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Abstract

An Ellipsometric experimental set up of SOPRA ESAG type with a powerful
WVASE software for the theoretical calculus of the Ellipsometry parameters. The
Ellipsometry Technique can determine amplitude and phase information®{ and A)
dependent on wavelength range 250 nm to 900 nm (1.5 - 5 eV), including original
practical solutions, were developed. Encouraging results of TiQ were obtained in
applying the simple Ellipsometric method of azimuths to determine the optical
constants for TiO, with this optoel ectronic device.
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Introduction

Thermal-wave techniques are
used for obtaining about the optical
and electronic properties variations in
semiconductor samples. The most used
of these techniques is modulated (or
pulsed) photo-reflectance which has
been successfully applied to the study

of doping, implantation dose, surface
contamination, and carrier diffusion.
However al the information contained
in the optical reflectivity are not
collected from a measurement of
reflected absolute intensity;
information regarding the polarization
state of the reflected electric field is
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lost. This additional information can
be obtained by an ellipsometry
experiment.

Two decade ago the scientists and
some research centers presented
ellipsometry  under  pulsed or
modulated excitation as new photo-
thermal probe [1]. They have
transformed a commercial
spectroscopic  ellipsometry  SOPRA
ESAG and developed an experimental
methodol ogy to redize the
measurement of dynamical changes of
the ellipsometry parameters induced
by an external light excitation [1]. The
potential and the sensitivity of the
method have been illustrated by
measurements performed in time and
frequency domains for bulk samples
[2] as well as multilayered samples
[3].

In the present experimental work,|
report a quantitative analysis of
experimental results obtained for a
TiO, bulk sample under pulsed
excitation. It was reported that the
absolute temperature time evolution
can be directly determined from the
photoinduced variations of the real and
imaginary parts of the refractive index
provided by pulsed ellipsometry
experiments.

Theory

Ellipsometry is based on the fact
that the polarization of alight beam is
altered upon reflection from a bare or
film coated surface. An elliptically
polarized light beam is defined by the
angular position of the ellipse
(azimuth), its shape (ellipticity) and
the sense of rotation of the light
vector. Two parameters determine the
state of polarization: these are the
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amplitude ratio, PSl(y), and the phase
difference, DELTA(A).

The reliability of anaysis
further supported by anayzing the
ellipsometric data. Ellipsometry has
two main advantages with respect to
reflectance measurements: (i) it is less
sensitive to the surface roughness and
to light-scattering effects; (ii) it allows
a each frequency the simultaneous
determination of two physica
parameters, i. e, n and k.

In the case of bulk samples, this
allows the determination of both the
rel and imaginary parts of the
dielectric function without going
through a complex treatment analysis.
The main drawback with anisotropic
samples is that the measured
ellipsometric  function tan(y) and
cos(A) are related both to the incidence
angle and the anisotropic reflectance
coefficient for polarizations parallel
and perpendicular to the incidence
plane. The parameters have thus to be
deconvolved from a set of
measurements performed with
different orientations of the sample.
Assuming that the anisotropy is
uniaxial and that the optical axis of the
sample lies on the surface and can be
oriented either paralel or
perpendicular to the incidence plane,
the formalism is simplified and leads
to[4, 5]:
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rp”L and rl" ae the (complex)
Fresnel reflection coefficients for light
polarized parallel (p) or perpendicular
(s) to the incidence plane, respectively,
with the optical axis of the sample
being parallel () or perpendicular ()
to this plane; Iy and L are the
complex refractive indices along the
extraordinary (paralel to the chains)
and ordinary (perpendicular to the
chains) axes, respectively; @ is the
angle between the normal to the
surface of the sample and the direction
of propagation of the incident beam.
The detector is fixed at the angle— @®
in theincidence plane.

On the basis of a couple of
ellipsometric measurements performed
for the two orientations of the sample
a a fixed @ (60°), it is possible
numerically invert Egs.(2) and (3) and
extract fy and fr . The complex
refractive  index determined by
ellipsometry is reliable only in the
spectral region where the sample can
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be considered as a bulk. Below the
absorption edge at 2.3 eV, a
depolarized light component is
superimposed on the ellipsometric
signal due to the reflection on the back
surface of the sample. This additional
component strongly modulates the
values of the ellipsometric function,
particularly tan(y), and affects the
spectra at the absorption edge.
Experimental Details
Preparation Method

A pure Titanium substrate with a
thermally grown Oxide of nomind
thickness of 6nm was used for three
samples. The substrate was plasma
cleaned by applying 2Qs, 4.5kV
pulses at a frequency of 1kHz, to the
substrate holder, initiating a glow
discharge plasma in 5mtorr of Argon
gas. The high voltage was then
removed and Titanium was deposited
using the pulsed cathodic arc. A
99.99% pure Titanium cathode was
used with an arc bank voltage of
200V, corresponding to a peak arc
current of around 3kA. The arc pulse
frequency was set a 0.1Hz and the
background gas pressure was less than
1 x10° torr. The magnetic filter was
powered using a separate power
supply. A deposition rate of around
0.05nm per pulse was expected from
previous calibration with a profilomete
in order to measure the thickness of
TiO, samples of 6nm.
Ellipsometric Measurement

In a conventional ellipsometry
experiment, a polarized probe beam is
reflected at the sample surface and the
change of the polarization state is
measured. This measurement is
performed through the determination
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of a couple of parameters (y, A) or
(tan(y), cos(A)) defined by:

.. (4

where r, and rs are the complex
Fresnel reflections coefficients for the
electric vector components of the
sample for p- (in the plain of incidence
) and s-(perpendicular to the plain of
incidence) polarized light,
respectively.

In Figure (1), the SOPRA EXAG
ellipsometry is rotating polarizer -
sample - analyzer system that we have
adapted in order to perform
measurements  under  unstationary
excitation. The experiential procedure
is first to fix the azimuth of polarizer
(usually 45), then successively to
move the azimuth of the anayzer at
four positions (with intervals of 45)
for which the satic and the
photoinduced signals measured. From
these data the ellipsometry parameters
tany, cosA and their variations tany ,
dCOosA are determined.

For pulsed excitation, alow power
laser (=1mW) is used as probe source
to provide a convenient signal to noise
ratio. The reflected beam is detected
by a fast silicon photodiode (100MHz
bandwidth). An Amplifier and adigital
oscilloscope working as signa
averaging being are used for signal
processing. The sensitivity to the
relative signal variation is of the order
of 10° with 10MHz detection
bandwidth and an average over 1000
shots. As excitation source, the second
harmonic of a YAG laser a 0.53um
has been used (pulse of about 3mJ and
30ns). The spot diameters on the

relrs= tany .

6131

sample surface were 1.2mm for the
pump beam and 50um for the probe.
Capabilities Of The Wvase Softwar e

The specification of sophisticated
analysis of WV ASE software
programming interface can integratein
Ellipsometric system are:

- Runs under the Microsoft
Windows ™ operating
environment: user friendly,

supports al output devices that
windows ™ does, copy WVASE
data  of optical constant
parameters (v, A ,n K ,& & )
against wavelength (in pm or nm)
or photon energy in eV to the
Windows ™ clipboard for use in
the other Windows™ programs.

- Written in C" and assembly
language, for optimum speed.

- Data acquisition capability is
integrated with the data analysis

software:  real-time or off-line
process control data analysis
capability.

- Packed with features to solve the
most complex problems, yet still
easy to use for simple data
analysis.

Result And Discussion

Ellipsometric measurements at an
incidence angle of 60 have been

performed over the spectral range 250

- 900 nm (or15-5eV)ona

series of 3 samples asfollowing:

I - (TiOy)- Oxidation 700°C 2h +
etching alkaline HO, 0.5M for 12h
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[l - (TiOy)-Oxidation 700°C 2h +
etching

HF/HNO/HO: 1/3/8 for 30 min.

111- (TiO,)-Oxidation 700° C 2h.

From Samples | to Il shows a
smooth, compact surface which at the
optical microscope exam appears have
a granular structure. Due to the
relatively large amount of light
diffused by grains and to the large
thickness, the material behaves like a
bulk sample and no estimate of the
layer thickness can be made. A single
top layer, 6 nm thick was measured of
50% TiO, and 50% voids was added to
better account for the surface
roughness. This thickness is to some
extent arbitrary and simply
corresponds to the average thickness
obtained from the fits when we leave it
as a free parameter; then it was chosen
to fix value in order to have a more
consistent comparison of the results
for the three samples [6]. An evolution
was observed in the optical response
of the samples when passing from
sample | to Il and to Ill. From the
Ellipsometric point of view this seems
to point towards a better quality of the
material (structures becomes
progressively larger and better defined
asin Figure (2) and Figure (3).

These  “bulk” samples are
simulated as an effective medium
containing TiO,, voids, and a small
amount of pure Ti. The estimated Ti
amount is 6% in sample | and 4% in
samples 1l and Il1; the void fraction is
decreasing from 64 (67) % to 60 (62.4)
% passing from | to |1 and I11.
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Among the values of the optical
functions reported in the literature, the
best results in the fit are obtained using
the data corresponding to the largest
values of the refractive index (n~ 2.25
a 2 eV). This should indicate a
condition of good crystallite of the
material. For the sake of comparison
we choose of using the functions
indicated as TiO; in Figure (4) [7].

Some small improvements can be
obtained in good mixing some part of
Alkaline (H,0O;) with TiO, (low index
values - dight amorphization) when
fitting the data of sample |I. The data
set TiO, has been also used as a basis
for the analysis of the thin film
samples.

In Figure (5), the various measured
Ellipsometry data are presented. We
shall consider the first there samples
that represent TiO, compounds. It was
observed that, for TiO, compounds,
there is a shift towards lower photon
energies and the spectra exhibit a
“knee’ at about 3.8 - 4.15 eV range
in the imaginary pat g of the
dielectric function Figure (5A) . Also
the real year part of the dielectric
function g, in Figure A indicates larger
valuein the 3.75 - 4.25 eV range. The
largest value obtained for TiG, from
Figure. (5A) isg (E2) = (2.5) which is
nearly half the value reported by
Cardona and Greenaway (=4.3) by
means of reflectively [5, 8].

This is due to the fact that
Ellipsometry deals with intensity
independent complex quantities { and
A) while reflectance deals with
intensities. In addition to that , a power
measurement which is very sensitive
to intensity fluctuations of the source,
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temperature  drift of  electronic
components, macroscopic roughness
etc. reflectance measurement has to be
taken very accurate since small
difference in reflectively can lead to
larger errorsine [8, 9].

Figure (3B) Show that the samples
of TiO, (I,II1) behavior exhibit a
sharp decrease with a minimum v
values which is 8.75 PSl in deg at a
wavelength near 338 nm for sample |,
while it shows 6.45 and 6.4 PS| in deg
at wavelength near 370 and 380 nm for
samples Il and 111 respectively. TheA
values shows a sharp increase with a
maximum which is 95 DELTA in deg
a a wavelength near 308 nm for
sample | , while it shows 120 and 118
DELTA in deg at wavelength near 320
and 325 nm for samples Il and Il
respectively. These behaviors appear
that the film thickness deposition is
absolutely correct for the
pseudodiel ectric function.

The wavelength region between
275 and 400 nm exhibits considerable
changes due to etching method as
shown in Figure (5B). It is observed
that in sample | curve (etching
alkaline) is the best as pseudielectric
compared with the samples Il and Il1,
and in this case sample | is nearly 50%
minimum less influence features than
the samples Il and III. A smaller
change is aso observed near 275 nm.
When the film thickness is close to the
correct thickness and smooth surface
due to a chemical treatment (choosing
etching chemical) the pseudodielectric
function exhibit a smooth transition
across the wavelength range and thisis
not in our case (under investigation
for future work) ,as would be expected
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for a metdlic film in this wavelength

region[10,11].
In General for samples of TiO,
(1,1LI) , one of the obvious features

in our work shows there is no noise at
longer wavelengths as compared to
work of Palik and Nguyen [8,11].
Conclusions

The results from simulation and
experimental were found to be have a
strong positive correlation of both vy
and A data provide a unique optical
model as shown in figures .In the data
analysis, the Maquardt-Levenberg [12]
algorithm was used to weigh the fitting
strength. The objective is to quickly
determine the minimum difference or
"best fit" between the measured and
calculated v and A values. The (Root)
Mean Square Error (MSE) quantifies
this difference. The results have a
small percentage of difference in the
values found for (Root) Mean Square
Error (MSE) function commonly used
isgiven by[13],

1
MS 2_ pihnod _ gssp
( B QN—MZ]N:J( : Gexp]
i

- amod_ ;exp

7+

i 2
EXp )
Oai

Where N is the number of measuredy
and A pairs, M is the total number of
real value fit parameters.
Normalization of MSE by the standard
deviation of the experimental data
c,>? and c,*" reduces the weight of
noisy points.

Thisis particularly true for the film
samples (I, Il and I11). Anyway some
improvements in the best fit procedure
can be obtained either by adding some
parameter to the modd (eg. by
introducing a void fraction aso in the
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second layer), either by changing the
optical function of titanium used in the
fit (or using a mix of functions: eg. a
small improvement is obtained by
using a low index titanium in the top
layer and a high index one in the
second layer). Such kinds of changes
can affect the results by shifting the
equivalent thickness values.
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Figure (2): Ellipsometric functions Tan (¥) and Cos (A) measured for the samples|,

[I'and I11. (A) Asfunction of Photon Energy (eV); (B) Asfunction of wavelength (nm).
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Figure (3) Thebehaviorsof (A) and (B) isthesameasin Fig. (2).
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Figure (4): Optical function (refractive index n and extinction coefficient k) of
different types of Titanium using the W-VASE softwar e.(A) Asfunction
of Photon Energy (eV); (B) Asfunction of wavelength (nm).
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Figure (5): Theincident real part and reflected imaginary part.

6139

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

