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Abstract: We investigated the characterizations of carbon films fabricated by dual magnetron sputtering under

various film thickness for the electrodes in TCO-less DSSC (dye-sensitized solar cells). Carbon films prepared at

various conditions were exhibited smooth and uniform surfaces without defects. Also, the rms surface roughness of

carbon films was decreased from 2.25 nm to 1.0 nm with the increase of film thickness. The sheet resistance as

the electrical properties are improved from 11.2x107 to 2.28x10? with the increase of film thickness. In the results,

the performance of TCO-less DSSC critically depended on the film thickness of working electrodes, indicating the

conductivity of carbon films.
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Fig. 1. FESEM surface image for carbon film of 300 nm thick.
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Fig. 2. Rms surface roughness and Rp-v values of carbon

films fabricated with the increase of film thickness.
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Fig. 3. Resistivity, carrier concentrations, and mobility of

carbon films deposited with various film thicknesses.
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Fig. 4. Current density-voltage curves of TCO-less DSSCs by
using carbon electrodes prepared with various film thicknesses.
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Table 1. Photovoltaic performance data of TCO-less DSSCs by

using carbon electrodes prepared with various film thicknesses.

Jse(mA/em?®)  Voc(V)  FF(%) CE(%)
FTO 10.86 0.723 66.77 4.87
100 nm 522 0.693 60.75 2.20
200 nm 7.11 0.723 61.44 3.16
300 nm 8.06 0.720 55.90 3.24
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Fig. 5. The impedance spectra for TCO-less DSSC by using
carbon electrodes prepared with various film thicknesses.

2 9] Jsc, Voc I FF= ZHzF 8.06 mA/cm?, 0.72 V,
55.9%2 UERIc E8 molN SHeld 4 olso] &
2uraro]l £Al= Jscob FF—J Hatol| 7P AR 719
2 solslgion], Ba 39 Sl Webt A
Sha vt prnndipi 4 ek
A= AL TCO-less DSSCO =714
7 Uetdch QuEo® Rs, Ry, Ry,
A= A FUd=TY 2HAY, oA
DAY A G, TIO, dw, HofA
L aen Wajde] Sajel BRY A3
9)tt. TCO-less DSSCo] &7hAjst
heRe, 439 A5 St 3ol o
s, Ri. R9] AR5 daskin. o] AYF 4
H30) ook 71 WAL e Ae Rs A
Rs AE9 X4

8711913} [13]. 2=,

at) J
glo

ol
f”\

],

1o
A
il

n

L

lo |4

N AT ol
1%
ol
ol
ruh‘. "—5'1

ol

=0
W]

oo

N

N
.

)

A

1l
g
)

2
N

N
Me 10 1o
lo
v
;_‘;I:‘ oX,
I Elia
2

o X
i

o

E :

burfr oo © fe © M ox

18 rg
no >
o

=]

=
_>.i

ol

ok
%ﬁ

1)

o -

>

tlo

re
re
-4
rlr
oR
KU
ol
olo
ook

J. Korean Inst. Electr. Electron. Mater. Eng.,

Vol. 29, No. 11, pp. 725-728, November 2016: Y.-H. Joo et al

17 ARQl FTO 59 Ay EPX= dixls st
o TCO-less DSSC& Kﬂoﬁ}?‘;i, AmEY AR/
EtAdtalbg AFdd=2o =2 H83 DSSCE AlArstYc
2mME 2 FAo wat AAE sidtuto] gHe T
7t S7tgol wer 29 ARV g2 FaskRa, H|A
g mUAY 5 [M7HQA B4 L 9] ZAasH
AME EHAXNZZ DSSCo| ALSH TCO-less DSSC
9] ARt EA2 ©HANIZY TAVE 5SS FAo
= Z1& =st¥on], TCO-less DSSCO| z|cf gt
§8C 3.24%= UERYQICH
REFERENCES

[1] B. ORegan and M. Gratzel, Nature, 353, 737 (1991).
[DOL: http://dx.doi.org/10.1038/353737a0]

[2] N. G. Park and K. Kim, Phys. Status Solidi A, 205, 1895

(2008). [DOIL: http://dx.doi.org/10.1002/pssa.200778938]

F. Gao, Y. Wang, D. Shi, J. Zhang, M. Wang, X. Jing,

R. H. Baker, P. Wang, S. M. Zakeeruddin, and M.

Gratzel, J. Am. Chem. Soc., 130, 10720 (2008). [DOI:

http://dx.doi.org/10.1021/ja801942j]

H. Greijer, L. Karlson, S. T. Lindquist, and A. Hagfeldt,

Renewable Energy, 23, 27 (2001). [DOI: http://dx.doi.org/

10.1016/S0960-1481(00)00111-7]

B. J. Yoo, K. J. Kim, Y. H. Kim, K. K. Kim, M. J.

Ko, W. M. Kim, and N. G. Park, J. Mater. Chem., 21,

3077 (2011). [DOL: http://dx.doi.org/10.1039/c0jm02962a]

T. Beppu, Y. Kashiwa, S. Hayase, M. Konol, and Y.

Yamaguchi, Japanese Journal of Applied Physics, 48,

061504 (2009). [DOI: http://dx.doi.org/10.1143/JJAP.48.061504]

Z. Tang, Z. J. Zhang, K. Narumi, Y. Xu, H. Naramoto,

and S. J. Nagai, Appl. Phys., 89, 1956 (2001).

A. A. Onoprienko, V. V. Artamonor, and I. B. Yanchuk,

Surf. Coat. Technol., 172, 189 (2003). [DOI: http://dx.doi.

org/10.1016/S0257-8972(03)00333-5]

[9] N.M.J. Conway, A. C. Ferari, A. J. Flewitt, J. Robertson,
W. L. Milne, A. Tagliaferro, and W. Beyer, Diamond
Relat. Mater., 9, 765 (2006). [DOI: http://dx.doi.org/
10.1016/S0925-9635(99)00271-X]

[10] V. Kulikovsky, P. Bohac, F. Franc, A. Deineka, V.

Vorlicek, and L. Jastrabik, Diamond and Relat. Mater.,
10 1076 (2001). [DOI: http://dx.doi.org/10.1016/S0925-
9635(00)00525-2]

(3]

(4]

(5]

(6]

(7]

(8]

[11] A. Grill, Surf. Coat. Technol., 94, 507 (1997). [DOI:
http://dx.doi.org/10.1016/S0257-8972(97)00458-1]
[12] A. Czyzniewski, Thin Solid Films, 433, 180 (2003).

[DOI: http://dx.doi.org/10.1016/S0040-6090(03)00324-9]

L. Han, N. Koide, Y. Chiba, A. Islam, R. Komiya, N.
Fuke, A. Fukui, and R. Yamanaka, Appl. Phys. Lett.,
86, 213501 (2005). [DOL: http://dx.doi.org/10.1063/1.1925773]

[13]



