PRINCE OF SONGKLA UNIVERSITY

FACULTYAOF-ENGINEERING

Examination : Mid - Session 1 Year : 2003
Date : 2 Augus 2003 Time : 9.00-12.00
Subject : 240-205 Digital Systems and Logic Design Room : A201,
A203, A401
NOTE

e There are 7 questions 16 pages(not include cover). Answer all
questions

All questions are of different values.

Calculator, textbooks and hand-out are prohibited.

Every answer must be clear and show how to get the answer.

All answers must be given in ink.

Unless otherwise indicated, pencils should only be used for
graphical work.
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1. Answer the following questions:
(a) A pulse waveform with a frequency of 100 kHz is applied to
the input of a counter. During 10 ms how many pulses are
counted. (2 marks)

Answer

(b) Using a logic probe and pulser, you make the observations
indicated in Figure 1. Determine the gate failure. (2 marks)

Probe Pulser Probe Pulser

Answer



Student ID : Name:

(c) Multiply the 2°s Complement number : 01100110 x 11001010
(4 marks)
Answer

(d) Add the BCD numbers : 01100111 + 01011001 (3 marks)

Answer
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(e) Divide the 2’ Complement number

10001001.011 =+

00101001.01 , the answer must be expressed by using 7 bits plus a
(4 marks)

sign bit.
Answer

2. Determine the exact maximum propagation delay from IN to OUT of
the circuit in Figure 2 for both LOW-to-HIGH and HIGH-to-LOW
transitions, using the information given in Appendix at test condition

(3 marks)

CL =15 pF
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1 — 74LS00
74LS00 6 10
3 5
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3. Convert the expression AC(ABD)+ABCD +ABC to standard product -
of - sum (POS) forms. (4 marks)

Answer

4. Using Figure 3 to answer the following questions.

D—\_OD

= D
oL

S

Figure 3
(a) Simplify the circuit using Boolean algebra (3 marks)

Answer
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(b) Develop the truth table (2 marks)
Answer
5. Use Karnaugh map to simplify the expression (3 marks)

X =DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA
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6. In a certain manufacturing process, a conveyor belt will shut down
whenever specific conditions occur. These conditions are monitored
and reflected by the states of four logic signals as follows: signal A will
be HIGH whenever the conveyor belt speed is too fast; signal B will be
HIGH whenever the collection bin at the end of the belt is full; signal C
will be HIGH when the belt tension is too high; signal D will be HIGH
when the manual override it off. A logic circuit is needed to generate a
signal X when conditions A and B exist simultaneously or whenever
conditions C and D exist simultaneously. Design the circuit that be
implemented with a minimum number of ICs. ICs are available in
Appendix. (10 marks)

Answer
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7. Design logic circuits that decode a binary coded decimal (BCD)
number and activate the appropriate digits on the 7-Segment display in
Figure 4 (a). Figure 4 (b) illustrates this method of digital display for
each of the ten digits by using a red segment to represent one that is
energized. To produce a 1, segments b and ¢ are energized; to produce

a 2, segments a,b,g.e, and d are used; and so on
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Appendix

I -
Augusi 1085
———— Rovlad March 2000
SE hICONDUCTOR ™
Quad 2-Input NAND Gate
General Dascription
This devina contains four irdepandant gates cach of which
performs 1ha logke MAND lunelion
Ordering Code;
Order Humber F.:-:k.:g-:hnumh-:r F.:lck.:g-:h Duscriplien
DR TdLE00M M4 1d-Lead Emall Ouling |nisgrated Creull {BOIC), JEDEC ME-120, 0,150 Mamow
DR TALEO0E Mi40 14-Lead Emall uling Packaga (50F), LA TYRE I, & smm wida
CRdT4LEDOH Hidh 14-Lead Flasic Cuakin.Lina Packaga (FOIF, JEDEC MS-001, 0200 WHE
Cwvicam sdvn orea isbds in 1q:nl mrd Faal Ipﬂl.l bll :H-'ﬂlg i i w0 I:\-Ihl--cudlllg (4
Connection Diagram Function Tabla
Ve B u W 1] X1 i 1= Ak
|u 11 I:.- ut Tt M J. Inpars Caplpl
I E T
L L H
L H H
H L H
H H L
H = HIGH Lagic Lawsl
L = LW Logic Lewsl
] h k] i H [ 1
&l ll rrl (5] i LE] 'J]I'I

© 2000 Faichild Samieanduciar Corpomtion DE0BE42 wyenfalehilidsamLeam
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DM74L500

Student ID : Name:
Absolute Maximum Ratingsmes 1
. . Hals 1: The “Amolts Wecdmum Fabing” sre hass vehea which
Supply Volaga TW  the smlely of e devics cannot be pusmnissd. Tha davis shasd rol be
|I'I|:1.I| Vol =i T apmaied o has mie The prarssiic wlem delinsd in e Beciical
; Chaecheri o b blew ors #od g usranissd of b sbacuts macdnes raetings
Oparaiting Fres A Tempanlure Ranga FClIo4FrFC The dud O [ w" tubls wil delns e casdiican
Storaga Tempamturs Rangs GG p4ipeg sl Es opetin
Recommeanded Operating Conditions
Symbsd Parmrmetor Min Hom Max Unitz
Vo Supply Volaga 475 5 525 W
Vi HIGH Leval Input Vokags F] i
Wy LW Lewal Input vallaga 0g W
o HIGH Leval Oulput Curant 04 A
= LW Lowal Cutpul Cument B M
Ta Frag Ar Cpsnaling Tempamium 0 0 B
Electrical Characteristics
unl ez othamia noted
Typ
Condtims Hin (Hok 2] Wi Uriis
Wn L --16A 15 v
lin gy = W a7 14 ¥
[
Bl by = Max _
n (1% 0L v
P 3 RF]
I Inpul Curten! [ Max Input Wollaga Wax, ¥ - T X ™A
T HIZH Laval Inpul Curmant Wax, ¥ - 2.7% 0 T
T LW Lival Iput Cosmanl Max, ¥ - 04 g ™
] BN Carcl] Duipd Cuman Wax [Mda 5 ) 100 [
o Euppiy Gurmen| M Cuipais HGH Wax R ) [}
= Euppy G mea] i CARpalts LW Wax 74 ad )
Hals 2 Al bypicals are ml Vo = B, Ty, = 55°C
Hals & Hol mors fhan cre cuiput should be sbossd of o tires, and e d o ion ahculd red socssd ones secand
Switching Characteristics
ab'sp- = B¢ and Ty, = 2540
R -TE:
Synbal Pramakr CL - 16 pF Ty - 50 pF unks
Hin M Hin M
L2 1T] Propag ation Daloy Tma
L -k HIGH Lawad Curipud * i 4 s e
I Propagation Caloy Tma
HIGH- 0L O Livad Dutipit : 1 4 s ™

wysnfalrehlidsemloam
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FAIRCHILD

I
SEMICONDICSTOR w

DM74L508
Quad 2-Input AND Gates

General Description

This device containg four independent gates each of which
performs the logic AMD funchon.

Features

m Alternate Military Berospace devics (540508) is
awsilable. Contact a Fairchild Semizonductor Sales
Offica Distributor for specifications.

arch 1998

Connection Diagram

Dual-in-Line Package

Function Table

Y = AB
Inputs Cutput
A B A
L L L
L H L
H L L
H H H

H = High Logie Laval
L = Lo Legee Laval

Ver B A i [:E] &1 3
1 13 12 n [} a B
1 7 |1 4§ b [

Al L Ll LH it ¥ GrD

NEDETSE -1

Cirder Nurmber S4LS020MOE, S4LSMFMOE, S4LS0SLMGER, DME4L508.), DMS4LS0RW, DMTALS0EM or DMT4LS08N
Sae NS Package Number E204A, 144, M144, H144A or WI4E

& 1908 Farchild Semiconcucior Corporaion DS DOSS4T

waw farchilds=micom

seje gNY Indul-z pentd 80S1¥.LING
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Absolute Maximum Ratings (nots 1) DME4LS ard S4LS -55'C o +126°C
Supply Yoltage i OrMT4LS 0T to +70°C
Input Voltage 7y Storage Temperaturs Ranos “EEC to +150°C

Operating Fre= Air Temperature Rangs

Recommended Operating Conditions

Symbaol Parameter DMS4L508 DM7ALS 08 Units
in Mo Wax Ilin Horm Il
Voo Supply YVoltage 4.5 5 ES 475 b 525 W
L. High Lewal Input YWaltage 2 2 W
Vo Lowwe Lewel Input Violtage oy e W
lon High Lewel Oulput Current -0.4 -0.4 me
Iy Lowe Lewel Output Curmant 4 8 A
Ta Free Air Cperating Tempsrature -55 125 a O c

Note1: Tha “Absolul Mocimum Roings ard thasa valias bhayand shich tha sofaly of tha davica conolha guomnised. Tha Sawoa shoukinal e oparged of thesa
\mits. Tha pommdric wmises dafned n the “Bacdo Chamdadsies” alia om nol guamniad al tha ahsolga madmum rakngs. The “Resomandad Gpaming
Condtions” lohk wil dafing tha condiions fr sohe) dawos gpamiion

Electrical Characteristics

ower recommended operating fres air tempearature range (unless otherwiss noted)

Symbaol Parameter Conditions Min Typ Max Units
[Mote 2)

W, Input Clamp Voltage Woe = Min, |, = -18 mA -1.b W

Vonm High Lewsl Output Voo = Min, 1oy = Max, D54 25 24 W
Voltsge Wiy = Min D74 27 a4

Voo Lewe Lewel Qutput Voo = Min 1o = Max, DME4 0.25 04
Voltsge Wi = Max D74 0.35 05 W

loe = 4 mA, Voo = Min D74 0.25 04

I, Input Currant & Max Wop = Max, ¥V, =TV 01 mA
Input ¥aolage

ln High Lewed Input Current Voo = Mae, W = 2.7V 20 HA

I Lowe Lewel Input Current Woe = Max, W, = 0.4V -0.38 mA

los Short Cincuit Voo = Max D54 —20 -100 mA
Cutput Current {Maote 3) D74 =20 =100

lzan Supply Current with Wz = Max 24 48 mA
Cutputs High

P Supply Current with Woe = Max 4.4 B mA
Cutputs Low

Switching Characteristics
atW.- = EBWand T, = 25'C (See Ssction 1 for Test Waweforms and Cutput Load)

R, =2kn
Symbal Parameter C,. =15 pF G, = 50 pF Linits
Min [GER Iin [GER
by Fropagation Delay Tima 4 13 [ 18 s
Low i High Lewvel Oulput
(=1 Fropagation Delay Tima 3 1 b 18 s
High to Low Lewsl Cutput

Hota 2 Al typkcals am &t Vg =5V Te =250
Hobta 3: Nol marg than or cutput should ba shorted gt o bme, and tha durglion should not cxcaed one sacond

K3

www. fairchilds=mi.com
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I
FAIRCHILD
EEMICONDLMNITOR v

DM74LS5S32
Quad 2-Input OR Gates

General Description

This davice conlars four ndapandent gabes cach of which
paforms the kaglc OF Tunction

Faature=s

= ARsimabe PN Ny AL s pca davice (4 LET2) B
avallabéa. Conksclt a Faichid Samiconducior Salkes
OfMceTisiribular for spediications

March 13

Connection Diagram

DugkIn-Line-Fadkage

W B Ad e
I 14 13 12 18

[ ] =] ¥a

1 . k] =
&1 -1 i AR

L IH Ir
ax ¥E (=L b

Function Talbls

Y=A+B

Order Humbor = LE2ZEDMGE, & LEZEFMAE, S4LEZ2LMAE,
DMSILEZ2), DMSALEESW, DMT4LE2EM or DMTE LE22N
So Fackage Humber E206, 148 M14A, H1448 or Wi4B

Inparl= Dulput

I - Irm
IIIr

S 1R Foechi Sorn e o ecied Cropasd ea

S

e fairchi ids<n L mom

sa1e9 Yo indul-z penp ze$wLNG =
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Supply vataga
Input Volaga
Cparating Frea Ar Tempamiure Ranga

Abzolute Maximum Ratings (uos 1

W

DOMBLE and SLE
DOMT4LS
Elorage Tamperaira Ranga

Racommendad Operating Conditions

=660 o +125C
OC o +T0NC
=G0 C o +150°C

Electrical Characteristics
cvar recommanded operating Trea alr liempamatune rangs (unisss cthenviss noled )

Symibol Faramaker DS LERZ DMTLERR Unik=
Kin Hom Max Kin Hiom Fax
Vg Eupply Voltsge 4.5 [ ] 4.75 ] L35 W
Vi High Leval Input Volage: 2 2 W
Wy Loww Laved Inpul Vollaga o7 ] W
[ High Leval Culput Cumant 0.4 -4 mie,
I Loww Lawvel Cutput Curmand 4 ] mie,
Ty, Fras: Alr Jpamaling Tamperature -EB 125 0 70 C
Hole 1: T 'Adwie Moo Saige™a e foes ke n Sepa el e saldy of e gesces cawnod e guranisss T d'edor soainol be op aaieral Sees

A The prareiok rataen etned i G Secivos) Chracssnicn” b s ool goratsiees af e abaobsis Taomam alhge The eomes aces’ Spaaliag
Conalions” lakie il gafine L conalionn foracias! gewcs op saion

Symbol Faramuter conditions Min Typ Max Unit=
[ Maka 2

W Inpt Clamp Volage Voo = M ) = —18ma -1.8 Wy

Vi High Lasal Qulput Voo = MiIn gy = M [ LT an a4 Wy
Vollaga Wy = Min T4 2.7 34

Vi Lowy Lavel Cutput Viog = MR | = Max DE4 oas 04
Vollaga Wy = Wi oMT4 0.5 k] W

Iy =4 ma, V- = Win oMT4 oas 04

Iy Input Cumsnt & Max Won = Mg, V) = TV xR} T,
Input Voltsge

i High Leaal Input Currant Won = Mg, V) = 2TV 20 I

Iy Low Laved Input Cumant Won = Mk, V) = 0.4V -0.a8 T,

|p Ehort Circull Wnn = M DE4 -20 =-10d T,
Zutpul Cumant [Hods 7 oMT4 -20 =-10d

e Eupply Currant with Wnn = M A1 =% T,
Cutpuls High

lma Eupply Currant with Wnn = M 4.0 =4 ] T,
Cutpuls Low

Switching Characteristics
at Ve =0 and T, =260
R = Z ko
Symbl Faramurber CL =15 pF CL = B0 pF Ui =
Min Max Min Max
[P ) Fropagalicn Cslay Tims 3 11 4 15 ns
Lowy b High Lesal Julput
b Fropagalicn Cslay Tims 3 11 4 15 ns
High o Lowy Lesal Culput

Hole I: Al ypcalmmad oc ™ 5V, Ty ™ 350
Hoke1: Hol reces than ore culpel sboukd b aborisd st o b, snd -t du ition shedld nob scossd ores sscced

. ke rehilcsami con

L



Student ID :

Name:

I
FAIRCHILD
I

SEMICORNDUCTOR T

DM74LS02
Quad 2-Input NOR Gate

General Description

This device contains four independent gates each of which
performs the logic MOR function.

May 1986
Revisad March 2000

Ordering Code:

Qrder Number

Package Number

Package Dascription

DRTALS02ZM T 44 14-Lead Small Oulline Integrated Circuit (SCIC), JEDEC MS-120, 0.150 Namow
DMT4LS025] 1140 T4-Lead Small Oulline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74LS02N M144 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

v, wd

Connection Diagram

Daveas ako avalable In Tape and Reel. Specily by appanding ine ok [etEr 2 1o e orgering code.

Function Table

Y= A+B
Inputs Output
A B Y
L L H
L H L
H L L
H H L

H = HIGH Logk: Level
L= LOW Logic Lewal

| | | ? | 1 1 13 ¥
1l | Al [ 1] Y2 L) [:E GO
@ 2000 Fairchild Semiconductor Corporation DS006441 wwwi fairchildsemi.com

ajeq) YON nduj-z penp zosSIvLNG |5
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& | Absolute Maximum Ratingsmot 1)
| Note 10 The “Absolte Maxmum Ralings™ are thoss walues beyond which
=t Supply Voltage TV nhe safely of the devize cannal be guaranesd. The device should not be
P~ Input Voltage 7y  chealed al these limits. The parameiric values defined In ihe Elecliicd
E Charactansiics ta bles are nol guaranteed al 1he absolule madmum ralings
[ Operating Free Air Temperature Range 02 bo +70°C The *Recommendad Oparaling Condilons™ labk will deline the condilions
Storage Temperature Range B65°C to +150°C for aElual device cperation.
Recommended Operating Conditions
Symbel Parameter Min Nam Max Units
Vo Supply Voltage 4.75 5 5.25 W
WiH HIGH Lewvel Input Voltage 2 W
WL LOW Level Input Voltage 0.8 W
lan HIGH Lewvel Cutput Current 04 ma
lop LOW Level Qutput Current 8 ma
Ta Free Air Operating Temperature 0 TO [&
Electrical Characteristics
aver recommendad opsrating fres airtemperature rangs (unkess otherwise noted)
Symbol Parameter Conditicns Min Ty [V Units
{Mote 2)
W Input Clamp Volage Vioe = Min, | =-18 mA -1.5 W
ioH HIGH Le.mel Voo = Min, loy = Max, o o "
Cutput Woltags V)L = Max
VoL LOW Lewal Voo = Min, o = Mazx, e .
Cutput Voltags Wiy =Min W
To, = 4 MA, Ve = Min 0.25 0.4
I Input Current & Max Input Voltage Viop = Maxg, V= TV oA mé
I HIGH Levsl Input Current Vo = Max, W =27V 20 LA
I LCW Level Input Current Ve = Mae, W= 0.4V —0.40 mé&
I Short Circuit Cutput Current Voo = Max (Mote 3) —20 -100 mé
lecH Supply Currentwith Cutputs HIGH Wop = Max 18 32 mA
looL Supply Currentwith Outputs LEW Voo = Max 2.8 5.4 mé
Mite 20 All typicals ars al Voo =5V, Ty = 25°C.
Mote 3 Not maore than one oulput should be shorted at a ime, and the duration shoul nol essesd one second.
Switching Characteristics
at Wi = 5 and Ty =28°C
R =2 ki
Symbol Parameter C =15 pF Gy = &0 pF Units
Min Max Min Max
ey Propagation Delay Time = . e
LEW-to-HIGH Level Cutput
F=11} Prpagation Delay Time 10 15 s
HIGH-to-LOW Lewval Cutput
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