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The extinction spectra and the parameters of cubic optical nonlinearity in thin Fe2O3 and
Cr2O3 films deposited on glass substrates with the use of the laser sputtering method have
been measured. The cubic optical nonlinearity is studied, by using femtosecond laser radiation
with the wavelength 𝜆 = 800 nm and the pulse duration 𝜏 = 180 fs. The energy gap width
evaluated from the extinction spectra is found to equal 𝐸𝑔 ≈ 2.4 eV and 2.2 eV for Fe2O3

films synthesized on the substrates at temperatures of 293 K and 800 K, respectively, and
𝐸𝑔 ≈ 3 eV for Cr2O3 films deposited on the substrate heated up to 800 K. Rather high values
are obtained for the coefficients of refractive nonlinearity: Re𝜒(3) ∼ 10−6 esu for Fe2O3 films
and Re𝜒(3) ∼ 10−7 esu for Cr2O3 ones. The determined values of Im𝜒(3) amounted to about
10−6÷10−7 esu for Fe2O3 films and about 10−8 esu for Cr2O3 ones. Probable mechanisms of
refractive nonlinearity have been proposed.
K e yw o r d s: cubic optical nonlinearity, thin Fe2O3 and Cr2O3 films, laser sputtering method,
femtosecond laser radiation.

1. Introduction

The search for nonlinear optical media with a high cu-
bic nonlinearity and a high operation rate of this non-
linearity remains an important problem for needs of
modern optoelectronics. Recently, it has been demon-
strated in a number of works [1–6] that low-dimensio-
nal structures (thin films, nanoparticle composites)
of transition metal oxides, in particular, Fe2O3, are
characterized by rather a high refractive nonlinearity
and represent a considerable practical interest. For in-
stance, in work [1], the coefficient of cubic nonlinear
susceptibility 𝜒(3) = 2 × 10−9 esu was obtained at
the laser wavelength 𝜆 = 480 nm and the laser pulse
duration 𝜏 = 180 fs for amorphous Fe2O3 films fabri-
cated, by using the sol-gel method. For crystalline 𝛼-
Fe2O3 and 𝛾-Fe2O3 films synthesized within the same
method, the 𝜒(3)-values obtained under the nanosec-
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ond laser radiation with 𝜆 = 1.9 𝜇m and 𝜏 = 10 ns
were 5.8 × 10−11 esu and 2.1 × 10−11 esu, respec-
tively [3]. In work [6], the value 𝜒(3) = 5 × 10−6 esu
was obtained for Fe2O3 films fabricated using the
laser ablation method and picosecond laser radiation
(𝜆 = 532 nm, 𝜏 = 30 ps).

The available data testify that the magnitude of cu-
bic nonlinearity in Fe2O3 films depends substantially
on the film manufacturing methods, film structure,
and parameters of laser radiation used at measure-
ments. Therefore, it seems important to obtain data
concerning the nonlinear optical response of Fe2O3

films grown up with the use of the pulsed laser sput-
tering method, when laser pulses of femtosecond du-
ration are applied.

Fe2O3 is a semiconductor with the energy gap
width 𝐸𝑔 = 2.2 eV [7]. It is transparent in the vis-
ible spectral range. With the aim in view to find a
nonlinear optical material with a wider transparency
window, we also considered chromium oxide (Cr2O3)
with the energy gap width 𝐸𝑔 = 3.4 eV [8]. This is
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Fig. 1. XRD patterns of nano-scale Fe2O3−𝑥 films deposited,
by using the reactive laser deposition method on SiO2 sub-
strates: at 𝑇𝑠 = 293 K and 𝑃O2

= 0.1 Pa, (a) and at
𝑇𝑠 = 800 K and 𝑃O2 = 0.1 Pa (b)

a material that is promising for the creation of se-
lective absorbing films for the solar energy conver-
sion and so on [9]. In earlier works, linear optical and
spectral properties of thin Cr2O3 films fabricated by,
in particular, the chemical vapor deposition [10] and
chemical pyrolysis sputtering [11] techniques showed
that the spectrum shape depends to some extent on
the method of film fabrication. However, the nonlin-
ear optical properties of Cr2O3 films, unlike those of
Fe2O3 ones, have not been studied enough. In par-
ticular, we did not manage to find works dealing
with the cubic optical nonlinearity in Cr2O3 films,
although the theoretical [12] and experimental [13]
researches of the quadratic nonlinearity (the second
harmonic generation) are known.

In this work, with the help of femtosecond laser ra-
diation (𝜆 = 800 nm, 𝜏 = 180 fs), the coefficient of

cubic susceptibility 𝜒(3) was measured in amorphous
and crystalline Fe2O3 and Cr2O3 films synthesized by
the pulsed laser sputtering at various substrate tem-
peratures and various oxygen pressures in a vacuum
chamber. Possible mechanisms of cubic nonlinearity
in the examined films are analyzed.

2. Experimental Part
2.1. Sample fabrication

Nano-sized films of iron and chromium oxides were
synthesized using the method of reactive pulsed laser
deposition onto SiO2 substrates. The deposition was
carried out in a vacuum reactor made of stainless
steel. In order to avoid the contamination, the vac-
uum chamber was pumped out to a residual pressure
of about 4.5× 10−5 Pa before every deposition. Pure
oxygen (99.999%) was let into the chamber until its
dynamic pressure became stabilized at values of 0.1,
0.5, or 1.0 Pa. Pure Fe (99.5%) was knocked out from
a target with the help of radiation emitted by a KrF
(𝜆 = 248 nm) pulsed excimer laser with an energy
density of 4.0 J/cm2, a pulse repetition frequency of
10 Hz, and a pulse duration of about 25 ns. Every
film was deposited by applying a definite number of
laser pulses (4000, 5000, and 6000, respectively) cor-
responding to the oxygen pressure in the reactor. In
order to avoid the breakdown and to provide the ab-
lation process smoothness, the target was rotated at
a rotation frequency of 3 Hz. Before each deposition,
the target surface was cleaned, making use of 3000
laser pulses, provided that the substrate was closed.

The flux of knocked out iron ions was gathered on
the SiO2 substrate, which had been cleaned in an ul-
trasonic bath with ethanol and deionized by water.
The substrate was arranged in parallel to the target
and at a distance of 45 mm from the latter. The thick-
ness of deposited films was measured with the help
of a profilometer “Tensor Instruments”, the model
“Alpha-step 100”, with an error of 5%. The X-ray
diffraction (XRD) analysis of Fe2O3 films was carried
out with the help of an X-ray diffractometer “Stoe”
at 45 kW and 33 mA (Cu 𝐾𝛼 radiation). The corre-
sponding results showed that the films deposited on
the SiO2 substrate at room temperature (𝑇𝑠 = 293 K)
had an amorphous structure, whereas the films de-
posited on the same substrate but heated up to the
temperature 𝑇𝑠 = 800 K had a polycrystalline struc-
ture. This can be seen in Fig. 1, where the XRD pat-
terns for those two film types are exhibited.
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The results of our researches showed that the films,
which were obtained at a higher oxygen pressure, con-
tained a larger amount of oxidized iron or chromium
than the samples deposited at a lower pressure. Mo-
reover, the higher the oxygen pressure, the thinner
was the film deposited on the SiO2 substrate, by us-
ing the same number of laser pulses.

It should be noted that polycrystalline films, be-
sides the main Fe2O3 phase, also included a small
amount of Fe3O4 phase with the energy gap width
𝐸𝑔 = 0.1 eV [14]. Unfortunately, the X-ray diffrac-
tion analysis of Cr2O3 films was not done.

2.2. Experimental technique
of optical researches

Extinction spectra in the interval from 300 to
1100 nm were measured with the help of a monochro-
mator MDR-6. The absorption coefficient of the sam-
ple was calculated using the formula

𝛼 =
1

𝐿
ln

(1−𝑅)2

𝑇
, (1)

where 𝑇 is the sample transmittance, 𝐿 the sample
thickness, and 𝑅 the reflectance from the sample sur-
face, which was evaluated on the basis of the refrac-
tive index: 𝑛0 = 2.75 for Fe2O3 and 𝑛0 = 2.5 for
Cr2O3 [15].

The research of optical nonlinearity was carried out
with the help of the known 𝑍-scan technique [16].
The scheme of experimental installation is shown in
Fig. 2. In our experiment, we used a titanium-doped
sapphire laser with the generation wavelength 𝜆 =
= 800 nm, a pulse repetition frequency of 75 MHz,
and the pulse duration 𝜏 = 180 fs. The laser beam
was focused by a lens with a focal length of 35 cm.
The beam waist diameter in various cases amounted
to 36 or 29 𝜇m. The laser beam intensity at the fo-
cus, 𝐼0, was 0.3 and 0.9 GW/cm2, respectively, and
the aperture transmittance 𝑆 was equal to 0.169 and
0.121, respectively.

The coefficient of refractive index nonlinearity, 𝑛2,
and the real part of cubic nonlinear susceptibility,
Re𝜒(3), were calculated, by using the data obtained
for the normalized transmittance in the scheme of Z -
scan experiment with the closed aperture (CA), by
the well-known expressions [16, 17]

𝑛2 =
Δ𝑇𝑝−𝑣𝜆

0.406(1− 𝑆)
0.27

2𝜋𝐼0𝐿eff

, (2)

Fig. 2. Schematic diagram of the experimental installation
for measuring the parameters of cubic nonlinearity

Re𝜒(3) (esu) =
3𝑛2

0𝑛2

160𝜋2 (m2W−1), (3)

where Δ𝑇𝑝−𝑣 is the normalized difference between
the transmittance maximum and minimum in the CA
scheme, 𝑆 the aperture transmittance (the fraction
of radiation that reached a photodiode), 𝐼0 the light
intensity at the focus point, 𝑛0 the linear refractive
index, and 𝐿eff = [1 − exp(−𝛼𝐿)]/𝛼 is the effective
length of the sample.

In the case of the scheme with the open aperture
(OA), the coefficient of nonlinear absorption 𝛽 was
calculated on the basis of the following approximation
for the obtained normalized transmittance data [14]:

𝑇 (𝑧) = − 𝑞0

2
√
2

1

[1 + 𝑧2/𝑧20 ]
at |𝑞0| ≪ 1, (4)

where 𝑞0(𝑧) = 𝛽𝐼0𝐿eff .
The imaginary part of the coefficient of third-order

nonlinear susceptibility, Im𝜒(3), is related to the co-
efficient of nonlinear absorption 𝛽 by the relation [16]

Im𝜒(3) (esu) =
𝑐2𝑛2

0𝛽

240𝜋2𝜔
(mW−1), (5)

where 𝜔 is the light field frequency.

3. Results and Their Discussion

3.1. Extinction spectra

The extinction spectra of the examined Fe2O3 films
synthesized at various oxygen pressures in the cham-
ber (0.1, 0.5, and 1 Pa) are depicted in Fig. 3. Panel 𝑎
corresponds to amorphous films obtained on the sub-
strate with the temperature 𝑇𝑠 = 293 K, and panel
𝑏 to polycrystalline films obtained on the substrate
heated to the temperature 𝑇𝑠 = 800 K.

From Fig. 3, a, one can see that the shape of ex-
tinction curves for the studied films changes rather
substantially from sample to sample. The extinction
curve of the amorphous film obtained at an oxygen
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Fig. 3. Extinction spectra of amorphous Fe2O3 films (a) and
polycrystalline Fe2O3 films (b) synthesized at various oxygen
pressures in a reactor

pressure of 0.1 Pa demonstrates a smooth recession
of absorption from shorter to longer wavelengths with
no distinctly pronounced edge. In the curve corre-
sponding to the amorphous film obtained at an oxy-
gen pressure of 0.5 Pa, one can see a shoulder in the
wavelength interval of 520–680 nm. For the film ob-
tained at an oxygen pressure of 1 Pa, this shoulder
becomes rather sharp and located in the interval of
520–600 nm. This shoulder testifies to the presence of
quasiforbidden gap in the films concerned. Being es-
timated by the shoulder shape, the width of this gap,
𝐸′

𝑔 , was found to equal approximately 2.4 eV, which
is close to the energy gap width in 𝛼-Fe2O3 [7].

Hence, the amorphous films can be considered as
semiconductors with characteristic tails of the den-
sity of states near the edges of the valence and con-

duction bands, and with a set of various local lev-
els in the quasiforbidden gap. The shape of extinc-
tion curves confirms this conclusion. In the interval
of 900–1000 nm, an extinction plateau is observed
at approximately the same, rather high, level for all
three films.

The extinction curves for polycrystalline films
(Fig. 3, b) changed their shape considerably. The ab-
sorption edge became sharper, especially for the film
grown at the maximum oxygen pressure of 1 Pa. Mo-
reover, it is a little shifted toward long waves in com-
parison with the amorphous sample spectrum. At-
tention is attracted by the appearance of rather a
pronounced “hump” at 𝜆 ≈ 630 nm in the spectrum
of the film obtained at an oxygen pressure of 0.5 Pa,
and the presence of deep and wide valleys in the spec-
tra of the films synthesized at oxygen pressures of 0.5
(𝜆 ≈ 700 nm) and 1 Pa (𝜆 ≈ 830 nm).

As was marked above (see Fig. 1, b), the polycrys-
talline Fe2O3 films fabricated at the oxygen pressure
in a chamber 𝑃O2 = 0.1 Pa contained the crystalline
phase Fe3O4. This fact explains the higher absorption
and the spectrum structure in the interval of 700–
1100 nm (the intrinsic absorption range for Fe3O4)
for this specimen and is confirmed by the absorption
spectra of Fe3O4 films measured in work [3].

We also studied Cr2O3 films deposited on glass sub-
strates. One of them was deposited at a temperature
of 293 K and a pressure of 0.5 Pa in a chamber. Two
others were deposited on substrates heated up to a
temperature of 800 K and at an oxygen pressure of
0.1 or 0.5 Pa in a chamber. By analogy with Fe2O3,
we may assume that the film deposited at a sub-
strate temperature of 293 K is amorphous, and those
deposited at a substrate temperature of 800 K are
polycrystalline. The extinctions curves measured for
those films in the interval of 380–1100 nm are shown
in Fig. 4.

From Fig. 4, one can see that the spectra of all
three films had a more or less sloping edge in the
interval of 400–450 nm. The edge is the sharpest
for the film deposited at a substrate temperature of
800 K and the oxygen pressure 𝑃O2 = 0.1 Pa. The
films deposited at 𝑃O2 = 0.5 Pa had more extended
edges. The value of 𝐸𝑔 determined from the shape
of absorption edge for the film deposited at an oxy-
gen pressure of 0.1 Pa in the sputtering chamber was
found to equal 3 eV. In the spectral interval of 500–
1100 nm, there is a considerable damping background
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with appreciable maxima at 600 and 940 nm, which
are most likely associated with extrinsic absorption.

3.2. Nonlinear optical properties

3.2.1. Fe2O3

Nonlinear optical parameters were measured for two
groups of Fe2O3 thin film samples. One of them in-
cluded the films deposited on the substrate at a tem-
perature of 293 K and oxygen pressures of 0.1, 0.5,
and 1 Pa in a chamber. The other group included the
films deposited on the substrate heated to a temper-
ature of 800 K and at the same oxygen pressures in
a chamber. As was mentioned above, the films in the
former group had an amorphous structure, and those
in the latter group a polycrystalline one. In Fig. 5, the
dependences of the normalized transmittance of the
Fe2O3 film deposited at 𝑇𝑠 = 293 K and 𝑃O2 = 1 Pa
on its 𝑍-position with respect to the focus (the 𝑍-
scan scheme) are exhibited. These dependences were
used to determine the parameters of cubic nonlinear-
ity: Re𝜒(3), Im𝜒(3), 𝑛2, and 𝛽. The corresponding
values obtained for the analyzed Fe2O3 films are listed
in Table 1. In the table, 𝑇𝑠 is the substrate tempera-
ture, 𝑃O2

the oxygen pressure in the chamber, 𝐿 the
sample thickness, and 𝐼0 the light intensity at the lens
focus.

From Table 1, one can see that, for the amor-
phous films that were fabricated at oxygen pressures
of 0.5 and 1 Pa, the values of Re𝜒(3) turned out
by an order of magnitude larger than their coun-
terparts for the polycrystalline films. The values of
Re𝜒(3) are positive for all samples. The maximum
value of the real part of cubic nonlinear susceptibility,
Re𝜒(3) = 6.45×10−6 esu, was obtained for the amor-
phous film deposited at an oxygen pressure of 0.5 Pa
in a chamber.

Table 1 also contains the coefficients of nonlinear
absorption 𝛽. The lowest 𝛽-value was obtained for the
amorphous film synthesized at an oxygen pressure of
0.5 Pa. The Re𝜒(3)-value for this sample turned out
the largest.

We would like to make the following remark con-
cerning the probable origin of refractive nonlinear-
ity. It is known [18] that the positive refractive non-
linearity in semiconductors can be connected with the
nonlinear polarization of bound electrons (the Kerr
nonlinearity) or with the processes of intraband scat-
tering of equilibrium electrons under the influence of

OFig. 4. Extinction spectra of amorphous and polycrystalline
Cr2O3 films synthesized at various oxygen pressures in the
reactor

-scan Fe OFig. 5. 𝑍-scan dependences of the normalized transmittance
of the Fe2O3 film deposited at 𝑇𝑠 = 293 K and an oxygen
pressure of 1 Pa on the film position 𝑍 with respect to the focus
in the femtosecond experiment (𝜆 = 800 nm). The solid curve
demonstrates the corresponding theoretical approximation

intensive light radiation. With regard for the shape
of extinction curves, namely, rather a high absorp-
tion background and the smeared edge of intrinsic
absorption, it is possible to assume the presence of
various impurity levels in the energy gap, in partic-
ular, near the conduction band bottom, and, hence,
the presence of a considerable concentration of equi-
librium electrons thermally excited at room temper-
ature, at which the nonlinear optical measurements
were carried out. Rather a high dark conductivity of
the film also testifies to this assumption. Therefore, it
is highly probable that the refractive nonlinearity of
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Table 1. Nonlinear optical parameters of examined Fe2O3 films

Sample 𝑇𝑠, K 𝑃O2
, Pa 𝐿, 𝜇m 𝛼, cm−1 𝐼0, GW/cm2 𝑛2, cm2/W 𝛽, cm/W Re𝜒(3), esu Im𝜒(3), esu

Fe2O3 293 0.1 0.053 1.826× 105 0.393 4.541× 10−9 2.433× 10−5 6.524× 10−7 2.965× 10−8

Fe2O3 293 0.5 0.026 3.429× 105 0.393 4.491× 10−8 1.433× 10−4 6.453× 10−6 1.747× 10−7

Fe2O3 293 1.0 0.013 5.808× 105 0.393 3.288× 10−8 1.671× 10−4 4.724× 10−6 2.037× 10−7

Fe2O3 800 0.1 0.06 1.09× 105 0.866 5.826× 10−9 2.623× 10−5 8.37× 10−7 3.197× 10−8

Fe2O3 800 0.5 0.045 0.441× 105 0.866 3.97× 10−9 2.434× 10−4 5.704× 10−7 2.967× 10−7

Fe2O3 800 1.0 0.04 1.001× 105 0.351 3.195× 10−8 3.461× 10−5 4.59× 10−7 4.218× 10−8

Table 2. Nonlinear optical parameters of examined Cr2O3 films

Sample 𝑇𝑠, K 𝑃O2
, Pa 𝐿, 𝜇m 𝛼, cm−1 𝐼0, GW/cm2 𝑛2, cm2/W 𝛽, cm/W Re𝜒(3), esu Im𝜒(3), esu

Cr2O3 800 0.1 0.07 7.232× 104 0.866 6.283× 10−10 7.993× 10−6 7.46× 10−8 8.05× 10−9

Cr2O3 293 0.5 0.055 8.595× 104 0.866 1.472× 10−9 –1.371× 10−5 1.748× 10−7 –1.381× 10−8

Cr2O3 800 0.5 0.07 5.891× 104 0.866 1.04× 10−9 2.578× 10−5 1.235× 10−7 2.597× 10−8

- Cr OFig. 6. The same as in Fig. 5, but for the Cr2O3 film deposited
at 𝑇𝑠 = 800 K and an oxygen pressure of 0.5 Pa

researched films is associated, to a great extent, with
the processes of intraband scattering of equilibrium
charge carriers, if the non-parabolic character of the
conduction band is taken into account and owing to
the dependence of the relaxation time of electrons in
the band on their energy. In this case, the “Kerr” non-
linearity may also make a contribution to the value
of Re𝜒(3).

3.2.2. Cr2O3

In Fig. 6, the dependence of the normalized transmit-
tance of a Cr2O3 film on the 𝑍-position of the film
with respect to the focus in the 𝑍-scan scheme mea-
sured at the substrate temperature 𝑇𝑠 = 800 K and

an oxygen pressure of 0.5 Pa is shown. Table 2 con-
tains the corresponding values of nonlinear optical pa-
rameters for the examined Cr2O3 films at 𝜆 = 800 nm
determined form the 𝑍-scan curves. The notations
are the same as in Table 1.

One can see that the refractive nonlinearity Re𝜒(3)

is positive for all samples, i.e. self-focusing takes
place. The maximum value Re𝜒(3) = 1.75× 10−7 esu
was obtained for the amorphous film deposited at an
oxygen pressure of 0.5 Pa. The values of Re𝜒(3) for
the polycrystalline films deposited at oxygen pres-
sures of 0.1 and 0.5 Pa were of the same order, but
2.2 and 1.4, respectively, times lower than the max-
imum. By comparing those values with the data ob-
tained for the Fe2O3 films, we see that they are ap-
proximately an order of magnitude smaller.

Analogously to the case of Fe2O3 films, the refrac-
tive nonlinearity in the Cr2O3 ones can be connected
with the cumulative contribution made by the pro-
cesses of intraband scattering of free equilibrium elec-
trons and nonlinear polarization of bound electrons.
Taking into account that the wavelength of an ap-
plied laser was 800 nm, the shift from the absorption
edge is much larger in the Cr2O3 case. Therefore, the
contribution of the nonlinear polarization of bound
electrons in Cr2O3 can be smaller than in Fe2O3.

4. Conclusions

With the help of the 𝑍-scan method and making use
of laser radiation (𝜆 = 800 nm, 𝜏 = 180 fs), the
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parameters of cubic optical nonlinearity were mea-
sured in thin (nano-sized) Fe2O3 and Cr2O3 films
deposited on glass substrates using the laser abla-
tion technique. Depending on the substrate temper-
ature at the sputtering, 𝑇𝑠, the Fe2O3 and Cr2O3

films had either an amorphous (𝑇𝑠 = 293 K) or poly-
crystalline (𝑇𝑠 = 800 K) structure. The energy gap
width 𝐸𝑔 evaluated from the extinction spectra was
found to equal 𝐸𝑔 ≈ 2.4 eV and 𝐸𝑔 ≈ 2.2 eV for
Fe2O3 films synthesized on the substrates at temper-
atures 293 and 800 K, respectively, and 𝐸𝑔 ≈ 3 eV
for Cr2O3 films deposited on the substrate heated to
800 K. The coefficient of cubic nonlinear susceptibil-
ity Re𝜒(3) was determined to be of an order of 10−6 or
10−7 esu for Fe2O3 films with the amorphous or poly-
crystalline structure, respectively. The largest value
Re𝜒(3) = 6.45× 10−6 esu was obtained for the amor-
phous Fe2O3 film deposited at an oxygen pressure of
0.5 Pa in the sputtering chamber. All iron oxide films
revealed a nonlinear absorption with the coefficient
𝛽 of about 10−4–10−5 cm/W. At the same time, the
Cr2O3 films obtained at 𝑇𝑠 = 800 K showed a non-
linear absorption with 𝛽 ∼ 10−5 cm/W, whereas the
Cr2O3 films sputtered at 𝑇𝑠 = 293 K demonstrated a
nonlinear enlightenment. The most probable mecha-
nisms of refractive nonlinearities in all studied speci-
mens seem to be the “Kerr” nonlinearity and the in-
traband scattering of equilibrium electrons under the
influence of laser radiation. Rather high values of re-
fractive non-linearity in the examined film materials
make them promising for practical applications in op-
toelectronic devices.

The work was performed on a laser installation of
the Laser Femtosecond Center of the NAS of Ukraine
at the Institute of Physics. The authors are grateful
to the employees of the Center for the assistance at
measurements.

1. H.S. Zhou, A. Mito, D. Kundu, and I. Honma, J. Sol-Gel
Sci. Techn. 19, 539 (2000).

2. T. Hashimoto, T. Yoko, and S. Sakka, J. Ceram. Soc. Jpn.
101, 64 (1993).

3. T. Hashimoto, T. Yamada, and T. Yoko, J. Appl. Phys.
80, 3184 (1996).

4. B. Yu, C. Zhu, and F. Gan, Physica E 8, 360 (2000).
5. G. Chatzikyriakos, K. Iliopoulos, A. Bakandritsos, and

S. Couris, Chem. Phys. Lett. 493, 314 (2010).

6. S.A. Mulenko, M.S. Brodyn, and V.Ya. Gayvoronsky, Proc.
SPIE 6161, 616107 (2006).

7. H. Jiang, R.I. Gomez-Abal, P. Rinke, and M. Scheffler,
Phys. Rev. B 82, 045108 (2009).

8. J.A. Crawford and R.W. Vest, J. Appl. Phys. 35, 2413
(1964).

9. S. Sahoo and C. Binek, Phil. Mag. Lett. 87, 3 (2007).
10. Chun-Shen Cheng, H. Gomi, and H. Sakat, Phys. Status

Solidi A 155, 417 (1996).
11. Z.T. Khodair, G.A. Kazem, and A.A. Habeeb, Iraqi J.

Phys. 10, 17 (2012).
12. V.N. Muthukumar, R. Valent́ı, and C. Gros, Phys. Rev. B

54, 433 (1996).
13. R.V. Pisarev, M. Fiebig, and D. Fröhlich, Ferroelectrics
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М.С.Бродин, С.А.Муленко, В.I. Руденко,
В.Р.Ляховецький, М.В.Воловик, Н.Стефан

ОПТИЧНА КУБIЧНА
НЕЛIНIЙНIСТЬ ТОНКИХ ПЛIВОК
Fe2O3 I Cr2O3, СИНТЕЗОВАНИХ МЕТОДОМ
IМПУЛЬСНОГО ЛАЗЕРНОГО ОСАДЖЕННЯ

Р е з ю м е

Проведено вимiрювання спектрiв екстинкцiї та параме-
трiв оптичної кубiчної нелiнiйностi тонких плiвок Fe2O3 та
Cr2O3, осаджених на склянi пiдкладки методом iмпульсно-
го лазерного напилення. Дослiдження оптичної кубiчної не-
лiнiйностi проводилось з використанням фемтосекундного
випромiнювання на довжинi хвилi 𝜆 = 800 нм з тривалiстю
iмпульсiв 𝜏 = 180 фс. Оцiненi за спектрами екстинкцiї ши-
рини заборонених зон дорiвнюють, вiдповiдно, 𝐸𝑔 ∼ 2,4 еВ
i 2,2 еВ для плiвок Fe2O3, синтезованих на пiдкладки при
температурах 293 К i 800 К та 𝐸𝑔 ∼ 3 еВ для плiвок Cr2O3,
осаджених на пiдкладку, нагрiту до 800 К. Отримано до-
сить високi значення коефiцiєнтiв рефрактивної нелiнiйно-
стi Re𝜒(3) ∼ 10−6 esu для плiвок Fe2O3 i Re𝜒(3) ∼ 10−7 esu
для плiвок Cr2O3. Визначенi величини Im𝜒(3) становили по
порядку для Fe2O3 – 10−6–10−7 esu, а для плiвок Cr2O3 –
10−8 esu. Запропонованi можливi механiзми рефрактивної
нелiнiйностi.
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