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Fig. 1 SEM images and EDS analysis results of Mg,Si

thermoelectric  thin  film profile: (a) Cross-sectional
microstructure SEM image; (b) Distribution of elements map

scanning results; (c) EDS results
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Fig. 2 Surface morphologies of Mg,Si thermoelectric thin

films before(a) and after(b) vacuum annealed
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Fig. 3 XRD patterns of Mg,Si films fabricated at various

sputtering powers
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Table 1 Test results of Hall measurement of Mg,Si films

fabricated at various sputtering power

Power/ Carrier Carrier Hall
W concentration/ mobility/ coefficient/
cm (em>Vlsh (em®C™h
100 7.069 %10 1.095X 10>  —8.830% 10"
110 1.788 X 10" 7.591 X 10" —3.490 X 10"
120 7.756 X 10" 2.433%10" -8.048
130 1.542% 10" 9.497 —4.049
140 2.441X10" 4,583 -2.558
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Fig. 4 Sputtering power dependence of Seebeck coefficient

and electrical conductivity of film
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Fig. 5 Sputtering power dependence of power factor of film
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Fig. 6 XRD patterns of Mg,Si films annealed at various

temperatures for 3 h
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Table 2 Test results of Hall measurement of Mg,Si films

annealed at various temperatures for 3 h

Carrier Carrier Hall

Temperature/ . . .
© concentration/  mobility/ coefficient/

em® (em®>V s (em®>C™

0 7.756 X 10" 2.433x10"  —8.048x10°
300 5.087%10" 5267X10"  —1.227X 10"
400 4.209%10" 6.961X10> —1.483X 10!
500 8.480% 10" 2.572x10°  —7.361x 10!
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Fig. 7 Annealing temperature dependence of Seebeck

coefficient and electrical conductivity of film
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Fig. 8 Annealing temperature dependence of power factor of

film
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Fig. 9 XRD patterns of Mg,Si films annealed at 400 C for

various hours
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Table 3 Test results of Hall measurement of Mg,Si films

annealed at 400 “C for various hours

. Carrier Carrier Hall
Time/ . . .
concentration/ mobility/ coefficient/
cm ® (em®>V s (em®C™)
0 7.756 X 10" 2.433X 10! -8.048 X 10°
2 5.176 X10" 2.936X10*> -1.206X 10"
3 4209 X% 10" 6.961X10>°  —1.483X10'
4 2.174X 10" 3.390 X 10" -2.871X10°
_ 4401 -426.379 46.926 150 =
v R §
. -394.267) 40 ©
> 400t 21140 2
= i
=1 E >
£ 360} 30 E
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= i
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Fig. 10 Annealing time dependence of Seebeck coefficient

and electrical conductivity of film
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Fig. 11 Annealing time dependence of power factor of film
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Thermoelectric properties of Mg,Si thin films prepared by
magnetron sputtering based on composite target

CHEN Zhi-jian, LI Jian-xin, ZHOU Bai-yang, WEN Cui-lian

(School of Materials Science and Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: The Mg,Si thermoelectric thin films were fabricated by radio frequency magnetron sputtering with the Mg-Si
binary composite target. The effects of sputtering power, vacuum annealing temperature and annealing time on the
qualities of Mg,Si thin films were studied to find out the optimal preparation process. The properties of the thin films
were tested by scanning electron microscope (SEM), X-ray diffraction (XRD), Hall effect tester, film Seebeck coefficient
measurement system. As showed in energy dispersive X-ray spectrum of the Mg,Si thin film profile, Mg and Si in the
thin films distribute uniformly and the mole ratio of Mg to Si in thin films is about 2:1, which is consistent with the mole
ratio of Mg,Si phase. XRD results show that the sputtering power, vacuum annealing temperature and annealing time
have effects on the film quality. The test results of Hall measurement and Seebeck coefficients measurement reveal that
all the samples are n-type. The Seebeck coefficients are in the range of —278.648— —483.562 uV/K, and the electrical
conductivities are in the range of 1.240—46.926 S/cm. Among all, the Mg,Si thin film deposited with 120 W and annealed
at 400 °C for 3 h have the highest power factor of 0.364 mW/(m'K?).

Key words: Mg,Si thin film; radio frequency magnetron sputtering; optimal preparation process; thermoelectric

properties
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