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[image: image3.emf]test number fault grssys grsusr

1 3546 0 1 ; 0.0500 0.2000

2  3546 1 1 ; 0.0170 0.2170

3  3512 0 1 ; 0.0330 0.2000

4  3512 1 0 ; 0.0330 0.2170

5  3449 0 0 ; 0.0330 0.2170

6 3449 3 0; 0.0500 0.2170

7 361 0 0;  0.0670 0.2170

8 361 2 0; 0.0500 0.2170

9 361 1 0 ; 0.0000 0.2330

10 3449 2 0; 0.0500 0.2000

11 362 0 0; 0.0500 0.2170

12 362 2 0 ; 0.0330 0.2330

13 362 1 0 ; 0.0330 0.2330

14 3449 1 0 ; 0.0170 0.2330

15 3392 0 0; 0.0000 0.2330

16 3392 3 0; 0.0500 0.2170

17 3392 2 0 ; 0.0170 0.2170

18  3392 1 0 ; 0.0330 0.2170

[image: image4.emf]test number fault frssys frsusr

1 3546 0 1 ; 0.0100 0.0500

2  3546 1 1 ; 0.0400 0.0500

3  3512 0 1 ; 0.0000 0.0500

4  3512 1 0 ; 0.0000 0.0600

5  3449 0 0 ; 0.0200 0.0400

6 3449 3 0; 0.0000 0.0700

7 361 0 0;  0.0100 0.0600

8 361 2 0; 0.0100 0.0600

9 361 1 0 ; 0.0200 0.0600

10 3449 2 0; 0.0100 0.0600

11 362 0 0; 0.0100 0.0500

12 362 2 0 ; 0.0200 0.0500

13 362 1 0 ; 0.0100 0.0500

14 3449 1 0 ; 0.0200 0.0400

15 3392 0 0; 0.0100 0.0700

16 3392 3 0; 0.0200 0.0500

17 3392 2 0 ; 0.0200 0.0500

18  3392 1 0 ; 0.0000 0.0500

Abstract—Fault equivalence is used to collapse the fault sets in combinational circuits. The ATPG then randomly selects a fault from each group of equivalent fault sets and generates test vectors accordingly. In this project we have examined the variations in test generation time of every fault in a equivalent fault group and observed that we can get a significant test pattern generation time variation if the chosen fault sites takes minimum time to generate test vectors.
Index Terms—fault simulation, equivalent faults, ATPG, HITEC/PROOFS.

I. INOTRODUCTION

E

quivalent faults are used to collapse the fault list in combinational circuits. The collapsed fault list is then used to generate the test vectors to test the circuit for stuck at faults. The effect of equivalent faults on test pattern generation time is examined exhaustively using HITEC/PROOF on ISCAS85 Benchmark circuits. The result shows that there is a time variation which depends on the fault chosen from the equivalent fault set to generate the test pattern. 

II. Procedure And Simulated Data

A. Procedure

To examine the equivalent fault sets exhaustively , ISCAS85 bench mark circuits were simulated using HITEC/PROOFS package.

HITEC/PROOFS is a gate level,sequential circuit test generation and fault simulation package which targets single stuck at faults. Fault lists are automatically generated for all single stuck at faults in the circuit. Individual faults are targeted by HITEC and when a successful test vector  is   generated to detect a target fault HITEC invokes PROOFS fault simulator to find the test coverage.

Here I have used the HITEC/PROOFS package on combinational circuits . Among the ISCAS85 circuits c7552 was used for examining the equivalent fault sets as this circuit has the largest number of fault sites in it's gate level description .

C7552 is a a 34-bit adder and magnitude comparator with input parity checking functionality. It has 207 inputs,108 outputs and 3512 gates.

This benchmark circuit contains a 34-bit adder, a 34-bit magnitude comparator using another 34-bit adder and a parity checker. The two adders are identical and are of carry select type. They consist of alternating 4- and 5- bits blocks with the last block being 2 bits. The comparator of this circuit is similar to c2670.

The circuit has 7550 fault sites after fault collapsing using fault equivalence. For the purpose of examining the time variation of the faults in each equivalent fault sets , at first a full fault list was built by HITEC. Then the fault list was collapsed. From the collapsed sets of faults the largest set of equivalent faults was chosen. Then ATPG was run for each of the faults of that fault set separately. Then the second largest set of equivalent faults was chosen and ATPG was run for each of the faults in that set also.

Then ATPG after generating successfully a test vector, invoked the fault simulator and each fault was thus simulated separately.

The .grs and .frs files generated by the test generator and fault simulator program consists the data about the time taken to generate the test and simulate the fault in each case.

Those data were gathered and examined to see if there are significant variations in time taken to generating vectors or simulating faults.

Usually HITEC, orders the fault groups in depth-first from the primary outputs order. Therefore the equivalent faults are listed on the same line and the fault closest to the primary output is listed first. This fault is used as the representative fault for the fault group by the test generator and fault simulator. 

.

B. Simulated Data

Two sets of equivalent faults were examined. The first one is the largest set among the groups of equivalent fault and consisted 18 fault sites. The later on is one of the second largest sets which consists 16 fault sites.
Each fault in each fault set was examined separately and test vector was generated and the fault simulation was done on it individually. The time taken in each case by the user program is then summarized in tabular form.

The two sets of tables below summarizes the test generation and fault simulation time for each of the targeted fault site .

Table Set I

i. Individual test generation time for set A
[image: image5.emf]Fault # fault grs sys grs user

1 3197 0 1 ; 0.0330 0.2170

2  3197 1 1 ; 0.0170 0.2170

3  3149 0 1 ; 0.0170 0.2000

4  3149 5 1 ; 0.0330 0.2330

5  3042 0 1 ; 0.0170 0.2170

6  3149 4 1 ; 0.0170 0.2330

7  3101 0 1 ; 0.0000 0.2500

8  3149 3 1 ; 0.0000 0.2500

9  3100 0 1 ; 0.0170 0.2170

10  3149 2 1 ; 0.0330 0.2000

11  2966 0 1 ; 0.0330 0.2000

12  3149 1 1 ; 0.0330 0.2170

13  2815 0 1 ; 0.0330 0.2170

14  2815 2 1 ; 0.0170 0.2170

15  2815 1 1 ; 0.0500 0.2170

16  2613 0 1 ; 0.0330 0.2000


ii.  Individual fault simulation time for set A

Table Set II
iii. Individual test generation time for set B


iv. Individual fault simulation time for set B
E. Graphs:
I tried to plot the fault sites of each set against its test generation time.
[image: image6.emf]Fault # fault frs sys  frs user

1 3197 0 1 ; 0.0100 0.0700

2  3197 1 1 ; 0.0100 0.0700

3  3149 0 1 ; 0.0100 0.0500

4  3149 5 1 ; 0.0100 0.0500

5  3042 0 1 ; 0.0100 0.0600

6  3149 4 1 ; 0.0100 0.0500

7  3101 0 1 ; 0.0100 0.0700

8  3149 3 1 ; 0.0000 0.0600

9  3100 0 1 ; 0.0100 0.0700

10  3149 2 1 ; 0.0200 0.0500

11  2966 0 1 ; 0.0200 0.0500

12  3149 1 1 ; 0.0100 0.0600

13  2815 0 1 ; 0.0100 0.0700

14  2815 2 1 ; 0.0000 0.0600

15  2815 1 1 ; 0.0100 0.0500

16  2613 0 1 ; 0.0200 0.0500


Fig1. Fault site versus test generation time for set A
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Fig2. Fault site versus test generation time for set B

The graphs plots test generation time for individual fault in a equivalent fault set versus the location of the fault in the circuit.

The location of the fault or the fault site is measured from the primary input lines and numbered accordingly. The higher numbered gates are therefore closer to the primary outputs.

The time is in millisecond.

III. OBSERVATION
     Firstly, it has been  seen  that among the equivalent faults of a particular set, the time needed to generate test for each individual fault site varies from one another. It does not take the equal amount of time though the faults belong to the same equivalent fault group. In set A, the test generation time of the 18 fault sites are mainly of three different values, 200ms, 217ms and 233ms . In set B the 16 fault sites are of four different values, 200ms 217 ms, 233ms and 250 ms.
    Secondly, it can be assumed that the total test generation time for any circuit may vary upon which fault of the equivalent fault set we choose. HITEC chooses the first fault in the fault group, which is also the closest from the output order. But that might not give us the optimal time. In set A though the fault site chosen by HITEC is also the test that needs the minimum time 200ms.  But for set B the fault site chosen by HITEC is not the fault that needs minimum time to generate test. The fault chosen by the ATPG took 17 ms longer to generate the test vectors.
IV. Conclusion

     It is observed that, test generation time can be varied by choosing different fault site from the group of equivalent faults rather than always choosing the close to output fault sites.
[1] M. L. Bushnell and V. D. Agrawal, Essentials of Electronic Testing for Digital, Memory and Mixed-Signal VLSI Circuits, Boston: Springer, 2005, .

[2] http://www.eecs.umich.edu/~jhayes/iscas/c7552/c7552.html
[3] http://www.crhc.illinois.edu/IGATE/hitec-software.html
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		11		362 0 0;		0.0500		0.2170
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		3		3149 0 1 ;		0.0170		0.2000
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		5		3042 0 1 ;		0.0170		0.2170

		6		3149 4 1 ;		0.0170		0.2330

		7		3101 0 1 ;		0.0000		0.2500

		8		3149 3 1 ;		0.0000		0.2500

		9		3100 0 1 ;		0.0170		0.2170

		10		3149 2 1 ;		0.0330		0.2000

		11		2966 0 1 ;		0.0330		0.2000

		12		3149 1 1 ;		0.0330		0.2170

		13		2815 0 1 ;		0.0330		0.2170
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		4		3149 5 1 ;		0.0100		0.0500

		5		3042 0 1 ;		0.0100		0.0600

		6		3149 4 1 ;		0.0100		0.0500

		7		3101 0 1 ;		0.0100		0.0700

		8		3149 3 1 ;		0.0000		0.0600

		9		3100 0 1 ;		0.0100		0.0700

		10		3149 2 1 ;		0.0200		0.0500

		11		2966 0 1 ;		0.0200		0.0500

		12		3149 1 1 ;		0.0100		0.0600

		13		2815 0 1 ;		0.0100		0.0700

		14		2815 2 1 ;		0.0000		0.0600

		15		2815 1 1 ;		0.0100		0.0500

		16		2613 0 1 ;		0.0200		0.0500
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		5		3449 0 0 ;		0.0200		0.0400
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		7		361 0 0;		0.0100		0.0600
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		9		361 1 0 ;		0.0200		0.0600

		10		3449 2 0;		0.0100		0.0600

		11		362 0 0;		0.0100		0.0500

		12		362 2 0 ;		0.0200		0.0500

		13		362 1 0 ;		0.0100		0.0500

		14		3449 1 0 ;		0.0200		0.0400
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