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Aunnoramusa

PaccmoTpena obmiad s3ajjaya JUHAMHUYECKOU TeopmH
Iudpakmuyu B JAaTE€PAJIbLHBIX MEPUOJUUECKUX CTPYK-
Typax B cilydyae, KOrjJa IafalolIuil U OTPa’KeHHBIN
PEHTTeHOBCKUH ITyYOK ITPOCTPAHCTBEHHO OTPAaHUYEH.
WccnemoBano BiamAHMe ynpyrux npedopmanuii Kpu-
CTAJIINYECKON DpeIlleTKN Ha YIJIOBOE pacIpelesieHue
WHTEHCUBHOCTU paccesHud. [IprBefeHbl Pe3yJIbTaThl
Iudparkmuy Ha KpUCTAJIe, IPOMOAYJINPOBAHHOU IIO-
BEPXHOCTHON aKyCTUUYECKOH BOJIHOW M Ha KPUCTAJLIE
C MeTaJIJINUYeCKOH ITOBEPXHOCTHOM PEIIETKOM.
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Abstract

Lateral periodic structures (LPS), including multi-
layer and crystal diffraction gratings, systems mod-
ulated by an external influence (for example, by an
ultrasonics), are widely used in nano- and optoelec-
tronics, as well as in X-ray optics. Usually, X-ray
scattering on LPS is described by means of a model
of an incident plane wave, spatially unbounded in
lateral direction. However, when one compares ex-
perimental and simulated data, such model is not
entirely appropriate, since in any experiment X-
ray beams are always spatially bounded. On the
other hand, within the framework of the plane wave
model, it is impossible to perform a numerical cal-
culation of the scattering intensity distribution in
vicinity of a reciprocal lattice node, since an angu-
lar dimension of diffraction orders is described by
the Dirac delta function. Within the framework of
the theory of elasticity, numerical calculations of
atomic displacement fields for lithium niobate and
silicon crystals are performed. In the first case, pe-
riodic elastic deformations are caused by an action
of a surface acoustic wave with a modulation pe-
riod of 4 ym. In the second case, deformations arise
due to intermolecular interactions caused by elas-
tic force at the interface between medium of differ-
ent chemical composition — wolfram stripes with a
width of 0.5 um periodically located on a silicon sur-
face. Using the found solutions, numerical simula-
tions of reciprocal space maps for crystals with peri-
odically distributed elastic strains were performed.
It was established, that for crystals modulated by
an accoustic wave, diffraction orders consist of the
main reflection vertical band and a pair of inclined
bands, induced by spatially bounded X-ray beams.
In the case of diffraction in crystals with the sur-
face grating, one observes additional satellites along
inclined bands caused by the spatial modulation of
incident X-ray wave. Therefore, a general problem of
the dynamical theory of X-ray diffraction in lateral
periodic structures for a case of spatially bounded
incident and reflected beams is considered. Effects,
due to elastic deformations of a crystal lattice on an
angular distribution of the scattered intensity, are
investigated. Results of X-ray diffraction on a crys-
tal modulated by a surface acoustic wave and on a
crystal with a metal surface grating are presented.

Keywords:
Dynamical theory of X-ray diffraction, spatially
bounded beams, reciprocal space maps
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BBepneHue

JlatepanebHble nepuogunyeckue cTpyktypsl (JIMNC),
BKIHOYasi MHOTOCMONHbIE U KpUcTannuMyeckne andpak-
LUMOHHbIE  pEeLUETKU, CTPYKTYpbl, MOZYIMPOBAHHbIE
BHELUHUM BO3[4eNCTBUEM (Hanpumep, YnbTpa3ByKOBOMW
BOSIHON), HaxXxoAAT LUMPOKOE MPUMEHEHWe B HaHO- U1
OMTO3NEKTPOHUKE, @ TAKKE B PEHTITEHOBCKOM OMTUKE.
TpaanLMOHHO AN ONUCAHUSA PacCesHNS PEHTIEHOBCKNX
ny4en Ha JINC ncnonb3yeTca Mmogens nagatoLlen nnoc-
KO BOMHbI, KOTOPasi He OrpaHNYeHHa B naTeparbHOM
HanpaenexHun. OgHako B npouegype CpaBHEHUS U3me-
PEeHHbIX U pacYeTHbIX AaHHbIX Takas MOAerb He COBCEM
KOPPEKTHA, NOCKOSbKY B 9KCNEPUMEHTE BCE PEHTIEHOB-
CKMe MyYKM NPOCTPaHCTBEHHO orpaHnyeHbl. Kpome Toro,
B paMKax MOAEnu NMOCKMX BOMH HEBO3MOXHO BbIMOS-
HWUTb YNCMEHHBIN pacyeT pacnpeneneHnss UHTEHCUBHO-
CTU paccesiHns Bbrnman yana obpaTHou peLLeTku, Tak Kak
yrnoBble pasmMepbl AMdPPaKUMOHHBLIX NOPSAKOB OMUCHI-
BatoTCca genbra dyHkumen Oupaka. MNoatomy B AaHHON
paboTte Teopus peHTreHOBCKOW Andpakumm obobLieHa
Ha cryyan NPoCTPaHCTBEHHO OrPaHUYeHHbIX PEHTFEHOB-
CKUX MYYKOB.

Teopusn

PaccmoTtpum andpakumio orpaHNYeHHbIX peHTre-
HOBCKMX MYYKOB B KpucTanne, npuMnoBepxHoCTHas 06-
nacTb KOTOpPOro COCTOMT U3 Mepuoguyvecku pacnosno-
XKEHHbIX B nateparnbHOM HanpaeneHun 4eopM1MpoBaH-
HblX y4acTKoB. Takoe pacnpegeneHuve ynpyrux gedop-
MaLWiA KpUCTanM4ecKon peLleTkn MoxeT 6blTb co3aa-
HO B pesyrnbrate BO34eNCTBUSA NMOBEPXHOCTHOW aKyCTu-
Yyeckou BonHbl (puc. 1a), nMbo co3gaHusa Ha NOBEPXHO-
CTU KpUCTanna nepnoanyeckomn peLLeTkn ns apyroro Ma-
Tepuana (puc. 1b). [Ins npocToThl paCCMOTPUM CUMMET-
puYHyto gudpakunto B reometpumn bparra. WnpuHa 3a-
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B pamkax Teopun ynpyroctu BbIMOMHEH YNCIEH-
HbIA pacyeT rnoneu peLleToYHbIX CMELLEHNIA B KpucTarn-
nax Hno6at nuTus (LiNbO3) v kpemHusi. B nepeom cry-
Yae nepuogudeckue ynpyrve gedopmauun Bbi3BaHbI
[OEeNCTBMEM NOBEPXHOCTHOW aKyCTUYECKOWM BOSHbI C Nne-
pvogom mogynsumm 4 pm (puc. 2a). Bo BTopom cnyyae
AedopmMaLum BO3HUKAOT K3-32 MOSEKYNAPHOro B3au-
MO CTBMS aTOMOB pa3HbIX MO XMMUYECKOMY COCTaBy
cpen — nonockl Bonbdpama wupuHon 0.5 pm nepuo-
OMYECKN PacMONOXeHbl HA MOBEPXHOCTU KPEMHWUs, ne-
pvog meTannuyeckon peletkn paseH 1 um (puc. 2b).
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Puc. 1. Cxema mupparknum OrpaHMYEHHBIX PEHTT€HOBCKUX IYYKOB HA KPUCTAJIE, IPOMOAYJIMPOBAHHOM IIOBEPX-
HOCTHOI aKyCTHUYECKOI BOJIHOM (a), 1 KpHUCTaJJe C IIOBePXHOCTHOI pereTkoi (b).
Fig. 1. Geometry of diffraction for spatially bounded X-ray beams on a crystal modulated by a surface acoustic

wave (a) and a crystal with a surface grating (b).
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Puc. 2. ITons ynpyrux medopmanuii B Kpuctaairax Huobara autud (a) u kpemuusda (b).
Fig. 2. An elastic deformation field in lithium niobate (a) and silicon (b) crystals.
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Puc. 3. KapTsl yIiioBOro paciupefie/ieHna WHTEHCUBHOCTY PACCESHUS BOIU3M y3Jia 00PATHOM PEIeTKNM OT KPUCTAJLIA
Huobara jaurtud (a) u kpemuud (b).

Fig. 3. Reciprocal space maps of lithium niobate (a) and silicone (b) crystals.
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