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Thin films of metal oxides for preparing of a position sensitive photodetector
V. Jelev*, P. Petkov, Iv. Markova, T. Petrov
University of Chemical Technology and Metallurgy, Sofia, Bulgaria

Highly transparent and conductive thin films of F-doped SnO; (FTO), and Sn-doped Iny O3 (ITO) have been deposited on glass
and silicon substrates, by spray pyrolysis technique. The deposition temperature 450°C and concentration of InCls and SnCly in the
solutions 0.2 M/l. were used. The effects of the thickness on the film resistivity have been investigated. The physical characterization
of the films was carried out by UV-VIS spectroscopy, scanning electron microscopy and AFM. The films are polycrystalline, present
an optical transmission higher than 95% in the visible light, and resistivity in the range of 10~3 + 10~#Q.cm. The optical and electrical
properties of the films make them suitable for applying in a position sensitive structure “Si-SiO,-metal oxide”. Transient lateral
photo effects (LPE) in the films deposited on n-type silicon substrate with native SiO; have been investigated. Under the nonuniform
irradiation of a light beam a lateral photo voltage (LPV) shows high sensitivity to the light spot position in the oxide films plane. LPV
as a function of the position of the light spot have been measured. The position characteristic of the structure is symmetric to the zero
and linear in a large active area. The structure can be used to detect very small displacements due to its out put of lateral photo voltage
changing linearly with light spot position.
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INTRODUCTION

Thin films of SnO, doped with F (FTO) an In;O3
doped with Sn (ITO) are being widely studied during
recent years, due to their unique optical, electrical and
mechanical properties [1-3]. Because of their high
optical transparency in visible region low electrical
resistivity and high reflectivity in infrared region of
the spectrum [4, 5] these films are suitable for various
applications: as transparent electrodes in various dis-
play devices [6], antireflection coatings for solar cells
and heat mirrors [7], hetero-junction solar cells [8],
photodiodes [9] and so on.

In the recent times various techniques have been
developed for preparation of ITO and FTO thin films
with high transmittance and high conductivity such
as flash evaporation [10], electron beam evaporation
[11], magnetron sputtering [12], chemical vapour de-
position [13], sol-gel process [14], spray-pyrolysis
[15, 16]. Chemical spray-pyrolysis has advantages
among these methods because of the possibilities to
obtain large area uniform coatings without high vac-
uum ambience [17].

The aim of this study was to obtain uniform large
area thin FTO and ITO films on a mono-crystal sil-
icon substrate by the method of spray-pyrolysis and
to investigate the possibility to prepare of a two di-
mensional position sensitive photodetector with a Si-
SiOx-ITO (FTO) structure.
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EXPERIMENTAL DETAILS

The chemical reactions that provide thin film for-
mation are:

2InCl; + 3H,0 < InyO5 + 6HCI (1

SnCly +2H;0 < SnO, +4HCI 2)

The doped In,O3 films were deposited by spray-
ing an alcoholic O.25M solution of InCls and SnCly
(as a source of tin dopant) onto the substrates heated
at 420-480°C. The films of SnO, were obtained
from alcoholic O.25M solution of SnCly consisting
HF as a F dopant at 380-460°C. Monocrystal n-
Si (111) plates with resistivity 6-9 Q.cm and Corn-
ing glass were used as substrates. The atomization
of the solution was carried out with a sprayer us-
ing as Carrier gas argon. The film thickness was
measured by the weight method and estimated by
a color scale during the process. The measure-
ments of the electrical resistivity were carried out
at room temperature using the standard four-probe
method. Silver pasted leads were used as a contact
to the films. The morphology and microstructure
of the films were examined with Scanning Electron
Microscopy (SEM) and Atomic Force Microscopy
(AFM). A spectrophotometer SIMADZU-UV 3600
(300-1800nm) was used to study the transmission
spectra of the films deposited onto the glass sub-
strates.
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RESULTS AND DISCUSSION

The electrical and optical properties of the films
depend on the technological parameters: the substrate
temperature, the spraying rate, the angle of spraying,
the distance between the nozzle and the substrates,
and the quantity of impurity in the spraying solu-
tion, which in turn influence on the microstructure,
stoichiometry and physical parameters of the layers.
The best results (lowest resistivity and highest trans-
parency in the visible spectrum) were obtained at T's
=450°C (for In; O3 films) and 430°C for SnO, films,
the spraying angle 45°, spraying rate 0,08 cm?.s~!.
Under this technological conditions the influence of
film thickness on the electrical resistivity was exam-
ined. The sheet resistance (Rs) of the films decreases
with increase in thickness/deposition time (Fig. 1).

The lowest Rs were reached in the range of the
thickness 150-300 nm. As the thickness of the films
was uniform, the resistivity p of the films can be
calculated from the equation p = Rs.d, where d is
the film’s thickness. A low resistivity was measured
for the 200-250 nm thick ITO films in the range of
3.107*—7.10* Q.cm and for 250-300 nm thick FTO
films — 2.5.107% — 5.10~* Q.cm respectively.

The InyO3: Sn and SnO,: F films deposited on a
glass substrate were investigated concerning the opti-
cal transmission by spectro-photometrical method in
UV, VIS spectral ranges (300-1800 nm). The trans-
mission characteristics are presented in Fig. 2.

A high transparency (over 95%) can be seen in the
VIS spectral ranges for the two kinds of the films.

The SEM and AFM were used to characterize the
surface morphology. The SEM and AFM images of
all samples displayed a homogeneous surface with
small crystallite size (granular structure) (Fig. 3).
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Fig. 1. The sheet electrical resistance (Rs) of the films as
a function of the film’s thickness: (1) pure In; O3 film; (2)
doped InyO3; (3) pure SnO;; (4) doped SnO;.
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Fig. 2. Optical transmittance of doped SnO, and In,O3
films on a glass substrate with thickness 200 nm at 450°C.
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Fig. 3. SEM image of the surface of In,O3 (a) and SnO, (b) obtained at a magnification 40000.
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Fig. 4. 3D image of the topography of the layers of In,O3
with a thickness: 163 nm (a), 210nm (b) and 300nm (c).

The particles are close together without any pores
separating them. The grain size and the roughness of
the SnO, films are bigger than that of In,Os.

The AFM surface morphology of ITO films with
different thickness is shown in Fig. 4 (a—c).

Whit increasing the thickness of the layers the
grain size increase and the surface became more uni-
formity.
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Fig. 6. Position characteristics of the two types of struc-
tures.

The films have a very smooth surface, which is
beneficial for their application in optoelectronic de-
vices with transparent conducting layers.

In this work we used the films deposited onto sili-
con substrate with a thin 2 nm native SiO, to prepare
a structure Si-SiO,-1TO or FTO, which works on the
base of the lateral photovoltaic effect (LPE) (Fig. 5 a,
b).

This structure detects very small displacements
due to its output of lateral photovoltage changing lin-
early with light spot position, over the metal oxide
plane, between two Ag contacts.

The contacts distance was 40 mm.

All samples were scanned with a light spot with
diameter 0.5mm and the resulting photovoltage was
measured using standard lock-in techniques.

The LPV measurements of the structure show
good linear characteristics with LPV sensitivities
(Fig. 6)

LPV is the largest when the incident radiation spot
is closest to the electrodes and shows linear decrease
as the spot is scanned away from the contacts, becom-
ing zero at the midpoint of these two contacts.

LPV sensitivities are about 20 mV/mm for the
structure with In,O3 film and 8 mV/mm with SnO,
film. The results show that Si/ITO structures have bet-
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Fig. 5. Schematic view of a two dimensional position sensitive photodetector: (a) cross section, (b) over view.
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ter LPV sensitivities than Si/FTO, which relates with
the properties of the oxide materials.

CONCLUSION

The results demonstrate the availability of the as
examined metal oxide thin films for optoelectronic
device applications and especially for preparing po-
sition sensitive sensors.
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TBHKU CJIIOEBE OT METAJIHM OKCUJU 3A TIOJTYHABAHE HA ITO3MIITMOHHO YYBCTBUTEJIEH
®OTOOETEKTOP

B. XKenes, I11. [leTkoB, UB. MapkoBa, T. ITeTpos

XumukomexHonozuueH u memanypauueH yHueepcumem, 6yi. “Ce. Kn. Oxpudcku” N°8, Copus, Banzapus

(Pestome)

IMomyuenn ca mpo3pavHu MpoBogsy cioese serupanu ¢ ¢ayop (F) SnO, (FTO) u mermpanu ¢ kanai (Sn) Inp O3 (ITO) upes mynse-
pusupane Ha 0.2 M ankoxono-Boguu pa3tBopu Ha InpCly u SnCly Bbpxy Harpsitu ipu 450°C MOAIOXKKY OT CTHKJIO ¥ MOHOKPUCTAIEH
cymumit. ViscrepBaHa e 3aBUCUMMOCTTA Ha e/IeKTPUYHOTO ChIIPOTUBIIEHME HA CI0eBeTe OT JebenHaTa UM.

OnTuuHUTE CBOMCTBA ca oxapakrepusupanu ¢ UV-VIS, MukpocTpykrypaTta u MopQonorusita Ha MOBbPXHOCTTA - CbC CKAHMpAIa
enekrporHa Mukpockonus (CEM) u AFM. CioeBeTe ca MOMMKPUCTAIIHY, C BUCOKO OIITUYHO IPOITycKaHe (Hag 95%) BbB BUayMara 06/1acTt
¥ crienUIHO ChIPOTHBIeHVe B guanasona 1073 = 10~% Q.cm. OmiaraHeTo Ha CI0eBe ¢ BUCOKHM TPO3PAYHOCT U IPOBOAUMOCT BBPXY
OKVC/IEHY CWIMLIMEBU MOIJIOKKM, HaBa Bb3MOXKHOCT Ja GBIAT M3TOTBEHM MO3UILMOHHO YYBCTBUTEIHM CTPYKTYpH OT Tumna Si-Si0p —

MeTaJIeH OKCUI, IeJiCTBAIM Ha OCHOBATa Ha JiaTepajieH (oroedexr.

CHeTM ca MO3ULIMOHHUTE XapaKTepUCTUKN HAa CTPYKTYPUTE. Te MpUTeXXaBaT BMCOKa J'I]/IHeI‘/‘IHOCT, CTPbMHOCT U CMUMETPUYHOCT. Taka
Cb3gadeHuTe CTPYKTypu MoraT aga 6’b,£[aT M3IIO/JI3BAHM 3a MPELM3HO M3MePBaHE Ha JIMHEHY U 'bIJIOBU OTMECTBAHMUSI.
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