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ABSTRACT Al-doped ZnO(ZAO) layers have been prepared by reactive DC magnetron sputtering
from Zn:2.0%Al (mass fraction) alloy target on glass and silicon wafer substrates. The influences of the
deposition parameters on the crystallization behavior as well as electrical and optical properties of ZAO
films have been investigated. The crystallinity of the films was improved and the columnar crystalline
growth became dominant as the substrate temperature increased. All the films show a compressive

stress, which increased as the DC power increased,

while it decreased as the substrate temperature

was raised. Optical transmittance up to 80% in the visible range and electrical resistivity as low as
3x107%—4x107* Q-cm were obtained under optimal deposition conditions.
KEY WORDS DC reactive magnetron sputtering, ZAO film, growth mechanism, electrical and

optical propertie
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Table 1 Deposition parameters for DC reactive magnetron

sputtering of ZnO:Al films with a target of
Zn:2.0%Al (mass fraction)

Parameter Value
Base pressure 3%x1073 Pa
Power density ~2W /cm?

Ar flow/Og2 flow 35 mL-min~!/12 mL-min~!

Sputter voltage 310—320 V
Target-substrate-distance 60 mm
Substrate temperature RT—300 C

2 ERERXITE
2.1 EEHSHIZAHE

B LA TAE Ar-Og IR GA, IS Zn:2.0%A1(5
HEPRE) A RO R 2R, E P IR SO R AR
fERE. SRR, FEAUE AU TR & SR A I A R e
TR, 2 SR a8 I e SRS, S e JI 2 B T R,
IXF AR ATy RS LSRR, R T E LR
A FIEE K PR SARR, WS EUREY S = Rl
T PRI S HL s, X2 I 1) — S AR AE. a2
B IR IR S BT B Y 28 TR, X R
B Foe 2FARE. B, ERIS PR IE AR
AL or Ay 4 R B, SRR AR R RIS ©)

360 b Opaque zone

w
w
(=)

Transparent zone

Target voltage, V
w
[
o
T

N

~

[S]
T

240 - Metallic mode

Transition mode | Qyide mode

5 10 15 20 25
Oxygen flow, mL/min
1 ZAO FERSEEUIM S B 2R SR A0 h 4%
Fig.1 Discharge voltage as a function of the oxygen flow

for reactive sputtering of ZnO:Al films with a tar-
get of Zn:2.0%Al
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Fig.2 XRD patterns of ZAO films deposited at various

substrate temperatures (CuKy)
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Fig.4 Influences of substrate temperature and sputtering

power on the compressive stress inside the ZAO

thin films
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Fig.5 Deposition rate of ZAO film as a function of sub-
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Fig.6 Influences of substrate temperature on the electri-

cal properties of ZAO film
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