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Why ultra-low power ?

High-performance circuits

Performances: 10 GOp/s

Power < 100 W

Low-power circuits

Performances: 1 GOp/s

Power < 1 W
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Hearing aids
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ULP digital circuits

RFID tags

Wearable 

electronics

Hearing aids 

and biomedical

Sensor 

networks

Smart Dust 

[Berkeley]

Ultra-low-power circuits

Performances: 10 k - 10 MOp/s

Power < 1µW
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Moore’s law (1965)

[Intel]

Every 18 months : x 2 
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Moore’s law today
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Moore’s law
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Moore’s law without technology scaling

Moore’s law with technology scaling
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Technology scaling
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Technology scaling
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ULP circuits
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Trend in ULP digital circuits

9

Last chips [IEEE ISSCC’08]:

Ultra-low-power 0.3V µC for        

biomedical applications [Kwong]

Ultra-low-power 0.32V              

motion estimator [Kaul]

ITRS
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• Motivation

• Basics: energy consumption                      
of ULP digital circuits

• Impact of technology scaling

• Reaching Emin

• Reducing Emin

• ULP logic style for high-temperature 
applications

• Roadmap for nanometer ULP circuits
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Sources of power dissipation
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Sources of power dissipation

Vdd

IN OUT

CL
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Pdyn ~ fclk x CL x Vdd
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Pdyn ~ fclk x CL x Vdd
2

ULP applications     

= subthreshold logic
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Sources of power dissipation

Pstat ~ Vdd x Ileak

Vdd

IN OUT

CL

‘1’ ‘0’

13

Ioff = Ileak
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Power consumption
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Energy consumption
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Impact of technology scaling
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Impact of technology scaling

17

• Ion

• CL

• Ileak

• Variability !

Speed

L

W
Tox

Gate

Source DrainL

Reduce Vdd

kg

Edyn ~ CL Vdd
2

Estat ~ Ileak Vdd
2
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Variability

17
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Gate130nm technology

45nm technology
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Impact of technology scaling
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Impact of technology scaling

ULP applications
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What if you have to scale ?What if you have to scale ?

Famous Intel 

co-founder

Scale, 

scale,

scale…
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Technology versatility

21

1

Low-Power

High-Performance/ 

General-Purpose

45nm 

technology

• High Ion

• High Ileak

• Short Lg

• Thin Tox

• Low Vt

• Mid Vdd

• Low Ion

• Low Ileak

• Mid Lg

• Mid Tox

• High Vt

• High Vdd
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Dual-Vt assignement
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Dual-Vt assignement
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Circuit adaptation
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Circuit adaptation
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Emin modeling

[Hanson, IEEE TED, pp. 175-185, 2008]

90nm

45nm
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Evolution of Emin
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New effects in nanometer technologies
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New effects in nanometer technologies
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Bulk Doped FD SOI   Undoped FD SOI
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Evolution of Emin
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Low-leakage SOI technology

1 or 0.5 µm, 5 or 3.3V

• Estat ~ Ileak

• Edyn ~ CL Vdd
2

• Die area

33
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Standard SOI technology

0.13 µm, 1 V

34
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ULP logic style

ULP logic 

style
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ULP logic style

37

• 1000x Pstat reduction

• Long delay  max ~ 1 MOp/s

ULP logic style at 200°C:
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ITRS recommendations

ULP
?

[ITRS07]
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Technology/circuit specs

39

1 2Reducing Emin Reaching Emin

Technology level

Low CL, S, DIBL, variability (I0)

Igate, Ijunc < Isub @ 0.3-0.4V

Single device type for all logic gates I0 tuning

Relaxed constraints:
• Cg,sub

• Igate, Ijunc

• High leakage reduction

Sleep-mode technique

• Design-time device selection

• Run-time adaptive technique

• Multi-I0 devices     with 

coarse granularity

• On-chip I0 tuning   

with fine granularity

• Rs,d,g

• mobility 

• Low impact on active-

mode operation

Circuit level
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Technology/circuit roadmap

40

130 / 90 nm 65 / 45 nm 32 / 22 nm

ULP logic style

• PD SOI 

• (FD SOI)

@ GP flavor

Standard ULP 

applications

Subthreshold logic

• Bulk (+ adapt. RBB)

• (FD SOI)

@ GP flavor

Subthreshold logic

• Bulk + adapt. RBB

• FD SOI

@ LP flavor

ULP mode in 

LP applications

Subthreshold logic

• Bulk opt. + adapt. RBB

• FD SOI

@ HP/GP flavor 

Subthreshold logic

• FD SOI + UTBOX/DG

+ adapt. dual-BG bias

@ dedicated flavor 

Node
Applications

Architectural techniques (//, pipe) 

for meeting throughput constraint

High-temperature

ULP

industrial

applications

Performance 

issues

Reliability 

issues
Reliability 

issues

Economical 

issues
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Thank you!
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