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A Threshold Voltage Scheduling Technique for
High Performance and Low Leakage On-chip Memory

ToOHRU ISHIHARAt and KUNIHIRO ASADA*

A threshold voltage scheduling technique for a high performance and low leakage on-chip
memory is proposed in this paper. The basic idea of our approach is to partition a memory
into several blocks and to assign a low threshold voltage (Vi) to a small number of the blocks.
Frequently accessed blocks are activated and others are put to sleep by controlling the back-
gate bias of the memory cells. Since access time to the slept blocks is larger than that to the
activated blocks, predicting a block which will be accessed in future cycles is important. A
main contribution of this work is to propose an integer linear programming based optimiza-
tion technique and algorithm to identify the blocks which should be activated. Experimental
results demonstrated that the leakage energy dissipation in cache memories optimized by our

approach is reduced by 90% with negligible performance degradation.
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Fig.1 An anatomy of proposed memory architecture.
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Fig.2 Block prediction table.
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Fig.3 A sample of the backgate bias controller.
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Given: sets of X;, A;; and R;;
Algorithm Memory optimization
while (constraint is not satisfied)

for each a;;
Select an agy which maximize %Z?ﬁ
end for
Selected aqy is set to 1.

end while

Output a set of a;; ;

end Algorithm
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Fig.4 Leakage energy reduction algorithm.
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Table 1 Description of benchmark programs.

oooooo goooooo o
Arithmetic calculator 15,610
TV remote controller 15,360
Espresso (Boolean optimizer) 62,156
FFT 15,790
Compress 16,499
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Table 2 Active data size (byte).
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Arithmetic calculator 15,560 15,996 15,916
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Compress 66,472 64,112 61,140
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03 0000000000000O0D0O0O0D00DOOO00O0
Table 3 Prediction miss penalty and transition delay.

Pleycle]  TransitionDelay|cycle]
1 5
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Table 4 Energy overhead for the transition of threshold

voltage.
Er[J] El[J] Et[J]
1.23x 10712 320x10°1° 252 x 10 12
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Fig.5 Results for the static approach.
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Fig.6 Results for the dynamic profiling.
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Fig.7 Results for our method.
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Fig.8 Results for a different profile (Data2).

Leakage Energy (%)

TV-Controller ; .
100 105 110 115 120 125
Time Constraints (%)

09 0DOoO0OoOoOOOs3000O0booOoOO
Fig.9 Results for a different profile (Data3).
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