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Abstract: Tin oxide (SnG) and porous silicon (PS) are two types of materthht have been extensively
investigated for optoelectronic applications. listwork, properties of SnQhin film layer deposited on PS by
sol-gel spin coating have been investigated. Své3 incorporated into the pores of PS and theredling a
protecting layer. XRD result suggests the formatiba good crystalline quality Sa@tragonal structure on
PS surface and peaks pertaining to PS along witbetltorresponding to Sa@ere observed. SEM images
confirm the pore filling and surface coverage. Thealamtly grafted inorganic molecules on siliconfaoes

are confirmed by transmission FTIR spectra. An anbBment of PL emission has been observed aftep SnO
film deposition on PS. From the results, the teghaidescribed herein is a cost effective methogfoducing
photoluminescence enhanced $t3structure that can be used for optoelectronic agpin.
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Introduction and Experimental:

The discovery of intense photoluminescence (PLijoam temperature in the visible spectral region
from porous silicon (PS) has resulted in a great déresearch. In recent years, much effort has lfecused
on the elaboration of heterojunctions based on BS t its potential applications in the silicon-&ds
optoelectronics devices. The metal oxide semicatdsidhiave received significant attention of theeagshers
owing to their potential applications. Tin dioxi®nQ,), a wide band gap (E 3.6 eV) n-type semiconductor.
During the last few years, Sa@as been investigated as an advanced materialdctronic and optoelectronic
devices. Obviously investigations should be perfmron Sn@PS heterojunctions. In this work, Spfims
were deposited on PS substrates by sol-gel spitingotechnique which is a simple, flexible and loast
method. The physical properties of SIS heterojunctions had been studied in detail.

PS layers were formed by using electrochemical atidn of p-type (1 0 0) Si wafers with a
resistivity of 0-100 ohm cm. Anodization was cagrut in a 1:1 ratio of HF and ethanol solution T0rminute
at 50 mA/cr current density. Snfilms were deposited on the PS substrates by ubimgol-gel spin coating
method. The required precursor solution was prephyedissolving 8.37 g Sn&£PH,O in 100 ml of ethanol.
This sol-gel was spin-coated on the PS substrat@80® rpm for 30 s at room temperature. To evdpdiee
solvent, the coatings were then dried in a furretck0GC for 10 minutes. By repeating the process to &6at
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times onto PS substrates, SHES structure was obtained. Finally the sample ama®aled in furnace at 5
for 1 h.

Results and Discussion:

XRD and SEM analysis

XRD analysis provides most definitive structuralormation and Figure 1 (a-c) shows the XRD
patterns of the SnCthin films, PS and Sn{gPS samples respectively. XRD pattern shows thatSihQ/PS
structure (Figure 1 c¢) exhibit a dominant diffractipeak at @ = 68.9° corresponding to the PS (4 0 0) layer
along with SnQ@diffraction peaks of (1 1 0), (1 01), (20 0),2), (22 0), (00 2) and (3 1 0) orientatiors ar
also observed. These results imply that the St films grown on PS exhibit better crystallinitThe
crystallite size was calculated using Debye—Schdoenula. The size of the crystallites of the SHilns
obtained from XRD were 28 nm, 18 nm and 15 nm fo©sSfilm, PS layer and Sr{IPS respectively. The
decrease in crystallite size indicated that the Sredo-particles that have infiltrated into the goestablished
good nucleation, which would induce the $Sm@no-particles to grow along the preferred origorta From the
XRD results, it can be seen that the PS substameserve as a good template during Sgwth. These
observations are in good agreement with the regpoetsults [1].
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Figure 1 (a-c) XRD pattern and (d-f) SEM images of Sni@ film, PS and SngY PS

Figure 1 (d-f) shows plane-view SEM images of ti@sthin film, PS and Snothin film grown on
PS respectively. Figure 1(d) shows SEM image of Stith film deposited on glass substrate and the
morphology shows all the particles are almost gpakein shape. Figure 1 (e) shows that the surtddbe PS
layer was a sponge-like structure which consist&agje number of ‘pores’ and ‘voids’. These ‘poresid
‘voids’ make porous silicon an adhesive surfaceafmrommodating SnOnto its pores. From the SEM image
(Figure 1(f)), it was obvious that the Sp@in film was closely connected with the PS sudistr Thus, the
SnQ thin film acted as a transparent capping and pingia good coverage of the crystallite surfacéhenPS
substrate, which could improve the structural $itgbof the PS substrate. The surface roughnesalss
increased and it is attributed to the partialrfgliand formation of Snhanoparticles in the pores of PS.

PL and FTIR analysis

PL spectra observed for Sp@in film (a), PS (b) and SifPS heterojunction (c) were indicated in
Figure 2. The PL spectrum of Sp@m show two emission peaks at 422 nm and 487 which may be
assigned to native defects such as oxygen vacamctasinterstitials. The PL spectrum of the Pgela(Figure
2 b) exhibits a broad peak at 606 nm (red regsuggesting that hydride related luminescence psasesctive
in PS [2]. The occurrence of strong PL spectra bettributed to the transition among the quantanficed
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states in nanoscale Si, which are influenced bystivéace bonds. The PL spectra of gRS heterojunction
shows a broad peak at 685 nm (Figure 2 c) andehk ghift to a higher wavelength of 685 nie.(red shift)
suggest modification at the SpPBS interface. This may be due to the incorporadb8nQ particles into the
pores and the red shift may be due to the shapsiaadf PS coated with Sp@m. This is also confirmed by
the XRD and SEM results. An enhancement of PL aonissas been observed after Srilin deposition on
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Figure 2 (a-c) PL and (d-f) FTIR spectra of Spth film, PS and SngY PS

FTIR analysis has been used to detect chemical esitign of the samples and the transmittance
spectra of Sn@thin film (d), PS (e) and SrPS heterojunctions (f) were shown in Figure 2. HIdR
spectrum of Sn@thin film presents information about phase commsias well as about the oxygen bound
metal ions (M-O structure). Figure 2 (e) shows wdistinct sharp vibrational bands at 568 and 648 arhich
may be attributed to Sn-O and Sn-O-Sn (belongirgn@H groups) stretching vibrations respectively.

The FTIR spectrum of PS layer shows strong and vibesids at 617, 825, 1273, 2314 and 3000-3650 cm
which are associated with Si—-H (or) Sip-Magging (or) deformation, $8SiH, Si-O-Si, Si-H and Si-OH
vibrations respectively. The presence of hydrogampiexes on PS surface has been suggested torexpdai
observed PL of PS. This can be taken to meanhbkadurface passivation plays a major role in deteng the
radiative efficiency of the porous layer. After dejtion of the Sn@thin film, the covalently grafted inorganic
molecules on silicon surfaces are confirmed bydmgiasion FTIR spectra.
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Figure 3 illustrates the schematic representatidrisnG thin films coated on PS substrate by sol-gel
spin coating method and the characterization ssudfetin oxide/porous silicon heterojunction in wief
optoelectronics applications.
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Figure 3. SnQ/PS structure for optoelectronic application.
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