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Abstract 

   We investigated the impact of the deposition pro-

cesses of AlN thermal conductive (TC) film on the 

thermoelectric (TE) performance of Si nanowire micro 

thermoelectric generator (SiNW-μTEG). Two different 

processes are compared: 1) non-reactive RF sputtering 

using AlN target in Ar gas and 2) reactive RF sputter-

ing using Al target in Ar/N2 mixture gas. The TE power 

is found to be enhanced in the µTEGs with the synthe-

sized AlN from Al target. The temperature drop across 

the SiNWs was larger in the µTEG with the reactively 

sputtered AlN than in the other one, suggesting that the  

reactively sputtered AlN has smaller thermal resistance. 

X-ray diffraction measurements revealed the reactively 

sputtered AlN has a higher crystallinity than that of the 

non-reactively sputtered AlN. These results show that 

the controlling crystallinity of TC film is effective to 

improve the TE power of the µTEGs. 

 

1. Introduction 

Researches on energy harvesting technology for ex-

tracting electric energy from environmental heat energies 

are promoted to realize IoT (Internet of Things) society 

based on trillion-sensor network. In recent years, it has 

been reported that silicon nanowire (SiNW) has suppressed 

thermal conductivity maintaining electrical conductivity 

[1-3]. This finding opens up SiNW-based micro thermoe-

lectric generators (μTEGs) fabricated by 

CMOS-compatible process. In order to improve the TE 

power, it is important to reduce parasitic thermal resistance 

around the TE legs. 

Aluminum nitride (AlN) is an electrical insulating ma-

terial having a high thermal conductivity and a similar 

thermal expansion coefficient with that of Si [4,5]. This 

suggests AlN is suitable for a thermal conductive (TC) film 

of the µTEGs. However, the impact of the deposition pro-

cess of TC films on the TE property had not been fully in-

vestigated. In this study, we fabricated two types of μTEGs 

having AlN TC films deposited by different processes, and 

compared the TE properties. 

  

2. Experimental 

   Fig. 1 shows a schematic of our fabricated μTEGs. 400 

SiNWs are fabricated on SOI substrate, both end of them 

are connected to electrode pads. Definition width and 

length of NWs are 100 nm and 8 μm, respectively. AlN TC 

film was deposited on one of the pads to conduct the heat 

current from the hot source. Fig. 2 shows the optical mi-

croscopy and SEM images of the μTEG. 

   The SiNWs were patterned on SOI wafer with a 45 nm 

thick SOI and a 145 nm thick buried oxide (BOX) by elec-

tron beam (EB) lithography and dry etching. Subsequently, 

dry thermal oxidation was performed at 850 °C for 3 hours. 

Thereafter, P ions were implanted at a dose of 1.0 × 1015 

ions/cm-2. The Si pad and the both ends of the SiNWs are 

nickelized. Finally, a 550－560 nm thick AlN film was de-

posited by RF sputtering. The one AlN film was deposited 

in Ar ambient using AlN target (nonreactively-sputtered 

AlN). The other was deposited in Ar/N2 mixture gas using 

Al target (reactively-sputtered AlN). Fig.3 shows cross 

sectional SEM images of two different types of the AlN 

film. 

   The TE property of the μTEGs is measured by ap-

proaching a micro thermostat to the AlN TC film. The 

thermostat is heated at 45 °C. The TE current was measured 

by applying loading voltage Vload. Upon the TE measure-

ments, temperature difference across the SiNWs is moni-

tored by an IR camera with a 8.4 μm spatial resolution. 

 

3. Results and Discussions 

   Fig. 4 shows the relationship between the TE current ITE 

and Vload and between TE power density PTE and Vload. The 

short-circuit current (ISC) and the maximum thermoelectric 

power (Pmax) of the μTEGs with reactively-sputtered AlN 

are 4.13 μA cm-1 and 27.9 nW cm-2, respectively. ISC and 

Pmax of μTEGs with nonreactively-sputtered AlN are 1.19 

μA cm-1 and 2.78 nW cm-2, respectively. The μTEG with 

reactively-sputtered AlN has higher ISC and Pmax than that 

of the μTEGs with nonreactively-sputtered AlN.  

   Fig. 5(a) shows a temperature distribution of the μTEG 

including a micro thermography image. Fig. 5(b) shows the 

temperature difference between both ends of the SiNWs of 

the μTEGs with two different AlN films. As shown in Fig. 

5(b), the temperature difference occurs in the SiNWs of the 

μTEG with nonreactively-sputtered AlN and reactive-

ly-sputtered AlN are 50 mK and 240 mK, respectively. 

This implies that the parasitic thermal resistance is dramat-
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ically reduced by using the reactively-sputtered AlN. 

 

   Fig. 6 shows the X-ray diffraction (XRD) spectra of 

nonreactively-sputtered AlN and reactively-sputtered AlN. 

A very small full-width-half-maximam (FWHM) can be 

confirmed in reactively-sputtered AlN. This suggests that 

reactive-sputtered AlN film has a high c-axis orientation. 

Thus, the higher crystallinity of the AlN film is a possible 

origin of the reduction of parasitic thermal resistance. 

 

4. Conclusions 

   We fabricated SiNW-based μTEGs with AlN TC film 

deposited by two different sputtering processes. The TE 

power of the µTEGs is improved by using an AlN film 

which is reactively sputtered in Ar/N2 mixture gas using Al 

target. The temperature difference across the SiNWs be-

comes larger in the μTEGs with reactively-sputtered AlN 

TC film than in that with nonreactively-sputtered AlN TC 

film. XRD measurements show that reactively-sputtered 

AlN has a high crystallinity. This is considered to be the 

origin of the reduction of parasitic thermal resistance of the 

μTEGs. Our findings indicated that the crystallinity of TC 

film is important for achieving a high TE power generation 

density. 
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Fig.1 Schematic diagrams of our 

fabricated Si nanowire-based μTEG. 

(a) Top-view. (b) Side-view. 

Fig.2 (a) Optical microscopy image of the 
μTEG,  (b) SEM image of the Si nanowire 

(SiNW) and NiSi pad of the μTEG . 

Fig.4 ITE-Vload and PTE-Vload characteristic of 

the μTEG with nonreactively-sputtered AlN TC 
film (red line) and reactively-sputtered AlN TC 

film (blue line). 

Fig.3 Cross-sectional images of two different 

types of AlN film. (a) Nonreactive-

ly-sputtered AlN (b) Reactively-sputtered 
AlN 

Fig.5 (a) Thermography image of the μTEG. (b) 

Temperature difference between both ends of the 
SiNWs of the μTEGs with two different types of 

AlN TC films. 

Fig.6 X-ray diffraction (XRD) measurement re-

sults. (a) XRD spectra of nonreactively-sputtered 
AlN film and reactively-sputtered AlN film. (b) 

Full width half maximam of the AlN (0002) 

peaks. 
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