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Intel Labs ISSCC 2012 Highlights

1. Efficient

Computing ResearchMaking the most of everymilliwatt to

make computing greener and more scalable across the Continuum
A 5-10x efficiency gains by enabling low or neathreshold voltage (NTV) operation

A Applying

daS a COIn
A Ensab
A Tacklingt

low voltage techniques broadly teompute,graphics, and memorgircuits

. Digital Radio ResearchSimplifyingradio architecture by approaching it

puting:problem rather than a circuit-design problem
Long:- Mooreos  Law:for. . RE circuilts thr.:

ne last few barriers to makedigital RF practicafor SoC integration

 HIGQEEfcIency Math: Reducing power while: guaranteeing the accuracy

O\ ipAlMmesr d1iCs €10 M usti-azt el doon st lwoiatithi -nogr | pgor
A Revolutionary approach:to: attackloating point challengesat the architecture level



Investing In Near Threshold Voltage

FRUGAL NORMAL §IL¥[3{=]e,

Sub
threshold

HIGH

=\\[=3{€)4
EFFICENCY

LOW
VA=I3{0)

NTV Standard operatingrange

VCC

MAX

APeak energy efficiencies at NTV
AGreater dynamic operating range

Aldeal for variable workloads and
highly parallel applications

AApplicable from deeply embedded
to exascale computing

Threshold:Voltage at which transistors
begin to conduct electricity (turn on)



Near Threshold Voltage Processor

(3.6) A 280m\+to-1.2V WideOperatingRange I1A32 Processor in 32nm CMOS

A Claremont: lowpower IA concept processor
A Initially demoed at Fall IDF 2011

A First processor to demonstrate the benefits
of (NTV) circuits forcompute

A New for ISSCC

A Overview of chip layout, design methodology, etc.’ 2 |
A Built in low-leakage32nm SoCtechnology
A Operates from 280m\_/ @3MHZ to 1.2V @915MHz. o o running Windows
A 4.7x better energy EffIClenCy INn NTV mode and Linux powered by this solar cell
A 2mW minimum:power




Lowering the Operating Voltage for Memory

(13.3) CapacitiveCouplingWordline Boosting with Self-Induced
VCC Collapse for Writ¥/.. Reduction in 22-nm 8T SRAM
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A Demonstrates voltagescaling for medium or large
memory arrayswith minimal area or capacitancenpact

A Allows 80-140mV V... reduction for a 1IMBmemory
array by boosting voltage on sensitive writes

A Typically requires a costly charge pump circuit for a local
voltage increase

A Eliminates need for charge pump via clever and novel use
of Intrinsic capacitances



P e e e i g e
. - - - - - -~
. ’ s 5 > A ! { -
5 g p . . r
5 : . -~

NTV SIMD Engine for Processor Graphics

(10.1) A 280mV-to-1.1V 256b Reconfigurable SIMD Vector
Permutation Engine With 2Dimensional Shuffle in 22nm CMOS

Winner ISSCCQ012 Distinguished
Technical Paper Award

A First demonstration of NTV .on-22nnilri-Gate technology

s A Shows NTWiability for both compute and memaory:on
a0 iepresentative SIMD:block: Vector Permutation Engine

, A Dynamic voltage scaling down to 280m\: 9x efficiency-gain




