SN74F161A
SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

® Internal Look-Ahead Circuitry for Fast D, DB, OR N PACKAGE
Counting (TOP VIEW)

® Carry Output for N-Bit Cascadin —

P v P . fg . CLR[1 U16]VCC
Fully Synchronous Operation for Counting cik [l 2 15[l RCO
. Alls 14]] Qa

description s« 1af] Qg
This synchronous, presettable, 4-bit binary clls 12l Q¢
counter has internal carry look-ahead circuitry De 1l Qp
for use in high-speed counting designs. ENP[] 7 10[] ENT
Synchronous operation is provided by having all GND[] 8 o[l LOAD

flip-flops clocked simultaneously so that the
outputs change coincident with each other when
so instructed by the count-enable (ENP, ENT) inputs and internal gating. This mode of operation eliminates the
output counting spikes that are normally associated with asynchronous (ripple-clock) counters. However,
counting spikes can occur on the ripple-carry (RCO) output. A buffered clock (CLK) input triggers the four
flip-flops on the rising (positive-going) edge of CLK.

This counter is fully programmable. That is, it can be preset to any number between 0 and 15. Because
presetting is synchronous, alow logic level at the load (LOAD) input disables the counter and causes the outputs
to agree with the setup data after the next clock pulse, regardless of the levels of ENP and ENT.

The clear function is asynchronous, and a low logic level at the clear (CLR) input sets all four of the flip-flop
outputs to low, regardless of the levels of CLK, LOAD, ENP, and ENT.

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications, without
additional gating. This function is implemented by the ENP and ENT inputs and an RCO output. Both ENP and
ENT must be high to count, and ENT is fed forward to enable RCO. RCO, thus enabled, produces a
high-logic-level pulse while the countis 15 (HHHH). The high-logic-level overflow ripple-carry pulse can be used
to enable successive cascaded stages. Transitions at ENP or ENT are allowed, regardless of the level of CLK.

The SN74F161A features a fully independent clock circuit. Changes at ENP, ENT, or LOAD that modify the
operating mode have no effect on the contents of the counter until clocking occurs. The function of the counter
(whether enabled, disabled, loading, or counting) is dictated solely by the conditions meeting the setup and hold
times.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
PDIP —N Tube SN74F161AN SN74F161AN
Tube SN74F161AD
0°C to 70°C SOoiIC-D F161A
Tape and reel SN74F161ADR
SSOP - DB Tape and reel SN74F161ADBR F161A

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

Copyright © 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

.
standard warranty. Prod| pr ing does not ily include # TEXAS

testing of all parameters.
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SN74F161A
SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

state diagram

0 1 2 3
y

15

A

14

A

13

12 ¢ 1" 10 |< 9

*5‘ TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74F161A
SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

logic diagram (positive logic)
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SN74F161A

SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

logic symbol, each flip-flop
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logic diagram, each flip-flop (positive logic)
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SN74F161A
SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

typical clear, preset, count, and inhibit sequences

The following timing sequence is illustrated below:
1. Clear outputs to zero
2. Presetto binary 12
3. Countto 13, 14,15,0,1,and 2
4. Inhibit
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SN74F161A

SYN

CHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUpPPlY VOIAGE raNGE, VO G - - v ottt ettt e e et e e e e e -05Vto7V
Input voltage range, Vi (see Note 1) ... ..o oot -12Vto7V
INPUL CUITENE FANGE . . . oo e e e e e -30mAto 5 mA
Voltage range applied to any outputinthe highstate ............. ... ... ... ... ........ -0.5Vto Ve
Currentinto any outputinthelowstate ........ ... .. . . i 40 mA
Package thermal impedance, 65 (see Note 2): Dpackage ...............cciiiiiiiiinnnn... 73°C/W

DBpackage .......... ... 82°C/W

Npackage .........ccc i, 67°C/W
Storage temperature range, Tgtg -« v .vven it —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

funct

ional 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.
NOTES: 1. The input voltage ratings may be exceeded provided the input current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)
MIN NOM MAX| UNIT
Vce Supply voltage 4.5 5 55 \%
VIH High-level input voltage 2 \Y
VL Low-level input voltage 0.8 \
Ik Input clamp current -18 mA
IOH High-level output current -1 mA
loL Low-level output current 20 mA
TA Operating free-air temperature 0 70 °C
NOTE 3: All unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPE MAX| UNIT
ViK Vcc =45V, l|=-18 mA -1.2 \
Vcc =45V, IoH=—-1mA 2.5 3.4
VOH \
Vcc =475V, IoH=—-1mA 27
VoL Vcc =4.5Y, loL=20mA 0.3 0.5 \
| Vcec =5.5Y, V=7V 0.1 mA
IIH Vcc =55V, V=27V 20 pA
ENP, CLK,A,B,C,D -06
L ENT, LOAD Vecc =55V, V=05V -12 mA
CLR -06
los$ Vec =55V, Vo =0 -60 -150| mA
Icc Vcc =55V 37 55 mA
1 All typical values are at Vo = 5V, Tp = 25°C.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
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SN74F161A

SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

Vecec =5V,
TA =25°C MIN  MAX | UNIT
MIN MAX
felock Clock frequency 0 100 0 90| MHz
CLK high or low (loading) 5 5
, . High 4 4
tw Pulse duration CLK (counting) ns
Low 6 7
CLR low 5 5
Data before CLKT High or low 5 5
High 1" 11.5
i LOAD before CLKT
tsu Setup time Low 8.5 9.5 ns
High 1" 11.5
ENP and ENT before CLKT
Low 5 5
Data after CLKT High or low 2 2
. High 2 2
th Hold time LOAD after CLKT ns
Low 0 0
ENP and ENT after CLKT High or low 0 0
tsu Inactive-state setup time, CLR high before CLKTT 6 6 ns
T Inactive-state setup time also is referred to as recovery time.
switching characteristics (see Note 4)
Vcc =5V, Vcc=45VTO5.5YV,
EROM 10 CL =50 PF, CL =50 PF,
PARAMETER INPUT OUTPUT R =500 Q, RL =500, UNIT
( ) ( ) Ta = 25°C TA = MIN TO MAXE
MIN TYP MAX MIN MAX
fmax 100 120 90 MHz
tPLH 27 5.1 7.5 27 8.5
CLK (LOAD high) Any Q ns
tPHL 2.7 7.1 10 2.7 1
tpLH 3.2 5.6 8.5 3.2 9.5
CLK (LOAD low) Any Q ns
tPHL 3.2 5.6 8.5 3.2 9.5
t 4.2 9.6 14 4.2 15
PLH CLK RCO ns
tPHL 42 96 14 42 15
t 1.7 4.1 7.5 1.7 8.5
PLH ENT RCO ns
tPHL 1.7 4.1 7.5 1.7 8.5
Any Q 4.7 8.6 12 4.7 13
t CLR ns
PHL RCO 3.7 7.6 10.5 3.7 11.5
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
NOTE 4: Load circuits and waveforms are shown in Figure 1.
‘Ui TEXAS
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SN74F161A

SYNCHRONOUS 4-BIT BINARY COUNTER

SDFS056B — MARCH 1987 — REVISED AUGUST 2001

PARAMETER MEASUREMENT INFORMATION

o7V
From Output Test From Output O Open TEST s1
Under Test Point Under Test 1 tPLH/tPHL Open
cL L CL tpLz/t 7V
500 Q 500 Q PLZtPZL
(see Note A) (see Note A) tpHZ/tPZH Open
Open Collector Vv

LOAD CIRCUIT FOR
TOTEM-POLE OUTPUTS

LOAD CIRCUIT FOR
3-STATE AND OPEN-DRAIN OUTPUTS

————3V
7#1.5v ;
| ov

Timing Input
— ty ——
l l 3V t | h
| | M —_— 3V
15V 15V
Input Data Input 15V 15V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
————— 3V 3V
Output
Input 1.5V 1.5V Control X1 5V >’<1.5v
I I oV oV
tpzL — tpLz
Output _’I | _’} r_
——— VoH Waveform 1 | =35V
In-Phase | [
Output S1at7Vv | VoL +0.3V
VoL (see Note B) =" VoL

I | I
tPHL —¢—» |<—P|— tPLH tpzH ¥ & B € tphz
| | VoH Output | —— —— Von
Out-of-Phase 15V Visv Waveform 2 5V VOH-0.3V
Output : : S1at GND : oV
——— VoL (see Note B) =
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES
INVERTING AND NONINVERTING OUTPUTS

NOTES: A. C| includes probe and jig capacitance.

ENABLE AND DISABLE TIMES
LOW- AND HIGH-LEVEL ENABLING

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zo =50 Q, t, 2.5 ns, tf< 2.5 ns,

duty cycle = 50%.

D. The outputs are measured one at a time with one input transition per measurement.

Figure 1. Load Circuit and Voltage Waveforms
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 26-Jan-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |<— KO |<—P1—>1
R R R T
go W
Reel — l
Diameter
Cavity —>| A0 Id—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O OO0 0O OO0 Qyﬁ Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2 ﬁ
H-—q--4 t--7--1-
Q31 Q4 Q31 Q4 User Direction of Feed
| % A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
SN74F161ADR Sle][e D 16 2500 330.0 16.4 6.5 103 | 21 8.0 16.0 Q1
SN74F161ANSR SO NS 16 2000 330.0 16.4 8.2 105 | 25 12.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

~
//i/
7
rd S
. g 7
\\y/ > -\\{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74F161ADR SOIC D 16 2500 333.2 345.9 28.6
SN74F161ANSR SO NS 16 2000 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—-LINE PACKAGE

16 PINS SHOWN

PINS **
< A >
o 14 16 18 20
6 ’ 0775 | 0775 | 0920 | 1.060
A AN e el el aae T aaa i o AN | qd'ee) | (1069 | (2337) | (26.92)
0.260 (6,60) 0.745 0.745 0.850 0.940
) 3240 (6.10) ACMING | 18.92) | (18,92) | (21,59) | (23,88)
MS—001
T T T T A | pgamon | M| BB | ac | w0
8
J L 0.070
0.045 (
0.045 (1,14) 0.325 (8,26)
- "’0030 078 & 0.020 (0,51) MIN 0300 (7,62) [€

\ T f_\ 0.015 (0,38)
\ 0.200 (5,08) MAX Y f Gauge Plane
P l Seating Plane

(‘\

€

0.125 (3,18) MIN 0.010 (0,25) NOM

AJ 0.430 (10,92) MAX L,

0.100 (2,54)

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25)M|

)

\
‘\ /’ 14/18 Pin Only A

- 20 Pin vendor option

4040049/E  12/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

A Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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MECHANICAL DATA

D (R-PDSO—-G16) PLASTIC SMALL OUTLINE

0.394 (10,00)
D 0.386 (9,80)

NAAARAAA y

/wt‘duuuuu ,
o JLZ%?S

025)@

-

L 0.069 (1,75) Mox 0.004 (0,10)
0.010 (0.25) ,/ \
0.005 (0,13)1 /! \
\
\l
f /[ , ]0.00% (0.10)
Gauge Plane !
ﬁ 7= ? Seating Plane
[0.010 (0,25)] -7
. - /
0.050 (1,27)
0.016 (0,40)

4040047-6/M 06/11

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

Reference JEDEC MS-012 variation AC.

NOTES:

B> P
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LAND PATTERN DATA

D (R-PDSO—-G16) PLASTIC SMALL OUTLINE

ExqmpthE::rté )Layout Sten&il'ogp%fsms
—— ~—16x0,55
——I |<—14x1,27 * ——I |<—14x1,27
LA 16x1.50 L H- L[
I_ILII_II_II_II_II_II_Ir * oo otn T
5,40 5.40
TN
dulsNaniniaNaln \ N AAnAan l
\OUaooootd ot ibd
\ _/’I
Ir_
|
|
,’ Example
I' Non Soldermask Defined Pad Example
i - Pad Geametry
* /,/ (See Note C)
-
/

Example
Solder Mask Opening
(See Note E)

RS
—_
<—b1
(@]

—=ll<=—0,07 /
\ All Around /
\. /
N Y
“ P
—~ .
4211283-4/E 08/12

NOTES:

Al linear dimensions are in millimeters.
This drawing is subject to change without notice.

Publication IPC~7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and alse rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

Customers should
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

’« »‘ 4—% [¢]0.250)
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L 2,00 MAX (20,10
PINS
oM 14 16 20 24
A MAX 10,50 | 10,50 | 12,90 | 15,30
A MN 9,90 9,90 12,30 | 14,70
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NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

1

www.ti.com




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of Tl components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated T| component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers

RFID

OMAP Applications Processors
Wireless Connectivity

microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/video
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