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 decimal decoded outputs. Similarly, a
3bit binary code applied to inputs A
through C is decoded in octal code at output
0 to 7. A high-level 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 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 (Tgag)
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPES D, F. K, H

-65 to +150°C

-55 to +125°C
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Features:

BCD-to-decimal decoding or binary-to-octal
decoding

PACKAGE TYPE E .. .. .. ...ttt -40 to +85°C - . .
DC SUPPLY-VOLTAGE RANGE, {Vpp) ® High decoded output drive capability. . .
(Voltages references to Vgg Terminal) . . .. .......................... 05t +15Vv . s 8 mA (typ.) sink or source
POWER DISSIPATION PER PACKAGE (Pp): ® “Positive logic” inputs and outputs. ..
FOR Tp = —40 to +60°C (PACKAGE TYPE E) . . ................. .. ... . 500 mW . Medis h;::?p::'a‘t::: go high on selection
FOR Tp = +60 to +85°C [PACKAGE TYPE E) . ... .. Derate Linearly at 12 mW/°C to 200 mW tot - v
For Tp = -5510 +100°C (PACKAGE TYPESD, F.K) . . - . . « . . ... . ... ..... 500 mwW »+ tTHL. TLH = 30 ns (typ.) @ VpD = 10
Far TA =+100to +125°C (PACKAGE TYPES D, F,K) . . . . Derate Linearly at 12 mW/°C to 200 mW ® Quiescent current specified to 15 V
DEVICE DISSIPATION PER OUTPUT TRANSISTOR ® Maximum input feakage current of 1 uA
FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . .. .. .. 100 mW at 15 V (full package-temperature range}
INPUT VOLTAGE RANGE, ALLINPUTS . .. ... ... ........ ... .0'u... ~-05toVvpp +0.5 Vv » 1.V noise Qi (full M
LEAD TEMPERATURE (DURING SOLDERING}: ature range)
At distance 1/16 = 1/32 inch (1.59 + 0.79 mm) fromcase for 10s max. . ... .......... +265°C
RECOMMENDED OPERATING CONDITIONS Applications:
For maximum reliability, nominal operating conditions should be selected so that ® Code conversion
operation is always within the following ranges: = Address decoding—memory selection
control
LIMITS ® Indicator-tube decoder
CHARACTERISTIC VDD D,F, K, H E UNITS
v) PACKAGES PACKAGE
MIN. | MAX. | MIN. | MAX.
Supply-Voltage Range (For Ta=Full 3 12 3 12 v
Package-Temperature Range)

AMBIENT TEMPERATURE (Tpl = 28°C ORAIN -TO- SOURCE VOLTS Ivpg) - T
TYPICAL TEMPERATURE COEFFICIENT FOm -20 s 0 . e :::: TENPERATRE (T I
L WLUES OF wis--0.3% /7 AMBIENT TEMPERATURE | To125 °C o cJ A Rt PP R Y
HH TYPICAL TEMPERATURF COEFFICIENT p S
- THT FOR ALL VALUES OF 3%/
) . Jyyee H
< [sssetiiet 23 S 5N 18" 2238
3 I
€2 . i o -10.2
§°H [ s i)
HH '+ ' {j 3
i H b S St et o I
: : it i :
2 1 : e | t
H ba H s
1 P F i
z 13 2
s ,-4‘4 4ot H "JC
« H T 1 =
e be T o H 0
T 313 H au
’ it : vids S8 vy I i
H 30 H
ot : 3 +H t H &
b ! 20 1t 6 20 40 @ 80 00 120 0 0
ORAIN- TO- SOURCE YOLTS (V¥gp) it LOAD CAPRGITANGE (CL1 — oF
92¢5-19090m 23~ SoPIM 22C3-19100
Fig. 1 — Typical output nchannel drain Fig. 2 — Typical output p-channel drain Fig. 3 — Typical propagation delsy time
characteristies. characteristics. vs. CL.
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Fig. 4 — Logic diagram.

STATIC ELECTRICAL CHARACTERISTICS

TABLE | — TRUTH TABLE

DCBA|01234565678¢9
0000|7000000000
000101t00000000
0010/0010000000
00t1/000t00C000C
0100/00001Y00000
01010000010 000
01100000001 000
01 11/0000000100
100000000000 10
100%1/0000000001
101000000000 10
1011000000000
110000000000 10
1172 10000000001
111000000000 10
1111000000000
% WHERE | = HIGH LEVEL

0=LOWLEVEL

%* % EXTRAORDINARY
STATES

(T M ETTY

300 FOR ALL VALUES OF vpp+03 %/

AMBIENT TEMPENATURE (Ty)e25°C
TYPICAL TEMPERATURE COEFFICIENT
<

LIMITS AT INDICATED TEMPERATURES (°c)
CONDITIONS - =
D, F, K, H PACKAGES E PACKAGE UNITS
CHARACTERISTIC +25 25
Vo | VIN(VDD | 55 125 | -40 85
vl | (v)] (v} TYP.JLIMIT TYP.|LIMIT o i
-1 s5]s [os]| s [300]| s0 50 | 700 oo Cpaciancetcr—pr

Quiescent Device s2cs- 19l

Current,li_ Max. -{-}j10}w0 1 10 | 600 ) 100 10 | 100 11400 | wA Fig. 5 — Typical transition time vs. Cy_.
- - 15 50 1 §0 [2000 | 500 10 500 [5000
. ]
OT::fL\::;tlage: _ 5 5 0 Typ.; 0.05 Max. -'-! et (CL,[.{Q’,}“.C
VoL - |1t 10 0 Typ.;0.06 Max. v ?
High Level - 5 4.95 Min.;5 Typ. !
VOH - 10 9.95 Min,; 10 Typ. a
Noise Immunity: 42| — 5 1.5 Min.; 2.25 Typ. § o.‘o,“
Inputs Low, 48T ; 00,2840,
VNL - 10 3 Min,; 4.5 Typ. : =
- v H H
Inputs High 08 | — 5 1.5 Min,; 2.25 Typ. ; H - "
VNH 1 -1 10 3Min.; 4.5 Typ. ° SUPPLY VOLTS(Vpp! * :
$2¢5-19102M1
Naise Margin: 45| - 5 1 Min,
Inputs Low, Fig. 6 — Maximum propagation delay time vs.
VML 9 [ -] 10 1 Min. Voo
v
Inputs High, 051 - 5 1 Min. o vop 0V
VNMH 1 - 10 1 Min. 3 Co (AL OUTPUTS) - boF i
RGN | |
Output Drive . oo} (ALY }
Current ég ‘
NC H
(sm:?""' 05| - | 5] 075 12|06 |04s| 035| 12|03 | 025 5 o T
IDN Min. 05| - |10 | 15| 24|12 jos| 07 |24]06 |05 83 ‘ ‘
mA 53 ‘
P-Channel a5| - | 5 |-07 |09 |-045 |-0.32( -0.32|-0.9 |-0.22 |-0.18 5w o - 1
{Source), § \ ‘ ‘
ioP Min, 9 | ~| 10 |-14 |-19|-095 |-065 -0.85|-1.9}-048 [-04 £ l ]

Input Leakage Any Input 107 ‘o'mmm‘ ‘.49;“ " 0" 10
Current, - I - l 15 1075 Typ., 21 Max. HA yacs. rese
L e Fig. 7 — Dissipation vs. input frequency.
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DYNAMIC ELECTRICAL CHARACTERISTICS
at Ta = 259C, Input ty, tf = 20 ns, Ct = 15 pF, Ry =200 k2

LIMITS
TEST
CHARACTERISTIC CONDITIONS D,F,K,H \J UNITS
PACKAGES PACKAGE
VoD
(V) | MIN.| TYP. IMAX. |MIN.| TYP. | MAX.

Propagation Delay

Time: 5 - 250 | 480 - 260 | 700 ns

tPLH, tPHL 10 - 100 | 180 - 100 | 280
Transition Time; 5 - 60 | 150 - 60 | 300 ns

TTHL, tTLH 10 - 30 75 - 30 [ 150
Average {nput

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

Rkl p— 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 exampte: 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 N — CODE CONVERSION CHART

INPUT CODES

Hexa— Decimal

Decimal
INPUTS | g“a’ OUTPUT NUMBER

e (k| 8 ez BT

oZ loc| x | e [ %
DCBA|co|jvO|w|wo|<|<+|0 1 23 4567 8 9101112131415
0000 of o0 0|0Oj1 0000000000000 O0O
0001 Tt 1 1j1j0 1 0000 0C000000000O0
0010 2| 3 0 |2|12fj0 01 00000Q000000O00DO0
0011 3| 2|0|3 |3 0001000000000 000
0100 4 7|1| 4 {4 0000100000000 O0O00O
0to1 5| 6|2 3J0000010000000000
0110 6| 4]|3)|1 41000 0001000000000
0111 71 54| 2 000000G100000000
1000 8|16 | 6 00000O0C0CO0C10000O0O00O0
1001 9|14 | & 5]J00000C00C001000000
1010f 1012|779 6]0000C000C000100000
101 1] 11|13 | 8 5 0000000CG00QO0010000
1100 12| 8|9|5 |6 000000000000 1000
1101} 13| 9 6 |7|1710 0000000000001 00
1 110f14|11 8 |8|8]l0 00O 0C00C0O0O00000O0T1T1TO
111 1] 15|10 7 [9|9j0 000 000000000001
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TRANSISTOR CHARACTERISTICS
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Fig. 9 — Neon readout (Nixie Tube®)

display application.
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Fig. 10 — Quiescent-device-current

test circuit.
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Fig. 11 — Noise-immunity test circuit.
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Fig. 12 — Input-feskage-current test circuit,
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