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Abstract

Antimony (Sb) doped ZnO thin films (0.1 at.%) were deposited on sapphire (0001) substrates at
various temperatures (200 - 600T) by using pulsed laser deposition technique. All the thin films have
been characterized by X-ray diffractometer, atomic force microscopy and spectrophotometer to
investigate their structural, morphological and optical properties, respectively. Hall measurements were
also carried out to identify the electrical properties of the thin films. These thin films were constituted
in wurtzite structure with the preferential orientation of (002) diffraction plane and had as high as 80%
optical transmission in the visible range. The bandgap energy also was determined by
spectrophotometer which was around 3.28 eV. Hall measurements results revealed that the Sb dope
ZnO thin film (0.1 at.%) grown at 500°C exhibited p-type conduction with a carrier concentration of
8633 x 10" en™ a mobility of 1.41 ci/V -s and a resistivity of 51.8 &+ cm. We have successfully
achieved p-type conduction in antimony doped ZnO thin films with low doping level even though the
electrical properties are not favorable. This paper suggests the feasibility of p-type doping with
large-size-mismatched dopant by using pulsed laser deposition.
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Table 1. Deposition conditions of Sb doped ZnO
thin films (0.1 at.%) prepared by PLD.

Parameter Conditions
Target Sb doped ZnO (0.1 at.%)
Substrate DSP sapphire (0001)
T-S distance 50 mm
Pulse energy 200 m]
Pulse repetition 5 Hz
Base pressure 2.0 x 10 Torr
Working pressure 03 130 mTorr
Temperature 200C - 600TC

E (Aldrich, 99.9+%, nanopowder)E 9182 3§
of sz %o ShO; EEn Zn0 FEE St~
g &70o B3 g7 weol 2443 Bk 4 B
2 (ball milling)& A&ttt 6412 <t 80T
o] eBoA Ax F, dxz g9 e A7)
A3kl 700 ke/ewel Pz A& 7 A¥E &
i, 24000 ke/cie 2 AFFS A4E (CIP)E AAs
Aok A¥E dxa Fee] RAE AV|ZE ol &
ske] 1400ColA 4 AZHEet 288 Hz2a 3§
ele] 27 1 inch®] Sb doped ZnO (0.1 at.%) E}
AL AAr}. Sb doped ZnO e A FAL KiF
Ha dAn #HeolA  (pulsed excimer laser)
(Lambda Physik COMPexPro 110, A= 248 nm, 1=
20 ns)E AH&3te] #H o)A ablation WMo R A Z}
Hedth #elAE Ebzle HRo] 45° Z R A}
AZAZ, ZelAH7E dAlE Bl EdolE nEA9
Eotzot EFol #¥A4HAG. A"E Sb doped
ZnO vtete] AFE Av|H 54 24 98 4
ARl Alstole} 71 (0001)& AMg-3sltt.

¥ 1ol= Sb doped ZnO 4tule] Az A&
a.okste] LhEhoTh

22 EAEH

#1245 Sb doped ZnO wtute] AAFRE X-A
34 24 #A (Cu-Ka radiation with A= 15406
A, X'Pert PRO, PANalytical, Netherlands)& ©]&
o wAstda, EA=HL 0 - 20 = 20° - 8°
Tl A et EH ALY E FAF &3 dn|
7 (SPA - 400, Seiko Instruments)?] AFM 2.
AM 2 m x 2 m WAE A5} A H 54



J. of KIEEME(in Korean), Vol. 22, No. 10, October 2009.

+4e Ea3 &3 Al~% (HEM-2000, EGK
corporation)& AF8&&te] Van der pauw oz 4
2ol A A BEH EHe B3 #=
(Spectrophotometer, Vary-5, Australia)Z o] 83}
o] 300 nm- 700 nm'd §lolA ehube] £ngS =
s, F4 Z23E 53 RE wulbe wMed o
U A& ALtskgich

3. 83 % n&

a9 ol thekg oA Almtole] 7)#k ¢
o PLDZ #1%% Sb doped ZnO 92} (0.1 at.%)
o] ©-20 @ 20°-80° Wl XRD HHES
Bl zF e Slee AALEE EASHAL.
Azt BE 9l 344° 41.7°, 72.7° H2oA
peak& 7FA i Qlt}. 34.4° 727°¢ peakt Z+zt
wurtzite T35 7} Zn02] (002) o (004) ¥z}
A sta, Az e c-Foz Ay A
AL & F Utk olE peak AEE AFLE}
Z7tgkel el F7hakdar, ol whuhe] A Ao
F48S ofujginh. ol wute] FAA HsE
£xo] wE 9Jxte] o]FA (particle mobility)el
71915} 2 ARLEdA 2e gxte ol FA
£ uiuto]l AAEE A E AHolm, o2 Q4]
peaks] ZE TAEANA @ck ZE 3AE S
antimony®} ##E peakE S F gfidlenz
0.1 at.%9 #& ve ¥ $£F& 7Zn02 FZ9
dgg uAA FASE & F AU 41.7°9]
peak: 7]$9] sapphire2] (0006) Bz} QA Fhc},

a9 20 ogd ExolA Abgelo] 7% ¢
o] PLD& #|#% Sh doped ZnO 2%} (0.1 at.%)
9 2 m x 2 m HWAE AT AFM °|vA& 1
Elui2ict. z} AFM ojuj|vjc} AL EE FEAS
gk 600Cel A Azg vtubg Aeg BE urup
o] ojuz #Aae ME HZdla, 600TANA Azt
g utebe agele] arst ke A& 4 2
t}. o] Structure Zone model of Thornton (©]3}
SzZTe= &4 & 4 AcHld]. 600T Erp e
qAewolA webgdd AFS SZT Zone 10
gigata, 600Ce ey AFE Hol A4
Zone Toll #F§ch Zone TolME ¥ 2ERE
A3 e FEF AR A olFHE F
ZhNA EA gikg Fa e 27 F7he o
Ho| x93 wde e ¥ 28 d4ued AR
719 WaE HEsA & & Aok 600TRT} @&
e gooye 257t F7hEd] uel 744

£ 600°C
. | — _J‘:_ R —— -
z
g A ‘ 500°C
A | 400°C
| 300:C
1
200°C

20 30 10 alb 60 70 50

2 Theta degrees

33 1. PLDE o] 88td Alstolo] 71t §o o
G Exo]A A2E Sb doped ZnO 4}
2+ (0.1 at.26)2] XRD &,

Fig. 1. XRD patterns of Sb doped ZnO thin
films (0.1 at.%) on sapphire substrate at
various temperature by PLD.
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Fig. 2. AFM images of Sb doped ZnO thin
films (0.1 at.%) at various temperature.
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Fig. 3. The carrier mobility(O) and concentration
(&), resistivity(Cl) of Sb doped ZnO
thin films (0.1 at%) at various
temperature.
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Fig. 4. Optical transmission spectra of Sh
doped ZnO thin films (0.1 at.%) at
various temperature.
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Fig. 6. Band gap energy of Sb doped ZnO thin
films (0.1 at.%) at various temperature.
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