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Microstructure and Photo-absorption Property of V-doped Nano-TiO, Thin Films

ZHANG Xiao-Yong, CHAO Ming-Ju, LIANG Er-Jun, HU Fan, YUAN Bin
( Department of Physics & Key Lab. of Material Physics of Ministry of Education, Zhengzhou University, Zhengzhou, 450052,
China)

Abstract: V-doped nano-TiO, thin films with different. V-dopings were prepared by magnetron sputtering
method. The microstructure observation and-crystallization mechanism of/ the films were performed by scan-
ning electron microscope( SEM) and X-ray diffractometer (XRD.). Raman spectrum and UV-vis transmit-
tance spectrum of the films were also accomplished by Raman: spectrometer and ultraviolet-visible spectrome-
ter. The stress in crystal lattice and photo-absorption property 'of the films were studied. The results indicate
that vanadium dopant in nano-TiQ; thin films can induce the oriented crystallization of TiO, and form sizable
dumbbell-state crystal grains. The addition of vanadium-to TiO, thin films suppresses the expanding of crystal
lattice and the generation of rutile. The stress in the 'V-doped nano-TiO, films increases with the increase of
vanadium content. With the addition of vanadium; the energy level of conduction band of the nano-TiO, low-
ers and stretches to bandgap. Thus the bandgap of nano-TiO, is narrowed down. As a result, the optical ab-
sorption edge of the V-doped nano-TiO, thin films shifts from ultraviolet zone to visible one, enhancing the
absorptivity of thefilms on visible light.
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Table 1 Sputtering style and experimental parameter of vanadium target

Sample A B C D E F G
Sputtering style Radio frequency

Voltage / V 0 350 425 690 780 850 950
Current / A 0 0. 065 0.090 0. 150 0.180 0.210 0.240
Self-partial voltage / V 0 80 95 195 225 270 310
Power / W 0 22.75 38.25 103.50 140. 00 178.50 228.00
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Fig. 1  Surface morphologies of sample A(a), B(b) and C(c), respectively
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Fig.2 XRD patterns of TiO, thin films without (sample A) and
with different V-dopings ( samples B-G)
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Fig. 3. ~Raman spectra of TiO, thin films with different V-dopings
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Table 2 Raman data of TiO, samples with diferent V contents

Sample A B C D E F G Bulk
Peak position/cm ™' 141.74 141.61 141. 86 143.78 144.81 145.57 147.81 144. 15
FWHM/cm ™' 18.49 18.41 19.53 21.14 25.40 29.57 32.76 -
Aw,,/cm ™! -2.41 -2.54 -2.29 -0.37 0.66 1.42 3.66 -
Awy/cm™! —5.547 -5.523 -5.859 -6.423 -7.62 -8.871 -9.828 -
Aw /cm™ 3.137 2.983 3.569 6.053 8.28 10.291 13.488 -
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Fig.4 UV-vis transmittance spectra of TiO, thin films with differ-

ent V-dopings
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Fig. 5. Plots of o vs.hw for TiO, thin films with different V-dopings
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Table'3 Optical bandgap and absorption edge
wavelength of samples

Sample A B C D E F G Bulk
3 ,.1

Optica 3.37 3.33 3.30 3.23 3.19 3.10 3.03 3.21

bandgap/eV

Wavelength/nm 368 372 376 384 389 400 409 386
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