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ABSTRACT

Isopropanol of low boiling point was used as a solvent to prepare Al-doped ZnO(AZO) thin films. A homogeneous and stable sol
was made from Zn acetate, a solute whose mole concentration was 0.7 mol// and Al chloride as a dopant. Al-doped ZnO thin films
were prepared by sol-gel method as a function of post-heating temperature from 500 to 700°C and the optical and electrical propertics
were investigated. The c-axis orientation along (002) plane was enhanced with the increasing of post-heating temperature and the
surface morphology of the films showed a homogeneous and nano-sized microstructure. The optical transmittance of the films post-
heated below 650°C was over 86%, but decreased at 700°C. The electrical resistivity of the thin films decreased from 73 to 22 Q-cm
as the post-heating temperature increased up to 650°C, but increased greatly to 580 Q-cm at 700°C. XPS analysis indicated that the
deterioration of electrical and optical properties was attributed to the precipitation of Al,O; phase on the surface of AZO thin film.
This result suggests that the optimum post-heating temperature to improve electrical and optical properties is 600°C.
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Fig. 1. XRD patterns of Al-doped ZnO films post-heated at
various temperatures.
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Fig. 2. FWHM of (002) peaks and calculated grain size from
the XRD in Fig. 1.
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Fig. 3. SEM photographs of Al-doped ZnO films post-heated at various temperatures (a) 500°C, (b) 550°C, (c) 600°C, (d) 650°C,
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Fig. 4. XPS spectra of Al-doped ZnO films post-heated at various temperatures.

A 414 A 103(2004)



746 A - AR - I®Y - ol - e - M - 218

Table 1. The Proportion of Zn;/ZnO on Zn AES Peak

Post-heating
temperature

500°C  550°C  600°C  650°C  700°C

Infingy, 19.05% 1843% 2057% 2149% 21.77%
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Fig. 5. (a) the optical transmittance spectra of Al-doped ZnO
films post-heated at various temperatures and (b) (othv)
vs. hv plot based on the transmittance spectra of Al-
doped ZnO films post-heated at various temperatures.

AollA Fld uiel o] R AL, 93 YFeol}
X AGEY, o)o = IolA TEAA Yl 4
R 718 Aol 2 FdF¥= g Aolgta Agtw
t}. Fig. 5(b)= Fig. 5@ F3-&2] FA )4 (ohv) O hv
eV) ZHAANCZRE AL F W= ouzx] T4
oltha : FFAISG, h: F23 A, v . F3). Fig. 5(b)
o] o WA AAE 2o} UAZF] AHTEA
94HS 8 I Fio] F =R oy E Jdeen,>

e FEAY xS we Frtshs A
WERN™ 3.24~328eVe] FE Zet)h T3 T
o #Agle] ZE AZO g9 ZnO thE A uputo)
Wzl oyA|el 32eV Bk 2 7S UehEd], o
AlS FA7bshd W=7 X7} 448t Burstein-
Moss effects} 2+ =]t}

Fig. 62 2§ 2uzhyel ofs) 4=
o] FA, Ao), Zo] FAAAE o] &3}
2] &&o W& AZO ur2te] H|AFe] wlE Yehd 3l
Tk 500~-650°Ce] S=77tollA SEX ¥ uete] 79
S=7F F7Hge) wet viA o] fadhe AdE el
e, ol& XPS FAA vebd AY4E Zn 92k F71

o2

o rlo o O

rir

St up

ANE FEA
[o]

I-
o]
il

Lo T

4
n

il



Z AR

600}
500}F
400}
300}

200

Specific resistivity (€2-cm)

100F
——

T

500 550 600 650 700
Temperature (C)

Fig. 6. The resistivity of Al-doped ZnO films post-heated at
various temperatures.

of e WE Aelol FE F7hsh XRD ¥ SEMOIA

B 499 =vle Fobe) /1% Aoz BHEc 3
U 700°CN A AZE Huke) A MR P FA
s7kele A%E dehltd, ol XPs ZAEVEH %
A%l ALO; ol Agel 7Ielg Aoz HAed
T2ol FYAYN EACE Mz Ale] Vst ¢
s) SIS ALOH HEleldl o 5L Walshe Aoz
R, ol el T00°Col FEALIE sl v
Aol WA FrrtE A L

T ‘3)\‘3}.

JlN r ol
)’ _1_4

I
Y
ru

21 isopropanolg ©]-8-3ted Y3}l
AQstom, E-Al &3] Al-doped ZnO
AT 52 W) e

7} R 5‘*3‘?"iﬂ'§: ZAbskATE. FEA Q 7}
( 2 el AZNELE dehie

%ld Uglzbe] ol ERE S
7443}, 400~800 nm ITFTHY & 7HA1EA
o of) A 86~91%4 =2 % &S VeI, F W
A AARE e 22 F7kel wet F7teke AEE
‘/‘rE‘rLH Aok 29 98 A7)4 B39 2ARE, 700°C
oAl FAxE dute) B9 EH] ALOS TR
8 wAgte] F48] F/ et wEkA, AZO Brehe] A

c

.

7w st 54 gHe A Ahe 594y Lxt
600°C i th.
LAt 2
B v Berlen, daAsAe A4 daEd s
W ARENE A7 2 D THATAE ] Aol
ol & ALk,

10.

11.

12.

14.

15.

16.

. S. M. Hyun, K. Hong, and B. H. Kim,

. F Quaranta, A. Valentini, and E R. Rizzi,

ofgll #z¥ Al-Doped ZnO ge] $EA2] %o W 77] 4 333 54 747

REFERENCES

. P. Nunes, D. Costa, E. Fortunato, and R. Martins, “Per-

formances Presented by Zinc Oxide Thin Films Deposited
by R.F. Magnetron Sputtering,” Vacuum, 64 293-97 (2000).
“Preparation and
Characterization of Al-Doped ZnO Transparent Conducting
Thin Film by Sol-Gel Processing,” J. Kor. Ceram. Soc., 33
[2] 149-54 (1996).

. B. O. Park, K. H. Ko, and J. H. Lee, “Electrical and Optical

Properties of ZnO Transparent Conducting Films by the Sol-
Gel Method,” J. Cryst. Growth, 247 119-25 (2003).

. P. Nunes, E. Fortunato, P. Tonello, F. Braz Fernandes, P.

Vilarinho, and R. Martins, “Effect of Different Dopant Ele-
ments on the Properties of ZnO Thin Films,” Vacuum, 64
281-85 (2002).

. S. B. Majumder, M. Jain, P. S. Dobal, and R. S. Katiyar,

“Investigations on Solution Derived Aluminium Doped Zinc
Oxide Thin Films,” Mater. Sci. and Eng., B 103 [1] 16-25
(2003).

“Dual-lfon-Beam
Sputter Deposition of ZnO Films,” J. Appl. Phys., 74 [1]
247-48 (1993).

. A. ]. C. Fiddes, K. Durose, and A. W. Brinkman, “Prep-

aration of ZnO Films by Spray Pyrolysis,”
159 [1] 210-13 (1996).

J. Cryst. Growth,

. M. Ohyama, H. Kozuka, and T. Yoko, “Sol-Gel Preparation

of ZnO Films with Extremely Preferred Orientation along
(002) Plane from Zinc Acetate Solution,” Thin Solid Films,
306 [1] 78-85 (1997).

. D. Bao, H. Gu, and A. Kuang, “Sol-Gel Derived c-axis Ori-

ented ZnO Thin Films,” Thin Solid Films, 312 37-9 (1998).
H.-C. Han, I.-J. Kim, W.-P. Tae, J.-K. Kim, M.-S. Shim, S.-
J. Suh, and Y.-S. Kim, “Structural, Optical, Electrical Prop-
erties of ZnO Thin Films with Zn Concentration,” J. Kor.
Ceram. Soc., 40 [11] 1113-19 (2003).

I.-J. Kim, H.-C. Han, C.-S. Lee, Y.-J. Song, W.-P. Tai, S.-J.
Suh, and Y.-S. Kim, “Physical Properties of ZnO Thin Films
Grown by Sol-Gel Process with Different Preheating Tem-
peratures,” J. Kor. Ceram. Soc., 41 [2] 136-42 (2004).
V. Cracium, J. Elders, and J. G. E. Gardeniers, “Charac-
teristics of High Quality ZnO Thin Films Deposited by
Pulsed Laser Deposition,” Appl. Phys. Lett., 65 [23] 2963-
65 (1994).

. K. L. Narasimhan, S. P. Pai, V. R. Palkar, and R. Pinto,

“High Quality Zinc Oxide Films by Pulsed Laser Ablation,”
Thin Solid Films, 295 104-06 (1997).

S. K. Ghandhi, R. J. Field, and J. R. Shealy, “Highly Ori-
ented Zinc Oxide Films Grown by the Oxidation of Dieth-
ylzine,” Appl. Phys. Lett., 37 [5] 449-51 (1980).

A. P. Roth and D. E Williams, “Properties of Zinc Oxide
Films Prepared by the Oxidation of Diethyl Zinc,” J. Appl.
Phys., 52 [11] 6685-92 (1981).

Y. Natsume, H. Sakata, T. Hirayama, and H. Yanagida,
“Low-Temperature Conductivity of ZnO Films Prepared by
Chemical Vapor Deposition,” J. Appl. Phys., 72 [9] 4203-07
(1992).

A 419 A 10 5.(2004)



748

17. C. K. Ong and S. J. Wang, “In Situ RHEED Monitor of the

18.

19.

20.

21

SAp) - e - T3

Growth of Epitaxial Anatase TiO, Thin Films,” Appl. Surf
Sci., 185 47-51 (2001).

A. Kuroyanagi, “Properties of Aluminum-Doped ZnO Thin
Films Grown by Electron Beam Evaporation,” Jpn. J. Appl.
Phys., 28 219-22 (1989).

C. J. Brinker and G. W. Scherer, “Sol-Gel Science : The
Physics and Chemistry of Sol-Gel Processing,” Academic
press, New York (1990).

J. Nishino, S. Ohshio, and K. Kamata, “Preparation of Alu-
minum-Doped Zinc Oxide Films by a Normal-Pressure
CVD Method,” J. Am. Ceram. Soc., 75 [12] 3469-72 (1992).
M. Chen, et al., “X-Ray Photoelectron Spectroscopy and

oA - B - 5

22.

23.

24.

- 84

Auger Electron Spectroscopy Studies of Al-Doped ZnO
Films,” Appl. Surf. Sci., 158 134-40 (2000).

J. Aranovich, A. Oritz, and R. H. Bube, “Optical and Elec-
trical Properties of ZnO Films Prepared by Spray Pyrolysis
for Solar Cell Applications,” J. Vac. Sci. Tech., 16 [4] 994-
1003 (1979).

M. Lorenz and E. M. Kaidashev, “Optical and Electrical
Properties of Epitaxial Mg,Cd),Zn;.,O, ZnO, ZnO(Ga,Al)
Thin Films on c-plane Sapphire Grown by Pulsed Laser
Deposition,” Solid State Electronics, 47 2205-09 (2003).
F K. Shan and Y. S. Yu, “Band Gap Energy of Pure and Al-
Doped ZnO Thin Films,” J. Eur. Ceram. Soc., 24 [6] 1869-
72 (2004).



