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1 INTRODUCTION

The aim of this assignment is to analyse and evaluate a range of processes, techniques

and strategies required for developing a prototype design into a product that can be

manufactured and tested in order to meet customer needs.

This will be achieved by:

Demonstrating an understanding of the use of Automatic Test Equipment
(ATE) in testing IC such as single stuck at fault model (SSF)

Researching the dangers of electrostatic discharge including how it can be
prevented during the design and manufacturing process.

Building a combinational logic circuit using CAD software, such as Multisim.
Performing vector reduction techniques using the SSF model.

Deriving test results from the modelled circuit using both Multisim and NI
LabVIEW.

Analysing and comparing the derived and simulated test results.

Designing a 6-bit pattern generator to show how the circuit can be tested using
this method.

Implementing the 6-bit pattern into LabVIEW for testing a practical circuit built

using the Elvis development board.




2 RESEARCH
2.1 IC fabrication faults

Several defects can occur during and after the manufacture of integrated circuits (ICs).
These faults can be summarised into four categories: processing defecl, material

defects, time-dependent failures and packaging failures (Fall, 2002).

IC fabrication faults covers a range of fault modelling techniques that make possible
analysing integrated circuits after their fabrication and determining if any of the above
mentioned faults are present.

IC fabrication faults include fault-modelling techniques for common faults such as
transistor open and short faults, memory faults, functional faults, delay faults and
analogue faults. These common faults are beyond the scope of this assignment and

therefore will not be investigated further (Fall, 2002),
Single stuck at faults, object of investigation in this assignment, is a fault-modelling
technique for modelling physical faults in a circuit.
Three properties define a single stuck at fault:
1. Only one line or wire is faulty.

2. The faulty line is permanently set to zero or one.

3. The fault can be at an input or output of a gate. (Fall, 2002)

The total number of possible stuck at faults is twice the number of line in the circuit.
Figure 2.1 shows a three input and gate. Since a three input and gate has four lines,

three inputs and one output, the number of possible stuck at faults is eight.

A -
B x=ABC
C e

Fiqure 2.1 - Three input AND gate (SlidePlayer, n.d.)
Test vectors are test patterns applied to a circuit in order to detect particular fault
within a circuit. The test pattern must be such that if a fault is present the output must
be different from that of the good circuit. This means that if the output of a good circuit

is logic one, the output must be zero if a fault is present and vice versa.




There are four types of stuck at faults:

* Stuck at 1" (SA1) - input or output is stuck to logic 1.
= Stuck at ‘0" (SA0) - input or output is stuck to logic 0.
* Bridging fault - Two outputs of gates are shorted together.

* Feedback bridging fault - the input and output of a gate are shorted.

Figure 2.2 shows an example of how to determine the test vector for a stuck at fault.
An input ‘a” SAQ fault can be detected by applying the test vector ‘11" to the NAND
gate. This will cause the output of the gate to change from zero to one if the input ‘a’

SAOQ fault is present.

Good circuit value
Faulty circuit value

Test vector for a s-a-0 fault

Figure 2.2 - Stuck at fault modelling (Lima Kastensmidt , 2008)
Figure 2.3 shows further examples of stuck at one and stuck at zero fault modelling
applied to a three input “AND’ and a three input ‘OR’ gate. As it can be seen below, in

all four case the stuck at fault produced a change of output as previously explained.

1
1/0§ 0” a 1
1_b 0 1 b 0"
1_¢ 1 ¢
(a) (b)
1 0
7 a 4 17 _a
0’ 0 b
0 ¢ 0 ¢
(c) (d)

Figure 2.3 - Stuck at faults "AND’ and ‘OR’ gates (Anon., n.d.)




The number of single stuck at faults to be considered can be reduced using techniques

such as fault equivalence and fault dominance,

Fault equivalence involves identifying and grouping into subsets two or more faults,
which effect on the circuit are identical. The faults within the subsets can then be
reduced by implementing the collapsed fault method, which involve reducing the

faults in the subsel Lo one fault and therefore one Lest veclor or tesl pattern.

Figure 2.4 shows the fault equivalence method applied to a two input and gate and a
two input or gate. In the case of the ‘AND’ gate when one input is stuck at zero the
output will be zero and therefore two of the three faults joined by the orange line can
be removed. The same principle can be applied to the ‘'OR’ gate. In both case the fault
equivalence technique reduces the number of faults that need to be considered from

six to four.

sal0 sat

sa0 sai

Figure 2.4 - Faull equivalence (Lima Kastensmidt , 2008)
The fault dominance technique involves two faults where one dominates the other. In
the example shown in Figure 2.5 the test of F1 detect F2 and therefore F2 is said to
dominate F1. This means that the test F1, highlighted in orange can be used for

detecting both faults and therefore all other tests of F2 can be removed.

In this case, fault dominance allowed reducing the number of test vectors from seven

to one.

All tests of F2 j

001
sfaz-1 010

000
o011

100

Only test of F1

Figure 2.5 - Fault dominance (Lima Kastensmidt , 2008)




2.2 Electro Static Discharge (ESD)
Electrostatic discharge (ESD), shown in Figure 2.6, is the release or transfer of static
electricity from a positively charged object being exposed to a negatively charged

object.

Figure 2.6 - Electrostatic discharge (ESD) (Desco, 2013)

Figure 2.7 shows some example of sources of ESD voltages. As it can be seen below,

these events can occur during everyday life and can have large magnitudes.

) Typical Electro Static Voltage in KV
e b at a relative humidity of 20%
|Walking across Vinyl floor | 12KV
Walking across synthetic carpet | 35KV
Opening a plastic bag 20KV
Arising from a foam cushion 18KV
Sliding plastic box on a carpet | 18KV
Removing plastic tape for a PC board 12KV
|Removing shrink film from PC board 12KV
|Triggering a vacuum solder remover | S§KV
|Spra3'ing aerosol freezer spray | 15KV

Figure 2.7 - Everyday life ESD causes (Storr, 1998)
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Figure 2.8 shows ESD susceptibility figures for some electronic devices. As it can be
seen below, the voltage that can cause damages to electronic devices is very low. This
is due to the reduction of components in the modern era, which means that large

number of components can be fitted in very small devices.

Device type ESD susceptibility
Bipolar transistors  ||380 to 7000 Volt
CMOS logic devices ||250 to 3000 Volt
EPROM devices 100 volt
Film resistors 300 to 3000 Volt
ITL logic devices 1000 to 2500 Volt
|Microproccssor chips"as low as 10 Volt |

Figure 2.8 - Susceptibility figures (Storr, 1998)
When ESD occurs, both current and heat is generated. When the heat is released onto
an electronic device, the small components can melt or vaporize causing the device to
fail. In some cases, the device still functions but this event significantly reduces the life

of the device. This is known as latent defect (Rouse, 2011).

Figure 2.9 shows an example of PCB damage caused by electrostatic discharge.

Figure 2.9 - ESD damage on PCB (SlidePlayer, n.d.)




Appropriate measures can be adopted during the manufacturing, testing, shipping

and handling process of electronic devices in order to prevent ESD events. Some of

these preventive measures involve wearing a wrist strap or ESD control footwear

during the manufacturing process and using conductive, static dissipative and anti-

static materials (Storr, 1998) that shield the product from a charge during packaging

of electronic devices (Rouse, 2011).

Figure 2.10 shows several ESD precaution measures than can be adopled in the

manufacturing area of electronic devices.

Conductive

trays

compartment Elactrostatic
voltage sensor

Cofton overall

Strap (resistance

tween 0.5 MQ and 10.0 MQ)

Figure 2.10 - ESD prevention measures ( Stack Exchange Inc;, 2018)

The use of ESD safe containers such as Static safe bags, Conductive tote boxes,

Conductive foam, Metal foil and Device storage tubes are other precaution measures

that can be adopted in order to prevent ESD (Storr, 1998).
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3 DESIGN OF ASSIGNMENT REQUIREMENTS

In order to achieve the objective of the assignment a combination logic circuit shown

in Figure 3.1 was built using multisim.

A
U1A
=——
X
C 74LS10N U3A .
D USA Y 74LS08N
e O
74LS02N
F

U2A

7432N

Qgood

Figure 3.1 - Combinational logic circuit

3.1 Stuck at fault modelling

Following the design of the circuit the ‘stuck at” fault modelling technique was

implemented in order to detect stuck at zero (SA0) and stuck at one (SA1) faults.

The number of test required for each individual gate was reduced using the formula

m+1, where ‘m” is the number of inputs.

Figure 3.2 shows a NAND a gate and the table with the reduced number of tests. As

it can be seen below, there are three inputs and therefore four tests are required.

Test no. A X
1 1 0

A —
B — X 2 0 1
C 3 i | 1
4 1 1

Figure 3.2 - Reduced tests - three input NAND gate

Figure 3.3 shows a NOR gate and the table with the reduced number of tests




Test no. D E Y
D 5 1 1 1
Y 6 0 1 0

E
7 1 0 0

Figure 3.3 - Reduced tests - two input NOR gate

Figure 3.4 shows an AND gate and the table with the reduced number of tests.

Test no. X Y z

X — 8 1 1 1
Z

Y 9 0 1 1

10 1 0 1

Figure 3.4 - Reduced tests - fwo input AND gate

Figure 3.5 shows an OR gate and the table with the reduced number of tests.

Test no. i E qQ
7 1 1 1 1
Q 12 0 1 1

F
13 1 0 1

Figure 3.5 - Reduced tests - two input OR gate

AND o/p
should be: Z=
100

OR gate output
should be: Q =
011




3.2 Test vectors / test pattern

Figure 3.6 shows the derived table of all possible ‘stuck at’ fault tests, also known as

test vectors.

TestNo (A | B | C | D | E |F| Qgood | HEX | X | Y | Z | Fault
@ 1111|000 0 70 | 0] 1 |0 |A+B+CSA0
2 0|11 1]0 010 1 31 I |1 ]1]ASAl
3 10111 07] 0710 1 51 1] 1 |1]|BSAl
4 1{1[0]0 0|0 1 61 I |1 |1]CS5Al
5 0|0 0] 0 0[O0 1 01 1| 1 |1 |D+ESAl1
6 0|00 1 0 [0 0 08 1|0 |0]|DsA0
7 0| 0*]0*| 0 1 10 0 04 1] 0 |0]|ESA0
8 O|0*|0*| 0 0 1 01 1|1 |1 [X+YSAO
@ [1]1]1]o0 ol o 70 | 0] 1|0 |xsa1
10 o |o*(o* (1™ 1" |0 0 0C 1] 0| 0]|YSAl
11 1T (11T 1" ({10 0 7C 0|0 | 0 |F+Z5SA1
12 1|1 (111" |1 1 7F 0] 0*| 0 |FSAO
13 O |o0*|0*| 0 0 [0 1 01 1|1 |1]|ZSA0

Figure 3.6 - Derived table

* means that at least one must be at logic 0, while ** Atleast one must be at logic 1

As it can be seen highlighted in the above table the test pattern for test 1 and 9, and
that of test 5, 8 and 13 were the same. The equivalency rule was applied in order to

reduce the number of test required.

Test model
outputs are
correct in table.




Figure 3.7 shows the reduced table obtained after applying the equivalency rule. Test

9 was removed and the fault was added to that of test 1. The faults for test 8 and 13

were added to that of test 5.

TestNo |A|B |C |D | E |[F|Qgood HEX |X|Y |Z Fault
111110010 0 70 |0 [1]0]A+B+CSAQ, XSAl

2 0/1]1]0]0 0 I 31 |1[1[1]ASAl

3 1/0[1]0]0]0 I 51 |1]1([1|BSAl

4 1/1]0]0]10]0 I 61 |1]1[1|CSAl

5 01001 0] 00 I 01 [1] 1 |1|D+ESA1 X+YSAQ, ZSAO
6 0f{0*jo*| 1] 010 0 08 |1/0[0|DSA0

7 0j0*(0*| 0|10 0 04 |1]0]0]|ESA0
10 0 {0*]0* 11" 1" |0 0 0C |10 ]0]YSAl
11 1]1]1(1"]1*]|0 0 7C |00 |0 |F+Z5SA1
12 1171 (1"{1" 1 l 7E 10" 0*| 0] FSAO

Figure 3.7 - Reduced table

Since Atleast one of input A, B and C of test 5 must be atlogic ‘0’, inputs A and B were
changed to logic ‘1" so that test 5 and test 4 were equal. This allowed removing one of
the two tests according to the equivalency rule.

The same principle was applied to test 10 where at least one of input D and E must be
atlogic ‘1", so input E was changed to logic ‘0" so that test 10 and test 6 were equal.

Figure 3.8 shows the further reduced table. As it can be seen below, highlighted in
green, inputs A and B of test 4 were changed to logic ‘1", while input of F of test 6
was changed to logic ‘0". This allowed removing test 5 and 10, which were added

respectively to fault 4 and 6.

TestNo |A|B |[C|D|E | F |Qgood | HEX | X | Y | Z | Fault

1 11111,0]01]0 0 70 0110 A+B+CSA0, XSA1

2 Of1]1/0]01]0 1 31 I |1 ]1]ASAl

3 1{011/0]01]0 1 51 I |1]1|BSAl1

4 1{1]10/0]01]0 1 61 1| 11]1]CSA1, D+ESAT1, X+Y SA0, ZSA0
6 0 jo*|0o[1]0]0 0 08 [1]0]0]|DSA0, YSAl

7 0 jo*joj0O]1]0 0 04 [1[0]0|ESA0
11 11171]11°]11]0 0 7C_ |0 [0 |0|F+ZSA1
12 11111 {1 l 7JE 10 [0*] 0 [FSAO

Figure 3.8 - Further reduced table

Table outputs are
good. The reduction
method has been
implemented.




3.3 Multisim design and testing

Figure 3.9 shows the combinational logic circuit designed using Multisim in order to
perform tests using the stuck at fault modelling technique. The test pattern for stuck
at faults and the predicted output pattern of the combinational logic circuit were

generated using a word generator, while a logic analyser was used to analyse the test

results.
Combinational logic circuit Test pattern generator Logic Analyzer
¥WG1 A
n " L B
| A
|l o ] 4 ° | XLAL
B :2 o :_r() c B OT =
¢ I 0 STl CH—1
—t o D ¢—— |
D T tz—'—o E Eo— o o
E E ox &F Fo—1 3
e | o | o g Q_Test o—]
F Q_Good B |, & Q_Good —]
a— “H Q_Result ——
Test result comparator ROT I
carT
Q_Test @—OO Result @ @ T T 1
Q_Good - ro

Figure 3.9 - Multisim circuit design
Figure 3.10 shows the simulations results obtained when testing the above circuit. As
it can be seen below, the test pattern and the output of the combination logic circuit

(Q_Results) were as predicted in Figure 3.8.

qu_i-(Analymr—)tLAl w
| Time (s)
v5_.CI'CNJI'I'I 25.000m 45,000m 65.000m 85.000m 105.000m
9 |a I | I | I 1
2 le | 1 | 1 1
2 [ I 1 H - 1
® |o e T p a—
@ e : I ] |
@ |F : 1
Tem7 i
TermE& N
Term$
) Q_Test 1 | |
Term 11 ' H .
of =1 L i I
Term 13 ' ' '
5 | O_Resut . : | u
Term 15 | i 1
Tem 6 : : :
Cemt L5 L 1L L L LT 1
Ciock_Daa : ' '
o : : :
< i G
Clock Trigger
T ——( Rl Y ) ClocksDiv 1 o]
2 € 5.000 ms 0300 Extemal (C)  Qualfier (Q) ﬁe,
nn 0w a=g ™

Figure 3.10 - Multisim test results

Innovation demonstrated using
the word generator.




4 ANALYSIS OF NI MULTISIM RESULTS
Following the design and simulation of the combination logic circuit using multisim,
faults were added to the circuit to confirm that the stuck at fault modelling technique

would allow detecting the faults as predicted.

Figure 4.1 shows the circuit modified in order to be able to apply faults to the circuit.
As it can be seen below, three faults were added to the circuit, F SA1, D SA0 and A
SALl.

Combinational logic circuit Test pattern generator Logic Analyzer
A_SA1
O—0 Key = XWG1 & A N
ay =A — - J B A© XLAL
A —o—o—— T o == B g
- = — ¢ o —]
o= > Bl g, &
¢ o z :3 (o] ::: | oF E ¢— —] HEn=
: :D_ Q_Test | | F — -
D_SAD &—— Key=D Y Y —u B, EoF aTes —
Do—e—>—9, Q Good 2 =+ Q_Geod
E & o :3; R = Q_Result “—
i 3
E oo a5 R T 'I'.‘ arT
{ O Q T T
F_8A10— =  auaF L
Stuck at faults
Test result comparator
1= ¢ F_SA1
Q_Test © Good methods used
@ Good © jD_OQ_RnBuII “E oD 8A0 ]
i - here and x-oris
1[=F——=a_sa1 included.

Figure 4.1 - Multisim circuit design for stuck at fault testing
The circuit was simulated after applying each of the three stuck at faults in order to

ensure that the fault was detected.




Figure 4.2 shows the simulations results of the fault A stuck at “1”. As it can be seen
below, a fault was detected during test number 2 as expected.

Logic Analyzer-
Time (s)
5.000m 25.000m 45.000m 65.000m 85.000m 105.000m
"?‘. " i | T 1 ' I 1
@ le T 1 I 1 . T
@ J<T 1 H H |
@ Jo | D— |
@ fe : [ " |
@ Ir | i !  prem—"|
Tem? : ; : H
B §1 0 23 4 6 7 1] 1254 TestNo. |
=) aT + ' ' e
Y |==i] Fault detected | : : :
ORN NN E— 3 " T | | —
Tem1d | - & 3
@ f[oreum | | — 1 ; .
- Term 13 \: :/ | |
Teem 16 ' i
Clock_Int
Clock_Cua |
Trigg Qua
<[ in ot
. - @8 Clock S Trigger
i Sleo_.__. a | T1 5.000 me 0007 Clacks/Dv 1 2 [(set. |
| Reset ] 12 ®=% 5,000 ms 0007 External (C) - ualifier (Q)
= s 0.000s set... Qualifier (T)
|

Figure 4.2 - A stuck at '1" Multisim test results

Figure 4.3 shows the simulations results of the fault D stuck at “0". As it can be seen

below, a fault was detected during test number 6 as expected.

Logic Analyzer-XLAL

Time (s)

25.000m 45.000m

65.000m 105.000m

»

1|

e

1

1

m|lo

[CRCICICICIC]

3

| 1
7 11 124 TestN

e

Reverse

(| 1 @@

Trigger

5,000 ms 0007 Clocksfoiv 1 s
7 @ 3% ooz [(se. Jodemd©  Quifer@  qualfer ()
T2T1

Fiqure 4.3 - D stuck at '0" Multisim test results




Figure 4.4 shows the simulations results of the fault F stuck at ‘1. Although a fault
was detected during test number 11 as expected. To be noted is the fact that faults

were also detected during test number 1, 6 and 7.

r Logic Analyzer-XLA1 - : I,
Time (s)
éﬂﬂﬂm 25.000m 45.000m 65.000m £5.000m 105.000m

o |5 ' ' ' ' ; ! |
® |8 i [ i ; —
9 |c | . 1
@ 1o H ; |_|—|—|
@ | | | i : |
9 |F | ! I ! —

pml i : ' : b

Tems | ] 2 3 ¢+ 4 6 7 11 123 Test No.

@

M@

] [0 |t
Clock Trigger
=== T
T2 @@ - S:000ms 207 External ()  Qualfier (Q)
0.000 R tenl(l}
e ;

- —— —

Figure 4.4 - F stuck at '1' Multisim test results

Good analysis demonstrated.




5 6-BIT REGISTER DESIGN AND TEST

Following the design and test of the combinational logic circuit using the word
generator for the test pattern, a 6-bit register was designed and tested as an alternative

method for automatic test equipment (ATE).

Figure 5.1 shows the state table, or the transition table, required for the design of the
finite state machine that produces the test vectors, A to F, that will be used as inputs

and outputs to the D type flip-flops.

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
Figure 5.1 - State table

Table
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the next
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In order to determine the Boolean expression for each input Karnaugh maps were

developed for each flip-flop as follows.

Figure 5.2 shows the Karnaugh map developed for the Output ‘QA” of the first flip-
flop.
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Figure 5.2 - Karnaugh map - Output QA

Below is the simplified Boolean expression obtained from the above Karnaugh map.
A.B.C.D.E + ANB.C.ND.NE.NF + NA .B.C.ND.NE.NF + NA.NB.NC.ND.E.NF

Figure 5.3 shows the Karnaugh map developed for the Output ‘QB’ of the first flip-

flop.
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Figure 5.3 - Karnaugh map - Output QB
Below is the simplified Boolean expression obtained from the above Karnaugh map.

A.C.ND.NE.NF + A.B.C.D.E + NANB.NC.ND.E.NF




Figure 5.4 shows the Karnaugh map developed for the Output ‘QC’ of the first flip-

flop.
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Figure 5.4 - Karnaugh map - Output QC

Below is the simplified Boolean expression obtained from the above 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

Figure 5.5 shows the Karnaugh map developed for the Output ‘QD” of the first flip-
flop.
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Figure 5.5 - Karnaugh map - Output QD

Below is the simplified Boolean expression obtained from the above Karnaugh map.

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




Figure 5.6 shows the Karnaugh map developed for the Output ‘QE’ of the first flip-
flop.
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Figure 5.6 - Karnaugh map - Ouftput QE
Below is the simplified Boolean expression obtained from the above Karnaugh map.

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

Figure 5.7 shows the Karnaugh map developed for the Output ‘QE’ of the first flip-
flop.
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Figure 5.7 - Karnaugh map - Output QF

Below is the simplified Boolean expression obtained from the above Karnaugh map.

A.B.C.D.E.NF Good work using the k-map
method for cct reduction and clear
use of the mirror method used in 6
variable models.
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Figure 5.9 shows the test results obtained from the simulation of the 6-bit pattern
generator designed using Multisim. As it can be seen below, the test pattern generated
contains the eight test vectors required for testing of the circuit. The pattern obtained

was the same as that shown in the state table of Figure 5.1 and therefore as expected.
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1 1 L " xr
s e I
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] .9 - Test results -0-bi
Figure 5.9 - Test results -0-bit pattern generator Good test result showing

the derived 8 test vectors.




6 PRACTICAL BUILD AND TEST USING LABVIEW

Both the combinational logic circuit and stuck at fault modelling technique using
Multisim, it was practically built and tested using LabVIEW and the NI ELVIS II

development board.

6.1 Design

Figure 6.1 shows the block diagram of the Digital Outputs designed using LabVIEW.
As it can be seen below, a “while loop” and a ‘for loop” were designed. The “while loop’
contains two arrays of inputs, one of the values of the test vectors and the other of the

timing between each test vector.

The ‘for loop” allows the test vectors to be transferred to the NI ELVIS II development
board, and the conversion of the digital inputs into decimal values that can be
displayed to the user.

The reset button within the “for loop’, when pressed, allows the sequence to be reset

and therefore return to zero, while the stop button inside the “while loop’, allows the
sequence to be executed once and then return to zero.

s Devd/port0/linel:é |+
[Digitsl Output ~]

Digital condition for I/Os

ang /O data ¢

Digital U32 'l

p—y §3 =) - =3
o - =

erfor out
0 2000
= (3]
I
2000
—
2000
2000
Test No
2000 Reset
2000 o @
2000 n 4

M

Figure 6.1 - LabVIEW block diagram (Digital Outputs)




Figure 6.2 shows the block diagram of the Digital Inputs designed using LabVIEW.
As it can be seen below, the while loop allow receiving the line 23 output from X-OR
gate, which is read and displayed on the front panel. This digital signal allow
displaying to the user if a fault has been detected via the fault LED.

Fault LED

f s
i TR

Devd/portd/line23 !
|one channel for all lines ¥ .

Digital Bool _
1Line 1Point

™

Figure 6.2 - LabVIEW logic diagram (Digital Inputs)

Figure 6.3 below shows the front panel designed using LabVIEW in order to control
the ATE and display the test result to the user via the fault LED. As it can be seen
below, the front panel also shows the test number, the status of the six inputs, A to F,
the status of the oulpul Q from the X-OR gale, and the decimal value corresponding
to the binary I/O dala. From the fronl panel the Lesl sequence can also be stopped or

resetted.

Figure 0.3 - LabVIEW front panel




Figure 6.4 shows the NI ELVIS development board used for building the

combinational logic circuit to be tested using LabVIEW.

L L L N L R

Figure 0.4 - NI ELVIS II development board

Clear
illustration of

the ELVIS
development
circuit.




6.2 Testing

In order to confirm the correct functioning of the built circuit a test of the good circuit
was carried out. Figure 6.5 shows the results obtained from the test.

Figure 6.5 - LabVIEW test results




After testing the good circuil, the three faults applied to the Multisim circuit were
applied to the practically built circuit.

Figure 6.6 shows the fault obtained during the A stuck at "1 test. As it can be seen
below, the fault obtained was the same as that obtained in the multisim simulation
shown in Figure 4.2.

Figure 6.6 - A stuck at '1' LabVIEW test result
Figure 6.7 shows the fault obtained during the D stuck at ‘0" test. As it can be seen
below, the fault obtained was the same as that obtained in the multisim simulation
shown in Figure 4.3.

Figure 6.7 - D stuck at '0' LabVIEW test result




Figure 6.8 shows the faults obtained during the F stuck at ‘1" test. As it can be seen

below, the faults obtained was the same as that obtained in the multisim simulation

shown in Figure 4.4.

Figure 6.8 - F stuck at '1' LabVIEW test results

Very good analysis here and a
good demonstration using
LabView with DAQMX systems.




7 CONCLUSION

In this assignment it has been analysed and evaluated the stuck at fault modelling

technique required for testing integrated circuits.

Research was carried out into IC fabrication faults, fault-modelling techniques, and
the dangers of electrostatic discharge including how it can be prevented during the
design and manufacturing process of electronics devices.

Following the research, a combinational logic circuit was designed and tested using
Multisim. After applying vector reduction techniques using the SSF model simulation

tests were performed by applying stuck at faults.

As an alternative of ATE a 6-bit pattern generator was designed in order to produce

the test vectors required for the automatic testing of the designed circuit.

The circuit was then build and tested using NI LabVIEW and the Elvis development
board.
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