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1 EXECUTIVE SUMMARY

This report explores the different types of IC fabricated faults but focuses on the most common
modelling technique used, the SSF fault model. This assumes that the fault within a logic gate results
in either an input or output being fixed to logic high or low. The report also investigates electrostatic
discharge (ESD) - the release of static electricity when two objects come into contact. The electrostatic
charge is created by two insulator surfaces rubbing together or pulling apart. As electrostatic
discharge can permanently damage devices, prevention methods such as grounding wrist straps and
antistatic instruments were researched. Simulation software was then used for a 4-logic gate circuit
with 6-inputs and then tested using test vector tables. The results were then analysed by using a logic

analyser. A 6-bit pattern generator was built by using Karnaugh maps.

Using industry-accepted software Eagle, a PCB board was design to replicate the 6-bit generator.
Using LabVIEW and Elvis DAQ, the board could be used for testing and then using the Graphical User
Interface on LabView, displaying the fault.




2 RESEARCH

2.1 IC FABRICATED FAULTS
There are many methods of fabricated fault tests that can be carried out, but the preferred method is

fault modelling method because input/output testing is not sufficient for manufacturing testing.

A preferred technique is Fault Modelling which enables the designer to generate known faults where
the circuit can be tested against a derived table of expected faults. This can be done using ATE methods

of test, which can be very fast.

This method allows analysis of the CUT (Circuit Under Test), which can be compared with the

generated faults.
The most common types of fault models are:
SSF —Single Stuck at Faults

Transistor fault — open and short circuit faults
Delay faults

Memory faults

PLA faults

Bridging Faults

Transistor Stuck-On/Open Faults

Functional Faults

Memory Faults

The bridging fault is demonstrated in Figure 2.1 below:

E SA1 E SA0D
—_—

Vpp —_a _CND

l: Vg p Feedback Bridging
[ Bridging fault | [ fult

Figure 2.1 - Bridging faults

(Plusquellic, 2004)




Defects in IC’'s include processing defects such as missing contacts and transistor breakdown. Table
2.1 below shows the PCB fault classifications:

Defect Classes Frequency of occurrence
shorts 51

opens 1

missing components 6

wrong components 14

reverse components 6

bent leads 8

timing 5

Table 2.1 - PCB Defects

(Hayes, 2002)

2.2 SINGLE STUCK AT FAULTS

The most common modelling technique used is the SSF fault model. This assumes that the fault within

a logic gate results in either an input or output being fixed to logic high or low.

Three properties that define a SSF are:

- Only one faulty line

- Fault is permanently fixed to logic high or low

- Fault can be at an input or output of a gate

(Hayes, 2002)

Figure 2.2 below demonstrates a test condition at the input and a SSF at logic 1 at the output.

Test vector

l

1 1 Faulty Response
1 AND1 True Response
|
0(1)
AND2
0 0(1)
0 stuck-a-1

Figure 2.2 - S5F example

(Han, 2008)




































































































SSF methods are used to reduce the complexity of test procedures due to an array of physical defects
are able to be modelled using one logical stuck at fault. The SSF model is independent technology and

can be used for TTL and CMOS.

In VLSI design verification and test, failure mode is used in reference to the manifestation of a defect

at the electrical level (Plusquellic, 2004)

These defects can present themselves as short or open as mentioned earlier except in this case it VLSI

which is on a large scale.

Faults at this level can be attributed to:

- Unwanted material or etching in the material

- Chemical deposits left from processing

- Dust particles due to contaminated clean room

When a fault shows up in tests for other faults it is known as fault dominance. This means only tests
that pick up the other faults need to be carried out as the dominant fault will always be present

regardless and not need a specific test.

When two faults are equally dominant where only one test needs to be carried out to detect the other,

itis known as fault equivalence (Ubar, et al., 2017)

2.3 ELECTROSTATIC DISCHARGE DANGERS
Electrostatic discharge (ESD) is the release of static electricity when two objects come into contact

(Rouse, 2011). The electro static charge is created by two insulator surfaces rubbing together or pulling
apart. This will mean that once surface will gain electrons and the other will lose electrons which cause

a potential between the surfaces.
ESD can be generated by mechanical means such as rubbing and sliding or fields of high energy nearby.

When ESD occurs in IC's the voltage can be high enough to cause the oxide dielectric breakdown, and
high currents can cause melting of silicon, creating short circuits. This can permanently damage the
device. Latency can be increased by ESD, where the ICis damaged but not to the point of failure. The

effects of this get worse during the life of the device.




Figure 2.3 — ESD damage

(Technofaq, 2018)

A large amount of damage can be caused by ESD from human contact. Table 2.2 shows the levels of

ESD components can withstand using the human body model.

Device type ESD withstand voltage sensitivity (V) HBM
MR heads, RF FETs 10. 100
Power MOSFETS 100 - 300V
FIN dwodes, laser diodes

Pre - 1990 VLSI 400 - 1000V
Modermn VSLI 1000 - 3000V
HCMOS 1500 - 3000V
CMOS B Seres 2000 - 5000 V
Linear MOS 800 - 4000 V
Small geometry older bipolar 600 - 6000 V
Small geometry moderm bipolar 2000 - 8000 V
Power bepolar 7000 - 25000 V
Film ressstor 1000 - 5000 V

Table 2.2 - Device ESD withstand levels from human body model

(Electrostatic Solutions Ltd, 2012)

With new development of IC's more silicon is used and the devices are becoming more complex VLSI.

As a result, the amount of voltage needed to damage components is getting much smaller.

ESD will not necessarily instantly destroy circuits, it is far more frequent for the device to be damaged

which will affect long term performance eventually leading to failure.




2.4 PREVENTION METHODS FOR ESD
An effective method used to protect IC's against ESD form manufacture to implementation are earth

straps which can be worn on the ankle or wrist and are directly connected to an earth point, usually

locally. The earth path provides a good path for the static voltage.

Other prevention methods used are antistatic instruments, carrier tape, antistatic bags, which
eliminate any potential across a circuit and antistatic mats, which are usually used in industry clean

rooms.

Antistalic tweezers
Antistatic finger cots

Antistatic carrier tape

Antistatic bag

Antistatic table mat

Grounded wristl-strap

Antistatic Nioor tiles
Figure 2.4 — ESD prevention

(Mini-circuits, 2015)




3 DESIGN OF ASSIGNMENT REQUIREMENTS

The objective of the assignment requires a combinational circuit for the CUT analysis. The circuit

requirements were 6 input logic circuit which is shown in Figure 3.1.

The test sequence data was derived by using the SSF model which identifies and eliminates any

redundant data in the sequence. The data sequence was greatly reduced using this method and

produced the correct order of sequence for the test and analysis.

This circuit will be tested initially using simulation only methods using NI Multisim ECAD software.

Final test analysis was carried out using a combination of a PCB design of the CUT using discrete

component IC's with virtual instrumentation design methods using NI LabVIEW and DAQ mx interface.

A
U1A
. B
X

C 74LS10N U3A

D USA Y 74LS08N
=

74LS02N

. F

z

U2A

7432N

Qgood

Figure 3.1 — CUT (Circuit Under Test)

3.1 STUCKAT FAULT MODEL METHOD

The ‘stuck at’ fault model technique was implemented to identify the SAO and SA1 faults on the CUT.

The number of test vectors required for each individual gate in the CUT was reduced using them + 1
formula where m being the number of gate inputs.

Figure 3.2 shows the 3 input NAND gate with table of test vectors with no redundancy.

A | Test No.
=D 1

2

3

4

Figure 3.2 — NAND gate test vectors

A
1
0
1
1

R ORr RPLr m

10

=Ny N ]

=R .3




Figure 3.3 shows the 2 input NOR gate with table of test vectors with no redundancy.

D
D Y Test No
E

D
5 0
1
0

6
7

= o o|lm
O O r|=<

Figure 3.3 — NOR gate test vectors

Figure 3.4 shows the 2 input AND gate with table of test vectors with no redundancy.

X
v D z Test No

X Y z
8 1 1 1
9 0 1 0
10 1 0 0

Figure 3.4 — AND gate test vectors

Figure 3.5 shows the 2 input OR gate with table of test vectors with no redundancy.

Z
F:D_Q Test No

z
11 0
0
1

12
13

o = Oo|lm
R Rlo|lp

Figure 3.5 — OR gate test vectors
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3.2 DERIVED TEST VECTORS
Table 3.1 shows the derived table of results for all possible stuck at fault tests and all conditions

required to test each stage. The fault condition is set for each test so that the fault at the output of
each gate follows the final output ‘Qgood’ in the table.

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

\1_[ 1

0 1 1 0 0 0 1 31 1 1 1 ASA1

=
=
(=]
(=]
(=]

0 70 0 1 0 A+B+CSAO

1 0 1 0 0 0 1 51 1 1 1 BSAl
1 1 0 0 0 0 1 61 1 1 1 CSAl
00 0 0’ 0 0 0 1 01 1 1 1 D+ESAlL
0* | O* 1 0 0 0 08 1 0 0 DSAO
00 o* | o* 0 1 0 0 04 1 0 0 ESA0

2

3

4

6

7
m 0 o* o* 0 0 0 1 01 1 1 1 X+4Y SAD
(2]

1 1|1 0 0 0 0 70 0 1 |0 XSAl
0 0 0* | 0* 17 17 0 0 oc 1 0 |0 YsAl
11 11 1 17 1** 0 0 7C 0 0 0 F+ZSA1
12 1 11 17 17 1 1 7F 0 0* | 0 FSAD
0" o0* | 0* 0 0 0 1 01 1 1 |1 ZSA0

Table 3.1 — Initial derived table

Key:

* Rule that allows one condition must be set at logic 0
** Rule that allows one condition must be at logic 1

The tests in Table 3.1 identify the redundancies by the red and green rectangles. Test 1 and 9 in red
are duplicates and tests 5, 8 and 13 are duplicates. Only one test is needed and subsequently the
redundant tests can be eliminated.

The result of applying the duplicate redundancy rules produce a table of reduced test vectors which
is shown in Figure 3.7.
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TestNo A | B | C | D E F Qgood HEX | X Y 2Z Fault
1 1|1 1 0 0 0 0 70 0 1 0 A+B+CSAD, XSAl
2 0 1 1 0 0 0 1 31 1 1 1 ASAl
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
5 00 0|0 |0 0 0 1 01 1 1 1 D+ESAL, X+YSAO, ZSA0
6 0" 0*|0* 1 0 0 0 08 1 0 0 DSAO
7 0" 0* 0% 0 1 0 0 04 1 0 0 ESA0
10 0 o* 0* 17 1" 0 0 oc 1 0 0 YSAl1
11 11 1 1" 1 0 0 7C 0" 0" 0 F+ZSA1l
12 1 1 11" 1" 1 1 7F 0° 0* 0 FSAO

Table 3.2 — Reduced table using redundancy rules

The number of tests in Table 3.2 can be further reduced using the wildcard equivalence rule on certain

test vectors which are identified by *' and **’ in the table.

Test 5 can be altered so that it becomes the same as test 4 which creates a redundant test vector.

Only one of these is required and therefore one can be eliminated.

The same rule can be applied to test number 6 and 10 where the redundant test can be removed.

The result of this was a further reduced test table consisting of 8 test vectors instead of the initial 13.

This is shown in the table of Table 3.3 and it indicates that the fault condition of the redundant tests

are added to the existing test vector.

TestNo | A B C D E F | Qgood HEX X |y Fault
1 1 1 1 0 0 0 0 70 0 1 A+B+C SAQ, X SA1
2 0 1 1 0 0 0 1 31 1 1 ASAl
3 1 0 1 0 0 0 1 51 1 1 B SAl
4 1 1 0 0 0 0 1 61 1 1 CSA1, D+ESA1, X+Y SAQ, Z SAOD
6 0| o* | o* 1 0 0 0 08 1 0 D SAD, Y SA1
7 0" | o* | o* 0 1 0 0 04 1 0 E SAO
11 1 1 1 1" 1** | 0 0 7C 0 0o F+Z SA1
12 1 1 1 17 17 1 1 7F 0 | 0* F SAO

Table 3.3 — Further reduced table

13




3.3 MuLTISIM DESIGN TEST OF CUT USING WORD GENERATOR
The test demonstrated in Figure 3.6 below has no fault condition set and the results are recorded
using the analyser.

Circuit Under Test Word Generator Logic analyser
MWGL f A
i) [ B A<
3 el XLAl1
2% g—rc 8o Lp
I 0 gL, C—
T D « 1,0
— et E E <—’_ Py
£ x = ;o4
I b F P 7
1s X o Q_Test ]
Q_Good I3 | o o Q_Good © -
— = Q_Result < =
Test result comparator R T I
carT
? ? T 1

Q_Test O\jD_
Q Good Q_Result
Figure 3.6 — Simulation test with no fault condition

The resultant waveform sequence of the test with no fault is shown in Figure 3.7 and the result

waveform has no positive pulses which indicate that the output of the X-OR gate is at logic 0.

18.000m 22.000m 26.000m
- — [ s I
8 L1 —
< e I S
D L] ,
E |
:en— 7 No positive pulses
Term 8
Term §
Term 10
Term 11
Term 12
Qtest —
Resuit et —
Term 16
R e I s 0 I W T o B
Clock_Oua
Trigg_Qua

Figure 3.7 — No fault test

If there is a difference at the input of the X-OR gate then this would indicate a fault and the
output will go to logic 1.
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4 ANALYSIS OF NI MULTISIM RESULTS

The following tests were carried out with a set fault condition taken from the derived table of test

vectors. The CUT was set with three separate fault conditions to prove the theory and design principle.

Figure 4.1 shows the CUT modified for a stuck-at fault of input A stuck at logic 1: A SA1

O
Key = Spac1
A U1A
[N X w2 U3A

Y TA0EN I‘/

TA3IN Qtest Qgood FEDCBHBA

Qtest

o s eooeso
E » WA Resun s A ‘
F 740N — =
a T486N 45l o !
=
=y v
N E -
Ggood ,,r | = | Ed
B, 5 I8 X &
p € o | 1= -
FEo— 1 = | = *
] n M
t 4 = ROT
E I =
Qtes
e |
| ‘caql
[

Figure 4.1 — Input A SA1 fault condition

Figure 4.2 shows the resultant output for the fault condition where the output ‘Result’ of the X-OR
gate has a positive pulse when there is a discrepancy at its inputs. The input from the CUT is showing
a fault and is sensed at the output of the X-OR gate.

The two cursors indicate the start and finish points of the test sequence.

Time (s)
0.000m 4,000m 8.000m 12(

E
|

a

:

|

|

T

Positive pulse at output of X-OR due

= to fault at input on Qtest
Tem S

Result I
Term 16
Clock_|nt |

Figure 4.2 — Test result for input A SA1
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Figure 4.3 shows the CUT modified for a stuck at fault of input C stuck at logic 1: C SA1

uz
Key = Spate
A u1A
T X use
B —1 )o—':\ B U Qtest
TN | ] >
Yy 74N Ta3N Qtest Qgood F EDCBA
0 ueA e P
Es 1 | YA Resun Iz
¥ TA02N Y — 4
& T486N +=
I
"]
; +
Qgood o £
1
32
—a
]
3=

Figure 4.3 — Input C SA1 fault condition
Figure 4.4 identifies the fault condition with a positive pulse at the X-OR gate output ‘Result’ due to

the error implemented in the CUT ‘Qtest’ of input C SA1.

Time (¢
0.000m 4.000m 8.000m

hd . L w
A L [
B S s BN
< 1 —
o [ N i
- — Positive pulse indicating fault has
Term T been identified
Term$
Term$
Term 1
Term 1
Term 12
Crest
Qgood _
Result o
Term 16
Coskant | LML LT L LT L LT LT L
Ciock_Qua |
Troa Cua

Figure 4.4 — Input C SA1 fault condition
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Figure 4.5 shows the CUT modified for a stuck at fault of input D stuck at logic 1: D SA1

u3A

Qrest

743N Qtist

A Result
I

T486N
Qgood [— —
T

C. = i

D, © -
FEot - i l
z H |l
ERE

Qtesy —|
Refﬂlﬂ?"ﬁ—i—" |
] |
| fead!
RN

Figure 4.5 — Input D SA1 fault condition

agood  F c

=bhbbbbEAERRRBIED

g |

il

ﬂ

Figure 4.6 identifies the fault condition with a positive pulse at the X-OR gate output ‘Result’ due to

the error implemented in the CUT ‘Qtest’ of input D SA1.

Time (s)

18.000m 22.000m 26.000m

xr

30.000m

=

m

(3]

=]

m

L]

oy
3
&

o
3
-4

0
3
w

0
E |
2

&
3

Term 12
Otest

i

Result
Term 16
Clock_Int
Clock_Qua

gy T o T N B9

Figure 4.6 — Input D SA1 fault condition
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5 THE 6 —BIT REGISTER DESIGN

The 6-bit register ATE test method was designed and implemented for the purpose of testing the CUT.

The same fault conditions were used for fault detection and an analysis of the results was carried out.

Table 5.1 demonstrates a next state conditions table for the finite state machine that produces the

test sequence for the inputs A through F.

PRESENT STATE NEXT STATE
A B C 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

Table 5.1 — Next state conditions table

The next stage was to use Karnaugh Maps to generate the logic state conditions required for the
feedback logic for the input sequence.

Table-5:2-demonstrates the Karnaugh Map for output QA of the 6 bit register

ABC/DEF 000 001 011 010 100 101 111 110

000 0 0 1 0 0 1 0 0
001 0 0 0 0 0 0 0 0
011 0 0 0 0 0 0 0 0
010 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

Table 5.2 — Output QA

Boolean expression derived from the Karnaugh Map:

A.B.C.D.E + A.NB.C.ND.NE.NF + NA.B.C.ND.NE.NF + NA.NB.NC.ND.E.NF

18


























































Table 5.3 demonstrates the Karnaugh Map for output QB of the 6-bit register

ABC/DEF 000 001 011 010 100 101 111 110

000 0 0 0 0 0 1 1 0
001 0 0 0 0 0 0 0 0
011 0 0 0 0 0 0 0 0
010 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

Table 5.3 — Output QB
Boolean expression derived from the Karnaugh Map:

A.C.ND.NE.NF + A.B.C.D.E + NA.NB.NC.ND.E.NF

Table 5.4 demonstrates the Karnaugh Map for output QC of the 6-bit register

ABC/DEF 000 001 011 010 100 101 111 110

000 0 0 1 0 0 0 1 0
001 0 0 0 0 0 0 0 0
011 0 0 0 0 0 0 0 0
010 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

Table 5.4 — Output QC
Boolean expression derived from the Karnaugh Map:

NA.NB.NC.ND.E.NF + NA.B.C.ND.NE.NF + A.B.C.ND.NE.NF + A.B.C.D.E

19




Table 5.5 demonstrates the Karnaugh Map for output QD of the 6-bit register

ABC/DEF 000 001 011 010 100 101 111 110

000
001
011
010
100
101
111
110

Table 5.5 - Output QD

0

o O O »r O O

0

0

o o o o o o o

0

o o o o o o o

0

o o o o o o o

0

o o o o o o o

0

o o o o o o o

0

=, O O O O o O

Boolean expression derived from the Karnaugh Map:

NA.NB.NC.ND.E.NF + A.B.NC.ND.NE.NF + A.B.C.D.E.NF

1

o o o o o o o

Table 5.6 demonstrates the Karnaugh Map for output QE of the 6-bit register

ABC/DEF 000 001 011 010 100 101 111 110

000
001
011
010
100
101
111
110

Table 5.6 — Output QF

0

0
0
0
0
0
0
0

0
0

o o ol o

0
0

o o ol o

0

0
0

=~ O ol o o

Boolean expression derived from the Karnaugh Map:

NA.NB.NC.ND.E.NF + NA.NB.NC.D.NE.NF + A.B.C.D.E.NF

20
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Table 5.7 demonstrates the Karnaugh Map for output QF of the 6-bit register

ABC/DEF 000 001 011 010 100 101 111 110

000 0 0 0 0 0 0 0 0
001 0 0 0 0 0 0 0 0
011 0 0 0 0 0 0 0 0
010 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
111 0 0 0 0 0 0 0 0
110 0 0 0 0 0 0 1 0

Table 5.7 — Output F
Boolean expression derived from the Karnaugh Map:

A.B.C.D.E.NF

The design of the 6-bit register with combination feedback circuit was taken from the results of the
Karnaugh Map procedure.

The design circuit is shown in Figure 5.1 below and demonstrates the no fault condition on the CUT.

The circuit diagram identifies the CUT and the good template circuit and the outputs of both at the

inputs of the X-OR gate which acts as a comparator.

As demonstrated in the analysis there are no positive pulses at the output of the X-OR gate which

indicates no fault condition.

Figure 5.1 — No fault condition
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Figure 5.2 shows the test result analysis for no fault condition

Time (s)
27.550m 32.550m 37.550m 42.550m

NgigigugigigipgigigagupEgupugigipig

"

Term 2

Term 3

Term 4

Term S
Term &

>

No positive pulses
which indicate no fault
condition

(2]

rrl‘l-

W

Term 13

n

\
fﬁf\

l
| L
| L

Good_Test

Result

Clock_Int

I

Figure 5.2 — No fault condition
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6 TEST ANALYSIS FOR THE 6 BIT REGISTER DESIGN

Identical fault conditions from previous tests using Multisim Word Generator were set for the 6-bit
register.

The faults condition set:
Input A SA1
Input C SA1
Input D SA1

Figure 6.1 shows the CUT with stuck at fault input A SA1

Figure 6.1 — Input A SA1 fault condition set

Figure 6.2 shows the test result analysis for the stuck at fault input A SA1
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Figure 6.2 — Input A SA1 fault result

Figure 6.3 shows the CUT with stuck at fault input C SA1
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Figure 6.3 — Input C 5A1 fault condition set

Figure 6.4 shows the test result analysis for the stuck at fault input C SA1
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Figure 6.4 — Input C SA1 fault result
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Figure 6.5 shows the CUT with stuck at fault input D SA1

Figure 6.5 — Input D SA1 fault condition set

Figure 6.6 shows the test result analysis for the stuck at fault input D SA1
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Figure 6.6 — Input D SA1 fault result
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7 PRACTICAL BUILD AND TEST USING LABVIEW

The software NI LabVIEW was used as an alternative method for ATE to test the identical CUT. The
interface was provided by NI Elvis || DAQ development board and the associated interface library that
is added to LabVIEW as a plugin option.

The Figure below shows the G-code program which was designed to run the data stream to drive the

inputs of the CUT.

The output of the CUT is fed into an X-OR gate input along with a generated data pattern of a good
set of results. This enable the output of the CUT to be compared with the good data stream generated

from LabVIEW.

The X-OR gate provides the comparison result by feeding its output into LabVIEW via the DAQ input.

i Deved/portl)/linel:6 EI' Digital condlition far inputs and sutput
[ane channel for all lines "} * &=t binary Hsta 1 : ﬁ
i [- —m=l L
Digital Qutput | l— .

=

ermor out

test number rest count
M= L

r

th-®

o]

Figure 7.1 - Data pattern generator to drive inputs of CUT via DAQ outputs

TEST RESULT

one channel for all lines |

Digital Input 7]

Digital Bocl _
iLine 1Pcint

Figure 7.2 - Result from X-OR gate sent to LabVIEW via DAQ input
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Figure 7.3 — Full set of test vectors with no fault condition

Figure 7.3 above shows the result of running the test sequence on the practical CUT setup on the Elvis
DAQ development board. This setup is shown in Figure 7.4 below.

Figure 7.4 — DAQ CU
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Fault conditions set on the practical CUT identical to the ECAD test:
- ASAl

- C5A1

- D SA1

Figure 7.6 — Fault indicated for C SA1 condition

Figure 7.7 — Fault indicated for D SA1 condition
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Figure 7.8 shows the CUT PCB connected to the elivs DAQ.

Figure 7.8 - PCB CUT Test using LabVIEW and Elvis DAQ

binary data test number

Digital condition for inputs and output

Q F E DC B A

TEST RESULT rest count  stop
-

Figure 7.9 — Fault indicated for A SA1 condition

The PCB test indicated no faults with no fault condition set which was identical to the practical CUT
using DAQ. With the same fault condition set; proves that the PCB behaves in the same way as the
identical practical CUT with the DAQ development board.

8 CAM DESIGN AND BUILD OF PROTOTYPE

Using industry approved CAM software — Eagle, the test circuit was built on the software so that the
Gerber files could be sent to a supplier to manufacture the circuit PCB. Figure 8.1 show the schematic
design created and Figure 8.2 shows the board design, including tracks and drill holes. Figure 8.3
contains is the content of the zipped circuit designed in Eagle. Figure 8.4 - Figure 8.7 shows the content
of the guber files.
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Figure 8.2 - Board design in Eagle
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Figure 8.3 - Gerber Files
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The files were then tested on Gerber viewer.

Gerber view + B =

Show saved boards ¢

> Show flenames

Figure 8.4 - Gerber View - Copper - Top

Gerber view + B =

Show saved boards ¢

Figure 8.5 - Gerber View - Copper — Bottom

Gerber view + B

mechanical Show saved b

Figure 8.6 - Gerber View - Drill Holes (underlined for visibility)
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Gerber view

»  Show filenames

Figure 8.7 - Gerber View — Solder Positions
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9 CONCLUSIONS AND RECOMMENDATIONS.

It can be concluded that the CUT met the design requirement of 6 input combinational circuit. The
Stuck at fault model was used to reduce the number of test vectors required to carry out a full test of
the CUT from 13 to 8. The process of test vector reduction was carried out using tables to quantify
the redundant tests by identifying similarities and using wildcard methods to change values within the

model rules.

The resultant test vectors were implanted using Multisim word generator to generate the inputs
needed for the CUT. Tests were carried out for the no fault condition initially to prove the CUT
integrity. Following this, 3 faults from the resultant table of test vectors were chosen and set in the
CUT. The CUT was then tested with these fault condition set in tumn and the resultant output was
identified by the using the X-OR gate for comparison. From comparing the CUT output to that of a

good knowing working output, it made it possible to identify the fault conditions.

The next stage was testing the CUT under the exactly the same conditions using a 6-bit pattern
generator (shift registers) ATE design implementation. The results were taken and compared with the

word generator.

The final testing was using LabVIEW and DAQ interface board to drive the 6 inputs of the CUT and
carry the same test procedure. The advantages of LabVIEW is that it provides a Graphical User
Interface (GUI) of the real time test process. The test with no fault condition was carried out initially

to prove the CUT using LabVIEW and then the identical fault conditions were set and tested.

The result of the procedures carried out was that all 3 gave the same fault indications for the same
fault conditions set on the CUT, meaning it can be concluded that the circuit functioned as the theory

predicted it would.

In future, the Multisim PLD and the LabVIEW could be implemented as ATE for production circuits and

the fault reduction model cam be implemented to reduce the test time
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