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Why ultra-low power ?

Low-power circuits
Performances: 1 GOp/s
Power <1 W

High-performance circuits
Performances: 10 GOp/s
Power < 100 W




Hearing aids
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ULP digital circuits
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Ultra-low-power circuits
Performances: 10 k - 10 MOp/s
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Moore’s law (1965)
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Moore’s law today

D. Bol

Gordon Moore estimated
in 2003 that the number
of transistors shipped
in a year had reached about
10,000,000,000,000,0C0,000 (10v),
That's about 100 times the number
of ants estimated to be
in the world.
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The price per transistor
on a chip has dropped
dramatically since Intel was
founded in 1968. Some people
estimate that the price
of a transistor Is now
about the same as
that of one printed
newspaper character.
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Technology scaling
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Technology scaling

Photodetector and Receiver
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Trend in ULP digital circuits
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Sources of power dissipation
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Power consumption
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8-bit RCA multiplier in 130nm technology
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Sources of power dissipation
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Power consumption
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Energy consumption

8-bit RCA multiplier in 130nm technology
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Impact of technology scaling
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Impact of technology scaling
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Variallit,

130nm technology
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Impact of technology scaling
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Impact of technology scaling

8-bit RCA multiplier
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Impact of technology scaling
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Technology versatility

45nm
technology
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® Technology selection

8-bit RCA multiplier in 45 nm technology
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Dual-V, assignement
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® Circuit adaptation

8-bit benchmark multiplier in 45 nm LP technology
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Circult adaptation
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® Circuit adaptation
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Evolution of E i,
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In all
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New effects In nanometer technologies
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New effects In nanometer technologies
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Fully-depleted SOI technology
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Evolution of E i,
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High-temperature operation

P 130nm PD SOl technology
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Low-leakage SOI technology
1or0.5um, 5or 3.3V

* Estat ~ lieax ‘

* Edyn ~ C_ Vg4

* Die area

33



Standard SOI technology
0.13um, 1V




High-temperature operation
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ULP logic style

ULP logic
style

D. Bol

input input

Layout :
in SO Hysteresis
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ULP logic style

Inverter Process Area Ty  Paar  Pins @1 MHz
type (um]  [um?]  [ns] nW] (nW]
> 1—=» ULP 0.13 5.4 34.6  0.031 0.81
=] OCMOS 013 26 0072 268 36.4
' CMOS 013 26 031 6.8 8.4
CMOS 1 320 510 0.98 52.61

ULP logic style at 200°C: « 1000x P, reduction
* Long delay = max ~ 1 MOpl/s

D. Bol
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ITRS recommendations

Loglc CMOS Device Categories
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Technology/circuilt specs

@ Reducing E,;,

Technology level

Single device type for all logic gates

Low C_, S, DIBL, variability (1)
lgates ljunc < lsup @ 0.3-0.4V

Relaxed constraints:
i Rs,d,g
* mobility

1 Cg,sub

N Igate’ Ijunc

* Multi-l, devices  with
coarse granularity
* On-chip I, tuning

with fine granularity

D. Bol

By

@ Reaching E,;,

Circuit level

|, tuning

 Design-time device selection

* Run-time adaptive technigque

N

Sleep-mode technique

* High leakage reduction

* Low impact on active-
mode operation

39



Technology/circuit roadmap

_~Node 130/ 90 nm
Applications

igh-temperature ogic s / %
S //%//% sssss

applications s\ @ GP flavor /

Standard ULP Subthreshold logic
applications | . Bulk (+ adapt. RBB)| +Bulk + adapt. RBB [ IS,

V@ l"}‘ | Wéi . (FD SOI) . FD SOI / ssssss /

@ GP flav @ LP flavor

Subthreshold logic

ULP mode 7/////////////// Subthreshold logic Sbth hIdIg

LP appllcat|( / Performance / Bulk opt. + adapt. RBB | « FD SOI + UTBOX/DG

* FD SOI + adapt. dual-BG bias

L Q / @ HP/GP flav @ dedicated flavor

Architectural techniques (//, pipe)
for meeting throughput constraint
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Thank you!

Any guestions ?
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Energy consumption

8-bit RCA multiplier in 0.13 um technology
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