In this Letter, we present surprising effects on single beam (660 nm) erasure behavior of
surface relief gratings previously recorded on amorphous chalcogenide film. — Translated from
“Reestratsia, zberigannja ta obrobka danyh”, Kyiv, 2020, pp.53-54, published by Institute for
information recording of NASU, http://www.ipri.kiev.ua — See attachment)
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1. Introduction

It was previously shown that surface relief gratings (SRG) formed in AsxSego films by
photoinduced mass transport can be erased by a uniform laser beam from the region of the absorption
edge ( A = 660 nm), and the rate of erasing depends on the laser intensity, polarization and period of
SRG [1]. In subsequent studies [2] we have found that changing the amplitude of such gratings is
possible when irradiated by electron beam, and the amplitude dependence of erasing was unusual:
SRG of small periods were erased, and large - on the contrary, increased their amplitude. It was
suggested that the same effect may occur when such gratings are irradiated with a uniform laser beam,
in case if the composition of chalcogenide glass exhibit photoinduced mass-transport.

2. Purpose of work

Investigation of optical erasure of SRG formed by the method of photoinduced mass-transport
in Aszo Sego films in dependence from the polarization of the laser beam and the period of SRG (1.5-
15um).

3. Results and their discussion

SRGs with a period of 1.5, 3.6, 7.5, 10, 12 and 15 um were formed on Aszo Seso films with a
thickness of 1 um , obtained by thermal evaporation. The gratings used for these investigations were
recorded under holographic scheme by p -polarized recording laser (1) and enhanced by additional
light of s -polarized laser (2) [see the scheme in fig. 1, a, insert (1)and Fig. 1, b, insert]. Both lasers
has a wavelength of 660 nm, which corresponds to the absorption edge of Asx Se g glass, and an
intensity of about 350 mW / cm 2. The kinetics of SRG growth and erasing was measured " in situ "
according to the data on the change of their diffraction efficiency, which is proportional to the square
of the relief height h (for h << 1, where 1 is the wavelength of the reading laser). After the diffraction
efficiency reached a certain value, the laser (1) was turned off, and the SRG was erased by a laser
beam (2) polarized parallel ( p ) or perpendicular ('s) to the SRGs vector (see Fig. 1, a, inserts (2)
and (3), respectively). Diffraction efficiency (in relative units) was measured using an Ocean
OpticsUSB 4000 fiber spectrophotometer and a violet reading laser ( A = 404 nm, P =10 pV ) and
was equal to the beam intensity in the first diffraction maximum of the reflection pattern.

The obtained results can be summarized as follows: SRGs with periods of 1.5, 3.6 and 7.5 pm
are erased when irradiated with both ( p -) and (s -) polarized beams. As an example, fig. 1, presents
typical curves of growth-erasing kinetics of amplitude for SRG with a period of 1.5 um . SRGs with
aperiod of 10 um were not erased by the beams of these polarizations at all (Fig. 1, b ). The amplitude
of SRG with a period of 15 um increases by p -polarized beam, and reach maximum (Fig. 1, ¢, curve
2) but not erased by s —polarized beam (not shown in Fig. 1). The similar effect was found for SRGs
with a period of 12 pm , which was obtained without additional illumination (Fig. 1, d, curves 1 and
2, respectively). Such polarization dependent increase of the SRG during irradiation was clearly
visible even in an optical microscope (Fig. 1, d, see the selected surface relief).
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Fig. 1. Typical curves of growth-erasing kinetics of SRGs of different periods on Aszo Sego films
(a-d); optical and AFM images ( e ) of the surface of the initial and enhanced SRG with a
period of 12 um .The amplitude of the curves ( g ) corresponds to line 1 and 2 on the AFM scan
(e). The period of SRGs and polarization of the appropriate laser beams is indicated directly in
Fig. 1, a-c. Insert in fig. 1, g left corner, for comparison: the SEM image of the SRG with a
period of 15 um , irradiated by electron beam at different exposures: a clear increase in the
amplitude of the SRGs with increasing e-beam exposure were detected (from top to bottom)

The heights of the initial and enhanced part of the SRGs by AFM (Fig. 1, e ) differ almost in 8
times: 16 nm against 125 nm (Fig. 1, g ). Additional experiments have shown that SRG with a period
of more than 10 um can enhanced even after a very short time of recording (1 - 2 minutes). Thus, the
obtained results (in terms of erasure amplification) correlate with those obtained by irradiating the
grating with an electron beam (Fig. 1, d , insert).

Analysis of appropriate cross-sections of SRG show that their amplitude h changes with the
time of laser irradiation according to the exponential law (i.e.h (t) ==hoexp (-xp,s ), where hg
is the initial amplitude of SRG, and « p, s are the erasure / enhance coefficients for the above
polarizations, which are positive for SRGs with small period and negative for SRGs with large period.

4. Conclusions

We have found that SRGs written on a surface of AsxoSego films erased or enhanced by single
laser beam depending on the grating period. The paper considers the possible mechanism and practical
application of the phenomenon revealed.
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M. A. TpyHos

AHOMaABHA ITOAAPU3ALIINHA 32A€KHICTh OIITHYHOI'O CTUPAHHA
IIOBEPXHEBUX PeABE(PHUX I'PATOK y MAIBKAX aMOP(PHUX XaAbBKOI'€HIAIB

1. ITocranoBKa mpobGAeMH

Pamnimre 6yi0 mokasaHo, 110 MOBEPXHEBI penbedHI IpaTku, sSKi c(hOpMOBaHi B IITiBKaX As20Seso
METOIOM (POTOIHAYKOBAHOTO MAacC-TPAHCIIOPTY, MOXKYTh CTHPATUCS OJHOPIIHUM JIa3epHUM IpOMe-
HeM 3 00J1acTi Kparo noruHaHHs (4 = 660 HM), IPUYOMY MIBUIKICTH CTUPAHHS 3aJI€KHUTh BiJ] IHTEH-
CHUBHOCTI Jlazepa, Woro mossipu3aii Ta nepioxy rparok [1]. [Momanbmii mpociimkenHs [2] BUSABWIH,
1110 3MiHa aMIUTITYH TaKUX TPATOK MOXKJIUBA 1 IPH IXHPOMY ONPOMIHEHHI €JIEKTPOHHUM MTPOMEHEM,
MIPUYOMY aMIUTITyJHA 3aJICKHICTh B/l IEPIOy IPATOK Majia HE3BUYAMHUIN XapakTep: IPaTKH MajuX
NEepioJiB CTUPATUCS, a BEJMKI — HaBIaKH, 30UIbLIYBAIN CBOIO aMIUTITYLy. byno BucioBnene npu-
MyIIEHHs, 10 TaKUi ke eeKT MOXKE MaTH MICIIE 1 PU ONPOMIHEHHI MO/II0HUX IPAaTOK OAHOPIAHUM
Ja3epHUM MPOMEHEM, 3BUYANHO y BHUIMAJKY, SKIIO BIAMOBIJHI CKJIaJH XaJbKOT€HITHOTO CKJIa MPO-
SBJISIOTH (POTOIHTYKOBAaHUN Mac-TPaHCHOPT.

2. Mera pobotn

JlocmiauTH ONTHYHE CTHPAHHS MOBEPXHEBUX pebe(HUX IPaTOK, CHOPMOBAHUX METOIOM (O-
TOIHTyKOBAaHOTO Mac-TPaHCIOPTY B IUTIBKax As20Seso, 3aJIeXKHO BiJ MOJSPHU3AIi] JJa3epHOTO MpOMe-
HIO Ta niepioay rparok (1,5—15 mMxwm).

3. PesyabTaTH Tai ixHE OOrOBOPEHHA

[ToBepxHeBi penbedHi rparku 3 nepiogom 1.5, 3.6, 7.5, 10, 12 Ta 15 Mxm dopMyBaaucs Ha
rutiBKax As20S€s0 TOBIIMHOIO 1 MKM, Ofiep>KaHHX METOIOM TEPMIYHOTO BUIIAPOBYBaHHS, 3a 3BUYAM-
HOIO roJjiorpadiyHOI0 CXEMOT0, ITPU ONPOMIHEHHI p-TIOJISPU30BAaHUM JazepoM 3amucy (1) 1 miacBiTi
S-TIOJISIPU30BAHKUM JIa3€pOM TiACBITKHU (2) [AuB. cxeMy Ha puc. 1,a, BctaBka (1) Ta yacoBy mociizio-
BHICTh BKJTIOUCHHS BiJIITOBITHUX JIa3epiB Ha puc. 1,0, BctaBka]. OOMIBa JTa3epy MajH JTOBKUHY XBH-
i 660 HM, sKa BiAMOBizae Kparo MONIMHAHHA CKIa As20Seso, Ta iHTeHCHBHICTh Oins 350 MBT/cM?,
KineTuka pocTy Ta cTHpaHHs I'paTOK BHUMIpIOBajiacs «insitu» 3a JaHWMHU IO 3MiHI IXHBOI qudpak-
LiIHOI e()eKTUBHOCTI, sIKa MPOTOPIIiiiHA KBapaTy BUCOTH penbedy A (uist h << A, e A — MOBKHHA
XBUJI Jazepa 3unTyBaHHs). [licas mocsrHeHHs mudpakmiiiHoro e()EeKTUBHICTIO TIEBHOTO 3HAYEHHS,
nazep (1) BUKITIOUABCS, @ CTUPAHHS TPATKH 3IIHCHIOBAIOCS MpoMeHeM Jiazepa(2), MoIsIpru30BaHOTO
napajesibHo (p) abo nmepneHauKyIIpHO (5) 10 BeKTOpa Ipatku (auB. puc. 1,a, BctaBku (2) 1 (3), Bia-
noBinHo). Judpaxuiiina edextuBHicTh (Y BIIHOCHHUX OAMHUIIX) BUMIpIOBajiacsi 3a JIOTIOMOTOIO
BosIokoHHOTO crniekTpodoromerpa OceanOpticsUSB 4000 Ta ¢iomeroBoro mazepy (4 = 404 HM,
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P =10 mMxB) 1 nopiBHIOBaja IHTEHCUBHOCTI IPOMEHIO B TIEPIIOMY MakCUMyMy nudpakiiii 3a cxe-
MOIO «Ha BiJOMBAHHS».

OpneprkaHi pe3ysIbTaTH MOXKHA y3araJbHUTH HACTyITHUM YHHOM: IPaTKH 3 nepionom 1.5, 3.6 ta
7,5 MKM CTUPAIOTBHCS IPU OMPOMIHEHHI, 5K (p-), Taki (s-) monsipu3oBaHuM npomenem. Ha puc. 1,4,
SK TPUKIIAJ, TIOKa3aHO THIOBI KPHWBI KIHETUKU POCTY-CTHPAHHS MOBEPXHEBOI I'PAaTKU 3 TEPioaoM
1,5 mxm. I'parku, siki MatoTh nepiog 10 MKM, HE CTUPAIOTHCS MPOMEHSIMH BKa3aHUX MOJSIpU3aIiil
B3araii (puc. 1,6), a rpatka 3 nepiofioM 15 MKM MiJICHITIOETHCS p-MOJISPU30BAHUM IIPOMEHEM, J0CS-
rarouu Makcumyma udpakuii (puc. 1,6, kpuBa 2) i He CTUPAEThCA S-TIOJIIPU30BaHUM (Ha pHc. 1,6 He
nokaszaHo). Takuii ke edexT Oys0 BUSBICHO IJIA I'paTKu 3 mepiogoM 12 MkM, sika Oyrma ofeprkaHa
6e3 nonarkoBoi miacBiTKU (puc. 1,e, kpusi 1 Ta 2, BianosigHo). [lincuneHHs rpaTku Opu Onpomi-
HEHHi OyJI0 YiTKO BHJIHO HaBiTh B ONTUYHOMY Mikpockomi (puc. 1,0, 1uB. BUIUIEHUN penbed Mo-
BEPXHi).
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Puc. 1. Tunosi KpyBi KIHETUKH CTHPAHHS-POCTY OBEPXHEBHUX I'PATOK PI3HUX IEPIOJiB Ha IUTiBKaX AsoSego(a—e)
ta ontuyaHe (0) 1 ACM (e) 300pakeHHs IIOBEPXHI BUXIHOT Ta ITiICHIICHOT I'PaTKy 3 MepiogoM 12 MKM.
AMIIiTYy/1a BIIIOBIAHUX KPUBHX (c) BifmoBsinae nepepizam | Ta 2 Ha ACM ckani (e).

[epion rpaTok i mMOJSAPU3AIl] BiIMOBITHIX MPOMEHIB BKa3aHO Oe3mocepenHbo Ha puc. 1,a—a.

Ha puc. 1,2 BctaBka JiBopyd, [uist mopiBHsAHHS, puBeneHo CEM-300pakeHHs TUITHOK TOBEPXHEBOT IPATKH
3 IepioZioM 15 MKM, OITPOMIHEHOT eNEeKTPOHHUM MPOMEHEM IPHU Pi3HUX EKCIIO3ULISAXK : YITKO BUIHO CHCTEMATHIHE
30UTBIIICHHS aMILTITYN TPATKH 13 POCTOM €KCIO3HIIii (3BEpXy BHH3)

AHaJi3 BUCOT TTOYATKOBOI 1 IMICKJIEHOT YaCTHHU TpaTku 3a nonomororo ACM (puc. 1,e) moka-
3aB, 10 BOHU BiAPI3HAIOTHCS Maibke y 8 pasiB: 16 HM mpotu 125 um (puc. 1,01c). lonaTkoBi excre-
PUMEHTH BUSIBUJIH, IIIO TpaTKa 3 mepiogoM Oiibine 10 MkM Moxke OyTH ITiICHIIEHA HABITh ITICIIS TyKe
KOopoTKoTpuBaioro 3amucy (1-2 xsunuam). OTXe, onepkaHi pe3ynbTaTd (B YaCTHHI CTHPaHHS-
ITIJICUJICHHS) KOPEJIOIOTh 13 TAKMMH, 110 OTPUMaHI MPU OMPOMiIHEHHI IPaTOK €JICKTPOHHUM ITPOMeE-
HeM (puc. 1,2, BCTaBKa JIiBOpYyY).

AHani3 BIAMOBIIHUX Tepepi3iB MOBEPXHEBUX pesbe(diB MOKa3aB, IO IXHA aMIUIITYAa A 3Mi-
HIOETBCS 3 YacOM OIPOMIHEHHs Jja3epoM (2) 3a EKCIOHEHLIaJbHUM 3aKOHOM, TOOTO A(f) =
= hoexp(—«kpst), e ho — TOYaTKOBA aMILTITYJa, a Kps — KOSMIMICHTH CTUPAHHS/TIICUICHHS IJIs
BKA3aHMX BHIIE MOJSPHU3AIiH, SKi € MO3UTUBHUMU JUTSI TPATOK MAJIUX TEPIONiB 1 BiJl’€EMHUMU JISI
IPaTOK BEJIUKHUX MEPIOJIIB .
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4. BucHoBku

BusiBneHo aHOMalIbHY 3aJI€KHICTh ONTUYHOTO CTUPAHHS MOBEPXHEBUX pelbe(HUX I'PATOK B
aMop(HUX XaJbKOTeH1/1ax BiJl IXHBOTO mepiony. B poOoTi po3MISsHYTO MOKIMBHUI MEXaHI3M 1 Mpak-
THUYHE 3aCTOCYBAaHHS BUSABJICHUX BHIIE 3aKOHOMIPHOCTEH.

1. Kaganovskii Yu., Trunov M.L., Beke D.L., and Kokényesi S. Mechanism of photo induced mass transfer in
amorphous chalcogenide films. Mater. Lett. 2011. 66. P. 159-161.
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YIK 539.213; 539.219.1; 541.67; 548.53

T. 1. fAciuko

AOCAIAKEHHA CTPYKTYPH OAMPKHBOI'O IIOPAAKY HAHOPO3IMiPHHUX ITAIBOK
CEA€HY METOAOM PaMaHiBCBKOI CIIEKTPOCKOIIii

1. ITocranoBka mpobGaeMu

B ocrtaHHIl Yac aKTUBHO PO3BUBAETHCS METOJI MIOBEPXHEBO MMIJCHIIEHOTO PAaMaHIBChKOTO PO3-
citoBanHs cBitTia (Surface Enhanced Raman Scattering — SERS), sixkuit € moTy>KHUM METOOM aHa-
713y O10JIOTIYHHMX MOJIEKYJ, )KUBUX KJIITHH Ta IHIIUX PEUYOBHUH Y HAJAMAIUX KOHIIEHTPAIIAX 3aBISKA
YHIKaJIbHIM BIIACTHBOCTI — MiICHJICHHI PaMaHiBCHKOTO CHTHANy TPH 30y KEHHI IIOBEPXHEBHX 1A~
3MOHIB y HAHOPO3MIPHUX METaJIIYHUX CTPYKTYpax 1, BIAMOBIAHO, MOKJIMBOCTI BU3SHAYEHHS ITPUCYT-
HOCTI MaJtoi KiIbKOCTI MOJIEKYJI PEUOBHUH 32 IXHIMH XapaKTEPUCTUIHUMH CIIEKTPAMH.

Sk mokazanm GaraToducenbHI AOCHIDKEHHS, HalObm npunatHumMu SERS-migknagkamu €
MiAKIAIKA 3 HAHOCTPYKTYPOBAHUX PI3HUMH METOJIAaMH IUTIBOK 30JI0Ta Ta cpibia, siKi epeKTHUBHO
PO3CIIOIOTH 1 MOTIMHAIOTH CBITJIO B MEBHIN, TOCUTH BY3bKil TUISHII CIIEKTPA, M0 J03BOJISE HA JIEKi-
JbKa MOPSAIKIB MIABUINUTH KOe(IIIEHT MiACUICHHS paMaHiBChbKoro curaany [1-3]. 3ayBaxkumo, 1o
Ha JaHUIl Yac OCHOBHA yBara HpUIULSUIACS JTOCHIDKEHHIO PaMaHIBCBKUX CHEKTPIB O10JOTTHHHUX
00’exTiB. Heopraniyni pedyoBHHM, y T.4. 1 XaJbKOT€HIJHI IUIIBKM HAHOMACIITAaOHOTO pO3Mipy, B
LbOMY IUIaHI IPAKTUYHO HE BUBYAIIUCS.

2. Mera pobotn

JlocaiinTH BIUTMB HAHOYACTHHOK 30JI0Ta HAa PaMaHIBChKi CIIEKTPH HAHOPO3MIPHUX IIJTIBOK Ce-
JIEHY.

3. PeayApTaT TA iXHE OOrOBOPEHHA

dopMyBaHHSI HEYNOPSIKOBAaHUX MAacCHBIB HAHOYACTHHOK AU Ha CKJISHUX IMiJKIaaKaxX MPOBO-
JUJIOCS METOIOM IIBUIKOTO pajiariitHoro HarpiBaHHs [S] ToHKUX (10 20 HM) TUTIBOK 30JI0Ta B at-
Mocdepi moiTps 1o Temneparyp 623 K. V nanomy nocnikeHH1 BUKOPUCTOBYBAIUCS TPU MACHUBH 3
cepeaHiM po3mipoM HaHodacTHHOK 20-35 aMm (M1), 3040 am (M2) 1 40—60 am (M3) Ta monoeH-
HSIM MaKCUMYMY CMYTH TIOBEpXHEBOT'O TIA3MOHHOTO pe3oHaHcy 532 (M1), 538 (M2) i1 574 (M3) um.

Tonki mniBku ceneny TomuHOW 30, 50 1 60 HM ofepKyBaIuCs METOJOM TEPMIYHOTO BHITA-
POBYBaHHS 13 KBa3i3aMKHYTHX €(y31iHUX KOMIPOK CKJIOMOMIOHOTO Se Ha CKJISHI MiAKJIAIKA Ta Ha
nosepxHio MacuBiB HY Au. JlocnigkeHHs: paMaHiBCbKUX CHEKTPiB CBIKONPUIOTOBAHUX 1 Bijmale-
HUX TUTIBOK As2S3 Ta KoMmo3uTHHX cTpykTyp «HY Au/mutiBka XCH» npoBoauivcs npu KiMHATHIN
TemMriepatypi Ha criekrpoMeTpi Horiba Jobion-Yvon. [[ns 30ymKeHHST BUKOPUCTOBYBABCS YEPBOHUIMA
nazep (As6.= 671 Hm).
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