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from a fabricated thermoelectric module
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For the realization of a complete thermoelectric module, both p-type and n-type material legs are required. These two 
leg typology need to be electrically connected in series and thermally connected in parallel in order to produce a circuit 
for a thermoelectric generator. To minimize electrical dissipation and improve the overall performance of the device, 
low resistivity Ohmic contacts are required. For the p-type legs Ni-Pt contacts were chosen as the best material able to 
guarantee a low specific contact resistivity Ohmic behavior at an annealing temperature of 340 ˚C.

The development of Ohmic contact for the n-type structure had required a not trivial approach due to the pinning of 
the Fermi level near the valence band edge of Ge. When the material is heavily doped then out NiGe contact process 
module is appropriate and works well for the vertical structures. For the lateral devices, the modulation doping results 
in insufficient doping to reduce the Schottky barrier width leading to high contact resistivities. Both Ti-Au contacts (20 
nm/150 nm) and Ag(1% Sb) (200 nm) were developed to circumvent this problem for the lateral structures. The Ag(1% 
Sb) [S.F. Nelson and T.N. Jackson, Appl. Phys. Lett. 69, 3563 (1996)] were chosen as the best approach due to the linear 
behavior and the compatibility of these materials with the silicon processes. The optimization and the repeatability of the 
contacts are still under development, due to the low evaporation temperature of antimony during the metal deposition. 
For n-type silicon-rich quantum well the Ag(1% Sb) exibits an Ohmic behavior whilst for the n-type germanium-rich 
quantum well, a small potential barrier is still present as shown from the non linear I-V characteristics in Fig. 1. Both 
contacts were annealled in a nitrogen ambient for 5 mins. at a temperature of 400 ˚C. Further development will be un-
dertaken in order to optimize the n-type Ge-rich quantum well electrical contacts.

Depending on the particular configuration chosen (i.e lateral or vertical) the thermal insulation between the modules 
is different. For the lateral structure the thermal insulation of each leg is guaranteed from the suspended membrane. 
Fig. 2 shows a schematic diagram of the thermal and electrical connections for the lateral thermoelectric material under 
analysis. Each one of the outer heaters is controlled individually to compensate resistance fluctuations. The calibration 
of the heater with the broken membrane technique, previously used in the thermal conductivity estimation, will be used 
to obtain the same heat flow in each of the structures and eliminate heat unbalance. The inner electrode will be connected 
to a thermal sink (Peltier cooler or temperature controlled bath). The current and voltage dissipated into a resistive load 
will be measured versus the heat flow and temperature difference.  

The thermal insulation of the vertical structure is obtained by placing the two substrate surfaces at difference tempera-
tures. Compared to the lateral approach this solution should have a longer term stability and robustness. Moreover each 
leg should have approximately the same heat flux. Indium contact bumps will be used to connect each leg. The develop-
ment of these complex modules is already under development. The proposed mask is reported in Fig. 3. Each p-type and 
n-type material chip is fabricated independently and a final bonding between the two structures is obtained by aligning 
the small pattern at the bottom of every chip. Our first tests structures will allow independent testing of each leg allowing 
us to determine variability in the material and process in addition to the possibility of connecting all the legs together for 

Fig. 1: The current-voltage characteristics of a single quantum well Ge-rich (8844) and Si-rich (8843) 2 ter-
minal TLM device for AgSb (Green) and Ti-Au (purple) contacts.
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Fig. 2: The complete design  of the lateral module to produce current and voltage.

Fig 3: The mask patterned for the vertical module. 
The alignment marks can guarantee an accuracy 
down around 3-4 µm. Each leg is electrically iso-
lated from the others by a deep etch. A double step 
patterning at the top of each leg is used to indi-
vidually realise Ohmic contacts as well as indium 
contact bumps.

a complete generator. This structure will also allow us to plot the thermo-generated voltage versus the number of legs 
present in the chip and extract the relevant figures of merit required for the final thermoelectric module. The current and 
voltage delivered for a fixed DT will be the best determination of the quality of the thermoelectric material.

Due to a number of problems with the first two batches of vertical devices shorting between the top and bottom con-
tacts (see 2nd year report), this deliverable has been delayed as a new optimised etch had to be developed and a new 
batch of devices produced. These are expected to be available with electrical characterisation for the second year review 
meeting when this deiverable can be updated.


