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} =
; TASK DESCRIPTION |
Part 1 - Combinational Logic

Construct and test the following circuits using NAND gates. For each circuit complete a truth table and
measure the logic value at each point indicated in the truth table. Write down the simplified Boolean
expression and check that the measured values agree with the expected values.

(a) M[- -{4-0!4!{, Pelliaid o

Ao—n_| A B X
X 0 0 1
B 0 1 1
O— i 0 1
1 1 0 /
X=AB+ AB+AB=1B /
(b)
X
A 0 t
0— X : ; /
X=4 /
(c)
A o0—
“f
B o_’-_ X
Y
Co | |
A B C W X Y
0 0 0 0 1 0
0 0 1 0 1 0
0 1 0 0 1 0
0 1 1 0 1 0
1 0 0 0 ] 0
1 0 1 0 1 0
1 1 0 1 1 0
1 1 1 L 0 1,
/ / 7

State the logic function for W7X and Y and simplify.
W = AB (two-input AND gate)

X = ABC(three-input NAND gate) /

Y = ABC (three-input AND gate)
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(d) What will be the output of the circuit below? If A of circuit (b) is connected to ¥ what will be the new

output.
A O
Y
B O
A)
A B Y
0 0 0
0 1 1
I 0 1
1 I 1

X = A+B (OR gate)

B)

A B Y
0 0 1
0 1 0
1 0 0
1 1 0

X = A+ B (NOR gate)

(e) Construct the following circuit and measure the logic values at W, Y and X. Determine the output
equation and confirm that the theoretical values agree with the measured values.

Ao [ W

Y
B ¢, |
A B W Y X
0 0 1 1 0
0 1 0 1 1
1 0 | 0 1
1 1 1 1 0

X = AB + AB (XOR gate)

When the circuit was constructed the results given agreed with the truth table above.
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Answer the following questions:
1. Compare the following logic families:

s ECL,
. TTL,
. CMOS.

ECL (Emitter Coupled Logic)
o ECL is based on use of current steering switch, using a differential transistor pair.
ECL is the fastest logic family, due to avoidance of saturation region for application
Propagation rate is about 1-2ns
Noise immunity and power dissipation is worst of all the logic families.
High Level is 0.8V and Low Level is 1.8V
Has differential input amplifier, internal temperature and voltage compensated bias network;

O 0000

either follower output
o ECL gate provides both true as well as complemented outputs /

TTL (Transistor Transistor Logic)
o TTL gate has 3 different type of output configurations:
1. Open collector output
2. Totem pole output
3. Three state output (tristate)
o Totem pole provide less power dissipation, high speed of operation and high fanout
o Standard TTL series of logic families starts with 7404,74586 &74ALs161
o The other two families are for military and industrial application;
54-military and 84-industrial

CMOS (Complementary Mental Oxide Semicoductor)
o MOS logic families has more delay as compared to iransistor logic families
lowest power dissipation
excellent noise immunity
high parking density
wide range of power supply
highest fanout among alt logic families

OO0 00O

(http.//www.rfwireless-world.com/Terminology/Difference-between-TTL-ECL-CMOS.html)
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Simplify the foliowing Boolean equations, ONLY using the LAWS OF BOOLEAN ALGEBRA and
DeMORGANS THEOREM. Verify your findings by constructing the logic circuits using NAND
gates.

i) F=A(A+ B)

AA+A.B AA=A
=A+AB=A(1+B)=A

i) F=(A+B)C+A)
F=AC+AA+BC+BA=AC+A~BC~BA/

F=A(C+1+B)+BC=A+BC /
F + BC

SES
3
9]

|

r1 my Ty
o
o
to
)
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2art 2 - Using Combinational Logic to Solve Real Problems

(@
Binary Coded Decimal (BCD) is a 4-bit binary code with the range of numbers 1010 to 1111 not used.
Design a circuit that will detect these invalid codes. Construct the circuit and verify that it performs the
required task,

Use the following method: State problem —- Construct truth table —» Extract Boolean expression
— Simplify expression-—» Construct logic diagram.

X=ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

AJB |C |D X
0 10 [0 [0 |0 AB/CD |00 |01 |11 |10
0 Jo |0 |1 o
010 [1 .0 0 00
0 |0 |1 |1 |0 01
011 1]0]0 0 AT
5T To 11T 1o @[l
0 |1 (1 |0 |0 10 1 |1
0 |1 {1 |1 |0 .
110 |0 [0 |0
1 (0|01 1o
1 |0 |1 |0 |1
110 |1 |1 |1
1|1 ]0 |0 |1
1 (1 |0 |1 |1
T (1 |10 |1
11 11 [1 |1

X=AB+AC

X=A4AB+AC

X=0AB.A0) /
X=(A.B). (4.0

The results obtained matched those of the simulated circuit /
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(b)
Design a 2-bit comparator whereby the output is HIGH when the one of the two-bit number is equal to or
greater than a second two-bit number. Build your comparator and confirm that it operates correctly.

Bit 1 Bit 2 X AB/CD |00 |01 [11 |10
A |B C D 0 J1

0 0 0 ¢ 1 01 Il Nl\

o [0 o [ 0 11 111 J]1 /]
0 0 1 0 v 10 1/ 11 1
0 0 1 1 0 /
0 I 0 0 1

0 1 0 1 1

0 1 1 0 0 o=

0 1 1 1 0 THRaL

1 0 0 0 1 '

1 0 0 1 1

1 0 1 0 I

1 0 1 1 0

1 1 0 0 1

1 1 0 1 1

1 1 1 0 1

1 I i 1 1

X=CD+AD+AC+AB+ BC
X=CD+AD+ AC + AB+BC
X = (CD).(AD).(AC) .(4B).(BO)

X = (¢D).(AD). (AC) . (AB) .(BC)

The results obtained matched those of the simulated circuit
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»Part 3 - Seguentiai Logic

The truth table of the J-K Flip-Flop

(a)

(b)

(©)

Construct the following circuit on the Logic Tutor, monitoring the clock, Q and Qgar outputs with the
on-board LEDs.

Complete Table 1, entering an x for 'don't care states'.

D -mf%;m

—

=N

—(J=

Ol
|

Qutputs

Preset (S) | Clear (R) Clock
0 1

2

ol—o|lo|loi—le| Ol

esianiiund unl e o e I

T || K|
O == = [ S

Y U NS I PPN Y
—l=— = ole
113 33|

Your observations should enable you to answer the following questions:
1)  what is significant about the output state when Preset = Clear = Logic '0"?

This value can be used to test if the JK is functioning correctly

if)  at what part of the clock pulse is the input data transferred to the device?
Negative edge JK flip-flop triggers on negative edge, transfers data on logic = 0
iii} at what part of the clock pulse is the output data transferred to the output?
Negative edge

iv)  what clock triggering action does the SN7476 have?

Negative edge

v)  the cross-coupled NAND gates are for switch debouncing. Why are they needed and how do
they work?

Debouncing is necessary because the contacts of switches tend to bounce when connected. This
bouncing action causes multiple contacts every time the switch is used, which will register as multiple
clock pulses. Debouncing by using a NAND gate solves this by latching the switch’s signal for a brief
period of time while the switch bounces.
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(d) Frequency division properties of J-K Flip-Flops
1)  Replace the existing clock circuit with the TTL output of the signal generator.
ii)  Set the generator to lkHz and Preset = Clear = J = K="1".
iii)  Connect the oscilloscope to both the clock input and Q output and sketch the two observed
waveforms above each other on the same time axis.

—

d || ,,calg | Lmsiv
| | lmrm [e
I"l ‘\‘ 5 Jb.ﬂ D i‘b

The wavéform shows outpu‘; Q will toéglé:vhenAJ and K= 1

(e) Asynchronous Counters
i} Construct the following circuit, with J = K ="1' for both flip-flops.
ii)  Connect the Q outputs to LEDs, and the clock input to the one-shot signal generator on the
Logic Tutor.
iii) Clear the counter and apply successive clock pulses and record the Q outputs in Table 3(a).

VO i
S

Qu

L1

1 ey

L

!
Clock O———1>
K

Ol
AN

&
= -]
]
.
j |
\

?
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Table 3(a) Table 3(b)
Puise QA QB QA QB
Clear

0 0
1 1
0 0
1 1
0 0
1 1

(W RN S Ry S ]
=IO D =S
el Fen ) Eol Pl Sun ] Kt

V4 P

/ 7

iv}  Now substitute the one-shot clock signal for the low frequency clock on the Logic Tutor and
sketch the Clock, QA and QB output waveforms above each other on the same time axis.

v)  Transfer the clock connection from the Q to QBAR output and repeat the above, enter your
results in Table 3(b), and sketch the waveforms as before.

vi) What is the difference between the two circuits? Keodsl Lo Wvﬁ?:» _

The waveform shows the circuit is counting downward starting at 11,

|

el b T T

..........................................................................
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® Up / Down Selector
A O

o>

BGO
i)  The circuit was constructed for the two input multiplexer circuit shown below.

S=1 §=0
a b Y a b Y
9 1 0 0 ] 1
1 0 1
1 0 0

When S=1 the circuit will count up, when S=0 the circuit will count down.
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Part 4 - Using Sequentiza! Logic to Solve Real Probleras
.Design and simulate a 3-stage synchronous binary counter that will produce the odd numbers (including
zero) in the range 0 to 7.

Excitation table for JK X =Don’t care
Present Q | Next Q J K
0 0 0 X
¢ 1 1 X
1 0 X 1
1 1 X 0
Part B
Odd numbers 0-7
Present Next Input
Qa Qb Qc Qa Qb Qc JaKa JbKb Je Kc
0 0 0 0 0 1 0X 0X 1X
0 0 1 0 1 1 0X 1X X0
0 1 1 1 0 1 1X X1 X0
1 0 1 1 1 1 X0 1X X0
I 1 1 0 0 ¢ X1 X1 X1
QBQC | 00 01 11 10 QBQC | 00 01 11 10
QA /QA
0 ¢ 1 X X 0 X X X X
1 X X X | X 0 1 X
Ja=Qc¢ Ka=Qb
QBQC | 00 01 11 10 QBQC | 00 01 11 10
/QA QA
0 0 1 X X 0 X X 1 X
1 1 X X 1 X X 1 X
Jb=Qc Kb=1
QBQC | 00 01 11 10 QBQC | 00 01 11 10
QA QA
0 | X X X 0 X 0 X
1 X X X X 1 X ) 1 X
Je=1 Ke=Qa.Qb
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...... u1
= o
e e b
SRS o
R
RS

© JK: FF_MEGSR -

- JKFF MEGSR

The circuit was made in Multisim, and its” operation follows the truth table shown above.

Bibliography
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GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS

a8

|

Resezarck-informed Literainre: You must provide evidence of individual research of the concepts
of logic and digital circuits.

(10%)
Knowledge and Understanding of Subject: Must show an understanding of concepts and
underlying principles associated with the circuits covered in the assignment.
(25%)
Anglysis: Provide analysis of the practical activities.
(25%)

Practical Appiication and Deployment: Show the ability to perform practical work and be able to

verify the operation of the circuits against calculated and theoretical results.
(30%)

Skills for Professioral Practice: Your work should be well organised and presented in a

professional manner.
(10%)

Report Guidance
Your write up should be produced as an engineering report containing the following:

* Front Page

*  Summary

¢ Table of Content

» Introduction & Theory

» Experimental Apparatus and Procedure

* Results and Discussion

¢ Conclusions - conclude what was discussed in the Results and Discussion section. Think of the

conclusion as a short restatement of important points being presented in the report. The
conclusion should also make links to the theory discussed earlier in the report.

* References - any direct quotes or images taken from a source material must be referenced using
the Harvard System in the main body of the report but they should also be listed in a reference
section at the end of the report.

* Bibliography - a list of the books or other sources of information that you consulted when writing
the report.
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MARKING CRITERIA AND STUDENT FEEDBACK |

This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks
available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the task(s),
including those areas in which you have performed well and areas that would benefit from development/improvement.

f
i

Caomnmon Assessment Criteria Applied ‘:‘: g i g
B
1. Rasearch-informed Literature 10
: Extent of resea:th anti; or own reroing, seleclion of aedible sburces, applitation of apnropnal2 referengig conveniicns i
i 2, Enowledge and Uiderstanding of Subiect 25
i

| Extant of kaowinoge and understanding o conceats and underlying grinciples agsociated weth the disciplne

3. Analysis

Analysis, evaipation and syrtheas; iopic, 31gument snd judgament: anghtical reflectinn, e garsation of ideay and svmsnte
7 ; HRE, 1G 1 4

P
&

; 4. Practical Application and Daploymen{ ! 30

Depisymeent of methods, materisls, toois 2nd tecnniquas; apgtication of cancepts; formtation of inngyative and orestive solsfians 10 joive probieimns. {

"5 Skills for Professional Practice 110
i Atrdutes 1 predessionar sractioe ngnncuar ard soliabortee working seelowinens of spprogriate madia presentation and StEsTIsaben =1
T T o . ¥
I Assignimant Mark {Assessment marke ars subrert to ratificatian ot the Pam Late Submission Penatties {tick If appropriatal
! Bourd. These commtents and marks are to give feedback an module work and arz for Up to one weeks late %
i guidance omy uitil they are contirmed. } First Attempt?
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_FdSc & HN COMMON ASSESSMENT AND MARKING CRITERIA

L OOUTRISHTEML . UNSATRATIOAY ﬂ SAMTFALTURY B060 1 NERrGGOM B BLERT NG
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R b 1o A 9% : 5 X-Eg a4 §3-549%,) . 10 SDE0% 70% : 0U% i

] — L : . == i e - wall I HET ==
1, Research-informed Little or ne 1 Poorevidence of Referencesto a Inciusion of a range Inclusion of a wide A comprehansive Outstanding

evidence of reading.

reading and/or of

limited range of

of research-

range of research-

range of research

krowledge of

Literature Viaws and fitdings rellance an masily relevant informed literature, informed literature, Informed litarature rasearch-infermed
Extent of research unsupported and inappropriate sources. 5ome including sources U Including sources embedded in the literature
and/or own reading, nen-authoritative. sourees, znd/or omissions and retrigved ! retrieved wiark, Excellent embedded in the
selection of credible Referencing Tndiscriminate usa miner erears., independently, ! indepandently. selection of relevant wark. Qutstanding
conveanticns largely of sources. Referancing Referencing v Selectlon of and credible selectlon of relavant
sources, application ignored, Referencing conventions evidant | conventions mostly : relevant and sources. High-level and credible
ofa ppropriate conventions used though not always eonsistently credible sources. referencing skills, saurces, High-level
f B inconsistently. applied applied. Very goad use of consistently referencing skills
rereren c-mg consistently, referencing applied. consistently and
canventions conventicns, professionally
consistently applied.
applied.
Major gapsin Gaps in knowledge, Evidence of basic Knowledge is Knowledge is Excelient Highly detailed

2. Knowledge and

Understanding of knowledge and with only superficlai knowledge and accurate with a extensive. Exhibits knowledge and knowledge and
R g understanding of understanding. understanding of good understanding understanding of understanding of understanding of
Subject material af this Some significant the relevant of the field of study. the breadth and the maln concepts the maln
Extent of knowledge level, Substantial fnaccuracies. concepts and depth of and key thecriss, theories/concepts,
. Inaccuracies. underlying astablished views. Clear awareness of and a critical
and understanding of principles, challenges to awareness of the
cohcepts and established views ambiguities and
underlying principles and the limltations limitations of
; : of the knowledge knowledge.
associated with the it i
discipline.
3. Analysis Unsubstantiated Some evidence of Evidence of some Evidence of some Sound, logical, Theroughly logicas Exceptional work;
Analysis, evaluation gensralisations, analytical logleal, analytical logical, analytical analytlcal thinking; work, supported by Judiciously selected
YSIs, made without use intellectual skills, thinking and some thinking and synthesis and evaluated avidencs, and evaluated

professional practice
including: individual
initiative and
collaborative working;
deployment of
appropriate media to
communicate
(incfuding written and
oral); clarity and
effectiveness in
presentation and

autencmy in the
completion of tasks.
Work is pooriy
structurad and/or
largely incaherent,

initiative.

Work lacks
structure,
organisation,
and/or coherence

limitad involvement
in group activities.
Work lacks
coherence in piaces
and could be better
strueturad.

as part of a team,
with clear
contribution to
Eroup activities.
Mestly coherent
workand Isina
suitable structure.

with vary good
<ontribition to
group activitias.
Weork is coherent
and fluent and is
well structured and
organised.

within a team,
showing leadership
skills as
appropriate,
managing confiigt
and meating
abligations.

Work Is coherent,
very fluent and Is
presented
prafessionally.

exceptionally weil
and professionally
within a team,
showing advanced
ieadershlp skills,
Woark is
exceptionally
coharent, very
fluant and is
presanted
prefessionally.
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and SvnthES]S; Iogic, of any ¢redible but far the most attempts to synthesis. Can evaluation, Ability High quality evidence. Very high
argument and evidence. Lack of part descriptive. synthesise, albait analyse new and/or to devise and analysis, developed quality analysis,
judzement: analvtical logie, leading to ideas/findings with some abstract datz and sustain persuasive Independently or develaped
judg X ; anaiytica unsuppartable/ sometimes iloglcal weaknesses, situations without arguments, and to through effective independently or
reﬂectlon; missing conclusichs, and contradictary. Sorme evidence to guidance, review the collaberation. through effective
organisation of ideas Lack of any attempt Generalised suppart findings/ An afmerging relfability, validity & Ability to collaboration.
nd eviden to analyse, staternants made views, but evidence awgreness of significance of investigate Abllity 1o
a evi ce synthesise or with scant, not consistently different stances evidence, Abitity to contradictory Investigate
evaluate. eyidence. interpreted, and ability 1o use communicate ideas information and contradictary
Conclusions lack Some relevant evidence to suppart &nd evidence identify reasons for infarmatlen and
relevance. conclugions and the argument. accurately and contradictions. identify reasons for
recommendations, Valid eonclusions convincingly. Strong, persuasive, cantradictions.
where relevant and Sound, convincing conclusians, Highly persuasive
resommendations, conclusions / Justlfiable conclusions
where relevant recommeandations, racommendations.
4. Practical Litnited ar no use of Rudimentary An adequate ! Agood and Avery good { Anadvanced ¢ Outstanding levels
Anslicati d methads, materials, applization of awareness ang ! appropriate application of a ! application of a ! af appiication and
pplication an tools and/or mathods, materlals, mostly appropriate : application of range of methods, ! range of methods, ! deployment skills.
Deployment tachnigues. taols and/for apglication of well- 1+ standard methods, materlais, tocls ! matarials, tools 1 Assimilation and
Effective deployment Little or no techniques but astablished 1 materials, tocls andfor techniques, « and/or technigues, . davelopment of
" appreciation of the without methods, materials, | and/er techniques. Very goad | Thecontextofthe | cutting edge
of appropriate i i .

i contaxt of the consideration and taols and/or . Good appreciation consideration of the | application is well | processes and
methods, materials, appiication. tompetence. technigues, | ofthe context of context of the | considered, with \ technigues.
tools and techniques; Flawed appreciation Baslc appreciation | the application, applicatian, with ) extensive use of i

tent of skill af the context of of the context of 1 with seme use of perceptive use of | relevant examples, |
extent of s«i . the application. the application. 1 exzmples, where examples, where 1 Appiication and !
demonstrated in the ! relevent. relevant. ¢ deployment extend !
a pplication of ' Evidence of some ! bayond .establlshed !
ts t et ' innovation and ! conventions. '
toncepts 1o a variety ' creativity. ! Innevation and ]
of processes and/or 1 | craativity evident |
. ' ' '
contexts; formulation ' i throughout. ;
of innovative and : i ‘
. X p ' '
creative solutions to J ! !
solve problems, i : )
5. Skills fer Communication Medla is poorly Can communicate in ! {an communicate Can communicate Can communicate ! Can communicate
Professi | Practi media is deslgned andfornot || a suitable format ! affectively ina weil, confidently professionally and, ! with an
roiessional Practice inappropriate ar suitable for the but with seme reom 1 suitable format, but and cansistently ina 1+ confidently ina + exceptlonally high
Demonstrates misapplied. audience. for improvement. | may have mincr suitable format. suitable format. ! level of
attributes expected in Little er no Poor independent Canworkas part of | erors. Can wark very well Can work | professichallsm,
evidanse of ar collaborative a team, but with | Can work effectively as part of a team, prafessionally V Can work
1 .
: 1
B '
. '
' '
' '
' '
\ 1
' '
\ '
' '
1 '
. '
' '
' '
' '
' '
' '
' '
h '
' '
' '
‘ 1
' '
' '
' '

organisation.
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