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Abstract: AZO (Al doped ZnO) thin films were deposited on the quartz substrates with thickness
variation from 25 to 300 nm by using PLD (pulsed laser deposition). XRD (x-ray diffractometer), SPM
(scanning probe microscopy), Hall effect measurement and uv-visible spectrophotometer were employed to
investigate the structural, morphological, electrical and optical properties of the thin films. XRD results
demonstrated that films were preferrentially oriented along the c-axis and crystallinity of film was
improved with increase of film thickness. As for the surface morphologies, the mean diameter and root
mean square of grains were increased as the film thickness was increased. When the film thickness was
200 nm, the lowest resistivity of 425x10 % Qcm obtained with carrier concentration of 6.84x10%° ¢cm® and
mobility of 21.4 cm 2veS. All samples showed more than 80% of transmittance in the visible range. Upon
these results, it is found that the samples thickness can affect their structural, morphological, optical and
electrical properties. This study suggests that the resistivity can be improved by controlling film
thickness.
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Table 1. Deposition condition of AZO thin films prepared
by PLD.

Parameter Condition
Target AZ0O (3 at.%)
Substrate Quartz
Pulse energy 200 mJ
Pulse repetition 5 Hz
T-S distance 45 mm
Temperature 150C
Base pressure 3.0x10° Torr
Working pressure 3 mTorr
Thickness 25 nm - 300 nm
AN B 80T SBolA Az Ta Fe
o] BAL 47 984 700 kg/em™e] oz A% 7}
dES sk, 24000 kg/em®] Fom ALY A
(cold isostatic pressing)& AASAY. AFAE A
7125 ol&3sto]l 1,200TolA 643 &t 22235kl ¢
23 ol A7 1 inch® AZO BHAS At A%

H AZO e KrF 9dA| B2~ go] A (Lambda
Physik COMPexPro 110, A= 248 nm 1= 20 ns)& A}
&3to] @olA ablation WHO R AZetSATt. o] A
= 45" 42 Bllel AP AZ AL H2& oy} wk
= %] = 27k 200 mJ3 5 Hz®2 AA 9ok 3
Wi %27 A3F % TMP (turbo molecular pump)Z
o] g8kl 30x10° Torr2 @4stich 71d3t A
AYE 45 mmzE 43R o AZO Bl FgE
ARl whete] 2248 QA 3 mpme] HEE I HAIA
o B T g AZO wHte] EAWEE 2413
iAol 228 150TC, AHAESS 3 mTorz

L

wAsE SHARE] WEE S84 25 nmelA 300
nm 744 FFEP o, F 1ol AZO uhate] Azt
271 YEh AT

2.2 24 x|

Z¥z0] 2730 we} Azke uhee] Frle AohHs AAM
% FARR Al (Quanta 200 FEG, FEI COMPANY)S A}
falo] =4ty AATRE XA FEEA 4A (CuKa
radiation with A= 15406 A X'pertPRO, PANalytical,
Netherlands) & AFESH] © - 2 6= 207 ~0°F7HllA] 21815
¥ 2 2 AAY A7)1s A 93 #9 (SPA-4W,



570 J. KIEEME, Vol. 24, No. 7, pp. 568-573, July 2011: M.-W. Pin et al.

Seiko Instruments)©] DFM (dynamic force microscopy) -
=4 2 um X 2 gm HOE =2 st dAV)|d EHL &
23 =4 A]2=(HEM-2,000, EGK Corporation) S A&
o Van der pauw HO2 “g-2ol|A A5 T) 33H4

A8 3434 A (spectro photometer, Vary—5, Australia)
ARESte] ZhAld oA Bhate] Rags A
o FAZANE Fal wrte] M=ASs ALkskith

Zi
ol
on
2 _Ilm $

ol

PLDE AHg3te] A4tsl AZO whebe] Awwe 1
A A0 4 (FE-SEM)S AFgsiA 57
W, deae 29 1o Geugt A
= Foll w2} Zhzk 25, 50, 100, 200,

a9 20& 150C, 3 mTorrd d#HelA =4 7%
9ol vFe TAR AGd AZO whuke] XRD 4
AES GET wE 54 sEdA Al v

peak® & £ fen, FANE gagle

EF Zn09] A Z+%(2 0= 34.45°) Al A peako]
WAL o RoE A wee cF YFow
$AR9 BFRES & & Aok v FA
A9A5E 8%t S 9w, 25 nmelA

300 nm7HA wreke] AL FAASE Age 6
ko]l 2 O peak?] X7} 33.88°~34.28° 71X W &}s)
2 O peake 34.45° o|w uhub
EFAE ZnO°o A HA 6 7t
< 9t} S. Hayamizu et al. 59

Al glass 71k9]el S

O GrE W das vjdoriy 2 3He w

T Sl (201 wERA] AlEHE AZO e vl

A A 71aslel SN el & S¥E wop

F= ZHe Zn0 B v ZhEelA 2 © peake]
e Fow oA

13 3= T 17}011 ﬂf& £ 32 2 ALY

o] SPM (Scannmg probe micro
i A7

(o5

05

[
N

Fig. 1. Cross section image of AZO thin films with
thickness of 200 nm(left), 300 nm(right).
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Fig. 2. XRD patterns of AZO thin films on quartz
substrate as a function of thickness.

Fig. 3. SPM
substrate as a function of thickness.
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Table 2. RMS and grain’s mean diameter of AZO thin
films on quartz substrate as a function of thickness.

Thickness | oo | 5, 100 | 200 | 300
(nm)
RMS (A) 383 | 694| 125| 189 | 342
~ Mean 078 | 118 | 202| 397| 752
Diameter (nm)
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Fig. 4. The hall mobility(n),
concentration(n) of AZO thin films on quartz substrate as

resistivity(p) and carrier

a function of thickness.
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Fig. 5. Optical transmission spectra of AZO thin films
on quartz substrate as a function of thickness.
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Fig. 6. The calculation method of band gap energy by
the linear fitting of the relative absorption edge of AZO
thin films on quartz substrate as a function of thickness.
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