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Fig. 2. TEM cross section of the Si-Ge superlattice (left).
Image of the TLM structure on the sample (right).

Fig. 3.  Measurement setup for the 
determination of the Seebeck coefficient.

Fig. 5. TLM measurement setup (left) and schematic diagram of a semiconductor 
material with ohmic contact pads prepared for TLM analysis (right). The probe 
holders have changeable tips,  manipulators are motorized by stepper motors.

Fig. 6. Electrical conductivity of the Si-Ge-superlattice and 
the reference sample. The inset shows the total resistance in 
dependence of the distance at room temperature of the 

2
superlattice. The contact resistance was 0.005 W/cm .

Fig. 7. Seebeck coefficient of the Si-Ge-superlattice 
and the reference sample with DT=5K.

Fig. 8.  Power factor  of the Si-Ge-superlattice and the 
reference sample.

The electrical conductivities obtained for the superlattice structure are a lower  then the electrical conductivities of the reference sample. The Seebeck coefficient of the 
superlattice sample shows a different behavior than the reference sample.  At a temperature of 62.5 °C the Seebeck coefficient switches from positive to negative sign. The change 
in sign is observed for  p-type Si at a temperature of about 270 °C [1] and p-type Ge at a temperature of about 67 °C [2]. Due to this switching in sign the Power factor of the 
superlattice sample is lower than the power factor of the reference sample at temperatures above 62.5 °C. 

-1 -1The measured electrical conductivity is higher than the reported value of 420 Ω m   (@ 300K) for n-type Si (8 nm)-Ge (2 nm) superlattices with a doping concentration of about 
16 -3

10  cm  [3]. The Seebeck coefficients are also  higher than reported value of -650 µV/K (@ 310 K) for the n-type superlattices [3].  obtained 
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Results

Experiments
The Si-Ge superlattices were grown by molecular beam epitaxy on n-type (100)-oriented silicon substrates. The p-type Si-Ge superlattices consist of 30 periods of alternating Si (10 nm) 
and Ge (0.5 nm) layers. Electrical measurements require the electrical conduction confined within the layer.  An efficient way is to grow p-doped Si layers on n-type substrates and use 
the space charge region at the film-wafer interface to block the current flow in vertical direction. Two different buffer layer were used to minimize the influence of the underlying 

19 -3substrate. The first buffer layer is a 200 nm thick, 10  cm  p-doped doped Si layer, the second buffer layer is an undoped Si layer with the same thickness. A reference sample without the 
superlattice structure was grown in same way to investigate the influence of the superlattice on the thermoelectric properties. The structure was characterized by cross-section 
transmission electron microscopy. We have measured the electrical conductivity and the Seebeck coefficient in dependence of the temperature. Si-Ge-SL samples were chemically 
cleaned to remove metallic contamination, particles, and native oxide from the surface. Metal contacts for the Seebeck voltage measurements were fabricated by means of a shadow 
mask. The TLM method was used to determine the in-plane electrical conductivity, contacts were made of Cr(5 nm)/Au(95 nm) by thermal evaporation. From the total resistance R  in tot

dependence of the distance d  between contacts, the electrical conductivity s  can be calculated. 

                                               t: thickness of the layer, w: contact width, R  contact resistancec
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Introduction 
Thermoelectric bulk materials are widely used to change waste heat into electrical energy and vice versa. The efficiency of such materials is determined by the figure of merit ZT. Besides 
conventional materials like Bi Te  and Sb Te , which are suitable for room temperature applications, SiGe mixed crystals show a great potential for high temperature applications. 2 3 2 3

Regarding the theoretical predictions, nanostructured materials such as superlattices or nanowires, are able to show a higher figure of merit than bulk materials. An enhancement in 
the figure of merit of Si-Ge films by nanostructuring offers a new temperature range for a Si based thin film technology. In this study, we present first investigations on the 
thermoelectric properties of Si-Ge superlattices. 

Fig. 4. Measurement procedure for the 
determination of the Seebeck coefficient.

Fig. 1. Contact formation on p-type Si-Ge superlattices, and the reference sample . The distance 
2between the ohmic contacts (70 x70 µm ) is varied from 3 to 50 µm.
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