TYPES SN54LS168A SN54LS169A, SN545168, SN548169,

T SN74LS168A, SN74LS169A, SN748168, SN74S169
MSI SVHC#&O’HOUS 4-BIT UP/DOWN COUNTERS

BULLETIN NO. DL-6 7712088, OCTOBER 18676—REVISED AUGUSY 1977

Programmable Look-Ahead Up/Down

‘LS168A, '5168 . . . SYNCHRONOUS UP/DOWN DECADE COUNTERS
‘LS169A, 'S169 . . . SYNCHRONOUS UP/DOWN BINARY COUNTERS

SERIES SNBALS’, SNS4S’ ., . J OR W PACKAGE
SERIES SN74LS’, SN74S’...J OR N PACKAGE

d (TOP VIEW)
Binary/Decade Counters
o Fully Synchronous Operation for Counting AwpLE ouTRUTS
and Programming I — —— 1Y T
vcc outPur Y QA  Og ) T wao
¢ Internal Look-Ahead for Fast Counting |||[ |15| |u| |u| [u| |“| l-l [. ]
e Carry Output for n-Bit Cascading L 1 I l l
¢ Fully Independent Clock Circuit MePLE 04 03 OGc 0o ENASLE
OUTPUT
UP/DOWN LOAD
ey | T S
TV | cooninG [counTig|  POWER L 11
up pown | DSSIPATION —11[—11'—‘,“.“‘“.“,“.[_
‘LS168A, ‘LS160A | 35MHz 35 MHz 100 mWw u/d cK \—‘——'v_f_il am;m.e GND
’'S188, ‘S169 70 MHz 55 MHz 500 mW DATA INPUTS
positive logic: see description
description

These synchronous presettable counters feature an internal carry look-ahead for cascading in high-speed counting
applications. The ‘LS168A and "S168 are decade counters and the ‘LS169A and "S169 are 4-bit binary counters.
Synchronous operation is provided by having all flip-flops clocked simultaneously 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 output counting spikes that are normally associated with asynchronous (ripple<clock) counters. A
buffered clock input triggers the four master-siave flip-flops on the rising (positive-going) edge of the clock waveform.

These counters are fully programmable; that is, the outputs may each be preset to either level, The load input circuitry
allows loading with the carry-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,

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Bath count enable
inputs (P and T) must be low 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 T is fed forward to enable the carry
output. The carry output thus enabled will produce a low-level output pulse with a duration approximately equal to the
high portion of the QA output when counting up and approximately equal to the low portion of the Qa output when
counting down. This low-level overflow carry pulse can be used to enable successive cascaded stages. Transitions at the
enable P or T inputs are allowed regardless of the level of the clock input, All inputs are diode-clamped to minimize
transmission-line effects, thereby simplifying system design.

These counters feature a fully independent clock circuit. Changes at control inputs (enable -l;, enable :I:, load, up/down)
that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether
enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable setup and hold times.

The ‘LS168A and ‘LS189A are completely new designs. Compared to the original 'LS168 and ‘LS169, they feature
O-nanosecond minimum hold time and reduced input currents 'lH and I"_.
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TYPES SN54LS188A, SN54L5169A, SN74LS168A, SN74LS169A
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

REVISED AUGUST 1877
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TYPES SN545168, SN548169, SN745168, SN745169
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

functional block diagrams
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TYPES SN54LS168A, SN548168, SN74LS168A, SN74S168
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

‘LS168A, 'S168 DECADE COUNTERS

typical load, count, and inhibit sequences

litustrated below is the following sequence:

1. Load (preset} to BCD seven

2. Count up to eight, nine (maximumy}, zero, one, and two

3. Inhibit

4. Count down to one, zero (minimum), nine, eight, and seven

DATA -
iNPUTS L e e o e
c_]J L
!
k _| —— — — — — — —t— — —— r—— — —

RIPPLE (e I
CARRY
OUTPUT == e med

1 7 | 8 9 (1] 1 2 2 2 1 0 9 8 7
l l l'————- COUNT UP —'.— INHIBIT -I l-—— COUNT DOWN ——————»
e e/
LOAD
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TYPES SN54LS189A, SN548169, SN74LS169A, SN745169
SYNCHRONOGUS 4-BIT UP/DOWN COUNTERS

‘LS189A, ‘5169 BINARY COUNTERS

typical load, count, and inhibit sequences

IHustrated below is the following sequence:

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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TYPES SNBALS168A, SNGALS169A SN74LS16BA, SN741S169A
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vog——p—
Req
INPUT
y
Yy
»

Load: Req = 10 kS2 NOM
Deta: Req = 26 kil NOM

Clock, Enable P, T, U/D: Rgq = 20 kil NOM

TYPICAL OF ALL OUTPUTS

—————4—Vcc

OUTPUT

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

Supply voltage, Vg (see Note 1)

7V
Inputvoltage . . . . . . . . . . . . ... . ... .. Y A
Operating free-air temperature range: SN54L.S168A, SN64LS169A . —65°C to 125°C
SN741S188A, SN74LS169A . 0°C to 70°C
Storage temperature range —65°C to 160°C
NOTE 1: Vohage values are with respect to nstwork ground terminasl.
recommsnded operating conditions
SNB4LSTS8A SN74L8168A
SNEALS160A SN74LS180A UNIT
MIN NOM WMAX | MIN NOM WMAX
Supply voltags, Vcc 46 & 565/475 5 825] v
High-level output current, lgn —400 —400| wA
Low-level output current, Ig 4 8] mA
Clock frequency, feiock 0 25 o 26| MHz
Width of clock pulse, ty{ciock) (high or low} (see Figure 1) 25 ns
Data inputs é, B,C,D 20 20
Setup time, ty, (see Figure 1) Enable P or T 2 2 ns
. Load 25 25
Up/Down 30 30
Hold time at any input with respect to clock, t, (see Figure 1) o ] ns
Operating free-air teamperature, T4 —65 126 o 70| °C
076 TENTATIVE DATA
This page provides tentative information on &
new product. Texas Instruments reserves the - TEXAS| Nlc§a§g;8ilgoM ENTS 7-231
right to change specificati for this prod

in any manner without notice. POST OFFICE BOX 5012 ¢ DALLAS. TEXAB 78222



TYPES SN54LS168A, SN54LS169A, SN74LS168A, SN74LS169A
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

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

SN54LS168A SN74LS168A
PARAMETER TEST CONDITIONS' SN54LS189A SN74L8169A UNIT
MIN TYPE MAX [MIN TYP! maAX
ViH High-level input voitage 2 2 \"
Vi Low-level input voltage 0.7 o8| v
ViK_Input clamp voltage VCC=MIN, || =—18mA 1.5 15| V
v ) Vee = MIN, Vig=2V,
OH High-level output voitage ViL = Vi max, IgH = —400 pA 25 3.4 27 34 v
Vee=MIN, |\ =ama 025 04 025 04
VoL Low-level output voltage ViH=2V, \
ViL = V) max |'OL=8mA 035 05
Input current A,B,C,0D,P UD 0.1 0.1
\{  atmaximum Clock, T Vee=MAX, V=7V 0.1 0.1 | mA
input voitage Load 02 0.2
High-level A, B, C:-D, P, U/D 20 20
WH input current Clock, T Vee = MAX, Vi=27V 20 20 | uA
Load 40 40
A,B,C,D,P, UMD ~0.4 —0.4
he :::):;l:\’:'ent Clock, T Vec=MAX, V=04V Yy —04 | mA
Load —08 -08
los Short<circuit output current? Ve = MAX -20 -100 | —20 —100 | mA
icc Supply current Veeo = MAX,  See Note 2 20 34 20 34 | mA

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

Fan typical valuesare at Voo =5V, Ty = 25°¢C.

§Not more than one putput should be shorted at 8 time, and duration of the short<circult should not sxceed ons sscond.

NOTE 2: Igg is measured after applying a momantary 4.5 V, then ground, to the clock input with ail other inputs grounded and the outputs
open.

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

. PARAMETERY FrOM To TEST CONDITIONS MIN  TYP MAX |UNIT
{INPUT) {QUTPUT)
fmax 25 32 MH2
t Ripple 2 35
t::': Clock C::?Y 22 = ns
tPLH Any CL=15pF, 13 20
ey Clock a Ry =2k, 5 23 ns
. — Ripple See Figures 2 and 3 70 7y
Enable T and Note 3 ns
tPHL carry 10 14
TPPLHO Up/Down Ripple 17 26 ns
tpHLO carry 19 28

Mm“ = Maximum clock frequency
tpL_ 4 = propagation delay time, low-to-high-level output.
tpj . = propapation delay time, high-ta-low-level output.

OPropagation delay time from up/down to ripple carry must be measured with the counter at either & minimum or & maximum count. As the
logic level of the up/down input is changed, ths ripple carry output will follow. If the count is minimum (Q), the ripple carry output
transition will be in phase. 1f the count is maximum (9 for ‘LS168A or 15 for 'LS169A), the ripple carry output wili be out of phase,

NOTE 3: Load circuit is shown on page 3-11.
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TYPES SN548188, SN548189, SN748168, SN74S89
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

REVISED AUGUST 1977

schematics of inputs and outputs

EQRHVALENY OF EACH INPUT

: VO Cm—

20 k2 NOM |
‘ {LOAD INPUT $
ONLY)

INPUT wed

Ensble B or T inputs: Raq = 1.4 kil NOM
Other inputs: H" = 2.8 k) NOM

TYPICAL OF ALL OUTPUTS
-_ n & Vee
50 2 NOM
2 OUTPUT
L

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

Supply voltage, Vg (see Note 4) . . A"
fnput voitage . . . C e e e . 55V
Interem:ttervoltage(me NoteS) .. e e e e e . ... 5BV
Operating free-air temperature range: SN54$168 SN545169 (soe Note 6) e e e —55 Cto 125°C
SN74S168, SN7451690 . . e . 0°C to 70°C
Storage temperature range .. .. .. =85Cto150°C
recommended operzating conditions
SNB48168 SN748188
SN54S169 SN748189 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 65 | 476 13 5.26 v
High-level output current, IgH -1 -1 | mA
Lowlevel output current, Iog. 20 20 | mA
Ciock frequency, fojock 0 40 0 40 | MHz
Width of clock pulse, tyy(ciock) (high or low)} (see Figure 1} 10 10 ns
Dsta imun;, B,C,D 4 4
Enabils P or 14 14
Setup time, ty, (see Figurs 1) Lood S P ns
Up/Down 20 20
Hoid time at any input with respect to clock, ty, (see Figure 1} 1 1 ns
Operating free-air temperature, T 5 (see Note 6) —56 125 0 70 | °C

NOTES: 4. Voitage vslues, except interemitter voltage, are with raspect to network ground terminal.
6. This is the voltage between two emitters of a mulitiple-emitter transistor. For thase circuits, this rating applies betwsen the count

enable inputs P and T.

6. An SNE4S168 or SNE43169 in ths W package cperating at fres-air tempaeratures above 91°C requires a heat sink thst provides a

thermal rasistance from case to free-sir, Rgca. of not mors then 26°c/w.
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TYPES SN545168. SN545168. SN745168, SN745169
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

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

SN545168 SN748163
PARAMETER TEST CONDITIONS? SNE4S188 SN745169 UNIT
MIN _TYPE MAX [MIN TYPE MAX
V4 High-level input voltage 2 2 v
Vi Low-level input voitage 0.8 08| Vv
VK Input clsmp voltage Voo =MIN, [=—18mA -1.2 -1.2{ V
Vou High-level output voitage Vec=MIN. Vin=2V. 1,5 34 27 34 v
ViL=08YV, Igy=-1mA
Vee =MIN, Vig=2V,
VoL Low-level output voltage VIL=08YV, loL=20mA 0.5 05| Vv
] Input current at maximum input voltage Vee =MAX, V=558V 1 1f mA
Iy  High-tevel input current z:::ai:;uts Voo =MAX, V=27V 1$ 122 uA
Ii  Lowlevel input current Ensble T Vee=MAX, V=05V —4 =4 mA
Other inputs -2 —2
los Shert-circuit output current§ Vee = MAX ~40 —~100 | —40 —100§ mA
fcc  Supply cureent Vee = MAX, See Note 2 100 160 100 160 | mA

T For conditions shown as MIN or MA X, use the appropriate value specified under recosr
LAl typical values sre st Vo = B V, T = 26°C.
§Not more than one output should be shorted at a time, and durstion of the short<circuit should not exceed one second,
NOTE 2: Ige is measured after applying a momentary 4.6 V, then ground, to the clock input with all other inputs grounded and the outputs

open.

switching characteristics, Vg =5V, TA=25°C

operating diti

FROM TO UP/ODOWN = HIGH | UP/DOWN = LOW
PARAMETERY TEST CONDITIONS I UNIT
{INPUT) {OuUTPUT} MIN TYP MAX |MIN TVYP MAX
fmax a0 70 40 65 MHz
1 i 14 21 14
xPLH Clock mone 20 2= 20 :; n
PHL carry CL = 15 pF, 5 = 5 =
PLH Clock Any Q Ry =280 Q, ns
1PHL . 11 15 11 15
~ See Figures 2 and 3
tPLH - Ripple 7.5 1" 6 12
Enable T and Note 7 ns
tPHL carry 156 22 15 25
tpLHC Ripple [:] 15 8 15
/D
PHLO Up/Daown carry 0 15 6 2|

1 'mnx
PLH

= maximum clock fraquency
= propagation dejsy time, low-to-high-level output

tpHL = propagation deiay time, high-to-low-level output
°Prop‘ﬁti0n delsy time from up/down to ripple carry must ba measured with the countar at gither 2 minlmum or a maximum count. As the
Iogic leval of the up/down input is changed, the ripple carry output will fotlow. If the count is minimum (0), the rippie carry output
transition will be in phass. If the count is maximum (9 for ‘'S168 or 15 for 'S189), the ripple carry output wiil be out of phase.
NOTE 7: Load circuit is shown on page 3-10,
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TYPES SN54LSI68A, SN54LS168A, SN545168, SN548169,
SNTALSIGSA, SN74LSIGBA, SNT4S188, SN748189
SYNCHRONGUS 4-BIT) UP/DOWN COUNTERS

-

PARAMETER MEASUREMENT INFORMATION

fe— twictock) 1
{ r—' twiclock) ~—o|

I | 3v
cLOCK
INPUT
| | o
r— ty —ol j— S— |
tactive state) fger th —ef {inactive state} [ i
| | ‘ : 3v
Loap Ly | i/, ! !
INPUT r | ref | |
A oV
—_— —3V
DATA INPUTS
A,B,C,and D
ov
|
| ov
ENABLE P or |
ENABLE T |
t —_—=-3V
lo— g, ! le- 1y -
I -.L_-'_ th | el
h
! | ] 3V
UP/DOWN I Y ] ! !
. v Vv, v, v
INPUT ret * et ret ret
e oy
VOLTAGE WAVEFORMS
NOTES: A. The input pulses are supplisd by a generstor having the following charscteristics: PRA < 1 MHz, duty cycle < 50%, Z5; = 50 £2; -
for “LS168A and *LS1B9A, t, < 15 ns, 11 < 6 ny, and for ‘S168 and ‘5160, t, < 2.5 ns, t; < 2.5 ns.
B. For 'LS16BA and ‘LS169A, Vgt = 1,3 V; for 'S168 end "S168, Vgt = 1.5 V.
FIGURE 1—-PULSE WIDTHS, SETUP TIMES, HOLD TIMES
v
ENABLET v v
INPUT h ref | ref
1 — e e s e e e () ]
! T
pe——tppp .——.: je—— WLH _.1
I | VoL
RIPPLE [ |
CARRY Vet Vref
QUTPUT
— v o =V OH
VOLTAGE WAVEFORMS

NOTES: A. The Input pulse is suppiied by a gensrator having the following charscteristics: PRR < 1 MHZ, duty cycle < 50%, Zg ™ 50 £2;
for ‘LS168A snd 'LST169A, t; & 18 ns, t¢ < 6 ns; and for 'S168 and "'S168,t, < 2.8 ns, t4 < 2.6 ns,

B. tp)  and tpy from ensble T input 10 ripple carry output sssume that the counter is st the maximum count {Qp and G high
for 'LS168A and ‘S188, sll Q outputs high for 'LS165A and 'S169).

C. For "LS168A and 'LS168A, Vyei = 1.3 V; for 'S168 and 'S188, Vg = 1.5 V.

D. Propagstion delay time from up/down to ripple carry must be messured with the counter at sither a minimum or a maximum
count. As the logic level of the up/down input is changed, the ripple carry output will follow. if the count is minimum (0} ths
ripple carry output transition will be in phase. If the count is maximum (8 for ‘LS188A and "$168, or 15 for ‘LS169A and
*S169) the ripple carry output wili be out of phase,

FIGURE 2—PROPAGATION DELAY TIMES TO CARRY OUTPUT
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TYPES SN54LS168A, SN54LS169A, SN54S168, SN545169,
SN74LS168A, SN74LS168A, SN74S168, SN748169
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS

PARAMETER MEASUREMENT INFORMATION

L-‘w(cvock) -l
! |

e—et— tPLH —sim tPHL

(measure at tpq} (measure at tn43)
nt+1 n+2

|
| |
QUTPUT ! I | !
Qa i Vref ] Vref
! | £C

-— e ——

24
| 1
i lo—e}— PHL b tp
I | | (measure at tyygq) | | (measure at t,47)
[ ) | | |
|
OuTPUT ' ! v |
Qg | | ref l Vief
1
| | 5 —— = - -
| L—o‘— PHL f—=t—tpLy
| ] |I (measure at ty48) | | {measure at tn.+q)
|
QUTPUT v v
Qc | I ref | ref
| | ! _— e o —
I i
H— tPHL P—’|- PLH
| | (measure at tn+10 {measure at t;,g)
| ' | ortpieg)
| {See Note B) |
ouTPUT | !
ap I \ Vret Vret
! [ { S S -
| r}4
[ trhe IL—'I— tPLH
] {measure at tq+10Q
i or tn41g) (See Note B)
: | ryi
’
RIPPLE v ‘ v r
CARRY ref ref
OUTPUT

UP-COUNT VOLTAGE WAVEFORMS

NOTES: A. The input pulses are suppliad by a generator having the foilowing characteristics: PAR < 1 MHz, duty cycle < 50%, Zgoye ™ 50 Q;

for 'LS168A and 'LS169A, t, < 15 ns, 15 < 6 ns; and for ‘S168 and ‘S169, t, € 2.5 ne, 14 < 2.5 ne. Vary PRR to meesure f,
B. Outputs Qp and carry are tested st thyqp for the ‘LS168A and "S16B, and at tp+ 16 for the ‘LS169A and '$169, where t,,
bit-tima when all outputs-are low.
C. For ‘LS168A and 'LS169A, V,e¢ = 1.3 V; for 'S168 and 'S169, V gt = 1.5 V.

FIGURE 3-PROPAGATION DELAY TIMES FROM CLOCK
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