ENG 100 LECTURE. B | Amirtharajah

wwwwww
CEEEToT

mmmmmm

wwwwww

wwwww

mmmmmm

gt ‘ Digital Logic

Consider cireuit elements i digital /03&, citeurts as ideal switches
(+ypica\1~’ implemeﬂ'l'ei-us'mg +ramsis+or5.)

Cieeunts

Parallel  Connection
SRR ST IR S G A

__)A(
4
logic N %
B

e When A, B are "1‘\) then switches are closed ,
* When A B are “0%, then switches are open -

Truth  Table (Moppimﬁ from iﬂpu“’ sijnals +o 0u+pu+ Sigﬂtﬂ)

Matrhematical (Loa]cat) o> Operation
L= A+ B
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EoW b 4 A//c ;v/c oL Sefies Connection

[OS\C ”l“ A 6

Truth Table

A DB L “AND " Opecation

(0] o o Mathematical Form
o] l 0 20'_ ) i ArBR=1l. s AB=LE
{ O o) i

| \ l

“INOTY  Opecat Tnverss
N P 10N ({ £ \on) Mathewat: cal Form
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“XORD  (Exclusiye OK) Operation

logre 1 )( TN T
’; IR AEN Mathe matical Form

L= (A+R)(A+B) = A-B+A-B
L= A®PR

IL.. [Boolean Algelsra

Mathematical manipulations of equations invelving single- bit
lﬂ"lna.w/ numbers.

Basic QOpecations

”OK“ +
”AND“ )
Not” A
Commutative Law A+ R=B+ A AR = RA

Associative  Law  (A+B)+C= A+ (B+<)  (AB)C =A (BC)

Distrivutive  Law A(B+c) = AR + AC
A +8C = (A+g)(A+C)

Tdentitiess A-4d= A A+ O TA B3 A
A O=0 A+ A=A
A- A=A A+ 1 =1
A-8=0 A+A =1
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Theotems of Boolean Algelra (pp 772~ 778 n book)

AlriAR=. A
Al(A+rBY = A
A+ AR=A+ B
A(p +8)= AB

DeMorgan's Theorem

A+f8l = AB
7\_- “A+8
Sum of Products Express Boolean function as OR of ANDsg
F = ABC * ABC + ABC ~+|ABC
e ——d
Think about winterm
wheve F=4
Truth Table for F
A B ¢ F
%, O (0] )
o 0 [ | —> ABC = ™, (ABL =001 = binary #1)
0 | o \ | —» AgC = my
0O ! \ o %
I o o L - ABC E My
i O ! 0
| 1 O @)
{ 1 a (LT 18t = o
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Implement F using Logic Gates

]——-ﬁ ABC
A__g— >«: — ANY
; o B
Aue) BEC
1%
‘- —"")
iikn ABC
o
=1 |
Prodwet 5‘? Sums Eﬂpr‘;ss Boolean function ac AND _f ORs
_E,- AsE, + Afc + dsc + ABCT
™M v m it
[ [ 3 o]
Think a.‘o_?u't'
where F=0D

F=F = ABC + ARC + ABC + ABC

U~S'm3 De I\/fowraan‘s Theforcwﬁ'.

F = (ABC) (ABC)(ABC)(ARBC

= (73}_"’@*(-)(/?'*5*'3)(A-r@-?z)(ﬂ-s-&-t-c)
S0 g S 0

mMaxterm
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Teuth Toble tor F Same as pbove
A (<} e F
O 0 o) o, —PlARC =M,
Q o} | i
0 | 0 | L
8] i | O — ABRC = Mz
ey ; 0.0 ‘ s
1 0 l 0 —»ABC = m,
sh5see ! | o O —*%ABC = m,
Eatteg l l | \
siEges
Rastes _
§§§§§§ Logic Gate Twplemeatation of F using Product of Sums
.
5

D : F:mb- ms'ms'mo
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THE . [ Kafna,qgia Map.g

Karnaugh maps are « 3(‘apl«nca! method of Simplifying Boolean
exprcrg\ons.,

Ex: F=ABc. +ABC |+ ABC + ABC
e NG O, —— VO
mD mi W\g_ mb

F{rs-{“—) —}—v-y 4o S?-mpli-FY us{ﬂj Boolean a{ge,bra_i
F = RE(C¥C) + BT(BFA) = AB + 6T
i 3 ; % 8

Karnaugh Maps of 3 Variables F is sum of products (mintermy

ec
Axl Gol oty '
o N L - Only need eno ugh terms +o
E-w @_ Lo 0 d “Coved s lall Az
] UJ P <|BE +.BE
_ A
AR BL For minferms , Hrink

wheve 18 F = ,1_7

Karnauﬁh Maps oF 4 Variables

cp
AR o0 o] ]l i#lllo

VMt Mgim gt My

oMzt ™Ma|m
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2 Find expression corresponding r -Fo\lowiﬂg Kamama\n map ,

AS'CDOO afivitib e
oo‘m w
Jan
RED
)} of \l

=
F=cp +8C + BCD

Exs Find e,x‘:ression for ;Fo“owfﬂg Kavnaua\n maP“.

b

A O 1oV ]|110

o0

@D
tH @
o[ 1D

Fl= ARC| % ABE |+ ABCH
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Karnaugh Ma?s for Maxterms (Pfodutc_:\' of  Sums)

G:roup 07 %) Ka(‘nau,gh Ma?

Exel Il = (A hal b (A+@+c,+§)'(f=\«-€*—c+ D) e
— \—-'-W.__...J S S g 5
Mo m, "y

Cﬂ_*g- +C +D) (A+B+T+D) (A +B+C+D) ,

N et R e ettt feeen®

M, M- Mg
(F+B+Cc+D) (A+B+C+D)(A+B+C+D)
——— N F N — T

Mg "y "is

Towthh  Table For Fq

A ) € D F1

o 0 o) o o mp | AXBICTD

o 0 O ] o) m, A+B+c+D

0 o ! ) [ m,

0 0 ; | ! m, B

o | o) o o, My | A+ B+ CHD
o2} [ & 1 | mg

o l 1 O O M. A+B¥e +9
o i 1 l o My A+BYCTD
{ 0 o 0 | Mg

| O 0 ! o) M AHBETETD
| o} { (9] [ (1

1 o) ] ! \ miy, =

' I o) o o M, AteYC+D
L | O ! | "M 3

| ; ! o 0 My A+ B TC* D
| | | ‘ o) Mg A+B+T+D
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= (E+p)(B+T)(B+c+T) (A-\-B-i—c)
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L, lLast Word on K arnaugh Maps

What does i+ mean o SEmpl\‘-F\’ an expmss?onz

Ex: Fiad simplest expression for ﬁ»ilowm& Karnaugh map:

A BC
e oL ol L ELE LD
0015 7 g B B
RGP
HEC
@olaon i[O
i R I | L
1 H-49
HBC
01 okl N e
5 S
IR@ED
BC
AL

19

One Sroup\'nfj: AC + AC + A—g

3 +en’r\5} (D”]H—erqls 2 (Sfjﬂa\s such ag
A)E}J 6 )e+'C.~>

Alternative groupx‘nﬁ‘. AC+AGC + BC

3 terms , b i‘-'f‘e,ra.is

ﬁ-(éﬁcﬁ)«-m, S DLifevals, buat no
lomje,f sum of ?foduc‘l"s

(A+B+T)(R+C) S litecals

Consider  civeuit implementation: (S+af*\’f“j with A, 8, C)

At Lhd £+ AF
AC ¥ Bol+ BC

A-(B+C) +AC

% 3 iawertees, B [2+ivipwt [ANDs 4] B-ibpidl QR
™ 3 inverters, 3 2Z-nput ANDs, 1 3-input OR

P 3 invertecs , 2 2-input ANDs, 2 2-input ORs

(A +E+—C:)'(A-+C) P 3 Gnverters) 1 2-input AND, L 2-jnput OR,
4| I-input | OR
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Need move information T2 decde which expression o choose |
Must 5pe,ciqcxi eithec  sum of Produc:i's} product of sams ;| smallest
number of literals (signals), oc simplest cireuitr implementation.

L. MOSFET Logic Gates

NMOS Tnvecter with Resistor  Pull-Up
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232553 \pp = 12V :

gagaas op F Truth Table ¢ Vin Vout
T

Ziodes : = e e
#EGEES ‘v

TERIL 7,7, gy
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ShaBEL R
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2eRaNe § Vo
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General Logic Cire wit Conce?‘l'

VDD

r Ty Ly e TH, L Out
Lo 24— Pull down
Ing £ NN i = ‘ & network
IY;\i_ [ uP ‘ O R ] ! O
T Netuerk
! fdaie el g | & pull up
7 e Rl e R T Net work
In¢ L P!AUH
Ini Down
4 L ] Wework

v

Eadn network can be ImFlemeM*eA, with  transistors, resisters | Sometimes
dicdes , etec.






