Regular Paper

J. KIEEME
Vol. 25, No. 1, pp. 37-43, January 2012
DOI: http://dx.doi.org/10.4313/JKEM.2012.25.1.37

37

Textured-AZO/AZO/Glass FHMIE2 = dz S
Ef M X|e] XUzl EM
M oWl ez, gl
Dgaetm 4747 W AR E A
2 labd)etar whEA] T A% e ol shal, 91 %el | whekel A

Photoelectric Conversion Properties of Dye-sensitized Solar Cell in
the Transparent Electrode of Textured-AZO/AZO/Glass

Xu Bingl, Choon Bae Parkl, and Geun C. HoangZ’al
! School of Electrical Electronic and Information Engineering, Wonkwang University, Iksan 570-749, Korea
% Department of Semiconductor and Display, Wonkwang University, Iksan 570-749, Korea

(Received November 17, 2011; Revised November 29, 2011; Accepted December 6, 2011)

Abstract: We were studied that AZO conductive thin film can substitute for FTO electrode in dye
sensitized solar cell. Three types of AZO films soda-lime glass(AZO/glass,
AZO/AZ0O/glass, textured AZO/AZO/glass) using RF magnetron sputtering process and investigated their
properties of electrical, optical, and photoelectric conversion rate. The textured AZO/AZO/glass has the
lowest resistivity of 3.079x10 " Qcm among other films. And the optical transmittance rate was better than
both non textured AZO/AZO/glass and FTO/glass in the visible region. After manufacturing dye solar
cells using the three types of AZO films, the textured AZO/AZO/glass showed the highest photoelectric
conversion rate of 3.68% among AZO samples. But the transformation rate was slightly lower than FTO
cells (4.52%). However, the conductive film of textured AZO/AZQO/glass can be applicable to use an
electrode in solar cells as cost-effective products.
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FT0 —

AZ0 TiO, dye electrolyte Pt

Fig. 1. Schematic energy diagram of AZO/TiOy/dye/electrolyte/Pt
dye-sensitized solar cells. Solid line is the FTO conduction band.
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Table 1. Conditions of RF magnetron sputtering to
deposite AZO and AZO buffer layer at low temperature.

Parameters Conditions
T ¢ 7Zn0:Al:03
arge
& [2 wt]
Substrate Soda lime Glass
Base pressure 6
[Torr] 8x10
Working 3
Deposition pressure [Torr] 5+10
Power 150
Ambient gases Ar:Ho[1%]
Deposition
temperature[ C] 100
15
60
Time[min] (AZO (AZO
Javer) buffer
Y layer)
Ambient gas Ho
. Temperature[ C] 400
Annealing
Annealing time
. 60
[min]
Etching Hcl 1%, 10 sec
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Fig. 2. XRD patterns of FTO and AZO thin films. (a)
AZO/glass, (b) AZO/AZO/glass, (c) textured AZO/AZO/glass.

wg (002)Zn0 F|3e digk FWHME AZO/glass®]
0.2364°°14 AZO/AZO/glass 2 textured AZO/AZO/glass
A9 02362°, 0.1963°% 7}7} 7hAaEkqr) ol sk Awe=
buffer layer A% 4<% 3 AZO W =2 34
oA AT ~EH A i wE AR FUIE
AorEc} [89]. 3 AZO Wb} glass 71% 7o A
g R I ZASF7 927] wWiEol homo-buffer



40 J. KIEEME, Vol. 25, No. 1, pp. 37-43, January 2012: X. Bing et al.

Fig. 3. FE-SEM cross-section image of FTO/glass and

textured AZO/AZO/glass. (a) FTO/glass, (b) textured
AZO/AZ0O/glass. The buffer layer is shown below the
solid line in fig.(h).
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Fig. 4. The parameter changes in the electrical properties
of the FTO and AZO films. (a) FTO/glass, (b) AZO/glass,
(c) AZO/AZ0O/glass, (d) textured AZO/AZO/glass.
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Table 2. DSSC characteristics of I-V curve in terms of

variable glasses.
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cm
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1.88 mA, 049 V= AZO/AZO/glass®] 1.79 mA<}

046 V Ht} et

SEAES

A A

¥ texturing &2

WA WAEE Tl YAl el FHom

Wo| ZALE Y] WL dmv ¢ g

7] Wi

AZO/AZ0O/glass®] %

o] e

G510

o =%

il

o

=)
e o b
il

>,

o
3
BN

ob

il N

orlfnli_
e & g

52

we F4o

olgtz IdHY) I =S 2= textured

o},

AA vl kA

e

g :F‘:,‘ O_u
=)
o o

u
LR

o op

oz 2

dFE =

]1_—_1,1

o -1

(Jso) &= AZO/glass®] tH
MRz gol 4FE AZO uhubel
7hstar v] A gk
ol TiO, Yix=JatelA FHd=9] A

AAtEe]

ol 53t 7] wiEelth

4 textured AZO/AZO/glass 37
W“ﬂﬂJ ”ﬂ%ﬂi%

o
ol
o
£
ot
o
)
%,
il
offt
ol
25

e
2
I
m
9_',

gt

=

>

ol &
o

1=}

Ry A E (A

£ M odo e X o2 2 o & oo X

S =4 AFolt.

ATFAA FTO A= diilel AZOE AMgste &
A E= AZO/glass, AZO/AZO/glass “L¥] 3l textured
AZO/AZO/glassE AlZFste] 714, Feh4, FHd
3 EANS 3#HIT W textured AZO/AZO/glaSSﬂ 7}
oA 204 A3 g AS LA =3, textured
AZO ¥ths 9578 HEdA e FEdgoRe] &

A

=

o

rh

4. 4

E. 7o A= RF magnetron sputteringi< ©]-&3fo] 37}
A F5F9 AZO 51 A=urt (AZO/glass, AZO/AZ0/glass,
23 A5t textured® AZO/AZO/glass)S Alxsle] 7z}
bube] XRD, A7]4-384. B34 WE ggo =4
S =74 nusgon FTO s A xsto] 3714

OFe 34.4°04 = TAZE B (002) ZnO c-5 ¢4
o EAS yetdlon, AZO buffer layerdol 2+
E AZO ¥dt (AZO/AZO/glass)¥} ol A} textured
AZO/AZO/glassE9] XRD ¥3aEL wyHZFo Qe
AZO/glass Btura} vk wf of 2v) A= FAV} F
7hate]l M FE AREete] whehE AlZEE 3lo] W

ol gl HHEY o o 24 4 Bdve

AL & F AT o)A FE 7 HI AZO o Aol
oA WA ol EF zhe] whdl P4 Al BAF
v 2EHAE My Fo] $3kA]7]7] wiolth

2) Hall &9 #4& &3l HuFo] A= + AZO =
Eo] HuFo] gl AZO Hethn 1714 §Ao] 9538
Ark 3FF9 AR FoA textured AZO/AZO/glass=

]'Xo]— o vl A3 gk 3.079x10 ¢ Qem¥} 7P =& glgle}
= 981x10” en 'S Bk

3) Az 25 AZO Huhe A8 FTO/glasse 3
& T17% Bt} 533tk Textured AZO/AZO/ glass
o] Ay FH&L 874% = AZO/AZO/glass (86.4%) H.
of Ekoem 400-900 nm FYol A H FIE2 9
A 80.19%00 A o A F 81.8%= Z7bsknt
4) 3F7F AZ0 71 H5S AHEste] Asghs HEHA
5 AFste] Ztzhel Bd WHd 58S SAS 4y
textured AZO/AZ0/glass A =ro] 3.68%=2 AZO/AZO/glass
(3.26%)9F AZO/glass A=+ (2.83%) HU} ol oA g3

o



A7 AAA 58 3] =74, A257 A1E pp. 37-43, 20121 149: A

QA 1__?_]_

9 =4 AF=E nudd v I8 kAR A
4 FTO/glass 94 A=< textured AZO/AZO/ glass
EgdZoz A7}t sbsstttE RS & F 9dsdrh

1

ZAtel =2

B g 20119 = it anf) Ate) Al
=]

2 ol s,

= 43

REFERENCES

[1] B. O. Regan and M. Gratzel, Nature, 353, 737 (1991).

[2]1 T. Kato and S. Hayase, J. Electrochem. Soc.,, 154,
B117 (2007).

[3] Y. H. Kim, K. S Lee, T. S. Lee, B. K. Cheong, and
T. Y. Seong, Current Applied Physics., 10, S278
(2010).

[4] S. T. Hwang and C. B. Park, Trans. Electr. Electron.
Mater., 11, 279 (2010).

[5] C. Jeong, H. S. Kim, D. R. Chang, and K. Kamisako,
J. Appl. Phys., 47, 5656 (2008)

[6] J. N. Ding, F. Ye, N. Y. Yuan, C. B. Tan, Y. Y. Zhuy,
G. Q. Ding, and Z. H. Chen, Applied Surface Science,
257, 1420 (2010).

[7]1 N. Hirahara, B. Onwona-Agyeman, and M. Nakao,
Thin Solid Films, doi:10.1016/j.tsf.2011.08.100 (2011).

[8] K. M. Kim, E. M. Jin, and C .B. Park, J. KIEEME,
19, 901 (2006).

[9] G. J. Fang, D. Li, and B. L. Yao, Thin Solid Films,
418, 156 (2002).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


