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Surface photoconductance of sintered titanium dioxide (TiO,) pellet has been studied at
room temperature (306 K) and above (upto 475 K). Within the temperature range studied,
the conduction in dark has been found purely extrinsic with the activation energies of 0.07
and 0.24 eV. Moderately slow growth of photocurrent at all temperatures indicated the
presence of traps. Photosensitivity of the sample was found to increase continuously with
the rise of sample temperature. Analysis of the photoconductive decay of the sample has
revealed the existence of carriers with two different relaxation times (z; and 72) which varied
with the sample temperature in a peculiar fashion. © 1999 Kluwer Academic Publishers

1. Introduction 2. Experimental

Titanium dioxide (TiQ) is well known for its photo- AnalaR (Loba Chemie, India) grade Ti©39.5% pu-
catalytic and photoelectrochemical properties [1]. Pho+ity) powder was finely ground in an agate morter and
tovoltaic effect has been observed for Fi@inc ph-  pressed at room temperature (305 K) under a pressure
thalocyanine composite cell [2] and also for copperof 6000 KPa using a hydraulic press. Pellets of diameter
phthalocyanine-titanium oxide heteromultilayer [3]. 1.5 cm and thickness 1.0 mm were used in the present
The photoconductive behaviours of thin Bifdms pro-  study after sintering at 1050 K for 4 h in air. For photo-
duced by different methods have been studied. Zhangonduction measurements, graphite paint was applied
et al.[4] have reported the formation of both rutile and to one face of the pellet leaving a rectangular portion of
anatase phase in thin Ti@Ims produced by spray py- width 3 mm along the diameter. The painted portions
rolysis of TiCly at different temperatures leading to the served as electrodes. The sample was then mounted on
variation of direct band gap in the range 3.5-3.7 eV. The heater and placed in a vacuum chamber {h0m Hg)
surface property of Tigthin film obtained by spray py- having a quartz window for the passage of light. Un-
rolysis of titanium isopropoxide has been found [5] tofiltered radiation (intensity. = 2200 Lux) from a mer-
change with the existing gases like oxygen, air and waeury vapour lamp was used for photoexcitation.

ter vapour. Boschloet al.[6] have studied thin anatase  Constant voltage was applied to the sample using
films prepared by metallorganic chemical vapour de-a transistorised DC power supply (Systronics, India,
position. They found that initially insulating film could Model 613) and current was recorded using an Elec-
be made conducting by doping and from optical andrometer Amplifier (ECIL, Model EA815) in conjunc-
photocurrent measurements estimated an indirect barttbn with DigiGraphic XY-recorder (Digital Electronics
gap of 3.26 eV. Reportis also available [7] on the obseritd., India, Model 2000).

vation of superliner photoconductivity and a negative Before starting the photoconduction measurements,
photoeffectin aninhomogeneous material consisting oflark currents of the sample for different applied volt-
a matrix of Sn@ with nanometer-sized Tiparticles ages were noted. The current was found proportional to
dispersed in it. Most of the works on photoconductiv-the applied voltage, ensuring that good ohmic contacts
ity of titanium oxide have been made either on singlewere achieved with graphite paint. Temperature of the
crystals or on thin films and no data is available onsample was maintained constant witHid K.

sintered layer of this oxide. TiObeing a material of

technological importance, it was felt that studies on the

optoelectronic properties of this oxide in the form of 3. Results and discussions

sintered layer may give some useful information and a®ark and photoconductance of the surface of sintered
oxides are more stable than the known semiconductorgiO, pellet were measured at different temperatures
upto a fairly high temperatures, they are expected teanging from 306 to 475 K. The variation of dark con-
serve as photo detectors at elevated temperatures [8]uctance Gp) and photoconductanc&() with tem-

In this paper we report our studies on the surface photoperature are shown in Fig. 1Gp increased from
conductivity of sintered Ti@pellet in the temperature its room temperature value of % x 10-12 mho to
range 306 to 475K and its photoconductive decay be1.69 x 10-1° mho at 475K and the corresponding val-
haviour. ues of G, were 475x 1011 and 416 x 10719 mho
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Figure 3 Normalised photoconductive decay characteristics of the sin-
tered TiQ surface at different temperatures.
1 1
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-3 - in figure) upto 454 K. At all temperatures, the growth
(Temperature] «10°(K |} — of photocurrent was moderately slow and took an ad-
Figure 1 Variation of dark conductanceGp) and photoconductance ditional minute to reach the saturation.
(GL) with temperatureT) of the surface of sintered Tipellet. Decay of photocurrent of the sample was measured at
eight different temperatures ranging from 305 to 475K

. I and some of them are shown in Fig. 3. The nature of
respectively. Within the temperature range of study th&yecay has been investigated by plotting the logarithm of
cpnductlon was purely extrinsic. The activation ener-gecay current Iri() as a function of timet{. At all the
gies calculated from the slopes of the®) versus  omperatures, the decay curves were nonlinear. How-
10°/T curve were 0.07 and 0.24 eV respectlvelyfortheever’ the In() versus In{) plots were almost linear,
low and high temperature ranges. The ratio of the phog hich suggested hyperbolic decay of the type It
toconductance to the dark conductan@ /[Gp) has \\herel,is the current at time=0 and ‘b’ is called the
been found to increase upto 345K and then decreas cay constant. Following Randall and Wilkins [10],
athigher temperatures. The maximum value of this ratiqy, ., 3 decay can be treated as the superposition of ex-
was found to be 10.5. The variation of photosensitivity ,,nentials corresponding to carriers having different
(AG/L) of the sample with temperature is shown in .o |axation times and may be written as
Fig. 2. It is interesting to note that the photosensitiv-
ity has increased continuously with rise temperature.

The growth of photocurrent of the sintered i6ur- I'=lorexp(-t/m) + loa€xp-t/z2) + -

face was recorded at different temperatures (not shown ~+ lon expl=t/z,)
12
110
- 8.‘:‘
X
2
-
2
=
=
.
~N
[&]
<1
- 2
1 | 1
300 350 400 450 500

Temperature (K) —
Figure 2 Temperature dependence of the photosensitivit§ (L) and the ratidG, /Gp of the surface of sintered Tilpellet.
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Figure 5 Variation of relaxation timestf andzy) with sample temper-
ature.

| \ | | Analysis of the photoconductive decay of the sample at
0.6 1.2 1.8 2.4 3.0 various temperatures reveals the existence of two kinds
Time (sec.) —» ) of traps. As the sample showed reproducible values of

dark and photo conductances even after repeated heat-
figurg 4 S[:Iitting of the decay curve of the sample at 305K by the ing and cooling treatments (upto 475 K) under vacuum,
peeling off” procedure [12]. the possibility of introduction of new traps due to oxy-
gen desorption can be ruled out. The relaxation times
71 andt, of the carriers are related to the two kinds of
wherelg, is the decay current at zero time due to car-traps which were developed in the sample due to im-
riers having relaxation time,. It is possible to splitup purity incorporation and the inhomogeneities produced
such a decay curve [lh) versus timet()] into a set of  during pressing and sintering.
exponentials by the peeling off procedure as has been The initial part of the photoconductive decay is gov-
done by Bube [10] and Pawat al.[11] in the case erned mostly by the carriers with relaxation timg
of afterglow decay in thermoluminescence. At all thewhile the later (time) part by the carriers with relaxation
temperatures, the lhf versug curves were found lin- time t,. t1 has been found to increase with sample tem-
ear for higher values of time. Assuming the decay forperature upto about 335 K and then decreased at higher
higher values of time to be composed of a single expotemperatures. This behaviour is not in accordance with
nential, and starting with the higher time exponentialthe common concept that the relaxation time should de-
and by successive subtraction of exponentials, it wasrease with increase of temperature. This peculiar vari-
possible to split the observed decay curve into a set oftion of relaxation timer; with temperature suggests
exponentials [12]. that in the decay process not only the surface recombi-
Splitting up of the typical hyperbolic decay curve of nation but also the bulk recombination of the carriers
the sample at 306 K into two exponentials is shown indetermine the effective value of the relaxation time at
Fig. 4. From the slopes of the two resolved componentsiny temperature. The effective relaxation time in
the relaxation times; andt, of the carriers were ob- such case is given by [14]
tained. Similar analysis has been made for the decay

curves at different temperatures (not shown in figure). T =gttt
The variations ot; andr, with sample temperature are
shown in Fig. 5. wherer, andzts are the life times of the carriers in the

Titanium dioxide is an insulator having large band sample due to bulk and surface recombinations respec-
gap 3 eV) and in an insulator at ambient tempera-tively. Itis known [15] that for a photosensitive material
ture, the photoexcited excess carrier density is muchy > 5 and for an insensitive materiaj < zs. In the
larger than the thermal equilibrium carrier density. It present sample, for temperatures below 335K when
is well known [13] that sintered pellets always contain G /Gp is more, e Will be nearlyzs. That is, below
inhomogeneities both on the surface and in the bulk335K the surface recombination is predominant. For
and photoconductivity in such materials is mostly con-temperatures above 335K, the raBo/Gp is low and
trolled by the traps provided by the impurities and in- z¢ Will be nearlyt, and hence the bulk recombination
homogeneities. The observed moderately slow growtlis more pronounced. Therefore the variationpbver
of surface photoconductance of the sintered;[péllet  the entire temperature range can be divided into two (i)
indicates the presence of traps which take part in the rebelow 335 K and (ii) above 335 K. For temperatures be-
trapping of the photoexcited carriers during excitationlow 335 K where the surface recombination is dominant
and remain operative at all temperatures under studyve find ; to increase with temperature. A two-center
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model [16] seems to be applicable in this temperaturg~10-2A), the sintered TiQ surface can be used as a

range. With the rise of temperature the Fermi level anthhotoconductor at elevated temperatures (upto 475 K)
the hole demarcation level come closer causing the deryhere other semiconductors fail.

sity of recombination centers to decrease and hence re-
laxation timer; to increase. For temperatures above

335K when bulk recombination dominates, the relax-Acknowledgement

ation timer; decreases with rise of temperature. Thisauthors are indebted to Prof. A.K.Chowdhuri for many
can be understood from the barrier theory of photoconhelpful discussions.

ductivity where the variation of relaxation time)(with
temperatureT) follows the relation [13]
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