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A2 Al A0

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0, 1

1 1 0

1 1 1
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0 0 0
0 0 1
0 I 0
0 I I
I 0 0

1 0 I
I I 0
I I 1

0 0 0
0 0 1
0 0 0
0 I 1
0 0 0
I 0 I
0 0 0
1 1 1

IdoI2 00 01 II 1000 0 10mx,:
IO 0 IO

(a) (b)
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A

xr

s

HA

B C

CT 455 155



x Y Z

0 0 0
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0 1 1

1 0 1

1 1 0



(b)

X

Z

Y

5.4.2 a94manlouLLpI¶J  Full Adder

CT 455 157



A B C,

0 0 0
0 0 1

0 I 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

C”  s
0 0
0 1
0 1
1 0
0 1
1 0
1 0
1 1

C,=AB+BCi+ACi
- -

S = ABCi  + ABC,  + ABCi  + A~Ci

1

IO11
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co = Cl + c2
-----------I

I - HEIll I

I . IdW I

I

Carry  In
A . 8 carry out

Full adder-sum and carry
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5.13 a9o5¶latllfiu6l¶JpI  FullAdder’hRU%#/HalfAdder2  ~aiadeiaun'u

Sl -

HAI

- A2 s2 s

HA2

c2 = SlCl

Qlfl co = Cl + c2

Co = AB + SlC2

oz:ld

Sl = A + B ( AEx-OrB)

Co = AB + SlC2

Therefore, Equation 4.13 becomes

Co  =AB + (A@B)Ci
=AB+(AB+;iB)Ci
= AB  + ABCi  + ~BCi
= A (B + ECi)  + XBCi
=A(B+Ci)+ABCi
= AB + ACi  + XBCi
=AB+Ci(A+XB)
=AB+Ci(A+B)
= AB  + ACi  + BCi.

160
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INPUTS OUTPUTS

A
Half

#

Di 6Difference)

arbtrector
I9 Be mxrow)

/a/

TRUTH TABLE

I
INPUTS OUTPUTS

I
A 8 Di **

0 0 0 0

t 0 6 I 0 1 I 1 1 I

!

0  1

I 1 1 1 I 0 I 0

A - B Difference Borrow

162

A D

B F S B out

Bin

CT 455



Full subtractor
_____-------A--

-1 Di
1 Di

I
L___-----------A

& 5.17 a905n’Lllnull’LIpI  Full subtractorh.I%+Half  Subtractor  2 kkdufh  OR gate

Half subtractor
C--------

BIB- 4
w-f - i

L---w-
I F II a--i

L-m --m-v-:
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C, CL s SO
*II A FA

Bo B co  -

,

- c, s s,

Al A FA

B, B CO

- c, s s2
A? . A FA

B, B co  -

- c, S s3

A3 A FA

4 B CO c,
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Ej-L+  14.(9)

84
16. (11)

5 x-
1. (12)

4. (15)

8 3 - F -” I_., -t

c,

15. (10)  r
.

P~J  numbers  shown in parentheses are  for LS293.3293

FI

2.U3)r
3
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IS&A, LS283,3233
I\ 0
I/ I

-0 I

kis0

-F

6. (1)
0

2,

=*

t

-
0

0
11. (6)

1
I

1

” I

0
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Decimal

Subtraction

10

-6

4

Binary Special technique

Subtraction Subtraction

1 0 1 0 1”s complement 1 0 1 0

- 0 1 1 0 end Add +1001

1 0 0 1 0 0 1 1

end around

cany 1 0 0

CT 455



INPUTS

DIFFERENCE
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z

5 0
3

:I

’ P
14 2 4
12 3

z
1
1 3

6 0

:I

I_1 0
2 1
15 2O
11 3

7483

7
- Cl 9co -
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contro6

0 = Add0 = Add
1 = Subtract1 = Subtract

A,A, A3A3 A2A2 AlAl

1
7

II co CO 74837483

1

On = Negative Answer to Subtraction
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0 co
748%  I

C4

0

=* =3 =2 =I

True Magni tude Outputs
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hlfhd  5.3 n1r¶lanrflu  1001 + 0101

‘0  = Add
1 I Subtract

I t
I I 1 -, -, -, ‘I ‘I

On = Negative Answer IO Subtraction
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hKilGi  5.4 fll5mMllJ  0101 - 1001

control
O=Add
‘1 = Subtract

fr

+5v=@--+-icoOn = Negative Answer lo  Subtraction

10  10 AjO  /1 Ajl  /o ,

7433-l

c,
1

0 1 0 0

o$lip$~

/

b-lA, O -

7483-2

0 1 0 0

True  Magnitude Outputs
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5.6.4 fWPlXll~lJLNPI  BCD (Binary Code decimal)

t-hues  BCD dluesraug[lPdars~

0 0000

1 0001

2 0010

3 0011

4 0100

5 0101

6 0110

7 0111

8 1000

9 1001

0011 1000 1000

+0101 +0101 +1001

1000 = 8 1101 10001

flfld”9 ltigrlh 1tip%N

1101 10001

+0110 +OllO

10011 = 1 3 10111 = 1 7

1 7 6 CT 455



4

2

4

I 7483-2
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1 1
1

1
0

0 1 I 1 I

Y1
1 Add 6

z& 5.34 fm11-2fll~UUW-d9Qf  BCD ADDER
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5.7 oJ”a~1w~fl6olr~%”  (Multiplexers)

Address Select Inputs

CT455



Address Select lnpuls
A B

I

Data
Inputs<

<

DlDl

D2D2

- 4- 4
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Multiplexer Truth  Tab le

select  output
Inputs

t AB 0 0 1 1 0 0 1 1 Do  D2  D,  Y

D3
- -

Mult ip lexer  log ic  express ion Y=ABDo+ABD,+ABD2+ABD3

CT 455 1 8 1



Dig i t a l
camera #I

F’C  Switcher

Digital
camera #2

Dig i t a l
camera #3

Digital
camera #4

Security Monitoring Switcher

Digital
TV Monitor

Data
i n p u t s

-MUX DMUX-
OUtpUt i n p u t

;P]  5.40 MUX & DMUX ELECTRONIC SWITCHES
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I :4 Demultiplexer

Act ive-LOW Outputs

D 0 0 D 0 0 0
D 0 1 0 D 0 0
D 1 0 0 0 D 0
D 1 1 0 0 0 D

D 0 0 E 1 1 1
D 0 1 Iii11
D 10 1 1 E 1
D 1 1 1 1 1 E

-- - --
Yo=S2S,D Y,=S*S,D G=SZS,D Y,=S;S,D

Y2=SzS,D Y3=SZS,D F=S2S;D q=&S,D

CT 455 183



--
Yo’!&S,D

I :4  DMUX
active-HIGH  outputs

2-pY,=S;S,D
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Data Routing

Data
outputs

Address

ooo Laser printer
001 Dot matrix printer
010 Plotter
0 1 1 Dumb terminal-monitor
1 0 0 For future use
101 For future use
1 1 0 For future use
111 For future use

Output Device

CT 455 185



The function table for the 74138 follows, and the circuit is shown in Figure
4-28.

I Kfl 74138

GI

PC data input D GA

Gs

c - c

Sekct  inputs B  - R y5 3

A - A Y6  3

y7 3

Note: See material in Appendix R for  serial data transmission and the RS-232 standard.
Serial data tmnsmissiott  should not  be  attempted at ‘ITL  voltage levels.

Id  5.45 bhl0~  74138 PC Data Routing Applications
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fll~~bfMP1IlW03iW&l2:4  Decoder

0, = x,x,
-

0, = x,x,
-

o* = x,x,
03 = x,x,

187



Eh5.47  aOXI&fI  2: 4 Decoder

x

0 0 0
0 1 1
0 1 0
0 1  1
1 0 0
1 0 1
1  1 0
1  1 1

00 DI 4

1 0 0
0 1 0
0 0 1
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

OUtpUS
4 0.  4 D,-

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1
0 0 0 0

4-
0
0
0
0
0
0
0
1

188 CT 455



-00

-01

x0 - -02

l-of-8 - 03Xl -
decoder - 0 4

Xl -- OS

- 06

- 07

CT 455 189



nl5QQnlluUasUsQQari~~~~lU~~  8421 BCD Decoder &la'1 BCD ~'Q&iadQ?hJlQlfl

Binary Code Decimal Plh.hlQWi%~lUdLl429  ~&U~UKRI  BCD 0:?60100 0010 1001

A B C D 0 1 2 3 4 5 6 7 8 9

0 0 0 0 10  0 0 0 0 0 0 0 0
0 0 0 1 0 1 0’0 0 0 0 0 0 0
0 0 1 0  ~ 0 1 0 0 0 0 0 0 0
0 0 1 1 0 0 0 10 0 0 0 0 0
0 1 0 0 0 0 0 0 10 0 0 0 0
0 1 0 1 0 0 0 0 0 10 0 0 0
0 1 1 0  0 0 0 0 0 0 1 0 0 0
0 1 1 1  0 0 0 0 0 0 0 1 0 0
1 0 0 0  0 0 0 0 0 0 0 0 1 0
1 0 0 1  0 0 0 0 0 0 0 0 0 1

- - - -
O = A B C D 4=ABcD 7=ABCD

- - -
l  = A B C D S=ABcD

- - -
B=ABCD

2=ABC6 6=ABCB 9=ABcD

3=ABCD
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5.11 awdhu"7%pA"ar (ENCODER)

~1519 5-9 ~f~t%‘n%l~~~~~  2 bit Encoder

0 0

0 0
0 0
0 0
0 1

0 1
0 1
0 1

1 0
1 0
1 0
1 0
1 1
I 1
1 1
1 I

0 0
0 1
I 0
1 1
0 0
0 1
1 0
1 1

0 0
0 1

1 0
1 I
0 0

0 1

I 0

I 1

x  x
1 1 -
1 0 -

x
;  1 -
x x
x x

i i -

x x
x 7.
x x
x x
x x

x x
x x
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0 0

01

x0:

I I

IO

(b)

Edi 5.52 ‘NWW%l2  Bit Encoder
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5.12 Code Conversion

BCD Excess 3

A B C D P Q R S

0 0 0 0 0 0 I 1
0 0 0 1 0 1 0 .o
0 0 1 0 0 1 0 1
0 0 1 1 0 I 1 0
0 1 0 0 0 1 1 1

0 1 0 1 1 0 0 0

0 1 I 0 1 0 0 1
0 1 1 1 I 0 1 0

1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0

CD 00 01 II  10
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C

Bo
4B 4
4

F
4-Bit (Result)
ALU

Comparator

St SO

\ ” I

S E L E C T

mlms5.8  f1159ji191UUW 43WALU

Function
select FWlctiOll

s, S M = 1 (logic) M = 0 (arithmetic)

0 0
0 1
1 0
I 1

A.B
A + B
A8B
.x

A plus  B
A minus  B

Minus B (2’s complement)
A plus  1
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I - 6
Ao  -A3

Arithmetic _ M

Logic
unit

Comparator
-A=B

-A<fJ

* A>B

C T  4 5 5



77=d I
I I

-

A-

BZ
I I 1 A N D
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74181

2 1 23 22 21 20 19 18

Pl1'6145-9WI9fklSVil9lU4  ih ALU b‘%IJ~~74181

Funct ion se lect

s, s, & so

FUllCtiOll

,“=“;

0 0 0 0
0 0 0 I
0 0 I 0
0 0 1 1
0 I 0 0
0 1 0 I
0 1 1 0
0 1 I 1
1 0 0 0
1 0 0 1
I 0 1 0
1 0 1 1
1 I 0 0
1 1 0 1
I 1 I 0
1 1 1 I

A
A+B

XB

0
iiE
B
A@B

AB
x+B

Am

B

AB

1

A+B

A+B

A

A

A+B

*+ij

M i n u s  1
A + AB
(A + B) plus d
A minus B minus 1
AB minus I
A plus AB

A plus B

(A + @ plus AB

AB minus 1

A plus A
(A + IJ  plus A
(A + S)  plus A

A minus I
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