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It has been demonstrated that linearly polarized (E,) laser beam (A = 445 nm) brings on
the photoinduced transformations in AgCl-Ag composition, consisting of thin waveguide
AgCl film on the glass and covered by Ag nanoparticles layer. Before the laser irradiation
the sample has an absorption band related to localized plasmons in nanoparticles. Laser
radiation excites plasmons and leads to waveguide TE;-modes scattering. Periodical struc-
ture develops under modes interference with the incident wave. Its scratches are formed
by Ag particles and aligned with E; predominantly. Measured by means of diffraction
structure period (291 nm) is coincident with a value calculated using TEj-mode dispersion
equation. A linear dichroism in absorption and a spectral drop (at A=445 nm) in the
E//Ey-polarized absorption spectrum are revealed. It is shown that the structures remain
on the glass substrate after AgCl removal by means of a fixing agent. The dichroism value
and its dispersion are modified after the fixing.

TToxasaso, uTo guHeliHO moaApusoBanuelil (E,) masepHEIif mydor (A = 445 nm) IPUBOAUT K
doTornaynuposannsiM mpesparrenuam B Kommoauimu AgCl-Ag, cocroseil 13 TOHKOM BOJHO-
Boguoii tenku AQCl ma crexsie, MokpwITOfl cinoem mauouactur Ag. o obayuenus obpaser
VMeeT II0JIOCY TIOTJIONIEHNA, CBASAHHYIO C JIOKAJU30BAHHLIMU IIJIA3MOHAMU B HAHOYACTUIAX.
Obnyuenne Boaby:AaeT IIa3MOHLI U TIPUBOTUT K paccesHUI0 BoAHOBOAHBIX TE)-moz. Ilpu
uHTepGEPeHIINN MOJ ¢ TAJAIOIUM ITYYKOM Pas3BUBAETCS IepUoAUYecKas CTPYKTypa, INITPUXU
KoTOpoil o0pasoBansl uacTunamu AQ M HAaIPaBIEHHI IIPEMMYIIECTBEHHO BAONb E(. sMepeHHBIH
no audpakuuy mepuox crpyKTypsl (291 HM) coBIagaeT ¢ BBIYKMCJIEHHBIM W3 IUCIEPCHOHHOTO
ypaBrenua 11 TEj-moxel. B morsomenny o0Hapy@eH AUXPOMSM H  CHEKTPAIBHBINA IIPOBAT
(mpu A=445 HM) AIa creKTpa, usMepenHoro B nonapusanuu E//E. Iloxasano, 4To CTPYKTYpHI
coxpaHAoTed Ha Iomioxkke mocie yaanenus AJCl B Qukcamke, HO BelWYMHA U JUCIIEPCUSA
IUXPOUMBMAa IIPU 3TOM HBMEHSIOTCSH.

Ilepioduuni cmpyrmypu, cnekmpu nozAUHAHHA, Ouxpoizm, indyrkoeawni y Komno-
sumnit naieyi AQCI-Ag naseprum nyuxom. JI.O.Azees, B.K.Muanocrascoxuii, B.I.JTumap,
B.M.Pesnixosa .

Iloxasamo, mo mimifino nonapusosanuuit (E,) nasepruit myuor (A =445 HM) IPHBOAUTEH
10 (GOoTOIHAYKOBAHNX TepeTBOPWOBAHL y Kommosuiiii AgCIl-Ag, Aka ckaagaeTnes i3 ToHKOI
xsunepoguol mirisku AQCl ma ckai 8 mokpurrsam nosepxui AQCl mapom mamouactuHok Ag.
ITo ompoMiHeHHA 3pa30K Mae€ CMyry MHOIVIMHAHHS, SAKa [IOB’s3aHA 8 JOKAJi30BAHMMH I1JIa3-
MOHAMH y HaHouacTHHKax. OnpomiHeHHa 30yaKAye ILIA3MOHH i IIPUBOAUTHL IO PO3CiAHHA
xpuneBoguux TEg-mox. Ilpm inTepdepeHmii Mon 3 IyYKOM, INO Iafac, DPOSBHBAETHLCH
nepiogvuHa CTPYKTypa, WITPUXU AKOI cTBopeni uactmHKamMum AQ 1 cupaMoBaHi mepeBa)KHO
B3gosx E,. Bumiparwuii sa gudpaxnicio mepiog cTpykrypu (291 M) cmisnagae 3 pospaxosa-
HuM i3 mucnepcifinoro pismanHA Aasa TE,-moxzu. VYV nOriuHaHHI BUABJAEHHU Amxpoism |
clieKTpaabHuil mpoBan (upu A=~445 HM) O4s CHEKTPa, AKUA BUMIpAHMI y IOAApU3aIlii
E//E,. Ilokasano, mo cTpykTypu s6epiraiorecsa Ha migkaagni micias supamemna AgCl sa
IomoMorow (PikcasKy, OJHAK BeJWYHHA 1 guciepcis AuxpoismMy IpH IIbOMY 3MiHIOETBHCH.
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1. Introduction

New properties related to the quantum
and classical size effects are found in nanos-
caled objects. The light excitation of local-
ized plasmons in small metal particles is a
famous classical effect example [1]. Ones of
the objects, interesting to study optical
properties, are metal-dielectric compositions
wherein metal forms ordered two-dimen-
sional nanostructures on a dielectric planar
waveguide surface [2—4]. These structures
are created artificially by electron lithogra-
phy methods [2] and can be treated as an
example of metamaterials [3, 4] with photon
crystal properties in 2D (netlike) or 1D (dif-
fraction grating) geometry. The main fea-
ture of these composites is an ability of
light to excite plasmons in nanostructured
metal and in doing so plasmon energy can
be transmitted to dielectric waveguide
modes.

It was previously shown that photosensi-
tive AgCI-Ag composition has similar prop-
erties. It is created by wvacuum thin film
deposition of polycrystalline AQCl on a glass
substrate and then islet Ag film is deposited
on AQCl surface [5]. In the present paper,
AgCIl-Ag films properties are described. The
blue semiconductor linearly polarized laser
beam at A = 445 nm was firstly used to ir-
radiate films. It is shown that consisting of
Ag nanoparticles periodical structures (PS)
are formed in the film as a result of its
irradiation; induced by the laser light trans-
formations of film absorption spectrum
have been studied.

2. AgCIl-Ag films preparation and
their properties

The films were prepared by thermal vac-
uum deposition on a dielectric substrate. A
substance with a density p of mass M is
evaporated completely from a flat evapora-
tor (molybdenum) at a given distance r to
the substrate. The mass thickness 2 of the
deposited film is close to value calculated
by the following [6]:

oM (1)
Tep-rl

In the paper AQCI films (A=30 nm) on a
glass, coated with islet Ag layer (=8 nm),
have been examined. The sample scheme
after preparation is shown in Fig. la. It is
assumed that fine Ag particles (small points
below the upper interface of polycrystalline
AgCl) can penetrate into AgCl matrix during
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Fig. 1. Structural transformations scheme in
AgCIl-Ag. a) — before irradiation sample;
b) — structural transformations at linearly
polarized monochromatic beam irradiation
(beam direction is shown by arrow 1; x —
beam polarization E( direction is perpendicu-
lar to the figure plane, 2 — diffracted by PS
beam; c¢) — after fixing sample, d — PS
period.

the deposition process because of the ther-
mal diffusion.

AgCl films are transparent in all visible
spectrum range. Associated with silver the
light absorption in AgCI-Ag system defines
direct photosensitivity of the composition to
the intense light action [5]. The electron-ion
Ag mass transfer mechanism is supposed to
take place in polycrystalline AgCl matrix
under irradiation, similar to well known
Mott-Gurney mechanism [7]. Plasmons are
excited in Ag particles, giving rise to intrin-
sic photoelectric effect with further capture
of photoelectrons inside AgCl matrix, and
highly mobile Ag* ions are produced. These
processes destroy initial Ag granules. New
Ag particles are created in the light field
minima as a result of the electrons capture
by deep traps in AgCl and neutralization of
coming to traps Ag* ions. It is assumed that
the concentration of the effective traps is
extremely high at film-substrate interface,
and therefore owing to the light influence
there is Ag transfer mainly from upper AgCI
film surface to the substrate (Fig. 1b).

The above processes lead to Ag mass
transfer and its redistribution in AgCl film.
In this case photosensitivity persists, and
an intensive light will lead to new Ag dis-
tribution at the changing of the irradiation
conditions. At the same time, the photosen-
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sitivity to the direct light action is not very
high. It becomes noticeable at exposures
H~0.1+1 J/cm2. Optical film properties are
changed very slowly under the action of
common ambient light and it is not oblig-
ingly to defend the samples from routine
exposure.

AgCl film on a glass substrate exhibits
asymmetric planar waveguide properties [8]
and it still stands in AgCI-Ag system.
Waveguide modes are generated inside AgCI
film initially due to Rayleigh scattering and
their interference with incident wave oc-
curs. Silver is transferred to the interfer-
ence minima and further modes are en-
hanced by a positive feedback mechanism.
Silver has an effect on the waveguide prop-
erties and time evolution of the mode effec-
tive refractive index n,=nsin® (n —
film’s refractive index, 6 — the incidence
angle of mode forming zigzag rays on the
film boundaries) takes place in the process
of photostructural transformations. Silver
accumulates in the minima at saturation
and n,r value is turned to be very close to
the same of pure AgQCIl film at the wave-
length A of an incident wave.

Interference leads to a periodic silver
distribution. Waveguide modes scattering is
isotropic in AQCI film under the action of
nonpolarized or circularly polarized mono-
chromatic light, and irregular periodical 2D
grid of Ag particles is created [9]. At linear
E, incident wave polarization the mode
scattering perpendicular to E, dominates,
and 1D periodical structures with their pre-
ferred wave vectors K L E; orientations are
formed (Fig. 1b). The PS diffraction proper-
ties are similar to those of thin diffraction
gratings.

After laser exposure AgCl has been dis-
solved by the photographic fixer (aqueous
hyposulphite solution). In this case, settled
on substrate under irradiation silver is left
in place and hence the PS is still retained
also (Fig. 1c). Relatively small fraction of
Ag is washed away at the fixing procedure
with AgCIl-Ag. After fixing the sample is
washed with water, dried and used to study
PS diffraction properties by means of the
laser beams as well as to observe the struc-
ture by an electron microscope. The fixing
allows to prepare samples for electron mi-
croscopy to obtain silver structure images
both on AgQCIl surface [10], and on the sub-
strate [11]. Structures micrographs were ob-
tained using PEM-125K electron microscope
and are shown in Fig. 2a,b.
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Fig. 2. Electron micrographs. a) — structure
of Ag film deposited on AgCI film surface,
that corresponds to the scheme of Fig. 1la;
b) — PS on the substrate surface, that corre-
sponds to the scheme of Fig. lc.

3. Results and discussion

Blue linearly polarized semiconductor
laser beam (A = 445 nm) has been used to
irradiate AgCI-Ag films at normal incidence.
Continuous laser beam power was
P=150 mW. Beam cross section value was
about 4.5 mm on the irradiated film. Expo-
sure time was t=5 min. In multimode films
the PS can develop because of the excitation
both TE,, and TM, waveguide modes [5].
For each of the excited modes the PS period
d has to be equal to d =A/n, at normal
laser beam incidence. Varying waveguide
film thickness value % it is possible to vary
n.s value over the range, which is deter-
mined by the values of substrate n, and
film n refractive indexes: ng=n, <n (at
n > ng). The lowest value n, = ng is real-
ized if waveguide mode energy flux is local-
ized mainly near waveguide-substrate inter-
face. It is the case that is treated in our
experiment with waveguide film thickness
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h < hy, here hy — TEj-mode cut-off thick-
ness:

A nZ-1
M0 = g2zt 2 @

S S

In doing so PS development is deter-
mined by TEj-mode excitation only, other
waveguide modes can not be excited because
their cut-off thicknesses are substantially
more. According to (2) at A = 445 nm and
using reference values of n =2.10 (AgCl)
and ng,=1.68 (K8 glass) it results 2y =
33 nm > h=30 nm (calculated by using (1)) and
at n,; = n, PS has the period d = 291 nm.

The incident beam is diffracting as the
PS develops during irradiation. Diffracted
wave is a superposition of the waveguide
modes, which define the PS growth, and the
substrate modes. At inducing beam normal
incidence it is fulfilled the following dif-
fraction condition:

kd = iK,

(3)
here k; — the tangential wave vector com-
ponent of the diffracted wave, £k;=
(2n/AM)yn,s in the case of diffracted

waveguide modes and k; = (2n/A)ngsin@, in
the case of diffracted substrate modes,
¢, — a diffraction angle; K =2mn/d =
(2n/k)nef — the tangential wave vector com-
ponent of the growing on waveguide modes.

If n, = ng is realized then it follows from

(8) that diffraction occurs at angles ¢, = tm/2

into substrate, providing symmetrical beams
along the film-substrate interface. These
beams can be observed as exiting ones
through the substrate ends (beams 2 in Fig.
1b). Their appearance testifies to waveguide
layer thickness correspondence to made by
using (1) estimation. Saturation in the in-
tensity growth of just mentioned diffracted
beams defines the exposure time wvalue
given above.

The PS period d is conveniently deter-
mined by means of an autocollimation
method. An autocollimation angle ¢, is
measured wherein diffracted by the PS light
is exactly directed to meet the incident
beam. In doing so period d value is calcu-
lated using the formula:

A

" 2sing,’

(4)
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Fig. 3. Optical density spectra. I — before
irradiation sample, 2 — after irradiation
sample, 3 — after fixing sample, icons //,L
indicate measuring beam polarization E//E,
and ELE, respectively.

AgCl-Ag reversibility has to be taken
into account at diffraction measurement
process. The photosensitivity of the irradi-
ated spot persists after exposure, hence the
structure is gradually rebuilding if laser
beam incidence angle has been changed. But
after fixing the sample loses its photosensi-
tivity and it may be kept arbitrarily long
under the measuring beam action. Period d
measurements were carried out both before
and after the fixing using the laser beam at
A =445 nm and gave d=291+0.3 nm, which
is in agreement with the above calculated
value.

Transmission spectra in the wavelength
range of 340+1000 nm were measured rela-
tive to a clean substrate by means of SF-26
spectrophotometer. Measurements were per-
formed in polarized light on laser irradiated
samples using Glan-Thompson polarizing
prism mounted after SF-26 exit slit. Results
as optical density dependences D(A) = —InT(A)
are shown in Fig. 8. The spectrum of the
unirradiated sample is presented by the
curve 1. Sample absorption is caused by sil-
ver only, an interference can be ignored be-
cause of the absorption and small film
thickness. Therefore it is useful to compare
the measured spectrum with that one, which
would have a "free solid” Ag film of # = 8 nm
thickness. It can be obtained using refer-
ence data on Ag absorption index % disper-
sion [12]. The calculation D = 4nyh/A\ gives

Functional materials, 20, 3, 2013
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a minimum (D,,;,=0.1) at 2,;,=320 nm,
then the growth of D at 320 <A < 400 nm.
Further, in the range of A = 400+1000 nm,
D is increasing slowly in the limits of
D=0.5+0.7. Wavelength value A,,;, corre-
sponds to known Ag threshold frequency
©,,;,=5.9-101% s71 above which the absorp-
tion is caused by interband transitions.

The main difference between the meas-
ured spectrum I and calculated one for
"free solid” Ag film is the presence of asym-
metric absorption band with a maximum at
A =528 nm. Minimum of the measured
spectrum (A=386 nm) is not coincident with
just mentioned "free solid” A,;,, but we
suggest that it is connected with interband
transitions influence on the shortwave slope
of the measured spectrum 1.

Spectrum 1 absorption band should be
associated with localized plasmons excita-
tion in Ag nanoparticles (Fig. 2a). It can be
seen that the particles have similar to a
sphere shape. There is a wide spread in the
particles sizes. An average radius estima-
tion gives R=20 nm. The smallest particles
have R=5 nm.

It is the smallest particles that have to
give the sharpest plasma resonance. For iso-
lated silver particles completely surrounded
by AgCl, which do not interact with each
other, the absorption maximum is observed
at Frohlich frequency [5, 13]:

W, (5)
U)F: 5
Ve, + 2¢g,
here — the plasma frequency

((npz13.3'1015 s~1 for Ag); en~4 (at A > A,50)
— the interband transitions input to Ag di-
electric constant value [14]; gg=4.4 — AgClI
dielectric constant. Using these data
0p=3.7-101% 571, that is close to the maxi-
mum of the curve I: (Jamaxz3.6'1015 s 1,
This result allows to assume that during Ag
deposition its fine particles are formed not
only on AgCIl surface (Fig. 1a; 2a), but also
penetrate by diffusion into near-surface
AgCl layer (Fig. 1a).

The quantities in (5) are known with
moderate accuracy. As a rule, resonance
frequencies and spectra calculations are as-
sociated with the necessity to choose and
adjust many parameters (size, shape, rela-
tive particles position, absorption bands
shape and width, etc.), so only a qualitative
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discussion of the spectra is given in the
following.

Polarized 21,// spectra in Fig. 3 were
measured after laser irradiation of the film
and the PS had formed in it. Spectra 31,//
were measured after the fixing of the same
film. The measurements were performed
using two polarizations: ELE, and E||E0, i.e.
at the orientations of the measuring beam
polarization E perpendicular and parallel to
the PS scratches direction (Fig. 2b).

By the dispersion behavior curves 21 and
31 are similar to curve 1 on the long-wave
slopes, but D magnitude is decreased. Short-
wave segments are essentially different.
Maxima positions are not strictly described
by the formula (5). The most significant D
decrease is observed for the 31 spectrum. It
can be explained by the washing out of non-
attached to the glass substrate Ag particles
together with AgQCI during the fixing process.

Curves 2// and 3// behaviors are an-
other. Curve 2// deep minimum is coincid-
ing virtually by position with the wave-
length of the laser beam (A= 445 nm), by
which the film was exposed; curve 2// long-
wave maximum is weakly manifested, and
long-wave gently sloping dispersion is simi-
lar to the same of "free solid” Ag film dis-
cussed earlier. To some extent, the marked
results are in qualitative agreement with
the presented in [2, 3], wherein artificial
anisotropic plasmon Au structures on
waveguide layers were investigated. It is di-
ficult to select and descript the plasmon
resonances of 2// and 3// curves because of
the complex Ag particles distribution in the
PS bars (Fig. 2b).

Curve 2// minimum is worthy of notice.
The similar minimum has been associated in
[2] with at first plasmons excitation in gold
nanoparticles distributed periodically on the
waveguide layer and then their energy con-
version into waveguide mode energy. Note
that similar spectral anomalies in AgCl-Ag
films transmission spectra were investi-
gated in 1988 [15], i.e., before [2] publica-
tion. In [15] the laser beams with different
wavelengths were applied to irradiate films
and it was shown that peaks of the narrow
transmission bands (absorption minima) are
coincident by their spectral positions with
the applied laser beams wavelengths. These
anomalies were explained by the absorption
decrease due to Ag accumulation in the in-
terference minima as the PS develops. Both
plasmon and interference mechanism allows
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to explaine spectral drops appearance in the
investigated objects absorption.

Both polarizations spectral difference
corresponds to linear dichroism, which is
related to the PS anisotropy. Note, that
after fixing the dichroism (curves 3//,1) is
observed at normal incidence of the measur-
ing beam. As this takes place the PS does
not give diffraction at all values A > 445 nm,
i.e., in the long-wave part of the investi-
gated spectral range. Therefore, the long-
wave dichroism should not be attributed to
the PS diffraction properties, but only to
the light absorption by silver. Before and
after fixing the polarized spectra have in-
tersections in which the dichroism is zero.
Before fixing the curves intersect at A =
605 nm. Dichroism AD = DJ_—D// have dif-
ferent signs. Before the fixing a positive
dichroism maximum (AD=+0.51) is located
at A = 460 nm, a negative one increases to-
wards longer wavelengths and reaches a
value of AD=—0.37 at A = 1000 nm. After
the fixing the intersection point is strongly
shifted to the shorter wavelengths (A =
492 nm), the positive dichroism is sharply
reduced, and the negative one increases to
the value AD=—0.48 at A = 1000 nm.

Finally, note an important result, which
is not shown in Fig. 3 to prevent it from an
overload by workpieces. If once more AgCI
film (with a thikness similar to thickness
before fixing) is deposited on the fixed sam-
ple (spectra 31,//), the transmission spectra
will become similar to spectra 21,// again.
They differ from the initial in optical den-
sity magnitude, but the dispersion behav-
iors are reproduced adequately by them. In
particular, the spectral drop at A=445 nm is
restored, the spectra intersection point re-
turns about the same A as before the fixing,
but D magnitude at this point remains the
same as in intersection point of the fixed
film spectra. This experiment is an addi-
tional proof of the photoinduced PS proper-
ties connection with the waveguide AgCI
film properties.

4. Conclusions

It has been demonstrated that AgCl-Ag
thin-film composition has a direct photosen-
sitivity due to localized plasmons excitation
in Ag nanoparticles. Waveguide composition
properties define the formation of self-tun-
ing consisting of Ag particles periodical
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structure under linearly polarized laser
beam action. Particles distribution anisot-
ropy leads to the linear dichroism and the
appearence of the polarized spectral drop in
the absorption spectrum. That can be associ-
ated with Ag accumulation in interference
minima at the PS formation process by the
laser beam with a given wavelength A and
as a result the absorption decreases in its
vicinity. On the other hand, the drop may
be explained by plasmons excitation in the
PS and their energy transfer into waveguide
modes energy. It has been shown that the
sample fixing leads to the PS conservation.
In the process the polarized spectra have
been changed significantly, but the di-
chroism spectral behavior is restored after
repeat AQCl waveguide film deposition on
the post-fixing sample.
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