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Programmable Look-Ahead Up/Down
Binary Counters

Fuily Synchronous Gperation for Counting
and Programming

Internal Look-Ahead for Fast Counting
Carry Output for n-Bit Cascading

Fuiiy independent Ciock Circuit

description

These synchronous presettable counters feature an
internai carry look-ahead for cascading in high speed
counting applications. The 'LS168B and ‘S169 are
4-bit binary countsrs. Synchronous operation is
provided by having all flip-flops clocked
simuitaneously so that the outputs change coincident
with each other when so instructed by the count-
enable inputs and internal gating. This mode of
operation helps eliminate the cutput counting spikes
that are normally associated with asynchronous
{ripple-ciock) counters. A bufferad clock input triggers
the four master-slave flip-flops on the rising {positive-
going) edge of the clock waveform.

These counters are fully programmable; that is the
putputs may each be preset to either level. The load input
circuitry allows loading with the ¢arry-enable output of
cascaded counters. As loading is synchronous, setting
up a low level at the load input disables the counter and
causes the outputs to agree with the data inputs after
the next clock pulse.
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TYPICAL MAXIMUM
TYPICAL
CLOCK FREQUENCY
TYPE POWER
COUNTING | COUNTING | DISSIPATION
up DOWN
LS16398 36MHz 35MHz 100mw
‘5169 7OMHz 55MHz 500mw

The carry look-ahead circuitry provides for cascading counters for n-bit synchroncus applications without additional gating.
Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable inputs (m,
ENT) must be iow to count, The direction of the count is determined by the level of the up/down input. When the input is
high, the counter counts up; when low, it counts down. input ENT is fed forward to enable the carry output. The carry output
thus enabled will produce a low-ievel cutput puise with a duration approximately equal to the high portion of the Qa output
when counting up and approximately equai to the low portion of the QA output when counting down. This low-lavel
overflow carry pulse can be used to enable successive cascaded stages. Transitions at the ENP or ENT inputs are allowed
regardiess of the level of the clock input. All inputs are diode-clamped to minimize transmission-line effects, thereby simplify-

ing system design.

These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, LOAD, U/D) that will modify
the operating mode have no effect until clocking occurs. The function of the counter (whether enabied, disabled, loading, or
counting) will be dictated soisly by the conditions meeting the stable setup and hold times.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
nacessarily inciude testing of all parameters.
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SN54LS169B, SN545169,
SN741LS1698, SN74S169

SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS

lagic symbolt
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tThis symbol is in accordance with ANSIVIEEE St¢. 91-1984 and !EC Publication §17-12.
Pin numbers shown are for D, J, N, and W packages.
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SN54LS15698, SN74LS169B
SYNCHRONOUS 4-BIT UP/(DOWN BINARY COUNTERS

logic diagram (positive logic)
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Pin numbers shown are for D, J, N, and W packages.
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Pin numbers shown are for D, J, N, and W packages.
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typical load, count, and inhibit sequences

1. Load (preset) to binary thirteen

2. Count up to fourteen, fifteen {maximum), zero, one, and two

3. Inhibit

4. Count down to one, zero {(minimum), fifteen, fourteen, and thirteen
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SN54LS169B, SN74LS5179B
______________ S 4.BIT UP

SYNCHRONOGUS 4-BIT U

jDUWN BiNARY COUNTER

schematics of inputs and outputs

EQUIVALENT OF EQUIVALENT OF TYPICAL OF
A, B, C, DINPUTS ALL OTHER INPUTS ALL G QOUTPUTS
Vce —— — Voo r— --————¢—V¢c
5 90 k2 NOM $ Req 100 £ NOM
) 5' r‘
INPUT -4 N -
INPUT ~-f - re
% ) ‘L :
M —1 <
& d - [ QUTPUT
¥ r Y T |
—3 7 o
: Ty
INPUT Aaq NOM
ENT B.5 k2
Others 13 k2 +

TYPICAL OF
RCO OUTPUT
-—————
120 £ NOM 3
r—

$
&

Voo

OUTPUT

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voitage, Vo {see Note Th ... ... e e e e e et ee e m e a et a s
MUt vaa L . e e e i e
Operating free-air temperature range: SNSALSTBOB . ... .. ... ... . .. ... i i
SNTALSTBOB . . ... i et e e
Storage temperature range . .. . ... ... e e e e e e e e et
NGTE 1: Voltage values are with respect to network ground tarminal.

recommended operating conditions

SNE4LS169B SN74L51698 UNIT
MIN NOM MAX | MIN NOM MAX
Voo Supply voltage 4.5 5 5.5 | 475 5 5.25 v
Vi High-level-input voltage 2 2 v
VL Low-level input voltage 0.7 0.8 v
lon High-level output current RCO — 04 - 04 mA
Any Q - 1.2 - 1.2 mA
o Low-level output currant RCO 4 8 mA
Any Q 12 24 mA
feiock Clock freguency 4] 20 0 20 | MHz
Twiclock) Width of clock pulse (high ar low! {see Figure 1) 25 25 ns
Data inputs A, 8, C, D 30 30
] i ENF or ENT 30 30
tsy Setup time, (see Figure 1) s = 5 ns
ub 35 35
h Hold time at any input with respect to clock {see Figure 1} 0 s} ns
Ta Operating free-air temperature — 55 125 0 70 °c
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SN5ALS169R, SN74LS1698
SYNCHRONOUS 4-BiT UPJDOWN BINARY COUNTERS
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
DA AMARTER TeeT AmntarTianet SN54L51698 SN74L51698 UNIT
ranamETEn TTE TR min TvpE max [ min TYP} max
Vik Vog =MIN, 1] =— 18 mA —15 —15 v
. Voo =MIN,  ViH=2V, RGO lOH = — 0.4 mA 25 3.4 27 34 v
'
OH VL = MAX Ay Q | lgg=—12mA | 24 3.2 24 32
— loH =4 mA 025 04 0.25 04
v Vec =MIN,  Vip=2V, T oL =8 mA 035 05 y
oL VL = MAX A @ |loL=12mA 025 0.4 025 04
Y gL = 24 mA 035 05
Iy Vep =MAX, V=7V 0.1 0.1 | mA
14 Veg = MAX, V=27V 20 20 uA
u/D, LOAD, ENF, CLK —0.2 -02
hL Voo = MAX, Vi=dav .{. - - L 0 mA
Afl other inputs - 04 — 04
RCO —20 —100 | — 20 —100
I Ve =MAX, Vq=0V mA
053 cC o Any Q _ 30 —~130 | —30 —~130
ire Voo =MAX, See Note 2 28 45 28 45 mA

TFor conditions shown as MIN ar MAX, use the appropriate value specifisd under recommended operating conditions.
1 All typical values are at Vg =5 V, Ta = 25°C.
§Not more than one output should be shorted at a time, and duration of the shart-circuit should not exceed one second.
NOTE 2: Ige is measured after applying 8 momentary 4.5 V¥, then ground, to the clock input with all othar inputs grounded and the outputs

open.

switching characteristics, Vo =5 V, Ta = 25°C (see note 3)

PARAMETERT| FHoM o TEST CONDITIONS 151698 uNIT
{INPUT) (QUTPUT} MIN _TYP MAX
frrax 20 36 MHz
— 2 40
tPLH CLK ACO d ns
tPHL 17 25
— — 15
fPLH ENT RCO RL =2k, C = 15 pF L
tPHL 11 20
tPLH — — 23 35
RCO
PHL uio c 15 B "
tPLH 16 25
Q = =
e cLK Any R\ - 667 12, €L = 45 pF —

1 Propagation delay time from up/down 10 ripple carry must be measured with the counter at either a minimum or a maximum count. As the

logic level of the up/down input is changed, the ripple carry output will follow,

sistion will ba in phase, If the count is maximum (15), the rippie carry output will be out of phase.

NOTE 3: Load circuits and voltage waveforms are shown in Section 1,

If the count is minimum (Q), the ripple carry cutput tran-
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SN545169, SN745169
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS

(2R LT e-e2s f ==7 a2 > 4 L

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
—_— ._____I—_-‘Jcc
500 NDM
Ve _
20 k2 NOM
(LOAD INPUT
ONLY}
INPUT 1 -

ENT input: ﬁeq= 1.4 k32 NOM
LOAD input: Req = 3.5 k{2 NOM
All other inputs: Rgg = 2.8 kit NOM

I
T QUTPUT

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC (See Note 4) . . . e e FAY
INPUT VOILBGE . . . . e e e 5.5V
Interemitter voltage (See NOte Ol . . L . L L e e e e 5.5V
Operating free-air temperature range: SN545169 (seeNote 6} . .. ... .. ... .. ... ... ... —-B5°C to 1256°C
SN74S168 . ... .. e Q°C to 70°C
Storage temperature FanQge . . . . . ...t ottt e e e e e e —65°C to 150°C
recommended operating conditions
SN54S5169 SN748168 uNIT
MIN NOM MAX [ MIMN NCM MAX
Supply voltage, Voo 4.5 5 5.5 |4.75 B 526 Vv
High-lavel output current, lon -1 “1| mA
Low-level output current, Ig) 20 20 | mA
Clock frequency, feipek o] 40 4] 43 | MHz
Width of clock pulse. twiclack) (high or low) isee Figure 1} 10 10 ns
Data inputs A, B, C, D 4 4
_ ) [ ENP or ENT 14 14
Setup time,ig,, (see Figure Tl Toad 3 5 ns
u/B 20 20
Hold time at any input with respect to clock, t,, (see Figure 1l 1 1 ns
Operating free-air temperatura, Tp Isee Nots 6) -55 125 0 70 °C

NOTES: 4, Voltage values, except interemitter voltage, are with respect to network ground terminal,

5. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the

count enable inputs ENP and ENT.

6. A SNE545169 in the W package operating at freg-air temperatures above 91 °C requires a heat sink that provides a thermal

resistance from case to free-air, Agca. of not more than 26°C/W,

Texas "-"
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electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS SN5as189 SN745169 UNIT
MiIN  TYP? max | M TYPt Max
\Iu th-leiaﬂpm vaoltage B z 2 v
Vi Low-level input voltage S 0.8 0.8 | Vv
Vik Input clamp voltage Voo = MIN, lf = —18 maA -1 -1.2 v
Vap High-level output voltage VEC = MIN. Vi = 2V 2.5 12 2.7 34 v
ViL = 0BV lgpy = =1 mA
Veoe = MIN Vig = 2V,
VoL Low-ievel output voltage Vi = 0.8V, lop — 20mA 0.5 0.5 Vv
Iy input cufrent at maximum input voltage Vee = MAX, V) = 68V 1 1| mA
ENT 100 100
i High-evel input current Load Ve = MAX, v = 2.7V -10 -200 |-10 -200 | uA
Other inputs 50 50
L Low-level input current ENT Voo = MAX, V) = 0.5V -4 “4) A
Ciher inputs -2 -2
log Short-circuit output current® Vee = MAX, - 40 - 100 | -40 -100 | mA
Iz Supply current Voo = MAX,  See Note 2 100 160 100 160 | mA

T For conditions shown as MIN or MAX, use the approprizte value specified under recammended operating conditions.

¥ Al typical values are at Vo = GV, Ty = 25°C.

ot more than one output shouid be shorted at a time, and duration of the shart-circuit shouid not exceed one second.
NOTE 2: Ipe is measured after applying a momentary 4.5 V. then ground. to the clock input with all other inputs grounded and the outputs open.

switching characteristics, Vcc =5V, Ta=25°C

FROM TO D = HIGH D W
PARAMETERY TEST CONDITIONS uD 16 um = Lo UNIT
(INPUT) {OUTPUT) MIN TYP MAX |MIN TYP MAX
frmax 40 70 40 55 MHz
1 J— 14 21 14 21
PLH CLK RCO ns
PHL 20 28 20 28
1 Co = 150F, 8 15 38 15
PLH CLK Any Q R = 2808, ns
tPHL See Figures 2and 3 " 15 L 5
' — — 7.5 11 6 12
IPLH ENT AEG and Note 3 ns
PPHL 15 22 15 25
PLHY Uis — ) 15 3 15
ns
PHLY Rco 10 15 16 22

qtmax = maximum clack frequency

tpLH = propagation delay time, low-to-high-level autput
tpHL = propagation delay time, high-to-low-level output
Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimurm or @ maximum count, As the logic
level of the up/down input is changed, the ripple carry output will follow. If the count is minimum {Q), the ripple carry output transition will be
in phase. If the count is maximum (15 for ‘S169), the ripple carry output wili be out of phase.
NQTE 3: Load circufts and voltage waveforms are shown in Section 1,
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SN54LS1698, SN54ST68,
SN74LS168B, SN74S169
SYNCHRONQUS 4-BIT UP/DOWN BINARY COUNTERS

PARAMETER MEASUREMENT INFORMATION
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NOTES: A. The input puises are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, Zg, = 50 O
for 1816398, ty < 18 ns; tf < 6 ns, and for 'ST169, t, < 2.5 ns, ty < 2.5 ns.
B. For LS169B, Vigs = 1.3 V: for 5168 and 5169, Vg = 1.5 V.

FIGURE 1—-PULSE WIDTHS, SETUP TIMES, HOLD TIMES
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INPUT | |
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VOLTAGE WAVEFORMS

NQOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR < MHz, duty cycle < 50%, Loyt = 50 &;
for 'LS169B, t; = 156 ns, ty = 5 ns: and for 'S169, 1; < 2.5 ns, t5 = 2.5 ns,
B. tpLH and tpyt from enable T input to rippie carry output assume that the counter is at the maximum count. all Q outputs high.
C. For 'LS169B, Viaf = 1.3 V; for '§169, Viesr = 1.5 V.
D. Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimum or a maximum
count. As the logic level of the up/down input is changed, the ripple carry output will fallow. If the count is minimum {0}
the ripple carry output transition will be in phase, If the count is maximum (15), the ripple carry output will be out of phase.

FIGURE 2-PROPAGATION DELAY TIMES TO CARRY QUTPUT
{i’
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SN54LS1648, S
Si\!74lS‘IBQB 3I\|74S159
SYNCHRONOUS 4-BITUP/DOWN BINARY COUNTERS

PARAMETER MEASUREMENT INFORMATION
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UP-COUNT VOLTAGE WAVEFORMS

NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR =< 1 MHz, duty cycle <50%,
Zoyt = 50 Q; for 'LS1698, t, =< 16 ns; tf < 6 ns, and 'S189, t; = 2.5 ns, tf < 2.5 ns. Vary PRRA to measure fax-
B. Qutputs Qp and carry are tested at tn 16, Where tp is the bit-time when all outputs are low.
C. For 'LS169B, Vief = 1.3 V; for '5168, Vigf = 1.5 V.

FIGURE 3—-PROPAGATION DELAY TIMES FROM CLOCK
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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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