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Electrical and optical properties of FTO transparent conducting oxide
film by spray pyrolysis and its XPS analysis based on F/Sn ratio
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Abstracts Fluorine-doped tin oxide (FTO) thin film was coated on aluminosilicate glass at 450°C by spray
pyrolysis method. In the range of 0-2.7 molar ratio of F/Sn, the variations of electrical conductivity and visible
light transmission were investigated. At the F/Sn ratio of 1.765, the film showed the lowest electrical resistivity
value of 3.0X107'Q em, the highest carrier concentration of 2.404x 10%/cm?, and about 8 cm?V sec of electronic
mobility. The FTO film showed a preferred orientation of (200) plane parallel to the substrate. X-ray
photoelectron spectroscopy analysis results indicated that the contents of Sn*-O bonding are the highest at

1.765 of F/Sn molar ratio.
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Fig. 1. Electrical resistivity, hall mobility and carrier
concentration of SnO;: F films prepared with different fluorine
doping,.
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Fig. 2. Transmittance spectra of SnO,: F films with different
fluorine doping levels.
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Fig. 3. FE-SEM images of FTO films with different film thickness. 40 (a), 80 (b), 260, (c), 310 (d), 410 (e), and 450 nm (f).
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Fig. 4. FE-SEM cut-view images of FTO films with different film thickness. 40 (a), 80 (b), 260, (c), 310 (d), 410 (e), and 450 nm (¥).
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Fig. 5. XRD patterns of SnOx:F films with different fluorine
doping levels : F/Sn molar ratio, 0 (a), 0.294 (b), 0.882 (c),
1.471 (d), 2.058 (e), and 2.647 (f).
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Fig. 6. XRD patterns of SnO, : F films with different thickness.
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Table 1. Atomic compositions of FTO thin film calculated
from XPS measurement.

F/Sn 0 Sn O/Sn
0.147 56.79293 28.60965 1.985097
1.029 56.86574 31.09823 1.828584
1.765 52.80578 27.61881 1.91195
2.206 56.0824 29.4034 1.907344
2.647 50.38106 26.24255 1.919823
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Fig. 7. XPS spectra determined of Ols on F/Sn molar ratio,
0.147, 1.029, 1.765, 2.206, 2.647 and no addition of ethylene

glycol(1.765).
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Fig. 8. XPS spectra determined of Sn 3ds;, on F/Sn molar
ratio, 0.147, 1.029, 1.765, 2.206, 2.647 and no addition of

ethylene glycol(1.765).
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ratio, 0.147 (a), 1.092 (b), 1.765 (c), 2.206 (d), 2.647 (e).



ErdiEsige) ozt Az

ZIRIA G 7 e S 4 5 T FTO 2 o
A 7tk @A FTO ko) A%340]
2 T o 12 Axe] A9 AREE A=
Hl—%l:g,] OHHHB”VHULEE /\41]- ].09\1:]. XPS B4 7%;} F/
Sn9] H7F 17659 W Sn*-0¢] A} 7P 2o A
< 89 F7F 0°0129] Ago] X|3kso] =P o
oy B2 FE 593 A Fe 94 o Agsixz
ol HzHY olFL W sl AHEHE JHH 7] HE
o HAGE EolA = Rolgdz A2ETh

=
o
oft
iz
1
2 1

_l

LAl 2

o] AFE 2006-20079% £3714Y AAAA ]
_Q_

A g ol FPEPown ofd A=yt
Hne s

—

. S. M. Lee, Ceramist, 6(3), 56-66 (2003).

K. L. Chopra, S. Major, and D. K. Pandya, Thin Solid

Films, 102, 1-35 (1983).

3. T. Kawashima, T. Ezure, K. Okada, H. Matsui, K. Goto,
and N. Tanabe, J. Photochem. & Photobio. A: chemistry,
164, 199-202 (2004).

4. R. G. Gordon, MRS Bull. 25(16), 52-57 (2000).

5. New Transparent Oxide (in Japanese), Shinmeikosya, pp.
73-75 2005.

6. S. Shanthi, H. Anuratha, C. Subramanian, and P.
Ramasamy, J. Cryst. Growth, 194(3-4), 369-373 (1998).

7. A. 1. Martinez and D. R. Acosta, Thin Solid Films 483,

w2

10.

I1.

13.

14.

15.

16.

17.
18.

19.

ol W 7], B8 5495 XPS ¥4 381

107-113 (2005).

. K. Omura, P. Veluchamy, M. Tsuji, T. Nishio, and M.

Murozono, J. of the Electrochem. Soc., 146(6), 2113-2116
(1999).

. A. V. Moholkar, S. M. Pawar, K. Y. Rajpure, and C. H.

Bhosale, Mat. Lett. 61, 3030-3036 (2007).

A. E. Rakhshani, Y. Makdisi, and H. A. Ramazaniyan, J.
Appl. Phys. 83(2), 1049-1057 (1998).

E. Elangovan, K. Ramamurthi, App. Surf. Sci., 249, 183-
196 (2005).

. Japan Society for the Promotion of Science, Transperent

Oxide optical & electrical materials 166th committe, Tech-
nology of Transparent Conducting Oxide (in Japanese),
Ohmsha, p. 54-57, (1999).

S. H. Brewer and S. Franzen, J. Alloys and Comp. 338,
73-79 (2002).

P. Veluchamy, M. Tsuji, T. Nishio, T. Aramoto, H.
Higuchi, S. Kumazawa, S. Shibutani, J. Nakajima, T.
Arita, H. Ohyama, A. Hanafusa, T. Hibino, and K. Omura,
Solar Energy Mat.& Solar Cells, 67, 179-185 (2001).
A. Smith, J. Laurent, D. S. Smith, J. P. Bonnet, and R. R.
Clenente, Thin Solid Films 266, 20-30 (1995).

D. R. Acosta, E. P. Zironi, E. Montoya, and W. Estrada,
Thin Solid Films, 288, 1-7, (1996).

B. Thangaraju, Thin Solid Films 402, 71-78 (2002).

T. Y. Lim, C.Y. Kim, K. B. Shim and K. H. Auh, J. Kor.
Cryst. Growth & Cryst. Tech., 13(5), 254-259 (2003).
A. 1. Martinez, L. Huerta, J. M. O-Rueda de Leon, D.
Acosta, O. Malik and Aguilar, J. Phys. D:Appl. Phys. 39,
5019-5096 (2006).



