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ITI1100B — Rami Abielmona © 2015 Given alogic function z = F(X,, X, Xy, ---)
| mplicant = product term that,
If equal to 1, impliesf=1

- whenever theimplicantis1=>f=1

- fcanbe 1 other times, aswell: may be
implied by other implicants

Implicants

- from the K-map point of view, an
implicant isarectangleof 1, 2, 4, 8§, ...
(any power of 2) 1’s

Prime I mplicant = cannot be totally covered
by another implicant
(e.g., A€ BC, A’B)

Each “1” which is covered by asingle
Implicant is marked with a star (*)

Essential Prime Implicant = aprime
Implicant that contains at least one “1*”

A minimum cover of alogic function hasto
contain all its prime implicants




Prime implicants

When grouping square:

» a group should contain a maximum of adjacent squares
- Known as PRIME IMPLICANT

» each group represents one term in the function

» a function should contain a minimum set of terms

when selecting groups :

- Select only those groups that have at least one square that is
not covered by another group:

- Known as Essential Prime Implicant

- Do not select a group that has all its squares covered by other
groups: ->Known as Optional prime implicant
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b) Obtain Sum of Products for F

AB
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oof1 | (1 — C’D’
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1 X | X
10 X | X
AD’
F=BC’+ C’D’

ITI1200A A. Karmouch

26



¢) Obtain product of Sums : 2 STEPS

1 - use Minterms to simplify and obtain F’
F’=B’D+C

2 - complement I’ to get the Product of Sum form
F’=(B’D +(C)’= (B”+D’).C°

F =(B+D’).C’
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Two Level Implementations

B - SOP : Two Level Implementation
c 1 T
D F=BC'+ C'D’
C i
—
° , 7 ~___ POS: Two Level Implementation

L F =(B+D).C’
-
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Seven Segment Decoder -Example

a BCD to Seven Segment Decoder inputs data in BCD form and
converts it to a seven segment output

b | IIb__H_IEE 0
H B e ||_H

(a) Segment designation (b) Numerical designation for display
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A- BCD to Seven Segment Decoder

30

< m O 0O
© O dH o < © g
<P]
o
] ] ~e e
,n m
Y (eh) 3
= £
[¢0]
V4
A <
4 NS
m
SIO 0| | H|d|[H o || X | X [X|xX x| x =
|0 OO | | O | X|X XX X|X ~
o|— O H|o oo HoH | X|X x| X| X
Bl O d|H O ||| | XX [X| X X| X
Ol [ O | || | | XX [X]|X X|X
Ol || O O] | | X |X [X|X X|X
O | O || | | X |X [X|X X| X
DOlOlOlOlOlOlOlOl
Oloold|d ool wlo ol oo «|«
MO OO dAldldH A0 OO0 IO H|id |l
Sdicl=l=l=l=lle)alall] it N ol Ralle!




AR

A'BC DY
\‘ 0, -u'l.\.
oo 1 1

AEC

A

AB“C"D’/

i
Ly ] -
] )| 11 10
i r , [T aBcp
LM My . iy
0l 1 Aoy
i Mg Fily g gy A
11
g Mg iy LT
10 1 1 1
- ] T
T [~ AR CD

Note: A'B'C'IY + A'R'CD" = A'R'IY
AB'CD + AR'CIY = AR'D
A'BDY + ARV = BV
A'B'C + AR'C = B'C”
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AB

AB

K-MAP

CD CD

00 01 11 10 AB 00 01 11 10
00| 1 1 |11 00 111 1
01 1 |1 1 01| 1
11 11
1001 | 1 1of 111

b =

CD CD

0001 11 10 AB \ 00 01 11 10
00 1 1 1 ool 1 1 (1
0111 |1 11 1 01 1 1
11 11
1001 |1 10f 1 [ 1

ITI1200A A. Karmouch

d=

32



- g CD

b CD

ag\ 00 01 1110 agN\_00 01 1110
oo W] 0 (T[] ool 1 IMm| v
01( O | 1 MIRIERIAER
1@ 1d 1a 11{d]l 4 [ldl] d
10’_&"“1 @Lﬂj' 10 ET JIEN
a=A+BD+BD*C b=CD+CD +B
C d

ABC 00 01 1110 ABCDOO 01 1110
00[ ML N[0 | 0o[LJ] O L@
o1 [TT1] 111 1) o1[ 0 Mo [
11d lld]{d][d) 110.d |df{d [d]|
10 ( g’ljad,z d 10 (M ﬁ==h

c=B+C'+D d=BC'D+B'C+BD'+CD’




d CD

AB
00

01
11

10

00 01 1110

0

T

0

(

&

0

1
(d

d/

d

1

]

(!

1
d
Gl

)

g=BC'+B'C+CD'+A

ITI1200A A. Karmouch




Implementations using NAND & NOR Gates

» Digital circuits are frequently constructed with NAND or NOR
gates rather with AND and OR gates.

- Both NAND and NOR gates are very valuable as any
design can be realized using either one.

It Is easier to build digital circuits using all NAND or
NOR gates than to combine AND,OR, and NOT gates.

*NAND/NOR gates are typically faster and cheaper to
produce.
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Logic Operations with NAND Gates

X X
y —} (xy2)" Y $ X'yt = ()
{ — {

(a) AND-invert (b) Invert-OR

Two Graphic Symbols for NAND Gate
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Logic Operations with NAND Gates

!

X

Inverter x

(xy)’ (Xy)

{>O_
4[>O_
SR

Logic Operations with NAND Gates

29

X

OR
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NAND gates Implementations

(AB)”+ (CD)”= ((AB)(CD)’y’

D =
B— B —}
] O >
D =
D — D —}
a) Two level with AND-OR b) Two level with NAND& Invert- OR
A
i
SL(_)P\ »> O — DO_ '
o

¢) Two level with NAND gates
(use this in exam)

Three Ways to Implement F=AB + CD
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NAND gates implementations -Examples

1: (1Y) 2: (XYY 4 ((BY)) +(FY)) + @Y=xy'+ Xy 42
3 (Y)Y (XY @)= ()" + (X)) 7+ (@) =xy + Xy 42

yz Y
00 01 11 10
0 1 1 1
F=xy +x'y +z
xll 1 1 1
z
(a)
X x —
: 1 , 1
y — yV —
x’_ @, x’—
2 Y O F 2 3 F
y — 9 Y —
z >c 4

(b) (c)
Using NAND gates to implement SOP



Logic Operations with NOR Gates

X —-O
— (x+y+2z) y—d Xy =(x+y+2)
I —0

(a) OR-invert (a) Invert-AND

e S

Two Graphic Symbols for NOR Gate
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Logic Operations with NOR Gates

Inverter x >C x’

(xty)’ )= (xty)”

X (x+y)’

(' +y) = xy

-
) > (+y)=x"y"

AND

Logic Operations with NOR Gates
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NOR gates Implementation -Examples

@

E.f

POS with NOR

Implementing = (A + B)(C +D)E
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vy O

Other Implementation examples

F:xfyr'zf _'_xyZ)

F!

— xry 4 xy; 4 z

(a) Map simplification in sum of products.
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(b)) F=(x'y + xy’ + z)’
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NOR-OR

D F=[(x+y +z2)"+y + I

Other Two-level Implementations
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Key Terms and Review Points

Essential Prime Implicant
Implicant

Optional Prime Implicant
Prime Implicant

Minimum Cover
NAND/NOR Implementation

° References: Dr. Karmouch and Dr. Groza ITI 1100 Slides



