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Abstract: As an alternative energy, Dye-sensitized solar cells (DSSCs) have received much attention due

to low cost manufacturing procedure and high energy consumption rate. Incorporating scattering centers

in the nanocrystalline photoanode or additional scattering layers on the nanocrystalline photoanode is an

effective way to enhance the light harvest efficiency of the photoanode and the performance of

dye-sensitized solar cells (DSSCs). The light scattering abilities of these scattering layers also depend on

the relative sizes and phase of the particles in the layers. A higher surface area is normally obtained

using large particle sizes.
scattering layer consisting of TiO»

Therefore, transparent high surface area TiO2

layers and an additional
- Rutile 500 nm paste with relatively larger particles are attractive. In

this work, we investigates the applicability of a hybrid TiO: electrode (or a working electrode with a

light scattering layer) in a DSSCs. We fabrication various thin film using TiO; paste 20 nm and TiO.

paste 500 nm. As a result, the efficiency of the a single structure thin film was 3.35% and the efficiency

as scattering layer of hybrid structure thin film was 4.36%, 4.73%.
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Fig. 1. Different TiO; photoelectrode structure. (a)

20/20/20 nm, (b) 20/20/20/20 nmm, (c) 500/500/500/500 nm,
(d) 20/500/20/500 mm, (e) 20/20/500/20/20/500 nm, (f)
20/20/20/500 mm, (g) 20/20/20/20/20/500 nm.
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Fig. 2. XRD patterns of the TiO. layer.
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Fig. 3. Photocurrent and voltage curves of the DSSCs
prepared with working pressures.
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Fig. 4. Photocurrent and voltage curves of the DSSCs
prepared with working pressures.
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Fig. 5. SEM images of TiO. layer.

Table 1. Photovoltaic performances of the DSSCs
prepared with different working pressures.
Jsc Voc FF n
(mA/cm?) (V) (%) (%)
(a) 6.66 0.65 71.81 3.12
(b) 7.03 0.70 68.12 3.35
(c) 0.98 0.71 39.69 0.27
(d) 8.97 0.61 68.61 3.76
(e) 9.56 0.64 66.35 4.07
(f) 11.41 0.61 62.51 4.36
(g) 11.70 0.62 64.85 4.73
448 2R A8 F AUAL BAAY 23
29 7] Bt FUHl % 150 N5 Fw
A 7] wielt [13]. A9 (e)o] B% A4
(@)rth g&o] A SAHHS ‘jr Ol“ S A2
HIEEA S A2 98 FF%F working layer®] F
A ¢} vl ol wat scattering £V thE 7] oot
[14].

a9 5= AYg (g @iy xHe SEM o]H[ A
o]t} Working layer
layer 500 nm pasteE

TiO2 20 nm paste®} scattering
screen printing #2202 FH
ste]l 16 mme working layer®t 6 me| scattering
layer—% A 23} A

3E1olA BojF= upel o] F4
ﬁﬂr"ﬂ ozl & %‘i% AA st
Fote 4E T7HA AR RS F
A Jsce= F7 Al ® Tk FF (ﬁll factor)®= Z 1(c)°]
o= ALl WekA @%om, & 1(o)e A2 ¥xd

Hol o8] ARF Aol A o] FolAA o} Jsc E

A, #2548 A7% pp. 558-562, 2012\ 7H:

SRR

561

g g e

o FA w}ﬁ} W 3} 5} Al
pasteZ A}
Holx ¢

CEEIEEE
. 500 nm TiOq
SERS

oo
et
2
1L
m
o
oy
B>
il
f
o
T
rlu

%‘3

o},

2 A9 BHFoeRE 20 m =279 TiOw
anatase particle®] Jsc 7.03 mA/cm® &8 3.35%%
= etk Bardsor Ag
3l7] 9138k TiO, particle ¢z} =7]o] web 3 Akt
E7F v E2W 500 nm 7] 9] TiO; rutile particles
=203 ALEPE W g& =UE AFT

A% g8

Fak e T
AL, 20 mm TiOy anatase particles &g H vt
Avpor FAEFS AHEEAS A M =2 &
& 437%, 473%E YERSITE 2 A9 Aite] o
28 JA=27)17F 2 TiO, rutile particles FAkgh=
oz Algsto gy o Agon 23 IAE F&
= @S 7 Ao FAAg v wE a&AelE
& AT

7I-A|. |

2012 7Pl il ArH] # e
(GCU-2012-R092).

REFERENCES

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

[2] M. K Nazeeruddi, A. Kay, I. Rodicio, R. Humpbry—Baker,
E. Miiller, P. Liska, N. Vlachopoulos, and M. Gratzel, J.
Am. Chem. Soc., 115, 6382 (1993).

[3] M. Gratzel, Inorg. Chem., 44, 6841 (2005).

[4] M. Gratzel, Nature, 414, 338 (2001).

[5] K. Hara, Y. Tachibana, Y. Ohga, A. Shinpo, S. Suga,
K. Sayama, H. Sugihara, and H. Arakawa, Sol
Energ. Mat. Sol. Cells, 77, 89 (2003).

[6] H. Matsui, K. Okada, and T. Kawashima, T. Ezure,
N. Tanabe, R. Kawno, and M. Watanabe, J. Photoch.
Photobio. A: Chemistry, 164, 129 (2004).



562

[71 S. S. Kim, Y. C. Nah, Y. Y. Noh, J. Jo, and D. Y.
Kim, Electrochim. Acta, 51, 3814 (2006).

[8] M. Gratzel, Prog. Photovoltaics: Res. Appl, 8, 171
(2000).

[9] F. C. Krebs and M. Biancardo, Sol. Energ. Mat. Sol.
Cells, 90, 142 (2006).

[10] S. Hore, C. Vetter, R. Kern, H. Smit, and A.
Hinsch., Sol. Energ. Mat. Sol. Cells, 90, 1176 (2006).

[11] J. Ferber and J. Luther., Sol Energ. Mat. Sol. Cells,
54, 265 (1998).

J. KIEEME, Vol. 25, No. 7, pp. 558-562, July 2012: T. S. Eom et al.

[12] Clifford, J. N. E. Palomares, Md. K. Nazeeruddin, M.
Gratzel, J. Nelson, X. Li, N. J. Long, and J. R.
Durrant, J. Am. Chem. Soc., 126, 5225 (2004).

[13] A. Ishimaru, Wave Propagation and Scattering in
Random Media (The Institute of Electrical and
Electronics Engineers, Inc. York and Oxford
University Press, 1978)

[14] H. J. Koo, J. Park, B. Yoo, K. Yoo, K. Kim, and N.
G. Park, Inorg. Chim. Acta, 361, 677 (2008).

[15] S. Ito, M. K. Nazreeruddin, M. Gritzel, T. Mizuno,
Atsushi, Tanaka, and T. Koyanagi, IJP, 517609, 8
(2009).

New




<<
  /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


