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Al. Influence of the size of nanoparticles doped in series of azopolymers on the
photoinduced birefringence

Dimana Nazarova, Lian Nedelchev, Violeta Dragostinova, Natalia Berberova

Abstract: In this paper we present a study of the photoinduced anisotropy in novel
nanocomposite films of azopolymers doped with ZnO nanoparticles with different sizes — 50
and 100 nm. The photoresponse was evaluated by classical polarimetric setup with two crossed
polarizers, recording laser with wavelength 473 nm and probe He-Ne laser. Our experimental
results indicate that doping with both 50 and 100 nm sized particles improves the response
time, however the smaller size nanoparticles provide increase of Anmax with up to 40%, as the
100 nm particles reduce the saturated value of the birefringence, due to the higher scattering.

Pesrome: B Ta3u cratus npeacraBsiMe M3cieBaHE Ha (POTOMHIyLMpaHaTa aHU30TPOIUS B
HOBHM HAaHOKOMITO3UTHH CIIOEBE OT a30IOJIMMEPH C BrpajiecHu HaHodacTuiy ZnO ¢ pa3inyHu
pasmepu — 50 m 100 nm. Omenka Ha (OTOOTKIMKA € HAIpaBeHa Ype3 KiIacHuecKa
MOJISIPUMETPUYHA CXeMa C JIBa KPBCTOCAHM TOJISIPU3ATOPa, 3alMCBAIl Jla3ep C JBDKAHA Ha
BbiHaTa 473 nm u npobeH He-Ne nazep. Pesynaratute oT ekcrepuMeHTa IOKa3Bar, 4e
JTOTHPAHETO ¢ yacTuI| ¢ aBata pasmepa S0 u 100 nm mogoOpsiBa BpemeTo 3a OTKIUK. [lo-
MaJIKUTE€ HAHOYACTUIIUTE BOJAT /10 YBEIUYCHHUE Ha JIBYIbuUenpedynBaneTo ¢ 10 40%, mokarto
gacturure or 100 nm HamansBaT CTOMHOCTTa Ha HACHIAHE Ha JIBYJIBbUEHPEUYIBAHETO,
1opa/ii O-CUJTHOTO pa3ceiBaHe.

A2. Time dependent spectral birefringence excited with laser light in
azopolymers and azopolymers doped with ZnO

L. Nedelchev D. Nazarova, B. Blagoeva, D. Ivanov, D. Daskalova, N. Berberova, G. Mateev,
D. Kostadinova

Abstract: Azopolymers are one of the most efficient types of media for recording the
polarization state of light. An essential optical parameter to characterize them is the value of
the birefringence An induced on illumination with polarized light. Laser beam is used as a
pump and the birefringence is commonly probed by another laser with wavelength, different
from the pump one. However, data about the spectral behavior of An are given rarely.

In this work we present experimental data for the dynamics of spectra of birefringence during
illumination with pump lasers with wavelengths varying from 355 nm to 514 nm i.e. from the
peak of absorbance to the edge of the absorbance band of the azopolymer used. Furthermore,



we investigate the influence of nanoparticles from zinc oxide (ZnO) with different
concentrations, incorporated in the azopolymer. The azopolymer used for this study is the water
soluble poly[1- [4-(3-carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl,
sodium salt], shortly denoted as PAZO. As indicated by our experiments, thin films from this
azopolymer can be used for polarization diffractive elements, operating in the entire visible
range of the spectrum.

Pe3rome: A3omnonnMepuTe ca €IHHU OT Hali-e()eKTUBHUTE CPEIH 3a 3alUC Ha MOJSIpU3aLUiTa
Ha CBETJIMHATa. BakeH onTHYeH mapaMeThp 3a TAXHOTO XapaKTepU3UpaHe € CTOMHOCTTa Ha
IBYJIBbUEIIPEUyBaHETO AN, MOIYYEHO MIPH OCBETSIBaHE C MOJsIpU3MpaHa cBeTiuHa. M3mnomn3Ba
ce Jia3epeH JIbY KaTO HAlOMIBAI, a JBYJIbYEIPEUYIBAHETO OOMKHOBEHO CE€ MPOCIEsiBa OT
JpyT Jlazep ¢ ObJDKMHA Ha BBJIHATA, pa3jiMyHa OT HamommBamus. He3aBHCHMMO OT MHOTOTO
MIPUJIOXKEHUS Ha a30II0JIUMEPUTE JaHHHU 3a CIIEKTPAIHOTO MOBeAeHUE Ha AN ce AaBaTt psAAKO B
TuTepaTrypara.

B Ttaszu pa60Ta ca IpeaACTaBCHU CKCIICPUMCHTAJIHU JaHHH 3a KMHCTHKATa Ha CIICKTPUTC Ha
ABYJIBYCIIPCUYNIBAHCTO II0 BPEME Ha OCBCTABAHC C HAllOMIBAIIW JIa3€pu C ABJDKWHH Ha
BbJIHAaTa, Bapupamu oT 355 nm 1o 514 nm, T.e. OT NKMKa Ha MOTJbIIAHE JO I'paHUIIATa Ha
HWBUIMTAa Ha MNONIbIIAHC 3a M3IIO0J3BAHUA a30I10JIUMED. Ocsen TOBAa, HHUEC H3CJIICABaAMC
BJIIMAHHUECTO HAa HAHOYACTHUILM OT HIMHKOB OKCHU /] (ZnO) C pa3JIMYHKU KOHLUCHTPAIWH, BI'paACHU B
azoronmMepa. A30MoIMMEPHT, H3MOI3BAH 32 TOBA U3CIEABAHE, € BOJAOPA3TBOPUMUSAT poly[1-
[4-(3-carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl,  sodium  salt],
HakpaTKo o3HaueH kato PAZO. KakTo e nojiyueHo B HallIUTE EKCIIEPUMEHTH, THBHKH CI0EBE OT
TO3H a30II0JIUMEP MOIKEC J1a CC H3II0JI3BAT KATO IOJIAPU3ALUMOHHHA I[I/I(I)paKI_[I/IOHHI/I CIICMCHTH,
pa60Tem1/1 B ICJIMA BUIWUM OWAIla30H Ha CIICKThpa.

A3. Polarization holographic gratings with enhanced parameters recorded in
azopolymer based nanocomposite materials

Dimana Nazarova , Georgi Mateev , Lian Nedelchev, Elena Stoykova, Blaga Blagoeva,
Nataliya Berberova , Keehoon Hong, Joongki Park

Abstract: We present study of the parameters of polarization holographic gratings recorded in
thin films of the azopolymer PAZO (Poly[1-[4-(3-carboxy-4-hydroxyphenylazo)
benzenesulfonamido]-1,2- ethanediyl, sodium salt]) and in a composite PAZO-based
organic/inorganic material with incorporated TiO2 nanoparticles with size 21 nm and different
concentrations. The gratings are inscribed by two plane waves with left and right circular
polarization from a He-Cd gas laser (442 nm) at recording angle 20°. Along with the anisotropic
grating in the volume of the media, surface relief is also formed. Gratings with different spatial
frequencies are obtained by varying the recording angle. The diffraction efficiency kinetics is
probed at 635 nm and the height of the relief gratings is determined by AFM. Our results
indicate that the diffraction efficiency for the hybrid samples is enhanced with respect to the
pure azopolymer films. Comparison is also made between polarization response of samples
deposited from water and from methanol solution.

Pestome: IlpencraBsme wu3cieqBaHe Ha HapaMeTpuTe Ha MOJISPU3ALMOHHU XOJOTpadCcKu
pelIeTKH, 3amMcaHd B ThHKH cioeBe oT aszonoiumepa (Poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]-1,2- ethanediyl, sodium salt]) u B KomMmo3uteH
OpraHuveH/HeOopraHNYeH MaTepual Ha ocHoBaTa Ha PAZO ¢ Brpajenn HaHoacTHim oT 1102
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¢ pa3mep 21 nm npu pa3nIMYHU KOHIIEHTpalUU. PemeTkuTe ca 3anucalu ¢ JIB€ MJIOCKUA BhIHU
C JIsBa U AsicHa Kpbrosa nosspusanus oT He-Cd razos nazep (442 nm) npu bI'b1 Ha 3anuc 20°.
3aeHO C aHM30TPOITHATA pellleTKa B o0eMa Ha cpenata ce 00pa3zyBa U MOBBPXHOCTEH perned.
Upe3 mpomsiHa Ha bIbJla Ha 3alUC CE€ IMOJIy4aBaT PELIETKU C Pa3IMYHU MPOCTPAHCTBEHU
yectoTd. Kunerukara Ha nudpakuvoHHata e(eKTHUBHOCT ce u3cieaBa mpu 635 nm, a
BHUCOYMHATa Ha peneduure pemerku ce onpenens or ACM (aTOMHO-CHIIOB MHUKPOCKOM).
Hammre pesynraru mokaspar, 4e AudpakroHHATa €PEKTUBHOCT 32 XUOPHIHUTE 00pas3Iy €
MOBUIIICHA IO OTHOIIIEHUE HAa YHCTUTE a30nouMepHu punmu. HampaBeHo € ChIllo cpaBHEHUE
Ha TOJSAPU3ALMOHHUS OTKJIMK Ha 00pa3lu, OTJIOKEHH C Pa3TBOPUTEN BOAA U C Pa3TBOPUTEI
METaHOII.

Ad. Influence of the size of Au nanoparticles on the photoinduced birefringence
and diffraction efficiency of polarization holographic gratings in thin films of
azopolymer nanocomposites

Nataliya Berberova-Buhova, Lian Nedelchev, Georgi Mateev, Elena Stoykova, Velichka
Strijkova, Dimana Nazarova

Abstract: This study is aimed to determine the influence of the size of gold (Au) nanoparticles
(NP) doped in azopolymer PAZO  (poly[1-[4-(3-carboxy-4-hydroxyphenylazo)
benzenesulfonamido]-1,2-ethanediyl, sodium salt]) on the photoinduced birefringence of the
nanocomposite thin films as well as on the diffraction efficiency of polarization holographic
gratings recorded in them. For this reason, we used spherical Au NP with five different
dimensions — 10, 20, 30, 40 and 50 nm. Concentrations of the NP in the nanocomposites varied
from 0 a.u. (non-doped samples) to 16 a.u. where 1 a.u. corresponds to 0.015 wt %.
Birefringence was induced with He—Cd laser (A = 442 nm) and measured at 635 nm using
DPSS laser. We observe an enhancement of photoinduced birefringence, which is most
pronounced for the Au NP with size 20 nm. The polarization holographic gratings were
inscribed with two orthogonal circular polarizations (left- and right-handed). AFM
measurements were performed to determine the properties of the resulting surface relief
gratings. Our results indicate that both the diffraction efficiencies and surface relief modulation
of the gratings inscribed in the nanocomposite thin films are higher compared to those in the
non-doped samples.

Pesrome: LlenTa Ha TOBa M3CieIBaHE € Aa CE ONPEIEIN BIUSHUETO HA pa3Mepa Ha 31aTHH (Au)
nanouactuin  (HY), Brpagesn B  asomomumep PAZO  (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt]) BBPXY
(OTOMHIYIIMPAHOTO JIBYJ'bUEHPEUYIBAHE HA HAHOKOMIIO3UTHHUTE THHKH (PUIMH, KaKTO U
BBPXY €PEKTUBHOCTTA Ha TU(PAKLIUS HA MOJIAPU3ALUOHHN XOJIOTrpa(CKU peleTKH, 3alucaHn
B TsX. [lopaau Ttazu npuunHa ninonssaxme chepuunu Au HY ¢ et paznuunu pazmepa — 10,
20, 30, 40 u 50 nm. Konuenrpanuure Ha HY B HaHokommosuture Bapupar or 0 au.
(nenotupanu obpasuu) 1po 16 au, kpaero 1 au cworBerctBa Ha 0,015 Ternm %.
JBynpuenpeuynBaneTo € uHaynupano ¢ He-Cd nazep (A = 442 nm) u ce u3mepBa ¢ IoMoIITa
Ha TMpoOEH IUOJHO HAIOMIIBAaH TBBPAOTENEH Ja3ep C IBbJDKMHA Ha BbjIHaTta 635 nm.
HabmonaBame ycunBane Ha (POTOMHIYLIMPAHOTO JABY/TbYENPEUYIIBaHE, KOETO € Hail-n3pa3eHo
3a Au HY c pa3zmep 20 nm. [TonspuzannoHHuTe Xoaorpagcku pemeTky 0sxa 3anicaiy ¢ 1Be
OpPTOTOHAJIHU KPBroBHU Mojsipuzanuu (JsiBa M JsCHA). 3a Ja ce OmpelessT CBOWCTBaTa Ha



MOJTyYEHUTE TOBBPXHOCTHU penedHU penieTku Te Osixa anammsupanun ¢ ACM. Hamure
pe3yNTaTH IMOKa3BaT, Y€ KakTo Au(pakiuOHHATA €PEKTUBHOCT, Taka M MOAYJIAlMITa Ha
MOBBPXHOCTHUS pelied Ha pelIeTKUTe, 3aliCaHu B HAHOKOMIIO3UTHUTE ThHKU CJIOEBE, ca Mo-
BHCOKH B CPABHCHUC C TC3U B HCAOTUPAHU 06pa3u1/1.

A5. Tunable Polarization and Surface Relief Holographic Gratings
in Azopolymer Nanocomposites with Incorporated Goethite
(a-FeOOH) Nanorods

Lian Nedelchev, Georgi Mateev, Velichka Strijkova, Verdnica Salgueirifio, David S.
Schmool, Nataliya Berberova-Buhova, Elena Stoykova and Dimana Nazarova

Abstract: We employ two approaches to tune the properties of concurrently inscribed volume
polarization and surface relief gratings in nanocomposite thin films containing the azopolymer
PAZO (poly[1-4-(3-carboxy-4-hydrophenylazo)benzensulfonamido]-1,2-ethanediyl, sodium
salt]) and goethite (a-FeOOH) nanorods. The first one is applied on the stage of sample
preparation by varying the concentration of the goethite nanorods from 0% to 15%. Then,
different angles between the recording beams are set in the holographic scheme, which allow
us to obtain gratings with spatialperiods in the range from 0.86 to 2.51 um. Surface relief
modulation close to 300 nm is achieved as well as total diffraction efficiency in the +1
diffracted orders of more than 50%. The influence of the incorporated goethite nanorods on the
properties of both volume birefringence and the surface relief grating are discussed.

Pe3rome: Hue usnonseame nBa moaxoja 3a HacCTpOMKa Ha CBOMCTBaTa Ha €IHOBPEMEHHO
3arMcaHy 00EMHU MOJSIPU3ALMOHHH U TOBBPXHOCTHU pele(HU pelIeTKH B HAHOKOMITO3UTHU
THHKH CIIOEBE, ChIbPIKALIH a3oroyimmepa PAZO (poly[1-4-(3-carboxy-4-
hydrophenylazo)benzensulfonamido]-1,2-ethanediyl, sodium salt]) u reotutan (a-FeOOH)
HaHONpPBUKH. [IBpBUAT ce mpuiara Ha eTamna Ha NOJArOTOBKA Ha OOpa3LUTE Ype3 MpOMsHA Ha
KOHIIEHTpaLuATa Ha TbOTUTHUTE HaHONpPbUKU oT 0% 1o 15%. Cnen ToBa B Xonorpadcekara
CX€Ma Ce 3a/1aBaT pa3Iu4HU bIVIM MEXKY 3alKiCBaIllUTe TbYH, KOETO HU I103BOJISIBA Ja MOTYyYUM
PELIETKH C IPOCTPAaHCTBEHU Neproau B nuana3ona ot 0,86 1o 2,51 pum. [Toctura ce moxynanus
Ha pesneda Ha MOBBPXHOCTTA, O1u3ka 10 300 nm, kakTo 1 o01a AudpakioHHa ePeKTUBHOCT
B +1 nudpaxkuuonHu nopsablu nosede oT 50%. OOCHIEHO € BIMSHUETO Ha BrpajIeHUTE
IbOTUTHU HAHONIPBUYKU BBPXY CBOICTBAaTa Ha ABYJIBbUEIIPEUYIBAHETO, KAKTO B 0OEMHaTa, Taka
U B IOBBPXHOCTHATA pelieHa pereTKa.

A6. Enhanced photoanisotropic response in azopolymer doped with elongated goethite
nanoparticles

L Nedelchev, D Nazarova, N Berberova, G Mateev, D Kostadinova, R Marifio-Fernandez, V
Salgueirifio and D Schmool

Abstract: We present a study of the photoinduced birefringence in nanocomposite films of an
azopolymer (PAZO) doped with goethite (a-FeOOH, a characteristic antiferromagnetic
material) nanoparticles (NPs). The NPs had an elongated shape with a size 15150 nm, i.e., a
ratio of 1:10. Samples were prepared with different concentrations of the NPs in the
azopolymer varying from 0% (undoped azopolymer film) to 15 wt %. An unusual dependence
of the birefringence on the concentration was observed — two peaks of enhancement at 1 % and
at 10 % concentration. Our previous studies on ZnO and SiO2 NP have indicated only one peak
of increase at low concentrations — 0.5 wt % and 2 wt %, respectively. This effect could be
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related to the elongated shape of the nanoparticles and the presence of two characteristic NPs
sizes — 15 and 150 nm. Moreover, the birefringence increase for the samples with 10 wt % NPs
concentration (compared with the non-doped samples) was rather significant — nearly 70%.

Pestome: B Tasu cratus mpeacTraBsMe — M3cCieIBaHe Ha  (DOTOMHIYLUPAHOTO
IBYJIbUCTIPEUYIIBAHE B HAHOKOMIIO3MTHHM clioeBe oT aszomoiumep (PAZO), motupan c
Hanovactuin (HY) or reotut (0-FeOOH, xapaktepeH aHTH(EpOMArHUTEH MaTepHa).
Hanowactumure ca ¢ yapinkena ¢opma c pazmep 15 x 150 nm, 1.e. cbotHomenue 1:10. bsaxa
MPUTOTBEHH 00pa3ly C pa3IMYHU KOHILIEHTPAlMM Ha HAaHOYACTHIIUTE B a30I0JUMEpA,
Bapuparu ot 0% (HemoTHpaH a3omomuMepeH ciioi) a0 15 tern.%. Habmonasa ce HeoOn4aiiHa
3aBHCHMOCT Ha JIBYJTbYENPEUYIIBAHETO OT KOHIEHTpAlusATa — JBa MHKA Ha YCHJIBaHE IMPU
KoH1eHTpauuu ot 1% u 10%. Ilpeaxonuure HU U3CIIEABAHUS BHPXY HaHOYACTUIM OT ZnO u
SiO2 moka3Bar caMo €[{H MUK Ha YBEIWYCHHE MPH HUCKU KOHIICHTPAIIMA — ChOTBETHO MPH
0,5 wt% u 2 wt%. To3u edexT Moxke J1a ce IBJDKH Ha yabJDKeHaTa popMa Ha HAHOYACTHIIUTE
Y HAJIMYMETO Ha JiBa XapakTepHu pazmepa Ha HY — 15 u 150 nm. OcBeH ToBa, yBEIUYEHUETO
Ha JBYJ'BYETIPEUYIBAHETO € 3HaYUTeNHO — 01u30 70 % mnpu oOpa3uuTe ¢ KOHIEHTpalus Ha
HY ot 10 tern. % (B cpaBHEHHUE ¢ HEJCTHPAHUTE 00OPA3IIN).

A7. Polarization holographic gratings in PAZO polymer films doped with
particles of biometals
A. Stoilova, G. Mateev, D. Nazarova, L. Nedelchev, E. Stoykova, B. Blagoeva, N.
Berberova, S. Georgieva, P. Todorov

Abstract: The paper presents a study of the diffraction efficiency of polarization holographic
gratings recorded in thin films of the azopolymer PAZO (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt]) doped with Cu(ll) 3-
amino-5,5" -dimethylhydantoin (CLP) and Ni(ll) 3-amino-5,5" -dimethylhydantoin (NLP) at
three different concentrations, namely 1, 2 and 5 wt.%. The influence of the dopants
composition and concentration on the parameters of the polarization holographic gratings
recorded in the thin composite films has been discussed. The gratings are recorded with a He-
Cd gas laser with wavelength 442 nm. The polarization of the recording beams was left and
right circular and the recording angle was 20°. Along with the anisotropic grating in the volume
of the media, surface relief is also formed. The diffraction efficiency kinetics is probed at 635
nm and the height of the relief gratings is determined by AFM. Diffraction efficiency (n) higher
than 30 % was achieved for the hybrid samples, as well as 585 nm surface relief height.

Pesome: Cratusta mnpeicrtaBs wu3cleABaHe Ha AudpakiuoHHaTa e(QeKTHBHOCT Ha
MOJISIPU3ALIMOHHY X0JIOTpadCKy pelIeTKy, 3aMCaHn B ThHKH CJI0€Be Ha a3ononumepa PAZO
(poly[1-[4-(3-carboxy-4-hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium
salt]), no6asenu ¢ Cu(Il) 3-amino-5,5" -dimethylhydantoin (CLP) and Ni(ll) 3-amino-5,5" -
dimethylhydantoin (NLP) npu Tpu pa3indyHM KOHLEHTpalu, a uMeHHo 1, 2 u 5 tern.%.
OOchbieHO € BIMAHUETO Ha ChCTaBa M KOHLEHTpalMATa Ha JOOaBEHUTE YaCTHIM BBPXY
nmapaMeTpuTe Ha TOJSIPU3AIMOHHUTE XOJOTPaCKH pPEIIeTKH, 3aliCaHd B THHKHUTE
KoMIo3uTHH ¢punamu. Pemerkure ce 3anucsat ¢ He-Cd ra3os na3zep ¢ AbikiHa Ha BhjiHaTa 442
nm. [Tonspu3anusra Ha 3aMMCBAIIUTE JTHYH OCIIe JIsIBa U JCHA KPBroBa W BI'BIBT HA 3aITHC
6ewe 20°. Hapen ¢ anu3oTpomnHara pemieTka B odbema Ha cpefaTta ce oOpasyBa U pened Ha
noBbpxHocTTa. KuHetnkarta Ha nudpakinuoHHara epeKTUBHOCT ce u3cieasa npu 635 nm, a
BHCOYMHATA Ha peneda Ha pemeTkute ce onpeaens or ACM. 3a xubpugaute mpodu Oere
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MocTUrHaTa AUQpakroHHa eeKTUBHOCT (1)) mo-Bucoka ot 30%, kakTo u 585 nm BucounHA
Ha pesiea Ha TOBBPXHOCTTA.

I'-7. Hoxa3zaren 7: Hayuynm nyOaukanuss B H3JaHHMSA, KOUTO ca pedepupaHu H
HHIEKCHPAHHU B CBETOBHOM3BECTHHU 0a3M JaHHHU ¢ Hay4uyHa nHdopmanus (Web of Science
U Scopus), U3BbH Xa0WJINTALMOHHUS TPYA.

B1. Birefringence induced in azopolymer (PAZO) films with different thickness
Lian Nedelchev, Dimana Nazarova, Georgi Mateev, Nataliya Berberova

Abstract: In this article we present a study of the photoinduced birefringence (An) in films of
a water soluble azopolymer: poly[1- [4-(3-carboxy-4-hydroxyphenylazo)
benzenesulfonamido]-1,2-ethanediyl, sodium salt] (PAZO). Varying the concentration of the
azopolymer in the solution, films with wide range of thicknesses are obtained — from 50 to
2500 nm. The film thickness is determined with a Talystep precision profilometer.
Birefringence is measured using a polarimetric setup with a recording laser at 473 nm and
probe He-Ne laser at 633 nm. As shown experimentally, the maximal photoinduced
birefringence (Anmax) does not depend on the thickness and is of the order of 0.07 for all of the
investigated samples. The recording time however considerably increases for films thicker than
500 nm.

Pestome: B Tasu cratus  mpeacTtaBaMe — HM3CieNBaHEe Ha  (POTOMHIYLIMPAHOTO
ABYJIbUETIpedynBane (An) BbB CJI0€BE OT BOgOpa3TBOpuM azomnosumep: poly[1- [4-(3-carboxy-
4- hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt] (PAZO). Ilpu
MPOMsIHA Ha KOHIICHTpAIUATa Ha a30I0JIMMEpa B pa3TBOpa CE IMOJIy4aBaT CIOEBE B IIMPOK
nuana3oH ot aedenuau — ot 50 mo 2500 nm. JleGennnara Ha ci0s ce OMpeeNis ¢ Mperu3eH
npodunomersp Talystep. JByrpuenpedynBaHeTo ce M3MepBa ¢ IOMOIITA Ha MOJIIPUMETPUYHA
CXeMa ChC 3allMCBall] Ja3ep ¢ AbHKUHA Ha BbiaHaTa 473 nm u npoden He-Ne naszep ¢ 1bpkuHa
Ha BbJHaTa 633 nm. KakTo € mokazaHo eKCIepUMEHTAIHO, MAKCUMAITHOTO (DOTOMHAYIIUPAHO
nByIbuenpeuynBane (Anmax ) HE 3aBUCH OT AeOennHara u € ot nopsiabka Ha 0,07 3a BCUUKH
u3cienBaHu obOpasmu. Bpemero 3a 3ammc obade ce yBenwuyaBa 3HAUMTEIHO 33 CJIOEBE C
nedennna Hag 500 nm.

B2. Laser induced optically and thermally reversible birefringence in azopolymers

D. Nazarova, L. Nedelchev, D. lvanov, B. Blagoeva, N. Berberova, E. Stoykova,
G. Mateev, D. Kostadinova

Abstract: Azopolymers are well known organic materials for polarization holographic
recording due to the induced anisotropy under illumination with polarized light. They possess
all the desirable characteristics of the known polarization-sensitive materials, as high
sensitivity and reversibility, but excel them substantially in the magnitude of the photoinduced
birefringence. This makes possible to record reversible polarization gratings with high
diffraction efficiency.

In this paper results of experimental investigations on the reversibility properties of
birefringence photoinduced in azopolymers are reported, depending on the conditions of
subsequent optical and thermal treatment. Thin films of different polymers were prepared in
order to examine the kinetics of multiple recording and erasure of birefringence in different
types of azopolymers. The reversibility of the polarization recording has been studied using
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two different method of erasure — by increased temperature and on illumination with circularly
polarized light.

Pe3rome: AsomnonuMepute ca g00pe M3BECTHH OPraHUYHM MaTEpUalH 3a MOJSPU3ALMOHEH
Xosorpa)CKy 3aruc mopaan MHIYIHpaHaTa aHU30TPOINHS MIPU OCBETSBAaHE C MOJSPH3UpPaHA
cBeTiMHA. Te mpuTexaBaT BCHUYKH JKEJIAHU XapaKTEPUCTUKU Ha IO3HATUTE /0 MOMEHTa
HOJISIPU3aLMOHHO-9yBCTBUTEIHN MaTePHAJIH, KATO BUCOKA YYBCTBUTEIHOCT M OOPAaTUMOCT, HO
I'H TPEBB3XOXKIAT 3HAYUTETHO IO OTHOIIEHHE Ha TroJieMHHaTa Ha (POTOMHAYIHPAHOTO
AByJIbUETIpedynBaHe. ToBa MpaBM BB3MOXKHO 3aIMCBAHETO Ha OOpAaTHMH IOJISIPU3ALMOHHU
PEIIETKH ¢ BUCOKA TU(PPAKINOHHA €PEKTHBHOCT.

B ta3u cratus ca JoKiIaaBaHU MOTYYEHH PE3yITaTH OT €KCIEPUMEHTAIHH H3CIEIBAHUS BBPXY
CBOMCTBaTa Ha 0OpaTUMOCTTa Ha (POTOMHIYLIUPAHOTO JIBYIBUCHIPEUYIIBAaHE B a30II0JMMEPH, B
3aBUCHMOCT OT YCIIOBHATA Ha MOCJIE/IBAIlla ONTUYHA U TepMUYHA 00paboTka. THHKH CllOeBE OT
pa3UYHA MOJMMEPH OsiXa MOJATOTBEHH, 3a Jla C€ M3CIe/lBa KMHETHKAaTa MPU MHOTOKPAaTeH
3amyc M W3TPUBAHE HA JBYIBYCHPEUYNBAaHETO B TAX. OOpaTUMOCTTa Ha MOJISPU3ALOHHUS
3aIycC € N3CNIeABaHa C MIOMOINTA Ha J[Ba Pa3IMYHU METOJla Ha U3TPUBAaHE — Ype3 MOBUILIABAHE
Ha TeMIIepaTypaTa U IIpH OCBETSBaHE C KPHrOBO MOJSIPU3NPaHa CBETIINHA.

B3. Polarization holographic gratings in PAZO azopolymer recorded with
different recording-beams polarizations

G Mateev, L Nedelchev, D lvanov, R Tomova, P Petrova, V Strijkova,
N Berberova and D Nazarova

Abstract: Polarization holographic gratings (PHG) were recorded using a laser emitting a
wavelength  of 491 pnm in thin films of the (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt]) azopolymer, shortly
denoted as PAZO. Thin azopolymer films with various thicknesses were spin-coated on plastic
and glass substrates. Four different polarization states of the recording beams were used, and
the results compared: a) two vertical linear polarizations, b) horizontal and vertical linear
polarizations, c¢) linear polarizations at +45° and —45° relative to the recording plane, and d)
two orthogonal circular polarizations — left- and right-handed (LCP and RCP). The diffraction
efficiency in the +1 diffraction order was monitored in real time by a probing laser beam at the
wavelength of 635 nm. The results indicate that the highest diffraction efficiency is achieved
when recording with orthogonal polarizations — linear at +45° or left and right circular. This is
explained by the ability of the azopolymer material to record the variations in the polarization
state of light better than the variations in its intensity. The holographic gratings obtained can
be used to enhance the light-extraction efficiency of an OLED device.

Pesrome: Tlonspusanuonnure xonorpadceku pemerku (ITXP) 6sgxa 3anucanu ¢ momouira Ha
Jazep ¢ Ob/DKMHA Ha BhiaHata 491 nm B ThHKH cioee (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt]) azomonmmep, HakpaTko
ob6o3HaueH kato PAZO. TbHKHM a30MOJUMEpPHH CIIOEBE C pa3InYHU JeOeluHu Osxa
HEHTPO(QYKHO OTJIO)KEHM BBPXY IJIACTMACOBU M CTHKJIEHM MOJJIOKKU. bsixa m3mon3BaHu
YETUPU PA3JIMYHU CHCTOSHUS Ha IOJIAPU3aLUs HA 3allMCBALIUTE JbUM U PE3YJNTATUTE ca
CpPaBHEHU: a) JIB€ BEPTUKAJIHHU JIMHEWHU MOJISIpU3alMU, 0) XOPHU3OHTAJIHA U BEpPTUKAIHA
JUHENHY MOJISIpU3alliy, C) JIMHEHHU noispu3anuu npu +45° u — 45° crpsimo paBHUHaTa Ha
3anuc, U d) IBe OPTOrOHaIHM KpbroBu mnoysgpusauuu — jsBa u jascHa (LCP u RCP).
JudpakimonHaTa epeKTUBHOCT B +1 audpakioHeH NopsAbK ce HabI0AaBa B peaHo BpeMe
C MpoOEH JIa3epeH JbY C AbJKUHA Ha BhJIHATa 635 nm. Pe3ynTaTuTe moka3Bar, 4e Hail-BHCOKa
mudpakiuoHHa e(pEKTUBHOCT € MOCTUTHATa MpHU 3alUC C OPTOrOHAJIHU MOJSAPU3ALUH —
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JUHEWHU 1ipu +45° WM JsBa U AjcHA Kpbrora. ToBa ce 00sACHsBA upe3 CHOCOOHOCTTa Ha
a30IIOJIMMEPHHST MaTepuai Ja 3alllcBa IPOMEHUTE B ChCTOSHUETO HA MOJSIpU3alUsATa Ha
CBETIIMHATA MO-700pe OT NMPOMEHUTE B HEWHUs WHTeH3HUTeT. llomydeHute xonorpadcku
pEIIeTKH MOTaT Jla ce U3IOJI3BaT 3a noaoopsBane Ha epekruBHOCTTa HA OLED ycTpoticTsa.

B4. Photoinduced chirality in azopolymer-based nanocomposites
with different TiO2 nanoparticles concentrations

G Mateev, L Nedelchev, D Nazarova, B Blagoeva, N Berberova-Buhova and
E Stoykova

Abstract. After its discovery, photoinduced chirality in azopolymer materials has been studied
with growing interest because of its potential applications. According to our previous
investigations, it is possible to induce chirality in an amorphous azopolymer with a high linear
photoanisotropy by illumination with elliptically polarized light. In the present work, we
studied the photoinduced chirality in thin nanocomposite films based on the azopolymer
poly[1-[4-(3- carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium
salt], shortly PAZO, doped with TiO2 nanoparticles with a size of about 20 nm. The thickness
of the prepared films was approximately 550 nm and the concentration of the nanoparticles
varied from 0 to 3 wt. %. A He-Cd laser beam (1 = 442 nm) was used, with the input ellipticity
varying from —1 (left circularly polarized) to +1 (right circularly polarized). The ellipticity was
set using a quarter-wave and a half-wave plates. We studied the dependences of the output
ellipticity and the angle of self-rotation of the polarization azimuth on the input ellipticity.
Based on the experimental data obtained, we could analyze the dependence of the self-rotation
of the polarization azimuth on the concentration of the nanoparticles. The results show that
small concentrations of nanoparticles lead to an enhancement of the self-rotation, hence, the
chirality.

Pe3iome. Cries oTKpHuBaHeTO i, (OTOMHIYLMPAaHATA XUPATHOCT B @30MI0JIMMEPHUTE MaTepUalu
€ U3Cle[BaHa C HapacTBalll MHTEpeC MOpaau MOTEHLUMAIHUTE cU npuioxeHus. Cropen
NPEJUIIHN HallUd M3CIEABAaHHUA € BB3MOXKHO Jla C€ HMHIyLHpa XHUPATHOCT B amopdeH
a3oMoJIMMep C BHUCOKAa JIMHEeWHa (OTOAHM30TPONMsI 4Ype3 OCBETABAHE C EIUNTUYHO
NoJIsipU3MpaHa cBeTIMHA. B HacTosmara paboTa u3cieaBaxme (OTOMHIyLIPaHaTa XMPATHOCT
B THHKM HAHOKOMIIO3UTHH Guimu Ha 0Oa3zata Ha asononumep poly[1-[4-(3- carboxy-4-
hydroxyphenylazo)benzenesulfonamido]-1,2-cthanediyl, sodium salt], nakpatko PAZO,
notupal ¢ TiO2 HaHOYacTUIM ¢ pasMep okoso 20 nm. JebenrHara Ha MOATOTBEHUTE CIIOEBE
e npubimsutenHo 550 nm M KOHIEHTpauusATa Ha HaHo4acTHuTe Bapupa ot 0 1o 3 reri. %.
W3znomssan e He-Cd nazepen b4 ( A = 442 nm), KaTo €NUNTHYHOCTTA HAa BXO/a Bapupa oT —1
(ys1Ba KpBroma mojsipusanus) 10 +1 (IsgcHa Kpbhroea mossipusaius). EnuntuaHocTTa Oere
3a/aZlecHa C MOMOUITa Ha YEeTBBPT BBIHOBU U IMOJYBBJIHOBU IIacTHHHU. M3cienBaxme
3aBUCHUMOCTHUTE Ha U3XOHATa €JIUIITUYHOCT U BI'bjIa HA CAMO3aBbPTAaHE Ha MOJISIPU3ALIMOHHUS
a3UMyT OT BXOJHATa €JIUNTUYHOCT. Bb3 OCHOBa Ha MOIY4YEHUTE EKCIIEPUMEHTAIHU JAaHHU
OMxXMe MOIJM Ja aHaJIM3UpaMe 3aBUCUMOCTTa Ha CAMOBBPTEHETO Ha MOJISIPU3ALMOHHUS
a3UMyT OT KOHIEHTpalusATa Ha HaHouyacTHuMTe. Pe3ynrarure mnokas3Bar, 4ye MaJIKUTE
KOHIIEHTPALlMU Ha HAHOYACTHUIM BOJSAT /10 3aCHJIBAHE HA CAMO3aBbpPTAHETO, CJIE€A0BATEIHO, 10
XHPATHOCT.



B5. Monitoring of a drying process in polymer water solutions by dynamic speckle
detection

D. Nazarova, E. Stoykova, L. Nedelchev, B. Ivanov, N. Berberova, N. Malinowski

Abstract: Observation of speed of processes by dynamic speckle analysis has been applied to
different samples of industrial or biological nature. The method allows for indicating regions
of lower or higher activity on the sample surface through statistical processing of the speckle
patterns formed on this surface under laser illumination. The aim of the paper is to check
applicability of dynamic speckle technique for detection of the drying process in polymer water
solutions. For the purpose, we recorded several sets of 256 correlated in time speckle patterns
of a transparent drop of PAZO water solution on a glass plate illuminated by a He-Ne laser.
The sets were separated by intervals of 5 minutes, and the last set was recorded 75 minutes
after the start of the experiment. For statistical description of activity on the observed sample
we chose evaluation of a temporal structure function. The obtained two-dimensional maps of
the structure function at different time lags demonstrated efficiency of dynamic speckle
analysis for monitoring of drying processes in polymer water solutions.

Pe3rome: HabmogaBaHeTo Ha CKOPOCTTA HAa MPOTUYAHE HA MPOIIECH C TOMOIITA Ha INHAMUYEH
CIEKBJ aHAJIHM3 € MPWJIAraHo KbM Pa3IM4YHU O0pa3ly OT MHAYCTPHAIHO WA OHOJIOTUYHO
ectecTBO. MeTObT O3BOJISBA JIa CE€ TIOCOYAT O0JIACTUTE C TO-HUCKA U IT0-BUCOKA aKTUBHOCT
BbPXY MOBBPXHOCTTAa Ha OOpasela ype3 CTaTUCTHYecKa 00paboTKa Ha CIEKbJl KapTHHUTE,
(dbopMupaHu BBPXY Ta3M MOBBPXHOCT IPH OCBETsABaHe ¢ yasep. Llenra Ha HacTosmaTa pabora
€ J1a CC MPOBCPU MPUITOKUMOCTTA HA TCXHHUKATA HA TUHAMHUYHUSA CIICKBJ 3a ACTCKTUPAHC Ha
Ipolieca Ha CbXHEHE Ha BOJIHU Pa3TBOPU Ha MOJIMMEPH. 3a OCHIIECTBSIBAHE Ha MPOBEpKaTa ca
3aMucaHu HAKOJKO CEpHH OT 256 KOpelnpaHu BbB BPEMETO CIIEKbJI KAPTUHU HA MPO3pavyHa
Kallka Ha BOJeH pa3TBop Ha PAZO nonumep BbpXY CThbKIIEHA MOJUI0KKa, ocBeTeHa ¢ He-Ne
nazep. Cepunre Osixa pasjesieHH C NET MUHYTHH HHTEPBalIM, KaTO IIOCIEeTHATa Cepus €
3amucaHa 75 MMHYTH cjeJl KalBaHeTo Ha Kamkara. CTaTHCTHYECKOTO OINHCaHWE Ha
aKTMBHOCTTa B HaOmofaBaHUs oOpaser € MHpOBEJCHO Ype3 IpecMsATaHe Ha BpeMeBa
cTpykTypHa pyHKIus. [TomydeHnure 1ByMepHM pa3npeeieHus Ha Ta3u QyHKIMS 3a Pa3IuyHU
BpPEMEBHU JIaroBe NOTBbpANXa €(h)eKTUBHOCTTA HA IMHAMUYHUS CIIEKBJI aHAJIN3 3a HaOJI10JaBaHe
Ha MPOLIECH BbB BOJIHU Pa3TBOPHU HA MOJIUMEPH.

B6. Evaluation of temporal scales of migration of cosmetic ingredients into the human
skin by two-dimensional dynamic speckle analysis

E. Stoykova, B. Blagoeva, D. Nazarova, L. Nedelchev, T. Nikova, N. Berberova, Y.-M. Kim,
H.-J. Kang

Abstract: A variety of biomedical and food quality assessment tasks have been solved by
statistical processing of speckle patterns formed on the surface of diffusely reflecting objects.
The output of pointwise processing of a temporal sequence of correlated speckle images is a
two-dimensional spatial contour map which characterizes the time scales of the ongoing
physical or biological activity within the studied objects. In this work, we check efficiency of
the dynamic speckle analysis for temporal characterization of migration of cosmetic ingredients
from the skin surface to the lower skin layers. At illumination with a He-Ne laser, formation
of speckle patterns on the skin surface is governed by the diffusely reflected photons which
have undergone a lot of scattering events in the bulk of the tissue. This entails low correlation
of the formed speckle patterns in time and renders difficult applying dynamic speckle analysis.



Activity maps have been built for sections of treated and non-treated skin on the arm of a
volunteer. We found out that a bare skin exhibited high activity which decreased for a skin
treated by a cream or cosmetic oil. We proved that the observed difference between the activity
maps for a bare skin and a treated skin would allow for monitoring of the time scales of
penetration of various cosmetic products into the skin to perform their quality assessment.

Pe3tome: PazHooOpa3ue OoT OMOMEIUIIMHCKY 3a7a4il M 33J]a4d 3a OLIEHKa Ha KauyeCTBOTO Ha
XpaHHUTE ca PEIICHU Ype3 CTaTHCTHYecKa 00paboTKa Ha CHEKBJI M300pakeHUs, 00pa3yBaHU
BBPXY NOBBPXHOCTTa Ha JaU(Y3HO OTpa3siBamd OOCKTH. Pe3ynTarhT OT mOTOYKOBaTa
0o0paboTka Ha BpeMeBaTa IOCIENOBATEIHOCT OT KOPEIMpPaHH CIEKbI H300paKeHUs e
JIByMEpHa TPOCTPAHCTBEHA KOHTYpHAa KapTa, KOSATO XapaKTepu3Wpa BPEMEBO TEKyIIaTa
¢bu3nyHa UM OMOJIOTUYHA aKTUBHOCT B M3CJEBaHUTE 00CKTH. B Ta3u pabora mposepsiBame
e(EKTUBHOCTTA HA IMHAMHYHUS CIICKBJI aHAIU3 332 BPEMEBO XapaKTepU3UpPaHEe HA MUTPAITHSITA
Ha KO3METHUYHU ChCTABKH OT MOBBPXHOCTTA KBM JIOJTHUTE CII0EBE Ha KoxkaTa. [Ipu ocBeTsiBaHe
¢ He-Ne nasep oOpa3yBaHeTO Ha CIIEKbJ KapTUHU BBPXY MOBBPXHOCTTa Ha KOXKaTa ce
yIpaBiisiBa OT qU(y3HO OTpa3eHUTE (POTOHHU, KOUTO Ca MPETHPIEIIA MHOTOKPATHO pa3CceiiBaHe
B TIO-TOJIIMAaTa 4acT OT ThKaHTa. ToBa BOJAM J0 HHCKA Kopeianus Ha (GOpMUPAHUTE CHEKBII
M300paXeHUsI BHB BPEMETO W 3aTPYAHSBA TPUJIAraHEeTO HA JIUHAMUYCH CIICKBJI aHAJIH3.
W3srpageHn ca KapTH Ha aKTUBHOCTTA 33 YYacThIM OT TPETUPaHA W HETPETHpaHA KOXKa Ha
pbKaTa Ha goOposoiell. OTKpuxMe, 4e HETpEeTHUpaHaTa KoXka IOKa3Ba BUCOKA aKTHUBHOCT,
KOSITO HaMalisiBa TPU KOXKa, TPETHpaHa C KPeM WM KO3METHYHO Mmacio. Jlokazaxme, ue
Ha0JIt01aBaHaTa pa3linKa MKy KapTUTE Ha aKTHBHOCTTA 32 HETPETHPAHA KOXKa U TPETUPAHA
KO)ka OM TO3BOJIMJIA TIPOCJICIABAaHE BHB BpPEMEBa CKajla Ha IMPOHUKBAHE HA PA3JIMYHU
KO3METHYHH IMPOJYKTH B KOXKATA, 32 JIa CE M3BBPIIHU OIICHKA Ha KAYECTBOTO MM.

B7. Dynamic laser speckle measurement with enhanced visualization of activity map

Elena Stoykova, Natalia Berberova, Tania Nikova

Abstract: The phenomenon of dynamic speckle is used for non-invasive whole-field detection
and visualization of physical or biological activity in various objects through statistical
description of laser speckle dynamics. Usage of 2d optical sensors to capture sequences of
correlated 2d speckle patterns allows for building a pointwise estimate of a given statistical
measure which should give a quantitative high contrast detailed 2d map of the spatial
distribution of activity across the object surface. The aim of the present paper is to find out an
effective way to enhance visualization of the activity map obtained by the normalized
correlation-based algorithms. Similar to all processing algorithms, the built estimates exhibit
strong fluctuations from point to point due to speckle nature of the acquired patterns. The
fluctuations decrease the contrast of the built 2d activity map and worsen sensitivity and
resolution of the dynamic speckle method. As a first task, we studied the distributions of the
built estimates by processing of synthetic speckle patterns. As a second task, we applied
smoothing to the activity map to achieve enhanced visualization. As a third task we considered
building a map of a parameter related to the correlation radius of the temporal correlation
function of the processes undergoing within the sample. The results are verified both by
simulation and experiment.

Pesrome: SIBieHMeTO TMHAMUYEH CIEKBJI CE U3M0JI3Ba 32 HEMHBA3UBHO HU3CJIEABAHE HA ISUIOTO
1oJie ¥ BU3yanu3alus Ha (pu3u4HaTa Wik OMOJIOTMYHA aKTHUBHOCT B Pa3jMuHU OOEKTU Ype3
CTaTHUCTUYECKO ONKCAHUE HA JUHAMMKATa Ha Ja3epHUs CIeKbJl. M3Moa3BaHeTo Ha AByMEPHU
ONTUYHHU CEH30PH 3a 3aCHEMaHE Ha MOpeaulla OT KOPEIUpaHU JABYMEPHH CIEKbJ KapTUHU
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MO3BOJISIBA M3TPAKIAHETO HA TOYKOBA OLIEHKA Ha JaJIEHO CTaTHCTUYECKO M3MEpPBaHE, KOSTO
TpsOBa [1a Jajie KOJIMYEeCTBEHAa BHCOKOKOHTpAcTHa IMoApoOHAa JByMepHa KapTa Ha
MIPOCTPAHCTBEHOTO pa3Mpe/iesicHHe Ha aKTMBHOCTTA IO MOBBPXHOCTTA Ha obekra. LlenTa Ha
HacTodIaTa paboTa e J1a ce Hamepu epeKTUBEH HAYUH 3a [0100psiBaHe Ha BU3Yyalu3alusaTa Ha
KapTara Ha aKTUBHOCTTA, IIOJIy4YeHa OT HOPMAJIU3UPAHU KOPETAMOHHO-0a3upaHy allrOPUTMH.
[logoOHO Ha BCHYkKM 00pabOTBalM aJIrOPUTMH, H3TPAJACHUTE OLIEHKU IIOKa3BaT CHIIHU
KojeOaHus OT TOYKa [0 TOYKAa MOpaau CIHEKBJI [pUpojaTa Ha 3aCHETUTE KapTHHHU.
QuyKTyalluuTe HaMajsiBaT KOHTpAcTa Ha MOCTpOoeHaTa AByMEpHA KapTa Ha aKTUBHOCTTAa U
BJIOIIABAT YYBCTBUTEIHOCTTA M Pa3JeIUTEIHATa CIOCOOHOCT Ha AMHAMUYHUSA crieKbi. Karo
I'bpBa 3a7laua MPOYYHUXME pa3MpeiesieHUsiTa Ha MOCTPOCHUTE OLEHKU upe3 oOpaboTka Ha
CUHTETUYHU CIEKbJ KapTUHU. KaTto BTOpa 3a1ada NpuIOKUXME M3IJIAXKIaHE HA KapTara Ha
aKTUBHOCTTA, 3a Jla C€ MOCTUTHE MO-100pa Buzyanuzanus. Kato Tpera 3amaya pasrienaxme
MOCTPOsIBAaHE HA KapTa ¢ MapaMeThp CBBbpP3aH C paadyca Ha Kopejauus Ha (QyHKIUSATa Ha
BpeMeBaTa Kopesalys Ha IpolecuTe, MpoTuyaily B B oopasena. Pesynrarure ce mposepsiBat
4ype3 CUMYJIalus U €KCIIEPUMEHT.

B8. Intensity-based dynamic speckle method using JPEG and JPEG2000 compression

Elena Stoykova, Blaga Blagoeva, Natalya Berberova-Buhova,
Mikhail Levchenko, Dimana Nazarova, Lian Nedelchev, AND Joongki Park

Abstract: Statistical processing of speckle data enables observation of the speed of processes.
In intensity-based pointwise dynamic speckle analysis, a map related to speed’s spatial
distribution is extracted from a sequence of speckle patterns formed on an object under
coherent light.Monitoring of time evolution of a process needs storage, transfer, and processing
of a large number of images.We have proposed lossy compression of these images using JPEG
and JPEG2000 formats.We have compared the maps computed from noncompressed and
decompressed synthetic and experimental images, and we have proven that both compression
formats can be applied in the dynamic speckle analysis.

Pe3ome: Crartuctuueckata oOpaboTKa Ha CHEKbJ JaHHM NO3BOJIsIBA HaOJIOJEHHE Ha
CKOpOCTTa Ha mpolecure. B ocHoBaTa Ha MHTEH3UTETHO-0a3MpaHMs MOTOYKOB TUHAMUYEH
CIIEKBJI aHAIM3, KapTaTa, CBbp3aHa C MPOCTPAHCTBEHOTO pa3IpeeieHue Ha CKOPOCTTa ce
U3BJIMYA OT IOCIENIOBATEIHOCT OT CIEKbJ KapTUHHU, GOPMUPAHH OT KOXEPEHTHO OCBETEH
o6ext. Habmonennero Ha pa3BUTHETO HA MPOIEca BbB BPEMETO €€ HYXJae OT ChbXpaHEHHE,
NPEXBBbPIIsSIHE, U 00paboTKa Ha rojisiM Opoit n3obpaxenus. Hue npeanoxxuxme KoMrpecupaHne
6e3 3aryba Ha Te3u uzoOpaxkeHus ¢ nomoiura Ha JPEG u JPEG2000 ¢popmaru. CpaBHUXME
KapTUTe, W3YHCICHH OT HEKOMIIpECUpaHM M  JEKOMIIPECUPAaHH CHUHTETUYHH U
eKCTIEpUMEHTATHN H300paKEeHUS U JIOKa3axMe, 4e u ABata opmara 3a KOMIPEHCHpPaHE MOTatT
Jla ce Mpuiarat B INHAMHYHUS CIIEKbJ aHAIN3.

B9. Dynamic laser speckle metrology with binarization of speckle patterns

Elena Stoykova, Dimana Nazarova, Nataliya Berberova, Atanas Gotchev,
Branimir lvanov, Georgy Mateev

Abstract: Dynamic laser speckle analysis is non-destructive detection of physical or biological
activity through statistical processing of speckle patterns on the surface of diffusely reflecting
objects. This method is sensitive to microscopic changes of the surface over time and needs
simple optical means. Advances in computers and 2D optical sensors forced development of
pointwise algorithms. They rely on acquisition of a temporal sequence of correlated speckle
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images and generate activity data as a 2D spatial contour map of the estimate of a given
statistical parameter. The most widely used pointwise estimates are the intensity-based
estimates which compose each map entry from a time sequence of intensity values taken at one
and the same pixel in the acquired speckle images. Accuracy of the pointwise approach is
strongly affected by the signal-dependent nature of the speckle data when the spread of
intensity fluctuations depends on the intensity itself. The latter leads to erroneous activity
determination at non-uniform distribution of intensity in the laser beam for the non-normalized
estimates. Normalization of the estimates, introduces errors. We propose to apply binarization
to the acquired speckle images by comparing the intensity values in the temporal sequence for
a given spatial point to the mean intensity value estimated for this point and to evaluate a polar
correlation function. Efficiency of this new processing algorithm is checked both by simulation
and experiment.

Pe3rome: [IMHaMUYHUSAT J1a3epeH CIEKbJ aHAIU3 € HEepa3pyLIMTEIHO OTKpUBaHe Ha (pU3MUHA
Wi OMOJOrMYHa aKTHBHOCT 4pe3 CTaTHCTHYecKa oOpaboTKa Ha CHEKbJ H300pakeHus Ha
NOBBPXHOCTTAa Ha Ju(y3HO oTpa3sBamid oO0ekTu. To3n MeToj € YyBCTBUTENEH KbM
MUKPOCKOIIMYHY IIPOMEHH HAa NOBBPXHOCTTA C TEYEHUE HA BPEMETO U CE HY)KIAc OT IIPOCTH
ONITUYHM cpelcTBa. HanpeabKbT B KOMIIOTPUTE U ABYMEPHUTE ONITUYHUTE CEH30PU HAJIOKHU
pa3pabOTBAaHETO HA TOYKOBM aIrOpuTMHU. Te pa3uuraT Ha MOpeaula OT BpeMmeBa
[I0CJIeIOBATEIHOCT OT KOPEIUPaHH CHEKbJ N300paKeHUsl U TeHepupaT JaHHU 32 aKTUBHOCTTA
KaTo JABYMEpPHA IIPOCTPAHCTBEHA KOHTYpPHA KapTa Ha OLIEHKaTa HAa JaJcH CTaTUCTUYECKH
napaMmersp. Hal-mmpoko HU3MOI3BaHUTE TOUKOBHU OLIGHKHM Ca WHTEH3UTETHO-Oa3zupaHuTe
OLICHKH, KOMTO CBCTAaBAT KapTrara OT BPEMEBATA IIOCIEAOBATEJHOCT OT CTOWHOCTH Ha
WHTECH3HUTET, B3€TH B €IMH U ChIII MMKCEN B MMOJyYCHUTE CIIEKbI H300paxkeHus. ToYHOCTTa Ha
TOYKOBHS ITOAXO0/ € CUJIHO IIOBJIMSHA OT 3aBUCUMUS OT CUTHAJIA XapaKTEP Ha CIIEKbJ JaHHUTE,
JI0KaTO PasNpOCTPAHEHUETO HA (IIYKTYaIl[MUTE HA MHTCH3UTETA 3aBUCH OT CAMHUsI MHTEH3UTET.
[locnenHOTO BOAM [0 MOTPEIIHO ONpPENEIsSHE Ha AaKTMBHOCTTAa IIPU HEPABHOMEPHO
pasnpenereHue Ha HHTEH3UTETa B JIA3€pHHUS b4 3a HEHOPMAJIM3UPAHUTE OLICHKH.
Hopmammsupane Ha oneHkure BbBEXAAa rpemikd. Hue mnpemmarame na ce IpHIOKHU
OMHapu3alus KbM MOJIYYEHHUTE CIIEKbJ M300pa)KeHHs Ype3 CpaBHSIBaHE Ha CTOMHOCTUTE Ha
MHTEH3UTETAa BBB BpPEMEBATA IIOCIEAOBATEIHOCT 3a JaJieHa IPOCTPAaHCTBEHA TOYKA CbBC
cpelHaTa CTOMHOCT Ha WHTEH3UTETAa, OLEHEHA 3a Ta3W TOYKA, W Ja CE OLEHU IOJsIpHA
KopenaunoHHa GyHkius. EekTuBHOCTTa HA TO3M HOB AITOPUTHM 32 00paboTKa ce MpoBepsiBa
Ype3 CUMYJIalAsl U €KCIIEPUMEHT.

B10. Pointwise intensity-based dynamic speckle analysis with binary patterns

Elena Stoykova, Georgy Mateev, Dimana Nazarova, Nataliya Berberova, Branimir lvanov

Abstract: Non-destructive detection of physical or biological activity through statistical
processing of speckle patterns on the surface of diffusely reflecting objects is an area of active
research. A lot of pointwise intensity-based algorithms have been proposed over the recent
years. Efficiency of these algorithms is strongly deteriorated by the signal-dependent nature of
the speckle data, non-uniform illumination or varying reflectivity across the object, especially
taking in view the limited number of the acquired speckle patterns. Pointwise processing of a
sequence of 2D images is also time-consuming. In this paper, we propose to transform the
acquired speckle images into binary patterns by using for a sign threshold the mean intensity
value estimated at each spatial point from the temporal sequence corresponding to this point.
In this case, activity is characterized by the 2D distribution of a temporal polar correlation
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function estimated at a given time lag from the formed binary patterns. Processing of synthetic
and experimental data confirmed that the algorithm provided correct activity determination
with the same accuracy as the temporal normalized correlation function at non-uniform
distribution of intensity in the illuminating laser beam without the necessity to apply
normalization and at accelerated computation.

Pe3tome: be3paspymuresHoTo OTKpHBaHEe Ha (pU3MYHA WM OWOJIOTMYHA AKTUBHOCT 4pe3
cTaTucTHyecka 00paboTKa Ha CIIEKbJIa BbPXY MOBBPXHOCTTA HA AU(Y3HO OTpa3siBaIy 0OEKTH
e obmact Ha akTUBHO wu3cinensane. llpe3 mocnenHute roguHu Osfxa MNPEIVIOKEHU MHOTO
MOTOYKOBU MHTEH3UTHO-0a3upanu anropuTMu. EekTuBHOCTTA HA TE€3U AITOPUTMHU € CHITHO
BJIOILIEHA OT 3aBUCUMHUS OT CUTHAJIa XapaKTep Ha CIeKbJia, HEPAaBHOMEPHOTO OCBETSBAHE HIIU
pa3nuyHa OoTpassiBalla CIIOCOOHOCT B 00eKTa, 0COOEHO KaTo ce MMa MpPEBUI OTPAHUYCHUST
Opoil mpunobutu crnekbyi KapTuHH. [loToukoBara oOpa®oTka Ha HopeAHIiia OT JBYMEPHU
n300pakeHus ChIIO OTHEMa MHOTO BpeMe. B Ta3u craTus mpeiarame jaa TpaHcpopMmupame
MOJIYYEHUTE CHEKBJ M300paKeHUs B JBOMYHMU MOJETH, KAaTO M3MOJ3BaMe 3a 3HAKOB IIpar
cpelHaTa CTOMHOCT Ha MHTEH3MUTETa, OLEHEHa 3a BCSKAa TOYKA OT IMPOCTPAHCTBOTO OT
BpeMeBaTa MocieJ0BaTeTHOCT, ChOTBETCTBAIIA HA Ta3U TOUKa. B TO3M ciyyail akTHBHOCTTa ce
XapaKkTepu3upa ¢ IByMEpHO pas3npeieiieHne Ha BpeMeBaTta MoJsipHa KopenaoHHa (QyHKITHs,
OLICHEHA TMpHU JaJIeH BPEMEBH JIar OT TMOJyYeHHUTE NBOMYHMU KapTuHu. OOpaboTkaTa Ha
CUHTETUYHU U €KCIEPUMEHTAJHU JAHHU MOTBBPIHU, Y€ AITOPUTBMBT OCUTYpsiBa MPABUIHO
ompejeNisiHe Ha AaKTUBHOCTTa CbhC ChIaTa TOYHOCT KaTO BpeMeBaTa HOpMalu3upaHa
KOopeJanroHHa (GyHKIWS IPU HEPAaBHOMEPHO paslpeieiecHue Ha MHTEH3UTETa C OCBETSBALIHS
nmazepeH cHom 0e3 HeoOXOOUMOCT OT MpWiIaraHe Ha HOpPMalu3alus M HpPH YCKOPEHO
W3UHUCIICHHUE.

B11.Recognition of small areas of activity by the pointwise intensity-based dynamic
speckle analysis

E. Stoykova, N. Berberova, B. Blagoeva, D. Nazarova, L. Nedelchev, A. Machikhin

Abstract: Industrial inspection of processes by capture of speckle patterns often requires
detection of a small activity area buried in a background. This work presents analysis of
sensitivity of the dynamic speckle method by processing simulated and experimental correlated
in time 8 bit encoded speckle patterns. Simulation of the patterns was done for an exponentially
decreasing temporal correlation function by fresnel propagation of a monochromatic wave
reflected from a delta-correlated in time phase screen and captured at different diameters and
focal distances of the optical sensor objective lens. For the experiment, we used a 3d printed
flat object with hollow sections that was covered with a transparent film and a droplet of a
polymer solution and monitored the process of their drying. Both normalized and non-
normalized processing algorithms were used.

Pe3ome: MuaycTpuaiHaTa MHCHEKIUS 4Ype3 3aCHEMaHE Ha CHEKbJ H300pakeHHsl 4ecTo
M3MCKBa OTKPUBAHE HA MaJika 00J1acT Ha aKTUBHOCT CKpUTa BbB (poHa. Ta3u cratus npeacrans
aHaJlM3 Ha YYBCTBUTEIHOCTTA HA TUHAMHUYHUS CIIEKBJI METO] upe3 00pabdoTka Ha CUMYIIUPaHH
U €KCIIEpUMEHTAIHU KOpEeIHpaHU BbB BPEMETO 8§ OMTOBO KOJUPAHU CIEKBI M300pakeHUS.
Cumynanusta Ha KapTUHUTE € HalpaBeHa 3a EKCIIOHEHIMaJHO HaMalsiBallla BpeMeBa
KopenanuoHHa (YHKIUS 4Ype3 (PEeHEIOBO pas3NpOCTpaHEHHE Ha MOHOXPOMAaTHYHA BBJHA,
OTpa3eHa OT JIeTa KOpeIupaH BbB BpeMeTo (a30B €KpaH U 3aCHETa IMPU Pa3IUvHU JUAMETPU
1 (OKYCHHM pa3CTOSHUS Ha JiellaTa Ha OOEKTHBA Ha ONTHUYHHS CEH30p. 3a eKCIepUMEHTa
U3II0JI3BaXMe TPUU3MEPEH NPUHTHPAH MJIOCHK O0EKT C KyXH y4acTblid, KOWTO Oelle MOKPUT ¢
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npo3paueH (GUIM M Kamuuia MOJIMMEPEH pa3TBOp M HalOIoJaBaxMme Ipoleca Ha TAXHOTO
u3chbxBaHe. M3MoI3Banu ca KaKTo HOPMAaIU3UPaHH, Taka U HEHOPMaJIM3UPaHH aJITOPUTMU 32
obOpaboTka.

B12. SLM-based Testing of Algorithms in Dynamic Speckle Metrology
Elena Stoykova, Nataliya Berberova, Dimana Nazarova, Branimir lvanov

Abstract: The paper reports on phase-only spatial light modulator implementation of an optical
simulator of speckle patterns with controllable spatially varying evolution in time for
algorithms testing in dynamic speckle metrology of physical or biological activity.

Pe3ome: CraTusra npeacTaBs IpuiIaraHeTo Ha Ga3oB MPOCTPAHCTBEH CBETIMHEH MOJYJIaToOp
KaTO ONTHYEH CUMYJIATOP Ha CIIEKbJI KAPTUHU C KOHTPOJIMPYeMa IPOCTPAHCTBEHO IIPOMEHSIIA
CE EBOJIIOLIMS BbB BPEMETO 3a TECTBAHE HA aJITOPUTMU B JMHAMHUYHA CIIEKbJI METPOJIOTUS HA
¢u3nyecka win OUOIIOTUYHA AKTUBHOCT.

B13. Digital image processing: denoising by adaptive median filtering and wavelet
transform

P. Sharlandjiev, D. Nazarova and N. Berberova

Abstract: Digital image processing is an important area of preservation and representation of
cultural and historical objects. Part of it is the task of cleaning images corrupted by noise. Many
different methods and approaches have been successfully implemented, but still filtering and
denoising techniques are developing and improving intensively. Herein, we report numeric
simulations of 2D image filtering. Effects of impulse noise are very efficiently reduced by
adaptive median filtering. The situation of additive noise, which itself depends on the intensity
of the original image, is more complicated. However, we demonstrate that in this case the use
of wavelet transforms in the denoising procedure is very productive and promising.

Pe3iome: OGpaboTBaneTo Ha 1UGPOBU H300paKEHHUSI € Ba)KHA YaCT OT CHXPAHIBAHETO U
MPEJICTaBIHETO Ha KYITYpHU M HUCTOpUYECKH OOeKkTH. YacT OT 3amadynrte ca CBBP3aHU C
HU3YUCTBAHCTO Ha IIyMa, HACJIOKCH B I/I306pa)K€HI/I$[Ta. MaHuoro pasiinui MECTOAW U IOJAXOJAU
ca YyCIENIHO MpWJIaraHu, HO TEXHUKHUTE 3a (QWITPUPAHE U M3YMCTBAHE HA IIIyMa BCE IMO—
WHTECH3WBHO CE€ Pa3BHBAT M MOA0OpsBaT. B Ta3u craTwsi ce MOKIaaBa YHCICHA CUMYJAIHS 32
¢bunTpupane Ha IByMepHH H300pakeHus. BIusHUsATa Ha UMITYJICHUS IIIyM ca MHOTO €(pKaCHO
penyuupanu upe3 puirpupane ¢ agantuBeH meauaneH Guirep. [Ipu anutuBeH mrym, KOWTO
3aBHCH OT MHTEH3UTETa HA OPUTHHATHOTO H300paKEeHUE, CUTYAIHsITa € MO-CII0KHA. Brrpeku
TOBa, HHE TOKa3BaMe, Y€ B TO3M CIydail M3IOJI3BaHE Ha TpaHCc(oOpMaIusaTa MO METOJa Ha
BBIHUYKHTE 33 IPEMaXBaHETO Ha IIyMa € ¢ JOOpH pe3yaTaTH U € MHOTO 00elaBaro.

B14. Phase recovery from fringe patterns with global carriers: approach based on
Hilbert transform and wavelet de-noising techniques

P. Sharlandjiev, N. Berberova, D. Nazarova and G. Stoilov

Abstract: Fringe pattern analysis is an important task in optical metrology. Fringe patterns can
be formed by optical interference, by projection techniques, by overlapping two similar wave
structures, etc. Patterns with constant global angular carriers represent straight lines in the field-
of-view. The presence of an object under investigation distorts the fringes. Analysis of these
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distortions is called also phase recovery and it is widely used in many applications of science
and engineering, i.e. for retrieval of surface topography of 3D objects. Usually, three steps are
discerned: pre-processing (noise reduction, background zeroing), phase retrieval (extraction of
the phase distribution), and post-processing (unwrapping, smoothing and ‘cleaning’).

Herein we present an approach based on a combination of Hilbert transform for phase recovery
and different wavelet techniques for de-noising and smoothing. By numeric simulations we
show that this technique is effective and robust. Different types of noise are considered:
Gaussian additive noise, multiplicative intensity dependent (speckle) noise, high frequency
environmental noise, jitter, fringe distortion due to non-sinusoidal modulation (presence of
second and third harmonics in the fringes). Each type of noise can be considered separately or
all of them — cumulatively.

Pe3ome: AHamu3bT Ha CTPYKTYpU C MBHIM € Ba)KHA 3a/a4a B ONTHYECKaTa METPOJIOTHSL.
VBu4HU cTpYKTYpH ce ¢popMHpaT upe3 ONTUYHA UHTEP(EpOMETPHS, TPOCKIIMOHHN TEXHUKH,
MIPUTIOKPUBAHE Ha MOAOOHU BBJIHOBH TosieTa U Jp. CTPYKTYpH € MOCTOSIHHA BIII0BA YECTOTA
MPEJCTaBIABAT NPaBU MBUIM B TOJETO Ha HabOmromenue. M3crieaBanuar obekt nedopmupa
WBUIMTE. AHAIM3BT HA TE3W M3KPUBSBAHUS CE HapHya M3BIMYaHE HA (a3aTa U ce M3MOJI3BA
IIMPOKO B HAyKaTa U TEXHUKATa, HAIp. 3a royrydyaBaHe Ha Tornorpadusra Ha 3/] odextu. To3u
aHainM3 OOMKHOBEHO MMa 3 eTama: npeaBapuTenHa oOpaboTka (HamaisiBaHEe Ha IIymMa B
n300pakeHNeTo, HynupaHe Ha (oHa), u3BnMuUaHe Ha (azara (HamupaHe Ha (a30BOTO
pasmpeerncHre) u KpaitHa 00paboTka Ha pe3yiTratute (pa3omnakoBaHe Ha (pazara, u3riiaxiaane,
,,JIOUMCTBAHE”).

B Ttasu cratus mpencrtaBsiMe Moaxoj, Oa3upaH Ha KOMOWHAIMS OT TpeoOpa3oBaHHE Ha
Xwibept 3a u3BIUYaHe Ha (a3ara W Pa3IMYHU TEXHUKH C BBIHMYKHU 32 00e3lIyMsBaHE U
CrJaXJaHe Ha JaHHUTE. Upe3 YuCIIeHO MOjeIHMpaHe MOKa3BaMe, Y€ Ta3H METOJOJIOTHS ©
epekTBHA M crTaOmiHa. Pa3muyHu BUIOBE IIYM ca MOJCTHPAHU M aHAJIM3UPaHU: T'ayCOB
N00aBbYCH, MHTCH3UTETHO 3aBUCUM MYJITHILTMKATUBEH (CIIEKbJ), IDKUTED, HATUYNE HA BUCOKH
XapMOHUYHH B UBULUTE AP.

B15. Diffraction efficiency calculations of polarization diffraction gratings with surface
relief

D Nazarova, P Sharlandjiev, N Berberova, B Blagoeva, E Stoykova and L Nedelchev

Abstract: In this paper, we evaluate the optical response of a stack of two diffraction gratings
of equal one-dimensional periodicity. The first one is a surface-relief grating structure; the
second, a volume polarization grating. This model is based on our experimental results from
polarization holographic recordings in azopolymer films. We used films of commercially
available azopolymer (poly[1-[4-(3-carboxy-4-hydroxyphenylazo) benzenesulfonamido]-1,2-
ethanediyl, sodium salt]), shortly denoted as PAZO. During the recording process, a
polarization grating in the volume of the material and a relief grating on the film surface are
formed simultaneously. In order to evaluate numerically the optical response of this “hybrid”
diffraction structure, we used the rigorous coupled-wave approach (RCWA). It yields stable
numerical solutions of Maxwell’s vector equations using the algebraic eigenvalue method.

Pe3omMme: B Ta3u cratus Hue IIpaBHUM OILICHKA Ha OINITUYHUA OTKJIIMK Ha CJIOXXHA I[I/I(ppaKI_H/IOHHa
peumieTka CbCTaBC€HA JBC 4YaCTU C CJHAaKBa COAHOMCpPHA MNCPUOJUIHOCT. H’LpBaTa v
HOB’prHOCTHO-pCJ’IC(bHa peLlICTKA, BTOpaTa-06eMHa NnoJiIipu3allioOHHA pCIICTKA. To3u mozen
CC OCHOBAaBa Ha HANIUTC CKCIICPHUMCHTAJIHHU PE3YJITATU OT MNOJAPU3ALIMOHHU XOJ'IOl"pa(I)CKI/I
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3aMMcy B a30I0JMMEpPHHU clioeBe. M3mon3Baxme ciioeBe OT ThProBCKO JIOCTHIIEH a30IM0JIMMED
(poly[1-[4-(3-carboxy-4-hydroxyphenylazo) benzenesulfonamido]-1,2- ethanediyl, sodium
salt]), Hakpatko o6o3HaueH katro PAZO. Ilo Bpeme Ha mporieca Ha 3ammc ce oOpa3yBar
€IHOBPEMEHHO MOJIIPU3AIMOHHA pellleTKa B 00eMa Ha MaTepuala U peiedHa pemeTka BbpXy
MOBBPXHOCTTA Ha CJIosl. 3a Ja OLIEHUM YHWCJICHO ONTUYHMUS OTKJIMK Ha Ta3u ,XuOpuaHa*
audpakiuoHHA CTPYKTYpa, U3MOJI3BaXMe CTPOTHs TMOAXOJ Ha CBbp3aHUTE BbIHH (rigOrous
coupled-wave approach-RCWA). Toi#t maBa TOYHHM YHCIICHH PELICHHS HAa BEKTOPHHTE
ypaBHeHHUs Ha Makcye, U3M0I3BaliKi METO/1a Ha AIreOpUYHUTE COOCTBEHU CTOMHOCTH.

B16. Modelling of the diffraction efficiency of surface relief gratings with varying
spatial frequency, height and shape of the relief

B Blagoeva, N Berberova, D Nazarova, L Nedelchev, G Mateev, E Stoykova, E Otsetova-
Dudin and P Sharlandjiev

Abstract. An important goal in the development of diffractive optical elements is to achieve
high diffraction efficiency. One class of these elements are the surface relief gratings recorded
by polarization holography. For recording media, we used azopolymer (poly[1-[4-(3-carboxy-
4- hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt]), shortly denoted as
PAZO. The aim of the present work is to simulate a highly efficient surface relief grating
formed in the azopolymer PAZO. The model is based on experimental results already obtained
by our group. The tasks of the research are related to the analysis of the diffraction efficiency
in the spectral range from 300 nm to 800 nm and for: 1) range of grating spatial frequencies
from 1200 In/mm to 1800 In/mm, 2) surface relief height varying from 100 nm to 400 nm and
3) different shapes of the formed relief.

Pe3tome: Baxna nen npu pa3paboTBaHeTO Ha AUQPPAKIMOHHU ONTHYHU EJIEMEHTH €
MIOCTUTaHETO Ha BHCOKa AudpakiuoHHa edekTuBHOCT. ENUH BUA OT TEe3U eNeMEeHTH ca
MOBBPXHOCTHUTE pelieHU PELIeTKH, 3allMCaHy 4pe3 Moisspu3alMoHHa xojorpagus. Karo
cpena 3a 3amuc u3nos3Baxme azomonumep (monu|1-[4-(3-kapbokcu-4-XuapokcudeHnnaso)
oenzeHcynponamuao]-1,2-eranquun, HaTpueBa coi|), HakpaTko obo3HaueH kato PAZO.
Ilenta Ha HacTosmIaTa paboTa € 1a ce CUMYJIMpa BUCOKOE(PEKTHBHA MOBBPXHOCTHA penedHa
permieTka, oopasyBaHa B azonoiimmepa PAZO. MonenbT ce 0CHOBaBa Ha €KCIIEPUMEHTATHUTE
pe3yTaTu MOJyYeHH MpeIy TOBA OT HamaTa rpymna. 3alaquTe Ha U3CJICIBAHETO Ca CBhP3aHU
¢ aHaju3 Ha AudpakiroHHaTa ePEeKTUBHOCT B crieKTpaiaHus nuamna3oH ot 300 nm qo 800 nm
u npu: 1) Auana3oH Ha MPOCTPAHCTBEHUTE 4ecTOTH Ha pemerkara oT 1200 In/mm no 1800
In/mm, 2) BucounHa Ha peneda Ha moBbpxHOcTTa Bapupama or 100 nm go 400 nm u 3)
pasnuyHu (hopMHU Ha oOpazyBaHus pened.

B17. Optical constants of azopolymer PAZO thin films in the spectral range 320 — 800
nm

N Berberova, P Sharlandjiev, A Stoilova, L Nedelchev, D Nazarova and
B Blagoeva

Abstract. Azobenzene containing polymers (azopolymers) have been investigated for a
number of applications — holographic data storage, polarization optical elements, diffractive
gratings, etc. Herein we report on the optical characteristics of films obtained from the
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commercially available water soluble azopolymer PAZO (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt). Thin films were
deposited by spin coating and their thickness was determined by a Talystep precision
profilometer. The FTIR spectra of PAZO were measured between 3000 cm-1 and 500 cm-1.
For the first time, to the best of our knowledge, we evaluated the PAZO complex refractive
index continuously in a broad spectral range (320 — 800 nm) based on transmission and
reflection spectrophotometric data. The wavelength dependence of the complex refractive
index of organic dyes layers cannot be readily described with dispersion models used for
crystals, metals or semiconductors. This is why we used a derivative approach on a wavelength-
by wavelength basis to solve a set of two nonlinear equations with two unknowns — the real
and imaginary parts of the refractive index. The determination of the optical constants of PAZO
films is effective and robust.

Pe3ome: A300€H3€H ChHABPKAIIUTE MOJIMMEPH Ca W3CIEIBAaHU 3a pEeaulla MPHIOKEHHUS —
xoJorpadcko chXpaHEeHHe Ha JaHHU, NOJSPU3ALUOHHU ONTUYHH €JIEMEHTH, JUPPaKIIMOHHU
pemeTkd U T.H. TyK JOKIanBaMe ONTHYHUTE XAPAKTEPUCTHKH HA CIOEBE, MOJYYEHH OT
THPrOBCKO HAJIWYHHUS BOAOpa3TBopuM aszomoiaumep PAZO (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt). TeHKUTE cilOeBe ca
HEHTPO(DYKHO OTJIOKEHH M JeOelnHaTa UM € OIMpejelieHa OT Mpelu3eH MpoPHIOMETHP
Talystep. Joknaasanu ca MY cnektpure Ha PAZO mexay 3000 cm-1 u 500 cm-1. 3a mbpBu
BT, JOKOJIKOTO HU € U3BECTHO, HHUE OLICHUXME KOMILJICKCHUS MOKa3aTes Ha MpedyylBaHe Ha
PAZO B mmpoxk criekrpaiied quamnaszoH (320 — 800 nm) B3 0OCHOBA Ha CHEKTPOPOTOMETPUIHA
JaHHM Ha TPEMHHABaHE M OTpPaKCHHE. 3aBUCUMOCTTAa Ha [bDKMHATA HA BBJIHATA OT
KOMIUIEKCHUS TI0Ka3aTel Ha MPeuyIBaHe Ha CIIOEBETE OT OpraHUMYHH Oarpuiia He Moe aa Ob1e
JIECHO OMNuCaHa C [JUCIEPCHOHHM MOJENH, HW3MOJ3BaHM 3a KPHUCTalu, MeTald WU
MOJTYITPOBOIHUIM. ETO 3a1o n3nona3Baxme MpOU3BOCH MOAXO0] Ha 0a3a AbKMHA Ha BBIIHA,
3a Ja pemidM HaOOp OT [ABE HENMHEWHU YpaBHEHHsS C JIBE HEU3BECTHH — pealHaTa U
MMarvHepHaTa 4acT Ha Ioka3aTesisi Ha nmpeuynBaHe. OnpenensHeTo Ha ONTUYHUTE KOHCTAaHTH
Ha crnoeBeTe PAZO e edexTuBHO U 0OemiaBamio.

B18. Optical response of azopolymer (PAZO) layers doped with TiO2 nanoparticles

Nataliya Berberova, Peter Sharlandjiev, Dimana Nazarova, Lian Nedelcheva

Abstract: In this paper we analyze the optical response of azopolymer (poly[1-[4-(3-carboxy-
4- ydroxyphenylazo) benzenesulfonamido] -1,2-ethan-ediyl, sodium salt]), shortly denoted as
PAZO. The photoinduced birefringence of this material has a potential for polarization
holographic recording. We consider thin PAZO layers with embedded TiO2 spherical particles.
This is a numeric simulation motivated by the search of photoinduced birefringence
enhancement in azopolymer layers. The scattering of a single particle in the dye-polymer
matrix is calculated using the exact vector Maxwell equations. The particles are treated as
ensemble of non-aggregated spheres with normal distribution of sizes, characterized by the
mean radius <r> and standard deviation ¢ = <r>/4. Multiple scattering by individual particles
is ignored. The refractive index of the PAZO matrix at 442 nm has a complex value (due to
absorption) as we have determined it from experimental spectrophotometric data. The 442 nm
wavelength is commonly used for recording polarization holographic gratings in azopolymer
materials. Embedded TiO2 spheres with mean radius from 10 to 80 nm are considered. The
angular dependences of all the scattering matrix elements, which describe the optical response
of the composite layers, are estimated.
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Pe3iome: B Ta3u craTus HHe aHaIM3MpaMe ONTHYHUS OTKIMK Ha azonojumep (monu[1-[4-(3-
kapOokcu-4-xuapokcudennnazo) OeHzeHcynpoHamuao]| -1,2-eraH-equui, HaTpueBa coli)),
Hakpatko o6Oo3HaueH kato PAZO. ®OoTOMHIYIIMPAHOTO [BYTbUYCHpPEUYNIBAaHE HA TO3H
MaTepuajg uMa MOTEHIMaJl 3a MoJspu3alroHeH Xojorpadceku 3amuc. Pasriexxname ThHKU
PAZO cnoeBe gotupanu c¢be chepuunn dacTuinm ot T102. MOTHBUpaHH OT THPCEHETO Ha
MOBUIIIABAHETO HA CTOMHOCTTA Ha (POTOMHIYLIMPAHOTO ABYIbUEIPEUYIIBAHE B a30MOJIMMEPHU
CIIOEBE, HUE CB3/IaJJOXME Ta3M 4yucieHa cuMmyinanus. PasceiiBaHeTo OT eqHa yacTula B
MaTpuIiaTa oarpuao-ToIuMep ce U3YHCIABA C IOMOIITAa HA TOYHUTE BEKTOPHU YpaBHEHHS Ha
Makcyen. Yactumure ce TpeTupar Karo aHcaMOBJ OT Hearperupanu chepu ¢ HOPMAIHO
pasIpeneneHe no pasMep, XapaKTepU3Mpallo CE ChC CPEIeH paauyc <r> U CTaHAAPTHO
OTKJIOHEHHE G = <r>/4. MHOTOKpaTHOTO pa3ceiiBaHe OT OTJCIIHM YaCTULM HE C€ B3UMa IOJ
BHuMaHue. KoeguuueHTsT Ha IpeuynBane Ha MaTpunata PAZO npu 442 nm nmMa KOMIUIEKCHA
cTolHOCT (mopamu abcopOIus), KaKTO CME TO ONPEACTWIH OT EKCIEePUMEHTATHU
CEeKTpOo(OTOMETPUYHHU AaHHU. J[bIDKMHATA Ha BbIHATa OT 442 nm OOMKHOBEHO CE M3I0J3Ba
3a 3amMC Ha TMOJIPH3AIMOHHMU XOJOTpad)CKM pPEImeTKH B a30MOJMMEPHH MaTepHaH.
Pasrnexxnar ce Brpamenu TiO2 chepu cwve cpenen paamyc ot 10 mo 80 nm. Ouenenu ca
BIIIOBUTE 3aBUCUMOCTH HA BCHUYKH €JIEMEHTH Ha MaTpullaTa Ha pa3celiBaHe, KOUTO OMHCBAT
ONTUYHUS OTKJIMK HA KOMIIO3UTHUTE CJIOEBE.

B19. Optical response evaluation of azopolymer thin solid films doped with gold
nanoparticles with different sizes

Nataliya Berberova-Buhova, Lian Nedelchev, Elena Stoykova, Dimana Nazarova

Abstract: Azobenzene and azobenzene-containing polymers are intensively studied in the last
decades because of their high potential for various applications: polarization holography,
holographic optical polarization-sensitive elements, high-density storage by multiplexing,
ptychography, etc. In this article are reported studies based on the optical response of
azopolymer poly[1-[4-(3-carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethan-
ediyl, sodium salt], (PAZO) thin films with embedded Au spherical nanoparticles with different
sizes. We found that effective medium approximations (Maxwell-Garnett and Bruggeman) are
not satisfactory in evaluation of films optical response. The complex refractive index of the
composite film is evaluated as a dependence on three factors: 1) the PAZO matrix complex
refractive index; 2) volume scattering efficiency of the Au particle and 3) the filling factor of
the composite film. The scattering of a single particle in the azopolymer matrix is calculated
using the exact vector Maxwell equations. The particles with mean radius 10, 30 and 50 nm
are treated as ensemble of non-aggregated spheres. Multiple scattering by individual particles
was ignored. Three specific filling factors of 0.008, 0.010 and 0.030 are considered. The optical
transmittance and absorption of a 440 nm thick composite film were evaluated. The algorithm
is efficient and the results are robust. The photoinduced spectral response of the composite
layers is under study.

Pe3iome: Ilpe3 mocneqHuTe roJuHu ce M3CeIBAaT MHTEH3UMBHO a300€H3EHBT U a300€H3EH-
CHIIbPKAIUTE TOJUMEpPU TMOPaaXd BHCOKHUS MM TIOTEHIMAN 32 Pa3INYHU MPUIOKCHUS:
MOJIAPU3AlMOHHA  XoJorpadusi, Xomorpad)CKd ONTUYHHU TMOJISPU3AIMOHHO-UYBCTBUTEIHU
€JIEMEHTH, TTaMeT C BHUCOKA TUThTHOCT Ype3 MYITHUIUIEKCUpaHe, nTuxorpadus u T.H. B Tazu
CTaTHs ca JIOKJIaIBaHU MMPOyYBaHUsI Ha 0a3ata Ha ONTHYHUAT OTKJIMK Ha a3onojuMepHu [1-[4-
(3-kapOokcu-4-xuapokcudenninazo) OeHzeHcyaponamumo]-1,2-eraH-euni, HaTpueBa cod|,
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(PAZO) thHKHM ciioeBe C¢ BrpajgeHd Au chepuyHH HAHOYACTUIIM C Pa3IMYHU pa3MEpH.
YcranoBuxme, ye npuOimkenneto Ha epexrtuBHara cpeaa (Maxwell-Garnett u Bruggeman)
HE ca JOCTaTbYHO MPWIOKHUMU TIpU OLIEHKaTa Ha ONTUYHUS OTKIUMK Ha CJIOEBETe.
KoMruiekcHUST moka3zaTen Ha MpedyylnBaHe Ha KOMIIO3UTHHS CJIOHM ce OIleHsBa Karo
3aBHUCHUMOCT OT Tpu (hakTtopa: 1) KOMILJIEKCHUAT MOKa3aTesl Ha MpedyylnBaHEe Ha MaTpuliaTta
PAZO; 2) edbekTuBHOCT Ha 00EMHO pa3ceiiBaHE Ha 3JIATHUTE YaCTHIM U 3) KoepHUIMEHT Ha
3aI’bJIBAHE HA KOMIIO3UTHUS CJIOW. Pa3ceiiBaHETO HAa €IMHHMYHA YacTULA B a30IOJIMMEpPHATa
MaTpHIIa Ce U3YMCIISIBA C TIOMOIITA HAa TOYHUTE BEKTOPHU YpaBHEHHs HA Makcyen. Yactuiure
cbe cpeaeH pamuyc 10, 30 u 50 nm ce Tperupar kKaTo aHcamMOBJI OT Hearperupanu chepu.
MHOrokpaTHoTO pa3ceBaHe OT OTAEIHUTE YAaCTUIM HE € B3€TO MOoJ BHUMaHue. Pasrinexnar
ce Tpu cnenuduanu pakropa Ha 3ambiaBane oT 0,008, 0,010 u 0,030. bsxa olleHeHr oNTHYHATA
MPOIYCKJIMBOCT B abcopOuusTa Ha koMio3uTeH Gunm ¢ aedenmna 440 nm. ANTOPUTHMBT €
eeKTUBEH W pe3ylITaTuTe ca HaaekIAHU. DOTOMHAYIUPAHUAT CIEKTPAICH OTKJIMK Ha
KOMITO3UTHHUTE CJIOEBE € B IIPOIEC HA ITPOYYBAHE.

B.20 Composite thin films of azopolymer and embedded
gold nanosized particles: evaluation of the effective complex refractive index
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Abstract: Azobenzene and azobenzene-containing polymers are intensively studied because
of their high potential for many novel applications in polarization holography, design of optical
polarization-sensitive elements, optical storage, all-optical switching, diffractive optical
elements, etc. We study in the paper a thin hybrid layer composed of a polymer matrix and
embedded gold nanoparticles. For a polymer matrix we used polymer poly[1-[4-(3-carboxy- 4-
hydroxyphenylazo) benzenesulfonamido]-1,2-ethan-ediyl, sodium salt], denoted shortly as
PAZO. Film reflectance and transmittance strongly depend on the morphology of nanoparticles
and the composite film filling factor. Herein, we present essential details concerning the
estimation of the film complex refractive index. The embedded particles are considered as
ensemble of non-aggregated spheres with no multiple scattering by individual particles. The
complex refractive index of the composite film is evaluated from the volume scattering
efficiency of the Au particles, the PAZO matrix complex refractive index and the filling factor.
Embedded Au spheres with ensemble mean diameters of 20, 60 and 100 nm are considered as
well as filling factors of 0.008, 0.010 and 0.030.

Pe3tome: A300eH3eHBT M a300€H3EH-CHABPIKALIUTE MOJUMEPU CE€ H3ydyaBaT HMHTEH3UBHO
nmopajd BUCOKHS WM TIOTEHIMAJd 3a MHOTO HOBH TIPWIOKEHHUS B TOJSpU3AIMOHHATA
xosorpadusi, MpOEeKTUPaHEe Ha ONITUYHU NOJSPU3AIMOHHO-UYYBCTBUTEITHHN €JIEMEHTH, ONITHYHA
nameT, ONTHYHH MPEBKII0YBATEH, TU(PAKIIMOHHHA ONTHYHU €JIeMEHTH U Ap. B Ta3u crartus
HUE U3clieIBaMe ThHBK XUOPHUJIEH CIIOU, ChCTaBEH OT MOJIMMEpPHA MaTpPHUIIAa ¥ BIPAJCHH 3IaTHU
HAHOYACTUIM. 3a TOJIMMEpPHa MaTpulla u3noi3BaxMme mnoiumep monu|l-[4-(3-kapOokcu-4-
xuapokcudenmiazo) OenzeHcyndonamuao]-1,2-eraH-enuun, HaTpueBa COJI|, O3HAYEH
Hakpatko kato PAZO. KoeduuueHThT Ha OTpakeHHE U TPOIYCKIUBOCT HA CJOS CHITHO
3aBHUCST OT MOP(HOJIOTHITa HA HAHOYACTUITUTE M KOSPUIIMEHTA Ha 3allbJIBaHE B KOMITO3UTHUS
cioif. Tyk mpeacraBsMe ChHIIECTBEHM M3CIEABaHUS Ha OlLIEHKAaTa Ha IOKaszaTels Ha
MpeuynBaHe Ha KOMIUIEKCHUS (puiM. BrpageHuTe 4acTUIM ce pasriiekaaT KaTo aHcaMObIl OT
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Hearperupanu cepu 6€3 MHOTOKpAaTHO pa3ceiiBaHe OT OTAENHUTE YacTulu. KoMriekcHusT
MOKa3ares Ha MpedynBaHe Ha KOMIIO3UTHHUS CJION ce OLEHsBa OT €eKTUBHOCTTa HA 0OEMHO
pasceliBaHe Ha Au 4acTUIIUTE, KOMIUIEKCHUS MOKa3aTell Ha mpedylBaHe Ha maTpunata PAZO
u (akTtopa Ha 3ambiBaHe. Pasriexxgar ce BrpageHu Au cdepu CbC CpelleH JuamMeThp Ha
ancamOmba ot 20, 60 u 100 nm, kakTo u koepunuenTu Ha 3anwiasane ot 0,008, 0,010 u 0,030.
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