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A setup for observation of the nonlinear self-diffraction effect has been described. A
semiconductor laser (P~50 mW, 2~660 nm) is used as a radiation source. The laser beam
is divided into two beams by a Wollaston prism, the beams pass through a polarizer and
positive lens, then they intersect and create an interference. Using a microscope, the
interference may be observed in an increased scale on a remote screen. The interference is
registered in a thin photosensitive As,S;—Ag film prepared by vacuum evaporation. We
have shown an opportunity to observe the self-diffraction from recorded diffraction grat-
ing with linear grooves and from two-dimensional grating induced as a result of second
exposure after turning the convergence plane of the interfering beams by 90°.

OnucaHa cxema AJjsa HabaoofeHus HejJuHeiiHoro sdderTa camoxupparnuu. VcTouHUKOM
UBJIYUEHUA CJHIYKUT IOJYyNPOBOTHUKOBEIN Jjaszep (Px~50 mBr, A~660 uM). JlasepHbIil IIydyoK
JeJuTcs Ha ABa NpusaMoil BojsnacToHa; TyYKM HNPOXOAAT Uepe3 IOJAPOUA U COOUPAIOIIYIO
JINHBY, IOCJie KOTOPOil ImepeceKaioTcd U co3ZaioT mHTepdepeHnuio. C moMoOIIbio MUKPOCKOIIA
UHTeP(EPEHIIUI0 B YBEJIUUEHHOM MacliTabe MOKHO HAOJIOZATH HA YAAJEHHOM OT MUKPOCKO-
ma sKpaHe. VHTep(epeHnNa perucTpupyerca B ()OTOUYBCTBUTENLHOM TOHKON mIeHKe AS,S;—-Ad,
IPUTOTOBJIEHHOU BaKYYMHBIM HambljeHueM. IlokasaHa BOSMOKHOCTb HabuiogeHUd caMogud-
PaKIIMU OT 3aIlNChIBaeMOil TU(PPAKIIMOHHOI PEIIeTK! ¢ JIMHEHHLIMU IITPUXAMU U OT AByMep-
HO#l KBaJpaTHOU peUIeTKU, KOoTopas WHAYIUPYETCI B pes3yJbTaTe BTOPOI SKCIO3UIIUU, IIOCTe
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IIOBOPOTA IIJIOCKOCTH CXOMKAEHUA MHTepdepupyoinux Inydkos Ha 90°.

The nonlinear optical effect called self-
diffraction [1, 2] occurs when intense coher-
ent light beams create an interference field
in a medium and produce a periodical modu-
lation of dielectric permittivity of the me-
dium, i.e. create a diffraction grating
therein. It is diffraction of incident beams
on the grating that is the self-diffraction
phenomenon. In holography, the term "self-
diffraction” is often replaced by the "dy-
namical holography” term implying that
diffraction grating appears in the medium
and is read during light action. There are
cases described in literature when intense
light beams and media interacting revers-
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ibly with light were used to observe the
self-diffraction. In this work, the self-dif-
fraction effect is realized using low-power
continuous radiation of a semiconductor
laser (SCL) and double-beam interferometer
on the base of a Wollaston prism (WP). A
thin photosensitive film is used as the re-
cording medium.

The direct photosensitivity is inherent in
films of chalcogenide vitriform semiconduc-
tors (CVS) and metal halogenides. Both pure
CVS films and composite CVS/silver films
are used in nonlinear optical experiments
and in practice [8—5]. Interaction of photo-
sensitive films with light causes changes of
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their optical characteristics, so it is a non-
linear effect. However, the photosensitive
films show the following distinctive fea-
tures as compared to other media. Non-
linear transformations are determined by
product of light intensity and illumination
duration, i.e. by the exposure. The thresh-
old exposures are generally low, less than
0.1 J/cm2. The films are characterized by
large nonlinearity factors and, therefore,
large response times and accumulation of the
light action results are inherent therein. Fi-
nally, spontaneous relaxation of light-induced
changes is absent in irradiated films. Some
characteristics of the films make them simi-
lar to such media as photorefractive crystals
and photochromic glasses.

We used As,S;-Ag films prepared by
thermal vacuum evaporation on plane-paral-
lel glass substrates of 5x2.5x0.15 cm3 size.
A 200 nm layer of CVS was deposited fol-
lowed by 20 nm silver layer. To obtain the
mentioned thicknesses, it is necessary to
evaporate 50 mg of As,S; and 15 mg of Ag
from flat evaporator (boat) placed at 15 ecm
distance from the substrate. The CVS film
thickness can be varied within approxi-
mately 0.1 to 0.5 um. The deposited Ag
mass should amount approximately 0.3 of
As,S; mass. Under red light action on
As,S3—Ag film, the photosensitivity mecha-
nism [4, 5] is associated with photoeffect in
silver at the VCS—-Ag interface, and with
diffusion of photoelectrons and Ag* ions
into VCS layer. Silver penetrating into the
amorphous layer forms compounds with As
and S. The As,S;—Ag films are used as re-
cording media in holography for a long time
[4, 5], but they were not used to observe the
self-diffraction phenomenon until now.

An important feature of the described
experiment is an opportunity to use low-
power lasers as continuous coherent radia-
tion sources. The diffraction pattern bright-
ness at self-diffraction depends on the re-
sultant grating diffraction efficiency and
the intensity of laser beam used in the ex-
periment. The results presented here were
obtained with a HL6504FM laser diode from
HITACHI. Such a diode is a commercial de-
vice used in DVD-RAM optical memory sys-
tems. The diode radiates a divergent line-
arly polarized beam with P~50 mW and
A660 nm. As a power supply, a stabilized
source is needed providing 2.1-3 V steady
voltage on the diode and working current
approximately 110-140 mA. The diode
needs cooling while functioning. Therefore,
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Fig. 1. The optical setup for self-diffraction
observations. 1, semiconductor laser; 2, the
laser beam; 3, Wollaston prism (WP); 4, po-
larizer; 5, positive lens; 6, the lens focal
plane; 7, the plane where the film is set and
interference fringes are localized; 8, micro-
scope; 9, screen; ¢, angle between beams di-
verging after WP; F, focal distance of the
lens; h, distance between beams at lens; L,
distance from the lens to the point O where
beams intersect at plane (7); a, angle between
meeting beams creating interference; X, coor-
dinate on the plane (7) counted from O.

a metal frame was made to act as radiator.
To create a collimated beam, a collimating
lens from a semiconductor laser pointer was
set into the same frame.

The optical setup for self-diffraction ob-
servation is shown in Fig. 1. The linearly
polarized beam (2) passes the Wollaston
prism (3) and splits into two symmetrically
divergent linearly polarized beams with mu-
tually orthogonal polarization directions.
We used a standard calcite WP of 5 mm
thickness and 17 mm diameter. It provides
the angle between beams ¢~2°. The setup is
adjusted in the following way. The WP
should be set in a holder permitting the
prism to be turned around the axis of nor-
mally incident laser beam. Turning the
prism in such a way, one achieves equal
intensities of resulting beams. In this case,
the direction of incident beam polarization
makes angles 45° with orthogonal directions
of optical axes in two halves of prism. Then
the beams pass the polarizer (4). The polar-
izer should be turnable. Turning the polar-
izer, one achieves equal again intensities of
passing beams. In this case, the directions
of orthogonal polarizations of incident
beams are oriented at 45° to the polariza-
tion direction of the polarizer. As a result
of the polarizer action, linear polarizations
of passed beams are parallel, as it is re-
quired to provide interference with maxi-
mum visibility. Further, the beams pass
through the positive lens (5), intersect at
the vicinity of point O, and create an inter-
ference there. In the plane (7) perpendicular

to the bisector of convergence angle o of
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the two beams, interference pattern is local-
ized within a small area created by the in-
tersecting beams. The pattern is a plurality
of parallel alternating black and light
fringes. The pattern wave vector K is di-
rected perpendicularly to the interference
fringes and is parallel to the plane in which
the wave vectors ky o (B; 9 = 21/)) of the two
intersecting beams lie. The K value is 2n/A
where A is an interference pattern period.

A lens (8) with focal distance F = 11 cm
is used in the setup. The lens was set at
distance S~57 cm from WP. At such instal-
lation, the distance between beams at the
lens is A~1.8 em, and the beams cross be-
yond the focal plane (6) at distance
L~13.6 cm from the lens (L = SF/(S—F).
The SCL radiated laser beam has a nearly
rectangular cross-section, approximately
1.5x8 mm?2. For the stated setup geometry,
the area created by crossing beams at the
plane (7) has a size of about 0.5x1 mm2,
and interference fringes are concentrated at
this area.

To calculate the interference pattern pe-
riod A in the plane (7), we assumed a strict
symmetry of beams and equality of optical
paths from WP to point O (path difference
associated with WP action is not taken into
consideration). In this case, the point O is
the center of interference where the path
difference is A = 0. To calculate A, the in-
terference can be supposed to be created by
the beams exiting the lens. The oscillations
in the beams at the lens surface are consid-
ered to be cophased, and distance between
beams is k. The path difference calculations
were carried out under assumptions A<<L
and L >> h [1] for beams creating the pat-
tern near the point O. The calculations give
the condition of interference maxima:

X h__ 5 (1)

The X axis is in the plane (7), it is parallel
to K vector; the X coordinate is counted from
the point O; m = 0, £1, £2... is the interfer-
ence order. The interference area width is
approximately 2X, . ~0.5 mm. This results
in |m,,,[~50. From (1), we obtain the pat-
tern period as

L-\

A:Xm+l_Xm:T:

(2)

2 |»

At the stated values of L, A, and % the
formula (2) gives A~ 5 um.
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Fig. 2. Diffraction pattern developed during
exposure at irradiating the photosensitive
film set in plane (7) and observed on the
screen (9); m,, m,y, diffraction orders for two
interacting beams.

A structure with such a period cannot be
observed by naked eye. A normal eye is able
to see the periodicity of structure at A >
50 um [1]. But the periodicity with A~5 pm
is easily observable under microscope (8).
We have used a horizontal microscope with
8* objective and 10* ocular. The interfer-
ence is observed in light exiting the micro-
scope ocular and hitting the screen (9). The
microscope is focused for pattern observa-
tion by simple shifting it along the setup
optical axis until merging the two beams on
the screen. The screen (9) can be set at
various distances from ocular. The distance
increasing, the interference pattern period
on screen increases linearly due to angular
magnification of the microscope. In a dark-
ened room, an intense laser beam allows to
observe interference fringes with period
~1 cm on a screen positioned at approxi-
mately 6 meters from the microscope.

To observe the self-diffraction, a photo-
sensitive As,S;—Ag sample is set on a sub-
stage providing the sample displacement
along two orthogonal directions. The sample
is situated in such a way that the film plane
coincides with the plane (7). The sample
size is large enough as compared to the ir-
radiated area, thus allowing us to irradiate
different parts of the film and to observe
self-diffraction repeatedly. The microscope
(8) is removed out of the setup, the screen
(9) is situated at a distance convenient for
observations. Also for convenience of obser-
vations, the screen is made of a lusterless
paper allowing to carry out the observations
in transmitted light. At exposure switched
on, two light spots are seen on the screen
situated at a specified distance from the
sample; those are created by the beams exit-
ing their crossing region at the film. The
exposure increasing, new light spots appear
on the screen. They correspond to diffrac-
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Fig. 3. (a) Diffraction pattern on screen (9)
developed at formation of two-dimensional
square grating in the film by two consecutive
exposures at two orthogonal planes of beams
meeting. (b) Diffraction pattern from the
same grating at normal incidence of single
laser beam.

tion at orders m > 0 (Fig. 2). Directions of
diffracted beams met the condition

kfli’2 =k 5+ mK. (3)

At first, the spots with orders m = 1
appear due to diffraction of zero beams on
the diffraction grating being recorded in
the film. Of interest is the fact that, if the
exposition is interrupted during this stage,
a grating with sinusoidal profile of grooves
is obtained [1]. At further increase of expo-
sure, the sinusoidality is broken, and dif-
fraction spots with m > 1 appear and are
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Fig. 4. Microphoto of the two-dimensional
square grating (A = 5.2 um) on the screen (9)
observed in the scheme of Fig. 1.

developed. At self-diffraction, this is typi-
cal for thin gratings with A >> d (where d
is the film thickness [2]). The intensity of
spots decreases as m increases. At the satu-
ration stage which in the current experi-
ment corresponds to exposure time of sev-
eral minutes, the diffraction with m = £5
can be observed. The diffraction angle meas-
urements allow to calculate the period A
using formula (3). Such measurements re-
sult in A = 5.2 um being in good agreement
with A calculation by formula (2).

An As,S;—Ag film retains photosensitiv-
ity not only at non-irradiated areas but also
in the area where holographic diffraction
grating is recorded. This allows expansion
of the experiment on self-diffraction and
grating recording. At WP turn by 90°, the
plane of beams creating interference turns,
too. In this case, the beams retain equal
intensities, intersect at the same place, and
form a new diffraction grating in the film
with vector K;1K. As a result, one gets a
two-dimensional rectangular grating dif-
fraction from which is shown in Fig. 3a.
For comparison, a diffraction pattern at
normal incidence of single beam on this
grating is shown in Fig. 3b. Observations
with the microscope (8) allow the square
grating itself to be seen on the screen (9).
The two-dimensional grating recorded in the
film is a two-dimensional "photonic crystal”
[6] and the experiment described presents a
simple way to form and research such crys-
tals at small areas of any polished sub-
strates. Also there may be an interest in the
case of a planar waveguide on substrate sur-
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face when a grating has to be formed for
radiation bringing in the waveguide.

The gratings recorded in the film are
maintained for arbitrary long time if the
sample is not exposed to intense light or
high temperature. The recorded structures
also may be fixed by means of alkali solu-
tion treatment of the sample [4, 5]. Alkali
dissolves quickly the non-irradiated areas
and weakly affects the irradiated ones. This
results in a relief diffraction grating insen-
sitive to intense light.

To conclude, let us denote some peculi-
arities of the optical scheme used in experi-
ment. The use of a small SCL decreases con-
siderably the overall setup size. Due to
beam division into two parts by WP, the
scheme has one straight direction of optical
axis. This allows to assemble it on a
straight optical bench (a standard 125-
150 cm optical bench placed on a laboratory
bench). The scheme allows turn arbitrary
the plane of beams creating interference
conserving their intensities along with turn
of laser beam polarization plane. The latter
is done by turning the laser or using a half-
wave crystal plate. The intensity ratio of
two beams may be easily changed by turn-
ing the WP or polarizer. This allows to ex-
tend the problem of self-diffraction to re-
search the intensity distribution in diffrac-
tion beams [2]. One can change the
interference period within certain limits
either changing the distance 2 between

beams at S distance change or using the
lenses with different focal distances F. Both
one-dimensional and two-dimensional grat-
ings of micron period can be recorded in the
recording medium. Finally, the self-diffrac-
tion effect observed in the scheme can be
used to detect the nonlinear interaction of
light with various media [7].

This work has been supported carried by
State Foundation for Fundamental Re-
searches of Ministry of Education and Sci-
ence of Ukraine (Ukrainian-Belarussian pro-
ject, Contract F14/312-2007).
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Cnocrepiranna edexry camomudpakiii Ta 3amuc
rojorpagiyEMX OJHOBMMiPHHUX Ta TBOBHUMIPHHX I'PATOK
Yy TOHKMX (POTOUYTJIMBHMX ILIiBKaX

J.0.Azees, K.C.Binowenxo, €./] . Maxoseyvruii, B.K.Munocnaécoruil

OmucaHo cxemy AJsi crocrepiranus HemainifiHoro edexrrty camomudparmii. [:xepeaom Bu-
mpoMiHIOBaHHA € HamiBupoBizuukosBuil jasep (P~50 mBr, A~x660 um). JlasepHuil my4ox momi-
JSIETBCSA HA [OBa IpuU3MOI0 BoiacToHa, IyYKH IIPOXOLATHL Uepesd MOJISPOoig Ta 30uparmuy
JMiHBy, Iicasd SAKOI IIepeTHMHAIOTHLCS Ta CTBOPIOIOTH iHTepdepeHIiro. 3a JO0IOMOron MiKpo-
ckoma iHrepdepeniio y s0iiapmieHomy maciiTabli MOMKHA CIIOCTEpPiraTd Ha BiggajgeHoMy Bif
mikpockoma expani. Imrepdepenmia peecrpyerscs y orouyramsiit mimiBmi As,S;—-Ag, Aka
BAT'OTOBJIeHA BaKyyMHHM HamujJeHHAM. [[oKasaHO MOMKJIMBICTBH cIlocTepiraHHs camogud-
pakuii Big mudpaxifiiinol rparku 3 JiHIHHUMH IITPUXaMH, IO 3AIUCYETHCS, Ta Bix IBO-
BUMipHOI KBagpaTHOI rpaTKH, siKa IHAYKYEThCA y Pe3yabTaTi APYyroi eKCrosuilii micasi moBo-
POTY ILJIOIIWHU CXOIKEeHHSA MYydYKiB, 110 iHTepdhepyooTsh, Ha 90°.
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