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National
Semiconductor

DM54176/DM74176, DM54177/DM74177 Presettable Decade

and Binary Counters

General Description

These high-speed counters consist of four d-c coupled,
master-stave flip-flops which are internally intercon-
nected to provide either a divide-by-two and a divide-by-
five counter (176) or a divide-by-two and a divide-by-eight
counter{177). These counters are fully programmable; that
is, the outputs may be preset to any state by placing a low
on the count/load input and entering the desired data at
the data inputs. The outputs will change independent of
the state of the clocks.

During the count operation, transfer of information to the
outputs occurs on the negative-going edge of the clock
pulse. These counters feature a direct clear which, when
taken low, sets all outputs low regardless of the state of the
clocks.

These counters may also be used as 4-bit Jatches by using

the count/load input as the strobe and entering data at the
data inputs. The outputs will directly follow the data inputs
when the count/load is low, but will remain unchanged
when the count/load is high and the clock inputs are
inactive. (Continued)

Features

B Performs BCD, bi-quinary, or binary counting
& Fully programmable -
| Fully independent clear input
B Output Qp maintains full fan-out capability in addition to
driving clock-2 input
@ Typical count frequency
Clock 1 50 MHz
Clock2 25 MHz
B Typical power dissipation 150 mW

Absolute Maximum Ratings iote 1)

Supply Voltage v
Input Voltage 5.5V
Storage Temperature Range - 65°Cto 150°C

Note 1: The “Absalute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absalute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

Connection Diagram
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DM54176/DM74176, DM54177/DM74177

General Description (continued)
TYPICAL COUNT CONFIGURATIONS 176

The output of flip-flop A is not internally connected to the and Qp outputs. In this mode, the two counters oper-
succeeding flip-flops; therefore, the count may be operated ate independently; however, all four flip-flops are
in three independent modes: loaded and cleared simultaneously.
1. When used as a BCD decade counter, the clock-2 in- 177
put must be externally connected to the QA output. . . .
The clock-1 input receives the incoming count, and a The output of flip-flop A is not internally connected to the
count sequence is obtained in accordance with the succeeding flip-flops; therefore the counter may be operat-
BCD count sequence function table. ed in two independent modes:

1. When used as a high-speed 4-bit ripple-through
counter, output QA must be externaily connected to
the clock-2 input. The input count pulses are applied
to the clock-1 input. Simultaneous divisions by 2; 4,
8, and 16 are performed at the Qa, QB, QC and Qp
outputs as shown in the function table.

2. If a symmetrical divide-by-ten count is desired for
frequency synthesizers {or other applications requir-
ing division of a binary count by a power of ten), the
Qp output must be externally connected to the
clock-1 input. The input count is then applied at the
clock-2 input and a divide-by-ten square wave is ob-
tained at output QA in accordance with the bi- 2. When used as a 3-bit ripple-through counter, the input
quinary function table. count pulses are applied to the clock-2 input. Simulta-

neous frequency divisions by 2, 4, and 8 are available

at the Qg, Q¢. and Qp outputs. Independent use of
flip-tlop A is available if the load and clear functions
coincide with those of the 3-bit ripple-through

3. For operation as a divide-by-two counter and a divide-
by-five counter, no external interconnections are re-
quired. Flip-flop A is used as a binary element for the
divide-by-two function. The clock-2 input is used to

obtain binary divide-by-five operation at the Qg, Q¢, counter.
Function Tables
176 176 177
Decade (BCD) (See Note B) (See Note A)
(See Note A)
Output Output
Output Count Count
Count Qa Qp Q¢ Qg Qp Qc 0O Qa
Gp Qc O Qa 0 L L L L 0 L L L L
0 L L L L 1 L L L H 1 L L L H
1 L L L H 2 L L H L 2 L L H L
2 L L H L 3 L L H H 3 L L H H
3 L L H H 4 L H L L 4 L H L L
4 L H L L 5 H L L L 5 L H L H
5 L H L H 6 H L L H 6 L H H L
6 L H H L 7 H L H L 7 L H H H
7 L H H H 8 H L H H 8 H L L L
8 H L L L 9 H H L L 9 H L L H
9 H L L H 10 H L H L
11 H L H H
H = High Level, L = Low Leval 12 H H L L
' 13 H H L H
Note A: Output Qp connected to clock-2 input. 14 H H H L
Note B: Output Qp connected to clock-1 input, 15 H H H H
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=)
Recommended Operating Conditions =
B
-
DM54176 DM74176 . ~
Sym Parameter Units R
Min Nom Max Min Nom Max ]
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 v | E
Viy | High Level Input 2 2 v pry
Voltage 3‘:
Vi Low Level Input 0.8 0.8 \ b
Voltage =
1oH High Level Output -0.8 -08 mA g
-—h
Current ‘ :‘l
lot Low Level Output 16 16 mA -~
Gurrent E
foLk Clock Frequency (Clock 1) 0 35 0 35 MHz :
tw Pulse Width Clock 1 14 14 ns :“
Clock 2 28 28 . ~
Clear 25 25
Load 20 20
tsy Setup Time Data 15 15 ns
’ High
Data 20 20
Low
ty Data Hold Time 20 20 ns
ten Count Enable Time 25 25 ns
(Note 1)
Ta Free Air Operating -55 125 0 70 °C
Temperature

Note 1: Count enable time is the interval immediately preceding the negative-gaing edge of the clock pulse during which the count/load and clear inputs
must both be high to ensure counting.
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DM54176/DM74176, DM54177/DM74177

176 Electrical Characteristics

over recommended operating free air temperature (unless otherwise noted)

Sym Parameter Conditions Min (N-‘I;{: 1) Max Units
\'7 Input Clamp Voltage Vee=Min, |= —12 mA -15 v
Vor High Level Output Ve =Min, lgy = Max 2.4 3.4 v
Voitage VL= Max, Vi =Min
VoL Low Level Output Ve =Min, Ig = Max 0.2 0.4 '
Voltage Vi =Min, V|, =Max -
(Note 4)
1 Input Current@Max Voo =Max, V=55V 1 mA
Input Voltage
I High Level Input Voo = Max Count/Load 40 rA
Current V=24V Data 40
Ctear 80
Clock 1 80
Clock 2 120
" Low Level Input Ve = Max Count/Load -16 mA
Current V,=0.4V Data -16
Clear -3.2
Clock 1 —48
Clock 2 —48
los Short Circuit Veoe = Max DM54 -20 - 57 mA
Output Current {Note 2) DM74 —~18 _57
lce Supply Current Voo =Max (Note 3) 30 48 mA

Note 1: All typicals are at Vo =5V, T =25°C.
Note 2: Not more than one output should be shorted at a time.

Note 3: I is measured with all inputs grounded and atl outputs open.

Note 4: Qg outputs are tested at Ig = Max plus the limit value of ty_ for the Clock 2 input. This permits driving the Clock 2 input while maintaining tull fan-
out capability.
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=)
’176 Switching Characteristics at voc=5v and T,=25°c =
(See Section 1 for Test Waveforms and Output Load) ﬂ
>
(IFW"') Ry = 4000 S
nput .
Parameter To C_ =15 pF Units =
(Output) Min Typ Max g
fmax Maximum Cldck Clock 1 35 50 MHz |
Frequency to -
Qa E
tpn Propagation Delay Ciock 1 9 13 ns CA"'
Time Low to High to - :‘b
Level Output Qa ~
—
tpyL Propagation Delay Clock 1 11 17 ns g
Time High to Low to ~
Level Qutput Qp hry
tpLn Propagation Delay Clock 2 12 18 ns :;‘
Time Low to High to
Level Output Qg
tpyL Propagation Delay Clock 2 14 21 ns
Time High to Low to
Level Output Qg
tpLy Propagation Delay Clock 2 27 41 ns
Time Low to High to
Level Output Q¢
tpHL Propagation Delay Clock 2 34 51 ns
Time High to Low to
Level Output Q¢
tpLy Propagation Delay Clock 2 13 20 ns
Time Low to High to
Level Qutput Qp
tpye Propagation Delay Clock 2 17 26 ns
Time High to Low to
Level Output Qp
tpLn Propagation Delay Data 19 29 ns
Time Low to High to
Leve! Output Output
tpHL Propagation Delay Data 31 46 ns
Time High to Low to
Level Qutput Output
tpLy Propagation Delay Load 29 43 ns
Time Low to High to
Level Output Any Q
tpHL Propagation Delay Load 32 48 ns
Time High to Low to
Level Output Any Q
tpHL Propagation Delay Clear 32 48 ns
Time High to Low to
Level Output Any Q
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DM54176/DM74176, DM54177/DM74177

Recommended Operating Conditions

DM54177

DM74177

Sym Parameter Units
Min Nom Max Min Nom Max
Voo Supply Voltage 45 5 55 4.75 5 5.25 v
Vi High Level Input 2 2 \
Voltage
ViL Low Level input 0.8 0.8 %
Voltage
lon High Level Output -08 -0.8 mA
Current
loL Low Levei Output 16 16 mA
Current
foLk Clock Frequency (Ciock 1) 0 35 0 35 MHz
tw Pulse Width Clock 1 14 14 ns
Clock 2 28 28
Clear 25 25
Load 20 20
tsy Setup Time Data 15 15 ns
High
Data 20 20
Low
th Held Time 20 20 ns
ten Count Enable Time 25 25 ns
(Note 1)
Ta Free Air Operating -55 125 0 70 °G

Temperature

Note 1: Count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which the count/load and clear inputs
must both be high to ensure counting.
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o
177 Electrical Characteristics =
over recommended operating free air temperature (unless otherwise noted) ﬂ
~
=]
. Typ . =~
Sym Parameter Conditions Min Max Units o
(Note 1) 2
) Input Clamp Voltage Vee=Min, = =12 mA -15 Y =
Vou High Level Output Vgo = Min, oy = Max 24 3.4 v per]
Voltage V)_ = Max, Vyy = Min o
VoL | Low Level Output Vee = Min, loL = Max 0.2 0.4 v g
Voltage Vg =Min, V| = Max 14
{Note 4) s
l {nput Current@ Max Vge = Max, V| =5.5V 1 mA :“
input Voltage E
iy High Level Input Veeo =Max Count/Load 40 A E
Current V=24V Data 40 2
Clear 80 :‘.
Clock 1 80
Clock 2 80
e Low Level Input Voo =Max Count/Load -16 mA
Current V,=04V Data ~16
Clear -3.2
Clock 1 —-4.8
Clock 2 -32
los Short Circuit Vce = Max DM54 -20 -57 mA
Output Current (Note 2) DM74 —18 _57
lec Supply Current Ve = Max (Note 3) 30 48 mA

Note 1: All typicals are at Voo =5V, T4 =25°C.
Note 2: Not more than one output should be shorted at a time.
Note 3: | is measured with all inputs grounded and all outputs apen.

Note 4: Qg outputs are tested at I, =Max plus the limit vaiue of |j_ for the Glock 2 input. This permits driving the Clock 2 input while maintaining full tan-
out capability.
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177 Switching Characteristics at vec=5vand Ta=25C
(See Section 1 for Test Waveforms and Output Load)

DM54176/DM74176, DM54177/DM74177

From Ry =400
{Input) :
Parameter To C_ =15 pF Units

(Output) Min Typ Max
fmax Maximum Clock Clock 1 35 50 MH2z
Frequency to

Qp

tpLn Propagation Delay Clock 1 9 13 ns
Time Low to High to
Level Output Qp
tpyL Propagation Delay Clock 1 11 17 ns
Time High to Low to
Level Output Qa
tp n Propagation Delay Ciock 2 12 18 ns
Time Low to High to
Level Output Qg
tpy Propagation Delay Clock 2 14 21 ns
Time High to Low to
Level Output Qg
tpLn Propagation Delay Clock 2 27 41 ns
Time Low to High to
Level Output Q¢
tpyy Propagation Delay Clock 2 34 51 ns
Time High to Low to
Level Output Qc
tpLy Propagation Delay Clock 2 44 66 ns
Time Low to High to
Level Output Qp
tpyL Propagation Delay Clock 2 50 75 ns
Time High to Low to
Level Output Qp
teLn Propagation Delay Data 19 29 ns
Time Low to High to
Level Output Output
tpuL Propagation Delay Data 31 46 ns
Time High to Low to
Level Output Output
tpLy Propagation Delay Load 29 43 ns
Time Low to High to
Level Output Any Q
tpyL Propagation Delay Load 32 48 ns
Time High to Low : to
Level Output Any Q
tpr Propagation Delay Clear 32 48 ns
Time High to Low to
Level Output Any Q
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Logic Diagrams
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