Material Sciences #4MR}2, 2020, 10(3), 135-141 Hans X
Published Online March 2020 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2020.103017

Ordered Nanopillar Array Structure
and Enhanced Thermoelectric
Property of BizTe3 Film

Hui Li*, Cong Li, Xiaobiao Liu, Ze Tang, Ming Tan*

College of Science, Henan Agricultural University, Zhengzhou Henan
Email: tanming912@163.com, *tanming912@henau.edu.cn

Received: Feb. 25", 2020; accepted: Mar. 12, 2020; published: Mar. 19", 2020

Abstract

In this paper, it is found that the ordered nanopillar array structure can greatly enhance the ther-
moelectric property of materials. The ordered Bi.Tes; nanopillar array was successfully achieved
by vacuum coating. The composition and the microstructure of the films are studied by X-ray dif-
fraction, scanning electron microscopy with energy dispersive X-ray spectroscopy. The in-plane
thermoelectric properties, i.e., electrical conductivity and Seebeck coefficient and thermal con-
ductivity of the films were measured. It shows that a preferential (0 1 5) growth and ZT=1.06 are
obtained at room temperature in the nanopillar array. The novel ordered lattice planes and inter-
faces can favorably influence the carrier mobility. Lots of interfaces and grain boundaries will
block the transport of phonon, hence decreasing the thermal conductivity and increasing ther-
moelectric property. Introduction of such ordered nanopillar array structure into films is there-
fore a very promising approach.
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P SARMELE A Seebeck RN Peltier 0, ‘B AESEILAVAE S FIUBRAE B e, Y ELIA OB
FRAS ) 2= AR ) B B A 1) LA R, 7 R AP 00 7 i D T 0 ) PR AT A B ATt A i, R R SEERRAY . &
e M I SR EOR: RS, BT DA AT IOE . a2 s s, SO SR LR T )
SCILECA TN e TEAFAEIRZERT, PRI R AGEAT R . SR 00 A 2 A0 B O R AT DR 3
[1] [2]o ERUR )& IAE A BB LA, PRIMI 2 H Ak, SR Ie A SR Z R . A
R n] 5 A7 (figure of merit) ZT (ZT = ToS%k, T NIRE. o RHESHR. © NGRS Seebeck R
H)kfire, ZT AR T REBEM B —FReE, Yo T 8RR ReIL BB R T #[3] [4]. fi ik Bk (BisTes) R 41
SRR H AR S IR T B R e Re R R, LR PV R ZT #E 0.8 i fh, RAE RIS
T, (H—EORAESCILMERERAYL, ZT ([ —MAAAE 1.0 it #liEig, sSLIOmF iR bt
B RERR 25 A AL T KRS R AR I BB . Beilt, Biswas 55 NHRIE T RFIRIREGK 45/ BRI AT BT
ISR FEE, PAEUA BB IR /ME[S]. 754h, Mu S5 NEE il 1 A A RHR B B0 AR K iR
[, FEIBFRIERT[6]. AR RIEE 7YKL FE S0 73 A AR T Seebeck FEI K
PErm M X REFEAR AT [7] [8] [9]. X #/2 LB AR B KIESE T A RO& 1R BRI i o R A K
b S5 PURFERES 50, G B RIS A H AR e, RIMIRZE QKT 45 M e B i TR oK R BRI 1 L7
AEEMIRT BiyTes RIUMEHK Seebeck FREX[10]; &b i FHEALHLIA], RIS AN KAE S5 R T DL InAL R T 44
eI o R TAS, A TR IR ISR MR BT[], SGEM B S: 9PREERES 451
AARFE TR, BICORIGINA I &t SREGHE S FEUR 2 [5] [12], SRS RIS . A
PL, A A K GRAERE B 4584 A2 S BipTes R A1 EL A R RE S8 1) B 2L IR 1%

2. SKIg

AL P GRAERE S 5 8 454 BioTeg R 11 45 2 4E HQ-VEC-1 BUZ R PR AL (i e LA B A
PR EREAT . Sekt BipTes BFURA B2 S M . A SEBRERAE AR, FHAEAR . JoK LR
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FEE TR A R TR 10 2Bl R A E R R A AR, FRIRE SR IRAR b, BERE
DURBURE RSB RS Z MGG L, AR SHESEMER 7om. B EETE, METERA
BA5 B EELE, FMESENESEE 2.0 x 10°Pa. FEEEES 9% E N 250°C 5 200°C, JFE7%
RHLIA 165 A T 155 A 3 il A & FP 9K AERE 51 5 5 i@ 2514 BiyTe AR

I X AT (XRD, H AR 2B I#k04s, Rigaku D/IMAX 2200 PC)%t BiyTes i (4 MR AL,
A FTFH X 52805 A, 3R K & = 0.154056 nm. T4 2 TR T T T2 55 A K P 30 405 M WL 283 3 4
B 2 8% (SEM, HA HITACHI AR, S-4800), ASIE| XA p @it e A (EDS) i E « MR- 7
7] 1) Seebeck FHUF HL T K A1 Ui 1% T He “U T A ZEM-3 (HAX ULVAC Riko 2 &])[R] i il
o HRAIT N 7 SRR O GEE = IREATR(H A& ULVAC Riko A#]). KA Vander Pauw
il Hall 2408 R A (5 F ECOPIA A#], HMS-3000)% i Hall 230, #iK TikE 51T R%4ESH
HEAT I .
3. RS

Kl 1(a) 2 tR45 Vestal BRI BiyTe, dn iS5t/ 2 B, S i (0 1 5)1H1 & AH BT LABRETE 1L
HEB JZAE BipTes dndirh . 53 81 1-(0 1 5)dhTHI A #5135 %5 FE 5 BRI SR T B B Re, Fitk—#M#% (0 1
5)fmli & BiyTes A RMBRMRAK AT . 17 FLIXFE—FZ ARG M AL T 80U ER 5 75 T4 N 5T
AP EAT R A & ) S E[18] . B AR RAEIE YU BiyTes WA G22I A& 1(b)Fias, XHE/RT BisTes
VR FH MR O VR IR AR, ORI T A F 28 5 Tl AR P44t 7 AR AR
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Figure 1. (a) Schematic crystal structure of Bi,Te; and (b) an
optical image of as-deposited Bi,Tes film

[E 1. (a) Bi,Tes R ALEHIREEIF(b)ITIHR Bi, Tes ARAILF
BRE

P 2 AT R [ 1 5 2 S 45 ) By Te TR ) X SHERAT ST, % T BiyTes i, B4 () XRD 14 5 Bi,Tes
FrfEE I (JCPDS 15-0863)F 7 — 3. X LLUE 3 5 R8I R B BiyTeg 5 i BE 4 &, 0 [A) I 45 8 LB A
—HH, FLATET VA A I s A P R B LT R A A B A . S S ARHE-RAH L, BiyTes (01 5)0§(20 =
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Figure 2. XRD patterns of ordered nanopillar array and ordinary
Bi,Te; films

2. BFARAERS) S EIBEEH Bi,Tes BHRH) X STLIT5T

B PG KAE 51 S5 AL 5 B (1 R IRAE ] 3(a)~(b)H ¥ SEM, MKIHIA (18] 3a), M2t EERE SR RL,
TEFEREF A A7AE — 2o [, (HAH AR BOAETE — 2 R o R AR L f, X RIE T 3R E RS T Y )
&, WIRFIWIT KA (] 3b), KEM BiTes K HEEAK, IEENMEREK T ALK, £
Bi, Tes KEFE 51 FL 9K A R~F15), HLEL R A5THE 15~40 nm (/5] 3b), KERIAKHEES A KU TH
FPARAE RSN Z5 4 BipTes MM AATEVF 2 Sl XA S HA AT A FHUR, BIRE ARG, IR
AvERE. B 3 B, @RS, BRMESESRAERRMSCE, YERIEEZ RS 200°C LA
S FE R IR A /INE] 155 A B, HOEZE R BipTes k73, 7EIX] 3c Al 3(d) @48 AT AZ M B TG 1 9K Sk
HERAMT R, BURLA R ~]AE 20~80 nm. i 45 K BiyTes JEFKI(0 1 5) ISR AR KT, 1A FEA kAL [ 51
G514 BipTes MENRIT(0 1 5) Il FEFRAR (I 2), IXZRHI[0 1 5177 In) IFROLAE KR TE A Fe 48K AT e 41 ) A
JR A .
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Figure 3. SEM images of (a) (b) ordered nanopillar array and (c) (d) ordinary Bi,Te; films with (a) (c) surface
view and (b, d) cross-sectional view

3. (a) (D) BFMKAEREF S (c) (d)ELiBLEH Bi,Tey HARTE(2) (0)FRE S (b) (d)BIE AT
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6.7 x 10* S M FEIEIE 200°C, 7 FYIKFERESISEH Bi,Tes R 45 ) FEL T B AR R 30 TAE 0 A&
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TEA T AAKATRES Bi,Tes R X Fi Seebeck REUMIFE R, &K AIXME H RS AHPIKFEL K, Frb
NI IR R B RT2O8, S0 T POk e 5 80 7 (1 P 3 R B B[ 171803t 1417 FRL Bl 4l SR AE Al kil
FRIX 5 AR AT (1 26 T A R S A T S5 25 K R A B I B AKRE[18] . 8] 4(c) /2 L F 55 Seebeck FRETHHIR
5 (R TET P SR IR 1, A P AR B B B 1 5 v T SR IR 7 2 2.45 mW m™ K2 78 101°C, XA -3
GERINEL, SRARRES R IAE P GARAE FE A R I R L R I PERE o IX W] RE 3 B BT B R IR AR A B
F I BN LR AR AR (0 1 5) et 1AL 2 — 2R AR AR AL [ I A R AR

HF KAL) BiyTes M AP SRS 0.68 W m T K™ (W4 1), X455 H @ 45 H 1 #v5:(0.97 W
m™ K™ SR8 (E[19] [20]EAK . X ISTh TR F B, DR KA B 51 A7 7 K s B 7 i LA
F Rl DA IS U . IR S 3, ST A Seebeck RITE =R MU HEA PO 5] 5
WIBLERY BiyTes HIEAIMEL ZT 1520515 1.06 A1 0.18, B AJ RN A AERE 21 45 ¥ MR T+ 7 ARG R
PERE. DRIUL, GROKAT REA 2544 1) 51 A2 3R TH R HAD R B R0R At . 1k —2 1 X Se b b I 1) A
iaPERe, fEZWR NIRA DT E RSN, A FPORFERES 5 m 451 BioTes MR KA TR A
ST L. MWL 1 R, B IR ST AR 7 9UKAERE 51 5 558 45 46 i A AR R ) 22
Fo BIBBIMES BT W BB IR EE, BT, BATE e R s 34T T EDS KA AT,
RPN (A AR AL, AR HE BT R AR AL o DT R 60138 36 25 A4 S PR AR X v R R IR R TR
HEMEIER, SFESUREMBS, (HERER TR Seebeck REUEA SRR, /M) Th2 A
T, [, SRR FIRERS REERRS, SRR . AP9RAEFES BiTe, MR AA
IREREERE R 120 em® Vst JER A FHRTHMRN DR IR 7, 32 T 808 A 5 HRIRBE 5106 80001
BEMMESE, WA 0 T T B R T IE R A DUk (H S — T T P KA R 51
SERAAAE R B M LB I DA R R m] AR IO 7S F B, PRARIS:, 3RFHMRL ZT {4
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Figure 4. (a) Electrical conductivity, (b) Seebeck coefficient, and (c) power factor of ordered nanopillar array
and ordinary Bi,Te; films as a function of temperature
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Table 1. Transport properties and compositions of the Bi,Te; films measured at room temperature

1 EEIR TR BiyTes BIRAVMGE 1 RES 5T

Bi,Tes /I HLTIRFE(0%cm®)  HFIEBE(CEmYV-s) HS(10°S/m)  Seebeck (WW/K)  #HE(W/m-K)  Bi/Te ATt

KA -2.6 121 5 -219 0.68 40.5/59.5
RS ERY ] -6.8 69 7.4 -88 0.97 40.2/59.8
4. &g

KM AN 2% 1A P ARSI 454 Bi Te W, € HA 0 1 5)MMmEERARK, EH
Seebeck Z % KAH A& 219 pV KHE 25°C, B A M i I Sh 3 7 5+ R S, ZT B 5 = IR 2 1.06.
AT (1) i THT BT TR 8y I I R 26 DUk, (H IR e K ) S B A T DA B S 0T DA I 7 - (U
BEARIT, T KIESE T T MR St RE . DRI, GORAERE A S50 10 51N 2 B2 T+ i R RE 1R 14>
BHROIER
E&WH

B X H AR5 4 T B0 H (S . 61474082), A1 Fg AR K 2RI NA 51 3L T HES - 20190703
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