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Abstract Titania thin ﬁlms are prepared by electron beam evaporation and deposition conditions
are optimized. X-ray diffraction studies have shown a polycrystalline nature of the ﬁlms with
anatase phase. The preferential orientation as well as electro-optical properties are found to be
sensitive to substrate temperature. The structural and optical studies carried out on this high
refractive index material give ample evidence for its columnar and porous structure. The analytical
expressions enabling the derivation of optical constants from its transmission spectrum only, have
successfully applied. Finally, the refractive index dispersion is discussed in terms of the singleoscillator Wimple and DiDodmenico model.
& 2012. Chinese Materials Research Society. Production and hosting by Elsevier Ltd. All rights reserved.

1.

Introduction

Thin ﬁlm titania (TiO2) is a versatile material and therefore
has been the subject of sustained research interest. Its diverse
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applications include high dielectric capacitors in random
access memory, electroluminescent devices, transparent protective coatings on silica optical ﬁbers, antireﬂective coatings
for Si solar cells, deep ultraviolet lithography, high refractive
index component of multilayers for optical antireﬂectors, soft
X-ray reﬂectors, gas sensors and electrochromic devices [1].
The electrical and optical properties depend upon refractive
index, wide band gap and chemical stability while dielectric
constant depends upon atomic structure. However, titania thin
ﬁlm with rutile structure is known as good blood compatible
material and can be used in artiﬁcial heart valves [2]. Many
different technique can be used for ﬁlm fabrication viz.,
evaporation [3,4], sol–gel [5], metal organic chemical vapor
deposition [6], sputtering [7], atomic layer deposition [8] and
laser abalation [9].
Bulk crystalline titania at atmospheric pressure and room
temperature has three polymorphous: rutile, anatase and
brookite. Rutile is thermodynamically most stable phase,
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while anatase and brookite exist as metastable phases below
1100 K. Titanium is in octahedral coordination with oxygen as
TiO6 units in all polymorphs. However different Ti-O bond
lengths and angles and consequently different arrangements of
TiO6 octahedra, generate different lattice structures. The rutile
and anatase lattices are tetragonal with P42/mnm and I41/amd
space groups, while brookite is orthorhombic with Pbca
symmetry [10].
Titania thin ﬁlms exist in four forms: rutile, anatase,
brookite and amorphous [11,12]. In samples prepared by
electron beam evaporation only anatase, rutile and amorphous
phases are found. The microstructure and properties of ﬁlms
depend upon details of deposition parameters which determine
nucleation and growth of crystal phase. When TiO2 is taken as
evaporation material the anatase phase is sometime found for
substrate temperatures above 523 K, while evaporation of Ti
and TiO produce anatase and rutile mixture above 583 K [13].
Films deposited below these respective temperatures are
generally amorphous. The main parameters for evaporation
process are substrate temperature, deposition rate and oxygen
partial pressure. The transparency of titania thin ﬁlms is
highly sensitive to loss of oxygen which causes absorption in
near infrared region extending into the visible and yields a
blue coloration. The properties of titania ﬁlms depend not
only on the preparation technique but also on the deposition
condition. An attempt has been done in this study to relate the
effect of substrate temperature on the composition, structural,
electrical and optical properties of the ﬁlms. Such detailed
understanding of the ﬁlm properties is necessary, if titania
ﬁlms are to be developed to a degree which will enable its use
in various devices.

2.

Experimental

The ﬁlms were deposited by electron beam evaporation of
TiO2 powder (99.5%) in a 12 in. high vacuum chamber
pumped with a diffusion pump. The base pressure before
deposition was 106 mbar and oxygen was admitted through a
needle valve into the chamber until the vacuum is reduced
value. The optimum deposition conditions, which are summarized in Table 1 are attained by the design of the experiment methodology described by Wiley [14]. The thickness of
the ﬁlm and the rate of deposition are monitored and
controlled by digital thickness monitor equipped with quartz
crystal oscillator. The substrate temperature (Ts) is varied
from ambient to 773 K with an accuracy of 75 K. The
substrates were heated by resistive heating method and Ts
was measured with chromal–alumel thermcouple, which was
Table 1

Optimum deposition conditions.

Deposition parameters

Optimum condition

Starting material
Soaking time
Soaking power
Deposition rate
Deposition pressure
Source to substrate distance
Film thickness
Substrate temperature

TiO2 (99.9%)
3 min
o250 W
0.5 Å/s
5105 mbar
15 cm
110 nm
723 K

attached to lower side of one of the substrates. The thin ﬁlms
having 110 nm thickness were deposited on glass substrates at
a deposition rate of 0.5 Å/s, located at 15 cm from the source.
Crystallinity and phase analysis of the ﬁlms were carried
out by a Philips PW 1830 X-ray diffraction spectrometer with
an accelerating potential 40 kV and current 30 mA using
CuKa1 radiation (1.54056 Å) as an X-ray source which is
equipped with Ni ﬁlter. All peaks were recorded at a scanning
rate of 11 min1 in steps of 0.031 in the standard y–2y
geometry. The data was acquired over the 2y ¼201–701 range
because reference diffraction patterns for the titania polymorphous show that all the ﬁrst order peaks occur in this interval.
Surface morphological studies were carried out by JEOL JSM
5600 LV scanning electron microscope with an accelerating
potential of 20 kV. The elemental composition of the samples
was studied using EDAX make energy dispersive spectrometer
attached to the SEM. The resistivity studies were done using a
four probe set-up and transmission studies using Ocean Optics
make single channel spectrometer PC 1000 in the range 300–
800 nm.

3.
3.1.

Results and discussion
Growth mechanism

The electrical, optical and structural properties of the thin
ﬁlms have strong dependence on the stoichiometry and
microstructure as well as the level of residual stress caused
by deposition techniques and interaction with substrate [15].
In electron beam evaporation thin ﬁlm deposition can be
considered to be a process of impingement of deposit species
on a substrate, the nucleation of clusters and the agglomeration of these clusters into a continuous ﬁlm. The atoms or
molecules arriving from vapor into the substrate will not all
stick to the surface; there will always be a fraction of incident
ﬂux that will immediately re-evaporate. For those atoms that
condense on the surface, the next stage of ﬁlm growth involves
migration over the substrate prior to atoms bonding together
to form a deposit nucleus. If the substrate temperature and
kinetic energy of incident atoms are both low, then amount of
surface migration, may be very limited, atoms remain roughly
in the position of the substrate where they arrived from vapor
phase. Under these circumstances an amorphous deposit layer
will normally be formed as the individual atoms will not have
sufﬁcient energy even to arrange themselves into the equilibrium crystalline structure. High growth rate and low substrate temperature favours the formation of amorphous ﬁlms.
This is because the time available for the layer of deposit of
atoms to relax into crystalline lattice before being covered by
subsequent layer is small and mobility of atoms over the
surface is also low. The mobility of deposit atoms depends
partly on the incident kinetic energy of deposit species as high
incident kinetic energy may induce surface migration even
when the surface migration is cold. The strength of the
interaction of deposit atoms with substrate may also inﬂuence
the temperature of the amorphous/crystalline transition.
Hence, in order to deposit anatase titania ﬁlms, deposition
rate is reduced to 0.5 Å/s and substrate temperature is kept
above 573 K.
At an oxygen partial pressure of 1  104 mbar, the prepared ﬁlms are black, indicating the high concentration of
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oxygen vacancies. The specimen prepared between an oxygen
partial pressure of 7  105 and 1  105 mbar are clear. Even
though the property variation of the ﬁlms due to partial
pressure variation is not the subject of this article, Mergel
et al. [13] reported that, the color change of ﬁlms prepared at
different partial pressures is correlated with the density of
ﬁlms. This is further correlated with the decrease of mean free
path in deposition chamber and a corresponding thermalization of the following reasoning. In the classical kinetic theory
of gases the mean free path l is given by [16]
l¼

RT
pﬃﬃﬃ
NA sp 2

ð1Þ

where NA ¼6.022  1023 mol1 is the Avogadro’s constant and
s is the collision cross section of the participating atoms and
molecules. Here, the collision particles are Ti, TiO and O2
having sﬃ0.46 nm2. For T¼ 300 K Eq. (1) transforms to
lp ¼ 6:3  103 mbarcm

ð2Þ

For collision of evaporated species the background gas
temperature is not deﬁned. We try to estimate it for the ﬁlms
prepared at 5  105 mbar. Let us assume that the mean free
path is 525 cm. This yields lp¼26.25  103 mbar cm corresponding to collision temperature of 300 K  26.25/6.3¼ 1250 K.
This seems to be reasonable, between the temperatures of
background gas 4300 K and that of the evaporated species
42500 K, somewhat higher than the melting temperature.
Hence, it is reasonable to assume that at 5  105 mbar, the
evaporated species have good thermalization.

the ﬁlms deposited above 573 K show a crystalline nature. As the
substrate temperature increases above 573 K, the preferential
orientation along (101) crystal plane with 2y ¼25.181 becomes
evident. However, all peaks have low intensity suggesting that
the amorphous titania co-exists along the crystalline phase [11].
The surface morphology micrographs of titania ﬁlms are
shown in Fig. 1. The micrograph of as-deposited ﬁlm prepared
at room temperature shows, its amorphous nature morphologically, which is in support of the XRD analysis. The surface
morphology of titania ﬁlms prepared at Ts ¼573 K, reveals the
formation of crystallites. It can be seen that when the substrate
temperature of the ﬁlms reaches 673 K, there is a distinct
change in surface morphology. The micrograph of ﬁlms
prepared at 673 K shows column like nodules having a size
of particles in the range 150–300 nm. The formation of nonuniform grains over the substrate with voids between them
indicates porosity. SEM photograph shows more evenly
arranged column like nodules having almost uniform size
(300 nm), which is formed at 723 K. More keen edged grains
are observed in ﬁlms formed above 723 K. Hou et al. [17],
reported formation of similar grains in titania ﬁlms with
increase of substrate temperature.
EDS analyses of the samples were done at different places
of samples and it was found that the composition of samples is
uniform throughout the samples. From the change of peak
area, the variation of content of oxygen and titanium and
hence the non-stoichiometry is veriﬁed and O/Ti ratio is found
to be varying from 2 to 1.75.

3.3.
3.2.

Microstructural analysis

The X-ray diffraction of titania ﬁlms deposited at different
substrate temperatures are compared with JCPDS ﬁles no. 211271, and the results are presented in Table 2. The ﬁlms
deposited at room temperature show amorphous nature, while
Table 2 Structural parameters of titania ﬁlms prepared at
different substrate temperatures.
Substrate Angle Lattice Identiﬁcation
tempera- (2y1) spacing
ture (K)
d (Å)
Phase (hkl)

Lattice
parameter
a (Å)

c (Å)
–
9.51

53.5
25.18
37.81
53.84

1.71
3.53
2.38
1.70

TiO2
TiO2
TiO2
TiO2

105
101
004
105

–
3.81

25.29
37.91
54.01

3.52
2.37
1.66

TiO2
TiO2
TiO2

101
004
105

3.79

723

25.69
37.94
54.08

3.51
2.37
1.69

TiO2
TiO2
TiO2

101
004
105

3.77

9.48

773

25.38
37.18
54.12

3.51
2.38
1.69

TiO2
TiO2
TiO2

101
004
105

3.77

9.51

3.78

9.514

573
623

673

JCPDS

Fig. 2 shows the normalized optical characteristics of titania
ﬁlms prepared at different substrate temperatures in the
wavelength region 300–800 nm. It is clearly observed that
the ﬁlms are transparent in region above 400 nm. However, all
ﬁlms have weak absorption and interference fringes in the
region 400–800 nm range and have large amplitude. It is well
known that the amplitude of interference fringes is a measure
of ﬁlm quality, meaning larger the amplitude, better is the ﬁlm.
The interference fringes are the result of interference of light
reﬂected between the air–ﬁlm and ﬁlm–substrate interfaces. In
the present set of samples, interference effect also becomes
prominent. This may be due to re-arrangement of crystallites/
grains as discussed earlier, or because of porous structure of
the ﬁlms.
The absorption coefﬁcient (a), in spectral region of high
absorption is calculated using the relation
a¼

9.48

Optical properties

1
lnð1=TÞ
t

ð3Þ

where T is transmittance and t is ﬁlm thickness.
The fundamental absorption edge of most semiconductors
is characterized by an exponential variation of the absorption
coefﬁcient with photon energy. The absorption has its minimum at low energy and increases with optical energy. The
variation of absorption coefﬁcient with photon energy of the
deposited ﬁlms is depicted in Fig. 3. Near absorption edge,
absorption coefﬁcient increases more rapidly with hn. From
Fig. 3 it is clear that the variations in substrate temperature
affect both the magnitude and shape of a–hn curve, but
absorption edge of anatase is found to be of the Urbach type.
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Fig. 1 SEM micrographs of titania thin ﬁlms deposited at different substrate temperatures.
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Fig. 3 Variation of absorption coefﬁcient with energy.

Fig. 2 Optical characteristics of titania thin ﬁlms.

The absorption coefﬁcient (a) of a crystalline solid obeys
the following relationship
ahnpðhnEg Þp

2.8

ð4Þ

where Eg is the optical band gap, hn is the photon energy and p
being the index which characterizes the optical absorption
process. For direct allowed transitions, p ¼1/2 for direct
forbidden transition p ¼ 3=2 for indirect allowed transition
p ¼2 and ﬁnally for indirect forbidden transition p ¼3.
An analysis of absorption data was carried out to determine
the predominant optical transition. According to the power
law Eq. (4), Fig. 4 represents a plot between ðahnÞ1=2 and hn.
The points lie close to one straight line for Eg xohnoEg þ x
to a steeper line for hn4Eg þ x where x represents the energy
due to phonon transition. This behavior is just what one can

expect if the absorption in this range is due to indirect
transition in which there is a marked change in momentum
between the initial and ﬁnal states in which direct transition do
not play a role. Accordingly, the value of p ¼2 and hence the
type of transition is allowed indirect [18]. The allowed indirect
process, which involves practically no transition between
localized steps, is the responsible mechanism for optical
excitation in titania ﬁlms [19].
The variation of optical energy gap with variation of
substrate temperature is presented in Table 3. From the data
presented, it is evident that, the optical energy gap decreases
with increase in substrate temperature. In other words, this
result is in agreement with the phase transition and/increment
of anatase phase volume in titania ﬁlms with substrate
temperature. Similar results are reported earlier [11].
From the measured optical transmittance, refractive index,
optical absorption and extinction coefﬁcient of the ﬁlms are
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calculated using the envelope method [20]. The envelope is
drawn in the ﬁgure and is evident that for every wavelength l,
there is a corresponding maximum transmittance TM and a
minimum transmittance Tm. The transmittance T at any
wavelength is a function of refractive index n, its extinction
coefﬁcient k and thickness t of the ﬁlm, has the general form
T¼

Ax
BCx cosf þ Dx2

ð5Þ

well known equation for the interference fringes in transmission spectrum.
2nt ¼ ml

where the order number m is an integer for maxima and a half
integer for minima.
Hence, the extreme interference fringes TM and Tm can be
written as
TM ¼

where A ¼ 16sðn2 þ k2 Þ;



B ¼ ðn þ 1Þ2 þ k2 ðn þ 1Þðn þ s2 Þ þ k2 ;
 2

C ¼ 2 ðn 1 þ k2 Þðn2 s2 þ k2 Þ2k2 ðs2 þ 1Þ cos f


2 2ðn2 s2 þ k2 Þ þ ðs2 þ 1Þðn2 1 þ k2 Þ sin f;




D ¼ ðn1Þðns2 Þ þ k2 ðn1Þ2 þ k2 ;
x ¼ expðatÞ;
4pk
4pnt
; f¼
a¼
l
l
and s ¼ refractive index of the substrate:

ð7Þ

Ax
BCx þ Dx2

ð8Þ

Ax
B þ Cx þ Dx2

ð9Þ

and
Tm ¼

respectively.
From Eqs. (8) and (9), the refractive index
n ¼ ½N þ ðN 2 s2 Þ1=2 1=2
ð6Þ

1 þ s2
2s
ðTM Tm Þ
þ
TM Tm
2
3
½E 2 ðn2 1Þ ðn2 s4 Þ1=2
and x ¼ EM  M
ðn1Þ3 ðns2 Þ
2
8n s
þ ðn2 1Þðn2 s2 Þ:
where EM ¼
TM

ð10Þ

where N ¼
Eq. (5) is valid only if the ﬁlm is homogenous, thickness of
the ﬁlm is uniform and the substrate is semi inﬁnite and
completely transparent i.e. ks(l)¼ 0. The equations describing
the envelope method can be derived from Eq. (5), with further
assumptions: (i) the square of the refractive index of the ﬁlm is
much higher than that of the extinction coefﬁcient of the ﬁlm,
i.e., n2bk2, and (ii) the square of the refractive index
difference between ﬁlm–air and ﬁlm–substrate is much greater
than that of the extinction coefﬁcient of the ﬁlm in ðn1Þ2 bk2
and ðnsÞ2 bk2 .
The ﬁrst assumption leads to A¼ 16n2s and
B¼ (nþ1)3(nþs2) in Eq. (5). The second assumption leads to
C ¼ 2½ðn2 1Þðn2 s2 Þcos f and D ¼ ðn1Þ3 ðnsÞ2 . The most
critical assumption of these is ðn1Þ2 bk2 . In the present study
for titania ﬁlms, the refractive index is greater than 2 and that
of the substrate is 1.5. Therefore if k2 =ðnsÞ2 r0U01, and if
n ¼2 and s¼ 1.5, k must be less than 0.05.
With above assumptions, the constants in Eq. (5) assume
the above mentioned values. The cosine function in the
denominator oscillates between þ1 and 1, which results in
0.6

(αhν)1/2 (nm-1eV)1/2

0.5
0.4
0.3
0.2
0.1
0.0
2.6

2.8

3.0

Once TM and Tm are obtained from measured transmission
spectrum and refractive index of substrate is known, the
refractive index of the ﬁlm can be calculated from Eq. (10).
The equations derived above, from the envelope method
assumes that the substrate is semi-inﬁnite. Since, if the specimen consists of a ﬁlm, on a thick substrate, the light intensity
loss from the back surface must be taken into account [21].
Considering the back surface of the substrate into account,
the transmittance T 0 , of the ﬁlm as the ﬁnite substrate can be
approximated as
T 0 ¼ Tð1rÞ

3.2
3.4
Energy (eV)

3.6

3.8

Fig. 4 Variation of (ahn)1/2 with photon energy for ﬁlms
prepared at (a) 300, (b) 573, (c) 673 (d) 723 and (e) 773 K.

ð12Þ

where r is the reﬂection at the air–back substrate surface which
is equal to ðs1Þ2 =ðs þ 1Þ2 . For Eq. (10), T is the transmittance
of the ﬁlm on a semi-inﬁnite substrate. Starting from Eq. (10)
and following the procedure to solve Eq. (5), the solutions
found to have exact form as Eqs. (10) and (11). The only
difference appears in N due to the extra factor of (1r) which
becomes
N¼

(e)
(d)
(b)
(a)
(c)

ð11Þ

1 þ s2
8s2 TM Tm
þ
2
ð1 þ sÞ2 TM Tm

ð13Þ

while comparing the method developed, by Swanepoel [20]
and modiﬁed by Peng and Desu [21], the change in refractive
index is negligible, o2%, but it will produce considerable
effect on the values of extinction coefﬁcient. This arises
because, in envelope method, the reﬂection loss from back
surface of substrate is counted into the extinction coefﬁcient of
the ﬁlm.
In the normalized spectral characteristics—Fig. 2, the gap
between 100% and transmission of TM is indicative of the
light loss due to the scattering and/absorption. Based on the
strength of absorption, the transmission spectrum can be
divided into three regions: weak, medium and strong absorption regions. Normally, the regions at transmittance values
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higher than 0.7 will be considered as weak absorption region,
while the values between 0.4 and 0.7, will be considered as
medium absorption region. In the present case, the region at
wavelength longer than 400 nm is assigned as weak absorption
region, and wavelength shorter than 400 nm is the strong
absorption region.
Once TM and Tm are obtained, the refractive index of the
ﬁlm can be easily calculated using Eqs. (13) and (10). The
modiﬁed envelope method, as discussed above is used to
calculate the refractive index values. Fig. 5 shows the refractive index characteristics of titania ﬁlms as a function of
wavelength. As can be seen in ﬁgure, the titania ﬁlm prepared
at 773 K substrate temperature, has a refractive index value of
2.154 at wavelength around 755 nm and gradually increases to
a value at 2.222 at a wavelength around 431 nm. This behavior
of refractive index variation, ðdn=dlÞo0, is consistent with
what one would expect from Kramer’s–Kroning analysis. The
change of value of refractive index with substrate temperature
is also presented in Fig. 5. Compared to refractive index value
of bulk material, the thin ﬁlms show lower indices possibly due
to porosity and/or stress in the ﬁlm. However, the refractive
indices of the ﬁlms have a tendency to increase with substrate
temperature, which can be correlated with transition from
amorphous state to anatase/rutile phases.
The pattern of dispersion relation for refractive index is in
general agreement with obtained for the titania ﬁlms [22].
Values of (n21)1 are plotted against the inverse of the

2.22

Refractive index

2.20
673 K
723 K
773 K

2.18
2.16
2.14

24.47 eV from the zero energy intercept and slope. The
coordination number Nc of the nearest titanium cation
neighbor of the oxygen anion can now be found from an
empirical relation between the dispersion energy Ed and the
effective number of Ne of valance electron per anion as
Ed ¼ 2wNe Nc

ð15Þ

the factor 2 is included for the formal chemical valance of
oxygen anion. w ¼0.2670.04 for most oxides according to the
oscillator model and Ne ¼8 is estimated for TiO2 [24]. Substituting these values in Eq. (15) a value of 5.8870.9 is
obtained for Nc and is appropriate for the titania ﬁlms. The
long wavelength limit (i.e., l1 ¼ 0) of refractive index nN is
found to be 2.07 using the expression
n1 ¼

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 þ ðEd =E0 Þ

ð16Þ

This value corresponds well with the value 2.05 for titania
ﬁlms from magnetron sputtering [25].
Fig. 6 shows the variation of extinction coefﬁcient with
wavelength of titania ﬁlms in the visible region. As discussed
earlier, the extinction coefﬁcient values are in the range as
predicted from modiﬁed envelope formulation; however the
order of 102 indicates good surface homogeneity [25]. The
apparent oscillations in extinction coefﬁcient seem to be
correlated with the interference fringes and probably arise
from small errors in the measured ﬁlm thickness [26]. From
this plot, one can understand the transmittance and surface
roughness of the ﬁlms studied. Hence, one can conclude that
the optical loss due to absorption or scattering of light is very
low for the prepared samples.
The variation of electrical resistivity, transmittance and ﬁgure
of merit of the deposited ﬁlms with substrate temperature is
presented in Table 3. The ﬁlms prepared at room temperature
shows lowest resistivity and transparency. But, in the case of
crystalline ﬁlms, ﬁlms deposited at 723 K shows the optimum
value for ﬁgure of merit, fTC ¼T10/Rsh, where T is the transmittance and Rsh is the sheet resistance [15].

2.12
2.10

0.04
450

500

550 600 650
Wavelength (nm)

700

750

Fig. 5 Variation of refractive index of titania ﬁlms prepared at
different substrate temperatures with wavelength.

square of incident photon wavelength (l2) and the dependence is found to be linear to ﬁrst approximation. This
explains that the dispersion relation can be explained in terms
of the single oscillator model [23] as
n2 1 ¼

Ed E0
E02 ðhnÞ2

773 K

800
Extinction coefficient

400

0.03

723 K
0.02

ð14Þ

where n is the frequency of the incident photon energy,
h ¼4.13  1015 eV. The slope of the graph gives a value of
1014 m2 for average oscillator strength. Value of the single
effective oscillator energy Eo and the dispersion energy Ed for
interband optical transitions are estimated to be 7.38 and

623 K
0.01
400

500

600
Wavelength (nm)

700

800

Fig. 6 Variation of extinction coefﬁcient of titania ﬁlms prepared
at different substrate temperatures with wavelength.
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Table 3

Electrical and optical properties of titania thin ﬁlms.

Substrate temperature Resistivity
(K)
(O m)
Ambient
623
673
723
773
a

4.

85

3.96  102
2.46
0.99
3.96  101
1.485

Band gap
(eV)

Transmittance at 550 nm Refractive index at
(%)
550 nm

3.5
3.31
3.3
3.28
3.1

53
78
80
83
71

a
a

2.12
2.13
2.17

Figure of merit (fTC)
(  108 S)
0.486
0.373
1.19
4.3
0.241

Refractive index is not calculated since the envelope method is not valid for these cases.

Conclusions

Preparation conditions are optimized to obtain crystalline
undoped titania thin ﬁlms. The preferential orientations of the
ﬁlms formed are found to be sensitive to substrate temperature. An oxygen partial pressure of 5  105 mbar; 723 K,
substrate temperature and rate of evaporation of 0.5 Å/s are
found to be optimum for the deposition of good quality
undoped titania ﬁlms. For the ﬁlms deposited under optimum
deposition conditions have ﬁgure of merit 4.3  108 S and
refractive index of 2.13 at 550 nm and has an indirect band
gap of 3.28 eV. Beyond the band gap range, the values of
refractive index decrease monotonically with increasing wavelength and approach nN ¼2.07.
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