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Abstract. We report the results obtained on recording of light-induced gratings in
As2S3 films and in the monitoring, analyzing and modelling of this process. The gratings
were recorded by the illumination of the chalcogenide film with an interference pattern
of two Ar laser beams (λ = 514.5 nm) at the As2S3 band-gap energy, Eg = 2.39 eV. At this
wavelength the light modifies both refractive index and absorption coefficient of As2S3,
and also the film thickness, inducing a mixed phase-amplitude grating with two
components (refractive index and relief) of the phase grating. The dynamics of the
complex recording process is modelled in the frame of the Raman-Nath diffraction
theory using a simplified model of the energy-band structure of As2S3. The magnitudes
of the absorption coefficient, refractive index, surface relief modulations and time constants
of the recording process have been determined.
Key words: chalcogenide glasses, As2S 3, laser-induced diffraction gratings,
Raman-Nath diffraction regime.

1. INTRODUCTION

The arsenic trisulphide (As2S3) chalcogenide glass is an important nonlinear
optical material with a broad range of applications based on different functionalities
as: all-optical switching, optical guiding, optical imaging and storage, sensing, etc.
[1–7]. As2S3 chalcogenide glass exhibits strong photo-structural modifications [8–13].
The absorption of light with photon energies near the band-gap energy of the As2S3
or higher than it leads to large changes in the refractive index [14–18], to shift of the
absorption edge accompanied by significant changes of its absorption coefficient
[15, 18–20], and to volume changes responsible for the appearance of a surface
relief [11, 15, 16, 20–24]. Photo-induced changes of the As2S3 refractive index as high
as 0.13 have been reported [25]. The third-order optical nonlinearity of As2S3 is
significant being two-orders of magnitude larger than of silica [1]. Many applications
of As2S3 are based on diffraction structures induced by the laser light in thin films
or in the bulk of this nonlinear optical material [2, 5–7].
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In this paper, we present the results of our experimental study on the recording
of light-induced gratings in thin films of As2S3 and in the modelling of this process.
The investigated gratings were induced in a thin photo-sensitive As2S3 film by a
spatial periodic light pattern produced by the interference of two mutually coherent
writing beams of an Ar laser at the wavelength λAr = 514.5 nm (photon energy
hυAr = 2.41 eV) incident at a small angle between them on the film. This writing light
with the wavelength at the band-gap energy of the material (Eg,As2S3 = 2.39 eV) induces
changes of the refractive index and of the absorption coefficient of As2S3, and also
modifies the thickness of the film, generating a surface relief. Consequently, the
gratings induced in As2S3 are mixed amplitude-phase gratings, due to the modulation
of the transmittance and of the phase of the light passing through the grating. In turn,
the phase component of the mixed grating has also two components, one due to the
refractive index modulation and another one due to the modulation of the film
surface by the induced relief. A weak probe He-Ne laser beam (λHe-Ne = 632.8 nm,
hυHe-Ne = 1.96 eV < Eg,As2S3) diffracted by the light-induced grating is used to monitor
the recording process.
By illuminating the As2S3 film with a single beam of the Ar laser, at the
same intensity as that in the maxima of the interference pattern incident on the film
in the recording process, we investigated the change of the film transmittance
during a time similar to that of the grating recording. The change of the film
transmittance induced by the green recording light does not affect the transmittance
of the probe He-Ne laser beam. Thus, the diffraction of the He-Ne laser beam
occurs only on the phase component of mixed amplitude-phase grating, allowing
its distinct monitoring.
The light-induced processes that contribute to the recording of the overall mixed
amplitude-phase grating have been analyzed and modelled using a simplified model
of the energy-band structure of As2S3. The dynamics of the laser-induced phase
grating has been accurately modelled in the frame of the Raman-Nath diffraction
theory taking into consideration the formation of a refractive index grating and of a
surface relief grating. The spatio-temporal evolution of the refractive index modulation
along the propagation path of the writing light inside the film, due to the cumulative
effect of the Lambert-Beer law and to the increase in time of the As2S3 absorption
coefficient has been modelled by introducing a time-dependent effective length of
the film.
The magnitudes of the absorption coefficient and of the refractive index
changes as well as of the relief induced by the recording light in the As2S3 film
have been determined. The time constants of the recording process have been also
determined. The results are useful for a better understanding of the recording
process dynamics, which is important for applications based on light-induced
gratings in As2S3.
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2. EXPERIMENTAL RESULTS
2.1. EXPERIMENTAL SETUP

The experimental setup used for the recording of gratings in As2S3 film and
for the monitoring of the process dynamics is shown in Fig. 1.

Fig. 1 – The experimental setup used for recording and characterization
of the laser-induced gratings in As2S3 film.

A linearly polarized continuous-wave Ar laser operating at the wavelength
λAr = 514.5 nm is used as light source for the holographic recording in As2S3 films.
Its photons have the energy hυAr = 2.41 eV, slightly larger than the optical bandgap
of the amorphous As2S3 film (Eg = 2.39 eV). The power of the laser beam is
controlled with neutral filters (FND) calibrated at the laser wavelength. The Ar laser
beam is divided with the beam-splitter BS in two mutually coherent s-polarized
beams (1 and 2), which are symmetrically incident on the film at a small angle
between them, generating an interference pattern inside it. The interference pattern
generates in the As2S3 film a diffraction grating with the spatial period . When the
interfering beams are at symmetrical incidence, with respect to the normal at the
film plane, at a small angle  between them, the spatial period  is given by [8]:
 incid. norm.    .

(1)

In our experiments, the angle between the laser beams incident on the film is
β = 13°, leading to  = 2.35 μm. A thick glass plate GP is placed in the path of the
beam 1 in order to monitor, with a photodetector, the possible fluctuations of the
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Ar laser power. The beams interfering in As2S3 film have equal optical powers
(P1  P2  2.5 mW) leading to a value of the fringe contrast in the interference
pattern very close to the maximum one, equal to 1. The corresponding value of the
light intensity in the maxima of the interference pattern is Imax = 0.45W/cm2. A HeNe laser beam (He-Ne = 632.8 nm, PHe-Ne  0.7 mW), which diffracts on the grating
induced in As2S3 film by the Ar laser beams, during its writing, is used as a probe
beam in order to monitor the recording process. The temporal evolution of the first
diffraction order of the probe beam is acquired by a power-meter (Coherent,
FieldMax II-TOP with OP-2 VIS sensor) connected to a computer. The average
intensity of the probe beam is IHe-Ne  0.05W/cm2, much smaller than that in the
maxima of the interference pattern incident on the film. The probe laser beam is
incident on the grating close to the normal incidence. Its spot size at the grating
plane is adjusted with lens L to be a little smaller than the size of the Ar laser
beams spots. The probe beam is slightly non-coplanar with the writing beams. In
this configuration its diffraction orders are in a plane well separated from that of
the writing beams.
The investigated gratings were recorded in a thin film of As2S3 obtained by
thermal evaporation in vacuum on glass substrate. The film thickness is d0 = 644 nm
and its refractive index is n0 = 2.58 (measured by ellipsometry).
In Fig. 2 are shown a schematic of the interference pattern produced by the
Ar laser beams (Fig. 2a), and an image of the diffraction spectrum of the He-Ne
probe laser beam, which diffracts on the grating (Fig. 2b), respectively.

(a)

(b)

Fig. 2 – a) A schematic of the interference pattern produced by the two Ar laser beams, which induces
the grating in the investigated film; b) the diffraction spectrum of the He-Ne probe laser beam, which
diffracts on the induced grating.

As the probing with the He-Ne laser beam of the light-induced grating in
As2S3 provides information on the phase grating only, an additional absorption
experiment for the quantitative evaluation of the absorption coefficient change
during the recording of the amplitude component of the mixed phase-amplitude
grating was performed. In this experiment, one of the two Ar laser beams from the
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experimental setup shown in Fig. 1 was blocked. The transmission of the film at
λAr = 514.5 nm was monitored by measuring the transmitted power of the other one
Ar laser, which passes through the film. In this experiment the He-Ne laser beam
was kept switched on, and its transmission through the area of the film illuminated
by the Ar laser beam was also monitored with a power-meter. From these
transmission experiments, the temporal evolutions of the absorption coefficient
changes at λAr = 514.5 nm and at He-Ne = 632.8 nm, induced by the Ar laser beam,
have been measured.
2.2. EXPERIMENTAL INVESTIGATION OF THE LIGHT-INDUCED
ABSORPTION CHANGES

In order to determine the change of the absorption coefficient during the
holographic recording of the mixed phase-amplitude grating in As2S3 film, we
investigated the temporal evolution of the film transmittance when it is illuminated
with a single beam of the Ar laser (P1  10mW), at the same intensity as in the
maxima of the interference pattern incident on the film in the recording process.
The experimental temporal dependence of the transmission, normalized to its initial
value (at the start of the illumination with the Ar laser beam), Tn,exp(t), monitored
for a time interval similar to that of the grating writing, is shown in Fig. 3a. The
power of the Ar laser beam incident on the film and the transmitted one are both
corrected for Fresnel reflections on the corresponding interfaces.

(a)

(b)

Fig. 3 – a) The experimental normalized time dependence of transmission of As2S3 film illuminated
with an Ar laser beam; b) The experimental dependence of the transmitted power of the probe laser
beam (He-Ne) through the As2S3 film during the film illumination with an Ar laser beam.

From this dependence results that the illumination of the As2S3 film with light
at λAr = 514.5 nm produces a significant decrease of its transmission and, consequently,
a significant increase of its absorption coefficient. Thus, the illumination of the
investigated film with a periodic light distribution at this wavelength induces a

Article no. 404

Petronela Gheorghe, Adrian Petris

6

periodic spatial modulation of its absorption coefficient, i.e., an amplitude grating.
During the illumination of the sample with the Ar laser beam, the He-Ne laser
probe beam, which passes through the illuminated area, was kept switched on and
its transmitted power, Pt,He-Ne, was also monitored. This experiment was performed
in order to determine how the change of the absorption coefficient induced in the
As2S3 film by the Ar laser beam and, consequently, the light-induced in it amplitude
grating influences the He-Ne probe beam when passing through the grating. The
result is shown in Fig. 3b revealing that the film transmission at He-Ne = 632.8 nm
is practically not affected, during the entire time interval of the film illumination
with the Ar laser beam. Thus, this experiment proved the fact that the He-Ne laser
beam cannot “see” the amplitude component of the mixed phase-amplitude grating
and its diffraction occurs on the phase grating only.
2.3. EXPERIMENTAL INVESTIGATION OF THE GRATING
RECORDING PROCESS

As it was mentioned above, the holographic recording of the grating is
experimentally investigated by monitoring the diffraction of a He-Ne probe beam on
the grating during its writing with the two Ar laser beams. The power of the first
diffraction order of the probe beam, P1,HeNe, is measured with a power-meter and its
temporal evolution, P1,HeNe(t), is acquired by a computer. The initial value, P0,He-Ne(0),
of the zero-th diffraction order (non-diffracted beam) is also measured. The temporal
evolution of the power of the first diffraction order, P1,HeNe(t), normalized to the
initial value, P0,He-Ne(0), of the zero-th diffraction order represents the experimental
diffraction efficiency, D,exp(t) = I1,He-Ne(t)/I0,He-Ne(0) = P1,He-Ne(t)/P0,He-Ne(0).
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Fig. 4 – The temporal evolution of the experimental diffraction efficiency.

The time-dependent experimental diffraction efficiency of the grating recorded
in As2S3 film is shown in Fig. 4.
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3. THEORETICAL ANALYSIS AND MODELLING OF THE GRATING
RECORDING PROCESS
3.1. RAMAN-NATH DIFFRACTION ON THIN PHASE GRATINGS

The light intensity distribution in the fringe pattern that results when two
mutually coherent laser beams interfere, along the direction x perpendicular to the
fringes, is given by [8]:
I  x   I1  I 2  2 I1 I 2 cos  2x    I 0 1  mcos  2 x   ,

(2)

where I1, I2 are the intensities of the two interfering beams, respectively, I0 = I1 + I2,
 is the spatial period of the fringe pattern, and the fringe contrast m is
m = 2p1/2/(1 + p). The fringe contrast is maximum, m = 1, when p = I1 / I2 = 1 (the
interfering beams have equal intensities).
If a photosensitive material is placed in the interference region of the two
laser beams, the fringe pattern incident on it can modulate its optical properties
generating a grating in the material. For a small angle  between the interfering
beams ( << 1) with the wavelength , at incidence close to the normal one, the
spatial period of the light-induced grating inside the material with the refractive
index n0 is given by norm.incid.  / (Eq. 1 mentioned above) [8].
Depending on the photosensitive properties of the material, the phase or / and
the amplitude of the light passing through it can be modulated and, consequently,
the grating induced by light inside it can be a phase, an amplitude or a mixed
phase-amplitude grating. On the other hand, as the phase of the light passing
through the material depends on both its refractive index and on its thickness, the
light-induced phase grating can have two components, one due to the refractive
index modulation and another one due to the surface relief modulation.
The refractive index n(x,t) and the relief d(x,t) distributions in the lightinduced phase grating are spatially modulated according to the cosine function
from Eq. 2, with amplitudes n(t), d(t) (half of the peak-to-valley values, npv(t),
dpv(t), respectively) that are time-dependent during the grating recording.
The corresponding time-dependent amplitude of the phase change Φn(t) of
the light passing through the refractive index grating is given by:
 n  t   2 d 0 n  t   .

(3)

In order to derive the amplitude of the phase change Φd of the light passing
through the relief grating, we consider the phase difference Φd,pv between a ray of
light passing through a peak and through a valley of the light-induced relief,
respectively. Supposing a photo-induced contraction of the film in the regions
illuminated by the bright fringes with a peak-to-valley magnitude dpv, the phase
difference Φd,pv is:
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 d ,pv  2   n0  d 0  n0  d 0  d pv   1  d pv    2   n0  1 d pv  ,
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(4)

where it was considered that to the phase of a ray of light passing through a valley
contributes also an air layer with the thickness dpv and with the refractive index
equal to 1. The same phase difference,  d ,pv  2   n0  1 d pv  , is obtained
also when a photo-induced expansion of the film is considered.
The corresponding amplitude of the time-dependent phase modulation
Φd(t) of the light passing through the relief grating is:
 d  t    d ,pv  t  2  2   n0  1 d  t   .

(5)

Thus, the time-dependent amplitude of the phase modulation Φnd(t) of the
light passing through the mixed refractive index – relief grating is given by:

 nd t    n t    d t  .

(6)

The diffraction regime on a phase grating depends on both the relation
between the grating period and the thickness of the medium in which it is recorded,
and on the amplitude of the optical phase modulation. Our diffraction experiments
performed on the gratings induced in the As2S3 were in the Raman-Nath diffraction
regime ("thin" gratings – the spatial period of the grating is larger than the
thickness of the sample). In this regime, the diffraction of the probe beam on the
grating leads to the appearance of several diffraction orders, which are symmetric
to the non-diffracting beam transmitted through the grating. The Raman-Nath
diffraction regime on a phase grating is characterized by two parameters,
Q = 2d0 / (n02) and the amplitude of the phase modulation, Φ. When Q  0.5
and Q · Φ  1, the intensities of the diffraction orders predicted by the RamanNath theory, as shown below, are sufficiently accurate (error less than 1%) [26].
In the Raman-Nath diffraction regime the light intensity diffracted in the lth
diffraction order is Il = TIpJ2l(Φ) [8, 26], where IP is the incident intensity of the
probe beam, T is the transmission of the sample and Jl(Φ) is the Bessel function
of the first kind and lth order, having the phase modulation Φ as argument. Thus,
the light intensities diffracted in the zero-th diffraction order (non-diffracted beam)
and in the first diffraction order are I0 = TIpJ20(Φ) and I1 = TIpJ21(Φ), respectively.
The diffraction efficiency in the first order, defined as the ratio between the
intensity of this order and the initial value of I0, at the start of the grating recording,
I0(0) = TIp, is ηD = J21(Φ), as when Φ = 0 we have J0(0) = 1. Because the phase
modulation is a function of time, Φ(t), during the recording process, the diffraction
efficiency is also time dependent,
D  t   J 12    t  .

(7)
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Thus, by monitoring I1(t) and measuring I0(0), the temporal dependence of
the diffraction efficiency and, consequently, of Φ(t) can be determined. Assuming
a particular mathematical expression for Φ(t), the parameters of this dependence
can be determined by fitting the experimental diffraction efficiency curve.
3.2. A SIMPLIFIED MODEL OF THE ENERGY BAND STRUCTURE
OF AMORPHOUS As2S3

Kwon, Kwak and Lee developed a three-level simplified model of the energyband structure of amorphous As2S3 in order to explain their experiment on phase
conjugation in this material [27]. In this model, the time-dependent light-induced
changes of the absorption coefficient and of the refractive index of amorphous
As2S3 have been obtained by solving the system of rate equations for the three-level
system. Thus, the time-dependent absorption coefficient, α(t), and the corresponding
time-dependent normalized transmission, Tn(t) (the time dependent transmission
divided to its value at the start of illumination) are given by [27, 18]:
  t   0     0   1  exp    0  W ' t  ,





Tn  t   exp     0  d 0 1  exp    0  W ' t  ,

(8)
(9)

where α0, α are the initial value and the steady-state value of the absorption
coefficient, respectively, W' is the pump rate between the photo-darkening and
conduction levels. The α0, α and W' parameters can be obtained by fitting with Eq.
9 the experimental normalized transmission shown in Fig. 3a.
As the time-dependent refractive index, n(t), depends in the same way as α(t)
on the population of the photo-darkening state induced by illumination [27], its
temporal dependence is given by [27, 18]:
n  t   n0   n  n0   1  exp    0  W ' t  ,

(10)

where n0 and n∞ represent the initial and the steady-state values of the refractive
index, respectively. The temporal dependences of α(t) and n(t), predicted by the
three-level simplified model of the energy-band structure of amorphous As2S3 will
be used in the modelling of the grating recording dynamics, as shown below.
3.3. MODELLING OF THE GRATING RECORDING DYNAMICS

The peak-to-valley time-dependent change of the refractive index during the
grating recording, obtained from Eq. 10, is:
n pv  t   2  n  t   n  t   n0   n  n0   1  exp    0  W ' t  .

(11)

Article no. 404

Petronela Gheorghe, Adrian Petris

10

The amplitude of the refractive index modulation, n(t) = npv(t)/2, from Eq. 11,
will be used in Eq. 3 for Φn(t).
The influence of two correction factors is considered in Eq. 3 for Φn(t).
One of these factors is the time-dependent change of the absorption coefficient and
another is the change of the film thickness in the regions illuminated by the bright
fringes during the grating recording.
Concerning the first one, due to the exponential decrease of the light
intensity along the optical path through the film (Lambert-Beer law), an effective
length, deff, defined as deff = [1 – exp (– α0d0)] / α0 [28] should be used in Φn(t)
instead of d0. Moreover, as the absorption coefficient is a function of time during
the recording process, the absorption coefficient α0 from deff is replaced with its
temporal dependence α(t) given by Eq. 8.
Concerning the second factor, even the geometrical thickness d0 of the film
is not a constant but evolves in time in the bright regions of the incident fringe
pattern due to the relief formation during the grating recording. Thus, d0 has to be
replaced with d0(t) in the effective length, which becomes:
d eff  t   1  exp    t  d 0  t     t  .

(12)

Consequently, Φn(t) from Eq. 3 becomes:





 n ,eff  t   2d eff  t  n  t    2   1  exp    t  d 0  t     t    n  t   , (13)



with an expression for d0(t) derived as described below.
The periodic relief structure with a peak-to-valley magnitude, dpv, which
evolves in time during the grating recording process, is responsible for the timedependent phase modulation Φd(t) from Eq. 5. We assume that the relief formation
is described by a saturating in time single-exponential function of the form
d pv  t   d pv , 1  exp   t d  ,

(14)

where d is the relief grating formation time constant and dpv, is the steady-state
value of the peak-to-valley relief modulation. Thus, the time-dependent film thickness
in the bright regions of the incident fringe pattern, d0(t) = d0 + dpv(t), is given by:
d 0  t   d 0  d pv , 1  exp   t  d   .

(15)

The amplitude of the time-dependent phase modulation Φd(t) from Eq. 5,
with dpv(t) from Eq. 14 and d(t) = (1/2)dpv(t), becomes:
 d  t    d ,pv  t  2  2   n0  1  d  1  exp   t d   ,

(16)

where d is the steady-state value of the relief modulation amplitude,
d = dpv,/2.
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Taking into account Φn,eff(t) from Eq. 13 and Φd(t) from Eq. 16, the timedependent amplitude of the phase modulation Φnd(t) of the light passing through
the mixed refractive index–relief grating becomes Φn,eff,d(t), which is given by:
 n ,eff ,d  t    n ,eff  t    d  t  





 2  1  exp    t  d 0  t     t   n  t   



(17)

 2   n0  1  d  1  exp   t d    .

In Eq. 17, α(t), n(t), d0(t) are given by Eqs. 8, 11, 15, respectively.
Using this expression of Φn,eff,d(t) in Eq. 7, the temporal dependence of the
diffraction efficiency ηD(t) during the grating recording process becomes:
D  t   J 12   n ,eff ,d  t  .

(18)

4. ANALYSIS OF THE EXPERIMENTAL RESULTS

As it was mentioned above, the diffraction on a phase grating is in the
Raman-Nath diffraction regime when the parameter Q = 2d/(n02), which
depends on the film thickness, on the grating period and on the wavelength of the
probe beam, has a value less than 0.5, up to values of the amplitude of the phase
modulation Φ which ensures also that the condition Q · Φ  1 is satisfied.
In our case, for a grating with the period Λ  2.35 μm induced in the As2S3
film with the thickness d0 = 644 nm and probed by diffraction of light with
 = 632.8 nm, the value of Q parameter is Q  0.18. For this value of Q parameter,
the diffraction remains in the Raman-Nath regime for Φ < 5.5 so that the second
condition, Q · Φ  1, to be also satisfied.
The temporal dependence from Fig. 3a of the experimental normalized
transmission of the As2S3 film illuminated with the Ar laser beam is fitted with
Tn(t) from the Eq. 9 and the result is shown in Fig. 5.
From this fit, the values of α0, α and W' parameters are obtained:
α0  20300 cm–1, α  27000 cm–1, W'  0.0055 s–1. It is revealed a significant
increase of the As2S3 absorption coefficient at the wavelength  = 514.5 nm and,
consequently, the recording of an amplitude grating when the film is illuminated
with a fringe pattern generated by the interference of two mutually coherent Ar
laser beams. But, as it was mentioned above, the transmission of the film at the
wavelength  = 632.8 nm of the probe He-Ne is not affected (Fig. 3b). Thus, the
diffraction of the He-Ne probe beam occurs on the mixed refractive index – relief
phase grating only. The experimental temporal evolution of the diffraction efficiency
of the grating probed with the He-Ne laser beam during the recording process
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(Fig. 4) was fitted with the Eq. 18 for the diffraction efficiency in the Raman-Nath
regime with Φn,eff,d(t) given by Eq. 17. Using the values of the parameters α0, α,
W' determined above by fitting the temporal dependence of the As2S3 normalized
transmission in the expressions of α(t) and n(t) (Eq. 8 and Eq. 11, respectively),
we obtained the fit shown in Fig. 6 of the experimental diffraction efficiency from
Fig. 4.

Fig. 5 – (Color online) The fit curve (blue, dash-line) of the experimental time-dependent normalized
transmission (red, continuous-line) of the As2S3 film illuminated with an Ar laser beam.

Fig. 6 – (Color online) The fit curve (blue, dash-line) of the experimental time-dependent diffraction
efficiency (red, continuous-line) of the grating recorded in As2S3 film.

From this fit several important parameters of our model for the grating recording
process are determined. Thus, the steady-state value, npv, = nn0, of the refractive

13

Accurate modelling of the recording process of light-induced gratings in As2S3

Article no. 404

index change is npv, = 0.118 (an increase of the refractive index in the regions
where bright fringes are incident), the steady-state value of the peak-to-valley lightinduced relief, dpv,, is dpv, = 14.5 nm (photo-contraction of the film in the
regions where bright fringes are incident), and the relief grating formation time
constant,d, is d  2100 s.
The dynamics of the refractive index change, npv(t) from Eq. 11, and of the
surface relief magnitude, dpv(t) from Eq. 14, computed using the parameters
determined by modelling, are shown in Fig. 7 a,b, respectively.

(a)

(b)

Fig. 7 – The dynamics of the refractive index change, npv(t) (a), and of the surface relief magnitude
dpv(t) (b), computed using the parameters determined by the modelling presented above.

The amplitudes (half of the peak-to-valley values) of the phase modulations
corresponding to the refractive index grating, Φn,eff(t) from Eq. 13, to the relief
grating, Φd(t) from Eq. 16, and to the mixed refractive index – relief grating,
Φn,eff,d(t) from Eq. 17, are shown in Fig. 8 a,b,c, respectively.

(a)

(b)

(c)

Fig. 8 – The time-dependent phase modulation amplitudes: a) Φn,eff(t); b) Φd(t); c) Φn,eff,d(t).

In order to validate that the diffraction on the light-induced grating is in the
Raman-Nath diffraction regime during the entire recording process, the temporal
evolution of Q · Φn,eff,d(t) is shown in Fig. 9.
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Fig. 9 – The temporal evolution of Q·Φn,eff,d(t).

As the value of Q parameter is Q = 0.18 and the maximum value of
Q · Φn,eff,d(t) product during the recording time is (Q · Φn,eff,d(t))max  0.026, the
conditions Q < 0.5, Q · Φ  1 for Raman-Nath diffraction regime are well
fulfilled in our modelling of the grating recording process in As2S3 film.
5. CONCLUSIONS

Diffraction gratings in an As2S3 chalcogenide thin film were experimentally
recorded by the interference of laser light with the wavelength λ = 514.5 nm at the
As2S3 band-gap energy. At this recording wavelength the absorption coefficient
and the refractive index are both modulated by the interference fringe pattern
incident on the film and also a surface relief is generated. The dynamics of the
phase grating was investigated by monitoring the diffraction efficiency of a He-Ne
laser beam, insensitive to the change of the absorption coefficient induced by the
recording laser light. The time-dependent complex recording process has been
modelled considering a simplified model of the energy-band structure of As2S3, in
the frame of the Raman-Nath diffraction regime. The time-dependent light-induced
changes of the absorption coefficient and of the refractive index, and also the
generation of a surface relief, have been accurately modelled. Important parameters
that describe quantitatively the magnitude and the dynamics of the recording
process have been determined.
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