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CD4028B Types
CMOS

BCD-to-Decimal Decoder

High-Voltage Types (20-Volit Rating)

The RCA-CD4028B types are 8CD-to-
decimal or binary-to-octal decoders consist-
ing of buffering on all 4 inputs, decoding-
logic gates, and 10 output buffers. A BCD
code applied to the four inputs, A to D,
results in a high level at the selected one of
10 decimal decoded outputs. Similarly, a
3-bit binary code applied to inputs A through
C is decoded in octal code at output O to 7
if D = "'0". High drive capability is provided
at all outputs to enhance dc and dynamic
performance in high fan-out applications.

The CD4028B-Series types are supplied in
16-lead hermetic dual-in-line ceramic pack-
ages (D and F suffixes), 16-lead dual-in-line
plastic packages (E suffix), 16-lead ceramic
flat packages (K suffix), and inchipform (H
suffix).

Features:

® BCD-to-decimal decoding or binary-to-octal decoding
® High decoded output drive capability
= *“’Positive logic’ inputs and outputs. . . .

..... decoded outputs go high on selection
® Medium-speed operation. . . .

tpHL. tpLH =80 ns typ.) @ Vpp =10V
= Standardized, symmetrical output characteristics
® 100% tested for quiescent current at 20 V

® 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 fuil package-
temperature range):

1Vat Vpp= 5V
2Vat Vpp=10V
25VatVpp=15V

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

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

Applications:
® Code conversion  ® Indicator-tube decoder
u Address decoding y selection control
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Fig. 1 — Logic diagram. ot111/10000C000100

Vss 100000000000 10

MAXIMUM RATINGS, Absolute-Maximum Values: 1001000000000 1

DC SUPPLY-VOLTAGE RANGE, (Vpp) 051020V 1010/000000000O0O0

{Voltages referenced to Vgg Terminal) ..............oiimiiiiiiiiiiiiiaenieiioinrenisneesn .5 to +.

INPUT VOLTAGE RANGE, ALL INPUTS .. -0.5t0 Vpp +05V 10110000000000

DC INPUT CURRENT, ANY ONE INPUT ... ..ot tittitiaitiaieatatee e iiiiinnanianrnnereerieienins +10mA 1 100/00000C00O0O0O0

POWER DISSIPATION PER PACKAGE (Pp): 11010000000000

FOr Ty = ~40t0 +60°C (PACKAGE TYPE E) .......ouuiuninieninniiiiaeianiteasiereieeineeaanens 500 MW 1110000000000 0

For T, = +60to +85°C (PACKAGE TYPEE) ....... .. Derate Linearly at 12 mW/°C to 200 mW 1111000000000 0
FOr Tp = -55t0 +100°C (PACKAGE TYPES D, F, K} ....eovvvnninnieiecieierieieeiaae e 500 mW

For T = +100 to +125°C (PACKAGE TYPES D, F, K) ........eonninnis Derate Linearly at 12 mW/°C ta 200 mW | = HIGH LEVEL 0 - LOW LEVEL

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For T, = FULL PACKAGE-TEMPERATURE RANGE {All Package TYPes) ...........covveernvrnenaenss 100 mW

OPERATING-TEMPERATURE RANGE (T ):

PACKAGE TYPES D, F, K, H ...

............. .. -85t0 +125°C

PACKAGE TYPEE ................. .. -40to +85°C
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32inch (1.59 £ 0.79mm) fromcasefor 10smax. ............coviiiiiininninnannns +265°C
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CD4028B Types

RECOMMENDED OPERATING CONDITIONS AMBIENT TEMPERATURE (TAl*25°C 7
For maximum reliability, nominal operating conditions should be selected so that T R : 33311} :
operation is always within the following ranges: ls ERIE
z t
CHARACTERISTIC LimMITS UNITS e
MIN. MAX. H “
Supply-Voltage Range H 3% o8
(For T = Full Package 5 AR :
Temperature Range) 3 18 " 2 sEH Sy = " T :
s S :
o 5 [ I
STATIC ELECTRICAL CHARACTERISTICS DRAIN-TO-SOURCE VOLTAGE (Vps) —V o
LIMITS AT INDICATED TEMPERATURES (°C) _ Fig. 2 — Typical autput low [sink )
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages current characteristics.
CHARACTER- Values at —40, +25, +85 Apply to E Package uNITS
ISTIC
Vo Vin VDD 25 AMBIENT TEMPERATURE (T41-25°C
(V) ) | tvy | -55 | 40 +85 +125 | Min, Typ. | Max.
Quiescent Device | = 05§ 5| 5 | 5 | 150 | 50| - |o0a] s B
Current, - 010 10| 10 | 10 300 | 300 | - 004 | 10 A 3
10D Max. ~ lo015] 15| 20 | 20 | 600 [ 600 | -~ | o0a | 20 | * ze vocTact (%
- 0,201 20 100 100 3000 | 3000 - 0.08 100 H
OQutput Low 0.4 0,5 5 0.64 | 0.61 0.42 0.36 | 0.51 1 - g R
Sink) Current 05 |o1| w16 [15 [ 10 [o9 [137] 26 | - : i
'oL Min. 15 Jois] 5] a2 | & | 28 | 74 | 34 | 68 | - - S
Output High 46 | 05| 5 |-064[-061]-042]-0.36]-051 V| - | ™A § i v i;; l 1 H i
{Source) 25 05 5 2 =18 -1.3 {1.a5|-16 | -3.2 — : ;'EQH : ”Ha’”[ 111311 i HH
cht,n;hin 96 |010] 10 | -16|-15 [ —11 | -09 |13 ]| -26 | ~ ORAIN-TO-SOURCE VOLTAGE (ost—v
) 136 |015] 16 |-42 | -4 | 2.8 | <24 |-34 | -6.8 - Fig. 3 — Minimum output fow (sink)
Output Voltage: - 0,5 5 0.05 - 0 0.05 current characteristics.
‘-‘i/’”o";”:;;; ~ Joaa] 10 0.05 - 0 005
- 0,15 15 0.0% - 0 0.05 v ‘ i
Output Voitage: _ 05 5 4.95 4.95 5 _ " AMBIENT TEMPERATURE {Tp )-'z‘s‘-c ¥ ? Bes
High-Level, — Joa0] 10 9.95 995 | 0 | - = : £
VOH Min. — lo1s[ 15 14.95 14.95| 15 - =
i ;
tnput Low 05,45 - 5 1.5 — - 15 5 ; 1
Voltage, 1.9 10 3 — — 3 £ e at
d - > ! wvop +3Y
ViL Max. EE] — | 18 3 - 1 - 4 v s s e
Input High 05,45 — 5 3.5 3.5 - — z it 1
Valtage, 1.9 | - [ 10 7 7 — Z 5 ooET T T oy
. s IR 4
Vi Min. - f95935[ ~ [ 15 T n | - | - 5 ; 2
H Jesas
Input Current . _5 : " 1 Hi
1iN Max. - c18)| 18 0.1 0.1 21 *1 - *10 0.1 uA ° O B arat TaNEE c 1-pF ° 92::5 o 100
Fig. 4 — Typical propagation delay time as
a function of load capacitance.
DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Cy =50 pF,
Input t.t; = 20ns, R = 200 k2 DnAmAT?::souRcs v?:;“;z 51—
Wﬂnun(v.:-zrc[ﬂ#ﬁt:“t 123N
CHARACTERISTIC TEST CONDITIONS LIMITS UNITS GATE-TC VoiTace (vos):-svR o |y 2
Vpp (V) Typ. Max. ; %% i3 i i : :X?
Propagation Delay Time: 5 175 350 ns =3 E
tpHL. tPLH 10 80 160 2
15 60 120 t 3szet s g
£t =3
5 100 200 H = é
Transition Time 10 50 100 ns 1 By bl
tTHL. tTTLH 15 40 80 B ! z‘
1 R SR EES IS SEEEE I
Input Capacitance, Cyy B 5 75 pF T IR :i;: °

Fig. 5 — Typical output high (source)
current characteristics.
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CD4028B Types

TABLE 1l — CODE CONVERSION CHART

3] 20

40 60 0 [+
LOAD CAPACITANCE (Cy 1—pF

92¢5-24322

Fig. 8 — Typical transition time as a
function of load capacitance.

500 . F

[

DN RB N~

92¢5-29416

Fig. 10 — Dynamic power dissipation
test circuit.

INPUT CODES
Hexa - Decimal
Decimal
INPUTS > Qe OUTPUT NUMBER
2 1212, |=|-
=4 4 BT
DE o | X | X [= |
DCB Alea|so]u|diol<|<]0 1 23456 7 8 9101112131415
0000] OO oloj]10000000000000C00
0001 1[1 1{1j]0 1 0000000000000 0
oo0o10] 2|3 0 |2/2J]0o010000000000000
0011 3] 2]Jo|3 |3 0001000000000000O
0100|] 4| 7]1]|4 |4 0000100000000000
0101 5| 612 3]0 000010000000000
0110] 6[4]3]1 40 000001000000000
0111 7/ 56)14|2 0000000100000000
1000} 8{15]5 00000000100G00000
1001 9|14]6 sjc 00000001 00000O00D
totol1wf12]7(9 6j0000000000100000D0
1011] 1113|838 5 0000000000010000
1100f]12(8})9|5 |86 0000000000001000
1101] 13| 9 6 |[7|[7joo0oo0000000000100
11101111 g |g[sgjlooo0co00000C00000DD010
111 1]15[10 7 |al9jJo o0 000000000 0OCOI1
AMBIENT TEMPERATURE (Ta)»25°
i s
E
L-" NPULS |
Fl Voo -] NOTE
-4
- O~ s
2 Vss TO BOTH Vpp, AND Vgg
- CONNECT ALL UNUSED
z INPUTS TO EITHER
§ I Voo OR Vsg
z Vss
13

92¢5-27402

Fig. 9 — Input current test circuit.

Voo
INPUTS OUTPUTS
Vin
°
Vi -
NOTE
vss TEST ANY COMBINATION
OF INPUTS

92C5-2 48R

Fig. 11 — Input voltage test circuit.
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Fig. 12 — Quiescent device current
test circuit.
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Fig. 6 — Minirmum output high (source)
current characteristics.
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Fig. 7 — Typical dynamic power dissipa-
tion as a function of input
frequency.

TYPICAL APPLICATIONS

INPUTS.
16 CDA0E9B.

A 8 c [} a ) c [}
co40208 cpao2a8
012343567839 0123436789
T
TTTTTTTTT TTTTTTTI
012343567 89 0N I21314 08
16 DUTPUTS
ace- eosie

Fig. 13 — Code conversion circuit.

The circuit shown in Fig.13 converts any 4-
bit code to a decimal or hexadecimal code.
Table 2 shows a number of codes and the
decimal or hexadecimal number in these
codes which must be applied to the input
terminals of the CD4028B to select a partic-
ular output. For example: in order to get a
high on output No. 8 the input must be
either an 8 expressed in 4-Bit Binary code, a
15 expressed in 4-Bit Gray code, or a 5 ex-
pressed in Excess-3 code.
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CD4028B Types
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TUBE REQUIREMENTS

TRANSISTOR CHARACTERISTICS
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Fig. 14 — Neon readout (Nixie Tube™ ) display application.
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e/, AN —

INHIBIT

(NG SELECTION)

A ©
40288
0123456789

\O+234367
*1/6 COa0698

24---- -3 - -39

a TPYT: ELECTED OUTPUT IS HIGH}
64 OUTPUTS (S * FZCW-29415

Fig. 15 — 6-bit binary ta 1-0f-64 address decoder.

71-79
(1.804-2.006)

0

4 -1
10.102-0.254) 7_,,_8,_—___‘
{1.855-2.057)

92€s-350%8

CDA4028BH
DIMENSIONS AND PAD LAYOUT

The photographs and dimensions of each CMOS chip
Dimensions in parentheses are in millimeters and are represent & chip when it is part of the wafar. When the
derived from the basic inch dimensions as indicated. wafer is separated into individual! chips. the angle of
. - . N —3 - cleavage may vary with respect to the chip faca for
Grid graduations are in mils {10™ inch). different chips. The actual dimensions of the isolated
chip, therefore. may difler slightly from the nominal

dimensions shown. The user shouid consider & tolerance

of —~3 mils to +16 mils applicable to the nominal
dimensions shown.
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