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•• ITRS: testing is already one of key problems in ITRS: testing is already one of key problems in 
current generation of VLSI  chips and its current generation of VLSI  chips and its 
importance will be growing.importance will be growing.

•• There is a strong demand for wellThere is a strong demand for well--educated educated 
specialists in the area of IC testing.specialists in the area of IC testing.

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

•• Simulation alone is not sufficient, Simulation alone is not sufficient, ““real siliconreal silicon”” is is 
needed forneeded for better understanding of test problems better understanding of test problems 
and for training inand for training in fault simulation and test pattern fault simulation and test pattern 
generation.generation.

MotivationMotivation
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Development of a VLSI chip providing practical possibility Development of a VLSI chip providing practical possibility 
for testing for testing real circuits with real circuits with artificially introducedartificially introduced but but realreal 
physical defects, and in particular:physical defects, and in particular:
–– demonstration of defects thatdemonstration of defects that are not easy to be modeled or for are not easy to be modeled or for 

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

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

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

–– demonstration of Idemonstration of I DDQDDQ testing and its efficiency,testing and its efficiency,
–– making the chip making the chip ““studentstudent--proofproof”” and avoiding possible damage and avoiding possible damage 

resulting from its operation with intentionally introduced defecresulting from its operation with intentionally introduced defects.ts.
Created environment can be used in research also (e.g. in Created environment can be used in research also (e.g. in 
evaluation of defectevaluation of defect--oriented test pattern generation oriented test pattern generation 
methods and tools).methods and tools).

GoalsGoals
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Complex cell with INComplex cell with IN--OUT shortOUT short
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Implementation of defectsImplementation of defects

NAND2 cell with floating gate NAND2 cell with floating gate 
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Implementation of defectsImplementation of defects

VDD

GND

Q
A

B

NAND2 cell with DNAND2 cell with D--S short (missing poly) S short (missing poly) 

• 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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DefSimDefSim IC layoutIC layout

C17 opens

NA2 opens

BICM

C17 shorts

CB1

BICM

HRDLIB

16 different complex cells and small circuits implemented16 different complex cells and small circuits implemented
For each cell there is a faultFor each cell there is a fault--free circuit and many copies free circuit and many copies 
of the same cell with of the same cell with intentionally injected defectsintentionally injected defects..
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Only one circuit at a time can be active (selected)Only one circuit at a time can be active (selected)

Schematic diagram of Schematic diagram of block1block1
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DefSimDefSim IC detailsIC details

–– Standard industrial Standard industrial 
technology (AMS CMOS technology (AMS CMOS 
0.80.8µµm CYE m CYE -- 2M/2P)2M/2P)

–– Area 19.90 mmArea 19.90 mm22

–– Approx. 48000 transistorsApprox. 48000 transistors
–– 62 pins, JLCC68 package62 pins, JLCC68 package

A builtA built--in current monitor in current monitor 
for for II DDQDDQ testingtesting is is 
implemented in each block.implemented in each block.
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DefSimDefSim Cell Examples: c17 Cell Examples: c17 
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DefSimDefSim Cell Examples: CB_1 Cell Examples: CB_1 
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DefSimDefSim in the classroomin the classroom

With DefSim you canWith DefSim you can

•• Observe the truth table of correct circuitObserve the truth table of correct circuit
•• Observe the truth table of defective circuitObserve the truth table of defective circuit
•• Obtain defect/fault tables for all specific defectsObtain defect/fault tables for all specific defects
•• Define test patterns automatically or manuallyDefine test patterns automatically or manually
•• Activate IDDQ and voltage measurementsActivate IDDQ and voltage measurements
•• Study behavior of bridging and open faultsStudy behavior of bridging and open faults
•• Study and compare different fault modelsStudy and compare different fault models
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Lab environmentLab environment

““Plug and PlayPlug and Play”” –– dedicated hardware and softwarededicated hardware and software
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DefSimDefSim softwaresoftware

DefSim PersonalDefSim Personal –– 
simple but powerfulsimple but powerful..

Personal solution Personal solution 
allows to experiment allows to experiment 
with different aspects with different aspects 
of IC testing shortly of IC testing shortly 
after connecting after connecting 
DefSim hardware with DefSim hardware with 
computer. Ideal for computer. Ideal for 
standalone use or for standalone use or for 
small groups of users.small groups of users.
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DefSimDefSim softwaresoftware

DefSim ServerDefSim Server –– 
advantage by sharingadvantage by sharing..

Built on a top of modern Built on a top of modern 
WebWeb--technologies technologies 
DefSim Server is capable DefSim Server is capable 
to share single or several to share single or several 
hardware devices hardware devices 
between multiple users. between multiple users. 
Best suitable for Best suitable for 
organizing study process organizing study process 
in classrooms, distance in classrooms, distance 
ee--learning or remote learning or remote 
WebWeb--access services.access services.
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Complex gate ON1Complex gate ON1

Basic experiments in the classroomBasic experiments in the classroom

DCBADCBA
00100010
01000100
01100110
1001 1001 

Evaluating stuckEvaluating stuck--at fault modelat fault model
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Complex gate ON1Complex gate ON1

Basic experiments in the classroomBasic experiments in the classroom

DCBADCBA
00100010
01000100
01100110
1001 1001 

Evaluating stuckEvaluating stuck--at fault modelat fault model

undetected faults

A/D and B/C not covered!A/D and B/C not covered!
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Complex gate ON1Complex gate ON1

Basic experiments in the classroomBasic experiments in the classroom

Evaluating stuckEvaluating stuck--at fault modelat fault model

Either 0101 or 1010 vectorEither 0101 or 1010 vector need to be addedneed to be added

undetected faults
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Bridging faults: wiredBridging faults: wired--AND or wiredAND or wired--OR?OR?

Basic experiments in the classroomBasic experiments in the classroom

Complex gate ON1, defect: Complex gate ON1, defect: B/CB/C

TestTest
wired ANDwired AND wired ORwired OR

DCBADCBA DCBADCBA
11 10101010 11001100
22 01010101 01000100
33 00110011
44 00100010
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failed 
patterns

Bridging faults: wiredBridging faults: wired--AND or wiredAND or wired--OR?OR?

Basic experiments in the classroomBasic experiments in the classroom

Wired AND model describes this defectWired AND model describes this defect

TestTest
wired ANDwired AND wired ORwired OR

DCBADCBA DCBADCBA
11 10101010 11001100
22 01010101 01000100
33 00110011
44 00100010
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Bridging faults: further studyBridging faults: further study

Basic experiments in the classroomBasic experiments in the classroom

Complex gate ON1, defect: Complex gate ON1, defect: D/QD/Q

TestTest
wired ANDwired AND wired ORwired OR

DCBADCBA DCBADCBA
11 00000000 00010001
22 00010001 00100010
33 00100010 00110011
44 00110011 10011001
55 01000100 10101010
66 10011001 10111011
77 10101010 11011101
88 10111011 11101110
99 11111111
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Bridging faults: further studyBridging faults: further study

Basic experiments in the classroomBasic experiments in the classroom

Neither wired AND nor wired OR!?Neither wired AND nor wired OR!?

TestTest
wired ANDwired AND wired ORwired OR

DCBADCBA DCBADCBA
11 00000000 00010001
22 00010001 00100010
33 00100010 00110011
44 00110011 10011001
55 01000100 10101010
66 10011001 10111011
77 10101010 11011101
88 10111011 11101110
99 11111111

VictimVictim--aggressor behavior: D is a stronger driver!aggressor behavior: D is a stronger driver!
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Basic experiments in the classroomBasic experiments in the classroom

Tend to 
wired-AND 
behavior

Tend to 
victim- 
aggressor 
behavior

Tend to 
victim- 
aggressor 
behavior

Behavior of shorts in DefSimBehavior of shorts in DefSim
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Basic experiments in the classroomBasic experiments in the classroom

Complex gate AN1Complex gate AN1

Impossible to 
generate test 
vectors for 
A/B and D/C

II DDQDDQ versus voltage testingversus voltage testing
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Basic experiments in the classroomBasic experiments in the classroom

II DDQDDQ versus voltage testingversus voltage testing

undetected faults

Impossible to 
generate test 
vectors for 
A/B and D/C
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Basic experiments in the classroomBasic experiments in the classroom

II DDQDDQ versus voltage testingversus voltage testing

IIDDQDDQ testing solves the observability problemtesting solves the observability problem
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DCBADCBA
00010001
00000000
00010001

Basic experiments in the classroomBasic experiments in the classroom

Memory effects due to shortsMemory effects due to shorts
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Basic experiments in the classroomBasic experiments in the classroom

Memory effects due to shortsMemory effects due to shorts

DCBADCBA
00010001
00000000
00010001
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Basic experiments in the classroomBasic experiments in the classroom

Memory effects due to opensMemory effects due to opens

BABA
0000
1010
1111
1010
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Basic experiments in the classroomBasic experiments in the classroom

Memory effects due to opensMemory effects due to opens
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Future workFuture work

•• Looking into Looking into otherother defect types defect types –– increasing increasing 
diversitydiversity

•• Implementing Implementing didacticallydidactically interesting defectsinteresting defects
•• Development of new DefSim IC versions for Development of new DefSim IC versions for 

researchresearch needsneeds
•• Updating Updating DefSimDefSim IC using upcoming CMOS IC using upcoming CMOS 

technologiestechnologies
•• Development of new teaching lab scenariosDevelopment of new teaching lab scenarios

Current version is only the first step; our plans areCurrent version is only the first step; our plans are
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ConclusionsConclusions

•• The educational integrated circuit The educational integrated circuit DefSimDefSim was was 
designed and manufactured.designed and manufactured.

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

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

•• Operation of DefSimOperation of DefSim was verified experimentally.was verified experimentally.
•• ““Plug and PlayPlug and Play”” DefSim bundle represents a unique DefSim bundle represents a unique 

and easy to handle educational and research  and easy to handle educational and research  
environment.environment.
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Thank your for your attention!Thank your for your attention!

Try DefSim at Try DefSim at http://http://www.defsim.comwww.defsim.com

Read more about DefSim at Read more about DefSim at www.testonica.comwww.testonica.com

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