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� Context of the study

�Experimental procedure

�Results :
Segregation of Sb at L.T.
Segregation of Sb at H.T.

� Conclusion



RequirementsRequirements

• SiGe layers with high Ge content

• High level of doping  ~ 1019/cm3

• Abrupt interfaces

Si Si channelchannel
((tensiletensilestrainstrain))

Ge Ge channelchannel
(compressive (compressive strainstrain))

type ptype n

ProblemsProblems

• Relaxed buffer layers

•Redistribution of dopants 

Effect of stress

Effect of Ge content

Aim : Aim : SiGeSiGeMODFETMODFET



Investigation of dopant (Sb) redistribution in Investigation of dopant (Sb) redistribution in SiGeSiGe

Experimental toolsExperimental tools

Growth : SSGrowth : SS--MBEMBE

Base pressure < 10Base pressure < 10--1111 torrtorr

SiSi ⇒⇒⇒⇒⇒⇒⇒⇒ electron beam evaporatorelectron beam evaporator

Ge, Ge, SbSb⇒⇒⇒⇒⇒⇒⇒⇒ Knudsen cellsKnudsen cells

CharacterizationCharacterization

Stress relaxation, morphology (TEM)Stress relaxation, morphology (TEM)

SbSb depth profiles (SIMS simulations)depth profiles (SIMS simulations)

Ge concentration (RBS)Ge concentration (RBS)

Strain of the Strain of the SiGeSiGelayers (XRD)layers (XRD)

depth

S
b (at/cm

3)

SbSb
�������� Surface Surface segregationsegregation

�������� DiffusionDiffusion
SiGe layer



Experimental conditions : segregationExperimental conditions : segregation
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EffectEffect of:of:
-- temperaturetemperatureTTGG

-- Ge concentration (y)Ge concentration (y)
-- strainstrain(x / y)(x / y)



Compressive strain

Si0.82Ge0.18

Si

Si1-xGex
Relaxed buffer

Si cap

Si1-yGey

Si1-yGey

Sb

Variation of the biaxial strain
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Measurements:Measurements:

- r seg= Qseg/Qtot

- r inc = Qinc/Qtot



Fabrication of relaxed buffer layersFabrication of relaxed buffer layers
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Fabrication of relaxed buffer layersFabrication of relaxed buffer layers

TensileTensile

SiSi11--xxGexGex
X=15%X=15%

SiSi

RelaxedRelaxed

SiSi0,850,85GeGe0,150,15

SiSi0.850.85GeGe0.150.15

Sb Sb incinc..
Sb Sb segseg..

L.T. layerL.T. layer
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Effect of strain and of Ge % 

Segregation increases Segregation increases 
with compressive strainwith compressive strain

TTGG = 200 = 200 °°CC



��EffectEffect of stress : of stress : rr segseg followsfollows DDSbSb

�� dominateddominated by by kinetickinetic diffusiondiffusion

��EffectEffect of Ge content : of Ge content : rr segsegevolutionevolution isis opposite to opposite to DDSbSb

�� equilibriumequilibrium segregationsegregation

segregation

diffusion

At low TAt low T G  G  ::

SbSbEffectEffect ofofStrainStrain statestate

DSb ����x   ����relaxed

DSb ����Pb  ����compressed

DSb ����x   ����compressed

r seg����x   ����relaxed

r seg����Pb  ����compressed

r seg����x   ����compressed



Compressed49,935,2
Relaxed46,146,1290SiSi0,50,5Ge Ge 0,50,5

Tensile32,315
Relaxed3030
Compressed33,548,3320SiSi0,30,3Ge Ge 0,30,3

Tensile15,20
Relaxed14,514,5
Compressed16,433,3350SiSi0,850,85Ge Ge 0,150,15

Relaxed00
Tensile016,5380SiSi
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Tg °CActive layer

At high TAt high T G  G  ::



SiGeSiGe0,150,15 tensiontension

SiGeSiGe0,150,15 compressioncompression SiGeSiGe0,150,15 relaxedrelaxed

XRD XRD ResultsResults



XRD XRD ResultsResults
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SIMS ProfilesSIMS Profiles
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At low TAt low T G  G  ::
��EffectEffect of stress : of stress : relatedrelated to to kinetickinetic diffusiondiffusion
�� EffectEffect of of chemistrychemistry : : relatedrelated to to equilibriumequilibrium segregationsegregation
At higher TAt higher T G  G  ::
��Equilibrium segregationEquilibrium segregation

SegregationSegregationmodellingmodelling



Conclusion
SuccessfulSuccessfulexperimentalexperimentalprocedureprocedure

SeparationSeparationof of strainstrain/ Ge content / Ge content effectseffects

KineticKinetic segregationsegregation EquilibriumEquilibrium segregationsegregation

TTgg

Fabrication of the structures Fabrication of the structures atat L.T. L.T. �������� kinetickinetic segregationsegregation

-- Suppression of Suppression of segregationsegregationin in relaxedrelaxed layerslayers
-- Suppression of Suppression of segregationsegregationin Ge in Ge richrich layerslayers


