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FEATURES

* Synchronous, reversible counting

» Positive edge-triggered clock

» 4-bit binary

» Asynchronous Parallel Load capabil-
ity

+ Output capability: +24mA

+ CMOS (AC) and TTL (ACT) voltage
level inputs

+ 50Q incident wave switching

+ Center-pin V¢ and ground configu-
ration to minimize high-speed switch-
ing noise

+ lcc category: MS!

DESCRIPTION

The 74AC/ACT11191 high-performance
CMOS devices combine very high
speed and high output drive compa-
rable to the most advanced TTL fami-
lies.

The 74AC/ACT11191 is an asynchro-
nously presettable up/down 4-bit binary
counter. It contains four master/slave
flip-flops with internal gating and steer-
ing logic to provide asynchronous preset
and synchronous count-up and count-
down operation.

{continued)

PIN CONFIGURATION

74AC/ACT11191

Asynchronous presettable
synchronous 4-bit binary up/down
counter with single clock

QUICK REFERENCE DATA
CONDITIONS TYPICAL
SYMBOL PARAMETER Tamp = 25°C; GND = 0V; UNIT
Vgo = 5.0V AC | ACT
torn/ Propagation delay = 50pF
torL CP to Q, (PE = High) Cu=50p 5.3 6.9 ns
Power dissipation - .Cy = F
Cro capacitance! f=1MHz; O, = 50p 68 68 pF
Cin Input capacitance V=0V or Veg 4.0 4.0 pF
Per Jedec JC40.2
ILatcH | Latch-up current Standard 17 500 | 500 | mA
Maximum clock
fuax frequency, CP Q, Co = 50pF 18 | 95 | MHz
Note:
1. CPD is used to determine the dynamic power dissipation (PD in pW):
Pp=Cpp x Vo2 xf,+ X (C x Vi xt) where:
f' = input frequency in MHz, CL = output load capacitance in pF,
fO = output frequency in MHz, Vcc = supply voltage in V,
Z(C x Vc02 x ) = sum of outputs
ORDERING INFORMATION
PACKAGES TEMPERATURE RANGE ORDER CODE
20-pin plastic DIP o o 74AC11191N
(300mik-wide) 40°C to +85°C 74ACT11191N
20-pin plastic SOL 400 o 74AC11191D
(300mil-wide) 40°C to +85°C 74ACT11191D

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/IEC)

N and D Packages
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Philips Components—Signetics ACL Products

Product Specification

Asynchronous presettable synchronous 4-bit

binary up/down counter

with single clock

74AC/ACT11191

Asynchronous Parallel Load capability
permits the counter to be preset to any
desired number. Information present
on the parallel Data inputs (Dg - D3) is
loaded into the counter and appears on
the outputs when the Parallel Load (PL)
input is Low. As indicated in the Mode
Select Table, this operation overrides
the counting function.

Counting is inhibited by a High level on
the Count Enable (CE) input.

Overflow/funderflow indications are pro-
vided by two types of outputs, the Ter-
minal Count (TC) and Ripple Clock
(RC). The TC output is normally Low
and goes High when: 1) the count
reaches zero in the count-down mode
or 2) reaches “15” in the Count-up
mode. The TC output will remain High
until a state change occurs, either by
counting or presetting, or until UDis
changed. TC output should not be
used as a clock signal because it is
subject to decoding spikes. The TC
signal is used internally to enable the

RC output. When TG is High and CE is
Low, the RC follows the Clock Pulse.
The RC output essentially duplicates
the Low clock pulse width, although de-
layed in time by two gate delays. The
74AC/ACT11191 simplifies the design
of multistage counters, as indicated in
Figures 1a and 1b.

In Figure 1a, each RC output is used as
the Clock input for the next higher
stage. When the Clock input source
has limited drive capability this configu-
ration is particularly advantageous,
since the clock source drives only the
first stage. It is only necessary to inhibit
the first stage to prevent counting in all
stages, since a High signal on CE inhib-
its the RC output pulse as indicated in
the Mode Select Table. The timing
skew between state changes in the first
and last stages is represented by the
cumulative delay of the clock as it
ripples through the preceding stages.
This is a disadvantage of the configura-
tion in some applications.

Figure 1b shows a method of causing
state changes to occur simultaneously
in all stages. The RC outputs propa-
gate the carry/borrow signals in ripple
fashion and all Clock inputs are driven
in parallel. The Low state duration of
the clock in this configuration must be
long enough to allow the negative-going
edge of the carry/borrow signal to ripple
through to the last stage before the
clock goes High. Since the RC output
of any package goes High shortly after
its CP input goes High, there is no such
restriction on the High state duration of
the clock.

In Figure 1c¢, the configuration shown
avoids ripple delays and their associ-
ated restrictions. Combining the TC
signals from all the preceding stages
forms the CE input signal for a given
stage. An enable signal must be in-
cluded in each carry gate in order to
inhibit counting. The TC output of a
given stage is not affected by its own
CE, therefore, the simple inhibit scheme
of Figure 1a and 1b does not apply.

DIRECTION
CONTROL L
uD RC Um RC Ub  RCp—
ENABLE ———q CE CE CE
CLOCK 1 CP CP CP
a. N-Stage Counter Using Ripple Clock
DIRECTION
CONTROL L
0o Rc Up RC UD  RCp—-
ENABLE CE D—l——" CE L CE
I— cP l— cP I—— cp
CLOCK ¢ :
b. Synchronous N-Stage Counter with Common Clock Using Ripple Clock
DIRECTION
CONTROL
ENABLE
e .y l_ up
CE | CE L5 CE
‘—(:P TC —{CP _TC l__cp b (o] —
CLOCK
c. Synchronous N-Stage Counter with Common Clock and Parallel Gated Terminal Count
* Additionat devices
Figure 1
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Product Specification

Asynchronous presettable synchronous 4-bit
binary up/down counter with single clock

74AC/ACT11191

PIN DESCRIPTION

PIN NUMBER SYMBOL NAME AND FUNCTION
20 o Up/down count control input
12 CE Count enable input (active-Low)
18,17, 14, 13 Do-Dg Data inputs
19 cP Clock pulse input (active rising edge)
11 PL Asynchronous foad input (active-Low)
2,3,8,9 Qp-Qy Counter outputs
1 RC Ripple clock output (active-Low)
10 TC Terminal count output
4,5,6,7 GND Ground (0V)
15, 16 Vee Positive supply voltage
MODE SELECT — FUNCTION TABLE
OPERATING MODE —— INTTS OUTPUTS
PL| | UD| CE | CP| D, Q,
Parallel load - X X x L L
L X X X H H
Count up H L 1 T X count up
Count down H H I T X count down
Hold (do nothing) H X H X X no change
TC AND RC FUNCTION TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS
U/ CE CP Q Q, Q, Q, TC RC
H H X H H H H L H
L H X H H H H H H
L L w H H H H H r
L H X L L L L L H
H H X L L L L H H
H L 1) L L L L H L'E

H = High voltage level
L = Low voitage level

h = High voltage level one setup time prior to the Low-to High clock transition
| = Low voltage level one setup time prior to the Low-to High clock transition

X =Don't care

T = Low-to-High clock transition

{ = High-to-Low Trickle Clock transition
U= Low pulse
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Philips Components—Signetics ACL Products Product Specification

Asynchronous presettable synchronous 4-bit

binary up/down counter with single clock 74AC/ACT11191
LOGIC DIAGRAM
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Product Specification
Asynchronous presettable synchronous 4-bit 74AC/ACT11191
binary up/down counter with single clock
RECOMMENDED OPERATING CONDITIONS
74AC11191 74ACT11191
SYMBOL PARAMETER UNIT
Min Nom Max Min Nom Max
Vee DC supply voltage 3.0 5.0 5.5 45 5.0 55 %
\Z Input voltage 0 Vee 0 Vee
Vo Output voltage 0 Vee 0 Vee
AYAv Input transition rise or fall rate 0 10 0 10 ns/V
Tamb Operating free-air temperature range -40 +85 -40 +85 °C

NOTE:

1. No electrical or switching characteristics are specified at Vg < 3V. Operation between 2V and 3V is not recommended, but within that range, a device
output will maintain a previously established logic state.

ABSOLUTE MAXIMUM RATINGS?

SYMBOL PARAMETER TEST CONDITIONS RATING UNIT
Vee DC supply voltage -0.5TO +7.0 \Y
| - Vi<0 -20
KK DC input diode current mA
or V> Veo 20
\Y
: DC input voltage 0510 Vo +0.5 v
| 2 Vo<0 -50
OK DC output diode current mA
or Vo= Veo 50
Vo
DCoutput voltage -0.510 Ve +0.5 \
DC output source or -
to sink current per output pin Vo=0toVee 50 mA
lec DC Ve current £150
or mA
I ano DC ground current +150
Tste Storage temperature -6510 150 °C
Power dissipation per package Above 70°C; derate linearly by 8mW/K 500 mwW
Prot Power dissipation per package .
Plastic surface mount (SO) Above 70°C; derate linearly by 8mW/K 400 mwW

NOTES:

1. Stresses beyond those listed may cause permanent damage to the device. These are stress ratings only and functional operation of the device at these or
any other conditions beyond those indicated under "recommended operating conditions" is not Implied. Exposure to absolute-maximum-rated conditions for
extended periods may affect device reliability.

2. The input and cutput voltage ratings may be exceeded if the input and output current ratings are observed.
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Asynchronous presettable synchronous 4-bit

. - . 74AC/ACT11191
binary up/down counter with single clock
DC ELECTRICAL CHARACTERISTICS
74AC11191 74ACT11191
_ o | Tamp = -40°C _ o | Tamb = -40°C
SYMBOL PARAMETER TEST CONDITIONS | Vee | Tamp = #25°C T 85°C Tamb = +25°C to +85°C UNIT
v Min | Max | Min | Max | Min | Max | Min | Max
30 | 210 2.10
High-level
Viu input voltage 45 | 3.15 3.16 2.0 2.0 \
§5 | 385 3.85 2.0 2.0
3.0 0.90 0.90
Low-level
ViL input voltage 45 1.35 1.35 0.8 0.8 \
58 1.65 1.65 0.8 08
30| 29 2.9
lon=-50pA | 45 | 4.4 4.4 4.4 4.4
85 | 54 5.4 5.4 54
High-level Vi=ViL [ amA
Vou output voltage orvy [ 80 | 258 248 v
lop = -24mA 45 | 3.94 3.8 3.94 3.8
55| 494 438 4.94 48
loy =-75mA! | 55 3.85 385
3.0 0.1 0.1
loL = 50pA 45 0.1 0.1 0.1 0.1
55 0.1 0.1 0.1 0.1
Low-level Vi=ViL [ —12mA
Voo output veltage orv, | ot 30 0.36 0.44 v
4. g . 0.3 .
loL = 24mA 5 0.36 0.44 (5] 0.44
55 0.36 0.44 0.36 0.44
loL=75mA' | 55 1.65 1.65
b Input leakage current | V| = Ve or GND 5.5 0.1 +1.0 0.1 +1.0 | pA
Quiescent supply Vi = Vg or GND,
lec o oo OmA 55 8.0 80 8.0 80 | pA
One input at 3.4V
Supply current, . !
Al
cc TTL inputs High? other inputs at Vg or 55 09 1.0 mA
GND
NOTES:

1. Not more than one output should be tested at a time, and the duration of the test should not exceed 10ms.

2. This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than OV or V.
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Asynchronous presettable synchronous 4-bit

: : ; 74AC/ACT11191
binary up/down counter with single clock
AC ELECTRICAL CHARACTERISTICS AT 3.3V +0.3V
74AC11191
SYMBOL PARAMETER WAVEFORM Tam = +25°C Tams = -40°C to UNIT
amo +85°C
Min Typ Max Min Max

fuax Maximum clock CPto -CE. 1 80 80 50 MHz

frequency CPto RC, TC 50 80 50 MHz
teLH Propagation delay 9 2.2 7.5 9.8 2.2 11.1 ns
teuL CPtoQ, 27 75 11.0 27 12.7
thLH Propagation delay 1 37 9.9 i2.2 3.7 13.8 ns
tor CPtoTC 4.1 10.2 14.4 4.1 16.0
teLH Propagation delay 2 28 87 11.5 2.8 12.9 ns
touL CPtoRC 28 7.8 10.6 2.8 1.9
tpLH Propagation delay 2 25 7.2 9.0 2.5 10.3 ns
trL CEwRC 2.6 6.6 8.8 26 10.0
toLn Propagation delay 2 4.1 11.2 14.4 4.1 15.9 ns
tpuL UD to RC 4.1 10.2 14.3 4.1 16.5
tpu Propagation delay 4 2.7 8.7 115 2.7 12.7 ns
teHL UDtoTC 3.1 8.3 11.8 3.1 136
tPLH Propagation delay 3 3.4 9.8 123 3.4 138 ns
trHL D,to Q, 3.5 8.9 121 3.5 13.7
trLh Propagation delay 34 4.7 13.5 18.2 4.7 20.7 ns
tenHL D,to TC ! 4.0 11.8 171 4.0 193
teLH Propagation delay a4 5.0 14.7 19.9 5.0 225 ns
tprL D, to RC ’ 5.3 15.1 21.1 5.3 24.3
trLH Propagation delay 5 3.7 10.7 13.4 3.7 14.9 s
tpuL PLto Q, 36 9.3 12.3 36 14.1
trLH Propagation delay 5 5.0 14.2 18.7 5.0 21.1 ns
tpL PLtoTC 48 126 17.5 4.6 19.6
(Y] Propagation delay 5 52 15.4 20.2 5.2 22.9 ns
tpHL PLto RC 6.0 15.7 21.6 6.0 247
tg ge‘t‘gpp‘_i["e' High or Low 6 40 40 ns

n
t goﬁtlpﬂLe' High or Low 6 1.0 1.0 ns
n

tg 2_?;‘3:3";9' High or Low 6 125 125 ns
ty g‘Ei":o"gg- High or Low 6 0.0 0.0 ns
tg %asugtgnpe, High or Low 6 135 135 ns
ty g;:édtgrg? High or Low 6 0.0 00 ns
. Ecl,.vfulse width, 5 48 48 ns
b Eig: ersfcmdth' 1 100 10.0 ns
tree gi-ctzvce;ume' 5 2.5 2.5 ns
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Asynchronous presettable synchronous 4-bit

. ; : 74AC/ACT11191
binary up/down counter with single clock
AC ELECTRICAL CHARACTERISTICS AT 5.0V 0.5V
74AC11191
SYMBOL PARAMETER WAVEFORM Tamp = +25°C Tambfs's‘ffgc to UNIT
Min Typ Max Min Max

fuax Maximum dlock | P ©© G . 100 135 100 MHz
frequency CPtoRC, TC 70 95 70 MHz

tory Propagation delay 4 1.9 52 7.6 1.9 84 s

tprL CPtoQ, 24 5.4 8.0 2.4 9.4

teLH Propagation delay 1 3.0 6.5 8.8 3.0 10.4 ns

temL CPtoTC 3.6 7.1 10.4 36 10.8

teLH Propagation delay 2 24 5.9 8.4 24 9.1 ns

ton CPtoRC 2.9 5.6 7.7 2.9 8.7

teen Propagation delay 2 2.1 4.9 6.8 2.1 7.7 ns

teu CEtoRC 2.2 4.8 6.7 2.2 7.7

toLn Propagation delay 2 35 7.2 10.2 35 11.3 ns

trHL U/D to RC 3.5 6.9 10.0 3.5 11.5

tprn Bropagation delay 4 23 57 8.1 2.3 9.1

toyL U/ to TC 27 5.9 8.6 2.7 9.7 ns

oLk Propagation delay 3 2.9 6.2 8.7 29 0.8 ns

thHL DotoQ, 3.0 6.1 8.7 3.0 9.8

tpLy Propagation delay 34 4.1 8.4 12.2 4.1 13.7 ns

tpHL Dpto TC ! 35 8.0 11.8 35 13.4

tPLH Propagation delay 34 43 9.2 135 4.3 15.1 ns

oL DntoRC ' 4.7 9.7 14.0 4.7 16.0

tpLH Propagation delay 5 31 6.7 9.4 31 10.6 ns

tonL PLto Q, 3.0 6.4 9.0 30 [ 102

s Propagation delay 5 43 8.8 125 | 43 143 ns

topy PLto TC 4.0 8.4 12.0 4.0 13.7

teLn Propagation delay 5 45 9.7 137 45 15.4 ns

tpHL PL1oRC 5.0 10.1 14.4 5.0 16.3
Setup time, High or Low

t AL

S D, to PL 6 3.0 3.0 ns
Hold time, High or Low

t —_—

h D, to PL 6 15 15 ns
Setup time, High or Low

t et

s CEtoCP 6 8.0 8.0 ns
Hold time, High or Low

t — )

" TEto CP 6 05 05 ns
Setup time, High or Low

t =

s U/D to CP 6 85 8.5 ns

ty Hold time, High or Low 6
U/D to CP 0.0 0.0 ns
PL pulse width,

tw Low 5 4.0 4.0 ns
CP pulse width,

w High or Low 1 7.2 7.2 ns
Recover time,

t —_— i

REC L to GP 5 20 2.0 ns
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Asynchronous presettable synchronous 4-bit

: : : 74AC/ACT11191
binary up/down counter with single clock
AC ELECTRICAL CHARACTERISTICS AT 5.0V +0.5V
74ACT11191
SYMBOL PARAMETER WAVEFORM Tamp = +25°C Tarmb =8;“(’:°° to UNIT
+85°
Min Typ Max Min Max
fuax Maximum clock CP1oQ, 1 65 95 65 MHz
frequency CPtoRC, TC 65 95 65 MHz
Y] Propagation delay 1 3.6 6.7 9.2 3.6 10.4
tonL CPtoQ, 4.2 741 9.4 4.2 10.8 ns
teLy Propagation delay 1 5.0 8.0 10.3 5.0 11.7
tpHL CPtoTC 5.3 8.6 115 5.3 13.1 ns
tPLH Propagation delay 2 4.4 7.4 9.5 44 11.0
torL CPtoRC 35 8.7 9.5 35 10.8 ns
tpLy Propagation delay 2 3.9 6.4 8.2 3.9 9.2
torL CEtoRC 28 6.0 8.4 28 9.5 ns
teLH Propagation delay 2 4.4 8.4 11.7 4.4 13.1
tpnL U/D o RC 4.2 8.8 11.3 4.2 13.0 ns
teLn Propagation delay 4 3.2 6.9 9.6 3.2 11.0
(G U/Dto TC 36 7.2 10.3 36 116 ns
teLn Propagation delay a3 45 7.6 10.1 45 11.6
tppL Dyto Q, 37 7.1 10.3 37 11.7 ns
tpLH Propagation delay 34 5.1 95 13.8 5.1 15.4
torL D,to TC ' 47 9.2 13.4 4.7 15.2 ns
teLn Propagation delay 34 5.5 103 148 5.5 17.2
touL D, to RC ' 5.9 10.9 155 5.9 18.0 ns
teLp Propagation delay 5 4.0 7.6 10.8 4.0 12.2
tpyL PLto Q, 3.8 7.4 10.5 38 1.9 ns
ey Propagation delay 5 52 9.7 139 52 15.8
tprL PLtoTC 47 9.5 136 47 15.4 ns
tpLH Propagation delay 5 5.4 10.5 15.1 5.4 17.1
tprL PLto RC 5.8 11.0 15.7 5.8 17.9 ns
Setup time, High or Low
tg >, mp-P—L o 8 3.0 3.0 ns
Hold time, High or Low
b DytoPL & 25 25 ns
Setup time, High or Low
ts ZE ‘g cp e 6 75 75 ns
Hold time, High or Low
th SEt0op 9 6 15 15 ns
Setup time, High or Low
's TDlocp 6 85 85 ns
Hold time, High or Low
n TDtooP 6 0.5 0.5 ns
PL pulse width,
t h 5
w Low 40 4.0 ns
CP pulse width, 1
K High or Low 7.7 77 ns
Recover time,
t e : 5
Fee PL1o CP 20 20 ns
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Asynchronous presettable synchronous 4-bit
binary up/down counter with single clock 74AC/ACT11191

AC WAVEFORMS

M uax

_/ \ |+ 1L {
CPINPUT Va N w
__/ fw \__{;__/
PHL ™ty

— ot
a,1c, RC
ouTPUT
(¢
)2

Waveform 1, Waveforms Showing Clock to Outputs Propagation Delays and Clock Pulse Width

CE, CP, UD
INPUTS Vu Vu
t PHL t PLH
RC OUTPUT Vu Vu

Waveform 2. Waveforms Showling the Clock, Count Enable, or U/D to Ripple Clock Qutput Propagation Delay

D_ INPUT
" Vu Vu
PLH tom

Q,,FC,TC
ouTPUTS

Waveform 3. Waveforms Showing the Input (D ) to Output (Q_, RC, TC) Propagation Delays, Non-Inverting Path
n n

p_,Um
n v v
INPUTS M "
t PLH t PHL
RC, ¢ Vi Vu
OUTPUTS

Waveform 4. Waveforms Showing the Input (Dn, U/D) to Output (RC, TC) Propagation Delays, Inverting Path

ﬁ@

-
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Product Specification

Asynchro

nous presettable synchronous 4-bit

binary up/down counter with single clock

74AC/ACT11191

AC WAVEFOR

MS (continued)

PLINPUT Ve S; 1,0 7

CPINPUT vy

TC, Q
n
OUTPUTS

—»
RC,a
n
OUTPUTS

Wavetorm 5. Waveforms Showing the Parallel Load Pulse Width, Parallel Load to

Output Delay and Parallel Load to Clock Recovery Time

A

x

.

= N
- \_

PL, CPINPUT

ﬁ

Waveform 6. Waveforms Showing Setup Time and Hold Time for Dn to PL, U/D to CP and CE to CP

v

M

7

1,

WAVEFORM CONDITIONS

INPUTS OUTPUTS

Vour = Vo to Voy

Viy = GND 1o Voo,
AC IN CC:
Vi = 50% Vg
Viy = GND to 3.0V,
ACT

Vi = 50% Vg

V=15V
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Asynchronous presettable synchronous 4-bit
binary up/down counter with single clock 74AC/ACTI1191

TEST CIRCUIT

I PULSE E o o)
GENERATOR : b.u.T 0

1

Test Circuit

(IH}—-

DEFINITIONS
C_= Load capacitance, 50pF; includes jig
and probe capacitance
R, = Loadresistor, 500Q
Ry = Termination resistance should be
equal to Zq7 of pulse generators
input pulses: PRR < 10MHz
t,=t=3ns
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