CD4026B, CD4033B Types

CMOS

Decade Counters/Dividers

High-Voltage Types (20-Volt Rating)

With Decoded 7-Segment Display Outputs and:

Display Enable — CD40268B
Ripple Blanking — CD4033B

The RCA-CD4026B and CDA033B each con-
sist of a B-stage Johnson decade counter
and an output decoder which converts the
Johnson code to a 7-segment decoded out-
put for driving one stage in a numerical
display.

These devices are particularly advantageous
in display applications where low power
dissipation and/or low package count are
important.

Inputs common to both types are CLOCK,
RESET, & CLOCK INHIBIT; common
outputs are CARRY OUT and the seven
decoded outputs (a, b, ¢, d, e, f, g). Addi-
tional inputs and outputs for the CD4026B
include DISPLAY ENABLE input and
DISPLAY ENABLE and UNGATED “C-
SEGMENT" outputs. Signals peculiar to the
CD4033B are RIPPLE-BLANKING INPUT
AND LAMP TEST INPUT and a RIPPLE-
BLANKING QUTPUT.

A high RESET signal clears the decade
counter to its zero count. The counter is
advanced one count at the positive clock
signal transition if the CLOCK INHIBIT
signal is low. Counter advancement via the
clock line is inhibited when the CLOCK
INHIBIT signal is high. The CLOCK INHI-
BIT signal can be used as a negative-edge
clock if the clock line is held high. Antilock
gating is provided on the JOHNSON counter,
thus assuring proper counting sequence. The
CARRY-OUT (C,,¢} signal completes one
cycle every ten CLOCK INPUT cycles and
is used Y> clock the succeeding decade di-
rectly in a multi-decade counting chain.
The seven decoded outputs (a, b, c, d, e, f, @)
illuminate the proper segments in a seven

Features:
» Counter and 7-segment decoding in one package
u Easily interfaced with 7-segment display types
= Fully static counter operation: DC to 6 MHz (typ.}
atVpp=10V
n |deal for low-power displays
= Display enable output (CD4026B)
= “Ripple blanking” and lamp test (CD4033B)
® 100% tested for quiescent current at 20 V
a Standardized, symmetrical output
characteristics
= 5-V, 10-V, and 15-V parametric ratings
# Schmitt-triggered clock inputs
m Meets all requirements of JEDEC Tentative
Standard No.13A, “Standard Specifications
for Description of ‘B’ Series CMOS Devices”
Applications
# Decade counting 7-segment decimal
display
= Frequency division 7-segment decimal
displays
® Clocks, watches, timers
{e.g. +60, + 60, ~ 12 counter/display}
= Counter/display driver for meter
applications

segment display device used for representing
the decimal numbers 0 to 9. The 7-segment
outputs go high on selection in the CD4033B;
in the CD4026B these outputs go high only
when the DISPLAY ENABLE IN is high.
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MAXIMUM RATINGS, Absolute-Maximum Values: l : .
DC SUPPLY-VOLTAGE RANGE, (Vpp) ves g S

(Voltages referenced to Vgg Terminal) .............ooiirieiiieniiiiiaaeianenaas -0.5t0 +20V
INPUT VOLTAGE RANGE, ALL INPUTS -0.5to Vpp +0.5V 9205244698t
DC INPUT CURRENT, ANY ONE INPUT .. .oniititriiirrereeeniniatsiaasnaesaceacuns +10mA CD4026B
POWER DISSIPATION PER PACKAGE (Pp):

For T, =-40t0 +60°C (PACKAGE TYPEE) ....ciuiiiniiniii e tiieannens 500 mW Top View

For Ty =+60to +85°C (PACKAGE TYPEE) .........oonns Derate Linearly at 12 mW/°C to 200 mW P

For T, = -56 to +100°C (PACKAGE TYPES D, FLK) oot iaeiiaanninaes 500 mW cLock — 1@ Voo

For T, = +100t0 +125°C (PACKAGE TYPESD.F, K} ....... Derate Linearly at 12 mW/°C to 200 mW CLOCK INHIBIT 2 RESET
DEVICE DISSIPATION PER OUTPUT TRANSISTOR RI’:‘{:‘L"ELEBLB:::":SEL: : :“W’ TEST

For Tp =FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................- 100 mW caRRY 0UT — 8 N
OPERATING-TEMPERATURE RANGE (TA): t e N

PACKAGE TYPES D, F, K, H oot it e iie i vnse e nisaa e -55 to +125°C v? 7 e

PACKAGETYPEE ......c.vciviennnn .... 4010 +85°C ss 8 d
STORAGE TEMPERATURE RANGE (Tgtg) v oocvrvvreeneiiesinenns P -65 to +150°C o2cs. 20475 A1
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32 inch (1.59 £ 0.79 mm) from case for 10S mMax. ........c.coeineiinees +265°C CDA4033B
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RECOMMENDED OPERATING CONDITIONS

gres

For maximum reliability, inal operating should be selected so that operation is
always within the following ranges:
CHARACTERISTIC VoD LIMITS UNITS
v) MIN. MAX.
Suppty-Voltage Range (For Ty = Full Package
Temperature Range) 3 18 v
Clock Input Frequency, foL 5 - 25
10 - 5.5 MHz
15 - 8
Clock Pulse Width, twer 5 220 -
10 100 —
15 80 —
Clock Rise and Fall Time,  tcy, tioL 5 -
10 - Unlimited
15 =
Clock Inhibit Set Up Time, tsy 5 200 -
10 50 ~ ns
15 30 ~
Reset Pulse Width, tw 5 200 -~
10 100 -~
15 50 -
Reset Removal Time 5 30 -
10 15 -
15 10 -

STATIC ELECTRICAL CHARACTERISTICS

CD4026B, CD4033B Types

LIMITS AT INDICATED TEMPERATURES (°C)
CONDITIONS Values at -55, +25, +125 Apply 1o D, F, K, H Packages
CHARACTER- Values at —40, +25, +85 Apply to E Package
ISTIC 25 UNITS
Vo |Vin |VDD
(V) v) | tv) ] -55 | 40 +85 +125 | Min. | Typ. | Max.
Quiescent Device - 05| 5 5 5 150 150 | - 0.04 5
Current, - 0,10| 10 | 10 10 300 | 300 | - 004 | 10 A
DD Max. — o015 15| 20 | 20 | 600 | 600 | — | 0o0a | 20 | ¥
— 0,20] 20 | 100 | 100 [ 3000 | 3000 — 0.08 | 100
Output Low 0.4 05| 5 | 064 [061 | 0.42 | 0.36 | 051 1 -
{Sink) Current 05 |o10] 10f16 [ 15 [ 11 09 [ 13| 286 -
loL Min. 15 [015] 15 | 42 | 4 | 28 | 24 | 34 | 68 | -
Output High 46 | 05| 5 |-064[-061[-042]-036}-051] -1 - | mA
{Source} 25 05| 5 | -2 |-18 [-13 [-115]-16 [ 32 [ -
Current, 95 |010] 10 | -16 |15 | -11 | 08 1-13] —26 | -
10H Min.
135 015 15 |42 -4 | 28 | -2a|-3a | —68 | —
Output Voltage: — 05 5 0.05 — 0 0.05
Low-Level, — |o10] 10 0.05 _ o |oos
Vo Max.
- 0,15] 15 0.05 - 0 _Joos| |
Output Voltage: - 0,5 5 495 4,95 5 —
High-Level, - o10] 10 | . 9.95 995 [ 10 -
VOH Min. ~lo.s5] 15 14.95 ags | 5 | <
Input Low 05,45 - 5 15 - — 1.5
Vf\’/"awh;‘ 19 | - |10 3 - = 3
L Vax 5138 - | 1s 2 — = ],
input High 05,45| - 5 35 3.5 — —
Voltage, 1.9 — 10 7 7 — —
VIHMin. 5 5938] - | 15 1 | = | =
Input Current B _ +10—5 | +
fiN Max. 0,18{ 18 | #0.1 [ 0.1 | =1 +1 +10 0.1 pA

CD40268

When the DISPLAY ENABLE IN is low the
seven decoded outputs are forced low re-
gardless of the state of the counter, Acti-
vation of the display only when required
results in significant power savings. This
system also facilitates implementation of
display-charagter multiplexing.

The CARRY OUT and UNGATED ‘C-
SEGMENT" signals are not gated by the
DISPLAY ENABLE and therefore are avail-
able continuously. This feature is a re-
quirement in implementation of certain di-
vider functions such as divide-by-60 and
divide-by-12.

CD40338

The CD4033B has provisions for automatic
blanking of the non-significant zeros in a
multi-digit decimal number which results in
an easily readable display consistent with
normal writing practice. For example, the
number 0050.0700 in an eight digit display
would be displayed as 50.07. Zero suppres-
sion on the integer side is obtained by con-
necting the RBI terminal of the CD4033B
associated with the most significant digit in
the display to a low-level voltage and con-
necting the RBO terminal of that stage to
the RBI terminal of the CD4033B in the
next-lower significant position in the dis-
play. This procedure is continued for each
succeeding CD4033B on the integer side of
the display.

On the fraction side of the display the RB!
of the CD4033B associated with the least
significant bit is connected to a low-level
voltage and the RBO of that CD4033B is
connected to the RBI terminal of the
CDA4033B in the next more-significant-bit
position. Again, this procedure is continued
for all CD4033B's on the fraction side of the
display.

In a purely fractional number the zero
immediately preceding the decimal point can
be displayed by connecting the RBI of that
stage to a high level voltage (instead of to the
RBO of the next more-significant-stage).
For example: optional zero = 0.7346.
Likewise, the zero in a number such as 763.0
can be displayed by connecting the RBI of
the CD4033B associated with it to a high-
level voltage.

Ripple blanking of non-significant zeros
provides an appreciable savings in display
power.

The CDA4033B has a LAMP TEST input
which, when connected to a high-level volt-
age, overrides normal decoder operation and
enables a check to be made on possible
display malfunctions by putting the seven
outputs in the high state.

The CD4026B- and CD4033B-series types
aresuppliedin 16-lead hermetic dual-in-line
ceramic packages (D and F suffixes), 16-
lead dual-in-line plastic packages (E suffix),
16-lead ceramic flat packages (K suffix),
and in chip form (H suffix).

127



CD4026B, CD4033B Types
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CD4026B, CD4033B Types

DRAIN-TO-SOURCE VOLTAGE (Vps!—V

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 25°C. Input t, tg=20ns, -13 o IR
C; =50pF, Ry =200 kS) N TR T 20
LT PN A AR 1
TEST o t 3
CONDITIONS LIMITS £
CHARACTERISTIC Voo UNITS H fnbs &
Tlov S
(V) Min.| Typ.| Max. ¢
CLOCKED OPERATION g
N N By &
Propagation Delay Time;  tpy jy, tpyyy 5 | — | 250 {500 .
Carry-Out Line 10 | - | 100 {200 : i e £
T e 2
15 | - | 75 |150 i ssiaifssstaisenasiciizstiatisiing
secs-zesaine
Dec Outli 5 = 1350 1700 Fig. 9 — Minimum p-channel output high (source)
ode Outlines 10 | — | 125 {2560 ns current characteristics.
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Maximum Clock Input Frequency, fo 4 5 {25 5 — ;; %r"f‘, fogasss HE }
10 |55] 11 ] - | MHz O e g S :
15 | 8] 16 | - gt sasetsadts st sapms st phad g sad
Min. Clock Pulse Width,  ty 5 | — |110 |220 e S ‘v
10 | - | s0 J100 EEeansiszantas: o ;
15 | — ] 40 ] 80 T Sgasanissacstaniatiissniaicty:
Cltock and Clock Inhibit Rise or Fall Time; 5 ° * Loa “ﬁc'“"“ z"v‘ ?m""“m
oL tfeL 10 Unlimited ns Fig. 10 — Typical propagation delay time as a
function of load capacitance for
15 N decoded outputs.
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ge Input Capacitance, Cyy Any Input - l 5] 7 | pF ey ¥ AT
RESET OPERATION [ S
2 H :
Propagation Delay Time; 5 {— ]275 |550 ': H asseiiisets vw""‘
To Carry-Out Line, tpLH 10 ~ |120 l2ao 5 e SR SR 1
= H i
15 |~ | 8o [160 S i H
To Decode Qut Lines, PHL. tPLH 5 |- 300 |600 é H H
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CD4026B, CD4033B Types
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INTERFACING THE CDA026B AND CD40338 WITH COMMERCIALLY AVAILABLE v - L b
1
LIGHT EMITTING DIODE DISPLAYS Lo
NOTE:
v TEST ANY COMBINATION
Voo ss OF INPUTS
~
MONSANTO MAN 3 vop MONSANTO MAN | 177 CA3081 Tvan 11 9265-27441R1
OR EQUIVALENT OR TEUNALENT oR Equiv. R ! "
{LOW POWER) Voo Ip 1/7 CA3082 v | Fig. 16 — Input voltage.
— OR EQUIVALENT ‘o0 i
a o
N ; MaN 3 "~} A }
[cDad26B/ i i a Voo
cLoCK O-4CD40338 J : R ! i cLock O : t
7 ! A !
B SEGMENTS E | T‘TN_— ! INHIBIT < | INPUTS
Vop | = -
RESET . 15 YO0 ; 1 : RESET O : Voo NOTE:
2 [ MEASURE INPUTS
é‘/ss i : B ° @ SEQUENTIALLY,

s - T W Vpp AND Vgs'
Vop23.5V = ! ' VDD 2’5V (MIN) ves -] cgnsuogc‘r A?.?.UNUS:S
IF™5mA/SEGMENT | | Ip20.4mh OUTS TO EITHER
100% DUTY CYCLE | | Ip2 12 ma/Seq. (100 %DUTY CYCLE) Voo OR Vg

R Vp-Vgg-Vg (LED) i [ | Bde (MIN) 230 J
LED  WHERE Vp= INPUT PULSE L ] VCE(SATI$0.5v Ss
V¢ « FORWARD DROP == RENpp-VeE (gatt~Ve (LED) 92¢5-27402
ACROSS DIODE .+ 708 0" TCEtaatt TP ET

4-10
(0102 -0.254)

104 -112
(2.642 - 2.845)

Dimensions and pad layout for CD

: Iien
WHERE Vg - FORWARD DROP ACROSS DIODE

107
IOIO

92C5-31700R!
40268.

Oimensions in parentheses are in mithimeters and
are derived from the basic inch dimensions as in-

dicated. Grid graduations are in muls

(10~ inch).

92CS-31709

Fig. 17 — Input current.

104-11
(2:642-2.849) 1
92C5-32207

Dimensions and pad layout for CD40338B.

The photographs and dimensions of h CMOS chip
reprasent a chip when it is part of the waler. When the
waler is separated into individual chips, the angle of
cleavage may vary with raspect to the chip face for
different chips. The actual dimensions of the isolated
chip, therelore, may giffer slightly from the nominal
dimensions shown. The user should consider a tolerance
ol ~3 mils to +16 mils applicabis to the nominal
dimensions shown.

130



CD4026B, CD4033B Types

INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE
7-SEGMENT DISPLAY DEVICES*
{Refer to RCA Application Note ICAN-6733 for detailed interfacing information}

vr
10F7
Voo SEGHENTS .
, l IMCANDESCENT READOUTS
LN RCA Numitron DR2000 Series
TUBE REQUIREMENTS
040268/
cLock Plapmery r —. VT =3558Y
= A 1 = 24 mA Segment
INHIBIT = OR EQUIV. T mA Segmen!
? SEGMENTS | |— - ASSUNED CDas4UR
- TRANSISTOR
REsET = CHARACTERISTICS @ Vg = 10V (min.)
™ Bde (min) = 25 Vo0 < 2V
= vss Vegfsor) € 0.5V Iy =8 mA (min.)
Vil
Vop« 8Vimmy  VTEISVTOSY
= 1= TmAlmind e
Iy = 24mA (min.) - ;
@Vpg =10V (min)
118 CDADBUE I VU0 < 06V
Iy = B mA (min)
LOW-POWER INCANDESCENT READOUTS Assuued
PINLITES ING-Series O and R Vo =Y (min)
TUBE REQUIREMENTS  V,(V) mAfSegment G ARACTERISTICS @Vee
00315 g s Bse min)2 % V0r S 1Y
0-04-30 3 8 Vegtsans 8 Iy * Sm (min)
0-06-30 3 8 Vge s 35V (min) Vsl
R-R3-20 2 43 Ig 2 0.25 N (min) T2SVTO3SY
R-R4-30 3 43 It $ 7.5 mA {min.)

92CM- 31707

* The interfacing buffers shown, while a necessity with the CD4026A and CD4033A, are not required when
using the B devices; the “B" outputs (% 10 times the A" outputs} can drive most display devices

directly especially at voltages above 10 V.

Yy =0V 0C
Vo T

:

coaozen/
. CD4033M.

1OF7
SEGMENTS

PRI
7 SEGMENTS

AESET

TTTTTTT

NEON READOUT (NIXIE TUBEA)
1. Alco Electronics — MG19
2. Burroughs — B5971, 87971, 88971

TUBE REQUIREMENTS Vy{Vdc) mA Segment
Alco MG19 . . 180 . 05
Burroughs B5971. . . . 170, . . . 3
Burroughs B87971,88871. 170 . . . . 8
4 (Trademark) Burroughs Corp.

TRANSISTOR CHARACTERISTICS

Leakage with transistor cutaff — 0.05 mA

V(BRICER - >vr

B (min.) > 30 92CS-31710

WITH Vo =18V MEDIUM BRIGHTNESS

i, INLOW AMBIENT LIGHT BACKGROUND
DD "wiLL RESULT. THE POINT OF NO
NOTICEBLE GLOW IS VoFf & 4.5V

CD40268/
CD40338
€LOCK
jasy INHIBIT 7
LOGIC
VORTAGE SEGMENTS
RESET
AN &
9 g
vss
45V
= 16V
LOW VOLTAGE VACUUM FLUORESCENT AC OR DC

READOUTS =

1. Tung-Sol DIGIVAC S/G I Type DT1704A or DT1705C
2. Nippon Electric (NEC); Type DG12E or LD215

TUBE REQUIREMENTS: 100 to 300 uA/segment

at tube voltages of 12 V to 25 V depending on

required brightriess Filament requirement 46 mA

at 1.6 V, ac or de.

$ {Trademark) Wagner Electric Co.

92Cs-31711

131



