[:ESE[—L I\IE-J_[\'_:j
IR SR T RS
=~
ﬁEﬂFw@

3k S S L P

Preparation of Highly Flat Transparent Conductive Thin
Film by RF Magnetron Sputtering Using Al-doped ZnO

Nanotargets

s

SR

: Bfdrig (Y.F. Hsieh)

fﬁﬁiﬁ‘&?"; =T Tﬁﬂ (Dr. T.-E. Hsieh)

2 X 94 = 9 F]



PJEF BT R A R L

Preparation of Highly Flat Transparent Conductive Thin Film by RF
Magnetron Sputtering Using Al-doped ZnO Nanotargets

2 4 Bl Student:Y.F. Hsieh
#F’Iﬁi?sc‘j{*; = N fﬁ‘lj Advisor:Dr. T.-E. Hsieh

CRESTRS

FrpIR S R

i

A Thesis
Submitted to Department of Materials Science and Engineering
College of Engineering
National Chiao Tung University

in Partial Fulfillment of the Requirements

for the Degree of Master of Science

in
Materials Science and Engineering

September 2005

Hsinchu, Taiwan, Republic of China

Pl SN[ 94 & 9 K|

il



NES T TR B s Y R
CERE KL i BT ()

CRE TS T T
®mF

F AR BFEHY 5ok ST (Al-doped ZnO - AZO ) BEVRST FFFRE
SRS OB AZO L dRE LR Elj?ﬁ D(1) FAEEE (Zn0) =25
ﬁﬂ (ALO;) *ﬂﬂ‘?ﬁif[~‘7iﬁgﬂiﬂi (2) FF AZO B eE (3) I ]
[Fild a1 AZO B TETT 55 T’?E"?ﬁgﬂéf °
T ZnO = ALO; B A JE F’—‘,?‘?ﬁ]‘ ﬁff?ﬂf PRSI T [ﬁJ £1El PMAA-Na JJ {7 =
AT AVE R > TP IR P JRP RS oT T ~ AP i R ) )
73 AT R AR W et D) AR R T 151 3 we.% . PMAA-Na
wﬁvﬁ‘ﬁl T }FT%]EI/M‘* f#"iﬁ £-420 pa's [ £ 13 pas %EI%@ ($—2 mV [#=-60
mV » "r'JEII 300nm J#= 70 nm ° ﬁg'ﬁff'?ﬁmuf 73 I,T}L-[’j’y ﬁﬁ{ By ¥
) f{’EP*!‘:‘":LFLFKB’g"}gi‘f‘%?ﬁ'xﬁﬁﬂi7—l—d‘?°§: T RE N B A5 700°C > 6 7[R
ﬁJ’EP*!“?'“? ' ZnO : Al }“ft”??'é‘ﬁ'ﬂ#@?m FEEG 76% o T SR 3RS 80 nm o Fﬁ’%
AR LA 2 1300°C i o SRR ARARIG [ A = 94% - [T IR S
EbAe 4.2 um 5 5% 700°C £VELS 7] Ejjk/ 700°C [F[ BYEEd 16 7] Eﬂﬂn TR S =
AZO FEHRIfOAHSEIGIHE £ 00% » IS EAGEE 90 nm o G IR T AT
? (77 A HiEr] r? MRl AZO BER IR ~ ZnO BRI AZO %
R R FY T TS ESHITE T0W VR B 300 = 400 nm
TR ﬁirzﬁﬂ B BT ek i (Ar) N AE T A s PR B RS T
A FRCELY AZO R TR R LS e (D R S 5t

1.8x107° Qom ; 3 BRI AZO LI E de (L R BTy o H AL



RS (Rons) £ 2.2 nm > Ja (S0 BF BRFARE il AZO RO EAUE Bl
7.7 nm ; | AZO BT P LK IEB[U S B IE Ty 80%) ) b 3 RS R
FEFFIE T B R B A e R ST | 5‘;% It HagmpLy
PR (2 VSt » o A BT Ty SR SRR ISR G

— W (RE 1.6 nm ; TEASIETT LR ATE] AZO WP LA E E IS

s o

il



Preparation of Highly Flat Transparent Conductive Thin Film by RF
Magnetron Sputtering Using Al-doped ZnO Nanotargets

Student: Y.F. Hsieh Advisor: Dr. T.-E. Hsieh

Department of Materials Science and Engineering

National Chiao-Tung University

Abstract

This work consists of three parts: (1) the mixing and dispersion method of
nano-sized ZnO and Al,Os powders; (2), the sintering process of sputtering target
utilizing Al-doped ZnO (AZO) nano-sized pewders; and (3) the property analysis of
transparent conductive thin films"“prepared by cominercial and self-prepared AZO
targets of various grain sizes.

In 1% part of study, the AZO "slurries’ containing different weight ratios of
PMAA-Na dispersant were ball milled and then their dispersion behaviors were
evaluated by viscosity test, sedimentation measurement, adsorption analysis,
electropotential titration analysis, particle size distribution analysis and microstructure
characterization. It was found that for the AZO slurry containing 3 wt.% of PMAA-Na
dispersant exhibits the best dispersion behavior. Its viscosity decreases from 420 pa's
to 13 pa's, zeta potential decreases from —2 mV to —60 mV, and particle size reduces
from 300 to 70 nm. In 2™ part of study, we sintered the previously prepared
nano-sized AZO powders by either pressureless sintering or two-step sintering process.
It was found that a 700°C, 6-hr pressureless sintering implies an AZO sintering body

with the relative theoretical density equals to 76% and average grain size equals to

il



about 80 nm. When the sintering was increased to 1300°C, the relative theoretical
density of AZO sintering body raised to 94% and its average grain size increased to
about 4.2 um. As to the two-step sintering process, the average grain size of sintering
body of AZO is about 90 nm and the relative theorical density might reach to 90% via
a 700°C, 8-hr hot pressing plus a 700°C, 16-hr pressureless sintering. In the 3" part of
study, the transparent conductive AZO thins films of 300-400 nm thick were prepared
via the RF sputtering deposition of various targets: the commercial AZO microtarget,
the self-prepared AZO microtarget, the ZnO microtarget and the self-prepared AZO
nanotarget. The deposition was carried out at sputtering power of 70 W without
substrate heating and the introduction of oxygen flow. A post-annealing treatment in
argon (Ar) ambient was also performed in order to examine the improvement of
physical properties. It was found .that the as-deposited film prepared by commercial
target exhibits the lowest electrical resistivity-of 1.8%107° Q-cm and the film prepared
by nanotarget possesses the lowest root-mean-square roughness (R,,;) about 2.2 nm.
The transmittance of all thin films was-above-80% in the visible-light range. The post
annealing further reduced the electrical resistivity and R, to 1.6 nm for the film
prepared by using AZOnanotarget. The transmittance remained the same for all AZO

thin films subjected to the post annealing.
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