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Synchronous Modulo-64 Bit Rate Multiplier

General Description

The '97 ¢ontains & synchronous 6-stage binary counter and
six decoding gates that serve to gate the clock through to
the output at a sub-multiple of the input frequency. The out-
put puise rate, relative to the clock frequency, is determined
by signals applied to the Select (S0-S5) inputs. Both true
and complement outputs are available, along with an enable
input for each. A Count Enable input and a Terminal Count
output are provided for cascading two or more packages.
An asynchronous Master Reset input prevents counting and
resets the counter.

Connection Diagram Logic Symbol
Dual-In-Line Package 4 1 14 15 2 3
St=—1 16—V, I I | I | I
cc " g SO ST S2 S3 s4 S5
s4—2 15|=s3
S5=13 14}-s2 99— clo—7
so—{4 131-MR 10-OE;
0,5 12]=Ey 12=—fEy MR 0z Oy
oy=16 H=CE | ? l
-7 10}=§; 5 5 ¢
GND—]8 9p—-cpP TL/F/9780-2
Voo = Pin 18
TL/E/9780~1 GND = Pin8
Order Number 5497DMQB, §497FMQB or DM7497N
See NS Package Number J16A, N16E or W16A

PIn Names Description

§0-85 Rate Selsct Inputs

Ez Oz Enable Input (Active LOW)

Ey Oy Enable Input

CE Count Enable Input (Active LOW)

CP Clock Pulse Input (Active Rising Edge)

MR Asynchronous Master Reset Input (Active HIGH)

0Oz Gated Clock Output (Active LOW)

Oy Complement Output (Active HIGH)

TC Terminal Count Output (Active LOW)
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Absolute Maximum Ratings (vots)

If Mllitary/Aerospace specified devices are required,
please contact the Natlona! Semiconductor Sales
Oftfice/Distributors for avallability and specifications.

Supply Voitage v

Input Voltage 5.5V

Operating Free Air Temperature Range
54

—58°Cto +125°C
0°Cto +70°C

—65°Cto +150°C

DM74
Storage Temperature Range

Recommended Operating Conditions

[-45-07

Note: The “Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
paramelric values defined in the “‘Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recornmended Operating Conditions" table will define
the condiitions for acutual device operation.

Symbol Parameter 5497 DM7497 Units
Min Nom Max Min Nom Max
Voo Supply Voitage 4.5 5 55 4.75 5 5.25 A
ViH High Level Input Voitage 2 2 \
ViL Low Level Input Voltage 0.8 0.8 v
lon High Level Output Current ~0.4 —0.4 mA
loL Low Leve! Output Current 16 16 mA
TA Free Air Operating Temperature -85 125 0 70 °C
te(L) Setup Time LOW, CE to CP Rising 25 25 ns
th(H) Hold Time HIGH, CE to CP Rising 0 0 ns
thib) Hold Time LOW, CE to CP Falling 0 0 ns
ty(H) CP Pulse Width HIGH 20 20 ns
twll) CP Pulse Width LOW 20 ns
t(H) MR Pulse Width HIGH 15 15 ns

Electrical Characteristics over recommended operating free alr temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NI¥:1) Max Units
\ Input Clamp Voltage Veo = Min, || = —12mA —-1.5 \
VoH High Level Output Vee = Min, oy = Max,
Voltage ViL = Max 24 34 v
VoL Low Level Output Ve = Min, loL = Max,
Voltage ViH = Min 0.2 0.4 v
Iy Input Current @ Max Vce = Max, V| = 5.5V 1 mA
Input Voltage
IH High Level Input Current Voo = Max, V) = 2.4V DM74 40 pA
Clock inputs 54 80
TR Low Level Input Current Veo = Max, V) = 0.4V DM74 -1.6 mA
Clock Inputs 54 —3.2
los Short Circuit Veo = Max 654 —20 —55 mA
Qutput Current (Note 2) DM74 —18 —55
lce Supply Current With Vco = Max
Cutputs High 120 mA
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Switching Characteristics T-45-07
Voo = +5.0V, Tp = +25°C (See Section 1 for waveforms and load configurations)
5497 DM7497
. CL = 15pF CL = 15pF
Symboi Parameter R, = 40002 R = 4000 Units
Min Max Min Max
frnax Maximum Clock Frequency 25 25 MHz
tpLH Propagation Delay : 18 18 ns
tPHL Ezto Gy 23 ) 23
tPLH Propagation Delay 30 30 ns
teHL Ezto Oy o 33 33
teLH Propagation Delay 14 14 ns
tPHL Ey to Oy 10 10
teLH Propagation Delay 23 23 e
tPHL Shto Oy 23 23
teLH Propagation Delay 14 14 ns
tPHL Snto Oz 14 14
teLH Propagation Delay 39 39 ns
tPHL CP to Oy 30 30
tPLH Propagation Delay 18 18 ns
tPHL CPto Oz 26 26
tpLH Propagation Delay 35 30 ns
teHL ~CPtoTC 33 33
tPLH Propagation Delay 25 20 ns
tpHL CEto TC 21 21
tPLH Propagation Delay
MR to Oy 43 36 ns
teHL Propagation Delay
MR to Oz 34 23 ns
Timing Diagrams
— R L, DISABLED " ENABLED
¢ CE Ym
th)
o )
—_— ce _F\ / Srv,,, =15V
TL/F/9780-5 ten T |
TLIF/9780-6
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Functional Description

The '97 contains six JK flip-flops connected as a synchro-
nous modulo-64 binary counter. A LOW signal on the Count
Enable (CE) input permits counting, with all state changes
initiated simuitaneously by the rising edge of the clock.
When the count reaches maximum (63), with all Qs HIGH,
the Terminal Count (TC) output will be LOW if CE is LOW. A
HIGH signal on Master Reset (MR) resets the flip-flops and
prevents counting, although output pulses can still occur if
the clock Is running, Ez is LOW and S5 is HIGH.

The flip-flop outputs are decoded by a 6-wide AND-OR-IN-
VERT gate. Each AND gate also contains the buffered and
inverted CP and Z-enable (Ez) functions, as well as one of
the Select (S0-S5) inputs. The Z output, 0Oz is normally
HIGH and goes LOW when CP and Ez are LOW and any of
the AND gates has its other inputs HIGH. The AND gates
are enabled by the counter at different times and different
rates relative to the clock. For example, the gate to which
S5 is connacted is enabled during every other clock perlod,
assuming S5 is HIGH. Thus, during one complete cycle of
the counter (64 clocks) the S5 gate is enabled 32 times and
can therefore gate 32 clocks per cycle to the output. The S4
gate is enabled 16 times per cycle, the S3 gate 8 times per
cycle, etc. The output pulse rate thus depends on the clock
rate and which of the S0-85 inputs is HIGH.

m
fout = o4 *fin

Where:m = S5025 4+ S4e24  S3e25 + S2e22 + Si
e21 + S0 e 20
Thus by appropriate cholce of signals applied to the S0-S5
inputs, the output pulse rate can range from Ve to %4 of
the clock rate, as suggested in Rate Select Table. There Is
no output pulse when the counter is in the “all ones" condi-
tion. When m is 1, 2, 4, 8, 16 or 32, the output pulsss ars
evenly spaced, assuming that the clock frequency is con-
stant. For any other value of m the output pulses are not
evenly spaced, since the pulse train is formed by interleav-
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T-45-01

ing pulses passed by two or more of the AND gates. The
Pulse Pattern Table indicates the output pattern for several
values of m. In each row, a one means that the Oz output
will be HIGH during that entire clock period, while a zero
means that Oz will be LOW when the clock Is LOW in that
period. The first column in the output field coincides with the
“all zeroes" condition of the counter, while the last column
represents the “all ones™ condition. The pulse pattern for
any particular value of m can be deduced by factoring it into
the sum of appropriate powers of two (e.g. 19 = 16 + 2 +
1) and combining the pulses (i.e., the zeroes) shown for
each for the relevant powers of two (e.g. form = 16, 2 and
1).

The Y output Oy Is the complement of Oz and is thus nor-
mally LOW. A LOW signal on the Y-enable input, Ey, dis-
ables Oy. To expand the muitiplier to 12-bit rate selsct, two
packages can be cascaded as shown in Figure A. Both cir-
cuits operate from the basic clock, with the TC output of the
first acting to enable both counting and the output pulses of
the second package. Thus the second counter advances at
only V&4 the rate of the first and a full cycle of the two coun-
ters combined requires 4096 clocks, Each rate select input
of the first package has 64 times the weight of its counter-
part in the second package.

my + m
fout = #&g ®fin

Where:mq = S5211 + S4210 + S329 + S2e28 +
S1 ¢ 27 + S0 e 26 (first package)

my =85025+ 54624 + S3023 + S22, +
S1 ¢ 21 + S0 ¢ 20 (second package)
Gombined output pulses are obtained in Figure A by letting
the Z output of the first circuit act as the Y-enable function
for the second, with the interleaved pulses obtained from
the Y output of the second package being opposite in phase
to the clock.

>

LU

ENABLE g SO ST 52 53 54 85 ol 50 STszsssass
cp - ¢
Ez Ol Ez
0; Ey Oy
CLOCK i L"W‘
fIn -

TWF/97680-3

FIGURE A, Cascading for 12-Bit Rate Select

4-107

COPYRI GHT 2009 I nformation Handling Services

16




NATIONAL SEMICOND {LOGIC} 31LE D WM L501122 0070530 3 M

Functional Description (continueq) : T'.- H&5-01
Mode and Rate Select Table (Note 1)

97

Inputs Clock Outputs Notes

MR CE E; S5 s4 83 S2 st so|Pulses| g o o, TG

Hix|[H]x x x x x x X HiLv wlw]| 2
Lfefjo]ue-e vovov ot e |H|lL B 3
Llejr]r o Lo H| e |RH|I1 1] 3
Lfefeler oL L H L] e |H|2 2]1 3
Lfcefiuoe]e v W L L) e |H|a4 4] 3
Lfefjrje v H L L L] e |H|ls 81 3
LitLtjLrft H t L L L] e [H|l1 18] 1 3
LlwfjLiH L L L L vL| e |H|82 @82f1 3
L{Lt|L]|H H H H H H| e |H|e 6] 1 3
LfLt|Lt|H H H H H H| e |L|H 6] 1 4
Lit]iL]H L L L L v| e |H|d4 4] 1 5

H = HIGH Voltage Level

L = LOW Vofitage Level

X = Immaterial

Note 1: Numerals indicate number of pulses per cycle.

Note 2: This Is a simplified lllustration of the clear function. CP and Ez also affect the logic level of Oy and Gz. A LOW signal on Ey will
cause Oy to remain HIGH.

Nate 3: Each rate lllustrated assumes SO-S5 are constant throughout the cycle; however, these illustrations In no way prohibit variable-
rate operation.

Note 4: Ey is used to inhibit output Y.

Note§ifoy = me 2 = 2280 80 _ g g,
Pulse Pattern Table
Output Pulse Pattern at Oz

m

1 P11 111111111t 11111111 1101111111411t 11111119111 1111111111
2 1111111111 11111101 11 111411111111 141111111411 111104111111141111111
3

4

6

11111111111 141101 111111111141 410 41111 1111111111041 1111111411111 14
1111110111111 1111111140411 1111111111110 1111111111111 11011111111
1111111011111 11111111140 111114101114 111011111111 1141111011111111

6 | 11111110111 111101111111011111111111111101411111091111111011111111
8 [ 1110111111101111111011111110111111101111111041411110111111101111
101 1110111111101111111011111110111111101111111011104110111111101111
12 [ 1110111011101111111011101110111111101110111011411110111011101111
14 1 1110111011101110111011101110111111101110111011101110111011101111

16 | 1011101110111011101110111011101110111011101110111011101110111011
20 1 1011101010111011101110101011101110111010101110111011101110111011
24 1 1010101110101011101010111010101110101011111010111010101110101011
28 | 1010101010101011101010101010101110101010101010111010101010101011
32 { 010101... ..0101
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Logic Diagram

el

T-45-01

s AR AR

| - 11 X
K cp J K cP J K ¢ J K cP J K cP J K o J
S 0 G 0 G ¢ % _Q ¢ 0 I |
? hood _— — e
un——b ¢
EZ_D ) st | S8 S2— sio | so4 |

TL/F79780-4
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