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Abstract: The Zn-Sn-O system thin films were fabricated by sol-gel process and spin coating technique on silica
glasses. The reaction of dry gel during sintering was characterized by Themogravimetry-Differential Scanning
Calorimetry synchronous thermal analysis (TG-DSC). And the crystalline phases, the defects, the morphology and the
transmittance of films after sintering in air were characterized by XRD, XPS, FE-SEM and UV-Vis. The resistivity of
the films is affected by the sintering temperature in air, the treatment in N, and the film composition. The ZnSn0O,
crystal has a low resistivity and the minimum resistivity (about 8.0x10% )+ c¢m )is obtained when n/(n,+ns,) is equal
to 50.3at%. The electric property testing results also show that the defect of interstitial cations in ZnSnOjs lattice is
beneficial for a lower resistivity, meanwhile the oxygen vacancies in the lattice leads to an opposite result. The UV-

Vis analysis indicates that the transmittance of ZnSnOj; crystal films is more than 80% in the range of 400~900 nm.
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(a) Surface FE-SEM image of the film; (b) Cross-sectional FE-SEM image of the film
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Fig.3 FE-SEM images of the film with ng/(nz+ns,)=50.0a1% heated at 800 °C for 6 h
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(a) Surface FE-SEM image of the film; (b) Cross-sectional FE-SEM image of the film
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Fig.4 FE-SEM images of the film with ny/(ns+ns,)=50.0at% heated in 1 000 °C for 6 h
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Table 1 XPS data for Ols area of different films, including binding energies(eV) and relative area percentages(%)

0'ls 0's 0Ms
Film- | 529.60 eV 530.45 eV 531.40 eV 532.40 eV
18.52% 43.08% 18.03% 20.37%
Film- 11 529.60 eV 530.55 eV 531.40 eV 532.40 eV
4.54% 50.19% 19.01% 26.26%
Film-1I 529.60 eV 530.40 eV 531.50 eV 532.40 eV
24.53% 39.05% 17.62% 19.02%
Film- [ 1% 18.529%34 1 % Film-11 19 24.53% ; %75 i/
BRI 400y A R 47 0 | 1 Filme T 190 18,0396 0% R g,
D2 Film-TH 17.62% ; B R A (OY) & WA
Fir g />, W OFilm- 1 89 20.37% 3k 2> & Film-T0 /9
19.02% . ’5 Film-II
19 g 3 Rl R Sn3d X %) XPS LA, % B Z§§ @
WA Sn3ds, B 10 45 4 B84 3K . (485.5540.3) eV g
(Sn'), (486.30+0.3) eV (Sn")F1(487.2020.3) eV(Sn™), pm—
AHIL ) 3y, BB 0455 8 5 50 0+ (493.85+0.3) eV
(Sn').(494.80+0.3) eV (Sn")1(495.60+0.3) eV(Sn™),

Sn ' JE A ) B Sn* B LT 45 A 8 s Sn VA 8 O IE R
M AL E b Sn* Y LT 45 A BER Sn M H R IR TS
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60.28%; W EIFT Sn*(Sn') & & H Film- 1 1)
29.71%¥% /> 2 Film- 11 19 11.25%; 5 %25 7 #H2E 1)
Sn*(Sn™) WK KIG I, B Film- T 19 12.30%3 /in
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Fig.9 Peak fitting results of Sn3d narrow XPS spectra for
different films

(Sn')y & Film- 1 9 29.71% 35 1 2 Film-11
33.53% 349N T 3.82% ; A A5 A fE T 1Y Sn*+(Sn™) & i
WA T RE, B Film- 1 19 12.30% F B E Film-11 1)
11.22%,, X 3 Fls B R i i | 25 R A8 1 3 i A2 Ak
SR ES RS E RS,

Bl 10 2 3 R Zn2p XY XPS LA, 4
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Table 2 XPS data for Sn3d area of different films, including binding energies(eV) and relative area persentages(% )

Sn'3ds, Sn"3ds, Sn'"3ds, Sn'3ds, Sn"3ds, Sn"3ds,
Film- [ 485.55 eV 486.30 eV 487.20 eV 493.85 eV 494.70 eV 495.60 eV
29.71% 57.98% 12.30% 29.71% 57.98% 12.30%
Film- I 485.55 eV 486.30 eV 487.20 eV 494.05 eV 494.80 eV 495.60 eV
11.25% 60.28% 28.47% 11.25% 60.28% 28.47%
Film- [l 485.70 eV 486.40 eV 487.25 eV 494.05 eV 494.83 eV 495.53 eV
33.53% 55.25% 11.22% 33.53% 55.25% 11.22%
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Table 3 XPS data of Zn2p area for different films, including binding energies (eV) and relative area persentages(%)

Zn! 2p3n Zn H2p n Zn m2p n Zn! 2p1n Zn H2p n Zn m2p n
Film- [ 1020.50 eV 1021.80 eV 1022.80 eV 1043.50 eV 1044.80 eV 1045.85 eV
13.69% 78.33% 7.97% 13.69% 78.33% 7.97%
Film- I 1020.50 eV 1021.90 eV 1022.80 eV 1043.60 eV 1044.90 eV 1045.90 eV
5.36% 82.91% 11.73% 5.36% 82.91% 11.73%
Film- [l 1020.60 eV 1021.65 eV 1022.80 eV 1043.60 eV 1044.77 eV 1045.80 eV
21.37% 74.33% 4.30% 21.37% 74.33% 4.30%
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B ARG N IA] B SR dn S (1R B Zn> 7 i 0
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Zn> B F AR B Sn* By & B3 Prs i, b D)
Bl Zn® & LRI Oy 0B I 2 T R B % B
R EEAEEAE e LA | ZnSnO; &b A ] B
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