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Traditional ViewTraditional View

• Minimum Area
- Minimized interconnect capacitance
- Considered best for both power and delay
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Trends in Trends in NanoscaleNanoscale TechnologyTechnology

Minimum area: no longer optimum for power and/or delay!
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Effects of Increasing AreaEffects of Increasing Area

• Decrease in power density Drop in junction temperature 
Reduction in leakage power …

• Increase in interconnect ground capacitance Increase in 
dynamic power and delay

• Optimum point exists for power & delay tradeoff
• Prevents thermal runaway
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Dynamic Power ModelDynamic Power Model
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Dynamic power is temperature-independent as long 
as the clock frequency is not affected
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Leakage Power ModelLeakage Power Model

30 40 50 60 70 80 90 100 110 120
0

5

10

15

Temperature (ºC)

N
or

m
. L

ea
ka

ge
 P

ow
er

SPICE
Model used in this work

ddsubleakage VTNIP

302
2

010 cTTcTTcWITI jjsubsub

kT
qV

mkT
TVVq

oxsub

dstg

ee
q

kTm
L

WCTTI 11
2

[Similar to Su et al. ISLPED ’03]



2006-01-26 ASP-DAC 2006 9

OutlineOutline

• Introduction
• Analytical Models

– Power
– Delay
– Thermal

• Area Optimization
– Leakage Reduction
– Thermal Stability

• Conclusion



2006-01-26 ASP-DAC 2006 10

Delay ModelDelay Model
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Delay Model (cont.)Delay Model (cont.)

30 40 50 60 70 80 90 100 110 120
1   

1.02

1.04

1.06

1.08

Temperature (ºC)

N
or

m
. D

el
ay

SPICE
Model used in this work

0 0.2 0.4 0.6 0.8 1 1.2
0  

0.4

0.8

1.2

Vgs (V)

Id
s 

(m
A

)

120ºC 

30ºC 

120ºC 

30ºC 

Vgs =~ 0.72

TVVTKWvTI tddsatD

Temperature dependence of ID is dependent on the value of Vdd

0 0.2 0.4 0.6 0.8 1 1.2
0

0.2

0.4

0.6

Vgs (V)

Id
s 

(m
A

)

30ºC 

120ºC 

120ºC 

30ºC 

Vgs =~ 0.8 Vdd = 1.1V



2006-01-26 ASP-DAC 2006 12

OutlineOutline

• Introduction
• Analytical Models

– Power
– Delay
– Thermal

• Area Optimization
– Leakage Reduction
– Thermal Stability

• Conclusion



2006-01-26 ASP-DAC 2006 13

Typical FlipTypical Flip--Chip C4 PackageChip C4 Package
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Thermal ModelThermal Model
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Thermal Model (cont.)Thermal Model (cont.)
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Impact of Area ScalingImpact of Area Scaling
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• Ground capacitance:
increases linearly as l increases

• Coupling capacitance: 
increases linearly as l increases
decreases superlinearly as s increases

cg CMCFxCx 17.05.0

More dominant 
for large x

More dominant 
for small x
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SimulationSimulation

16-bit adder

• Parameters extracted from layout
• Scaled for 70nm BPTM technology



2006-01-26 ASP-DAC 2006 19

Temperature vs. AreaTemperature vs. Area
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Power & Delay vs. AreaPower & Delay vs. Area
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Possibility of Thermal RunawayPossibility of Thermal Runaway

Increase in 
leakage power

Rise in 
junction 
temperature

Increasing 
dominance of 
leakage power

Increasing 
disparity between 
w.c. and typ. max. 
power

+

• Possibility of thermal runaway 
increases

• Dynamic techniques to prevent 
thermal runaway
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Thermal Stability ConditionThermal Stability Condition
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Existing TechniquesExisting Techniques

• Existing dynamic techniques to prevent 
thermal runaway
– Dynamic frequency scaling
– Dynamic voltage scaling
– Global clock gating

• Common drawbacks
– Whole chip has to be slowed down
– Require sensors on-chip: sensitive to 

lithographic & supply-current variations
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Critical Area for Thermal StabilityCritical Area for Thermal Stability

042 ACB Critical condition for thermal stability
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ConclusionConclusion
• Area used as a degree of freedom to

– Reduce leakage
– Prevent thermal runaway

• Increasing area:
– Reduces thermal resistance lower temperature leakage 

power significantly reduced
– Increases interconnect ground capacitance

• Analytical model for steady-state temperature derived
• Increasing area of a hot spot can significantly reduce its power

consumption
• Possibility and condition for thermal runaway discussed
• Use of area to maintain thermal stability w/o slowing down the 

whole chip
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Thank you!Thank you!


