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CHAPTER 1

INTRODUCTION

The advancement o f  integrated c ir c u it  technology has 

brought-in phenomenal changes in the design , production and 

maintenance of d ig ita l  systems. With the ever- increasing 

density  of c irc u it  packaging, the problems o f fault  d iagnosis 

have taken new dim ensions. Higher packaging density  has 

su b sta n tia lly  increased the amount of c ir c u it  inform ation to 

be stored for the purpose of fault d iag n o sis . The re str ic t io n  

on the pin-count of these h igh  density  chips has considerably  

reduced the access to the internal lines  of the c ir c u i t . As 

a result , the overall c o n tr o lla b ility  and o b serv a b ility  of the 

network implemented on a chip  has greatly  reduced. This reduc­

t io n  necessitated  extensive processing of the inform ation 

c o llected  during a fault- diagnosis experim ent. Consequently, 

the com plexity o f  test  generation and test execution  have 

g re atly  increased . The cost of testin g  grad ually  formed 

s iza b le  portion of the product development, m anufacturing and 

maintenance c o sts . In view  of th is  s itu at io n , considerable  

attention  is paid  to the form ulation and implementation of 

e f f ic ie n t  test  generation  algorithms and d iagn o stic  procedures. 

The emphasis is d irected  towards reduction  of the cost in 

terms of d iagnostic  inform ation storage and the asso ciated  

computational e f f o r t . Ultim ately , it  is deemed necessary  to
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pay due attention  to design  the c irc u its  such that they are 

testable  w ithin  a stipulated  cost co n stra in t .

The major functions of a fault diagnosis  procedure 

are ( i )  analysis of the network behaviour and generation  of 

a test- set, ( i i )  test application , and ( i i i )  process the test  

response for d etectio n /lo catio n  of fa u lts . These functions 

involve a large number of tasks such as fault  m odelling, 

sim ulation , t e s t a b il it y  analysis and test  generation , test- 

set optim ization , fault  location  e t c . A review  of the state  

of art C outlined  in the subsequent chapters ) reveals that 

wide-ranging methodologies have been proposed to handle each 

of these tasks . Further, the network m odelling and analysis  

v aried  considerably  for each of these task s . In th is  back­

ground, it is fe lt  necessary to evolve a model best su ited  

to handle all these tasks w ith  uniform ity  and consistency .

With this  objective as one o f the prime co n sideratio n s , a 

graph- theoritic model termed as "D iag n o stic  Logic Graph (DLG )" 

is proposed in the present work. The DLG model is used in 

conjunction  with six- valued logic  for c ircuit- level fault  

d ia g n o s is . Throughout the work, stuck faults  of permanent 

nature are considered in connection with irredundant lo g ic  

networks. Using this  single  model, fo llow ing  aspects of 

fau lt  d iagnosis  are dealt with in the present work - true- 

value sim ulation , fau lt  coverage ev alu atio n , computation of 

m inim al/nearly  minimal test-count, adaptive test  generation , 

fa u lt  location , and, testab le  design  o f  d ig it a l  networks.

This  s in g le  model used for the representation  of com binational
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c irc u its  is adapted to handle sequential c ir c u its  and MOS 

c ir c u it s . Further, same DLG model is extended to handle  system- 

level fault d iag n o sis . The follow ing  paragraphs b r ie f l y  outline  

the contents presented in the subsequent chapters.

The Chapter 2 deals with com binational c ir c u it s . 

Following a b r ie f  review o f  state of art for test  generation  

and fault  sim ulation, the new DLG model is introduced . Based 

on various properties o f t h is  model, a procedure is described  

to perform true-value sim ulation . Later , a method of fault- 

coverage evaluation  is form ulated. This elim inates  the usage 

and maintenance of exhaustive fault- dictionaries  and study of 

fault- collapsing  aspects that are considered for conventional 

fault sim ulation methods. Following t h is , computation of test- 

set s ize  is described  using  the concepts o f test- count. Two 

single- fault detection  test-set generation  procedures are 

presented considering the path- sensitization  p r in c ip le s , based 

on ( i )  test-count for the c ir c u it , and, ( i i )  adaptive te st  

generation  with a start-small approach using  term inal- stuck 

fault  detection test- set. Further, m ultiple- stuck fault  

location  aspects are discussed  with referrence to achieving  

forced consistency  in observed response and form ation o f  

fault  m atrices. Lastly , the order of com plexity involved  for 

the computation of various procedures form ulated in the 

chapter is d iscu ssed . Some of these basic  procedures are used 

in the later  chapters .

In Chapter 3 , the DLG concepts are extended  for 

representation  o f  sequ en tial c ir c u it s . Test  generation  for
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single- fault detection  and location  of m ultiple- stuck faults  

are dealt w ith . Chapter 4 d iscusses the usage o f  DLG for 

MOS c ircu it  te s t in g . Switching device faults  and charge 

retention  concepts are appropriately  represented and a solu- 

tion-graph is developed out of DLG to generate stim uli for 

in it ia l iz a t io n  and testing  purposes. An adaptive test  genera­

tion  procedure is formulated to cover a ll  types of stuck faults 

concerning transistors , bus-lines, and, primary-input/primary- 

output l in e s .

In Chapter 5 , testable  design of com binational 

c ir c u its  is d iscussed . A general method of m odification  of 

c ir c u its  to achieve two-pattern t e s t a b il it y  is introduced 

considering  terminal-stuck fa u lts . Also , implementation of 

adhoc m odifications for certain  c irc u its  is  d iscussed  on case 

to case basis for reduction o f terminal-stuck fault  test- set 

s i z e .  Further, placement o f  test- points and a p artitio n in g  

strategy  for generation  o f  a test- set with reduced s ize  is 

introduced . This is done w ith  a view  to provide complete 

internal fault coverage. A d ivide  and conquer te stin g  stra- 

tegy is , next, proposed for m ultiple- fault detection  of 

c ir c u its  using single- fault detection  test- set. Adaptation  

of DLG for system-level fault  diagnosis  is  reviewed at 

Chapter 6 . A design for interconnection  lin k s  of a d is t r i ­

buted system network is  form ulated. D istr ib u te d  d iagn o sis  

algorithm  is developed for th is  network to locate fa u lty  

modules provided total number o f  fau lty  modules in the system 

does not exceed a s p e c ifie d  l im it .
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It  is evident from the above discussion  that an 

endeavour is  made towards formulation of a u n ifie d  approach 

for fa u lt  modeling and sim ulation of d ig ita l  networks in c lu ­

ding MQS c irc u its  and system level d iagnosis . The same metho­

dology is used for testable design of c ir c u it s . Considerable 

advantage is  derived by using DL graph with respect to  

uniform ity in  treatment of a ll  aspects of fault  diagnosis  

such as sim ulation , test  generation, fau lt  coverage evalua­

tion  and fault  location .
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