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* |TRS: testing is already one of key problems in
current generation of VLSI chips and its
Importance will be growing.

* There is a strong demand for well-educated
specialists In the area of IC testing.

® Teaching of testing topics is based on abstract
models which do not reflect well physical reality.

e Simulation alone is not sufficient, “real silicon” is
needed for better understanding of test problems
and for training In fault simulation and test pattern
generation.
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Development of a VLSI chip providing practical possibility
for testing real circuits with artificially introduced but real
physical defects, and in particular:

— demonstration of defects that are not easy to be modeled or for

which existing fault models do not follow the real electrical effect
of the respective defect precisely,

— testing of simple gates as well as gates embedded in larger
digital circuits,

— comparison of theoretical and real defect coverage for various
sets of test vectors,

— demonstration of I, testing and its efficiency,
— making the chip “student-proof” and avoiding possible damage
resulting from its operation with intentionally introduced defects.
Created environment can be used in research also (e.g. in

evaluation of defect-oriented test pattern generation
methods and tools).
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Implementation of defects
Complex cell with IN-OUT short
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Implementation of defects
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NANDZ cell with floating gate
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Implementation of defects
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NAND?Z cell with D-S short (missing poly)

Artur Jutman, Warsaw, Poland

, November 16, 2007

9

e Altogether there are over 500
different defects on the chip

* Implemented defects are shorts
and opens in metal and poly layers

* To be close to the silicon reality
each cell is loaded and driven by
standard non-inverting buffers
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DefSim IC layout
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CB1 C1l7 opens
HRDLIB NA2 opens
C17 shorts

BICM BICM

16 different complex cells and small circuits implemented

For each cell there Is a fault-free circuit and many copies
of the same cell with intentionally injected defects.
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Schematic diagram of block?
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DefSim 1€ details :
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— Standard industrial [vjl i::‘i' e ﬂu u__i__x__*
technology (AMS CMOS Jr' T '-—'l_._f'f == B8 ,

— Area 19.90 mm? ) EETE _
— Approx. 48000 transistors [l [EsesttE -
— 62 pins, JLCC68 package | Eieee =

A built-in current monitor

for /pp testing is
|mplemented In each block.
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With DefSim you can

* Observe the truth table of correct circuit

* QObserve the truth table of defective circuit

* Obtain defect/fault tables for all specific defects
* Define test patterns automatically or manually
e Activate IDDQ and voltage measurements

e Study behavior of bridging and open faults

e Study and compare different fault models

Artur Jutman, Warsaw, Poland, November 16, 2007
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Lab environment
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“Plug and Play” — dedicated hardware and software
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DefSim software
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Experiment results 20:49:38, page 1
[ON1, single defect: n1/Q, Iddq activated]

DefSim Personal —
simple but powertul.
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DefSim software
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DefSim Server —
advantage by sharing.

Built on a top of modern
Web-technologies
DefSim Server is capable
to share single or several
hardware devices
between multiple users.
Best suitable for
organizing study process
In classrooms, distance
e-learning or remote
Web-access services.

©)Mozilla Firefox

Fle Edt Wew Go Bookmarks Tools Help
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Defsim Experiment Report - 10.03.2006 21.04
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Ba.§i¢‘ experime}\ts In the classroom
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Evaluating stuck-at fault model

Defsim by Testonica -0 =|
File Options Window Help
‘| Input Vectors [4]
DCBA ON1:  NAND{ OR{A,B), OR(C,D}) 1~ 1ocen
Gate-Level Schematics 0010
OO 10 -{ 0100
A | |p110
0100 fp
B :
a
O 1 1 O c
1001 0
Show Transistor Level Schematics
& Qpen... Save...
Measurement Options : — = =
A Generate
@ All defects :
) All stuck-at fauits | SAF ATPG |
i) Single defect: I:I:I : Exhaustive Test
[ Activate 1, | | RandomTest | s
‘ Ready | | Experiment finished sucessfully |
Artur Jutman, Warsaw, Poland, November 16, 2007




| -
-

Basic experiments in the classroom
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Evaluating stuck-at fault model

Defsim by Testonica -0 =|
1: Experiment results 05:16:27 [ON1, all defects] - IEIIE[
D CB A Fault table
h E 71}
0010 2 = - == s = == = 2| == ==
§ m|lo|o| 5E|o|2|clo| 58|o 2|5 E g2 2 E g2 d g 522
DCBA e EEEEEE R REEEREEEEEEEE EEEEEEEEE
0100 0010 gfofofojr1jojojo|oyojofofo(oj1/1j1(o/1r)1/1j1{of1jo0 H
0100 gfofofoioiji1jojo|o1ji{ifo(oojojofoiojrojofof1r1o H
0110 0110 i({i(o(ojojojofoj1/1joji(of1rj1/1j1{ojo|ojojofof1r/0jof1 L
1001 i({i({of1|1/1jofoj1|jojojofofr|oj0jofoir/1/1jofof10jof1 L
1001 Coverage 11Ij‘{11111111111111
HDTEEREE SR undetected faults
have...
B Save... Il Close
i All stuck-at faults [ Al AT
i) Single defect: I:I:I Exhaustive Test
Random Test || 5}‘:‘

A/D and B/C not covered!

| eauy

| | CApmnsm mmished sucessftulhy
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Evaluating stuck-at fault model
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Bagid experiments in the classroo

Bridging faults: wired-AND or wired-OR?

g O W »

=p A
=D

Complex gate ON1, defect: B/C

Artur Jutman, Warsaw, Poland, November 16, 2007

wired AND | wired OR
Test
DCBA DCBA
1 1010 1100
2 0101 0100
3 0011
4 0010
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Basic experime
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Bridging faults: wired-AND or wired-OR?

1: Experiment results 04:43:48 [ON1, single defect: B/C] 500000 g v X
Test results
IbceBA Q PASSfFATL
o000 10K PASS
oooi 10K PASS . .
0010 1/0K PASS wired AND wired OR
o011 1/0K PASS TeSt
0100 1/0K PASS DCBA DCBA
0101 1/Fail FATL
o110 o/ox ms\ 1 1010 1100
0111 00K PASS falled
1000 170K PASS
Loo1 070K p;qss/ patterns 2 0101 0100
1010 1/Fail FAIL
1011 0/0K PASS 3 0011
1100 10K PASS
1101 0/0K PASS 4 0010
1110 00K PASS
1111 0/0K PASS
[saee | [won ]

Wired AND model describes this defect

Artur Jutman, Warsaw, Poland, November 16, 2007
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Bridging faults: further study
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Complex gate ON1, defect: D/Q

Artur Jutman, Warsaw, Poland, November 16, 2007

Test wired AND | wired OR
DCBA DCBA
1 0000 0001
2 0001 0010
3 0010 0011
4 0011 1001
5 0100 1010
6 1001 1011
7 1010 1101
8 1011 1110
9 1111




Bridging faults: further study

[ 1: Experiment results 08:08:56 [ON1, single defect: DIQ] 50000 g¥ @ [
Test results
pcBa 0 PASS /FATL
0000 0/Fail FAIL B
ooo1 0fFail FATL
o010 0f/Fail FATL
0011 0fFail FAIL
o100 0/Fail FATL
0101 0foK PASS
0110 0foK PASS
0111 0/0K PASS 3
1000 1/0K PASS 1
1001 1/Fail FATL
1010 1/Fail FAIL
1011 1/Fail FATL
1100 1/0K PASS
1101 1/Fail FATL
1110 1/Fail FATL
1111 1/Fail FATL |~

Test wired AND | wired OR
DCBA DCBA
1 0000 0001
2 0001 0010
3 0010 0011
4 0011 1001
5 0100 1010
6 1001 1011
7 1010 1101
8 1011 1110
9 1111

Neither wired AND nor wired OR!?
Victim-aggressor behavior: D is a stronger driver!

Artur Jutman, Warsaw, Poland, November 16, 2007
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Behavior of shorts in DefSim

Tend to
victim-
T?”%tZND aggressor
wired- [ . behavior
behavior A
B _ ‘ ™
| Yo—ipa
DP— "“>_ S
ch ./

Tend to
victim-
aggressor
behavior
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Basic experiments in the classroom

Ippo versus voltage testing

APp—
Impossible to < Y o }

generate test So—4dba
vectors for < p.—“““‘m} j,/

A/B and D/C
cpr—

Complex gate AN1
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Ippo versus voltage testing
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Basic experiments in the classroom
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Ippo versus voltage testing

| cp——— -~

Show Transistor Level Schematics

Simulation Options
) All defects 3: Experiment results 09:37:07 [AN1, all defects, lddyg activated] -
_ All stuck-at faults Fault table

® Single defect: |B/Q

nmi\ratel
afule! DCBA
1110
0011
0101
1010

| Ready | | Experime

el Ll Ll R [
= o= = Bignd
o | (= o |Bin
o |k oo |Bivdd
O (= o= (Cind
= (2o oG
oo | Cividd
= oo = Dignd
=N =R =R k]
O [ = o (Dl
[l Ll Ll Ll AR 1 =TUS T
o (2= oA hvdd
(= oo Qfnd
o |o|o |kl
oo | = |G

Coverage 1(1)1(1)1)1f1j1/1/1)1{1)1|1{1)1f1j1/1/1)1j1/1)|1

=
[y
[y

lopo testing(solves the observability problem

Coverage: 100.000%
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Memory effects due to shorts

Defsim by Testonica

Basic experiments In the classroom

DCB ! |CB1: Custom benchmark

0001

0000

0001

- 1Ol x|
File Options Window Help
‘| Input vectors [3]
=] |
| peBa
Gate Level Schematics 0001
‘| lnooo
o[ oo
] I D]
| Show Transistor Level Schematics :
| = open. || B save... |
Measurement Options 5 | =7 =
Generate
) All defects
() All stuck-at faults d | SIS |
@ Single defect: | Exhaustive Test |
[ Activate I | RandomTest ||

=

| Ready | | Experiment finished sucessfully

Artur Jutman, Warsaw, Poland, November 16, 2007
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Basic experiments in the classroom
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Memory effects due to shorts

DCBA 1: Experiment results 11:30:37 [CB1, single defeck: - |EI|E|
OO O 1 Test results
DCBA Y2 ¥l PASS/FAIL
OOOO o001 1/Fail 1/0K FAIL
0001 o000 00K 0/oK PASS
o001 0/f0K 0/Fail FAIL
[ Save... 2 Print... i Close

Artur Jutman, Warsaw, Poland, November 16, 2007
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Memory effects due to opens

BA
00
10
11
10

ments In the elassroom

1o/ x|
File Options Window Help
| Input Vectors [4]
HAZ2 0: HAND{ &, B ) - opens - BA
Gate-Level Schematics Do
1o
A
s o o
nand? Q :
s
Show Transistor Level Schematics
) =3 Open... & Save...
Measurement Options
Generate
i all defects
) All stuck-at faults SRS
i® Single defect: |NA2_D8 - Exhaustive Test
[] Activatel Random Test &=
| Readhy | | Experiment finished sucessfully

Artur Jutman, Warsaw, Poland, November 16, 2007
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Bagid experiments in the classroo

Memory effects due to opens

vdd
2: Experiment results 11:46:25 [NAZ o, single de ;|g|5|
Test results H
BA ] PASS fFATL
111 170K PASS | |
10 1/0K PASS | |
11 0/0K PASS Q
10 0fFail FATL '—.‘
A .
® Save... & Print... Tl Close L

ol

Artur Jutman, Warsaw, Poland, November 16, 2007
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Current version Is only the first step, our plans are

® Looking into other defect types — increasing
diversity

* Implementing digactically interesting defects

® Development of new DefSim IC versions for
research needs

* Updating DefSim IC using upcoming CMQOS
technologies
* Development of new teaching lab scenarios

Artur Jutman, Warsaw, Poland, November 16, 2007
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Conclusions
T R

* The educational integrated circuit DefSim was
designed and manufactured.

* This chip Is dedicated to development of students'
skills in fault simulation and test pattern generation
for digital circuits.

* |t allows applying both voltage (i.e. logical) and
current test methods and offers comparing of their
efficiencies on basic digital circuit examples.

® Qperation of DefSim was verified experimentally.

* “Plug and Play” DefSim bundle represents a unigque
and easy to handle educational and research
environment.

Artur Jutman, Warsaw, Poland, November 16, 2007
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e
Try DefSim at http://www.defsim.com

Read more about DefSim at www.testonica.com

Read more about REASON project at
http://reason.imio.pw.edu.pl/

Artur Jutman, Warsaw, Poland, November 16, 2007



	Studying CMOS Defects with DefSim�Overview and Demonstration
	Outline
	Project Funding
	Project Team
	Motivation
	Goals
	Implementation of defects
	Implementation of defects
	Implementation of defects
	DefSim IC layout
	Schematic diagram of block1
	DefSim IC details
	DefSim Cell Examples: c17 
	DefSim Cell Examples: CB_1 
	DefSim in the classroom
	Lab environment
	DefSim software
	DefSim software
	Outline
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Basic experiments in the classroom
	Future work
	Conclusions
	Thank your for your attention!

