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Table 1. Sputtering parameters of all the samples.

Bi,Te; ,Se,

A T U [Pa BRI/ C B/
%W
BTS1 12 25 3 350 2
BTS2 12 25 1 450 2
BTS3 12 25 2 450 2
BTS4 12 25 3 450 2
BTS5 12 25 3 450 1
BTS6 12 25 3 450 3

RIS 14) 2 TR % DT T MR 300 30 o 41 4 H B R R )
M1 (SEM, Carl Zeiss Gmbh, Sigma 300), JG % i
73BT AE S (UL X A4 (EDS, Oxford) 73Hri 3,
AL e X AL (XRD, Rigaku, Ultima
VI) 43#r. $58FE7E 40200 °C [a]AY Seebeck Z5K.
HL 3% CTA-3S (Cryoall Co., Ltd) fllf5. Seebeck
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IRt SEM Wi SRR 3. 2 E R IR T
14 28 L -k B R A% R RN R 48 (Nano-
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P 1 4 BiyTes ,Se, W iUR: 3R M0 K Wi i JE 55

(a) BTS1; (b) BTS2; (c) BTS3; (d) BTS4; (e) BTS5; () BTS6

Fig. 1. Surface and cross-section morphology of Bi,Te; ,Se, thin films: (a) BTSI; (b) BTS2; (¢) BTS3; (d) BTS4; (e) BTS5;

(f) BTSG.
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Fig. 2. XRD patterns of Bi,Te; ,Se, thin films.
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Deﬁosition continues
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lot of defects (yellow dots)
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Deﬁosition finishes

The grain boundaries trend to
disappear. The longer the deposion
process, the bigger for the grain size,
the thicker for each single layer, the
fewer the defects
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Fig. 3. Schematic diagram showing the growing process of Bi,Te; ,Se, thin film with 2-D layered structure in (a) top view and

(b) cross sectional view.
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Table 2.  Hall measurements of all the samples.
R R #onfitgr  meR
/(10 em™®)  /(em?Vtst)  /(10* Sm™)
BTS1 11.7 17.1 3.2
BTS2 12.7 30.6 6.2
BTS3 10.0 59.8 9.6
BTS4 8.3 84.2 11.2
BTS5 7.2 45.2 5.2
BTS6 9.1 63.9 9.3
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Fig. 4. Thermoelectric properties of all the samples: (a) See-
beck coefficient; (b) electrical conductivity; (c) power
factor.
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Table 3. Atomic ratio by EDS measurements.

IRE Bi/% Te/% Se/%
BTS1 36.5 60.2 3.3
BTS2 41.7 53.6 4.7
BTS3 41.6 53.9 4.5
BTS4 41.3 54.3 4.4
BTS5 41.4 54.8 3.8
BTS6 41.8 53.5 4.7
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Structural control for high performance Bi,Te; _Se,
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Abstract

BiyTes-based alloys have been long regarded as the materials chosen for room temperature thermoelectric
(TE) applications. With superior TE performances, Bi,Tes-based bulk materials have been commercially used to
fabricate TE devices already. However, bulk materials are less suitable for the requirements for applications of
flexible or thin film TE devices, and therefore the thin film materials with advanced TE properties are highly
demanded. Comparing with bulk materials and P-type Bi,Tes-based thin films, the TE properties of N-type
BiyTes-based thin films have been relatively poor so far and need further improving for practical applications. In
this study, a series of N-type Bi,Te; ,Se, thin films is prepared via magnetron sputtering method, and their
structures can be precisely controlled by adjusting the sputtering conditions. Preferential layered growth of the
Bi,Te; ,Se, thin films along the (001) direction is achieved by adjusting the substrate temperature and working
pressure. Superior electrical conductivity over 105 S/m is achieved by virtue of high in-plane mobility.
combining the advanced Seebeck coefficient of BiyTes-based material with superior electrical conductivity of
highly oriented BiyTe; ,Se, thin film, a high power factor (PF) of the optimal Bi,Te; ,Se, thin film can be
enhanced to 42.5 pW/(cm-K?) at room temperature, which is comparable to that of P-type BiyTes-based thin

film and bulk material.

Keywords: BiyTe; ,Se, thin film, magnetron sputtering, thermoelectric, power factor
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