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Modeling of a diffraction pattern from
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Modeling of evolution of a diffraction pattern under action of a laser beam on a
composite waveguide AgCI-Ag film has been performed for the first time; a 100 nm thick
film was used as an example. Visual structures of calculated and experimental patterns are
similar both in separate moments and in dynamics (videos were compared). This is a
confirmation of validity of current understanding of the mechanism of development of
diffraction gratings induced in AgCI-Ag film. During the simulation, the possibility of
refining the grating parameters was demonstrated; this is based on the similarity of the
diffraction patterns as a whole, and not just their individual reflections. The mean value
obtained for angular dispersion of grating vectors unambiguously proves the domain
nature inherent in the aggregate of the gratings.

Keywords: light-sensitive film, waveguide film, diffraction grating, diffraction pat-
tern, modeling.

MonenoBaHHsS KapTuHU Audpakmoii Bix CBITIOIHAYKOBAHMX TIpaTOK y XBUJIEBOTHIiH
mwaisni AgCl-Ag ak cmoci6 oninoBanaa mapamerpis rpatku. €.J].Marxogeuyvbruil

Brnepmnie mpoBegeno mMomenoBaHHA eBOJIONiI KaprmHmM audpakiii jasepHoro mydka Bif
roMmosuTHOI xBuieBonHol miaiBku AgCI-Ag Ha npursaaxai naisxu TosBuuuonw 100 M. Bisy-
aJIbHI CTPYKTYPU OOUHMCIEHUX Ta €KCIEPUMEHTAJIbHUX KapPTUH € aHAJOTIUHMMH SK B OKpeMi
MOMEHTH dYacy, Tak i y gumamini (mopisaroBanucs Bimeo). Ile e miaresepmxenHsaM icHyoumx
yBJEeHb 1040 MexaHismy posurky y miaisii AgClHAQ innyxosanux audparuifiHUX rpaTok.
ITokazano MOMKJAMBiCTL YTOUHEHHS IIapaMeTPiB I'PaTOK y XOI1 MOIENIOBAHHSA, dAKe 0a3yeTbcs
Ha BigmoBigHOCTL eKcliepuMeHTY IUPPAKIINHOI KAPTHUHH Y IiJIOMYy, a He TiIbKHK i OKpeMux
pedaercis. Orpumane cepegHe SHAUEHHS KYTOBOTO PO3KUIAY BEKTOPIB I'paTOK MOKAa3ye, IO
CYKYVIIHIiCTh IpaToOK y ILIIBI[l Ma€ IPUHIIUIIOBO IOMEHHUU XapaKTep.

BriepBnie TpPOBEEHO MOTeJIUPOBAHNE DBOJIONUN KAPTUHLI AU(MPAKIUK JTa3ePHOr0 MydYKa
0T KOMITOBUTHOIN BosHOBoxHOH mnéuku AgCl-Ag na mpummepe nnéuru tommumuoit 100 mwm.
BusyaabHble CTPYKTYPHI PACUETHLIX M DKCIEPUMEHTAJLHBLIX KAapTUH AHAJOTUYHLI KaK B
OTZeJbLHBIE MOMEHTLI BPEMeHW, TAK M B AUHAMHKe (CPaBHUBAJNCL BUAEO0). OTO SABJIAETCS
[IOATBEPIKIEHUEM CYILIECTBYOIINX [IPEICTABIeHni 0 Mexanusme paspurus B miuéure AgCl-Ag
UHAYIUPOBAHHBIX AN(PPaKIHOHHBIX Peuiérok. [[oxasana BOSMOMKHOCTh YTOUHEHHS I1apaMer-
POB PelIéTOK B XOJe MOIEJUPOBAHMUSA, KOTOPOE OCHOBBIBAETCA HA COOTBETCTBUU 9KCIIEPUMEH-
Ty IUQPAKINOHHON KapTUHBI B IIEJIOM, & He TOJBKO €€ OTAeabHbIX peduercos. Iloayuennoe
cpelHee SHAUYEHUe YIJIOBOIO DPasbpoca BEKTOPOB PEIIETOK JOKASBIBAET, UTO COBOKYIIHOCTD
pPeuIéToxk B IJEHKE MMeeT HPUHIIMIIMAJILHO JOMEHHLIN XapakTep.
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1. Introduction

A number of nonlinear optical effects
have been discovered using lasers due to
their higher available power and due to
smaller spread of beam parameters than
those provided by spontaneous radiation
sources. These effects include the effect of
inducing diffraction gratings (DGs) by an in-
terference field created by the superposition
of the laser beam and scattered radiation.
Initially the effect was discovered on surfaces
of solids as a side effect of laser drilling [1].
Later, a similar effect was discovered in
waveguide films of silver halides exposed to
low-power laser beams (see the review [2]).

Because of the low power of scattered
radiation, the medium must be able to
memorize the previous effect in order to
ensure a cumulative nature of the changes
in the medium. Therefore, Kerr media are
not suitable for manifestation of the effect,
as nonlinearities of their responses are
caused only by the nonlinearities of devia-
tions of atom nuclei and electrons from
their equilibrium positions. When illumina-
tion is terminated, atoms of the Kerr me-
dium revert to their equilibrium states im-
mediately.

Accumulation of changes in such media
as photorefractive crystals (PC) is provided
by ionization of atoms happened to be
within brighter regions of the interference
field, and by capturing the charges (elec-
trons or holes) by traps within darker re-
gions [3]. Macroscopic charge redistribution
within the periodic or quasiperiodic inter-
ference field creates corresponding distor-
tions of the PC lattice, thus creating phase
or amplitude-phase DGs. Beam shutdown does
not destroy the accumulated changes in the
PC. As long as traps’ energy depths substan-
tially exceed kT value, both charge distribu-
tion and lattice deformation are preserved
until the crystal gets illuminated again.

AgCIl-Ag waveguide films were studied in
this paper; specifically, the polyerystalline
AgCl films with excessive granular silver.
Such films are created by consecutive ther-
mal vacuum deposition of AgCl and Ag onto
surfaces of transparent solids. Memorizing
the parameters of the illuminating beam is
even more pronounced in these films than
in PC. Similar to PC, electrons leave illumi-
nated regions (here because of photoelectric
effect on Ag granules) and get captured by
traps in darker regions of the interference
field. In this case, the field is created by
the laser beam and scattered waveguide
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modes with diversely directed B vectors. The
rest of scattered waves either quickly leaves
the film or quickly dissipates due to de-
structive interference. Another difference
from PC is a high ionic conductivity of
these polycrystalline films. This allows the
Ag™ ions to be displaced, and the static elec-
tric field of trapped electrons results in
moving the ions to the dark areas where
they recombine. Thus, the displacement of
silver ions to the minima of the interference
pattern creates a phase-amplitude DG with
grooves of granular silver. An important
feature of the medium response is the posi-
tive feedback in the DG growth: diffraction
of the laser beam by the DG amplifies the
mode in which the DG was created. This
leads to an increase in the contrast of the
interference pattern, thus increasing the
DG diffraction efficiency, and so on.
Exponential growth of DGs is hampered
by two factors. Firstly, the irradiated area
and the mass of involved silver are limited
resources while there is competition of
many gratings. The DGs grow in different
directions from a number of scattering cen-
ters which are both AgCI layer defects and
silver granules. As a result of simultaneous
developing of the many adjacent gratings
within the illuminated area of the film, the
developing structure has a domain character
[2]. Secondly, there is permanent change in
the value of the film’s effective refractive
index neff which determines the value of
mode propagation constant . For a compos-
ite film with a small filling factor by colloi-
dal particles (as in the case for AgCIl-Ag
films used here) n,z is calculated using the
Maxwell-Garnett formula [4]. The reason of
changing n,; is termination of interaction
of silver atoms with light as the atoms mi-
grate to dark areas of the interference field.
Since the change of n,; value changes the
value of B, the period of the interference
pattern d also changes. The simplest for-
mula is for normal beam incidence: d = 2m/p.
The change in d value results in redistribu-
tion of silver atoms to conform to the new
interference pattern, but since the attempt of
atoms to get into the dark region itself
changes the n,; value and changes location of
the dark regions, the process goes on and on.
It is also important that indicatrix of
initial scattered modes is sensitive to such
beam parameters as the angle of incidence
and state of polarization, e.g. see [5]. So,
due to complexity of the DG evolution proc-
ess, a rigorous mathematical model has not
yet been developed, despite the many results
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on the development of DG with a reasonable
qualitative and semi-quantitative explana-
tion of the experimental results. In this
paper, for the first time, a quantitative
model of evolution of the diffraction pat-
tern is developed on the basis of the Monte
Carlo method. Comparison of the calculated
temporal evolution of the diffraction pat-
terns with the video recording of the evolv-
ing experimental pattern provides new op-
portunities for estimating the parameters of
the DG development.

2. Experimental

The AgCI-Ag polycrystalline films were
deposited onto glass substrates by sequen-
tial thermal evaporation of AgCl and Ag in
a vacuum of 107 mm Hg using a VUP-5M
vacuum post. The thickness of the AgCI
layer was A = 100 nm, the mass thickness
of the granular Ag layer was 10 nm. These
samples were illuminated according to the
scheme of Fig. 1 using a linearly polarized
semiconductor laser beam with wavelength
of A =650 nm and power of P = 25 mW.
The beam was focused on the film by a
collecting lens with a focal length of F =
8.5 cm. The illumination was carried out
along the normal to the samples. The so-
called small-angle scattering (SAS) pattern
was observed on a screen put across the
beam immediately after the lens, at a dis-
tance of R=8 cm from the sample. The
screen had an aperture for the laser beam to
pass through.

Despite the established name, the SAS
pattern is a pattern of diffraction of
waveguide modes propagating through DGs
in the film. A SAS pattern can be observed
in the transmitted light as well. In the case
of oblique incidence, there are even four
spatial angle regions where the SAS pattern
exists, around four directions: along and
against the original laser beam; along and
against the beam reflected from the sample.
The choice of screen location as in Fig. 1
was made to simplify experiments with off-
normal incident beams, since there is no
need to shift the sereen when the angle of
incidence changes.

Provided that the AQCI film thickness is
100 nm and the refractive indices are npyc| =
2.06 and ng = 1.515 (a glass substrate), only
TE, and TM, waveguide modes can propagate
in the film. The combination of normal beam
incidence and a linear polarization leads to
the simplest form of the SAS pattern: to the
scattering and diffraction band from DGs on
TE, modes along the polarization plane with-
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Fig. 1. Scheme of the experiment, view from
above. The linearly polarized beam of a semi-
conductor laser (SL, A = 650 nm, P = 25 mW)
was focused on the surface of AgCI-Ag film by
the lens L with focal distance F = 8.5 cm. The
screen S with an aperture was placed at the
distance R =8 cm from the illuminated film.
Diffraction patterns on the screen were re-
corded with a camera placed at C point.

out beam focusing [2], or to the so-called
"torch” in SAS if the beam is focused on
the film [6]. The torch is an aggregate of a
large number of light speckles, and it is
stretched along the polarization plane. The
speckles appear, shift, split, merge and van-
ish within the torch region, thus reflecting
the restructuring of DGs in the film in real
time. Under normal beam incidence, TM,
modes do not create DGs, since their initial
scattering intensities are too small [7]. A
video of the SAS torch evolution was re-
corded during illumination (see frames in
Fig. 2). The bright horizontal line in the mid-
dle of each picture is a video artifact caused
by the high brightness of the aperture area in
the central part of the picture due to scatter-
ing on the edges of the screen aperture. The
laser beam image is superimposed on the
bright line, from the aperture to the left side
of the picture.

The focusing provides four features of
DG development which influence the SAS
patterns. Firstly, the irradiated spot area is
decreased multiple times (to approximately
25 um?2 in our case) which leads to a de-
crease in the total number of DGs develop-
ing within the spot. Therefore the number
of diffraction speckles in the torch is also
decreased. Secondly, shrinking of spot di-
mensions results in reduction of the number
of grooves per DG because DGs do not ex-
pand beyond the interference region. The
smaller number of the grooves means the
DG becomes even farther from an ideal infi-
nite grating, so the angular spread of dif-
fraction beams increases, and speckles be-
come larger. Third, an increase in the en-
ergy flux through a unit of the DG area
results in an increase of mode intensities,
and diffraction speckles become brighter.
Fourth, the same reason leads to accelera-
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a b

Fig. 2. Diffraction patterns on the screen S
in Fig. 1. Beam polarization plane is vertical.
(a) A frame after 2 seconds of illumination;
(b) after 10 sec. The screen aperture is in the
center. The vertical set of changing light
speckles is the "torch” modeled in this work.

tion of speckle movement in the torch due
to dependence of this cumulative effect on
the exposure time [8].

The lens with F = 8.5 cm has a sufficient
optical power so that the SAS pattern splits
into speckles due to the above factors. But
its power is not as large as needed to turn
the speckle movement into undecipherable
flickering. So the SAS pattern under such
conditions had been chosen for modeling.

3. Modeling

When the described AgCI-Ag films are
illuminated, initial waveguide modes are ex-
cited by scattering on film defects. The qua-
siperiodic interference field of these scat-
tered modes and the beam causes a quasipe-
riodic modulation of Ag concentration, thus
DGs appear. After that, scattering by a pe-
riodically ordered ensemble of Ag particles
should be treated as diffraction. The initial
stage of scattering by disorganized particles
was not modeled in this work since SAS
torch is developed only during the diffrac-
tion stage. But the initial indicatrix of scat-
tering of the waveguide modes imprints it-
self on the distribution of the DG vectors.

In all the calculations and in experimen-
tal patterns in Fig. 2, the center of the ap-
erture in the screen was considered to be
the origin of screen coordinates, the x and
y axes on the screen plane were directed to
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the right and up, the &, and ky axes on the
film plane were defined similarly with coor-
dinates measured from the center of the il-
luminated region. At normal incidence, k,
and k, axes coincide with x and y axes. In
all the calculations, the third dimension of
the film was disregarded, since film thick-
ness of 100 nm is approximately four times
less than even a single DG period [2]. Let
o be the azimuth angle measured from £k,
axis in the (&, ky) plane.

As it is known [9], the scattering inten-
sity of a beam linearly polarized along &, on
small particles (much smaller than the
wavelength) is determined by the law

I~ cos?a, (1)

which determines also relative intensities of
initially scattered TE-modes. The vectors K
of the gratings created by interference of

each mode (with its P vector) and an
obliquely incident beam are determined by
the formula

K=B-k, 2)

where k, is the component of the beam
wave vector k along the intersection of the
incidence plane and the AgCl-Ag film plane.
Diffraction of the beam with k, of the order
m =1 on the grating with K leads to exci-

tation of the same mode P as the one which
created the grating. This situation is called
the stimulated Wood anomaly [10]. It pro-
motes growth of each DG by channeling
beam energy into waveguide modes.
Zeroing the angle of incidence simplifies
the situation by eliminating the dependence
of K magnitude on B direction, and also
provides amplification of modes with vec-
tors opposite to each P because the diffrac-
tion order m = —1 also creates waveguide
modes. This is the so-called double Wood
anomaly [7]. Under such conditions, DGs
are known to develop with K vectors having
azimuths o within +20° from 0° or 180° [2].
Neighboring DGs with close K merge into a
single DG. Lengths of § and K have a
spread, and illuminating the film by red
light reduces the lengths with time due to
decreasing n,; of the film in which an in-
creasing portion of Ag is concentrated in
the minima of interference [8]. At the in-
itial stage of illumination, the value of n,
exceeds 2.3 [2]. Eventually, when all the
silver is piled up in dark areas of interfer-
ence, n.; should reach npgc) = 2.06. The
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Fig. 3. The scheme of creating the multitude
of vectors K of modes which form the grat-
ings. It is shown in the reciprocal space of
wave vectors. Each vector starts at the origin
of coordinates and ends at a random point
within a "cell” assigned to it between allow-

d

able 3 values (the gray ring between £, an
Bree) and edges of the o,. sector allocated
to this grating within oy, (and within
180°ioclim too, not shown here). The angles
Olgifrr and Olgisp BTE also shown here. The for-
mer one limits diffraction while the latter
angle is the characteristic angular dispersion
of gratings’ vectors.

netr value decreases with different speeds at
the center and on the periphery of the illu-
minated area due to different power in cen-
tral and peripheral parts of the beam [8].
The periphery was not taken into account in
this simulation, since its small contribution
to the diffraction pattern may be ignored.

The SAS patterns appear due to Bragg
diffraction of waveguide modes on DGs.
Wave vector of the diffracted beam of m-th
order is

k; =By — mK,. (3)

The shape of the SAS depends on diffrac-
tion efficiencies of DGs and intensities of
modes. The greater the distance on the
screen from the coordinate origin to the dif-
fraction speckle, the greater the difference
between the vector P, of the diffraction
mode and the vector B; of the mode that
created the DG with K in accordance with
(2). If only one DG has been developed and
only its mode intensity is large, then dif-
fracted beams propagate solely along the
laser beam. The other extreme would be if
all the DGs were developed with equal dif-
fraction efficiencies, and the torch height
on the screen would not be limited. If there
were only two strong modes with B vectors
lying in horizontal plane (where TE-mode
scattering maxima are) but there were all
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Fig. 4. An example of a set of diffraction
grating vectors K (frame No. 4 of calculated
evolution) is shown as the set of endpoints of
the vectors starting from the origin of coor-
dinates in the reciprocal space of wave vec-
tors (k&,, ky). The numbers are in k units
(wavenumber of the laser beam in vacuum).

possible DGs, or if there were all the modes,
but DGs only with horizontal K vectors,
then instead of a torch there would be a
pair of light arcs touching at the screen
aperture, with a joint vertical tangent. The
torch observed in the experiment (see
Fig. 2) is far from these extremes, but their
traces are noticeable.

The scheme of performed calculations
was as follows. According to (1), azimuths
o with TE-mode scattering intensity big
enough to trigger the DG development are
limited by *oy;,, from 0° or 180°. The value
of oy, is adjustable and is less than 20°.
These angle intervals are divided into
smaller o, sectors (about 1°, also an ad-
justable parameter). Within each o,,., the
development of only one DG is supposed to
happen (see Fig. 3) on a mode with B length
within the interval from B,,;, =1.65k to
Bnax = 1.7k. This is a typical interval for
the given AQCI layer thickness at the begin-
ning of illumination [11]. The diffraction
efficiency of each DG is proportional to the
scattering intensity for its azimuth. Spe-
cific values of the angles and lengths of the
mode vectors within designated limits were
produced by the pseudo-random number
generator of the Maple mathematical pack-
age with which all the calculations were
performed. Each initial K vector of DG in
the calculated case of normal incidence is
equal to the initial B vector of its mode, but
the arrays containing B and K data are
separate for two reasons. Firstly, the
mechanism of changes in the film consists
in the displacement of atoms, so rebuilding
of DGs cannot be as quick as the change in
mode characteristics. Secondly, in the fu-
ture these calculations are to be extended to
the case of oblique incidence, when B and K
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cannot possibly be equal, see (2). An exam-
ple of an ensemble of DG vectors is shown
in Fig. 4; each point indicates the end of a
K vector starting at the origin of coordinates.

Next, all possible combinations of modes
diffracting on the DG are automatically cal-
culated. If a pair of a mode and DG provides
a diffraction beam towards the screen, the
position of the center of the diffracted beam
is calculated, and the image of the light spot
is added to the generated image of SAS. The
whole SAS image has a height of 500 pixels
comprising the image of the screen 15 cm
high (from Fig. 2). A standard image of the
generated light spot was used with brightness
decreasing with the distance from its center
by the Gaussian function with a half width of
several pixels (diameter D of the spot is also
an adjustable parameter). Brightness of each
spot is determined by the product of the in-
tensity of the mode and the DG diffraction
efficiency which is considered to be directly
proportional to the scattered mode intensity
from (1). To reduce computer time of the
calculations, stretching of peripheral spots
along the spot-aperture direction was ne-
glected, because it noticeably affects only
weak peripheral speckles. Overlapping of the
spots in the calculated SAS pattern creates an
aggregate of speckles of irregular shape,
similar to the experimental pattern.

For subsequent SAS frames, there are
changes in parameters to represent DG rebuild-
ing process in the film: the mode vectors are
shortened by 107 % between adjacent frames, a
small random azimuth offset is added to reflect
interaction with neighboring DGs during the
restructuring (0.05° per frame, direction of
shifting of a particular DG is constant for sev-
eral frames in a row). These parameter values
were selected to match rates of pattern changes
in the experimental video and in the calculated
one (for 8 frames per second). See the calcu-
lated patterns in Fig. 5a, b.

Understandably, these calculated pat-
terns are not ideal. Among noticeable dif-
ferences there are borders of speckles
(which are sharper in experimental Fig. 2)
and absence of weaker light speckles beyond
the modeled "torch™. The former indicates
the need for a more suitable function (not
yet known) than a Gaussian function for
better characterization of the form of indi-
vidual diffraction spots. The latter is the
result of neglecting diffraction from periph-
ery of the illuminated area. But neither of
them hampers analyzing the DG develop-
ment by torch speckles.
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a b [

Fig. 5. Examples of diffraction patterns cal-
culated for normal incidence of a vertically
polarized beam focused on AgClAg film at
asect
spot D = 5 pixels (i.e. Ogisp = 0.5°): (a) frame
No. 4 (the pattern produced by gratings from
Fig. 4); (b) frame No. 84. In (c) there is what
happens to frame No. 4 if D is increased to
14 pixels for Ogisp to match the value of o

= 1.4°. For diameter of each diffraction

sect*

4. Discussion

Firstly, the fact of obtaining computed
SAS patterns similar to experimental ones
confirms the validity of present-day ideas
about DG evolution in AgCI-Ag. Especially
because of synergy: setting characteristics
of individual modes and DGs (thus specify-
ing individual diffraction reflections) pro-
vides a pattern with a regular torch made
of randomly shaped moving speckles just as
the experiment shows.

Secondly, new information on DG charac-
teristics may be retrieved from the SAS pat-
terns. For example, the mean value oy, of
angular dispersion of imperfect DGs’ vec-
tors which determines the angular width of
diffraction beams. Consider the two follow-
ing parameters which determine conformity
of the pattern in Fig. 5a, b with the experi-
mental one. The first parameter is the sec-
tor o,.; allocated for one DG in the recipro-
cal space of wave vectors. The second pa-
rameter is the diameter D of the diffraction
reflection on the screen. Assuming Olgisp and
O, to be equal, one assumes the values of
D and ag,.; to be connected. But when D is
calculated on the basis of g, and the
spread of the focused beam, the value of D
turns out to be too large, and the torch of
too wide reflections turns into a solid white
strip regardless of the selected values of D
and o, An example of such a pattern is
provided in Fig. 5¢. An attempt of reducing
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D by decreasing o,,.; results in an increase
of the number of reflections due to an in-
crease in number of DGs which is deter-
mined by the number of o, sectors fitting
within toy;,, and 180°tqy;,, sectors. The area
of each diffraction spot decreases in propor-
tion to D2, but the number of diffraction
spots also increases quadratically, since the
linearly increasing number of modes is mul-
tiplied by the linearly increasing number of
DGs. The only way to achieve similarity of
the calculated and experimental patterns is
to abandon the assumption oy, = O, The
patterns in Fig. ba, b were cafculated with
selected values o,,., = 1.4° and D =5 pix-
els, the latter corresponding to Olgisp = 0.5°
within each og,.;. The frame No. 1 has the
peculiarity of equal B and K vectors for
each grating since it is the starting point of
calculations; so in Fig. 5a, the frame No. 4
is shown. The value of D is increased to
14 pixels in Fig. 5¢ while the rest of pa-
rameters are identical to Fig. 5a. The obvi-
ous mismatch of Fig. 5c pattern and experi-
mental patterns Fig. 2 means that DG
grooves cannot smoothly turn into grooves
of other DGs throughout all the azimuth
intervals of *oy;,, or 180°tay;,,. This means,
the structure of DGs in AgCl-Ag film is
domain-based in its nature, not because the
author cut the DG into sectors like a cake
and called each sector a separate DG. No
microphotographic studies were carried out
in this work; photographs can be seen e.g.
in [2, 11]. But no matter how many DG
photographs there are, they do not guaran-
tee that there will be no DG grooves of the
form of wide-angle arcs of concentric circles
in the next photograph. But harmonization
of the values of selected parameters in this
modeling makes it feasible to say: that is
impossible. If a structure of concentric
grooves had arisen somehow, it would im-
mediately split into separate competing do-
mains; all of them exponentially develop
until external factors impede them.
Thirdly, the modeling has revealed that
previously observed difference between SAS
patterns as a pair of touching arcs [12] and as
a strip with no arcs [2] is caused by a restric-
tion on possible cases of diffraction. Accord-
ing to (1), initial scattering provides modes
predominantly along the directions close to
the normal to the polarization plane, and dif-
fraction of the external beam on DGs creates
modes in the same directions. Thus, the DG
domains develop elongated, and the length of
each domain (along its K vector) is larger

Functional materials, 27, 3, 2020

than the width of the domain (length of DG
grooves), sometimes several times larger,
more often several dozen times larger [11].
When diffraction (3) occurs with distinctly
different directions of By and K, the mode
crosses the DG "transversely”, and the in-
teraction is scant. So the diffraction cases
with great difference in azimuth angles may
be disregarded. To produce a torch of the
correct form, it is sufficient to limit the di-
rections of diffracting modes to narrower an-
gular ranges: O;¢p = 10° (see Fig. 3) instead
of 0y, =16°. When the value of o is
decreased, the central part of the torch (along
the vertical polarization plane) shrinks faster
than lateral sides; this fact is the basis of
determination of the oz, value.

Despite the large number of parameters
introduced, their values can be determined
using the fact that they affect different as-
pects of the torch structure. The oy, and
Ogiffr Pair determines the vertical dimen-
sions and shape of the torch (whether the
arcs are pronounced or not). The difference
between B,,,, and B,,;, determines the width
of the torch along x axis. The pair of oy,
and o,,.; angles determines the "filling” of
the torch with speckles.

5. Conclusions

In this work for the first time, the calcu-
lations have been performed to model the
evolution of the small-angle scattering and
diffraction pattern of a linearly polarized
laser beam normally illuminating an AgCl—
Ag composite waveguide film. The calcu-
lated patterns are similar to experimental
ones both in statics and in dynamics. This is
a confirmation of validity of current under-
standing of the mechanism of development
of induced diffraction gratings in AgCI-Ag
films. Adjustment of grating parameters in
the course of modeling, while focusing on
the pattern appearance in whole in accord-
ance with the experiment, provided new in-
formation about the gratings. An important
result is the proof that structure of the
gratings is domain one, not because of ran-
dom factors affecting initial scattering in
the film, but due to inherent domain nature
of the gratings.

Since the validity of the model has been
confirmed in this work for the simplest illu-
mination conditions (normal incidence and
linear polarization of the beam), it is in-
tended to carry out modeling of more com-
plex cases. For example, oblique incidence
of a laser beam introduces additional differ-
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ences between the gratings with different
mode azimuths: different periods, different
modes (TE and TM), double Wood anomalies
only for some gratings etc. Extensive ex-
perimental data on features of the grating
development have been accumulated to date
under various illumination conditions, and
now there is a new computational tool for
analyzing these results.
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