CMOS

BCD-to-Decimal Decoder

The RCA-CD4028A 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 decimat decoded outputs. Simitarly, 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 Vss. High drive
capability is provided at all outputs to en-
hance de 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 (T}
OPERATING-TEMPERATURE RANGE (T a):
PACKAGE TYPES D, F, K, H

65 to +150°C

-65 to +126°C

PACKAGETYPE E .. ... ... ittt it iiianas -40 1o +85°C
DC SUPPLY-VOLTAGE RANGE, (Vpp}

(Voltages references to Vgg Terminal) . . .. ....................0c0v... -05t0+15V
POWER DISSIPATION PER PACKAGE (Pp):

FOR Tp = -40 t0 +60°C (PACKAGE TYPE E) ... ..............ccuuiu.. 500 mW

FOR Tp = +60 to +85°C (PACKAGE TYPE E)  ...... Derate Linearly st 12 mW/°C to 200 mW

For Tp =-55t0 +100°C (PACKAGE TYPESD,F, K) . . . . . . . .. . .. ... .. ... 500 mW

For Ty = +100 to +125°C (PACKAGE TYPES D, F, K} . . . .
DEVICE DISSIPATION PER OUTPUT TRANSISTOR
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)

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

Derate Linearly at 12 mW/°C to 200 mW

100 mW

At distance 1/16 + 1/32 inch {1.59 ¢ 0.79 mm)} from case for 10 s max. +265°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selected so that
operation is always within the following ranges:
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FUNCTIONAL DIAGRAM

Features:

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

® Quiescent current specified to 15 V

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

® 1-V noise margin (full package-temper-

ature range)

Applications:

Code conversion
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Fig. 1 — Typical output nchannel drain Fig. 2 — Typical output pchannel drain
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Indicator-tube decoder
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Fig. 4 — Logic disgrem. . 300| FOR AL VALUES OF Voo 03 R /et
: "
STATIC ELECTRICAL CHARACTERISTICS I sssaastsasatss
LIMITS AT INDICATED TEMPERATURES (°C) 3
CONDITIONS : : I
D, F, K, H PACKAGES ] E PACKAGE UNITS 2 :
CHARACTERISTIC +25 25 3 i
Vo |VIN|VDD | 55 125 | -40 +85 : 1
v | v ] v TYP.{LIMIT TYP.|LIMIT o HHHTH
LH T
o 1 -1 sls |os| s la0]ls | 5] s0f70 Touw Soncranceicp -
Quiescent Device s2cs 901
Current,)|_ Max. - | =[]0 1 10 | 600|100 | 10 | 100 [1400| pA Fig. 5 — Typical transition time vs. Cy..
-1 =115 |50 |1 50 (2000 [ 500 | 10 | 500 [5000
Output Voltage: -1 5|58 0Typ./0.05 Max. H T 128
Low-Level, E:
VoL - |1 10 0 Typ.; 0.05 Max. i HHH
\" =
High Level - 0 5 4.95 Min.; 5 Typ.
VOH -1 o010 9.95 Min.; 10 Typ. ;
»
Noise Immunity: 42| - | 5 1.5 Min.; 2.25 Typ. 4 Sy
Inputs Low, 0455240
VNL 9 | - |10 3Min.; 4.5 Typ. 24
v 25! : ;
Inputs High o8| - | & 1.5 Min.; 2.25 Typ. Y SESEEE e mﬁi £
. )
VNH 1 - | 10 3Min.; 4.5 Typ. SUPPLY VOLTStVgp)
92¢5-19102R)
Noise Margin: _ :
inputs Low, 48 5 ! Min. Fig. 6 — Maximum propagation delay time vs.
VNML 9 - 10 1 Min. VDD-
v
Inputs High, 0.5 - 5 1 Min. T T T
VNMH 1 _ 10 1 Min. 3 Co tALL OUTPUTS) - 5 pF
l 1 r s 2008
Qutput Drive £ e} L meuTs)
Current §§
N-Channel EH
hanne 05| —| 5] 075 12}06 |04s| 035| 12|03 | o025 £
(Sink), Ké
IDN Min. 05| - | 10| 15| 24|12 |09] 07 | 24|06 |05 §§
mA HE
P-Channel as| - | & |-07 [-09 |-045 [-0.32] -0.32 |-0.9 |-0.22 |-0.18 g e 1
{Source), s !
IDP Min. 9 | -] 10 ]-14 |-1.9|095 |-0.65| -0.65]-1.9 |-0.48 |]-0.4 H i
Input Leakage Any Input o Io'rnsouincv I »‘— He o ©
Current, - - l 15 +1075 Typ., +1 Max. A sics 78
liL Fig. 7 — Dissipation vs. input freq
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DYNAMIC ELECTRICAL CHARACTERISTICS Ve
at Ta =259C, Input t, tf=20ns, Ct = 15 pF, R =200kQ o_{'““‘_—s | 0F 10
D :: NUMERAL S
LIMITS acy  JCO— t—6
TEST INPUTS Q s O] COs0264 —3
CHARACTERISTIC | CONDITIONS D,F,K,H E UNITS o— 3
PACKAGES PACKAGE =
VoD +
(V) |MIN.| TYP. [MAX. |MIN.| TYP. ]MAX. a {Trademark) Burroughs Corp. s2¢5- 172980
Propagation Dela TuSe AOUIRERENTS -
T?mi' Y 5 — | 260 | 480 | — | 250 | 700 T e T
LM, - s " |
PLH, tPHL 10 100 | 180 100 | 290 sz mo it
Transition Time; 5 - 60 | 150 | — 60 | 300 rassTon omaCTERATSS
TTHL. TTLH 10 0| 75 |10 Yemeto 270V
: — - Fig. 9 — Neon readout (Nixie Tube*)
Average |nput display application.
Capacitance, C| Any tnput - 5| - - 5| - pF
INPUTS L o v
/6 CDAOSSS The circuit shown in Fig. 9 converts any 4- 00
bit code to a decimal or hexadecimal code. oo
Table 2 shows a number of codes and the s

“

decimal or hexadecimal number in these
codes which must be applied to the input
I terminals of the CD4028A to select a partic-

AoRoc 0 A8 &0 tar output. F le: in order to get
o288 coac20h ular output. For example: in order to get a
high on output No. 8 the input must be
0O 123456789 0 ) 23456789 . . . .
T—H l ”HTT TTI ’ I I I [rr either an B expressed in 4-Bit Binary code, a
ore3eser 89 1011213 14 15 15 expressed in 4-Bit Gray code, or a 6 ex- YSS e areos
16 OUTPUTS sres-nzssme  Dressed in Excess-3 code.

Fig. 8 — Code conversion circuit.
Fig. 10 — Quiescent-device-current

test circuit.
TABLE 11 — CODE CONVERSION CHART Voo
INPUT CODES mPuYi_l outpuTs
Hexa - Decimal Yoo~ fhn - .
Decimal it : %
NL
INPUTS | 5 ale OUTPUT NUMBER - )
o ‘t’lg% Zle NOT
> | > ore
[l | =2 1] 34: u¥1:~'4 vss TEST ANY COMBINATION
aZ |ox | X | x| X[ OF NPUTS
DCB AlSS|36| S [S65|=|<fo 1 23456 7 8 9101112131415 secs.2renr
ooo0aoa| oo olofJtoooo0co00000000000
D00 1| 1]1 1MfiffJo 100000000000 000
0o010] 2|3 o [2]2foct0o000000000000 Fig. 17 — Noise-immunity test circuit.
0011] 3| 2]o[3 (3] [o0o01000000000000
0100| 4] 7]1/4 [4] Joooco0100000000000
o101] s[s]2 3loooo0010000000000
o110] 6] a]3]n slooooocot1o000000000 vio
0111] 7[5[4]2 0000000100000000 wouts
tooo| 8/1i5]s 000000001000000°¢0 voo noTE
T001] 9146 5l0 00 0000001000000 ~O- ueasuRe meurs
1010 10J12]7]9 6looocoo000C000100000 vss 0 BOTH Yoo MAD Vey
101 1] 1|13]8 5] [ 00000000001 0000 e il it
T100] 1289|516 [00000600060001000 g,
110 1] 13] 9 6 |7]7)]000000C00D00000100
1110} 4|1 8/8/8jlo000000000000010
1111}15]10 7 ]9{2J0 06 0000000000001 Fig. 12 — Input-leakage-current test circuit.
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