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Jd& o=
flaa o

(e.g. +, - *,.) b Sl I sl 4c s2a
(e.g. 0+x=x,..) dsal ) &) 4c s2a

et odldind () ) gl (shaie (L (51 4S Cal 025 5 )18l George Boole sbla 4 ds s @
true or false vy, ®
aORb; aANDb, NOTa b Sl =

alb|aANDD a|b| aORbD 2 | NOT a
F|F F F|F F F T
F|T F F|T T T F
T|F F T|F T

T|T T T|T T

il 50 salS sl lae Gl 5 0 1 (Switching Algebra) S s Shannon T
(oS 9 s ) S Bome
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) 93 ds
(Two-valued Boolean Algebra)
{0,1} »alic J Glac sane ®
{., +, ‘Jo Ak jlsldc e

X|y| X.¥ X|y| x+y x| x
00 0 0|0 0 1
01 0 0] 1 1 1
110 0 110 1

111 1 111 1

X — X
X.y X+ X X'
L D ) D

Signals: High=5V=1; Low=0V =0
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ds s> Jga!

(Boolean Algebra Postulates)

{} &5 Mee o5 {} 5 {+} ool Sle s lol i B jalic 40 sane dali e s
:A.'\Saﬁ);\)g\)ﬁjdy\@);la‘M\(Unary)

®= 1-Closure: For every x, y in B,
“X+yisinB
“X.yisinB

2- Identities (0 and 1):
“»0+x=x+0=x foreveryxinB
“*1.x=x.1=x for every x in B

= 3- Commutative laws: For every x, y in B,
e Xty=y+Xx
PX.Y=Y.X

= 4- Distributive laws: For every x, y, z in B,

e X.(ytz)=(x.y)+(x.2)
e x+(y.z)=(x+y). (x+2)
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s 2 Jeal
(Boolean Algebra Postulates)

= 5- Complement: For every x in B, there exists an element x' in
B such that

e x+x =1
e x.x'=0
= 6-The set B contains at least two distinct elements x and y.

i Jsal i NOT 5OR ¢ AND ihaie sl Slas B = {0, 1} 4c sana
ks a0yl 15 d s
s e Jald a8 Gl (5 alea o (Boolean function) (s @G <SG

{0,1} 4e sane 401 {0,1} 4 sama (55 G505 @ 5 ol o sla Slee

Seyedarabi
Digital Design- Boolean eyeaarabi

Algebra

(Precedence of Operators)

wcéﬁ@\jﬁ&u}JJaﬁbﬁﬁh\du JM\}J\J:A:LM\SJ}L.\AM u
DS el s Slee 2385 ) () 63

® Precedence (highest to lowest): (),", ., +

Jhe =

a.b+c=(a.b)+c

b'+c=(b')+c

a+b'.c=a+(b').c)

21y s ) gl Ol e 0 ) ealdind Ly m

tJie m

a.(b+c)

(@a+b).c
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3 J g
(Truth Table)

Dbl (o508 583505 03 (Sae S i alad Gl (e (S Joan m
&gwww\)d\aﬁh

INPUTS | OUTPUTS

X1y X.¥y Xty Ji. =
010 0 0 DI 2 -9 50
01 0 1
110 0 1
1 {1 1 1

Seyedarabi v
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i3 Jgan 3 oaldia Ly <l

X.(y+tz)=(x.y)+(x.z) wSali; Ji. =
D20 g8 alilas (LHS )2 5 (RHS )l ) o (5l 2 1) Gy dsaa (i)

N

x.(y +2)

>
<
>
N

(xy)H(x.2)
0

ol Rl Rl el Kol K Ranl Ran ) ool
ol Ll E=d R=d el Kol () Rl oY)
=IO O — | (—]|D|N
el Ll el E=d el el =l I
ol Ll el Rl Ken)l fen) fen) fan)
ol ==d (=] k=] e ] [} L) Y
[l E=d Rl (=) Kl R fan) Fan ) 4
il Lall el Re=l Ke ) Fanl Ka)

O 0 A L0 Y as A 05k 0sa € RHS=LHS W a8 s (i)
gl o SN Ol Sy 5039 rasaa (635 )5 sledlla plai )y adal
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Q. Use truth table to prove the following.
(@A B +AB +AB=A+PB
(b)) ABC+ABC+ABC=B.C+A'B

‘ q
Digital Design- Boolean Seyedarabi
Algebra
oz
X
(Duality)
raile 380 A& Al pine ) jaad b (Aldlas) 0 piine Sjle a1 A 0 el
+o.
10

R0 e G jle (Rdlb Ll ®
a + (b.c) = (a+b).(a+c)
s ) A dine i ) adail ) i OF OB
a. (bt+c) =(a.b) + (a.c)

“two for the price of one” s e oy Y& 4pal Sy 850 ®
AR e Ll i Ko abl 5 S e i) 1) yine abal ) S Led

s WA e 50 o R0 2Bl iina (x4y+Z) = XLY.'Z0 4k, R w
(x.y.2)' = X'+y'+Z’

X.0=0 (i .2swlsa piine 50 o) 80 23l piaax +1=1 4l &) ®

Seyedarabi
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s hal sl

:Jéﬁbéﬁh\ﬁ\ﬂw‘}:ﬁ@qkd\.}us Jsal podle =

1. Ildempotency.

(@) x+x=x (b) x.x=x
Proof of (a):
X+x =(x+x).1 (identity)
= (x + x).(x + x') (complementarity)
=X+ x.X' (distributivity)
=x+0 (complementarity)
=X (identity)

Seyedarabi "
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dsima al sl
2. Null elements for + and . operators.
(@)x+1=1 (b)x.0=0

3. Involution. (X')'=x
4. Associative laws:

(@) (x+y)tz=x+(y+z)=x+y+z

(b) (x.y).z=(x.y).z=x.y.z
5. DeMorgan.

(@) (x +y) =x.y'

(b) (x.y) =x"+y’
6. Absorption.

(@)x+xy=x (b)x.(x+y)=x
st QL sy Jsan b Ol 5 e 1) Ll m
A€ Al Sy Jsaa b)) De-Morgan 4wsad;(p

L (Algebraic Manipulation) s = Sllecly 15 Ll () 55 (o0 (pinas  ®
3 gt ] s Ul g U g 5 odldiad
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S ) sliad

: 4a (absorption) 4u=d i) =
X+ xy=x.1+xy (identity)
=x.(1+y) (distributivity)
=x.(y +1) (commutativity)

= x.1 (Theorem 2a)
= X (identity)
(25 ) e ) 5in) 23 8 (oo L) 4 gl 850 L
X.(X+y) = x
Seyedarabi VY
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(Boolean Functions)
NOTs OR <AND csla Slee s il (sla e dald cad Jijle (s odli ®
(S sbe Ciadle 5 3 e
sl sa il e Gl ang m
Slcde) £ oodliisd NOT ' sORGl2 #¢< AND Gy . Vsera ®
e ol 4356 Al i alen

i
L
»-11
e}
1
)
1
S

Jie =

F1=xyz'

F2=x+y'z
F3=(xy'z)+(Xyz)+(xy')
F4=xy'+x'z

=l =l =] (=] =) fe]

N I Y N F Y I F=Y P =

el el E=l k=l Ll Ll kel kel 0 )

— O[O =[N

el el el e =R (= e =)
OO |—|O(—|
OO |—|O|—|

(=)

A i )y g gl (5 Gldae L sl F3=F4 4S 008 e scalie s 59 )
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(Complement of Functions)

G LA e 1 50 KB LR G O JSe F i doaa giia y m
S ealiil () 55 (e 8 g 4puad ) laie sl

F1=xyz' :J&

Xx|yl|lz]|Fl]|F1

B Jesa oloflo|l o1

, o 0j|0]1]0]1

F1' = (xyz)) ol1]o] o1
=x'+y'+(z') DeMorgan o111 o1
=Xty +z Involution ilolol o 1

110]1] 0 1

(A+B+C+..+2Z)=A".B'.C ... .Z Lj1jrjoj1

(A.B.C...2)=A"+B'+C'+...+Z

Seyedarabi 2
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&l Jasa

(Complement of Functions)

i ol 53 S JaSia by g oa ) oy 1) i O 52 1 o g By @
L pwie Aol A4S 2l 6 (5] 0 Y sara .A.ajs.aiud..a@\.f\d&oigu
Qs A e g ol edh 2 of Siles

F = x+yz’
GU O@j&
Fo=x.(y+2")

. @U dAS\.A
F=x(y'+2)
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Q)i glga 8
(Standard Forms)

& i slee b ) omn (implementation) o e edly yai abass 5 =
Qs lalie g
Pl 0 8 5y m
Sum-of-Products and Product-of-Sums
Jla 29 (a4 JaSia s b 353 a8 )3 s Sy 4 :Literals @
X, X,y ¥y
Jsil xia AND L Jiid o :(Product Term) (o pn ales ®
X, xyz', A'B, AB :Jt«
Jsd va OR LJi e :(Sum Term) ozes 4las ®
X, x+y+z', A'+B, A+B :Jt«

Seyedarabi Ty
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K| J‘ﬁl:w.x\ 451.6-6 Jé
ales 32 OR L (o2 les S5 (SOP) e raliala gan o 8 @
X, X+yzZ', xy'+x'yz, AB+A'B' : J& . o a
alex 2in AND L oren ales S0 (POS) e Juala iy p p &
X, X(y+2Z'), (x+y')(X'+y+z), (A+B)(A'+B') : Jbie . 2en

gl il e POS 3 SOP st il oo (Jdncije 4 @
Examples:
SOP: X'y + Xy' + Xyz
POS: (X +y)X +y) X +Z)
both: X' +y+zorxyz
neither:  x(w’' +yz) or z' + wx'y + v(xz + w’')

Seyedarabi A
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Minterm & Maxterm

1T DMLy sy 0 Jlie b jpaie 45 )sh ¢ ppaian g5 AND ) ot jle o e ®
AL (e iy U5

0 Dhielys vy 1 el i dSy)sh ¢ yuiien s5) OR Jl s jle o jisle @
Al (e i G5

Dol 9 lge il o e Jhe

Minterms Maxterms
X1y term notation term notation
0 0 X'y' mO X+y MO
0|1} xy ml xty' M1
110] xy m2 Xty M2
A5 e bl o iuSle JeSa o sise
e
m2 = Xy’
m2' = (xy')' = x"+ (y') = x'+y = M2
Digital Design- Boolean Seyedarabi V4
Algebra
Canonical Form: Sum of Minterms
s (Je S5 5S o5 @
e Sy el 51 4 0B Sy
Sum-of-Minterms s 1) ds2 @i O 55 (oa 5 280 (o0 (2 0 Alen o jiie
Al Gl
sl
: e | ] (]
x|ylz]|Fl|F2|F3 ) L Jgi'“ﬁ d;;.;.
0/0]/0][ 0] 00O e siie IS g b)) p e gen o b
0/0j1]0 [ 11 Al ey Gl S Ll o lias
0|1]0] 0 0 0 - Jlia
(1) (1) (1) 8 ? } F1 =xyz' = m(6)
1jo[1][o0 1 [1 F2 = X'y'z+Xy'Z'+xy'z+XyZ'+Xyz
1{1Jol 11 ]o = m1+m4+m5+m6+m7
L{1[1]o0]1]oO =1m(1,4,5,6,7)
F3 = lelz+xlyz+xylzl+xy|z
= ¥m(1,3,4,5)
Seyedarabi Y.
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Canonical Form: Product of Maxterms

AL oo (Sum Terms) x> Slea Lea jisle @
il i Ll 0 ol a8 i (lee B (s 8 S leasisle @
A Gl (Products-of- Maxterms) b sisSle opim ajis (15 (e ) 58 @
Eg: F2= TIM(0,2,3) = (x+y+2)(x+y+z)(x+y'+Z)
F3 = TIM(0,2,6,7) =(x+y+2)(x+y+2)(X +y +2)(x +y'+2)

eS)
—
&5
]
=5
w

el el s Rl K=l K =d K =2 k]

e =l =l =l =

=l =l = =1

(=] Ll [l [} [l [e) fen) Ken]

—= == oo —|o
OO === o=
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Canonical Form: Product of Maxterms

S S ) g | s Gl (s O 5 (o

N x|y |z]|F2]|F2
F2 =¥m(1,4,5,6,7) oloflo] o1
F2'=Xm(0,2,3) o011 0

=m0 + m2 + m3 07110]0 |1

01111 0 1
11010 1 0
F2=(mM0+m2+m3) Llol 111 0

=m0'. m2'. m3 DeMorgan 111101l 1 0

=MO.M2.M3 (mj)' = Mj 11111 0

= I[1M(0,2,3)

A0S i Sl i Aol e l) s als e
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1. A Boolean function of 5 variables can have up to

minterms.

2. Given a Boolean function F (A,B,C) =X m(0, 5, 7).
Which of the following is correct?
a) F' (A,B,C)=Zm(0,5,7) b)F (AB,C)=1IIM(1,2,3,4,6)
¢) F (A,B,C) =TIM(0,5,7) d)F' (AB,C)=2m(1,2,3)
e) None above

3. Given a Boolean function F (X,y,2) =y".(X + ') + X".Z.
Which of the following is correct?
a) F (x,y,z) =Zm(0,1) b) F (x,y,z) = Zm(0,1,4,5)
c) F (x,y,z)=Zm(0,1,2,3,4) d)F (x,y,2) =Xm(0,1,3,4,5)
e) F (x,y,z) =Zm(1,2,3,4,5)

Seyedarabi -
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4. Given a Boolean function with 6 variables a, b, c, d, e, f.
What is maxterm M60?
a)a'.b'.c'd.ef b)a'+b'+c'+d' ¢) a'+b'+c'+d'+e+f
d)ab.cde.f' e)atb+c+d+e'+f’

5. Given a Boolean function F (a,b,c) =X m(0, 2, 5, 6, 7).
If a=0, b=c=1, what is the value of F?
a) 0 b) 1 c)bc d)a' ¢) Unknown

6. Which of the following is NOT a minterm of the Boolean
function: F (w,x,y,2) = w.x.z' + X.y'.z + X.z

a) w.x.y.z' b) w'.x.y".z C) W.X.y.Z
d) w.x.y'.z' e) w.x'y.z
Seyedarabi Y¢
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7. Identify the following function F(X,y,z).

a)X.y'.z' +x.y.z+x.z' = & z F
b) X'.y.z+ xy +x.y.z 0 0 ] i
c)xy.z+x.y.z+xy 0 0 { i
d)xyz+xy.z +xy' i 0 g ]
¢) None above . 1 1 1
1 i i 1
1 0 1 1
1 1 0 0
1 1 1 0

Seyedarabi Yo
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S S slga b Juad
= Sum-of-Minterms = Product-of-Maxterms

2pd e il K3 a8 )0 Caia 8 Sy 0 4S b il @

Eg: F1(A,B,C) = Xm(3,4,5,6,7) = [IM(0,1,2)

® Product-of-Maxterms = Sum-of-Minterms
2pd e Alhgl B0d ) i pd Sy 5248 (Dl Gl

Eg: F2(A,B,C) = [IM(0,3,5,6) = ¥m(1,2,4,7)

Seyedarabi ™
Digital Design- Boolean eyeaarabi

Algebra




Conversion of Canonical Forms

® Sum-of-Minterms of F = Sum-of-Minterms of F*
Ipd a diligh 800 B ) Cauwi o ) S 534S s il
Eg: F1(A,B,C) = >m(3,4,5,6,7)
F1'(A,B,C) = >m(0,1,2)

® Product-of-Maxterms of F = Prod-of-Maxterms of F*
Ipd e diish B o B ) Cusia b S 534S (e Gl
Eg: F1(A,B,C) =1IM(0,1,2)
F1'(A,B,C) =1IM(3,4,5,6,7)

Seyedarabi o
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Conversion of Canonical Forms

® Sum-of-Minterms of F = Product-of-Maxterms of F'
S e S il e
Eg: F1(A,B,C) = >m(3,4,5,6,7)
F1'(A,B,C) = 1IM(3,4,5,6,7)

® Product-of-Maxterms of F = Sum-of-Minterms of F'
Dl ga Ol SEa Lwail laa o
Eg: F1(A,B,C) =1IM(0,1,2)
F1'(A,B,C) = >m(0,1,2)

Seyedarabi A
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Q. Consider the function
f(A,B,Y,Z) =X m(0, 2,5, 6, 8, 11, 15).

a) Write this as a Boolean expression in canonical SOP
form.

b) Rewrite the expression in canonical POS form.

¢) Write the complement of f in “little m” notation and in
canonical SOP form.

d) Write the complement of f in “big M” notation and in
canonical POS form.

i Y4
Digital Design- Boolean Seyedarabi
Algebra
L4 "
¢k &l s
LSl g a ie 20 patien gl e
a3 calite ali 227 G ¢ aly Gilas e%&éeﬂo‘ﬂsﬂb@‘ﬁﬁw‘? .
gl
_muﬁg\}sqﬁs@uy:m Sele22=4 juaie g3l e
22 oad saly Gllad ) Jsd 0 (e i BVF e
X y Fo F1 Fz F3 F4 F5 Fe F7
0 0 0 0 0 0O 0 o© 0 0 T i oy "
o 1T o0 o o o 1 1 1 1 * Inhibition: x/y:xy , y/x:xX.y
1 o]0 0o 1 1 0 0 1 1 *  Transfer : Fa=x , Fs=y
1 1 0 1 0 1 o 1 0 1 . -\ )
Symbol — / o + + Complement: Fio=y’ , F12=x
Name AND XOR OR * Implication : xcy:x+y
IF y THEN x
X 'y | Fs Fg Fy F14 Fi Fi3 Fiqy Fys XDy X+y
0 0 1 1 1 1 1 1 1 1 IF x THENy
0 1[0 0o 0 0 1 1 1 1 _ h
17 0]0 0 1 1 0 o 1 1 * NULL: Fo=0
i 1]0 1 0 1 0 1 0 1 * Identity : F15=1
Symbol N © e 57
Name |NOR XNOR NAND
Seyedarabi Y
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Logic Gates

= Gate Symbols

Symbol set 1

2 b
NOT a —Do— a
BUFFER a —|>— a
a
NAND b :D-“- (ab)
a
NOR ) Jo— (a#b)
XOoR 2
LD e
XNOR a
S
Seyedarabi
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o

T

T o

i

L= ']

o o

L= ']

L= ']

Symbol set 2

[ANSIIIEEE Standard 91-1884)

®
[l
o

o
+
o

— (a.b)’

EN

;

(a+b)’

a®b

a@b

™)

Logic Gates: The Inverter

® The Inverter

A —]>o—a

AlA
0|1
110

= Application of the inverter: complement.

Binary number

TYTYYTYY

1’s Complement

Seyedarabi
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Logic Gates: The BUFFER

®* The BUFFER

A
A—|>—A 010

HERPTRILS
el (538 8 5 JUS 5
s Ji&an 2 ali dlayl e

Seyedarabi Yy
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Logic Gates

Logic Gates: The AND Gate

®* The AND Gate

A — A—1 &
A.B ——A.B
B — B —

A.B

AAOO>
OO
- O|l0o|l o

Seyedarabi ve
Digital Design-Introduction to eyedarab!
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Logic Gates: The AND Gate

= Application of the AND Gate

~1sec —
A JUUTIILIIIE A
Counter
Enable
Enable _I—l_
—1sec —
Register,
Reset to zero decode
between Enable and
frequency
pulses display

Seyedarabi
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Logic Gates: The OR Gate

® The OR Gate

A A —
:D— A+B =1 A+B
B B —

_\_\Oo>
OO0

Seyedarabi A
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Logic Gates: The NAND Gate

®= The NAND Gate

A = A o AT & b (aBy
B:D°_(A'B) B:D_DO'(A'B) B— (A8)

(ABY

= =D

NAND Invert-OR

A
0
0
1
1

OOl

Seyedarabi oy
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Logic Gates: The NOR Gate

® The NOR Gate

— (AvBy = g_) Ho—mmy AT e asmy

A[B] (A+B)

0|0 1

0]1 0

1/0] 0 =) »— ="

1 1 0 NOR Invert-AND
Seyedarabi YA
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Logic Gates: The XOR Gate

® The XOR Gate

A A —1m
A®B L AeB
B B |

Seyedarabi e
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Logic Gates: The XNOR Gate

®* The XNOR Gate

B B | A®B

Seyedarabi .
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sahia sl jlaa (s 0ali) anu

Jis =
(i) F1 = xyz’
ol o2 oaliind (535 )5 4 AND S 5l 1
;:} -
(i)F2=x+y'z

ATy Q8 o o JaSa s yuaie 4S 2 S (a8 ) 58 oa

X

F2
A '
z — y'z

(i) F3=xy'+x'z , —]

\ )—|XY'
Y —
F3
X T ,
z— X'z

Seyedarabi £)
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Q1. Draw a logic circuit for BD + BE + D’F

Q2. Draw a logic circuit for

A’BC +B’CD + BC’D + ABD’

Seyedarabi o
Digital Design- Boolean eyeaarabi

Algebra




uﬁh.'m s e Jalad
Analysing Logic Circuit

= Example: What is the Boolean expression of F4?

N AR
Bl

:>_|—D4[>o— F4
C AB'+C

(AB'+CY

F4 = (AB'+C) = (A+B).C’

Seyedarabi ‘v
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Y0 (e

= \What is Boolean expression of F5?

X

o .

Seyedarabi ct
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Universal Gates: NAND and NOR

sihic il 51 ol al sk sl AND/OR/NOT sla o =
At S
10 8 e oaliil ) AV Ko le Gl ampcpll m
(i) usefulness
(ii) economical on transistors
(iii) self-sufficient

NAND/NOR: economical, self-sufficient
XOR: useful (e.g. parity bit generation)

Seyedarabi ‘o
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NAND Gate

b ol Lk 1 Gikia jlae 8 ol 5i 0 3 2 self-sufficient <l NAND @S =
Jla s p ) 2 S

ale gL, AND/OR/NOT slaf olsi o ®

:NAND b NOT @& sjluody =

’ (x.x)'=x" (T1: idempotency) ‘

x.y) :NAND L AND <X (s 5l iy ®
y w xy | ((y)(xy)) = ((xy)) idempotency
y = (xy) involution

:NAND L OR &f s luosly =

X+y ((xx)'(yy))' = (x'y')" idempotency
= x"+y" DeMorgan
=Xty involution

Y

Seyedarabi .
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NOR Gate
(Qussim @f) 2 self-sufficient <ils 53 NOR @ =
il 5T b1, AND/OR/NOT sleif s e ®
:NORU NOT @l siluoly =

’ (x+x)'=x" (T1: idempotency) ‘

:NOR L AND &£ (5l ool ym

((x+x)'+(y+y))'=(x'+y')"  idempotency

=x"y DeMorgan
=Xy involution

:NOR L OR @f (5l salym

X (x+y)
w Xty | ((x+y)+(x+y))' = ((x+y)’)' idempotency
y = (x+y) involution

Seyedarabi £y
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NAND S ) ealdiad b (5 5t oaly

238 (53t 03y NAND a8 5l ol L ) (e i 8 0155 e
S e
2yl @)y SOP 2 (i)
e.g. F3 =xy'+x'z
NAND ) sems 4S 3 )5 Gy |5 (o ADeMorgan 4sd Sl saldind L (i)
A58 5 3 ool Aliha g2
e.g. F3 =xy'+x'z
= (xy'+x'z)"’ involution
=((xy")'. (x'2)')) DeMorgan

At
XZ- ::>D_I(X_Z):>:>— F3
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NOR <ef 31 oaldi) b (5 jlw 03y
5 e oy NOR @i 3l aaliid 1y ) :Q;a G AYS s W
ENp»
s G 1) POS a8 (I)
e.g. F6 = (x+y").(x'+z)
oy il gs NOR ) soms 4S 3551 oy 15 a4 DeMorgan 4sss 3l edlisal U (i)
ETSIERI
e.g. F6 = (x+y").(x'+z)
= ((x+y").(x'+z))' ' involution
= ((x+y")'+(x'+z)')" DeMorgan

y
F6
X :DOJZZDCH
(x'+z)
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SOP b 4l sla (s b ooby

1338 (5 s o2l 4iida g0 il g 43 2 58 0 SOP a8 ®
< 2-level AND-OR logic circuits
%+ 2-level NAND-NAND logic circuits
< 2-level NOR-OR logic circuits
< 2-level OR-NAND logic circuits

=  AND-OR logic circuit

F=AB+CD+E

—F

s d b o
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SOP b 4l sla (s b ooby

NAND-NAND circuit =
R ‘)\,)3 NOT 22 50 juwe 4 —all

L1028 NOT sla 25050 OR f -
A58 % NAND @S

O IS b 53505 s e sl NOT
Asd o N
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SOP pt 4ihss sl (sl 0y

NOR-OR circuit =

A H) ANOT 22 53 juse )y -l

523 NOT s 525,05 L AND @ -
A€ o Sls NOR @& G

Ol JeSa by 525,55 sla Lwitie ) NOT l,

Db e (s

m OO m>

>\

~

~

OO0 m
~
=

m
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SOP a2 4ddag sl (s b oy

OR-NAND circuit =
A I A NOT 22 90 e s ) -l

L1, 02 NOT sl 25,5LOR @f -
2 o Sila NAND @l

235 NOT s 52505 LU NAND @S
A G 8la OR &Ly

O JeSa b sas)5 sla axia s'» NOT
REVPPPUSTRNIEN
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o0 o>

O 0 mx»

m
~

oy

POS o2 4iuk g3 W (5 b oy

103 R (5 3l oy 4l sa s jlea 4 2l 5 a3 POS a8 ®

< 2-level OR-AND logic circuits
< 2-level NOR-NOR logic circuits

< 2-level NAND-AND logic circuits

<+ 2-level AND-NOR logic circuits
= OR-AND logic circuit

I

m
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G = (A+B).(C+D).E
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POS a 4isbg sl sl 03y

NOR-NOR circuit =
JANOT 220 90 juue o ~all

R

NOT sla 52555 L AND S -0
B AR NOR @l L) ead

Ly sl e sl NOT
Asd e (N O JeSe
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OO0 m >

m

OO0 o>

%}G
Bl

m

POS a8 diihaga sl (5 ks 23k

NAND-AND circuit =

R J\,)s NOT 2 90 b A ) !l

L,yeai NOT sl 25,54 OR &k -0
S 5 %s NAND @K

O deSa b 5255 sla aiie 10 NOT
35 o0 (N
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POS ab 4ihga sl (sl salyy

AND-NOR circuit =

A

A S NOT 220 90 e s d -l B

Lo NOT b 2505 LAND &8 -0 -
28 55 NOR s

E

L1, s25 NOT s 625055 NOR &S ¢ l
i€ o Kals AND @S

OIS b 53555 s e sl NOT B

% Y4 IA c’
J‘}u GA u.‘L)S\T! g D/
B
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YaF (st

Q1. Draw a logic circuit for BD + BE + D’F using only
NAND gates. Use both DeMorgan method and SOP
method.

Q2. Transform the following AND-OR Circuit to NAND

circuit.
— F

z

Q3. Using only NOR gates, draw a logic circuit using POS
method for (A+B+C’)(B’+C’+D)
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I 3 ,..:. ,.! .
Positive & Negative Logic
:ﬁj\déﬁ.qtg&&:\gjdy%
< H (high voltage, 5V) = 1
% L (low voltage, 0V) =0
AL e Cudla (3laia ) 3 ol
Bl 5 on 3 Cafle Bhate (Jiry G sSae 3l B g 0l b
S salei
< H (high voltage) = 0
% L (low voltage) = 1
Gle Gl (Sae 8 (K 0 saliiul (shie ¢ g3 4y Ak
20 ila ) (S lie (s
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Positive & Negative Logic

Positive logic:

Active High:

Enable 0: Disabled

1: Enabled

Negative logic:

Active Low:

Enable —O 0: Enabled
1: Disabled
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Eaa (IC) i sa e 02l 5ilA
Integrated Circuit Logic Families
TTL, CMOS, ECL : i dhis sla jlae sla 02l 5ila iany @

= TTL: Transistor-Transistor Logic.

A€ o2l (bipolar junction transistors ) BJT e st 3 5 ) o

standard TTL, low-power TTL, Schottky <l ) sla Hlas Jabd

TTL, low-power Schottky TTL, advanced Schottky TTL, etc.
= CMOS: Complementary Metal-Oxide Semiconductor.

S il (field-effect transistors) FET sl ) giw ¥l 5 3 <

= ECL: Emitter Coupled Logic.

AS e 0déi) (bipolar circuit technology) ki s sla Jlae 5555385 51«

¥ Ll ) 55 e (g i (VL Sl s ey sl o

Digital Design- Boolean Seyedarabi "
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ui%a (|C) g W e 0d) gilA

Integrated Circuit Logic Families
TTL Series Prefix Designation | Example of Device
Standard TTL 54 or 74 7400 (quad NAND gates)
Low-power TTL 54L or 74L 74L00 (quad NAND gates)
Schottky TTL 548S or 74S 74S00 (quad NAND gates)
Low-power B54LS or 74LS 74LS00 (quad NAND gates)
Schottky TTL
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TN (IC) ainma & laa 02 gi&
:1:_3_.3_5 Gladiia

b 8l oa s d ) Ols e 4S (ol bl JiSIas a8 s L Fan-Out

Fan- Jlie ) Gl Sladal (3 S 5l 280 il o 2 8bee 53 gl 5 48l (s
S saldil L 3 ol 58 e Out

Jee! 3 an 238 0 JshaaS Jle )y 1 jliil ,ali L Propagation delay time (nS) <«
28 el as A ol I Gl A a5
sl (8 Sl S Al [y pem o ik daad il il lae S JS LS Al
ok aaly Llaiadads ) 5 cadily dia) sa 5 VL Cae o a3 sla (g b ealy Balad () )
5l ol ) Gl

A e et | ) R O 8 Ciean 1 )58 B eas b Power dissipation (mw) <

WL o Ol G ey LS pAls G alials :Speed-power product (SPP)

D (92 20l 58 e €4S (s s 3l SS) an 2 35 035050 L Noise margin (V) <
0 e ol S Jaad gl U
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