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Introduction / Motivation
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Overview: Reaction-Diffusion Model
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dN

dt =Ke[No-Np]-k N, |—(|0)~O Si-H <> Si*+H

a) Reaction
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Field Dependence of AN Islam, TED ‘07
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Effective barrier: Ep—aE_,

P, Ty O exp [~ (E ¢ — aE,,)/KT]
> Si-H* > Si*+H
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Outline

Nt ~ [EcNgPr exp(yEq,)122exp(-E A/kgT) t"

e Strain dependence of N ¢




Time Exponent: Strain Dependence

On-the-fly |  ;, Measurement
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Strain Invariant n ~ 0.14




Activation Energy: Strain Dependence
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Field Acceleration: Strain Dependence
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Nt ~ [EcNgPr exp(yEq,)122exp(-E A/kgT) t"

y IS strain invariant




Strain Dependence of N ¢

Nt ~ [EcNoPr exp( 1 Eg,)]7exp(-+ /kgT) t
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N+ Compressive Strain

Nt ~ [EcNoPr exp(yEy)]1?2exp(-ElkgT) t"

d Same n, vy, E,
d N, Increases
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N, Tensile Strain

Nt ~ [EcNgPr exp(yEq,)122exp(-E A/kgT) t"

d Same n, vy, E,
d N, decreases

Tensile Strain:
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Summary: Strain Dependence of N 1

Compressive: Increases
Tensile: Decreases Invariant Invariant

| | |

AV: ~ Np ~ [EcNg ' exp(yE,)]?exp(-ExlkgT) t"

1

Invariant

What is the impact on | Degradation?

Iy~ My (Vs - V4 ) |, should decrease ( Al, < 0) with N,




Strain Dependence of Alj
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N,-induced | , Degradation
Al
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N,-induced | , Degradation
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Strain Dependence of Alj

A
ID ~ M (VG -VT) ~ S
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Strain Dependence of Alj
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Conclusion

e Strain dependence of N ¢

» SiH Precursor plays negligible role

» Depends mainly on hole tunneling rate
> Tensile (N 1) Compressive (N 1)

« Sufficient strain improves p _«(N,7) = Reduced Al,
» Reduce NBTI being a concern

e Resilient to variations!!
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