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Paper 1 of 3 — Digital Systems Fundamentals EEE 312
Level 300 • First Semester • PastQuestion

FEDERAL UNIVI RSITY OF PETROLEUM RESO

URCES, EFFURUN
COLLEGE OF ENGINEERING AND 1]

CHNOLOG,
EXAMINATION: First Seme

SESSION: 2024/2025 0: COURSE CODE: FFI 3]?

DATE: 21/05/2025 TIME ALLOWED: 3Hours

INSTRUCTIONS:

\nswer five (5) questions in AL | : three (3) from Section A
necessary workings and include well-labelled diagran
nscriptions on the question paper

and two (2) from Section B. Sho

is where required No markings. notes. or

SECTION A

QUESTIONS ONE “

a) (1) FUPRE aims to develop an energy-efficient digital controller for advanced automation
systems.

Given that power consumption in dig

ital circuits is influenced by logic transitions and gate operations, how
can Boolean algeb

ra principles systematically be applied to:
i. Minimize switching activity

li. Reduce gate count

il. Enhance overall power efficiency in circuit design
iv. Provide a detailed explanation with relevant Boolean techniques and optimization Strategies.

(6 Marks)

(11) Derive the Boolean expression for the given circuit diagram:

A B Cc
t

p——-—L

y
$——__1 a oe
a
(3 Marks)
b) Consider the truth table below: a
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Literals Minterm - \Maxterm Sains iz ee
A Be ¢ xX) X2 : | __R i. J
ces — | A*Br+C so
A+B+C 0
are |
eee) A ch Sn i
A+B-+C 0
AtB-C 0
r - _
| A+B-¢ fi
{| ATBrC me Saeed —_

Supp Wwe I 18 the UIput, determine:

And fon and Maxterm expressions,
41) The VOR 1..:. —
| R logic gate realization of the function

2 Marks)
(3 Marks)

(1) The Minterm

OUESTION TWO
a) (1) Mr. James K. say S that

) | os , : icts form
any Boolean function can be written in minimal sum-0! prod
as the sum of all of

. " » 1 7 . . p are J 1 > NS
the prime implicants of the function. Ben T. says that there are some functi

allo , a
Explain why | On does not involve all of the prime implicants.
-Xplain why James is rioht , | , 7
| > s4Mes IS right or provide a counter example demonstrating Ben's point.

whose minimal equ

(6 Marks)

m . vending machine system requires a logic circuit that detects when an exact amount (€.8-. H10
In binary) is inserted. Design the circuit using logic gates. (3 Marks)

b) (i) How does the Transistor-Transistor Logic (TTL) family improve upon Diode-Transistor Logic

(DTL)? (2 Marks)
(ii) Explain the Concept of Noise Margin and Its Variations Across TTL, CMOS, and ECL
Logic Families (3 Marks)

QUESTION THREE
a) (1) With the aid of a well-labelled diagram, explain the structure and operational principles of a
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three-state TTL (Transistor-Transistor Logic) gate. (6 Marks)

(ii) Compare the totem-pole output with open-collector and tri-state outputs, highlighting

its advantages in terms of speed, output drive strength, and reduced power dissipation.
(3 Marks)

b) (1) Given a CMOS gate with a specified output drive strength and an input capacitance per gate,
derive an expression to determine its fan-out. (3 Marks)

(i)Explain the significance of Moore’s Law in MOS/CMOS technology scaling. (2 Marks)

QUESTION FOUR
a) (i) Explain the historical evolution of integrated circuits (ICs) from SSI to VLSI.
What technological advancements enabled this progression? (6 Marks)

(ii) Analyze the influence of nanoelectronics and FinFET technology on the advancement of large-

scale integration. (3 Marks)
b) (i) How does hardware-software co-design play a role in the development of VLSI-based

systems?
(3 Marks)
(ii) Describe how multi-core processors and SoC (System-on-Chip) benefit from VLSI

technology. (2 Marks)

ae.

SECTION R

OUESTION FIV]

dao
b) (1) design 4 bit ts register using NOR gales

(ii) What is a atch and design a gated latch using NAND gates

QUESTION SIX

2 a) (i) What are flipflops and why are they the essential building blocks of sequential

circuits.
(ii) With the aid of a state table and diagram, explain the differences between SR

flipflop and a JK flipflop.
b) (i )Determine the output of Q and /Q from the following signals assuming the flipflop

is initially on RESE]

ee
» a oie
(a) () |

CLK Sat Or

(a) Di nae =

(ii) Distinguish between as\ nchronous and synchronous counter W vith the aid of a diagram.

(14 Marks)
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OUESTION SEVE’

f
1) (1) Deduce the state table from the state diagrain give belov
xO 0 )
11 0 1]
: Lx/] :
i)0} ~ dl
Oy ( OO.0 ())/] OO |]
v v
10 ~~ Ii
. 1x0 "
1/0
Ol ix/]
O]/]

(ii) What are astable, bistable and monostable multivibrators and give 4 diagram and
explanation for both monostable and astable multivibrators.

b) (i) A 555 timer Is configured to run in a stable mode has the values Vec =5.5V,

R1=2.2Kohms, R2= 4.7Kohms, C!l=0.022uf and C2=0.0]uf. Determine the output

frequency and duty cycle.
< irate jus Dr itoul
(i:} Discuss the stages involved in drettal to analogue conversion and differentiate

between analog to digital signals

(14 Marks)

| (oxt)4
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Level 300 • First Semester • PastQuestion

This source paper is a scanned document; its pages are reproduced below.
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Level 300 • First Semester • PastQuestion
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