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BCD-to-Decimal Decoder

High-Voitage Types {20-Volt Rating)

® CD4028B types are BCD-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,
resuits 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 Oto 7
it 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
packages (D and F suffixes), 16-lead
dual-in-line plastic packages (E suffix), 16-lead
small-outline package (NSR suffix), and in chip
form (H suffix).

CD4028B Types

Features:
: v,
8 BCD-to-decimal decoding or binary-to-octal decoding 38T 1 ? ' Foouid g
® High decoded output drive capability INPUTS | o o I outRuTS
® “Positive logic” inputs and outputs. . . . =3 N fors
..... decoded outputs go high on selection . 2 :
® Medium-speed operation, . . . scod | 1° 31T 1 suerenen
tPHL. tpLH =80 ns yp.) @ Vpp =10V ™) ol e
8 Standardized, symmetrical output characteristics —1c s T 3‘3’:‘";,“
® 100% tested for quiescent current at 20 V " s n
8 Maximum input current of 1 uAat 18 V 1° ! -a-
over full package-temperature range; . ? ]
100 nA at 18 V and 25°C 4’ —
® Noise margin (over full package- Vas
temperature range}:
CD40288
1Vat VDD =5V FUNCTIONAL DIAGRAM
2VatVpp=10V

25VatVpp =15V
= 5.V, 10-V, and 15-V parametric ratings
= Meets all requirements of JEDEC
Teniative Standerd No. 138, “Standard
Specifications for Description of ‘B’
Series CMOS Devices”
Applications:
® Code conversion  ® Indicator-tube decoder
= Address decoding—memory selection controt

* ALL INPUTS ARE PROTECTED
BY CMOS PROTECTION
NETWORK.

Ve

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referenced toVgg Terminal) ...............
INPUT VOLTAGE RANGE,ALLINPUTS ...............
DC INPUT CURRENT, ANY ONEINPUT ...............

POWER DISSIPATION PER PACKAGE (Pp):

ForTA=-559Cto+100°C .............iioiialt,

S2CM- 28672

Fig. 1 — Logic diagram.

................................... -0.5V to +20V
.............................. -0.5V 1o Vpp +0.5V
................................ iranieee s E10MA

........................................ s500mwW

ForTa=+1000C10+125%C.....coiiiiiiiiiiiiiiiiiiici et Derate Linaarity at 12mW/°C to 200mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............covvvenens 100mwW
OPERATING-TEMPERATURE RANGE (Tp) ... -559C to +1259C
STORAGE TEMPERATURE RANGE (T i) . ~659C o +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/18 = 1/32inch (1.59 £ 0.79mm}from casefor 108 max .........ccvvvveevrrvnennns +265°C
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Top View
TERMINAL DIAGRAM

TABLE | — TRUTH TABLE

DCBA|0O1234567889
0000}]7000000000
0001|0100 000CO0O0CO
0010/0010000000
001100010000 00
0100(0000100000
01011M10000010000
cr1r10/0000001000
0111700000001t 00
100000000000 10
1001000000000
1010/0000000000
1011100000000 00O0
11700i0000000000
1t0100000000CO0O0
1t170/0000000000
111100000060000
I = HIGH LEVEL 0=L0W LEVEL
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CD4028B Types

RECOMMENDED OPERATING CONDITIONS P [T JAWRTENT TEMPERATURE TTA)-23%C 1]
dhfitey. +e toife
For maximum reliability, nominal operating conditions should be selected so that Te f:%j i it i -
operation is always within the following ranges: = i anfeng
R pu] E VOLTAGE [V
b . . ! E ettt « 1 e
' CHARACTERISTIC [ LimiTs UNITS £
Vo , - MIN. MAX. $°
: ]
Supply-Voltage Range g
{(For T 5 = Full Package . 13
Ternpurqture_ﬁ.ingie) 3 18 V.. § I
. ‘ e . C ’ 3 - [ [ i
STATIC ELECTRICAL CHARACTERISTICS ~ o ' i : , DRAIN-TO-SOURCE VOLTAGE V3! —¥
o : : _Fig. 2 — Typical output low (sink )
CHARACTER CONDITIONS | LIMITS AT INDICATED TEMPERATURES (9C) L Current characteristics.
ISTIC " UNITS S ﬁ
Vo VIN | VDD +25 AMBIENT TEWPENATURE (V41+28°C 1] 11} 7
V) (V) | (v} { -55 | 40 +85 +125 | Min. | Typ. | Max. . Y IERRI EERT FEAR ERR IO e
-«
Quiescent Device - 0,5 5 5 5 150 150 - ] 0.04 5 £
Current, " - Joho{ o] 10 ] 10 300 [300] - | o004 [ 10 A 2 R T
10D Max. ~ Jorsi 15| 20 | 20 | 600 | 600 | = | oos | 20 ] ¥ 5 YOTAGE (e
&
- 0,20 20 | 100 | 100 {3000 | 3000] - 0,08 .| 100 3
Output Low 0.4 05 ] 5 | 064 [ 061 | 0.42 | 036 | 0.5 ! - H
(S‘ink)&g"en' 05 fo10]1w0] w6 |15 [ 11 09 [13°F 26 | - % i 8 8
oL Min. 15 015 15| 42 | 4 28 | 24 | 34 | 68 | - . I ] w
a e e » . -t
Output High 46 1 05| s |-064|-061]-042]-038}-051] 1 [ - | mA 2D A I 4=
{Source) 25 0s [ 5 -2 =18 [ =13 [91.a5|=16 | -3.2 — ] rlst“- THIH] {]]} 114t &:’ 6!
Current, 95 010] 10 | =16 =15 | =11 |-08 13| 28 — . DRAIN- TO- SGURCE VOLTAGE (Vpgi—V, E >
loH Min. - . . . . . T x
13.5 015 15 [-4.2 | -4 -28 | =24 |-34 | -68 - . Fl'ﬂ.,._{?—ll_inimum-ou(put fow (sink) - g o
Output Voltage: - 05 | 5 0.05 - 0 0.05 eurrent characteristics. o
Low-Level, -
VoL Max. o.10| 10 0.05 - 0 0.05
- 0,15 15 0.05 - 0 joos|
Output Voltage: - 05 5 4.95 4.95 5 - g [AMBIENT TEMPERATURE (T )23°C [ H
High-Level, {010 10 3.95 995 | 10 | ~ L
. . . . - 4
VOH Min. - Jo1s] 15 14.95 14.95 | 15 z =
x
Input Low 0545 ~ | 5 1.5 - - 1.5 = 2 H
Voltage, 1.9 _- 10 3 - — 3 § L
ViL Max, =
LN 178135] — | 15 a — T 2 3 R
a |l + =
Input High 0545| - 5 3.5 35 - - v 5 [H H
Voltage, 1.9 - | 1o 7 7 — - 5 oI
1 |«
ViH Min. 1561356} — | 15 1 11 — - I%m
0. It a1 e 1
input Current _5 t ) t b
I|N Max. - 0.18] 18 | 0. | 0 41 21 ~ |20 20.11 pA e Coas  Larat ranes (€, ) - pk ,::;,ggj‘c, 100

Fig. 4 — Typical propagation delay time as
a function of load capacitance.

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 =25°C, C =50 pF,
Input 1.t = 20 ns, Ry = 200 kS2

BRAIN-TO-SOURCE VOLTAGE (vVps)—V
-5 9

TEST CONDITIONS LIMITS oA B B

CHARACTERISTIC — - | uNITS ey et "4
DD Yp. X. 1 i 13 o

Propagation Delay Time: 5 175 350 ns = ‘_ 5%
tPHL. tPLH 10 80 160 |- : =Fs 2

15 60 120 SR ”g

5 100 200 : S =

Transition Time 10 50 100 ns T ?
L i 15 w | w il

Input Capacitance, Cjy - 5 7.5 pF H BRI

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

TABLE Il -~ CODE CONVERSION CHART

INPUT CODES
Hexa - Decimal
Decimal
INPUTS | o ala OUTPUT NUMBER
ELlEa) Y |Gl
DCB A|IE[v6} s |S6j<|I0 1 234567 8 0101112131415
0000] 0| O 0|0j1 00O 0D0D00D00CO000000
0001 1] 1 11|01 0000D0000CGC000D0O00D0
0010] 2| 23 012]290 01 00000000C0000
0011 3] 2]10{3 |3 |00C10000000CO00O0GO0
0O100] 4] 7]1]|4 |4 000010000000CG0000
0101 5] 6]2 3]10000010000000000
0110 6] 431 4]0 00 0001000000000
0111 7] 514] 2 0000000100000 000
1000] 8|16]5 0000C000010000000
1001 9[14]6 510000 000001000000
10t1t0]1wW[12]7]|69 600 000GC00001000C0O
101 1|13 ]8 5 000000000001 0000
1100] 12| 8]9|5 |6 0000000000001 O0O00O0
110 1]13|9 6 |[7|7}00000000000C00100
11t1o0] 141 8B |8|BJ0CO0D0000D00CO0O00O010
111 1§ 15|10 7 |9]2]0 0 000D0000000O00D00O01
2 7
i o0
3 t
r INPUIS |
r Yoo -] NOTE
Ew —-— MEASURE INPUTS
i ° O Dl SEGQUENTIALLY,
2 w0 Vss - TO BOTH Vpp AND Vgg
CONNECT ALL UNUSED
- l INPUTS TO EITHER
Vop OF Vsg
g vss
92€5- 27402
; Fig. 8 — Input current test circuit.
LOAD CAPACITANCE (C, }— pF
AC5-24322
Fig. 8 — Typical transition time as a ¥oo
function of load capacitance. ?
INPUTS QUTPLTS
-—f —
Vin P .
N\)—’ -— Sl hd
iv - sl i'
Voo 1 NOTE
Vs LEFS':'"A'::;}gouemnlm
3205 -2 T4 \Rs
S00 uF = Ip! O.dpuF
; Fig. 11 — tnput voltage test circuit.
T Voo
F 15 1
3 14 Yoo
. 13— INPUTS
C °
- A g W T Vis
a==rl s
1-Yss e
92C5-25418 @
Fig. 10 — Dy ic power dissipation

test circuit.

vss
S AR

Fig. 12 — Quiescent device current

test circuit.
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DRAIN-TO-SOURCE VOLTAGE {Vpgl—V
bl | -0 =8 [:]

A HAAAE

QUTPUT MIGH (SOURCE) CURRENT (1 Oii~mh

9203-2432002

Fig. 6 — Minimum output high (source)
current characteristics.

(O Y[ AMBIENT TEMPERATURE (Tg) - 28°C
2 .
Y L A4 A
: Ay -
£ S
g ; A7 S
= 0% o W
] “‘l Z 2
R W . 4P 49 4
H tr—"f 'V X
x rd P —C; #80pF
10%; stgF
1)
vV |/ j
4
I I
% ottt A8t A w®
INPUT FREQUENCY (#)—kHz
92CS-29412

Fig. 7 — Typical dynamic power dissipa-
tion as a function of input
frequency.

TYPICAL APPLICATIONS

INPUTS

1/6 CDA0E9B
|

X B ¢ o A 8 ¢ 0
C€D40208 CD40208

0\23!55?3? GI15l5570I9[
[TTTTTTT? [TTTTTTT
012345367 89 10NIZIIMS

16 OUTPUTS
HCE- 24

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.



CD4028B Types

M

TURE REQUINEMENTS

—9
o Cal  wogerdLs frvee VT TART] mA e s
= Pusroughs B40E1 170 14
o |cO— —6 84336716 we |2
" INPUTS —5 84022 1o [ 1e
pO—] COd0288 4 84021 120 | 1a
—3 —
A O 2 TRANSISTOA CHARACTERISTICS
1 ‘Leakage with teansstor cutoh -, 0 Doma
¢)

ViBRICED « OV

*{Trademark) Burroughs Corp.

32€3 - 23413

Fig. 14 — Neon readout (Nixie Tube® ) display application.

INPUTS.
e/ A —
—_—
N8I T
O‘?‘q %‘E% ?lm SELECTION]
aBC D
£D40288
] 671483
ITT

Vv VvV YV Y 47*:-7 v

T T b i i 1
11 1l Lt 11 11 1] l
T11 T 11 TT°F h i TTT 1 1
4 BC [} ABC D A BC © ABT -] ABC [} ABc- D ABC '] L [
cro40238 cpap2se CD40288 CD40288 CD40288 Cha0288 €040288 CDa0288
o123456789] |o-——-—--- o lo-—----- 9] [0-—-—--- of [oasusnns FY 9 Jo----——-9f [o-----—— 9
I Tr TT TT LILJ ! LILJ | T I T l T
\01134517 Ia ------ |[5 1B=-=-- - 115 zll ------ all 32— }L AQ-— - — - 1[7 4gv.,",‘5£ L ----- 63
*146 CDADEIB B4 QUTPUTS (SELECTED QUTPUT 18 HIGH)
szcu-13a18
Fig. 15 — &-bit binary to 1-0f-64 address decoder.
7%
74— N
[}
70
60
5
71-79
(1.804-2.006)

CD4028BH

4-10
{0:102-0.254) 73 -g)
(1.855-2.057)
92€5-350%8

DIMENSIONS AND PAD LAYOUT

Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.
Grid graduations are in mils (10~ inchl.
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COMMERCIAL CMOS

HIGH VOLTAGE ICs



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265
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