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INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS034

CMOS Presettable
Up/Down Counter

Binary or BCD-Decade
High-Voltage Types (20-Volt Rating)

® CD4029B consists of a four-stage
binary or BCD-decade up/down counter with
provisions for look-ahead carry in both
counting modes. The inputs consist of a
single CLOCK, CARRY-IN (CLOCK EN-
ABLE), BINARY/DECADE, UP/DOWN, PRE-
SET ENABLE, and four individual JAM sig-
nals. Q1, 02, 03, Q4 and a CARRY OUT
signal are provided as outputs.

A high PRESET ENABLE signal allows
information on the JAM INPUTS to preset
the counter to any state asynchronously with
the clock. A low on each JAM line, when the
PRESET-ENABLE signal is high, resets the
counter to its zero count. The counter is
advanced one count at the positive transition
of the clock when the CARRY-IN and PRE-
SET ENABLE signals_are low. Advancement
is inhibited when the CARRY-IN or PRESET
ENABLE signals are high. The CARRY-OUT
signal is normally high and goes low when
the counter reaches its maximum count in
the UP mode or the minimum count in the
DOWN mode provided the CARRY-IN sig-

nal is low. The CARRY-IN signal in the low

state can thus be considered a CLOCK
ENABLE. The CARRY-IN terminal must be
connected to Vgg when not in use.

Binary counting is accomplished when the
BINARY/DECADE input is high; the counter
counts in the decade mode when the BI-
NARY/DECADE input is low. The counter
counts up when the UP/DOWN input is
high, and down when the UP/DOWN input
is low. Multiple packages can be connected
in either a parallel-clocking or a ripple-
clockingarrangement as shown in Fig. 17.

Parallel clocking provides synchronous con-
trol and hence faster response from all
counting outputs. Ripple-clocking allows for
longer ¢clock input rise and fall times.

The CD4029B-series types are supplied in
16-lead ceramic dual-in-line plastic pack-
ages (E suftix}, and in chip form (H suffix).

CD4029B Terminal Diagram

s
PRESET ENABLE —{1® 16 Voo
ae —J2 15 {— cLock
JAM4 —I3 14— g3
Jam1 — 4 13}— Jam3
CARRYIN —|% 12 p— Jam 2
Q —6 - oz
CARRYOUT —d 7 10 }— uP/DOWN
Vss — 8 9 |— BINARY/DECADE
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CD4029B Types

Features:
® Medium-speed operation . . . 8 MHz (typ.)
@C) =50 pF and Vpp—Vss = 1(? v
8 Multi-package parallel clocking for synchronous
high speed output response or ripple clocking
for slow clock input rise and fall times
“Preset Enable” and individual “*Jam’” inputs provided
Binary or decade up/down counting
BCD outputs in decade mode

100% tested for quiescent current at 20 V
5-V, 10-V, and 15-V parametric ratings
& Standardized, symmetrical output charac-
teristics
B Maximum input current of 1 uA at 18 V
over full package-temperature range;
100 nA at 18 V and 25°C
® Noise margin (over full package-tempera-
ture range)
1VatVpp= 5V
2ZVatVpp=10V
25VatVpp=15V
8 Meets all requirements of JEDEC Tentative
Standard No. 138, ""Standard Specifications
for Description of ‘B’ Series CMOS Devices”

Applications:

8 Programmable binary and decade
counting/frequency synthesizers-BCD output
Analog to digital and digital to

analog conversion

Up/Down binary counting

Magnitude and sign generation

Up/Down decade counting"

Difference counting

g% BUFFERED
QUTPUTS

Vss

CD40298

S2C5-ITI90R3

FUNCTIONAL DIAGRAM

RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Except as Noted. For maximum
reliability, nominal operating conditions should be selected so that operation is always within the

following ranges: _

cHAnAcremsﬂc Vpp LIMITS UNITS
v) Min. | Max.
Supply Voltage Range (For T4 = Full Package-’
Temperature Range) . . - 3 18 \Y
Setup Time sy’ 5 200 -
Carry-in 10 70 -
L 15 60 -
5 | 340 -
U/Dor B/D*_ 10 140 —
- i 15 | 100 - ns
h " - 5 180 —
Clock Pulse Width, ty 10 90 -
’ 15 60 —
5 130 -
Preset Enable Pulse Width, tyy 10 70 -
15 50 -
5 - 2
Clock Input Frequency, fo 10 — 4 MHz
15 - 55
5 —
Clock Rise and Fall Time, t,CL, tHCL 10 - 15 Hs
15 —
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CD4029B Types

MAXIMUM RATINGS, Absolute-Maximum Values: b I
DC SUPPLY-VOLTAGE RANGE, (Vpp) S 3 SeURCE VOLTAGE (Vog) v
Voltages referencedfoVgg Terminal} ................................ FEE T T -0.5Vio+20V z i
INPUT VOLTAGE RANGE, ALLINPUTS .....0ooiiiiiiiniininiiniineieaannns -0.5V to Vpp +0.5V H i ! 1
DC INPUT GURRENT, ANY ONE INPUT ...\ uiettaatiiinienteiscine e oe e ann £10mA 2 2opHH H
POWER DISSIPATION PER PACKAGE (Pp): & Y
FOrTa =-550C10 +100%C .0\ .iutnniitiin it ieerre st it et ae e te et e raeennereennnns 500mW 3
ForTaA=41000Cto+125%C. ... oo iiuiiiieiieieiinenaans Derate Linearity at 12mW/9C to 200mW .
DEVICE DISSIPATION PER OUTPUT TRANSISTOR % e dtesd
FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPes) .. ..........c.cveuune.. 100mW o ianatt
OPERATING-TEMPERATURE RANGE (TA) . .« ot ioreiiieeiiieiiieiiaeeenans -550C 1o +1259C iR I s
STORAGE TEMPERATURE RANGE {Tgjg) .. ..t ovvnnereninieiineiieineiiiiieacnias -650C 10 +1509C DRAI-TO-SQURCE VOLTAGEIVDSI =V s zanians
LEAD TEMPERATURE (DURING SOLDERING): Fig. 1 — Typjcal output low {sink) current
Atdistance 1/18 £ 1/32inch (1.5 £ 0.79mm) from casa for 10S Max ........ouvenreennennenns +2659C charactaristics.
AMBIENT TEMPERATURE (Tp)=25°C
Wi HE
;2__ “GATE - T0- SOURCE VOLTAGE (vgg)e1s v 11
3 H h
STATIC ELECTRICAL CHARACTERISTICS 3 H 3 H
U H %
N @ Tar
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (9C) ) 3 St £
TERISTIC T 5 gl H
5 2st oy
vo le VDD +25 S 3 . ijr% [ 13
v (vi| (vi|-55 | —a0 | +85 [+125 |Min. | Typ. |Max. O e ro-soUe OUTAGE g1y sics sevms
Qui - 0,5 5 5 5 150 150 | — 0.04 5 Fig. 2 — Minimum output low (sink) current
tescent characteristics,
Device - oo ] 1o 0] 300] 300] - | 0o04] 10|, ractan
?“"en;:'x - 0,15] 186 20 20 600| 600 | — 0.04 20 DRAW-T0- SOURCE VOLTAGE (Vpsi—V
DO Tt ~ Jo20] 20| 100] 100 3000| 3000] — | 008|100 AT A L
0.4 05| 5| 064 061 042| 036 051 1| - bR A s 3
Output Low i K
{Sink) Current| 0.5 0,10] 10 1.6 1.5 1.1 0.9 1.3 26| - g
lgL Min. 15 |o015] 15| 42| a| 28] 24| 34| e8] - f
(]
. 0 —-0.64|—0.61 | —0.42| ~0.36 {—0. —1{ - [mA Ve g
Output High |48 5| 5 |-06 0 0.51 7 m i f
{Source) 25 0,5 5 -2 -18 -13]|-1.15{ —-1.6] -3.21| - HH ad
Current, 9.5 010 10 | —t.6| —15| —-1.1| 08| —1.3] -28] - N - |
Ign Min. 5
135 0,15 15 | -4.2 -4 -28| -241 -34| 68} - g
o
Output Voltage | _— 05 5 0.05 — 0,005 weos rergoms
Low-Level, — 0,10} 10 0.05 — 010.0% Fig. 3 ~ Typical output high (source) current
Vou Mex. 015] 15 0.05 0]005 charscteristice
- N . - . v
Output . 05 5 4.95 4.95 5 _ DRAIN-TO-SO0URCE VOLTAGE (Vpg)—V
Voitage: —To:0 0 Py Py e T TR e
High-Level, ' : ' L T s «
Vg Min. - 015§ 15 14.95 14.95 15] — § ls
0545| - 15 - - 15 5
Input Low 5 £
Vaoltage 1.9 - |10 3 - - 3 TR £
VitMax. hg135[ - |15 4 - - | 4}y B 7 T
Input High 0545 - 5 35 3.5 - - HH s v __‘,p-' HiHTH g
Voltage, 19 | - |10 7 7 -] - i 51 i
VinMin. - ehss — |15 " np -1 - i ! :
a8 l =]
Input Current B -5 ‘ [EEE—
|| N Max. 0,18 ; 18 [*0.1 0.1 i1 * - 10 0.1 pA Fig. 4 _.IMinimum output high (source) current
characteristics.
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CD4029B Types

o
Zz Z
O|-to|C|ehi
ololw|=|oje “
« T oW u ® r H= x4 o lx|c]x|x S _l o«
™ r R NN RO Y Y U VRN S O M S S LS
Y¥lei-|el-]—- m o
L Wixio|x| - x - - —|-l---l-l---1---l--- ---1- - --—-————-
E D C °
4 &x|P|x|efu -—1=------F---F-F---F--- ===
g ° -
[ | e il B i e i Gl Gl Caed —_ = = === —-—— —_——
vln g z
5 VUM N U D S N [N MRS N DU i PN WO () PSR
m - O [l ;]
& ¥ S i i ot O et e o e I o
=} _u - =1 3t 1|11 - ===
o L 0
* o~ A A I I A I A I N R I w0
) A -0 B . D R S ) DU N AU M A Sen B S I
w o S e . ~
e £ VR, SR N U O U RO U ) SRR W e IS 1 SR
g ©
s B R N i Y Y I Y
~ S ,lu._ 2
g 3 G- S - 2
L =
8z ) |- = |- == ||~ = |-~ e ] - T
g2 9 e
wo k-] U E W (R SV [ P, e —— |- =l |-} - ————
Wrm ai il o
E“ - T 1 =
&5 — b A~ -[- = -}~ -} -} - H- |- e
£)s nm °
UNK - ===l ==l —1"1—— "1 - -— - I'"Mwll
¥ Moo ) Wom
|® = 33 e fa e |- = A= ==~ = P N N N
S 17 49k o
V b=t -
o« pE — BN T RGN SN (N PERPEG, PEN S M - i - —f— — ————
* ~
L ki . - JON N NS I NN N TS SO SO I PR,
e -
o | ! R - |||a||m1|:1 |||||| |J|||tn||:u||
Lag | b NN (R N T N U Y N NN N DGHUNS A SN N PG
“ 5 @, TSy 88Ty
=3
* e *umw & *C i lia 2z Zrw Lu : o
N o z z >k 3%3 88 g £
re g x FY 8 z SEC we [ 2
a2 wg r4 Sa o e, $58 §& o ©
Zw m... a (D 3
1= o =
g8 ,
~ o . T 2 o -
w - ¥ = . 8 T mmﬂ H+
. 9 & 3 i P W. )
¥ 8 s 9 sis e 1|
2 £ 83 a2 *83 NI I V1l%®
g > £° g3 o o fr e £ " st
3 2 T £.3 : 558 Yol i
8% g : 23 % THF Pae No s
=1l w L T % ax zx = © 9 S £
® R [ 8L & [vhhR% $3E IS X
2 w £ v 1% s &§ SHERS tg2 |2 T X:
o the . -IF . & - ] « T ) ¥ T Mo = Py
L < ES 2 ¥ "X - ¢ { 2 = !
< . ) 1 m 2 = H 5 S
[ g a = = » HeTH =1
[ £ Qo « » ] M < s HEH F WC e % L &
g B8:8 |f 3 sf BY |y it S X
- F
F 8 LX : 3 g i 988 |3 N
£ ed S8 |3 3 s 38 |§ 33 I§
- 1
-} - 83 3 B |2 £ |® L @
= &% [ &2 |r A8 %
% R 23 | Sz |3 - A
2 £ I <& |SHHT | & 1 Ny
u e i - FE
& h % o ,M lu.. + o .nM. - m rmw ok L LT
¢ N - [y [ 30—y ey Jom s AVTEG NOLLYEYOMd M7 —(Td) NOLIVAIESIC VAMOY »_
2u— (KL i) IEL NOILISHYHL

i7192R2

92CM-

Fig. 10 — Timing diagram-binary mode.
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CLOCK FREQUENCY {ic I~ kH1
Fig. 8 — Typical power dissipation as a function



CD40298B Types
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CONTROL

LOGIC

INPUT LEVEL ACTION
BIN/DEC i BINARY COUNT
(B/D) 0 DECADE COUNT
UP / DOWN ) UP COUNT
(usB) 2] DOWN COUNT
PRESET ENABLE | JAM iN
(PE) [} NC JAM
RO COUNTER
ADYANCE AT POS.
AR &) | CLOCK TRANSITION
(CLOCK EN ) 0 ADVANCE COUNTER
AT POS. CLOCK
TRANSITION

Fig. 9 — Logic diagram (cont'd).

CLOCK (CL)
CARRY IN
(CL ENABLE)

UP/DOWN

BINARY/
DECADE

PRESET
ENABLE
J
J2
J3
e

9
Gz
93
Qs

CARRY OUT

COUNT

92CL-28675M

“CLOCK up™

|
ecxoms ._rl

|

|

Yoo

"cLocK”

1 CD40N l

92Cs-1719%R2

Fig. 11 — Conversion of clock up, clock down
input signals to clack and up/down
input signals,

The CD4029B CLOCK and UP/DOWN inputs
are used directly in most applicatiens. ln
applications where CLOCK UP and CLOCK
DOWN inputs are provided, conversion to
the CD4029B CLOCK and UP/DOWN inputs
can easily be realized by use of the circuit
in Fig. 11. '
CD4029B changes count on positive transi-
tions of CLOCK UP or CLOCK DOWN,
inputs. For the gate configuration shown
below, when counting up the CLOCK DOWN
input must be maintained high and conversely
when counting down the CLOCK UP input
must be maintained high.
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Fig. 12 — Timing diagram-decade mode.
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CD4029B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Input t,, 5= 20 ns,

Cy = 50 pF, Ry_ = 200 k1

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS
[ Vpp (V) | min. ijp.LMox.
Clocked Operation
Propagation Delay Time: tpy . tp 5 — 1250 [500
@ Output PHL TPLH 10| - [120]230
15 - 1901180
5 -~ }280 | 560
Carry Output 10 — |130 {260
15 - 95 { 190 ns
5 - |100 | 200
Transition Time: TTHL 'TLH 10 __ 50 | 100
Q Outputs, Carry OQutput 15 — | 40 ] 80
5 - | 90 {180
Minimum Clock Pulse Width, 1y 10 — 45| 90
15 - | 30 s0
S - — 15
Clock Rise & Fall Time, t,CL, t,CL** 10 -1 -115] us
15 - - 15
Minimum Setup Times, tsi 13 — {170 340 s
8/D or U/D T3 = 57,8 :;g
5 2 4| -
Maximum Clock input Frequency, fo 10 4 8] - MHz
15 55| 1| -
Input Capacitance, Cin Any tnput _ 5| 75| oF
Preset Enable
g . ) 5 — 235470
Propagation Delay Time: tpy|, tp|H 10 ~ 1100[ 200
Q Qutputs 15 ~ | 80[ 160
5 - | 320 ] 640
Carry Output 10 - | 145 290
15 - | 105] 210 ns
5 ~ | 65130
Minimum Preset Enable Pulse Width, ty 10 - 351 70
15 - 25| 50
Minimum Preset Enable Removal lg - 122 f(:g
Time, Lem* T3 - 201 80
Carry Input
Propagation Delay Time: tpyy, tpLH 5 - 170 340
Carry Output 10 - 706|140 | ns
15. - 50 | 100
Min. HOLD Time 5 - 1 28] 80| ™S
ty*** Carry In 10 -] 18§ 30
15 - 2] 25
Min Set-Up Time 5 — |100] 200 T
t*** Carry in 10 - 1 3] 70 l
15 - | 30| 60

* From Up/Down, Binary/Decode, Carry In, or Preset Enable Controt Inputs to Clock Edge,

*% 11 more than one umit is cascaded 1n the parailel clocked application, t,CL shouid be made less than or
equal to the sum of the fixed propagation delay at 15 pF and the transition time of the carry output
driving stage for the estimated capacitive load. This measurement was made with a decoupling capacitor

{>1 4F) between Vpy, and Vgg-

¥%%Eom Carry In to Clock Edge
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Fig. 13 — Power dissipation test circuit.
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Fig. 14 — Quiescent-device current test circuit.

Yoo
INPUTS OUTPUTS
ML
NNo—a *
< e
YL 1
NOTE
Ve TEST ANY COMBINATION
OF INPUTS

92C$-27441R1

Fig. 15 — input voltage test circuit,

roo
INPUTS
-]
Voo NOTE
o @ MEASURE INPUTS
° SEQUENTIALLY,
vss - TO BOTH Vpp AND Vgg:
- CONNECT ALL UNUSED
INPUTS TO EITHER
l Yo OF Vss-

vss

92C5-27402

Fig. 16 — Input current test circuit.
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IPARALLEL CLOCKING"

UP/DOWN P A - >
PRESET : >
ENABLE . BN o
UPD PE W g U3 dg | URD PE U Jp J3 Jy UMD PE & vy J3 Y4
*

-L—O TI. cpao2s 3. J0———(QF1 cpsoze Fox O——0 CTI. cpeo29 D O—>

B/D CL Q Op Q3 Q4 B/0 CL Q Op Q3 Q4 B/ CL @ Qp @3 Qq

I T[ENT T

CLOCK >
BIMARY/ o
DECADE >

* CARRY OUT lines at the 2nd, 3rd, etc., stages mnay have a negative»éoing glitch
pulse resulting from differemial delays of different CD40298 IC's. These negative-
going glitches do not affect proper CD40298 operation. However, if the Y OU
. signals are used to trigger other edge-sensitive logic devices, such as FF's or counters,
the CARRY OUT signals should be gated with the clock signal using 2 2.input OR gate
such as CD40718.
o *RIPPLE CLOCKING™
UP/DOWN >

PRESET
ENABLE

L 4
H

Ll Iy Ll

URD PE & J3 J3 Jg URD PE J Jp J3 dgq UD PE Ui Jp V3 ug

_L_O [ 3 cD4029 Th.

B/D CL 0) Oz 03 Og

Lh

TL. 04029 o

-

_EO 1 cpaozs CO.D—

B/D CL Q; Gp 03 Q4

1T

8/0 cL 0j @ 05 04

ST

COMMERCIAL CMOS
HIGH VOLTAGE ICs

CLOCK [ 174 CDAOTIB 144, €O 40718 92CL~ 208 T6RI
BINARY/ .. - >
DECADE v

Ripple Clacking Mode:

The Up/Down control can be changed at any count. The only restriction on changing
the Up/Down control is that the ¢clock input to the first counting stage must be high.
For cascading counters operating in a fixed up-count or down-count mode, the OR
gates are not required between stages, and Tois connected directly to the CL input of
the next stage with Tl grounded.

Fig. 17 — Cascading counter packages.

10 20 30 40 50 60 70, 60 90 100 108

T EL"'rE,J_rLﬁEEE 36% T
e e C L S e
- QLR @%ﬂ“ﬂ%ﬁ
= oy R
il

- o
Tl

L_ 4-10
(0.102-0.250)

105-113

92CM- 297231
(2.667- 2.870) 1

Chip dimensions and pad layout for CD40298
Dimensions in parentheses are in millimeters and

are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils {10~ 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 TI PRODUCTS 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 orimplied, 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 1998, Texas Instruments Incorporated



