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2.5 1.78 1.3 nm for Ge QW 

and Si0.3Ge0.7 barriers.
3.4 2.8 1.2 nm for Ge 

QW and Si0.3Ge0.7 barriers.
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7.3 Impact of QW thickness on ZT

ence on two different devices for SL10. The α values for these two sets of measurements

were −449.21µV/K and −461.61µV/K, giving an average value of −455± 9µV/K. This

value should be compared with n-Si0.2Ge0.8 [14] and with bulk n-Ge [27] with similar dop-

ing densities, and with α values of −300µV/K and −308µV/K respectively. It is clear the

enhancement of the Seebeck coefficient obtained for SL10 compared to its counterparts.

Figure 7.7: Seebeck voltage as a function of temperature difference between the top and

bottom of the superlattice for SL10. Both measurements show a standard deviation of

9µV/K.

On the contrary, SL11 presented an average α value of −295±33µV/K. This result is

comparable to its bulk counterparts [14, 27] as well as to the lateral (in-plane direction)

Seebeck coefficients presented in Chapter 5 [9]. Results presented in Chapter 5 correspond

to p-type SL with similar doping densities and the same nominal QW thicknesses.

The anisotropy of the Seebeck coefficient seems to be smaller for wide QWs, whose

values are also comparable to their bulk counterparts. This suggests that carriers still see

the material as a 3D system, strongly limiting the enhancement of α.

Figure 7.7 b) shows the temperature profiles for both the full and half device (Figure 5.14)

as a function of heater power. There was more variability in this measurement than the

one presented for the p-type vertical devices (Figure 5.16) but linear fits to the results
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Schematic diagram of the steps followed in fabrication. The numbers indicate 
the order for the steps (left). Optical top view of a device. The insert shows a 
zoom of the central part where the device itself is placed. The larger areas at 
the top and at the bottom of the mesa are bond-pads to probe the different 
structures.

Two n-type superlattices with periods formed by 1.5 nm thick Si0.3Ge0.7 barriers, 
and 3 and 9 nm thick n-Ge QW for each superlattice, grown by LEPECVD [2].

ABSTRACT: In this work we report how thick and thin quantum wells impacted on the efficiency of the material. Two n-type superlattices with periods formed 
by 1.5 nm thick Si0.3Ge0.7 barriers, and 3 and 9 nm thick n-Ge QW for each superlattice were studied for this purpose. The period of each heterostructure was 
repeated 889 and 336 times respectively to grow 4 µm thick superlattices by LEPECVD growth. The TE properties were extracted by using the micro-fabricated 
devices and characterisation techniques reported in [1]. As a result, thin QWs demonstrated higher Seebeck coefficients due to the higher asymmetry of the 
density of states around the Fermi level, and lower thermal conductivities due to the increase of phonon scattering. This increase of scattering processes 
reduced the value of σ by 10%, but this slight reduction was compensated by the enhancement of α, enhancing the overall value of ZT. We found that the n-
type superlattices studied in this work presented higher ZTs than the p-type Ge/SiGe superlattices studied and reported in [1]. Therefore, a complete module 
scaling the areas of the p- and n-type legs with integrated thermometers and heaters has been developed to optimise the power output of the generator and to 
avoid convection currents by improving the accuracy of the characterisation.

Seebeck coefficient.

DISCUSSIONS AND CONCLUSIONS
The impact of QW thickness on the ZT and PF was investigated on n-Ge/Si0.3Ge0.7 superlattices. Best charaterization results studied in this work and in [1] for 
p-type SL, have lead the study of optimised generators that could work as an energy harvesters at RT. First measurements showed a low Seebeck voltage 
suggesting the existence of a high impedance mismatch between the legs and bumps created by flip-chip-bonding. 

The work is being undertaken as part of the GREEN Silicon project 
(No. 257750) funded by the EC ICT Future Emerging Technologies Proactive 
Initiative ”Towards Zeropower ICT”.
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Wrist watches (Seiko Thermic).

Power autonomous systems, such as 
human bodies.
Integrated on chip energy harvesting.

THERMOELECTRIC: 
How it works.
Two semiconductor materials 
connected electrically in 
series and thermally in 
parallel.
A gradient of temperature will 
generate a voltage that connecting 
it to a load will deliver a current.

Devices.

Peltiers Coolers.

2D LATERAL SUPERLATTICES

THERMOELECTRIC PROPERTIES

Schematic diagram of a modified CTLM where the metal is not only used as a 
contact but also as a mask to anisotropically etch between the metal contacts. 
SEM image of an array of CTLM with different gap spacings. The insert shows a 
zoom of a gap spacing where the SL had been etched 3.5 um using the metal as 
a mask.

Thermal cond., differential technique. Electrical cond.

Module.


