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ARTICLE INFO ABSTRACT

Keywords:
Ultrafast nonlinear optics

We present a reliable and original experimental technique based on the analysis of beam self-trapping to measure
ultrafast optical nonlinearities in planar waveguides. The technique is applied to the characterization of Ge-Sb-
Se chalcogenide films that allow Kerr induced self-focusing and soliton formation. Linear and nonlinear optical
constants of three different chalcogenide waveguides are studied at 1200 and 1550 nm in femtosecond regime.
Waveguide propagation loss and two photon absorption coefficients are determined by transmission analysis.
Beam broadening and narrowing results are compared with simulations of the nonlinear Schrédinger equation
solved by BPM method to deduce the Kerr n, coefficients. Kerr optical nonlinearities obtained by our original
technique compare favorably with the values obtained by Z-scan technique. Nonlinear refractive index as high
as (69 + 11) x 10718 m?/W is measured in Ge,, sSb,sSeg, s at 1200 nm with low nonlinear absorption and low
propagation losses which reveals the great characteristics of our waveguides for ultrafast all optical switching
and integrated photonic devices.
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1. Introduction that can perturb or prevent the measurement. Unlike Z-scan, a single
laser shot is enough in MZT technique to measure the nonlinearity.

The characterization of nonlinear optical properties has an important
role in modern photonic functionalities. Different techniques have
been employed to determine the third order nonlinear optical con-
stants of bulk/film samples including self-phase modulation (SPM) [1],
Mach-Zehnder technique (MZT) [2], degenerate four wave mixing
(DFWM) [3], two-photon absorption spectroscopy [4], optical Kerr
gate [5], and Z-scan [6,7]. The latter technique is the most widely
used one and is appropriate to characterize both bulk material and thin
films. The Z-scan is suitable to determine both the real and imaginary
part of the nonlinear refractive index. This method is based on the

Nevertheless, the complex experimental setup based on the pump-probe
experiment of the Mach-Zehnder interferometer can be cumbersome.
Many techniques have also been developed to analyze nonlinearities in
2-D waveguides. For instance, the SPM technique, which is based on the
analysis of the spectral broadening of a beam as a function of intensity,
allows n, measurements of 2-D waveguides. Likewise, DFWM technique
is also well suited to analyze third order susceptibility tensor of 2-D
waveguides but it requires injection of synchronized pulses at different
wavelengths. Principally, none of these techniques is well suited to study

analysis of the diffraction modification due to nonlinear effect of a
beam focused in the sample under study while the sample is moved
longitudinally. For accurate measurements, it requires samples with
very good homogeneity. In addition, this technique cannot be used in
very thin layers since the induced beam change becomes indiscernible.
Moreover, the thin film under test is often deposited on a substrate
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nonlinear properties in very thin layers that form planar waveguides. In
this paper, we propose a technique that is convenient to determine the
Kerr effect in such structures. The method is based on the direct analysis
of the influence of the non-linear effect on the spatial light distribution
of a beam propagating in the slab waveguide. The proposed method
has several merits. The experimental setup is simple and one laser shot
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could be sufficient to deduce the Kerr coefficient. The sensitivity is very
good especially when self-trapping leads to the formation of spatial
soliton. The method can be used even in multimode waveguides and
is relatively immune to perturbations due to the substrate. In addition,
the proposed technique can be applied to characterize any materials that
are deposited under thin films.

Moreover, identifying optical materials for ultrafast all-optical signal
processing and more generally nonlinear photonic devices fabrica-
tion [8] have attracted researcher’s attention over the past decades.
Key materials such as silicon [9] or III-V compounds [10,11] have
been investigated. Although excellent results have been obtained for
given spectral range, the quest for better material with stronger Kerr
coefficient, lower two-photon absorption (TPA), negligible free carrier
absorption and low-cost processing techniques are still relevant. Chalco-
genide glasses that have large Kerr nonlinearity, ultrafast response time,
and optical transmittance in the infrared are among the materials that
could fulfill part of these requirements. While few chalcogenide compo-
sitions and systems such as As,S; [3], As,Se; [12], Ge-As-S(Se) [13],
and Ge-Sb-S [14,15] have been intensely explored for nonlinear optical
properties purposes, new chalcogenide glasses are still synthesized, with
the hope that a high-bit-rate optical processing system operating at
low peak power can be reached. In the present work, the proposed
characterization technique is applied to Ge-Sb-Se sputtered thin films.
These sputtered films are of interest due to their low phonon energy,
large glass forming region, excellent IR transmittance, and lower toxicity
in comparison with arsenic based glasses. Moreover, the presence of
antimony could reduce the detrimental photosensitivity of the mate-
rial [16]. Recently, the linear and nonlinear optical properties of Ge-Sb—
Se glasses have been studied at near and mid infrared wavelengths [17—
21]. Krogstad et al. reported nonlinear properties of bulk and single
mode strip waveguides made of Ge,3Sb;,Sey, glass at a wavelength
of 1030 nm [22]. Nevertheless, the Kerr nonlinear response of Ge—
Sb-Se amorphous materials, when fabricated in thin film forms, needs
further studies. The characterization technique we propose is based on
the analysis of beam self-action and more specifically on beam self-
trapping to measure optical nonlinearities in planar waveguides. Beam
self-trapping occurs when diffraction is counteracted by nonlinear index
change induced by the beam itself [23]. Such an effect can even lead to
the formation of a spatial soliton when the trapped beam propagates
without changing its shape. The technique is used to characterize
ultrafast nonlinear properties of three different selenide waveguides at
1550 and 1200 nm.

2. Beam self-trapping technique

It consists in focusing a pulsed laser at the input face of a slab
waveguide while the beam profile is monitored with a camera at the
output face. If the launched beam is narrow, typically few 10’s of
micron wide, it clearly enlarges due to diffraction in the linear regime
along few millimeters propagation distance. In the nonlinear regime,
i.e. at higher power, diffraction is modified due to either self-focusing
or self-defocusing. To properly model the propagation, the effects of
both linear and nonlinear absorption must be considered. The nonlinear
Schrodinger equation that includes absorption can be written as [10]

0E (x,y,z) i 0°E (x,9,2)
0z - ﬂ 0x2
Here, E(x,y,z) is the beam electric field distribution and is related
to the beam intensity distribution by I = 1/2ceyn|E?|. x and y are
the coordinates parallel and perpendicular to the chalcogenide layer,
respectively, and z is the coordinate associated to the propagation
direction. n, is the Kerr coefficient defined by n = ny + n,I where n
is the effective linear refractive index of the guided mode, k = 27n/4
is the propagation constant in the medium at the wavelength A. The
second term of Eq. (1) corresponds to diffraction that only occurs along
x since the beam is guided along y-axis. The third term accounts for
absorption a expressed as a« = a; + a,I, a; and a, being the linear and

+ %E(x,y,z)—izfnzlE(x,y,z) =0. (1)
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TPA coefficients respectively. The contributions of three-photon and
higher order absorption are neglected [24]. The last term of Eq. (1)
accounts for the contribution of the Kerr nonlinearity. For a positive
n, coefficient and within certain power constraints, self-focusing effect
can compensate for diffraction and the fundamental solution of Eq. (1)
leads to a spatial soliton [25]. In our work, the Kerr coefficient will
be deduced by fitting the experimental results with simulations given
by the nonlinear Schrodinger Eq. (1) solved with a beam propagation
method (BPM) [26].

3. Optical characterization of slab waveguides

The proposed technique is applied to characterize slab waveg-
uides that consist of Ge-Sb-Se films deposited on top of a 500
pm thick oxidized silicon substrate by radio frequency (RF) sputter-
ing technique [27]. The deposition was carried out at a working
pressure of 5.1073 mbar. Three slab waveguides were fabricated by
magnetron radio-frequency sputtering from three chalcogenide glass
targets of the pseudo-binary system (GeSe,—Sb,Se;): Geyg;Sbg 3Segs,
Geyg4Sb 47Seg3.9 and Ge, sSbysSey, 5, later called Se2, Se4, and Se6. The
characteristics of these selenide waveguides are summarized in Table 1.
The chalcogenide guiding layer thickness of 3.0-3.2 pm is determined
by ellipsometry and scanning electron microscope techniques. The struc-
ture and physicochemical properties of the RF sputtered selenide films
were analyzed using micro-Raman spectroscopy, Energy Dispersive X-
ray Spectroscopy and X-ray Photoelectron Spectroscopy [28,29] and
they are found to present some similarity to the bulk glass target pre-
pared by the conventional melting and quenching technique depending
on deposition conditions [21]. The material band gap energy from 1.70
to 2.11 eV was deduced by the variable angle spectroscopic ellipsometry
method. The high refractive index of chalcogenide film and the presence
of lower refractive index SiO, layer form step index waveguides with
high index contrast. Prism coupling technique is used to analyze the
guiding properties. The slab waveguide is multimode at 1550 nm.
The measured refractive index at 1550 nm is 2.93, 2.68, and 2.47
for respectively Se6, Se4, and Se2. By cleaving the crystalline silicon
substrate, samples with high quality end faces are produced. Efficient
light end-fire coupling into the waveguide is thus possible.

As shown in Fig. 1, the optical nonlinear measurements are per-
formed with 200 fs laser pulses from a tunable optical parametric oscil-
lator (OPO) with an 80 MHz repetition rate. The OPO is tuned to operate
either at 1550 nm or 1200 nm. The laser beam is reshaped to an elliptical
spot by a cylindrical lens and focused by a X40 microscope objective.
The spot size at the entrance of the waveguide at a wavelength of 1.55
pm is 4 x 33 pm (FWHM) in the guided (y) and transverse dimension (x),
respectively. It is slightly smaller at 1200 nm in accordance with the
wavelength dependence. The impact of the cumulative thermal effect is
excluded with an optical chopper as it will be shown later. The sample
is mounted on an XY Z translation stage to get the maximum light
coupling. The spot size allows end fire coupling to the fundamental
mode of the waveguide. A coupling efficiency of ~21% is measured in
our waveguides. The combination of a half-wave plate and a polarizer is
used to vary the coupled power. Beam distribution at the output face of
the chalcogenide film is monitored with a Vidicon camera using a X10
microscope objective while two calibrated power meters measure the
input and output powers.

In order to accurately fit the experimental data with Eq. (1), we first
determine the linear absorption and TPA of the waveguides. Cutback
method is first used to measure the linear loss. The measurements are
performed by cutting the waveguide into two different lengths, starting
from the long propagation length z, = 1 cm to a small length z; = 0.5 cm.
We make sure that the same power is coupled in both waveguides by
optimizing the coupling efficiency. The following equation is then used
to calculate the linear losses,

ln<ﬂ>
_\nJ

2~z

a = , for z, > zy, (2)
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Table 1
Material parameters for the chalcogenide thin films.
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Sample Theoretical composition Guiding layer thickness (um) Eg (eV) Prism coupling technique n, (1550 nm)
Se6 Gey,5SbysSeq s 3.0 1.70 2.93
Se4 Geyy4Sby67S€30 3.0 1.86 2.68
Se2 Geyg Sbg3Segs 6 3.2 2.11 2.47
of the waveguide are considered to deduce the input peak intensity.
Laser The nonlinear absorption coefficient a, is then deduced by fitting
the experimental data with the following equation which gives the
normalized transmission as a function of input peak intensity I, [32]
221 |
T
. T 7 3
ﬂ : max _I [(11+a2[0(1 — exp (—all))]
; PM2
[Filters] C'“I’IPPI“" 4 where T, is the transmission at low input peak intensity and [ is
‘whee| . . P
o the sample length. Fig. 2 represents typical transmission curves as a
- function of input intensity in a 1 cm long Se4 sample at 1550 nm
e CL X 40Obj X10 Obj 530'2'0 Filters IR camera and 1200 nm wavelengths. The fitting coefficients «, obtained for the
! ’ different waveguides are given in Table 2. We observe that the TPA

IPM1|

Fig. 1. Experimental setup used to analyze the beam self-action in chalcogenide planar
waveguides. 4/2, half-wave plate; PBS, polarizing beam splitter; CL, cylindrical lens; Obj,
microscope objective; PM, power meters; B.S, beam splitter.
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Fig. 2. The normalized transmission as a function of input intensity at 1550 nm and
1200 nm for 1 cm long Se4 sample; Red circles: experimental data, Blue lines: data fitting
using Eq. (3).

where p,, p, are the transmitted power for the short and long sam-
ple [30]. The linear absorption coefficient of waveguides, extracted from
cut back method, is included in Table 2. Linear losses of 0.19 cm™!
for Se2, 0.24 cm~! for Se4, and 0.26 cm~! for Se6 are measured at
1550 nm. As expected, loss is decreasing as material bandgap energy
increases. Since the photon energy is closer to the material bandgap at
1200 nm, larger propagation losses range from 0.63 cm™! for Se2 to
0.76 cm™! for Se6 are determined. Comparison with data found in the
literature is not straightforward since ternary glasses of the very same
composition have not been studied or different wavelengths have been
considered. The propagation loss values measured in our three planar
waveguides at 1200 nm are consistent with the waveguiding loss values
measured at 1064 nm in the compositions of Ge,g 9Sb,5 sSes, s prepared
by RF sputtering presenting a deficit in selenium [31]. At 1550 nm, the
values can be compared to those found in corresponding bulk glasses of
similar composition [21]. Our waveguides present larger losses (Table 2)
than the values measured in bulk, which may be attributed to additional
losses due to the waveguide imperfection.

To evaluate the TPA coefficients of the planar waveguides at both
wavelengths, transmission versus launched optical power is recorded.
The experimental setup (Fig. 1) designed for beam self-action analysis
is slightly modified by introducing two power meters with the aid of
beam splitters. The light power before and after the waveguide is thus
monitored to deduce the transmission as a function of injected power.
The measurements are repeated several times at different positions in
the sample to minimize experimental error. Fresnel losses at the input
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coefficients do not vary monotonically versus material bandgap energy.
In our samples, the largest TPA coefficients are measured at 1200 nm
and increase with decreasing material bandgap energy. However, mea-
surement uncertainty is too large to conclude. It is however important
to note that the values estimated for compositions similar to Se4 and
Se2 by Petit et al. [33] at 1064 nm are in good agreement with the
values we found at 1200 nm. They have demonstrated that the a, varies
from (1.6 + 0.2) cm - GW~! to (4.9 + 0.6) cm - GW™! depending upon
the Ge-Sb-Se composition. TPA is weak at 1550 nm in Se2 and Se4
with values consistent with measurements performed in bulk samples of
similar composition by transmission analysis [21] and by Wang et al. by
open aperture Z-scan [18] given in Table 2. The values obtained from the
best fits range from 0.37 cm/GW (Se4 at 1550 nm) to 5.5 cm/GW (Seb6 at
1200 nm) and increases with incident photon energy. These values are
approximately 3 times smaller than the TPA value measured in selenide
strip waveguides at 1030 nm with 7 ps pulses by an Yb-doped fiber
laser [22].

While previous measurements are standard, the originality of our
method to determine the n, coefficient is based on the beam self-action
analysis. A typical observation made in a 1 cm long Se6 slab waveguide
at 1550 nm is depicted in Fig. 3. Fig. 3(a) shows the shape of the
beam at the entrance of the waveguide whose horizontal size is 33 pm
FWHM. At low incident intensity, the beam propagates in linear regime
and diffracts freely to give an output beam whose FWHM is about 78
pm (Fig. 3(b)). As we increase the input peak intensity, we observe
a beam narrowing which reveals a positive n, coefficient. Adjustment
of the beam input peak intensity to 0.30 GW/cm? even leads to the
formation of a trapped beam close to a spatial soliton as depicted in
Fig. 3(c). Formation of Kerr spatial soliton is confirmed when the input
and output beam profiles are similar. In such a situation, diffraction and
self-focusing compensates each other.

Since our measurements are made with a high repetition rate laser
(80 MHz), it is important to evaluate the contribution of potential
thermal effect or photo-induced effects that could be present in addition
to the instantaneous electronic nonlinearity. Following the literature
[37-39], we performed experiments with an optical chopper in order
to lower the average power while maintaining the peak power. A
chopping frequency of 1000 Hz and a duty cycle of 28% was used.
Fig. 4 depicts the self-focusing behavior versus intensity in the Se6
sample with and without the chopper at both 1550 nm and 1200 nm.
Note that the Se6 composition has the lowest bandgap energy and
consequently the strongest absorption which would favor appearance
of the thermal effect. Within the experimental errors, no change in
FWHM beam behavior is observed despite an average power divided by
more than 3.5 times with the chopper compared to without chopper. It
clearly demonstrates that thermal effect can be neglected in these glasses
when working at near infrared wavelengths with femtosecond laser
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Table 2
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Measured values of the optical coefficients in the three chalcogenide waveguides at 1550 nm and 1200 nm. To validate the measurements, optical coefficients of the chalcogenide glasses/
waveguides obtained by other techniques are presented (BSA, beam self-trapping analysis; DTA, direct transmission analysis; SRTBC, spectrally resolved two beam coupling).

Sample A (nm) a; (em™) a, (cm-GW™) ny (10718 m2. W=1) Method & References

Se6/ Ge, 5SbysSeg; 5

Slab waveguide 1550 0.26 1.66 + 0.18 35+10 BSA

Slab waveguide 1200 0.76 55+0.8 69 + 11 BSA

Bulk 1550 0.2 0.84 20.3+3 DTA [21]

Se4/ Geyg4Sby7Seq;

Slab waveguide 1550 0.24 0.37 + 0.05 15+ 4 BSA

Slab waveguide 1200 0.71 5.4+ 0.6 50 +12 BSA

Bulk 1550 0.15 0.31 9.97 + 2 DTA [21]

Se2/Geyg  Sbg 3Se456

Slab waveguide 1550 0.19 0.43 + 0.06 9+1 BSA

Slab waveguide 1200 0.63 2.7 + 0.4 36 + 11 BSA

Bulk 1550 0.15 0.29 9.0+2 DTA [21]

Ge,9Sby5¢Ses, s (waveguide) 1064 0.806-0.852 [31]

Ge,;Sb,Se,, (bulk) 1064 2.4 Z-scan [33]

Ge,5Sb,Segs (bulk) 1064 49 +0.6 Z-scan [33]

Ge,;Sb,S;, (ridge waveguide) 1550 3.71 SPM [34]

Ge-Sb-Se (bulk) 1150-1686 0.05-7.44 7.33-20.3 Z-scan [18]

As,Se; (bulk) 1500 19 Z-scan [35]
1250 2.8+0.4 30 +4.5 SRTBC [36]

As,S; (bulk) 1250 0.16 + 0.02 6.8 +1.0 SRTBC [36]
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Fig. 3. Experimental images and comparison between experimental and numerical beam profiles of beam self-action analysis as a function of input peak intensity within a 1 cm long
Se6 planar waveguide. Input beam injected into the waveguide (a), diffracted output beam in linear regime (b), output self-trapped beam near soliton propagation with a peak intensity
of 0.30 GW/cm?(c). Circles and solid line profiles correspond to experimental and numerical fits, respectively.

system. Furthermore, we have also verified that the self-focusing effect
is reversible when we switched from high intensity to low intensity. It
proves that no permanent modification of refractive index that could be
due to the glass photosensitivity [40] is induced during the experiment.

The experimental Kerr self-action regime should thus be modeled
using Eq. (1) to deduce the n, coefficient. Accuracy is however higher
when the nonlinear regime reveals an obvious change in the experimen-
tal output profile. In the Se6 sample, soliton regime can be reached. We
thus chose to consider this experimental regime for the fitting using the
numerical simulations given by Eq. (1). The n, coefficient being the only
free variable while absorption coefficients are taken from the previous
section. More precisely, we look for the n, coefficient that predicts
the experimental results numerically by the BPM method. A Gaussian
input beam profile of identical width and same peak intensity as the
experimental one is considered at the input of the numerical simulation.
For instance, the solid line in Fig. 3(a), (b) shows the fitted beam profile
in linear regime, respectively at the entrance and at the exit face of the
1 cm long Se6 sample at 1550 nm. Fig. 3(c) depicts the output beam
profile in soliton regime for an input peak intensity I, = 0.30 GW/cm?,
a, = 1.66 cm - GW™!, @; = 0.26 cm™!, and n, = 35 x 10718 m2, W1,
The numerical simulation results give a beam FWHM of 31.5 pm, 79
pm and 31.5 pm respectively for input beam, diffracted output beam in
linear regime and soliton beam profiles, which are in good agreement
with the experimental beam profiles as shown in Fig. 3. Further increase
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of intensity leads to the formation of side wings and beam breakup.
This could be explained by considering the contribution of TPA at high
intensity [41,42]. Moreover, waveguide facet damage occurs when the
excitation intensity exceeds 0.82 GW/cm? for Se6 samples at 1550 nm.
Two experimental parameters lead to some uncertainty in the evaluation
of n,, the input beam FWHM and the input beam intensity. The beam
width uncertainty is about 2 pm while the uncertainty of the incident
intensity is evaluated to be 10%. So, we first deduced n, corresponding
to soliton formation intensity with the parameters of input beam FWHM,
ny, 4, @y and a,. Then we calculated n, coefficients for an input peak
intensity, which is 10 % above and below the soliton intensity. Fig. 5
shows the calculated the beam FWHM at the exit face of a 1 cm long
waveguide as a function of n, coefficient for two different incident
intensities. Dependence of the expected FWHM versus n, is found to
be linear. The estimated uncertainty on intensity dependent n, is 28.5%
for Se6.

Similar experiments have been performed in Se4 and Se2 samples at
1550 nm and 1200 nm. Fig. 6 presents the evolution of the output beam
FWHM as a function of the input peak intensity for the three waveguides
at 1550 nm. Since they are all about 1 cm long, diffraction regimes
are similar. At low incident intensity, output beam diffracts to give a
beam, which is 2.4 times larger than the input beam. For all samples,
self-trapping is observed (n, > 0) and soliton formations can be reached.
Soliton is formed at input peak intensities of 0.30 GW/cm? for Se6, 0.95
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Fig. 4. Evolution of output beam FWHM as a function of intensity in Se6 at 1550 and
1200 nm with and without optical chopper.
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Fig. 5. Computed output beam FWHM versus nonlinear refractive index n, in Se6 chalco-
genide waveguide. Parameters: Input beam FWHM = 33 pm, linear refractive index =2.93,
A=1550 nm, ¢, = 0.26 cm™', @, = 1.66 cm/GW, waveguide length=1 cm.

GW/cm? for Se4 and 1.28 GW/cm? for Se2, respectively. Note that to
prevent input facet damage we voluntarily did not go beyond the soliton
power in the tested samples. We have also confirmed the absence of
thermal or photosensitivity effect in Se4 and Se2 samples. The same
technique is used to characterize the nonlinear properties at 1200 nm.
Strong self-trapping and formation of spatial soliton are observed in the
three waveguides at 1200 nm, but with lower input intensity than 1550
nm. Table 2 summarizes the results of optical constant measurements for
the three studied planar chalcogenide waveguides at the two different
wavelengths. The measurements showed that both n, and TPA are
smaller in Se2 in accordance with its larger band gap than Se4 and
Seb6.

To validate our method, we compare our values with the ones
obtained by other techniques. The experimental n, values obtained for
Se4 and Se2 waveguides by the beam self-trapping analysis at 1550 nm
are close to the values obtained in bulk samples of similar composition
(See Table 2) characterized by the Z-scan techniques [21]. In addition,
our n, values measured for Se4 and Se2 are consistent with the values
reported by Dai et al. in Ge-Sb-Se ternary system using the Z-scan
technique in femtosecond regime [19]. They estimated values of n, vary
from 5.3 x 10718 m2/W to 19 x 10718 m2/W at 1550 nm for different
compositions of Ge-Sb-Se glasses. A recent paper [34] reported the
nonlinear characterization of a Gey;Sb,S;, ridge waveguide using the
self-phase modulation to be 3.71x10~'8 m2/W at the wavelength of 1550
nm. In Ge-Sb-Se samples, we obtained n, as high as (35 + 10) x 10~'3
m?2/W at 1550 nm and (69 +11)x 10~'8 m2/W at 1200 nm for the sample
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Fig. 6. Measured output beam FWHM as a function of input peak intensity in the three-
selenide compositions at 1550 nm.

with the smallest bandgap. This is in accordance with a nonlinearity
four times larger in As,Se; than in As,S; [35,36]. This clearly reveals
that n, increases as selenium is substituted for sulfur atoms. Moreover,
n, increases as material bandgap decreases. This trend is consistent
with values reported by Wang et al. where the wavelength was tuned
from 1150 nm to 1686 nm [18]. It is also important to note that some
properties of the bulk materials such as the chemical composition, the
band gap energy, and the refractive index are known to slightly differ
from properties of deposited films [43]. The sputtered films fabricated
with low Ar pressure present a deficit of selenium of about 2-3%.
Consequently, nonlinear optical properties of bulk target and deposited
films do not exactly match. Nonetheless, the intensity dependent n,
values measured by the beam self-trapping analysis follows the same
trends than the one estimated by the Z-scan method in Ge-Sb-Se glasses.
All results validate our original technique.

In conclusion, we have shown that beam profile analysis due to
beam self-trapping is an accurate and simple technique to deduce optical
Kerr effect in planar waveguides. This technique has been applied to
measure ultrafast optical properties in three slab waveguides of Geyg |
Sbg 3 Segs 6, Ge194 Sbig7 Segz o and Ge, 5 Sbys Seq, s composition at the
wavelength of 1550 and 1200 nm. The deduced n, values are consistent
with measurements performed with different techniques in bulk samples
of similar composition. A Kerr nonlinearity as high as (69 + 11) x 10718
m2. W-! is found at 1200 nm in Ge,sSbysSeq, s films. The strong
ultrafast nonlinearities together with Kerr spatial soliton formation and
low propagation losses of the Ge-Sb-Se fabricated planar waveguides
make them suitable for nonlinear photonic devices such as wavelength
conversion or super continuum generation.
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