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Fluorine-DopeD Sno2 Thin FilmS in Solar Cell appliCaTionS. morphologiCal,  
opTiCal anD eleCTriCal properTieS

this study examines the optimal parameters for obtaining fluorine-doped sno2 (Fto) films with promising potential for 
photovoltaic applications. Due to its properties, tin oxide is used in a wide range of technologies, among which the manufacture of 
solar cells is one of the most important. Being doped with fluorine, tin dioxide becomes a good transparent and conductive electrode, 
suitable for solar cell applications. the chemical stability and low cost of the doped sno2 makes it an advantageous alternative 
to tin-doped indium oxide (ito). among the most important characteristics of Fto thin films are high photoconductivity under 
sunlight irradiation and strong UV absorption. the sno2 compound, doped with fluorine, exhibits a considerable chemical and 
physical stability, good electrical conductivity and high transmission (over 85%) in the visible range. the spray pyrolysis technique 
is the most preferable and efficient deposition method of fluorine-doped sno2 thin films. this work aims to identify the optimal 
parameters for the spray pyrolysis of sno2:F films and to analyze the morphology, transparency and strength of as obtained films 
in relation to the doping amount in the precursor solution, spraying distance and film thickness.
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1. introduction

the aim of this study is to improve the properties of Fto 
thin films and to identify the optimal parameters for their deposi-
tion through spray pyrolysis method. the sn-doped indium oxide 
(in2o3:sn) (ito) and fluorine-doped tin oxide sno2:F (Fto) are 
among the best known and most commonly utilized transparent 
and conductive oxide (tco) materials, being used in various 
applications including solar cells, liquid crystal displays, organic 
diodes, and thermal mirrors [1,2]. nevertheless, ito is thermally 
and electrically unstable and involves high costs. in photovoltaic 
applications, the alternative to tco is fluorine-doped tin oxide 
(Fto), which can be used as a transparent electrode. this ma-
terial is thermally stabile, resistant to abrasion, adheres well to 
glass, exhibits chemical stability, optical transparency and high 
electrical conductivity [1-5].

2. experimental details

the spray pyrolysis method involves, in the present case, the 
formation of a thin film by spraying an aqueous solution of tin 
chloride (sncl4·5H2o) on a heated surface. in order to perform 
fluoride doping, ammonium fluoride (nH4F) was added to the 
precursor solution,consisting of 0.2 M sncl4·5H2o, 0.14 M 
nH4F and cH3cH2oH (98%) [1,6]; it was sprayed at a constant 
flow on glass substrates/slides with an area of 1.25×1.25 cm2 
and a thickness of 2 mm. the glass substrates were preheated 
and kept at a temperature of 460°c during the deposition. com-
pressed air was used as the carrier gas. the nozzle-to-substrate 
distance (d) varied between 10 and 50 cm, and the carrier gas 
pressure was kept constant for all samples. the deposition time 
(t) varied between 6 and 45 minutes. the substrate temperature 
was measured and controlled electronically (enda 4420 control-
ler) with a K-type thermocouple. 

Using the spray pyrolysis technique, three series of films 
of 5 samples each were deposited. the variable parameters 
were doping concentration and the nozzle-to-substrate distance 
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(taBLe 1). all samples were sprayed continuously throughout 
the deposition process.

the sno2:F thin films were morphologically, structurally, 
optically and electrically analyzed, all the measurements being 
conducted at room temperature. the thickness of the films was 
determined with a Veeco Dektak 6M stylus Profilometer. the 
transmission spectra were recorded with a Lambda 19 UV/Vis 
spectrophotometer in the range of 280-1100 nm, using unpolar-
ized light. the crystal structure of Fto films was determined 
by x-ray diffractometry (xrD) (D/Max-rB apparatus, operated 
at 40 kV and 200 ma) with cuKα radiation (λ = 0.15406 nm), 
in Bragg-Brentano configuration (θ/2θ mode). the electronic 
structure of as obtained films was studied by means of x-ray 
photoelectron spectroscopy (xPs). Measurements of the electri-
cal resistivity of thin-filmsamples were also performed.

3. results and discussions

3.1. profilometry

as revealed by profilometry study of Fto films deposited 
under the abovementioned experimental conditions on glass 

substrates, the decrease in the nozzle-to-substrate distance re-
sults in the growth of the thickness of deposited layers (Fig. 1), 
that become more porous and opaque, which affects the optical 
characteristics of the films.

according to [6-13] and as the results of the actual research 
show, the optimal spraying distance of the precursor solution is 
between 30 cm and 40 cm. the spraying distance for the samples 
from 1st and 2nd series was of 30 cm. additionally, the experi-
mental data reveals the tendency to saturation of the precursor 
solution. For the 1st and 2nd series the optimal concentration 
of dopant in the solution is between 1.4% and 1.8%, while for 
the 3rd series it is between 0.67% and 0.73%.

3.2. Spectrophotometry

the obtained transmission spectrum confirms that Fto thin 
films are transparent. a transmittance of over 80% in the visible 
range (from 350 nm) is registered (Fig. 2). 

in the 1st and 2nd series of samples, the values of transmit-
tance grew with the increasing fluoride doping concentration, 
while in the third series the increase of the nozzle-to-substrate 
distance leads to the improvement of the optical transmittance 

Fig. 1. influence of different deposition parameters for a) 1st; b) 2nd; c) 3rd series

taBLe 1
experimental conditions of spray pyrolysis technique

iD T (oC) C (SnCl4, mol×l–1) Solution flow (ml×min–1) D (cm) Time (min) C (F, %)

Series 1

p1

460 0.2 2 30 6

0.81
p2 1.04
p3 1.26
p4 1.49
p5 1.71

Series 2

C1

460 0.2 4 30 15

0.55
C2 0.61
C3 0.67
C4 0.73
C5 0.85

Series 3

D1

460 0.2 4

10

45 0.67
D2 20
D3 30
D4 40
D5 50
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of the films. the optical properties of thin films strongly de-
pend on the film thickness, which is determined by the fluoride 
concentration and by the nozzle-to-substrate distance [10-17]. 
the transmittance spectra exhibit a marked absorption, with 
different values depending on depositions conditions. the best 
transmittance values, between 60 and 80%, were registered in 
the region of 400-800 nm, which reveals that the Fto films can 
meet the requirement of high transparency in the visible range 
for solar cells applications.

the values of the energy band gap were determined by 
using the optical absorption spectra of films (Fig. 3). the linear 
portion of the dependences was extrapolated to zero absorption, 
according to tauc method. its intersections with the abscissa 
axis (photon energy) correspond to the Eg values. thus, values 
between 3.54 and 3.95 eV were obtained (taBLe 2) [7,17-21].

the decrease in the optical band gap values can be ex-
plained by the presence of some structural defects in material, 

which could increase the density of electron states located in the 
semiconductor band gap.

3.3. X-ray diffraction

the observed diffraction patterns (Fig. 4) for all three 
series of samples were indexed using the icDD/JcPDs data-
base (PDF41-1445 card) for sno2. the obtained xrD patterns 
reveal that the Fto films have a polycrystalline nature, with 
a tetragonal structure. reflections on (110), (101), (200), (211), 
(310) and (301) lattice planes have been reported in literature 
[14,26-28], among which the (200) diffraction line corresponds 
to a preferential orientation in Fto thin-film samples. also, 
there were not detected other phases related to fluorine, which 
indicates that oxygen (o2–) ions have been successfully replaced 
by fluorine ions (F1–) [18,21].

Fig. 2. transmission spectrum of F-doped sno2 thin films: a) 1st; b) 2nd; c) 3rd series

Fig. 3. Band gap energy of Fto films according to the tauc method: a) 1st; b) 2nd; c) 3rd series

taBLe 2
experimental values for the optical band gap, Eg, and thickness, t, of Fto samples

iD t (nm) Eg (eV) iD t (nm) Eg (eV) iD T (nm) Eg (eV)

Series 1

p1 20 3.72

Series 2

C1 384 3.59

Series 3

D1 338 3.67
p2 36 3.78 C2 393 3.40 D2 316 3.84
p3 50 3.78 C3 437 3.63 D3 212 3.91
p4 66 3.78 C4 451 3.80 D4 176 3.75
p5 76 3.72 C5 457 3.88 D5 112 3.54
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the differences between the Bragg positions of the dif-
fraction peaks in Figure 4 reflect the doping effect of the solu-
tion. thickness is one of the most important parameters that 
can substantially change the physical properties of thin films. 
a comparison of the data from recorded diffractograms (Fig. 4) 
shows that as the films become thicker the crystallinity improves.

Based on the 1st and 2nd series it can be observed that the 
peak intensity of the reflections increased as a result of the in-
creasing doping level in the solution.

3.3. X-ray photoelectron spectroscopy

the chemical composition and the characteristics of the 
chemical bonds for the Fto thin films were identified by using 
the xPs spectroscopy. the inspection was performed on two 
typical samples from each series. the main detected elements 

were o, sn, F and c. the presence of carbon in the composition 
of the thin-film surface was caused by contamination. 

the Figs 5-7 below show the xPs spectra of the baseline 
levels (sn3d, o1s, F1s and c1s) for the investigated series of 
samples.

the presence of sn Mnn and o KLL emission lines in-
dicates an auger electron emission caused by the relaxation of 
excited ions. the xPs spectrum contains multiple emission lines 
explainable through multiple interactions occurring during the 
photoemission process [22].

the sn3d orbital is related to one of the most important 
spin-orbit coupling interactions, which is registered when an 
electron is emitted from sn3d and an unassociated electron is left 
behind with spin ms = ±1/2. the spin of the unpaired electron can 
be parallel or antiparallel to angular momentum l, and it results 
in an angular momentum of either j (j = l + ms) of 5/2 or j = 3/2. 
the intensity ratio of the two emission lines in the spectrum is 

Fig. 4. xrD patterns of spray pyrolysed Fto thin films

Fig. 5. Base level spectrum (sn3d, o1s, F1s and cs1) for series 1, P1 (F 0.81%)
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determined by the degeneration (2j + 1) of the final state and 
thus is equal to 6:4 for sn3d3/2 and 3d5/2 [22-25].

the sn3d3/2 photoelectron registered energies in the xPs 
spectrum were: P1 – 496.0 eV; c1 – 496.1 eV; D1 – 497.1 eV. 
For the 3d5/2 photoelectron the values were: P1 – 487.2 eV, 
c1 – 487.5 eV, D1 – 486.7 eV. the available data suggest that 
the sn element in the compound sno2 is an ionic species similar 
to sn4+. the binding energy of the sn3d5/2 peak at 487.5 eV indi-

cates the presence of sno or sno2, which have similar binding 
energy. the o1s spectrum registers the main peaks at 532.2 and 
531.9 eV. the degree of oxidation of sn in the oxide film depends 
on the energy difference between sn levels (3d5/2) and the x (o) 
peaks that can be used as oxidation degree for sn. the binding 
energy of 3d5/2 was similar to that of sn4+ in sno2 (486.6 eV) and 
higher than that of sn2+ in sno (485.9 eV). this finding confirms 
that sn4+ is the dominant ionic species in the sno2 compound.

Fig. 6. Base level spectrum (sn3d, o1s, F1s and cs1) for series 2, c1 (F 0.54%)

Fig. 7. Base level spectrum (sn3d, o1s, F1s and cs1) for series 3, D1 (d = 10 cm)
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in the case of sn3d5/2, the xPs spectrum was composed of 
two lines corresponding to the sn-o and sn-F bonding states. 
For baseline o1s, the measured values were 531.9 and 532.2 eV 
for sno2. the binding energy of o1s was similar to that of sno2 
(530.5 eV) and different from the energy in sno (529.8 eV), 
which suggests that the o ions formed bonds with the sn4+ ions 
and direct bonds with positively charged tin ions. the results 
of the xPs analysis confirm that the films deposited by spray 
pyrolysistechnique are composed of F-doped sno2 [7,18,25-33].

3.4. electrical properties

Fig. 8 shows that the lowest value of electrical resistance 
was obtained in thin films with fluoride dopant concentrations 
of 0.61% and 0.67%, with values of 0.50×10−3 Ω×cm and 

Fig. 8. temperature dependence of electrical resistivity of Fto samples as a function of temperature during samples heating between 25 and 250°c

taBLe 4
correlation of deposition parameters and experimental results obtained

iD C
(SnCl4, mol× l–1)

C
(F,%)

nozzle-to-substrate distance
(cm) T (°C) D

(nm)
r

(10–3 Ω×cm)
Eg

(eV)

Series 1

p1

0.2

0.81

30 450

20 30.21 3.72
p2 1.04 36 27.32 3.78
p3 1.26 50 23.10 3.78
p4 1.49 66 24.30 3.78
p5 1.71 76 23.11 3.72

Series 2

C1

0.2

0.55

30 460

384 2.02 3.59
C2 0.61 393 0.52 3.40
C3 0.67 437 0.44 3.63
C4 0.73 451 0.72 3.80
C5 0.79 457 1.35 3.88

Series 3

D1

0.2 0.67

10

460

338 5.20 3.67
D2 20 316 0.66 3.84
D3 30 212 1.00 3.91
D4 40 176 3.21 3.75
D5 50 112 3.72 3.54

taBLe 3

Peak parameters for Fto samples

XpS Sn3d5/2 peak parameter iD
Components

Sn2+ Sn4+

Binding energy (eV)
P1 485.9 487.5
c1 485.9 487.5
D1 485.9 486.7

XpS o1s peak parameter o-Sn2+ o-Sn4+

Binding energy (eV)
P1 529.8 532.2
c1 529.8 531.9
D1 529.8 531.9

XpS F1s peak parameter Sn-F

Binding energy (eV)
P1 688.5
c1 691.3
D1 686.1
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0.37×10−3 Ω×cm, respectively. The samples with fluoride con-
centrations of 0.61% and 0.67% had the highest transmittance 
compared to the other samples, equal to 70-80%. While the 
highest value of electrical resistance was obtained at a dopant 
concentration of 0.54%, but corresponded to the lowest value 
of transmittance, of 55-60%.

the data presented in Fig. 2 indicate that the transmittance 
increases as the distance between the sprayer and the sample 
grows. this correlation is caused by the fact that the increase 
in film thickness leads to a higher dopant concentration in the 
conductive layer. the decrease in the resistance is explainable 
by the increase of the fluorine concentration, resulting in an 
increased number of o2– anions substituted with F1– anions, 
which creates more free electrons.

4. Conclusions

in the present work the tin oxide thin films with differ-
ent concentrations of fluorine dopant were deposited on glass 
substrates at a temperature of 460°c, using the spray pyrolysis 
technique. the Fto films with fluoride concentrations of 1.26% 
and 0.67% [from series 1 (P3), 2 (c3) and 3 (D2)] that was 
sprayed from a distance of 30 cm and 20 cm, exhibit the best 
crystal structure and optical transparency (~90, 70 and 60%, 
respectively). the obtained experimental results suggest that 
the structure, morphology, transparency and strength of the Fto 
films depend on the doping amount in the precursor solution, 
spraying distance and film thickness. all the deposited films are 
very smooth, exhibit a polycrystalline nature and a tetragonal 
structure with preferential orientation (200). the xPs analysis 
shows that the actual spray pyrolysed films are composed of 
sno2 doped with fluoride. the lowest values of resistance were 
found for 2nd and 3rd series, equal to 0.44×10–3 Ω×cm and 
0.66×10–3 Ω×cm, respectively. These films, with the thickness 
of 437 nm and 316 nm, respectively, were deposited at spray-
ing distances of 30 cm and 20 cm, respectively. the values of 
transmittance in the visible range were of 80.23% and 75.11%, 
respectively. the average visible transmittance (400-700 nm 
range) of the actual films is ranging between 50.4% and 94.3%. 
the revealed properties of the as-deposited Fto films prove the 
convenience, in terms of both price and ecological cleanliness, 
of the use of these films as transparent electrodes in solar cell 
applications.

Acknowledgments

the first author is grateful to academic and technical staff from the Labo-
ratory of solid state Physics at alexandru ioan cuza University of iasi, 
romania and the Photonics Laboratory at the University of angers, France 
for the support and assistance provided in carrying out the experiments. 
thanks are also addressed to Dr. Georgiana Bulai, from integrated centre 
for environmental science studies in the north-east Development region 
– cernesiM, alexandru ioan cuza University of iasi, iasi, romania,  

Dr. Marius Dobromir, interdisciplinary research institute, sciences De-
partment, alexandru ioan cuza University of iasi, iasi, romania, who 
contributed by performing xrD and xPs analyzes, respectively, Leo 
Monnereau, research assistant, Philippe Leriche, Director of the UFr / 
chemistry – UMr cnrs – MoLtecH anJoU, University of angers for 
help in carrying out the experiments. 
this paper was presented at the 3rd international conference „emerging 
technologies in Materials engineering, emergeMat”, organized by the 
national r&D institute for non-ferrous and rare Metals – iMnr, romania, 
29-30 october 2020.

author's contributions

Petru Lisnic, Laura Hrostea, Liviu Leontie, Mihaela Girtan contributed to 
the design and implementation of the research, to the analysis of the results 
and to the writing of the manuscript.

reFerences

[1] i. Vaiciulis, M. Girtan, a. stanculescu, L. Leontie, F. Habelhames, 
s. antohe, on titanium oxide spray deposited thin films for solar 
cells applications, Proceedings of the romanian academy, series 
a13 (4), 335-342 (2012).

[2] M. Girtan, a. Bouteville, G.G. rusu, M. rusu, Preparation and 
properties of sno2:F thin films, Journal of optoelectronics and 
advanced Materials (JoaM) 8 (1), 27-30 ( 2006).

[3] M. Girtan, H. cachet, G.i. rusu, on the physical properties of 
indium oxide thin films deposited by pyrosol in comparison with 
films deposited by pneumatic spray pyrolysis, thin solid Films 
427, 406-410 (2003).

[4] y. ren, G. zhao, y. chen, Fabrication of textured sno2:F thin 
films by spray pyrolysis, applied surface science 258, 914-918 
(2011).

[5] n. Memarian, s. Mohammad rozati, e. elamurugu, e. Fortunato, 
characterization of sno2:F thin films deposited by an economic 
spray pyrolysis technique, Phys. status solidi c 7, 9, 2277-2281 
(2010).

[6] P. stefanov, G. atanasova, e. Manolov, z. raicheva, V. Lazarova, 
Preparation and characterization of sno2 Films for sensing ap-
plications, Journal of Physics: conference series 100, 082046 
(2008).

[7] s. cisse, M. covei, J. Jude Domingo, a. Duta, thin-Film Fto-
zno-czts solar cells Fully Deposited by spray Pyrolysis, 
american Journal of Materials synthesis and Processing 4 (1), 
1-8 (2019).

[8] e. ching-Prado, a. Watson, H. Miranda, optical and electrical 
properties of fluorine doped tin oxide thin film, Journal of Materi-
als science: Materials in electronics. 

 Doi: https://doi.org/10.1007/s10854-018-8795-8
[9] M.L.M. napi, M.F. Maarof, c.F. soon, n. nayan, F.i.M, Fazli, 

n.K.a. Hamed, s.M. Mokhtar, n.K. seng, M.K. ahmad, a.B. su-
riani, a. Mohamed, Fabrication of fluorine doped tin oxide (fto) 
thin film using spray pyrolysis deposition method for transparent 



490

conducting oxide, arPn Journal of engineering and applied 
sciences 11, 14, 8800-8804 (2016). 

[10] e. eqbal, e.i. anila, effect of substrate temperature on Fluorine 
Doped tin oxide thin films (Fto) by chemical spray Pyrolysis 
Method, aiP conf. Proc. 2082, 030013-1–030013-4. 

 Doi: https://doi.org/10.1063/1.5093831
[11] M. Kam, M. Fukawa, n. taneda, K. sato, improvement of a-si 

solar cell properties by using sno2: F tco films coated with an 
ultra-thin tio2 layer prepared by aPcVD. sol. energy Mater. 
sol. cells 90, 3014-3020 (2006). 

[12] x. Huang, zhexun yu, s.Huang, Quanxin zhang, D. Li, y. Luo, 
Q. Meng, Preparation of fluorine-doped tin oxide (sno2:F) film 
on polyethylene terephthalate (Pet) substrate, Materials Letters 
64, 1701-1703 (2010).

[13] n. Jebbari, n. Kamounturki, r. Bennaceur, effect of sncl4 
concentration on sno2:F, deposited by chemical spray pyroly-
sis, international renewable energy congress, nov. 5-7, 2010, 
sousse, tunisia.

[14] L.K. Wang, J.J. chen, J.y. yu, H.L. zhao, J.K. yang, Highly 
textured spray-deposited sno2:F films with high haze for solar 
cells, Vacuum 169, 108879 (2019).

[15] D. Perednis, thin film deposition by spray pyrolysis and the 
application in solid oxide fuel cells, swiss Federal institute of 
technology zürich, Lithuania, zürich, (2003).

[16] al. Malik, F.J. de la Hidalga Wade, r.r. amador, spray pyrolysis 
processing for optoelectronic applications, intecH, (2017).

[17] K. Deva arun Kumar, s. Valanarasu, K. Jeyadheepan Hyun-seok 
Kim, Dhanasekaran Vikraman, evaluation of the physical, opti-
cal, and electrical properties of sno2:F thin films prepared by 
nebulized spray pyrolysis for optoelectronics, Journal of Materials 
science: Materials in electronics 29, 3648-3656 (2018). 

[18] s. rahmane, elaboration et caracterisation de couches minces par 
spray pyrolyse et pulverisationmagnetron, Université Mohamed 
Kheider, algeria, Biskra, (2008).

[19] suk in noh, Hyo-Jin ahn, Doh-Hyungriu, Photovoltaic property 
dependence of dye-sensitized solar cells on sheet resistance of Fto 
substrate deposited via spray pyrolysis, ceramics international 38, 
3735-3739 (2012).

[20] s. Ben ameur, a. Barhoumi, H. Belhadjltaief, r. Mimouni, 
B. Duponchel, G. Leroy, M. amlouk, H. Guermazi, Physical 
investigations on undoped and Fluorine doped sno2nanofilms 
on flexible substrate along with wettability and photocatalytic 

activity tests, Materials science in semiconductor Processing 61, 
17-26 (2017).

[21] chul-Kyu song, chang-yeoul Kim, seung-Hun Huh, Doh-Hyung 
riut, yong-Ho choa, electrical and optical properties of Fto 
transparent conducting oxide film by spray pyrolysis and its xPs 
analysis based on F/sn ratio, Korean Journal of Materials research 
17 (7), 376-381 (2007).

[22] K. Deva arun Kumar, s. Valanarasu, K. Jeyadheepan Hyun-seok 
Kim, Dhanasekaran Vikraman, evalualution of the physical, op-
tical, and electrical properties of sno2:F thin films prepared by 
nebulized spray pyrolysis for optoelectronics, Journal of Materials 
science: Materials in electronics 29, 3648-3656 (2018).

[23] M. aitaouaj, r. Diaz, a. Belayachi, F. rueda, M. abd-Lefdil, 
comparative study of ito and Fto thin films grown by spray 
pyrolysis, Materials research Bulletin 44, 1458-1461 (2009).

[24] a.tarighi, and a. Mashreghi, Dependence of Photovoltaic Prop-
erties of spray-Pyrolyzed F-Doped sno2 thin Film on spray 
solution Preparation Method, Journal of electronic Materials. 
Doi: https://doi.org/10.1007/s11664-019-07622-8

[25] edirisinghage V. a. Premalal, n. Dematage, s. Kaneko, a. Konno, 
Development of Quality Fto Films by spray Pyrolysis for Dye-
sensitized solar cell, electrochemistry 80 (9), 624-628 (2012).

[26] H. Miranda, s. Velumani, c.a. samudio Pérez, J.c. Krause, Fran-
cis D’Souza, Elida De Obaldía, E. Ching-Pradо, Effects of changes 
on temperature and fluorine concentration in the structural, optical 
and electrical properties of sno2:F thin films, Journal of Materials 
science: Materials in electronics, (2019). 

 Doi: htpps://doi.org/10.1007/s10854-019-01933-6
[27] a. yadav, e. Masumdar, a. Moholkar, M. neumann-spallart, 

K.y. rajpure, c.H. Bhosale, electrical, structural and optical 
properties of sno2:F thin films: effect of the substrate tempera-
ture, Journal of alloys and compounds 488, 350-355 (2009).

[28] s. zhang, study of fluorine-doped tin oxide (Fto) thin films for 
photovoltaics applications.Materials. Université Grenoble alpes; 
technische Universität (Darmstadt, allemagne), (2017).

[29] s. aukkaravittayapun, n. Wongtida, t. Kasecwatin, s. charojro-
chkul, K. Unnanon, P. chindaudom, Large scale F-doped sno2 
coating on glass by spray pyrolysis, thin solid Films 496, 117-120 
(2006).

[30] M. adelifard, H. eshghi, M.M. Bagheri Mohagheghi, comparative 
studies of spray pyrolysis deposited copper sulfide nanostructural 
thin films on glass and Fto coated glass, Bull. Mater. sci. 35, 5, 
739-744 (2012).


	Yadi Fu1, Xueyu Dai2, Huidi Zhang2, Yimin Wang1*
	Anti-Seismic Behavior of Welded Box Section Column Considering Welding Residual Stress 
at High Temperature


