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Abstract: With the rapid development of microelectronic technology, electronic devices are constantly developing towards
high performance, miniaturization, low power consumption and self-power supply. While the device performance and integra-
tion level continue to improve, the problem of rapid heat dissipation in small space has become a key bottleneck restricting
its development. Thin film thermoelectric device is a kind of semiconductor energy conversion device, which has the advan-
tages of all-solid-state, no noise, maintenance-free and small size. It is suitable for the development trend of electronic de-
vices in the future, and has broad application prospects in the field of self-powered electronic devices with low power con-

sumption and rapid cooling of electronic components with
YRS EE: 2022-08-09 EEEE. 2022-10-20 high heat flux density. Bi,Te;-based thermoelectric
EETE: RO E PRI H (2018YFA0702100) ; #iiT 4 materials are currently the best thermoelectric materials at
A R (2021001026, 2021C05002) 5 #7IT room temperature. In this paper, we focus on Bi,Te,-based
AR HA AT A H (2020R01007)
BR&: DI, T, 1990 45, HEABE thin-film thermoelectric materials will be introduced first.
BWRAEE: X5 o, B, 1972404, Hfg, PRSI, Subsequently, the thermoelectric thin film device structure
Email: dengyuan@ buaa. edu. cn design, fabrication processes and interface optimization ap-
DOI: 10.7502/j. issn. 1674-3962. 202208006 proaches will be summarized. At last, the applications of

thermoelectric thin film materials and devices. And the

preparation and performance optimization methods of the



1006

Hh A ki

541 %

thermoelectric thin film devices in thermoelectric power generation and thermoelectric refrigeration will be reviewed.

Key words; Bi,Te,; thin film; thermoelectric materials; thermoelectric device; preparation method; performance optimization
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Fig.2  Microstructure and thermoelectric properties of Bi, Tey thin films deposited at diverse pressures by magnetion sputtering method 7,

(a~d) surface and cross-sectional SEM images of Bi,Tes thin films, (e~h) thermoelectric properties of Bi,Te thin films
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Fig. 3 Characterization of Bi,Te, ;Se 5 thin films prepared by external field-assisted thermal evaporation-deposition technique[w] : (a)

XRD patterns, (b, c) side-view SEM and HRTEM images of the film deposited under 20 V electric field, (d, e) TEM image and

the corresponding SAED pattern of the nanopillars deposited under no electric field, (f, g) TEM image and the corresponding

SAED pattern of the nanopillars arrays deposited under 20 V electric field

HRERE—REE L, SR TR THEEN D ERS
AR T AL B I, % MREAE 450 K BHR K%
ATk 14 pW - em K77, Zhang &= 585 ] MBE &
GRoE T UUBURBE | IR JEE B L R B 43 %5 T 2 Xt B, e,
RS AR A o R 7 A 1 T 28 TR R Bl 4 B B R
U, WRETE AR K A B v 2 P A UL 67 e ) 2 {37 B
B Vo 3R AR SR IE A AT A SO B Biy,,  HA
Ferm )M N, Va5 A BRI 00 B S M R AIG, I
Biy, S 5 B 0 B TR T v, I AR K T ) R A
BEIE AT, DA ol 75 FiL - 235 B i 9 55 J55 58 14 34 o i 328
Wl TR, Ao IR TR A T i ol D AR ok A0 B
L AR B K, M AR H T A AR DAL,
Zhang %5 i fdi Fl MBE SZEL 7%} Bi, Te, WA Koad F
Voo 2307, Tey, A Biy, SV 25 AN ) 55 Bl b 24 100 A ik <7
(K 4y, IFEI, Bi, RAEEMFESSFECTH R
FHEMT R AL, R EERAE KSR, Vo 210
BRI 1] Biy, Sl 1 5 A8 2 A T T I T2 14 0 1k 7= £
B, AFIT 3B RS, XI5 Xt — 4

e85 Bi, Te, FEAAHLBIRLIY Gk B AR F L i O AL 3 ie 42
BT EENIEFE L,

AR LT AR 45 7575, SR MBE 35T LS 8%
JEF IR B RS i s o, I R LA SR RS A 40 T O
DUBRBEAR . MR BT B r 0 B A, B H 3 i il &
MR B A R AN ELA AR B L 5, R A A A
Bi, Te., $AF i [ AR (7 FH AR X /0
2.4 BxEXIMRE

PLD J& ] 1 e Al i 2 B2 ik o 6 o s 01, O S
MEZIRZEMEAER, MR EELRE, =Es
AWEFEEFHEE TR, RAEETERERIIER
U TR AR 1 U, HETE T ZnS. MgO . MoS,
& Bi-Sb-Te &4 55 bEH il %

K PLD #1145 Bi,Te, WEREHT, FEICTHREE | DUAR
A5 S BRRIRE 23 5 1 00 SO 285 4, 308 T 52 W 80 S 114
PO PERE, BIAN, Chen %57 8 b W45 RL R IR FPTAL
JE, #R18T HA AL Bi Sh,  Te, HE, BF5EE R,
B TSR R F 2 LA TS B, 1 e i DOBUR



1010

Hh R

541 %

B4 RS RANEETEAR R IR Te/Bi i L AE T #1450 Bi,Te, MEBTIRS 8 BB (30 nmx30 nm) 127,
(a, d)FPEIEE 240 °C, Te/Bi dftk 4:1( L) M 8:1(F); (b, e) #RIEE 270 C, Te/Bi itk 3:1( 1) Ml 6:1
(F); (e, )RIGEEE 300 C, Te/Biif@it I 3:1(_E)F40:1(F)

Fig. 4 STM images (30 nmx30 nm) of Bi,Te; films grown at different substrate temperatures (T, ) and Te/Bi flux ratios (R) by mo-

lecular beam epitaxy! > ; (

a, d) T, =240 C, with R=4:1 (top) and 8:1 (bottom); (b, e) T, =270 °C, with R=3:1

(top) and 6:1 (bottom); (¢, f) T, =300 C, with R=3:1 (top) and 40:1 (bottom)
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Fig. 5 Characterization of Cu/Ni/Bi,Te, ;Se, ; nanocomposite films prepared by pulsed laser deposition method 7 ; (a) room-tempera-

ture thermoelectric figure of merit of the thin film nanocomposites, (b) charge carrier concentration of the nanocomposite films
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Fig. 6 In-plane thin-film thermoelectric devices with radial structure

fabricated by magnetron sputtering combined with lithography

stripping process [35]
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Fig.7 Out-plane Bi,Te; thin film thermoelectric devices prepared by

different processes: (a) thin film thermoelectric device contai-

ning 98 pairs of thermoelectric legs prepared by mask assisted

[40
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containing 364 pairs of thermoelectric legs prepared by femto-

second laser direct writing process[“]
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Fig. 8 The application of thin-film thermoelectric generator device: (a) power supply for pressure sensor, calculator and diode )| (b)

construct a self-powered wearable pressure sensing system
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