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M ZnSb MR AL B UIRRITERIRS, 5k Cl 50 0

DB ZnSb J= 4 min, IR Ag J= 20 s, MR A 1E El 50 30
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Fig. 1 SEM image and element map scanning results of doped ZnSb-based thermoelectric thin films prepared by Ag target
sputtering power of 90 W; (a) Sectional topograph; (b) Total element distribution map; (c) Element distribution of Zn; (d) Element
distribution of Sb; () Element distribution of Ag; (f) Film EDS spectrum
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Fig. 2 Surface morphologies of ZnSb-based thermoelectric thin films prepared at different Ag doping powers: (a) Without doping;

(b) 30 W; (c) 60 W; (d) 90 W
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Fig. 3 XRD patterns of ZnSb-based thermoelectric thin films
prepared with different Ag doping amounts
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Table 2  Electrical transport properties of ZnSb-based

thermoelectric thin films prepared under different Ag doping

amounts
Carri Carri .
Sample artrletr. / a;.rll.ir y Conductivity/
No concentration mobility (S‘cmfl)
’ cm® (em® V-8

Cl 2.646X 10" 3.703 X 107 4,693 10"
El 2.035X 10" 2.862X 107 7.066 X 10"
E2 2.463%10" 2.233X10° 5.406 X 10°
E3 3.539X 107! 3.197X 10! 4.622 %X 10°
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Fig. 4
ZnSb-based thermo-electric thin films prepared with different

Relationship between electrical conductivity of
Ag doping values
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Fig. 5 Changing curves of Seebeck coefficient with test

Seebeck coefficient/(WV-K™)

temperature for ZnSb-based thin films prepared with different

Ag doping amounts
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Fig. 6 Changing curves of power factor with test temperature
for ZnSb-based thin film prepared with different Ag doping

amounts
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Effect of Ag doping on film structure and thermoelectric properties
of ZnSb-based thermoelectric thin films

LI Jian-xin', ZHOU Bai-yang" % CHEN Zhi-jian'

(1.School of Materials Science and Engineering, Fuzhou University, Fuzhou 350116, China;
2. Zhicheng College, Fuzhou University, Fuzhou 350002, China)

Abstract: The ZnSb-based thermoelectric material is a kind of material with good thermoelectric properties in middle
temperature region. In order to further improve its performance, ZnSb thermoelectric thin films were fabricated by
magnetron sputtering (RF+DC) with the Zn-Sb binary composite target. The doping amount of the Ag element was
controlled by changing the sputtering power. The annealing temperature was 300 ‘C and the annealing time was 1h; the
homogenization of the dopant elements and the crystallization of the samples were carried out by vacuum annealing. The
properties of the films were tested by scanning electron microscopy (SEM), X-ray diffractometry (XRD), Hall effect
tester and thin film Seebeck coefficient measurement system. The effects of doping on the structure and thermoelectric
properties of ZnSb-based thermoelectric thin film were studied. The results show that the film structure of the sample
improves significantly with the increase of the amount of Ag doping. After the doping, two new phases, Ag;Sb and
Zn4Sb;, appear in the doped film. The thermoelectric properties of the doped films improves compared to those of the
films without doping. The dopant has a great influence on the Seebeck coefficient of the sample film. It is concluded that
the two new phases, Ag;Sb and Zn,Sb; form after doping are the key factors that cause the structure and thermoelectric
properties of ZnSb-based thermoelectric thin film.

Key words: ZnSb based thermoelectric thin film; magnetron sputtering; Ag doped; film structure; thermoelectric

performance
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