COS/MOS

BCD-to-Decimal Decoder

The RCA-CD4028BA types are BCD-to-
decimal or binary-to-octal decoders consist-
ing of pulse-shaping circuits 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. A high-evel signal at the D input
inhibits octal decoding and causes outputs

0 through 7 to go low. If unused, the D
input must be connected to Vgs. High drive
capability is provided at all outputs to en-
hance dc and dynamic performance in high
fan-out applications.

These types are supplied in 16-lead hermetic
dual-in-line ceramic packages (D and F
suffixes), 16-lead dual-in-line plastic pack-
age (E suffix), 16-lead ceramic flat package

(K suffix), and in chip form (H suffix).

MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE-TEMPERATURE RANGE (Tsrg)
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPES D, F,H
PACKAGETYPE E  ...............
DC SUPPLY-VOLTAGE RANGE, (vpp!
(Voltages references to Vgg Terminal) . ... ...
POWER DISSIPATION PER PACKAGE (Pp):
FOR Tp = —40 to +60°C ([PACKAGE TYPE E)
FOR Tp = +60 to +85°C (PACKAGE TYPE E)

FOR Tp = 65 to +100°C (PACKAGE TYPES D, F)
FOR Tp = +100 to +125°C (PACKAGE TYPES D, F)

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE {ALL PACKAGE TYPES)

INPUT VOLTAGE RANGE, ALL INPUTS ., . ...
LEAD TEMPERATURE (DURING SOLDERING).

65 to +150°C

-85 10 +125°C

....................... 40 to +85°C

....................... 05t +15V

......................... 500 mW
...... Derate Linearly at 12 mW/°C to 200 mW
....................... 500 mW

. Derate Linearly 8t 12 mW/°C to 200 mW

100 mW

................... -05to Vpp 0.5 V
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FUNCTIONAL DIAGRAM

Features:

® BCD-to-decimal decoding or binary-to-octal
decoding
® High decoded output drive capability. . .
... 8 mA (typ.) sink or source
® ‘‘Positive logic’ inputs and outputs. . .
.. . decoded outputs go high on selection
® Medium-speed operation . . .
.« tTHL, tTLK = 30 ns (typ.) @ VDD =10 V

® Quiescent current specifiedt 15V

® Maximum input leakage current of 1 pA
at 15 V (full package-temperature range)

® 1.V noise margin {full package-temper-
ature range)

Applications:

Atdistance 1/16 £ 1/32 inch (1,59 £+ 0.79 mm) fromcase for 10smax. ... ........... +265°C
RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions should be selected so that
operation is always within the following ranges:
LIMITS
CHARACTERISTIC VoD D,F,H E UNITS
V) PACKAGES PACKAGE
MIN. | MAX. | MIN. | MAX.
Supply-Voltage Range {For Ta=Full 3 12 3 12 v
Package-Temperature Range)
[AWBRENT TEMPERATURE (Ta) = 75°C ORAIN -TO- SOURCE VOLTS (Vgy)
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Fig. 2 — Typical output p-channel drain
characteristics.

Fig. 1 - Typical output nchannel drain
characteristics.
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Fig. 3 — Typical propagation delay time
vs. Cp.
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TABLE | — TRUTH TABLE

3
—— —D—D—0e
14 DCBA|01 234567889
1]
0000/1000000000
2 0001/0100000000
o* — —D—{—0¢ ootloloo1ooco0o0o000
A 0011/0001000000
W, 0100(0000100000(}
- Y 010110000010000
8 | 0110/0000001000
— —{—{>—0o o111/0000000100
t000/0000C000010
2 )b 1001000000000 1
1 D [ t010/000000001t0
x) D D 075 1011000000000
n* =| 1100/0000000010
00— B “ 1121000000000 1{f**
' — 7 111000000000 10
Voo . 1111000000000 1
Q—D“—"D_(” % WHERE | = HIGH LEVEL
*auL INPUTS ARE s 0= LOW LEVEL
T Tiow L ——{ >—D>—D—0r * % EXTRAORDINARY
NETWORK 92CM-17291R2 STATES
vss . o AMBIENT TEMPERATURE (T41+25°C
Fig. 4 — Logic diagram. o Tabicar :ﬁr:!?;‘o':"vf,,:%'ﬂf'ﬁc"
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STATIC ELECTRICAL CHARACTERISTICS £ oo FHH b1 }’
= p
LIMITS AT INDICATED TEMPERATURES (°C) 3 :
CONDITIONS =~ H:
D, F, H PACKAGES E PACKAGE UNITS
CHARACTERISTIC w25 125
Vo | VIN|VDD | .55 125 | -40 85 R
V) | V)] (V) TYP.{LIMIT TYP.[LIMIT, o t
20 % 6 80 00 120 40 80
- - 5 5 0.5 5 | 300 50 5 50 | 700 LOAD CAPACI TANCE(C) ) —oF
Quiescent Device s1c8:19000
Current,I| Max -1 -11 }10 1 10 | 600 | 100 10 | 100 11400 | pA Fig. 5 — Typical transition time vs. C.
- - | 15 | 50 1 50 {2000 | 500 10 | 500 [5000
Output Voltage. - .
L::I-Level 9 508 0Tye..005 Max Loa0 CAmCITANCEC, 1o 3 r
VoL -1l 0 0 Typ..0 05 Max. . T
High Level - 5 495Min ,5Typ
VoH - 10 9.95 Min., 10 Typ.
Noise Immunity: 421 - 5 15Mmn.;2.25Typ o e
Inputs Low, ga;?;‘un
VNL 9 | -|10 3Min., 45 Typ e
v i ]
Inputs High 08| - 5 15Min,2.25Typ ﬁ o
VNH EED 3Min.45Typ ° SumY WA TS(v00! ®
Noise Margin: as | - 5 1 Min szcs-morm
Inputs Low, Fig. 6 — Maximum propagation delay time vs.
pu !
VNML 9 -1 10 1 Min, VpD-
A
1nputs High; 05| - 5 1Min. T Voo ov T T
VNMH 1 —~ 110 1 Min 3 CofALL OUTPUTS) +30F
1 11 200
Output Drive gh.o‘L'f.‘Ll"“"’
Current g‘é’
N-Channel EH L
(Sink), 05| - 5 0.75| 1.2 | 0.6 045 0.35) 1.2 0.3 0.25 §.;-o~‘ i L
IDN Min 05 -{10 |15} 24|12 09| 07 | 24|06 |05 g3 / |
P-Channel mA LE J
anne 451 - 5 |-07 |-09 |-045 |-0.32| -0.32 [-0.9 |-0.22 |-0.18 H R e
{Source), ;
1DP Min. 9 - {10 |-14 |-19 [-0.95 |-0.65| -0.65 |-1.9 [-0.48 (-0.4 4
1 A "
Input Leakage Any Input 107 'ein 0" 10" 0"
¥ in—n
f:urrent. - l -5 £1075 Typ., £1 Max. A casmer = -
Lt Fig. 7 — Dissip vs. input freq

500




DYNAMIC ELECTRICAL CHARACTERISTICS

at Ta =259C, Input ty, tf=20ns, Cp = 15 pF, Ry = 200k

LIMITS
TEST
CHARACTERISTIC CONDITIONS D.F,.H E UNITS
PACKAGES PACKAGE
Vop
(v} | MIN.| TYP. |MAX. | MIN.]| TYP. | MAX.

Propagation Delay

Time; 5 - 250 | 480 . 250 | 700 ns

tPLH, tPHL 10 - 100 | 180 - 100 | 290
Transition Time; 5 - 60 | 150 - 60 | 300 ns

tTTHL. tTTLH 10 - 30 75 - 30 | 150
Average Input

Capacitance, C| Any Input - -5 - - 5 - pF

s 1/6 C0406SS The circuit shown in Fig. 9 converts any 4-
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Fig. 8 — Code conversion circuit.

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 CD4028A 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.

TABLE 11 — CODE CONVERSION CHART

INPUT CODES

Hexa - Decimal

Decimal
INPUTS | o ale OUTPUT NUMBER

r-?::o-"%%"a"

_z-<uu<¥"‘.‘
Dce AlSs(35|X|X%5[=|Sfo 1 23456 7 8 9101112131415
0o000| 0|0 olojJ1 o00000000000000
6001 11 111J0 1 00000000000000O0
0010] 2] 3 o [2[2Joo10000000000000
[oor 1] 3] 2]o[3|3[fooo1000000000000
0100] a] 7J1[afa[Jooooto0o0000000000
0101] s[s6]2 3lo000010000000000
0o110] 6] a]3fn 4J0000001000000000
o111 7] s[af2 0000000100000000
1000|] 8155 0000000010000000
1001] 9146 5j0 00 0000001000000
1010]10[12]7]9 6jloo0o0000000100000O0
101 1] 1N[13]8 s/ ][0000000000010000
1100[12[8|9|/5 |6/ [p0000D000D00001000
110 1] 13| 9 6|7(7]0 000000000000 100
1110] 1N g |8/s]looco000000000001 0O
111 1] 15]10 7 [9]9Joooo0oo00000000000 1

CD4028A Types

Vi

2 | OF 10
0O~ -8 NUMERALS|
e 7
aco  |cO— -
INPUTS e
p(O— CO40284 (— :
A O— —2
—
—0
4 (Trademark) Burroughs Corp. 92¢S (7298m

TUBE ALOUmENINTS

Tyoe Vy VOc) | mA/mmers
Burrought 84081 "0 e
843367718 w |2
84002 o [ e
84021 10| 1e

TRANSISTOR CHARACTERISTICS
Leskage mith tranurior cutolt < 005mA
VigRiceo 2 10V

Fig. 9 — Neon readout (Nixie Tube*)
display application.
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Fig. 10 — Quiescent-devicecurrent
test circuit,
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Fig. 11 — Noise-immunuty test circuit.
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Fig. 12 — Input-leakage-current test circuit.
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