

1/ 

f-._-

I 

n'I lJ If Lr Lr Ulf lJ U-

Ii-f0- r--
'-- r--

I 
r-- r--r--

- fo-
I 

I f---

12 13 14 15 0 1 2 2 2 2 0 

I 
r---

n Jl If U U-U-lJ If Lr Jl 
r-- r- l'""'-

I -- - r--
, I , 

r--r--
I - - f0-r-- I '---

I 

I 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4518P 
TC74HC4520P/F 

LOGIC DIAGRAM 

1/2 TC74HC4518 

CLOCK 
ENABLE 

CLOCK 

CLEAR 
7(15) 

R 

D Q. 

CK 

R 
n-------r-r-.--nJ Q. 

CK 

K 

R 

R 

3 (1] ) 
Q,Q 

(4(12) 
">---- Q.l 

5(13) 
>---- Q.2 

6(14) 
Q.3 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

LOGIC DIAGRAM (Continued) 

1/2 Te74HC4520 
CLOCK 2(10) 

ENABLE 

CLOCK 

CLEAR 

D 

+---+--aCK 

~--------------~+-~-aJ 

....--+---aCK 

~ ____ ~-/o-----------------~~-nJ 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL 

Supply Vo~tage Vee 
~--------~--- ~~~ 

Input Voltage VIN 

LIMIT 

2'06 

0'0 Vee 

CK 

K 

UNIT 

V 

V 

R 

R 

R 

R 

---- -------- --f----------

Output Voltage VOUT 0'0 Vee V 
--

Ope rating Temperature Topr -40'0 85 °e 

Input r,ise and Fall Time tr~ tf 0,\,1000 (Vce=2. OV) 

0 ,\,500 (Vee=4. 5V) ns 
o "v 400 (Vee=6. OV) 

Q 

Q 

Q 

TC74HC4518P 
TC74HC4520P/F 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT 

GND 

QO 

Q.l 

Q.2 

Q.3 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4518P 
TC74HC4520P/F 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST 

High-Level 
VIH 

Input Voltage 

Low-Level VIL 
Input Voltage 

VIN=VIH High-Level 
VOH Output Voltage or Vn. 

Low-Level VIN=VIH 

Output Voltage VOL 
or VIL 

Input Leakage 
lIN VIN=VCC Current 

Quiescent 
ICC VIN=VCC Supply Current 

CONDITION 

IOH=-20lJA 

IOH=-4mA 

IOH=-5.2mA 

IOL=20 lJA 

IOL=4mA 

IOL=5.2mA 

or GND 

or GND 

Ta=25°C 

VCC MIN. TYP. MAX. 

2.0 1.5 - -
4.5 3.15 - -
6.0 4.2 - -

2.0 - - 0.5 
4.5 - - 1. 35 

6.0 - - 1.8 

2.0 1.9 2.0 -
4.5 4.4 4.5 -
6.0 5.9 6.0 -

4.5 4.18 4.31 -
6.0 5.68 5.80 -

2.0 - 0.0 0.1 

4.5 - 0.0 0.1 
6.0 - 0.0 0.1 

4.5 - 0.17 0.26 

6.0 - 0.18 0.26 

6.0 - - ±O.l 

6.0 - - 4.0 

AC ELECTRICAL CHARACTERISTICS (CL=50pF Input t r =tf=6ns) , 
..--- Ta=25°C 

PARAMETER SYMBOL TEST CONDITION 
VCC MIN. TYP. MAX. 

tTLH 2.0 - 30 75 
Output Transition Time 4.5 - 8 15 

tTHL 6.0 - 7 13 

Propagation Delay Time tpLH 2.0 - 100 190 
25 38 4.5 -(CK, CE - Qn) tpHL 6.0 - 21 32 

2.0 - 104 205 
Propagation Delay Time 

tpHL 4.5 - 26 41 
(CLR - Qn) 6.0 - 22 35 

2.0 5 12 -
Maximum Clock Frequency fMAX 4.5 25 48 -

6.0 29 56 -

Ta=-40rv85°C 
MIN. MAX. 

UNIT 

1.5 -
3.15 - V 

4.2 -

- 0.5 
- 1. 35 V 

- 1.8 

1.9 -
4.4 -
5.9 - V 

4.13 -

5.63 -

- 0.1 

- 0.1 
- 0.1 

V 
- 0.33 

- 0.33 

- ±1.0 
]JA 

- 40.0 

Ta=-40rv85°C 
UNIT 

MIN. MAX. 

- 95 
- 19 
- 16 

- 240 
48 ns -

- 41 

- 255 

- 51 
- 43 
4 -

20 - MHz 
24 -

TOSHIBA M2---------------------------



AC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER SYMBOL TEST CONDITION 

Minimum Pulse Width tW(L) 

(CK, CE) tw(H) 

Minimum PUlse Width 

(CLR) 
tw(H) 

Minimum Removal Time 

(CLR) 
t rem 

Input Capacitance CIN 

Power Dissipation TC74HC4518 

Capacitance 
CpD(l) 

TC74HC4520 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

- Ta=25°C 
Vee MIN. TYP. 

2.0 - 30 
4.5 - 8 
6.0 - 7 
2.0 - 35 
4.5 - 9 
6.0 - 8 
2.0 - -
4.5 - -
6.0 - -

- 5 

- 145 

- 145 

TC74HC4518P 
TC74HC4520P/F 

Ta=-40'V85°C UNIT 
MAX. MIN. MAX. 

75 - 95 

15 - 19 
13 - 16 

100 - 125 
20 - 25 ns 

17 - 21 
0 - 0 
0 - 0 
0 - 0 

10 - 10 

- - - pF 

- - -

Note(l) CPD is defined as the value of internal equivalent capacitance of IC which is 
calculated from the operating current consumption without load (refer to Test 
Circuit). Average operating current can be obtained by the equation hereunder. 

ICC(Opr.) = CpD • VCC • fIN + ICC/2 (per circuit) 

SWITCHING CHARACTERISTICS TEST WAVEFORM 
6ns 6ns 

Vec 

CLOCK 
GND 

Q,n 

6ns 6ns tTLH 

CLOCK Vee 
ENABLE 

GND 

tW(H) tW(L) tpHL 

tpLH 

Q,n 50% 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4518P 
TC74HC4520P/F 

SWITCHING CHARACTERISTICS TEST WAVEFORM (Continued) 

6ns 6ns 

CLEAR 

CLOCK 

Q,n 

ICC(O r.) TEST CIRCUIT 

VCC = 5V 

~ __ ---l CLOCK 

Cj 
o 
li) 

I OTHER 
INPUTS 

GND 

OUTPUTS 

VCC 

GND 

GND 

* INPUT WAVEFORM IS THE SAME AS 

THAT IN CASE OF SWITCHING 

CHARACTERISTCS TEST. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DAT. __ 

TC74HC4538P/~ 
PRELIMINARY 

TC74HC4538P/F DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

The TC74HC4538 is a high speed CMOS MONOSTABLE MULTIVIBRATOR fabricated with silicon 
gate C2MOS technology. It achieves the high speed operation similar to equivalent 
LSTTL while maintaining the CMOS low power dissipation. There are two trigger inputs. 
One is A INPUT (Positive-edge input)t another is B INPUT (Negative-edge input). These 
inputs are valid for slow rising/falling signal (tr=tf=l sec). Because of schmitt­
trigger input function. After triggering t Output keeps MONO STABLE STATE for the time 
period determined by external resistor Rx and by external capacitor Cx. "L" level CD 
input breaks this STABLE STATE. Next coming new trigger in MONO STABLE period is ef­
fective t and make MONO STABLE period longer. Limitation for Cx and Rx is as follows. 

External capacitor Cx no limitation 
External resistor Rx •••••• VCC = 2.0V from 5k~ to IM~ 

VCC ~ 3.0V from lk~ to l~ 
All inputs are equipped with protection circuits against static discharge or transient 
excess voltage. 

FEATURES: 
• High Speed t pd=27nS(Typ.) at VCc=SV 

• Low Power Dissipation ....... . 

Standby State ICC=4pA(Max.) at Ta=2SoC 

Active State ICC=200pA(Typ.) at VCC=SV 

• Output Drive Capability ......•.•.... 10 LSTTL Loads 

• Symmetrical Output Impedance .... I IOH I=IOL=4rnA(Min.) 

• Wide Output Pulse Width Range 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL 

Supply Voltage Range VCC 

DC Input Voltage VIN 

DC Output Voltage VOUT 

Input Diode Current 11K 

Output Diode Current 10K 

DC Output Current lOUT 
DC Vcc/Ground Current ICC 
--
Power Dissipation PD 

Storage Temperature Tstg 

Lead Temperature 10sec TL 

t w(OUT)=120ns 'V 

60s over at VCC=4.5V 

VALUE UNIT 

-0.5'\., 7 V 

-0.5 '\., VCC+O. 5 V 

-0 . 5 '\., V CC+O . 5 V 

±20 mA 

±20 rnA 

±25 rnA 

±50 rnA 

SOO(DIP) 'i~ mW 

180(MFP) 

-65 '\., 150 °c 

300 °c 

'i~ 500mW in the range of Ta=-40°C'V65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
unti1300mW. 

DIP16(:3D16A-P) 

16~ 
1 

MFP16(F16GC-P) 

PIN ASSIGNMENT 

ITl 1 16 'VCC 

IT2 2 15 2Tl 

lOD :3 14 2T2 

lA 4 1:3 2CD 

113 5 12 2A 

lQ. 6 11 213 

lQ: 7 10 2Q. 

GND 8 9 2Q: 

(TOP VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4538P/F 

TRUTH TABLE 
INPUTS OUTPUTS 

A B CD Q. Q. 
NOTE 

X : DO N 'T CARE 

S H H .IL -u-- OUTPUT ENABLE 
X L H L H INHIBIT 

H X H L H INHIBIT 
L L H SL U OUTPUT ENABLE 
X X L L H INHIBIT 

BLOCK DIAGRAM 

Tl 

4 

B _5_,,"--_ 

DX 

--"--, 
CX: : +, 

3 

CD 

T2 

RX 

6 
Q, 

7 
Q: 

DX 
r- -M--, , , 
I , 

VCC + 
Rx 

Vec 

Tl 10 
Q. 

9 -
Q. 

1 

Note (1) CXt RX t Dx are external electric parts. Capacitor t resistor and diode. 

(2) External diode Dx (CRAMPING DIODE) 

External capacitor is charged to VCC level in the state of waiting t 
i.e. in no trigger state. Supply voltage is turned off then Cx is dis­
charged mainly through internal (parasitic) diode. See figure. 
If Cx is sufficiently large and VCC falls down rapidlYt there will be some 
possibility of damaging IC by rushing current or latch-up. If capacitance 
of voltage supply filter is large enough and VCC falls down slowly. the 
rushing current is automatically limited and avoid the damaging of IC. 
The maximum value of forward current of parasitic diode is ±20mA. 
In the case of large CXt limitation of falling down time of voltage supply 
is as follows 

tf ~ (VCC - o. 7) • Cx/20mA 

tf is the time from voltage supply turning off to level of ) 
voltage supply becoming 0.4 VCC' 

In the case of "system is not satisfy the above condition"t external 
CRAMPING DIODE is needed for protecting IC from rushing current. 
See figure. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4538P/F 

SYSTE~l DIAGRAM 
Vref H 

T2 --~~~~--+---~-----4-----+--+------4----~ 

T1-----..... 

~---- Q 

CD 

TI MI NG CHART 
trr 

H 
A n nJl n= VIH 

VII, 

VIH 

13 
VIL 

VCC 

T2 
Vref H 

Vref L 
VSS 

VIH 
CD 

VIL 

n= VOH 

VOL 

I I I I I u= VOH 
Q: 

VOL 
tw .1 I· tw ./ I_ tw +tr .1 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4538P/F 

FUCNTIONAL DESCRIPTION 

(1) Stand-by State 

External capacitor is fully charged to VCC level in stand-by state. That 
means, before triggering, Qp, Qn transistors (connected to T2 node) are in off 
state. 
Two comparator that relate to timing of pulse, and two reference voltage supplier 
stops their operations. The total supply current is only leakage current. 

(2) Trigger operation 

Trigger is effective in following two cases. Under the condition A INPUT is 
"L" level and If INPUT have falling down signal. Under the condition B INPUT is 
"H" level and A INPUT has rising up signal. 
After trigger effe~tive, comparator of CI and C2 start operating, and Qn tran~ 
sis tor is turned on. Then the charge of external capacitor discharges through 
Qn transistor. The voltage level of T2 node becomes lower. If voltage level 
of T2 falls to the internal reference voltage VrefL, output of comparator Cl 
becomes "L". That means flip-flop is reseted and Qn transistor turns off. At 
that moment Cl stops but C2 continues its operating. 

After turning off of Qn transistor, the voltage of T2 starts rising with the 
time constant of external capacitor Cx and resistor Rx. 

By triggering. output Q becomes "H" level, after some delay time of internal F IF 
and gate. It keeps "H" level even in the voltage level of T2 changed from falling 
to rising. When it reaches to the internal reference voltage VrefH, output of 
comparator C2 becomes "L" level and Q output becomes "L" and comparator C2 stops 
its operations. 
That means, after triggering the voltage level of T2 becomes VrefH, IC keeps its 
MONO STABLE STATE. 
In the case Cx·Rx are large enough and it could be ignored the discharge time 
of capacitor and delay in IC, the width of output pulse tw(OUT) is as follows. 

tw(OUT) = 0.72 Cx Rx 

(3) Re-trigger operation 

In the case another new trigger in MONO STABLE STATE, the trigger is effec­
tive, if IC is in the condition charging capacitor. And the voltage level of 
T2 falls down to VrefL level again. So that output Q keeps "H" level when next 
trigger comes in shorter time period than designed period by Cx Rx. In the case 
2nd trigger is very close to privious trigger. trigger is not effective, if 2nd 
trigger comes in the discharge cycle. The minimum time for effective 2nd trigger 
trr(Min.) depends on VCC and Cx. 

(4) Reset operation 

CD is normally "H". If CD is "L", trigger is not 
output becomes ilL" and trigger control F IF is reseted. 
is turns on and Cx is charged rapidly to VCC level. 
This means if CD input becomes "L". IC becomes waiting 
and non-operating state. 

effective because of Q 
And also transistor Qp 

state both in operating 
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RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supp ly Voltage VCC 2rv6 

Input Voltage VIN o rv VCC 
-

Output Voltage VOUT o rv VCC 
--
Operating Temperature ~ -40 rv 85 

--

Input Rise and Fall Time o rv 1000 (VCC=2. OV) 
t rJ t f o rv 500(VCC=4.5V) 

(CD Only) o rv 400(VCC=6.0V) 

External Capacitor Cx No Limitation 
External (VCC=2.0V) 5K 'u 1M 

Resistor (VC6:;3.0V) 
Rx 

lK rv 1M 

DC ELECTRICAL CHARACTERISTICS 

~RAMETER I 
SYMBOL TEST CONDITION 

VCC 

High-Level 2.0 
VIH 4.5 

Input Voltage 
6.0 

Low-Level 2.01 
Input Voltage 

VIL 4.5 
I --tw 6.0 

High-Level 
[I QW- 2O YA 

2.0 

Output Voltage 4.5 

I 
VOH 6.0 

(Q, Q Output) VIH or VIL IOW=-4mA 4.5 
I OH=-5.2rnA 6.0 

2.0 
Low-Level IOL=20lJA 4.5 
Output Voltage VOL VIN=VIH 6.0 

(Q, Q Output) IOL=4mA 4.5 
I OL=5.2mA 6.01 

Input Leakage 
lIN VrW=Vcc or GND 6.0 Current 

R/ C Terminal 
lIN VIN=VCC or GND 6.0 Off-State 

Current 
Quiescent 

ICC 
~ply Current VIN=VCC or GND 6.0 

Active-State * V1N""VCC or GND 2.0 

Supply Current ICC' 
R/Cext=0.5VCC 4.5 

6.0 

* : per ci r cui t 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

UNIT 

V 

V 

V 

°c 

ns 

F 

st 

MIN. 

1.5 
3.15 
4.2 

-
-
-

1.9 
4.4 
5.9 

4.18 
3.68 

-
-
-
-
-

-

-

-

-
-
-

TC74HC4538P/F 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT 

Ta=25°C Ta=-40rv85°C 

TYP. MAX. MIN. MAX. 

- - 1.5 -
- - 3.15 -

UNIT 

- - 4.2 

~ - 0.5 - 0.5 
- 1. 35 - 1. 35 

1.8 1.8 - -
2.0 - 1.9 -
4.5 - 4.4 -
6.0 - 5.9 - V 

4.31 - 4.13 -
5.80 - 5.63 -
0.0 0.1 - 0.1 
0.0 0.1 - 0.1 
0.0 0.1 - 0.1 
0.17 0.26 - 0-.33 

0.18 0.26 - 0.33 

- ±O.l - ±1. 0 

- ±0.5 - ±5.0 lJA 

--

- 4.0 - 40.0 
-----~ 

i 40 
120 - 160 lJA 

0.1 0.3 - 0.4 rnA 
0.2 0.6 - 0.8 rnA 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4538P/F 

AC ELECTRICAL CHARACTERISTICS (CL=50pF. Input t r =tf=6ns) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40'V85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 6.0 - 7 13 - 16 

Pr.opagation Delay Time tpLH 2.0 - 128 250 - 315 

(A, Q) 4.5 - 32 50 - 63 
B - Q, tpHL 6.0 - 27 43 - 54 ns 

Propagation Delay Time tpLH 
2.0 - 100 195 - 245 

- 4.5 - 25 39 - 49 
(CD - Q, Q) tpHL 6.0 - 21 33 - 42 

Cx=12pF 3.0 - 210 - - -
Rx=lk~ 5.0 - 140 - - -

Output Pulse Width twODT 
Cx=lOOpF 3.0 - 1. 45 - - -
Rx=lOk~ 5.0 - 1. 40 - - -
Cx=lOOOpF 3.0 - 10.5 - - - ~s 

Rx=lOk~ 5.0 10.0 - -- -
Output Pulse Width 
Error Between Circuits f.,twOUT - ±l - - - % 

(In same Package) 

Minimum Trigger tw(H) AIN 2.0 - 30 75 - 95 

Pulse Width - 4.5 - 8 15 - 19 
tw(L) BIN 6.0 - 7 13 - 16 

Minimum Clear Pulse 2.0 - 30 75 - 95 

Width ~(L) 4.5 - 8 15 - 19 ns 
6.0 - 7 13 - 16 

Minimum Clear Removal 2.0 - - 0 - 0 
trem 4.5 - - 0 - 0 

Time 6.0 0 0 - - -
Input Capacitance COUT - 5 10 - 10 

Power Dissipation 
pF 

(1) CpD - 90 - - -
Capaci tance 

Note (1) CpD is defined as the value of internal equivalent capacitance of IC which is 
calculated from the operating current consumption without load (refer to Test 
Circuit). Average operating current can be obtained by the equation hereunder. 

ICC(opr,)=CpD,VCC'fIN+ICC'·Duty/100+ICC/2 (per monostable) 

(ICC': Active Supply Current) 

(Duty: %) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4538P/F 

OUTPUT PULSE WIDTH CONSTANTtK-SUPPLY VOLTAGE ICC(o r.) TEST WAVEFORM 

(EXTERNAL RESISTOR(RX)~O~; twOUT=K'CX'RX) 

r'---.. r-- CX=O.Ol.llF -
CX~ 01.llF 

0.'7 I 

2 3 4 5 6 

SUPPLY VOLTAGE Vcc (V) 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

A 

B 

A 

6ns 6ns 

6ns 6ns 

Vce 

Q.l 
P.G. 

1T2 
QI 

* iB 

9 ITl 
2Tl Q,2 

If) 

2T2 
lA Q.2 
2A 
213 GND 

*:INPUT WAVEFORM IS THE SAME AS THAT IN CASE 
OF SWITCHING CHARACTERISTICS TEST. 

6ns 6ns 

50% 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4538P/F 

twOUT - Cx CHARACTERISTics (TYP.) trr - VCC CHARACTERISTICS (TYP.) 

VCC -- 4.5V 

c L 50pF I Ta=25°C 
A 11111 ,-

i Ii / RX=lMD. /V 
10 3 

10 

'" '" (j) 
(j) 

:::l. 
/ ,-

'-' 

b-< 
I V 

I /RX~100kD./V 
:::l 10 2 
0 
~ 

+-' 

;r:: 
RX=10~7' b-< I LV / 5 

I IV / /f' I 8: I 
i"i1 10 

RX 1kD. 
23 
:::l 
P; V-
b-< ./ V 
:::l V V P; 
b-< 1 :::l 

..:l. 
~ '-' 

H "-H 
+-' 

~ i"i1 ~=O.OlttF ::s 
H 1 
b-< 

&1 " " (') ""-(') 
H \ ""-
~ -
E-< \ "",cx = 1 OOOpF 
i"i1 
p::; 

'\. ~ ::s 

'" :::> 
::s 0.1 Cx 100pF -== H 
Z -

0 

./ 

H -::s 
./ 

10- 1 

10 2 10 3 10 4 

0 1 2 3 4 5 6 

SUPPLY VOLTAGE VCC (V) 

EXTERNAL CAPACITOR Cx (pl<' ) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL OAT. 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HC4543P/--=====-
PRELIMINARY 

TC74HC4543P/F BCD-TO-7 SEGMENT LATCH/DECODER/LCD DRIVER 

The TC74HC4543 is a high speed CMOS BCD-TO-7 SEGMENT DECODER WITH LCD DRIVER 
fabricated with silicon gate C2MOS technology. It achieves the high speed latch and 
decode operation twenty times as fast as the standard Gi0S' 45llB ,vhile maintaining the 
CMOS low power dissipation. This device consists of BCD-TO-7 segment decoder with a 
BCD input latch and a 7-segment driver for the liquid crystal display (LCD). When any 
illegal BCD input signal is applied or BI input is held high, the display is blanked. 
In case of driving LCD, a cornmon square wave signal should be applied not only to the 
PH input of this device but also to the electrically common backplane of the display. 
For other types of readouts, such as light-emitting diode (LED), some additional 
drivers, such as transistor array is required. All inputs are equipped with protectior 
circuits against static discharge or transient excess voltage. 

FEATURES: 
High Speed ..................... t w=8ns(Typ.) at VCC=5Vr-__________________________ ~ 

Low Power Dissipation ....... ICC=4wA(Max.) at Ta=25°C 

High Noise Immunity .......... VNIH=VNIL=28% Vcc(Min.) 

Output Drive Capability ............... 10 LSTTL Loads 

Symmetrical Output Impedance ...... IIOHI=IOL=4rnA(Min.) 

Balanced Propagation Delays ................ tpLH":tpHL 

Wide Operating Voltage Range ........ VCC(opr.)=2Vrv6V 

Pin and Function Compatible with 4543B 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 rv 7 V 
1---------

DC Input Voltage VIN -0.5 rv VCc+O. 5 V 
r------- ---------

DC Output Voltage VOUT -0 . 5 rv V CC+O . 5 V 

Input Diode Current 11K ±20 rnA 
--~-

Output Diode Current 10K ±20 rnA 

DC Output Current lOUT ±25 rnA 

DC Vcc/Ground Current ICC ±50 rnA 

Power Dissipation PD 
500(DIP)~" 

mW 
180 (MFP) 

Storage Temperature Tstg -65 rv 150 °c 

Lead Temperature 10sec TL 300 °c 

* 500mW in the range of Ta=-40 ° rv 65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
until 300mW. 

16~=i~~ '~\I 
DIP16(3D16A-P) 

16Q 
1 

MFP16(F16GC-P) 

PIN ASSIGNMENT 

LD 1 16 

C 2 15 

B 3 14 

D 4 13 

A 5 12 

PH 6 11 

BI 7 10 

GND 8 9 

( TOP VI EW ) 

VCC 

f 

g 

e 

d 

c 

b 

a 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4543P/F 

LOGIC DIAGRAM 

1:3 

1
5 

<0 l'- ~ rl 

::r: H 0 ~ <: ~ 
0.. ~ ~ 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4543P/F 

TRUTH TABLE 
INPUTS OUTPUTS 

DISPLAY 
LD BI PH D C B A a b c d e f g 

X H L X X X X L L L L L L L BLANK 

H L L L L L L H H H H H H L 0 

H L L L L L H L H H L L L L 1 

H L L L L H L H H L H H L H 2 

H L L L L H H H H H H L L H 3 

H L L L H L L L H H L L H H 4 

H L L L H L H H L H H L H H 5 

H L L L H H L H L H H H H H 6 

H L L L H H H H H H L L L L 7 

H L L H L L L H H H H H H H 8 

H L L H L L H H H H H L H H 9 

H L L H X H X L L L L L L L BLANK 

H L L H H X X L L L L L L L BLANK 

L L L X X X X *** ot ot ot 

t f H f INVEHSE UF ABOVl' DISPLAY AS 
OUTPUT L~VEL ABOVE 

X DON' 'I' C A H I,: 

SAME AS ABOV~ COMBINATIUN 

+H DE PEN D ~: UP (l NTH Ii: BCD CUD E PH [, V IOU L YAP P L IF: [) W H E ~I L D = " H " 

01 SP LA Y MODE 

o 1 2 3 4 5 6 7 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL 

Supply Voltage Vee 

Input Voltage VIN 
--
Output Voltage VOUT 

Operating Temperature Topr 

Input Rise and Fall Time t r , tf 

a 

8 9 10 11 12 13 14 15 f(~) b 

LIMIT 

2 '\.,6 

a'\., Vee 

a'\., Vee 

-40 '\., 85 

a'\., 1000 (Vcc=2. OV) 
a '\., 500 (Vcc=4. sv) 
a '\., 400 (Vee=6. Ov) 

UNIT 

V 

V 

V 

°e 

ns 

e '_I c 
d 

7 SEGMENT 

DISPLAY 

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

INPUT 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4543P/F 

DC ELECTRICAL CHARACTERISTICS 
Ta=25°C Ta=-40,,-,85°C 

PARAMETER SYMBOL TEST CONDITION 
VCC MIN. TYP. MAX. MIN. MAX. 

UNIT 

High-Level 2.0 1.5 - - 1.5 -
VIH 4.5 3.15 - - 3.15 - V 

Input Voltage 
6.0 4.2 4.2 - - -

2.0 - - 0.5 - 0.5 
Low-Level VIL 4.5 - - 1. 35 - 1. 35 V 
Input Voltage 

6.0 - - 1.8 1.8 -

2.0 1.9 2.0 - 1.9 -
VIN=VIH IOH=-20)JA 4.5 4.4 4.5 - 4.4 -

High-Level 
VOH 

6.0 5.9 6.0 - 5.9 - V 
Output Voltage or VIL IOH=-4mA 4.5 4.18 4.31 - 4.13 -

IOH=-5.2mA 6.0 5.68 5.80 - 5.63 -

2.0 - 0.0 0.1 - 0.1 

VIN=VIH IOL=20)JA 4.5 - 0.0 0.1 - 0.1 
Low-Level 6.0 - 0.0 0.1 - 0.1 
Output Voltage VOL V 

or VIL IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 

Input Leakage 
lIN VIN=VCC or GND 6.0 - - ±0.1 - ±1. a 

Current 
)JA 

Quiescent 
ICC VIN=VCC or GND 6.0 - - 4.0 - 40.0 I Supply Current 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT t r =tf=6ns) 

25°C -40"-' 85°C 
PARAMETER SYMBOL TEST CONDITION UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 

Output Transition Time 4.5 - 8 15 - 19 
tTHL 6.0 - 7 13 - 16 

Propagation Delay Time 2.0 - 200 385 - 480 
tpLH 

4.5 - 50 77 - 96 
BCD - OUT tpHL 6.0 - 43 65 - 82 ns 

tpLH 2.0 - 124 240 - 300 
4.5 - 31 48 - 60 

BI - OUT tpHL 6.0 - 26 41 - 51 

tpLH 2.0 - 88 175 - 220 
4.5 - 22 35 - 44 

PH - OUT tpHL 6.0 - 19 30 - 37 

TOSHIBA 651----------------------------



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4543P/F 

AC ELECTRICAL CHARACTERISTICS (Continued) 

25°C -40 'V 85°C 
PARAMETER SYMBOL TEST CONDITION 

VCC 
UNIT 

MIN. TYP. MAX. MIN. MAX. 

Minimum Pulse Width 
2.0 - 30 75 - 95 

tw(H) 4.5 - 8 15 - 19 
(LD) 6.0 - 7 13 - 16 

2.0 - 30 75 - 95 
Minimum Set-up Time ts 4.5 - 8 15 - 19 ns 

6.0 - 7 13 - 16 

2.0 - - 0 - 0 

Minimum Hold Time th 4.5 - - 0 - 0 

6.0 - - 0 - 0 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation 
pF 

Capacitance CPD(I) - 30 - - -

Note(l) CpD is defined as the value of internal equivalent capacitance of IC which is 
calculated from the operating current consumption without load (refer to Test 
Circuit) .. Average operating current can be obtained by the equation hereunder. 

ICC (apr.) :0 CPD • VCC • fIN + ICC 

SWITCHING CHARACTERISTICS TEST WAVEFORM 

A- D 
Vee BI 

PHASE 
GND 

tpLH. tpHL 

VOH 

a- g 

vOL 

Vee 

50% 

GND 

ts th 

90% Vee 

50% 
10% 

tw GND 

VOH 

X 
VOL 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC4543P/F 

ICC(opr.) TEST CIRCUIT 

VOC=5V 

a 
b *- INPUT WAVEFORM IS THE SAME AS PHASE 

P.G. THAT IN CASE OF SWITCHING 

* 
A 

d CHARACTERISTICS TEST. 
B e 
C 

G f 
0 D 
If) BI GND g 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA I 

C2MOS DIGITAL INTEGRATED CIRCUIT TC74HCT7007P/F= 
PRELIMINARY 

TC74HCT7007P/F HEX BUFFER (TTL INPUT LEVEL) 

The TC74HCT07 is a high speed CMOS BUFFER fabricated with silicon gate C2MOS 
technology. 

This device may be used as a level converter for interfacing TTL or NMOS to High 
Speed CMOS. The inputs are compatible with TTL, NMOS and CMOS output voltage levels. 

It achieves the high speed operation similar to equivalent LSTTL while maintaining 
the CMOS low power dissipation. 

The internal circuit is composed of 4 stages including buffer output, which enables 
high noise immunity and stable output. 

All inputs are equipped with protection circuits against static discharge or 
transient excess voltage. 

FEATURES 

• High Speed .••.••.••.••••••• tpd=13ns(Typ.) at VCC=5Vr-___________________________ ~ 

• Low Power Dissipation •••••. ICC=I\lA(Max.) at Ta=25°C 

• Compatible with TTL outputs •••••••..•• VI H=2V(Min.), 

VIV"O.8V(Max.) 

• Output Drive Capability ••••••••••••••• 10LSTTL Loads 

• Symmetrical Output Impedance ••••• IIOHI=IOL=4mA(Min.) 

• Balanced Propagation Delays 

• Pin and Function Compatible with 74LS07 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 '\., 7 V 
1----------"----"----"---"" -- ---"---f--"-- ------ ---- ---" ~----"--+-----; 

DC Input Vo ltage VIN -0.5 '\., VCc+O. 5 V 
~---"----"---- - ----"--------"------+----------1 

DC Output Voltage VOUT -0.5 '\., V CC+O. 5 V 
f--"---"---"-- --~---"-

Input Diode Current 11K ±20 mA 
1---"-----"--"-"-----"""---

Output Diode Current 10K ±20 rnA 
f---------"------"-"-"----"----- "- ,--""----- - " ---------+----1 

rnA DC Output Current lOUT ±25 
~----------""------ --~--------__+----------1 

DC Vcc/Ground Current ICC ±50 rnA 
f---------"" ---- --- - --~---------"-"---+----1 
Power Dissipation PD 500*(DIP) mW 

l80(MFP) 
f---""-" " - "" - - -----"---1-------- -~+__--_1 

Storage Temperature Tstg -65 '\., 150 °c 
f----------"----"-"----"~+-----=---t---------+_--__l 

Lead Temperature lOsec TL 300 °c 

"i~ 500mW in the range of Ta=-40°C'l.65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
un til 300mW. 

D::Q 
1 

MFP14 (F14GB-P) 

PIN ASSIGNMENT 

lA 1 14 Vee 

lY 2 13 6A 

2A 3 12 6Y 

2Y 4 11 5A 

3A 5 10 5Y 

3Y 6 9 4A 

GND 7 8 4Y 

(TOP VIEW) 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT7007P/F 

CIRCUIT DIAGRAM (per Circuit) 

[ A 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LUlIT UNIT 

Supply Voltage VCC 4.5'\.,5.5 V 
I----~- --- ------ ----- ---- -- --- - -- ----- --------- 1----

Input Voltage VIN o '\., Vee V 
------------ - ------------ t-~----

Output Voltage VOUT 0 '\., Vce V 
1-------------- -- - ---- -----------.-- - -------------1------

Operating Temperature Topr -40 'Iv 85 °e 
~~~~- --- ------- -------t----.-----.~--.--. -----

Input Rise and Fall Time tr, tf 
o ~. SOO(VCC=4.5V) ns 

DC ELECTRICAL CHARACTERISTICS 
r-

PARAMETER SYMBOL TEST CONDITION 
Vec MIN. 

4.5 
High-Level 

VIH to 2.0 Input Voltage 
5.5 

Low-Level 4.5 
VIL to -Input Voltage 

5.5 

High-Level IOH=-20]JA 4.5 4.4 

Output Voltage 
VOH VIN=VIH 

IOH=-4rnA 4.5 4.18 

Low-Level I OL=2011A 4.5 -
VOL VIN=VIL Output Voltage IOL=4rnA 4.5 -

Input Leakage 
lIN VIN=VCC or GND 5.5 -Current 

Quiescent ICC VIN=VCC or GND 5.5 -
Supply Current 

IC 
per VIN=0.5V or 2.4V 

5.5 other inputs Vec or GND -

INPUT and OUTPUT 
EQUIVALENT CIRCUIT 

Ta=25°e Ta=-40'\.,85°C 

TYP. MAX. MIN. MAX. 

- - 2.0 -

- 0.8 - 0.8 

4.5 - 4.4 -

4.31 - 4.13 -

0.0 0.1 - 0.1 

0.17 0.26 - 0.33 

- ±0.1 - ±1.0 

- 1.0 - 10.0 

- 2.0 - 2. cj{ 
i .. "- j 

UNIT 

V 

].1 A 

rnA 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HCT7007P/F 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, INPUT tr=tf=6ns) 

- Ta=25°C Ta=-40'V85°C 
PARAMETER SYMBOL TEST CONDITION 

VCC 
UNIT 

MIN. TYP. MAX. MIN. MAX. 

tTLH 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 
ns 

Propagation Delay Time 
tpLH 

4.5 - 16 26 - 33 
tpHL 

Input Capacitance CIN - 5 10 - 10 
pF 

Power Dissipation CPD(l) 28 - - - -
Capacitance 

Note 1: CPD is defined as the value of internal equivalent capacitance of IC which is 
calculated from the operating current consumption without load (refer to Test 
Circuit). Average operating current can be obtained by the equation hereunder. 

ICC(Opr.) = CPD' VCC· fIN+Icc/6 (per gate) 

SWITCHING CHARACTERISTICS TEST CIRCUIT 

P. G. 1----........ --1 

ICC(Opr.) TEST CIRCUIT 

P. G. 1---__ --1 

Cl 
o 
Li) 

6ns 6ns 

VOUT 

INPOT WAVEFORM 
6ns 6ns 
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IOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC7266P C2MOS DIGITAL INTEGRATED CIRCUIT 

PRELIMINARY 

TC74HC7266P QUAD EXCLUSIVE NOR GATE 

The TC74HC266 is a high speed CMOS QUAD EXCLUSIVE NOR GATE fabricated with 

silicon gate C2MOS technology. 

It achieves the high speed operation similar to equivalent LSTTL while maintaining the 

CMOS low power dissipation. 

Input and output buffer are installed, which enables high noise immunity and stable 

output. 

All inputs are equipped with protection circuits against static discharge or transient 

excess voltage. 

FEATURES: 
High Speed tpd=llns(Typ.) at VCC=5V r--------------~ 

Low Power Dissipation ..... , ICC=l~A(Max.) at Ta=25°C 

High Noise Immunity ......... VNIH=VNIL=28% VCC(Min.) 

Output Drive Capability .............. 10 LSTTL Loads 

Symmetrical Output Impedance .... I IOH I = IOL =4mA(Min. ) 

Balanced Propagation Delays ............... tpLH~tpHL 

Wide Operating Voltage Range ...... "VCC(opr.)=2V'lv6V 

Pin and Function Compatible with 74LS266 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL VALUE UNIT 

Supply Voltage Range VCC -0.5 'Iv 7 V 
--------- ------------ -------- ------~----.--- -----

DC Input Voltage VIN -0.5 'Iv VCc+O. 5 V 
--------.--------------------~---- - --- ------------------ ---

DC Output Voltage VOUT -O.5'1vVCC+O.5 V 
------------------- --------~------- r---------~----.----- ---

Input Diode Current 11K ~20 mA 
-------------- ----- ------------- --------- -- f--------------------c--------
Output Diode Current 10K i20 mA 
!----------------------!----------------------------j------j 

DC Output Current lOUT ±25 mA 
-- - ------------- ---------------------------j---------i 

DC Vcc/Ground Current ICC ±50 mA 

Power Dissipation 
-- -- --- -----------+--------1 

mW 

~------------------ - ---- .------------ --- -- -------------------+--------1 

Storage Temperature Tstg -65 'Iv 150 °c 
1-------~------------------------r___---------_t____--____1 

Lead Temperature lOsec TL 300 °c 

* 500mW in the range of Ta=-40° ~,65°C and from Ta=65°C 
up to 85°C derating factor of -lOmW/oC shall be applied 
unti1 300mW. 

~~~.~ 
14 ~ ~ VVVII ~ 

1 

DIl' 14( 0.lJ14A-P) 

PIN ASSIGNMENT 

lA 14 Vee 

IB 2 13 4B 

lY 3 12 4A 

2Y " 11 "y 

'l,A 5 1U 3Y 

'l,B 6 9 3B 

GND 7 8 3A 

(TOP VIEW) 
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LOGIC DIAGRAM (per Gate) 

A 

y 

B 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL LIMIT 

Supply Voltage Vee 2'06 
--~~-.-.-t------~-~ ._-------

Input Voltage VIN o rv Vee 
---.-.--~--.~~--~--- -----._---I-.~ 

Output Voltage VOUT o rv Vec 
r---------~~-~- ~--t-
Operating Temperature Topr -40 rv 85 

Input Rise and Fall Time t r , tf 0'\,1000 (V ce=2 .OV) 

0 rv 500 (Vee=4. 5V) 
0 "v 400 (Vee=6. OV) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITION 
Vee 

High-Level 2.0 
VIH 4.5 

Input Voltage 
6.0 

2.0 
Low-Level VIL 4.5 
Input Voltage 

6.0 
~~-.-. 

2.0 

VIN=VIH TOH=-20lJA 4.5 
High-Level 

VOH 
6.0 

Output Voltage or VIL IOH=-4mA 4.5 

IOH=-5.2mA 6.0 

TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

UNIT 

V 

V 

V 

°C 

ns 

MIN. 

1.5 
3.15 

4.2 

-
-

-

1.9 
4.4 
5.9 

4.18 

5.68 

TC74HC7266P 

INPUT and OUTPUT 
EOUIVALENT CIRCUIT 

INPUT 

Ta=25°e Ta=-40"v85°C 
TYP. MAX. MIN. MAX. 

- - 1.5 -

- - 3.15 -

- - 4.2 -

- 0.5 - 0.5 
- 1. 35 - 1. 35 

- 1.8 - 1.8 
._-

2.0 - 1.9 -
4.5 - 4.4 -
6.0 - 5.9 -

4.31 - 4.13 -

5.80 - 5.63 -

UNIT 

V 

V 

V 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC7266P 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C rra=-40'V85°C UNIT 

VCC MIN. TYP. MAX. MIN. MAX. 

2.0 - 0.0 0.1 - 0.1 

VIN=VIH IOL=20)JA 4.5 - 0.0 0.1 - 0.1 
Low-Level 6.0 - 0.0 0.1 - 0.1 
Output Voltage VOL V 

or VIL IOL=4mA 4.5 - 0.17 0.26 - 0.33 

IOL=5.2mA 6.0 - 0.18 0.26 - 0.33 

Input Leakage 
lIN VIN=VCC or GND 

Current 
6.0 - - ±O.l - ±1. 0 

)JA 
Quiescent 

ICC VIN=VCC or GND 6.0 - - 1.0 - 10.0 
Supply Current 

AC ELECTRICAL CHARACTERISTICS (CL=50pF, Input t r =tf=6ns) 

PARAMETER SYMBOL TEST CONDITION 
Ta=25°C Ta=-40'V85°C 

UNIT 
VCC MIN. TYP. MAX. MIN. MAX. 

tTLH 2.0 - 30 75 - 95 
Output Transition Time 4.5 - 8 15 - 19 

tTHL 
6.0 7 13 16 - - ns 

tpLH 
2.0 - S2 115 - 145 

Propagation Delay Time 4.S - 13 23 - 29 
tpHL 6.0 - 11 20 - 25 

Input Capacitance CIN - 5 10 - 10 

Power Dissipation pF 
Capacitance CpD(l) - 34 - - -

Note (1) CpD is defined as the value of internal equivalent capacitance of IC which 

is calculated from the operating current consumption without load (refer to 

Test Circuit). 

Average operating current can be obtained by the equation hereunder. 

ICC(opr.) =CPD·VCC·fIN+ICC/4 (per Gate) 

TOSHIBA-----------664---------------



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

TC74HC7266P 

SWITCHING CHARACTERISTICS TEST CIRCUIT ICC(opr.) TEST CIRCUIT 

Vce ~-- Vce 
8W 

P.O. I-----<l~-+-I 

r:l~ 
L~ c 

o 
cO 

INPUT WA VEFOhM IS THE SAME AS 

THAT LN CASE OF HWITCHING 
CHAhACTJ<:hISTICS TEST. 
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4. OUTLINE DRAWINGS 



TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 14 PIN OUTLINE DRAWING (3D14A-P) 

14 8 

[::::::1] 
1 7 

19.9MAX 

0.5 ± 0.15 2.54 t 0.25 

1.4 ±0~5 

7.6~± 0.25 

I 
\ 
,I 

II
' + 0.1 rn \~ 

.. 0.25 -0.0 5 --I---¥ 

Unit in mm 

Note) Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.14 leads. 

MFP 14 PIN OUTLINE DRAWING (F14GB-P) JEDEC-MO-46-AA Uni t in mm 

14 8 

7 

7.8 ±0.4 I 10.5MAX I 10 

btn::n::rtti1d ~~~~~ 
~~.12 lli5±025 

Note) Lead pitch is 1.27 and tolerance is ±O.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.14 leads. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 16 PIN OUTLINE DRAWING (3D16A-P) 

16 9 

~:::::':]] 
1 b 

1 :1.>!MAX I 

H;z<+-----~1"Ll 
::s 
cD 
N 

1.4LO~ 

I 
I. 

" /I 
/I 

LJ 

Uni t in mm 

Note) Lead pitch is 2.54 dnd tolerance is +0.25 against theoretical center 

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

MFP 16 PIN OUTLINE DRAWING (F16GC-P) JEDEC-MO-46-AB Unit in mm 
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Note) Lead pitch is 1.27 and tolerance is ±O.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.16 leads. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 20 PIN OUTLINE DRAWING (3D20A-P) 
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Note) Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.20 leads. 

MFP 20 PIN OUTLINE DRAWING JEDEC-MO-46-AC Unit in mm 
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Note) Lead pitch is 1.27 and tolerance is ±O.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.20 leads. 
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TOSHIBA INTEGRATED CIRCUIT TECHNICAL DATA 

DIP 24 PIN OUTLINE DRAWING (3D24A-P) Unit in mm 
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Note) Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.24 leads. 
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