MARKING CRITERIA AND STU DENT EEEDBACIE _

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.
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Excellent practical work, very little guidance was needed. All relative results were obtain and showed a clear
understanding of the design work.
5, Skitls for Professtonal Practice ] i
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Work is coherent and fluent and is well structured and organised.
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1. Demonstrate an understanding of semi-conductor components and characteristics and their application in
analogue and digital electronic circuits.

2. To design, simulate, build, test and evaluate analogue and digital electronic circuits using information gained
from datasheets.
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Pari 1 - Combinationa! 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. AT i o

(c)
A o0—m7mF— — A B X
X 0 0 1
B 0 1 1
O 1 0 1
1 1 0
T s
The results above match the expected results
(2)
A X
0 1
Ao $X 1 ;
455
The results above match the expected results
(©)
AQ
W
B 0__J X
Y
Co |_
A B C W X Y
0 0 0 0 1 0
0 0 1 0 i 0
0 1 0 0 | 0
0 1 1 0 1 0
1 0 0 0 1 0
1 0 1 0 1 0
1 1 0 1 1 0
1 1 1 1 0 1
/
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State the logic function for W, X and Y and simplify.

W= ABC'+AB.C simple = A.B. 2 input AND gate /
X=A'B.'C'+A'B.'C+A.'BC'+A.'B.C+AB.'C'+AB,'C+A B.C’ simple = A.B.C
Y= AB.Csimple=ABC /7

These results match the expected outcomes.

{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 B Yy
0 0 0
0 1 1
1 0 1 /
1 1 1
AB + AB + AB

A+B /
OR Gate

y,

==
=10 =11]
OO0 =X

A+B
A+B /
NOR gate
The results above match the expected results. gz

=
3y
1

o2
3




(2) Construct the following circuit and measure the logic values at W, ¥ and X. Determine
the ouiput equation and confirin thai the theoretical values agree with the measured

values,
Ao [ W
F ;
Y
Bo | 1
W . ow
A B (X ¢
4] 0 1
0 1 Q
1 0 1
1 1 1
E.§+A.§+A.B
B+ A
XOR Gate /
x = A.B+AB+AB
x = AB+A(B + B)
x = A, B+A Rule 13 Handout
X = A*‘E /
y Al
A B (xX)
0 0 1
0 1 1
1 4] 0
1 1 1
x = AB+AB+AB
x = AB+B(A+A)
x = A.B+B
x = A+B /



A B X
0 0 0
0 1 1
1 0 1
1 1 0

AB+AB

X=AB+AB

XOR

The results above match the truth tables when compared.

i.
Compare the following logic families:

There are many differences between the TTL (Transistor-Transistor Logic) and CMOS
(Complementary Metal Oxide Semiconductor), some of the difference are that a TTL
chips tend to consume a lot more power compared to CMOS chips especially at rest.
Whereas the TTL has a very fast switching speed compared to the CMOS. The CMOS
has a higher input voltage of 8V to 9V whereas the TTL has an input range of 2.4V to
5V. The CMOS is more suited To portable appliances.

» ECL
ECL is based on use of current steering switch realised using differential
transistor pair. ECL is fastest logic family among all and this is due to avoidance of
saturation region for application.

Following are characterisiics of ECL logic family.

* propagation rate is about 1 to 2ns

* Noise immunity and power dissipation is worst of all the logic families,
* High Level is -0.8V and Low Level is -1.8V

* It has differential input amplifier, Invernal temperature and voltage
compensaied bias network, emitter follower outputs *

ECL gates pirovide both true as well as complemented outputs.

. TTL
Power dissipation is usually 10 mW per gate. Propagation delays are 10 nS when
driving a 15 pF/400-0hin load. Voltage levels range from O to Vcc where Vec is
typically 4.75V - 5.25V. Voltage range OV - 0.8V creates logic level 0. Voltage
range 2V - Vcc creates logic level 1.
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«  CMOS
The power dissipation is dependent on the power supply voitage, frequency, output
load, and input rise time. At 1 AMiHz and 50 pF load, the power dissipation is
typically 10 nW per gaie.
Short propagation delays depend on the power supply, the bropagation delays are
usually around 25 nS to 50 nS.

; 3] {3] (5] |6]
4011 CMOS NAND
fia] i3] [1z} fisi fref [s] [8]

D D

: Gnd
2] (30 el la) 18] 17)
TAD0 TTL MAND

Zpecification A =6l | omos
Basic gate NAMD CR:‘NO? NAND/NCR
Fanout 10 25 =50
Power par gaiz{imyyat 122 £-35 R by
Moise Immunity very Good Good Excellent
tep (152 1.53-32 1.2 1-200
Advaniages and dlsadvaniages of TTL>> ECL>> CMOS>>

From the website hitp://www.rfwireless-world.com/Terminclogy/Difference-between-TTL-
ECL-CMOS.html, the table above is comparing the three different logic family's,

Simplify the following Boolean equations, ONLY using the LAWS OF BOOLEAN
ALGEBRA and DeitORGANS THEOREM. Verify your findings by constructing the logic
circuits using NAND gates.
Below can be seen the simplified boolean expressions, and circuiis.
i) F=A(A+B)

F=AB+AB ~

F=A+AB=A(1+B)=A




i)

A

l

F=(A+B)}C+A)
F=Ac+AA+B.C+B.A
F=AC+A+B.C+B.A
F=AC+1+B)+(B.C)

F=A4+(B.C)
F=24%B.0
F= A.0B0)
F= A4.(B.

F=(A+B)
F=A.C+B.C
F=4C+B.C
F=A4.C.B.C
reaicse /
A B C
(o} Q
114 .
16 ::>_Tl_ //
>
F=(A+B+C)YA+B+C)YA+C)B+ C)
F=B+0OA+0)(B+0)
F=C@A+0)
F=CA+ CC
F=C.A+0
F=C.A
A C
19 IzG




. Part 2 - Using Combinational Logic 1o Solve Real Problems

(a)

Below is a 4-bit binary code with the range of numbers 1010 to 1111 not used. A circuit was
designed that will detect these invalid codes. The circuit was thei made 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.

A |B |C |[D |X

O |0 |0 [0 |0

0 |0 |0l |O

0 |0 |1 |0 |O

0 |0 |1 |1 {0

0 |1 0 ]0 |0

c 1 (01 |0

c (1 (1 |0 |0

0 |1 |1 [T |0

!t |0 |0 |0 |0

i1 10 {0 |1 |O

t 10 |1 [0 |1

1 10 |1 |1 |1

1 |1 [0 |0 |1

1 |1 |0 |1 |1

1 |1 |1 |0 i1

1 (1 |1 |1 |1
x=abcd+abcd+abcd+abid+abid+abcd+tabed

/ABCD
0 1 11 10

0 [
1

11 1
10 [ i

x=A.B+A.C
DeMorgan

X=AB+A.C
X=(A.B).(A.C)
X=(4B).(4A0



28 |
30 D"”]i
The circuit when designed and constructed it functioned asper the requirements in the
specification.
(b

Below a 2-bit comparator where by the output is HIGH when the one of the two-bit number
is equal to or greater than a second two-bit number. The comparator was built and confirm
that it operated correctly.

A B C D
¢ o o o

o
] 13]_ ”
18

15 D{}ﬁ
‘ [ De—1
21 18

_)o 23
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Bit1

o
—
(o]
»a

>

=] =] =] D) O O D = = =] = O O ©f O I

_—] =] =] =] = O] O] O O O O o ©

HHQDI—‘I—‘QOMHOO!—‘)—‘OOO
= O =] O = O | 2| | D) ] O = D2 = 2| T
ot | et | et | = | S =] =] = D S =] = O ] | =

(e e —

X=CD+AD+AC+AB+BC

The circuit when designed and constructed it functioned asper the requirements in the
specification.

Part 3 - Sequeniia! Logic

The truth table of the J-K Flip-Flop

(a) Construct the following circuit on the Logic Tutor, monitoring the clock, Q and Qgar
ouiputs with the on-board LEDs.

Il |FPage
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(b) Complete Table 1, entering an x for 'don’t care staies’.

(¢)

12|2age

Tnputs Qutputs
Presetr | Clear (R) Clock ] 4 Q Q
(s)
0 1 X X X 1 0
1 0 X X X 0 1
0 0 X X X 1 0
1 1 1 L L 0 1
1 1 L H L 1 0
1 1 Il L H 0 1
1 1 1 H H 1 0

Your observations should enable you to answer the following guestions:

i)

v)

and how do they work?

What is significant about the output state when Preset = Clear = Logic '0'?

It provides a test to make sure that G} and not Q are functional. It can also be
used to test the output device.

At what part of the clock pulse is the input data fransferred to the device?

It triggers on the negative edge and transfers the data on logic O of the clock.

At what part of the clock pulse is the output data transferred to the output?
The data is transferred to the output on the negative edge or logic O.

What clock triggering action does the SN7476 have? q
The SN7476 has a negative edge triggering action. !

The cross-coupled NAND gates are for switch debouncing. Why are they needed



Debouncing is needed to help when using a mechanicai switch, as the physical inputs
makes and breaks connection several times in a very short period, which may not
be observable visually, this Then causes the bouncing effect. The gaies help by
latching the circuit on or of f there for stopping any bounce coming though,
Debouncing is not only used for circuits it's also used for software as well,

(d) Fraquency division projeriies of J-X Flin-Flops

i)  Replace the existing clock circuit with the TTL output of the signal generator,

ii) Set the generator to 1kHz and Preset = Clear = J = K= "1".

iii) Connect the oscilloscope to both the clock input and Q output and sketch the two
observed wavefor'ms above each oTher‘ on the same time axis,

When ‘rhe clock mpu’r occurs q changes to the opposite staie, or it toggled.

(2) Asyachironous Couniers
i) Construct the following circuit, with J = K = ' I' for both flip-Tlops.
ii) Connect the Q outputs to LEDs, and the clock input to the one-shot signal
generator onthe  Logic Tutor.
iii) Clear the counter and apply successive clock pulses and record the Q outputs in

Table 3(a).
5V0 i I
) S g ) S o
Clocko——> !—> B 1k
KpQ e L R

1
O~
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Table 3(a) Table 3(b)
Pulse QA QB QA QB
Clear

i N

—lo|=|o|=|o
~lojo|=|~|o
~lo|=|o|~|o
olo|=|=|o|o

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 fime _ - axis.
i | 3
E : :
! J : ; z
i 0 . 1 o : B \
| T T | ;
i | ; ¢ i I i il : ]
E"'I'I'-'F"IF-'F"T"\'P— S i m s o -|- rrrrrrrrrr I S S el o T Frotrer A L s B §
i

i ; : : . ! ; : : :
v) Transfer the clock connection from the @ o 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?
The difference is That the first circuit counts forward and the second one is

counting backwards.
’ /}4 10{' ey
(f) Up / Down Selector
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Part 4 - Using Sequenticl Logic 7o Solve Real Problems
Design and simulate a 3-stage synchronous binary counter that will produce the odd numbers

AC

{ p—

Consiruct the two-input multiplexer circuit shown below.

Construct a truth table to prove that when S = '1', Y follows A, when S='0", Y

5 O—
BO

i)

i)

follows B
ABIY AlB|Y
01010 0|0]|0
0l1 10 0|11
11011 1100
11111 111
S=1 / §=0

iii) Connect the multiplexer circuit in between the two flip-flops such that Q is
connected to A, QBAR to B and Y to the clock input of the second flip-flop.

iv) Confirin that your counier counts up or down, depending on whether Sis 'l' or 'O,
The circuit counts up when 1 down when O this has been confirmed

/

(including zero) in The range O to 7.

Below can be seen the steps it took to build a 3 stage synchronous binary count that

produces odd numbers between 0 and 7.

R Reset Next Input
Qa | Qb | Qe | Qa | Qb | Qe |Ta|[Ka |Tb Kb [T Ke
¢ |10 (0 |[O |0 |1 |0 |X X |1 X
c |0 1 (0 i1 1 10 [X |1 X | X |0
0 1 1 1 0 |1 1 | X X |1 X |0
1 0 |1 i 1 1 X 10 i1 [ X |[X |0
1 1 1t |0 (0 |0 | X i1 X |i X |1

15| F
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The circuit when designed and constiructed functioned asper the requirements in the
specification. This can be seen partly from the screen shot above.
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