Philips Components—Signetics

Document o s5s-1452 74AC/ACT11190
ECN No. 00730
Asynchronous presettable
Date of Issue | October 17, 1990 h d d / d t
- Produst Spaciication Syncnronous decade up/aocwn counter
ACL Products with single clock
FEATURES QUICK REFERENCE DATA
* Synchronous, reversible counting CONDITIONS TYPICAL
+ Positive edge-triggered clock SYMBOL PARAMETER Tamb = 25°C; GND = 0V; UNIT
Voo = 5.0V AC | ACT
+ BCD/decade 5 ol
10| aton =3
. i\synchronous Parallel Load capabil- :;H"“L/ cP 't): %n 8;—5 - H!;gh) Cy = 50pF 52 | 73 ns
ity —
Power dissipation ]
= Output capability: +24mA Cro capacitance! #=1MHz, C, = 50pF 68 70 pF
+ CMOS (AC) and TTL (ACT) voltage Cin Input capacitance Vi=0Vor Voo 40 | 40 pF
level inputs
Per Jedec JC40.2
*  50Q incident wave switching faton | Lateh-up current Standard 17 00 | 500 | mA
+ Center-pin V¢ and ground configu- f Maximum clock C\ = 500F
ration to minimize high-speed switch- max frequency; CP - Qy, L= 150 | 120 | MHz
ing noise Note:
g category: MS| 1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp x Vo2 x f+Z(C, x vcc2 x f,) where:
DESCRIPTION f, =inputfrequency in MHz, C = output load capacitance in pF,
The 74AC/ACT11190 high-performance fo = output frequency in MHz, Ve = supply voltage in V,
. . ) 2
CMOS devices combine very high ZAC, x Vog? x fy) = sum of outputs
speed and high output drive compa-
rable to the most advanced TTL fami- ORDERING INFORMATION
lies, PACKAGES TEMPERATURE RANGE ORDER CODE
The 74AC/ACT11190 is an asynchro- ?gog:glrﬁij op -40°C to +85°C 71?51.11111?501\‘,\1
nously presettable up/down BCD de- - -
cade counter. It contains four master/ 2;68'".?3.5(;: SoL -40°C o +85°C YZ?CC; 11 11 %OODD
slave flip-flops with internal gating and (300mil-wide)
steering logic to provide asynchronous
preset and synchronous count-up and
count-down operation.
(continued)
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)

N and D Packages

» CTRDIV10
1 MNes
18 17 4 13 20 M2
E 11v] [ l | , 12 EN
Dg Dy D, D _
%za 12 ce 001 P2Dbs . 1 D1, 201, 22 IJ
17l b, —
20 —]| 0
18] Ve vo 18 3D +-I 2
E Vee 19 —— CP . 3
14] D, 11— PL TCF— 190
[13] D, 9, 9, 0, g hL) 8
& | 1] 15 | .
11 PL 2 5 8 9
26T = 0/2CT=9 10
1,3,4CT =0 bl
1,2,4CT=9
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Product Specification

Asynchronous presettable synchronous decade
up/down counter with single clock

74AC/ACT11190

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/underflow indications are pro-
vided by two types of cutputs, 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 “9” in the Count-up mode.
The TC output will remain High until a
state change occurs, either by counting
or presetting, or until U/D is changed.
TC output should not be used as a
clock signal because it is subject to de-
coding spikes. The TC signal is used
internally to enable the RC output.

When TC is High and CE is Low, the
RC follows the Clock Pulse. The RC
output essentially duplicates the Low
clock pulse width, although delayed in
time by two gate delays. The 74AC/
ACT11190 simplifies the design of mul-
tistage counters, as indicated in Figures
1aand 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 cenfigura-
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 atlow 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 ciock.

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

CLOCK

DIRECTION
CONTROL l L
UD RC UD RC U/ RCp—
ENABLE————d CE CE CE
CLOCK ——{CP CP cpP
2. N-Stage Counter Using Ripple Clock
DIRECTION
CONTROL I
UD RC U/D RC UMD RC—oe
ENABLE —————— CE CE CE

CP

4

i

cP

iy

b. Synchronous N-Stage Counter with Commen Clock Using Ripple Clock

CONTROL
ENABLE

CLOCK

uD L]
{ CE CE
cp TC —JcPp  TC

um |_

= pp —

un

—dcp  TC l—0ren-

¢. Synchronous N-Stage Counter with Commen Clock and Paraliel Gated Terminal Count

Figure 1
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Asynchronous presettable synchronous decade
up/down counter with single clock

74AC/ACT11190

PIN DESCRIPTION

PIN NUMBER SYMBOL NAME AND FUNCTION
20 (V8] Up/down count control input
12 CE Count enable input (active-Low)
18, 17, 14, 13 Do-Dj Data inputs
19 cp Clock pulse input (active rising edge)
11 PC Asynchronous load input (active-Low)
2,3,8,9 Qp-Q; | Counter outputs
1 RC Ripple clock output (active-Low)
10 TC Terminal count cutput
4,56,7 GND Ground (0V)
15, 16 Voo Positive supply voltage

MODE SELECT — FUNCTION TABLE

OPERATING MODE — 'NTTS ouTPUTS
PL | UD | CE | cP | D, Q,
Parallel load L X X X L t
L X | x| x H H
Count up H L ! T X count up
Count down H | H | T 1 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 X X H L H
L H X H L L H H H
L L r H L L H H r
L H X L L L L L H
H H X L L L L H H
H L T L L L L H L'

H = High voltage ievel
L = Low voltage 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

U= Low pulse

October 17, 1990

141



Philips Components—Signetics ACL. Products Preduct Specification
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up/down counter with single clock 74AC/ACT11190

LOGIC DIAGRAM
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Asynchronous presettable synchronous decade

up/down counter with single clock 74AC/ACT11190
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER 74AC11190 74ACT11190 UNIT
Min Nom Max Min Nom Max
Vee DC supply voltage 3.0 5.0 55 45 5.0 55 v
\7 Input voltage 0 Voo 0 Vee v
Vo Output voltage ¢ Veo 0 Veo v
AVAV Input transition rise or fall rate 0 10 0 10 ns/V
Tamo Operating free-air temperature range -40 +85 -40 +85 °C

NOTE:
1. No electrical or switching characteristics are specified at V. < 3V. Operation between 2V and 3V is not recom mended, 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 v
| 2 V<0 -20

K DC input diode current mA
or V| > Vcc 20
v
: DC input voltage -0.510 Ve +0.5 \
] 2 Vo <0 -50
OK DC output diode current mA
or Vo > VCC 50
V,
° DCoutput voltage 0.5 to Ve +0.5 v
DC output source or
| i . =0t
o sink current per output pin Vo=0toVee 50 mA
lee DC V¢ eurrent +150
or mA
| anD DC ground current +150
Tsrg Storage temperature -85 to 150 °C
Power dissipation per package Above 70°C; derate linearly by 8mW/K 500 mwW
Pror Power dissipation per package .
Plastic surface mount (SO) Above 70°C; derate linearly by 8mwW/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 refiability.

2. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
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Product Specification

Asynchronous presettable synchronous decade

up/down counter with single clock 74AC/ACT11190
DC ELECTRICAL CHARACTERISTICS
74AC11190 74ACT11190
SYMBOL |  PARAMETER TEST CONDITIONS | Vec | Tamp = +25°C T.;.,::B;gc Ty = +25°C Ta‘,,(,;,;;gc UNIT
v Min | Max | Min | Max | Min | Max | Min | Max
‘ 30| 210 2,10
Viy i':'g:t"f;’l‘:;ge 45 | 3.15 3.15 2.0 2.0 v
55 | 3.85 3.85 2.0 2.0
3.0 0.90 0.90
vy | Lowlevel 45 1.35 135 0.8 08 | V
input voltage
5.5 1.85 1.65 0.8 0.8
30 | 29 2.9
lon = -50pA 45 | 44 4.4 4.4 4.4
55| 54 5.4 5.4 5.4
Vou :E::?:;Imge Vc|> r=V\|f.:L lon=-4mA | 3.0 | 258 2.48 v
o = -24mA 45 | 394 3.8 3.94 3.8
55 | 4.94 438 4.94 48
loy = -7SmA! | 5.5 3.85 3585
3.0 0.1 0.1
loL = S0pA 4.5 0.1 0.1 0.1 0.1
55 0.1 0.1 0.1 0.1
VoL tﬁ:;ﬁfﬁluage V;V\lﬁt loL=12mA | 3.0 0.36 0.44 v
o = 24mA 45 0.36 0.44 0.36 0.44
5.5 0.36 0.44 0.36 0.44
foL=75mA! | 55 1.65 1.65
i Input leakage current | Vi = Vg or GND 55 0.1 +1.0 0.1 +1.0 | pA
o Suurf:;t;em supply :::OV;: or GND, 55 8.0 80 80 80 | pA
Al Supply current, One ir_!pul at3.4v,
ce TTL inputs High? other inputs at Ve or 5.5 09 10 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 Veer

October 17, 1980
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Asynchronous presettable synchronous decade

Sl o 74AC/ACT11190
up/down counter with single clock
AC ELECTRICAL CHARACTERISTICS AT 3.3V 0.3V
74AC11190
SYMBOL PARAMETER WAVEFORM T,y = +25°C Tamp = -40°C to UNIT
am +85°C
Min Typ Max Min Max
fAx Maximum clock CPto S’_’_ 1 85 85 65 MH2
frequency CPtoRC, TC 60 85 60 MHz
toru Propagation delay 4 2.3 78 10.0 23 1.1 s
tpHL CPtoQ, 28 7.2 9.8 28 11.0
toty Propagation delay 1 4.3 8.0 12.0 4.3 14.2 ns
thHL CPto TC 35 9.8 123 3.5 15.1
taln Propagation delay 2 30 78 10.5 3.0 12.4 ns
oyl CPtoRC 3.0 7.4 9.6 3.0 11.2
tpLH Propagation delay 5 29 6.9 9.4 2.9 11.0 ns
tprL CEtoRC 3.0 6.8 8.6 3.0 10.1
tpLi Propagation delay 5 4.8 11.0 143 4.8 16.8 ns
terL UDtweRC 45 106 136 45 18.2
thLH Propagation delay 4 33 8.4 11.8 3.3 141 ns
TenL UD to TC 3.9 8.7 11.2 39 131
thin Propagation delay 3 3.9 9.6 12.8 3.9 15.0 ns
tor D, to Q, 4.0 8.0 114 4.0 135
toLn Propagation delay 34 5.0 13.1 18.3 5.0 21.8 ns
1RHL Dy to TC ' 4.9 11.9 16.3 4.9 19.4
tpLH Propagation delay 34 5.8 14.0 19.2 56 227 ne
tonL D.to RC ' 6.2 15.3 202 6.2 243
tpLH Propagation delay 5 34 10.2 13.6 3.4 15.8 ns
tpue PLto Q; 3.5 9.0 118 3.5 13.7
toLH Propagation delay 5 54 13.8 17.9 5.4 213 ns
tPHL PLto TC 5.2 12.2 15.9 5.2 19.0
tpLH Propagation delay 5 5.9 14.2 188 5.9 230 ns
tpHL PLto RC 6.6 15.8 19.7 6.6 237
Setup time, High or Low
t, . 3]
S D, to PL 35 35 ns
Hold time, High or Low
t —_— 6
h D, to PL 0.5 05 ns
Setup time, High or Low
t = ' 5
] TE to CP 11.5 115 ns
Hold time, High or Low
t = ’ 5]
" CE to CP 0.0 0.0 ns
Setup time, High or Low
t s [
S T/0 to CP 12.0 12.0 ns
Hold time, High or Low
t = ' 6
h U/D to CP 0.0 0.0 ns
t, PL pulse width, 5 45 45 ns
Low
CP pulse width
¢ : 1
w High or Low 83 83 ns
Recover time
t _ ’ 5
REC BT to P 2.5 2.5 ns
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Asynchronous presettable synchronous decade

: : 74AC/ACT11190
up/down counter with single clock
AC ELECTRICAL CHARACTERISTICS AT 5.0V +0.5V
74AC11190
SYMBOL PARAMETER WAVEFORM T . =425C Tomp = -40°C to UNIT
amb +85°C
Min Typ Max Min Max
M
i Maximum dock CPto Q_,, 1 120 150 120 Hz
frequency CPto RC, TC 75 100 75 MHz
teLH Propagation delay 1 1.8 49 7.3 1.8 8.1 ns
tpH CP10Q, 2.1 54 7.7 21 8.8
tein Propagation delay i 3.0 6.0 8.6 3.0 9.7 ns
touL, CPtoTC 33 8.7 9.1 3.3 10.4
teLH Propagation delay 2 2.1 5.1 7.6 2.1 86 ns
teHL CPto RC 2.6 5.2 7.2 2.6 8.0
pLH Propagation delay 2 2.5 4.9 7.0 25 7.8 ns
tpnL CEwRC 2.8 5.1 6.9 2.8 7.7
tpLH Propagation delay 2 4.1 7.3 101 4.1 11.2 ns
tpi UD 1w RC 4.0 7.2 10.1 4.0 11.3
pLH Propagation delay 4 2.9 5.6 8.7 29 9.7 ns
temL UDto TC 3.4 6.2 8.3 3.4 9.4
tpLy Propagation delay 3 3.0 6.3 8.1 3.0 10.1 ns
tpHL D,to Q, 3.1 6.3 8.8 3.1 9.6
toLk Propagation delay 3.4 4.3 8.3 12.4 4.3 14.0 ns
tpHL D,to TC ' 41 8.0 11.4 4.1 13.3
teLn Propagation delay 34 48 8.0 13.2 4.0 14.8 ns
topL D,to RC ’ 52 9.8 13.9 5.2 156
torn Propagation delay 5 3.1 6.4 9.5 31 10.4 ns
ot PLto Q 2.9 8.2 8.8 2.9 9.9
oL Propagation delay 5 4.9 8.8 123 49 138 ns
thu PLto TC 44 8.2 115 4.4 12.9
tpry @pag_ation delay 5 53 9.1 i28 5.3 14.4 ns
teHL PLto RC 5.8 10,1 138 58 15.3
Setup time, High or Low
t _ 6
S D, to PL 2.5 2.5 ns
Hold time, High or Low
t —_ 8
h D, to L 0.5 05 ns
Setup time, High or Low
t = ’ 6 . .
S CEto CP 7.5 7.5 ns
Hold time, High or Low 8
th TE1o CP 0.0 0.0 ns
Setup time, High or Low 8
is U/ to CP 8.0 8.0 ns
Hold time, High or Low 6
th U to CP 0.0 0.0 ns
ty PL pulse width, 5 as 35 ns
Low
CP pulse width
t » 1
w High o Low 55 55 ns
Recover time
t — : 5 .
REC BL to CP 2.0 2.0 ns
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Asynchronous presettable synchronous decade

. . 74AC/ACT11190
up/down counter with single clock
AC ELECTRICAL CHARACTERISTICS AT 5.0V +0.5Y
74ACT11190
T . =-40°Cto
SYMBOL PARAMETER WAVEFORM Tomp = +25°C amb+85°C UNIT
Min Typ Max Min Max
fuax Maximum clock | ©P to& 1 85 120 85 MHz
frequency CPtoRC, TC 65 90 65 MHz
oLk Propagation delay 1 3.7 7.0 9.1 3.7 10.0 ns
tonL CPtoQ, 4.2 76 9.7 4.2 11.0
tpLH Propagation delay 1 4.8 8.3 10.7 4.8 118 ns
tpHL CP1to TC 5.4 91 115 5.4 12.7
tpLH Propagition delay 2 4.2 7.7 10.1 4.2 11.0 ns
tPHL CPto RC 3.6 6.9 9.7 3.6 10.5
teLH Propagation delay 2 39 6.6 8.9 3.9 9.7 ns
tenL CEto RC 3.0 6.1 84 3.0 9.2
tern Propagation delay 5 4.9 8.7 11.8 49 12.9 ns
thHL U to RC 4.5 8.6 11.6 4.5 13.0
tory Propagation delay 4 35 7.0 10.2 3.5 115 ns
teuL U/D to TC 4.1 75 10.0 4.1 11.3
teLH Propagation delay 3 4.8 79 10.2 4.6 114 ns
thrL D,to Q, 4.0 7.3 10.3 4.0 116
tpin Propagation delay 34 5.1 9.7 13.7 5.1 15.2 ns
tonL Doto TC ' 49 9.6 13.2 4.9 148
tpLH Propagation delay 3 4 5.7 10.6 14.7 5.7 18.2 ns
eyl D, to RC ’ 6.4 11.3 15.0 6.4 16.7
ey Propagation delay 5 4.1 7.6 10.7 4.1 11.8 ns
ter PLto Q, 4.1 7.8 10.5 4.1 11.8
teLH Er_opagation delay 5 5.4 99 13.7 5.4 15.2 ns
teHL PLto TC 5.0 9.5 13.0 5.0 14.8
teLH Propagation delay 5 5.9 10.4 14.6 59 16.4 ns
tenL PLtoRC 68 115 15.1 6.6 16.8
Setup time, High or Low 6
ts D, to PL 25 2.5 ns
Hold time, High or Low
fn D, to PL 6 1.5 1.5 ns
Setup time, High or Low
t iy 6
s CElo CP 7.0 7.0 ns
Hold time, High or Low
plad ! [
fn CEtoCP 1.5 15 ns
Setup time, High or Low
' U to CP 6 75 7.5 ns
Hold time, High or Low 6
th UD to CP 0.0 0.0 ns
b fL pulse width, 5 40 4.0 e
ow
CP pulse width
g 1
w High or Low 77 7.7 ns
Recover time
== ' 5
tRec BL to CP 20 2.0 ns
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Asynchronous presettable synchronous decade
up/down counter with single clock 74AC/ACT11190

AC WAVEFORMS

to (L)
CPINPUT w
A ) /
g4
— 28 —

a,Tc, RC
QUTPUT
LL
27

/I r'Yy

PLH

Waveform 1. Waveforms Showling Clock to Outputs Propagation Delays and Clock Pulse Width
CE, CP, U/D
INPUTS

Vi Vu
Upm Yo
RC OUTPUT Vu Va

Waveform 2. Waveforms Showing the Clock, Count Enable, or U/D to Ripple Clock Output Propagation Delay
D, INPUT

v" VH
Y Yo
Q,, R, 1C Vi VY
OUTPUTS

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

vll v M
t PHL t PLH
RC, TC Vu Vu
OUTPUTS

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

D ,UD
n
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Asynchronous presettable synchronous decade
up/down counter with single clock 74AC/ACT11190

AC WAVEFORMS (Continued)

CPINPUT v,

—* Yom
RC, Q" v“
QUTPUTS
» Lo
TC, Q
n v "
CUTPUTS

Waveform 5. Waveforms Showing the Parallel Load Pulse Width, Parallel Load to
Output Delay and Parallel Load to Clock Recovery Time

%/%& £

P 1
tg(H) teib) N

P_L.CPINPUT—\_/ Vi \ Z Vi

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

um,D_,
INPU

z

7

WAVEFORM CONDITIONS
INPUTS OUTPUTS
Viy=GND to Vees
AC Vour = VoL to V,
Vi = 50% Vo ouT = VoL 10 Voy
VIN =GND to 30V,
ACT Vi =50% Ve
Vy =15V
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74AC/ACT11190

TEST CIRCUIT

Vee

PULSE
GENERATOR B.u.T £y J_
R R
L I T f

Test Circuit

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