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Effect of Thickness on the Properties of Al Doped ZnO Thin Films
Deposited by Using PLD
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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 4.25x10* Qcm obtained with carrier concentration of 6.84x10” cm™ and
mobility of 21.4 cm?/V-S. 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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3 A3 AegdEsE FHL HAG. o|yF ZnOe=
A3 844 A (hexagonal)®] wirtzite +32& 7HA &
O-ViZ 3gE vtxd A82H =3L 3A &S
Fejl e AR o|WA v|sEH AF
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Table 1. Deposition condition of AZO thin films prepared
by PLD.

Parameter Condition
Target AZ0 (3 at.%)
Substrate Quartz
Pulse energy 200 m]
Pulse repetition 5 Hz
T-S distance 45 mm
Temperature 150T
Base pressure 3.0x10° Torr
Working pressure 3 mTorr
Thickness 25 nm - 300 nm

4N ZE F<H 80T 22N Az ta3a e
o] BAE 947 M 700 kg/em®e] Fo2 UZ 7}
F48L a3, 24000 kg/em?e] Fo2 A4t A
(cold isostatic pressing)g At AFEAE A
712E& o]-&3ta] 1,200Tol A 6A13F F<t &43te o
23 Yee] FZ 1 inche AZO B} A& 2. AF
g AZO ¥uhe KrF Al A go]H(Lambda
Physik COMPexPro 110, A= 248 nm 1= 20 ns)& A}
435to] #lo]A ablation WHOE AzsA. #o|A
T 45" A2 g AL AZHZ "2 A9} ut
B 354E 242 200 mJ# 5 Hz2 AR 3o #y
e %x7] 1FE& TMP (turbo molecular pump)E
o] g3t] 3.0x10° Torrz At 7|13} ElA9
Azl 46 mm=2 £2E3H o8 AZO BHAL 35gE
Mol ueke] 2232 A 3 pme) £E2 HHAR
o}, o Flol mE AZO wute] EHWE ZAle7
el 7ol LEZ 150T, AH4AEL S 3 mTorrz
nAsta FERAZEe] WsE FdA 25 nmelA 300
nm 744 ZHsgen, ¥ 1o AZO wute] 2z
222 ek

22 24 ZH

Z}z}o] zzio) whel AZpE whate] S = HAdds AAM
& FARIAL A% (Quanta 200 FEG, FEI COMPANY)-S A}
B3l 8ot ARTE= X RPN A (CuKa
radiation with A= 15406 A X'petPRO, PANalytical,
Netherlands) & AHS31] © - 2 6= ¥ ~80°2kellA 485
. #9 =% 92 ZAY 7= FAF 83 duld (SPA-4,



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

Seiko Instruments)2] DFM (dynamic force microscopy) &
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A& bt 28 34 dEoA Alg gag
peakE L F gllod, FAEe F#gl BF
EZE Zn02 34d Zt=(2 6= 3445°) ZA oA peako]
SAEAT. oJAeRE AFE G cF WIoE
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scopy) ©|WIAE YEen, A} TH AHAY
2 Py AAY 2718 FE 29 JEhRAG. ghute
F4E Avnd g we Fg, FARYeR F
2 AAste AAYE Hol¥, HA dgto] FAY A
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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 image of AZO thin films on quartz
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 2% 50 100 200 300
(nm)
RMS (A) 388 | 694| 125| 189 | 342
Mean
Hamiar foml 078 | 118| 202| 397| 752

A(50, 100 nm), 343 24(200, 300 nm=Z Y=
ded ol AFEA wsles wote] 54 Ft

e 8o ZHadl 9% Zolgt FAHEG [1821]
%A XRD 3|3 €A vebgd 7183} e §
Ho @& Az 7479 W3le} SPM o] X oA
U= gudAte] wslE= S Hayamizu et al. 59 o
T ARex A3 FFE 2Ad 1820211 AF
® wluke 95 nmol|A 300 nm7HA| ¥rere] FA7F F
7}3te] wel RMS (root mean square) #©] 3.88 Ao
A 342 A7tA) F7lete AL ¢+ low, o o
uto] izl A7|7F AAEB=Z RMS #= 7 F71s
Aoz 2 # 3t [18].
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Fig. 4. The hall mobility(p), resistivity(p) and carrier
concentration(n) of AZO thin films on quartz substrate as
a function of thickness.
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ok [22]. =3 ZAYAE AR olFo] WIE=R
g5t G FEdH, olFEd FFE vA7
g &o] oo ZAPAE =2 vATE HAA @
o} [23]. welx wrete] T} FHESE AAYEL
AT AR EAE LA, a0 w ¥W A
71%= Z718tA 9k 200 nme] ®Hete RMS #el F
7H2 % Adng AP AFoz A FAE
AZHA g8 o & vAFE A= ALE B
gAY [24]. WA dreke] A7H 5EAHS AAs=
Aoles W AA7|¢ AA™Y AV 8T 948
g 3 Aoz BuHY, FA9 2HE& FTIMA A
2 AtEE £ A QAE HASA Alejsd rg
AL vgtEd 32 A3g A e 9gg ¢
E F e Aol A4dEg [22].

AZO utute] B3HA B4 ML 3 £43EAE
AHES] 200-800 nme] IFE ol FHEE SAIA
3, 3EYel 4E Fa& Z4E 18 59 YEICH
Z49 2E w2 7PAI3A 996 80% olde F3
& 7HE A AT F AATh 25 nm ¢ 50 nme] ¥
‘1}011»‘1#: gke F2 3] o2 utetE B ARl 4y
A Ee F3Le HPow 100 nmolae wrEtoM=
Aol o3t EARZ Q1 HFe] AHEYe] AAHY
k.
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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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Mgy e (246 Yeld Taue AZRLE
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A5-E A& gol F7F 3Aevw, 36 eValA 374
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atoke 425x10 Qecme] B A 374 eV WMEAD
oz 2 7HABA GGl of 8% FIH&L 7t
Aoz £9 Axy o2 ALdr|de FEF 54
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PLDE di2AlA 346 H§stA @ AZO= F S
WA 2 UEA 59 471 ofd AZdHRA g3 gl
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