[
S
g 18wl n!u(li*

o
Q.
v
=
o
T
s

L"l

Digital Design
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Assessments

* Group Assignments/Homework
e Random QUIZ

e Midterm Exam

* Final Exam

Text

10%
10%
30%
50%

Digital Design from Zero to One by J.D. Daniels

John Wiley & Sons, Inc, 1996

Prerequisites None

Suranaree University
of Technology

Contact & Questions: Paramate Horkaew, BO4 Academic Building




Course Outline

Introduction to Digital System

Truth Table and Boolean Algebra

Methods for Minimizing Boolean Expression
Programmable Circuits

Sequential Flip-Flops

Synchronous Counters

Synchronous Finite State Machine

A/D and D/A Conversion

Asynchronous Sequential Circuit Design

Practical Digital Designs (Part | Arithmetic Operations)
Practical Digital Designs (Part || Microprocessor)
Practical Digital Designs (Part Il Data Communication)
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Lecture 1 Introduction

Paramate Horkaew

School of Computer Engineering, Institute of Engineering
Suranaree University of Technology
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z..f..: Lecture Outline

e Discrete Systems

 Symbol Representation

 Base-2 Number and Conversions

e Quantization

e Simple Binary Arithmetic Operations
e Switches and Basic Gates
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<2 Discrete System

ﬁb"ﬂ-rﬁmcuh“"‘&
Digitization

A7 ANTURAIAT Feudnral Tae ANsLvaIwIn aantilunau
eI £19)

lunil a3 Digitization gRu8hY ATLINUANTURAIR YN Ea]
Miiugitaa (Numerical Digitization) €i9vin'lalaanis daiee

UIUASY WitdudruruLéu

alat1dn1svin Digitization
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% Numerical Digitization
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Numerical Digitization Aan1TULILEUIIVIUVAFITIAIUIU
stautiluatiue (Continuous Value or Analog) aantiluai
einelq A1UIUANR (Discrete Value or Digital)

flavAlsznaudadfIulawA

e Discretization fia nswuvAsatilavaantiualveiace

e Quantization fAa nsunuafatlutielen dradau (Digit) dsedn
219995 'imﬂmmﬂsummouminammnummumnmam
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A, Discretization
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AaY tduanuIuzIadwne 0 §9 10.23

¢ >
0 10.23
wivaantiugavae
0 1
| >
0 0<n <5.12 512 5.12<n<10.23 10.23

wiveia'lddn (luadnde)

00 01

0 2.56 5.12 7.68 10.23
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) Quantization

e G nauiad®

TunaullazunumiaunagiuuaasdIvaI18aILRUFIURDY
15212479 g9ilA1UsgA1 29 vinAuAIAYARNI2IvTULAY

AIaENILAU m:im)ua%olm Y139 2.56 819 5.12 agunu'le
cadeuanual 01 gGefiAusydrvaniiu 0.5 * (2.56+5.12) W3a
3.84

TunmeiImaanitau 0 wag 1 13andn Bit 9a Binary Digit
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@Advantages of Digital Number
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NUadaaIUTLAIUNININF U UaUIRAN

+— Noise Margin
00 01 10 11

-—O0—F—0o0—}—0—f—0—

LRAINAAGIEANNWNULNFY annTiagvinlddlengasauiaan
LduAT T &usaudnd la@ae 11.0010 0100 0011 1111 0110

fayafanaagIvIsTaantAuLazdseulanaladianii way
Usenfianinuuuaulaan

AR INTalNRAALGIn Boolean w1svenaldlea asing
gzaan 1 ldgnsiseandldoruiniainmana (Digital Design)
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Symbols Representation

Tuiifl Symbol (Faudnwal) nunade felaq Alildda

1 1
9/ =l

Representation “u1add NSUEAY aomummah U ARV
§YAINNIT LU wny 31Uty e H7fia

°lu1mlac?ﬁmaa 151814 Switch tdudunu Asvinvrutanzlng
1aai Switch agiigavaaue Aa e (0) uay ia (1)

Gates @AadvsuunaLRA NiUsenauela Switch  (3hvinann
NIUTRLADT) WA AIVIN1UNINAY FGlrdaa1ue tanvinm
u 0wsa 1
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Digital Gates

AaatNvuay Gates 46 NAUY

o
Gate 1
. ", 4’ 4’ . ..
Digitized Gate 3 Digitized
Input Output
o oy
Gate 2
o

Encoding ws1etaa 0/1 nilondn &unsaudnd'léifias 2 807Uy Fotu
minGavnIsunuFyaneaizlg avsadldiauiaia Bits unsadu Gedrde
TNusiazuanunuLRE 2 i lauvsaey N s agingduuunludiu
2N nuy 691 e N ®an agunua launnsingnu 2N gaue
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L Base-2 Numbers
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Cipher dadiauddusundnuasian Alsznavdiuiuiaugiu
a9 sty 57 10 agd Cipher tilu {0, 1, 2, 3, ..., 9}

[ 4
Q/ Qv

iU weag udas I Cipher fa {0, 1}

a1 (funis dinswa (Encoding)  wuuanadesinumug
(Positional Code) aadnAUAILAY UIUKNITAURAI LARIE
gUNTIVRE 1aa? P uag B unumIaausaznan wag 51U

D= PB
=0




Examples

a2 1067 571 10 A@1LvinAL

1x103+ 0x102+ 6x101+ 7x100

e 1011 57u 2 AAvnAu
I1x23+ 0x22+ 1x21+ 1x20= (8 + 2 + 1)y,
L8 365 571 8 A Ay

3x8%2+ 6x81+ 5x80 = (192+48+5),,
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Binary Coded Decimal
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BCD lHunsuaad teag1u 10 Tuusasuan saleugIu 2

AUNA 4 16

BCD

Decimal Binary Hexadecimal

0 0000 0

1 0001 1

2 0010 2

Octal 3 0011 3
4 0100 4

5 0101 5

6 0110 6

7 0111 7

8 1000 8

R 9 1001 9
g 10 1010 A
11 1011 B

12 1100 C

13 1101 D

14 1110 E

15 1111 F
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Aa sULRAS UFITINNIUNGANUIEHNITIURaULLRILaY
e 1 nan (1a) t1intiu daaceiny Gray Code auia 3 16

000 O

001 1

011 2 ——

010 3 | | Reflection Line
110 4

111 5 ———

101 6

100 7
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o L 3 Conversion between Base 2, 8, 16

nalu (ad®

Wlaganaugiu 8 way 16 au1a 1 udn GREUSELIR [ORNN[opli
IRAFIU 2 2U1A 3 LaE 4 Uan AUAIAU A9HU ATLLRY e

I AU §savinlaatinedig 1aan1T IauLINFULRUFIU
2 aantilu nguY Lsumﬂuaﬂuaﬂmam LAILURINAZUAN

é2aeny 100001101

100 001 101 Aawau 415 57u 8 wIa
1 0000 1101 Aatau 10D 571 16

a2 FAO 571 16 @a 1111 1010 0000 51u 2
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Alaa19uuIN1a

e LRu5 U 2 tilugiu 10

e Lau5 U 8 tilugau 10

e 1Ru5 U 16 tflugu 10

o LRULABFIUFIU 2 LTlugu 10
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Repeated Subtraction
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Base-10 to Base-2 Conversion

- AU VIR D

audaanididvunangallBaag auninaigavinaaziiu 0

DEC,,, = DEC, — 280 1qaii DEC, > 2EXPO

Repeated Division

o y 9
RITNNFAOIVNAY 2

HITHAaNT MISINAYAIY 2
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L ; Conversion of Fractions
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Repeated Subtraction
AXNEAUNITLURILRUINUIULEN

Repeated Multiplication

o AouAuULAREIUFIU 10 draday NadWET1HazfiAn 0 S R <2

o HHAANSAEHAT ANV aWNAY 1 Anafiaugiugad o snwnuetiu Sedu 1 uwén
auNadwsale 1 vinahdusauwsa dusustuviedalyd (mieandia)

o uAdNRAWEAEHAN tiaannin 1 Aaiaugiusas o swntetiu ey 0 vindhdunau
sn & uTusinunuvdnla

drradwsnlaluiduguaisiazvan o drundeffimnasidaaarufifiinun'ls
(énen N) Ganin nmsaata (Truncation)

nsilawaw (Rounding) d9snwniied N vinldTaadiuiande snwnued N+1 wéiunn
nadwinldamauaw s udiduquaionuaaniusiunis N+1 wdivih Truncation
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__CIN
1111 111~
A — o
1010.1011 | o
COUT\
1000.0000 : _
0 0 - :
0 1 . o
1 0 : o
1 1 - :
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L Full Adder
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Full Adder Aan1suanuuidaInatdn &usalinuisnanu’le

CIN B A SUM COouT CIN —* —— SUM
0 0 0 0 0 A SUM

B — » COUT
0 0 1 1 0
0 1 0 1 0

CIN — . SUM
0 1 1 0 1 A — SUM
I 0 0 I 0 B — > COUT
I 0 I 0 I

CIN — . SUM
I I 0 0 I

A — SUM
1 1 1 1 1 B — —— COUT




Switches and Gates

Next Lecture
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