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Abstract

ITO thin films are widely used in the electromagnetic shielding field of optoelectronic windows.
However, when ITO thin film materials are deposited on the glass surface in a humid environment,
impurity ions on the glass surface can penetrate into the ITO thin film, causing color spot corro-
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sion of the ITO thin film. SiO; transition layer is used, and a vacuum coating deposition system is
used. SiO; and ITO thin film materials are sequentially deposited on the optical glass substrate
surface. The effects of process parameters such as deposition temperature, deposition power, de-
position rate, and Ar/0; flow ratio on the conductivity and transmittance of the transition layer
and conductive film were studied. Through orthogonal experimental optimization design, the op-
timal process parameters for the SiO; transition layer were obtained as follows: deposition tem-
perature at room temperature, deposition power at 500 W (RF), the moving speed of the car is 100
mm/min, and Ar/0; flow ratio at 50:0.5; The optimal process parameters for ITO thin films are
deposition temperature of 360°C, deposition power of 1450 W (DC), the moving speed of the car is
195 mm/min, and Ar/0; flow ratio of 55:0.5; The visible light transmittance of Si0,/ITO composite
film is 83.1%, and the electromagnetic shielding efficiency is = 32 dB between 30 MHz and 5 GHz.
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AAERB(ITO)IE 1 T L AE 400~700 nm [ A WL BER A T R 1@ 2R, [F A B m i 5 R,
AT B, SPEEIRMEE G, iR thmSRa. i CfRettrEwm 2, JTERH T
o N AR OKPHBERIE . HRERT AR S B G 77 /N AL L A5 BN B A Bk iy
ITO fER RUF1 S S G A RE, N FH AR SRR o J0 AR 7R 22 FH PR I 3] 1 % 55 B8 s B 4 S5 0 P L
TR, X 1TO WA = 1) wenids o 2 s il o ik L 1 B0 s 1 oK, B3R B B B AN s, A
BRAE A BE R PERE, T ELN R Wi I B e /N, DR R ' B I B i R T L 2 AR AR
B[] 2] [3].

KAPHEESPRTZ, JPRRE T 175 CHR, 1TO MR LT SRS, 1TO FRE ) H 2
PEREFDG MR RER I AL R IVERE, (HRIE R R REIAEE DL R B 10 P AR RS b, JU LR K ) 4k T
WP BT T BRI ) 28 i B 23 A 1TO M, 5l ITO MR AR MILR, KH Sio, Tz,
YE B RGBSR T 1) Na 85T 1] ITO HEIEIE, M RIEENEIREE T 1TO MR B i m 2z —
[4] [5].

RIGH KL FERIEH K9 Je2@Bmy: SUMIEH: 4if%h 99.99% SiO, fLA F4ifE N 99.99%(1 1TO
b, TEARMRER: AN 99.99%1) Ar Fl Oy,

BRI AR B EIHLE Y 400 mm x 500 mm [ K9 Y62 BRI ME ARG R R MR, ARG R
F CNC BE i T 0 15 4% X6 KO Y624 B FEAT BE 0 0 T Jig » sk 2oyl - 875 - HEF 10 9 RIS Pk 4,
TRIE K9 J65 B R ME 1 B K9 G BERMCE T Wi I A TR R A MBS e, W& S
Ha, 1E K9 EFPEHR MU SiO, A1 1TO

RISV : ITO T J7 B el BER FH DUSRET IO &, FURd B 8 e R FH B ik 25 2 VR, )
W7 1o 2R FH 37016 26/ % 5 W s A
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3. REERS DR
3.1.Si0, T EE T 28R

SiO, M8 T-AE S M4y, BEEEEES] 5 nm LLE AT 30 5 2 00 B SCR, $0E Sio, i
JEN 5nm B3R, KA RF HIETMRAIRETLZSE0N: SIBNREAEERE, JIRRIIERN 500 W, NEREE)
2K 100 mm/min, Ar/O, it HH 50:0.5.
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Figure 1. Relationship between deposition temperature and

visible light transmittance of ITO film
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Figure 2. Relationship between deposition temperature and
ITO film sheet resistance
2. MRRES ITO BRSGRBHEXARE
MIE T A 2 FRETRUE H, YUBUR BETE 230°C~380°CIX A1 pY, AR 45 v I i) 03 i 22 Ay B
RS R SE M R AR, T el WoEE M S, MERET &, @R R, HURIRELE
350°CHY, A OGE e X2 i T OB DM, 0 s R I B 1 <R TR AR, W
TR T2 B B 100 A 2B B R A, S o BB 6 JER IR PR U 70 7 280, 38 IRl A AR AT, A
TG INBEEFE L S VTR ITO MR 255 Jy . R, OB B m] s/ 28R 20 1 1 45 Al 2 5 3 2k
JEE IR 2 TRV 22 5 9/l BT B TTO JBEJZ A g, AT 1 IR J2 3 s AL o A i 2 PR
AR R OB B I e R Bk 45 70 T S A AR R RIAG 22 OB, SRR I T2 FR) 445 Bt T SN 85 Bt s 8, AT
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AR E W, BT R EE R, (HRPIRR R R, 1TO RS T R AR 4 s 2 i
W, ME MRS . TR ITO SR A S BHIN , YIRUEREETE 350°C~380°C Z [a] 4L}, 1TO
LRI 77 LA BRAE 2.9 Q/T~3.5 /O [A] I Se K5 A28 /N R, 41k 3] 350°C LA b, iy B s B AR
B, LR 1TO AT WLoIE i 26 i v A7 B B A /NI R SR, AR TTO R AR i AR IR 52 350°C .
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Figure 3. Relationship between deposition power and visible
light transmittance of ITO film
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Figure 4. Relationship between sputtering power and ITO film
sheet resistance

E 4. BETHES 1TO EEEHRBIEXRE

M3 R 4 Fef LU Y, BEETORSIER IR, R e 5 A7 Bk f S LM 3. 1X
R T YR D AGBOR, AL [R] P9 DTAR A2 5 AR, AT 3 S50 2 1) 7 ke L BELBRAIG - 7T I D'ead il =R
B, I, ST IDEIE L R AT B A I LR SRR 2R, S E T ] IotiE i R m i, ik i
hE, MET J7 Pes BRI, ARk miiiish &,
3.4. MRURER 1TO IR MAIE T 773 AR

ME s M 6 TR, BEE/NERSEER AR, 1TO AT LG IE i AR 5 B v Bt it -2 3
Ky X TN R B R F RS B R B R DO R PR, [FI ITO BTN I R 2 B A R
D TAEBIESL R BRI 3R RS AER — N EE A TR, N RS RS, TIRUEEED, W
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Figure 5. The relationship between the moving speed of the
car and the visible light transmittance of the ITO film
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Figure 6. Relationship between the moving speed of the car
and the sheet resistance of the ITO film

B 6. NEBINRES ITO EEHRBHEXRE

Ry AL IR ITO R B AR ), R LT SR, TS R WAk, 556, i
TAETIRERE S, SRR TR T RGO 71 R SR R A R LL O E T BRI, B9
R AT A AT A SN, T 38 G o] LGB SCHE I o (LRSS 2 78 A B B A 5 AR I 4 A 0 P I
FEERR 7> T RETE 70 I B AR BITIUYIK 62/ A L 22 R, ZRG AT I GE i R A i B, /NS B R
FAE AT WOGE S R SURI PR A FE 4T /L 195 mm/min.
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Figure 7. Relationship between Ar/O, gas flow rate and visi-

ble light transmittance of ITO film
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Figure 8. Relationship between Ar/O, gas flow rate and ITO
film sheet resistance
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3.5. Ar/O, FREX AT LYEE T LA 75 R EE FH AR

M 7 FE 8 R BAE 1, 24 A0, SR BB 55:0.5 B, ITO J#F Al WoiE it Ay B s B+
FaE. XRMT Ar SAERPTRR T 254, BAUER— 2 M EA RRIETU T 2R 0317, # Ar S0
BARK, WRBCRRER: # Ar iEdE, £55 Ar SRR . miER O, WI#H ITO I FEd,
T8RPk = ST ITO B8 2 3% B FE BRI, RN ITO )@ n R SRR, (E(RE VTR, &4
R — PRI AN 32 B S

3.6. SiO, JTER M ITO EEEIE 35K 16
PL5S nm BEER] Si0, &iE EARHRSEM:, PLITO EERUIR SR AN EZ sl R NG REGE 1),

PAUTAR DI Z 1400 W, 1450 W, 1500 W F/NERFEZE 195 mm/min, 210 mm/min, 225 mm/min J7KF
BEAT IEAE S

Table 1. Orthogonal test table of ITO film deposition power and trolley movement speed factors, visible light transmittance
and shielding effectiveness

= 1L 1TO BRRMARNEBF N EBRNEREE RS A NAET RMFRMEEEZRE R

ECoS PEE TR
w5
IARARYIE N NEBBER B Bz fie dB G R %
1 1 1 31 83.9
2 1 2 31 84.1
3 1 3 30 84.4
4 2 1 33 83.2
5 2 2 32 83.2
6 2 3 31 834
7 3 1 34 82.2
8 3 2 32 82.6
9 3 3 24 83.4
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122 1 Ki rRos 2 B R A /KT 280 ki BRI & R R ACTF 2 MR- 44E s 2% R Row
e BRI R AE LU VE B I AR R AL RO L, € 1 ) — KPR e R i R A A e ML 2245 21 5
PACZE R AE 1 ki TRAE T, PR ki B9 K/NAT BLAIBTIX — 7P s BG AR PR s i B K/ s 2% BRI AR Y

SN R IR ZE R BE, B H RO, BARNARYE R DL o

Table 2. Orthogonal test data processing table of ITO film deposition power and trolley movement speed factors, visible

light transmittance and shielding effectiveness

= 2. 1T0 BRRMARN BN EBRNRRE RS A WAED RMF R EZREBIRELER

WS T A INFEHEE B

K1 92 98

K2 96 95

K3 90 85
[— k1 30.67 32.67

FERIRLRE dB

k2 32 31.67
k3 30 28.33

H# R 6 13

AL A2 Bl
K1 252.4 2493
K2 249.8 249.9
K3 248.2 251.2

k1 84.13 83.1

A WG %

k2 83.27 83.3
K3 82.73 83.73

W% R 42 1.9

ek gt Al B3

4. &g

SRR T 5 nm B Si0, IR RETESHON: KA RF B, Jif

TR, YR

W2 500 W, /NERIHEZN 100 mm/min, Ar/O, i oA 50:0.5. W50 T PURIERE . DA D 2 F0UTAR
WAL Ar/O, WSS T 2ZE00 1TO MR a] Wi i 2 0 75 B B A sema e, 45 TR R RN 4
T 2 255 52 1A P WotidE i S R iR o 38 I ORI ZR/N 22 78 ) T 2 0 B i e AN mT g i e ik
ITIEACRES, S5 AT IR N 1450 W, /NERFIEAE N 195 mm/min, 5 nm B 1) Si0, i 2 1) &Ah
[, ITO #REREZ I B Mok R > 32 dB, EHEN 83.1%.
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