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® Demonstrate SOI value proposition at 45nm for Low Power
designs

= Application / Multimedia processing
= MID core chip

Test Chip Objectives

= High level Test Chip target specifications delivered by a tier-
one OEM for an application processor chip targeting the
smart phone market

= Achieve 100mW power envelope at 5S00MHz

= Common agreement to select the ARM1176 processor as
the best core for benchmarking purposes

= ARM1176 silicon results not available on 45nm LP bulk process
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45nm SOI Test Chip Implementation éozmm

" ARM1176JZF processor
= 32K D + 32K | cache

" No TCM

" No Power Management

= SOI offers multiple implementation points from 0.2GHz to
1.5GHz

0.9V 0.81V 0.72V
1.50GHz 1.15GHz 0.80GHz
1.30GHz 1.00GHz 0.65GHz
0.95GHz 0.75GHz 0.45GHz
0.40GHz 0.30GHz 0.20GHz

SS process corner, 125C
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ARM1176 implementation Eo=
® Use of standard commercial EDA flow for both bulk and SOI

= Same synthesis and P&R scripts used for both Bulk and SOI

= Design was done by a team having no specific SOl know-
how
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ARM1176 implementation Eo==-

= 4550l implementation results in 7.3% core area reduction
compared with 45LP
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45S0l silicon test results

éo: nasty

= Silicon data measured at room temperature
= Data match with typical process corner

ARM1176 0.81V 0.9V 0.99V

Static power (m\W) 0 14 29

Dynamic power (m\W) 29 71 82
@500MHz

Total power (mW) 64 85 107
@500MHz

Max Dhrystone 600 760 960

frequency (MHZ2)
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45S0l silicon test results

= Total power vs frequency

Drystone Power For 45nm SOl ARM11 with 32K Data/
32K Instruction cache
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45S0I to 45LP comparison

® Simulation results are used for 45LP

ARM1176 45LP 45S 0l 45S0Il/45LP
IT, 1.1V TT, 0.81V

25C 25C
Core area (mm?) 1.38 1.28 -1.3%
Static power (mW) 0.17 9.3 55X
Dynamic power (m\W) 104 29 -47%
@500MHz
Total power (mW) 104 64 -38%
@500MHz

= Static power ratio reduces from 55x down to 6x when temperature is
increased from 25 to 105C
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Speed / Power: 45S0OI vs 45LP
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Frequency
Temperature
Speed improvement

Dynamic power reduction

Total power reduction
(SOI@600MHz vs Bulk@500MHz)

25C
20%
-36%
-27%

600Mhz
103c
20%
-36%
-17%

enables trade-off between speed and power
= SOl enables 20% speed improvement over Bulk...
= _..along with about 30% power reduction

= Depending on the expected product improvement, SOI
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45S0I to 45LP comparison

® Simulation results are used for 45LP

ARM1176 45LP 45S0l 45S0Il/45LP
IT, 1.1V TT, 0.81V

25C 25C
Core area (mm?) 1.38 1.28 -1.3%
Static power (mW) 0.17 9.3 55X
Dynamic power (m\W) 104 29 -47%
@>500MHz
Total power (mW) 104 64 -38%
@500MHz

= Static power ratio reduces from 55x down to 6x when temperature is
iIncreased from 25 to 105C
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ARM1176 w/ 32K D + 32K | cache: 45 SOl vs. 45G é-OImﬂs el

A5nm CMOS G |  45nm SOI
ol 45 SOI/45G
TT/0.99V/ TT/0.99V/
25¢C 25¢C

Static Power (mW) 138 24.5 156
Dynamic Power @500MHz (mW) 93 81.8 -13%

1]
Total Power @500MHz (mW) e e i

a
Total Power @ 960MHz (mW) S g S

= At S00MHz, and based upon same operating conditions 0.99V, TT, 25C
= 46% power improvement compared to a 45G
= @105C, 65% as bulk is leakage dominated

-

SOl data are measured on silicon

CMOS 45nm ‘G’ data based on extrapolation
using Spice Model analysis
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Summary

= ARM1176 design and silicon implementation with standard
commercial EDA flow using SOI physical IP

= Silicon demonstration of high-performance and low-power
capability of 45S0I vs 45LP

= 40% power reduction at S00MHz
= 20% higher speed with still 28% power reduction
= 1GHz achievable with same implementation

= Static power reduction at room temperarure may be achieved with
power management techniques

= Based upon silicon data, SOI| appears as the technology of
choice to design high performance and low dynamic power
multimedia chips for smart phone and MID processors
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