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1 Fluorine doped tin oxide(FTO)
2 Indium tin oxide
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Table 1. Fabrication Steps
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Fig. 1. Schematic Diagram of fabrication process of FTO/ NWs TiO2
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Table 2. vertical etching condition of silicon on DRIE system
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Fig. 2. Schematic of deposition process of FTO layer

9 S8 B oy y9e e HpVes e CoU adigel (xdaw
e Coglio )pVes e GRIPIL & A osalie ¥ i 3l
osalS ol s &8 Wb e Lials )Y Q/cm B AL+ Q/cm” I nayY
soblen (pizren Wb oo s Y e YU e 3 &5 oY 4 by
Gl cwl pasie 1SS 998l Sy See gl S oS
2 &S whe Sl gl Jolgd 5 55,5 @l el )5Yes e
aw Coglis yialS ass 43 e )Sol.wi b sl ols gl &8l
a3 o dol |

ey (5 g Sy (glod g sl 0950 Canl astine oS job len
Cuaglie g9y p (Cusl glite Waoliws cpl > & )3V os wo) (Bl
Slbuls aasgil 1Y ew poe Ll b g conl 38,50 sges  odaw
Wb o idlS 50 aiged ( daw Cuwglie dlis oy

Cawlodds d)ﬁfo)“.ﬁ‘ S99y

Cou g b -V
IXWINE uwy dl.aadu\! U.i.o)‘.ﬁl u.suw) ) -\ =Y
Taw 4 55 g9y 95l b oadorn VT alB sS claasY Il

>yl 5 Aol [idg YU oddeddpmnsgi gy 4 ek Slo
O g Y (o Cunglie Sy > SLEGY lod 5 LY
tled bl (0 pglnsay (gl CES B sy 590 oY (g polls IS
i Lo g A5 4231345 s ) o) )35 pos gl dls g 3 spllas
il LAY (glod 5 laaiged  rbaws Conglie Culois 433 a3
b ol aseiio Jgao SleMbl I oS jolailan Caslods 039l ¥ Jgas 5
A+ Q/em's YAQ Q/em” I laayY xdaw Coglio 4Y (slod i)l
a3 ¥0:°C Sl clos b diges ay bgyyo s oy yiao a5 ol puiio
oo tlS oY s Camglio SLiiayY (glos ytal3il Mas oS

Cuoglis (LY (slod Lulyd (S 4 4255k pgd e

£e0¢



Fo 2V YD) amin Moo JLM::; b).:s b)l.c..\f': HY 0)92 <):..f)fol ;i:.:&n L{w_\a.p(o 4.1)..:.:

Y0 i dao V4 cliBeo SLidaY (sbod Cows p digesd (Sdaw Cuoglie Y Joua

Table 3. Sheet resistance of samples in different deposition temperatures at ImL
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Table 4. Sheet resistance and average particle size at different nebulizer volume at 450 °C
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Fig. 3. SEM images of the FTO surface at deposition temperature of 450 °C at different nebulizer
volume, a: 1ml and b: 2.5ml
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Table 5. Sheer resistance in the reported and related articles
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Fig. 4. SEM images of the growth of TiO2 NRs on glass coated with commercial FTO (a) Top view of nanorods grown
on FTO (b) Cross-sectional view of nanorods grown on FTO
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1 Scanning Electron Microscope (SEM)
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Fig. 5. SEM images of the growth of TiO2 NRs on FTO coated silicon substrates in different volumes Nebu-
lizer (a): 1 ml (b): Cross-sectional image (a). (¢): 1.5 ml (d): Image of cross-sectional view (c). (e): 2 ml (f)
Image of cross-sectional view (e). (g): 2.5 ml (h): Image of cross-sectional view (g). (i): 3 ml
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Table 6. The size of nanowires synthesized on FTO layer at different nebulizer volumes
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Fig. 6. SEM image of nanorods with a volume of 3.5 ml
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Table 7. Comparison between the results with related articles
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Fig. 7. SEM images of TiO2 nanowires on micromachined silicon substrate
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Fig. 8. X-ray diffraction pattern of FTO layer and titanium dioxide nanorods grown on FTO

G9) @ Ok sloaY 25 59y 2 peslis 3eSTied slaakegls A3,
(Yoo =¥0:°C) slod cov {3V g S5 p e g bl SlisayY
Cuoglae Sy slod Linli8l b &S ub jasuiv § Cuslosds SlisaY
F0-°C slod s 393 ke oy yieS 4 5 Wb o 0l ndiges e
byl S§ cov by dlogil by s o Lo Y sladiged sy oo
S e €5 45 alasigns 555 5 Jloayien 315 ol
Ly pledl 1w b osdlis Jloyigyun j3 Y adosls g ¥0-°C
5 3o 20 Y0 OC (slod 33 (Jg w035 )58 50 (a5 (S Sl igod
ool yiube (s s dls o 13 04 40y05 p 05> (Sl jl &Y
A e Vi bl 9 ©8)5 )5 (o) 390 cilises ;Y90 w2 L
oddodm Y] &5 S| Y oyl yi O.)”]w.)dg o ol Cawd 4y
ot 58 4 b st 55 b 905 535 sl L
cxl o Jo g o0 plowl g b Lo lga 59y 2 o dleagil A 2t
LY 5 oled 69y p 5959l b ordoso VT ald ST 4Y &5 el

Cuwlodds

ol ) Jloignm (1Sly o cov gl b osdos V] old 4]
sddorg Y] ald 0S| WSol anil il oSl 5l a5 joblan a3 0
(V) MY © 510 ol 4l o slacsy 5 sl jaseia ,B5lé L
(YN) SY/EN ©, (YY) OY/DF ©, (YIV) 08/0) ©, (Yo« ) A/YY ©,
5 el ool sl 4 3lae (Vo)) YO/VA
ol (V= VY= FOY) ") oyl b B aST amgyle sl
o] plas 5 odiogd sgsld (slagyg & ol o ool Sily ol
s A& S5 sillas wimmen ilosd il @b wnST ks Lo (9,0
Loy Al 5l o poslis 2S5 (slaabungls (Sl andl il
YVIOF (V) YE 107510 il asly g3 a8 Sy ¥ g 5 ssmlie
315 iy 5 5L remglaee 6 & 3lete (Y4)) AX5A°, (1Y)

ool (+0OV=+ ¥ ) T )8 0loss &y pawilis

(o)) SAIS0 ©

S S azs -

S lgisd Hoals b ordoso ¥l als aST claaY imgh opl

1 (JCPDS NO. 01-077-0452)
2 (JCPDS NO. 0551-004-00)

£ae



ARV ST A WPCTIERAL S Jl.w:; b).:s o)Lo.w HY 0)9> ‘).:.As).:.nl \.iu&n L;\JW 4.4).».._»

[10] A. Kumar, A.R. Madria, C. Zhou, Growth of Aligned
Single-Crystalline Rutile TiO2 Nanowires on Arbitrary
Substrates and Their Application in Dye-Sensitized Solar
Cells, Journal of Physical Chemistry C, 114 (2010) 7787-
7792.

[11] B. Liu, S. Aydli, Growth of Oriented Single-Crystalline
Rutile TiO, Nanorods on Transparent Conducting
Substrates for Dye-Sensitized Solar Cells, Journal of the
American Chemichal Society, 131 (2009) 3985-3990.

[12] Z. Ramdhan, A. Doyan, Kosim, Preliminary Study
Flourine Tin Oxide (FTO) Using Sol-Gel Spin Coating
Techniques, IOSR Journal of Applied Physics, 2 (2018)
27-30

[13] V. Geraldo, L. Vicente, E. Augusto, Sb Doping Effects
and Oxygen Adsorption in SnO2

Thin Films Deposited via Sol-Gel, Materials Research, 4
(203) 451-456.

[14]S.S Pan, C.Ye, X.M. Teng, H.T. Fan, G.H. Li, Preparation
and characterization of nitrogen-incorporated SnO, films,
Applied Physics A, 85 (2006) 21-24.

[15] S.J Ikhmayies, R.N Ahmad-Bitar, Effect of the substrate
temperature on the electrical and structural properties
ofspray depositedSnO,:F thinfilms, Materials Science in
Semiconductor Processing, 12 (2009) 122-125.

[16] D. Fikri, A.H Yuwono, N. Sofyan, T. Arini, L.H Lalasari,
The effect of substrate heating temperature upon spray
pyrolysis process on the morphological and functional
properties of fluorine tin oxide conducting glass, AIP

Conference Proceedings 1826, 020003 (2017).
[17] Supriyono, H. Surahman, Y.K. Krisnandi, J.

Gunlazuardi, Preparation and characterization of
transparent conductive SnO-F thin film deposited by
spray pyrolysis: relationship between loading level
and some physical properties, Procedia Environmental
Sciences, 28 (2015) 242-251.

[18] M.b Soliman, M.B. Saleh, S.A. Khaleel, M. Adel,
Preparation and characterization of florine tin oxide using
new approach of spray technique and electro spinning

technique, Proceedings of The IIER International

£+7)

&be

[1] B. Fu, Z. Wu, S. Cao, K. Guo, L. Piao, Effect of aspect

ratios of rutile TiO, nanorods on overall photocatalytic

water splitting performance, Nanoscale, 12(8) (2020)
4895-4902.

[2]J. Ma, B. Wang, Z. Gong, X. Yang, Y. Wang, Morphology-
controllable synthesis and application of TiO, nanotube
arrays with “photocatalysis and self-cleaning” synergism,
New Journal of Chemistry, 44(15) (2020) 5774-5783.

[3]J. Musial, R. Krakowiak, D.T. Mlynarczyk, T. Goslinski,
B.J. Stanisz, Titanium Dioxide Nanoparticles in Food
and Personal Care Products-What Do We Know about
Their Safety?, Nanomaterials (Basel), 10(6) (2020).

[4] B. Comert Sertel, H.I. Efkere, S. Ozcelik, Gas Sensing
Properties of Cr Doped TiO2 Films Against Propane,
IEEE Sensors Journal, 20(22) (2020) 13436-13443.

[5] N. Sofyan, A. Ridhova, A.H. Yuwono, A. Udhiarto,
JL.W. Fergus, Synthesis of TiO, nanoparticles at low
hydrothermal temperature and its performance for DSSC
sensitized using natural dye extracted from Melastoma

malabathricum L. seeds, International Journal of Energy
Research, 43(11) (2019) 5959-5968.

[6] Z. Zhou, H. Tang, H.A. Sodano, Vertically aligned arrays
of BaTiO(3) nanowires, ACS Appl Mater Interfaces,
5(22) (2013) 11894-11899.

[7] P. Anandgaonker, G. Kulkarni, S. Gaikwad, A. Rajbhoj,
Synthesis of TiO2 nanoparticles by electrochemical
method and their antibacterial application, Arabian

Journal of Chemistry, 12(8) (2019) 1815-1822.

[8] M. Iraj, F.D. Nayeri, E. Asl-Soleimani, K. Narimani,
Controlled growth of vertically aligned TiO2 nanorod
arrays using the improved hydrothermal method and
their application to dye-sensitized solar cells, Journal of

Alloys and Compounds, 659 (2016) 44-50.

[91 A.S. Attar, M.S. Ghamsari, F. Hajiesmaeilbaigi, S.
Mirdamadi, K. Katagiri, K. Koumoto, Sol-gel template
synthesis and characterization of aligned anatase-
TiO2 nanorod arrays with different diameter, Materials

Chemistry and Physics, 113(2-3) (2009) 856-860.



F2Y G YD) axbo Moo JL.»:;' b)i? D)Lw LY 0,93 ‘),..S)ml t.i.u&n L;»W 44).;“4

Conference, Jeddah, Saudi Arabia, 25™-26™ October
2016, ISBN: 978-93-86083-34-0.

o3 £yl o ol 4 g
A. Ghasemi Kordlar, J. Koohsorkhi, Vertical growth of titanium dioxide nanorods on nebulizer

fluorine doped tin oxide deposited on silicon microarrays , Amirkabir J. Mech Eng., 53(Spe-
cial Issue 6)(2021) 4051-4062.

DOI: 10.22060/me;j.2021.19369.7010

£o1y



