Minimize test power for c6288 in 32 nm CMOS by optimal ordering of vectors
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Abstract-The c6288 benchmark,whose multiplication function was previously known, represents a much larger gate-level circuit that also has a concise functional description.We use Matlab and greedy Heuristics to find optimal test vectors and get the optimal ordering of vectors

I.Introduction
  ISCAS-86 benchmark circuit c6288 is a 16x16 multiplier. The circuit multiplies two 16 bit bus bit patterns. This results in a 32 bit output. The circuit contains 240 adders, of which 16 are half adders (shaded Boxes), which are inputs 0-15. These are used to provide the correct logic transitions throughout the circuit to produce an optimal 32-bit output. 
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ISCAS-85 C6288 16x16 Multiplier
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In wanting to reduce test power consumption of the circuit, we will use the assumption that the least number of input transitions will mean the least number of circuit power consumption. Since we already have the current least number of test vectors, the next step was to find the optimal ordering of the test vectors in which to feed them into the circuit that would provide the least number of input transitions.

  The c6288 is known to the engineering world as a problematic circuit. Heuristic formulas state that the minimal number of input test vectors is 6. Although this has been disproved, and a more reasonable number of test vectors of 7 has been stated as the minimal number. Using Integer Linear Programming (ILP) a set of 10 test vectors has been found. These 10 vectors are shown below. This is currently the least number of test vectors found to test circuit workability. 
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II.TEST VECTORS

V1: 
   1101-1011-0110-1101-1101-1111-1111-1111

V2:
   0110-1101-1011-0110-1111-1111-1111-1111

V3: 
   0000-0000-0000-0000-0010-1111-1111-1111

V4: 
   1011-0110-1101-1011-1101-1111-1111-1111

V5: 
   1111-1111-1111-1111-1101-0101-0101-0101

V6:
   1111-1111-1111-1111-0110-1010-1010-1010

V7: 
   0011-1111-1111-1101-1101-0101-0101-0101

V8: 
   0011-1111-1111-1101-1010-1010-1010-1011

V9: 
   1110-1101-1011-0110-0010-1111-1111-1111     

V10
:   1101-1011-0110-1100-1010-1010-1010-1010
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By using a greedy Heuristics approach. We obtain2 solutions:

V3…V9…V2…V1…

V3…V9…V2…V4…

At this point we run into a problem that from V2 there are 2 vectors (V1,V4) with equal distance from V2. This is where you use a branch and bound tree formula to calculate the number of hamming transitions from each vector.

The follow 2 results were

1.

V3>V9>V2>V1>V4>V5>V7>V8>V6>V10
2.

V3>V9>V2>V4>V1>V10>V6>V8>V7>V5
Result 1 gives us 79 Hamming Transitions between input vectors, while result 2 gives us 78 transitions, a saving of one Hamming input transition.

By using a Traveling Sales-Person problem approach, we are able to calculate the best ordering of the pairs. Again this is a Matlab Problem. Assuming that each vector is a node, and all nodes must be visited only once, determine the optimal path.  The best way to do this is to add an 11th node, and place is a distance 0 from all other nodes. Start at the 11th node and finish at the 11th node. This is the only node that can be visited twice. This will provide us an open solution. The best solution found by Matlab was 77 Hamming Transitions, which is currently the least known number of Transitions between these 10 test vectors. 

A solution of a 77 tansition set is given below:

V3>V9>V2>V5>V7>V4>V1>V10>V8>V6

Next we took a powerful circuit analysis

tool PowerSim, and ran our test vectors in four possible orderings.

Original order

Order giving 79 hamming transitions

Order giving 78 hamming transitions

Order giving 77 hamming transitions

III.Results using Hspice
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IV.Conclusion

. We were able reduce this to a minimal of 77 Hamming Transitions, although this did not produce the least amount of test power consumption as originally assumed. The actual happy medium between logic to glitch transitions is at 79 Hamming Transitions. This produced a tested power saving of 35.4% over original vector ordering,and 128 Hamming Transitions produced the average power . This shows that least amount of Input transitions will produce the least amount of  node logic

transitions, but not necessarily the least total test power consumption.

V.References

[1] K. R. Kantipudi and V. D. Agrawal (2007), “A Reduced

Complexity Algorithm for Minimizing N-Detect Tests," Proc. 20th International Conf. VLSI Design, Jan.pp. 492-497.

[2]Paul Wray, “Minimize Test Power for Benchmark Circuit  c6288 by Optimal Ordering of Vectors,” Class Project,ELEC 5270, Spring2009

[3]http://www.eng.auburn.edu/~vagrawal/COURSE/E6270_Spr09/course.html

[4]Lecture 2 3 4 6

