TYPES SH“I!B SM54191, SN54LS190, SN5418191,

SN7418D, SN74181, SN74LS190, SN7418191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

BULLETIN NO, DL-S 7711885, DECEMBER 1972—-REVISED AUGUST 1977

SNB4’", SNBALS' . . . J OR W PACKAGE

Counts 8-4-2-1 BCD or Binary SN74", SN74LS’ ... J OR N PACKAGE
. . v
Single Down/Up Count Control Line ‘ ”o:m:w’ —
Count Enable Control Input DATA RIPPLE MAX/ DATA DATA
. v, A CLOCK CLOCK MWIN LOAD < 0
Ripple Clock Qutput for Cascading
Asynchronously Presettable with Load Control bl
cLoCK
Parallel Outputs -
Cascadable for n-Bit Applications
average TR s,
TYPE PROPAGATION CLOCK POWER
DELAY DISSIPATION N A
FREQUENCY
*190, 191 20 ns 25 MHz 325 mW IPUT__OUTRUTS  NPUTS_ ouTeuts
‘LS180, ‘'LS191 20ns 25 MHz 100 mwW asynchronous inputs: Low input to Ioad sets QA=A
. Qg =~B,Qc=C,andQp=D
description 8-80c 0

The ‘190, 'LS190, '191, and 'LS191 are synchronous, reversible up/down counters having a complexity of 58
equivalent gates. The ‘191 and 'LS181 are 4-bit binary counters and the ‘190 and 'LS190 are BCD 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 steering logic. This mode of operation eliminates the output
counting spikes normally associated with asynchronous {ripple clock) counters.

The outputs of the four master-siave flip-fiops are triggered on a low-to-high-level transition of the clock input if the
enable input is low. A high at the enable input inhibits counting. Level changes at the enable input should be made only
when the clock input is high. The direction of the count is determined by the level of the down/up input. When low,
the counter counts up and when high, it counts down. Level changes at the down/up input of the 'LS190 and 'LS191
should be made only when the clock input is high.

These counters are fully programmable; that is, the outputs may be preset to either ievel by placing a low on the load
input and entering the desired data at the data inputs. The output will change to agree with the data inputs independ-
ently of the level of the clock input. This feature allows the counters to be used as modulo-N dividers by simply
modifying the count length with the preset inputs.

The clock, down/up, and load inputs are buffered to lower the drive requirement which significantly reduces the
number of clock drivers, etc., required for long parallel words.

Two outputs have been made available to perform the cascading function: ripple clock and maximum/minimum count.
The latter output produces a high-level output pulise with a duration approximately equal to one complete cycle of the
clock when the counter overflows or underflows. The ripple clock output produces a low-level output puise equsl in
width to the low-level portion of the clock input when an overfiow or underflow condition exists. The counters can be
easily cascaded by feeding the ripple clock output to the ensable input of the succeeding counter if parallel clocking is
used, or to the clock input if paraliel enabling is used. The maximum/minimum count ocutput can be used to accomplish
look-ahead for high-speed operation.

Series 54 and 54L.S’ are characterized for operation over the full military temperature range of —65°C to 125°C; Series
74’ and 74LS’ are characterized for operation from.0°C to 70°C.
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TYPES SN54190, SN54181, SN541S190, SN54LS19N,
SN74180, SN74191, SN74L5190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

functional block diagrams
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‘190, 'LS190 DECADE COUNTERS

. Dynamic input activated by a transition from a high leval to a low lavel,
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TYPES SN54190, SN54LS190, SNT74190, SN74LS190
SYNCHRONGUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

190, 'LS190 DECADE COUNTERS

typical load, count, and inhibit sequences

Mustrated below is the following sequence:

1. Load (preset) to BCD seven.

2. Count up to eight, nine {(maximum), zero, one, and two,

3. Inhibit.

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

LOAD

_JF—_

Q‘::-_J
———— J-‘_i
——
[]
°c______,' :'

1 0

L——— COUNT upP _—-I—— lNHIB:T—.l "— COUNT D:WN H

1272

7298 TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX $012 + DALLAS. TEXAS 785232



TYPES: SN64181, SNGALSIS). SNT74191, SN74LSI91
SYNCHRONGUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

‘191, 'LLS191 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.

____________
":::JA.———.[ ————————————
e ST - - - -—--Z---<z

s r :
SSois I s W o o IS pos B
SO0 R S S I N
® 1T B
=l W :
[P T S AR -
l ‘

I———muur ur z W’":IT" L—— COUNT n:m"—“—'

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

Supply voitage, Voo {seeNote 1) . . . . . . . . . . . o e e e e e e e e e e 7V
Input volitage: SNB4’, SN74" Circuits . . . . . . . . . . . . . . . ... .00 56V
SNBALS’, SN74LS ' Circuits. . . . . . . . . . . . . . . ..o e e 7V

Operating free-air temperature range: SN54', SN54LS Circuits . . . . . . . . . . . . . . . . —55°C 10 125°C
SN74', SN74LS Cireuits . . . . . . . . . . . . . .. .. 0°Cto 70°C

Storage temperature range . . . . . . . . . . . e e e e e e e e e e e e e —65°Cto 150°C

NOTE 1: Voltage vaiues are with respact to network ground tarminal.

1272
TeEXAS INSTRUMENTS 7289
INCORPORATED

POST OFFICE BOX 3012 » UALLAS, TEXAS 78222



TYPES SN54180, SN54181, SN74130, SN74191

SYNCHRONOUS UP/BOWN COUNTERS WITH DOWN/UP MODE CONTROL

recommended operating conditions

SN54100, SNBA191

SN74190, SN74191

MIN NOM MAX | MIN NOM MAX unT
Supply voltags, Voo 4.5 8 B85 1478 5 5.25 v
High-level output current, (g4 —~800 —800 | uA
Low-level output current, ioL 18 18 | mA
Input clock frequency, feiock 0 20 0 20 | MHz
Width of clock input pulse, twiciogi) 26 25 ns
Width of load input pulse, twiload) 35 35 ns
Data tatup tims, tyytp 1800 Figurss 1 and 2} 20 20 ns
Data hold time, tho)g 0 ] ns
Opersting fres-air temp L, TA -85 126 0 7 | °C

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

SNE4190, SNEA191 |SN74190, SN74191
PARAMETER TEST CONDITIONS - ;
MIN TYPE MAX |MIN TYP: MAX il
V4  High-evel input voitage Vee = MIN 2 2 \
ViL Low-level input voltage Veo = MIN 0.8 08| Vv
ViK  Inputclamp voltage Vee=MIN, j=-12mA -1.5 -15| V
K Voo =MIN, V=2V,
v High-tevel output vol . 4 34 X X
OH  High-level cutput voltage ViL~08V, IgH=-800uA | 2 24 34 v
Vec=MIN, Vig=2V,
Vi Lowwlevel t vol! Q. 0. .
oL Low output voitage VIL~08V, loL~16mA 0.2 04 2 04| V
High-level input current at
! =MAX, V=55V
¢ maximum input voltage vee AX 17558 ! tfmA
High-leve! input current
- igh: nput curren 20 20| ua
at any input except enable Voo =MAX, Vi=24V
' High-leve! input current cc o Ve 120 120 | pa
" at enable input
t input t
g ovevel input curen -18 -16| ma
at any input except enable
- Vee = MAX, V=04V
) Low-levet input current a8 _ag A
IL " gt enable input - il
log  Shortcircuit output current§ Voo = MAX ~20 -86 | -18 —66 | mA
fcc  Supply current Vee = MAX, See Note 2 85 99 65 106 | mA
TFor conditions shown as MAX or MIN, use appropriste value speci! under d ing di

TAN typical values sre st Vo =BV, T4 = 25°C.
8 Not more than one output shoukd be shorted at & time.
NOTE 2: igg is measured with all inputs grounded and all autputs open,
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TYPES SN54190, SN54181, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

switching characteristics, Ve =5V, Ty = 26°C

— FROM T0 190, '191
PARAMETERY TPUT
(INeUT) (QUTPUT) TEST CONDITIONS WIN TVP MAX ] UNIT
frmax 20 2 MHz
tPLH 2 3
Losd Qa.Qg.Qc, O
oy A.0g.Qc, Qp 3 s ™
tPLH 14 22
Dets A, B, C,D Qa.Qg,Qc,

TPHL A.Qg.Qc. Gp % &0 ™
h{

t"-“ Clock Ripple Clock CL=15pF, Ry =4004, L ns
‘PHL See Figures 1 and 3 thru 7 16

t::.: Clock Qa. Qp. Qc, Qp ;f : ns
tPLH Clock Max/Min 8 42|
tPHL 3 t (37 52

k¢

:::H Down/Up Ripple Clock gg :: ns

L

t

PLH Down/Up Max/Min i 2 3 ns
tPHL ;22 a3

1 mex = maximum ciock trequency
tpi 4 = propsgition delsy tims, low-to-high-level cutput
tpj1L = Propegation delay time, high-to-low-lavel output

schematics of inputs and outputs

INPUT

Enable input:
All other inputs: Rgg = 4 k3 NOM

EQUIVALENT OF EACH INPUT

VCC_"——-—

Reg =13 k2 NOM

TYPICAL OF ALL OUTPUTS

- Vee

QUTPUT
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TYPES SN54LS190, SN5415191, SN74LST80, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

REVISED AUGUST 1977

recommended operating conditions

SN54LS19C SN74LS8180
SNBALS191 SN74LS191 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Voe 45 & bB5 |476 B 525 | Vv
High-level output current, lon —400 —400 | »A
Low-levsl output current, I 4 8 | mA
Clack frequency, fejock [+ 20 (1] 20 | MHz
Width of clock input puise, ty(clock} 25 25 ns
Width of losd input puise, tw(ioad) 35 35 ns
Data sotup time, tegeyp [See Figuras 1 and 2) 20 20 ns
Data hold tims, thoid 0 [ ns
Count ansble time, tenghie (see Note 3)) 40 40 ns
Operating free-sir temperature, Ta -85 126 0 70 | °¢c

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

SN54LS180 SN74L8190
PARAMETER TEST CONDITIONST SNG641LS191 SN74L5181 UNIT
MIN TYPF MAX [MIN TYP} max
Viy High-level input voitage 2 2 v
ViL Low-evel input voitage 0.7 08| Vv
Vi Input clemp voltage Ve = MIN, 1) = —18 mA —~1.5 -1.5] Vv
Vee = MIN, Vig=2V,
V High-levet tvol 2.5 34 2.7 34
OH High-leve! output voltage VL = VjL max, IgH > —400 uA v
Vee = MIN, VIH*=2V, oL =4 mA 0.25 04 0.25 0.4
Vi Low-level t vol v
ot avel output voltage Vi = VL max ToL=8mA 036 05
High-level input Enable 03 03
Iy at imum Voo = MAX, Vi=1V mA
Input vottage Others 0.1 0.1
. High-tevel Ensble v MAX Vi=27V 60 60
H input current Others| * °€ : 1= 20 20 uA
Low-level Enable ~1,2 —1.2
I Vee = MAX, V=04V
i input current Others cc 1= —0.4 —0.4 mA
1og Short-circuit output current8 | Voc = MAX, ~20 —-100| —20 —100| mA
Icc  Supply current Vee=MAX,  See Note 2 20 35 20 35| mA

TFor conditions shown ss MAX or MIN, use appropriate vaiua specifled under recommaended opersting conditions for the applicable devica

type.

TAH typical values are at Voo = B V, Tp = 25°C.
§Not more than ona output should be shortad at a time, and duration of the shartcircuit should not exceed ane sacond.
NOTES: 2. Icc is messured with slt inputs grounded and all outputs open.
3. Minlmum count anable time Is the interval Immedistely precesding the rising edge of the clock pulse during which interval the

count enabls input must be jow 10 ensure counting,
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TYPES SN541S190, SN541S191, SN74L8190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

REVISED OCTOBER 1976

switching characteristics, Voo =5V, Ty = 26°C

PARAMETER? FROM o TEST CONDITIONS L5190, 18191 |,y
{INPUT) (OUTPUT) MIN TYP MAX
frnax 20 25 MHz
Y
PLH Load Qa, Qp,Q¢. Qp ™
tPHL 33 60
tPLH 20 32
DetaA,B,C, D Qa, Qg, Qc. Q ™
-y A. 0p. Qc. Qp 27 a0 | "
IPLH Clock Ripple Clock CL = 15pF, R = 2kS2, :: :: ns
'PHL See Figures 1 and 3 thru 7 18 2
tPLH
Ciock Qa, Qg, Qc. O ns
ey A. Q. Qc. Qp 2 %
1] 2 4,
PLH Clock Max/Min 8 2 ns
PHL 37 52
tpLH . 30 45
Down/t, Ripple Clock ns
PHL wnite 'ep 30 46
1 21 33
PLH Down/Up Max/Min ns
tPHL 22 33
PLH Ripple Clock 21 33
PHL Enable ipple Cloc o7l = ns

1'",., = maximum clock frequency
tp 4 = propsagation delay time, low-to-high-level output
tp4L = propagation delay time, high-to-low-level output

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

-

Vee i
1202 NOM & -
4

Vcc—1>————"’ <

b 3

3 Mea _ {:——r
oNPuT—q.—‘ln-q

®

Ensble input: Rgg = 8.33 kI NOM
Load input: Req =28 k{l NOM
All other inputs: Rgq = 17 kil NOM
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TYPES SN54180, SN54191, SN54LS190, SN5418191,
SN74190. SN74181, SN73LS190, SN74L$191
SYNCHRONOGUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

PARAMETER MEASUREMENT INFORMATION

OUTPUT Vee

RL H -~ -: ———————— v
(SEE NOTE B} e e ]
N ov
C_~15pF
| (SEE NOTE Al

n VoL
= = y :.-uu-.t: Vou
INVERTING
FIGURE 1—-LOAD CIRCUIT oumY ; L\ b
- e Se—nmml e - - - ——— oL

FOR SWITCHING TIME MEASUREMENT

§
i
¥
-t
B}
H

MAX/MIN,
RIPPLE CLOCK,
Qa.Qg,Qc, OR Qp

Ses waveform sequences in figures 4 through 7 for propegs-
tion times from s specific Input ta s spacific output. For
simplificstion, pulse rise times, referance levals, etc., have
not been shown in figures 4 through 7.

FIGURE 3-GENERAL VOLTAGE WAVEFORMS FOR
PROPAGATION TIMES

FIGURE 2—-DATA SETUP TIME VOLTAGE WAVEFORMS

NOTES: A. C, includes probe snd jig capacitance.

8. All diodes are 1N3064,

C. The input puises are supplied by generators having the following characteristics: Z,,; = 50 §1, duty cycis € 50%, PRR < 1 MHz.
D. Vigt= 1.5V for ‘190 and *191; 1.3 V for 'L§190 and ‘L5191,

roan L [ L
% ANY DATA INPUT [_:-—l
-

]

- = —— }

CORRESPONDING \ 1 ' [ -
QOUTPUT rm = e e o= =m el \

et e —l e L

J —

A
-
A
-
1

NOTE E: Conditions on other inputs are Irrslevant.
FIGURE 4-LOAD TO OUTPUT AND DATA TQ OUTPUT

L

RIPPLE CLOCK

L

1 ]
cLock | 1
! I
] ] : :
ENABLEG 1 ! ! ' |
]
H ]
—]

g

.
:

MAXMIN

NOTE F: All deta inputs are low.
FIGURE 5-ENASLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO RIPPLE CLOCK , AND DOWN/UP TO MAXAN
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TYPES SN54130, SN54181, SN541S190, SN54LS191,
SNTA190, SNT4181, SN741L8180, SN74L8191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE comu?t

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

— - — - — - - o - —
DATA INPUTS I
{SEE NOTES G TO 1) - - - . o o= - - - -
DOWN/UP ]
COUNT | |
1 |
_.; = tPLH —y ‘b tppiL
- H
OUTPUT(8I UNDER TEST -}
ENABLE = LOW

NOTES: G. to test Qu, Qg, and Qg outputs of ‘190 end 'LS190: Data Inputs A, B, and C are shown by the solid fine. Data input D is shown

by the dashad line.
H. To test Qp output of ‘190 and 'LS190: Dets inputs A snd D are shown by the solid line. Data inputs B and C are heid at the low

logic levet.
I. Totest Qn, Qp, Qc, and Qp outputs of ‘181 and 'L.8181: All four deta inputs ars shown by the solid line.

FIGURE 6—-CLOCK TO OUTPUT

o] L]
| i

DATA A

DATA B,C. AND D
(SEE NOTE 4} l

COUNT L-l ' u
—.' —J' ro— LM v} [ P

MAX/MIN I

ENABLE = LOW

NOTE J: Data inputs B snd C are shown by the dashed Iina for the ‘190 and ‘L8190 and the solid line for the ‘191 and 'LS191: Dats input D
is shown by tha solid line for both devices.

FIGURE 7—-CLOCK TO MAX/MIN
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