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1. Introduction

The aim of the assignment is to carry out an analysis and evaluation of a range of processes
and techniques required for developing a prototype design of a product. This can then be
manufactured and tested in order to meet customer needs.

This will be achieved by the following tasks:

- Demonstrate the use of ATE in testing IC prototype designs using the SSF model

- Researching the dangers of ESD and how to implement preventive measures during
design, manufacture and test processes

- Create logic circuits for test purposes using ECAD

- Perform vector reduction using SSF model

- Derive test results from the model using both ECAD simulation and NI LabVIEW

- Analysing and comparing the derived and simulated test results

- Design of 6 — bit pattern generator ATE to test circuit

- Design and implement the pattern generator into LabVIEW for testing of practical
circuit

- Create a manufactured PCB practical design using ECAD technology

- Test the practical manufactured PCB using LabVIEW pattern generator program

2. Research

The following research has been carried out to understand and complete the tasks presented by this
assignment.

2.1 Stuck at faults.

The complexity of modern IC’'s and the high precision processes used to manufacture them
can be the cause of fabrication faults which occur when producing said devices. An IEEE
journal states that the severity of imperfections in the fabrication process grows
proportionally with the size and density of the chip. (Koren et al, 1998)

IC fabrication faults cover a range of fault modelling techniques which make possible test
and analysis of integrated circuits.

Categories of IC fabrication faults are:

Gate level stuck at fault - occurs when a logic gate has an input stuck at 1 or 0 which effects
the logical output of the device.

Transistor level stuck at fault — describes a transistor as a switch either stuck open or closed.

Bridging fault — describes various open or short circuit faults between connections within a
circuit. A short between two wires is commonly referred to as a bridge fault.

Delay fault — describes the fault being with resistive open / short circuit which can cause a
signal to propagate so slow that the time specification is not reached.
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Resistive open faults represent common manufacturing defects in integrated circuits and
result in delay faults that cause timing failures and reliability issues as that can cause the
chips to become unstable or to crash if there is software involved. The delay faults need to
be detected by speed testing the silicon chip by overclocking them (speed faster than the
required speed), sometimes also referred to as stress test. (Mohammadat, 2015)

IC fabrication faults include fault modelling techniques for common faults such as those
mentioned above. (Fall 2002)

There are three properties which 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 the input or the output of a logic gate (Fall, 2002)

Fig. 1 shows an example of determining a test vector for a stuck at fault of a NAND gate with
input ‘a’ stuck at 0. The fault can be detected by applying the test vector ‘11’ to the gate.
This will cause the output of the gate to change from 0 to logic 1.

Good circuit value
Faulty circuit value

|

1(0)

z

Test vector for a s-a-0 fault

Fig. 1 Stuck at 0 fault model (Kastensmidt, 2008)

The main stuck at faults that can be modelled are:

SA1 - Stuck at logic 1

SAQ — Stuck at logic 0

Bridging fault — short circuit between two gates or conductors

Feedback bridging fault — short circuit between an output and feedback of a gate
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Fig. 2 examples of faults (Plusquellic, 2004)

The diagrams in Fig. 2 demonstrate the stuck at fault categories. Delay faults can also occur
which are caused by added resistance in the line. As mentioned earlier this causes added
propagation delay.

Fig. 3 shows the fault equivalent method applied to a two input AND gate and a two input
OR gate. When one input is in SAO condition; the AND gate’s output will be 0. Therefore,
two of the three faults joined with the arrows can be removed.

Similar method is applied to the OR gate; in both cases the fault equivalent technique
reduces the number of fault vectors.

sal sai

Fig. 3 Fault equivalent diagrams (Kastensmidt, 2002)

Fault equivalence is when two faults are equally dominant and only one test needs to be
performed to detect either. (Ubar, et al, 2017)

The single stuck at fault model can be produced to detect faults using a known i/o table to
compare with expected output results. Statistically single fault tests cover a very large
number of multiple faults which means a large majority of the fault tests can be removed
using the fault collapse method. (Mazumder, 2002)
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2.2 Electrostatic discharge (ESD)

Electrostatic discharge is the release or transfer of static electricity from a positive charged
object to a negative charged object. There is a large potential difference which can cause
the damage. The discharge will always take the path of least resistance to equalise the
charge. Any part of the path that is unable to withstand the energy associated with the
discharge will sustains damage. Said discharges are powerful enough to damage any
delicate silicon based components. (Toms, et al, 2015)

The damage cause by ESD is more significant as modern IC’'s become smaller as the surface
area of the discharge affects a larger proportion of the circuit.

Some sources of ESD and relative voltages that can occur during everyday life and give large
magnitudes are shown in Table 1:

Source of ESD Charge Typical Electrostatic Voltage at
relative humidity of 20%
Walking across Vinyl floor 12 KV
Walking across synthetic carpet 35KV
Opening a plastic bag 20KV
Arising from a foam cushion 18 KV
Sliding plastic box on a carpet 18 KV
Removing plastic tape fora PChoard | 12 KV
Removing shrink film from PC board 12 KV

Table 1 example of static charge sources and average voltage generated

When ESD occurs current is pushed through the dissipation path and causes the
components within that path to disspate that energy in form of heat. The small components
can melt or even vaporise. If the damage is not catastrophic then the device can survive
initially only to cause delayed failures and reduce the stability, reliability and the life of the
device. This is called the latent defect. Fig. 4 shows a Catastrophic failure caused by a high
energy ESD. (Rouse, 2011)

Fig. 4 PCB damaged by ESD
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2.3 Preventive measure against ESD

Electronics manufacturers have areas free of static, sometimes called clean rooms. Those
ESD protective areas avoid highly charging materials and uses measures to remove static
such as providing antistatic devices and controlling humidity dust particles.

More generic anti-ESD techniques involves ESD-safe mats and grounding points for ground
wrist straps. ESD-safe mats are usually highly conductive and grounded. The high
conductivity shorts the IC’s pins to avoid the internal circuity to become a path and the
connection do ground provides a straight, low impedance dissipation path to ground. An
example of a clean room setup is shown in Fig. 5.

ESD simulators may be used to test electronic devices, for example with a human body
model or a charged device model. (Storr, 1998)

_—Tonizer
o

ESD-Safe
Soldering Station

ESD-Safe Mat

Wrist Strap

ESD-Safe —\
Mat Grounded

) == Grounding

Fig. 5 preventive measures against ESD

ESD sensitive devices should be always contained in a anti-ESD bag or container during
storage or transpartation. (Mini-circuits, nd)
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3. Design Requirements

The circuit design in Fig. 6 was created using ECAD design and will be used as the CUT for the
test and analysis for the assignment.

A
U1A
. B —
= >,
C 74LS10N U3A
< U2A Qgood
D USBA Y 74LS08N
7432N
E
74LS02N

. F

Fig. 6 CUT (Circuit Under Test)

3.1 Stuck at Fault Modelling
The SA fault model technique was implemented in order to detect SA faults at zero (SAQ) SA
faults at logic 1 (SA1).

The number of test vectors required for each individual gate was reduced using the formula
No of tests = m + 1 where mis the No of inputs.

Fig. 7 demonstrates the 3 input NAND gate SA faults model and shows that there are 3
inputs and using the formula there will be 4 tests required.

Test No
A — 1
B —)—X

C_

Fig. 7 Reduced tests — 3 input NAND gate

L= -
= )

=R e ]
=R -

awWwN

Fig. 8 shows the table with the reduced No of tests for the 2 input NOR gate

D TestNo |D E Y
D v 5 0o o |1

E 6 1 [o Jo
7 o [1 o

Fig. 8 Reduced tests - 2 input NOR gate
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Fig. 9 shows the table with the reduced No of tests for the 2 input AND gate

X — TestNo | X |Y |z
} z 8 1 (1 |1

Y — 9 0 |1 |o
10 1 |o |o

Fig. 9 Reduced tests — 2 input AND gate

Fig. 10 shows the table with the reduced No of tests for the 2 input OR gate

4 Test No
F 12

13

R OOIN
o|l—r|lo|m
L= =)

Fig. 10 Reduced tests — 2 input OR gate
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3.2 Test vectors test pattern
Table 2 shows the derived table for all possible stuck at fault tests and the possible fault

scenario required to test each stage.

Test No A B o D E Qgood HEX Y Fault
@ 1] 1| 11]0 0 0 70 1 A+B+C SAD
2 ol 1|10 0 1 31 1 ASA1
3 10110 0 1 51 1 B SA1
4 11010 0 1 61 1 CSA1
@ o0l o |0 | o 0 1 01 1 D+E SA1
6 0| 0% |o0*]| 1 0 0 08 0 D SAD
7 0| 0*|0*]| O 1 0 04 0 E SAO
o' o*|o*]| 0o 0 1 01 1 X+Y SAO
9 11110 0 0 70 1 X SA1
10 0" | o* [ o* | 17| 17 0 oC 0 Y SA1
11 1|1 1| 17 | 1%+ 0 7C 0’ F+ZSA1
12 1|1 1|17 1" 1 7F 0* FSAOD
@ o'joxfo*| 0| o 1 01 1 ZSAO

Table 2 Derived table.

Key:

* At least one condition must be at logic 0

** At least one condition must be at logic 1

The highlighted tests above indicate the duplicate tests which cause redundancies. Test 1

and 9 are duplicates and tests 5, 8 and 13 are duplicates. Only one of these are required and

therefore this table can be reduced.
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Table 3 shows the resultant table after the redundant tests have been eliminated. Test 9, 8
and 13 have been removed.

TestNo | A| B|C|D | E |F|Qgood | HEX | X | Y | Z Fault
1 11100 o 0 70 | o | 1| 0| A+B+CSAD, XSAL
2 o|l1l1]o0| o0 ]o 1 31 [ 1] 1]1]Asa
3 1/o0/1]0|o0 |0 1 51 [ 1] 1|1|BsAL
4 1/1/0lo0o|o0 |0 1 61 [ 1| 1|1 |csAL
5 o'lo |0 |o| 0|0 1 01 | 1| 1 | 1 |D+ESA1, X+YSAO,Z SAD
6 o jo*|o*| 1|0 |0 0 08 (1| 0| 0]|DSsA0
7 o'jo*|o*| 0| 1 |0 0 04 [1]0]o0]|ESA0
10 o jo*|0*|[17 |17 |0 0 oc [1f0]|0]|YysAl
11 10111710 0 7C [0 |0 | 0|F+zsAL
12 1111717 |1 1 7F |0 |0*| 0|FsAD

Table 3 Reduced test table

Test 5 can be altered using the * wildcards so that it becomes identical to test 4. This
created a redundant test vector and was removed according to the equivalence rule.

The same rule was applied to tests 6 and 10 and redundant test was removed. The result
was a further reduced table consisting of 8 test vectors instead of the original 13 as shown
in Table 4 below. It can be noticed that the fault condition of the redundant test vector

requirements are added to the existing test vector.

TestNo |A| B |[C| D |E|F| Qgood | HEX | X | Y | Z | Fault
1 1/1]1|]o0flo0]o0 0 70 0 | 1| 0 | A+B+C SAD, X SA1
2 o 1|1/0|0fo0 1 31 1]1]1]ASAl
3 1/o0f1|o0|0]|o0O 1 51 1]1]1/|8BsAl
4 1/1]o0|loflo0]|oO 1 61 1 | 1 | 1| CSA1, D+ESAL, X+Y SAO, Z SAO
6 o°lojo|1|o0]|o0O 0 08 1|0 |0|DSA0, YSAL
7 o 0o 010 0 04 1|0]0/[ESAD
11 T1 1T 10 0 7¢ [0 |0 | 0|F+zsAa1
12 111 1 [ 1 1 7F 0°| 0| 0|FSAD
Table 4 Further reduced ;ablfe l;fter applying wild card rules :
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3.3 Multisim design tests using Word Generator.

Fig. 11 demonstrates the CUT ATE using a Multisim Word Generator to generate the test
sequence require at the inputs. The test shown in Fig. 11 demonstrates the no fault
condition for the CUT. The resultant waveform was analysed using the logic analyser.

Combinational logic circuit Test pattern generator Logic Analyzer
XWGL A
A ® ° _|_<\ B A < ¥LAl
b — —‘
- 0 y
B - - — B T -
c< z E O gLy N —] o
—= i L(\ D < n
o2 -
o Q_Test mec |0 | o € Eo— — [
5 1 —— —|
E — X — E < -
I b F Q Test ¢———
= X o es -
F Q. Good T3 | & Q_Good <
R :_— Q_Result -
Test result comparator R T F
carT
flﬂ flﬂ T

Test <
Q?Go;: O:D—'Q Result

Fig. 11 Multisim test using Word Generator

Fig. 12 demonstrates the simulation results from the word generator test sequence and
indicates the no faults condition in the resultant waveform between the two cursors.

This is the no fault condition for the CUT and no positive pulses on the resultant output
shows the correct operation of the test.

Time (s)

0.000m 4.000m 8.000m 12.000m
A
B
D
E
F
Term 7
Term 8
Term 3
Term 10
Term
Term
Qrest | -
QGOCD 1 [Tl
RESULT [ | 1
Term 16
e g 0 e e O N e I 9 (B e B
Clock_Qua
Trigg_Qua

Fig. 12 Mutltisim Result for no fault condition
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4. Test Analysis Using ECAD

The design circuit using Multisim was used to demonstrate the fault conditions from the test
vectors derived from tables. The tests confirm the fault condition and test result by using

the simulation design to generate the data sequence for the CUT inputs.

Fig. 13 demonstrates the CUT modified with a fault conditions according to the table of test

vectors of input A SA1, B SA1 and F SA1.

us

Key = Space
A U1A
B

L e u3B
-

e m]{_ z U4A  Qtest
P
¥ 40BN o

7432

uza

mg

T402N

l_Hﬂ ALAZ
- o5 L
De?
F_5
i

2
T

FRP

Qtest .

QGOoD

J

RESULT %

11

e
o
—=

Fig. 13 A SA 1 fault condition

Qtest

QGOOD xua

QGOOD

W o f
2 o .t
= mm—
i 0 S, B
12 ¥ A
e o e
B x o
12 0
I X I
T ox =F
T8 =

ROT

¢

The test result in Fig. 14 shows the resultant output from the logic analyser at logic 1 when
input A is held at logic 1 throughout the test sequence. The fault condition is indicated

between the two cursors in the image.

Time (s)
0.000m 4.000m 8.000m - 12.000m

Fig. 14 Test result for input A SA1

Positive pulse indicates the
fault condition has been

detected.

Page 13 of 34




The test result in Fig. 15 and Fig. 16 shows the test circuit and resultant output from the logic
analyser at logic 1 when input B is held at logic 1 throughout the test sequence. The fault
condition is indicated between the two cursors in the image.

us

[T+
Key = Spac Qtest
U1A 7
}:VI' . u3B ura RESULT
7 " y
Cer 741Uﬁ)n_| z Uda  Qtest ] >— !
<
¥ 408N T486N
7432N
o uza vl
E¢ b QGOOD  ywe1
T402N w "
Fi TJe o i
- =
XLAZ Ja | 0 I y
C.t R Bl —3
F B E -~ EE X EE
a - n e L~
s - =y o
. Is tam
Qtest = Tl x  oF
3 I3 =
QGOOD = : i
o R T
RESULT ¢ — ? ql)
carv
1T
Fig. 15 B SA1 fault condition
Time (s)
18.000m 30.000m

22.000m
b4

26.000m

Fig. 16 Test result for input B SA1

Positive pulse indicates the
fault condition has been
detected.
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The test result in Fig. 17 and Fig. 18 shows the test circuit and resultant output from the logic
analyser at logic 1 when input F is held at logic 1 throughout the test sequence. The fault

condition is indicated between the two cursors in the image.
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Fig. 17 F SA1 fault condition
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Fig. 18 Test result for input B SA1
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Positive pulse indicates the
fault condition has been
detected.
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5. 6-Bit Register Design and Test

A 6-bit register was designed and implemented as part of the ATE design methods for the
purpose of testing the CUT. The same fault scenario will be used for fault detection and an
analysis will be carried out of the results using this method.

Table 5 shows the next state table required for the design of the finite state machine that
produces the test vectors for inputs Ato F.

PRESENT STATE

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 Next state table

Karnaugh maps were used to generate the logic states required for the feedback
combinational logic for the input sequence.

Table 6 shows the K-map for output QA of the register.

o2 000| 001|011 010|100 101|111 | 110
000l o [of[fxfofofT]o]o0
01| o|o|o o0|lo|lo|ofo
oit|ojo/o o0|lo|lo|lolfo
owl1iololoflofofofo
00000 /0 0|0|0|o0]fo
01| 0|00 o0o|lo|lo|lolfo
m|ojo o0f|o0o|0]o0 :"1': 0
1mofo|{ofo o000l 1/fo0

Table 6 Output QA
The Boolean expression from the K map is:

A.B.C.D.E+ ANNB.C.ND.NE.NF + NA.B.C.ND.NE.NF + NA.NB.NC.ND.E.NF
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Table 7 shows the K-map for output QB of the register.

o€ 000|001 | 011|010 100 | 101 | 111|110
000
001
011
010
100
101
111
110

[ q !
11 i

=lo |l oo

|
|
\

c|lo|lo|o|o

=T [ =1 I =T} [ =]

=2 I = I = I = (= I = [} Y = [ =}
=R Q= [ e I e Y e ) e e e}
Cc|lo|lo|lo|o|o O|S
=T =T} [ == =T = = = e}
(=N =T =T (=T =T =T I =T
== I e ) ) e Y (e ) Y e I Y e ) e }

1= =y

Table 7 Output QB
The Boolean expression from the K map is:
A.C.ND.NE.NF + A.B.C.D.E + NA.NB.NC.ND.E.NF

Table 8 shows the K-map for output QC of the register.

orec] 000 001|011 010100 101 | 111 | 110
000 0 | 0
001 | 0

011 0
010 |1 1
100 | 0
101 | 0
11| 0
110 | 0
Table 8 Output QC

==
|
[

-

o|lo|o|o|c|lo|oi=

(=1 W =10 =N = i = I =} [ =]

oo |ICc(Oo|Cc|IO OO
=" =T I = I} [l == =} =} [ =T} I =]
(== Il =1 I = I} [l o ) - I s Y - ) Y
L= == [ == I} [l =T =} I =} [ =T} =

The Boolean expression from the K map is:
NA.NB.NC.ND.E.NF + NA.B.C.ND.NE.NF + A.B.C.ND.NE.NF + A.B.C.D.E

Table 9 shows the K-map for output QD of the register.

ABC
DEF

000
001
011
010
100
101
111
110 | 0
Table 9 Output QD

001| 011|010 | 100 101|111 110
010

g

i
i
v -

Clo(Q|IQ|C|IC | O i

o o|lo

===
| —
(P

oo o

Lo R e ) [ e I Y e Y Y e ) = Y = R Y = |
oc|loc|lo|lo|lo|lc | oD
=T I =} I =T} I =} [ = J = = Y =}
ocl|lo|o|lo|lo|loc | o |o
oc|lo|o|la|lo|lo|C

The Boolean expression from the K map is:
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NA.NB.NC.ND.E.NF + A.B.NC.ND.NE.NF + A.B.C.D.E.NF

Table 10 shows the K-map for output QE of the register.

oer€/000 | 001|011 | 010|100 | 101 | 111|110
000 | 0
001 | 0
011 | 0
010
100 |{ 1
101 | 0
111 0
110 | 0 | 0
Table 10 Output QE

[=TN =10 =T I = = =T I =]
(=T =1 == = =} Jpl =} B =)

(=T =R I ===} = I} e Y e ) (e ) e ]
== =T (- e I ) Y e ) e )
[T e T e Y e T e I e () Y
(=T I =T I =T =) =T Y = (=T} I =]
(=T J =10 ==} B o= I} o Y e ) (e ) - ]

v

| =

The Boolean expression from the K map is:
NA.NB.NC.ND.E.NF + NA.NB.NC.D.NE.NF + A.B.C.D.E.NF

Table 11 shows the K-map for output QF of the register.

o€ 000|001 | 011 010|100 101 | 111|110
000 0o o
001
011
010
100
101
111
110

olo|lo|lo|o|lo|D

ool |O
ol |
(=T I = [ = J [ ==} I = = L = I} =}
oclo|lo|lo|oc|lo|o|OD

||| |C
||| |o|C
clo|lo|lo|c|lo|lo|lD

=y
[
ho——

Table 11 Output QF
The Boolean expression from the K map is:
A.B.C.D.E.NF

The 6 bit regitser shown in Fig. 19 was created from the results of the Next State logic design
process. The feedback circuits are the result of the Boolean expressions taken from the K
map procedur to minimise the combinational circuit.

The CUT is shown in the image and the output of the CUT is compared with the output of a
good known working identical circuit.

The XOR gate is used to diffetentiate the outputs of the CUT and the known working
cuitcuit.
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Fig. 19 6 Bit Register with no fault condition.

BB B

The result of the test with no fault condition is shown in Fig. 20 below and both outputs of
the CUT and known good test circuit are the same. The blue line is the output of the XOR
gate and no pulses are present which indicates no differnces at the output.

ic Analyzer-XLA1

Time (s)
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indicated on the
result

Fig. 20 Test result with no fault condition
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5.1 Analysis of 6-Bit Register Fault Conditions.
Fig. 21 shows the fault condition with input A SA1 on CUT where the input A is permanently
attached to alogic 1 condition for the entire test run.

N IEI—‘
1
.
u3is
B

L —— hoii uar

Good_Test
4

Fig. 21 CUT with input A SA1 fault condition.

Fig. 22 shows the tests result form the logic analyser where the fault is dtetced by a
difference in the outputs from the CUT and the known good test circuit.

Time (s)
13.550m 18.550m 23550m 28 550m 3

o
SpEpE EpEpEpERERE LM ryrrrfL

L
L
L

|
J
|

rl‘ru‘ 5]

i
5

Good ] 1 [71

Gooa_Tom | T Pulse indicates fault
— condition

M T T T T T T T T

Ciock_Qua

Fig. 22 Input A SA1 fault test result.

The same test run was carried out for faults set for input B SA1 and input F SA1 and the
resultant output of each is shown below (Fig. 23-Fig. 26).

ua7 Good_Test

—

OR2

Fig. 23 CUT with input B SA1 fault condition.
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Fig. 25 CUT with input F SA1 fault condition
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Fig. 26 Input F SA1 fault test result
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5.2 Implementation and practical testing on NI ELVIS board.
A testing program was designed using NI LabVIEW and interfaced using NI Elvis || DAQ development
board. The required library for interfacing the 10s was added to LabVIEW as a plugin.

The G-code is shown in Fig. 27; it was designed to generate the data stream used to drive CUT’s

inputs trough the NI Elvis’s interface.

Devd/ port/linel:s [+] e}
one channel for all lines =] binary
D7l
Digital Output 7] He = f
43

Digital condition for inputs and output

test number

error out

rest count

G ®

Ird

]

s @

Fig. 27 LabVIEW Data Pattern Generator ATE

The CUT's output and a generated reference data are fed into a XOR gate for comparison. The XOR
gate’s output defines if the circuit passes or fails the test. Fig. 28 shows the use of the DAQ input to

monitor the status of the XOR gate’s output.

s Devd/portd/line2d |+

TEST RESULT

m— o
=
one channel for all lines — I 2

Digital Input ~|
Digital Bool _
ILine 1Point

@

Fig. 28 LabVIEW Result output from X OR gate via DAQ input
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Fig. 30 Full set of tests carried out without a fault condition.
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The practical setup of the CUT using the NI Elvis board is shown on Fig. 29. The practical setup was
then run without simulating any faults to ensure proper operation; the results of the run are
presented in Fig. 30.

The fault were then simulated same as they were simulated during ECAD test and the failed test
results are shown in Fig. 31Fig. 33.

Fig. 31 Fault indicated for A 5A1 condition

Fig. 32 Fault indicated for B SA1 condition

Fig. 33 Fault indicated for F SA1 condition
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Fig. 34 Practical CUT substituted by PCB for testing.

The set up, where the pracal CUT setup was subtitued by the PCB (design described in next
section) is shown in Fig. 34. That setup was first proven by testing it without simulated
faults; then tested simulating the same faults as during the practical CUT setup. Fig. 35Fig. 36

show examples of the carried out tests on the PCB.

Binary Value Test No

Tl

A e .

Q F E D C B A

TEST RESULT e 6

Fig. 35 No fault indicated for no fault condition set during PCB testing.

Binary Value Test No

o

Digital output conditions

Q F E D C B A

TEST RESULT s D
ST0p

Fig. 36 Fault indicated for B SA1 condition during PCB testing.
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Test | Practical CUD setup test results PCB setup test results

no. No fault | ASA1 B SA1 F SA1 No fault | ASA1l B SA1 F SA1
1 pass pass pass fail pass pass pass fail
2 pass fail pass fail pass fail pass fail
3 pass pass fail fail pass pass fail fail
4 pass pass pass fail pass pass pass fail
5 pass fail fail fail pass fail fail fail
6 pass fail fail fail pass fail fail fail
7 pass pass pass fail pass pass pass fail
8 pass pass pass pass pass pass pass pass

Table 12 Table of practical tests resufts

The results for both setups are presented in Table 1. This proves that both setups provided
an identical set of results.
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6. PCB Design

To start the design, schematic diagram was drawn using Eagle PCB. The schematics (Fig. 36) were
drawn using the standard wire connections instead of tags. Although tags could make things neater
ina small project, in a more complex design that can become extremely hard to read if only tags are
used. All unused pins in the chips were pulled to ground as a good practice and to improve ICs
stability.

u4
T4LS08

‘ LTI
Esk J ik Eg.q

TITLE
PCB Stuck At Fault prototype REV: 1.0

|L'u|nuauy: SirGar
| Date: 2020-12-12
T s

Sheet: 1/1
Drawn By: Adam Bedner

2

I

3 |

Fig. 37 Schematics of the PCB

The schematic was then transferred onto a PCB design. PCBs size, boundaries and mechanical
objects (mounting holes, etc) were first defined. Trough hole components were used as those are
easier to handle, solder, and probe from the larger pins. Also, the ICs were placed a good distance
from each other in order to ease future probing of the circuit; otherwise, the components would
have been laid out in such way that they occupy the minimum space possible. Also, any 90° bends
were avoided as much as possible to improve circuit’s performance and reduce impedance. The
ground plane was not added as the test circuit will work only on low frequency DC signal. The
finished product should include the ground plane, ideally on the bottom layer, to make the circuit
more robust against interferences and improve the circuit’s stability and reliability. Fig. 38 shows the
completed PCB layout, Fig. 39 & Fig. 40 show the copper layers and Fig. 41 presents the generated
file output required for the manufacturing process.

Page 27 of 34




L]
Fie Edt Draw View Took Lbrary Options Window Hep
|
L3 HSG M da @ BB acaaqaasX = D | ot B
= EY e o .

D Type here to search

Fig. 38 PCB Layout

Gerber view

top

Fig. 39 :rr::p Copper layer

Page 28 of 34




» Show filenames

Fig. 40 bottom copper layer
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Fig. 41 Generated output files
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Conclusions

The design required a CUT consisted of 6bit input combinational circuit.

The design was used to determine the test vectors to test for stuck at faults. To make the testing
quicker and more efficient the process of test vector reduction was applied which reduced the
complete number of tests vectors to 8.

MultiSim’s word generator was used to drive CUT’s inputs. The CUT was then tested with no faults
simulated to ensure the proper operation of the circuit; three sets of tests followed with a simulated
stuck at fault each. The output then was compared with a generated reference code by means of an
XOR gate.

Ensuring that all other conditions remained the same, the circuit now was tested with a 6-bit pattern
generator instead of a word generator and the results of the tests were the same.

Same condition testing was again repeated on a practical CUT setup which used LabVIEW and NI
Elvis DAQ development board as interface. LabVIEW was chosen as it provides GUI of the real time
processes. The results were identical for breadboard build and the PCB.
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ADAM BEDNER 0

RESEARCH-INFORMED LITERATURE

[

[ Research covers significant detail of the 1 1 /1 5
requirements and has numerous relevant sources.
Research carried out shows extensive reading



around the subject area. Number of relevant
sources are good.

KNOWLEDGE AND UNDERSTANDING

[

y‘ A sound knowledge has been demonstrated
deriving the required minimum set of test vectors . 24/30

8.5/10 The design of the LabVIEW test vectors
shows a great deal of study has ben carried out to
extract the test sequence. 8.5/10 The PLD design
alternative underpins the knowledge gained from
your study and the design alternatives
demonstrate a good knowledge of the subject area
with regard to data handling. 4/5 The CAM design
of the CUT has been carried out successfully using
an approved industrial software and the Gerber
design files have been created. 3/5

ANALYSIS

[

y“‘ Extensive ECAD simulation testing has been

carried out using very good designs and have
proved to be very successful with good
explanations and supporting images. Good
reference points are made to the test vector table
form previous task. 8/10 A good comparison to
theory has been carried out with the test results

and explained in the analysis and in the conclusion.

3/5

PRACTICAL APPLICATION AND DEP.

[

11/15




y‘ Prototype of CUT was carried out successfully and 1 9/25
manufacturing files created for PCB manufacture.
The resulting PCB design was error free and fit for
ATE testing. 7/10 The LabVIEW automatic testing
carried out has shown to be successful with a
good range of test scenarios used derived from
test vector table. 12/15

SKILLS FOR PROFESSIONAL PRAC.

[

y"’ A good overall use of a range of software packages 1 0/1 5
and good programming skills have been
demonstrated. 3.5/5 Report layout is very good and
has the correct sequence of tasks required. 3.5/5
The conclusion covers all the good points but
could have included some critical analysis. 3/5



