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System LSI for Game Machine

Clock freq. 300MHz

10M transistors

Graphics synthesizer integrate
40M tr. With embedded DRAM
Memory bandwidth 3.2GB/s
Floating operation 6.2GFLOPS/sec
3D CG 6.6M polygon/sec

MPEG2 decode
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Scaling Law
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Favorable effects Unfavorable effects

Size x1/2 Power density x1.6
Voltage x1/2 RC delay/Tr. delay x3.2
Electric Field x1 Current density  x1.6
Speed X3 Voltage noise X3.2
Cost x1/4 Design complexity x4
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Three crises in VLSI designs

® Power crisis
® Interconnection crisis

e Complexity crisis
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Vpp, pOwer and current trend
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International Technology Roadmap for Semiconductors 1999 update sponsored by the Semiconductor
Industry Association in cooperation with European Electronic Component Association (EECA) ,
Electronic Industries Association of Japan (EIAJ), Korea Semiconductor Industry Association (KSIA),
and Taiwan Semiconductor Industry Association (TSIA)
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If you don’t need to hussle,
Vp should be as low as possible

. 1.0
Energy consumption Is
proportional to | — variable vdd /
the square of V. 5 0.8 —— Fixed Vvdd /
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S.Lee and T.Sakurai, “Run-time Power Control Scheme Using Software Feedback Loop for
Low-Power Real-time Applications,” ASPDAC'00, A5.2, pp.381~pp.386, Jan. 2000.

S.Lee and T.Sakurai, “Run-time Voltage Hopping for Low-power Real-time Systems,” DAC'00,
June 2000.
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T.Inukai, M.Takamiya, K.Nose, H.Kawaguchi, T.Hiramoto and T. Sakurai, "Boosted Gate MOS
(BGMOS): Device/Circuit Cooperation Scheme to Achieve Leakage-Free Giga-Scale Integration,"
CICC'00, p.409, May 2000.
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GSl's In deep-submicron era
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SRAM (leak cut-off by high V)
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Three crises in VLSI designs

® Power crisis

® Interconnection crisis
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Superconnect

e Smaller area

 Shorter interconnect

 Optimized process for
each die (Analog, DRAM,
MEMS...)

e Good electrical isolation

« Through-chip via

« Heat dissipation is an
Issue

I | N |
Heat spreader/
Heat pipe

Superconnect
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K.Ohsawa, H.Odaira, M.Ohsawa, S.Hirade, T.lijima, S.G.Pierce, “3-D Assembly
Interposer Technology for Next-Generation Integrated Systems,” ISSCC Digest of
Tech. Papers, pp.272-273, Feb.2001.
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Key technologies in EE

Wireless
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