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Influence of sputtering parameters on the properties of ZnO: Al
films prepared by magnetron sputtering
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(USTC-SHINCRON Joint Lab, Hefei National Laboratory for Physical Sciences at Microscale
University of Science and Technology of China, Hefei 230026, China)

Abstract; Transparent and conductive ZnO: Al (AZO for short) films with resistivity of order of 107°() «
cm and visible lights transmittance >>85% were prepared by an industrialized mid-frequency dual-targets
magnetron sputtering coater (RAS-1100C) using AZO ceramic targets with Al,O; content of 2. 7% (mass
fraction). Influences of baking temperature, argon flow rate and sputtering power on the electrical
properties of the deposited AZO films were analyzed. Meanwhile, differences in the resistivity of AZO
films deposited on those substrates fixed in different regions in front of the targets were also studied.
Results show that the resistivity of AZO films deposited facing the erosion areas of the targets is on the
order of 1072 Q « em while resistivity of samples deposited facing the middle area between the two targets
is around 5X107'Q * cm, which indicates that the properties of AZO films deposited on the cylindrical
substrate holder of RAS exhibit an average mixing result of films deposited in different regions. The key issues for

improving the properties of the deposited AZO films depend on the suppression of bombarding implantation effect,
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which was caused by energetic oxygen ions, and the enhancement of crystallinity of the deposited films.

Key words: AZO films; magnetron sputtering; energetic oxygen ions bombardment; implantation effect;

crystallinity
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Fig. 1 Schematic diagram for RAS-1100C

®1 WHSH

Tab. 1 Sputtering parameters

YBLiy HE GERD
CEYO M IR 12.8 emX48. 6 cmX0. 6 cm
PRy 2.0X10 1 Pa
O (B A0 T R/ NI D) 5 cm
CE ) T 100~500 scem
TS H 435~505 V
LT RPIES 2 000~8 000 W
b Js 1 AHERE /150 °C /200 C
BT R 0.12~0. 54 nm/s

AZO 3 B 5 SO B 28 Ah-nT D41
AN (U4100, Hitachi) 0515 2. 5y
JE B P A il 325 S R B 3 38 5 Macleod R
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Fig. 2 Influence of baking temperature on resistivity, carrier

concentration and mobility of deposited films
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Tab. 2 Physics properties of AZO films prepared under different sputtering parameters

WA IR EAMHE HERE AR BE 002)d  dRRCR/AN R T TR &% (550 nm)
/W /scem /C /V /nm /A /nm /(Qeem)  /(10%em 3) J(emZ eV 1egl) /%
2 000 100 (F) 480  501.6 2.6364 33.4 0.028 0.6 3.9 89
2 000 100 200 172 500 2.6349 33.2 0.011 1.2 4.7 90. 9
2 000 400 F) 439 467.1 2.6169 36 0.012 1.1 4.7 87.9
6 000 400 ) 478 548 2.6233 44 0. 008 0.9 8.4 89.3
8 000 400 F) 494 526.2  2.6267 45.6 0.007 8 1.0 8.1 8.8
8 000 400 200 504 496.5  CRID CRMD  0.0039 1.7 9.5 89.5
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Fig. 3 XRD spectra of deposited AZO films without baking and with 200 ‘C baking
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Fig. 4 Scanning electron microscope (SEM) pictures of surfaces of AZO films
deposited without baking (a) and with 200 ‘C baking (b)
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Fig. 6 Variation of resistivity, carrier concentration

and mobility with argon flow rate
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Fig. 5 Variation of target voltage and deposition Fig.7 XRD spectra of AZO films prepared under
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Fig. 10 XRD spectra of AZO films prepared
under different sputtering power (2, 6, 8 kW)
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Fig. 11 Surface morphology of AZO films prepared under sputtering power of 2, 6 and 8 kW
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Fig. 12 Samples location schematic in front of the targets,

with schematic of spatial distribution of ejected direction

of negative oxygen ions flux and sputtered neutral particles
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Tab.3 Comparison of XRD results and electrical properties of sample H and sample L

wmple (0022 FWHM RN R A BH % IR FHE F & %3 % (550nm)
samp /R /() /nm Jom /(Qeem) /(10%em3)  /(em? e VolesD) /%

H 2.652 6 0. 646 13 608 0.022 1.0 2.93 85. 5

L 2.608 7 0.223 41.8 595.3  4.9X10* 5.9 21. 4 85
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