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Table 1 Photoelectric performance of SnO,:F films prepared

with F doping contents

[n(F)/n(Sn)])/ Transmittance/  E,/ p/ Drc/
% % eV (107 Q-cem) 10°Q"
0 94.3 3.77 54.90 9.12
6 89.0 3.83 19.87 19.15
10 85.3 3.84 13.18 18.88
14 79.3 3.82 1.79 49.44
18 62.1 3.83 2.04 5.10
22 59.9 3.82 2.78 2.61
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Table 2 Photoelectric performance of SnO,:Sbfilms prepared
with Sb doping contents

[n(Sb)/n(Sn)]/ Transmittance/ E,/ pl Drc/
% % eV (107 Q-em) 1074Q™"
0 94.3 3.77 54.90 9.12
10 84.1 3.82 2.834 56.09
11 81.9 3.84 2.13 57.37
12 78.9 3.84 1.36 61.87
13 73.4 3.83 1.92 21.28
14 72.9 3.72 2.90 13.16
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Table 3 Photoelectric performance of SnO,:La films prepared

with La doping contents

[n(La)/n(Sn)}/ Transmittance/ E,/ pl Drc/
% % eV (1072 Q-em) 104 Q7!
0 94.3 3.77 54.90 9.12
1 75.2 3.81 3.20 16.27
2 74.9 3.83 3.00 16.67
3 74.6 3.85 2.64 18.20
4 72.8 3.86 1.92 19.60
5 70.6 3.87 1.70 16.29
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Table 4 Photoelectric performance of SnO, films prepared with different dopants

Dopant Dopant content/% Transmittance/% E eV p/(107 Q-cm) Drc/1074 Q7!
Undoped 0 94.3 3.77 54.90 9.12
SnF, 14 79.3 3.82 1.79 49.44
SbCl; 12 78.9 3.85 1.36 61.87
La(NO;);-6H,0 4 72.8 3.86 1.92 19.60
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XRD patterns of SnO,-based conductive films
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Table 5 Various parameters of SnO,-based films prepared

with different dopants

Dopant a=b/nm  ¢/nm Vmm®  FWHM/(°)

Undoped SnO, 0.474 0.319 0.0716 0.421

SnF, 0.473 0317  0.0709 0.269
SbCl; 0.474 0.320  0.0719 0.878

La(NO;);-:6H,O0  0.474 0.320  0.0719 0.471
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Fig. 5 XPS spectra of SnO,:F films: (a) Full range spectrum; (b) F 1s; (¢) O 1s; (d) Sn 3d
(2 (b) Sb3d

Sn 3d

0 2s

0 200 400 600 800 1000 1200 525 528 531 534 537 540
Binding energy/eV Binding energy/eV
() O1ls (d Sn 3d
Is 3dsp
3d3
Is
1 1 1 1 1 1 1 1 1 1
524 526 528 530 532 534 480 483 486 489 492 495
Binding energy/eV Binding energy/eV

6 SnO,:Sb i) XPS 1

Fig. 6 XPS spectra of SnO,:Sb films: (a) Full range spectrum; (b) Sb 3d; (c) O 1s; (d) Sn 3d
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Fig. 7 XPS spectra of SnO,:La films: (a) Full range spectrum; (b) Sb 3d; (c) O 1s; (d) Sn 3d
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Fig. 8 Schematic diagrams of crystal structure model of SnO,(a), SnO,:F(b), SnO,:Sb(c) and SnO,:La(d)
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Effects of different dopants on properties of
SnO,-based conductive films

FAN Lin, XU Ke-jing, ZHANG Heng, WEI Chun-cheng

(School of Materials Science and Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: The SnO,-based films were prepared by a self-innovative sol-gel-vapor deposition method, taking F, Sb and La
as the dopant of the representative of non-metallic, metalloid, and rare earth elements, respectively. SnO,-based films
were tested and analyzed using four-probe resistivity/square resistance tester, dual-beam ultraviolet-visible
spectrophotometer, scanning electron microscopy, X-ray powder diffractometer, and X-ray photoelectron spectroscopy.
The surface morphology, microcrystalline structure and photoelectric properties of SnO,-based films with different
dopants were studied, and their mechanism was discussed. The results show that the doped SnO, films all are tetragonal
rutile phase, and the surface morphologies of the SnO, films with SnF,, SbCl; and La(NOs);-6H,0 doped are pyramidal,
shell-like and irregular polyhedrons, respectively. The resistivity of SnO,-based film is 1.36X107 Q-cm, the
transmittance is 78.9%, and the comprehensive photoelectric property is 61.87X10* Q' when the dopant is 12% (mole
ratio) SbCls, and its properties are the best of all samples. The difference in energy level structure, microstructure, surface
morphology and photoelectric properties of SnO,-based films is mainly attributed to the different doping types of
different dopants. And the modification effect of n-type dopants is better than that of p-type dopants.

Key words: SnO,-based conductive films; photoelectric property; dopants; doping mechanism
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