Assignment 1 - final

by James Davies

FILE 7839 JAMES_DAVIES_ASSIGNMENT 1 -
_FINAL_158487_1276560976.DOCX
TIME SUBMITTED  03-MAY-2018 07:48PM (UTC+0100) WORD COUNT 3278

SUBMISSION ID 88282043 CHARACTER COUNT 23055



colegsirgar

PSDE 6018 — Electronic
Production and Test

Assignment 2 — Fault Modelling

Andrew Davies




Table of Contents

List O FIGUIES vvviviieiiiiiiisiiiisesrt e sbae s

O [ Yo (U T o O OSSOSO SSPTUU SRS

2. RESEATEN:issiissssssssssssssissssssiiiiiisissssssiisiiiiissssiss

2.1 IC Fabrication Faults.........cccccvviiiiieeniieniccnnn,

2.2 Single'Stuck at Fault (SSE)INOUEN .. . usimiiiiissss:smmmmmsssssannsissinsnnissinsansssssssssssissssssisssssssississsnsnmnsssnsnnes

23 Electio Static DISCRarge IESD s sisiseiiaiaisisissssiasiansninirsiiiiisiisatiatia HiaHIHIHH T i
3. DNl ASS NI OGPl U IMONTIRIIES soosirserstiseisesssssrisebssbesbesbsshaseasistnsdibd 1900800405815 1E41B4IBIEBAREEREEEIEE
4. Analysis of NI Multisim Results........cccceeeeeeeenns
5. Practical Build and Test USIiNg LADVIEW ....cccveiieeieieiei et sns e s e ene s
6. Conclusions and Recommendations . ......cumiimicmsiscssssissisissisiasissisiisississssssisiasmassscssss

Reference List.........cocveoeeeeeeeeeeeee e

co oo U U B~ W

11

.24

25
30

.31




List of Figures

Figure 1: Stuck at fault (Kastensmidt, 2008).... -
Figure 2: NAND gate truth table (Electronics Hub Ltd 2015]
Figure 3: NAND gate truth table (MeiXxner, N.d.) ... e
Figure 4: NAND gate (Meixner, n.d.).....cccevviiinnnns
Figure 5: NAND fault testing table.........c.cccooone.
Figure 6: Anti-static wrist band (RS components, n.d.) ...
Figure 7: ESD packaging ...
Figure 8: Typical voltage dlscharge from dlf-ferent sources (Storr n. d ]
Figure 9: ESD susceptibility (Storr, nd]
Figure 10: Multisim circuit With N0 faults ... e
FIUIE 11: DEriVE TADIE .ccuvieiiiiiii ittt sab s reb s br s b s bae s ebbe s sbb e s baesbb e shbebansassanaes
Figure 12: REAUCE tADIE c.vviiiii ettt et et b e bt e st be s ebs e ebberabeaiaeaas
FIgUIe 13: FINal TaBI0. ittt e e s b e e s e e s eb e e eraae e e aas
Figuire 14 TeSt CIFCUIT:sissussssisisnisisissssssssiiniisiioisssssisnsssnissssssssssisianssesssssii iiiissssisistiniiiiiessssiisissiassssssiss
Figure 15: Piecowise SetRIMES cisisiiiiisisniiiissiieisssssisnnanisissssssssiaianisssssssss iiiiies ssisissisisiiiessisississiaiassssiss
Figure 16: TeST WIth NO FAUIT.......ci it st e ene e s bernaeeneans
Figure 17: A tuck at O fault......ccoviiininieiiinnicinninn,
Figure 18: A stuck at 0 result
Figure 19; F-StUck at Lresl s sisiiiisisisisn it i i 5155
Figure:20s FStUck &t LBauiltasssseisasoassarsasiosiisiisiissisissssissississasissses 561080550156 10 HE M FH TSI EERTERIEE
Figuire 20 D'3HUCK AL 1. FAUN ;o ssississsisisisiisisisisissssiisissss sonisoss sosisaissososais sos siiisissifiiosisisissiisisssiiisississassniss
Figure:22: D StUCK AT 1. PESUIIR sssssssissssissississississississiisisnssnisois osssnss ssississasississs 1601600640605 158 15150 15848033 50450455
Figure 23: Present and next states .
Figure 24: A4 KarNaUBh MaP ....u i it sis e ss e s sn s s ab e s s e s ans e b besaaeannaas
Figure:25; B Kamau ITVBR cisssissiseisiiveiseisiosiioioisiisissssis vis oissss 14 s4s s8assassasiisi jhi 11HISIHH1 SIS IEEIHBIFSRISRIE
Figuire 26; G KarMaugh MAD s s issisisisisiosiisiisiisiisisssis v vississssssssisssisbib bbb HHIH I FHIHIFHI TR RIS
Figure:27; D& Karn g hima s sss e seassiseirsisiosiisiisiissisies ssisses sassas168568 5410800015600 HE T4 4IRS EERIERIEE
FIgure 28: E+ KarNaUEN MM c.vviiiiiiiiiiiei e esie i sassssssssssesssasvessassssassesssbassassessntessbassassesssborsnsassansns
Figure 29: F+ karnaugh map ...
Figure 30: Fault model equwalent circuit .
Figure 31: Equivalent circuit results.........cccccevene
Figure 32: multisim results.....ccccvvveeevevrcicvnin e
Figure:33: Logic¢ircult oniDreatDoardl it
Figure 34: Labview block diagram..........cccceevenne.
Figure 35: A stuck at O fault .........

Figure 36: A STUCK @1 0 FESU.......oiiiii ittt et e e s b b e eab e e st ee s ebs e eaberabeasaeaas
Figure:37: FStUck at LiPeSI s sisciscissississisiasiisiisiisiisissisrissississasssssssaisssssisiisiisi 0 EHIHEHEHEHIHIIIITITE
Figlire 385 F SHUEK ST L RAUIE o coississirrssisiinrsssasasssiesissss sosissis sonississssssnissss SETesss i Eioeis s isoiisisssiiiaissisrsaianiss
Figure:39; D StUCK AT 1. PESUI cisssssissississirsisiosiisiisrisiisissssisvis oisossssssisshasassabiisi jhi 1910618081 58159150 FEHHBIRIBRIBRIE
Figure-40: D'stuCK @t 1.Tal s:5sssssis0iss0ssissisi0si0si0s00s006i00s 50 sis ei sas 8858554450 0050 004 M BIEHIHIEHIEHIEHIEHIEHEISEERIRERE
FIgure 41: RESUITS COMIPATISON 1uiiiiiiitiiiiei it iis s s srse st essns e sassesas s e snsas ors st as s abbe e aab e s st ee s ab s eban ebsaeassnnaas

W w o N o 0w

L=
=]

I el e el
O s W NN

=
[e)]

fd ik fd b
Co 00 ~ ~J

=
w

[ T o T T T I et
N =2 2, O 0O W

[
w

e
=

[ ]
o

[}
~J

L I S T I B
O W W 00 0

Good list of contents




1. Introduction

Fault modelling is essential in electronic production. It allows for analysis of faults arising from
manufacturing defects, and can aid in quick detection of these issues. This technique is widely
employed in Integrated Circuit (IC) manufacturing as the gates used in these circuits are typically in
the nanometre range, making any defects impossible to detect by conventional means.

Another critical issue with electronics is electro static discharge (ESD), which is brought on by
statically charged surfaces.

The aim of this assignment will be to investigate fault modelling techniques, and provide both
simulated and practical results in order to confirm these findings. Research into IC fabrication faults
and ESD will also be required.

The following objectives will be met during this assignment:

« Research IC fabrication faults, and explain how single stuck fault modelling is carried out.
Also research into the causes and prevention methods of ESD.

* Design a combinational logic circuit in NI multisim in order to test fault modelling methods.
Use test vector reduction methods to derive the minimum number of test vectors required.
* Perform the same analysis in NI LabView using a logic circuit built on prototype board.

* Analyse and compare both simulated and Practical results.




2. Research
2.1 1C Fabrication Faults

It is possible for a number of faults to occur during the IC manufacturing process; these defects can
result in pins being stuck at either a logic 1 or logic 0. A stuck pin will prevent correct operation of
the circuit, which will result in errors during operation.

The main terms used are defined below (Li, 2009):

e Defect— A defect is a difference in the device from the hardware design that was not
intended by the manufacturer. These can come as a result of a manufacturing or through
use. Typical defects are issues such as missing contacts, material defects (cracks etc.) and
oxidation. These defects may or may not result in faults. (Kastensmidt, 2008)

* Fault - Afault is defined as a defect that manifests itself at the functional level i.e. the
function of the device is affected.

Error — An error occurs as a result of a fault, and results in incorrect input and output states.
Failure — A failure occurs when the circuit no longer functions as intended due to the
aforementioned elements.

Figure 1 demonstrates a simple stuck at fault. In this example, input b on a NAND gate has been
shorted to ground. This will result in an error for each output where b should be at logic 1.

Figure 1: Stuck at fault (Kastensmidt, 2008)

The truth table for NAND gate is shown in Figure 2. From this table, it can be determined the fault
will be present twice, but an error will not be apparent when input a is at logic 0 as the output will
be 1 regardless. (Kastensmidt, 2008)

Input Output
A B Y= 4B
1] 0 1
0 1 1
1 0 1
1 1 0

Figure 2: NAND gate truth table (Electronics Hub
Ltd. , 2015)




2.2 Single Stuck at Fault (SSF) Model

In order to be able to model the faults that can occur, it is necessary to produce a model. By
modelling, it is possible to reduce the number of test vectors required, which will result in less time
spent testing each circuit.

Typically, a single ‘stuck-at’ model is used as it provides a quick and simple method of testing.
Modelling multiple faults can quickly become time consuming even in smaller circuits, as it assumes
that all combinations of faulty circuits exist. In principle, if all single faults are detected, then most
multiple faults will also be found. (Mcintyre, 2014)

As a rule, the number of tests required will be equal to n+1, where n is the number of nodes present.
In comparison, the number of tests required for a multiple fault model is 3n-1, which can become
too large to handle in most circuits. (Sengupta, 2012)

With a stuck at fault model, an input or an output can be kept at either SA1 (stuck at 1) or SAO (stuck
at 0. The truth table for this gate is shown in Figure 3. The complete list of faults that can be tested
from this gate are: A stuck at 0, A stuck at 1, B stuck at 0, B stuck at 1, Y stuck at O, Y stuck at 1. From
these faults a full list of test coverage can be made as shown in Figure 5. (Meixner, n.d.)

ﬁ_
B_

Figure 4: NAND gate (Meixner, n.d.)

A B Y
1 0 0
1 1 0
0 0 1
0 1 0

Figure 3: NAND gate truth table (Meixner, n.d.)




Fault
Test none |A/0 B/0 Y/0 A1l B/1 Y/1
00 1 1 1 0 1 1 1
01 1 1 1 0 0 1 1
10 1 1 1 0 1 0 1
11 0 1 1 0 0 1 1

Figure 5: NAND fault testing table

G

0

In total, four tests are performed to cover each fault shown in red. The test at 00 is unnecessary, as
the only fault is Y stuck at 0. This fault is covered by two other tests, meaning the test requirements
are reduced to three. This is in keeping with the rule that the numbe(retests required is n+1.
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2.3 Electro Static Discharge (ESD)

ESD is a natural phenomenon whereby thousands of electrostatic volts can be stored statically, and
then discharged when in contact with an object at lower potential. This typically isn’t an issue, but
ICs can be irreparably damaged by as little as 25 electrostatic volts. Consequently, ESD protection
should be utilised to prevent this damage.

A common source of ESD is from human contact. Generally, human skin will accumulate positive
charges, meaning the discharge will attempt to find a path to ground. On average, human skin will
store the equivalent charge to a 250pF capacitor, which will result in a 25,000V discharge.
(Michaels, 1999)

For this reason, a connection to earth should be made when handling delicate electronics. In order
to provide this connection, anti-static wrist bands shown in Figure 6 can be used. These can either be
connected to earth via a mains socket, or to any other earthed surfaces.

Figure 6: Anti-static wrist band (RS components, n.d.)

What these bands provide is a permanent path to earth, which will result in no static build up. This
will protect any ICs being worked on. It is also possible to ground the surface being worked on for
further reduction of static charge accumulation.

To protect components during transit and storage, special packaging is used as shown in Figure 7.
This packaging prevents ESD from being able to damage the items within. The label shown on the
yellow sticker in this image is to warn the user that the contents are ESD sensitive, and to take care
when handling the components.




Figure 7: ESD packaging

] Typical Electro Static Voltage in KV
e s | at a relative humidity of 20%
‘Wa.lking 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

|Triggcri.ug a vacuum solder remover | §KV

‘Spraying aerosol freezer spray | 15KV

Figure 8: Typical voltage discharge from different sources (Storr, n.d.)

Figure 8 shows a table demonstrating the static voltage discharges from various sources at 20%
relative humidity. This shows how important it is to avoid certain materials when working with

electronics.

Good use of table for examples.




Figure 9 shows the susceptibility of various electronic devices to ESD. By comparing to the
aforementioned table, it can clearly been seen the amount of damage that ESD can cause to
components.

‘ Device type ‘ESD susceptibility
[Bipolar transistors 380 to 7000 Volt
(CMOS logic devices 230 to 3000 Volt
[EPROM devices 100 volt

Film resistors 1300 to 3000 Volt
ITTL logic devices (1000 to 2500 Volt

[Microproccssor chipsl ’as low as 10 Volt

Figure 9: ESD susceptibility (Storr, n.d.)

A major area of concern for ESD is in an explosive atmosphere. ESD can cause ignition in the right
conditions, which could lead to an explosion. For that reason, it is important to only install devices
that are not susceptible to static charges in these environments. (lgus Inc., n.d.)

Reasonable amount of research with
appropriate sources.
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3. Design of Assignment Requirements

In order to properly test the fault modelling techniques, it was first necessary to simulate the circuit
in multisim. Figure 10 shows this circuit with no faults present. There are four logic gates used: a
three-input nand, a two-input nor, a two-input and, and a two-input or.

- A
U1A
e >
c 74LS10N
D USA
74L.S02N
F

U3A

Qgood
Y 74LS08N

7432N

Figure 10: Multisim circuit with no faults

In order to model this circuit, it was necessary to place each fault condition in a truth table. Figure 11
shows this derived table, as well as the faults that could be detected. The single asterisk denotes

that at least one of D or E or both must be at logic 1, while the double asterisk denotes that either A,
B or C must be at logic 0.

I[esl No | A B C D E F Qgood | HEX X Y Fault
1 ik 1 1 0 0 o 0 J0 o 1 0 A+B+C S5A0
X SAL
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 B SAL
4 1 1 0 0 0 0 1 61 1 1 1 CSAL
5 o* o* 0* 0 0 0 1 01 1 1 1 D+E SA1
1 1 X+Y SAD, Z SAD
6 0* 0* 0* 1 0 0 0 08 1 0 0 D SAD
7 o* o* o* 0 1 o 0 04 1 0 0 E 5A0
8 o* o* 0* 0 0 o 1 01 1 i 1 X+Y SAD
9 1 1 1 0 0 0 0 70 0 1 0 X SA1
10 0* o* 0* i%e = ) 0 oc 1 0 0 ¥ SAL
0
1 1 1 1 i 1%* 0 0 7C o* 0* 0 F+Z SA1
12 1 1 1 1= 1% 1 1 7F o* 0* 0 F SAD
13 o= 0* 0* 0 0 ) 1 01 1 1 1 Z SAO
Figure 11: Derived table
Could have
explained how
each individual 11
table has

already been
reduced using

tha fnrmiilaa




The table clearly shows that for each AND or NAND gate, the input being tested remains at logic 0
whilst the others are set to logic 1. Conversely, the OR and NOR gates have the input at test set to
logic 1 whilst the others are set to logic 0.This table can be further reduced by removing duplicate
tests as shown in Figure 12.

TestNo | A B C D E F Q good HEX X Y z Fault

1 1 1 1 o o 0 o 70 0 1 0 A+B+C SAD
X5A1

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

3 1 o 1 o 0 0 1 51 1 1 1 B 5Al

4 1 1 0 o] 0 0 1 61 1 1 1 C5A1

5 o~ o* 0= 0 0 0 1 01 1 1 1 D+ESAL

1 1 X+Y SAD, Z SAD

6 o o* 0" dl 0 0 (1] 08 1 0 0 D 5A0

7 0= 0 0 0 1 0 1] 04 1 0 0 ESAQ

8 0= o* 0= 1** 1** 0 0 i 0 0 ¥ 5A1

o
9 1 1 1 1** =T 0 1] 7C 0= o 0 F+Z SAL
10 1 1 1 1= 1=+ 1 1 TF 0= o= 0 F5A0

Figure 12: Reduced table

Finally, the hexadecimal values can be checked, and any supplicates removed. Following the rules
set out earlier as denoted by the asterisks, it is possible to alter test 5 to match test 4, and it is also
possible to alter test 8 to match test 6. A and B were changed from logic 0 to logic 1 on test 5 to

match, and E was changed from logic 1 to logic 0 on test 8 to match.

Figure 13 shows the table with all unnecessary tests removed. Seven tests remain, which is a
significant amount lower than the number started with.

il'est No |A B C D E F Q good HEX X i z Fault

1 1 1 1 o o o 0 70 0 1 0 A+B+C 5A0Q
X SA1

2 0 1 1 o o} o 1 31 1 1 1 ASAL

3 1 0 dl a [} i} 1 51 1 1 1 B SAl

4 1 1 0 o [} 0 1 61 1 1 1 C5A1

5 o* 0* o* g 0 0 ] 08 1 0 0 D 5A0

6 0* 0* 0* 0 1 o 0 04 1 0 0 E SAD

7 1 1 1 1= 1** 0 0 7c 0* 0* 0 F+Z 5A1

8 1 1 1 1= 1** 1 1 7F 0* 0* 0 F SAD

Figure 13: Final table

Good table reduction methods
demonstrated. Good afttention to detail.
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With the fault vectors found, it was possible to build the circuit in multisim, as shown in Figure 14. In
order to provide variable input to the circuit, piecewise voltage sources were used. These could be
programmed to provide different outputs at different time intervals, a Qgood signal, corresponding
with “output” in the previous tables; was also provided for comparison with the circuit. Finally, the
xor gate shown would provide a pulse whenever the Qgood and Qtest differed.

f e d c b a
S < < < &
U1
NAND3 u3 U4 qest
AND2 @ sird
uz OR2
NOR2

Figure 14: Test circuit

SQ -0 0o QAo X0
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The piecewise settings for input “a” are shown in Figure 15. 5V represents a logic 1, and 0V
represents logic 0. The variable changes once every 100mS, and then resets after 700mS. It can be
clearly observed that this directly matches the truth table, and the same is true of all piecewise

settings.

PWL Voltage

label Display Value Fault Pins  Variant

(O Use data directly from file
File mame:

Edit file

(®) Enter data points in table

Time Voltage

0

0.1
0.2
0.3
0.4
0.5
0.6
0.7

[ DT T R T T, BT I T

[“IRepeat data during simulation

X
User fields
Browse
i
Good example of
how the PLV was
setup for the inputs.
oK Cancel Help

Figure 15: Piecewise settings
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In order to test the circuit, a transient analysis was used. The digital probes shown in the circuit
would provide pulses in the graph. Figure 16 shows the test conducted with no fault present on the
circuit. The output of the xor gate shown at the bottom proves that there are no faults as there are
no pulses. There may be instantaneous pulses shown, but these may be due to miniscule time
differences between the piecewise sources.

‘ﬁi
Grapher View =8 T

File Edit View Graph Trace Cursor Legend Tools Help

guoxpeEEEH@RN.N Q8 I AR O|A V| ob DB =

i

Transient |
fault analysis
Transient
\ariable - x1: 2.000 x2: 3.000 &Ax: 0000 1/4x:
| [ S U [ |
N N I LM LM LM L
L L | | I l I
111 LI -
1 [ 1 1 [ [
1 I [1 1 |
N | 1 | [ \ [ | ]
11 1 1 | u \ [ 1 1
I | 1 | [1 \ [ | [
3.0 35 40 45 50 55 60 65
Time (s)

Selected Diagram: Transient

Figure 16: Test with no fault

Good analysis of this system.
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The first fault tested was an A stuck at 0 fault. A logic constant was attached to pin a, and was set to
0 as shown in Figure 17. The result is shown in Figure 18, and it shows that a fault occurs when a, b
and c are all logic 1, and the other inputs all remain at logic 0. Because Qtest and Qgood differ, a
pulse is seen on the output of the xor gate.

l Grapher View = ]
File Edit View Graph Trace Cursor Legend Tools Help
BUYXx ke EHa- e la@ad A oh BB =
-Transient Transient]
fault analysis
Transient
Varisble X1 | X2y - %1 4.500 x2: 4.898 4x: 398.467Tm 1/4x: 2510.
EOIE T I R e N I ) P
D{b) | D(FR2) 1 1 | | |_‘ I—I
D{c) | {FR3) ] 1 | ‘ l_
D(d) | D(FR4) 0 [1—0 | |—| |_
De) | D{PRS)} a 1—-0'—|— li
) D{f) | D{PRE) 0 |1—-0]
D{qgood) | D(PRT)| 1 |1—0 _| 4 |
Diqtest) |D(PR8) | 1 [1=0 _| [ ]
Doon | DFRE) | 0 | 0 l L 1 |
45 47 49 5.1 53 55
Time (s)
Figure 18: A stuck at 0 result
1o

Analysis is clear and the cursors
indicate the start and finish of

R B R




The second fault was F stuck at 1. The same setup was used as the first test, as shown in Figure 18.
Figure 19 shows the result obtained for this test, and it can be seen that a fault occurs when input d
is high and the others are low.

Figure 20: F stuck at 1 fault

Grapher View O x

File Edit View Graph Trace Cursor Legend Tools Help
ERvxeR HEH@ AN AQRQII@AE (A V| o0 BB =
Transient l Transient [ Transient I Transient ] Transient I Transientl Transient] Transient | Transient I Transient l Transient [ Traruﬂ
fault analysis
Transient

x1: 3000 x2: 31680 Ax: 180 000m 1/Ax: 8250

Varisble X1 ijy .

Bta) | DIPR™) LN e IS SN Y

D(b) | DIFR2) 0 1—-0J_'_| LJ | l | l LJ [ |

B(c) | DIPR3) t]1e] | 1 | [ | | | 1 | 1 [ ]

sioer |0 fo T T T T T T

oeoers (oo |F 1 1 1 1 1 [
) Dif | DIPRS) o |0 I N N Nn N I

D{ggood) | DFR7T) | 1 |[1=0[ | ||| || | ||| |

Diqtest) | D(FRE) 1 1

pedloPR®) |0 Jo | TN [ 1M M ___ 1M I

30 35 40 45 50 55 6.0 65 70

Figure 19: F stuck at 1 result
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Finally, the third test was done with D stuck at 1 as shown in Figure 21. The results shown in Figure
22 demonstrate how a fault occurs when B, C and Qgood are high. The fault appears at the falling

edge of input a, and the rising edge of Qgood.

Figure 21: D stuck at 1 fault

Grapher View

[N X

File Edit View Graph Trace Cursor Legend Tools

Help

BRYxbe M@ N AL I@HY|[A V| | BE =

Transient [ Transient ] Transient ] Transient] Trﬂnsierlt] Transient I Transient I Transient I Transient [ Transient ] Transient I Trar 4 I LA
fault analysis

Transient

Varisble X1 | xeey - x1: 2.800 x2 4.253 Ax: 452.571m 1/Ax: 2.210
Dis} | DIFR1) = ] | | L] l ]
Db} | D(PR2) NE —l—,__|_|_|_|—|_|_|_|—|_|_|_l_|
D(c) | D(PR3) N N N e s [ s [ pa— N
Did} | D(FR4) oo J_l—,—L—I_I_I—I—,_I_,—I—I—

Die) | D(PRE) oo I—‘ I—I I—I

) D{f} | D{PRE) oo M M M
Diagoed) | DIFRT) | 1 [o—1 — 1 ___nr 1

Digtest) |DPRE) | 0 | © —I—EH n n
Dixor) | D{PRS) 1 ] | I_LLI—l_LLl—L

46 43 5.0
Time (s)

52

54 56 58 60

Figure 22: D stuck at 1 result

Good fault analysis. Fault
conditions are clearly indicated.




The present and next states for each input are shown in Figure 23. These will be used as inputs and
outputs for the D flip flops in the LFSR. These values are fed into karnaugh maps, which are used to
derive Boolean expressions for each input.

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 0 0 0 0 0 0 0 1 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 0 0 0

Figure 23: Present and next states

For each karnaugh map, the present state values are at the edges, with the third and fourth values
swapped in each quadrant. The next state values are fed into the middle, where they correspond

with each rown on the truth table above. Grouping occurs as normal. The first karnaugh map was for

A+, as shown in Figure 24. The Boolean expression that was obtained for this input was as follows:

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

ABC

DEF 000

001

011

010

100

101

111

110

000

001

011

010 1

100

101

111

110

Figure 24: A+ Karnaugh map
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The B+ karnaugh map is shown in Figure 25. The following expression was derived:

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

ABC

DEF

000

001

011

010

100

101

111

110

000

001

011

010

100

101

111

110

Figure 25: B+ karnaugh map

The C+ karnaugh map has been shown in Figure 26. The Boolean expression derived is as follows:

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

ABC

DEF

000

001

011

010

100

101

111

110

000

001

011

010

100

101

111

110

Figure 26: C+ karnaugh map

The D+ karnaugh map is shown in Figure 27, with the following Boolean expression derived:

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

ABC

DEF

0oo

001

011

010

100

101

111

110

000

001

011

010

100

101

111

110

Figure 27: D+ karnaugh map
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The E+ karnaugh map has been included in Figure 28. The following expression has been derived:

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

ABC
DEF 000 001 011 010 100 101 111 110
000
001
011
010 1
100 1
101
111
110 1
Figure 28: E+ karnaugh map
Figure 29 shows the F+ karnaugh map. The expression derived is as follows:
A.B.C.D.E.NF
ABC
DEF 000 001 011 010 100 101 111 110
000
001
011
010
100
101
111
110 1
Figure 29: F+ karnaugh map
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Figure 30: Fault model equivalent circuit

Once each expression had been found, it was possible to build the circuit in multisim PID mode. The
LFSR is shown at the top, with each flip flop accepting the output from the logic circuits. . These logic
circuits are all created from the Boolean expressions previously derived. The circuit that provided
the output for C has a fault present at the input. This is from an earlier error with the karnaugh
maps, which has since been rectified. It has no apparent effect on the circuit output.

The working circuit used in the simulation is provided for comparison, and each output from the
shift register is fed into a logic analyser.

Figure 31 shows the results from the equivalent circuit. The pattern obtained is the same as
provided by the simulated circuit.
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Good analysis for the pattern
generator. Could have indicated
i.e. labelled the 8 test vectors.
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4. Analysis of NI Multisim Results

With all of the multisim results obtained, the results can be fed into the table shown in Figure 32.
This table shows the logic analyser results obtained from both the simulated circuit and the PID

circuit, and they are both identical. This is proof that the circuit works as intended, and that the fault

modelling methods were successful.

Input A B C D E F

Simulated

PID

[l A =N =1 TR S (=R TR T (= (=R (= TR R =1 T
[l i=Al=R =R R IR R (= (= A= I ]
= I =1 =1 [=1 [ S R L = = = =R A
[l Ll E=A L [=A (=R (=R (=Rl | =R (=R | R E=R k=2 k=2 =]
[l Ll Ll =R =R =0 [=R [=R IR I Il i=0 [=R =] [=] [=]
= =2 k=2 k=R (=2 =R =R (=12 (=R (=R =2 i=2i=2 k=2 (=]

Figure 32: multisim results

The
results
are
correct
. Good

use of
the
table
for
compa
rison.
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5. Practical Build and Test Using LabView

In order to carry out a separate practical test for comparison, it was necessary to create a file in
LabView. This would be connected to the NI Elvis board where the 10 could be used to interact with

a logic circuit built on breadboard. The circuit is shown in Figure 33 with no faults applied. The pins
of each IC have been connected to the appropriate 10 on the Elvis board.

I ELVIS 17 SERIES
PROTOTYRT O BOARD

|
f

ke
-
=
-
-

e

Figure 33: Logic circuit on breadboard

Figure 34 shows the block diagram in the Labview program. The while loop is the solid grey block,
and this continues program operation until it is stopped by the user. Inside, there is a conditional
loop represented by the criss-crossed pattern, whose behaviour will be determined by its state. The
state is controlled by a Boolean input. The contents of the false state provide the eight binary
outputs for the logic circuit. These are fed into a write program block to send the value to the Elvis
10 pins. A Boolean array is used to provide a display on the labview front panel. An iterative loop has

been used to control which value is sent at a time, and a 2 second timer determines the rate at
which each loop lasts.
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The same faults were introduced as in the simulation. First Figure 35 shows the A stuck at 0 fault,
and the result is shown in Figure 36. The fault lamp is high when A, B and C are at logic 1, which
corresponds with the simulation.

i

.

. Clear image which

H identifies the CUT on
: | ELVIS development
3 board.

Figure 35: A stuck at 0 fault

Figure 36: A stuck at 0 result
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The second test, done with F stuck at 1, is show in Figure 38. The result in Figure 37 shows that a
fault occurs when D is logic 1. This again corresponds with the simulation.

SANEENENS

-
-
&
-
-
-
"
-
-
W
L
L
L |

Figure 38: F stuck at 1 fault

Figure 37: F stuck at 1 result
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The final fault, shown in Figure 40, was done with D stuck at 1. The result shown in Figure 39, and
occurs when Q, Cand B are high. This corresponds with the simulation as with the other two tests.

Figure 40: D stuck at 1 fault

NI ELY F.RIES

» 11
PROTOTYPIN BOARD

Figure 39: D stuck at 1 result

Q00 @
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6. Conclusions and Recommendations

In conclusion, there has been a good amount of correlation between the results. The simulated and
practical results provide sufficient evidence that the single stuck at fault modelling techniques are an
effective form of circuit testing. The simulated circuit proved that the derivation of the fault vectors
was effective in reducing the number of tests required, while the PID test reaffirmed the results
obtained from the simulation.

Research into the relevant topics provided a greater insight into how faults could be introduced to a
system, as well as the effect of ESD on delicate ICs. The fault modelling techniques had also heen
researched, which made the process easier for the assignment circuit.

The LabView tests were performed as further proof that the techniques were effective, with the
same faults being tested as the simulation. The results were conclusive in demonstrating how the
two methods obtained the same results.

Test Simulated result |Practical result
As@0 A,B,Cfault A,B,Cfault
Fs@1 D fault D fault

Ds@1 Q,B,C fault Q,B,C fault

Figure 41: Results comparison

A recommendation for the future would be to use an FPGA to simulate a larger circuit. This could
prove the effectiveness of single stuck at modelling, and how time can be saved by reducing the
number of tests required.

Reasonable
conclusion.
How effective
is the fault
model method
for larger
circuits? How
much does the
model save on
time and
process?
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