SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

FEBRUARY 1971 —REVISED DECEMBER 1972

SN54184, SN74184 BCD-TO-BINARY CONVERTERS
SN54185A, SN74185A BINARY-TO-BCD CONVERTERS

SN54184, SN54185A .. . J OR W PACKAGE
SN74184, SN74185A ... J OR N PACKAGE

{TOP VIEW)
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description vs (s 1200 ¢
These monolithic converters are derived from the vé [s nQd s
custom MSI 256-bit read-only memories SN5488 and v7 O 1ol A
SN7488. Emitter connections are made to provide GND []8 ofl v8
direct read-out of converted codes at outputs Y8
TABLE |

through Y1 as shown in the function tables. These
converters demonstrate the versatility of a read-only
memory in that an unlimited number of reference

SN54184, SN74184
PACKAGE COUNT AND DELAY TIMES
FOR BCD-TO-BINARY CONVERSION

e el ousiamized resdanly memories INPUT | PACKAGES | TOTAL DELAY TIMES (o)

‘ (DECADES) REQUIRED TYP MAX
Both of these converters comprehend that the least 3 > 56 0
significant bits (LSB} of the binary and BCD codes 3 6 140 200
are logically equal, and in each case the LSB bypasses 4 - 196 280
the converter as illustrated in the typical applications. 5 1 280 200
This means that a 6-bit converter is produced in each 6 28 364 530
case. Both devices are cascadable to N bits.

An overriding enable input is provided on each converter which, when taken high, inhibits the function, causing all
outputs to go high. For this reason, and to minimize power consumption, unused outputs Y7 and Y8 of the ‘185A
and all “‘don’t care’ conditions of the ‘184 are programmed high. The outputs are of the open-collector type.

The SN54184 and SN54185A are characterized for operation over the full military temperature range of —55°C to
125"C; the SN74184 and SN74185A are characterized for operation from 0°C to 70°C.

SN54184 and SN74184 BCD-to-binary converters

The 6-bit BCD-to-binary function of the SN54184 In addition to BCD-to-binary conversion, the
and SN74184 is analogous to the algorithm: SN54184 and SN74184 are programmed to generate
BCD 9's complement or BCD 10°s complement.

a. Shift BCD number right one bit and examine Again, in each case, one bit of the complement code

each decade. Subtract three from each 4-bit is logically equal to one of the BCD bits; therefore,
decade cantaining a binary value greater than these complements can be produced on three lines.
seven. As outputs Y6, Y7, and Y8 are not required in the
b. Shift right, examine, and correct after each BCD-to-binary conversion, they are utitized to
shift until the least significant decade contains provide these complement codes as specified in the
a number smaller than eight and all other con- function table (following page, right) when the de-
verted decades contain zeros. vices are connected as shown above the function
table.
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SN54184, SN74184

BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54184 and SN74184 BCD-to-binary converters (continued)

6-BIT CONVERTER
LSD

E D C B A
SN54184 OR SN74184
Y5 Y4 ¥3 Y2 ¥vi

25 2% 23 22 21 20,
Vv
6-BIT BINARY OQUTPUT

FUNCTION TABLE
BCD-TO-BINARY

CONVERTER
aco INPUTS OUTPUTS
WORDS | ._'SeeNote Al | (See Note B!
E D 8 A|G[Y5 va v3 v2 v1
01 [
23 t L L oL omlu|r oL oL
a5 L L L H L]t{L t t K L
67 LoL L H HIL|L L oL oH oM
[ 89 JL L H € LfLfL L H L L
R EE S N VT
1213 fL L L ML L L H H L
1415 L H L H Lt jL|[L L H H H,
wis LMoL M o om ol ow oLoL oL
119 lLoHow LlefL v oLoL R
202t fH L L L LfLft A L H oL
2223 W L L oL oH|L|L H U oH oW
5 2026 |H L L M OLLIL H H L L
262/ [H L L H H|L|L H H L H.
28 29 oL M L L|L H H H L.
o o] 3031 [H H L L LfLfL H W o W
> 32338 {H MW L L H|LiM oL UL L L
g 3436 {H H MW L|L[H U oL L o H
363/ |H M oL oW oH|U|H L L oH L
m 38 39 H H H L L L H L . H H
ANY X X % X X|H]H H H H H

H = high level,
NOTES: A.

L = low level, X = irrelevant

input than those shown
highs at outputs Y1 through Y5.

B. Outputs ¥6, Y7, and Y8 are not used for
binary conversion.

conditions other

praduce

BCOD-to

BCD 9'S BCD 10'S
COMPLEMENT CONVERTER COMPLEMENT CONVERTER
aco BCD

E D [o3 B A E 2} o] B A
SN54184 OR SN74184 SN54184 OR SN74184

Y8 Y7 Y6 Y8 Y7 Y6

\Np Nc N Ng, \To Tc TB ¥a,

8CD 9°S COMPLEMENT B8CD 10°S COMPLEMENT

FUNCTION TABLE
BCD 9'S OR BCD 10’S
COMPLEMENT CONVERTER

aco INPUTS OUTPUTS
woRD {See Note C) | (See Note D)
E! o c B8 G |YB Y7 V6

0 t L oL oL LiH L H

1 LoLoLoL L{H L L

2 L L L H LiL H H

3 L L L H L|L H L

| 4 Lt H L LlL H H
5 LU H L ClL WO

6 L L H H LiL L H
[ L L H H Lit v L
8 Lt H L ot Ll vow

9 LOH L oL Ll o LoL

0 H L L L LiL L ot

1 H oL L L HlL|H L

2 H L L H L L H L L

3 H L L H HlLIL H o u
I AN S N S ) S CLOH H
5 LM L HlL]L o L

G H L H H L[L[L H L

7 H L H H H|L|lL  H

8 HoH L L L|L|L L H

9 H o H L L HlL|lC L L
[ANY [ x x X x x|H[H n n

H = high levei, L = low level, X = irrelevant
NOTES: C. Input conditions other than those shown produce
highs at outputs ¥6, ¥ 7, and Y8§.
D. Outputs Y1 through Y5 are not used for BCD 9's or
BCD 10’'s complement conversian.
TWhen these devices are used as complement converters, input E is
used as a With this the BCD 9's
complement is generated; when it is high, the BCD t0Q’'s comple-

mode control. input low,

ment is generated.
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SN54185A, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54185A and SN74185A binary-to-BCD converters

The function performed by these 6-bit binary-to-BCD
converters is analogous to the algorithm:

a. Examine the three most significant bits. If

the sum is greater than four, add three and

shift left one bit.

b. Examine each BCD decade. If the sum is
greater than four, add three and shift left

one bit,

6-BIT CONVERTER
6-BIT BINARY INPUT
™\

,
E D C B A
SN74185A
Y5 Y4 Y3 Y2 Y1

c. Repeat step b until the least-significant
binary bit is in the least-significant BCD

RAMs Q&)

B A D C B A
tocation. \_\/_/\——V_—_/
MSD LSD
6-BIT BCD OUTPUT
TABLE 1l
SN54185A, SN74185A FUNCTION TABLE
PACKAGE COUNT AND DELAY TIMES BINARY INFUTS OUTPUIS
FOR BINARY-TO-BCD CONVERSIO WORDS BINARY SELECT |ENASLE
- N €E D C B A G i¥8 Y7 Y6 Y5 Y4 Y3 Y2 Y1
INPUT PACKAGES TOTAL DELAY TiME (ns) 6.7 JL L L L L v H H L L L L L L
(BITS) REQUIRED TYP MAX 23 L L oLt Wb oL H H L L L L L H
206 ] 75 20 4.5 [L L L H L L H H L L L L H L
6 7 L L £t H H L H H L L L L HH
Tor8 50 80 89 [L L M L L L H H L L LHL L
9 4 75 120 Wwar|L L H LK L HoH L L H L L L
10 6 100 160 1213 |t L H H L L H H L L H L L H
11 7 125 200 14.15|L L H H H L H H L L H L H L
12 8 ‘125 200 1617 L H L L oL . H H L L HL HH
18 19t H L L H L H H L L HHLULL
13 10 150 240 20 20 |L H L H L L H H L H L L L L
14 12 175 280 22.23{L H L H H L H H L H L L L H
15 14 175 280 24 25tk H H L L L H H L H L L H L
15 16 200 320 26.27 L H H L H L H H L H L L HH
17 19 225 360 28 29|L H H H L L H H L H L H L t
30 31 [L H H H H L H H Lt H H L L L
18 2 225 360 32-33 |H L L L L L H H L HHL L H
19 24 250 400 34 35 [H L L t H L H H L H H L H L
20 27 275 440 36 37 [H L L H L L H H L HH L HH
38 39 H L & H H L H H L H H H L L
40 a1 |H L H L L L H OH H L L L L L
42 a3 H L H oL H 18 H H H LU L 18 L H
44 a5 |H L H H L L H H H L L L H L
a6 47 |[H L H H H 1 H H H L L L H W
48.49 [H H L L L L H H H L L H L L
50.51 {H H L L H [ H H H L # L L L
5253 |H H L H L L H H H L H L L H
55 |H H L H H% ~ L H t!__H_ L H L »H L
5 67 |H H H L L L H H H L HL HH
58 53 |H H H L H L H H H L H H L L
60 61 |H H H H L L M H B H L L L L
62 63 |[H H H H H L H H H H L L L H
{ 62

ALL [ X X X X X H H H H H H H H H

H = high level, L = low level, X = irrelevant
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SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, V¢ (see Note 1)
Input voltage . e e e e e
Operating free-air temperature range: SN54184, SN54185A

SN74184, SN74185A

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
55V

—55°C to 125°C
0°C to 70°C
—65°C to 150°C

SN54184, SN54185A

SN74184, SN74185A

MIN NOM MAX | MIN NOM mMAX unIT
Supply voltage, Ve 4.5 5 55 4.75 5 5.26 Vv
Low-level output current, g 12 12 | mA
Operating free-air temperature, Ta —55 125 0 70 C

electrical characteristics over recommended operating free-air temperature range (uni

ess otherwise noted)

TEST CONDITIONS?

PARAMETER MIN TYPi mAX|uUNIT
Vi High-level input voltage 2 A
ViL Low-level input voltage 0.8 A\
Vik Input clamp voltage Vee = MIN, f} = —12mA -1.5 v
X Ve = MIN, ViH=2V,
IoH High-level output current 100 uhA
V=08V, VOH - 55V
Vee = MIN, VIH=2V,
Vo Low-level output voltage 0.4 Vv
ViL=08YV, lgL = 12mA
Iy. Input current at maximum input voltage Vg = MAX, V)=55V 11 mA
hH High-level input current Vee = MAX, Vi=24V 40 wuA
he Low-level input current Ve = MAX, V=04V —-1] mA
iccH Supply current, all outputs high Vee « MAX 50 mA
tccL Supply current, all programmed outputs low 62 a9

TFor conditions shown as MIN or MAX, use the appropriate value specitied under recommended operating conditions for the applicable type

FAll typical values are at Ve =5V, Tp - 25°C.

switching characteristics, Vgc =5V, Ta = 25°C

o PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
> tpLH Propagation delay time, low-to-high-level output from enable G C) = 30 pF, 19 30 ns
g tpH Prapagation delay time, high-to-low-level output from enable G Ry q =300, 22 35 ns
0 tpy H Propagation delay time, low-to-high-level output from binary select Ri2 = 600 $2, 27 40 ns
tpL Propagation delay time, high-to-low-level output from binary select See Figure 1 and Note 2 23 40 ns
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SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

schematics of inputs and outputs

EQUIVALENT OF TYPICAL OF
ALL INPUTS ALL OUTPUTS
Vee - QUTPUT
6 kst —
NOM
INPUT —-

PARAMETER MEASUREMENT INFORMATION

Vee
Ry 133005
30 pF
FROM OQUTPUT 4
UNDER TEST 1AN
CL
R 2 2 600

C_ wncludes probe and jig capacitance

LOAD CIRCUIT
FIGURE 1

NOTE 2: See General Information Section far load circuits and voltage waveforms.
2]
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SN54184, SN74184
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA
SN54184, SN74184

8CD BCD
N A
- N a N
MSD LSD MSD LSD
N —— —N—— N
[ 111 L]l
€E D C B A EDCGB A
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
Ll L[ {1
E D C B A E D C B A E D C B A
¥5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 ¥3 Y2 V1
2R [ [ | T T
OPEN QPEN

E D C B A
b6 b5 b4 b3 b2 bl bO

YS Y4 ¥3 Y2 Y1
BINARY [ [ I

FIGURE 2—BCD-TD-BINARY CONVERTER E B C B A
FOR TWO BCD DECADES

Y5 Y4 Y3 Y2 Y1
= [ o c 8 a
MSD —most significant decade Y5 Y4 Y3 Y2 Y1
LSD~least significant decade
Each rectangle represents an SN54184 or SN74184 l l l I
— v v 9
OPEN b9 bB b7 b6 bS b4 b3 b2 bl b0,

BINARY

FIGURE 3—BCD-TO-BINARY CONVERTER
FOR THREE BCD DECADES

TeExas ¢
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SN54184, SN74184
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA
SN54184, SN74184

BCD

/- N\
MSD LSD

D5 C5 B5 A5 D4 C4 B4 A4 D3 C3 B3 A3 D2 C2 B2 A2 D1 C1 B1 A1 DO CO BO AO

E D C B A
Y5 Y4 Y3 Y2 Y1

[ 1

€ D CB A E D C B A

Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1

HEEERE

OPEN E DCB A €E DC B A

Y5 Y4 ¥3 Y2 V1 Y5 Y4 Y3 Y2 Y1
HENEENEERE
A E D

E D C B C B A €E D C B A

Y5 Y4 Y3 Y2 V1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 ¥2 Y1

| | | AEREEEE
E D C B A E D C B A EDCGB A E DCB A
Y5 ¥4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 V1 YS Y4 Y3 ¥2 Y1 Y5 Y4 Y3 Y2 Y1
[T TTTd [ 11
OPEN E DCGB8 A EDCB8 A EDCB A
Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
HERR INRPEEEEE
E DC B A E D C B A E DCB A
¥5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
] 1T 1 [ L7 L]
EDC 8 A E DCB A E DCB A
Y5 Y4 Y3 Y2 Y1 ¥5 Y4 Y3 V2 Y1 Y5 Y4 Y3 Y2 Y1
l 1111 P11
E D C 8 E D C B A
OPEN vs vavavzvyi]|]vs vavaveva
[ ] NN
D C B A E D C B A
¥5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 Y2 Y1
| | [ ]
NC E OC B A
Y5 Y4 ¥3 Y2 Y1
il
EDCB A
Y5 Y4 Y3 Y2 Y1
= 1
E D B A
Y5 ¥4 ¥3 Y2 Y1
MSD—most significant decade I ! 3 L v L
LSD—least ficant decade L 9 v L A L < "
Each v::zsanss;?:lyel::sen:::nd SN54184 or SN74184. OPEN\MQbIBb”bIGmsbmh‘;amzb‘”mu ;; b8 :,7 b6 ;; b4 ;73 b2 ;v] hOJ
\'
BINARY

FIGURE 4-—-BCD-TO-BINARY CONVERTER FOR SiX BCD DECADES
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SN54185A, SN74185A
BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA

SN54185A, SN74185A
BINARY BINARY
A\
86 B4 B3 B2 B1 BO /BIB 317 ele B5 B4 B3 B2 B1 B0
EDCB A E D ¢ B A
Y6 Y5 ¥4 Y3 Y2 Y1 Y6 YS Y4 Y3 Y2 Y1
1 l l l l l E D C B A
e e
MSD LSD Y5 v4a_ v3 vz vi
8co E b c¢c 8 Alfo ¢ B8 A
FIGURE 5—6-BIT BINARY-TO-BCD Y6 _v5 va v3 vz vilva _v3 vz vi
CONVERTER l l l l l 1 l l J
y
N

Lv_/ — / /
% Va
MSD LSD
\
~/
BINARY BCD
VA
/57 85 B5 B2 83 B2 B1 B0 FIGURE 7-9-BIT BINARY-TO-BCD
I l I l CONVERTER
EDCB A
Y6 Y5 Y4 ¥3 v2 Y1 BINARY
/
t O C &8 & B11 810 B9 B8 B7 B6 85 BA B3 B2 Bt B0
Y5 ¥4 ¥3 Y2 Y1 I I l I I
E D C B A
= [t o0 c 8 a Y6 Y5 Y4 Y3 v2 Y1
¥5 ¥4 ¥3 Y2 Y1 Il
E D C B A
llll +ve Y5 Y4 ¥3 Y2 Y1
5 S -
MSD LSO y E b ¢ 8 Alfe o ¢ B A
V
BCD Y6 Y5 v4 Y3 v2_ vilivs v4 v3 vz vi
4 FIGURE 6—8-BIT BINARY-TO-BCD ] [ ] [
> E o ¢ 8 Alffe b ¢ 8 A
g CONVERTER
Y5 va v3 vz viflys va vi v2 vi
7}
[ 1 [ |
E b c¢c B alfoc ¢ 8 a
Y6 _v5 va v3 vz vilva v3 vz vi
BERRE i
N e —— / N 7
"/
MSD LSD

FIGURE 8-12-81T BINARY-TO-BCD
CONVERTER (SEE NOTE B)

MSD-—Most significant decade
LSD—Least significant decade
NOTES: A. Each rectangle represents an SN54185A or an SN74185 A,

B. All unused E inputs are grounded.
{i’
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SN54185A, SN74185A
BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54185A, SN74185A

BINARY
B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 BS 84 B3 B2 81 B;\
E o] [+ B A
Y6 Y5 Y4 Y3 v2 VY1

v6 v5 VY4 ¥3 Y2 vij|ys Y4 Y3 v2 Yt

Y6 Y5 Y4 Y3 Y2 VYi

v6 ¥5 Y4 Y3 Y2 Y1} |ly5 Y4 Y3 ¥z Yvij|vy4 Y3 vz VY1

Y5 Y4 Y3 Y2 Y1

V- Vo V V e
MSD LSD
\
~/
8cop

FIGURE 9-16 BIT 8INARY-TO-BCD
CONVERTER (SEE NOTE B)

MSO-—-most significant decade

LSD —least significant decade

NOTES: A. Each rectangie represents an SN54185A or SN74185A.
8. All unused E inputs are grounded. )
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