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FUNCTIONAL DIAGRAM

The RCA CD54/74AC161 and CD54/74AC163 and the
CD54/74ACT161 and CD54/T4AACT163 synchronous preset-
table binary counters use the RCA ADVANCED CMOS
technology. The CD54/74AC/ACT161 are asynchronously
reset; the CD54/74AC/ACT 163 devices are reset synchro-
nously with the clock. Counting and parallel presetting are
both accomplished synchronously with the negative-to-
positive transition of the clock.

A LOW level on the Synchronous Parallel Enable input,
SPE, disables the counting operation and allows data at the
PO to P3 inputs to be loaded into the counter (provided that
the setup and hold requirements for SPE are met).

The counters are reset with a LOW level on the Master Reset
input, MR. In the CD54/74AC/ACT 163 counter (synchronous
reset), the requirements for setup and hold time with respect
to the clock must be met.

Two count enables, PE and TE, in each counter are pro-
vided for n-bit cascading. Reset action occurs regardless of
the level of the SPE, PE, and TE inputs (and the clock input,
CP, in the CD54/74AC/ACT161).

The look-ahead carry feature simplifies serial cascading of
the counters. Both count enable inputs (PE and TE) must
be HIGH to count. The TE input is gated with the Q outputs
of all four stages so that at the maximum count, the terminal
count (TC) output goes HIGH for one clock period. This TC
pulse is used to enable the next cascaded stage.

The CD74AC/ACT161 and CD74AC/ACT 163 are supplied in
16-lead dual-in-line plastic packages (E suffix) and in 16-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C}.

The CD54AC/ACT161 and CDS4AC/ACT163, available in
chip form (H suffix), are operabte over the -55 to +125°C
temperature range.

7.8ns @ Vec = 5V, Ta = 25°C, CL = 50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
» SCR-Latchup-resistant CMOS process and circuit design
® Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
u AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m t+ 24-mA output drive current
- Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.
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Technical Data

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

MODE SELECT — FUNCTION TABLE (AC/ACT161)

OPERATING MODE __ INPUTS __ OUTPUTS
MR cp PE TE SPE P, Q. TC
Reset (Clear) L X X X X X L L
Parallel Load H - X X | | L L
H - X X I h H (a)
Count H - h h h X count (a)
Inhibit H X b X h X Qn (a)
H X X I h X qn L
MODE SELECT — FUNCTION TABLE (AC/ACT163)
OPERATING MODE __ INPUTS OUTPUTS
MR CcP PE TE SPE P, Q. TC
Reset (Clear) | - X X X X L L
Parallel Load h - X X I I L L
h - X X I h H (@
Count h - h h h X count (a)
Inhibit h X I X h X On (@)
h X X } h X Gn L

H = HIGH voltage level steady state.
L = LOW voitage level steady state.
h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition.
I = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition.
X = Don't care.
q = Lowercase letlers indicate the state of the referenced output prior to the LOW-to-HIGH clock transition.

—/ = LOW-to-HIGH clock transition.

NOTE:
(a) The TC output is HIGH when TE is HIGH and the counter is at Terminal Count {(HHHH).

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) - v vttt et ettt e e e e e e e e, -05t06V
DC INPUT DIODE CURRENT, I (for Vi<<-0.5V Or Vi >Vee + 0.5 V) oooeeene i +20 mA
DC OUTPUT DIODE CURRENT, lok {for Vo <-05V or Vo >Vec + 0.5 V) ...ooiieiien i +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Qutput Pin, lo (for Vo > -0.5 V or Vo < Vec + 0.5 V) oo +50 mA
DC Vee O GROUND CURRENT (Icg OF JGND) -+« + vt ee ettt e e et e e e e e e e e, +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) ......iuvuiiniine ettt e 500 mW

For Ta=+10010 +125°C (PACKAGE TYPE E) .....oovonoia e, Derate Linearly at 8 mW/°C to 300 mwW

ForTa=-5510 +70°C (PACKAGE TYPE M) .. .oouiiiiiiiii ittt e e e e 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ... .coioiieiinannanannnnn. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) . ..ouoni ittt e e e -55t0 +125°C
STORAGE TEMPERATURE (Tstg) -« «cveettie e ettt e e e e, -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 MaXimUM . .........oerreir +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting fead tipsoniy ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.
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Technical Data

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range, Vee™:
(For Ta = Full Package-Temperature Range)
AC Types 1.5 55 v
ACT Types 45 55 Vv
DC input or Output Voltage, V, Vo 0 Vee A
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5 V1o 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve +25 -40 to +85 85104125 | yNits
v}
v, o | ¢
MIN. MAX. MIN. | MAX. MIN. MAX.
v} (mA)
High-Level Input 15 12 — 1.2 — 12 —
Voltage Vil 3 21 — 21 — 2.1 — v
5.5 3.85 — 3.85 — 3.85 —
Low-Level Input 15 — 03 — 0.3 — 0.3
Voltage Vi 3 — 09 — 09 — 0.9 Vv
55 —_ 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 1.4 — 14 —_ 14 —
Voltage Vou |, -0.05 3 | 20 | — 20 | — 20 | —
H
or -0.05 45 44 — 44 — 44 —
Va -4 3 | 258 | — [ 248 | — 24 — v
-24 45 3.94 — 38 — 3.7 —
- 75 55 | — — | 38 | — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 01 — 0.1
Voltage Vou |y, 0.05 3 — 0.1 - 0.1 — 0.1
ar 0.05 4.5 — 0.1 — 0.1 — 01
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 45 — 0.36 - 0.44 — 05
- 75 55 | — — — {188 | — —
50 55 — — - -— — 1.65
Input Leakage Vee
Current i or 55 — +0.1 — +1 — +1 LA
GND
Quiescent Supply Ve
Current, MSI lee or 0 55 — 8 — 80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at+125°C.
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CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS Vee *+25 -4010 +85 5104125 | yairs
V)
v, o |
™ (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vi to 2 — 2 — 2 — Vv
55
Low-Level Input 45
Voltage Vi to —_ 08 — 08 — 0.8 v
5.5
High-Levei Output Vin -0.05 4.5 4.4 — 4.4 — 4.4 —_
or
Valtage Vou | g0 24 | a5 [ 394 | — [ 38 | — | 37 | =
v
- -75 55 | — — |38 | — — -
-50 55 — — - - 3.85 -
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage VoL or
Vi 24 45 - 0.36 - 0.44 —_ 0.5 Vv
- 75 55 | — - — 165 [ — —
50 55 —_ — — — - 1.65
Input Leakage Ve
Current h or 5.5 — +0.1 —_ +1 - +1 UA
GND
Quiescent Supply Ve
Current, MSI lec or 0 55 — 8 — 80 — 160 uA
GND
Additional Quiescent Supply 45
Current per Input Pin _ : _ _ _ A
TTL Inputs High Blee | Vo2 to 24 28 3 m
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

Jpower dissipation.

Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at+125°C.
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ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
Pn 0.13
cpP 1
MR, TE 0.83
SPE 0.67
PE 05

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 24 mA max. @ 25°C.
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CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (ﬁ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Max. CP frnax 1.5 8 — 7 —
Frequency 3.3 73 — 64 — MHz

5t 103 — 90 —

CP Pulse 15 61 — 69 —
Width tw 33 6.8 — 7.7 — ns

SPE HIGH (Count) 5 4.8 — 55 —

1.5 61 — 69 —
SPE LOW (Load) tw 33 6.8 — 77 — ns

5 4.8 — 55 —

‘™R Pulse 15 55 — 63 —
Width (161) tw 3.3 6.1 — 7 — ns

5 4.4 — 5 —

Setup Time 1.5 55 — 63 -
Pnto CP tsu 3.3 6.1 - 7 — ns

5 4.4 — 5 _

15 55 — 63 —
PE or TE to CP tsu 33 6.1 — 7 — ns

5 4.4 — 5 _

SPE or MR to CP 1.5 66 — 75 —
(163) tsu 33 74 — 8.4 - ns

5 53 — 6 -

Hold Time 15 0 - 0 —
Pnto CP tu 3.3 0 — 0 —_ ns

5 0 — 0 —

1.5 0 — 0 —
PE or TE to CP tw 33 0 — 0 — ns

5 0 — 0 —

SPE or MR to CP 15 0 — 0 —
(163) th 33 0 - 0 — ns

5 0 — 0 —

Recovery Time 15 66 — 75 —
MR to CP taec 33 7.4 — 84 — ns

(181) 5 53 — 6 —

*33V:min.is@3V
SV:minis@45V
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CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

SWITCHING CHARACTERISTICS: AC Series; 1, t = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘('\g)c -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun 1.5 — 188 — 207
CPto Qn ten 3.3 59 21 5.8 231 ns
(SPE HIGH) 5t 4.2 15 4.1 16.5
CP to Qn teLn 15 — 188 — 207
(SPE LOW) teiL 33 59 21 58 23.1 ns
5 42 15 41 16.5
CPto TC teLn 15 — 190 — 209
teHL 3.3 6 21 59 23.4 ns
5 43 16.2 4.2 16.7
TEto TC ten 15 — 117 — 129
teHL 33 37 131 3.6 144 ns
5 2.7 94 2.6 10.3
MR to Qn ten 1.5 — 188 — 207
(161) tewe 33 59 21 5.8 231 ns
5 4.2 15 4.1 16.5
MRto TC teun 1.5 —_ 188 — 207
(161) tee 3.3 59 21 5.8 23.1 ns
5 4.2 15 4.1 16.5
Power Dissipation Capacitance Cro§ — 66 Typ. 66 Typ. pF
Input Capacitance C — — 10 — 10 pF

B3IV:minis@36V
max.is@3V

5 V:min.is@55V
max.is @45V

§Cro is used to determine the dynamic power consumption. per flip-flop.
Po = CroVce” fi + X (CVec” f) where 1, = input frequency
fo = output frequency
C. = output load capacitance
Vce = supply voltage.
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PREREQUISITE FOR SWITCHING: ACT Series

Technical Data

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ‘(,‘7;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Max. CP Frequency frmax 5* 9t - 80 — MHz
CP Pulse Width
SPE HIGH (Count) tw 5 54 — 6.2 — ns
SPE LOW (Load) tw 5 54 — 6.2 — ns
‘MR Pulse Width (161) tw 5 5.3 — 6 — ns
Setup Time
Pn to CP 5 4.4 — 5 —
PE or TE to CP tsu 5 5.3 — 6 — ns
SPE or MR to CP (163) 5 6.6 — 75 —
Hold Time
Pn to CP 5 0 — 0 —
PE or TE to CP th 5 0 — 0 — ns
SPE or MR to CP (163) 5 0 — 0 —
Recovery Time
MR to CP (161) trec 5 53 — 6 — ns
*5V:min. is@45V
SWITCHING CHARACTERISTICS: ACT Series; t, t: = 3 ns, C_ = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("‘,:f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
CPtoQn 5* 42 15 4.1 16.5 ns
(SPE HIGH)
CPtoQn 5 42 15 41 165 ns
(SPE LOW} toun
CPtoTC terL 5 43 15.2 4.2 16.7 ns
TEto TC 5 2.8 9.8 27 10.8 ns
MR to Qn (161) 5 4.2 15 4.1 16.5 ns
MR to TC (161) 5 42 15 4.1 16.5 ns
Power Dissipation Capacitance Cro — 66 Typ. 66 Typ. pF
Input Capacitance Ci — — 10 - 10 pF

S5Vimin.is@55V
max. is@4.5V

§Ceo is used to determine the dynamic power consumption, per flip-flop.

Po = CeoVec? fi + X (CLVec? o) + VecAlee where = input frequency

fo = output frequency
Ci = output load capacitance

Vec = supply voltage.
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CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

INPUT LEVEL

— GNO

INPUT LEVEL

S

-— GND
92CS-37967

INPUT LEVEL

— GND

— INPUT LEVEL

GNO

92CS-3796BRI

— INPUT LEVEL

GND

— INPUT LEVEL

INPUT LEVEL
~— GND MR
ANY
ouTPUT
cp
92¢S-37964
tr o
TE L —vs —INPUT LEVEL R
0% GND
tPLH tPHL sy
TC
ce
THL
92CS$-37965
VALID
INPUT
tNPUTS LEVEL
PO, P1 v
P2, P3 GND
tey—of ]
sy H
INPUT I"E
J—— LEVEL
SPE Vs PE
— GND
SuU—ot-ty trec ce
INPUT
P ve LEVEL
—_ 7 — oNp

QUTPUT
O

L =
QUTPUT T 50 pF
LOAD .l: P
*FOR AC SERIES ONLY: WHEN
Voo =15V.RL=11Q

92c5 - 42309

92CS -3TIE6R2

GND

92CS-ITIEIRE

CDS54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Ve 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Ve

Fig. 1 - Propagation delay times, setup, hold, and recovery times, and test circuit.
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CD54/74AC161, CD54/74AC163
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\

Sequence ilustrated In waveforms

1. Reset outputs to zero.

2. Preset 1o binary tweive.

3. Count to thirteen, tourteen, fifteen, zero, one, and two.

4. inhibit.
MASTER RESET (161) L asvncrroNGUS)
|
MASTER RESET (163} L_tf(s¥ncrrONOUS)
=5 1
SPE }
i
PO !
1
PRESET | P! !
DATA ]

INPUTS pz—l|—l

cp (16l lllIUUUUUUUL—II—II—I
l |

ce e L LLULMULLnuru i
[

]
PE__ T N E—
COUNT = l
ENABLES TE R |
1 | |
oo__ 1+ Moy
roy 4
Qi I
OUTPUTS ___1 LI :
o2 _ 4| 1 !
! | j
o _E_{ | 1 |
e I N |

l 2 (13 1@ 5 0 1 2 E
A l COUNT ' INHIBIT
RESET PRESEY

92CM-37962

Fig. 2 - Timing diagrams for the CD54/74AC/ACT 161 and 163.
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