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1. Introduction

For this assignment the aims will be to understand and research common faults that occur with
integrated circuit boards. This research will have to look into IC fabrication faults, also there will
have to be research performed into stuck at faults. There will then have to be research performed
into the dangers of electrostatic discharge ESD, this will have to be done to look into the risks of it to
electrical components.

There will then have to be work done to implement SSF fault modelling methods, this will be
performed on the combinational logic circuit. This has to be done to get a minimum set of testing
vectors to get full fault coverage.

Introduction
is a little
brief
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2. Research

2.1 IC Fabrication
IC fabrication is the process of constructing integrated circuits, this process is made up of the
following steps:

Lithography — this is the name given to the process of defining the pattern on the board, this is done
using a layer of fluid that is photo resist on the surface of the board. The fluid is hardened by baking
using an oven and is selectively removed using a light projection system.

Etching — this is the process of removing the unwanted material off the board’s surface. In this
process the photo- resist fluid is transferred to the board by using an etching agent.

Deposition — this is the name given to the process of adding different layers to the boards. There are
two types of processes for this to be done, the first being physical vapour deposition (PVD). Second
is chemical vapour deposition (CVD).

Chemical Mechanical Polishing — this is the process of Appling layers of slurry fluid with etching
agent in it and using it to polish the surface of the board’s surface.

Oxidation — for this process oxygen is used as either in a dray form or as water for wet oxidation. To
convert the silicon layers on top of the board to silicon dioxide.

lon Implantation - this is the most common method used to introduce impurities into the semi
conductive devices, this is done by accelerating ionized particles through the electrical field of the
component, and this is directed towards the board’s surface.

Diffusion — this step would follow on from the ion implantation, this step is used to heat and cool
the board to bombardment-induced lattice defects.

(LEC22, 2009) (Ravindran, 2017) (Jeng, 2002)

2.1.1 IC Fabrication Faults
There are many faults that can occur on IC fabricated boards. These faults are shown below:

Stuck at fault — this fault occurs when a line or gate is stuck at logic 1 or 0. This fault can occur
anywhere on the circuit.

Stuck open faults — this fault can occur when a transistor becomes faulty, this means that the
transistor can no longer control the current. The component can either be stuck open, where it will
not allow any current through. Or it could be stuck closed, as in it is allowing current through even
when it shouldn’t.

S5|Page
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Bridge fault — there are many things that can cause this fault to occur. The first being a direct short
across to two pins, this can occur from bad soldering as an excessive use of solder can cause it to run
and cross over to other lines. Another reason for the bridge fault to occur is an etching fault, this
occurs when the etching machine incorrectly etches the tracks on the surface of the board and
causes to lines to connect when they shouldn’t.

(Williams, 2007) (Barua, 2005)

2.2 Stuck at fault Modelling

When you are fault modelling on logic circuits you are performing a structural test. This means that
you are not just testing every combination of logic 1 and 0 inputs to the circuit, but you will be
testing with a reduced number of tests that cover all possible combinations. For this testing the
inputs or outputs for the gates can be stuck at logic 1 or 0, see figure 2.1 for example of logic gates
input or output positions.

Output
Input

Figure 2-1 - Example of gate
(Meixner, 2018)

This type of modelling has many names for example Boolean, Logic, Abstract and Behavioural model.
A stuck at fault is a fault on a Boolean logic circuit, it is not an actual detect with the circuit. This does
not necessarily mean that the circuit has been shorted to the supply or to the ground. Itis only
showing for a stuck high fault that when there is a logic 0 being applied to the circuit the output is
still high and is not reacting to the change. An example of a stuck on fault can be seen below in
figure 2.2. (Lee, 2010)

1
0 1
D S 1

Figure 2-2 - Example of Stuck at fault

(Patel, 2005)
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This figure shows a circuit where the output to the and gate G us stuck at logic 0 even though the
inputs to the gate are both logic 1, this shows that the logic for G is stuck as it is not reacting to the
change in state from the inputs.

This fault will then cause the output from Y to be incorrect depending on it’s the input states. This
can be seen in the figure 2.2 below.

1 G ERROR Good examples of SAF
A |> } 1/0 scenarios.

" F y ERROR
c— 110

0
o E 0
B H

Figure 2-3 - Error on Y explained

(Patel, 2005)

As can be seen in figure 2.2 the logic seen on Y is now no longer the logic expected and this is all due
to the stuck at fault on G, this is the basis for the testing technic used for stuck at fault modelling.

There are two types of faults than can occur with the gates in the circuits. The first being internal
faults to the gate, this is where the gate is stuck on or open. These faults could be due to internal
leakages or shorts between internal connections. The second type of fault is external faults on the
gates. This is where the gate has become disconnected or has been shorted. (Bedi, 2017)

7|Page
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2.3 Electrostatic discharge

Electrostatic discharge (ESD) is the name given to the sudden flow of electricity between electrically
changed components. This can be caused by contact, electrical shorts or dielectric breakdown. The
build up of static electricity is caused by the electrostatic induction.

There are many forms of ESD. On the larger scale, lightening is a form of ESD. On the lower scale ESD
can cause damage to sensitive electronic devices. For electrical sparks to occur a field with a
strength of 40KV/cm is needed in the air. There are two forms of discharge, the first being corona
discharge. This comes from sharp edged electrodes. The second being brush discharge, this comes
from blunt edged electrodes. (Rouse, 2018)

ESD can cause failure to solid state electronic components, for example integrated boards. To try
and prevent this issue, manufactures do try to ensure that areas where components are handled are
static free areas. To try to prevent the electrostatic build up many companies use grounding bands
that go around the operator’s wrist and is attached to ground. This is used to discharge the static
before it is transferred to the components. (Circuits, 2015)

Figure 2-4 - Electrostatic discharge band

(Vastar, 2018)

Research
is quite
good in
parts, but a
little short in
ESD and
some
examples
with images
would have
been
useful.
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3. Design of assignment requirements

As can be seen in figure 3.1, this is the logic circuit that will have to be modelled.

A
U1A
B
El: X
C 74LS10N U3A
Qgood

D USA Y 74LS08N

e o
74LS02N
F

Figure 3-1 - Logic Circuit

From this circuit the following tables that can be seen within below have been made, see figure
3.2. These tables have been for all four components.

NAND AND
A B C X X Y z
1 1 1 0 1 1 1
0 1 1 1 0 1 0
1 0 1 1 1 0 0
1 1 0 1

NOR OR
D E Y z F QGOOD
0 0 1 0 0 0
1 0 0 0 1 1
0 1 0 1 0 1

Figure 3-2 — Component Tables

From the gate tables above for each component the truth table has been made so that it shows
the minimum variants for the least testing, this has to be done to prevent any tests being
repeated.
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The gate tables for each components have been used to create the test table that can be seen in
figure 3.3.

Test No A B C D E F Qgood HEX X Y Z Fault
A+B+C
1 1 1 1 0 0 0 0 70 0 1 0
SADX
2 0 1 1 0 0 0 1 31 1 1 1 ASA1
3 1 0 0 0 1 51 1 1 1 B SAl
4 1 1 0 0 0 0 1 61 1 1 1 CSAl
o* 0* D+E SA1
5 o* 0 0 0 1 1 1 1 1
1 1 X+Y SAQD,
6 o* 0* o* 1 0 0 0 8 1 0 0 D SA0
7 0* 0* 0* 0 1 0 0 4 1 0 0 E SAD
8 o* 0* o* 0 0 0 1 1 1 1 1 X+Y SAO
c) 1 1 1 0 o] 0 0 70 0 1 0 X SA1
1*'
10 o0* 0* 0* 1%* o 0 0 oc 1 0 0 Y SA1
11 1 1 1 1** 1** 0 0 7C o* 0* 0 F+Z SA1
12 1 1 1 1%% 1+ 1 1 7F 0* 0* 0 F SAQ
13 o* 0* o* 0 0 0 1 1 1 1 1 ZSA0

Figure 3-3 — First Test Table

The derived test table seen above in figure 3.3 shows all the test vector. If we look at the table
we can see that the red values are taken straight from the inputs of the gate tables. The blue
values are the outputs from the gate tables. The fault field displays the fault that would be
tested for. Finally the hex column is used to show if a test is being repeated, using this the table
has been reduced by removing the repeated tests so only one is performed. This can be seen
below in figure 3.4.

Test No A B C D E F Qgood HEX X Y z Fault
A+B+C
1 1 1 1 0 0 0 0 70 0 1 0 SAOX
SA1
2 0 1 1 0 0 0 1 31 1 1 1 ASA1
3 1 0 1 0 0 0 1 51 1 1 1 BSAl
4 1 1 0 0 0 0 1 61 1 1 1 CSAl
D+ESAL
5 ) o o 0 0 0 1 1 1 1 1 X+Y SA0,
Z5A0
6 0 0* 0* 1 0 0 0 8 1 0 0 DSAO
7 o 0* 0* 0 1 0 0 4 1 0 0 ESAQ
8 o 0* o* 1" 1" 0 0 oc 1 0 0 ¥ SAl
9 1 1 1 1" 1** 0 0 7C 0 o 0 F+Z SA1
10 1 1 1 1" 1" 1 1 7F 0 0* 0 FSAO

Figure 3-4 - Reduced test table

The above table (figure 3.4) shows the reduced table, this table can still be reduced further by
changing the don’t care values that are identified with * and *#*, these qualify are don't care
values as changing these inputs will not have an effect on their outputs, this means they can be
either logic 1 or 0. The reason to change the inputs is to change the hex value to match another
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one. One this has been done the matching hex value tests can be removed so only one is on the

table. The further reduced table can be seen in figure 3.5.

Test No A B C D E F Qgood HEX X Y Z Fault
A+B+C

1 1 1 1 0 ] 0 0 70 0 1 0 SADX

SAL

2 0 1 0 0 0 1 31 1 1 1 ASAL

3 1 1 0 0 0 1 51 1 1 1 8 SAL

4 1 0 0 0 0 1 61 1 1 1 CSA1
6 0 0* 0* 1 0 0 0 8 1 0 0 D SAD

7 0 0* 0* 0 1 0 0 4 1 0 0 ESAQ
9 1 1 1 1" 1% 0 0 7C o o 0 F+ZSA1

10 1 1 1 1 1" 1 1 7F 0 0* 0 FSAD

Figure 3-5 - Further Reduced Test Table

Figure 3.6 is the test circuit that has been created from the test table so that all the test can be
performed. To generate the inputs, Pulse Width Length (PWL) sources have been used. For the
Multisim programme the PWL sources have to be set up this can be seen in figure 3.7. The full

circuit can be seen in figure 3.6.

=

uia

TALS1ON

uza 74LS08N

TaLSO0ZN

1322274

A
c
E
a_GoOoD
Figure 3-6 - Full Circuit
Lebd  Deplay Vahe Faut Prs  Varant User fidds
() Lies caes dracty From fis
| Browse.
dt e
() Enter data paints in table
[ )54

Oms
%59ms
ims
15.55ms
s
35.55ms
Ao
50.99ms

moowmuwoown x

Figure 3-7 - PWL Source

Reduction methods are good and
explained well.

U4A o Goop

HLAL

JlLII]Jll{I il

This should include
the x-or gate.

PP
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As can be seen below in figure 3.8, the circuit has been tested and the results can be seen. If we
compare the test results to the reduced test table we can see that both match, this proves that
the testing has been done correctly and the circuit has been designed correctly.

lime (s)

4.!_. 000m 20.000m 40.000m 60.000m 50.000m

1 1 o |1 o 0 [1 1 |
1 1 1 o 0 0 |1 1 |
0 0 0 0 o |1 1 1 |

Figure 3-8 - Test Results

The tests are correct.
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4. Analysis of MultiSim results

For this section of the assignment there will be three faults entered into the circuit, this will be done
to test the circuit. The faults will be seen in tests 1, 7 and 10. The faults have been highlighted in the
test table and this can be seenin figure 4.1.

Test No A B E F Q good HEX X Y z Fault
A+B+C

1 0 1 0 0 0 70 0 1 ] Mgl

7 0 0* 0 0 0 4 1 0 (] ESAO

10 1 1" 0 1 7F o 0* 0 F SAQ

Figure 4-1 - Faults to be done

We can see below that the circuit has been modified for the fault testing, see figure 4.2. As can be
seen the A input has been grounded so will be stuck at logic 0

i

uia

TALS0ZN

TALS1ON

u2a

TALSO08N

Figure 4-2 - Test 1 circuit

L]
INENENNEN] []

U4 o Goop

T432N

XLAL

PRP

e
—=

From this circuit the following test was performed, this can be seen in figure 4.3. If we look at the
test graph we can see that the input A is stuck at logic 0. If we compare the Q_GOQOD from the fault
test and the good test we can see that it is at Logic 1 instead of logic 0. This proves that a fault

changes the output of the circuit.

0_GOoD

Tesm 3

40.000m

Time (s)

60.000m

30.000m 100.000m
=

This test is correct but it

should include the x-or

—\7 test.
I
I

Figure 4-3 — Test 1 Result

[ ]
|
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We can see below in figure 4.4, the circuit has been modified so the fault for this test is on input E.

This fault has been grounded so that it is stuck at logic 0.

V1

A
RESEC
V2
_®_‘l
U1A
A
V3
“ B
@_0 c 74LS10N
V4

uza

74LS02N

UsA o coop

T4LS0BN

<
o
m mQ

Figure 4-4 - Test 2 Circuit

KLAl
A T

cB o

gD I

o
0_GOo0oD -]
e

car

[ T1

From this circuit the following test has been performed, this result can be seen in figure 4.4. If we
look at the test results we can see that input E is stuck at logic 0. If we compare the Q_GOOD on the
good test and result from the test 2, we can see that there is a change with the Q_GOOD between
50 and 60ms. At this point the Q_GOOD is at logic 1 when it should be at logic 0.

lime (s)

0.000m 20.000m 40.000m 60.000m

80.000m 100.000m
xr

e || L1

Figure 4-5 - Fault 2 testing
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We can see below in figure 4.6, the circuit has been modified so the fault for this test is on input F.
This fault has been grounded so that it is stuck at logic 0.

V1
A
O
V2
_®_‘l
u1A
A
va
¢ c
@_0 74LS10N VA o goon
V4
D uz2a 74LS08N
FoRE
E -
Vs E 74LS02N
(E B F ©
V6 XLAl
F A ;
TSRS A=r
E D oy
g
Q_GooD =
e
carT
TT1

Figure 4-6 - Test 3 Circuit

From this circuit the following test has been performed, this result can be seen in figure 4.7. IF we
look at the test results we can see that the input F is stuck at logic 0. If we compare the Q_GOOD
logic on the good test and the result from test 3, we can see that there is a change with Q_GOOD.
The Q_GOOD goes to logic 1 at 10ms and at 80ms, and is at logic 0 at 70ms. This proves that the
input F being stuck at logic 0 has an effect on the Q_GOOD logic

lime (s)
0.000m 20.000m 40.000m 60.000m 80.000m 100.000m
L L 1 b

Figure 4-7 - Fault 3 results

Testing using this method is good and
shows the fault at the output. The X-
OR gate comparator should be

implemented here and explained.
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5. Analysis of results using 6 bit pattern generator
Figure 5.1 shows the truth table for the 6 Bit pattern generator, the table has been created to show
the present state and the new state values.

Present State Next State
A B & D E F A+ B+ C+ D+ E+ F+
1 1 1 0 0 0 0 1 1 0 0 0
0 1 1 0 0 0 1 0 1 0 0 0
1 0 1 0 0 0 1 1 0 0 0 0
1 1 0 0 0 0 0 0 0 1 0 0
0 0 0 1 0 0 0 0 0 0 1 0
0 0 0 0 1 0 1 1 1 1 1 0
1 1 1 1 1 0 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 0 0 0

Figure 5-1 - Truth table for generator

Figure 5.2 shows the K map for the input A from the truth table. The logic 1’s have been grouped and
are highlighted in red. From these the Boolean expression has been created. This will be used to
create the Multisim circuit.

A+

ABC

-
Al
Al
Al

DEF

(=}
8
g

011 010

g

101 111 110

000

001

011

010

100

101

111

L =2 =2 =R =2 (=2 =]

o|lo|lo|lo|r|O|O|O
o|lo|Oo|Oo|o|O|O|O
olo|o|o|c|Oo|O|-
o|lo|lo|lo|lo|o|o|o
o|lo|lo|jo|lo|o|Oo|O
o|lo|Oo|O|C|O|O|=
o|lo|lojo|lo|o|o|o

110

N=A.B.C.D.E+A.NB.C.ND.NE.NF + NA.B.C.ND.NE.NF + NA.NB.NC.ND.E.NF
Figure 5-2 - K Map for A+

Figure 5.3 shows the K map for the input B from the truth table. The logic 1's have been grouped and
are highlighted in red. From these the Boolean expression has been created. This will be used to
create the Multisim circuit.
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B+
ABC
DEF [ 000 " 001 " o011 " o10 100 101 111 110
" 000 0 0 0 0 0 1 1 0
" o001 0 0 0 0 0 0 0 0
" on 0 0 0 0 0 0 0 0
" o010 1 0 0 0 0 0 0 0
" 100 0 0 0 0 0 0 0 0
101 0 0 0 0 0 0 0 0
111 0 0 0 0 0 0 1 0
110 0 0 0 0 0 0 1 0

N = A.C.ND.NE.NF + A.B.C.D.E + NA.NB.NC.ND.E.NF
Figure 5-3 - K Map for B+

Figure 5.4 shows the K map for the input C from the truth table. The logic 1’s have been grouped and
are highlighted in red. From these the Boolean expression has been created. This will be used to
create the Multisim circuit.

C+
ABC
DEF 000 " 001 " o011 " o10 100 101 111 110
" 000 0 0 1 0 0 0 1 0
" o001 0 0 0 0 0 0 0 0
"o 0 0 0 0 0 0 0 0
" o010 1 0 0 0 0 0 0 0
" 100 0 0 0 0 0 0 0 0
101 0 0 0 0 0 0 0 0
111 0 0 0 0 0 0 1 0
110 0 0 0 0 0 0 i 0

N =B.C.ND.NE.NF + A.B.C.D.E + NA.NB.NC.ND.E.NF
Figure 5-4 = K Map for C+

Figure 5.5 shows the K map for the input D from the truth table. The logic 1’s have been grouped
and are highlighted in red. From these the Boolean expression has been created. This will be used to
create the Multisim circuit.
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D+

ABC
DEF 000 001 011 010

8

101 111 110

001
011
010
100
101
111
110

o|jojOo|o|Oo|Oo|O|O

ololo|o|o|Oo|C|C

ojlojlo|o|o|o|o|C

ojlojlo|o|o|o|o|O

o|lolo|o|Oo|O|OC|O

=l == =2 =R =2 (=2 =]

ojlo|lo|lo|m|O|O|O
o|o|o|o|o|o|o |-

N = NA.NB.NC.ND.E.F + A.B.NC.ND.NE.NF + A.B.C.D.E.NF
Figure 5-5 - K Map for D+

Figure 5.6 shows the K map for the input E from the truth table. The logic 1's have been grouped and
are highlighted in red. From these the Boolean expression has been created. This will be used to
create the Multisim circuit.

E+

ABC
DEF 000 001 011 010

g

101 111 110

001
011
010
100
101
111
110

olo|jlo|=|m|lO|O|O

= lo|lo|lo|lo|o|o|o

o|lo|jo|jo|o|Oo|Oo|OC
olo|jo|o|o|Oo|O|C
o|lo|jo|jo|lo|o|o|o
o|lo|jo|jo|lo|o|o|O
ol|lo|jo|o|o|Oo|O|C
o|lo|jo|jo|lo|o|o|o

N = NANB.NC.ND.E.NF + NA.NB.NC.D.NE.NF + A.B.C.D.E.NF
Figure 5-6 - K Map for E+

Figure 5.7 shows the K map for the input E from the truth table. The logic 1's have been grouped and
are highlighted in red. From these the Boolean expression has been created. This will be used to
create the Multisim circuit.
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F+
ABC
DEF [ 000 " 001 " o011 " o10 100 101 111 110
" 000 0 0 0 0 0 0 0 0
" o001 0 0 0 0 0 0 0 0
" on 0 0 0 0 0 0 0 0
" o010 0 0 0 0 0 0 0 0
" 100 0 0 0 0 0 0 0 0
101 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0
110 0 0 0 0 0 0 1 0

N = A.B.C.D.E.NF
Good work with k-maps
for circuit reduction and

If we look at figure 5.8 we can see the results from the testing of the alternative method dﬁﬁgo“he mirror method.

Multisim. If we compare the two results from the two methods we can see that they are the same,
this proves that it is possible to obtain the circuit from the assignment’s spec using multiply
methods.

Figure 5-7 - K Map for F+

Time (s)
gs.ﬁi}ﬂm 59.000m 62.400m 65.800m 69.200m 72.600m
=
Term2
5
Term4
TermS
Terme
A | | | |
: L1 [ L1 R
> |1 1 | gy L]
e
~ |1 1 L
Term 13
Gosa [
Figure 5-8 — Compared Testing
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Figure 5.9 shows the circuit for the circuit that has been created from the K Maps using the Multisim

Figure 5-9 - Compared Circuit

software. The circuit is based around D type flip flops.
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6. Analysis of Labview results
The circuit for the Labview can be seen above in figure 7.1. The outer while loop is used to house the
for loop. There is within this an array that houses the digital values for the six inputs. The decimal
values are converted from the hex values seen earlier. The digital condition loop is used to show the
conditions of the inputs and the outputs. This loop will run 8 steps, the other array is used to control
how long each step will last. For this circuit they are all set to 2 seconds. During each step the
decimal value is sampled and is outputted to the output task.

The other while loop is connected to the XOR logic gate. In here the value from the Labview is
compared to the value from the IC, if there is any differences then a fault bit would be brought on.
This is then connected to a fault light on the operation screen.

Fault detected

i Devl/pont0Tine3

ore chamelfor aTines <} Kl
Digitalinput -]
Digital Bool _
Line 1Pzint

error out 2
=
=

n

=
By Digital condition for inputs 2nd cutput

one channel for all lines v

49 = [
a7

B

4 =
[F G

127 C".;'Du.t
IEcoo

test number reset count
= @

I

stop

Figure 6-1 - Labview Circuit

If we look at figure 7.2, we can see the operator screen for the Labview circuit. All of the images
show the programme running through all 8 steps. The lights will show the condition of the inputs, if
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All the information held within this document is strictly confidential and should not be shared without CK's agreement




‘ ~
PSDE6019 CaLsonic Kanseir

James Stallard

the logicis 1 or 0. The binary value is then displayed on the binary data. If there was a fault then the
fault detected light will come on.

Figure 6-2 — Labview testing

Test vectors are good and cover all 8

tests.
6.1 Fault Detection testing

For the fault testing there has been three faults placed on the circuit, this is being done to prove that
the fault detect laight works.
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6.1.1 Fault 1

For this fault the input A has
been connected to the
ground, this means that it is
stuck at logic 0.

Figure 7.3 shows that the
fault light is on when input A
is at logic 0, we can see why
this is as the Labview is
looking for the input to be at
logic 1, this can be seenin
the image.

Figure 6-3 — Labview Fault 1

6.1.2 Fault 2
] For this fault the input D has
been connected to the ground,
this means that it is stuck at

logic 0.

Figure 7.4 shows that the fault
lightis on when input D is at
logic 0, we can see why this is
as the Labview is looking for
the input to be at logic 1, this
can be seen in the image.

Figure 6-4 — Labview Fault 2

6.1.3 Fault 3

For this fault the input F has
been connected to the ground,
this means that it is stuck at
logic 0.

Figure 7.5 shows that the fault
light is on when input F is at
logic O, we can see why this is
as the Labview is looking for
the input to be at logic 1, this
can be seen in the image.

Figure 6-5 — Labview Fault 3

Tests are good and the design in
LabVIEW is explained well.
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7. Conclusion and Recommendations
In this assignment there has been research performed into common faults that occur with

integrated circuit boards. For the research there has been IC fabrication faults, this includes the
common faults that can occur during the building process or by handling the components. Also there
has been research performed into stuck at faults, this includes how the faults occur and all the types
of faults that come under this title. Final there has been research performed into how ESD

(electrostatic discharge) affects or damages electrical components.

There has been work performed into implementing SSF fault modelling, this has been done using
two different method on the Multisim and Labview software. These have been used to create the
combinational logic circuit needed for testing. This were done to achieve the minimum amounts of
test required to cover all faults. This has been done and the testing can be seen with many software

to achieve the same results.

The conclusion
should have some
discussion on the
comparison of the
methods used.
Needs more detail
of what the overall
analysis has
demonstrated.
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PAGE 10
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Text Comment. Reduction methods are good and explained well.
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PAGE 12

Text Comment. The tests are correct.

PAGE 13
Text Comment. This test is correct but it should include the x-or test.
PAGE 14
PAGE 15
Text Comment. Testing using this method is good and shows the fault at the output. The
X-OR gate comparator should be implemented here and explained.
PAGE 16
PAGE 17
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PAGE 19
Text Comment. Good work with k-maps for circuit reduction and use of the mirror method.
PAGE 20
Text Comment. Should include x-or gate.
Text Comment. The design looks correct and the tests are good which show the 8
vectors. The X-OR should be implemented here also and explained.
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Text Comment. Test vectors are good and cover all 8 tests.
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Text Comment. Tests are good and the design in LabVIEW is explained well.
PAGE 24
Text Comment. The conclusion should have some discussion on the comparison of the
methods used. Needs more detail of what the overall analysis has demonstrated.
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Text Comment. The sources are relevant and appropriate number used for the task.
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RESEARCH-INFORMED LITERATURE
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y‘ Research is a little brief, but relevant sources have 8 I1 5
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SSF - 3/5

KNOWLEDGE AND UNDERSTANDING
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y‘ Minimum test vectors for design has been 20/30
implemented and explained - 7/10 LabVIEW design
and explanation is good - 7/10 ECAD design as
alternative should have included the X-OR gate
comparator with an explanation of its importance.
This is left out of this part, but the test is still valid
because the output shows the fault. - 6/10

ANALYSIS

(

y‘ ECAD tests are good but should show the X-OR 9/1 5
comparator function. - 6/10 Comparison to theory
has been achieved This would have been better with
the comparator implemented. - 3/5

PRACTICAL APPLICATION AND DEP.
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y“ Prototyping of test circuit has been demonstrated 1 7/25
and explained. The X-OR function would have
explained the testing of the prototype. - 6/10
LabVIEW testing is good and operation of design is
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good - 3/5 Conclusion is a little weak - 2/5
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