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Abstract A thin film thermoelectric generator that consisted of 5 p/n pairs was fabricated with 1 pm-thick n-type In;SbTe;,
and p-type Ge,Sb,Tes deposited via radio frequency magnetron sputtering. First, 1 pum-thick GST and IST thin films were
deposited at 250 °C and room temperature, respectively, via radio-frequency sputtering; these films were annealed from 250 to
450 °C via rapid thermal annealing. The optimal power factor was found at an annealing temperature of 400 °C for 10 min.
To demonstrate thermoelectric generation, we measured the output voltage and estimated the maximum power of the n-IST/
p-GST generator by imposing a temperature difference between the hot and cold junctions. The maximum output voltage and
the estimated maximum power of the 1 um-thick n-IST/p-GST TE generators are approximately 17.1 mV and 5.1 nW at
AT = 12K, respectively.
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Table 1. Deposition conditions of GST and IST thin films grown
onto the SiO2/Si substrate by radio magnetron frequency sputtering.

Ge,Sb,Tes In;SbTe,
Deposition Temp. 250 °C Room Temp.
Base pressure 9 % 107 Torr
Working pressure 2 mTorr
RF power 30 W
Substrate type Si0,/Si
Film thickness 1 um
Ar flow 25 sccm
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Fig. 1. (a) XRD patterns of 1 p-thick GST thin films annealed at
various temperatures for 10min under Ar atmosphere after
deposited at 250 °C. (b) XRD patterns exhibiting the correct peak
positions of the HCP (103) and FCC (200) phases in the vicinity
of 26 =29°. (c) XRD patterns of 1 p-thick IST thin films with same
annealing process.
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Fig. 2. Variations in (a) resistivity, (b) Seebeck coefficient, and (c)
power factor of GST films deposited at 250 °C as a function of
annealing temperature.
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Fig. 3. Variations in (a) resistivity, (b) Seebeck coefficient, and (c) power factor of IST films deposited at room temperature as a function
of annealing temperature.

Table 2. Device resistance including internal, material and parasitic resistance of n-IST/p-GST thermoelectric generator and thermoelectric
properties of GST and IST thin films annealed at 400 °C.

Device resistance (kQ2)
5 pairs p-GST/n-IST thin film

. Internal resistance Material resistance Parastic resistance
thermoelectric generator
14.3 10.3 4
Thermoelectric properties
Annealed at 400 °C . . 2
Resistivity (Q2-cm) Seebeck Coefficient (LV/K) Power Factor (W/K"m)
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Fig. 4. (a) Measurement system of the thermoelectric thin film generators, (b) Design of the 1 um-thick 5 pairs n-IST and p-GST for
thermoelectric generator. (c) Output voltage of and (d) Estimated maximum power as a function of temperature difference between the
hot and cold junctions of 1 um-thick n-IST/p-GST thermoelectric generator.
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