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Abstract The properties of Al-doped ZnO (AZO) films were investigated as a function of H,/(Ar + H,) gas ratio using an
AZO (2wt% Al,O;) ceramic target in a radio frequency (RF) magnetron sputtering system. The deposition process was
done at 200°C and in 2 x 107 Torr working pressure and with various ratios of H,/(Ar+H,) gas. During the AZO film
deposition process, partid H, gas affected the AZO film characteristics. The electron resistivity (~9.21 x 10*Qcm) was
lowest and mobility (~17.8 cm’/Vs) was highest in AZO films when the H,/(Ar + H,) gas ratio was 2.5%. When the H,/
(Ar+H,) gas ratio was increased above 2.5 %, the electron resistivity increased and mobility decreased with increasing H,/
(Ar+H,) gas ratio in AZO films. The carrier concentration increased with increasing H,/(Ar + H,) gas ratio from 0% to
7.5 %. This phenomenon was explained by reaction of hydrogen and oxygen and additional formation of oxygen vacancy.
The average optica transmission in the visible light wavelength region over 90 % and an orientation of the deposition was
[002] orientation for AZO films grown with al H,/(Ar + H,) gas ratios.
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Table 1
Process conditions of the RF magnetron sputtering system for
AZO film deposition

Deposition parameter Vaue

R.F, power 100 W
Ar+H,gas 25 scem
Substrate temperature 200°C
Distance between target and substrate 5cm
Rotation speed 3rpm
Deposition time 60 min
Background pressure 5x 10° Torr

Working pressure 2.0% 107 Torr
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Fig. 1. XRD pattern of AZO films a 0, 2.5, 5.0 and 7.5% H,/
(Ar+H,) gasratios.
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Fig. 2. SEM picture of AZO film surface a &) 0O, b) 2.5, ¢) 5.0
and d) 7.5% H,/(Ar+H,) gas ratios.
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Fig. 3. Reddtivity, electron carrier concentration and electron
mobility of AZO films a 0, 2.5, 50 and 7.5% H,/(Ar+H,)
ges rdtios.
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Fig. 4. Opticd transmittance spectra of AZO films a 0, 2.5,
5.0 and 7.5 % H,/(Ar + H,) gas ratios.

Fig. 4= 47t~ sx9] WHel ot 2 AZO
ko] 7l dellM FHRE=E YERI it 7
AgA oA o]E AZO Hute] Ha FdeE 0%
Ao, ~420 nm o]ste] Idtiel ~490 nme} ~740
nm I AtolollA= FATEEE HU S AZO
utuke] B3yl £AVIAE H7ISHR] ke AeoA S
Zhg witelx BYd Bierl 555 ¢ 5 AATh
~420 nm2} ~490 nm Afele] ATHel ~740 nm ©]Ate]
il A= WHESS BT FAVERE Juk 5
Zl AZO utute] o wwbo] &g Ar 7k WO R
2l AZO BfEte] §4= dtdel] vlsle] F-e =
9] o]FL Rk} wEe| VIR Usle] HEw] o]

Azt og olFstogn Arle= Zow d#A Utk

o|N

2wit% AlLOyE =3¥ ZnO EMlo® RF 2wy
H)S ARgale] 25% H,/(Ar+H,) 712 H&, 200°C
oA ~9.21x10*Qem 9] WA zH= AZO
nko. A9l om | 425 Ar 7RATRS ARgale] ZFe) up
e WA EE(~1.87 x 10°Qom)S el
o] W AR o]TEi /A =& 7ol ~18cmiVS)
A SNk} FeE ~4.4 % 107em™ AT, Hyl(Ar +
&o] 25% ol 7% S AZO ubet
FaFEEIF SV vAES I AR} o]
AT AAp L9k FEE H(Ar+H,y) 7H
Hlgo] 0%elld 75%2 F7IESE F71EIT.
Ho/(Ar + Hy) 712 Hl&o] 27188 AR AR} 7t
2 AAF Uk} o] ZvlelE ACR Hol AZO
upel Yol M i Abast Agtsle] upel whow whA
Ut abar)ge]l Zrkste] b gwka} ofo] =7

Aog o&Hc), S&H AZO Hiuke] AgAhigke o=

N o

%‘

L =
R
olr
O

s &

R A
N
N
>
z

rir
N, of
P? H

[ ﬁl flo

TE 90 % o]Atol k.

HAlel =2

“o] =E2 2011 E SA SRS Ao ST
H] 2| 4g whol e <1917 (2011-0316).

ik

P

D
ror

[1] Smon L. King, JGE. Gardeniers and W. Boyd,



126 Jwayeon Kim and Jungsu Han

“Pulsed-laser deposited ZnO for device applications’,
Appl. Surf. Sci. 96-98 (1996) 811.

[2] B. Hong and C.-J. Huang, “Structure and properties of
Ag embedded auminum doped ZnO nanocomposite
thin films prepared through a sol-gel process’, Surface
Coat Technology 201 (2006) 3188.

[ 3] P Kasa, “Electron spin resonance studies of donors and
acceptorsin ZnO”, Phys. Rev. 130 (1963) 989.

[4] C.G van de Walle, “Hydrogen as a cause of doping in
zinc oxide’, Phys. Rev. Lett. 85 (2000) 1012.

[5] C.G van de Wlle and J. Neugebauer, “Universal align-
ment of hydrogen levels in semiconductors, insulators
and solutions’, Nature (London) 423 (2003) 626.

[6] K.L. Chopra, S. Mgjor and D.K. Pandya, “Transparent
conductorsA status review”, Thin Solid Films 102
(1983) 1.

[7] SA. Studeniki, N. Golego and M. Cocivera, “Carrier

mobility and density condtributions to photoconductiv-

ity transients in polycrystaline ZnO films’, J. Appl.

Phys. 87 (2000) 2413.

X.-T. Hao, J. Ma, D.-H. Zhang, Y.-G Yang, H.-L Mg,

C.-F. Cheng, and X.-D. Liu, “Comparison of the proper-

ties for ZnO:Al films deposited on polymide and glass

substrates’, Mater. Sci. Eng. B 90 (2002) 50-54.

[9] T. Minami, H. Sato, H. Sonohara, S. Tekata, T. Miyata
and |. Fukuda, “Preparation of milky transparent con-

[8]

[10]

[11]

[12]

[13]

[14]

[19]

ducting ZnO films with textured surface by amo-
spheric chemical vapor deposition using Zn(C;H-0,),",
Thin Solid Films 253 (1994) 14.

J. Song, L.-J. Park and K.-H. Yoon, “Electrical and opti-
cal properties of ZnO thin films prepared by the pyro-
sol method”, J. Korean Phys. Soc. 29 (1996) 219.

A. Suzuki, T. Matsushita, N. Wada, Y. Sakamoto and M.
Okuda, “Transparent conducting Al-doped ZnO thin
films prepared by pulsed deposition”, Jon. J. Appl.
Phys. 35 (1996) L56.

Y.M. Lu, W.S. Hwang, W.Y. Liu and J.S. Yang, “Effect
of RF power on optical and electrica properties of ZnO
thin film by magnetron sputtering”, Mater. Chem. Phys.
72 (2001) 269.

Sun Yanfeng and Weifeng Liu, “Novek properties of
AZO film sputtered in Ar + H, ambient at high tempera-
ture”, Vacuum 80 (2000) 981.

R. Cebulla, W. Wendt and K. Ellimer, “Al-doped znic
oxide films deposited by simultaneous rf and dc excita-
tion of a magnetron plasma: Relationships between
plasma parameters and structural and eectrical film
properties’, J. Appl. Phys. 83 (1998) 1087.

M.K. Hudiat, K. Modak and S.B. Krupanidhi, “Si incor-
poration and Burstein-Moss shift in n-type GaAs’,
Mater. Sci. Eng. B 60(1) (1999) 1.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


