
93
16

National 
Semiconductor

9316 /D M 9316  Synchronous
General Description
These synchronous, p rese ttab le  coun te rs feature  an in te r
nal carry look-ahead fo r app lica tion  in h igh-speed counting 
designs. The 9316 is a 4 -b it b inary counter. The  carry output 
is decoded by m eans o f a NOR gate, thus preventing spikes 
during the norm al counting m ode o f operation. Synchronous 
operation is provided by having all flip -flops clocked  sim ulta
neously so tha t the  ou tpu ts change co inc iden t w ith each 
o ther when so instructed by the  coun t-enables inputs and 
internal gating. Th is m ode o f operating e lim inates the  output 
counting sp ikes w hich are norm ally associa ted w ith asyn
chronous (ripple c lock) counters. A  buffered c lock  input trig 
gers the  four flip -flops on the  rising (positive-going) edge o f 
the c lock input w aveform .
These counte rs are fu lly  program m able; th a t is, the  outputs 
may be prese t to  e ither level. A s p resetting is synchronous, 
setting up a low  level a t the  load input d isables the  coun te r 
and causes the  ou tpu ts  to  agree w ith the  setup da ta  a fte r 
the next c lock  pulse regard less o f the  leve ls o f the  enable 
input. Low-to-h igh trans itions a t the  load input are perfectly 
acceptab le  regard less o f th e  log ic leve ls on the  c lock  or 
enable  inputs. The  clear function  is asynchronous and a low  
level a t the  c lear input se ts  o f the  flip -flop  ou tpu ts low  re
gardless o f the  levels o f c lock, load, o r enable  inputs.

-B it C ounters

The  carry look-ahead circuitry provides fo r cascad ing  coun 
te rs  fo r n -b it synchronous app lica tions w ithou t add itiona l 
gating. Instrum enta l in accom plish ing th is  function  are tw o 
count-enable  inputs and a ripple carry output. Both count- 
enable  inputs (P and T) m ust be high to  count, and inpu t T  is 
fed-fo rw ard  to  enable  the  ripple carry output. The  ripple  ca r
ry ou tpu t thus enabled w ill produce a high-level ou tpu t pulse 
w ith  a dura tion  approxim ate ly equal to  the  h igh-level portion 
o f the  Q a  output. Th is high-level overflow  ripple  carry pulse 
can be used to  enable  success ive cascaded stages. High- 
to -low  level trans itions a t the  enable P o r T  inputs m ay occu r 
regard less o f the  log ic level in the  clock.

Features
■ Internal look-ahead fo r fa s t counting
■ Carry ou tpu t fo r n-b it cascad ing
■ Synchronous counting
■ Load con tro l line
■ D iode-c lam ped inputs
■ Typica l c lo ck  frequency 35 MHz
■ P in-for-p in rep lacem ents popular 5 4 /7 4  coun te rs 

5 4 1 6A /7 4 16 A  (binary)
■ A lte rna te  M ilita ry /A e rospace  device (9316) is available. 

C on tac t a  Nationa l S em iconducto r S ales O ffice /D is tr ib - 
u tor fo r specifica tions.

Connection Diagram
Dual-ln-L ine P ackage

RIPPLE OUTPUTS
CARRY ------------------------*----------------------- > ENABLE

vcc o u t p u t  Qa  Qb Qc Qd t  l o a d

O rd e r Num ber 9316D M Q B , 9316FM Q B , DM 9316J  
D M 9316W  or D M 9316N

S ee NS P ackage N um ber J16A, N16E o r W 16A
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Absolute Maximum Ratings (Note)
If M ilitary /A ero sp ace  specified  devices  a re  required, 
please contact the N ational S em iconductor Sales  
O ffic e /D is trib u to rs  fo r availability and specifications.
Supply V oltage 7V
Input V oltage 5.5V
O pera ting  Free A ir Tem perature  R ange 

M ilitary - 5 5 ° C to  +125°C
C om m ercia l 0°C to  +  70°C

S torage Tem perature  R ange -  65°C to  + 1 50°C

Note: The ‘‘Absolute Maximum Ratings”  are those values 
beyond which the safety o f the device cannot be guaran
teed. The device should not be operated at these limits. The 
parametric values defined in the “Electrical Characteristics”  
table are not guaranteed at the absolute maximum ratings. 
The “Recommended Operating Conditions”  table w ill define 
the conditions for actual device operation.

Recommended Operating Conditions
Sym bol P aram eter M ilitary C om m ercial Units

Min Norn M ax Min Norn M ax
V e c Supply V oltage 4.5 5 5.5 4.75 5 5.25 V
V |H High Level Input V oltage 2 2 V
V|L Low Level Input V oltage 0.8 0.8 V
•o h High Level O utpu t C urrent - 0 . 8 - 0 . 8 m A
•OL Low Level O utpu t Current 16 16 m A
fCLK C lock Frequency (Note 6) 0 25 0 25 M Hz
tW Pulse W idth 

(N ote 6)
C lock 25 25 ns
Clear 20 20

tsu Setup Tim e 
(N ote  6)

Data 20 20

nsEnable P 20 20
Load 25 25
C lear 20 20

tH A ny Hold T im e (N otes 1 & 6) 0 0 ns
Ta Free A ir Operating Tem perature - 5 5 125 0 70 °C

Electrical Characteristics ove r recom m ended operating free  a ir tem pera tu re  range (unless o therw ise  noted)

Sym bol P aram eter C onditions Min Typ
(N ote  2) M ax Units

V| Input C lam p Voltage V qc  =  Min, l| =  —12 mA - 1 . 5 V

VoH High Level O utpu t 
V oltage

V cc  =  Min, Iq h  =  Max 
V |l  =  Max, V |h  =  Min 2.4 3.4 V

V0 L Low Level O utput 
V oltage

V cc  =  Min, Iq l  =  Max 
V |h  =  Min, V |l  =  Max 0.2 0.4 V

•l Input C urrent @ M ax 
Input V oltage

VCc  =  Max, V| =  5.5V 1 m A

•lH High Level Input 
C urrent
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I $ C lock - 3 . 2

julAEnable T - 3 . 2
O ther - 1 . 6

•os S hort C ircuit 
O utput C urrent

V c c  =  Max 
(N ote  3)

MIL - 2 0 - 5 7 m A
COM - 1 8 - 5 7

•CCH Supply C urrent w ith  
O utputs High

V Cc  =  Max 
(N ote 4)

M IL 59 85 m A
COM 59 94

•CCL Supply C urrent w ith 
O utputs Low

VCc  =  Max 
(N ote 5)

M IL 63 91 m A
COM 63 101

Note 1: The minimum HOLD time is as specified or as long as the CLOCK input takes to rise from 0.8V to 2V, whichever is longer.
Note 2: All typicals are at VCc =  5V, TA =  25°C.
Note 3: Not more than one output should be shorted at a time.
Note 4: (ecu is measured with the LOAD input high, then again with the LOAD input low, with all other inputs high and all outputs open. 
Note 5: Iqcl is measured with the CLOCK input high, then again with the CLOCK input low, with all other inputs low and all outputs open. 
Note 6: TA =  25°C and VCc =  5V.
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Switching Characteristics a t v c c =  5V and Ta  =  25°C (See S ection 1 fo r Test W avefo rm s and O utpu t Load)

Sym bol P aram eter From  (Inpu t) R l  =  4 0 0 n ,C L =  15 pF UnitsT o  (O utput) Min M ax

f MAX M axim um  C lock Frequency 25 M Hz

tpLH Propagation D elay Tim e 
Low to  H igh Level O utput

C lock 
to  RC 27 ns

tpH L Propagation D elay T im e 
High to  Low  Level O utput

C lock
to R C 24 ns

tpLH Propagation D elay Tim e 
Low to  High Level O utput

C lock
to Q

20 ns

tpH L P ropagation D elay Tim e 
High to  Low  Level O utput

C lock
to Q

23 ns

tpLH P ropagation Delay Tim e 
Low to  H igh Level O utput

C lock
to Q

21 ns

*PHL Propagation Delay T im e 
High to  Low  Level O utput

C lock
to Q 25 ns

tpLH P ropagation Delay Tim e 
Low  to  H igh Level O utput

ENT 
to  RC

15 ns

tpH L P ropagation Delay Tim e 
High to  Low  Level O utput

ENT 
to  RC

16 ns

tpH L P ropagation Delay T im e 
High to  Low Level O utput

C lear
to Q

36 ns
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Logic Diagram
9316
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Timing Diagram
9316 Synchronous B inary C ounters  

Typical C lear, Preset, C ount and Inhibit S equences

CLEAR J  (ASYNCHRONOUS)
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RIPPLE CARRY _ i — i
OUTPUT 12 13 14 15 O 1 2 

-------------- COUNT---------------- -- -------------- INHIBIT---------------- --
CLEAR PRESET

Sequence:
(1) Clear outputs to zero.
(2) Preset to binary twelve.
(3) Count to thirteen, fourteen, fifteen, zero, one, and two.
(4) Inhibit

TL/F/6606-3
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Parameter Measurement Information
Sw itching T im e W aveform s

TL/F/6606-4
Note A: The input pulses are supplied by a generator having the following characteristics: PRR £  1 MHz, duty cycle £  50%, Zqu t  ~  50H, tr £  10 ns, tf £  10 ns. 
Vary PRR to measure f^AX-
Note B: Outputs Qq and carry are tested at tn + ie  for 9316/8316, where tn is the bit time when all outputs are low.
N o te C :V REF =  1.5V.

4-285

9316



93
16

Parameter Measurement Information (Continued)

Sw itching T im e  W aveform s

TL/F/6606-5
Note A: The input pulses are supplied by generators having the following characteristics: PRR £  1 MHz, duty cycle £  50%, Zq u t  ~  50ft, tr £  10 ns, tf £  10 ns. 
Note B: Enable P and Enable T setup times are measured at tn + 16 tor 8316/9316.
Note C: VREF =  1.5V.
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