Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

SRHFNATE IR R E S S F IR R
ey IHME KREF IEE 745 S5 EZRRE HREW

Reduction of surface plasma loss of indium tin oxide thin films by regulating substrate temperature
Cai Xin-Yang Wang Xin-Wei Zhang Yu-Ping Wang Deng-Kui Fang Xuan Fang Dan Wang
Xiao-Hua Wei Zhi-Peng

5| {5 K Citation: Acta Physica Sinica, 67, 180201 (2018) DOI: 10.7498/aps.67.20180794
TEZ %132 View online:  http://dx.doi.org/10.7498/aps.67.20180794
2114 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/118

AT RERCL B E A L&
Articles you may be interested in

T BIMTR B it
Millimeter-wave half-waveplate based on field transformation
Yy =4.2018, 67(7): 070201  http://dx.doi.org/10.7498/aps.67.20171774

e P U R HE g 2 2RI P R AT
Plume neutralization mechanism for ultrasonically aided electrospray thruster
YH 24,2018, 67(4): 040201  http://dx.doi.org/10.7498/aps.67.20171972

ISJ [F1) 52 J5 %o PR VB 5 2R 58 H FR 9 D R BE AL
Topological zero-energy modes in time-reversal-symmetry-broken systems
PP 22 H%.2017, 66(22): 220201  http://dx.doi.org/10.7498/aps.66.220201

WAL 7 555 Bessel SR AL ¥ 521
Effect of bifocal lens on propagation of Bessel beam
PP 22 4%.2014, 63(18): 180201 http://dx.doi.org/10.7498/aps.63.180201

v AR IR A5 YD G L MR RR (R 5
Effects of -radiation on Yb-doped fiber
VI3 2242014, 63(20): 200201  http://dx.doi.org/10.7498/aps.63.200201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20180794
http://dx.doi.org/10.7498/aps.67.20180794
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I18
http://wulixb.iphy.ac.cn/CN/abstract/abstract71883.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract71613.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract71271.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract60944.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract61171.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 18 (2018) 180201

BEE SRS E TR RNFs

£FHY IHED KIH
Tapde)

ERBD HEY BAV

AR

1) (KEBRTREM BRI 5 TR, SR Bt E AR E, KF  130022)
2) (FARKZE BB ZERT TR, 0> T4 SR R sk, KB 130012)

(2018 4 4 A 24 HUEHI; 2018 4 6 A 11 HIYZ R eH )

AR SR ) L O A 0 S v A S R BB R R B A T ST T 2 R ERER BT 4 M I AR 45 SR ) (indium
tin oxide, ITO) i, Fxf H AT T 45 d M SR THDHDRE B2 L S840 -] LIRS L 4T 28 A B B /R AR
JSE IR, F T e S T 35 A U PR ) SR X TTO TR 1) Y FL 3 T A5 8 1 A M SR IR R i R R TR
HH 100 °CH R Z 500 °C, H G2 MB (3.64—3.97 eV) B %, /b T HFaf A BRE MR, B UK T ITO
AR, 5 FIR, R TTO R A 4RI TR JEE (4.1 x 10%°—2.48 x 10! em™3) HiER % (24.6—

32.2 em® Vs ™) IR, AL EAREE U B AL

XEEIA): RIAEE T, BP9 A, LA 1RE, A ihe

PACS: 02.10.Yn, 33.15.Vb, 98.52.Cf, 78.47.dc

15 =

REMEBBIOCT AE RN TR R R R
JUAEE BR R B A 0K 2 BRI 4, 3R T 45 Y
TR IR A BTG T AN E R R A,
R BA Ry 37 38 i S A A RS V) B A VA
V2 b8 FH AR 3 TG SR 2 U 4R S RO TR K
SR IR F R 53 5 AR S A U o). S G A
% (indium tin oxide, ITO) {FA—FhE B I8 & filf 7
() n B2 SRR R EAT SR TR E (1020 em™?),
REWE FE AT £L AN ik B S IR TH 45 B TR, (A R
A R A BT AR SR BAS AT I R DUk, BRL AR
AT 2L A1 ] 2 18 A5 B T AR S A O T R AT )T I R
JH A 650,

BEEAZATN ITO 3R i &6 & 71 f T 78 24k
Hh 7E JE Sk 1% S 145 2 IR 1O i JEE 0L A el
sy W) 25 05 QR L ek 4, X R T 45 s

DOI: 10.7498 /aps.67.20180794

VA5 FE 1) FH DS FEAR G EE /D RTINS B 7 A 1 4
FE 2 4050 R 3R T 55 28 T M I8 PR A R 8, AT PR o G
TECYRIE AR B8+ 65218 15 2% 1R 55 75 T 1 52 B B
FI D211 H R, BF 7 A 35 R 3 25 A R M
DA e 45 J B A 1) 5 Y R AP el 3 T 45 28 1 4 452
FEUO1T 2017 4F, Yang 25 U4 3@ 5 39 25 /v B KME 7
AR R E R TR A T AR K, AT B
K7 RSB FAABFE. 2009 4E, Bobb % 1914 4
H5Wmeeth, ME&EFHhIR A NI TFSHEBRT
SARG A, fim T PR, R T HERMEE T
PRARAE. SR, 8 SO I ST I TTO R (1 22 i
FE, $EmARHRE R R A IR B, W] DASE B %
RBRFEN B 1, M0 H AR Wi i 77 2R FE
.

ASCIE I AT TTO R A 58 RS, B2 = 3
TR, B FORBEGE N T, W98 T eaembi, %
K7 A RIERIE, MR FEAR T Ok Hi ke, @
T DB A R JEC IR S, BT ITO #£ 11001700 nm

* EFARRIEEES (S 61404009, 61504012). FAERHEUR BRI (HtHES: 20170520118TH) FIKFH TR 0IH 4 (it

5 XJJLG-2016-11) BB
T BfEIE#E. E-mail: wxw4122Qcust.edu.cn
1 BfE/E#E. E-mail: fangdan19822011@163.com

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

180201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180794
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 18 (2018) 180201

PN R R THT 45 8 1 PR ONE, $ e T TTO VB i 7%
AR T AR LS 7, MIEE] TR TTO 3
I () LA BRAE Y H (1.

2.1 ITOEERHIE

I 8 VF L B FS (20 mm x 20 mm) Ay 2
J&, ITO P %2 58 (SnO2 it & 73 # N 10%, InaO3 i
BOHEON0%) N YR, WS BEEE
5 x 107* Pa, @St & 30 L/min, TH&E 60 W, ik
B4 0.01—0.04 nm/s, ST E 115 min.

K FH BB A% B SR ) 2% T O W, e i 3 2k
JE AL HR TN« U 2% B8 1 7K R U 44 I e 7 35
10 min, PAERBRIERRIANDIATA. 5 HITEHE
JES IR EE 4 100, 200, 300, 400, 500 °C 12644 R il 4%
ITO i fi.

\ oo

2.2 SCIG{YES

X H LESKER Lab8 % % Thfig il 45 0 5 R St
#%ITO M, R AXS D8 4 X BHEATHHY (Cu 4,
BRI K N 0.15418 nim) 0 5 v IR ) o TR 45 40 SR
F Multimode 8 % Jii ¥/ 4455 (atomic force mi-
croscope, AFM) Wl & 5 (1) 2% 1l Z 30 K H UV-
2450 18 A1 35l e FE I 7 R (R U s SR
HORIBA Uvisel2 S5 B2 i A3 0] 5 8155 H 5 40
KA %, % BIO-RAD HL5500 MEASUREM-
ENT B ZE /R 320 152 46 %o T MB5 1) 28 9 1 O 8
AT,

3 HREAAM

N TR T A TR R R X ITO T8 ) s 2
S5 K)o, AR R AT T X AT S (Xeray
diffractometer, XRD) Mk, Wi 25 S a0 & 1 B
. INEELT 23 A RT R, 0k AN [ 25 IS i 2 1 TTO 18
JEE ST AL BT S e, b, AT AR 20 09 30.8°
H135.7° FAT SRR R, 43 0] B Ing O 1 (222) A
(400) AT, T ARE ) 3 A N Ing O3 S TT 2
SR ERERA 25 0. B XRD MR LSRRI, B & SR
T EEFR TH iR, (400) sl THT R0 477 565 06 B 2 19 0, (222)
s T ) T S U 5 52 0 398 00 5 R 5%, R W0 B2 ITO
VHE I 1) 45 5 PR S B BRSO B T AR IR G T

T rh, BE A 2 R FE () T v, SRR B 945 3 T
FEI.

ITO 7 5 (¥ F8 %6 3 B2 52 i FH U 52 i 18]
LB AR T T RERS B BRAIG, i SR B, i
R F 0, TR B 2 AR RIS, DRI, AN []
JEG L B2 1 TTO ¥ JEE 1) 3R T T SR E AT T AFM 3R A,
K F NanoScope Analysis 4 73 #ill ik E g, 3543
AFM =4 G Je 3577 RO RS BE Ry 25 5%, Wil 2 fr
. M2 W LUE H, BE A& BRI B2 s, ITO
YRR I 14) 2 T KELDRE 50 PR A 10 . 4 i JE R FE AN
100 °C _EJH 2400 °C I, Hxt M) Ry H14.11 nm
W /N A 2.19 nm; YRR EE BT A 500 °C,
Ry H12.19 nm % K% 2.56 nm. LA 5 #7 o] 1,
400 °CHf, 3 R (M 2.19 nm, R IR EHM4T
ITO M2 1 B A BT P B AL

2 (400)
5 (222)
< 500 °C
3 N
5
é 400 °C
el
E m/\“% 300 °C
=
g A 200 °C
z
100 °C
1 1 1 1 1
30 35 40 45 50 55

20/(%)

K1 AFRFEEEE ITO MK XRD
Fig. 1. XRD patterns of ITO films with different sub-

strate temperature.
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Fig. 2. Three-dimensional AFM images of ITO thin film with different substrate temperature: (a) 100 °C; (b) 200 °C;

(c) 400 °C; (d) 500 °C.
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Fig. 3. (a) Absorption spectra and (b) optical absorption band of ITO thin films at different substrate

temperature.
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Fig. 4. (a) Imaginary part of refractive index and (b) dielectric constant imaginary part of ITO thin

films at different substrate temperature.
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Abstract

Indium tin oxide (ITO) thin films, as a heavy doping n-type semiconductor material with a high carrier concentra-
tion, can realize the surface plasma effect and regulation of surface plasmon resonance wavelength in the near infrared
region: the surface plasma has broad application prospect in surface plasmon devices. The ITO thin films are deposited
on float glass substrates (20 mm x 20 mm) via the direct current (DC) magnetron sputtering by regulating substrate tem-
perature from 100 °C to 500 °C. The deposited ITO thin films present a cubic polycrystalline iron manganese structure,
in which the ITO film shows the strong crystallinity at 400 °C, so that it is conducive to reducing the defects of bound
electrons and the damping force of thin film. The surface roughness of ITO thin film first decreases and then increases
with the temperature increasing, correspondingly the root-mean-square roughness (Rq) of these films decreases from
4.11 nm to 2.19 nm, then increases to 2.56 nm. The R value of 2.19 nm corresponds to a preferable surface smoothness
of ITO thin film, indicating that it can effectively increase carrier concentration of ITO thin film at 400 °C. The effects
of the different substrate temperature on the photoelectric and surface plasma properties of ITO thin films are analyzed
by UV-Vis absorption spectra, Hall measurement, refractive index and dielectric constant. As the temperature increases
from 100 °C to 500 °C, the carrier concentration of ITO thin film is enhanced from 4.1 x 10%° cm ™3 to 2.48 x 10%* cm ™3,
and thus increasing the probability of the Fermi level to the conduction band of ITO thin film. And the enhancement
of carrier concentration induces the Moss-Burstein effect, which makes the edges of absorption spectrum of the ITO
thin film gradually blue-shift from 340 nm to 312 nm, correspondingly broadening the optical band gap from 3.64 eV to
3.97 eV. These results cause the difficulties of electrons interband transition to be enhanced, and thus suppressing the
phenomenon of absorbing photons for the electron transition from low level to high level, which ultimately reduces the
optical loss of ITO thin film. In addition, the surface plasma effect is realized in a range from 1100 nm to 1700 nm for
ITO thin film by regulating the substrate temperature. Meanwhile, the electronic mobility in the ITO thin film is also
improved from 24.6 cm?- V=571 to 32.2 em?.V~1.s71, which reduces the electronic scattering, and is beneficial to the
increase of propagation length of surface plasma waves. The above results imply that we have attained the goal of the
reducing the electrical loss of ITO thin film.

Keywords: surface plasmas, indium tin oxide, optical loss, electrical loss
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