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Motivation 
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Yang et al. APL 80, 1758 (2002)  

SL properties Substrate ZT @ 300K 

Si(2nm)/Ge(2nm) (001) Si0.5Ge0.5 0.24 

Si(1.5nm)/Ge(2nm) (111) Si0.5Ge0.5 0.98 

Si(2nm)/Ge(2nm) (001) Si 0.78 

Si(1.5nm)/Ge(4nm) (111) Si 1.25 

Si bulk 0.014 

T. Koga et al. 
APL 75, 2438 (1999) 

Si (2nm)/Ge (2nm) SL on Si0.5Ge0.5 substrate  

(111) 
 
 
(001) 



Measurement Technique 

•  Using of a modified transmission 
line model (TLM) to determine 
different resistances (in plane, cross 
plane) 

•  Thermal conductivity is measured 
by the 3 omega method in a 
Fraunhofer IPM setup. 
 

•  Electrical conductivity is measured 
in a self made variable four probe 
setup 

•  SEM images are made at Philips 
ESEM XL 30 FEG and Jeol JSM 
6400, HR-TEM images at Jeol JEM 
4010T 

S,ρ,κ 
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Measurement Structures 
Electrical resistivity cross plane 

•  The measured resistance is 
composed of several resistances  
 
 

•  To determine every individual 
resistance different samples are 
prepared. 
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Measurement Structures 
Uncertainties of the electrical measurements 

•  Contact resistance 

•  Resistance of the Superlattice (cross 
plane)  

•  Resistance of the interconnection 
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Samples 
Grown by molecular beam epitaxy 
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20 nm 

Reference Sample (without superlattice): 
Substrate: 111 Si (n-type) 
Buffer Layer: 

 600nm Si:B 1·1019 cm-3  

 

Superlattice Sample: 
Substrate: 111 Si (n-type) 
Buffer Layer: 

 600nm Si:B 1·1019 cm-3  

Superlattice: 
 171 layers 
 1.5nm Si:B 1·1017 cm-3  
 2.0nm Ge:B 1·1017 cm-3  

Capping Layer: 
 10nm Si:B 1·1019 cm-3 

Substrate 

Buffer layer 
Superlattice 

Capping Layer 
 
 



Results 
Electrical Resistivity 

•  Cross plane resistivity of the SL: 
 
ρcp = 5.9 Ωcm (±1.1 Ωcm) 

•  In plane resistivity of the BL: 
 
ρBL = 0.026 Ωcm (±0.003 Ωcm)  
 

•  Specific contact resistivity: 
 
ρC = 9·10-5 Ωcm2 (± 1.8 ·10-5 Ωcm2)  
 

•  Compared to highly doped Si0.8Ge0.2 
alloys: 
 
 ρalloy/ρcp > 15 
 
(from: Rowe et al., Nature 290, 765(1981)) 
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Results 
Thermal Conductivity 
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Pl =20 W/m   
2b =5 µm 
hT =600 nm 
Re(ΔTf ) =0.88 K 
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Summary 
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•  We build up a measurement 
system and developed 
measurement structures for very 
thin films. 
 

•  Si/Ge Superlattices have a great 
potential for TE applications. 

•  For higher doping higher ratios 
are expected. 
 

 
 



hsl – Versetzungskinetik, Halle 2006 
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