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National
Semiconductor

A D V A N C E  IN F O R M A T IO N

MM74C945, MM74C947 4-Digit Up/Down 
Counter/Latch/Decoder Driver

G eneral Description
The M M 74C 945, M M 74C 947 are  4 -d ig it c o u n te rs  fo r  d ire c t­
ly  d r iv in g  LC D  d is p la y s . T he  M M 74C 945 c o n ta in s  a 
4 -d ecade  u p /d o w n  co u n te r, o u tp u t la tc h e s , c o u n te r/ la tc h  
s e le c t m u lt ip le x e r  a nd  7 -se g m e n t d e co d e rs . A ls o  in c lu d e d  
a re  th e  b a c k p la n e  o s c illa to r /d r iv e r, s e g m e n t d r iv e rs  and  
d is p la y  b la n k in g  c irc u itry .

T he  M M 74C 947  d if fe rs  fro m  th e  M M 74C 945 in th a t  it has 
no  c o u n te r/ la tc h  m u ltip le xe r, b u t p ro v id e s  tru e  le a d in g  
ze ro  b la n k in g . A ll le a d in g  ze roes a re  a u to m a t ic a lly  
b la n ke d  e x c e p t th e  le a s t s ig n if ic a n t d ig it ,  w h ic h  ca n  be 
o p t io n a lly  b la n ke d .

B o th  d e v ic e s  p ro v id e  2 8 -se g m e n t o u tp u ts  to  d rive  a  4 -d ig it 
d is p la y . S e g m e n t a n d  b a c k p la n e  w a v e fo rm s  a re  g e n e r­
a te d  in te rn a lly , b u t ca n  a ls o  be s la ve d  to  an e x te rn a l 
s ig n a l. T h is  fa c i l i ta te s  c a s c a d in g  o f m u lt ip le  d is p la y s .

Features
■ 4 -d e ca d e  u p /d o w n  c o u n t
■ D ire c t 4 -d ig it d rive  fo r  h ig h  c o n tra s t a nd  lo n g  d is p la y  life
■ C a rry /b o rro w  o u t fo r  c a s c a d in g  c o u n te rs
■ S c h m itt  t r ig g e r  c lo c k  in p u t
■ M M 74C 945 ha s d is p la y  s e le c t to  a llo w  v ie w in g  o f 

c o u n te r o r la tc h
■ S to re  and  re se t in p u ts  a llo w  o p e ra tio n  as fre q u e n c y  o r 

p e rio d  c o u n te r
■ M M 74C 947 h a s tru e  r ip p le  b la n k in g ; le a s t s ig n if ic a n t  

d ig it  m ay be o p t io n a lly  b la n k e d

Connection Diagram s

D ua l ln -L in e  P ackage

V C C------
2

E 1------

---------------------------- 40
-------D1
2 L c i

G 1 - ± 2 L b i

f i - I 2 L m

BACKPLANE — — OSCILLATOR

A2 — —  GND

B2 — —  STORE

C2 — — R lS E T

D2 —
32

-------CLOCK

E2 J 1 MM74C945 2 L  ENABLE

G2 —
30

—  BLANKING
12

F 2 -------
29

—  SELECT

A3 — —  CARRY
14

B 3------- —  UP/DOWN

C3 — i S - F 4

03 J i -2 -0 4
E3 — i f - E 4

i l D 4

F 3 - I2 J —  C4
20

A 4 -------
21

-------B4

TOP VIEW

D u a l-ln -L in e  P acka g e

OSCILLATOR

STORE

RESET
CLOCK

ENABLE

LEADING ZERO OUTPUT (LZO) 

LEADING ZERO INPUT (LZI) 
CARRY 

UP/DOWN

TOP VIEW
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Absolute M axim um  Ratings (N o te  d

V o lta g e  a t A n y  P in - 0 . 3  V to  Vc c + 0 .3  V P acka g e  D is s ip a tio n 500 m W
O p e ra tin g  T e m p e ra tu re  R ange O p e ra tin g  Vc c  R ange 3.0V  to  6 .0V

M M 74C 945/M  M 74C 947 - 4 0 ° C to  + 8 5 °C A b s o lu te  M a x im u m  Vc c 6.5V
S to ra g e T e m p e ra tu re  R ange - 6 5 ° C to  +1 5 0 °C Lead T e m p e ra tu re  (S o ld e rin g , 10 se co n d s ) 3 0 0 °C

DC Electrical Characteristics M in /m a x  lim its  a p p ly  a c ro s s  te m p e ra tu re  range, u n le s s  o th e rw is e  n o te d .

P a ra m e te r C o n d it io n s M in Typ M ax U n its

C M O S T O  C M O S
VT+ P o s itive  G o in g  T h re sh o ld  
V o lta g e  (C lo c k  O n ly)

< o o II cn < 3.3 V

V T_ N e g a tive  G o in g  T h re sh o ld  
V o lta g e  (C lo c k  O nly)

< o o II cn < 1.8 V

H y s te re s is  (V T+ -  VT_) 
(C lock  O n ly)

>mIIoo>

1.5 V

L o g ica l “ 1”  In p u t V o lta g e  (V )N(1)) 
(A ll In p u ts  E xce p t C lo ck)

< o o II cn < 3.5 V

L o g ica l “ 0 ”  In p u t V o lta g e  (V !N(0)) 
(A ll In p u ts  E xce p t C lo ck)

VCC =  5V 1.5 V

L o g ic a l “ 1”  O u tp u t V o lta g e  
( v out(1) ) ( l ZO  and  C arry)

V cc  =  5 V , lo =  -1 0 /x A 4.5 V

L o g ic a l “ 0 ”  O u tp u t V o lta g e  
( v out(0)) (L Z O  and Carry)

VCC =  5V, l 0 =  +  10/xA 0.5 V

L o g ic a l “ 1”  In p u t C u rre n t ( l)N(1)) 
(N o te  2)

VCC -  5V, V IN =  5V 0.005 1.0 mA

L o g ic a l “ 0 ”  In p u t C u rre n t (I|N(0)) 
(N o te  2)

V Cc  =  5 V , V lN =  0 V - 1 .0 -0 .0 0 5 a A

O s c illa to r  In p u t C u rre n t (I0 s l ) Vc c  =  5V, V ,N =  0V/5V ± 2 • /xA
S u p p ly  C u rre n t ( lc c ) (N o te  3) Vc c  =  5V, V,N =  0V/5V 1 10 /xA
C M O S /LP T T L  IN TE R FA C E
L o g ica l “ 1”  In p u t V o lta g e  
(V ,N(1)) (C lo c k  In p u t)

>inIIoo>

4.3 V

L o g ica l “ 0 ”  In p u t V o lta g e  
(v iN(0)) (C lo c k  In p u t)

>inIIoo>

0.7 V

L o g ica l “ 1”  In p u t V o lta g e  
( V |N(i)) (A ll In p u ts  E xce p t C lo ck)

< o o II cn < Vc c -1 -5 V V

L o g ica l “ 0 ”  In p u t V o lta g e  
(V|N(0)) (A ll In p u ts  E xce p t C lo ck)

< o o II cn < 0.4 V

L o g ic a l “ 1”  O u tp u t V o lta g e Vc c  =  4.75V, l0 =  - 3 6 0 /x A 2.4 V
(V out(1)) (LZ O  and  C arry)
L o g ica l “ 0 ”  O u tp u t V o lta g e  
( v out(0)) (L Z O  and C arry)

Vc c  =  4.75V, l0  =  360 mA 0.4 V

OU TPU T DRIVE
O u tp u t S o u rce  C u rre n t

>inIIoo>

2.6 m A
( 'so urce) (LZ O  and  C arry) TA =  25°C
O u tp u t S in k  C u rre n t VCC =  5V 2.8 m A
(Is in k ) (LZ O  a nd  C arry) TA =  25°C
O u tp u t S o u rce  C u rre n t VCC =  5V 1.9 m A
( 'so urce) (S e gm e n t O u tp u ts ) TA =  25°C
O u tp u t S in k  C u rre n t < o o II cn < 1.6 m A
( lS)NK) (S e gm e n t O u tp u t) TA =  25°C
O u tp u t S o u rc e  C u rre n t < o o II cn < 16.0 m A
(•so urce) (B a c k p la n e  O u tp u t) TA =  25°C
O u tp u t S in k  C u rre n t

>mIIoo>

13.0 m A
( 's in k ) (B a c k p la n e  O u tp u t) TA =  25°C
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AC  E lectrical Characteristics Tj =  25°C, C l =  50 pF, u n le s s  o th e rw is e  s p e c if ie d .

P a ram e te r C o n d it io n s M in Typ M ax U n its

tpdO> tpd1 P ro p a g a tio n  D e lay C lo c k  to  C a rry

*M A X M a x im u m  C lo c k  F re q u e n cy VCC =  5.0V 2 M H z

^  *f M a x im u m  C lo c k  R ise o r F a ll T im e VCC =  5.0V N o L im it m s

*W R R ese t P u lse  W id th VCC =  5.0V ns

*W S S to re  P u lse  W id th VCC =  5.0V - ns

tSET(C K , S) C lo c k  to  S to re  Set-Up T im e VCC =  5.0V ns

*S R S to re  to  R ese t W a it T im e VCC =  5.0V ns

tSET(R , S) R ese t to  S to re  Set-U p T im e VCC =  5.0V ns

tsE T (E , S) E na b le  to  S to re  Set-U p T im e VCC =  5.0V ns

*R R R eset R em oval VCC =  5.0V ns

tp d c  . P ro p a g a tio n  D e lay R eset to  C a rry VCC =  5.0V ns

f  BP B a c kp la n e  O u tp u t F re q u e n cy Pin 36 F lo a tin g 125 Hz

C IN In p u t C a p a c ita n c e L o g ic  In p u ts  (N o te  2) 5 PF

*rfs S eg m e n t R ise /F a ll T im e Cload =  200 pF 0.5 MS

*rfb B a c kp la n e  R ise /F a ll T im e C|oad =  5000 pF 1.5 MS

^o sc O s c illa to r  F re q u e n cy P in 36 F lo a tin g 16 kH z

N ote 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range” they are 
not meant to imply that the devices should be operated at these limits. The table of “ Electrical Characteristics” provides conditions for actual device 
operation.
N ote 2: Does not apply to backplane and oscillator pins.
N ote 3: Display blanked. See test circuit.

AC W aveform s Test Circuit

Segment Identification

5V

* Each segment to backplane with 200 pF capacitor.
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Block Diagram s
M M 74C 945

DIGIT 1 (LSD) DIGIT 2 DIGIT 3 D IG IT4 (MSD)

SELECT

ENABLE

CLOCK

UP/DOWN

RESET

OSCILLATOR

CARRY

BACKPLANE
IN/OUT

M M 74C 947
DIGIT 1 (LSD) DIGIT 2 DIGIT 3 DIGIT 4 (MSD)

LEADING 
ZERO IN 
(LZI)

CARRY

BACKPLANE
IN/OUT

/
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Pin Description Application H ints
Backplane In/Out— W h e n  th e  o s c il la to r  in p u t is  g ro u n d e d  
th is  p in  is  an in p u t a llo w in g  an e x te rn a l d e v ice  to  g e n e ra te  
a b a c k p la n e  w a ve fo rm . W h e n  th e  o s c il la to r  in p u t is  le f t  
o pen  th is  p in  is  an o u tp u t s u p p ly in g  b a c k p la n e  d riv e  fo r  
th e  d is p la y .

O scillator— T he  o s c il la to r  f re q u e n c y  m a y  be lo w e re d  by 
ty in g  a c a p a c ito r  to  th is  p in . O n th e  M M 74C 947 w h e n  th e  
o s c il la to r  p in  is  o p e n  th e  LSD  is  in h ib ite d  fro m  b la n k in g  
w h e n  le a d in g  ze ro  b la n k in g  is  e n a b le d . If th is  p in  is  
g ro u n d e d  th e  b a c k p la n e s  on  b o th  p a rts  b e co m e  in p u ts , 
s la v in g  th e  d e v ice  to  an  e x te rn a l b a ck p la n e .

Store— T h is  in p u t c o n tro ls  th e  o n -ch ip  la tc h e s . W h e n  low , 
th e  la tc h e s  a re  in  f lo w -th ro u g h  m od e  (la tc h  o u tp u ts  fo llo w  
co u n te r), b u t w h e n  ta ke n  h ig h , th e  d a ta  on  th e  c o u n te r  o u t­
p u ts  a re  s to re d  in th e  la tc h e s .

Reset— W h e n  low , c o u n te rs  a re  re se t to  zero .

Clock— A d v a n c e s  c o u n te rs  on  n e g a tive  edge.

Enable— W h e n  low , h a lts  c o u n te r o p e ra tio n .

Leading Zero Input (LZI)— (M M 74C 947) W h e n  h ig h , 
e n a b le s  le a d in g  ze ro  b la n k in g .

Leading Zero Output (LZO)— (M M 74C 947) T h is  o u tp u t 
g o e s  h ig h  w h e n  th e  la tc h  c o n te n ts  e q u a l zero , LZI is  h ig h  
and  th e  o s c il la to r  p in  is  open.

Blanking— (M M 74C 945) W h e n  h ig h , b la n k s  d is p la y .

Select— (M M 74C 945) W h e n  h ig h , th e  c o n te n ts  o f  th e  
c o u n te r  a re  d is p la y e d . W h e n  low , th e  c o n te n ts  o f th e  la tc h  
a re  d is p la y e d .

Carry— T h is  o u tp u t g o e s  h ig h  w h e n  9999 is  re a ch e d  (up) o r 
0000 is  re a ch e d  (dow n).

Up/Down— W h e n  h ig h , th e  c o u n te r c o u n ts  up. W h e n  low , 
th e  c o u n te r  c o u n ts  d o w n .

A 1-G 1  —  D ig it 1 s e g m e n t o u tp u ts .

A 2 -G 2 — D ig it  2 se g m e n t o u tp u ts .

A 3 - G 3 - r  D ig it  3 se g m e n t o u tp u ts .

A 4 -G 4 — D ig it 4 se g m e n t o u tp u ts .

Tim ing D iagram s
Carry Out Timing (Up Mode)

CLOCK

CARRY

COUNT | 9997 | 9998 | 9999 | 0000

Carry Out Timing (Down Mode)

CLOCK

CARRY

COUNT 0002 | 0001 0000 | 9999 |

Display Circuitry Description

T he  M M 74C 945 a n d  M M 74C 947  have  28 s e g m e n t o u tp u ts  
ca p a b le  o f d ire c t ly  d r iv in g  4 d ig its  o f  7 se g m e n ts . B o th  th e  
s e g m e n t a nd  b a c k p la n e  d riv e rs  a re  d e s ig n e d  to  p ro v id e  
m a tc h e d  rise  a nd  fa ll t im e s  e lim in a t in g  p o s s ib le  DC c o m ­
p o n e n ts  in  th e  d r iv in g  w a v e fo rm s  w h ic h  c o u ld  d e g ra d e  
d is p la y  life .

The  b a ck p la n e  d riv e r ca n  be d is a b le d  by g ro u n d in g  th e  
o s c il la to r  p in . T h is  e n a b le s  th e  s e g m e n t o u tp u t w a ve ­
fo rm s  to  be s y n c h ro n iz e d  to  an  e x te rn a l s ig n a l a p p lie d  to  
th e  b a c k p la n e  p in . T h is  a llo w s  se ve ra l d e v ice s  to  be d rive n  
b y  a s in g le  m a s te r b a c k p la n e  w a ve fo rm  w h ic h  ca n  be g e n ­
e ra te d  by a n o th e r M M 74C 945, M M 74C 947 o r an e x te rn a l 
o s c illa to r . T h u s  s in g le  b a c k p la n e  d is p la y s  w ith  8, 12, 16, 
e tc . d ig its  ca n  be d rive n  by se ve ra l c o u n te rs . The  m a x i­
m um  fa n o u t o f a m a s te r b a c k p la n e  d rive r is  lim ite d  by its  
to ta l c a p a c it iv e  lo a d , w h ic h  is  th e  su m  o f th e  s la ve d  
b a ck p la n e  in p u t c a p a c ita n c e s  a n d  th e  d is p la y  b a c k p la n e  
c a p a c ita n c e . (The M M 74C 947  o s c il la to r  p in  c o n tro ls  th e  
le a s t s ig n if ic a n t  d ig it  b la n k in g  as w e ll.)

A n  o n -b o a rd  o s c il la to r /d iv id e r  g e n e ra te s  th e  s e g m e n t/ 
b a c k p la n e  w a v e fo rm s . Its  o u tp u t fre q u e n c y  is  ty p ic a lly  
125 Hz, b u t m a y  be s lo w e d  by c o n n e c tin g  an e x te rn a l 
c a p a c ito r  b e tw e e n  th e  o s c il la to r  p in  a nd  g ro u n d . The  
o s c il la to r  p in  m ay  a ls o  be d rive n  by an e x te rn a l w a ve fo rm  
bu t th e  in p u t lo w  leve l m u s t n o t g o  to  g ro u n d  o r e lse  th e  
b a c k p la n e  p in  w il l be  p u t in  th e  s la ve  (in pu t) m ode.

Counter Circuitry Description

The  M M 74C 945, M M 74C 947  a re  4 -decade  u p /do w n  c o u n t­
ers. The  d ire c t io n  o f th e  c o u n t is  c o n tro lle d  by th e  u p /d o w n  
in p u t. A  h ig h  leve l on  th is  p in  ca u s e s  th e  c o u n te r to  c o u n t 
up. T h e  c o u n te r a d va n ce s  on  th e  n e g a tive  c lo c k  edge. T he  
ca rry  o u tp u t is  h ig h  fo r  1 c lo c k  p e rio d  d u rin g  a c o u n t o f 
9999 in up  m od e  a n d  a ls o  h ig h  d u r in g  a  c o u n t o f 0000 in 
d o w n  m ode. T he  c a rry  is  d e s ig n e d  to  e n a b le  ca s c a d in g  o f 
se ve ra l c irc u its  in  e ith e r  r ip p le  ca rry  o r s y n c h ro n o u s  
m odes .

R ese t a nd  E na b le  c o n tro ls  a re  p ro v id e d  to  a llo w  p e rio d  
a n d  fre q u e n c y  m e a s u re m e n ts . T he  R ese t c o n tro l c le a rs  
th e  c o u n te r w h e n  lo w  a n d  th e  E na b le  c o n tro l d is a b le s  
c o u n tin g  w h e n  ta k e n  low .

T h e  c o u n te r c h a in  fe e d s  a s e rie s  o f 4 -b it f lo w -th ro u g h  
la tc h e s . T h e se  la tc h e s  e n a b le  th e  d is p la y  to  fo llo w  th e  
c o u n te r w h e n  th e  S to re  in p u t is  low . W h e n  th e  S to re  p in  is  
ta k e n  h ig h  th e  d a ta  o n  th e  c o u n te r o u tp u ts  a t th is  t im e  
b e co m e  la tc h e d  a n d  th e  d is p la y  w il l re m a in  u n ch a n g e d . 
(A s s u m in g  th e  la tc h  d is p la y  is  s e le c te d  on M M 74C 945.)

O n th e  M M 74C 945  th e  la tc h  o u tp u ts  feed  a m u lt ip le x e r  
w h ic h  s e le c ts  e ith e r th e  la tc h  o u tp u ts  o r c o u n te r o u tp u ts  
fo r  d is p la y . T h is  a llo w s  an in te rm e d ia te  c o u n t to  be s to re d  
in  th e  la tc h e s  w h ile  th e  c o u n te r  c o n t in u e s  to  be d is p la y e d . 
T h is  is  e q u iv a le n t to  a  s to p w a tc h  la p  fe a tu re .

The  o u tp u t o f  th e  M M 7 4 C 9 4 5 ’s  m u lt ip le x e r  fe e d s  a 
d e co d e r w h ic h  c o n v e r ts  4 -b it in p u t to  7 -se g m e n t. A  b la n k  
c o n tro l in to  th e s e  d e c o d e rs  b la n k s  th e  d is p la y .
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A pplication H ints (C o n tin u e d )

On th e  M M 7 4 C 9 4 7  th e  la tc h  o u tp u ts  fe e d  th e  d e c o d e rs  
d ire c tly , b u t th e s e  d e c o d e rs  have  a s p e c ia l r ip p le  b la n k in g  
c a p a b il ity  th a t  e n a b le s  a ll le a d in g  ze ro e s  e x c e p t th e  le a s t 
s ig n if ic a n t  d ig it  (LSD) to  be b la n ke d , even w h e n  c o u n te rs  
a re  c a s c a d e d . T h u s  w h e n  th e  e n tire  c o u n te r  re a d s  zero , in ­
s te a d  o f b la n k in g  a ll d ig its ,  th e  LSD w il l  re m a in  on . (W hen  
m u lt ip le  c o u n te rs  a re  ca s ca d e d , a ll e x c e p t th e  le a s t s ig n if ­

ic a n t c o u n te r w il l  b la n k  e n t ire ly  on  zeroes.) T h is  fe a tu re  is 
p ro p e rly  im p le m e n te d  by c o n f ig u r in g  th e  le a s t s ig n if ic a n t  
d e v ice  as th e  m a s te r (o s c il ia to r  p in  u n g ro u n d e d ) th e re b y  
in h ib it in g  LSD  b la n k in g .

The  o u tp u ts  o f th e  d e c o d e rs  fo r  b o th  d e v ice s  c o n tro l th e  
se g m e n t d riv e rs  w h ic h  in  tu rn  e n a b le  d is p la y  o p e ra tio n .

Typical Applications
Ripple Carry Cascading— MM74C945

CARRY ◄ -

RESET 

STORE 

COUNT ENABLE 
SELECT 

DISPLAY BLANKING

II I  H I  |~n~ m uI- _ i___ i_i L U L
CARRY 8ACKPLANE

RESET MSD (SLAVE)*
MM74C945

STORE

ENABLE CLOCK
OSCILLATOR SELECT BLANKING

T

5 1
CARRY

RESET

STORE

ENABLE
OSCILLATOR

LSD (MASTER)* 
MM74C945

CLOCK

BLANKING *1
COUNT
INPUT

Synchronous Cascading— MM74C945

CA R R Y + -

RESET 

STORE 
COUNT 

INPUT SELECT 
DISPLAY BLANKING

CARRY BACKPLANE

RESET MSD (SLAVE)*
MM74C945

STORE

CLOCK ENABLE
OSCILLATOR SELECT BLANKING

"X

CARRY

RESET

STORE

CLOCK
OSCILLATOR

LSD (MASTER)* 
MM74C945

ENABLE

BLANKING n
COUNT

ENABLE

Master/siave selecton is arbitrary and dependent only on which oscillator pin is grounded.
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Ripple C ascading— MM74C947

Synchronous C ascading— MM74C947

* * To correctly implement leading zero blanking the least significant device must be the master.
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