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Fig. 1. XRD 6 — 20 scan patters of BLSO films annealed
in situ for 0, 1, and 2 h. The inset is the ¢ -scan spectrum
of (111) plane for the BLSO film annealed for 2 h.
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Fig. 2. (a) Normalized resistivity p/p(300K) varies as a function of T (logarithmic scale) for BLSO films annealed for 0, 1, and
2 h, inset is p/p(300K) vs. T? for the films; (b) normalized conductivity ¢/a(300K) versus T'/2  and the inset is the mag-

netoresistance of the samples at T'=2K.
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Table 1.

Relevant parameters for BLSO films, where ¢, is in-situ annealing time. ¢ is the thickness of the films. n* is the

mean value of carrier concentration, gr is the value obtained by fitting the conductivity vs. temperature with Eq. (3), cqis

the value obtained by fitting the Hall coefficient vs. temperature with Eq. (4).

Sample ty/h t/nm (300 K)/(mQ-m) p(2 K)/(mQ-m) D/(cm?s™) n* /(10% ¢cm?) gr Cd
No.1 0 800 0.3 0.33 0.09 1.20 1.53 0.81
No.2 1 800 0.19 0.21 0.142 1.35 1.89 0.31
No.3 2 500 0.084 0.079 0.037 1.44 6.15 0.75
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Fig. 3. At zero magnetic field, Ao vs. T (logarithmic scale)
for BLSO films annealed for 0, 1 and 2 h (inset), the solid
lines are the fitting results using Eq. (3).
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Fig. 4. Temperature (logarithmic scale) dependence of Ry
for films. The solid triangles are experimental values, and
the solid lines are least-squares fits to Eq. (4): (a) An-
nealed for 0 h; (b) annealed for 1 h; (c) annealed for 2 h.

L SCHE B AR B R IR AR B R R A R
ARG AR SR R A AR IR AR B 54 . T

10 nm
I

BT B XRD /9 0 - 20 K2 ¢ 4714 & 1 25 2R 7 v i
HASMEZEHE, XPE R FE. T o0
FEE ) S5 4, FRATTREAE S i 4T T SEM K W T
HRTEM 43 #r. & 5(a) FE 5(b) 435 Mk 1 h
FEE 2 h R SEM B, vl LIE Y P
IR A0, TR BA SR A K IR, B
AR KIS TR] 3G A0, SR R TS K, BT R
FIF A 45 5. B 5(c) 4 THR k2 h )
HRTEM JE i [, % 181 AT LA 28 IX 43 i BLSO
WA MgO LI AL . 554b, FSR BLSO i
TR DT 2 i, (H IR P AT AR — 2 K O
AR HE T IR, & 5(c) H A AR T IX 3 pm R 1 B 2
e dn X B, & 5(d) 45t T 5(c) H AT X B
AT I, AT LA B S b R 9 T P s DX
R AEARET . — R, AR DI L B AR
1o TS X, PR S O X T i i e R
HFEY T T RR AR S, (A R F s T B
IR B R B 001 RS S IR R YRR
EAT—$E A2, UKL L+ 1Y S A0 J AR
X LR Y InT W5 IE © 7E 2 R ik & 45 2E
S 20l FEAR 2 AE R & JR AR R Tl A B T PR
CAHEAE HIO B 2K R A B 1 20205150 9K, i
5 b AR =4 R R R G S A BAE

. .
2 nnd g
=T

K5 (a)iBK1hAl(b) Bk 2h iy BLSO WA KD SEM EE; () Bk 2 h WA HRTEM JEAIE; (d) B () LA

DX 4 A K

Fig. 5. SEM images for the surfaces of the BLSO films (a) annealed for 1 h and (b) annealed for 2 h; (c) cross-sectional HRTEM
micrograph of the BLSO films annealed for 2 h; (d) the enlarged image of the dashed rectangular area in panel (c).

227301-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 72, No. 22 (2023)

227301

XEIR REUEEM AR, B4 HAE Ag,(Sn0,), !
Fl Cr,(Sn0,), PTG A HRIE. 1A S 25 AR
2T PECAHEAE I L SR B E R S5 R, 1M H.
WUESE T =44 @ Wk R 4 (BLSO ) HES
B AEFXT R REUE IE B SE R, AN SCEE R H
T4 T MG TIE T 42 I8 0k 2R G2 b A AR
WY IERTE.

4 % @

3 Ao SRR A5 D 56 B R TE MgO(001) HL i 2
A ERChH % T — 251 BLSO . i EAE i 5
ia P T B B R AR T, £ T > T il
X, FELBH R B ) T s i K, I B 5 I 7
FREW KR, £ T < T TIX, B BHRBERIE R
AR K, IF H S InT R R, ERITR LS
B, KR T RS EERN In T HRKIECR S5 )R
SN L ) JE PR FR e - TR AR DA
Kondo RN AT & 7R, TS e Y5 5 (A 0k [a]
HL 1 S A BAE . TRIES, FRATTHE Bag g4Lag o
SnO; MU SR B /R REL Ry 5 In T 24
XF, I HERRES InT LM RN E RN
TF6 4 Jm WURLAR 2 b EC A BAE R A 2R 3e . BT
HRTEM Z5 8 /R B AE 7R i X8R, B2 T
ICREE A Xk, A5 0 LA 24 T Uk
45Ky, LRSS R A T T 4R Pk 2R 5 b i
7] L 1) J2E - AH B OGS H SRR IR R
BIEFEE.

Sk

[1] Luo X, Oh Y S, Sirenko A, Gao P, Tyson T A, Char K,
Cheong S W 2012 Appl. Phys. Lett. 100 172112

[2] Kim H J, Kim U, Kim T H, Mun H S, Jeon B G, Hong K T,
Lee W J, Ju C, Kim K H, Char K 2012 Appl. Phys. Express 5
061102

[3] Kim HJ, Kim U, Kim T H, Kim J, Kim H M, Jeon B G, Lee
W J, Mun H S, Hong K T, Yu J, Char K, Kim K H 2012
Phys. Rev. B 86 165205

[4] Kim K H, Kim J, Kim T H, Lee W J, Jeon B G, Park J Y,
Choi W S, Jeong D W, Lee S H, Yu J, Noh T W, Kim H J
2013 Phys. Rev. B 88 125204

[5] Mizoguchi H, Eng H W, Woodward P M 2004 Inorg. Chem.
43 1667

[6] Zhang W, Tang J, Ye J 2007 J. Mater. Res. 22 1859

[7] Lee W J, Kim H J, Kang J, Jang D H, Kim T H, Lee J H,
Kim K H 2017 Ann. Rev. Matter. Res. 47 391

[8] Cui J M, Zhang Y Y, Wang J L, Zhao Z B, Huang H L, Zou
W, Yang M M, Peng R R, Yan W S, Huang Q P, Fu Z P, Lu

(10]

(11]

(12]
(13]
(14]

(15]

[16]
(17]
(18]
(19]
20]

21]
[22]

23]
(24]
[25]
[26]
27]

28]

227301-6

Y L 2019 Phys. Rev. B 100 165312

Feng Z X, Qin P X, Yang Y L, Yan H, Guo H X, Wang X N,
Zhou X R, Han Y Y, YiJB,QiD C, Yu X J, Breese M B H,
Zhang X, Wu H J, Chen H Y, Xiang H J, Jiang C B, Liu Z Q
2021 Acta Mater. 204 116516

Eom K, Paik H, Seo J, Campbell N, Tsymbal E Y, Oh S H,
Rzchowski M S, Schlom D G, Eom C B 2022 Adv. Sci. 9
2105652

Lee W J, Kim H J, Sohn E, Kim T H, Park J Y, Park W,
Jeong H, Lee T, Kim J H, Choi K Y, Kim K H 2016 Appl.
Phys. Lett. 108 82105

Park C, Kim U, Ju C J, Park J S, Kim Y M, Char K 2014
Appl. Phys. Lett. 105 203503

Sanchela A V, Wei M, Zensyo H, Feng B, Lee J, Kim G, Jeen
H, Ikuhara Y, Ohta H 2018 Appl. Phys. Lett. 112 232102
Prakash A, Dewey J, Yun H, Jeong J S, Mkhoyan K A, Jalan
B 2015 J. Vae. Sci. Technol. A 33 60608

Lebens-Higgins Z, Scanlon D O, Paik H, Sallis S, Nie Y,
Uchida M, Quackenbush N F, Wahila M J, Sterbinsky G E,
Arena D A, Woicik J C, Schlom D G, Piper L F J 2016 Phys.
Rev. Lett. 116 027602

Raghavan S, Schumann T, Kim H, Zhang J Y, Cain T A,
Stemmer S 2016 APL Mater. 4 016106

Prakash A, Xu P, Faghaninia A, Shukla S, Ager J W, Lo C
S, Jalan B 2017 Nat. Commun. 8 15167

Prakash A, Xu P, Wu X, Haugstad G, Wang X J, Jalan B
2017 J. Mater. Chem. C'5 5730

Ganguly K, Prakash A, Jalan B, Leighton C 2017 APL
Mater. 5 056102

Mountstevens E H, Attfield J P, Redfern S A T 2003 J. Phys.
Condensed Matter 15 8315

Shannon R D 1976 Acta Cryst. A 32 751

Liu Q Z, Liu J J, Li B, Li H, Zhu G P, Dai K, Liu Z L,
Zhang P, Dai J M 2012 Appl. Phys. Lett. 101 241901
Hadjarab B, Bouguelia A, Trari M 2007 J. Phys. D Appl.
Phys. 40 5833

Hadjarab B, Bouguelia A, Benchettara A, Trari M 2008 J.
Alloys Compd. 461 360

Yasukawa M, Kono T, Ueda K, Yanagi H, Hosono H 2010
Mater. Sci. Eng. B 173 29

Echternach P M, Gershenson M E, Bozler H M 1993 Phys.
Rev. B 47 13659

Yeh S S, Lin J J, Jing X, Zhang D 2005 Phys. Rev. B 72
024204

I'In K S, Ptitsina N G, Sergeev A V, Gol Tsman G N,
Gershenzon E M, Karasikk B S, Pechen E V,
Krasnosvobodtsev S 1 1998 Phys. Rev. B 57 15623

Gao Z H, Wang Z X, Hou D Y, Liu X D, Li Z Q 2022 J.
Appl. Phys. 131 065109

Altshuler B L, Khmel’Nitzkii D, Larkin A I, Lee P A 1980
Phys. Rev. B 22 5142

Altshuler B L, Aronov A G, Lee P A 1980 Phys. Rev. Lett. 44
1288

Abrahams E, Anderson P W, Licciardello D C, Ramakrishnan
T V 1979 Phys. Rev. Lett. 42 673

Lee P A, Ramakrishnan T V 1985 Rev. Mod. Phys. 57 287
Fukuyama H, Hoshino K 1981 J. Phys. Soc. Jpn. 50 2131
Kawabata A 1980 Solid State Commun. 34 431

Kawabata A 1980 J. Phys. Soc. Jpn. 49 628

Wu CY, Lin J J 1994 Phys. Rev. B 50 385

Lin J J 2000 Physica B 279 191

Lin J J, Bird J P 2002 J. Phys. Condensed Matter 14 R501
Kondo J 1964 Prog. Theor. Phys. 32 37


https://doi.org/10.1063/1.4709415
https://doi.org/10.1063/1.4709415
https://doi.org/10.1063/1.4709415
https://doi.org/10.1063/1.4709415
https://doi.org/10.1063/1.4709415
https://doi.org/10.1063/1.4709415
https://doi.org/10.1063/1.4709415
https://doi.org/10.1143/APEX.5.061102
https://doi.org/10.1143/APEX.5.061102
https://doi.org/10.1143/APEX.5.061102
https://doi.org/10.1143/APEX.5.061102
https://doi.org/10.1143/APEX.5.061102
https://doi.org/10.1143/APEX.5.061102
https://doi.org/10.1103/PhysRevB.86.165205
https://doi.org/10.1103/PhysRevB.86.165205
https://doi.org/10.1103/PhysRevB.86.165205
https://doi.org/10.1103/PhysRevB.86.165205
https://doi.org/10.1103/PhysRevB.86.165205
https://doi.org/10.1103/PhysRevB.86.165205
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1103/PhysRevB.88.125204
https://doi.org/10.1021/ic034551c
https://doi.org/10.1021/ic034551c
https://doi.org/10.1021/ic034551c
https://doi.org/10.1021/ic034551c
https://doi.org/10.1021/ic034551c
https://doi.org/10.1021/ic034551c
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1557/jmr.2007.0259
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1146/annurev-matsci-070616-124109
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1103/PhysRevB.100.165312
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1016/j.actamat.2020.116516
https://doi.org/10.1002/advs.202105652
https://doi.org/10.1002/advs.202105652
https://doi.org/10.1002/advs.202105652
https://doi.org/10.1002/advs.202105652
https://doi.org/10.1002/advs.202105652
https://doi.org/10.1002/advs.202105652
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4942509
https://doi.org/10.1063/1.4901963
https://doi.org/10.1063/1.4901963
https://doi.org/10.1063/1.4901963
https://doi.org/10.1063/1.4901963
https://doi.org/10.1063/1.4901963
https://doi.org/10.1063/1.4901963
https://doi.org/10.1063/1.5033326
https://doi.org/10.1063/1.5033326
https://doi.org/10.1063/1.5033326
https://doi.org/10.1063/1.5033326
https://doi.org/10.1063/1.5033326
https://doi.org/10.1063/1.5033326
https://doi.org/10.1063/1.5033326
https://doi.org/10.1116/1.4933401
https://doi.org/10.1116/1.4933401
https://doi.org/10.1116/1.4933401
https://doi.org/10.1116/1.4933401
https://doi.org/10.1116/1.4933401
https://doi.org/10.1116/1.4933401
https://doi.org/10.1116/1.4933401
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1103/PhysRevLett.116.027602
https://doi.org/10.1063/1.4939657
https://doi.org/10.1063/1.4939657
https://doi.org/10.1063/1.4939657
https://doi.org/10.1063/1.4939657
https://doi.org/10.1063/1.4939657
https://doi.org/10.1063/1.4939657
https://doi.org/10.1063/1.4939657
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1038/ncomms15167
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1039/C7TC00190H
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1063/1.4983039
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1088/0953-8984/15/49/010
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1063/1.4770299
https://doi.org/10.1063/1.4770299
https://doi.org/10.1063/1.4770299
https://doi.org/10.1063/1.4770299
https://doi.org/10.1063/1.4770299
https://doi.org/10.1063/1.4770299
https://doi.org/10.1063/1.4770299
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1088/0022-3727/40/19/006
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.jallcom.2007.06.091
https://doi.org/10.1016/j.mseb.2009.10.002
https://doi.org/10.1016/j.mseb.2009.10.002
https://doi.org/10.1016/j.mseb.2009.10.002
https://doi.org/10.1016/j.mseb.2009.10.002
https://doi.org/10.1016/j.mseb.2009.10.002
https://doi.org/10.1016/j.mseb.2009.10.002
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.47.13659
https://doi.org/10.1103/PhysRevB.72.024204
https://doi.org/10.1103/PhysRevB.72.024204
https://doi.org/10.1103/PhysRevB.72.024204
https://doi.org/10.1103/PhysRevB.72.024204
https://doi.org/10.1103/PhysRevB.72.024204
https://doi.org/10.1103/PhysRevB.72.024204
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1103/PhysRevB.57.15623
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1063/5.0079716
https://doi.org/10.1103/PhysRevB.22.5142
https://doi.org/10.1103/PhysRevB.22.5142
https://doi.org/10.1103/PhysRevB.22.5142
https://doi.org/10.1103/PhysRevB.22.5142
https://doi.org/10.1103/PhysRevB.22.5142
https://doi.org/10.1103/PhysRevB.22.5142
https://doi.org/10.1103/PhysRevLett.44.1288
https://doi.org/10.1103/PhysRevLett.44.1288
https://doi.org/10.1103/PhysRevLett.44.1288
https://doi.org/10.1103/PhysRevLett.44.1288
https://doi.org/10.1103/PhysRevLett.44.1288
https://doi.org/10.1103/PhysRevLett.44.1288
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/PhysRevLett.42.673
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1103/RevModPhys.57.287
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1143/JPSJ.50.2131
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1016/0038-1098(80)90644-4
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1143/JPSJ.49.628
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1103/PhysRevB.50.385
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1016/S0921-4526(99)00732-2
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1088/0953-8984/14/18/201
https://doi.org/10.1143/PTP.32.37
https://doi.org/10.1143/PTP.32.37
https://doi.org/10.1143/PTP.32.37
https://doi.org/10.1143/PTP.32.37
https://doi.org/10.1143/PTP.32.37
https://doi.org/10.1143/PTP.32.37
https://doi.org/10.1143/PTP.32.37
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 22 (2023) 227301

[41] Hewson A C 1997 The Kondo Problem to Heavy Fermions [50] Zhang Y J, Li Z Q, Lin J J 2011 Phys. Rev. B 84 052202
(Cambridge: Cambridge University Press) pp38-47 [51] Wu Y N, Wei Y F, Li Z Q, Lin J J 2015 Phys. Rev. B 91
[42] Xue HX, Hong Y P,Li CJ, Meng J C, Li Y C, Liu K J, Liu 104201
MR, Jiang W M, Zhang Z, He L, Dou R F, Xiong C M, Nie [52] Rotkina L, Oh S, Eckstein J N, Rotkin S V 2005 Phys. Rev.
J C 2018 Phys. Rev. B 98 085305 B 72 233407

[43] Das S, Rastogi A, Wu L J, Zheng J C, Hossain Z, Zhu Y M,
Budhani R C 2014 Phys. Rev. B. 90 081107

[44] Lee M, Williams J R, Zhang S P, Frisbie C D, Goldhaber-
Gordon D 2011 Phys. Rev. Lett. 107 256601

[45] Beloborodov I S, Efetov K B, Lopatin A V, Vinokur V M
2003 Phys. Rev. Lett. 91 246801

[63] Achatz P, Gajewski W, Bustarret E, Marcenat C, Piquerel R,
Chapelier C, Dubouchet T, Williams O A, Haenen K, Garrido
J A, Stutzmann M 2009 Phys. Rev. B79 201203

[64] SunY C, Yeh S S, Lin J J 2010 Phys. Rev. B 82 054203

[65] Sachser R, Porrati F, Schwalb C H, Huth M 2011 Phys. Rev.

[46] Efetov K B, Tschersich A 2003 Phys. Rev. B 67 174205 Lett. 107 206803

[47] Beloborodov I S, Lopatin A V, Vinokur V M, Efetov K B [56] Yang Y, Zhang Y J, Liu X D, Li Z Q 2012 Appl. Phys. Lett.
2007 Rev. Mod. Phys. T9 469 100 262101

[48] Kharitonov M Y, Efetov K B 2007 Phys. Rev. Lett. 99 056803 [67) Zheng B, He Z H, Li Z Q 2019 Phys. Status Solidi Rapid Res.

[49] Kharitonov M Y, Efetov K B 2008 Phys. Rev. B 77 045116 Lett. 13 1900123

Low-temperature electrical transport properties of
La doped BaSnO; films"

Yang Jian  Gao Kuang-Hong  Li Zhi-Qing'
(Tianjin Key Laboratory of Low Dimensional Materials Physics and Preparing Technology, School of Science,
Tiangin University, Tiangin 300350, China)

( Received 2 July 2023; revised manuscript received 2 August 2023 )

Abstract

A series of Bagg,LageSnOs thin films are deposited on MgO(001) single crystal substrates by RF
magnetron sputtering method, and their structure and electrical transport properties are systematically
investigated. All films reveal degenerate semiconductor (metal) characteristics in electrical transport properties.
In the high-temperature region (T > Tmin, where T is the temperature at which the resistivity reaches a
minimum value), the resistivity of each film increases with temperature, and exhibits a linear relationship with
the square of the temperature. In the low-temperature region (7T < Twin), the resistivity increases with
decreasing temperature and varies linearly with In7. This temperature dependent behavior of resistivity cannot
be explained by the general electron-electron interaction or weak localization effects in homogeneous disordered
conductors and nor by Kondo effect. After quantitative analysis, it is found that the InT behavior of resistivity
at low temperatures can be explained by the electron-electron Coulomb interaction effect in the presence of
granularity. In addition, it is found that the Hall coefficient Ru also varies linearly with InT for the
Bag g4 Lag 965104 film, which also quantitatively accords with the theoretical prediction of the electron-electron
Coulomb interaction effects in the granular metals. The results of cross-section high-resolution transmission
electron microscope indicate that although the films have epitaxial structures as a whole, there are many strip-
shaped amorphous regions in films, which makes the films have electrical transport properties similar to those of
metal granular films. Our results provide strong support for the validity of the theory concerning the effects of

Coulomb interaction on the conductivity and Hall coefficient in granular metals.

Keywords: transparent conductive oxide, granular metals, electron-electron interaction effect, electrical

transport properties
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