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Canary: A Variation Resilient FF to Eliminate Design
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Margin for Energy Reduction

TosHINORI SATOT 2 and YuJst KUNITAKE

The deep submicron semiconductor technologies will make the worst-case
design difficult, since they require huge design margins that have serious im-
pact on performance and power consumption. Research directions should go to
typical-case design methodologies, where designers are focusing on typical cases
rather than worrying about very rare worst cases. We are investigating canary
logic, which we proposed as a promising technique that enables the typical-case
design. In this paper, we evaluate how canary FF's reduce power consumed by
the total microprocessor and find the potential energy reduction of 9%.
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Fig.1 Typical-case design.
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Fig.4 Canary flip-flop.
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Table 1 Frequency—Voltage specifications.

F(GHz) 2.1 1.8 1.6 1.4
Vdd(V) | 1.340 1.276 1.228  1.180
F(GHz) 1.2 1.0 0.8 0.6
vdd(V) | 1.132  1.084 1.036 0.988
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Table 2 Processor configurations.

Clock frequency | 2GHz

Fetch width

L1 instruction cache
Branch predictor
Gshare predictor
Bimodal predictor
Branch target buffer

8 instructions

16 K, 2 way, 1 cycle
gshare + bimodal

4 K entries, 12 histories
4 K entries

1K sets, 4 way

Dispatch width
Instruction window size

4 instructions
128 entries

Issue width

Integer ALUs
Integer multipliers
Floating ALUs
Floating multipliers
L1 data cache ports
L1 data cache
Unified L2 cache
Memory

4 instructions

4 units

2 units

1 unit

1 unit

2 ports

16 K, 4 way, 2 cycle
8 M, 8 way, 10 cycles
Infinite, 100 cycles

Commit width

8 instructions
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Fig. 12 Breakdown of supply voltage.
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Fig. 13 Increase in execution cycles.
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Fig. 14 Energy reduction.
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Fig.15 Breakdown of supply voltage (T=2).
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Fig. 17 Energy reduction (T=2).
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Fig. 18 Breakdown of supply voltage (T=8).
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Fig. 19 Increase in execution cycles (T=8).
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