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S
ope and Obje
tives� Design of Basi
 Digital Logi
 Cir
uits, andImplementation in Appropriate Te
hnology� Digital Cir
uits in
lude Combinational and Se-quential Cir
uits from simple 
ir
uits to mi-
ropro
essor� Use CAD Tools for design entry (S
hemat-i
s, VHDL), veri�
ation using simulation andimplementation in appropriate te
hnology
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Course Management
ourse information:http://www.ee.ryerson.
a/~
ourses/ele328� Instru
tor: Nagi Mekhiel Ext 7251Email: nmekhiel�ee.yerson.
a� Text Book:{ Fundamentals of Digital Logi
 with VHDLDesign, Brown and Varensi
, 1st edition,M
Graw-Hill{ Introdu
tion To Digital Logi
 Design, Hayes,Addison Wesley{ Any VHDL Referen
e{ ELE328 Lab Manual
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Logi
 Cir
uits� Logi
 Variables and Fun
tions{ Binary variable X has two values: TRUEOR FALSEX= 1 (TRUE) , X = 0 (FALSE)Variable representation: SWITCHSWITCH ON variable = TRUE(=1)SWITCH OFF variable = FALSE(0){ Logi
 Fun
tion :Example F(X) = XIf input variable X=0,Output Fun
tion F(X)=X=0Implementation: Use SWITCHES
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Control X

Switch

X=0 ,  SW OFFX=1 ,  SW ON

F(X)=X Fun
tion Implementation
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Di�erent Logi
 Fun
tionsAND Logi
 Fun
tion :F(X1,X2) = X1.X2Behavior : OUTPUT is TRUE IF X1 AND X2are TRUEExample: Find X1.X2 if X1=1, X2=1X1 AND X2 =X1.X2=1.1=1Symbol and Implementation

AND GATE

SYMBOL IMPLEMENTATION
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Di�erent Logi
 Fun
tionsOR Logi
 Fun
tion :F(X1,X2) = X1+X2Behavior : OUTPUT is TRUE IF X1 OR X2 ISTRUEExample: Find X1+X2 if X1=1, X2=1X1 OR X2 =X1+X2=1+1=1Symbol and Implementation

SYMBOL

X1

X2

F
X1

X2
F

OR GATE

IMPLEMENTATION
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Di�erent Logi
 Fun
tionsINV Logi
 Fun
tion : F(X1) =!X1Behavior : OUTPUT is TRUE IF X1 IS FALSEExample: Find !X1 if X1=1!X1 = 0Symbol and Implementation
R

X
F

X F

INVERTER 

SYMBOL
IMPLEMENTATION
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The Truth Table� Representation of 
ompli
ated Logi
 Fun
-tions� Gives all information to design logi
 fun
tion� Table of outputs for all possible input 
ondid-tions� For three inputs (X1,X2,X3), Conditions =23 = 8
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X1 X2 X3 Out0 0 0 10 0 1 00 1 0 00 1 1 01 0 0 11 0 1 11 1 0 01 1 1 1

 N. Mekhiel



Logi
 Gates� Analysis of Logi
 Gates:{ Find Logi
 Fun
tion from S
hemati
{ Find Truth Table from Logi
 Fun
tion{ Find Timing Diagram to Verify Fun
tion� Example: Given the S
hemati
 below

F
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� Logi
 Fun
tion of the S
hemati
A=!X1, B=X1.X2F(X1,X2)=A+B = !X1 + X1.X2� Truth Table of the Logi
 Cir
uit aboveX1 X2 F0 0 10 1 11 0 01 1 1� Timing Diagram:
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Fun
tionally Equivalent Cir
uits� Logi
 Fun
tions 
ould be implemented usingdi�erent Cir
uits� Example: Consider the Cir
uit Below:
F1

X1

X2

F2
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X2
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B

F1 F2
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Fun
tionally Equivalent Cir
uits� F1= !X1+X2� Truth Table of the Logi
 Cir
uit aboveX1 X2 F1=F20 0 10 1 11 0 01 1 1
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� Boolean Algebrai
 Rules:� Used for Optimization of Logi
 Fun
tions{ X.0=0 , X.1=X{ X+1=1 , X+0=X{ X.X=X , X+X=X{ X.!X=0 , X+!X=1{ !!X=X{ X.Y=Y.X , X+Y=Y+X (Could optimizewire Routing){ X.(Y.Z)= (X.Y).Z , X+(Y+Z)=(X+Y)+Z{ X.(Y+Z)=X.Y + X.Z{ Prove that: (X+Y).(X+Z)=X+YZLHS= X.X+X.Z+Y.X+Y.Z=X(1+Y+Z)+YZ=X+YZ
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� Prove that X+X.Y=XLHS=X.(1+Y)=X.1� DeMorgan's Theorem{ !(X+Y) = !X.!Y{ !(X.Y)= !X + !Y{ Useful to implement Fun
tions using dif-ferent gates{ Example: Find !(X1.X2 + (Y1+!X2))=!(X1.X2). !(Y1+!X2)=(!X1+!X2).(!Y1.X2)=!X1.!Y1.X2 + !X2.!Y1.X2=!X1.!Y1.X2
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Venn Diagram

VENN DIAGRAM

X Y

X.Y X+Y

X

Y

Y

X

Y.!X

Graphi
al representation of logi
 operations
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Synthesis of Logi
 Fun
tions (Implementa-tion)� Method1: Sum of Produ
ts{ Constru
t a Truth Table{ Find ea
h 
ondition where the output=1,
all this a minterm{ Use AND fun
tion to implement ea
h mintermso that the output=1, this is a produ
tterm{ Take the SUM of all produ
t terms usingOR fun
tion

N. Mekhiel



� Use the sum of produ
t to implement the fol-lowing:
ond X1 X2 F produ
t term0 0 0 1 m0=!X1.!X21 0 1 1 m1=!X1.X22 1 0 03 1 1 1 m3=X1.X2Logi
 Fun
tion= Sum of Produ
tsF=m0+m1+m3F=!X1.!X2+!X1.X2+X1.X2
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Cir
uit Implementation: Using AND - ORF=!X1.!X2+!X1.X2+X1.X2
X1

X2

F

m0

m1

m3
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� Method2: Produ
t Of Sums{ Constru
t a Truth Table{ Find ea
h 
ondition where the output=0,
all this a Maxterm{ Use OR fun
tion to implement ea
h Max-termso that the output=0, this is a sum term{ Take the PRODUCT of all SUM terms us-ing AND fun
tion
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� Use the produ
t of sums to implement thefollowing:
ond X1 X2 F MAX term0 0 0 0 M0=X1+X21 0 1 12 1 0 0 M2=!X1+X23 1 1 1� Logi
 Fun
tion= Produ
t of SUMS� F=M0.M2=(X1+X2).(!X1+X2)
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F=M0.M2=(X1+X2).(!X1+X2)Cir
uit Implementation using OR - AND
F

M0

M2

X1

X2
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� Example: Design a Majority fun
tion for threeinputs su
h that output=1 if two or more in-puts=1X1 X2 X3 Out0 0 0 00 0 1 00 1 0 00 1 1 11 0 0 01 0 1 11 1 0 11 1 1 1
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Using Sum Of Produ
ts and Produ
t of Sums� Using sum of produ
ts F=m3+m5+m6+m7F=!X1.X2.X3+X1.!X2.X3+X1.X2.!X3+X1.X2.X3� Using produ
t of sums F= M0.M1.M2.M4F=(X1+X2+X3).(X1+X2+!X3).(X1+!X2+X3).(!X1+X2+X3)
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Introdu
tion to CAD ToolsComputer Aided Design Software to automati-
ally Design, Verify and Implement 
omplex sys-temsDesign Steps:� Design Entry:{ Using S
hemati
 Diagram , enter symbolof ea
h gate and 
onne
t gates to get thedesign (takes time, 
ould have mistakes,easy to understand and follow design ){ Using Truth Table from waveforms, onlyfor 
ombinational 
ir
uits, might not 
overall 
onditions){ Using VHDL Hardware Des
ription Lan-guage, easy to 
hange, faster design, bet-ter do
umentation and is portable (doesnot depend on type of gates)

N. Mekhiel



Introdu
tion to CAD ToolsComputer Aided Design Software to automati-
ally Design, Verify and Implement 
omplex sys-temsDesign Steps:� Fun
tional Simulation: use di�erent input 
on-ditions in form of waveforms to verify the de-sign (test ve
tors)
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� Synthesis: Generate a logi
 
ir
uit from de-sign a

ording to target te
hnology
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Introdu
tion to VHDLConsists of:� De
laration: to de�ne inputs and outputs
ENTITY Fun
t ISPORT(X1,X2,X3 : IN STD_LOGIC;F : OUT STD_LOGIC);END Fun
t;� Ar
hite
ture to des
ribe the 
ir
uit behavior

ARCHITECTURE Logi
Fun
tion OF Fun
t ISBEGINF<=(X1ANDX2)OR(NOTX2ANDX3);END Logi
Fun
tion;
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CAD System
Concept (B.D)

truth table Schematic VHDL

Design Entry

synthesis

Functional Simulation

Correct?

Y

N

synthesis, physical design

Timing Simulation

Correct?

ENDY

N
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Solutions to Sele
ted Problems1-Prove that:!X1.X3+X1.X2.!X3+!X1.X2+X1.!X2=!X2.X3+X1.!X3+X2.!X3+!X1.X2.X3Solution: Expand L.H.S and R.H.S. to standard mintermsusing the boolean algebrai
 rule: A = A.(X1+!X1)R.H.S= !X1.X3(X2+!X2) + X1.X2.(X3+!X3)+X1.!X2(X3+!X3)=m1,m2,m3,m4,m5,m6=L.H.S2- Show that sum of m1,m2,m3,m4,m5,m6,m7=X1+X2+X3m1,m3= !X1.!X2.X3+!X1.X2.X3=!X1.X3m5,m7= X1.!X2.X3+X1.X2.X3=X1.X3Combine m1,m3,m5,m7=!X1.X3+X1.X3=X3m4,m5,m6,m7 gives X1m2,m3,m6,m7 gives X2



Solutions to Sele
ted Problems
3-Design Simplest 
ir
uit for f(X1,X2,X3)= SUM of 1,3,4,6,7Solution:1,3= !X1.!X2.X3+!X1.X2.X3=!X1.X34,6=X1.!X2.!X3+X1.X2.!X3=X1.!X33,7=!X1.X2.X3+X1.X2.X3=X2.X3F=!X1.X3+X1.!X3+X2.X34-Design Simplest 
ir
uit for f(X1,X2,X3)= Produ
t of 0,1,5,7Solution:use the following rule (A+X1).(A+!X1)=A0,1 = (X1+X2+X3).(X1+X2+!X3)= (X1+X2)5,7=(!X1+X2+!X3).(!X1+!X2+!X3)=(!X1+!X3)F=(X1+X2).(!X1+!X3)


