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CMOS Counter/Dividers

High-Voltage Types {20-Volt Rating)
CD4017B—Decade Counter with

10 Decoded Outputs
CD40228—0ctal Counter with

8 Decoded Outputs

® CD40178 and CD4G22B are 5-
stage and 4-stage Johnson counters having
10 and 8 decoded outputs, respectively.
Inputs include a CLOCK, a RESET, and a
CLOCK INHIBIT signal. Schmitt trigger
action in the CLOCK input circuit provides
pulse shaping that allows unlimited clock
input pulse rise and fall times.

These counters are advanced one count at
the positive clock signal transition if the
CLOCK INHIBIT signat is low. Counter
advancement via the clock line is inhibited
when the CLOCK INHIBIT signal is high.
A high RESET signal clears the counter to
its zero count. Use of the Johnson counter
configuration permits high-speed operation,
2-input decode-gating and spike-free de-
coded outputs. Anti-lock gating is provided,
thus assuring proper counting sequence. The
decoded outputs are normally low and go
high only at their respective decoded time
slot. Each decoded output remains high for
one full clock cycle. A CARRY-OUT signal
completes one cycle every 10 clock input
cycles in the CD4017B or every 8 clock
input cycles in the CD4022B and is used to
ripple-clock the succeeding device in a
multi-device counting chain.

RECOMMENDED OPERATING CONDITIONS

CD4017B, CD4022B Types

Features:

® Fully static operation

® Medium-speed operation . . .
10 MHz (typ.) at Vpp =10V

= Standardized, symmetrical output
characteristics

B 100% tested for quiescent current at 20 V

5-V, 10-V, and 15-V parametric ratings

u Meets all requirements of JEDEC Tentative
Standard No. 13A, “Standard Specifications
for Description of ‘B’ Series CMOS Devices”

Applications:

® Decade counter/decimal decode display
({CDa017B)
Binary counter/decoder

Frequency division

Counter control/timers

Divide-by-N counting

For further application information,
see ICAN-6166 'COS/MOS MSI
Counter and Register Design and
Applications’’

The CD4017B- and CD4022B-series types are
supplied in 16-lead dual-in-line plastic
packages (E suffix), 16-lead small-outline
packages (NSR suffix), and 16-lead thin shrink
small-outline packages (PW and PWR
suffixes).

For maximum reliability, nominal operating conditions should be selected so that operation

is always within the following ranges:

CHARACTERISTICS Vpp | LIMITS UNITS
{v) Min. Max.
Supply-Voltage Range (For T = Full Package-
Temperature Range) 3 18 Vv
5 - 25
Clock Input Frequency, fo) 10 - 5 MHz
15 - 5.5
5 200 -
Clock Pulse Width, ty 10 90 - ns
15 60 -
5
Clock Rise & Fall Time, t,cp. ticL 10 UNLIMITED*
15
5 230 -
Clock [nhibit Setup Time, tg 10 100 - ns
15 70 -
5 260 -
Reset Pulse Width, tpy 10 110 - ns
15 80 -
5 400 -
Reset Removal Time, 1,5 10 280 - ns
15 150 | - -

*Only if Pin 14 is used as the clock input. I Pin 13 is used as the clock input and Pin 14 is tied high (for advancing
count on negative transition of the clock), rise and fall time should be < 15 us.
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CD4017B, CD4022B Types

9 CARRY OUT

N4

cLock U U uhunyununaunge

— — —

—
I RESET "\
CLOCK INHIBIT F'am
g —— m~
o my e W
g m o
agu Izn -
N a_ D a ] A|4ll — r n \
ugn ) e W
¢ o4 ~{c R..' g I raY
" RESET J{ | e I\
gy irn ¥
Voo g : i
! T T\ =
% CARRY QUT SR
Fiy. 2 — Titning diagram for CD40178.
QCLOGK ]i
® —f '
vss
*ALL INPUTS PROTECTED BY - :
R CMOS PROTECTION NETWORK 92CL- 28745R3
cLock
INHIBIT
[ 1 2 3 4 5 & 7 CARRY OUT
2 |
I B N N N N A VAW AN AW AU WA N AW AW AN AU ATAVANA WS N
RESET ~ L
Wl / \
o T Iral o
i M\ /T I
2 Z\ J z\
s 3\ N
] q oy 3\
D Q4 5 faut ™
3 &\ 8\
c 04 14 7\ ST\
? [ S Y S — S S
v Fig. 4 — Timing diagram for CD40228.
Do
ToLock
@
Vss
*ALL INPUTS PROTECTED BY
*oLocK ciMos CTION NETWORK
INHIBIT
92CL-26748R3

Fig. 3 — Logic diagram for CD4022B.

3-52



CD4017B, CD4022B Types

MAXIMUM RATINGS, Absolute-Maximum Values: [ TAMBIENT TEMPERATURE [TA1=28°C 1] LTT]] 1T T o
DC SUPPLY-VOLTAGE RANGE, (Vpp) : BN HEHH HI 1 H
Voltages referenced 10 Vgg TrmInal) .........ooiiiiiieiioiiiviiinnineeanaiananans -0.5V to +20V iy :%f RN THIE B Rt
INPUT VOLTAGE RANGE, ALLINPUTS ....oeiiiti it iinieetoespaanns -0.5Vto Vpp +0.5V B O T GaTe o Soumce VOLTAGE Vg8 v § 1111
DC INPUT CURRENT, ANY ONEINPUT ... uiteitttennettianttoninnssornnsecisaeiaesrenns £10mA PO B L ST PRI sazrss BESI IR 1 ber eaas:
POWER DISSIPATION PER PACKAGE (Pp) C B i {}{»f% : aEsggesass
For T m ~S50CH0 #1000 1o uuut e e et itatette et ae e ara e iaae e 500mW £ PR }} o
FOrTaA=+1000C 10 +128%C. ...ovvvrnniinniiniinicnnnnes Derata Linearity at 1 2mW/°G to 200mW g : s i
DEVICE DISSIPATION PER OUTPUT TRANSISTOR : B
FOR Tp, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)...................... 100mW 5 of
QPERATING-TEMPERATURE RANGE (TA) .« -« ovvvenve oo aiaiitisnrerarnnnss -550C to +1259C § SR
STORAGE TEMPERATURE RANGE (Tgig) ..o v v o cvnonneinniaettnaninianns -85°C 10 +150°C 2 aat,
LEAD TEMPERATURE {DURING SOLDERING): iR : :
At distance 1/18 = 1/32inch (1.58 £ 0.79mm) from casefor10smax .............oovivrinanns +265°C ORAIN-TO-SOURCE VOLTAGE (Vps)—V wacs.2emems
Fig. 5— Typicel output low (sink)} current
characteristics.
AMBIENT TEMPERATURE {Tple25°C
I
]
8
Elz, _GATE - 0- SOURCE VOLTASE (vgg)=15 v F1HH
&
STATIC ELECTRICAL CHARACTERISTICS H Hio
0 TS 5
T
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) | ° | |5 I
TERISTIC : : _ 7| (5=
Vo | Vin|Vop +25 s R
V) | ]| (v|-55 | —a0 | +85 [+125 [min. | Typ. |Max. T e O8I e s
Fig. 6— Minimum output low (sink) current
Quiescent - 0.5 5 5 5 150 150 | — 0.04 5 characteristics.
fggeM";;( _ - jois{1s| 20] 20| 600/ 600 - | 004| 20 e e ey
- 020 20 | 100 100 | 3000| 3000 | - 0.08 | 100 e A R HEH A
GATE- VOLTAGE (Vggh -5V s ?
0,5 5| 0. 0.61 0427 036 X 1] - P H{
Output Low 04 64 0.51 & HH k
{Sink) Current| 0.5 0,10| 10 1.6 1.5 1.1 09 1.3 26{ - 135335482 HH '.f',
loL Min. 1.6 Jo1s| 15| a2 a| 28| 24| 34| e8] - S n 3
-y 2010
. -0.64| -061 | —0.42|-0.36 [~ -1] - e Al
Output High 6 0,5 5 [-0.641 -0.61 0.42] -0.36 | —-0.51 1 mA Y f “é
{Source) 25 05| & -2| -1.8| -t3|-118} —16| -32]| - i i
=I5V
f""e&‘j‘; taos |oi1of10]| -16] -185| —1.1] -09]| -1.3] -26]| - H H s
OH™™ 1735 [o1s| 15| —a2| —a| -28| -24| —34| 68| - 3
Output Voltage: 05| 5 0.05 - 0]0.05
Low-Level, 0,10] 10 0.05 _ olo005 Fig, 7— Typical output high (source) current
V Max. characteristics.
oL - |oas] s 0.05 — 0]005]
Output - 05| 5 4.95 495 5| - e g
Voltage: AT (Al E
H‘gh- Leve|' 0, 1 0 10 9.95 9.95 10 - AAI'LI_IH'II TITHT Hml:lrl‘&I‘%‘l.LI’Ia : ?
Vo Min. - 0,15] 15 1495 14.95 15| - T H
. S g
0545] - 5 15 - - 1.5 5
Input Low g
Voltage 1.9 - 10 3 — - 3 o # 5
VieMax.  45135] - |15 4 - - 4]y H
lnput ngh 0A5,45 - 5 35 3.5 - - -15 wit] ‘§
Voltagg. 1.9 - 10 7 7 - - 5
ViuMin. Be 138 — | 18 1 nl -1 - i H 5
Input Current —5 s2CE-FaRmg
- 0,18 | 18 | 0.1 *0. +1 1 - +10 +0.1§ uA
1N Max. 01 # Fig. 8— Minimum output high {sourcel current
characteristics.
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CD40178, CD4022B Types

DYNAMIC ELECTRICAL CHARACTERISTICS
At Tp = 25°C, Input .ty = 20 ns, C_ = 50 pF, R|_ = 200 k(2
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Fig. 10 — Typical transition time as a function
of load capacitance.
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Fig. 11 — Typical propagation delay time as a

function of load capacitance {clock
to decode output).

CHARACTERISTIC CONDITIONS LIMITS UNITS
' Vpop (V) Min.| Typ.lMax.
CLOCKED OPERATION '
_ ) 5 — |325 |650
Propagation Delay Time, tpyL. tpy i 10 - 1135 1270
" Decode Qut 15 — | 8 [170 ns
5 - [ 300 (600
Carry Qut 10 - — 125 |250
15 — 80 [160
{ Transition Time, t1h . tTLH 12 - 123 388
‘ R - ns
Carry Out or Decode Qut !.lne 15 _ | a0 80
: _ ‘ 5 25| s -
Maximum Clock Inpqt Frequency, foLs 10 5] 10] - MH2z
. 15 55| 11| -
5 — |100 |200
Minimum Clock Pulse Width, w 10 — 45 { 90 ns
- . _15 — 30 | 60
Clock Rise or Fatl Time, 1,CL, t;,CL 5,10, 15 UNLIMITED
Minimum Clock Inhibit 13 - 1;3 fgg ns
to Clock Setup Time, - -
C up Time, t, 15 B 35| 70
Input Capacitance, Cypy Any Input - 5 - pF
RESET OPERATION 7
Propagation Delay Time, tpyy , tp 5, ~ |65 [330
Carry Out or Decode Out Lines 10 - 115 j230 ns
~ 15 — 85 [170
5 — {130 |260
Minimum Reset Pulse Width, tw 10 - b5 |110 ns
15 = 30| 60
5 — 200 |400
Minimum Reset Removal Time 10 - |40 j280 ns
: 15 — 75 |150
* Measured with respect to carry autput line.
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Fig. 9 - Propagation dselay, setup, and reset
removel time waveforms.
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CD40178B, CD4022B Types
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g ) ~ When the Nt decoded output is reached
O our . (Nt clock puise) the S-R flip fiop {con-
[ . T '-a&ﬁ LBl structed from- two NOR gates of the
| - o.l,l;. L CD4001B)V generates a reset pulss which
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€ : w—y IW o "Eoio'oi """ =1 T puL is grester than orequal to-&:in the CD-
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4 A femmm T < vca-0m output also goes high at this time. Coinci-
$CO-30960 dence of the clock low and decoded "0
output low resets the S-R flip flop to enable
Fig. 18 - Divide b, N counter (N % 10) with N the CD4017B or CD40228. If th: Nth da.
Fig. 17 — Dynemic power dissipation test circuit, decoded outputs, coded output is less than 6 {C4L17B) nr 5
{CD40228B), the Couyr line will not go high
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“0" decoded output may be used to perform
the clocking function for the next counter,
[ 1 R |
" R R R c R
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ce CD40178 [ Jce cp40178 e c
Q0 Q1------ Qs Q9 Qo0 Qt----- 08 09 =00 a1----- Qs Q9
T T [
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9 DECODED 8 DECODED & DECODED
OUTPUTS OUTPUTS OUTPUTS
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Fig. 18 - Cascading the CD4017B.
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CD4017B, CD4022B Types

CHIP DIMENSIONS AND PAD LAYOUTS

87-95
(2.210-2.413)

510 om0 I
0.102-0. 102- 1O

{2.591-2.794)

92C5-35064

CD4017BH

90~

80

70

60

50 -

15

CDa0228H

Dimensions in parentheses are in mullimeters and
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils 110~ 2 inch).
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
aiaiaialaiala B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL

MPDI002C — JANUARY 1995 — REVISED DECEMBER 20002

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PINS SHOWN
PINS **
14 16 18 20
DIM
0.775 | 0.775 | 0.920 | 1.060
A A MAX 1 (10,69) | (19,69) | (23,37)| (26,92)
16 9 A MIN 0.745 | 0.745 | 0.850 | 0.940
e e T e T e T e | (18,92) | (18,92) | (21,59)| (23,88)
0.260 (6,60) MS-100
:) 0.240 (6,10) & VARIATION AA BB AC AD

uLuJLuJLuJLUJLUJLUJLJ

1
+‘ L, 0,070 (1,78) A

0.045 (1,14)

0.045 (1,14 ' ,
—» # 0.020 (0,51) MIN — 0.325 (8,26)
0.030 (0,76) 0.300 (7,62)

\ X 0.015 (0,38)
T 0.200 (5 08) MAX Gauge Plane

Seating Plane

r_—-—-\

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

0.100 (2,54) 44 0.430 (10,92) MAX L—

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

| -] 0.010(0,25) W

14/18 PIN ONLY A
\ / 20 pin vendor option

4040049/E 12/2002

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

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

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

ol I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone & \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

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.




MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

14 8

HHAHAA] T

4, )
4,30 6,20

50 6,6

o

“«—— A —»

L

e

HlHHHHHHY_J

0,15 NOM

!
:

Gage Plane i

— 120 MAX o [=]010 |
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patentright,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl 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 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. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

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

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright 00 2003, Texas Instruments Incorporated
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