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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-
nais. Q1, Q2, O3, Q4 and a CARRY OUT
signal are provided as ocutputs.

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 signats are high. The CARRY-QUT

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 parailel-clocking or a ripple-
clocking arrangement as shown in Fig. 17.

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

The CDA4029B-series types are supplied in

16-lead hermetic  dual-in-line  ceramic
packages (F3A suffix), 16-lead dual-in-line
plastic packages (E suffix), 16-lead

small-outline packages (M, M96, MT, and NSR
suffixes), and 16-lead thin shrink small-outline
packages (PW and PWR suffixes).

CD4029B Terminal Diagram

A
/PRESET ENABLE — i@ € Voo
a4 —2 15— CLOCK
JaM 4 —{3 43— a3
JAM| —] & 13— JaM 3
CARRYTN —{5 12 }— Jam 2
e —8 1}— g2
CARRYOUT —{7 10 }— UP/DOWN
¥ss —4 8 9 |— BINARY/DECADE
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CD4029B Types

= -Medium-speed operation . . . 8 MHz (typ.}
@ Cy =50 pF and VDD—VSS v
8 Multi-package paralfel 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 Va5
B Maximum input current of 1 uA at 18 V
over full package-temperature range;
100 nA at 18 V and 26°C
® Noise margin {over full package-tempera-
ture range)
1VatVpp= 5V
2VatVpp=10V
25VatVpp=15V
B Meets all requirements of JEDEC Tentative
Standard No. 138, “‘Standard Specifications
for Description of ‘B’ Series CMOS Devices™

gl% BUFFERED
QUTPUTS

92C5-ITI90R3

CD40298
FUNCTIONAL DIAGRAM

Applications:

B 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

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

CHARACTERISTIC Vobp LIMITS UNITS
v) Min. Max.
Supply Voltage Range {For T = Full Package-’
Témperature Range} =~ - . — 3 18 Vv
Setup Time tgy: 5 200 -
. ' 10 70 -
Carry-in
15 60 -
: 5 340 -
U/D or B/D . . 10 140 -
s s 15 | 100 —~ ns
. 5 180 -
Clock Pulse Width, ty ) ‘ 10 90 -
’ B 15 60 -
5 130 -
Preset Enable Pulse Width, tyy 10 70 -
15 50 —
[ - 2
Clock Input Frequency, fo 10 - 4 MHz
15 - 55
5 -
Clock Rise and Fall Time, t,CL, t{CL 10 - 15 Hs
15 —
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CD4029B Types

MAXIMUM RATINGS, Absclute-Maximum Vaiues:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referenced lo Vgg Terminal) .........oooiiiiiiiiiiiiiiniisinnniina o, -0.5V to +20V
INPUT VOLTAGE RANGE,ALLINPUTS ...... ...ttt iiiien i, -0.5Vto Vpp +0.5V
DO INPUT CURRENT, ANY ONE INPUT L.ttt it tieee et aian s trenraaanas +10mA
POWER DISSIPATION PER PACKAGE (Pp):

L L B T o 2 Lo 500mW

ForTa=+1000Cto+125%C. ... ...c0iriiiineiiniaennnnnns Derate Linearity at 12mW/9C to 200mwW
DEVICE DISSIPATION PER QUTPUT TRANSISTOR

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All PACKage TYPeS) ... .vvvenrererennnens 100mW
OPERATING-TEMPERATURE RANGE {Ta)... ... ... i i i eees -559C to +125°C
STORAGE TEMPERATURE RANGE (T, slg) ........................................... -659C to +1500C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 £ 1/32inch (1.59 £ 0.79mm) from casefor 108 Max .. .........cvvveervenranns +265°C

AMBIENT TEMPERATUNE (Ta)=25°C- 11 H 1
+H E

T

=3

GUTPUT LOW (SINK) CURRENT (1] —mA
®

TITTT
Sei!
K

LS

]
T

| i
ne T
1 It

o

K
ORAIN-TO-SOURCE VOLTAGE {Vpg)—V
92C5- 24 48R3

Fig. 1 — Typijcal output low (sink} current
characteristics.

AMBIENT TEMPERATURE (Tp)=25°C
: B HE
§|Z.' Bt GATE - TO- SOURCE VOLTAGE (vgs)ei8 v 1T
STATIC ELECTRICAL CHARACTERISTICS S oHH 7 HH
v H 5
- N il ou:
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (9C) ) 3 EAa £
TERISTIC T s TR H
= 25T 5y
Vo | Vin|VoD b s sl i s
) V)| (V)[-556 | —40 | +85 |+125 |Min. | Typ. |Max. D e 1050 VoUTAGE pg)y 210 rearmr
Qui - 0,5 5 5 5 150 150 | — 0.04 5 Fig. 2 — Minimum output low (sink) current
tescent -haracteristii
Device - ool 10| o] 0] 300] 300] - | oo0a] 0], charactanistes
fu"en'ﬂ‘;-x - 0.15| 15 20/ 20| 600 00| - 004 | 20 ORAW- 0+ SOURCE YOLTAGE (Ypg1——v
DD % ~ |oz0] 20 | 100 100 | 3000| 3000 | — | o.08] 100 TR e e R 2
04 05| 5| o6a| 061 042| 036| 051 1= BATE -TO-SOURCE YOUTAGE tvgs}s-5v HEf }
Output Low - i H 3
{Sink) Current| 0.5 gi0|10] 18| 15 110 09| 13 28| - iiind
loLMin. 16 o5 15| a2 4| 28] 24| 34| e8] - e §
} -0.64| -0.61 | —0.42|-0.36 | -0. —1{ - ImA [loviEr g
Output High |48 05| 5 |-064]|-06 0.42|-0.36 {-0.51 | m L ;
(Source) 25 06| 5| -2| -18| -13|-115] —18] -32] - =8
Curvent, 95 |o010| 10| 16| <15| —11] 08| —13] -261 - : =_§_
O™ i35 lo1s| 15 | —a2| -a| —28| -24| —34] —68| - £
Output VO“QQP' - 0'5 5 0.05 _ 0]0.05 9008 - 2422003
Low-Level, — 0,10} 10 0.05 — 0]0.05 Fig. 3 - Typical output high (source) current
VOL Max. ~ 0.15| 15 0.05 — oloos v characteristics.
Output _ 05 5 4.95 4.95 5 _ DRAIN-TG-SOURCE VOLTAGE (Vpg)-—-V
Voltage: ool 0 e PP R ST TR (e
High-Level, : R T A o VT ¢
Vo Min. - 0,15 15 14.95 14,95 15| — "g
545] - . — - ] g
Input Low 05, o 15 15 g
Voltage 1.9 - |10 3 - - 3 LA £
ViLMax.  q5138] - |18 4 — _ v : . ] 8
i i 1) 2
Input High 0545 — 5 35 35| - | - e T :
Voltage, 9 | - |10 7 71 - | - i i
ML CREY I T L np -1 - it 5 5
ang® ; @
Input Current B -5 ‘ ics-seseme
||N Max. 0,18 | 18 1201 0.1 ill * - 10 0.1 uA Fig 4 _.IMinimum output high (source) current
characteristics.
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CD4029B Types
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LOAD CAPACITANCE (C| )= pF

Fig. 6 — Typical propagation delay times as a func-

tion of load capacitance (Q output).
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LOAD CAPACITANCE (CU= pF

Fig.'7 — Typical propsgation delay time as & func-

tion of load capacitance (carry output).
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CD4029B Types

* * . : o
%Js %Ji r_ ‘-‘
a : “CLOCK UP" — } "UP/DOWN"
a | )
¢ |
o Yoo {
£ "CLOCK DOWN"
F I “cLock”
PE J PE U B
dves o3 e ' | 40
& T:FS -qTES 04 888 L QUAD 2 INPUT NAND GATE ]
FFG| | ]~ - ~- e —_
3208 -1719%R2
& as :
I ] T Fig. 11— Conversion of clock up, clock down
cL eL input signals to clack and up/down
H input signals,
T | The CD4029B CLOCK and UP/DOWN inputs
« are used directly in most applicatiens. In

L applications where CLOCK UP and CLOCK
DOWN inputs are provided, conversion to

92CL- 28675 M1

must be maintained high.

e AcTiON the CD4029B CLOCK and UP/DOWN inputs
BIN/DEC i BINARY COUNT can easily be realized by use of the circuit
(B/D) [+] DECADE COUNT - .
in Fig. 11.
UP/ DOWN ] UP COUNT
{usoh ° DOWN COUNT CD4029B changes count on positive transi-
SET ENABLE AM .
PERRE T | o | W uam tions of CLOCK UP or CLOCK DOWN. D w
NO COUNTER inputs. For the gate configuration shown g o
ADVANCE AT POS. . O w
CRERY i (€E) CLOCK TRANSITION below, when counting up the CLOCK DOWN oG
{ELOCK ERABLE) ADVANCE COUNTER input must be maintained high and conversely g E
TRANSITION when counting down the CLOCK UP input = g
= x
=20
Q=
(& ]

Fig. 9 — Logic diagram {cont’d).

| i 1 I 1 ] ] 1 ( ) | ] 1 | ] | 1
[l 1 I [l 1 [ t 3 I
CLOCK {CL)
1 ] 1 ) i I 1 [} 1 ] | 1 [} 1 ] [} I | [] 1 I |
‘&A%) 1 | | i ] ' 1 1 1 ] | 1 I [ t | ! || [l 1 I
T T T 2 T T T O A T N
UP/DOWN [ I B I T I N S O O S |
I T T T T T O S O I I I T S T R T R
BINARY/ [ S AN TN N (NN ST NN N AN NN AN AN AN SN SN NN N S A N
gzg:gfr Y
[ L VUL WO SN NN NS LS SO NN SN NN NN NN SN SO SN . I O
ENABLE i 1 3 1 t ] 1 ] ] 1 | ] 1 i [} 1 1 1 | [} t ) ]
J 1 [] 1 § ) i ] ) 1 | 1 | ] ] | 1 | | [ | 1 1
e
oot Vb4 Uy
I T | -
[ L AUUR NN N TN NN N NN AN (N NN AN U NN SN NN N RN R BN
[ L T T N B T N T T |
dg b1V bbb bk
[ e N e
I T R S B | | N PSS T [ S N TN FRR S NN A |
Q | !I l| ! i l il II i I| || ! l i 1 l! || || [ I | |
T 1 Y A S N S N oo
e It 1 [ e EESVIE N i N SN At et N R S Y1 B
o (L T L T T S N T T T |
[ T N B R S T M O T A S N | '
| T T T O R I N I I |
Qg b1 1 1 1 1 [ e e I SO N VO N N T A B | Y
Tt T 7 [ L N T T T s A
CARRYOUT | 1 1 1 1 1T T 1 L7 T N
[ | |—|U| R I R N N e |
Lol i iats alstalriatlololriatatatalol fololols,
I | ) [ Ilgltgigl
COUNT JO V23,4 ,5,6[7,6,98,;7]6;5/4,3]2,1,0]0[9]6!7
L e R T 2 T e A R N U S R A A R |
B2CM-17123R3

Fig. 12 — Timing diagram-decade mode.
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CD4029B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at T = 25°C, input 1,, t; = 20 ns,
Cy = 50 pF, Ry = 200 k(2

500 uF
CHARACTERISTIC TEST CONDITIONS LIMITS UNITS ; e 'FID Voo
| Voo V) Min.l]'yp.LMax. ]2 e e T
Clocked Operation . i2—
[ ] iy
Propagation Delay Time: tpy, tpLH 5 ~ 1250 | 500 iy : 9
Q Output 10 — |120 | 240 o
15 - 90 {180
5 _ 280 560 = g2CL-29722
Carry Output 10 — ]130 {260 Fig. 13 — Power dissipation test circuit.
15 - 95 {190
ns
5 - |100 {200
Transition Time: tTHL: 'TLH 10 — 50 | 100
Q Qutputs, Carry Qutput 15 — 30 | 80
5 - | 90 {180
Minimum Clack Pulse Width,  ty, 10 — 45 { 90 v
15 ~ |30 60 f"
5 — -~ 15 Yoo INPUTS
Clock Rise & Fall Time, t,CL, yCL** 10 -1 - 115 ws o
15 — - 15
Minimum Setup Times, 15* 5 — 1170 340 s
8/D or U/D 10 = 1 701140
15 - 50 100
5 2] al| - (oo)
Maximum Clack input Frequency, fo 10 4 8] - MH: ves
15 55 1 _ 9¢05- 27905 R
i - i i i it.
Input Capacitance, CIN Any tnput B s|75] of Fig. 14 — Quiescent-device current tast circui
Preset Enable
I 5 — |235]470
Propagation Delay Time: tpy, pLH 10 ~ 100 200
Q Outputs 3 — 80 | 160
5 ~ [320]640 Voo
Carry Output 10 - | 145 290
15 - | 106|210 ns INPUTS QuUTPYTS
5 - 1 65[130 Vi .
Minimum Preset Enable Pulse Width, tw 10 - 351 70 v ?
15 ~ [ 25] 50 * =
Minimum Preset Enable Removal 5 = 1100} 200 . vss MOTEST ANy coMBINATION
. 10 — 55| 110 OF INPUTS
Time, t *
rem 15 — T a0] 80 sacs-2raaim
Carry Input Fig. 15 — Input voltage test circuit.
Propagation Delay Time: pHL. PLH 5 ~ 170 | 340
Carry Output 10 - 70| 140 ns
15 - 50 | 100
Min. HOLD Time 5 - | 25] 50 ™
ty*** Carry In 10 - | 15} 30
15 - 12| 25
ns Vi
Min Set-Up Time 5 - |100] 200 fm
ts*** Carry in 10 - 1 3] 70 NPUTS |
15 - | 30| 60 oo - NOTE
N O s SEQUENTIALLY,
Vss - TO BOTH VWpp AND Vgg
- comeer sl uwses
l Vpp OR Vgs-
* From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge, vgs

*% 11 more than one unit is cascaded in the parailel clocked application, ¢, 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 astimated capacitive load. This messurement was made with a decoupling capacitor
{>1 uF) between Vi, and Vgg- **¥Erom Carry In to Clock Edge

92C5-27802

Fig. 16 — Input current test circuit.
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w . . .~ CD4029B Types B

_PARALLEL CLOCKING”

UPDOWN A - S
FRESET - >
ENABLE - S

UMD PE U Jp J3 Jg | . UPD PE U Wz Jx g : UPD PE 4 Jp U3 Vg

_L—O TI1.  cpao2s ' 0. 0———(T1  cpaozs 5 O——O T1. co4p2e 00—

B/D CL @ Op O3 Qg | B/D L 9 Q3 O3 04 B/O CL 0 Qp O3 Q4

3T TIET T

CLOCK »
BINARY/ -
DECADE g
* CARRAY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch
pulse resulting from differemial delays of different CD40298 IC's. These negative-
geing glitches da nat affect proper CD40298 operation. However, if the Y OuU
. signals are used 1o trigger other edge-sensitive logic devices, such as FF's or counters,
the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate
such as CD40718.
o *RIPPLE CLOCKING "
UP/DOWN - >
PRESET : >
ENABLE N — 3
bl iy il
URD PE U Jz J3 Jg UFD PE g vy V3 g UD PE J Jp v g : : ) D o
g o
TI  coao2e 2.3 TI.  <bao2y To Tl cpaozs  CO.O—P o w
I N I S8
= = = . =
B/D CL Q) Qp Q3 Q4 B/D CL G Qp O3 Q4 8/D CL @i Qp 03 Oy g al
Vil il I y >
E x
cLOCK [ 1/4 CD40TIB 14, CO 40718 22CL-20876R o %’
BINARY/ - Q
DECADE >

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 COis connected directly to the CL input of
the next stage with [l grounded.

Fig. 17 — Cascading counter packages.
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105-113

92CM- 29723A1

(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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