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CMOS Counter/Dividers

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

10 Decoded Outputs
CD40228—Octal Counter with

8 Decoded Outputs

B 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 fal! 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
cycfes in the CD4017B or every 8 clock
input cycles in the CD4022B and is used to

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

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

Applications:

B Decade counter/decimal decode display
(CDa0178B)

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’’

ripple-clock the succeeding device ina multi-
device counting chain.

The CD4017B and CD4022B-series types are
supplied in 16-lead hermetic dual-in-line
ceramic packages (D and F suffixes), 16-
lead dual-in-line plastic package (E suftix),
16-lead ceramic flat packages (K suffix), and
in chip form (H suffix).

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 -
)
Clock Rise & Fall Time, t,¢p. tscL 10 UNLIMITED"
15
5 230 -
Clock Inhibit Setup Time, t, 10 100 - ns
15 70 -
5 260 -
Reset Pulse Width, tpyy 10 110 - ns
15 60 -
5 400 -
Reset Removal Time, t o, 10 280 - ns
15 150 —
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*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, €D40228 Types
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CD40178B, CD40228B Types

MAXIMUM RATINGS, Absolute-Maximum Values: [ TAwaTEwT TEMPERETURE (Tt 887 [ TTTTTTITT g
DC SUPPLY-VOLTAGE RANGE, (Vpp) : 11? § ity et HEE
Voltages referencad 10 Vgg Terminal) ............oovioeiioiiitiiunnie e ananaons -0.5V to +20V i i%i i THE Bimaanaa
INPUT VOLTAGE RANGE, ALLINPUTS ....oeuineneneaneniciniiarianateinnneens -0.5V to Vpp +0.5V F ot e o some vocase e v o
DC INPUT CURRENT, ANY ONEINPUT L. .0utttinns o one e oae e e rne e ree e ecibaaiananins +10mA z it by T
POWER DISSIPATION PER PACKAGE (Pp): H BEH HH P 1 E; jH HE T
FOrTA = ~850CH0 #1000 11\ ueue et eianniaetietrtteneaneeeieaeieaninnes S00mW £ R ;} e :
ForTa=+1000Cto+128%C. ..ovuuiniiniinaniaiaaninis Derate Linaarity al 1 2mW/0G to 200mW g : pRoreT: i
DEVICE DISSIPATION PER OUTPUT TRANSISTOR E BiEh
FOR Tp, = FULL PACKAGE-TEMPERATURE RANGE (All Package TYpes) ...............ocoree 100mW 5 H
OPERATING-TEMPERATURE RANGE (TA) . .« ecenreinireinneetintineanaenennens -559C 10 +1259C § S
STORAGE TEMPERATURE RANGE (Tgtg) - «- - o vvenaeeiiin i -659C to +150°C T
LEAD TEMPERATURE {DURING SOLDERING}): Pl ] 3
At distance 1/16 + 1/32inch (1.59 £ 0.79mm) from casefor 10smax ...................coanns +265°C ORAIN-TO-SOURCE VOLTAGE (Vps)—V st zemans
Fig. 5— Typicsl output low (sink]} current
characteristics.
AMBIENT TEMPERATURE {Ty}e25°C
tH
L
K
Euz, GATE- 70~ SOURCE VOLTAGE (gl 1o v THTH
STATIC ELECTRICAL CHARACTERISTICS z i
@78 -
n| b
CHARAC- CONDITIONS LIMITS AT INDIGATED TEMPERATURES (°C) = HH
TERISTIC I
. T 529 H )
Vo |Vin|Vop +25 s R
v | wr| o] -s5 | —a0 | +85 |+125 [Min. | Typ. [Max. AT SOUREE VOIS ORI e cenen
: Fig. 6— Minimum output low (sink) current
Quiescent - 0.5 5 5 5 150 150 | - 0.04 5 characteristics.
Device - 0,101 10 10 10 300 300 — 0.04 10 uA
f[‘)‘geM“;x - 0,16| 15 20 20 600 600 | — 004| 20 . ""':'“fi:"’"m YO nE tos) 7 o
. AMBIENT TEMPERATURE (140725 °C [ 11T LT {
- 0,20 20 | 100| 100 | 3000| 3000 ) — 0.08 | 100 BrE 5 S0URCE VOLTAGE (vgg)-5v] g ¢
0,5 5| 0.64] 0.61 0.42; 036 k 11 - 8 H E
Output Low 04 0.51 i 1 ES
{Sink) Current| 0.5 0,10 10 1.6 1.5 1.1 09 1.3 26 — 135¢d54s SR
loLMin. 75 oas| 15| a2| 4| 28 24| 34] e8| - HiESIER R
Clov 204
4. —0.64{ -0.61 | —0.42]|-0.36 | -0. -1 - Easiteseinentl $i g
Output High 6 0,5 5 [-0.64] -0.61 0.42|-0.36 | -0.51 1 mA ! i “é
{Source} 25 0,5 5 -2] -1.8 -1.3]-1.15} —-16] -3.2 —_ o 1 §
f""eM“i‘r-‘ 958 010|100 | -16| 18| —-1.1| -09| -1.3| 26| - H H Py
OH ™ 135 |015] 15 | 42| -a| —28| 24| —34| -68]| - F
Dutput Voltage: 05| 5 0.05 - 0|o00s
Low-Level, 0.10] 10 0.05 - oloos Fig. 7— Typical output high (source) current
\Y; Max. characteristics.
oL - |oas] s 0.05 - 0]005]
-TQ~ E VOLT { —
Output - 05| 5 495 ags| 5| - T ey
Voltage: T ERATUN JA e
ngh' Level, 0, 10 10 9.95 9.95 10 - A"'U"H-‘!_Il}] T ”V(*_:fult' RARAAM i ?
Von Min. | - 0.15] 15 14.95 1495f 15| — 1,8
0.545) - 5 1.5 — - 1.5 E
Input Low £
Voltage 1.9 - 10 3 - - 3 H - -
Vi Max. _ _ 8
‘iL X n.513.5 15 4 - 4 v .§:
input ngh 0.5,45 - 5 35 3.5 - : - -15 Vi1l '§
Voltage, 19 | - |10 7 1 - - 5
VieMin. 5 y3s[ — | 15 1 ny -1 - Htiiihll ik
Input Current + . + -5 azcs-re3zing
- 0. *0. 1 *1 - £10 0.1; A
Iy Max. 018} 18 0.1 0.1 H Fig. 8— Minimum output high (source) current
characteristics.
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CD40178B, CD4022B Types

DYNAMIC ELECTRICAL CHARACTERISTICS
At Tp = 259C, Input t,, t = 20 ns, C|_ = 50 pF, R|_ = 200 k2
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Fig. 10 — Typical transition time as @ function
of load capacitance.
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Fig. 11 — Typical propagation delay time as a
function of load capacitance fclock
to decode output).
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CHARACTERISTIC CONDITIONS LIMITS UNITS
' Vpp (V)| Min.| Typ. |Max.
CLOCKED OPERATION '
) 5 — {325 |650
Propagation Delay Time, tpyL. tpy 10 - |135 1270
" Decode Out 15 — | 85 [170 ns
5 - | 300 |600
Carry Qut 10 - 125 |250
15 = 80 |160
{ Transition Time, TTHL. ITLH 13 - 123 ?gg
‘ : R - ns
Carry Qut or Decode Qut !.me 15 _ | 40| 8o
: _ ‘ 5 25| s | -
Maximum Clock Inpu_t Frequency, foLs 10 51 10| - MHz
. 15 55| 11 —
5 — |100 [200
Minirhum Clock Pulse Width, tw 10 — 45 { 90 ns
- . 15 — 30 | 60
Clock Rise or Fall Time, t,CL, t;CL 5,10, 15 UNLIMITED
Minimum Ciock Inhibit 1;’ - 1;3 ?gg ns
to Clock Setup Time, . -
o Clocl up Time, t, 18 B 3 | 70
Input Capacitance, Cyp Any Input - 5 - pF
RESET OPERATION
Propagation Delay Time, tPHL. tPLH 5, ~ |%65 |530
Carry Out or Decode Out Lines 10 - 115 230 ns
- 15 - 85 [170
5 — {130 |260
Minimum Reset Pulse Width, tw 10 — 55 |110 ns
15 - 30 | 60
5 — }200 400
Minimum Reset Removal Time 10 - [|140 j280 ns
15 - 75 |150
* Measured with respect to carry autput line.
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CD40178B, CD40228B Types
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Fig. 17 — Dynamic power dissipation test circuit.
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When the NP decoded output is reached
Nth clock puise) the S-R flip fiop {con-
structed from. two NOR gates of the
CDA4001B) generates a reset pulss which
clears the CD4017B or CD4022B to its zero
count, At this time, if the Nt dacoded out-
put is greater than or’sguat to 8%in the CD-

. 40178 or 5 in the CD40228B, the Cqyy line

goes high to clock the next CD4017B or CD-
4022B counter section. The “0” decoded
output also goes high at this time. Coinci-
dence of the clock low and decoded “0**
output low resets the S-R flip flop to enable
the CD4017B cr CD40228. If th: Nth da-

decoded outputs. coded output is less than 6 {CDAGL17B) nr §
{CD40228B), the Cour line will not go high
and, therefore, cannot be used. in this case
“0"" decoded output may be used to perform
the clocking function for the next counter.
| ™
N R c R ¢ R
v 017
ce CD40178 [ Jce cD40178 ce CD4017B
Qo a1------ Qg a9 Q0 Qt------ as Q9 =1 a0 Q1----.. Qs 09
Py | | I | | l |
T 1 | | |
| S — ~
9 DECODED 8 DECODED & DECODED
OUTPUTS OUTPUTS OUTPUTS
¢LoCK T
FIRST STAGE INTERMEDIATE STAGE LAST STAGE

Fig. 18 - Cascading the CD40178.
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CD4017B;, CD4022B Types

CHIP DIMENSIONS AND PAD LAYOUTS

OIQ20304050§0703)90
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T 50~
15] 4 13 121

87-95
(2.210-2.413) 50—

87-95
(2.210-2.413)

3 4 5 4 |

: T _
4-10
—t 16.102-0254)
4 om0 |
102-0. 102- 110 12.210-2.413)

(0.
{2.591-2.794) L 92CM-35062
52¢5-35064

CD4017BH ‘ CD4022BH

Dimensions in parentheses are in mullimeters and
are derwved from the basic inch dimensions as in-
dicated.  Grid graduations are in mils (10— 3 inch),
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. 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 of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1999, Texas Instruments Incorporated



