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Preparation and Photoelectric Properties of ITO Thin Films with
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ABSTRACT: The work aims to study the influence of magnetron sputtering technology on the photoelectric properties of ITO
thin films, so as to provide data and theoretical support for the preparation of high-performance ITO thin films. The ITO thin
film was prepared by magnetron sputtering on PET substrate, and the effects of process parameters on the photoelectric

properties of ITO thin film were analyzed by scanning electron microscope, X-ray diffractometer, spectrophotometer, four-
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probe, infrared emittance meter, Hall effect test system, etc. With the increase of oxygen flow, the transmittance of ITO thin film
firstly increased and then slowed down in visible light region, and the block resistance of the thin film firstly decreased and then
increased. With the increase of working pressure, the visible light transmittance of ITO thin film increased, the block resistance
firstly decreased and then increased, the resistance firstly decreased and then increased, the carrier concentration firstly increased
and then decreased, the infrared emissivity firstly decreased and then increased, and the crystal structure gradually changed from
crystal state to amorphous state. With the decrease of the argon-oxygen ratio, the infrared emissivity of the thin film decreased
firstly and then increased slowly. With the increase of sputtering time, the thickness of the thin film increased gradually, the
block resistance, infrared emissivity and visible light transmittance decreased rapidly, and the crystal structure gradually
changed from amorphous structure to crystal structure. From the comprehensive comparative study, when the oxygen flow rate
was 0.6 mL/min, the working pressure was 0.4 Pa, the argon-oxygen ratio was 19.8 : 0.2, and the sputtering time was 80 min,
the ITO thin film with excellent comprehensive performance could be obtained, with the visible light transmittance greater than
80% and the emissivity less than 0.2 in the infrared band of 8~14 pm. Magnetron sputtering process parameters are important

factors to determine the comprehensive quality of thin films. By strictly controlling the process parameters, ITO thin films with
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high transparency and low emissivity can be obtained.
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Tab.1 Oxygen flow for magnetron sputtering

Number of samples 1# 2# 3# 4# S#
O,/(mL-min"") 0.2 0.4 0.5 0.6 0.7
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Fig.1 ITO thin film visible light transparency vs. oxygen flow
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Tab.2 Block resistance and emissivity vs. oxygen flow

Oxygen flow/(mL-min™") 02 04 05 06 0.7
Square resistance/(Q-(17") 35 25 20 15 28
0.35 0.29 0.28 0.25 0.3

Emissivity (8~14 um)
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Tab.3 Experimental process parameters
Number of samples 1# 2# 3# 4# S#
Working air pressure/Pa 0.3 0.4 05 0.6 0.7
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Fig.2 Influence of magnetron sputtering pressure on
ITO thin film transparency
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Tab.4 Sputtering pressure vs. block
resistance and emissivity

Working air pressure/Pa 03 04 05 06 07
Square resistance/(Q-[(17') 18 15 20 26 38
0.27 0.25 0.28 0.29 0.36

Emissivity (8~14 um)

ITO FEAYES FARASINIE 3 Pros . 253K, B
& TAFAURRIE T, ITO M h 2 22 AR Al 2
ty, U TR T AR T, WAL T
RAEE TS, ShREMUN, BIIAHA Y 5740
A, ECITO WEREATRLAYSS 5T R

AR TAER S ITO #WiEAE 8~14 um 2L
SN ARUNE 4 B o SRR, TARURXT 1TO i
R LLAN A S AR MR, B TAR R A,




F49% £

ZEWEMESE . B AR R ST 3R 1TO WA I 1 4 S HOk B PR RE B 9T 129 -

R RS is /NG B K . M TAESE N 0.4 Palit, &
B3R 0.25, KB R/ME ; Y TAESE KT 0.5 Pa i,
W 2T 40 K % TR BEAE s M TAER RN
0.7 Pa I, JREAY & G155 0.36, 1LAh, 1TO i
LT AN 2R 5 Ry e e BEL A SC PR i, Bl
JrHe s R K, MBEAYLD AN R B R BT

R T SRR A S R AR R, FSE T ORI TAE
SRR ITO R Hall 200, 258Kl 5 frs. 1TO

9
80 - (400)
70
360 |
< 1
£ % r")‘\»‘rt./”“‘ W\. 0.3 Pa
& 40 | ! ErA N
2 TN e Sedtean 04 P2
= 30F P AN e ””W"«.M‘\',V.-«l
. Pttt i 05 P
10 !J".‘(n"rﬂ."“ ‘ )).‘N.'h:’",,'d'u..'.w.,..l(h)&g‘i-a.:'."( '
0 ! | vy, 0.7 P2
10 20 30 40 50 60 70 20
20/(°)

B3 TR AR AU R B XRD 645
Fig.3 XRD test result of thin film under
different sputtering pressure

0.36

0.34

032

o
W
(=)

Infrared emisissivity
&
[\ )
o0

(=]

[\

(=)
T

-

013 014 0j5 0;6 0:7
Sputtering pressure/Pa
K4 TARURAWERLL AN R R 15

Fig.4 Influence of sputtering pressure on IR emissivity
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Tab.5 Experimental process parameters
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Fig.7 Sputtering time vs. film thickness
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emissivity with sputtering time
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Square resistance/(Q-[17") 28.4 15 10 9.5 9
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