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L eakage Reduction Techniques
Dual and Variable Threshold Voltages

* Dua Threshold CMOS
. High-Threshold devices on non-critical paths
. Low-Threshold devices on critical paths

« Variable Threshold CMOS (VTCMOS)

Input Vector Control

Input Dependence of the Leakage Current
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Input Vector Control

Minimum Leakage V ector Identification

Outputs

Signals L eakage

Search for the minimum |eakage level for which the above
Boolean network is satisfiable

Input Vector Control

Boolean Satisfiability Formulation

aobo = So
aobo + So

a, +b, +So

| = AND (cl,,cl,,cl;,cl,)
(s,=a,0b,) = (I =true)




Input Vector Control

L eakage Computing

Leakage
23.60 nA
Vpp = 1.5V 51.42 nA
47.15nA
82.94 nA

0.18 micron
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-Quantize the leakage values to k levels:
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Input Vector Control

Reducing Number of Additions

Contribution of all NAND
gatesto the total leakage
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Input Vector Control

L eakage Computing Circuit

Number of L, appearances in the total |eakage
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Input Vector Control

A Linear Search Algorithm for Minimum L eakage

If total leakage< C—-1
then total leakage< C




Input Vector Control

Comparing Maximum and Minimum Leakage Values
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Applying the Minimum Leakage V ector
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Input Vector Control

L eakage Power Reduction by Applying Min-Leakage V ector

[EEN
N

=
o N

oo

4
2II
o [

10% 15% 20% 25% 30% 35% 40% 45% 50% 55%

Number of Instances

Percentage of Energy Saving

Comparing minimum |leakage with average |eakage in the standby mode

Adding Control Points
Controllability of Internal Gates
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Adding Control Points

XY Parameters
X=0: Nochange
X=1: Multiplex with
optimum value

Y=0: Optimum
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Adding Control Points

Power Reduction by Adding Control Points
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Number of Instances

Adding Control Points

Breakeven Time
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Modifying Gates

Delay Calculation
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Modifying Gates
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Modifying Gates

Energy Saving for Different Speed Degradations
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Runtime of the Algorithm
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Conclusions

» Two runtime mechanisms for reducing the |leakage
current of aCMOS circuit are presented
— A "dleep" signal is used to shift in a new set of external

inputs and pre-selected internal signals into the circuit so as
to minimize the total leakage current in the circuit

— NMOS and PMOS transistors are added to some of the
gates in the circuit to increase the controllability of the
internal signals of the circuit and decrease the leakage
current of the gates using the "stack effect"”

» Experimental results on the circuitsin the MCNC91
benchmark suite demonstrate that it is possible to
reduce the leakage current by up to 70% in VLSI
circuits at the expense of avery small overhead.
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