Signetics

54161, 54163,
54LS161A, 54LS163A

Counters

4-Bit Binary Counters

Military Logic Products Product Specification
FEATURES canbe used for high-speed counting. Syn- ORDERING INFORMATION
« Synchronous counting and loading ~ chronous operation is provided by having DESCRIPTION ORDER CODE
« Two Count Enable Inputs bit all flip-flops clocked simultaneously on the
cascagllrjln nable inputs for n- positive-going edge of the clock. The 5%43116611/315815A
9 Clock input is buffered. 16-Pin Ceramic DIP 54LS163A/BEA
Positive edge-tri !
* Positive edge-tr ggere,d clock The outputs of the counters may be preset 54163/BEA
* Asynchronous reset ('161) toHighor Lowlevel. A Low level atthe Par- 54LS161A/BFA
« Synchronous reset ('163) allel Enable (PE) input disables the count- | 16.Pin Ceramic FlatPack | g4 & ioneaFa
« Hysteresis on Clock input (LS only)  iNg action and causes the data at the Dy - 54163/BFA
D3 inputs to be loaded into the counter on SALS 161 A/
the positive-going edge of the clock (pro- | 20-Pin Ceramic LLCC 5 4t§}83 A/gg
DESCRIPTION . viding that the setup and hold require-
Synchronous and  4-bit (54161
SZLS1 61A. 54163, 54LS163A t ' ments for PE are met). Preset takes place
; 3 J ) counters regardless of the levels at Count Enable
eature an internal carry look-ahead and (CEP, CET) inputs.
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION 54 54LS
CP, CET Inputs 2UL 2LSUL
D, CEP Inputs 1uL 1LSUL
PE Input 1UL 2LSUL
All Outputs 10UL 10LSUL
MR Input ("161) 1UL 1LSUL
MR Input (*163) 1UL 2LSUL

NOTE: Where a 54 Unit Load (UL) is understood to be 40A iy and -1.6mA 1, and a 54LS Unit Load (LSUL) i

s 20pA Iy and -0.4mA 1.

PIN CONFIGURATION LOGIC SYMBOL
— s 3 4 s s
= e veo S T I
ez sl e e o o D D0
Do [3] i4] 0o 7— cep
0y {4] E} Q 10— CET L T
02 [5] [12] Q2 2— cp
03 (] 1 o3 t—q MR Qg Q G G
cep [7] [75] ceT R
aNo (@] @ PE “ 13 12 1
Vcc = Pin 16
GND=- Pin8
For LLCC pin soe JEDEC No.2 For LLCC pin see JEDEC Standard No. 2
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A Low level at the Master Reset (MR) input set
all four outputs of the flip-flops (Qp - Qg) in
54161, and54LS161Ato Low levelsregardless
of the levels at CP, PE, CET and CEP inputs
(thus providing an asynchronous clear func-
tion).

For the 54163, and 54LS163A, the clear func-
tion is synchronous. A Low level at the Master
Reset (MR) input sets all four outputs of the
flip-flops (Qg - Q3) to Low levels after the next
positive-going transition on the Clock (CP)input
(providing that the setup and hold requirements
for MR are met). This action occurs regardless
of the levels at PE, CET, and CEP inputs. The
synchronous reset feature enables the design-

er to modify the maximum count with only one
external NAND gate (see Figure 1).

The carry look-ahead simplifies serial cascad-
ing of the counters. Both Count Enable inputs
(CEP and CET) must be High to count. The
CET inputis fed forward to enable the TC out-
put. The TC output thus enabled will produce a
High output pulse of a duration approximately
equal to the High level output of Q,. This pulse
can be used to enable the next cascaded stage
(see Figure 2).

For conventional operation of 54161 and
54163, the following transitions should be
avoided.

1. High-to-Low transition on the CEP or CET
input if clock is Low.

2. Low-to-High transitions on the Parallel En-
able input when CP is Low, if the count
enables and MR are High at or before the
transition.

For 54163 there is an additional transition to be

avoided.

3. Low-to-High transition on the MR input
when clock is Low, if the Enable and PE
inputs are High at or before the transition.

These restrictions are not applicable to
54L.S161A and 54LS163A.

+¥Yece
PE Dp Dy Dz D3
CEP
54163
CET OR TC
54LS163A
CLOCK — cP
MR Q 0 0 o

TERMINAL COUNT = 6

Figure 1
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LOGIC DIAGRAMS
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Veg = Pinté
GND= Pin8 e
( ) = Pin numbers For LLCC pin assignments, see JEDEC Standard No. 2
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LOGIC DIAGRAMS
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Veg = Pin16 L
GND= Pin8
( ) = Pin numbers For LLCC pin see JEDEC No. 2
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MODE SELECT — FUNCTION TABLE, ’161

OPERATING MODE INPUTS OUTPUT
MR cP CEP CET PE D, Q, TC
Reset (clear) L X X X X X L L
Parallel load H T X X [ 1 L L
H ) X | h H (a)
Count H 7 h h h© X count (a)
Hold (do nothing) H X 1 X h© X Gn (a)
H X X 1) hi©) X Qn L
MODE SELECT — FUNCTION TABLE, *163
OPERATING MODE INPUTS OUTPUT
MR cp CEP CET PE D, Q, TC
Reset (clear) | T X X X X L L
Parallel load ht? T X X ! | L L
h T X X | h H (d)
Count hh T h h h X count d)
Hold (do nothing) hth X @) X h® X Gn (d)
hf) X X |(e) hih X Qn L
H = High voltage level steady state
L = Llow voltage level steady state
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
q = Lower case letters indicate the state of the referenced output prior to the Low-to-High clock transition
T = Low-to-High clock transition
NOTES:
(a) The TC output is High when CET is High and the counter is at Terminal Count (HHHH for 54161)
(b) The High-to-Low transition of CEP or CET on the 54161 should only occur while CP is High for conventional operation
(c) The Low-to-High transition of PE on the 54161 should only occur while CP is High for conventional operation
(d) The TC output is High when CET is High and the counter is at Terminal Count (HHHH for '163)
(e) The High-to-Low transition of CEP or CET on the 54163 should only occur while CP is High for conventional operation
(f) The Low-to-High transition of PE or MR on the 54163 should only occur while CP is High for conventional operation
{-osaiecon| [P€ 0o Dy 0z Ds | | [PE oo by 0z Ds ) | [PE o Dy o] | [PE oo Dy Dz a] | [P oo 0iDady
1 < ENABLE COUNT CEP — ceP L cep “—{ cep “— cep
L-. DISABLE COUNT —1 CET TC [—*— CET ¢ |— CET TC |— CET TC p— CET TC P
cp — cP B cP — cp — cp
MRGy Q1 Q2 Qy qMRQy 0y G O3 qMRQy Oy 02 Q3 MRQy Qy @ Q3 qMRQg Q1 @ Q3
Figure 2. Synchronous Multistage Counting Scheme
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ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER 54 54LS UNIT
Vee Supply voltage 7.0 7.0 V'
Vi Input voltage range 0510455 0510 +7.0 |
L Input current range -30to +5 -30 to +1 mA
Vo Voltage applied to output in High output state range -0.5t0 +Vec -0.5t0 +Vgo Vv
Tsta Storage temperature range -65to +150 -6510 +150 °C

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER 54 54LS UNIT
Min Nom | Max Min Nom | Max

Vee Supply voltage 45 5.0 55 45 5.0 55 \
Vi High-level input voltage 2.0 2.0 \4
Vi Low-level input voltage +0.8 +0.7 )
™ Input clamp current -12 -18 mA
loH High-level output current -800 -400 HA
loL Low-level output current 16 4 mA
Ta Operating free-air temperature range -85 +125 -55 +125 °C

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS! 54161,°163 54LS161A,'163A UNIT
Min | Typ? | Max | Min | Typ? | Max

Vou High-level output voltage Vee=Min, Viu=Min, V| =Max, loy=Max | 24 | 34 25 | 34 \
VoL Low-ievel output voltage Ve =Min, Vi =Min, V| =Max, lg_=Max 02 | 04 025 | 04 v
Vik Input clamp voltage Vee =Min, |y =1 -1.5 -1.5 \

V=55V 1.0 mA

D, CEP 0.1 mA

Iz Input current at maximum Vec=Max | V=70V | PE,CP,CET 0.2 mA

input voltage MR, (LS161A) 0.1 mA

MR, (LS163A) 0.2 mA

V,=24V | cP CET 80 pA

Other inputs 40 pA

D, CEP 20 A

i1 High-level input current Vee=Max | Vi=27V | PE,CP, CET 40 HA
WH, (LS161A) 20 pA

MR, (LS1634) ) pA

Vj=04V | CP, CET 3.2 mA

'S Low-level input current Ve = Max Other inputs -16 mA

D, CEP 0.4 mA

V)=04V | PE, CP, CET 08 mA

W, (LS161A) 04 mA

WA, (LS163A) 08 mA

los Short-circuit output current3 Vee = Max -20 -57 | -20 -100 mA

lee Supply current? (total) Voo =Max | lecu All outputs High 59 | 85 18 | 31 mA

koL All outputs Low 63 91 19 32 mA
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AC ELECTRICAL CHARACTERISTICS T4 = 25°C, Ve = 5.0V8

SYMBOL PARAMETER TEST CONDITIONS 54 54Ls UNIT
C_ =15pF C, =15pF
Min Max Min Max
fuax Maximum clock frequency Waveform 1 25 25 MHz
tpLH Propagation delay 35 35 ns
tpHL Clock to terminal count Waveform 1 35 35 ns
toLH Propagation delay Waveform 1, 20 24 ns
tPHL Clock to Q outputs PE = High 23 27 ns
trLH Propagation delay Waveform 1, 25 24 ns
tPHL Clock to Q outputs PE = Low 29 27 ns
toLH Propagation delay 16 16 ns
oL CET input to TC output Waveform 2 16 16 ns
tow ey 2y W 10Q Waveform 3 38 28 ns

AC SETUP REQUIREMENTS T, = 25°C, V¢c = 5.0V

SYMBOL PARAMETER TEST CONDITIONS 54 54LS UNIT
Min Max Min Max
twil) Clock pulse width (Low) Waveform 1 25 25 ns
tw Master Reset pulse width (1161) Waveform 3 20 20 ns
tw Master Reset pulse width ('163) Waveform 6 20 20 ns
ts Setup time, data to clock Waveform 5 20 20 ns
th Hold time, data to clock® Waveform 5 3 3 ns
ts Setup time, CEP or CET to clock Waveform 4 20 20 ns
th Hold time, CEP or CET to clock Waveform 4 0 (o} ns
ts Setup time, PE to clock Waveform 5 25 20 ns
th Hold time, PE to clock Waveform 5 0 0 ns
ts Setup time, MR to clock ('163) Waveform 6 20 20 ns
th Hold time, MR to clock ('163) Waveform 6 1} 0 ns
trec Recovery time, MR to CP Waveform 3 25 15 ns

AC ELECTRICAL CHARACTERISTICS T, = 25°C, Vg¢ = 5.0V

SYMBOL PARAMETER TEST CONDITIONS 54 54Ls UNIT
C =50pF CL =50pF
Min Max Min Max
fmax Maximum clock frequency Waveform 1 20 22 MHz
tPLH Propagation delay 39 40 ns
tone Clock to terminal count Waveform 1 39 40 ns
tPLH Propagation delay Waveform 1, 24 29 ns
tenL Clock to Q outputs PE = High 27 32 ns
teLH Propagation delay Waveform 1, 29 29 ns
toHL Clock to Q outputs PE = Low 33 32 ns
toLH Propagation delay 20 19 ns
tprL CET input to TC output Waveform 2 20 19 ns
Propagation delay, MR to Q
tenL outputs (161) Waveform 3 42 33 ns
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AC ELECTRICAL CHARACTERISTICS T, = -55°C and +125°C, Vg = 5.0V8

SYMBOL PARAMETER TEST CONDITIONS 54 54Ls UNIT
C =50pF C_ = 50pF
Min Max Min Max
frmax Maximum clock frequency Waveform 1 25 22 MHz
o | Clock i orminalcount Waveform 1 s 2|
tpLH Propagation delay Waveform 1, 31 38 ns
teuL Clock to Q outputs PE = High 35 42 ns
toLH Propagation delay Waveform 1, 38 38 ns
tPHL Clock to Q outputs PE = Low 43 42 ns
| Copon e Wavetor 2 2 E
tPHL zll;ct:ppjtga(ﬂf &c)lelay, MRt Q Waveform 3 55 43 ns
AC SETUP REQUIREMENTS T, = -55°C and +125°C, Vg = 5.0V
SYMBOL PARAMETER TEST CONDITIONS 54 54LS UNIT
Min Max Min Max
twil) Clock pulse width (Low) Waveform 1 25 25 ns
tw Master Reset pulse width ('161) Waveform 3 20 25 ns
tw Master Reset pulse width ('163) Waveform 6 20 25 ns
ts Setup time, data to clock Waveform 5 20 25 ns
th Hold time, data to clockS Waveform 5 5 5 ns
ts Setup time, CEP or CET to clock Waveform 4 20 20 ns
th Hold time, CEP or CET to clock Waveform 4 0 0 ns
ts Setup time, PE to dlock Waveform 5§ 25 20 ns
th Hold time, PE to clock Waveform 5 0 0 ns
ts Setup time, MR to clock ('163) Waveform 6 20 20 ns
th Hold time, MR to clock ('163) Waveform 6 0 0 ns
trec Recovery time, MR to CP Waveform 3 25 15 ns
NOTES:

1. For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable type

and function table operating mode.

on bWwWN

February 20,

. All typical values are at Vcc = 5V, T = 25°C.

. Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

. lecn is measured with PE input High, again with PE input Low, all other inputs High and output open. lccy is measured with Clock input High,
again with Clock input Low, all other inputs low and outputs open.

. For 156ns rise time only, Hold time must be increased by 0.3ns for each nanosecond decrease in rise time.

. These parameters are guaranteed, but not tested.
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AC WAVEFORMS
1imax
cp v / 7 \
_] "] ("]
tw —>
—™ pLH > PHL
Vo
Qn \'] M
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[ tp 4 - tPHL
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TC \'] AL}
VoL

Waveform 1. Clock to Output Delays, Maximum
Frequency, and Clock Puise Width

WR S

Vu \{"}
- tw Yrec
cP Vit CEP AND CE’
PHL
VoH
Qn Vi
VoL

Waveform 3. Master Reset Puise Width,
Master Reset to Qutput Delay and
Master Reset to Clock Recovery Time (*161)

Waveform 5. Parallel Data and Parallel
Enable Setup and Hold Times

CEP AND CET(c)
54 ONLY

NOTE: V) = 1.5V for 54; V) = 1.3 for 54LS

CET

‘PLH»

1€

Waveform 2. Propagation Delays
CET Input to TC Output

t5H)

Waveform 4. CEP and CET
Setup and Hold Times

Waveform 6. Synchronous Reset Setup,
Pulse Width and Hold Times (*163)

The shaded areas indicate when the input is pel

to change for p

output
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TEST CIRCUIT AND WAVEFORM

| |
vx Vec 5.0V 27V w T
i e v-. "
A 0.3V 0.3V ov
Vi \7
PULSE > bt Lo l'_ L) TLH _'I =
GENERATOR
L il
I‘— Hr) ‘THL _'| sV
Ry cL 1] v 2.7v
POSITIVE
I PULSE A A
L il Ll L 0.3v | w | 03V __ o
Test Circuit for 54 Totem-Pole Outputs Input Pulse Definition
INPUT PULSE CHARACTERISTICS
FAMILY
Ry Vu Rep. Rate Tw T TrHL
54LSXXX 2.0kQ 1.3V 1MHz 500ns <16ns <6ns
54XXX 400Q 1.5V 1MHz 500ns <7ns <7ns
DEFINITIONS:
C_ = Load capacitance includes jig and probe capacitance; see AC Characteristics for value.
Rt = Termination resistance should be equal to Zg of Pulse Generators.
D = Diodes are 1N916, 1N3064, or equivalent.
Vx = Unclocked pins must be held at <0.8V, >2.7V or open per FunctionTable.
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