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BCD-to-Decimal Decoder

High-Voltage Types (20-Volt Rating)

m 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,
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 0 to 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 (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).
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* ALL INPUTS ARE PROTECTED
8Y CMOS PROTECTION
NETWORK.

Vs

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

Voltages referenced to Vgg Terminal) ...............
INPUT VOLTAGE RANGE,ALLINPUTS ...............
DC INPUT CURRENT, ANY ONE INPUT ...............

POWER DISSIPATION PER PACKAGE (Pp):

ForTA=-550Ct0+100°C .........connvneninns,

92CM- 20672

Fig. 1 — Logic diagram.

................................... -0.5Vto +20V
.............................. -0.5V to Vpp +0.5V
......................................... +*10mA

........................................ 500mW

ForTao=+1000C10+125%C.......ooviiiiiiininnninnnnnnnnnnns Derate Linearity at 12mW/°C to 200mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR T = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......c....covvuveunien, 100mW
OPERATING-TEMPERATURE RANGE (Ta) ... =550C to +125°C
STORAGE TEMPERATURE RANGE (Tgig) -+ -« oovenvnnennien it ~659C to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 £ 1/32inch (1.59 £ 0.79mm)} from casefor 10Smax .........ocvvvvrnnnnnnnanns +265°C
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Features: v
8 BCD-to-decimal decoding or binary-to-octal decoding e L r '3 é"‘:rfm
® High decoded output drive capability TS 10 °le otRuTS
® “Positive logic” inputs and outputs. . . . =3* N o
..... decoded outputs go high on selection " o™
® Medium-speed operation. . . . scod |12 31T | surrenen
tpHL, tpLH =80 ns typ) @ Vpp =10V NPUTS 2 ‘I rmn
® Standardized, symmetrical output characteristics o M § B f:‘{,’:‘.’;,’
B 100% tested for quiescent current at 20 V " s N
® Maximum input current of 1 uA at 18 V ° ! -o-
over full package-temperature range; * ?
100 nA at 18 V and 25°C ol :
® Noise margin {over full package- Vae
temperature range):
1VatVpp= 5V FUNCTm?AGRAM
2Vat Vpp=10V
25VatVpp =15V
® 5.V, 10-V, and 15-V parametric ratings
u Meets all requirements of JEDEC
Tentative Standard No. 13B, “Standard
Specifications for Description of ‘B’ s —i0 e ': Vob
Series CMOS Devices” 2 —2 o S
o —f3 18—
Applications: T 3re
® Code conversion B Indicator-tube decoder : . : ',z‘ - s
u Address decoding—memory selection control € —7 10— a
- Vss —{ @ 95— 8
—— >0
92C3-244N
_w:
Top View

TERMINAL DIAGRAM

TABLE | — TRUTH TABLE

DCBA|0O1 234567829
0000}j7000000000
0001101 0000CO0CO0OO0O0
0010j0010000000
0011100010000 00
0O100(0000CG100000C
01011000001 0000
1100000001000
011100000001 00
100000000000 10
1001000000000
1010/0000000000
1011/0000000000
1100000000000 0
110110000000000
1110/0000000000
11110000000000
I = HIGH LEVEL 0=LOWLEVEL
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RECOMMENDED OPERATING CONDITIONS

Far maximum reliability, nominal operating conditions should be selected so that
operation is always within the following ranges:
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_Fig. 2 — Typical output low (sink )
. . current characteristics.
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i CHA_RACTERISTIC ) LIMITS UNITS
‘ ’ . MIN. MAX.
Supply-Voltage Range
(For T = Futt Package -
Tlrmpurz__nure'ﬂiingt-) 3 18 Vo
STATIC ELECTRICAL CHARACTERISTICS
CONDITIONS | LIMITS AT INDICATED TEMPERAT o
CHARACTER- ER TURES A UNITS
ISTIC
Vo |[VIN|VDbD 325
(V) (V) | (v} | —55 | 40 | +85 | +125 | Min. | Typ. | Max.
Quiescent Device - 0,5 5 5 5 150 150 - | 004 ]
Current, -~ 01010 [ 10 [ 10 [ 300 [ 300 - ] 004 [ 10 N
'DD Max. ~ |01l 15 | 20 | 20 | 600 | 600 | = | oo0a | 201 “
- ,O,270 20 100 100 3000 | 3000 - -0.08 .t 100
Output Low 0.4 05| 5 0.64 | 0.61 0.42 0.36 | 0.5% 1 -
{Sink)Current | 06 Jot0f 10| w6 [ 16 [ 11 | 09 [ 13| 26 | -
loL Min. 15 1015] 15 | 42 | a4 | 28 | 24 | 34 | 68 | -
Qutput High 4.6 05 5 -0.64|-0,61| -0,42 | -0.36{~0.51 1 - mA
{Source) 25 05 [s | -2 [-ws |13 |=vas{-1e | -32 [ -
Cucrent, 95 [010] 10 |-16 =15 | -1.1 | -098 |-13 ] 26 | -
loH Min.
13.5 015 15 {-42 | -4 -28 | -24 {-34 | -68 -
Output Voliage: - 05 5 0.05 - 0 0.05
Liow:Lewel, - lo10] 10 0.05 Z 0 | 005
VoL Max.
- 0,15 15 0.05 - 0 0.05 v
Output Voltage: - 0,5 -] 4,95 4.95 5 -
High-Level, - Jo10] 10 9.95 9.95 | 10 -
VOH Min. - |oas| 15 14.95 1495] 15 -
Input Low 05,45 - 5 1.5 - - 1.5
Voltage, 1.9 _ 10 3 - -— 3
ViL Max,
L Max 15135] — | 15 ) 1= a
Input High 05 45| - 5 3.5 3.5 - —_ ¥
Voltage, 1,9 - 10 7 7 - -
ViH Min. 151385} - | 15 n 11 - -
input Current e1n-5
1IN Max. - 0,18] 18 | 0.1 | 0.1 21 21 - 210 20.1 uA
DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 259cC, C_=50pF,
Input t.t¢ = 20 ns, Ry = 200 k2
TEST CONDITIONS LIMITS
CHARACTERISTIC UNITS
Vop \"2} Typ. Max.
Propagation Delay Time: 5 175 350 ns
tpHL. tPLH 10 80 160 |-
15 60 120
5 100 200
Transition Time 10 50 100 ns
tTHL. 'TTLH 15 40 80
Input Capacitance, Cyp - 5 75 pF
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Fig. 3 — Minimum output fow {sink)
eurrent characteristics.
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Fig. 4 — Typical propagation delay time as
a function of load capacitance.
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Fig. B — Typical output high {source)
current characteristics.
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CD4028B Types

TABLE Il - CODE CONVERSION CHART

LOAD CAPACITANCE (Cy )= pF

2C5-24322

Fig. 8 — Typical transition time as a

function of load capacitance.
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INPUT CODES

Hexa - Decimal

Decimal
INPUTS | o 212 OUTPUT NUMBER

a:,.ﬁﬁ,.z-,—

3318 8 B
DCBA Eeww50230123456789101112131415
0000|] 0| O 0|0]1 000000000000 000
0001 1] 1 11101 00000000000000
0010f 2| 3 02|20 01 0000000000000
0011] 3]2|0({3 |3] [0O00OC10000000GO0CO0O0CO0 O
0100] 4] 71|44 |4 0000100000000000
0101] 5{6]2 3J0000010000000000
0110] 6| 4]3[1 4|0 00 000 1000000000
0111] 7| 514|2 0000000100000000
1000] 8/15]5 0000000010000000
1001 9[14]6 510 000000001000000
10to0]10(12]7]|89 6j0 0 000C0C000C0100000
1011 1|13 |8 5 000000000001 0000D
1100|112 8|9|5 (6] JOOOO0O0OO0OD00CO000O011O0O00
1101]13] 9 6 |]7|7)0 000000000000 100
1110] 141 8 |8/|8]0 0000000000000 10
111 1§15]|10 7 |9/9]0 0 0000000000000
H v,
i o0
_é INPlE_S_ ,
i Voo - NOTE
E \@. - MEASURE INPUTS

° SEQUENTIALLY,
! Vss - 10 BOTH Vpp AND Vgg
e -] CONNECT ALL UNUSED
§ INPUTS TO EITHER
l Voo OR Vsg
vss

92¢s-27402

Fig. 9 — Input current test circuit.

Yoo
INPUTS QuTPUT
- Sl s
Vin -y Lo
Mo - — A
°
Vie ] - -
-] b =
! NOTE
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Fig. 11 — Input voltage test circuit.
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Fig. 10 — Dy ic power dissipation

test circuit.

INPUTS

Vss
WS PR

Fig. 12 — Quiescent device current
test circuit.
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Fig. 6 — Minimum 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

/6 CDA0E96
|

A B 3 0 A 8 [ B
€D40208 CD40288

onzsn&s‘ls? GIZSQbG"??
[TTTTTTTT [TTTTTTT
012345367 89 10NIZIIM B

16 OUTPUTS
BRCD - 2944

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

w85 45O
pO—] Cos028B [T

TUBE REQUIREMENTS

-

Type VIV | mA/nomens
Burioughs 84081 170 |14
841367718 wo |2
84032 170 | 14
84021 120 Jre

*{Trademark) Burroughs Corp.

TRANSISTORA CHARACTERISTICS
Leahage with teansistor cutolt -, 0 5mA

VigRiceo < OV

22¢s3 - 29

Fig. 14 — Neon readout (Nixie Tube ) display application.
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INPUTS
———h
OA%Q ?b%% ?l‘:(;“?EIEECHONI
aBc 0O
€D40268
] €789
[T
\V4 ; v % JL N Y
T T T i g 1
11 11 1t 11 11 1] I
111 T 1T 1711 11T TT1T 1 1
aBcC D aBpc D A BC 4] ABT ] aBcC D agc- D aBcC D AaB8C °
CD40288 cpso28e CD40288 CD40288 CD40288 CDa0288 €D40288 CDa0288
0123456789 |0-—~-—--~ of |o------- 9] |0------- Ownwwn e 9] [0v~~ -~ 8| [0-- - -——-9f [0-—-- - E
IIII I I'l ITI l LS ! I” | T I I
\ 01234367 B-—~---18 18- - ] 23 24~ -----3) R—~=--39  4Q-—---- 47 4B -~- - 86 -—--- -3
*176 CDa0E3B 64 QUTPUTS (SELECTED QUTPUT 1S HIGH)
szcu-19418

Fig. 15 — 6-bit binary to 1-0f-64 address decoder.
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CD4028BH
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~ inch).
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