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Process technology scaling
Near term challenges
mArchitecture & design solutions

Upcoming paradigm shifts
Long term outlook & challenges

Summary




source Xl

SOURCE

Dimensions scale Doubles transistor
down by 30% density

Oxide thickness Faster transistor,
scales down higher performance

Vdd & Vt scaling Lower active power

Scaling will continue, but with challenges!




High Volume
Manufacturing

Technology Node
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Integration
Capacity (BT)

Delay = CVII Yy scaling will' slow: dewn
scaling

Energy/Logic Op o]
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Bulk Planar CMOS

Alternate, 3G etc

Variability

ILD (K) ce slowly towards 2 -2.5
Y, 1 1 1 1

Metal Layers to 1 layer per generation
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Technology, Circuits, and
Architecture to constrain the power
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Move away from Freguency alone to
deliver performance

More on -die memory

Multi -everywhere
—Multi -threading
—Chip level multi -processing

Throughput oriented designs

Valued performance by higher level of
Integration

—Monolithic & Polylithic




Planar Transistor




High Supply
Voltage

vdd
Logic Block [

Multiple Supply
Voltages

Throughput Oriented Designs

Vdd/2
Freg=1
vdd =1 Logic Block [
Throughput =1
Power =1
Area=1 Logic Block [
PwrDen=1

Freq=0.5

Vdd =0.5
Throughput =1
Power = 0.25
Area =2

Pwr Den = 0.125




Body Bias Stack Effect Sleep Transistor
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Sub-threshold
[ Leakage increases
exponentially

1 23 456 7 8 910
Relative Frequency

Process Technology

Performance

Diminishing
Return

1 23 456 7 8 910
Relative Frequency (Pipelining)

Pipeline & Performance

Optimum

1 23 456 7 8 910
Relative Pipeline Depth

Pipeline Depth

Maximum performance with
e Optimum pipeline depth
e Optimum frequency
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Multi-threading

Single Thread

Full HW Utilization

Pentium® M | Wait for Mem
Multi -Threading

Pentium® Il / | Wait for Mem
* < | Wait

Pentium® entium® 4 MT3
TS

Increase on-die Memory

486

Cache % of Total Area

Improved performance, no impact

0.5u 0.25u  0.13u  65nm :
on thermals & power delivery

Chip Multi-processing

Multi Core

Single Core
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Relative Performance

2 3
Die Area, Power
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TCP/IP Offload Engine

2.23 mm X 3.54 mm,
260K transistors

Opportunities: Network processing engines
MPEG Encode/Decode enaines, Speech engines

‘ Special purpose HW and extreme integration

Heterogeneous
Si Monolithic Polylithic Si, SiGe, GaAs
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Mean Number of Dopant
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Technology Node (hm)

Random Dopant Fluctuations
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Source: Mark Bohr, Intel

Lithography

micron

1980 1990 2000 2010 2020

Sub-wavelength Lithography
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Temp Variation & Hot spots
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Fligner propaollity of target frecuency wiir:
L. Larger transistor sizes
2. rligner Low-Vi usage

BUt WIth power penalty
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Witn increasing # of critical pair)
—Boin s and rroecorme smaller
—Lower rmezrn frequency
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[izrget frequency wiin:
Snallow logic degpir)
2. Larger numper of ¢
But witn lower propaollity

rligne
iy

P
ritical peains






1l

_ Due iy
= .. -
= variations in:
o ,
3 Vo M, and
o Ternp
a3
o
Delay
- Peterministic
/ ~)
z 2 probabilisgé O
[4»] 4y . D ) Lo
o o = Probabilistic
. (N , \ I
= S D 10,4 variation
Fr “f \/ I ~50% total power
Delzay Target Delay Target Leakage Power

Deterrinistic design taechnicjues inadecuate in the UiLre
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Mulil -variaple design ogilmization for:

| S8
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— (leld and oin splits

—

Pararnater varlations

Acilve and learage power

— Performeance

Today: Tornorrow:
Local Ogilrnizatior Glopal Optirnizaiior
Single Variaple Multl -variate
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No lavolfi resirictions
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Transistor origniztion rasirficiacd to irmorove
anufacivrinic) corlirol
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Design faeoric will e Regular

—s
~

Wl ook likke  Sea-of-transistors
Interconnecied witn regular
Interconneact faoric

SHift in ine design efficiernicy metric

(/)

— From Transistor Density o Balanced
Desigr






IGhIVEIUTIES 2006 | 2008 | 2010 | 2012 | 2014 | 2016 | 2018
Vianuiaciiing
n

Technology Node

Delay = CV/I . Delay scalirg will slow dowr
scaling

—

energy scaling will slow dowr)

Energy/Logic Op
scaling

Integration
Capgacit; (BT) n 32 128 | 256
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Bulk Planar CMOS Fligh Probapility L ow Propapilit v

Alternate, 3G etc Low Propapility Flign Propailit v
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Variability. Mecliurn Fligh Very FHigh

Meallavers | 67 | 7-8 | 8-9 | 05101 layer per generation



~8% degradation/bit/generation

Relative
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Soft Error FIT/Chip (Logic & Mem)

lon Relative

1 2 3 456 7 8 910
Time
Time dependent device degradation

Relative

100 120 140 160 180 200
Vt(mV)
Extreme device variations

Jox (Relative)
H
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180 90 45 22
Burn-in may phase out...?




Exirerne varlailons (Static & Dynarnic)
will result In unrelizole cormpornenis
Irnpossiole 1o design reliaple sysiemn
as we ¥now ioday

—Transient errors (Soft Errors)

—Gradual errors (Variailons)

—Time dependent (Degradzaiion)

Reliable systerns with urrelizble corroonernis
—Resilient gArchitecilres
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Test AW will be part of |

Dynarnically self

reconfigure, & cldclj [

tory testing will pe out
*'mo infant  -rnortality
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Yet, deliver nign oerforrance in the oower & |
cost envelope




Neear terrr:
J

— Optirmurn frequency & rfArcniteciure
— Lois of mernory & Multh —everywnere
— Valued performance wiin nigner integraior

— Frorm determinisiic to propapilisiic desigr, with
rulil -variate optirmizatiorn

— Evolution of regular design faoric
Lorig terrr:
— Reliable systerns wiin unreliable cornponents

c

— Dynarmic self -tesi, deiect, reconfigure, & acdapi



