SN54190, SN54191, SN54LS190, SN54LS191,
SN74190, SN74191, SN74LS190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

DECEMBER 1972—REVISED MARCH 1988

Counts 8-4-2-1 BCD or Binary

Single Down/Up Count Control Line
Count Enable Control Input

Ripple Clock Output for Cascading

e Asynchronously Presettable with Load
Control

* Parallel Outputs

* Cascadable for n-Bit Applications

TYPICAL
AVERAGE MAXIMUM TYPICAL
TYPE PROPAGATION CLOCK POWER
DELAY FREQUENCY DISSIPATION
190,"191 20ns 25MHz 326mw
‘LS190,LS191 20ns 25MHz 100mwW

description

The '190, ‘'LS190, ‘191, and ‘LS191 are synchronous,
reversible up/down counters having a complexity of 58
equivalent gates. The ‘191 and ‘LS191 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 asyn-
chronous (ripple clock) counters.

SN54190, SN54191, SN54LS190,
SN54LS191 . . . J PACKAGE
SN74190, SN74191 ... N PACKAGE

SN74LS190, SN74LS181 ... D OR N PACKAGE
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The outputs of the four master-slave flip-flops are triggered on a low-to-high 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 shouid be made only when the clock in-
put is high. The direction of the count is determined by the level of the down/up input. When low, the counter count up and
when high, it counts down. A false clock may occur if the down/up input changes while the clock is low. A false ripple carry
may occur if both the clock and enable are low and the down/up input is high during a load pulse.

These counters are fully programmable; that is, the outputs may be preset to either level 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 independently 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 pulse 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 pulse equal in width to the low-
level portion of the clock input when an overflow or underflow condition exists. The counters can be easily cascaded by
feeding the ripple clock output to the enable input of the succeeding counter if parallel clocking is used, or to the clock input
if parallel enabling is used. The maximum/minimum count output can be used to accomplish look-ahead for high-speed

operation.

Series 54’ and 54LS’ are characterized for operation over the full military temperature range of —55°C to 125°C; Series 74’

and 74LS’ are characterized for operation from 0°C to 70°C.
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SN54190, SN54191, SN54LS190, SN54L8191,
SN74190, SN74191, SN74LS190, SN74LS191

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

logic symbolst

INSTRUMENTS

190, 'LS190
(@) CTRDV10
CTEN ﬁb G1 “12)
D/U M2 {DOWN] 2(CT = 0)26 j— MAX/MIN
(147 M3 (UP] 3(CT = 9126
CLK >1.2-/1,3+ 13) ——
G4 6.1,4F~——RCO
LOAD Wirdes
A ((11?) 5D M +— ——:—:—:—QA
8o 21 f61 0B
¢ {9} {4l (7) Q¢
D i8] Qp
‘191, ‘L8191
2 CTRDIV16
Fﬁ%’—h G1 112)
D/U M2 [DOWN] 2(CT = 0)26| j— MAX/MIN
—‘ aa M3 [UP] 3(CT = 15)286
| cLK > 1.2-/1,3+
- G4 61,4 70
{w ] T6AD L =dcs
] {15) L @
s_ A m 5D 1] +—1 ‘_(ZTOA
7] &0 2] 1 08
8 ¢ {9} 2 {7) %
D []] Qp
1t These symbols are accordance with ANSI/IEEE Std 91-1984 and JEC Publication 617-12.
Pin numbers shown are for D, J, and N packages.
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SN54190, SN54LS190, SN74190, SN74LS190
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

logic diagram (positive logic)
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Pin numbers shown are for D, J, and N packages.
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SN54191, SN54LS191, SN74191, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

logic diagram (positive logic)

cLK‘—“l’—Dc
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e
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Pin numbers shown are for D, J, and N packages.
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SN54190, SN54LS190, SN74190, SN74LS190
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

190, 'LS190 DECADE COUNTERS

typical load, count, and inhibit sequences

llustrated 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 {minimum), nine, eight, and seven.
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SN54191, SN54L5191, SN74191, SN741§191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

’191, 'LS191 BINARY COUNTERS

typical load, count, and inhibit sequences

tilustrated 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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SN54190, SN54191, SN54LS190, SN54LS191,

SN74190, SN74191, SN74LS190, SN74LS191

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

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

Supply voltage, Vg (see Note 1) .
Input voitage: SN54’, SN74’ Circuits . .
SNB4LS’, SN74LS’ Circuits, . . .

Operating free-air temperature range: SN54°, SN54

Storage temperature range

LS’ Circuits .

SN74°, SN74L5’ Circuits .

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

v

. b5V

7V

.-65°C10 125°C
0°Cto 70°C
. —-65°C to 150°C

SN54190, SN54191 | SN74190, SN74191 uNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 A\
loH High-level output current - 08 —08 mA
loL Low-level output current 16 16 mA
'glggk input clock frequency 0 20 4] 20 | MHz 2
twiclock)  Width of clock input pulse 25 25 ns
twlioad) Width of ioad input pulse 35 35 ns
. Setup time | Data, high or low (See Figure 1 and 2) 20 20 ns (7]
up ti
su P ] Load inactive state 20 20 8
thold Data hold time 0 0 ns -;
Ta Operating free-air temperature — 55 125 0 70 °c o
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) -
190, SN54191 |SN74190, SN74191 =
PARAMETER TEST CONDITIONS SNG4180, SNE4191 | SN S 9 UNIT ’_
MIN TYPI MAX [MIN TYPI MAX
ViH High-level input voltage Vee = MIN 2 2 \4
ViL Low-level input voltage Ve = MIN 0.8 08| Vv
Vik Input clamp voltage Veg=MIN, 1=-12mA -1.56 -15| V
R Vee=MIN, V=2V,
\Y High-level output volta 24 34 24 34 v
OH  High P g VIL=08Y, IoH=—08mA
Vee=MIN, Vig=2V,
VoL Low-level output voltage 0.2 04 0.2 041 V
ViL=08YV, lpoL=16mA
High-level i t t at
0 ‘gh-level input current 3 Voo =MAX, V=65V 1 1| ma
maximum input voltage
High-leve! input current
i1 o e e 40 40 | A
at any input except enable
- - Ve = MAX, V=24V
High-level input current
i1 ; 120 120 | A
at enable input
tow-level input current
i ) -16 ~1.6| mA
at any input except enable
- Vee = MAX, Vi=04V
Low-level input current
I . -4.8 —4.8 | mA
at enable input
1os Short-circuit output current § Vee = MAX -20 —66 | —18 —65 | mA
lcc  Supply current Veg = MAX, See Note 2 65 99 65 105 [ mA
tFor conditions shown as MAX or MIN, use appropriate value specified under recommended operating conditions.
iAll typical values areat Voo =6V, Tp = 25°C.
§Not more than one output should be shorted at a time.
NOTE 2: i is measured with all inputs grounded and alf outputs open,
I Texas * 2625
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SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

switching characteristics, Ve = 5V, Tp= 25°C

Juiil N

FROM TO 190, 191
PARAMETERT TEST CONDITIONS UNIT
(INPUT} (OUTPUT} MIN TYP MAX
fmax 20 25 MHz
PLH — 22 33
d Qa. Qg. Qc. O S
TPHL Loa A- 18- =C- 0 33 50 | "
PLH 14 22
Data A,B,C,D Qa,0g.Qc. Q ns
—ry ata A.0p.Qc. QD a——
teLH CLK RCO CL - 15pF. R =400 2, 132 |
{ Rco 16 24
PHL See Figures 1 and 3 thru 7
tPLH CLK Qa. Q. Qc. O 1621
tPHL A. 4. QC. YD 24 36
t 28 42
PLH CLK Max/Min ns
1PHL 37 52
tPLH — J— 30 45
s
- /0 ACO 30 45 |
t _ 21 33
PLH D/U Max/Min ns
PHL 22 33

t fmax = maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output

schematics of inputs and outputs

S9JIAD

EQUIVALENT OF EACH INPUT

Vee

INPUT

Enable input: Req =1.3 k2 NOM

All other inputs: Rgq = 4kQ NOM

TYPICAL OF ALL OUTPUTS

Vee

QUTPUT

2-626
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SN54L8190, SN54LS191, SN74LS190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

recommended operating conditions

SN54L8190 SN74LS190
SN54LS191 SN74LS191 UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 55 4.75 5 525 A\
IoH High-level output current —-04 -04 mA
oL Low-level output current 4 8 mA
felock Clock frequency 0 20 0 20 | MHz
twiciock) Width of clock input puise 25 25 ns
twlload) Width of load input pulse 35 35 ns
tsy Data setup time {See Figures 1 and 2) 20 20 ns
sy Load inactive state setup time 30 30 ns
th Data hold time 5 5 ns
th Enable hold time 0 0 ns
tenable Count enable time (see Note 3) 40 40 ns
Ta Operating free-air temperature — 55 125 4] 70 °c

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

N

SN54LS190 SN74LS190 »
PARAMETER TEST CONDITIONST SN54LS191 SN74LS191 UNIT @
MIN TYPI MAX |MIN TYPI MAX Q
ViH High-level input voltage 2 2 \" >
V(L Low-level input voltage 0.7 08 V 8
VK Input clamp voltage Vce = MIN, lj=—18 mA -15 -1.5] V
] Ve = MIN, ViH=2V, s |
VoH High-level output voltage 25 3.4 2.7 34 \" |_
Vi = VL max, IgH = —400 A [
Vee = MIN, VIH=2V, gL =4 mA 0.25 04 0.25 04
VoL Low-level output voltage v
VL = V) max oL =8mA 0.35 0.5
Hiah- A
igh-levet input Enable 03 03
I current at maximum Vee = MAX, V=7V mA
input voltage Others 0.1 0.1
| High-leve! Enable v MAX Vi=27V 60 60
- : -2 A
IH input current Others cc ! 20 20 i
Low-level Enable -1 -1.2
TR Vee = MAX, V=04V 2 mA
input current Others —0.4 —-0.4
log Short-circuit output currentd | Veg = MAX, -20 -100 | —20 —100| mA
Icc  Supply current Ve = MAX, See Note 2 20 35 20 35| mA
TFor conditions shown as MAX or MIN, use appropriate value specified under recommended operating conditions for the applicable device
type.
Tl tvpical vaiues are at Ve = 5 V, Tp = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTES: 2. fee is measured with all inputs grounded and all outputs open.
3. Minimum count enable time is the interval immediately preceeding the rising edge of the clock pulse during which interval the
count enable input must be low to ensure counting .
INSTRUMENTS 2627
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SN54LS190, SN54LS191, SN74LS190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

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

RAMETER! FROM o TEST CONDITIONS L5190 L5191 it
PA (INPUT) (OUTPUT) MIN TYP MAX
fmax 20 25 MHz
1 — 22 33
PLH Load Qa. Q. Qc, Qp 3 ns
tPHL 3 50
tPLH 20 32
Data A,B,C, D Qa.Qg.Qc, Q ns
PR 2 A G Hc. B0 27 40
t J— 1 2
PLH oLK RGO CL=15pF, RL=2kR, 1; 22 ns
PHL See Figures 1 and 3 thru 7
(PLH CcLK Qa.Qp.QC. Q AL 0
tPHL A S8 BC-ED 24 36
1 28 42
PLH CLK Max/Min ns
tPHL 37 52
tPLH — — 30 45
S
PHL D/U RCO 30 a5 n
21 33
2 ‘PLH D/0 Max/Min ns
tPHL 22 33
tPLH - 21 33
- TPHL CTeN Rco Y
- N ]
[ fmax = maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
g tpHL = propagation delay time, high-to-low-level output
g- schematics of inputs and outputs
®
] EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
—— __..1._ Vee
120 2 NOM &
Vee ___—1».__— -—— b3
S
<
£ r
INPUT -——
4
b3
OUTPUT
Enable input: R.q =8.33 k2 NOM
Load input: H.q = 25 k§2 NOM
All other inputs: Req = 17 k2 NOM
2.628 EXAS w
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SN54190, SN54191, SN54LS190, SN54LS191,
SN74190, SN74191, SN74LS190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

PARAMETER MEASUREMENT INFORMATION
OUTPUT Vee

Rp
(SEE NOTE B}

MAX/MIN,

RIPPLE CLOCK,

Qa,Qp,Q0¢,0RQp

CL=15pF
I (SEE NOTE A)
FIGURE 1-LOAD CIRCUIT
FOR SWITCHING TIME MEASUREMENT
—’1 }‘-‘ <10ns

DATA | | 90%
INPUT A vyet
(SEENOTEC) 0% /|

LOAD
INPUT
(SEE NOTE C)

Q OUTPUT

FIGUTE 2-DATA SETUP TIME VOLTAGE WAVEFORMS

<10ns | |- —-1 ft— < 101s
P I
| | v
INPUT |
{SEE NOTE C) |
ov
VoH
NONINVERTING
oUTPUT
VoL
VoH
INVERTING
OUTPUT
VoL

See waveform sequences in figures 4 through 7 for propagation times from a specific input to a specific output. For simplication, pulse
rise times, reference levels, etc., have not been shown in figures 4 through 7,

FIGURE 3-GENERAL VOLTAGE WAVEFORMS FOR PROPAGATION TIMES

NOTES: A. C| includes probe and jig capacitance.
B. Al diodes are 1N3064 or equivalent.
C. The input pulses are supplied by generators having the following characteristics: Z,,¢ = 50 2, duty cycle < 50%, PRR < 1 MHz.
D. Vigt= 1.5V for "190 and '181;1.3 V for 'LS190 and 'LS191.

Texas
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SN54190, SN54191, SN541.5190, SN54LS191
SN74190, SN74191, SN74LS190, SN74L5191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

PARAMETER MEASUREMENT INFORMATION (continued)

LOAD

:
]

T T

1
l

ANY DATA INPUT

CORRESPONDING
QOUTPUT ——— ===

)
o= tPHL

A

]
o= tPHL tPLH =l

5
I
A
-

NOTE E: Conditions on other inputs are irrelsvant.
FIGURE 4—LOAD TO OUTPUT AND DATA TO OUTPUT

D/U I I |

2 ]
| i
cLOCK l I ] \ .
i 1 1 1
'4 : | | ]
'—_I CTEN | : ] !
o PHL— = ol L tpLH  PHL=e] 1 ol e tPLH
| '
& RCO ! l I
< PLH— [~ | e tpyr
8 MAX/MIN
w NOTE F: All data inputs are jow.
FIGURE 5—ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DONN/UP TO MAX/MIN
T *IP
2.630 EXAS
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



SN54190, SN54191, SN54LS190, SN54LS191,
SN74190, SN74191, SN74LS190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

PARAMETER MEASUREMENT INFORMATION (continued)

switching characteristics (continued)

DATAINPUTS — — — — == — — — = - —= —~— J’
({5 3 o] f 2] R [ o J | I ———— PP S g g
D/U ]
COUNT

AL

OUTPUTIS) UNDER TEST |

t H
be—tpLH N T HL
& ]
ENABLE = LOW

N

NOTES: G. To test Qu, Qg, and Q¢ outputs of 190 and 'LS190: Data inputs A, B, and C are shown by the solid line. Data input D is shown

by the dashed line. [72]
H. To test Qp output of '190 and '1.§190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low 0
logic level. .2
I. TotestQu,Qg, Qc, and Qp outputs of ‘191 and ‘LS191: All four data inputs are shown by the solid line. >
8
FIGURE 6-CLOCK TO OUTPUT
-
LOAD ] , I I
DATA A I
DATAB,C,ANDD
(SEE NOTE ) ]
o/U |
COUNT I I | | I I
] ' i
| > tPLH = (*tPHL _JI *—PLH -~ :'—‘PHL
MAX/MIN
ENABLE = LOW
NOTE J: Data inputs B and C are shown by the dashed line for the 180 and 'LS190 and the solid line for the 191 and 'LS191: Data input D
is shown by the solid line for both devices.
FIGURE 7-CLOCK TO MAX/MIN
TEXAS X
2-631

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



