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|ISSCC 2003—
Gordon Moore said...

“No exponential Is forever...
But
We can delay Forever”



Outline

e The exponential challenges

e Circuit and pArch solutions

e Major paradigm shifts in design
e Integration & SOC

e The exponential reward

e Summary



Goal: 1TIPS by 2010
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Technology Scaling
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Dimensions scale Doubles transistor
down by 30% density

Oxide thickness Faster transistor,
scales down higher performance
Vdd & Vt scaling Lower active power

Technology has scaled well, will it in the future?)
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Technology Outlook
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Is Transistor a Good Switch?
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Exponential Challenge #1




Sub-threshold Leakage
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SD Leakage Power
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SD leakage power becomes prohibitive
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| eakage Power
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Exponential Challenge #2




Gate Oxide 1s Near Limit
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Exponential Challenge
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Energy per Logic Operation
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The Power Crisis
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Exponential Challenge #4
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Mean Number of Dopant Atoms

Sources of VVariations

10000

T T TTThT

1000

LLBLBLLLLL

100

—TrrrmmT

10 :

1

1

1 1 1 1 1

1

1

1

1000

500

250 130 65
Technology Node (nm)

32

Random Dopant Fluctuations

Results in VVcc variation

1 — 3 1000
E_IE Lithographi
L 2anm Wavelength
i 193nm
micron 180nm nm
0.1 130nm i 100
- 90nm 1
- 65nm J
B Generation 45nm .
L 32nm nm 4
ENV
0.01 - : L \ 10
1980 1990 2000 2010 2020

Source: Mark Bohr, Intel

N Wi DO,

Hot spots

L)
= 0

18



Frequency & SD Leakage
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Vt Distribution
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Exponential Challenge #5




Platform Reqguirements
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Exponential Challenge #6
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Exponential Costs
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Product Cost Pressure
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Must Fit in Power Envelope
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Some Implications
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The Gigascale Dilemma

e 1B T integration capacity will be available

e But could be unusable due to power

e Logic T growth will slow down

e Transistor performance will be limited
Solutions

e Low power design techniques

e Improve design efficiency—Multi everywhere

e Valued performance by even higher
integration (of potentially slower transistors)
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Solutior®

Power—active and leakage
Variations
Microarchitecture
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Active Power Reduction
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| eakage Control
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Circult Design Tradeoffs

5 Il power 5
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P frequency P —
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Transistor size Low-Vt usage

Higher probability of target frequency with:
1. Larger transistor sizes
2. Higher Low-Vt usage

But with power penalty
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Impact of Critical Paths
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e With Iincreasing # of critical paths

—Both ¢ and p become smaller
—Lower mean frequency
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Impact of Logic Depth
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uArchitecture Tradeoffs
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Variation-tolerant Design
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Probabilistic Design
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Shift in Design Paradigm

e Multi-variable design optimization for:
— Yield and bin splits
— Parameter variations
— Active and leakage power

— Performance
Tloday: Tomorrow:
Local Optimization Global Optimization

Single Variable Multi-variate
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Adaptive Body Bias--Experiment
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Adaptive Body Bias--Results
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Design & pArch Efficiency
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Employ efficient design & pArchitectures
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Memory Latency
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Increase on-die Memory
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1. Increased Data Bandwidth & Reduced Latency
2. Hence, higher performance for much lower power
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Multi-threading
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Chip Multi-Processing
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* Multi-core, each core Multi-threaded
* Shared cache and front side bus

* Each core has different Vdd & Freq
* Core hopping to spread hot spots

* Lower junction temperature

45



Special Purpose Hardware
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Valued Performance: SOC
(System on a Chip)

e Special-purpose hardware # more MIPS/mm?2
e SIMD integer and FP instructions in several ISAs

Die Area Power Performance
General
Purpose 2X 2X ~1.4X
Multimedia
Kernels <10% <10% 1.5-4X
Si Monolithic Polylithic Heterogeneous
SiI, SiGe, GaAs

YAy oo
Electronics

e
Memory
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The Exponential Reward
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Summary—Delaying Forever

e Gigascale transistor integration capacity will
be available—Power and Energy are the
barriers

e Variations will be even more prominent—shift
from Deterministic to Probabilistic design

e Improve design efficiency

e Multi—everywhere, & SOC =valued
performance

e Exploit integration capacity to deliver
performance in power/cost envelope
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