I
FAIRCHILD
I

SEMICONDUCTORT™

74AC191

November 1988
Revised November 1999

Up/Down Counter with Preset and Ripple Clock

General Description

The AC191 is a reversible modulo 16 binary counter. It fea-
tures synchronous counting and asynchronous presetting.
The preset feature allows the AC191 to be used in pro-
grammable dividers. The Count Enable input, the Terminal
Count output and the Ripple Clock output make possible a
variety of methods of implementing multistage counters. In
the counting modes, state changes are initiated by the ris-
ing edge of the clock.

Features

lcc reduced by 50%

High speed—133 MHz typical count frequency
Synchronous counting

Asynchronous parallel load

Cascadable

Outputs source/sink 24 mA

Ordering Code:

Order Number |Package Number Package Description
74AC191SC M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150” Narrow Body
74AC191SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
74AC191IMTC MTC16 16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74AC191PC N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering code.

Logic Symbols

IEEE/IEC

_ CTRDIV16
CE—=61
U/Dt M2 [DOWN]  2(CT=0)Z6 j_ c
M3[UP]  3(CT=9)Z6

CP_E >1,2=/1,3%
G4 6,1,4f>—RC

PL—2DC5

Py—5D 11 —2,
P — [2] —o20,
Pr— [4] %
Py —— [8] Qs

FACTUO is a trademark of Fairchild Semiconductor Corporation.

Connection Diagram

/
Pyt 16 —Vee
Q2 15 Py
Q-3 14 =CP
CE—4 13}—ReC
U/p—5 12=TC
[ 11}-pL
;7 10 |—P,
GND— 8 9}-r;
Pin Descriptions
Pin Names Description
CE Count Enable Input
CP Clock Pulse Input
Po—P3 Parallel Data Inputs
PL Asynchronous Parallel Load Input
u/D Up/Down Count Control Input
Qu—Q3 Flip-Flop Outputs
RC Ripple Clock Output
TC Terminal Count Output

© 1999 Fairchild Semiconductor Corporation DS009940

www.fairchildsemi.com

%201 a|ddiy pue 18said Yim 1a1unod umod/dn TETIVYL.



74AC191

%Truth Table

Inputs Outputs
PL CE TC cP RC
(Note 1)
H L H L L
H H X X H
H X L X H
L X X X H

Functional Description

The AC191 is a synchronous up/down counter. The AC191
is organized as a 4-bit binary counter. It contains four edge-
triggered flip-flops with internal gating and steering logic to
provide individual preset, count-up and count-down opera-
tions.

Each circuit has an asynchronous parallel load capability
permitting the counter to be preset to any desired number.
When the Parallel Load (PL) input is LOW, information
present on the Parallel Load inputs (Pg—P3) is loaded into
the counter and appears on the Q outputs. This operation
overrides the counting functions, as indicated in the Mode
Select Table.

A HIGH signal on the CE input inhibits counting. When CE
is LOW, internal state changes are initiated synchronously
by the LOW-to-HIGH transition of the clock input. The
direction of counting is determined by the U/D input signal,
as indicated in the Mode Select Table. CE and U/D can be
changed with the clock in either state, provided only that
the recommended setup and hold times are observed.

Two types of outputs are provided as overflow/underflow
indicators. The terminal count (TC) output is normally
LOW. It goes HIGH when the circuits reach zero in the
count down mode or 15 in the count up mode. The TC out-
put will then remain HIGH until a state change occurs,
whether by counting or presetting or until U/D is changed.
The TC output should not be used as a clock signal
because it is subject to decoding spikes.

The TC signal is also used internally to enable the Ripple
Clock (RC) output. The RC output is normally HIGH. When
CE is LOW and TC is HIGH, RC output will go LOW when
the clock next goes LOW and will stay LOW until the clock
goes HIGH again. This feature simplifies the design of mul-
tistage counters, as indicated in Figure 1 and Figure 2. In
Figure 1, each RC output is used as the clock input for the
next higher stage. This configuration is particularly advan-
tageous when the clock source has a limited drive capabil-
ity, since it drives only the first stage. To prevent counting in
all stages it is only necessary to inhibit the first stage, since
a HIGH signal on CE inhibits the RC output pulse, as indi-
cated in the RC Truth Table. A disadvantage of this config-
uration, in some applications, is the timing skew between
state changes in the first and last stages. This represents
the cumulative delay of the clock as it ripples through the
preceding stages.

A method of causing state changes to occur simulta-
neously in all stages is shown in Figure 2. All clock inputs
are driven in parallel and the RC outputs propagate the
carry/borrow signals in ripple fashion. In this configuration
the LOW state duration of the clock must be long enough to
allow the negative-going edge of the carry/borrow signal to

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

—~ = LOW-to-HIGH Transition
—r = Clock Pulse

Note 1: TC is generated internally

ripple through to the last stage before the clock goes HIGH.
There is no such restriction on the HIGH state duration of
the clock, since the RC output of any device goes HIGH
shortly after its CP input goes HIGH.

The configuration shown in Figure 3 avoids ripple delays
and their associated restrictions. The CE input for a given
stage is formed by combining the TC signals from all the
preceding stages. Note that in order to inhibit counting an
enable signal must be included in each carry gate. The
simple inhibit scheme of Figure 1 and Figure 2 doesn't
apply, because the TC output of a given stage is not
affected by its own CE.

Mode Select Table

Inputs Mode
PL | CE | uD cp
H L L e Count Up
H L H —~ | Count Down
L X X X Preset (Asyn.)
H H X X No Change (Hold)

State Diagram

— COUNT UP

- ———= COUNT DOWN
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Functional Description (continued)

DIRECTION ) .
CONTROL
|— u/p RC L U/d RC —{u/p RC o= -~
ENABLE——OJ CE CE —OJ CE
CLOCK CP CP cP
FIGURE 1. N-Stage Eounter Using Ripple-Clock
DIRECTION

CONTROL I_ L
U/ RC U/ RC LU/ RClO---
ENABLE——OJ CE o—l—o CE 0—l—o CE
cP cP cP
CLOCK l_ l_ l_
FIGURE 2. Synchronous N-Stage Counter Using Ripple Carry/Borrow

DIRECTION
CONTROL
ENABLE
—10/D — U/D —u/D
CE CE CE
l_ CP TC l— CP TC l— CP Cp—--
CLOCK

FIGURE 3. Synchronous N-Stage Counter with Parallel Gated Carry/Borrow

Logic Diagram

e U Po [ Py Py Py pL
)| ren
-
gl i i i

TLOCK K oJ TLOCK K oJ TLOCK K oJ TLOCK K

LolPRESET CLEAR 0| PRESET CLEAR “O|PRESET CLEAR ——O]PRESET CLEAR

Q Q Q 2 Q [ Q Q
| I | I L | I—

RCTC Q Q 9 03

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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74AC191

Absolute Maximum Ratingsote 2)

Supply Voltage (Vcc)
DC Input Diode Current (k)
V,=-0.5V
V| =V + 0.5V
DC Input Voltage (V)
DC Output Diode Current (Igk)
Vo =-0.5V
Vo =V + 0.5V
DC Output Voltage (Vo)
DC Output Source
or Sink Current (Ip)
DC V¢ or Ground Current
per Output Pin (Icc or Ignp)
Storage Temperature (Tgtg)
Junction Temperature (T ;)

-0.5V to +7.0V

-20 mA
+20 mA
-0.5V to V¢ + 0.5V

-20 mA
+20 mA
-0.5V to Ve + 0.5V

+50 mA

+50 mA
-65°C to +150°C

Recommended Operating

Conditions
Supply Voltage (Vcc) 2.0Vto 6.0V
Input Voltage (V)) 0V to Vce
Output Voltage (Vo) 0V to Ve

Operating Temperature (T,) -40°C to +85°C

Minimum Input Edge Rate (AV/At)
VN from 30% to 70% of V¢

Vee @ 3.3V 4.5V, 5.5V 125 mVins

Note 2: Absolute maximum ratings are those values beyond which dam-
age to the device may occur. The databook specifications should be met,
without exception, to ensure that the system design is reliable over its
power supply, temperature, output/input loading variables. Fairchild does
not recommend operation of FACTO circuits outside databook specifica-

PDIP 140°C  ions.
DC Electrical Characteristics
Vee Tp =+25°C Tp =-40°C to +85°C
Symbol Parameter Units Conditions
V) Typ Guaranteed Limits
Viy Minimum HIGH Level 3.0 15 2.1 2.1 Vout =0.1V
Input Voltage 4.5 2.25 3.15 3.15 \% or Vee - 0.1V
55 2.75 3.85 3.85
VL Maximum LOW Level 3.0 15 0.9 0.9 Vout =0.1V
Input Voltage 4.5 2.25 1.35 135 \% or Vee - 0.1V
55 2.75 1.65 1.65
Vou Minimum HIGH Level 3.0 2.99 2.9 29
Output Voltage 4.5 4.49 4.4 4.4 \% lout =50 HA
55 5.49 5.4 5.4
3.0 2.56 2.46 ViN=V)LorViy
4.5 3.86 3.76 \Y loy —12 mA
55 4.86 4.76 lon = —24 mA
lon-= =24 mA (Note 3)
VoL Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 4.5 0.001 0.1 0.1 \Y lout =50 pA
5.5 0.001 0.1 0.1
3.0 0.36 0.44 Vin =V or Viy
4.5 0.36 0.44 \Y loL =12 mA
5.5 0.36 0.44 loL =24 mA
loL =24 mA (Note 3)
Iin Maximum Input
5.5 0.1 +1.0 HA V| =V, GND
(Note 5) | Leakage Current
loLp Minimum Dynamic 5.5 75 mA | Vg p =1.65V Max
loHp Output Current (Note 4) 5.5 =75 mA Vonp = 3.85V Min
lcc Maximum Quiescent 55 40 40.0 uA Vin=Vee
(Note 5) | Supply Current or GND

Note 3: All outputs loaded; thresholds on input associated with output under test.

Note 4: Maximum test duration 2.0 ms, one output loaded at a time.
Note 5: Iy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vc.

www.fairchildsemi.com




AC Electrical Characteristics

Vee C_ =50 pF Tp =-40°C to +85°C
Symbol Parameter V) Ta=+25°C CL =50 pF Units
(Note 6) Min Typ Max Min Max

fumax Maximum Count 3.3 70 105 65 MHz

Frequency 5.0 90 133 85
tpLH Propagation Delay 3.3 2.0 85 15.0 15 16.0

CPto Q, 5.0 15 6.0 11.0 15 12.0 ne
tpHL Propagation Delay 33 25 85 145 2.0 16.0

CPto Qp 5.0 15 6.0 10.5 15 115 ns
toLh Propagation Delay 33 35 10.5 18.0 25 20.0

CPtoTC 5.0 25 7.5 12.0 15 14.0 e
tpHL Propagation Delay 3.3 4.0 10.5 175 3.0 19.0

CPto TC 5.0 25 7.5 12.5 2.0 135 ne
teLH Propagation Delay 3.3 25 75 12.0 2.0 135

CPtoRC 5.0 2.0 55 9.5 1.0 105 ns
tpHL Propagation Delay 3.3 25 7.0 115 2.0 125

CPtoRC 5.0 15 5.0 85 1.0 9.5 e
tpLH Propagation Delay 3.3 25 7.0 12.0 15 135

CEtoRC 5.0 15 5.0 8.5 1.0 9.5 e
tpHL Propagation Delay 3.3 2.0 6.5 11.0 15 125

CEtoRC 5.0 15 5.0 8.0 1.0 9.0 e
toLh Propagation Delay 3.3 25 6.5 125 2.0 14.5

U/DtoRC 5.0 15 5.0 9.0 1.0 10.0 "
tpHL Propagation Delay 3.3 25 7.0 12.0 2.0 135

U/DtoRC 5.0 15 5.0 8.5 1.0 10.0 e
teLH Propagation Delay 3.3 2.0 7.0 115 15 135

U/DtoTC 5.0 15 5.0 8.5 1.0 9.5 ns
tpHL Propagation Delay 33 2.0 6.5 11.0 15 125

U/DtoTC 5.0 15 5.0 85 1.0 9.5 e
tpLH Propagation Delay 3.3 25 8.0 135 2.0 15.5

Phto Qp 5.0 2.0 5.5 9.5 1.0 10.5 e
tpHL Propagation Delay 3.3 25 75 13.0 15 145

P,to Q, 5.0 15 55 9.5 1.0 10.5 ns
tpLH Propagation Delay 3.3 35 9.5 145 25 17.5

PLto Q, 5.0 2.0 5.5 9.5 1.0 10.5 e
tpHL Propagation Delay 3.3 3.0 8.0 135 2.0 15.5

PLtoQ, 5.0 2.0 6.0 10.0 15 11.0 e
Note 6: Voltage Range 3.3 is 3.3V + 0.3V

Voltage Range 5.0 is 5.0V + 0.5V
5 www.fairchildsemi.com
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74AC191

AC Operating Requirements

Vee Tp =+25°C Ta =-40°C to +85°C
Symbol Parameter V) C | =50pF C_ =50 pF Units
(Note 7) Typ Guaranteed Minimum

ts Setup Time, HIGH or LOW 33 1.0 3.0 3.0

P, to PL 5.0 0.5 2.0 25 ne
ty Hold Time, HIGH or LOW 33 -15 0.5 1.0

P, to PL 5.0 -05 1.0 1.0 ne
ts Setup Time, LOW 3.3 3.0 6.0 7.0

CEtoCP 5.0 15 4.0 45 s
th Hold Time, LOW 33 -4.0 -0.5 -0.5

CEtoCP 5.0 -25 0 0 "
ts Setup Time, HIGH or LOW 33 4.0 8.0 9.0

U/D to CP 5.0 25 5.5 6.5 ne
ty Hold Time, HIGH or LOW 3.3 -5.0 0 0

U/Dto CP 5.0 -3.0 05 05 s
tw PL Pulse Width, LOW 3.3 2.0 3.5 4.0

5.0 1.0 1.0 1.0 s
tw CP Pulse Width, LOW 33 2.0 35 4.0
5.0 2.0 3.0 4.0 ne

trec Recovery Time 33 -0.5 0 0

PLtoCP 5.0 -1.0 0 0 s
Note 7: Voltage Range 3.3 is 3.3V + 0.3V

Voltage Range 5.0 is 5.0V + 0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 pF Ve = OPEN
Cpp Power Dissipation Capacitance 75.0 pF Vee =5.0V
www.fairchildsemi.com 6




Physical Dimensions inches (millimeters) unless otherwise noted

0.386—0.394
(9.804 —10.00)

0.228—0.244

0.228-0.244 300
(5.791—6.198) e
Lﬁp LN
LEAD NO.1 /1 2 3 4 5 6 1 8
IDENT 0.010 pmax
(0.254)
0.150—-0.157
{3.810-3.988) |
0.010-0.020 0.053-0.069
02540508 < [ {1.386—1.753) 0.004—0.010
8° MAX TYP (0.102—0.254)
ALL LEADS -
i - )
1 = tEE === SEATING
A T ? ? PLANE
0.008-0.010 0.016-0.050 LIS 0.050 0.014—0.020 1yp
{0.203 - 0.258) P (0.356) > {.2m) > {0355 0.508)
TYP ALL LEADS (0.406-1.270) vp
0.004 TYP ALL LEADS 0.008
(0.102) (0.203) MI1BA (REV H)
ALL LEAD TIPS

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150” Narrow Body

Package Number M16A

www.fairchildsemi.com
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74AC191

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.47 TYP —m| r
16

10.2+0.

A

1 e aad.

5.3+0.1

PIN #1 IDENT.
ALL LEAD TIPS
2w [ STolc]

[C]B]A]

8 ALLLEADTIPS

—1.8+0.1

[

((

\

T

mw
L

J 0.15+0.05
0.35-0.51

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 1998.

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS.

M16DRevB1

00100

1]

16 15

5.01 TYP

10 9

1,

927 TYP

S T |

LAND PAT

TERN RECOMMENDATION

SEE DETAIL A
/(_

I
'
l
\

~,

/

\__/

0° 8°TYP

0. 60+O 15

0.1 540.25——f

7°TYP

- GAGE PLANE

0.25

1.25 —w=i

\— SEATING PLANE

DETAIL A

16-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
Package Number M16D
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

oo 1

DIMENSIONS METRIC ONLY i

o

16 e 9 0.42 TYP AJ ‘
L00A00 e o
! LAND PATTERN RECOMMENDATION

T 7T 4.18 TYP.

GAGE PLANE

e N
|

U N\ seanis e
T 0°-8° [e—>— 0.6 = 0.1
JTTTIITT i

[=]0.2][C[B]A] TYPICAL, SCALE: 40X

ALL LEAD TIPS

# SEE DETAIL A
PIN #1 IDENT. - /_
(0.90)

am ; T -’
ALL LEAD TIPS i i I ” ” , I 1MAXWP : J\ . KIJ_

- |<-> 0.65 TYP 0101005TYP 0.09- OZUTYP]
«— 0.19 - 0.3

0 TYP

R CINECIEC)

MTC16 (REV C)

16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
Package Number MTC16

9 www.fairchildsemi.com
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74AC191 Up/Down Counter with Preset and Ripple Clock

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

X 0.740 - 0.780
(18.80-19. a1) _.‘ _)
[16] [14] 10, [9] INDEX
AREA
0. 250:!:0 010
l (6.35020.254) 350:0 254)
PIN NO. 1 PIN NO. 1
IDENT IJ 2] B3I 4] 5] T 71 [8 IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005
0,060 40 TYP 0.300-0320 (1.651)
| Gsetonz) "I I“ (1528 "7 [ opmionaL 4" (7.620-8.128) {
0.145 - 0.200 [ \l
(3.683-5.080) § i
t | ‘ 95045° 0.008=0.016
[ ||| 90040 TYP P e
(g ggg) MIN r I o0 7] (0.203-0.406)
0.125=0.150 0.030£0.015 (7.112)
(3.175-3.810) P (0.762£0.381) MIN
0.014-0.023 0.100£0.010 (0.325+0-040
(0.356-0.584) 0.050£0.010 (2.54020.254) 0015 N1GE (REV F)
P {1.270£0.254) TP (8.255 ";‘0%51)
TYP :

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N16E

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.
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Littlediode supplies new, hard to find or obsolete
el ectronic components and semiconductors all over
the world.

With over two million different components listed
you are sureto find the part you need.

Fedl freeto visit ustoday at our online store:
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