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Electron Mobility at High Stress Levels

Biaxial global stress generated by SiGe layer

Enhancement

saturates at ~70%

Therefore, Idsat 

gain in nMOSFETs 

is limited to ~35%
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Hole Mobility at High Stress Levels

Intel

AMAT/IMEC/SNPS

Standard piezo

Adjusted piezo

Band splitting and warping

No saturation

in sight, so

letôs keep

pushing it!

Uniaxial stress generated by SiGe source/drain
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Different Stress Engineering Options

1. Boost Ion, Degrade Ioff

2. Boost Ion, Keep Ioff

3. Improve both Ion & Ioff

4. Keep Ion, Improve Ioff
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State-of-the-Art Stress Engineering
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Evolving Stress Engineering

nMOS pMOS

SNPS

@ECSô05

Intel

@45nm
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Stress Engineering with HK/MG

nMOS

SNPS

@ECSô05

Intel

@45nm

ÅAbandoned strained DSL

ÅIntroduced recessed S/D

ÅIntroduced tensile contacts

ÅPoint contacts -> slot contacts

ÅSMT in the poly gate is gone

ÅSMT in the S/D remains

ÅCompressive metal in the gate

ÅBut no Si:C S/D yet
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Stress Engineering with HK/MG

pMOS

SNPS

@ECSô05

Intel

@45nm

ÅAbandoned strained DSL

ÅKeep elevated SiGe S/D

ÅM.G. increases SiGe stress 1.5x

ÅTensile contacts are above Si

ÅIncreased Ge to 30%

ÅStress triples hole mobility

ÅStress doubles drive current

ÅSiGe facets @(111) planes
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Removing Poly Increases Channel Stress
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Stress Induced by Temperature Gradient
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Stress Induced by T Gradient + Pattern
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Stress in NFET with 1.8% Si:C S/D

+632 MPa -233 MPa
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Si:C

NiSi

with HDD I2

w/o HDD I2

Performance Gain for Si:C
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Physical Modeling Approach

Clusters

CS + CI ė C2I

C2I + CI ė C3I2

C3I2ė C3I3 + V                                     

Respective Reaction Rates

R1 = 4́ aDCI (CS CCIïKr1 CC2I )

R2 = 4́ aDCI (CC2I CCI ïKr2 CC3I2)

R3 = 4́ aDv (CC3I3 CVïKr3 (CV
*/ CVi

*)CC3I2)

Source: C. Zechner et al., Mat. Res. Soc. Symp. Proc., v. 994, p. F11 (2007)
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Physical Modeling Approach
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P Diffusion in Si:C

Amorphization

Depth

6keV
12keV

Dxj (6keV)

Dxj (12keV)

Si:C epi: 70nm 1.35% C; 1050 C Spike
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As Diffusion in Si:C

Amorphization

Depth

Si:C epi: 70nm 1.35% C; 1050 C Spike

12keV

25keV
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Ctot and Csub Profile

Ctot

Csub

Ctot

Csub

Csub lossCsub loss
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How To Keep the Fragile Si:C Stress?
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Csub Profile After ms Laser Anneal 

P12 keV 

Ctot

Csub
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Experiments with the Si/SiGe Pattern

5um

2um

1um 0.50um

0.25um

0.18um

0.10um

0.07um

0.05um

0.01um

L S/D

Lg

Dummy gates

SiGe

20 µm 20 µm


