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Abstract- Manufacturing test is a major challenge for very-deep submicron (VDSM) integrated circuits. Mandated product-
quality levels must be ensured by screening all defective devices before they are shipped. However, defect screening remains 
a formidable problem, especially for VDSM process technologies, since it is impossible to explicitly target every possible 
defect. This paper mainly deals with a method to generate N-detect test sets that provide high defect coverage making 
judicious use of new pattern quality metrics which is basically depended on the concept of ZDD. Simulation results for 
benchmark circuits show that, this method provides higher fault coverage and coverage ramp-up compared to other methods 
using BDD as ZDD provides an efficient way of solving problems expressed in terms of set theory and cube vectors. 
 
 
I. INTRODUCTION 
 
The basic process of testing is done by asking 
questions followed by analyzing the results by 
matching them to the correct or expected results. In 
VLSI testing one should have thorough knowledge 
about the object which is tested and then devise tests 
such that if it produces the expected results then it can 
be guaranteed to meet the requirements. Certain 
typical errors that are likely to occur are assumed and 
tests are devised to uncover these errors and certain 
algorithms are used to correct these them from 
occurring. 
 
Electronic testing also uses this method which is 
formerly known as fault modelling and tests are 
guaranteed for assumed fault models. With the 
presence of single incorrect test response will fail a 
VLSI chip which increases the cost of manufacturing. 
So, it is the most important step to test a devise before 
manufacturing it and correcting those errors which 
would otherwise make it a faulty one. Suppose a 
devise is designed, fabricated, tested and it fails the 
test, then there may be many causes for the failure, 
something like fabrication errors, design errors etc.  
 
It is highly impossible to check each and every node 
of a circuit for faults as it increases the test power and 
also requires a lot of time. The main idea of testing is 
to detect the fault and the idea of diagnosis is to 
determine the cause of the fault.  
 
Testing helps in finding the minimal test vectors for 
which any error can be detected which would save 
both power and time which proves that quality 
andeconomy are the major benefits of testing. 
 
Many methods are available to determine the faults 
for a particular circuit namely Fault equivalence, 
Fault dominance, Checkpoint theorem etc. 

II. PROPOSED METHODOLOGY 
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It  can  be  said  that,  as we  have  to  find  the 
number of test  set bits  that  can be made unspecified 
after keeping  only  n  detections,  (1)  and  (2)  
should consider  all  the available  combinations  of   
detections.  In  other  words,  it  has to be checked 
whether  keeping  the      detections  that  give  more 
number of  specified bits  relaxation  is  as  effective  
as keeping the combination of n detections that give 
the larger  relaxation.  Next,  we  prove  that  the  two 
decision  criteria  are  identical. First  we  slightly 
modify equations (1) and  (2)  in order  to evaluate 
the gain and maximum gain in specified bits 
considering all combinations of   n  detections for the 
same fault  

 

 

 
 

has the minimum sum of cij. The subset of Ti of size 
n that has the minimum sum of cij is given in (8) 
which, however, gives  the set C  (fi). Hence, the sets 
S  ( ) a n d  C (fi) are identical. Theorem  1  suggests  
that  using  (2)  for selecting  the  best  tests to  detect 
each  fault  gives exactly the same result as using (4). 
Thus, there is no need  to  find  the  contribution  in  
specified bits for all combinations of n tests in Ti for 
same fault   order to keep  those  tests  that  give  the  
highest  reduction  in terms of specified bits.  
 
Fig. 1 presents an indicative example that illustrates 
the rationale of Theorem 1 and lists all the necessary 
calculations. The diagram on the left 
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III. EXPERIMENTAL RESULTS  
  
In the method described in Section II the test 
generation procedure is of great importance. 
Specifically, this procedure should  be  able  to 
efficiently generate a single  test pattern  that detects 
a specific set of  faults  and  contains  a  small number 
of specified bits. This procedure can be implemented 
using either a structural-based or a function-based test 
pattern generation/manipulation  framework  without 
affecting  the  effectiveness  of  the proposed 
methodology. 
 
In  a  structural-based framework,  existing routines 
such as those in [1] and [2] can be integrated in the 
proposed method- ology outlined in Fig. 2. For 
example, step 8 of Fig. 2 can be a call  to  the specific  
routine  of  [2]  or  [1]  which  returns  a  partially 
specified  test  pattern  that  detects  one  or more  
given faults. This test can be used  to calculate the 
specified bits  contribution  for  each  fault/test 
combination  (i.e., cij  for  fault fi  and  test (tj) (tj) 
which  is a critical criterion  for  the selection of  the  
tests  that will  detect each  fault  in  the  final test  
set.  Both these two approaches for test generation are 
of linear, to the size of the circuit, complexity  giving  
a  very  good alternative to the test generation process 
that is called a  large  number  of  times  in  the  pro-  
posed methodology.  
 
Functional-based frameworks can utilize various 
techniques for representing and manipulating the 
Boolean functions, such as binary  
 

 
 
Decision diagrams  (BDDs)  [4],  Boolean  expression 
diagrams  (BEDs),  Boolean satisfiability or  even 
combinations  of these.  Without any  loss  of 
generality, the proposed algorithm was implemented 
using a BDD-  based framework (Expanding an  in-
house ATPG  tool) similar  to  that utilized  in  [3] 
The major advantages  of  the  utilized  function-
based framework are: 1) the complete set of tests for 
a fault or  group  of  faults  is  implicitly considered  
and 2) obtaining  a  test  with many  unspecified  bits  
can  be done  efficiently. Specifically, obtaining  the  
test  that has the  most  don’t  care  bits  from  a  test  
function accounts in  obtaining  the  largest  cube  
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from  that function. The latter, while can be reduced 
to the NP-hard  problem  of  Boolean  satisfiability,  
is done efficiently  (not  necessarily  optimally)  when 
using BDDs. As  long  as  the  diagram  representing 
the function  can  be  constructed,  obtaining  the  
largest cube  amounts  to  identifying the BDD’s  
shortest path,  for  the  root  node  to  the  terminal  
node  one, which  is  a  linear,  to  the  size  of  the  
diagram, operation. This process gives  the  largest 
cube of  the corresponding function, under  a  certain  
BDD variable  ordering.  The  reader  is  referred  to 
[3]  for further  details  on  the  underlying  BDD-
based  test generation framework.  
 
Specified bits reduction First we present the test set 
characteristics before and after applying the proposed 
method on the compact 10-detect test sets of [7]. 
Table I shows the number of Primary Inputs in 
Column 2, next to the circuit name.  
 
Column 3 reports the number of faults considered for  
each circuit. The number of faults considered for each  
circuit was  obtained  after  applying  Function-based  
fault equivalence rules similar to  those used in [6] on  
top of the Checkpoint Theorem [5].  
 

Column 4 reports the size of the initial, fully  
specified  test  set and Column 5 gives the number of 
specified bits in. Column 6 reports the  n-detect detect  
fault  coverage calculated  using  Definition  2.  
Columns 7–9 list the same information for the 
derived relaxed test set. Moreover,  the specified  to  
total  bits  ratio  K(T’)  (Definition 3),  after  the  test  
relaxation is  reported, in Column  10.  The initial test 
sets are fully-specified, thus K(T)=1,  in all cases. For 
all circuits reported the n-detect fault coverage has 
been preserved.  For circuits s386, s420, s1196, and 
s1488 the n -detect fault coverage is marginally 
improved due to coincidental detections of faults that 
have less than n-detections in the initial test set. The 
latter occurs since, as we mentioned before, our 
method performs test generation for the list of faults 
remained for each test and, thus, extra fault detections 
may arise. Clearly, the proposed method helps 
significantly in identifying bits that can get don’t care 
values. The  reduction  in specified  bits  is,  
significant in  all cases,  ranging between  90%  and  
8%  and  with  an  average of  62% since  the  average  
K(T')  is 0.46.  This reduction is significant, despite 
the fact that the 10-detect test sets used are very 
compact (close to the optimal size for 10 

 
 

detect). Typically,  less compact  test sets  allow for 
higher specified bits reduction. It is also  important to 
note  that  in  many  cases  the proposed  method 
produced  smaller  test  sets. This compaction effect 
is significant for some  cases  (circuit’s  s208,  s420, 
s1196,  and  s1423). Since,  to our knowledge,  there  
is no prior work on test set relaxation for traditional 

n-detect test  sets  we  have  implemented a  simple  
test relaxation  technique in  order  to  demonstrate 
the effectiveness of the proposed method.  
Specifically, this method is a brute-force method in 
which each test is fault simulated  and only  the  
detected  faults that have not been covered n covered      
times are used to generate  a  new  test,  with  fewer  
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specified  bits,  to replace the one from the original 
test set. Consequently fault dropping is performed 
after each test replacement. In this manner, each 
considered test to be relaxed will no longer have  to  
target  a  fault  if it has already been  detected  n  
times .  Table II lists the obtained results. The initial 
test sets   are the same as those used for the 
experiment  in Table  I. Columns  3 and 4  list  the 
specified to total bits ratio K(T’) for  the brute-force  
and  the  proposed  approach,  respectively. In all  
cases  the  proposed  methodology  is more effective  
in  decreasing  the  number  of  specified  bits. This 
demonstrates  that the optimization goal  targeted in 
the proposed approach  helps  in  finding better  sets 
of n (10  for  this experiment) tests to target a fault 
such that  the  number  of specified bits  is reduced,  
than  a straightforward approach that selects these test 
sets in a brute-force manner.  
  
CONCLUSION  
  
In this work, we have investigated the impact of test 
set relaxation in n  detect  test  sets.  We  presented  a 
systematic methodology  for  decreasing  the  number  
of  specified  bits  in  a  given  n-detect  test  set  or  a 
multiple detect  test set. The experimental results 
reported  demonstrate  the  effectiveness of  the 
proposed method  in  achieving  high  specified  bit 
reduction rates n-detect test sets, while maintaining 
the n-  detect  fault coverage.  Provided  discussion  
and experimentation  data  also  explain  how  the 

defect coverage and  non-targeted  fault  coverage of  
the relaxed detect fault coverage. Provided discussion 
and experimentation data also explain how the defect 
coverage and non-targeted fault coverage of the 
relaxed.  
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