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50-MHz Counters (TOP VIEW)
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description R8sl o 1-0
These high-speed monolithic counters consist of '_J
four d-c coupled master-siave flip-flops which —1
are internally interconnected to provide either a cLi1 =8 =) oz
divide-by-two and a divide-by-five counter () 8 Qa
(SN54176, SN74176} or a divide-by-two and a A ©
divide-by-eight counter (SNB4177, SN74177). oIve
These counters are fully programmatble; that is, cucz.ﬂr.h>+
the outputs may be preset to any state by (10} 0 il og
placing a low on the count/load input and 0 eT (2
entering the desired data at the data inputs. The 3 1T 12)
outputs will change to agree with the data inputs au 1, 2 Qo
independent of the state of the ciocks.
These counters may also be used as 4-bit latches ‘177
by using the count/load input as the strobe and
entering data at the data inputs. The outputs will LOADL ci CcTR
directly follow the data inputs when the R Bl oo
count/load is low, but will remain unchanged
when the count/load is high and the clock inputs i
are inactive. ekt s - DIVZ &
These high-speed counters will accept count Pt 1D Qa
frequencies of O to 35 megahertz at the clock-1
input and O to 17.5 megahertz at the clock-2 6 DIve
input. During the count operation, transfer of CLKZ —E=py @)
information to the outputs occurs on the {10} o 0 Qg
negative-going edge of the clock puise. The (3) cT 2
counters feature a direct clear which when taken ¢ icr {12)
'ow sets all outputs low regardless of the states | 2 2] %o

|
[ ]
joix }

of the clocks.

All inputs are diode-clamped to minimize
transmission-line effects and simplify system
design. The circuits are compatible with most
TTL logic families. Typical power dissipation is

T These symbols are in accardance with ANSI/IEEE Std. 91-1984

and IEC Publication 617-12.

1560 milliwatts. The SN54176 and SN54177 circuits are characterized for operation over the full military
temperature range of —55°C to 125 °C; the SN74176 and SN74177 circuits are characterized for operation

from 0°C to 70°C.

PRODUCTION DATA documents centain information
as of publication date. Prod confarm to
specifications per the terms of Texas Instruments
standard warranty. Praduction processing does not
necessarily incivde testing of &l paramaters,
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MIF1/70, QNI FF, ONTIR17iD, ONTS 1 [ 4
5-MHz PRESETTABLE DECADE AND
MNARY COUNTERS/LATCHES

2 autnot nf flinflon A ic not intsrnally connacted
ne gulput of TUR-TIOR A IS NoT Internally connecteg
T

to the succeeding fiip-fiops; therefore, the count may
be operated in three indapendent modes:

1. When used as a hinary-coded-decimal decade
counter, the clock-2 input must be externally
connected to the Qa output, The clock-1 input
receives the incoming count, and a count
sequence is obtained in accordance with the
BCD count sequence function table shown at
right.

2. IF a symmetrical divide-by-ten count is desired
for frequency synthesizers (or other appli-
cations requiring 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 obtained at
output Qp in accordance with the bi-quinary

function table.

FUNCTION TABLES
SN54176, SN74176

DECADE {BCD) BiI-QGUINARY {5-2)
(See Note A) [See Nata B}
OUTPUT OuUTPUT
COUNT -dLd- L COUNT

Gp O¢c Qg Qa Qs Op Oc Qg
o L L L L 8} E L L L
1 L L L H 1 L L L H
z L L H L 2 L L H L
3 L L H H 3 L L H H
4 £t H L L 4 L H L L
B L H L H 5 H L L L
4] L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L L 8 H L H H
9 H L L H 9 H H L L

H = high levei, L. = low lavel
NOTES: A. Output Qp connected to clock-2 input.
B. Qutput Qp connected to clock-1 input,

3. For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are required.
Flip-flop A is used as & binary element for the divide-by-two function. The clock-2 input is used to obtain binary
divide-by-five operation at the Qg, Qc, and Qp outputs, In this made, the two counters operate independently;
however, all four flip-flops are loaded and cleared simultaneousty,

SN54177 and SN74177

FUNCTION TABLE
SN54177, SN74177

. . , {Sze Note A)
The output of flip-flop A is not internally connected tc the succeeding flip-flops,
therefare the counter may be operated in two independent modes: COUNT ouTPUT
Qp Q¢ Qg Qa
1. When used as @ high-speed 4-bit ripple-through counter, output Qa must be 0 L L L L
externally connected to the clock-2 input. The input count puises are applied to 1 L L L H
the clock-? input. Simultaneous divisions by 2, 4, 8, and 16 are performed at the 2 L L H L
Qa. Cg, Qc, and Qp outputs as shown in the function table at right. 3 L L HH
2. When used as a 3-bit ripple-through counter, the input count pulses are applied 4 Jt v L L
to the clock-2 input. Simultanecus frequency divisions by 2, 4, and 8 are 5 L H L H
available at the Qg, Q¢, and Qp cutputs. Independent use of flip-flop A is 8 L H H L
available if the load and clear functions ceincide with those of the 3-bit 7 L HHH
ripple-through counter. 8 H L L L
9 H L L H
10 H L H L
11 H L H H
12 H H L L
13 H H L H
14 H H H L
15 H H H H

H = high level, L = iow level

NOTE A: Cutpur OA connactad
to clock-2 input.
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SN54176, SN64177, SN74176, SN74177
35-MHz PRESETTABLE DECADE AND
BINARY COUNTERS/LATCHES
schematics of inputs and outputs
EQUIVALENT OF COUNT/LOAD, EQUIVALENT OF CLOCK INPUTS .TYPICAL OF ALL CUTPUTS
CLEAR, AND DATA iINPUTS
—— v
Veo —f —— cc
1 Vec—s gmo £ NOM
Rea R13 R2$ A3 /T
___F
INPUT. ——
INPUT o H
v
! y — OUTPUT
#
NOMINAL VALUES OF -
oo R1, B2, and R3
INPUT 176 177
Data, Count/ioad: Rgq = 4 kil NOM Ciock 1 4 k&l 4 kD2
Clear: Rgq =2 ki2 NOM Clock 2 4 k02 6 kO
absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)
Supply voltage, Voo (see Note 1) 7V
Input voltage . 56V
Interemitter voitage (see Nute 2) . . .. . BBV
Operating free-air temperature range: SN54176 SN54177 Clrcmts —~55 Cto 125°C
SN74176, SN74177 Circuits 0°C to 70°C

Storage temperature range

NOTES: 1,

Yoltage values are with respect 10 network ground tarminal.

—65°C 10 160°C

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies benwesn the clear and

count/load inputs.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voliage, Voo NS4 35 3 55 v
SN74° 4.75 5 5.25
High-level output current, [QH —800 HA
Low-level gutput current, lop 16 mA
. Clock-1 input 0 35
Count frequency {see Figumre 1) Clock-2 input o 75 MHz
Clock-1 input 14
Pulse width, t,, (see Figure 1} (ﬂ(-z input 2 ns
Clear 20
t oad 25
tnput hold time, tp, (see Figure 1} High-leved data tweilond) ns
Low-levei data twiioad)
Input setup time, 1y, {see Figure 1} fligh-level data 15 ns
Low-level data 20
Count enable time, tenahle (5ee Note 3 and Figure 1) 25 ns
SNE4’ —55 125 .
Operating free-air temperature, T a SN74" o 70 c

NOTE 3: Minimum count enabie timae is the interval immedlately preceding the negative-going adga of the clock pulse during which interval the
count/load and clear inputs must both be high to ensura counting,
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SN5417
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MHz PRESETTABLE DECADE AND

BINARY COUNTERS/LATCHES

electrical characteristics over recommended operating free-air temperature range (unless atherwise noted)

PARAMETER TEST CONDITIONS T SNB4176, SN74175 | SN54177. SN74177 UNIT
MIN TYPT MAX | MIN TYPI MAX
ViH High-levet input voltage 2 2 v
Vi Low-level input voltage .8 081 Vv
Vik Inputclamp voltage Voo =MIN, 1 =—12mA -15 -1.5
o At vk e e g Voo =MIN, vip=2vV, L
VoH High-tevel ouiput voitage ViL =08V, Iy = —800 uA 2.4 3.4 24 34 v
Ve =MIN, V=2V, " co aal
VoL Low-level output voitage VIL=08V, 1o, = 16 mAS 02 o4 0.2 04| Vv
i) input current at maximum input voitage Voo =MAX, v =565V 1 1] mA
T Data, count/load T 40 AD
Iy High-level input current | Clear, clock 1 Voo =MAX, Vi=24V 80 80| wA
Clock 2 120 80
Data, count/load -1.8 -1.8
in Low-level input current Clear Vec=MAX, v =04V -32 —32 mA
’ Clock 1 e ' —4.8 -4.8
Clock 2 —4.8 —-3.2
SNS4° | -20 —57 | —20 —57
lpg  Shortcircuit output current § Voo = MAX snia | s 57 | 18 5 mA
lcc  Supply current Voo = MAX, See Note 4 30 48 20 42 ma

" For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

* All typical values are at Voo = 5V, T4 = 25°C,

§ Mot mare than one output should be shorted at a time.
QA outputs are tested at lgL = 16 mA pius the limit vatue ef f||_for the clock-2 input. This permits driving ths clock-2 input while fanning
out to 10 Series 54/74 loads.

NOTE 4: g is measured with all inputs grounded and all outputs open.

switching characteristics, Vo =5 V, R =400 2, C|_ = 15 pF, Ta = 25°C, see figure 1

SNE4176, SN74176 | SNS54177, SNS4177
PARAMETER¥ FROM {INPUT} TO (OUTPUT . = 1
ER ! ! MIN TYP MAX |MIN TYP MAX UNIT

Frran Clock 1 Qa 35 5O 35 50 MHz

t

FLH Clock 1 Qa 8 13 BB

PHL 117 a7

t

s Clock 2 ag L 7 " 17 ns

tPHL 17 26 17 26

27 41

PLH Clock 2 Qc il 41 ns

tPHL 33 &1 34§

1 i3 20 42

FLH Clock 2 Qp 56 ns

PHL 17 26 50 75

1] 19 29 i 28

PLH A,B,C,D Oa, Cg, Qc, Op 2 ns

tPHL 31 46 31 46

t 29 43 4

FLH Load Any 29 3 ns

L=I5T 32 48 32 48

PHL Clear Any 32 48 32 4B ns

#fpmax = maximum count frequancy.
propagation delay time, low-to-high-level output,
propagation delay time, high-to-low-level output,

tPLH
TPHL

{"P
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A~ —— —— — 3y
vee CLOCK-10R COUNT/LOAD
CLOCK -2 INPUT L : OR CLEAR
| ov
be—tpLH—ad
FROM OUTPUT | : VoH
UNDER TEST QUTPUT | v CLOCK-
TCL [See Note BI Ga, Gp.Og or Op : 18 INPUT
- - —_——-—- VoL
h— 1o
LOAD CIRCUIT T VOH
OUTPUT ! isY OUTPUT
Qp, Qg, Q¢. or Qg . Qp,
VoL ———VgL
CLOCK-MODE VOLTAGE WAVEFORMS CLOCK ENABLE TIME VOLTAGE
WAVEFORMS
lh—twmearl—-il 3v
i )
CLEAR 1§V 15V
N o
| b= ey —"I
| ] |
DATA INPUTS | ! ]
AbCanpD | 15V | 15V | 15V
| | rn—-—th—-l } I
|
: Ty ™ —l
i I"'w(ioadl—":
counToan |
INPLIT |
1 \ |
I
—-lfPHL r— — IPLH r— PHL [e—
1
| 1 ]
QUTPUTS 15v 15V 15V

Qp.Gg, Q¢ AND Qp

»

CLEAR AND LOAD VOLTAGE WAVEFORMS
FIGURE 1

NQTES: A. The input pulse is supplied by a generator having the following characteristics: PAR < 1 MHz, duty cycle < 50%, t, < 5 ns, and unless
specified, t; < 5 ns, When testing fmax. vary PRRB.
B. Cy includes probe and jig capacitance.

0

. All diodaes are 1N3064 or equivalent.
D. Unless atherwise specified, Qpa i3 connected to clock 2.
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1996, Texas Instruments Incorporated
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