






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M54/74HC4040

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TA=25°C, C|_=15pF, Input t;=t;=6ns)

54HC and 74HC
mbol Unit

Sy | Parameter Min. Typ. Max. n

trLm Output Transition Time 4 8 ns

tTHL

tpLM Propagation Delay Time

towL (CLOCK - Q1) 15 24 ns

tpLH Propagation Delay Time

tPHL (@Qn-Qn + 1) 7 12 ns

tpLH Propagation Delay Time

tPHL (CLEAR) 22 35 ns

fmAX Maximum Clock Frequency 33 60 MHz

AC ELECTRICAL CHARACTERISTICS (C|_ =50pF, Input t; =t;=6ns)

Ta = 25°C —40t085°C | -55t0125°C

Symbol | Parameter |Vgc| Test Condition | S4HC and 74HC 7T4HC 54HC | ynit

Min. | Typ. | Max. | Min. | Max. | Min. | Max.

try | Output Transition | 2.0 —la] 5] =] o] =110
tyL | Time 45 - 8| 15 | — 19 | — 22 ( ns

6.0 . 7 13 — 16 — 19

tpLH | Propagation Delay| 2.0 — 72 | 145 | — 180 | — | 220
tpHL | Time 4.5 —_ 18 29 — 36 — 44 | ns

(CLOCK - Q1) 6.0 - 15 25 | — 31 — 38

tpeH | Propagation Delay| 2.0 — 35 7% | — 95 | — 110
tpHL | Time 45 — 9| 15| — 19 | — 22 | ns

@Qn-Qn + 1) 6.0 — 8 13 | — 16 | — 19

tpHL | Propagation 2.0 — 104 | 205 — 255 — 310
Delay Time 4.5 — 26 41 —_ 51 — 62 | ns

(CLEAR) 6.0 - 22 35 - 43 - 53

fmax | Maximum Clock | 2.0 6 14| — |48 | — | 40 | —

Frequency 45 30 55 | — 24 - 20 — |MHz

6.0 35 65 | — 28 — 24 —

tw) | Minimum Pulse 2.0 - 30 7% | — 9% | — | 110
twy | Width 45 — 8 15 | — 19 | — 22 | ns

(CLOCK) 6.0 - 7 13 | — 16 | — 19

twn) | Minimum Puise 2.0 - 60 | 126 | — | 155 | — | 190
Width 4.5 — 15 25 - 31 — 38 | ns

(CLEAR) 6.0 — 13 21 — 26 | — 32

trem | Minimum 2.0 — — 5 [ — 65 | — 75
Removal Time 4.5 — — 10 | — 13 - 15 | ns

6.0 — — 9 — 1 — 13
Cin Input Capacitance — 5 10 — 10 | — 10 | pF
Cpp (*) | Power Dissipation — 32 — — — — — | pF

Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load.

Average operating current can be obtained by the following equation: lccopn= Cpp * Ve - fin+lcc

4/5
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M54/74HC4040

SWITCHING CHARACTERISTICS TEST WAVEFORM

VoH

CLEAR /50'/. \ aN \‘ 50%
—/ N GND Vor
tw
Vee VoH
CLOCK 50 QN+1 50%
— GND VoL
{REM tpLH
VoH
aN QN +1
voL
S —-10417
S- 10416
Vee
— tw tw
cLock so-:’r 50%
GND
tPLH tPHL
"t 5 Vo
1] 50 507
10 % 10% S= VoL
tTLH tTHL
S - 10418
TEST CIRCUIT Icc (Opr.)
?vcc =5V
Yee | an
PG CLOCK !
— 1
— |
500 [
T
I
1
|
— |
— |
CLEAR — 1|
—a12
GND
5-10419 -

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST.

71
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(N7 SGS-THOMSON M54/74HC4049B
Y1, MICROELECTRONICS M54/74HCA4050B

HC4049B HEX BUFFER/CONVERTER (INVERTER)
HC4050B HEX BUFFER/CONVERTER

= HIGH SPEED

tpp = 10 ns (TYP.) at Vgc= 5V
= LOW POWER DISSIPATION

Icc = 1 pA (MAX.) at Tp=25°C
= HIGH NOISE IMMUNITY

VNIH=VNIL= 28% Vcc (MIN.) 1

BIN F1

s OUTPUT DRIVE CAPABILITY ; ;

15 LSTTL LOADS Plastic Pa»ckage Ceramli Package
= SYMMETRICAL OUTPUT IMPEDANCE Q@

lion| = loL = 6 mA (MIN.) W M
m BALANCED PROPAGATION DELAYS M A

tPLH = tPHL Micro Package Chip Carrier

ORDERING NUMBERS:
. W'DE(%;Eng\";? \g?/'-TAGE RANGE MS54HCXXXXB F1 M74HCXXXXB C1
cc (OPR) = o M74HCXXXXB B1N M74HCXXXXB M1

m PIN AND FUNCTION COMPATIBLE M74HCXXXXB F1

WITH 4049B/4050B

PIN CONNECTIONS (top view)
HC4049B o

vee (] ] e
v ey
L2 AR
v (] b~
Wi A
v [ g] 5A
3a E% gﬂ 4y

DESCRIPTION ek )

The M54/74HC4049B and the M54/74HC4050B are

high speed CMOS HEX BUFFER fabricated in si-

licon gate C2MOS technology. HC40508 vee [ ~ e N

They have the same high speed performance of

LSTTL combined with true CMOS low power con- vog o

sumption. 1w ] M 6a

The M54/75HC4049B is an inverting buffer, while

the M54/74HC4050B is a non-inverting buffer. v b NC

The internal circuit is composed of 3 stage or n E@ 3 sy

2-stage inverters, which provides high noise immu-

nity and a stable output. W 4,:3 5a

Input protection circuits are different from those of = E—\é ‘s

the high speed CMOS IC’s.

The V¢ side diodes are designed to allow logic- NC= oNo 3 b)

level convertion from high-level voltages (up to 15V) ggn"f"gt::: —

to low-level voltages.

October 1988 1/4
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M54/74HC4049B-4050B

CIRCUIT SCHEMATIC (Per Gate)

HC4049B

HC4050B

CHIP CARRIER

1Y

%)
o
>

NC

NC

6Y

ta
B [ N

T 5 oo oo or

(]
1] NC

Nl HeaoagB Qe nefIe HCA4050B o] nc
24 [ ] sv 2A as[] sY
v e [ sa av o] sa

10 1192 1)

22gs3z 183933
NC = No Internal Connection
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit

Vee Supply Voltage -05t07 \"

\] DC Input Voltage -0.5t0 16 Vv

Vo DC Output Voltage -0.5to Vgc+0.5 \

ik DC Input Diode Current + 20 mA

lok DC Output Diode Current + 20 mA

lo DC Output Source Sink Current Per Output Pin + 35 mA

Icc or IgND DC V¢ or Ground Current + 70 mA
Pp Power Dissipation 500 (*) mw

Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C.

2/4
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M54/74HC4049B-4050B

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t06 \"
\ Input Voltage 0to 15 \'
Vo Output Voltage 0to Vge \"
. 74HC Series —40to 85 o
Ta Operating Temperature 54HC Series _5510 125 C
2V 0 to 1000
th 4 Input Rise and Fall Time Vce § 4.5V 0to 500 ns
6 V 0to 400
DC SPECIFICATIONS
Ta=25°C —40t0 85°C |- 55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
VIH High Level Input | 2.0 1.5 —_ —_ 15 — 1.5 -
Voltage 45 315 | — — (38156 | — |315| — "
6.0 4.2 — — | 42 — |42
ViL | Low Level Input | 2.0 - — |05 — |05 -~ |05
Voltage 4.5 — — |13 | — |13 | — | 135 | V
6.0 — - 1.8 - 1.8 — 1.8
\'/ 1
Von | High Level Output| 2.0 | 0 19 (20 | — |19 | — |19 | —
Voltage 45| V4 -204A |44 |45 — | 44 — | 44 - |V
6.0 or 5.9 6.0 — | 5.9 — | 5.9 —
45| ViL | -60mA [418 431 | — [413| — [410| —
6.0 -78mA | 568 | 5.8 — | 563 — |560| —
VoL | Low Level Output | 2.0 — [0.0 |01 — (01 — |01
Voltage 45| Vi 20 pA — |00 |oO.1 — | 0.1 — |01 Vv
6.0 or — 0.0 | 0.1 —_ 0.1 — | 0.1
45 | Vi 6.0 mA — |o017 026 | — [033| — [o0.40
6.0 7.8 mA — 018026 | — (033 | — | 040
Iy Input Leakage 6.0 | V|=Vgc or GND — — | 01| — |[£10| — | £1.0] pA
Current 6.0 | V=15V - — | 05| — +5 | — +5
Icc | Quiescent Supply [ 6.0 | V|=Vgc or GND — — 1 - 10 - 20 | pA
Current
AC ELECTRICAL CHARACTERISTICS (Voo =5V, TA=25°C, C=15pF, Input t,=t;=6ns)
54HC and 74HC
Unit
Symbol Parameter Min. Typ. Max.
trLH Output Transition Time 7 1 ns
trHL
tPLH Propagation Delay Time 1 16 ns
tPHL
3/4
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M54/74HC4049B-4050B

AC ELECTRICAL CHARACTERISTICS (C.=50pF, Input t,=t;=6ns)

Ta = 25°C —40t0 85°C (- 55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trL | Output Transition | 2.0 — 24 60 — 75 — 90
tre | Time 4.5 — 6 12 | — 15 | — 18 | ns
6.0 - 5 10 | — 13 | — 15
tpLH | Propagation Delay| 2.0 — 44 85 | — 105 | — 130
tpHL | Time 4.5 — 11 17 — 21 — 26 | ns
6.0 - 9 14 | — 19 | — 22
CIN Input Capacitance — 5 10 — 10 — 10 | pF
Cpp (*) | Power Dissipation — 25 — — — — — | pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load. (Refer to Test Circuit)
Average operating current can be obtained by the following equation.
Icc(opr) =Cpp Vec fin + Icc/4 (per Gate).

SWITCHING CHARACTERISTICS TEST CIRCUIT

HC4049B

Vee

Vin 6ns r——Gns
Jour 0 vee
VIN 509.2 e \h
10%

S0 ICL l»‘—-'rm tTLH
. v
90%. OH
S -10439 Vour 50°.
(HC4049) ’ v
tPHL tprH VoL

RG.

HC4050B v —-—T—'TLH —r-—'THL v
cc Vourt 50 oH
(HC4050) 132 e VoL
ViN )
PG You tPLH tPHL
5-10441
50 N CL
5-10440 I
TEST CIRCUIT Igc (Opr.)

HC4049B Vee HC4050B Vee

X PG

S0 N

$-10442 $-10443

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST

4/4 -
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M54HC4060
M74HC4060

14-STAGE BINARY COUNTER/OSCILLATOR

m HIGH SPEED
fmax =60 MHz (TYP) at Voo =5V

= LOW POWER DISSIPATION
lcc = 4 A (MAX) at TA = 25°C

m HIGH NOISE IMMUNITY
VNIH=VNIL=28% Vcc (MIN.)

a OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

m SYMMETRICAL OUTPUT IMPEDANCE
llon| = loL=4 mA (MIN.)

m BALANCED PROPAGATION DELAYS
tPLH = tPHL

m WIDE OPERATING VOLTAGE RANGE
Vce (OPR)= 2V to 6V

= PIN AND FUNCTION COMPATIBLE
WITH 40608

DESCRIPTION

The M54/74HC4060 is a high speed CMOS
14-STAGE BINARY COUNTER/OSCILLATOR fa-
bricated in silicon gate C2MOS technology. It has
the same high speed performance of LSTTL com-
bined with true CMOS low power consumption. It
operates ten times faster than metal-gate C2MOS
IC (4060B) with the same power dissipation.
The oscillator configuration allows design of either
RC or crystal oscillator circuits. A high level on the
CLEAR accomplishes the reset function, i.e. all
counter outputs are made low and the oscillator is
disabled.

A negative transition on the clock input increments
the counter. Ten kinds of divided output are provi-
ded; 4 to 10 and 12 to 14 stage inclusive. The ma-
ximum division available at Q12 is 1/16384 f
oscillator.

The @, input and the CLEAR input are equipped
with protection circuits against static dischage and
transient excess voltage.

October 1988

1

BIN F1
Plastic Package Ceramic Frit Seal Package

- e

C1
Plastic Chip Carrier

ORDERING NUMBERS:
M54HC4060 F1 M74HC4060 C1
M74HC4060 B1N M74HC4060 M1
M74HC4060 F1

M1
SO Micro Package

PIN CONNECTION (top view)

N\

an ] H Ve
an [ S
aw [ i s
as [ b as
o5 i ] cLear
a7 [{ b o1
a [} d  do
ono o ) do
o
33283

Qs
Qs
NC
Qs
Q?

as
Qs
NC
CLEAR

3

$-7092

NC =
No Internal
Connection

1/6

785



M54/74HC4060

TRUTH TABLE

__INPUTS FUNCTION
a. CLEAR
COUNTER iS RESET TO ZERO STATE
X H 8o OUTPUT GOES TO HIGH LEVEL
o OUTPUT GOES TO LOW LEVEL
K2 L COUNT UP ONE STEP.
Iy L NO CHANGE.
X: DON'T CARE

LOGIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vece Supply Voltage -05t07 Vv
Vi DC input Voltage —0.5to Vgc+0.5 Vv
Vo DC Output Voltage -0.5to Vcc+0.5 \"
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
lcc or IgnD DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW: = 65°C derate to 300 mW by 10 mW by 10 mW/°C: 65°C to 85°C.

2/6 -
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M54/74HC4060

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t06 Vv
Vi Input Voltage 0 to Vg Y
Vo Output Voltage 0to Vcc "
" 74HC Series -40to 85 °
Ta Operating Temperature 54HC Series _5510 125 C
2V 0 to 1000
t b Input Rise and Fall Time Vee § 4.5V 0to 500 ns
6 V 0to 400
DC ELECTRICAL CHARACTERISTICS
Tao=25°C —40t0 85°C |- 55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Vin | High Level Input | 2.0 15 | — | — |15 | — |15 | —
Voltage 4.5 315 | — — |3815| — |815| — v
6.0 4.2 —_ — | 42 — |42 -
ViL | Low Level Input | 2.0 - — |05 — (05 — |05
Voltage 4.5 - — 135 | — 1.35 — 136 | V
6.0 — —_ 1.8 —_ 1.8 — 1.8
Vi 1
Von | High Level Output| 2.0 }—" 0 19 {20 | — |19 | — {19 | —
Voltage 45 | vy -204A |44 |45 | — |44 [ — [44 | — |V
(Q Outputs) 60| or 59 |60 — |59 — |59 —
45| Vi | -40mA (418 (431 | — [413| — [410]| —
6.0 -52mA | 568 | 5.8 — | 563| — |560 | —
VoL | Low Level Output | 2.0 — 00 |01 — |01 — |01
Voltage 45| Viy 20 uA — |00 |o01 — |01 — |01 \
(Q Outputs) 60| or — 0.0 | 0.1 — | 0.1 — |01
45| Vi 4.0 mA — [017 026 | — (033 | — |o0.40
6.0 52 mA — | 018 (026 | — |033| — | 040
V| [}
Vo | High Level Output| 2.0 -—" 0 18 |20 | — |18 | — |18 | —
Voltage 45| Vi -20uA |40 |45 | — |40 | — |40 | — | V
6.0 or 5.5 5.9 — |55 — |55 —_
@, By Output ViL
VoL | Low Level Output | 2.0 — 100 0.2 — |02 - 0.2
Voltage 45 | Viy 20 pA — |00 |o05 — |05 — | o5 v
6.0 | or — | 01 |05 — {05 — |05
09, By Output Vi
Iy Input Leakage 6.0 | V|=Vgc or GND — — | £01| — =1 — +1 | pA
Current
lcc | Quiescent Supply | 6.0 | V;=Vgc or GND — — 4 - 40 — 80 | 4A
Current
L37 SGS-THOMSON 3/6
Y/, iiCROELECTRONICS
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M54/74HC4060 )

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TAo=25°C, CL=15pF, Input tr=t{=6ns)

54HC and 74HC
t Unit
Symbol Parameter Min. Typ. Max. n
:It:: Output Transition Time 4 8 ns
tPHL Propagation Delay Time
tpHL (D -Qq) “ & ns
tpLH Propagation Delay Time
tPHL (Qn-Qnsv) 7 12 ns
tpLH Propagation Delay Time
tPHL (CLEAR - Qp) 21 34 ns
fMAX Maximum Clock Frequency 33 60 MHz

AC ELECTRICAL CHARACTERISTICS (C| =50pF, Input t;=t;=6ns)

Ta = 25°C —40to0 85°C |- 55t0125°C
Symbol Parameter Vcc| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
truy | Output Transition | 2.0 — 30 75 — 95 — 110
trye | Time 45 - 8 15 | — 19 | — 22 | ns
6.0 — 7 13 | — 16 | — 19
tpuy | Propagation Delay| 2.0 — 196 | 370 — 465 — 555
tpy | Time 45 — 49 74 | — 93 [ — 111 | ns
@ - Qq) 6.0 — 42 63 | — 80 [ — 95
tpLy | Propagation Delay| 2.0 — 35 75 - 95 — 110
tpHL | Time 4.5 _ 9 15 - 19 - 22 | ns
(Qn-Qp+1) 6.0 — 8 13 | — 16 | — 19
tpHL | Propagation Delay| 2.0 — 100 | 195 — 245 — 295
Time 4.5 — 25 39 — 49 — 59 | ns
(CLEAR - Qp) 6.0 — 21 33 [ — 42 | — 50
fmax | Maximum Clock | 2.0 6 13 — 5 — 4 —
Frequency 4.5 30 55 — 24 20 — [MHz
6.0 35 64 | — 28 | — 24 | —
twiy | Minimum Pulse 2.0 — 30 75 — 95 — 110
twH) | Width 45 — 8 15 - 19 | — 22 | ns
CLOCK (@) 6.0 — 7 13 | — 16 | — 19
twH) | Minimum 2.0 - 60 | 125 | — 155 | — 190
Pulse Width 45 — 15 25 | — 31 — 38 | ns
(CLEAR) 6.0 — 13 21 — 26 | — 32
trem | Minimum Removal| 2.0 — 40 | 100 — 125 — 150
Time 4.5 — 10 20 | — 25 | — 30 | ns
(CLEAR) 6.0 — 9 17 | — 21 — 26
CiN Input Capacitance — 5 10 — 10 — 10 | pF
Cpp(*) | Power Dissipation — 33 — - — — — pF

Note (*) Cpp is defined as the value of the IC’s of internal equivalent capacitance which is calculated from the operating
current consumption without load. (Refer to Test Circuit)
Average operating current can be obtained by the following equation Icc (Opr.)= Cpp * Vcc * fin+lcc

4/6 -
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M54/74HC4060

SWITCHING CHARACTERISTICS TEST WAVEFORM

tpLHs tpHL (CLOCK-Q) tw (CLOCK) tpHL (CLEAR - Qn), tw (CLEAR)

Vee —Vee

CLEAR
W GND E— GND

——VOH VoH

50% aN 50%
— VoL VoL
. . tpHL
PLH PHL I 5-10458

$-10457

tpLH, tpHL (Qn - QN +1)

TEST CIRCUIT Icc (Opr.)

Vee * @) INPUT t,=t=6 ns
DUTY = 50%
_ Vc
o f—e—I1 ¢ | —go0
—2 0
500 —2 4
1
'
]
1
CLEAR Q14
GND
$-10453 L
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

-THOMSO 5/6
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M54/74HC4060

TYPICAL CLOCK DRIVE CIRCUITS

EXTERNAL CLOCK DRIVE TYPICAL CIRCUIT TYPICAL CRYSTAL CIRCUIT

Inpipil

91 g1
g0 20 g0 @0
RS
5 & ax
$-10454 OPEN cxX
R8 :2RX ~ 10RX
S-10455
6/6
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M54HC4066
M74HC4066

QUAD BILATERAL SWITCH

= HIGH SPEED
tpp = 12 ns (TYP.) at Vgc= 5V

= LOW POWER DISSIPATION
Icc = 1 4A (MAX.) at To = 25°C

= HIGH NOISE IMMUNITY
VNIH = VNIL = 28% Vg (MIN.)

m OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

» SYMMETRICAL OUTPUT IMPEDANCE
lloH] = loL = 4 mA (MIN.)

m BALANCED PROPAGATION DELAYS
tPLH = tPHL

m WIDE OPERATING VOLTAGE RANGE
Ve (OPR) = 2V to 6V

m PIN AND FUNCTION COMPATIBLE
WITH 4066B

DESCRIPTION

The M54/74HC4066 is a high speed CMOS QUAD
BILATERAL SWITCH fabricated in silicon gate
C2MOS technology. It has the same high speed
performance of LSTTL combined with true CMOS
low power consumption.

The C input is provided to control the switch. The
switch in on when the C input is held high and off
when C is held low.

CONTROL INPUT

INPUT ---

1

B1N F1

Plastic Package Ceramic Frit Seal Package

M1 C1
Micro Package Plastic Chip Carrier

ORDERING NUMBERS:
M54HC4066 F1 M74HC4066 C1
M74HC4066 B1N M74HC4066 M1
M74HC4066 F1

PIN CONNECTIONS (top view)

\J
) E b Voo
1011 E}]—E c
2011 E ] ac
2110 ¢ ] <10
2¢ E [ <on

3c E 3 301
GND E—L{a 310

1170
N
Vee

1=}

20/1
NC
2110
NC
2C

8] 4C
7 NC

e[ 4170
s NC

w[] o1

s~7027

e o=
NC= RE¢s2
No Internal oo
Connection

October 1988
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M54/74HC4066

LOGIC DIAGRAM

1/0 0/1

S-7128

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Supply Voltage -05t07 \
Vi DC Input Voltage —0.5t0 Vgc+0.5 v
Vo DC Output Voltage —-0.51to Vgc+0.5 \

lik DC Input Diode Current + 20 mA

lok DC Output Diode Current + 20 mA

lo DC Output Source Sink Current Per Output Pin + 25 mA

Icc or lanD DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mwW
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t0 6 Vv
' Input Voltage 0to Vge \
Vo Output Voltage 0 to Vcc \
. 74HC Series —40to 85
Ta Operating Temperature 54HC Series _5510 125 °C
2V 0 to 1000
t b Input Rise and Fall Time Voo § 4.5V Oto 500 ns
6 V 0to 400
2/5 ‘—' SGS-THOMSON
Y/. n@m@EmEmgM‘n’@s
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M54/74HC4066

DC SPECIFICATIONS

Ta=25°C —40t085°C |-55t0125°C
Symbol Parameter Vcc| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Vi1 High Level 2.0 | Refer to Ron 1.5 — — |15 — 15 —
Control Input 4.5 | Specification 315 | — — (815 | — |315 | — \
Voltage 6.0 4.2 — — |42 — |42 —_
ViL | Low Level 20 — — |05 — |05 — |05
Control Input 4.5 | |lofp| = 1.0pA — — |18 | — |13 | — [135 | V
6.0 - — |18 — |18 — |18
Ron | ON Resistance 2.0 — 12000 | — — —_ — —_
4.5 | Vyo=0~Vgc — 100 200 | — [ 250 | — [ 300 | @
6.0 | lyo=1004A — 60| 170 | — | 210 [ — | 250
A Rop | Difference of ON | 2.0 — 50| — — — — —
Resistance 4.5 | Vc=ViHc — 3| — - — — — Q
between Anytwo | 6.0 | Iyo=100xA — 2| — —_ — — —
of Four Switches
loF | Input/Output Ve=ViLe
Leakage Current | 6.0 | V)jo=6V, Vo=0V | — — | 01| — | 01| — | x0.1| pA
(Switch OFF) Vijo=0V, Vg, =6V
N Input Leakage
Current 6.0 — — | 01| — | 1.0 — | 1.0 A
Icc | Quiescent _
Supply Current 6.0 | Vin=Vcc or GND - — 1 — 10 — 20 | pA
CHANNEL RESISTANCE (Ron) lcc (Opr.)

r'y 73 S-THOMSON
" MICROELECTRONIGS
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M54/74HC4066

AC ELECTRICAL CHARACTERISTICS (C_=50pF, Input t; =t;=6ns)

Ta = 25°C —40to 85°C |- 55t0125°C
Symbol Parameter Ve | Test Condition | S4HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Propagation 2.0 — 13 50 — 60 75
tpLy | Delay Time 4.5 | R =10k — 5 10 — 12 15 | ns
tpHL | (Input to output) 6.0 — 4 8| — 10 | — 13
Output Enable 2.0 — 56 | 115 — 140 — 173
tpzy | Time 45 | RL1KkQ — 14| 23 | — 28 | — 35 | ns
tpzL 6.0 — 12 20 — 24 29
Output Disable 2.0 — 64 | 115 — 140 173
tprz | Time 4.5 | R=1kQ - 16 23 | — 28 35 | ns
tpHZ 6.0 - 14 20 — 24 _ 29
Vgg=—-2.5V
Sine Wave ViN=0.88VRms | _ _ _ _ _ _ o
Distortion 25 1 R =10kn 0.05 Yo
f=1kHz
Frequency Vgg=—-2.5V
Response V|NO.88VRMS
(Switch ON) 25 | R_=1k0 — 30| — | — | — | —=1]-—
V
20 logqo —V(% = -3dB
MHz
Feedthrough Vgg = —2.5V
Frequency V|NO.88VRMs
(Switch OFF) 2.5 | RL=1kQ — 10 | — — — - -
Vour
20 | — — = —50dB
0910 VIN
Crosstalk 2.0 [ Ry=1kQ — 25 — — — — —
(Control Input to 4.5 [ RL10kQ — 60 | — — — — — |(mv
Signal Output) 6.0 — 75 —_ — — — -
Crosstalk
(Between Any 25 — 1.5 — - — — -
Two Switches)
- MHz
Maximum Control 2.0 | RL=1KQ - 20 | — — — - -
Input Frequency 45 | C_=15pF — 30 — — — — —
6.0 | Vo=1/2 Vcc — 30 - —_ — — —
Control Input
CN | Capacitance — 5| 10| — 10 | — 10 | pF
Cyo | Switch
Input/Output —_ 6 —_ — — — —_ pF
Capacitance
Ci.o | Feedthrough
Capacitance - 05| — - - - — | PF
Cpp(*) | Power Dissipation
Capacitance - B = - - - — | PF

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load.

Average operating current can be obtained by the following equation.
Icc (opn= Cpp-Vee fin+Icc/4 (per CHANNEL).

4/5
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M54/74HC4066

SWITCHING CHARACTERISTICS TEST CIRCUIT

tpLz, tPHZ: tPZLs tPzH

S .
: cc !
fROM __| C
PG.
s1 Vo1 ] 0% 'OH
(Sy =Vcc.S2 =GND) 50% “
tpzu| teH; o
- — Vi
$-10350 VOII 50 oH
(S1=6ND,S2:=Vcc) ) fon
———VoL
tpzL tpLz
CROSSTALK (CONTROL TO OUTPUT)

5-1035%1
5V

CROSSTALK BETWEEN ANY TWO
SWITCHES

$-10352

BANDWIDTH AND FEEDTHROUGH
ATTENUATION

+25V
+2,5V-2.5V

sw TEST ITEM

+2.5V | —3dB BANDWIDTH TEST
—2.5V | FEEDTHROUGH TEST

e MAXIMUM CONTROL FREQUENCY
— 1+ .

$-10355
GND (Vgg)

5-10356

L3y, SGS-THOMSON 505

MICROELECTRONICS
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M54HC4072
M74HC4072

DUAL 4-INPUT OR GATE

m HIGH SPEED

tpp = 11 ns (TYP.) at Vo= 5V
= LOW POWER DISSIPATION

Icc = 1A (MAX.) at Tp = 25°C
m HIGH NOISE IMMUNITY

VNIH = VNIL = 28% Ve (MIN.)
= OUTPUT DRIVE CAPABILITY

10 LSTTL LOADS

= SYMMETRICAL OUTPUT IMPEDANCE
lloHl = loL = 4 mA (MIN.)

m BALANCED PROPAGATION DELAYS
tPLH = tPHL

= WIDE OPERATING VOLTAGE RANGE
Vce (OPR) = 2V to 6V

= PIN AND FUNCTION COMPATIBLE
WITH 4072B

DESCRIPTION

The M54/74HC4072 is a high speed CMOS DUAL
4INPUT OR GATE fabricated in silicon gate
C2MOS technology. It has the same high speed
performance of LSTTL combined with true CMOS
low power consumption.

The internal circuit is composed of 3 stages inclu-
ding buffer output, which gives high noise immu-
nity and stable output. All inputs are equipped with
protection circuits against static discharge and tran-
sient excess voltage.

INPUT AND OUTPUT EQUIVALENT CIRCUIT

-
14 14
1 1

BIN
Plastic Package

@

F1
Ceramic Frit Seal Package
g
M1 C1
Micro Package Plastic Chip Carrier

ORDERING NUMBERS:
M54HC4072 F1 M74HC4072 C1
M74HC4072 B1IN M74HC4072 M1
M74HC4072 F1

INPUT

PIN CONNECTIONS (top view)

o v
w [ [ o
18 [ ] 20
T b 2
0 [ ERED
ne [f 5] 2a
ono [] o]~

NC=
No Internal
Connection

October 1988
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M54/74HC4072

LOGIC DIAGRAM (1/2 of Device Shown)

A —
8 ——
Y
o} S -7046
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \"
" DC Input Voltage —0.5to Vgg+0.5 \
Vo DC Output Voltage -0.5t0 Vcc+0.5 \
lik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or IgND DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied. :

(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t0 6 \
\ Input Voltage 0to Vco \
Vo Output Voltage 0 to Vgc v
. 74HC Series -40to 85
Ta Operating Temperature 54HC Series _55to 125 °C
2V 0 to 1000
tr, t Input Rise and Fall Time Vee § 4.5V Oto 500 ns
6 V 0to 400
24 N7 SGS-THOMSON
Y/. mu@@@@m@@m@s
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M54/74HC4072

DC SPECIFICATIONS

Ta=25°C —40to0 85°C |-55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH | High Level Input | 2.0 1.5 — — |15 — [ 15 —
Voltage 4.5 315 | — — |815 | — |315 | — \
6.0 4.2 — — |42 4.2 —
ViL Low Level Input 2.0 - — |05 — | 05 — |05
Voltage 4.5 — — |13 | — |13 | — |135 | V
6.0 — — |18 — |18 — |18
1
Vo | High Level Output| 2.0 |1 0 19 |20 | — |19 | — |19 | =
Voltage 45 Vi -20pA | 44 | 45 — | 44 — |44 — v
6.0 | or 59 [6.0 — |59 — | 59 —
45| ViL | -40mA [418 [431 | — [413| — |410 | —
6.0 -52mA |5.68 |58 — |563| — |560| —
VoL | Low Level Output | 2.0 — (0.0 |01 — |01 — 101
Voltage 45| Viy 20 pA — |00 |o01 — |01 — |01 v
6.0 | or — |00 |01 — | 0.1 — [ 0.1
45| Vi 4.0 mA — 017 (o026 | — [033| — [ o040
6.0 52 mA — |018]|026| — |033| — | 040
Iy Input Leakage 6.0 | V|=Vcc or GND - — [+01]| — | £1.0| — | £1.0| pA
Current
Icc | Quiescent Supply | 6.0 | V;=Vcc or GND — — 1 - 10 — 20 | pA
Current

AC ELECTRICAL CHARACTERISTICS (Vo =5V, Ta=25°C, C = 15pF, Input t=t;=6ns)

£ SGS-THOMSON
Y/, MICROELECTRONICS

54HC and 74HC

Symbol Parameter nit
y Min. Typ. Max. u
tTLH Output Transition Time 4 8 ns
trHL
tPLH Propagation Delay Time 1 18 ns
tPHL

3/4
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M54/74HC4072

AC ELECTRICAL CHARACTERISTICS (C =50pF, Input t;=t{=6ns)

Ta = 25°C —40to 85°C |- 55t0125°C
Symbol | Parameter |Vcc| Test Condition | S54HC and 74HC 74HC 54HC |yt
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trLH | Output Transition | 2.0 — 30 7% | — 95 | — 110
tyHL | Time 45 — 8 15 [ — 19 | — 22 | ns
6.0 - 7 13 - 16 - 19
tpLH | Propagation Delay| 2.0 — 56 | 110 | — 140 | — 165
tpyL | Time 45 - 14| 22 | — 28 | — 33 | ns
6.0 — 12 19 | — 24 | — 28
CiN Input Capacitance — 5 10 — 10 [ — 10 | pF
Cpp (*) | Power Dissipation — 28 — — — — — pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating

current consumption without load. (Refer to Test Circuit)
Average operating current can be obtained by the following equation:
lcciopn= Cpp - Ve - fin+lcc/2 (per Gate).

SWITCHING CHARACTERISTICS TEST CIRCUIT AND WAVEFORM

6ns 6ns
fo—
0%, Yee
Vee ViN 50'1.\\
10%| ¥——u— GND
PG. Vour —r—'TLH t tTHL
c T 90°%s VoH
L
500 I Vour 50%
10% X VoL
$-10432
— tLH — tPHL
$-10183

TEST CIRCUIT Icc (Opr)

Vee =5V

0O
PG.
=D,
soal] L]

$-10433

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST

4/4 -THOMSO
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£ SGS-THOMSON M54HC4075
Y. MCROELECTRONICS M74HC4075

TRIPLE 3-INPUT OR GATE

= HIGH SPEED
tpp = 10 ns (TYP.) at Vcc= 5V

= LOW POWER DISSIPATION
Icc = 1 pA (MAX)) at Tp = 25°C

= HIGH NOISE IMMUNITY
VNIH = VNIL = 28% Vcc (MIN.)

B1N F1
m OUTPUT DRIVE CAPABILITY Plastic Package ~ Ceramic Frit Seal Package
10 LSTTL LOADS o~

= SYMMETRICAL OUTPUT IMPEDANCE \g/!’@ LV

|loH] = loL = 4 mA (MIN.)

M1 C1

m BALANCED PROPAGATION DELAYS Micro Package Plastic Chip Carrier

tPLH = tPHL ORDERING NUMBERS:C
= WIDE OPERATING VOLTAGE RANGE M54HC4075 F1 M74HC4075 C1

1 74|

Voc (OPR) = 2 o 6V NTAHCITS BIN W7o i1
= PIN AND FUNCTION COMPATIBLE

WITH 4075B

PIN CONNECTIONS (top view)
DESCRIPTION [ | -
The M54/74HC4075 is a high speed CMOS TRI- [l g Ve
PLE 3-INPUT OR GATE fabricated in silicon gate 2 g 1 3c
C2MOS technology. It has the same high speed
performance of LSTTL combined with true CMOS n [j 3 e
low power consumption.
The internal circuit is composed of 4 stages inclu- 1 [ E] 3a
ding buffered output, which gives high noise im-
munity and a stable output. 1c 5 9 av
All inputs are equipped with protection circuits
against static discharge and transient excess v [ 5] 2
voltage.
GNDE E] 2C

INPUT AND OUTPUT EQUIVALENT CIRCUIT

38
NC
3A
NC
3y

INPUT

S-7081

o
NC= > 2 QDU >
No Internal -0 FNw
Connection
October 1988 1/4
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M54/74HC4075

LOGIC DIAGRAM

$-7052

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage —-05t07 \")
Vi DC Input Voltage -0.5t0 Vgc+0.5 v
Vo DC Output Voltage —-0.5to Vgc+0.5 \"

lik DC Input Diode Current + 20 mA

lok DC Output Diode Current + 20 mA

lo DC Output Source Sink Current Per Output Pin + 25 mA

Icc or IgnD DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mW
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t0 6 Vv
\ Input Voltage 0to Vgc Vv
Vo Output Voltage 0to Voo Vv
. 74HC Series — 40to 85 o
Ta Operating Temperature 54HC Series —55t0 125 C
2V 0 to 1000
tr, tf Input Rise and Fall Time Vce § 4.5V 0to 500 ns
6 V 0to 400
2/4 ;N7 SGS-THOMSON
Y/, HICROELECTRONICS
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M54/74HC4075

DC SPECIFICATIONS
Ta=25°C —40t0 85°C |- 55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH High Level Input | 2.0 1.5 — — 15 — 15 —
Voltage 4.5 3.15 | — — [ 315 | — |815 | — \"
6.0 4.2 — — 4.2 —_ 4.2 —
ViL | Low Level Input | 2.0 — — |05 — |05 — |05
Voltage 4.5 — — 135 | — 135 | — 1386 | V
6.0 — — |18 — |18 — | 1.8
" Vi lo
VoH | High Level Output| 2.0 1.9 | 20 — [ 1.9 — |19 —
Voltage 45 | Vi —20 pA 44 | 45 — | 44 — |44 — \
6.0 | or 59 | 6.0 — | 59 — | 59 —
45| ViL | -40mA [4.18 (431 | — [413| — [410]| —
6.0 -52mA |5.68 | 5.8 — [563| — | 560 | —
VoL | Low Level Output | 2.0 — 0 0.1 — |01 — |01
Voltage 45| Vi 20 pA - 0 0.1 — |01 — |01 v
6.0 or — 0 0.1 — |0.1 — 101
45 Vi 4.0 mA — 017|026 | — [033| — [o040
6.0 5.2 mA — |018|026 | — |033| — |040
] Input Leakage 6.0 | V|=Vgc or GND —_ — | 01| — +1 — +1 | pA
Current
lcc | Quiescent Supply | 6.0 | V;=Vcc or GND - — 1 — 10 — 20 | pA
Current
AC ELECTRICAL CHARACTERISTICS (Vcc =5V, Ta=25°C, C.=15pF, Input t,=t;=6ns)
54HC and 74HC
Symbol Paramet Unit
ymbo arameter Min. Typ. Max. n
tTLH Output Transition Time 4 8 ns
trHL
tPLH Propagation Delay Time 10 17 ns
tPHL
3/4
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M54/74HC4075

AC ELECTRICAL CHARACTERISTICS (C_ =50pF, Input t;=t;=6ns)

Ta=25°C —40t0 85°C | -55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
triy | Output 2.0 — 30 75 — 95 — 1 110
TtHL | Transition 4.5 — 8 15 — 19 - 22 | ns
Time 6.0 - 7 13 — 16 — 19
tpLH | Propagation Delay| 2.0 — 48 | 100 — | 125 — | 150
tpyL | Time 45 —| 12| 20| —| 25| —| 30| ns
6.0 — 10 17 — 21 — 26
CiN Input Capacitance — 5 10 — 10 — 10 | pF
Cpp (*) | Power Dissipation — 30 — — — — — | pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load.
Average operating current can be obtained by the following equation. Iccopr)=Cpp*Vee-fin+Icc/3 (per Ge 3)

SWITCHING CHARACTERISTICS TEST CIRCUIT

Vec [ 307 \ Vee
ViN [ 50,

PG Vi v, 10% \:__ GND

our 'TLH - tTHL
S0 VoH

500 CL Vour 50°%
10" Vo,
$-101
° J tPLH tPHL
$-10183

TEST CIRCUIT Icc (Opr.)

$-10187

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST.

4/4 (37 SGS-THO
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Lyz SGS;THOMSON

M54HC4078
M74HC4078

8 INPUT NOR/OR GATE

= HIGH SPEED

tpp = 14 ns (TYP.) at Voo = 5V
u LOW POWER DISSIPATION

lcc = 1 pA (MAX) at Ta = 25°C
m HIGH NOISE IMMUNITY

VNIH = VNIL = 28% Ve (MIN.)
= OUTPUT DRIVE CAPABILITY

10 LSTTL LOADS

m SYMMETRICAL OUTPUT IMPEDANCE
llonl = loL = 4 mA (MIN.)

m BALANCED PROPAGATION DELAYS
tPLH = tPHL

= WIDE OPERATING VOLTAGE RANGE
Vce (OPR) = 2V to 6V

= PIN AND FUNCTION COMPATIBLE
WITH 4078B

DESCRIPTION

The M54/74HC4078 is a high speed CMOS 8 IN-
PUT NOR/OR GATE fabricated in silicon gate
C2MOS technology. It has the same high speed
performance of LSTTL combined with true CMOS
low power consumption.

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

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT

y
14 14

! 1

BIN
Plastic Package

@

F1
Ceramic Frit Seal Package

- e

C1
Micro Package Plastic Chip Carrier

ORDERING NUMBERS:
M54HC4078 F1 M74HC4078 C1
M74HC4078 B1N M74HC4078 M1
M74HC4078 F1

PIN CONNECTIONS (top view)

-/

\ ! E] Vee
s O 0
8 [} E] H

o (2]
=1
GI EJ
)

z
(e}
[*] [
LT
m

=T
z
)

S 66t

NC
Vee

S-7064

NC=
No Internal
Connection

October 1988
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M54/74HC4078

LOGIC DIAGRAM

H 5 - 7065

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \
\' DC Input Voltage —-0.51t0 Vgc+0.5 \"
Vo DC Output Voltage —0.5to Vgc+0.5 v
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or IgnD DC Vg or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mwW
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vce Supply Voltage 2to 6 Vv
\/ Input Voltage 0to Ve Vv
Vo Output Voltage 0 to Ve Y
. 74HC Series - 40to 85
Ta Operating Temperature 54HC Series _551t0 125 °C
2V 0 to 1000
tn b Input Rise and Fall Time Vee § 4.5V 0to 500 ns
6 V O0to 400

2/14
806
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M54/74HC4078

DC SPECIFICATIONS
Ta=25°C —40t0 85°C | -55t0125°C
Symbol Parameter Veec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH High Level Input | 2.0 1.5 — — |15 — |15 —
Voltage 45 3.15 — —_ 3.15 — 3.15 — \")
6.0 4.2 — — |42 — | 42
ViL | Low Level input | 2.0 - — |05 — | 05 — |05
Voltage 4.5 — — |13 | — |13 | — |135| V
6.0 - — 1.8 —_ 1.8 —_ 1.8
. \/ lo
VoH | High Level Output| 2.0 19 |20 — |19 — [ 1.9 —
Voltage 45| Vi -20pA |44 |45 — | 44 — | 44 — v
6.0 or 5.9 6.0 — | 5.9 — 5.9 —
45| ViL | —-40mA | 418 |431 | — |413| — [410| —
6.0 -52mA | 5.68 | 58 — | 5.63 - 5.60 -
VoL | Low Level Output | 2.0 — 0 0.1 — | 0.1 — |01
Voltage 45| Vi 20 4A - 0 |01 — |01 — |01 v
6.0 | or — 0 |o.1 — |01 — |01
45| Vi 4.0 mA — |017 026 | — |033| — |o0.40
6.0 5.2 mA —_ 0.18 | 0.26 - 0.33 — | 0.40
Iy Input Leakage 6.0 | V|=Vcc or GND - — [ +£01]| — +1 — =1 | pA
Current
Icc | Quiescent Supply | 6.0 | V;=Vcc or GND — — 1 - 10 — 20 | pA
Current

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TA=25°C, C=15pF, Input t,=t;=6ns)

£ SGS-THOMSON
Y/, (1CROELECTRONICS

54HC and 74HC
Symbol Parameter Unit
v Min. Typ. Max.
tTLH Output Transition Time 4 8 ns
tTHL
tPLH Propagation Delay Time 14 20 ns
tPHL
3/4
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M54/74HC4078

AC ELECTRICAL CHARACTERISTICS (C_=50pF, Input t;=t;=6ns)

Ta=25°C —40t085°C |-55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trLH Output 2.0 _ 30 75 _ 95 — | 110
TtHL | Transition 45 — 8 15 — 19 — 22 | ns
Time 6.0 — 7 13 — 16 — 19
tpLy | Propagation Delay| 2.0 — 68 [ 130 — | 165 — | 195
tpHL | Time 45 — 17 26 — 33 — 39 | ns
6.0 - 14 22 - 28 — 33
CiN Input Capacitance — 5 10 — 10 — 10 | pF
Cpp (*) | Power Dissipation — 66 — — — — — | pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load. (Refer to Test Circuit)

Average operating current can be obtained by the following equation. Icc(opr =Cpp*Vec*fin+lcc-
SWITCHING CHARACTERISTICS TEST CIRCUIT

6ns 6ns
v
)’50'/. cc
v INPUT 50% N
cc 10%
¥—— GND
YTHL TLH
PG OUTPUT X
90°% r— VoH
500 Sw OUTPUT X 50°% /
10° Z VOL
t t
GND ouTPUT ¥ :l < PHL PLH
C=50pF ‘—"‘—tTLH =ll tTHL
$-10238/4 507 Yon
OUTPUT Y 50%%
10°% NV,
$-10239 J oL
tPLH tPHL

TEST CIRCUIT Icc (Opr.)

$-10240

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST.

414
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Lyz S4S;THOMSON

M54HC4094
M74HC4094

8-BIT SIPO SHIFT LATCH REGISTER (3-STATE)

m HIGH SPEED
fmax = 42 MHz (TYP.) at Vcc= 5V

= LOW POWER DISSIPATION
Icc = 4 uA (MAX.) at Tp = 25°C

= HIGH NOISE IMMUNITY
VNIH = VNIL = 28% Vcc (MIN.)

= OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

s SYMMETRICAL OUTPUT IMPEDANCE
lloHl = loL = 4 mA (MIN.)

m BALANCED PROPAGATION DELAYS
tPLH = tPHL

= WIDE OPERATING VOLTAGE RANGE
Vcc (OPR) = 2V to 6V

u PIN AND FUNCTION COMPATIBLE
WITH 4094B

DESCRIPTION

The M54/74HC4094 is a high speed CMOS 8 BIT
SIPO SHIFT LATCH REGISTER fabricated with si-
licon gate C2MOS technology.

It has the same high speed performance of LSTTL
combined with true CMOS low power consumption.
This device consists of an 8-bit shift register and
an 8-bit latch with 3-state output buffer. Data is shif-
ted serially through the shift register on the positi-
ve going transition of the clock input signal. The
output of the last stage (Qs) can be used to casca-
de several devices.

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 with a latch, which lat-
ches data on the negative going transition of the
STROBE input signal. When the STROBE input is
held high, data propagates through the latch to a
3-state output buffer.

This buffer is enabled when OUTPUT ENABLE in-
put is taken high. All inputs are equipped with pro-
tection circuits against static discharge and
transient excess voltage.

October 1988

v

| at
t
BIN F1
Plastic Package Ceramic Frit Seal Package
M1 C1
Micro Package Plastic Chip Carrier
ORDERING NUMBERS:

M54HC4094 F1 M74HC4094 C1
M74HC4094 B1N M74HC4094 M1
M74HC4094 F1

PIN CONNECTIONS (top view)

STROBE [ ad M vee
SERIAL IN[Z] gl o
crock  [3f 4 as
Q1 { ] os
02 [ ] a7
es [ ] o
04 [l I as
oD o bl os
=
z
ggggg

CLOCK
Q1
NC
02
Q3

QS
Q6
NC
Q7
Q8

s 182

NC=
No Internal
Connection

1/6
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M54/74HC4094

TRUTH TABLE

PARA. OUT. SERI. OUT !
CK OE ST Sl
Q1 Qn Qs Qs’
4 H H L L Qn-1 Q7 NC
4 H H H H Qn-1 Q7 NC
Yy H L X NC NC Q7 NC
Yy L X X z z Q7 NC
v H X X NC NC NC Qs
< L X X z z NC Qs
X: DON'T CARE
NC: NO CHANGE
Z: HIGH IMPEDANCE
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -05t0 7 \
Vi DC Input Voitage -0.5to Vgc+0.5 v
Vo DC Output Voltage -0.51t0 Vgc+0.5 \"
K DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or Ignp DC Vg or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2to 6 \"
V| Input Voltage 0to Voo \"
Vo Output Voltage 0 to Vgc \
. 74HC Series -40to 85
Ta Operating Temperature 54HC Series _5510 125 °C
2V 0 to 1000
t Input Rise and Fall Time Vee § 4.5V 0to 500 ns
6V 0to 400

2/6
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M54/74HC4094

LOGIC DIAGRAM
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M54/74HC4094

DC SPECIFICATIONS
Ta=25°C —40to0 85°C |- 55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. [ Min. | Max. [ Min. | Max.
Vi4 | High Level Input | 2.0 1.5 — — |15 — |15 —
Voltage 4.5 315 [ — — |3815| — 315 | — \"
6.0 4.2 — — | 42 4.2 —
ViL | Low Level Input | 2.0 — — |05 — |05 — |05
Voltage 4.5 — - 135 | — 135 | — 135 | V
6.0 — — 1.8 — 1.8 — 1.8
" Vi lo
Von | High Level Output| 2.0 19 |20 — |19 — |19 —
Voltage 45| Vi —-20pA |44 (45 — | 44 — | 44 — \"
6.0 or 5.9 6.0 — | 59 — 5.9 —
45| ViL | -40mA (418 (431 | — [413| — [410| —
6.0 -52mA | 568 |58 — 563 | — |560 | —
VoL | Low Level Output | 2.0 — (00 |01 — |01 — |01
Voltage 45 | Vi 20 pA — |00 |01 — |01 — |01 \"
6.0 or — | 0.0 0.1 — | 0.1 — | 0.1
45 | ViL 4.0 mA — | 017 | 026 | — 033 | — | 0.40
6.0 52 mA — | 018|026 — |033 | — 0.40
Iy Input Leakage 6.0 | V|=Vgc or GND — — | 01| — | £1.0|] — |[£1.0]| pA
Current
loz 3-State Output 6.0 V|=Vjy or Vi, _ — | 05| — +5 —_ +10 | pA
Off-State Current Vo=Vgc or GND
Icc | Quiescent Supply [ 6.0 | V|=Vgc or GND — — 4 — 40 — 80 | A
Current
AC ELECTRICAL CHARACTERISTICS (Vcc =5V, Ta=25°C, C| = 15pF, Input t,=t;=6ns)
54HC and 74HC
Symbol Parameter
y Min. Typ. Max. Unit
:TLH Output Transition Time 4 8 ns
THL
tPLH Propagation Delay Time
tPHL (CLOCK-QN) 31 48 ns
tPLH Propagation Delay Time
tpRL (CLOCK-Qs, Qs’) 2 35 ns
tpLH Propagation Delay Time 23 36 ns
fMAX Maximum Clock Frequency 22 42 MHz
4/6
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M54/74HC4094

AC ELECTRICAL CHARACTERISTICS (C_=50pF, Input t;=t;=6ns)

Ta = 25°C —401085°C [-55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
triy | Output Transition | 2.0 — 30 7% | — 95 110
trHe | Time 4.5 - 8 15 | — 19 22 | ns
6.0 -_ 7 13 -_ 16 19
tpLy | Propagation Delay| 2.0 — 140 | 270 — 340 405
tpHL | Time 45 — 35 54 | — 68 81 | ns
(CLOCK - Qn) 6.0 — 30 46 | — 58 69
tpLH | Propagation Delay| 2.0 — | 104 | 200 | — | 250 300
tpHL Time 4.5 — 26 40 - 50 60 | ns
(CLOCK, Qs, Qs’)| 6.0 - 22 34 | — 43 51
tpLy | Propagation 2.0 — 135 (210 | — | 266 | — | 315
tpHL | Delay Time 45 — 27 42 | — 53 | — 63 | ns
(STROBE - Qn) 6.0 - 23 36 | — 45 | — 54
fmax | Maximum Clock | 2.0 4 10 | — 3.2 - 2.6 -
Frequency 4.5 20 38 — 16 — 13 — |MHz
6.0 24 445 | — 19 — 15 —
twH) | Minimum Pulse 2.0 — 3 | 100 | — 125 150
tW(L) Width 45 — 9 20 - 25 30 | ns
(CLOCK) 6.0 — 8 17 | — 21 26
twH) | Minimum 2.0 — 35 | 100 — 125 150
Puise Width 45 — 9 20 | — 25 30 | ns
(STROBE) 6.0 — 8 17 | — 21 26
ts Minimum 2.0 — 26 7% | — 95 | — | 110
Set-up Time 4.5 —_ 6 15 — 19 — 22 | ns
(SERIAL-IN) 6.0 — 5 13| — 16 | — 19
ts Minimum Set-up | 2.0 — 50 | 150 | — 190 | — | 225
Time 45 — 13 30 | — 38 | — 45 | ns
(STROBE) 6.0 — 1 26 | — 3B | - 38
th Minimum Hold 2.0 — — 0| — 0| — 0
Time 4.5 — — 0| — 0| — 0| ns
(SERIAL-IN) 6.0 — — 0| — 0| — 0
th Minimum Hold 2.0 - - 0 — 0 — 0
Time 45 — - 0| — 0| — 0 | ns
(STROBE) 6.0 - — 0| — 0| — 0
tpzL | 3-State Output 2.0 — 76 | 150 | — | 190 | — | 225
tpzq | Enable Time 4.5 | RL=1kQ - 19 30 | — 38 | — 45 | ns
6.0 — 16 26 | — 3| — 38
tprz | 3-State Output 2.0 — 84 | 150 | — | 190 | — | 225
tpyz | Disable Time 4.5 | R =1kQ - 21 3 | — 38 | — 45 | ns
6.0 — 18 26 | — 33| — 38
CiN | Input Capacitance — 5 10 - 10 10 | pF
Cpp (*) | Power Dissipation — 167 | — - - pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load.

Average operating current can be obtained by the following equation. lccpr= Cpp * Ve - fin+lcc

Gr OMSO
Y/, MICROELECTRONICS
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M54/74HC4094

SWITCHING CHARACTERISTICS TEST WAVEFORM

6ns 6én

Ve
CLOCK
GND
tg ‘

——— Ve

SERIAL IN 50 /
GND

tPLH tPHL

VoH

[

VoL

tPHL

S-10241

Vee
SERIAL IN x x
GND

Vee
CLOCK 50°% 50%
GND

5-10242

_-7
VoH
. \
Q 50%
: o

N,

—\ —Vcc
Qureut \so-:. /

ts ty €

GND

an - VoH
(DATA - LOW) 50%
0% Vou
e—tpzL tpLz

tw
— VoH

STROBE 50% \

Yo ftaa - Hic) 50%

tPLH - tPHL - VoL

VoH
an 50% tpzH : tpHz

VoL

5% Vo

$-10243

TEST WAVEFORM Icc (Opr.) Cpp CALCULATION

tr =ty =6ns Vee
duty =50%
ST
Vee oE

Cpp is to be calculated with the following
formula by using the measured value of
Icc (Opr.) in the test circuit opposite.

od LI . [ lcc(Opr)
— Vee _: - fineVee
cE | | I | GND i} outeurs
oo | In determining the typical value of Cpp,
a relatively high frequency of 1MHz was
[ applied to fiN, in order to eliminate any
O—pcx — error caused by the quiescent supply current.
S 10244 _L
6/6 &7 SGS-THOMS
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IC72 SGS-THOMSON M54HC4511
Y4, MICROELEGTRONIGS M74HC4511

BCD TO-7 SEGMENT LATCH/DECODER/DRIVER

m HIGH SPEED

tpp=15 ns (Typ) at Vcc=5V
= LOW POWER DISSIPATION

Icc = 4 uA (MAX.) at TA = 25°C
s HIGH NOISE IMMUNITY

VNIH=VNIL=28% Vcc (MIN.)

BIN

= OUTPUT DRIVE CAPABILITY Plastic Package ~ Ceramic Frit Seal Package

10 LSTTL LOADS -
= SYMMETRICAL OUTPUT IMPEDANCE w @

llonl = loL=20 mA (MIN.) M1 1
m BALANCED PROPAGATION DELAYS Micro Package Plastic Chip Carrier

tPLH = tPHL MSAHG OF::DERING NUMB’ERS:C
» WIDE OPERATING VOLTAGE RANGE 54HC4511 F1 74HCA4511 F1

Vce (OPR)= 2V to 6V M74HC4511 BIN M74HC4511 M1
m PIN AND FUNCTION COMPATIBLE

WITH 4511B -

PIN CONNECTION (top view)
——
8 d b Ve
¢ [ 2

DESCRIPTION oo S
The M54/74HC4511 is a high speed CMOS BCD- 81 [ b a
TO-7 SEGMENT LATCH/DECODER/DRIVER fabri-
cated with silicon gate C2MOS technology. It ena- e [ 4 »
bles high speed latch and decode operation with o [ ol
identical pin connection and function to standard
CMOS 45118. A [ o
The segment output driver, which is CMOS fabri- . g -
cated in silicon gate C2MOS technology, has lar- vo el

ge loy capability which enables common cathode <o
Leds to be directly driven.

When lamp test (LT) is taken ““L”, all segment out-
puts will go to ‘‘H”’, and when blanking (Bl) is ta-
ken ““L” and LT is taken ‘“H’’ all segment outputs
will go to ““L".

These functions operate regardless of other inputs
and are used to test the display.

Input Bl is used to pulse-modulate the brightness

of the display. b

When an error input code (over 10) is applied to ¢

the BCD input, all segment outputs will go “‘L”’(turn

Off). $-7015

All inputs are equipped with protection circuits NC =

against static discharge and transient excess gg;m:‘g

voltage.

October 1988 17
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M54/74HC4511

TRUTH TABLE

DISPLAY
MODE

BLANK

BLANK

BLANK

L

L
L

Hold the stage at the leading edge of LE

X

o

-

[
(2]
=
2

g\
>
o

)

o

©

<

<]

(3]
(2]
5

PD
Z

15

I

w

-

X: DON'T CARE

LOGIC DIAGRAM

s5-7018

MICROELECTRONICS
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M54/74HC4511

DISPLAY MODE

a a
8 B L L H H L L H H L L
f 9 b 5
g C L L L L H H H H L L
e < -
r D L L L L L L L L H H
DISPLAY B ! E’ 3 Y 5 51 8 g
0 1 2 3 a 5 6 7 8 9
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \
Vi DC Input Voltage -0.5t0 Vgc+0.5 \
Vo DC Output Voltage -0.5to Vgc+0.5 Vv
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin +25/-35 mA
Icc or Ignp DC Vg or Ground Current +150/-50 mA
Pp Power Dissipation 500 (*) mwW
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2106 \"
] Input Voltage 0 to Vg \"
Vo Output Voltage 0 to Vec \'
: 74HC Series —40to 85 o
Ta Operating Temperature 54HC Series _5510 125 C
2V 0 to 1000
tr b Input Rise and Fall Time Ve 9 4.5V 0to 500 ns
6 V 0to 400

&7 SGS-THOMSON
Y/, HICROELECTRONIES 817



M54/74HC4511

BLOCK DIAGRAM

A— Sa — a
o — b
8s— =3 -8 e
29 g&8 z =¢
00— o~ g
LE Bl O S- 7016
DC ELECTRICAL CHARACTERISTICS
Ta=25°C —40to 85°C |- 55t0125°C
Symbol Parameter Vcc| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Vi | High Level Input | 2.0 1.5 — — |15 — |15 —_
Voltage 4.5 3156 | — — {315 — [315 | — \"
6.0 4.2 — — |42 — |42 —
viL Low Level Input 2.0 — — |05 — |05 — | 05
Voltage 4.5 — —_ 136 | — 135 | — 135 | V
6.0 — — |18 — | 1.8 — |18
. Vi lo
VoH | High Level Output| 2.0 19 |20 — |19 — |19 —
Voltage 45| V4 —20 pA 44 | 45 — | 44 — | 44 — \
6.0 or 5.9 6.0 — | 569 — | 569 —
45| ViL -6.0mA (418 [431 | — [413 | — [410| —
6.0 -20mA [ 320 (38| — |29 | —
-52mA | 568 |58 — | 563| — |560| —
VoL | Low Level Output | 2.0 — (0.0 |01 — {041 — |01
Voltage 45| Viy 20 pA — |00 |O1 — |01 — | 041 \'
6.0 | or — 00 | 0.1 — |01 — 01
45| ViL 4.0 mA — [017 o026 | — [033]| — o040
6.0 5.2 mA — | 018 026 | — (033 | — | o040
I Input Leakage 6.0 | V|=Vgc or GND — — | 01| — [£1.0| — | £1.0| A
Current
Icc | Quiescent Supply | 6.0 | V;=Vcc or GND — — 4 — 40 — 80 | xA
Current
a7 (37 SGS-THOMSON
Y/. siGRoELECTRONICS
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M54/74HC4511

AC ELECTRICAL CHARACTERISTICS (Vcg=>5V, Ta=25°C, C| =15pF, Input t;=t;=6ns)

54HC and 74HC
Parameter Unit
Symbol Min. Typ. Max.
trLH Output Transition Time 4 8 ns
trHL
tPLH Propagation Delay Time
tn. | (BCD - Segment) 46 n ns
tPHL Propagation Delay Time
tPHL Bl- Segment 28 44 ns
tPLH Propagation Delay Time
tPHL LT - Segment 16 26 ns
tPHL Propagation Delay Time
tPHL LE - Segment 46 7 ns
SWITCHING CHARACTERISTICS TEST WAVEFORM
Data Segment Delay Time LE-Segment Delay Time
/——\—— Vee: j Vee
A~D 50°% LE 50%
J \.—_ GND L-—GND
tYLH W ATLH tw
tTHL iT;ﬂ. v
" L OH OH
A~g 50% a-~g 50% }/-
10% Vou VoL
. . te—tPHL tPLH
tPLH tPHL tPLH tPHL $-10230
$-10229
BI-Segment Delay Time LT-Segment Delay Time
Vee _ Vee
Bl 50% )l LT 50% /f
GND torm o GND
tPHL— " to—PLH T
Vou —)/——‘ VoH
a~-g 50% a~g 50%
VoL \_-"VOL
5-10231 $-10232
Data Set-up/Hold Time
A~D
LE

$-10233

57

IS71 n‘@%&&wu@s
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M54/74HC4511

AC ELECTRICAL CHARACTERISTICS (C|_=50pF, Input t;=t;=6ns)

Ta = 25°C —40to0 85°C |- 55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC T4HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trLH | Output Transition | 2.0 — 25 60 — 75 90
ttHL [ Time Low to High | 4.5 — 6 12 — 15 18 | ns
6.0 — 5 10 — 13 15
tryL | Output Transition | 2.0 —_ 30 75 — 95 — 110
Time High to Low | 4.5 — 8 15 — 19 — 22 | ns
6.0 - 7 13 — 16 - 19
tpLH | Propagation Delay| 2.0 — | 192 | 400 | — | 505 600
tpyL " | Time 45 — 48 | 80 [ — | 101 120 | ns
(BCD-Segment) 6.0 - 41 68 | — 87 102
tpLy | Propagation Delay| 2.0 - 116 | 250 — 315 375
tpHL | Time 4.5 — 29 50 — 63 75 | ns
(BI-Segment) 6.0 - 25 43 - 54 64
tpLy | Propagation Delay| 2.0 - 72 | 150 | — 190 225
tpHL | Time 4.5 - 18 30 - 38 45 | ns
(LT-Segment) 6.0 - 15 26 | — 33 38
tpLH | Propagation Delay| 2.0 —_ 192 | 400 - 505 600
tpyL | Time 45 - 48 | 80 [ — | 101 120 | ns
(LE-Segment) 6.0 — 4 68 — 87 102
tw | Minimum Pulse 2.0 - 30 7% | — 95 110
Width (CLEAR) 4.5 — 8 15 — 19 22 | ns
(LE) 6.0 - 7 13 | — 16 19
ts | Minimum 20 — | 8| 75| — | 9 110
Set-up Time 4.5 — 9 15 — 19 22 | ns
6.0 — 8 13 — 16 19
th Minimum Data 2.0 — — 0 — 0 — 0
Hold Time 4.5 — — 0 — 0 — 0| ns
6.0 - | = o — o — 0
CiN Input Capacitance — 5 10 — 10 10 | pF
Cpp (*) | Power Dissipation — 136 — — — pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load.

Average operating current is: lccoprn= Cpp * Ve * fin+lcc
INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT -

.

6/7
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M54/74HC4511

TEST CIRCUIT Icc (Opr.)

Vce
A
Vv,
o e« . Ve
—— IN
Vin Bl bI— (48.C)
PG. ’ A cb— GND
B df—
Cc el—
| Vout
D t (a~g)
LE af—
GND
$-10228
$-10227 -
APPLICATION CIRCUIT
Static Display Circuit
5V£10%
LED DISPLAY
vce Rx7 r : -.ﬂ
ur a i
81 b i
oO——a c 1
BCD O—s d + !
N o ¢ e : :
o—|p t i
LE O—LE [} H !
GND L.
I $-10234
SGS-THOMSON 7
Y/, MICROELECTRONICS
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<73 SGS-THOMSON M54/74HC4514
Y/, MICROELECTRONICS M54/74HC4515

HC4514 4-TO-16 LINE DECODER/LATCH
HC4515 4-TO-16 LINE DECODER/LATCH (INV.)

m HIGH SPEED
tpp = 24 ns (TYP.) at Vgc= 5V

= LOW POWER DISSIPATION N\
lcc = 4 pA (MAX) at Tp = 25°C

s HIGH NOISE IMMUNITY :

VNIH = VNIL = 28% Ve (MIN.) BIN F1

a OUTPUT DRIVE CAPABILITY Plastic Package Ceramic Frit Seal Package
10 LSTTL LOADS m i

. ﬁ;meTloR.l_C:L4on?EmlAj|L .I)MPEDANCE Micro Package

s BALANCED PROPAGATION DELAYS T i V-
tPLH = tPHL M74HCXXXB1N M74HCXXXF1

= WIDE OPERATING VOLTAGE RANGE
Vce (OPR) = 2V to 6V

m PIN AND FUNCTION COMPATIBLE

PIN CONNECTIONS (top view)

WITH 4514B/4515B HC4514 s [] — |
A E a INHIBIT
8 E E] [
57 [ 7] c
s6 [z oo 510
ss [{ ] sn
S4 E E S8
3 8 17, S
DESCRIPTION ) E g
The M54/74HC4514 and the M54/74HC4515 are 2 5 s
high speed CMOS 4-LINE TO 16-LINE DECODERS
WITH LATCHED INPUTS fabricated in silicon ga- * g EE
te C2MOS technology. They have the same high oo 3 DR
speed performance of LSTTL combined with true
CMOS low power consumption. HC4515 A
A binary code stored in the four input latches (A smose [} e
to D) provides a high level (HC4514) or a low level ~ 0 Q INHBIT
(HC4515) at the selected one of sixteen outputs ex- N 2 .
cluding the other fifteen outputs, when the inhibit _
input (INHIBIT) is held low. When the inhibit input ST AR
is held high, all outputs are kept low level (HC4514) s [ Y
or high level (HC4515), while the latch function is s [ oG
available. The data applied to the data inputs are = g o
transfered to the Q outputs of latches when the stro- _ B
be input is held high. When the strobe input is ta- s 0 R
ken low, the information data applied to the data s [ [ s
input at a time is retained at the output of the lat- sz [ SRGH
ches. All inputs are equipped with protection cir- s 0 0 =
cuits against static discharge and transient excess _
voltage. oo D
October 1988 1/6
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M54/74HCA4514/4515

TRUTH TABLE

SELECT OUTPUT

INPUTS
INWBIT | A | B | c | D (22221‘; _ “:'_I:)
L L L L L S0 (50)
L H L L L s1 (S71)
L L H L L S2 (82)
L H H L L S3 (S3)
L L L H L S4 (S4)
L H L | H L S5 (S5)
L L H H L S6 (S6)
L H | H|H L S7 (S7)
L L L L H S8 (S8)
L H L L | H S9 (59)
L L H L H $10 (§10)
L H H L H S11 (8171)
L L L H H §12 (512)
L H L H H $13 (513)
L L|H|H]|H S14 (S14)
L H H H H 515 (515)
i [ e [ x e e

LOGIC DIAGRAM (HC4514)

X: DON'T CARE

STROBE ="H’
REFER TO TRUTH TABLE

STROBE="L’

DATA AT THE NEGATIVE
GOING TRANSITION OF STRO-
BE SHALL BE PROVIDED ON
THE EACH OUPTUT WHILE
STROBE IS HELD LOW.

th—1 —ta— 1t

STROBE

HC 4514

INHIBIT LDC

EIPe

1
2

D—P—1

D—

5-7403

FOR HC 4515 DEVICE LOGIC DIAGRAM SHOWN AT THE BOTTOM SHALL TAKE THE PLACE OF OUTPUT CIRCUITS

2/6
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M54/74HC4514/4515

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \
" DC Input Voltage —-0.5to Vgc+0.5 v
Vo DC Output Voltage -0.5to Vgc+0.5 Vv
Ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or IgND DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mW
Tstg Storage Temperature —65to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t0 6 \"
V) Input Voltage 0 to Vec Y
Vo Output Voltage 0to Vgc \
. 74HC Series - 40to 85
Ta Operating Temperature 54HC Series _5510 125 °C
2V 0 to 1000
t t Input Rise and Fall Time Vce § 4.5V 0to 500 ns
6 V 0to 400
DC SPECIFICATIONS
Ta=25°C —401t085°C |-55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH High Level Input | 2.0 1.5 - — 15 —_ 1.5 -
Voltage 4.5 315 | — — |3815 | — |3815 | — Vv
6.0 42 — — | 42 — |42 —
ViL | Low Level Input | 2.0 - — | 05 — |05 — |05
Voitage 4.5 - — |13 | — |13 | — |135 | V
6.0 — — 1.8 — 1.8 — 1.8
. Vi lo
Von | High Level Output| 2.0 19 (20 | — |19 — |19 | —
Voltage 45 | Vi -20pA |44 |45 | — |44 | — |44 | — | V
6.0 [ or 59 |[6.0 — |59 — | 59 —
45 ViL -40mA | 418 | 4.31 — | 413 | — [ 410 ]| —
6.0 -52mA | 568 |58 - 563| — [560] —
<72 SGS-THOMSON 3/6
V7. MICROELECTRONICS
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M54/74HC4514/4515

DC SPECIFICATIONS (Continued)

Ta=25°C —40to 85°C |- 55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
V |
VoL | Low Level Output | 2.0 ! 0 — 0 0.1 — |01 — | 041
Voltage 45| Vi 20 pA — 0 0.1 — |01 — |01 v
6.0 or — 0 0.1 — 0.1 — 0.1
45 | Vi 4.0 mA — 017|026 | — [033| — |040
6.0 52 mA — (018 (026 | — 1033 | — |[0.40
I Input Leakage 6.0 | V|=Vgc or GND — — [£01}| — +1 — +1 | pA
Current
Icc | Quiescent Supply [ 6.0 | V;=Vgc or GND — — 4 — 40 — 80 A
Current

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TAo=25°C, C_=15pF, Input t;=t;=6ns)

54HC and 74HC

Symbol Parameter Min Typ Max Unit
tTLH Output Transition Time 4 8 ns
trHL
tPLH Propagation Delay Time
tPHL (Data - Sn, Sn) 24 37 ns
tPLH Propagation Delay Time
torL (STROBE - Sn, Sn) 27 44 ns
tPLH Propagation Delay Time
toHL (INHIBIT - Sn, 5n) 19 30 ns

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT —— -

-5929
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M54/74HCA4514/4515

AC ELECTRICAL CHARACTERISTICS (C =50pF, Input tr=t;=6ns)

Ta=25°C —40t085°C |-55t0125°C
Symbol Parameter Vgc| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trH | Output 2.0 — 30 75 — 95 — | 110
TtHL | Transition 4.5 - 8 15 - 19 — 22 | ns
Time 6.0 — 7 13 — 16 — 19
tpLH | Propagation Delay| 2.0 — | 108 | 215 — | 270 — | 325
tpHL | Time . 45 - 27 43 — 54 - 65 | ns
(DATA-Sn, Sn) 6.0 — 23 37 — 46 — 55
tpLy | STROBE-Sn Sn) | 2.0 —| 124 | 245| —| 305| —| 370
tPHL 4.5 - 31 49 - 61 — 74 | ns
6.0 - 26 42 - 52 — 63
tpy | INHIBIT-SnSn) | 2.0 —| e8| 175 —| 220 —| 265
tPHL 4.5 - 22 35 el 44 - 83 | ns
6.0 — 19 30 — 37 — 45
twH) | Minimum Pulse 2.0 — 30 75 - 95 —1| 110
Width STROBE 4.5 - 8 15 - 19 - 22 | ns
6.0 — 7 13 — 16 — 19
ts Minimum Set-Up | 2.0 — 10 50 — 65 — 75
Time DATA 4.5 — 4 10 - 13 —_ 15| ns
6.0 - 3 9 - 1 - 13
th Minimum Hold 2.0 — — 5 - 5 - 5
Time DATA 4.5 - — 5 - 5 - 5| ns
6.0 - - 5 - 5 - 5
Cin | Input Capacitance — 5 10 - 10 - 10 | pF
Cpp (*) | Power Dissipation HC4514 — 69 — — — — —|
Capacitance HC4515 _ 72 — — —_ — — p

Note (*): Cpp 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 curren can be obtained by the following equation. Iccopry=Cpp*Vee fin+Icc-

G‘i SGS-THOMSON

5/6
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M54/74HCA4514/4515

SWITCHING CHARACTERISTICS TEST WAVEFORM

A~D j‘ 50% y

§50’I- /

N\

N30
GND

STROBE 50°%

INHIBIT 50%
tPLH trm, tpLu
0%
50%
| tPHL tPHL,
1
Sn or S_N ' toLH
PLH 904
.
ton } 50% # o
o
trH | tPHL

Vee
GND
Vee
VoH
VoL
VoH
VoL
Vee

GND

Ve

GND

TEST CIRCUIT Icc (Opr.)

Vec=5V
A

I: STROBE

S0(S0)
L —51(571)
—7 S2 (E;)

— 515(515)

P.G A
B
c
D
INHIBIT
$-10225 -

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST.
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Lyz S55-THOMSON

M54/74HC4518
M54/74HC4520

HC4518 DUAL DECADE COUNTER
HC4520 DUAL 4 BIT BINARY COUNTER

= LOW POWER DISSIPATION
Icc = 4 4A (MAX.) at Tp = 25°C

m HIGH NOISE IMMUNITY
VNIH = VNIL = 28% Ve (Min.)

= OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

s SYMMETRICAL OUTPUT IMPEDANCE
llon| = loL = 4 mA (MIN.)

= BALANCED PROPAGATION DELAYS
tPLH = tPHL

= WIDE OPERATING VOLTAGE RANGE
Vce (OPR) = 2V to 6V

m PIN AND FUNCTION COMPATIBLE
WITH 4520B/4518B

DESCRIPTION

The M54/74HC4518/4520 are a high speed CMOS
DUAL 4 BIT BINARY COUNTERS fabricated in si-
licon gate C2MOS technology. They have the sa-
me high speed performance of LSTTL combined
with true CMOS low power consumption.

They consists of two identical internally synchro-
nous 4-stage counters. The counter stages are D-
type flip-flops having interchangeable Clock and
ENABLE inputs for incrementing on either the
positive-going or negative-going transition.

For single-unit operation the ENABLE input is main-
tained «high» and the counter advances on each
positive-going transition of the CLOCK. The coun-
ters are cleared by high levels on their clear lines.
The counter can be cascaded in the ripple mode
by connecting Q4 to the enable input of the sub-
sequent counter while the clock input of the latter
is held permanently low.

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

October 1988

1

BIN

F1
Plastic Package Ceramic Frit Seal Package
P

M1 C1
Micro Package Plastic Chip Carrier
ORDERING NUMBERS:
M54HCXXXX F1 M74HCXXXX C1

M74HCXXXX B1N M74HCXXXX M1
M74HCXXXX F1

PIN CONNECTIONS (top view)

—
1cLock [ al vee
1 ENABLE [¢] | 2cLEAR
1a0 [ za3
1a1 [ b 202
102 [ ] za
w3 g [ 200
1cLear o o] 2 enasLE
GND f b]  2cLock
[ ]
57147
[S S
=3

1CLOCK

w
i
o
<
z
w

100
11
NC

102

2Q3
2Q2
NC
2Q1

1Q3 2Q0

S-7148

N - u
NC= % sz
No Internal gz0a2
Connection S0 zZaw~

177
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M54/74HC4518/4520

TRUTH TABLE

INPUTS
FUNCTION
CLOCK ENABLE CLEAR
Py H L INCREMENT COUNTER
L A L INCREMENT COUNTER
v X L NO CHANGE
X & L NO CHANGE
4 L L NO CHANGE
H v L NO CHANGE
X X H Q0 THRUQ3 = L
X: DON'T CARE
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vce Supply Voltage -05t07 \
Vi DC Input Voltage —-0.5to Vcc+0.5 \
Vo DC Output Voltage —-0.5to Vcc+0.5 \
hk DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or IgnD DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation
under these condition is not implied.

(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t06 \"
V| Input Voltage 0 to Vo \
Vo Output Voltage 0 to Vcc \
. 74HC Series - 40to 85
Ta Operating Temperature 54HC Series _5510 125 °C
2V 0 to 1000
te, Input Rise and Fall Time Vee § 4.5V 0to 500 ns
6V 0to 400
217

‘ SGS-THOMSON
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M54/74HC4518/4520

TIMING CHART (HC4518)
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M54/74HC4518/4520

DC SPECIFICATIONS
Ta=25°C —40to 85°C |- 55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Viy | High Level Input | 2.0 15 | — [ — |15 | — |15 | —
Voltage 4.5 3.15 — — | 3.15 — | 3.15 - v
6.0 4.2 — — |42 — |42 —
Vi Low Level Input | 2.0 —_ — |05 — | 05 — | 05
Voltage 4.5 — — 1.35 - 1.35 — 135 | V
6.0 - - 1.8 - 1.8 —_ 1.8
\'/ 1
Von | High Level Output| 2.0 —™N OH 19 [20 | — |19 | — |19 | —
Voltage 45| Vi -20pA | 44 | 45 — |44 — |44 — v
6.0 or 5.9 6.0 — | 59 — 5.9 —
45| ViL | —40mA (418 [431 | — |413 [ — [410| —
6.0 -52mA | 568 |58 — | 563| — |560| —
VoL | Low Level Output | 2.0 : — 0 0.1 — | 0.1 — [ 01
Voltage 45| vy 20 4A - 0 |01 — |01 — Jo1 | vV
6.0 or — 0 0.1 — 0.1 — 0.1
45| Vi 4.0 mA — 017|026 | — |033]| — |o0.40
6.0 5.2 mA —_ 0.18 | 0.26 — 0.33 -_ 0.40
] Input Leakage 6.0 | Viy=VccorGND | — — [ +01| — +1 — +1
Current
Icc | Quiescent Supply | 6.0 | Vjy=VgcorGND | — — 40 | — [400| — | 800
Current
AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TA=25°C, C_=15pF, Input t,=t;=6ns)
54HC and 74HC
Symbol Parameter Min. Typ. Max. Unit
trLH Output Transition Time 4 8 ns
trHL
tPLH Propagation Delay Time
i | (CK, CE-On) 21 33 ns
tpLH Propagation Delay Time
(CLEAR-Qn) 2 36 ns
fmax Maximum Clock Frequency 53 28 MHz
57
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M54/74HC4518/4520

AC ELECTRICAL CHARACTERISTICS (C_=50pF, Input t; =t;=6ns)

Ta=25°C —40to0 85°C |-55t0125°C
Symbol Parameter Vcc| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
truy | Output Transition | 2.0 — 30 75 — 95 — | 110
Tty | Time 45 — 8 15 — 19 — 22 | ns
6.0 — 7 13 — 16 — 19
tpLy | Propagation Delay| 2.0 — | 100 | 190 — | 240 — | 285
tpHL | Time 4.5 — 25 38 - 48 — 57 | ns
(CK, CE-Qn) 6.0 — 21 32 — 41 — 48
tpHL | Propagation Delay| 2.0 — | 104 | 205 — | 255 — | 310
Time 45 — 26 41 — 51 — 62 | ns
(CLEAR-Qn) 6.0 — 22 35 — 43 - 53
fmax | Maximum Clock | 2.0 5 12 — 4 — 3 —
Frequency 4.5 25 48 — 20 — 17 — | MHz
6.0 29 56 — 24 — 20 —
tw(H) | Minimum Clock 2.0 — 30 75 — 95 — | 110
tw) | Pulse Width 45 — 8 15 — 19 — 22 | ns
(CK, CE) 6.0 — 7 13 — | 16 — 19
tw(H) | Minimum Pulse 2.0 — 35 [ 100 — | 125 — | 150
Width 45 — 9 20 — 25 — 30 [ ns
(CLEAR) 6.0 - 8 17 — 21 — 26
trRem | Minimum 2.0 — — 0 — 0 — 0
Removal Time 4.5 — — 0 — 0 — 0| ns
(CLEAR) 6.0 — — 0 — 0 — 0
Cin Input Capacitance . — 5 10 — 10 — 10 | pF
Cpp (*) | Power Dissipation HC4518 — | 145 — — — — — oF
C it
apactiance HC4520 — s | —| = = =] —

Note (*) Cpp 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 from the equation: lccopr)=Cpp*Vee*fin+Icc/2 (per circuit)

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT _—— -4

6/7 ‘ -THO
Y/. %%%@EILE@F%@NS
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M54/74HC4518/4520

SWITCHING CHARACTERISTICS TEST WAVEFORMS

6ns 6ns
/30 Vee
CLEAR a o'l
A110% GND
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vee
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Qn 50% /
tPHL VoL  stom7
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an 0% r \ OH
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L Ss al—L-fTLH HTHL —of

Vee
cLock oo
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VoL

TEST CIRCUIT Icc (Opr.)
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vee
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PG CLOCK —
— ] -
.l- 504 I —
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1
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INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TESTS
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‘— SGS-THOMSON M54HC4538
Y/, iICROELECTRONICS M74HC4538

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

m HIGH SPEED
tpp= 27 ns (TYP) at Vcc =5V

s LOW POWER DISSIPATION (
STANDBY STATE Igc=4 A (MAX.) at To=25°C
ACTIVE STATE Igc =200 A (TYP) at Vg =5V

» HIGH NOISE IMMUNITY BIN £1

VNIH = VNIL = 28% Vcc (MIN.) Plastic Package  Ceramic Frit Seal Package
= OUTPUT DRIVE CAPABILITY - ;

10 LSTTL LOADS w

= BALANCED PROPAGATION DELAYS

1

= M1 c1
tPLH = tPHL Micro Package Plastic Chip Carrier

s WIDE OUTPUT PULSE WIDTH RANGE ORDERING NUMBERS:
twout=120ns ~ 60s over at Vcc=4.5V M54HC123 F1 M74HC123 C1
= OUTPUT PULSE WIDTH INDEPENDENT M7aHCIZ3 BIN M74HC123 M1

FROM TRIGGER INPUT PULSE WIDTH.

= PIN AND FUNCTION COMPATIBLE
WITH 4538B PIN CONNECTIONS (top view)

]
m ] h Vee
m B
ico p [ 212
i @ b 20
INPUTS |
1 E ] 24
DESCRIPTION | INPUTS
The M54/74HC4538 is a high speed CMOS DUAL oureurs | 8 p2®
MONOSTABLE MULTIVIBRATOR fabricated in si- Qi [f] d a2z
licon gate C2MOS technology. It has the same __[outPuTs
high speed performance of LSTTL combined with eNol ] 2
true CMOS low power consumption. Each multivi- P

brator features both a negative, A, and a positive,
B, edge triggered input, either of which can be used
as an inhibt input. Also included is a clear input
that when taken low resets the one shot. The mo-
nostable multivibrators are retriggerable. That is,

they may be triggered reapeatedly while their out- ico m
puts are generating a pulse and the pulse will be A 2co
extended. Pulse width stability over a wide range Ne NC
of temperature and supply is achieved using linear 8 2a

CMOS techniques. The output pulse equation is a1 28
simply: PW=0.7 (R)(C) where PW is in seconds,
R in Ohms, and C is in Farads.

All inputs are equipped with protection circuits NC=
against static discharge and transient excess ggn':;zfl"‘;"
voltage.

s-no02
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M54/74HC4538

TRUTH TABLE

INPUTS OUTPUTS
A B o a a NOTE
4 H H OUTPUT ENABLE

X L H L H INHIBIT

H X H L H INHIBIT
L E2 H OUTPUT ENABLE

X X L L H INHIBIT

X: DON'T CARE

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \"
" DC Input Voltage —-0.5to Vcc+0.5 \
Vo DC Output Voltage -0.51t0 Vcc+0.5 Vv
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or lgnD DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mwW
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2to 6 \
V) Input Voltage 0 to Vgc Vv
Vo Output Voltage 0 to Vce \"
. 74HC Series -40to 85
Ta Operating Temperature 54HC Series _55 10 125 °C
2V 0 to 1000
tr, t Input Rise and Fall Time (CLR only) Vce § 4.5V 0to 500 ns
6 V 0to 400
Cx External Capacitor NO LIMITATION
Rx External v 3V 5K to 1M Q
Resistor CC (a3 v 1K to 1M
2/8 37 SGS-THOMSON
Y/, MICROELECTRONICS
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M54/74HC4538

SYSTEM DIAGRAM
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M54/74HC4538

BLOCK DIAGRAM

Ts
<o

5$-10143

Note:
(1) Cx, Rx, Dx are external components.
(2) Dx is a clamping diode

ti= (Vcc—0.7)-Cx/20mA

surge current.

The external capacitor is charged to Vcc in the stand-by state, i.e. no trigger. When the supply
voltage is turned off Cx is discharged mainly through an internal parasitic diode (see figures).
If Cx is sufficiently large and Vgc decreases rapidy, there will be some possibility of damaging
the I.C. with a surge current or latch-up. If the voltage supply filter capacitor is large enough and
Vcc decrease slowly, the surge current is automatically limited and damage the I.C. is avoided.
The maximum forward current of the parasitic diode is approximately 20 mA. In cases where Cx
is large the time taken for the supply voltage to fall to 0.4 Voc can be calculated as follows:

In cases where t; is too short an external champing diode is required to protect the I.C. from the

s u
1

co $-10142

FUNCTIONAL DESCRIPTION

Stand-by state

The external capacitor, Cx, is fully charged to Voo
in the stand-by state. Hence, before triggering, tran-
sistor Qp and Qn (connected to the Rx/Cx node)
are both turned off. The two comparators that con-
trol the timing and the two reference voltage sour-
ces stop operating. The total supply current is
therefore only leakage current.

Trigger operation
Triggering occurs when:

1st) Ais “low” and B has a falling edge;
2 nd) B is “high” and A has a rising edge;

After the multivibrator has been retriggered com-
parator C1 and C2 start operating and Qn is tur-
ned on. Cx then discharges through Qn. The
voltage at the node Rx/Cx external falls.

4/8 Ly7, SGS-THOMSON

When it reaches VRgfgL the output of comparator
C1 becomes low. This in turn resets the flip-flop
and Qn is turned off.

At this point C1 stops functioning but C2 continues
to operate. The voltage at R/C external begins to
rise with a time constant set by the external com-
ponents Rx, Cx.

Triggering the multivibrator causes Q to go high
after internal delay due to the flip-flop and the ga-
te. Q remains high until the voltage at R/C exter-
nal rises again to VRgfFH- At this point C2 output
goes low and G goes low. C2 stops operating. That
means that after triggering when the voltage at R/C
external returns to VRerH the multivibrator has re-
turned to its MONOSTABLE STATE. In the case
where Rx « Cx are large enough and the dischar-
ge time of the capacitor and the delay time in the
1.C. can be ignored, the width of the output pulse
tw (out) is as follows:

twouTm)=0.72 Cx « Rx

MICROELECTRONICS
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M54/74HC4538

FUNCTIONAL DESCRIPTION (Continued)

Re-trigger operation

When a second trigger pulse follows the first its ef-
fect will depend on the state of the multivibrator.
If the capacitor Cx is being charged the voltage le-
vel of Rx/Cx external falls to VReFL again and Q
remains high i.e. the retrigger pulse arrives in a ti-
me shorter than the period Rx « Cx seconds, the
capacitor charging time constant. If the second trig-
ger pulse is very close to the initial trigger pulse
itis ineffective; i.e., the second trigger must arrive
in the capacitor discharge cycle to be ineffective.

DC SPECIFICATIONS

Hence the minimum time for a second trigger to
be effective, trr (Min.) depends on Vg and Cx.

Reset operation _

CD is normally high. If CD is low, the trigger is not
effective because Q output goes low and trigger
control flip-flop is reset.

Also transistor Op is turned on and Cx is charged
quicky to Vgc. This means if CD input goes low,
the IC becomes waiting state both in operating and
non operating state.

Ta=25°C ~40t085°C |- 55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Viy | High Level Input | 2.0 1.5 — — 115 — |15 —_
Voltage 4.5 3156 | — — 1815 — 315 | — v
6.0 4.2 —_ — | 42 — | 4.2 —_
ViL Low Level Input | 2.0 — — |05 — | 05 — |05
Voltage 4.5 — — |13 | — |13 | — 135 ]| V
6.0 - - 1.8 - 1.8 - 18
" ) lo
VoH | High Level Output| 2.0 19 | 20 — |19 — |19 —
Voltage 45 | Viy —-20pA |44 | 45 — |44 — |44 — \%
(Q, Q Output) 6.0 or 5.9 6.0 — |59 — |59 —
45| ViL | -40mA [418 (431 | — [413| — [410]| —
6.0 -52mA | 5.68 | 58 — | 563 — | 560 —
VoL | Low Level Output | 2.0 — |00 |oO1 — |01 — | 01
Voltage 45| ViH 20 pA — |00 |o01 — |01 — |01 v
(Q, Q Output) 6.0 | or — |00 ]oO1 — |01 — ] 0.1
45| Vi 4.0 mA — |o017]|026| — |033| — |040
6.0 5.2 mA — 1018|026 — (033 | — | 040
N Input Leakage 6.0 | V|=Vgc or GND — — [x01| — | £10| — [£1.0] pA
Current
N Input Current V)=V¢c or GND - — _ _
6.0 Rext/Cext +0.5 +5.0 +£10 | pA
Icc | Quiescent V|=Vcc or GND _ _ _ _
Supply current 6.0 4.0 40.0 80.0 | uA
lcc | Active State (1) 2.0 | Vi=Vgc or GND — 40 | 120 | — 160 | — — | A
Supply Current 4.5 | pins 2, 14 — 0.1 0.3 — 0.4 — — | mA
6.0 | Vin=Vcc/2 — (02|06 | — |08 | — — | mA
(1): Per Circuit
L3y SGS-THOMSON 58
Y/, MICROELECTRONICS
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M54/74HC4538

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TA=25°C, C=15pF, Input t;=t;=6ns)

54HC and 74HC
Symbol Parameter Min. Typ. Max. Unit
trLH Output Transition Time 4 8 ns
THL
tPLH Propagation Delay Time
th. | (AB-Q,Q) 28 ns
tPLH Propagation Delay Time
tor (©0-0.0) 21 34 ns
AC ELECTRICAL CHARACTERISTICS (C_=50pF, Input t,=t;=6ns)
Ta = 25°C —40t0 85°C |-55t0125°C
Symbol Parameter |Vcc| Test Condition 54HC and 74HC 74HC 54HC | ypit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trLH | Output Transition | 2.0 — 30 7% | — 95 | — 110
tyhL | Time 45 - 8| 15| — 19 | — 22 | ns
6.0 - 7 13 —_ 16 — 19
tpLH | Propagation Delay| 2.0 — 128 | 250 — 315 — 375
tpHL | Time _ 4.5 — 32 50 | — 63 | — 75 | ns
(A, B-Q,Q) 6.0 —_ 27 43 —_ 54 - 64
tpH | Propagation Delay| 2.0 — 100 | 195 — 245 — 295
tpHL | Time 4.5 — 25 39 [ — 49 | — 59 | ns
(CD-Q, Q) 6.0 — 21| 33| — 2 | — 50
twouT | Outpul Pulse 3.0 | Cx=12pF — | 210 | — — — —
Width 5.0 | Rx=1k — 40| — | = | =] =]=1"™
3.0 | Cx=100pF — (14| — | = - | = | =
5.0 | Rx=10kQ — 140 — | = | = | = | = |®
3.0 | Cx=1000pF — 1105 | — — —_ —_ —
5.0 | Rx=10kQ — || -] =]=]|=|=1"
Atwour | Output Pulse
Width Error 1 o
Between Circuits - | = e
(in Same Package)
tw(H) Minimum Trigger | 2.0 | AN — 30 75 — 95 - 110
tw() | Pulse Width 4.5 E — 8 15 — 19 — 22 | ns
6.0 IN —_ 7 13 —_ 16 —_ 19
twiy ([ Minimum Clear 2.0 - 30 7% | — 95 | — 110
Pulse Width 4.5 — 8 15 — 19 — 22 | ns
6.0 - 7 13 —_ 16 —_ 19
&8 &7 SGS-THOMSO
Y/, HICROELEGTRONICS
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M54/74HCA4538

AC ELECTRICAL CHARACTERISTICS (Continued)

Ta = 25°C ~40to0 85°C (- 55t0125°C
Symbol Parameter [Vcc| Test Condition 54HC and 74HC 74HC 54HC | ynit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ter Minimum 4.5 Cx =100pF — 74 — — — — — ns
Retrigger 6.0 Rx=1KQ — 63 — - - - -
Ti
ime 45| Cx=0.014F — =]l =-]l<=]=1=
6.0 Rx=1KQ — o] = | = =1]=1=1®"
trRem | Minimum Clear 2.0 - —_ 0 — 0 — 0
Removal time 4.5 — — 0 — 0 — 0| ns
6.0 — - 0 — 0 — 0
CiN Input Capacitance — 5| 10 — 10 | — 10 | pF
Cpp (*) | Power Dissipation — 90 — — — - - pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load. (Refer to Test Circuit).
Average operating current can be obtained by the equation hereunder.
lcciopn= Cpp - Vee - fin+lcc’ - Duty/100 + Igc/2 (per monostable) (Icc’: Active Supply Current) (Duty: %)

TEST CIRCUIT I¢c (Opr.) Output Pulse Width Constant
K= Supply Voltage
v 6-
cC K 6375
(TYP)
pG o f— 0.9
I T
™~ CX=0.001pF
ol o8 0.001u
ozf— CXZ 0. pF
0.7
$-10146 2 3 4 5 VCC(V)

INPUT WAVEFORM IS THE SAME AS THAT IN CASE
OF SWITCHING CHARACTERISTICS TEST

7/8
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M54/74HC4538

twouT - Cx Characteristics (Typ.)

trr - Voo Characteristics (Typ.)

G- 6376 ‘ G-6377
twouT T =5 £ RR e —
j=ssia=== il (1) =t
(ps) HEH Tamb =25°C
T Ve 248V T LI m
; | c¢ ' RX=IMAL -
10°, CL =50p [T 1
. o Fpt s KJCX = 0.01pF
e aatis i aiiimme il 1 <
, 2 AR AX=100 T =
10 ' =3 K ==
: i B aili e i N ~
; {2ty i NN - foooeF
‘ il RX=10]| ‘ N
10 , N -
: HH oA 01 NCX =100p
¢ jae l{L}JLL
2 ; HIND. AR Lo
1 | [ RX = o L
8 =
3
. il Lf
2
10" il
2 ¢ s 2 ¢ 68 2 4 68 2 . 68
10’ 10° 10° CX(pF) 0 1 2 3 4 5 6V
SWITCHING CHARACTERISTICS TEST WAVEFORM
A fs0°t 50%
tw
) tw )
5 \[ ]{
ey tw out tpLH
—at —
Q 50 50°% h
1 teHL — teHL
° w
A
Gns{<— ———r—ens
= 90% 0%
8
10% 4:-,. 6ns 6ns
—_ 90°%, EA
co so-/.\ 50%
t1um 10% 0% . ",
— 'PHL W(L) REM ' W our rr Il
50% ;'_\ / ~\
Q 50% 50°% 50%
———A10% tpLn
ta— tTHL Py
e N QJ:__\ e
10°%
$-10147 /1
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M54HC4543
M74HC4543

Lyz S55-THOMSON

BCD-TO-7 SEGMENT LATCH/DECODER/LCD DRIVER

s HIGH SPEED
tpp = 44 ns (TYP.) at Vgc= 5V

= LOW POWER DISSIPATION

Icc = 4 pA (MAX.) at T = 25°C
= HIGH NOISE IMMUNITY

VNIH = VNIL = 28% Ve (MIN.)

= OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

s SYMMETRICAL OUTPUT IMPEDANCE
lloHl = loL = 4 mA (MIN.)

m BALANCED PROPAGATION DELAYS
tPLH = tPHL

m WIDE OPERATING VOLTAGE RANGE M54HC4543 F1 M74HC4543 C1
Vce (OPR) = 2V to 6V MaHCasas BIN M74HC4543 M1

m PIN AND FUNCTION COMPATIBLE
WITH 4543B

—\
w [ b vee
c [ )t
8 [ {9
o [{ by e
A E ]
DESCRIPTION [ ﬂ .
The M54/74HC4543 is a high speed CMOS BCD-
TO-7 SEGMENT DECODER WITH LCD DRIVER o [] H b
fabricated in silicon gate C2MOS technology. High
speed latch and decode operation 120 times as fast oo [ :
as standard CMOS 4511B while CMOS low power reryrm
consumption in maintained. This device consist of vooo-x
BCD-TO-7 segment decoder with a BCD input latch 4 z9
and a 7-segment driver for a liquid crystal display ‘
(LCD). When any illegal BCD input signal is applied /]
or input Bl is held high, the display is blanked. s b wd e
When driving LCDs, a common square wave signal o [ 1 .
should be applied not only to the PH input of this v P ,sg Ne
device but also to the electrically common back- N T "
plane of the display. For other types of readouts, o e 5
such as light-emitting diode (LED), some additio-
nal drivers, such as a transitor array is required. e TuTalul N A
All inputs are equipped with protection circuits NC= o
against static discharge and transient excess gg'm;"";" §3%2a0

\(oltage.

October 1988

1

BiIN
Plastic Package

=

M1

Micro Package

F1
Ceramic Frit Seal Package

et

Cc1
Plastic Chip Carrier

ORDERING NUMBERS:

PIN CONNECTIONS (top view)

1/5
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M54/74HC4543

TRUTH TABLE

INPUTS OUTPUTS
DISPLAY
LD | Bl [PH| D Cc B A a b c d e f g
X H L X X X X 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 # # # # ¥ #
1 1 H 1 INVERSE OF ABOVE OUTPUT LEVEL DISPLAY AS ABOVE
X: DON'T CARE

1: SAME AS ABOVE COMBINATIONS

# # #: DEPENDS UPON THE BCD CODE PREVIOUSLY APPLIED WHEN LD="H’

LOGIC DIAGRAM

Y

5780
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M54/74HC4543

DISPLAY MODE

0O 1 2 3 4 5 6 7 8 9 101" 12 13 14 15 a
oy ] ] e ] flglv
) O I O S E
7 SE%MENT
S -10223 DISPLAY
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \
' DC Input Voltage —0.5to Vgc+0.5 \'
Vo DC Output Voltage -0.5to Vgc+0.5 \"
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
lcc or IgND DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vce Supply Voltage 2t0 6 \
\'A Input Voltage 0to Ve v
Vo Output Voltage 0to Vce \"
] 74HC Series — 40to 85 o
Ta Operating Temperature 54HC Series _5510 125 C
2V 0 to 1000
tr, Input Rise and Fall Time Vce § 4.5V 0to 500 ns
6 V 0to 400

3/5
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M54/74HC4543

DC SPECIFICATIONS
Ta=25°C —40to 85°C (- 55t0125°C
Symbol Parameter Vcc | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH High Level Input | 2.0 1.5 —_ — |15 — |15 —
Voltage 4.5 3.15 — - 3.15 - 3.15 —_ \"
6.0 4.2 — — |42 — |42 —
ViL | Low Level Input | 2.0 — — |05 — |05 — |05
Voltage 4.5 — — |13 | — |13 | — (13| V
6.0 — — | 1.8 — |18 — [ 1.8
. Vi lo
VoH [ High Level Output| 2.0 1.9 |20 — (1.9 — |19 —
Voltage 45 | Vi —20 pA 44 | 45 — |44 — |44 — Vv
6.0 | or 59 | 6.0 — | 59 — | 59 —
45| ViL —-40mA (418|431 | — [413| — [410]| —
6.0 -52mA | 568 |58 — | 563 — |560| —
VoL | Low Level Output | 2.0 — 0 0.1 — |01 — |01
Voltage 45| Viy 20 pA — 0 0.1 — |01 — |01 \"
6.0 [ or — 0 0.1 — |01 — |04
45 | Vi 4.0 mA — J017 026 | — [033| — | o040
6.0 52 mA — |o018 026 | — |033| — | 040
Iy Input Leakage 6.0 | V|=Vgc or GND — — [+01| — +1 — =1 | A
Current
lcc | Quiescent Supply | 6.0 | V|=Vcc or GND - — 4 — 40 — 80 A
Current

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, Ta=25°C, Cy = 15pF, Input t, =t;=6ns)

54HC and 74HC

Symbol Parameter Min Typ Max Unit
tTLH Output Transition Time 4 8 ns
trHL
tPLH Propagation Delay Time
torL (BCD - OUT) 44 68 ns
tPLH Propagation Delay Time
torL (Bl - OUT) 27 42 ns
tPLH Propagation Delay Time
tPHL (PH - OUT) 19 30 ns

a5 SGS-THOMSON
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M54/74HC4543

AC ELECTRICAL CHARACTERISTICS (C_=50pF, Input t;=t;=6ns)

Ta=25°C —40t085°C |-55t0125°C
Symbol Parameter Vee | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
trty | Output 2.0 — 30 75 — 95 — | 110
Tty | Transition 4.5 _ 8 15 - 19 - 22| ns
Time 6.0 — 7 13 — 16 — 19
tpuH | Propagation Delay| 2.0 — | 200 | 385 — | 485 — | 580
tpHL | Time 45 — 50 77 — 97 — | 116 | ns
(BCD - OUT) 6.0 — 43 66 — 83 — 98
tpLH | Propagation Delay| 2.0 — | 124 240 — | 300 — | 360
tpyr | Time 45 — 31 48 — 60 — 72 | ns
(Bl - OUT) 6.0 — 36 41 — 51 - 61
tpHL | Propagation De- | 2.0 — 80| 175 — | 220 — | 265
lay Time 4.5 — 22 35 — 44 — 53| ns
(PH - OUT) 6.0 — 19 30 — 37 — 45
twH) | Minimum Pulse 2.0 — 30 75 - 95 — | 110
Width 4.5 — 8 15 — 19 - 22 | ns
(LD) 6.0 — 7 13 — 16 — 19
ts Minimum Set-Up | 2.0 - 30 75 - 95 —| 110
Time 4.5 - 8 15 — 19 -_ 22| ns
6.0 - 7 13 - 16 —_ 19
th Minimum Hold 2.0 - — 0 - 0 — 0
Time 45 - - 0 - 0 — 0 ns
6.0 —| —=| of —=| of —| o
CIN Input Capacitance — 5 10 — 10 — 10 | pF
Cpp (*) | Power Dissipation — 30 — — - — — | pF
Capacitance

Note (*) Cpp is defined as the value the IC’s of internal equivalent capacitance which is calculated from the operating
current consumption without load.
Average operating current can be obtained by the following equation. Icc(opr)=Cpp*Vec-fin+Icc-

SWITCHING CHARACTERISTICS TEST WAVEFORM

A~D
81
PHASE

Lo

50°%

Vee
50% /
GND

tpLH PHL tLH-teHL
o Foom X You
50% 50%
2 VoL
trendrie tren-trH
vee
50°%, 50%
GND
ts  th
vee

B0

S0°%
\ 10% GND

VoH

$-10222

o1,
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‘ SGS-THOMSON
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M54HCT7007
M74HCT7007

HEX BUFFER

= LOW POWER DISSIPATION
lcc=14A (MAX.) at Ta=25°C

» COMPATIBLE WITH TTL OUTPUTS
ViH=2V (MIN) V)_=0.8V (MAX)

s OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

= SYMMETRICAL OUTPUT IMPEDANCE
llo| loL=4mA (MIN.)

= BALANCED PROPAGATION DELAYS
tPLH=tPHL

m PIN AND FUNCTION COMPATIBLE
WITH 54/74LS07

DESCRIPTION

The M54/74HCT7007 is a high speed CMOS HEX
BUFFER fabricated in silicon gate C2MOS tech-
nology.

It has the same high speed performance of LSTTL
combined with true CMOS low power consumption.
All inputs are equipped with protection circuits
against static discharge and transient excess
voltage. .

This integrated circuit has totally compatible, in-
put and output characteristic, with standard 54/74
LSTTL logic families.

M54HCT/74HCT devices are designed to directly
interface HSC2MOS systems with TTL and NMOS
components. These devices are also plug in repla-
cement for LSTTL devices giving a reduction of po-
wer consumption.

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT

14 f
1

BiIN
Plastic Package

@

M1
Micro Package

ORDERING NUMBERS:

M54HCT7007 F1
M74HCT7007 B1N
M74HCT7007 F1

F1
Ceramic Frit Seal Package

et

C1
Plastic Chip Carrier

M74HCT7007 C1
M74HCT7007 M1

PIN CONNECTIONS (top view)

<
[~

2A

\J

3 Vee

{E 6A
6Y

<1
&) =

2y

3A

e

3y

1

GND |7

el

=]

SA

sY

LA

T TeJ

A4

NC=
No Internal
Connection

6Y
NC
5A
NC
sY

s 7180

October 1988
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M54/74HCT7007

CIRCUIT DIAGRAM (Per Circuit)

R

S -10554

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Supply Voltage -05t07 Vv
] DC Input Voltage —-0.5to Vcc+0.5 \"
Vo DC Output Voltage —0.5to Vgc+0.5 '
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Current Per Pin + 25 mA
Icc or IgND DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C
T Lead Temperature 10 sec 300 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-

der these condition is not implied.
(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 4.5t0 5.5 v
Vi DC Input Voltage 0 to Vec \"
Vo DC Output Voltage 0to Ve v
Ta Operating Temperature ;:':g g::;:: _ ;: t? 12855 °C
tn b Input Rise and Fall Time 0 to 500 ns

2/4
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M54/74HCT7007

DC SPECIFICATIONS
Ta=25°C —40t0 85°C | -55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH High Level Input | 4.5
Voltage to 2.0 - — | 20 — | 20 — \
5.5
ViL Low Level Input | 4.5
Voltage to — — 0.8 — 0.8 — 0.8 "
55
I
Von | High Level Output Vi 0
Voltage 45| V|4 -20pA |44 |45 — | 44 — | 44 — Vv
or
45| ViL | —ao0ma |418 431 | — |413| — [a10]| —
VoL | Low Level Output Vi lo
Voltage 45| Viy 20 uA — 0 |01 — | o1 — 61 |V
or
45| ViL 4.0 mA — |017 {026 | — |033| — |o040
N Input Leakage 5.5 | V|=Vgc or GND — — [ x£01}| — =1 — +1 | pA
Current
lcc | Quiescent Supply | 5.5 | V;=Vgc or GND - - 1.0 - 10 - 20 | pA
Current
Alcc | Additional 5.5 | Per Input pin - — 2.0 — 29 — 3.0 | mA
worst case ViN=2.4V Other
supply current Input at Voo
or GND Ip=0
AC ELECTRICAL CHARACTERISTICS (Vcc =5V, Ta=25°C, C_=15pF, Input t,=t;=6ns)
54HC and 74HC
Symbol Parameter Min. Typ. Max. Unit
tTLH Output Transition Time 4 8 ns
trHL
tpLH Propagation Delay Time 14 22 ns
tPHL
3/4
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M54/74HCT7007

AC ELECTRICAL CHARACTERISTICS (C| =50pF, Input t,=t;=6ns)

Ta=25°C —401085°C | -55t0125°C
Symbol Parameter Vee | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. [ Max. | Min. | Max. | Min. | Max.
tTLH Output Transition _ _ _
Time 4.5 8 15 19 22 | ns
tpLy | Propagation Delay _ _ _
tprL | Time 4.5 16 26 33 39 | ns
CiN Input Capacitance — 5 10 — 10 — 10 | pF
Cpp (*) | Power Dissipation — 28 — — — — — | pF
Capacitance

Note (*) Cpp 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 from the equation: Icc(opr.)=Cpp*Vecfin + Icc/6 (per Buffer)

SWITCHING CHARACTERISTICS TEST CIRCUIT

6ns 6ns
Vee
y T .
po |VIN Vour N 03V [N oy
pLH TPHL
\'7
CL v s OH
500 ourt 1.3V
_ 10% I_vo._
$-10555 YUH e trhL
S - 10556
TEST CIRCUIT Ic (Opr.)
INPUT WAVEFORM
VCC =5V
6ns 6éns
le \
PG. %i 307, ce
500 N 6D
S - 10558
5-10557
4/4
c GS-THOMSON
Y/. %ut@@gm@v@mn@@
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(N7 SGS-THOMSON M54HC7266
Y/, ICROELECTRONICS M74HC7266

QUAD EXCLUSIVE NOR GATE

m HIGH SPEED
tpp = 12 ns (TYP.) at Vo= 5V

= LOW POWER DISSIPATION
lcc = 1 #A (MAX) at Tp = 25°C

= HIGH NOISE IMMUNITY
VNIH = VNIL = 28% Ve (MIN.)

BIN F1

m OUTPUT DRIVE CAPABILITY Plastic Package Ceramic Frit Seal Package
10 LSTTL LOADS PN

= SYMMETRICAL OUTPUT IMPEDANCE g‘@ LW
llonl = loL = 4 mA (MIN.) M1 c1

m BALANCED PROPAGATION DELAYS Micro Package Plastic Chip Carrier
tPLH = tPHL ORDERING NUMBERS:

= WIDE OPERATING VOLTAGE RANGE M54HC7266 F1 M74HC7266 C1
Vce (OPR) = 2V to 6V M74HC7266 BIN M74HC7266 M1

M74HC7266 F1
= PIN AND FUNCTION COMPATIBLE
WITH 54/74L.S7266

PIN CONNECTIONS (top view)

DESCRIPTION \

1 vV,
The M54/74HC7266 is a high speed CMOS QUAD w0 p tec
EXCLUSIVE NOR GATE fabricated in silicon gate 8 E
C2MOS technology. It has the same high speed
performance of LSTTL combined with true CMOS v ]

low power consumption.

Input and output buffers ensure high noise immu-
nity and stable outputs.

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

2 Pox
5}

=1 e - [
e Te) 8J
w W
» @ <

INPUT AND OUTPUT EQUIVALENT CIRCUIT

LA
NC
&Y
NC
3y

INPUT

5-17048

NC=
No Internal
Connection

October 1988 1/4
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M54/74HC7266

LOGIC DIAGRAM

o >0
S-70483

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \
" DC Input Voltage —0.5to Voc+0.5 \
Vo DC Output Voltage -0.5to Vgc+0.5 v
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or IgND DC Vg or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mwW
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW:=65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 2t06 \
\ Input Voltage 0to Vg Vv
Vo Output Voltage 0 to Vg \
. 74HC Series - 40to 85
Ta Operating Temperature 54HC Series _5510 125 °C
2V 0 to 1000
t, t¢ Input Rise and Fall Time Vece § 4.5V 0to 500 ns
6 V 0to 400
24 Lyy SGS-THOMSON
Y/, MICROELECTRONICS
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M54/74HC7266

DC SPECIFICATIONS

Ta=25°C —40t0 85°C |-55t0125°C
Symbol Parameter Vcc| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH | High Level Input | 2.0 1.5 - — (15 — (15 —
Voltage 4.5 315 | — — |315 — |815 | — \
6.0 4.2 — — | 42 — | 42 —
ViL | Low Level Input | 2.0 — — |05 — |05 — |05
Voltage 4.5 — — |13 | — |13 | — | 135 | V
6.0 - — 1.8 — 1.8 — 1.8
Vou | High Level Output| 2.0 |1 lo 19 {20 | — |19 | — |19 | —
Voltage 45 | VI —20 pA 4.4 4.5 — | 44 — | 44 — v
6.0 | or 59 |60 — | 59 — |59 —
45| ViL | -40mA [4.18 [ 431 | — [413 ]| — [410]| —
6.0 -52mA | 5.68 | 58 — | 563| — |560| —
VoL | Low Level Output | 2.0 — 0o |01 — | o1 — Jo1
Voltage 45| Vi 20 pA - 0 |01 — |01 — | o1 v
6.0 or — 0 0.1 — | 0.1 — | 0.1
a5 | Vi 4.0 mA — 017|026 | — |033| — |o040
6.0 5.2 mA — (018|026 | — |033| — |040
] Input Leakage 6.0 | V;=Vgc or GND - — | £0.1]| — +1 — +=1 | pA
Current
Icc | Quiescent Supply | 6.0 | V;=Vgg or GND - — 1 - 10 — 20 | pA
Current
AC ELECTRICAL CHARACTERISTICS (Voo =5V, Ta=25°C, C=15pF, Input t;=t;=6ns)
54HC and 74HC
Symbol Pa t it
ym rameter Min. Typ. Max. Un
trLH Output Transition Time 4 8 ns
rHL
tPLH Propagation Delay Time 12 19 ns
tPHL
3/4
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M54/74HC7266

AC ELECTRICAL CHARACTERISTICS (C| =50pF, Input t; =t;=6ns)

Ta=25°C —40t0 85°C [-55t0125°C
Symbol Parameter Vec | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
triy | Output 2.0 —| 22| 75| —| 80| —| 110
TtHL | Transition 4.5 — 8 15 - 18 — 22 | ns
Time 6.0 — 7 13 — 16 — 19
tpLH | Propagation Delay| 2.0 —_ 52| 115 — | 145 —| 173
tpyL | Time 4.5 — 13 23 — 29 - 35| ns
6.0 — 11 20 — 25 — 29
Cin, | Input Capacitance - 5 10 —_ 10 —_ — | PF
Cpp (*) | Power Dissipation — 34 — — — — — | pF
Capacitance

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load. (Refer to Test Circuit)
Average operating current can be obtained by the following equation. Iccopr)=Cpp*Vec fin+lcc/4 (per Gate).

SWITCHING CHARACTERISTICS TEST CIRCUIT

6ns 6ns
e
v
— o VcC 507 cc
sw ViN 50,
) 10*/s \L____ GND
-Eo trin tTHL
! v
30 OH
Your 50
(SW =GND) *
PG. 10% S
50 L CL - tPLH - tPHL
I Vout
507
5-10219 /1 (SW = Vee) v
oL
J tPHL tPLH

TEST CIRCUIT Icc (Opr.)

PG.

S$-10221

INPUT WAVEFORM IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST.

414 L7, SGS-THOMSON
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M54/74HC7292
M54/74HC7294

PROGRAMMABLE DIVIDER/TIMER

= LOW POWER DISSIPATION
Icc = 4 pA (MAX)) at Tp = 25°C

m HIGH NOISE IMMUNITY
VNIH=VNIL=28% Vcc (MIN.)

= OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

s SYMMETRICAL OUTPUT IMPEDANCE
lloH| = loL=4 mA (MIN.)

u BALANCED PROPAGATION DELAYS
tpLH = tPHL

m WIDE OPERATING VOLTAGE RANGE
Vce (OPR)= 2V to 6V

= PIN AND FUNCTION COMPATIBLE
WITH 54/74LS292/294

DESCRIPTION

The 54/74HC7292 and 54/74HC7294 are high
speed CMOS PROGRAMMABLE DIVIDER/TIMER
fabricated with silicon C2MOS technology.

They achieve the high speed operation similar to
equivalent LSTTL while maintaining the CMOS low
power dissipation.

These devices are programmable frequency divi-
der. Both types have two clock inputs, either one

16

1
B1N
Plastic Package

F1
Ceramic Frit Seal Package

- et

C1
Micro Package Plastic Chip Carrier
ORDERING NUMBERS:

M54HCXXXX F1 M74HCXXXX C1
M74HCXXXX B1N M74HCXXXX M1
M74HCXXXX F1

Note: HC7292 and HC7294 all have outputs ‘“Totem pole”

TRUTH TABLE

may be used for clock gating. (See the function ta- CLEAR | CLOCK1 | CLOCK2 | @ OUTPUT MODE
ble). The HC7292 can divide from 22 to 231, and
the HC7294 can divide from 22 to 215. Both types L X X CLEARED TO L
feature an active-low clear input to initialize the sta- H L
te of all flip-flops. To facilitate incoming inspection, UP COUNT
test points are provided. (TP1, TP2 and TP3 on the H L
HC7292 and TP on the HC7294). All inputs are H H X
equipped with protection circuits against static di- NO CHANGE
scharge and transient excess voltage. H X H
PIN CONNECTION (top view)
—\/ \

o [ g e o O 3 e

A E EI C E E El C

v [ 2 o LCI gl D

ek [4 b ne ekt [ b te3

HC7292 HC7294

CLK2 E B NC CLK2 E a NC

ne [ [ TR w2 o] )] TR

a [ g N a [] d A

ono [of Bl e 6no [ Bl ne

October 1988
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M54/74HC7292/7294

CHIP CARRIER
TP [»] mw o]
CLK1 ™3 CLK? NC
NC HC7292 Ne NC HC7294 Ne
cLK2 NC CLK2 NC
P2 CR NC ClR
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -05t07 v
\'/ DC Input Voltage —-0.5to Vgc+0.5 \
Vo DC Output Voltage —0.5to Vgc+0.5 v
ik DC Input Diode Current + 20 mA
lok DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
Icc or IgND DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mwW
Tstg Storage Temperature —-65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.
(*) 500 mW: = 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Limit Unit
Vee Supply Voltage 2to 6 v
\] Input Voltage 0 to Vge \
Vo Output Voltage 0to Veo \"
. 74HC Series -40to 85
Ta Operating Temperature 54HC Series _5510 125 °C
2V 0 to 1000
t, Input Rise and Fall Time Vec §45V| . Oto 500 ns
6 V 0to 400
29 ;N7 SGS-TH N
Y/, Mﬂ@@E[LIEgT(CS

860



-sas Iy

73
o

i

T
1

»
~

|

T
»
&
v
~

SIINOCYLIZTIOYIIW

T
"] 7
S -
73 gl
o ol

s7
L 58
58
M 59 _
i 5
S0
510

e

9

[

g

2
2

S13

9
@

Sl4

198
6/€

S

B

ol
o
ol

S10

™

S6

(262£,0H) WVHDVIA 21901

V62L/T6CLOHVL/VYSN



M54/74HC7292/7294

LOGIC DIAGRAM (HC7294)

$-10153

11

CK1
CK2
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M54/74HC7292/7294

FUNCTION TABLE (HC7292)

PROGRAMMING FREQUENCY DIVISION
INPUTS Q TP TP2 TP3
E D C B A|[BINARY DECIMAL | BINARY DECIMAL | BINARY DECIMAL | BINARY DECIMAL
L L L L L|Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit
L L L L H]|inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit
L L L HLJ2 4|29 512 | 217 131,072 | 224 16,777,216
L L L HH|28 8|29 512 | 217 131,072 | 224 16,777,216
L L HL L|2¢ 16 | 29 512 | 217 131,072 | 224 16,777,216
L L HL H|25 32|29 512 | 217 131,072 | 224 16,777,216
L L HHL|2 64 | 29 512 | 217 131,072 | 224 16,777,216
L LHHH|2Z 128 | 29 512 | 217 131,072 | 224 16,777,216
L HL L L|28 256 | 29 512 | 217 131,072 | 22 4
L HL L H2 512 | 29 512 | 217 131,072 | 22 4
L HLHL|20 1,024 | 29 512 | 217 131,072 | 24 16
L HLHH|2M 2,048 | 29 512 | 217 131,072 | 22 16
L HHL L|22 4,096 | 29 512 | 217 131,072 | 26 64
L HH L H|21 8,192 | 29 512 | 217 131,072 | 26 64
L HHHL|[2¢4 16,384 | 29 512 | Disabled Low 28 256
L HHHH[29 32,768 | 29 512 | Disabled Low 28 256
H L L L L|2 65,536 | 29 512 | 28 8 | 210 1,024
H L L L H|217 131,072 | 29 512 | 23 8 210 1,024
H L L H L|[218 262,144 | 29 512 | 25 32 | 212 4,096
H L L HH|219 524,288 | 29 512 | 25 32 [ 212 4,096
H L H L L|22 1,048,576 | 29 512 | 27 128 | 214 16,384
H L H L H|22 2,097,152 | 29 512 | 27 128 | 214 16,384
H L HH L2 4,194,304 | Disabled Low 29 512 | 216 65,536
H L HH H|28 8,388,608 | Disabled Low 29 512 | 216 65,536
HH L L L|224 16,777,216 | 23 8| 2N 2,048 | 218 262,144
HHL L H[25 33,554,432 | 28 8|21 2,048 | 218 262,144
H H L H L|22 67,108,864 | 25 32 | 213 8,192 | 220 1,048,576
H H L H H|2 134,217,728 | 25 32|21 8,192 | 220 1,048,576
HHH L L2 268,435,456 | 27 128 | 215 32,768 | 222 4,194,304
HHH L H|29 536,870,912 | 27 128 | 215 32,768 | 222 4,194,304
H H H H L|2% 1,073,741,824 | 2° 512 [ 217 131,072 | 224 16,777,216
H H H H H|[281 2,147,483,648 | 2° 512 | 217 131,072 | 224 16,777,216
Lyy SGS-THOMSON 5/9
Y/, HICROELECTRONICS
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M54/74HC7292/7294

FUNCTION TABLE (HC7294)

PROGRAMMING FREQUENCY DIVISION
INPUTS Q ™

D c B A BINARY DECIMAL BINARY DECIMAL
L L L L Inhibit Inhibit Inhibit Inhibit
L L L H Inhibit Inhibit Inhibit Inhibit
L L H L 22 4 29 512
L L H H 23 8 29 512
L H L L 24 16 29 512
L H L H 25 32 29 512
L H H L 26 64 29 512
L H H H 27 128 Disabled Low
H L L L 28 256 22 4
H L L H 29 512 23 8
H L H L 210 1,024 24 16
H L H H on 2,048 25 32
H H L L 212 4,096 26 64
H H L H 213 8,192 27 128
H H H L 214 16,384 28 256
H H H H 215 32,768 29 512

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT —— -

6/9
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M54/74HC7292/7294

DC ELECTRICAL CHARACTERISTICS

Ta=25°C —40to0 85°C |- 55t0125°C
Symbol Parameter Vee | Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Vi | High Level Input | 2.0 15 — — |15 — |15 —
Voltage 4.5 3.15 . — | 3.15 - 3.15 - \"
6.0 4.2 —_ - 4.2 4.2 —
ViL Low Level Input | 2.0 — — | 05 — | 05 — |05
Voltage 4.5 — — 1.35 - 1.35 — 135 | V
6.0 —_ —_ 1.8 - 1.8 —_ 18
. vi lo
Von [ High Level Output| 2.0 19 |20 — [ 19 — | 1.9 —
Voltage 45| Vi —20 4A 4.4 4.5 — 144 — | 44 — v
6.0 or 5.9 6.0 — 5.9 —_ 5.9 —
45| ViL | -40mA [418 431 | — [413]| — [410]| —
6.0 -52mA | 5.68 | 5.8 — | 563 — |560| —
VoL | Low Level Output | 2.0 — 100 |oO.1 — |01 — |01
Voltage 45| Viy 20 pA — 100 |01 — |01 — |01 \"
6.0 | or — 0.0 | 0.1 — 0.1 — | 0.4
45| Vi 4.0 mA — |017|026| — |033| — | o040
6.0 5.2 mA — 0.18 | 0.26 —_ 0.33 - 0.40
I Input Leakage 6.0 | V|=Vgc or GND — — [+01| — | £10| — [£1.0| pA
Current
Icc | Quiescent Supply | 6.0 | V;=Vcc or GND — — 4 — 40 — 80 | uA
Current
AC ELECTRICAL CHARACTERISTICS (Voo =5V, TAo=25°C, C =15pF, Input t;=t;=6ns)
54HC and 74HC
Symbol Parameter Unit
ym Min. Typ. Max. n
trLH Output Transition Time 4 8 ns
tTHL Q OUTPUT
trLH Output Transition Time
tra. | TP OUTPUTS 2 45 ns
tPLH Propagation Delay Time HC7292 58 89 n
tPHL (CK-Q) HC7294 53 81 S
tPHL Propagation Delay Time HC7292 49 75 ns
(CLEAR-Q) HC7294 45 69
fmax Maximum Clock HC7292 28 56 MHz
Frequency HC7294 35 61
L3y SGS-THOMSON L
Y/. HiCROELECTROMICS
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M54/74

HC7292/7294

AC ELECTRICAL CHARACTERISTICS (C| = 50pF, Input t; =t;=6ns)

Ta = 25°C —40to 85°C |- 55t0125°C
Symbol Parameter [Vcc| Test Condition 54HC and 74HC 74HC 54HC | ynit
Min. | Typ. | Max. | Min. { Max. | Min. | Max.
trLH | Output Transition | 2.0 — 30 75 — 95 110
trHL | Time 4.5 - 8 15 — 19 22 | ns
Q OUTPUT 6.0 - 7| 18| — | 16 19
truH | Output Transition | 2.0 — 132 | 265 | — | 320 385
trHe | Time 4.5 —_ 33 51 — 64 77 | ns
TP OUTPUT 6.0 — 28 43 | — 55 65
tpLn | Propagation Delay| 2.0 | B="H" — [ 264 | 500 | — | 635 750
tpyL | Time 45 — 66 | 100 | — | 127 150 | ns
(CK-Q)* 6.0 | A=C=D=E="L" — 56 8 | — | 110 127
tpLH | Propagation Delay| 2.0 | B="H" - 236 | 455 - 571 676
tpyL | Time 45 — 59 | 91 | — | 115 136 | ns
(CK-Q)** 6.0 | A=C=D=E="L" — 50 77 — 100 115
tpHL | Propagation Delay| 2.0 — 224 | 425 — 535 640
Time 4.5 — 56 85 — 107 128 | ns
(CLR-Q)* 6.0 —_ 48 73 - 92 109
tpHL | Propagation Delay| 2.0 — | 204 | 390 | — | 490 585
Time 4.5 — 51 78 — 98 117 | ns
(CLR-Q)** 6.0 — 43 67 | — 84 99
fmax | Maximum Clock | 2.0 5 18 | — 4 — 34 —
Frequency* 4.5 25 51 — 20 — 17 — |MHz
6.0 29 60 | — 24 —_ 20 -
fmax | Maximum Clock | 2.0 6 14 | — 5 — 4.2 —
Frequency** 45 32 55 — 26 — 21 — |MHz
6.0 38 65 | — 31 — 25 —
tW(H) Minimum Pulse 2.0 —_ 36 100 —_ 125 150
tw) Width CK) 4.5 — 9 20 - 25 30 | ns
6.0 - 8 17 | — 21 26
twy | Minimum Pulse 2.0 — 60 | 150 | — 190 225
Width CLEAR* 4.5 — 15 30 —_ 38 45 | ns
6.0 — 13 26 | — 33 38
twy | Minimum Pulse 2.0 — 72 | 175 — 220 265
Width CLEAR** | 45 — 18 3% | — 44 53 | ns
6.0 — 15 30 | — 37 45
trem | Minimum 2.0 — —_ 25 — 30 - 40
Removal Time 4.5 — — 5 — 6 — 8 | ns
CLEAR 6.0 - - 5 — 6| — 7
CiN Input Capacitance — 5 10 — 10 10 | pF
Cpp (%) Power_Dissipation M54/74HC7292 — 22 — — —_ F
Capacitance M54/74HC7204 | — | 23 | — | — | — P

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load.

Average operating current can be obtained by the following equation: lccopry= Cpp - Vee - fin+lcc

*  M54/74HC7292
** M54/74HC7294

8/9
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M54/74HC7292/7294

SWITCHING CHARACTERISTICS TEST WAVEFORM

CLOCK
QTP
6ns 6ns
je— —
CLEAR 90% Vee
e
GND
Vee
50%
CLock [IY A
- tREM
a.1p === Vor
50% /
S VoL
tPHL 5-10156
TEST CIRCUIT I (Opr.)
HC792 HC794
é é
v, v
8 cC 8 CC
CLR Q b—— CLR
O—————cx1 HnO- CK1
CK2 L3N e CK2 apb—
A A
C P2 [« wF—
D 3}
E TP3 E
GND GND
5-1054 | S -1085
-L -
INPUT TRANSITION TIME IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST

&3y, S5S-THOMSON 9/9
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(N7 SGS-THOMSON M54/74HC40102
Y/, HCROELECTRONIGS M54/74HC40103

8 STAGE PRESETTABLE SYNCHRONOUS DOWN COUNTERS

= HIGH SPEED
fMAX = 34 MHz (Typ) at Vg =5V

= LOW POWER DISSIPATION
Icc = 4 wA (MAX,) at T = 25°C

= HIGH NOISE IMMUNITY [
VNIH = VNIL=28% Vg (MIN.)

BIN F1

s OUTPUT DRIVE CAPABILITY Plastic Package Ceramic Frit Seal Package
10 LSTTL LOADS - -

s SYMMETRICAL OUTPUT IMPEDANCE W @
|loH| = loL=4 mA (MIN.) M1 c1

u BALANCED PROPAGATION DELAYS Micro Package Plastic Chip Carrier
tPLH = tPHL M c ORDERING NUMBERS:

= WIDE OPERATING VOLTAGE RANGE 54HCXXXX F1 M74HCXXXX C1
VCC (OPH)= 2V to 6V m;::gxxxx E;N M74HCXXXX M1

= PIN AND FUNCTION COMPATIBLE
WITH 40102B/40103B

PIN CONNECTION (top view)

DESCRIPTION ~

cLock 1] ] vec
The M54/74HC40102/40103 are high speed CMOS o
8-STAGE PRESETTABLE SYNCHRONOUS &ERR [ | e
DOWN COUNTERS fabricated with silicon gate e [ [ s
C2MOS technology. They achieve the high speed
operation similar to equivalent LSTTL while main- s[4 o7
taining the CMOS low power dissipation.
The HC40102, and HC40103 consist of an 8-stage a f I
synchronous down counter with a single output 2 [ [ s
which is active when the internal count is zero. The
HC40102 is configured as two cascaded 4-bit BCD R0 b J4
counters, and the HC40103 contains a single 8-bit
binary counter. Each type has control inputs for oo [ Pl e

enabling or disabling the clock, for clearing the e
counter to its maximum count, and for presetting
the counter either synchronously or asynchronou-
sly. All control inputs and the CARRY-OUT/ZERO-
DETECT output are active-low logic. In normal ope-
ration, the counter is decremented by one count

CLOCK

CLEAR

cvZD

on each positive transition of the CLOCK. Coun- ci/ce

ting is inhibited when the CARRY-IN/COUNTER o 7
ENABLE (CI/CE) input_is _high. The CARRY- NC 'J‘Z
OUT/ZERO-DETECT (CO/ZD) output goes low o

J2 JS

when the count reaches zero if the CI/CE input is
low, and remains low for one full clock period.
When the SYNCHRONOUS PRESET-ENABLE
(SPE) input is low, data at the J input is clocked NC =

into the counter on the next positive clock transi- g° '"'9"!‘3'
tion regardless of the state of the CI/CE input. onnection

< 1336

J3
6ND
NC
APE
Ja

October 1988 110
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M54/74HC40102/40103

DESCRIPTION (Continued)

When the ASYNCHRONOUS PRESET-ENABLE
(APE) input is low, data at the J inputs is asynchro-
nously forced into the counter regardless of the sta-
te of the SPE, CI/CE, or CLOCK inputs. J Inputs
JO0-J7 represent two 4-bit BCD words for the
HC40102 and a single 8-bit binary word for the
HC40103. When the CLEAR (CLR input is low, the
counter is asynchronously cleared to its maximum
count (9940for the HC40102 and 255, for the
HC40103 regardless of the state of any other input.

TRUTH TABLE

The precedence relationship between control in-
put is indicated in the truth table. If all control in-
puts are high at the time of zero count, the counters
will jump to the maximum count, giving a counting
sequence of 100 or 256 clock pulses long. The
HC40102 and HC40103 may be cascaded using
the CI/CE input and the CO/ZD output, in either
a synchronous or ripple mode. All inputs are equip-
ped with protection circuits against static dischar-
ge and transient excess voltage.

CONTROL INPUTS

il MODE FUNCTIONAL DESCRIPTION
CLEAR | APE | SPE | CIlCE
H [ COUNT INHIBIT EVEN IF CLOCK IS GIVEN, NO COUNT IS MADE.
REGULAR COUNT DOWN COUNT AT RISING EDGE OF CLOCK.

X | SYNCHRONOUS PRESET | DATA OF PI TERMINAL IS PRESET AT RISING EDGE OF CLOCK

r|lxT|]xT|x

H
H L
L
X

X | ASYNCHRONOUS PRESET | DATA OF PI TERMINAL IS ASYNCHRONOUSLY PRESET TO CLOCK

CLEAR

COUNTER IS SET TO MAXIMUM COUNT.

H

H

H

H

L X X X
X. DO

N'T CARE — MAXIMUM COUNT: 99" FOR HC40102 AND *255” FOR HC40103

LOGIC DIAGRAM (HC40102)

<t
<t

:

2 W 8
~t§
E
3

o)
ol
ol

FF2

2
2o
Se

TOFFO-7

g
v
h

2110

870

IYI_ %féggvmz@n@'g




M54/74HC40102/40103

LOGIC DIAGRAM (HC40103)

Jo

Sl
S

TIMING CHART

cLock

CLEAR

N
3
5
C
C
5
C
':I
C
C
"
5
EI
'j

ClICE N

sPe U

J0

3

J2

J3

J4

J5

J6

37

B I N R N

€0/20

(HC 40102 ) 99 | 98 3 2 1 0 99 98 97 6 5 4 3 99 98 97
NUMBER OF COUNT

( HC 40103) 255 |254 3 2 1 0 255 254 253 6 S 4 3 255

254 | 283

S-10260

(37, SGS-THOMSON 3/10
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M54/74HC40102/40103

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage -05t07 v
Vi DC Input Voltage —-0.5t0 Vgc+0.5 \
Vo DC Output Voltage -0.5t0 Vgc+0.5 v

ik DC Input Diode Current + 20 mA

lok DC Output Diode Current + 20 mA

lo DC Output Source Sink Current Per Output Pin + 25 mA

Icc or IgnD DC V¢ or Ground Current + 50 mA
Pp Power Dissipation 500 (*) mw
Tstg Storage Temperature —65 to 150 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation un-
der these condition is not implied.

(*) 500 mW:= 65°C derate to 300 mW by 10 mW/°C: 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vece Supply Voltage 2t0 6 \
\'/ Input Voltage 0 to Vge \"
Vo Output Voltage 0to Vee v
. 74HC Series -40to 85 o
Ta Operating Temperature 54HC Series _5510 125 C
2V 0 to 1000
t 4 Input Rise and Fall Time Vce § 4.5V 0to 500 ns
6 V 0to 400

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT — -

4/10
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M54/74HC40102/40103

DC ELECTRICAL CHARACTERISTICS

Ta=25°C —401t0 85°C |-55t0125°C
Symbol Parameter Vec| Test Condition 54HC and 74HC 74HC 54HC Unit
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Viy | High Level Input | 2.0 1.5 — — [ 15 — [ 15 —
Voltage 4.5 3.15 — —_ 3.15 —_ 3.15 — \
6.0 4.2 - — |42 — |42 —
ViL Low Level Input | 2.0 - — |05 — |05 — |05
Voltage 4.5 — — 136 | — 136 | — 13 | V
6.0 -_ - 1.8 - 1.8 - 1.8
) Vi lo
VoH | High Level Output| 2.0 19 |20 — |19 — |19 —
Voltage 45| Vi -204A (44 |45 | — |44 | — |44 | — | V
6.0 or 5.9 6.0 — |59 — | 569 —
45| Vi | -40mA [418 [431 | — |413| — [410| —
6.0 -52mA | 568 |58 — | 563| — |5.60 -
VoL | Low Level Output | 2.0 / — 0.0 0.1 - 0.1 — |01
Voltage 45| V4 20 pA — |00 |01 — |01 — 101 v
6.0 or . — 0.0 | 01 — 101 — 101
45 | ViL 4.0 mA — |017 026 | — (033 — |o0.40
6.0 5.2 mA — |0.18 | 0.26 | — 0.33 — | 0.40
N Input Leakage 6.0 | V)=Vcc or GND - — |01 | — [£1.0] — [x1.0] pA
Current
lcc | Quiescent Supply | 6.0 | V|=Vgc or GND — - 4 - 40 - 80 | uA
Current

AC ELECTRICAL CHARACTERISTICS (Vcc =5V, TA=25°C, C_ = 15pF, Input t,=t;=6ns)

54HC and 74HC
Symbol Parameter Min Typ Max Unit

trLH Output Transition Time 4 8 ns
tTHL
tPLH Propagation Delay Time
tPHL CK-COIZO 27 42 ns
tPHL Propagation Delay Time

(APE-COVZD) 34 53 ns
tPHL Propagation Delay Time

(CL-COmZD) 27 42 ns
tPHL Propagation Delay Time

(CIICELCOIZ0) " 18 ns
fMAX Maximum Clock Frequency 22 34 MHz

Ly7 SGS-THOMSON 510
Y/. HICROELECTRONICS
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M54/74HC40102/40103

AC ELECTRICAL CHARACTERISTICS (C| =50pF, Input t;=t;=6ns)

Ta = 25°C —40t0 85°C (- 55t0125°C
Symbol |  Parameter [Vcc| Test Condition 54HC and 74HC 74HC 54HC  |ynit
Min. | Typ. | Max. | Min. | Max. [ Min. | Max.
tru | Output Transition | 2.0 — 30 7% | — 95 110
trye | Time 45 — 8 15 | — 19 22 | ns
6.0 — 7 13 | — 16 19
tpy | Propagation Delay| 2.0 — 128 | 245 — 305 | 370
tpHL | Time 4.5 — 32 49 | — 61 74 | ns
(CLOCK - CO/ZD) | 6.0 — 27 42 | — 52 63
tpuH | Propagation Delay| 2.0 —_ 156 | 300 | — | 380 450
tpo [Time 4.5 — 39 60 — 76 90 | ns
(APE - CO/ZD) 6.0 — 33 52 | — 66 76
tpH | Propagation Delay| 2.0 - 124 | 240 —_ 300 360
Time 4.5 — 31 48 | — 60 72 | ns
(CL - CO/ZD) 6.0 — 27 41 — 51 61
tpLH | Propagation Delay| 2.0 - 56 | 115 | — 145 175
tpu | Time 4.5 — 14 23 - 29 35 | ns
(CIICE - CO/ZO) | 6.0 - 12 20 | — 25 30
fmax | Maximum Clock | 2.0 4 8| — 3.2 - 2.6 —
Frequency 4.5 20 31 — 16 — 13 — |[MHz
6.0 24 36 | — 18 - 15 —
twy | Minimum Pulse 2.0 - 30 7% | — 95 110
tw | Width 45 — 8 15 | — 19 22 | ns
(CLOCK) 6.0 — 7 13 | — 16 19
tw | Minimum Pulse 2.0 — 30 7% | — 95 110
Width 4.5 — 8 15 | — 19 22 | ns
(CL, APE) 6.0 — 7 13| — 16 19
ts Minimum 2.0 — 30 7% | — 95 110
Set-up Time 4.5 — 7 15 — 19 22 | ns
(SPE - CK) 6.0 — 6 13 | — 16 19
ts Minimum 2.0 - 56 | 1256 | — 155 | — 190
Set-up Time 4.5 — 14 25 — 31 - 38 | ns
(CIICE - CK) 6.0 — 12 21 — 26 | — 32
ts Minimum 2.0 — 30 7% | — 95 [ — | 110
Set up Time 4.5 — 8 15 — 19 — 22 | ns
(JIn-CK) 6.0 — 7 13 | — 16 | — 19
th Minimum Hold 2.0 — — 5| — 5 5
Time 4.5 - —_ 5 -_ 5 5 | ns
(All inputs) 6.0 — — 5| — 5 5
trRem | Minimum Removal| 2.0 — 20 75 — 95 110
Time 4.5 - 5| 15| — 19 22 | ns
(CL - APE) 6.0 — 4 13 | — 16 19
ts Minimum Set-up | 2.0 — 30 7% | — 95 110
Time 4.5 — 8 15 - 19 22 | ns
(Jn APE) 6.0 — 7 13| — 16 19
CiN Input Capacitance — 5 10 — 10 10 | pF
Cpp (*) | Power Dissipation M54/74HC40102 — 110 — — — .
Capacitance M54/74HC40103 | — | 128 | — | — | — P

Note (*) Cpp is defined as the value of the IC’s internal equivalent capacitance which is calculated from the operating
current consumption without load. Average operating current can be obtained by the following equation.
Icc (Opr.)+Cpp+Vee+fin+lcc

6/10 ‘_ SGS-THOMSON
Y/. MICROELECTRONICS
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M54/74HC40102/40103

FUNCTIONAL DESCRIPTION

The HC40102 and HC40103 are 8-stage presetta-
ble synchronous down counters. Carry Out/Zero
Detect (CO/ZD) is output at the ‘L’ level for the
period of 1 bit when the readout becomes ““0”. The
HC40102 adopts binary coded decimal notation,
making setting up to 99 counts possible. While the
HC40103 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 carriers out down count ope-
ration one by one at the rise of pulse given to
CLOCK input. Count operation can be inhibited by
i<settilng Carry Input/Clock Enable CI/CE to the “H”
evel.

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 “‘H”’ 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 HC40102 and 225 for the HC40103) if clock
is given when the readout is ‘‘0”’. Therefore, ope-
ration of 100-frequency division and that of
256-frequency division are carried out for the
HC40102 and HC40103, respectively, when clock
input alone is given without various kinds of pre-
set operation.

Preset operation and reset operation

When Clear (CLEAR) input is set to the ““L" level,
the readout is set to the maximum count indepen-
detly 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 synchronou-
sly with the rise of clock.

As to these operation modes, refer to the truth
table.

S
TE SPE o e
TE ] a a
J o CK R Q —O0aQ
SPE
TR O
$-10259
APE O %
T oo . T EUT _ OI_.ITPUT
CLEAR | APE | SPE | J | TE [cLock| @p+1
TE
. e L X | x | x| x X L
SPE SPE
H L | x |L]|X X L
SPI
€ H oL x [n]x]| x H
Ck O- H H L (L] x| _& L
H HiL|H|Xx]| & H
H H L | X x| Vv Qn
H H H|X| L | & Qp
H H|H|X]|H X Qn
L57, SGS-THOMSON 710
Y/, HICROELECTRONICS

875



M54/74HC40102/40103

SWITCHING CHARACTERISTICS TEST WAVEFORM

WAVEFORM 1 WAVEFORM 2

6ns 6n

6ns 6ns
90% vee . 90% }r———" Vee
cLocK 50% APE Rto-:.
o /] w0t J)

(** F/F output is internal signal of IC)

GND GND
t L
feTHL - tTLH ty(L) ~ tRem
— 90°% - VoH Vcc
co/ 20 50°% Z 50°% CLOCK 50
. B
10% 10 Vor oND
b—tPHL tPLH
$-10258 VOH
€0/20 50° X
VoL
— tpLH-tPHL 5-10254
WAVEFORM 3 WAVEFORM 4
‘6nsh 6ns .Sns éns
90% g Vcc 90% F—— Ve
CLEAR 0% / CIICE sov |
o
10°% 6D 10% oD
W] | teem
Vee —_— VoH
CLOCK 50°% corzo 50%| /so-:.
— GND VoL
-
v tPHL tpLH
PR OH $-10256
€0/ 20 50%
— tpHL $-10255
WAVEFORM 5 WAVEFORM 6
6ns
Vee
SPE "N |son Jn
CIICE 10° .
. GND
6ns
1
Vee
}—F—om —
. APE
CLOCK [1:(.)1 "le CLOCK
- GND
ts
* * * *
F/F OUTPUT F/F OUTPUT X
$-10250 $-10251

8/10
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M54/74HC40102/40103

TEST CIRCUIT Icc (Opr.)

5V
—dCLR
—J APE
L4i0
Co/ZD
PG CK
rC ClICE
500 - JII SPE
1
vl
1 1
-7
$-10252 .

INPUT TRANSITION TIME IS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST

EXAMPLE OF TYPICAL APPLICATION

PROGRAMMABLE DIVIDE-BY-N COUNTER

o forn fin
vee OUT  N41

e Timing chart when N="3"
(JO, J1=V¢c, J2~J7=GND)

Jo APE
CLEAR

COIZDj——»lOUT IN Illlllllllllll

SPE

cLock ————fin fout | | | l

HEEEEEE

R COUNT |o|3|2|1|o|3|2
$-10246
-I--GND e HC40102 . . 1/2 to 1/100 are dividable

5-10245
e HC40103 .... 1/2 to 1/256 are dividable

PARALLEL CARRY CASCADING

CLOCK —— —— —— ——
inHigIT O—JCIICE  CO/ZD CICE  COiZD CICE  COizD QUTPUT

r CcLOCK 1— CLOCK l— CLOCK co
*
CLOCK O . .

S -10247

* 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 HC32 or the like, not from CO output at the rear stage directly.

9/10

‘ SGS-THOMSON
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M54/74HC40102/40103

EXAMPLE OF TYPICAL APPLICATION (Continued)

PROGRAMMABLE TIMER

Vic

ts
CLEAR —l _T‘_
SPE |—4

SET

Corzo

ouTt
APE our
CLOCK

17 CHCE
ﬂ.l.
SET

N
= GND Ie) tw = +

. w= t
$-10248 ( le S)

o
——————-——----5

[ L1l

5-10249

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-1/fyy~the above formula.

10/10 Lyy SGS-THOMSON
Y/, HMICROELECTRONICS
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PACKAGES

14-LEAD PLASTIC DIP

0.5
127 to 2514

14-LEAD CERAMIC DIP

gmax
- el H
i I S o |
™| 025
o T
046) 254
20 1524 895 t0 952
20m POS3-C2
o e i W -
14 8
1 7
16-LEAD PLASTIC DIP
7y
TE]
J_Q &
te 02
05 ]| | 077w 165 |254
12772 1778 85
20ma
POO1-C3
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16-LEAD CERAMIC DIP
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24-LEAD PLASTIC DIP (FOR 24-LEAD CERAMIC DIP CONTACT SGS-THOMSON SALES OFFICE)
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16-LEAD PLASTIC DIP MICROPACKAGE
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- 889 | _58t062 ‘

_98to10

I 10627 "

Anaonnnonan

o
b

381040

uguoouooououo

20-LEAD PLASTIC DIP MICROPACKAGE

o 3
£.3 - 0
N
035-049 [ 2w ‘ g t
navw T T 1065™2 O
13 0Qma
075m

PO13 L2

24-LEAD PLASTIC DIP MICROPACKAGE

24

557 SGS-THOMSON
Y/, HICROEECTRONICS

035-049 ||

5-10703

883



PACKAGES

SURFACE MOUNTED

One solution to the important problem of PCB
minimization, is that of using surface mounted com-
ponents. Integrated circuits in SO (Small Outline)
packages are made up of standard chips mount-
ed in very small plastic packages.

The advantage given by using these devices are:

PCB Reduction

This is by far the most important advantage since
the reduction of PCB size varies from 40% to 60%
in comparison with standard boards.

Assembly cost reduction

SO Devices require no preliminary operation such
as drilling prior to mounting and can therefore be
easily utilized in fully automatic equipment.

Increasing reliability

The following characteristics lead to a higher relia-
bility with respect to the standard packaged coun-
ter parts:

PIN

ﬁ SGS-THOMSON

- Fully automatic mounting

- Reduction in the number of PCB’s and in the
number of interconnections between the boards
(comparing a fixed number of device)

- The high density of components mounted on the
board makes it more stable thermally.

Noise reduction and improved frequency
response

The reduction in length of the bonding wires be-
tween the leads and the silicon guarantees a more
homogeneous propagation delay between the ex-
ternal pins, with respect to the standard type.

Simplified assembly

The tolerance in positioning of SO pzckages on
PCB'’s is less critical than the positioning of stan-
dard DIP packages.

This makes a considerable simplification in as-
sembly.

CONNECTION

ENCAPSULATION

MICROELECTRONICS
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RELIABILITY REPORT

THE PRODUCT TECHNOLOGY

The sharp improvement in performance of the
74HC family, in comparison to the standard 4000B
family, is mainly due to the 1980’s technological
progress, and to a systematic layout philosophy,
high-speed-oriented.
The fabrication process exploits
o dieletric isolation:
for higher density and lower parasitic capaci-
tances (speed)
¢ photolitography scaling down
e tighter doping process control
e silicon gate technology

Even if some of these steps are well known to the
semiconductor industry, their unique combination
into an effective and reliable process is the key to
the 74HC family success.

These circuits are typically employed in profession-
al applications where quality and reliability are a
major feature of the set.

A ““no compromise’’ strategy is adopted at each
stage of production from development to
preproduction, to full production stage; quality and
reliability are always priority targets.

We have envisaged 3 main check points:
1) Project validation at design stage

2) Prototypes qualification

3) Final product qualification

At design stage CAD tools (for simulation and de-
sign rules check) and quality council meeting are
used for continuous monitoring of quality aspects
of the circuits.

Qualification of the prototypes is performed by me-
ans of an agreed and fixed set of tests for reliabili-
ty and product characterisation.

The final outputs are

a) Circuit characterisation manual

b) Circuit qualification report

c) Failure analysis reports (when needed)
See next page for operative data and flow.

Finally product qualification at production stage is

obtained with a set of reliability tests mainly based

upon

d) Accelerated temperature life test

e) High temperature storage

f) Temperature-humidity accelerated conditions

g) High voltage stresses (inputs-outputs protection,
latch-up)

Both circuit and process parameters are monitored.

OXIDE

METAL GATE

METAL

N~ Sub

OXIDE ISOLATION

CMOS Si GATE

5-6908

5-6907

POLY S: GATE

[S7%-

MSON
MICROELECTRONICS
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RELIABILITY REPORT

PRODUCT QUALIFICATION FLOW CHART

Specifications

High Temperature Bias
High Temperature Storage
Temperature-Humidity Bias
Pressure Cooker
Input/Outputs protections

Development
Project
Validation

Prototypes
Preparation

| |

Circuit
. Characterization

Preliminary
Qualification

b l

GO
Same test group as per preliminary qualifi-
cation plus technology parameter drift (thre- /
shold voltages, currents, etc) at extended
time periods, and group B, C, D tests.
Production
Electrical Reliability
Evaluation Test

| |

OK

888
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RELIABILITY REPORT

DOUBLE LAYER GLASS PASSIVATION

SGS-THOMSON HSCMOS family uses a double
layer P-VAPOX and SigN4 passivation that gives
improved protection to die encapsulated in plastic
packages.

PROCESS DESCRIPTION

The process consists of a two layer film of P-Vapox
(phosphorus doped silicon oxide) and SigNg (sili-
con nitride), obtained by two different masking and
etching steps to avoid defects caused by lack of
dielectric integrity.

The process gives good metal step coverage
together with PECVD (Plasma Enhanced Chemi-
cal Vapox Deposition) to avoid cracking near me-
tal edge and possible hillocks defects.

The double layer enable us, by means of an ap-
propriate oversize either at the boundaries of the
die side or at the bonding pad side, to ensure full
sealing of the underlying P-Vapox layer.

This prevents the layer from being exposed to
moisture coming from the package. Thus the prob-
ability of metal corrosion on the bonding pad due
to phosphoric acid is drastically reduced.

As a result the die is provided with a very good hu-
midity immunity.

PROCESS FLOW

(After metal mask)

P-VAPOX DEPOSITION WITH 4%
PHOSPHORUS CONCENTRATION

RV

P-VAPOX MASK AND
PLASMA ETCH

-

SILICON NITRIDE
DEPOSITION

U

SILICON NITRIDE MASK WITH
OVERSIZE ON BONDING
PAD AND DIE BOUNDARIES

557, SESTHOMSON

Fig. 1 - Typical microsection of an HSCMOS device
with nitride passivation.

Fig. 2 - Section along the scribing line of an HSCMOS
device.

Sk HD 14M0

Vapox +
BPSG

ﬁ

B T 1 T B RN

Fig. 3 - Section along the Pad of an HSCMOS device.

Nitride P-Vapox
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RELIABILITY REPORT

RELIABIITY AND FAILURE MECHANISMS

FUNDAMENTALS

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

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

- Failure rate

TIME

5-6909

During the first time period the products are affect-
ed by the so-called ‘‘infant mortality’’ intrinsic to
all semiconductor technologies. End users are very
sensitive to this parameter which causes early oper-
ation failures to their system.

TARGETS

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

The Goal is a steady shift of the limits.

Failure rate \

)\A

\

S- 6910

4

TIME

TESTS

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

890

IS7A %&c&gmmm@'g

In its simplest form the Failure Rate (at a given tem-
perature) is:

FR. =

TR

Number of failures
Number of components
Number of testing hours

N
Where D
H

If we intend to determine the Failure Rate at other
temperatures an acceleration factor must be con-
sidered.

Some tests are accelerated by means of increased
temperature, based on the assumption of the
Arrhenius law:

F.R. = AeEakT) (2

A = Constant

Ea = Activation energy

K = Boltzman’s constant
Ty = Absolute temperature

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

o Eaf1 1

from (2) it is: F(T4, To) EXP[ K (T1 Tz) ] 3
Clearly the choice of an appropriate activation ener-
gy Ea is of paramount relevance.

The different mechanisms which could lead to cir-
cuit failure are characterized by specific activation
energies whose values are published in the rele-
vant literature.

THUS THE CORRECT PROCEDURE IS

ACCELERATED TEST —_j

CALCULATED AT TEST CONDITIONS
AND WITH A CERTAIN CONFIDENCE]
LEVEL

FAILURE ANALYSIS

CALCULATED AT OTHER
CHOICE OF Ea ——— o vior BATURES




RELIABILITY REPORT

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

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

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

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

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

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

B) They are specifically related to the devices
produced by that supplier (and to its technolo-
gy) and in that period of time.

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

D) Field device-application conditions should be
considered.

Main Failure modes and relevant activation energies

Time

Life-Hours

G-5435
[ A
] 7
. MC‘] |evl
10 - = >
A /
/
/ 0.8eV /
10° 1 7
7
J / /
| /AVA
10* 7 =~
J y A
/[ /I
0.5eV,
10° 4 f— 04el. 7
I 17 4 2z
AT
» /'j/ /’/ 03eV
117 7
l// 7
NN/ 9/4-
10’

250 200 175 150 125 100 75

S0 T(C)

FAILURE MODE Ac""”:g",‘) ENERGY ACCELERATING
SURFACE CHARGE 1.0-1.05 HIGH TEMPERATURES BIAS
IONIC CONTAMINATION 10-14 HIGH TEMPERATURE BIAS
DIELECTRIC DEFECTS 03-06 HIGH TEMPERATURE BIAS
ELECTROMIGRATION 05-1.2 HIGH TEMPERATURE BIAS
INTERMETALLIC GROWTH 1.0-1.05 HIGH TEMPERATURE BIAS, STORAGE
METAL CORROSION 03-08 HIGH HUMIDITY BIAS

r SGS-THOMSON
/. MICROELECTRONICS
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RELIABILITY REPORT

WAFER FAB STANDARD PRODUCTION PROCESS FLOW CHART

Key:
100% operation/screening

In-process control (monitor)

Q. A. Gate inspection (sample acceptance)

;‘:‘ Material Inspection

Starting materials are inspected following written
specifications and records are maintained for traceability.

@) Wafer fabrication
Masking, etching, diffusion and metallization processes
produce finished dice in wafer form.

—ﬂ In-process control

Wafers and process environment are inspected
at the main process steps.

S‘D Electrical wafer sort (probing)
Each die is electrically tested and identified
when it doesn’t meet the electrical requirements.

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

002 or. msm%gégrﬁgm@ué



RELIABILITY REPORT

QUALITY INSPECTIONS/MONITORS DURING WAFER FABRICATION
The Table emphasizes the most important fabrication steps with the relevant Quality inspections/moni-

tors performed.

PHOTO LITHOGRAPHY

ETCHING
DOPING BY IMPLANT
(P, As, B)

DOPING BY DIFFUSION
(POCl3, As)

EPITAXIAL GROWTH

METALLIZATION

PASSIVATION

BACK FINISHING

ELECTRICAL
CHARACTERIZATION

WAFER INSPECTION

PROCESS STEPS IN-PROCESS INSPECTIONS/MONITORS
OXIDATION AND — Visual
DIFFUSION — Thickness
— CV plot (Stability of ionic concentration and contamination control)
DEPOSITION: Nitride, — Visual
BPSG, PSG, Poly Si — Thickness

— Doping content

— Mask and wafer cleanliness
— Visual (alignment and focusing accuracy)

— Critical dimensions

— Visual (quality of etching and wafer cleanliness)
— Critical dimensions

— Sheet resistance (dose and implant uniformity)
— Sheet resistance

Thickness
Resistivity
Crystal quality (stacking faults, bumps and others)

Visual

SEM (step coverage and film quality)

Thickness

CV plot (stability of ionic concentration and contamination control)

Thickness

Phosphorus concentration
Passivation integrity
Visual

Watfer thickness
Metal adherence

Threshold voltage
Electrical Characteristics:
eg. GAIN, leakage current, breakdown voltage, resistivity, etc.

— Visual (microscope and/or laser surface inspection system)

‘ SGS-THOMSON
Y/, MICROELECTRONICS
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ASSEMBLY STANDARD PRODUCTION PROCESS FLOW CHART

Key
100% operation/screening
In-process control (monitor)
Q. A. Gate inspection (sample acceptance)
Hermetic Moulded
package package n
Material inspection Moulding and stabilization Gt)
Wafers are separated into bake
individual dice and electrical
rejects are removed —ii Sealing atmosphere
control
Visual screening*
Dice are inspected and —Ea Seal and lid torque
selected at high control
mangification.
Quality inspection 19 Trim & Form and Lead 19
Each dice lot is accepted finish
before assembly (visual
inspection of active surface). 20 Solderability inspection 20
Die attach
Quality control
Daily visual and mechanical —H Internal water-vapor
control (die shear strength). content control
GD Wire bond GD
—EH Quality control 12 o Final bake @
Daily visual and mechanical . i
control (bond strength). L2) Raw line inspection [23]
Gs Precap visual® Q@ (20) Marking and Electrical (29)
Assembled but unsealed Testing
units are individually .
inspected at low and high [25] Group A Inspection 23]
power magnifications. (Finished products)
[14] Quality inspection [14] k] Group B, C and D tests*+ Kl
Each lot is accepted before
sealing to verify compilance -
to precap inspection 2 Packing 2,
specifications.
28 Packing and 28
15 Sealing documentation inspection
Vacuum prebake and high i
temperature final seal \ Shipping Shipping

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

- N
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RELIABILITY REPORT

QUALITY TESTS DURING ASSEMBLY PROCESS

PROCESS
( STEPS I TESTS DESCRIPTIONS
10 QUALITY CONTROL MIL STD 883C Method 2010 cond. B (internal visual) and
(die attach) Method 2019 (die shear strength)
12 QUALITY CONTROL MIL STD 883C Method 2010 cond. B (internal visual) and
(bonding) Method 2011 cond. D (bond strength)
14 QUALITY INSPECTION MIL STD 883C Method 2010 cond. B (internal visual)
(precap)
17 SEALING Moisture content:
ATMOSPHERE < 200 ppm for Ceramic packages
CONTROL
18 SEAL CONTROL Fine Leak:
MIL STD 883C Method 1014 cond. A1
Helium leak detector after pressurization in He for 2 h at 4.2 atm
Limit: 5 « 10— cc/s for ICV* < 0.4 cc
2 .10 cc/s for ICV > 0.4 cc
* ICV = internal cavity volume
Gross Leak
MIL STD 883C Method 1014 cond. C1 (fluorocarbon gross leak)
5 Torr vacuum for 1h followed by pressurization of the devices
immersed in mineral oil at 4.2 atm for 2h, and subsequent immersion
in mineral oil at Ty = 125°C
LID TORQUE Ceramic packages only
CONTROL MIL STD 883C Method 2024
(e.g. > 60 kg « cm for seal area values between 1.41 and 1.73 cm?)
19 TRIM & FORM
AND LEAD FINISH
20 SOLDERABILITY MIL STD 883C Method 2003
INSPECTION Soldering temperature 245 + 5°C for 5 + 0.5 sec. with precondi-
tioning of 1h (1) above boiling distilled water and 5 to 10 sec. in rosin
base flux
21 INTERNAL WATER Dew Point method MIL STD 883C Method 1018 procedure 3
VAPOR CONTENT 5000 ppm max (dew point temperature less than —15°C)
CONTROL Ceramic packages only.
22 FINAL BAKE For SMD only (according to internal specifications)

Lyz, S5S;THOMSON
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QUALITY TESTS DURING ASSEMBLY PROCESS (Cont’d)

PROCESS

28

D TESTS

PACKING AND
DOCUMENTATION
INSPECTION

STEPS TESTS DESCRIPTIONS
23 RAW LINE External Visual
INSPECTION MIL STD 883C Method 2009
Note: at this step some reliability tests (pressure pot, temperature cy-
cling, Ife test etc.) are performed as a monitor, generally on a weekly
basis, to have fast feedback on process behaviour
(Real Time Control Tests)
25 GROUP A See below
INSPECTION
26 GROUPS B, C AND Performed on the product family representative types (by rotation); the

results are extended to all the other devices of the same family
according to the structure similarity concept

Inspection for:

— right quantity

right type

right boxing

right labelling

right documentation
various

(1) This preconditioning is going to be substituted by 8h as per MIL-STD-883 C requirements.
Please consult our sales organization for any further information

GROUP A INSPECTION - PRODUCT GUARANTEES (AQLs)

SUBGROUP PARAMETERS INSP. LEV. AQL
Al Visual and mechanical inspection | 0.04*
A2+ A3 +A4 Cumulative electrical and inoperative mechanical failures ] 0.04

* 0.065 for SMD (Surface Mounted Devices)
- Guaranteed temperature ranges: according to SGS-THOMSON data books.

896

&7 32 THOMEON



RELIABILITY REPORT

GROUPS B, C AND D RELIABILITY TESTS
Every week or every 3 months on raw line material and/or finished products

end-point electrical
parameters

MIL-STD-883 C
TEST LTPD
METHOD CONDITION
SUBGROUP 1
physical dimensions 2016 | Major dimensions according to data sheet 2 devices
(no failure)

SUBGROUP 2 (1)

resistance to solvents 2015 | 1 minute immersion in solvent solution followed by 10 4 devices
strokes with a soft brush (the procedure shall be repeated (no failure)
3 times) solvent solution 2.1a only for moulded packages.

SUBGROUP 3 (1)

solderability (*) 2003 | Soldering temperature 245 + 5°C for 5 + 0.5 sec. with 10
preconditioning of 1 h above boiling distilled water and 5 to
10 sec. in rosin base flux

SUBGROUP 4

steady state/operating 1005 | 1000 h at Ty = 125°C, according to detail specification 5

life test

end-point electrical as specified in the applicable device specification;

parameters measurements at 0, 168, 500, and 1000 h

SUBGROUP 5

(hermetic packages only) 1010 | test condition C (10 cycles T = —65°C to +150°C); 10

temperature cycling 10 minutes at temperature extremes; recovery time max 15
minutes after 1 minute max transfer time

constant acceleration 2001 | test condition E (30000 g) Y1 orientation only (2)

seal 1014

- fine test condition A1

- gross test condition C1 (see step 18 pag. 895)

as specified in the applicable device specification

(*) See note 1 page 896

(1) Performed weekly on finished product
(2) 2000 g for packages, with cavity perimeter of 5 cm or more and/or with a mass of 5 grams or more.

Lyz, S5 THOMSON
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GROUPS B, C AND D RELIABILITY TESTS
Every week or every 3 months on raw line material and/or finished products (continued)

MIL-STD-883 C
TEST 8 LTPD
METHOD CONDITION
SUBGROUP 6 (1)
(moulded packages only)
pressure pot Ta = 121°C, 2 atm, 168 h minimum 10
end-point electrical param. as specified in the applicable device specification
SUBGROUP 7 (1)
(moulded packages only)
HAST (Highly Accelerated - 130°C - 85% RH with bias t = 48 h according to detail 10
Stress Test) specification
end-point electrical param. as specified in the applicable device specification
SUBGROUP 8
(hermetics packages only)
seal 1014
- fine test condition A1
- gross test condition C1 (Se€ step 18 pag. 895)
thermal shock 1011 | test condition B, 60 cycles (To = —55°C to +125°C)
5 minutes at temperature extremes
transfer time < 10 sec.
seal 1014
- fine test condition A1
- gross test condition C1 (see step 18 pag. 895)
end-point electrical as specified in the applicable devide specification
parameters

(1) Performed weekly on finished products
(2) 20000 g for packages, with cavity perimeter of 5 cm or more and/or with a mass of 5 grams or more

&yz, 365, THOMSON
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GROUPS B, C AND D RELIABILITY TESTS
Every 6 months on raw line material and/or finished products

MIL-STD-883 C

vibration, variable
frequency

constant acceleration (1)
seal

- fine

- gross

visual examination

end-point electrical
parameters

2007

2001
1014

the 6 orientations - not operating

test condition A; 20 g - 3 orientations f = 20 to 2000 cps;
four 4 minutes cycles;

48 minutes total - not operating

test condition E (30000 g), Y1 orientation only

test condition A1

test condition C1 (S€€ Step 18 pag. 895)

per visual criteria of Method 1011 or 1010

as specified in the applicable device specification

TEST LTPD
METHOD CONDITION
SUBGROUP 1
lead integrity 2004 | test condition B2 (lead fatigue) 10
- three leads shall be bent, 3 times, simultaneously
for at least 15° permanent bend, returning then to
the original position
seal 1014
(hermetic packages only)
- fine test condition A1
- gross test condition C1 (see step 18 pag. 895)
SUBGROUP 2
(hermetic packages only)
thermal shock 1011 | test condition B; 15 cycles (TA = —55°C to +125°C) 10
5 minutes at temperature extremes
transfer time < 10 sec.
temperature cycling 1010 | test condition C; 100 cycles (T4 = —65°C to +150°C)
10 minutes at temperature extremes; recovery time max 15
minutes after 1 minute max transfer time
moisture resistance 1004 | Lead bend stress initial conditioning followed by 10 cycles
of 24h; Tp = 25°C to 65°C
RH = 80% to 100%
one 3h cycle at T4 = —10°C
seal 1014
- fine test condition A1
- gross test condition C1 (see step 18 pag. 895)
visual examination per visual criteria of method 1004 and 1010
end-point electrical as specified in the applicable device specification
parameters
SUBGROUP 3
(hermetic packages only)
mechanical shock 2002 | test condition B; 1500 g - 0.5 msec. - 5 blows in each of 10

£ SGS-THOMSON
Y/, MiCROELECTRONICS

899



RELIABILITY REPORT

GROUPS B, C AND D RELIABILITY TESTS
Every 6 months on raw line material and/or finished products (continued)

MIL-STD-883 C
TEST LTPD
METHOD CONDITION
SUBGROUP 4
salt atmosphere 1009 | test condition A; 10 to 50 gr of NaCl per square meter per |10
day for 24 h at Ta = 35°C
seal 1014
(hermetic packages only)
- fine test condition A1
- gross test condition C1  (See step 18 pag. 895)
visual examination per visual criteria of method 1009
SUBGROUP 5
(moulded packages only)
temperature cycling 1010 | test condition C; 100 cycles (To = —65 to + 150°C) 5
10 minutes at temperature extremes; recovery time max 15
minutes after 1 minute max transfer time
visual examination per visual criteria of Method 1010
end-point electrical as specified in the applicable device specification
parameters
SUBGROUP 6
(moulded packages only)
humidity test CECC | 85°C/85% RH with bias, t = 1000 h 5
90000 | according to detail specification
end-point electrical as specified in the applicable device specification;
parameters measurements at 0, 168, 500 and 1000 h
SUBGROUP 7 3 devices
(hermetic packages only) 0 failures
or
internal water-vapor content] 1018 | dew point method-procedure 3 (5000 ppm max) 5 devices
1 failure
2
SUBGROUP 8
(ceramic packages only)
lid torque (3) 2024 | (see step 18 pag. 895) 10

1) 20000 g for packages with cavity perimeter of 56 cm or more and/or mass of 5 grams or more.

2) Test three devices if one fails test two additional devices with no failure.

3) Lid torque test shall apply only to packages which use a glass-frit seal to lead frame, lead or package body
(i.e. wherever frit seal establishes hermeticity or package integrity)

900

Ly7, S5, THOMSON




RELIABILITY REPORT

HSCMOS - RESULT SUMMARY

PLASTIC CERAMIC S.0. PACKAGE
TEST CONDITION 1987 1H 88 1987 1H 88 1987 1H 88
SS REJ|SS REJ |(SS REJ|SS REJ|SS REJ|SS REJ
HIGH TEMPERATURE 1000 hrs | 3790 2 |1170 1 | 660 0 | 390 0510 0 | 648 0
BIAS 2000 hrs (3790 4| 660 1 |660 0| 240 0 {510 0|216 0
TEMPERATURE 1000 hrs | 2690 11146 O 480 0| 594 0
HUMIDITY BIAS 2000 hrs 12690 2| 660 O 480 0| 180 0
PRESSURE COOKER 168 hrs | 4090 2 |825 0 2100 1810 0
336 hrs | 1260 3 | 550 0 880 1400 0
THERMAL SHOCKS 200 cyc 450 O | 550 O (360 180 0
THERMAL CYCLES 200cyc | 1100 0| 725 0O | 360 0180 0| 550 0660 0
1000 cyc 120 0| 210 © 60 0 230 0
MECHANICAL SEQUENCE 330 0120 0
RESISTANCE TO SOLVENT 450 0 275 O 88 0| 60 0| 375 0225 0
SOLDERABILITY 325 275 180 0| 60 0| 375 1225 1
LEAD INTEGRITY 325 0] 375 0165 0 [ 100 0

FAILURE RATE EVALUATION

FAILURE RATE AT 60% CONFIDENCE LEVEL
PACKAGE DEVIA"\I::.O:IZ;(OI;OURS FAIL LAMBDA (9 FIT =
POINT ESTIMATE 70°C 55°C 40°C
PLASTIC 8,90 x 106 5 0.071 27.5 9.4 29
CERAMIC 1,75x 108 0 0.047 18.3 6.2 1.9
S.0. PACKAGE 1.88x 106 0 0.049 19.0 6.5 2.0

* Lambda (X)= % of failures on 1000 hours of operation
** FIT = Failure in Time. Number of failures on 109 Hours of operation
The activation energy, from analisys, was choosen 0.7 eV based on our tests results : the failure rate at lower operating
temperature can be estrapolated by the Arrhenius plot.

The actual junction temperature should be used; it can be computed using the relationship

Where Tj
Ta
OuA
P

junction temperature
ambient temperature
junction to ambient thermal resistance (typically 100 °C/watt for a 16 pin DIP)
power actual consumption

Tj =

£ -THOMSON
Y/, HICROELECTRONICS

Ta = (P x ©un)
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RELIABILITY REPORT

ELECTROSTATIC DISCHARGE PROTECTION

Electronic components have to be protected from
the hazard of static electricity, from the manufac-
turing stage down to where they are utilized.
MOS devices are typically voltage and electrical
field sensitive; the thin oxide layers can be des-
troyed by an electric field.

GATE

Pibba’

OXIDE LAYER
L 5 =

S S

This happens mostly because a charged conduc-
tor, typically a person, is rapidly discharged through
the device.

There will be no net charge on any portion of the
MOS structure; when the induced high field ex-
ceeds the breakdown voltage of the MOS capaci-
tor structure we may have a self-healing
breakdown, degradation or catastrophic failure.
The failure hazard is not limited to the gate region
but it could occur wherever two conductive areas
are separated by a thin insulator.

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

INPUT PROTECTION

The HSCMOS, in addition to improve performance
and power consumption, also features improved
input protection. This has been achieved by em-
ploying poly-silicon as a resistor structure at all
Inputs.

"~ The resistor stows down the fast input transients

generated by electrostatic discharges and dissi-
pates some of the associated energy. Although
these input resistors, in conjunction with the input
diode, give improved levels of protection, it is still
advisable to follow the usual CMOS has handling
precautions.

Poly-S:
Resistor

Ndiode

INPUT PROTECTION INTERNAL CIRCUIT 1OUTPUT PROTECTION
CIRCUIT CIRCUIT

5-6904

The protection capability has been verified with the
following discharge set.

ﬁ SGS-THOMSON

Measurement with the MIL 883C-3015

R1=10MN R2=15KN

HIGH
SUPPLY DuUT

VOLTAGE
J— C=100pF

I 5-6907/1

The testing results are reported below

MIL-STD-883C (C=100pF R=1.5 KQ)
INPUT + 1.6 KV
INPUT — 1.3 KV
OUTPUT + >2 KV
OUTPUT - >2 KV
HANDLING

SGS-THOMSON has chosen a no-compromise
strategy in the MOS ESD protection. From the
wafer level to the shipping of finished units, each
work station and processing of the party is guaran-
teed. This is achieved through total adoption of
shielding and grownding media. Our final shipping
is performed in antistatic tubes bags or boxes. The
suppliers greatest efforts are in vain if the end user
does not provide the same level of protection and
care in application.
Here are the basic static control protection rules:
A - handle all components in a static-safe work
area.
B - transport all components in static shielding con-
tainers.

To comply with the rules the following procedures
must be set up.

1 - Static control wrist strap (from a qualified
source) used and connected properly.

2 - Each table top must be protected with a con-
ductive mat, properly grounded.

3 - Extensive use of conductive floor mats.

4 - Static control shoe straps, wearing typically
insulating footwear, such as with crepe or thick
rubber soles.

5 - lonized air blowers are a necessary part of the
protective system, to neutralize static charges
on conductive items.

6 - Use only the grounded tip variety of solder-
ing iron.

7 - Single components, tubes, printed circuit
cards should always be contained in static
shielding bags; keep our parts in the original
bags up to the very last moment on the
production line.

8 - If bigger containers (tote box) are used for in-
plant transport of devices or PC boards they
must be electrically conductive, like the car-
bon loaded ones.

MICROELECTRONICS
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RELIABILITY REPORT

Hanglind (Continued)

9 - All tools, persons, testing machines, which be applied before and removed after input sig-
could contact device leads must be conduc- nals; insertion and removal from sockets
tive and grounded. should be done with no power applied.

10 - Avoid using high dielectric materials (like poly- 12 - Filtration, noise suppression, slow voltage sur-
styrene) for sub-assembly construction, stor- ges should be guaranteed on the supply lines.
ing and transportation. 13 - Any open (floating) input pin is a potential haz-

11 - Follow a proper power supply sequence in ard to your circuit: ground or short them to
testing and application. Supply voltage should Vpp whenever possible.

IS7A %Em@ffmm@g 003
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SALES OFFICES

EUROPE

DENMARK

2730 HERLEV

Herlev Torv, 4

Tel (45-42)94 8533
Telex 35411

Telefax (45-42) 948694

FINLAND

LOHJA SF-08150
Karjalankatu, 2
Tel 12155 11
Telefax 12 155 66

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallien: - BP 93
Tel (33-1)47 407575
Telex 632570 STMHQ
Telefax (33-1) 47 4079 10

67000 STRASBOURG
20, Place des Halles

Tel (33) 88 75 50 66
Telex 870001F

Telefax (33) 88 2229 32

GERMANY

6000 FRANKFURT
Gutleutstrabe 322

Tel (49-69) 237492
Telex 176997 689
Telefax (49-69) 231957
Teletex 6997689=STVBP

8011 GRASBRUNN
Bretonischer Ring 4
Neukeferloh Technopark
Tel (49-89) 46006-0
Telex 528211

Telefax (49-89) 4605454
Teletex 897107=STDISTR

3000 HANNOVER 1
Eckenerstrasse 5

Tel (49-511) 634191
Telex 175118418
Teletex 5118418 csfbeh
Telefax (49-511) 633552

8500 NURNBERG 20
Erlenstegenstrasse, 72
Tel (49-911) 59893-0
Telex 626243

Telefax (49-911) 5980701

5200 SIEGBURG
Frankfurter Str 22a

Tel (49-2241) 660 84-86
Telex 889510

Telefax (49-2241) 67584

7000 STUTTGART

Oberer Kirchhaldenweg 135
Tel (49-711) 692041

Telex 721718

Telefax (49-711) 691408

ITALY

20090 ASSAGO (MI)

Vle Milanofiori - Strada 4 - Palazzo A/4/A
Tel (39-2) 89213 1 (10 linee)

Telex 330131 - 330141 SGSAGR
Telefax (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)
ViaR Fucini, 12

Tel (39-51) 591914

Telex 512442

Telefax (39-51) 591305

00161 ROMA

Via A Torlonia, 15

Tel (39-6) 8443341
Telex 620653 SGSATE |
Telefax (39-6) 8444474

NETHERLANDS

5652 AR EINDHOVEN
Meerenakkerweg 1

Tel (31-40) 550015
Telex 51186

Telefax (31-40) 528835

SPAIN

08021 BARCELONA
Calle Platon, 6 4" Floor, 5™ Door
Tel (34-3) 4143300-4143361
Telefax (34-3) 2021461

28027 MADRID

Calle Albacete, 5

Tel (34-1) 4051615
Telex 27060 TCCEE
Telefax (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfjordsgatan, 13 - Box 1094
Tel (46-8) 7939220

Telex 12078 THSWS

Telefax (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVA)
Chemin Francois-Lehmann, 18/A

Tel (41-22) 7986462

Telex 415493 STM CH

Telefax (41-22) 7984869

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel (44-628) 890800
Telex 847458

Telefax (44-628) 890391
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SALES OFFICES

AMERICAS

BRAZIL

05413 SAO PAULO

R Henrique Schaumann 286-CJ33
Tel (55-11) 883-5455

Telex (391)11-37988 "UMBR BR"
Telefax 11-551-128-22367

CANADA

BRAMPTON, ONTARIO
341 Main St North

Tel (416) 455-0505
Telefax 416-455-2606

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
1000 East Bell Road

Phoenix, AZ 85022

(1)-(602) 867-6100

SALES COVERAGE BY STATE

ALABAMA
Huntsville - (205) 533-5995

ARIZONA
Phoenix - (602) 867-6340

CALIFORNIA
Santa Ana - (714) 957-6018
San Jose - (408) 452-8585

COLORADO
Boulder (303) 449-9000

ILLINOIS
Schaumburg - (708) 517-1890

INDIANA
Kokomo - (317) 459-4700

MASSACHUSETTS
Lincoln - (617) 259-0300

MICHIGAN
Livonia - (313) 462-4030

NEW JERSEY

Voorhees - (609) 772-6222
NEW YORK

Poughkeepsie - (914) 454-8813

NORTH CAROLINA
Raleigh - (919) 787-6555

TEXAS
Carrollton - (214) 466-8844

FOR RF AND MICROWAVE
$2(‘;Iy|'ER TRANSISTORS CON-

THE FOLLOWING REGIONAL
OFFICE INTHE US.A

PENNSYLVANIA
Montgomeryville - (215) 362-8500

ASIA / PACIFIC

AUSTRALIA

NSW 2027 EDGECLIFF

Suite 211, Edgecliff centre
203-233, New South Head Road
Tel (61-2) 327 39 22

Telex 071126911 TCAUS
Telefax (61-2) 327 61 76

CHINA

BENING

Liason Office

Beijing No 5 Semiconductor
Device Factory

14 Wu Lu Tong Road

Da Sheng Man Wai

Tel (861) 2024378

Telex 222722 STM CH

HONG KONG

WANCHAI

22nd Floor - Hopewell centre
183 Queen’s Road East

Tel (852-5) 8615788

Telex 60955 ESGIES HX
Telefax (852-5) 8656589

INDIA

NEW DELHI 110001
LiasonOffice

62, Upper Ground Floor
World Trade Centre
Barakhamba Lane

Tel 3715191

Telex 031-66816 STMI IN
Telefax 3715192

MALAYSIA

PULAU PINANG 10400

4th Floor - Sutte 4-03

Bangunan FOP-123D Jalan Anson
Tel (04) 379735

Telefax (04) 379816

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel (82-2) 553-0399
Telex SGSKOR K29998
Telefax (82-2) 552-1051

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industrial Park 2
Tel (65) 4821411

Telex RS 55201 ESGIES

Telefax (65) 4820240

TAIWAN

TAIPEI

12th Floor

571, Tun Hua South Road
Tel (886-2) 755-4111
Telex 10310 ESGIE TW
Telefax (886-2) 755-4008

JAPAN

TOKYO 108

Nisseki - Takanawa Bld 4F
2-18-10 Takanawa
Minato-Ku

Tel (81-3) 280-4121
Telefax (81-3) 280-4131







