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Effect of annealing treatment on the performances of 40 nm thick
p-ITO films prepared by DC magnetron sputtering

WANG Xiao-kun™ , PIAO Xiang-xiu, MENG Lei, FANG Wei-hua, LIU Fei
(Hefei BOE Optoelectronics Technology Co., LTD.,Hefei 230012, China)

Abstract: The effect of annealing on the properties of p-ITO thin films was studied in order to improve
many imperfections of p-ITO thin films in mass production, such as bad spots on the film after annea-
ling and corrosion of the film by etching solvent. In this work, p-ITO of 40 nm thin films were deposi-
ted at room temperature by utilizing magnetron sputtering with DC power supply, and annealed in N,
atmosphere under various annealing time and temperature. The crystallinity and microstructures of
thin films were analyzed by XRD, AFM and SEM, and the square resistance and light transmittance
were measured by four-point probe and automatic optics measuring system respectively. The results
show that there is a serious hysteresis in the crystallization temperature of p-ITO compared with a-

ITO. The crystallization temperature of p-ITO film is 230 C, at which o-ITO film has fully crystal-
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lized. It appears poor crystallinity and homogeneity of p-ITO at 230—250 °C, resulting in instability of
many characteristics, such as bad spots in film color, poor homogeneity of square resistance, easily to
be corroded, etc. When annealing temperature is raised to 260—270 °C, the crystallization is almost
complete. It has a good effect on p-ITO films, such as the square resistance is lower, the transmit-
tance is higher, and the bad spots of p-ITO thin films disappear. Research also shows that the crystal-
linity of the middle position of glass is worse than that of the edge at the same temperature, probably
because the flow resistance of hot air is higher in the middle position and the heat is insufficient. The
raising of the annealing temperature and time properly has a significant effect on the various defects
encountered in the mass production of p-ITO.
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Tab.1 Deposition process parameters for p-ITO samples
Ar it ‘ H,O Hi&/ O, it/
IR/ C DIE N o JEJ)/Pa B/ I o
mL ¢ min ") (mL * min ") (mL ¢ min ")
25 6.5/5.5 1200 0.42 23 0 0

FH KOYO CCBS-2-1480 #3B k% £ %
EnEAT AR AL B AR AR KSR 2 TR

®2 TRBAIZEM

Tab.2 List of anneal process parameters

TS . . N

B i & /°C A WIE/min
S1 180 N, 32
S2 200 N, 32
S3 220 N, 32
S4 230 N; 32
S5 230 N, 60
S6 230 N, 120
S7 250 N, 32
S8 250 N, 60
S9 250 N; 90
S10 260 N, 32
S11 270 N, 32
S12 280 N, 32
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Fig.1 Spots defect picture(a) compared with normal

picture(b)

P S s AL BRI 5 5 A RO HLUn &l 1 R .

Wit 25 3 R R RN ] £ 2 — 20 38 o 4 BEAR
PSR A R B IR H . BB K B/
T 2R B9 IR E N ] 45 R i 2 1 3 s,

Wi/ °C
280 | --------2 s
270 TEBRESE R IR
260 RS
250 | B X Ak
30 60 920

I ] /min

B2 AEBERAS B AR i B2 R ks i) & A DX I ]
Fig.2 Diagram of spots defect formation versus an-

nealing temperature and time
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Fig.4 SEM images of p-ITO thin film under various annealing temperature and time(] : corner position;Z:cen-
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Fig.5 XRD spectra of p-ITO thin film under various annecaling temperature and time(a) Center position; (b)

Corner position.

5 AN ) IB S5 A i T A i B XRD
B, MR ET LA 1,230 °C LR B SO R 4R
Bl FTAIR KRR i —FF L 3 o i i i 22,
AL AR A A5 AT, X B TR TR R AR Tk
SR L R E R IR R 8 Y B R EAT AT
SO R 2 e 2 B R TR T
- i8 8 230 “C UL EAF, R 46 B 2 AR B0 1 1Y
FRAE DG , 1 R i & 5% 48 Ry D) (222) g FE 22 b 1] 1Y)
ZmaE e, LA % e XRD IR E 3% . p-1TO
230 CIFtH A 4 IR K 3] 260 ~270
CHE, 45 M AR E 4, 38 b X A AR kR BE 2%
AT vl T4 R Ao 0 S 5 P A S 0 1
FERT AL, )L B ) 2 AR R G B 2, R
B, 230 CCHE RIS (A0 67 5 AT UL
FFAE AT 565 06 T o 1) 7 B R L B R R AE AT G 0
PR EPAIE T R A0 3 2R ok i 4 R R IR 34
S BB ) B AR A X i R E 4 R
SEM Wt K 151 3 1) MM s I 74 A6 B AN R 4L
P2 —.
3.3 R..THK #1 TR JiX & R o7

Kl 6 J& R BfIR OB fL E# R,
AT LA . R AB BE R S B 1S 0 328 7 RIS, 24 i
JEIK B] 260 C Wl TR E. & B kB
1. TTO IS 0% 25 i 1k 1 5, s 0 0 3008 19 1

400 50
~300 _a_ 40
o — N
. —_— " 305
J 200 vy
& 100 ~———— 10 __Ave
0 -—=Unif.
0 % 180 200 220 230 250 260 270 280 o
B
X 7/°C

K6 R.FHIR GBS AL 35 (32 min)
Fig.6 Trend diagram of square resistance versus an-

nealing temperature(32 min)
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Tab.3 p-ITO corrosion tests in different annealing conditions
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Fig.16 Corrosiontest image.(a) Corrosion map;
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