Class 4
Combinational Logic
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Three-Input AND and OR

A A Y=A+B+C
B —_)— Y=ABC BED

C — C

| g

A )f : A A+ B
B i
: B
Y=ABC
C C — Y= A+B+C
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DeMorgan’s Theorems

* Break the line and change the sign

P e

A-B=A+B
A+B=A-B
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A B |A-BA+B|A+B A-B
O 0|1 1|1 1
O 11 1,0 O
1 0|1 1|0 O
1 1,0 0|0 O
A-B
A+B
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Boolean Expression from Logic Gate

A B C |ABC ABC ABC| Y

A 8 c o 0 O0;1 O 0|1
“%7 ’%7 0O 0 1/0 0 01O
% 0 1 0|0 O 0O
4 [ *—_D\I_\_\ 0 1 1/0 1 0/1
t i ) — >—Y1 0 0|0 O 1|1

‘ : ,—DA— 1 0 1|0 0 O0}0O
1 1 0|0 O O0]0O0

Logic gates 1 1 1|10 0 00

Truth table

Copyright © All Rights Reserved by Yuan-Hao Chang



7%

Sum of Products (SOP) and

Product of Sums (POS)

March 19, 2010

A B C [ABC ABC ABC| Y Y Minterms Y Maxterms
O 0 0|1 O O0|1]0/| AaBC
O 0O 1|0 O 0|01 ABC A+B+C
0 1 0 0 0 0 0 1 ABC A+B+C
o 1 1,0 1 0|10 ABC
1 0 0|0 O 1|1|0]| ABC
1 0 1|0 O O|O0]1 ABC | A+B+C
1 1 00 O O|0]|1 ABC A+B+C
1 1 1/0 0 0|01 ABC | A+B+C

Copyright © All Rights Reserved by Yuan-Hao Chang



7%

Sum of Products (SOP) and

March 19, 2010

Product of Sums (POS) (Cont.)

(SOP) - AND then OR

Y = ABC + ABC + ABC
Y = BC + ABC (reduction)

Y = ABC + ABC + ABC + ABC + ABC

b

?&7 AND-OR circuit

ABC

et :D— Y (SOP)

JOU

ABC

Y = ABC + ABC + ABC + ABC + ABC
Y = ABC - ABC - ABC - ABC - ABC

A+B+C

A+B+C

A+B+C |4
e ) ¥ (POS)
A+B+C

@dbw@

A+B+C

OR-AND circuit

Y =(A+ B+6)o(A+§+C)-(K+ B+6)-(ﬂ+§+C)-(ﬂ+§+6)

(POS) = OR then AND
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Karnaugh Map (K-Map) BC

A B C |aBC ABC ABC| Y
O 0 0|1 0 0|1
O 0 1|0 O O0/|O
O 1 0|0 O 01|0O
O 1 1/0 1 0]1
1 0 00 O 1|1
1 0 10 O O0]O
1 1 0|0 O O0]O
1 1 10 O O0]O

c \|0 1
Jl 00 k1J
2 01 m
back 11 /\
o [ ]|

| /KBC
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AND-OR Circuit

e Transform the boolean
expressoin into a simplified

SOP form.

F=Z+XY 2 0
XY
X—{>°“ 00 |[[ 1 1)

> - 01 1 0
Y 11 1 0
D ) 10 )Ll/ 0

z-—[>c
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OR-AND Circult

e Transform the boolean function into a simplified
POS form.

F=XZ+YZ YZ
F=XZ+YZ=XZ-YZ=(X+Z)(Y +2) Z 0 1
. XY

) 3 00 | 1 |1
Do }F 01 | 1 |[(0)
- o il
) 10 | 1 |10

xz |
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AOIl (AND-OR-NOT) Circult 74LS51

Vee 1B NC NC 1D 1C 1Y

* How to design an AQI circulit: L]
— Derive a SOF form for complement F
— Negate the complement F to derive F

F=XZ+YZ 1o 3 5 o @ oF o
F=XZ+YZ Z 0 1

o LY

X P ‘_ 00 1 \l 1

o T }:D‘*“F 01 1 | (0
D = 11 | 1 | [0

’ N 10 1120
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Four-Input NAND and NOR

. 4 F=A.-B+C-D

B . B —

S:_D“"':-*‘BCD = e = -(@.B+C D)
g=e =A-B-C-D

5 = :
) > F=(A+B)-(C+D)
B

éD)T BrCtD ZD_J*D?@ =(A4+B)-(C+D)

=A+B+C+D

Copyright © All Rights Reserved by Yuan-Hao Chang



March 19, 2010 12

7%

ALL NAND

SR e P
. A+B
B—}AB B %
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An Example of All NAND

Design an AND-
OR circuit in the
SOP form so as
to derive a

simplified circuit.

ot
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" [OR ]

CD F7 A 4T 5

F=AB+BC+CD

Copyright © All Rights Reserved by Yuan-Hao Chang



March 19, 2010 14

7%

All NOR

NOT

SR e P
. A+B
B—}AB B %
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An Example of All NOR

A+B e
-~ ~
: _ L — 48 / %
Design an OR- 4 L. - %
AND circuit in the = A \
POS formsoas s I 1’ D\f‘”
to derive a B s /
. . . . , A
[ 50
simplified circuit. ‘ e / (AND
H“*_‘_‘___ .-‘-J/ \\H #// =,
B+C -
A D Yy - 1A 84
F=(A+B)(B+C)
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Lab 4 — Part 1

* Design a combinational circuit to solve the
following question:
—There are three switches (A, B, and C), one green LED,
and one red LED.

—When the power is on,

- The red LED is off and the green LED is on when none or one of
the switches is on.

- The red LED is on and the green LED is off when two or three
switches are on.
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Report4 —Part 1

P R ABRIHRIBEFL ER AL ) -
*Q-lexq
— ¢ * AND-OR (SOP) ~ OR-AND (POS): AOI 37 B ji% /4
Partl frf* 381 % =T Bl Y T B (T4 9rig # mIC“ﬁn
B0 % )RR i A2 ¢
— B AR R R Y

% R F] o o N LAt '

7 i F] 3 Combinational Logic | *

- T o > Circuit: @
RS AND-OR (SOP), OR- g

.| AND (POS), or AOI
circuit
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Lab 4 — Part 2

* Design a combinational circuit to solve the
following question:

— There are three switches (A, B, and C) and one LED.

—When the power is on,

- The LED is on when any two or more adjacent switches are on at
the same time (i.e., AB on, B Con, AB C on).

- Otherwise, the LED is off.
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Report 4 — Part 2
— & * ALL- NAND « ALL-NOR % & f#/&- Part 2 i 8 17 =
TR DR (DA * hlCHhEL > 2 H BB
AR
— L TR R L R

R M R o
:}’7|< mﬁ? rﬂ +5V
—EARE o\
5 Combinational Logic | ~
t—o Circuit:
NG ALL-NAND or ALL-
0 | NOR circuit
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Chip Logic Circuit

Vee
alinlnln
)

HEEREEEERRNEN

1 2 3 4 5 6 7
GND

10 9 8

HEREN

741532

VCC
14 13
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L]
7 74LS04
GND

- [
o [
i
>
o]
o[ ]
~[

74L.S08

GND
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Vee Vee
14 13 12 11 10 9 8 14 13 12 11 10 9 8
[ ] HEEEN [ ] [ 1 []

(T LT LT 0 LT (T 0] O] 7 O OO
1 2 3 4 5 6 7 T2 3 4 5 6 7
GND GND

74L.S00 vee 741L.S02

1 2 3 4 ] G 7

741554 o
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