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o BT YIRS @ T DURRA I, BRSNS 2
&JE Mg 2, (H0EIH R Z T EDS i, 4%
RIJIZALI Mg R Sn B &g KT 2:1. IX R, TEHEIBER
JE Mg il B S4B Sn JEAT TSRO, AR
% Mg,Sn.

1 AAE Mg & &) Mg-Sn % XRD K.
LA, TERTSH 20 Hy 22,7472 26.330< 37.587<
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F1 FE Mg EEH Mg.Sn EIERL S
Table 1 Composition of Mg.Sn film samples with different Mg

contents

Surplus
[Mgl/[Sn] Mg
atomic ratio content
[at%

Mg Sn
content content
at% at%

Sample Mg target
No. sputtering time/s

S1 80 7322  26.78 2.73 19.66
S2 85 76.57  23.43 3.27 29.71
S3 90 78.47  21.53 3.64 3541
S4 95 80.31 19.69 4.08 40.93
S5 100 85.41 14.59 5.85 56.23

* + Metal Mg|
M & & Mg,Sn
S5 * g; 3
M A
S3 “ C A A
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Fig.1 XRD patterns of Mg,Sn films with different Mg contents
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Fig.2 Surface morphologies of Mg,Sn film with different Mg contents: (a) S1, (b) S2, (c) S3, (d) S4, and (e) S5
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Fig.3 Cross-sectional morphologies of Mg,Sn film with different Mg contents: (a, b) S1, (c, d) S2, (e, f) S3, (g, h) S4, and (i, j) S5
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Bl 4 S2 i1 S5 FEAh ) SEM HE Y J EDS LRI 19
Fig.4 SEM images and EDS element mapping of S2 (a, c, €) and S5 (b, d, f) samples
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Fig.5 TEM images of S4 sample (a, b) and SAED patterns of Mg phase (c) and Mg.Sn phase (d)
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p=1/new, Fn. e Al p SR ERTIREE . AT E
AR P, fEARE, WESEPER s x
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s T2, BEEE AW ETE, LSRR i %
AR, TR AR TR n B AR,
I, BT T RS SN e P 3 A L (75 P R
AW k. loannou 2 AB%I % 745 3%Bi (11 Mg,Si 1k
AV, H AR S, EERB T AT
BRSO 7 B F8 3 PRI . AR S0 45 SR 5 1%
Wk AH A

6 7R, Mg B EXT IR Mg,Sn w5 i) HLFH
RMFIR K. S1~S5 £ 5 I HREE Mg & &Y
I, RIS K5 98 R . S2 8 b 1) PR 2R 322 1y
T S1. S3. S4 Il S5 Ff I HFHZR . IX 3R TR E R I
HLR 5P 4R Mg MEER X (WE 11
XRD i) o VIR H Mg,Sn AHFIE: & Mg AHIIAH T

R2 MEVERRM Hall R, BURFREMIBE
Table 2 Hall coefficient, concentration and mobility of carriers

in deposited films

Sample No. Hall coefficient/  Bulk concentration/  Mobility/
em® C? em® cm? vist
S1 38.85x107 1.61x10" 224
S2 1.86x10° 3.35x10% 1.2
S3 1.31x10" 4.7610% 2.17
S5 1.80%10* 3.48x10% 4.83

140 ——80s
——85s
120——90s
—v—955s
100+ —s—100s

[o2}
o
T

Resistivity/pQ2 m
~ ©
o o

N
o O
T

50 100 150 200 250 300 350
Temperature, T/C

6 ANF Mg i Mg,Sn 5 s B 2R 5 5 )< R
Fig.6 Temperature dependence of the resistivity of Mg,Sn thin films

deposited with different Mg contents

B TR — MRS . 4 Mg & BRI, &8
Mg AH& EBAR, MR IR ER D, TBERR
K BEE Mg SRR, &8 Mg MEEEZ, R
TIOR3 R, TR AN, X SEOH R H P2
WX, H—Jrm, &8 Mg 2R Sk, &8 Mg M1
W%, ERFR/NET R, XS i B I
Wb, AR B 1) P EL 256 2 b AF S TR 4 e AH 7 7 THD R
(1. HE—B1m Mg & &, &8 Mg XS f g 5
FEMAL, IXFE, PORR R H BH 2 SO RN . S2 K
a4 E Mg MRTSNIEEUDN, &8 Mg HHEEEY, H
HIBH 28 B o S5 FE A SHTTH 4 ANEE AN, Bl I 1)
FFE, S5 FEEL A PH AR LA K . @I 4T XRD
B, S5 RE 5 RTTH 4 AN 5 408 Mg AT S e 5
FARZ, YU G JE Mg M & B . S5 TP
J& Mg H& &N 56.23at%, HHAMPEREmERE,
tb, ZUIAEERLLE R Mg S oA E S, BIRETEE
T BB RAR AR RN I RS R RS S8
145 R — 5.

2.6 TR Mg,Sn SEIRAY Seebeck R

7 #& S1~S5 FEFh ) Seebeck R SR MIF A .

HE 7 A7 0L, B AR S 7RI TS LA Seebeck &
HIIRIEAE, RN p B2k, B/ HRE, £
BRI T AN KT S1~S4 FESL, Seebeck F %t
MR B T S o, 31X 4 MR Seebeck RES
FH BH R AR AL AR [F] AR H5 Mott A 30Xt Seebeck R T

2
3 q n dn w dE ).

A, S 9 Seebeck REL, ke NBURKLZHEL, q MM
, n(E)NREEN E WA TIRE, wE)NREREN E I
I TIER R, Ep NFORAER. Q)AL BT m



+ 1786 -

Wit @A RS TR

%5 51 45

450
400+
3501
300
2501
200
150
100+

Seebeck Coefficient/uV-K™*

[8)]
o

50 100 150 200 250 300 350
Temperature, T/°C

7 A[F Mg & &1 Mg,Sn K Seebeck RH5 IR MK R
Fig.7 Temperature dependence of the Seebeck coefficient of Mg,Sn

thin films deposited with different Mg contents

WREE AT AL K520 Seebeck REHIABL. XFT AT 4 MFE
S, BT RIERE R R EER. B 2.5 #Ha
BT aT A, BRI T AT 2 bR B O e, 4%
FEA Q)T %, H Seebeck FH it il G FE 1) FF = 1 28
K. Liu 2 A\BYH K T 45 0.5%Bi ] Mgy.16Si0.4SN0 6 [ 14
A, 3 Seebeck FEBHREE T K. Fu 25 NP %
TAAEEE R ITER Te I GaSnTes tb &, T HAMHA
B, FEER ARG, MRS S=p-Inn (S2H
Seebeck 2%, y ABITH T, n NERRFKE , #H
K7 FIEH, FHEERET R, Seebeck FE(IE
Ko REWEERE FIRSCHR[31,24]2 — 8. X T S5
FEdh, JL Seebeck ZREiR )N, XfEHIT S5 ML &R
Mg #HikF] 56.25at%, Mg,Sn Hl& A D, L
SIBFFERE, AR/, H Seebeck FR &I A
FERMIRT LM EY, 58 Y.

7 &R, FEFL Seebeck RELFHEE Mg & 1)
Hahn, RIS RGN ES . X Mg,Sn AH
YK 4 8 Mg AHAFTE IR AR ST IE B« BRE A BoR,
TEAHSE AL 2T R I35 22, RE ERBAR ISR T 20k
I, SREE M T IR, XEE T PORRR MR
AT, 33 Seebeck REUMA. S1~S5 KT & )E
Mg AHRPK A, BEVTRE S Mg & 2N BT, 9k
JUF4 )8 Mg A& ROk EZ , I\ S1FE R 2 S2 #15,
Seebeck FREUFE S )E Mg AH 193 2 B I K 2 — B30
&8 Mg &2, TR SEREERHE, XT
£ Seebeck ZREK/N. S2 FEfh T HAIE 448 Mg
F, Ak, J Seebeck REEA. X5 1EE IR BT A
B Mg 1] Mgy(Sn, Si, Bi)ls 45 R & —2f# . Mahsasadat
2t \NBOE S AR URR Mg-Sn T . Z5ER AT, B
Mg I}, fifi Mg & &30, S FIRETIE KM Seebeck &
BOZHWE /N A Mg Al Sn O FRAB LRI, B SR /N

FHE 8% KD 17 Seebeck FREA K ; ARSI R 51 CHR'E
Mg B H FTANE, ARG R SR, B Mg & &0,
FH#&F0 Seebeck RHINRI NIl K/ Mr&ass, 1E
—3E & Mg B LA Seebeck REIY N, HI
Wl (S2 BEAD
2.7 AR Mg,Sn BIRMINERET

Kl 8 4y S1~S5 FEah T Z A1 (PF) 5 IR 2 1)
KFRo WZENTFREPEM BRI E RS
—o RAFIWHRHETHHHEAR PF=S%p=S%, Hh S H
Seebeck Z4, p NHIFHZ, o ML FH . Seebeck REL S
MIHLBHZR p LRI TR 7, fEm DR 72 Biag i
HAUE. mP 8 I, S1~S5 FEFhThER K 73 A - FE
MR T iR . S2 Ff b 5 H AR AR L, ThR
R F i, XJ2 T Seebeck R HAKE M= 1
MECER, RE BB MBI, HREEDFRE TR,
S5 RFRW], YU MgoSn IR & /D B 9K 68 Mg HH
W, HRSFED, P3RS EKMIIRRE T, XX
Mg,Sn B F L VERERR 2 T EEAEA .
3 it it

X T MgoSn #4KHH FIAF 55D, Mg,Sn A 78 5
Ay N HRECCHER G R AN A SIS (B, 4 SCER[33]H
[Mgl/[Sn]*5 S2 A dnAHIT ) F s e B s 71 9. 18] 9a.
9b A1 9c 4} 5y S2. SCHR[33]HI[Mg]/[Sn] A 3.76 Fil 3.00
FEMITHLFE 2. Seebeck FREUFNT) = A -5 PRI RE 1) ¢
4. B 9a AT, 3 AN 1 L BH AR X E R T
MGk, (HEMFEET, S2 FEMmmELRRE LK. X 3
AN it 350 SR FH R A2 DS 1) 2% 1) MgpSin TR, SCRIR[33]
W2 MRES LS R ELN 1 um, HAR B BEIREE ) 1
S2 FEANZ ARG, BRJEIEN 0.5~0.7 pm. S2 FEhAF
TEEARGE ), T2 5 B RAER s sh s, 5
BUBPHAEA K. HE 9b WL, 3 MFEGLY Seebeck F L

1.6
1.4+
1.2}
1.0
0.8f
061
0.4r

o] Attt e

50 100 150 200 250 30
Temperature, T/'C

—o—80s

Power Factor/mw m™ K

0 350

B8 ANF Mg & &1 Mg,Sn HRTH R R 7 55 18 R
Fig.8 Temperature dependence of the power factor of Mg,Sn thin

films deposited with different Mg contents



5 1 X A EARGEHE Mg [ Mg,Sn 78 R AR 2H i 5 # R M g 1787 -
100
a a 300¢ b 1.0 C
M o
8ot : ¥
- 32 > 250+ S2 - 08t S2
é [M S g | Malsn=327 £ [Mg)/[Sn}=3.27
2 60} 5 200¢ 2 06
> ) c
z 8 Ref {33] % 25 5 i
% 9f o r S £ 0.08 oo
‘@ L =3, o0 O i oo 3 Mg)/[Sn]=3.00
& 461 -)[/’\:g]c/[——szli())go—s—«)—)—«r‘y*‘("(_“ A4 20 [Mg]/ [Sn]=3.00 ~ V(,'::—WwWH Ref {33] LcE 0.06} (Mg] [ n{/ﬁ 7/’)——(#‘»/0/0/\}—
‘ g 15 [ 5 0.04 o Ref {33]
2t 5 10 mgysni=2.76 2 U oo
of . fpa| B 5|V e U | 8 002)
P [Mgl/[Sn}=376 . Ref{33) 3 : : . . Ref{39] | @ o TMGlSn]=3.76
50 100 150 200 50 100 150 200 ' 50 100 150 200

Temperature, T/'C

Temperature, T/C

Temperature, T/C

B9 S2. SCHA[33]HE MM HFHA ., Seebeck REL. IhHHTFLIEEM KR

Fig.9 Thermoelectric performance of S2, samples from reference [33]: (a) temperature dependence of the resistivity, (b) temperature dependence

of the Seebeck coefficient, and (c) temperature dependence of the power factor

5 B R T RGO, S EBH E B, FE AR R
N, S2 FEAhf¥) Seebeck REm A, XEERMT S2 FF
pitn J R THI PR 240 TR0 80 2 A5 4 Rk 38 0K i 20 P 30 25 % FE 14
I, Mfifd Seebeck REIE . MKl 9c AT L, 3 AMEE
(1) Dy e R T S B I P T s 3G O, FEAHANREE TR, R
H S2 PR HLFHZBOR, (H T Seebeck F & ik S
BR[33EIN 1 MR, LA FEENRR TR, L
(I TR B, AR S0 1) 2% R 2 IR 28544 1Y) Mg, S 8 i T I
e Seebeck FREL, R HPHANGMN 1 MESR, H
RS D) R KT R E

4 Z i

1) R FH W45 W S 7 U AR AR, fE T Mg AN
Mg-Sn A48, @I IR E Mg R PR (A8 S s [, TT
DA 25 AN ] Mg 25 & ) Mg,Sn i .

2) DU AR RST 1 MggSn AHATZD & gk
%)@ Mg HZL K .

3) MiE Mg & =R, HEHZA Seebeck RE3
RIS, XARTAE9KE)E Mg H5
B 2 [RAFTEAR FLIT - Mg 2 50 76.57at% 1 il (S2
D EBA KR VG A, H AR FEZ AT Seebeck
REES . SHIEEYIKE)E Mg 1K Mg,Sn JTA
JEE, DI Seebeck ZEHim, HPHZEY, nIRGE
(R T2 R 1 o IR 45 440 1 Mg, Sin T8 15 1T (2 3 2 157 Seebeck
A, R BRI, (H 2 E R TR R T R

H 2

e

S 30k
[1] Bell L E. Science[J], 2008, 321(5895): 1457
[2] Disalvo F J. Science[J], 1999, 285(285): 703
[3] Rowe D M. lee Reviews[J], 1978, 125(11): 1113

References

[4] Vining C B. Nat Mater[J], 2009, 8(2): 83
[5] Zhao Jie(X 7%), Xin Caini(=£#4¢), Han Yemao(¥#in)X) et al.
Chinese Journal of Materals Research(#4#Hiff 7 2#3R%)[J], 2015,
29:115
[6] Dingle R, St&mer H L, Gossard A C et al. Applied Physics
Letters[J], 1978, 33(7): 665
[7] People R, Bean J C, Lang D V et al. Applied Physics Letters[J],
1984, 45(11): 1231
[8] Heremans Joseph P, Bartlomiej Wiendlocha, Audrey M. Energy &
Environmental Science[J], 2012, 5(2): 5510
[9] Jaworski Christopher M, Kulbachinskii Vladimir, Heremans
Joseph P. Physical Review B[J], 2009, 80(23): 233 201
[10] Heremans Joseph P, Jovovic Vladimi, Toberer Eric S et al.
Science[J], 2008, 321(5888): 554
[11] Meisner G P, Morelli D T, Hu S et al. Physical Review Letters[J],
1998, 80(16): 3551
[12] Zhou Zhenhua, Uher Ctirad, Jewell April et al. Physical Review
B[J], 2005, 71(23): 235 209
[13] Dresselhaus M S, Chen G, Tang M Y et al. Adv Mater[J], 2007,
19(8): 1043
[14] Lan Y C, Minnich A J, Chen G et al. Adv Funct Mater[J], 2010,
20(3): 357
[15] Sun J, Singh D J. Phys Rev Appl[J], 2016, 5(2): 024 006
[16] Zhang Q, He J, Zhao X B et al. J Phys D: Appl Phys[J], 2008,
41(18): 185 103
[17] Liu W, Tan X, Yin K et al. Phys Rev Lett[J], 2012, 108(16):
166 601
[18] Tang X, Zhang Y, Zheng Y et al. Appl Therm Eng[J], 2017, 111:
1396
[19] Liu W, Kim H S, Chen S et al. Proc Natl Acad Sci[J], 2015,
112(11): 3269


https://sci-hub.ren/10.1126/science.1158899
https://sci-hub.ren/10.1126/science.285.5428.703
https://sci-hub.ren/10.1080/00107516108202661
https://sci-hub.ren/10.1038/nmat2361
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=CYJB201502006&v=dtgvspXMiSLO5RzMYQ6Qia%25mmd2BY%25mmd2FWl6U4zT8LD3CTL92qffklJPremJxSSEDFs3N8ua
https://sci-hub.ren/10.1063/1.90457
https://sci-hub.ren/10.1063/1.90457
https://sci-hub.ren/10.1063/1.95074
https://sci-hub.ren/10.1039/C1EE02612G
https://sci-hub.ren/10.1039/C1EE02612G
https://sci-hub.ren/10.1103/physrevb.80.233201
https://sci-hub.ren/10.1126/science.1159725
https://sci-hub.ren/10.1103/PhysRevLett.80.3551
https://sci-hub.ren/10.1103/physrevb.71.235209
https://sci-hub.ren/10.1002/adma.200600527
https://sci-hub.ren/10.1002/adfm.200901512
https://sci-hub.ren/10.1103/physrevapplied.5.024006
https://sci-hub.ren/10.1088/0022-3727/41/18/185103
https://sci-hub.ren/10.1103/PhysRevLett.108.166601
https://sci-hub.ren/10.1016/j.applthermaleng.2016.05.146
https://sci-hub.ren/10.1073/pnas.1424388112

- 1788 -

Wit @A RS TR

%5 51 45

[20] Tada S, Isoda Y, Udono H et al. J Electron Mater[J], 2013,
43(6): 1580

[21] zhang Qiang, Cheng Long, Liu Wei et al. Physical Chemistry
Chemical Physics[J], 2014, 16(43): 23 576

[22] Liu Xiaohua, Xi Lili, Qiu Wujie et al. Advanced Electronic
Materials[J], 2016, 2(2): 1 500 284

[23] Du Zzhengliang, Cui Jiaolin, Zhu Tiejun et al. Rare Metal
Materials and Engineering[J], 2014, 43(11): 2623

[24] Fu Hong, Ying Pengzhan, Cui Jiaolin et al. Rare Metal Materials
and Engineering[J], 2012, 41(5): 767

[25] Zhang Qian, Zhao Xinbing, Yin Hao et al. Rare Metal Materials
and Engineering[J] 2009, 38S(1): 438

[26] Huang Haihua, Fan Xiaofeng. Research and Application of
Materials Science[J], 2020, 2(2): 1

[27] Zhang Shuofeng, Xu Ben, Lin Yuanhua et al. Royal Society of
Chemistry[J], 2019, 9(23): 12 886

[28] Guo Xinge, Zhu Wanting, Xing Lin et al. Journal of Electronic
Materials[J], 2019, 49: 2689

[29] Zhang Jiawei, Song Lirong, Georg K H Madsen et al. Nature
Communications[J], 2016, 7: 10 892

[30] loannou M, Polymeris G S, Hatzikraniotis E et al. Journal of
Alloys and Compounds[J], 2014, 75(8): 984

[31] Liu Wei, Zhang Qiang, Yin Kang et al. Journal of Alloys and
Compounds[J], 2013, 203: 333

[32] Song Guihong, Li Guipeng, Li Xiuyu et al. Thin Solid Films[J],
2020, 713: 138 322

[33] Mahsasadat Safavi, Nicolas Martin, Vincent Linseis et al.
Journal of Alloys and Compounds[J], 2019, 797: 1078

Phase Composition and Thermoelectric Properties of the Layered Mg,Sn Thin
Films Rich Mg

Liu Ying, Song Guihong, Li Guipeng, Chen Yu, Hu Fang
(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The Mg,Sn thermoelectric films with a tiny metal Mg phase were prepared using a Mg-Sn alloy and a high pure metal Mg target by
magnetron sputtering alternately. The phase composition, surface and cross-sectional morphology, element content and distribution of the
deposited films were studied by X-ray diffraction (XRD) pattern, scanning electron microscope (SEM), and energy diffraction spectrometer
(EDS). The resistivity and Seebeck coefficients of the deposited films were measured by the Seebeck coefficient/resistance analysis system LSR-3.
And the power factor of the Mg,Sn film with different Mg contents was studied. The XRD shows that the deposited film is composed of
nano-sized Mg.Sn phase with cubic anti-fluorite structure and a small number of nano-sized metal Mg phase. The content of nano-sized metallic
Mg phase increases with increasing Mg target sputtering time, and the resistivity and Seebeck coefficient increase first and then decrease, which is
due to the phase interface between the nano-sized metallic Mg phases and substrate phases. The nano-sized metal Mg phase with proper quantity
exists in the Mg.Sn film, which is beneficial to improve the Seebeck coefficient. The deposited Mg.Sn films containing proper quantity of
nano-sized metallic Mg phase possess a higher power factor due to their high Seebeck coefficient and appropriate resistivity. The layered Mg,Sn
film can significantly increase the Seebeck coefficient and the power factor of the film is significantly improved even if the resistivity increases.

Key words: thermoelectric material; Mg.Sn film; Seebeck coefficient; layered structure; resistivity
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