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Annomayusn. Llenv pabomesl — ¢ MOMOIIBIO 00PATHOTO CIIMHOBOTO 3¢ dekra Xosia 3KCIePUMEHTAIBHO UCCIICA0BATh ICTEKTH-
poBaHHe CPOKYCHPOBAHHBIX MYyYKOB MOBEPXHOCTHBIX MarHuTocTatndeckux BoiH (IIMCB) B MHTErpabHBIX TOHKOIUIEHOYHBIX
MukpocTpykrypax YIG(3.9 mxm)/Pt(4 HM), roe ¢poKycHpoBKa obecriednBaiach 3a CUeT KPHBOJIMHEHHOM (GopMBI BO30YKIa-
fomteii anTeHHsbI. [IpoBectu cpaBHeHHE co cirydaeM aetekruposanus [IMCB, Bo30yx1aeMbIX NPSIMOIHHEHHONW aHTCHHOM.
Memoovl. DKCTIEPUMEHTHI BBITIOHSIMCH C MAKETOM THUIIA JIMHUH 3aICPKKKU Ha OCHOBE CTpyKTyphl YIG/Pt. MccaenoBanuch
aAMIUTHTYAHO-9aCTOTHBIE XapakTepucTuku mMakera YIG/Pt n wacrorHas 3aBucumocts DJIC (V (f)), HaBomuMasi B IUTaTHHE.
Peszynomamer. TlokazaHno, 4To Ha 4acToTaxX f BOJM3M JIMHHOBONHOBOM rpanuipl crekrpa [IMCB semmumna D10C V (f)
rerepupyemoii cdokycuposannoin [IMCB, MoxeT B pasbl npesbimiars 3Hauenus V (f) B ciydae Bo3Oyxaenus [IMCB
00bruHON (TIpsiMOiA) aHTeHHOH. IIpy 3TOM B KOPOTKOBOJHOBOM YacTH CHEKTpa, HaoOopot, BexnmuuHa DJIC, renepupyemas
cthoxycupoBanabiM nydkom [IMCB, oka3biBacTCsi 3aMETHO MEHbIIE. Takoe MOBEIEHUE CBS3aHO C XpoMaTH4eckoil abep-
pauueii pokycupyromux antenH [IMCB, mposiBisitoreiics B 4aCTOTHON 3aBHUCUMOCTH (DOKYCHOTO PAacCTOSHUS aHTCHHBI,
YTO TMOIATBEPXKIACTCS Pe3yJIbTaTaMH MIPOBEAEHHOIO MHUKPOMAarHWTHOTO MonenupoBaHus. Iloka3aHo, 4To majeHue CHUrHa-
nma DJIC, renepupyemoro chokycrupoBaHHbEIM mmydkoM [IMCB, B KOpPOTKOBOJIHOBOI 4acTH CIEKTpa CBS3aHO C BBIXOAOM
bokyca Ha y4acTOK CTPYKTYpbI, HE MOKPBITON IwieHkoii Pt. IIpu stom poct V (f) B IIMHHOBONHOBON OGIACTH CIEKTPa
[IMCB 00bsiCHsSIeTCST YBETUUEHUEM TOTOHHO#M TToTHOCTH MotHOCTH [IMCB 1 dpopMupoBaHreM KayCTHK O[] TUICHKON Pt.
3axniouenue. TlomydeHHBIE Pe3yNbTaThl MOTYT OBITH MPUMEHHMBI ULl Pa3paOOTKH BBICOKOYYBCTBUTEIBHBIX JIETEKTOPOB
CIIMHOBBIX BOJIH M CO3/IaHHS YCTPOHCTB CIIMHOBOI JIOTHKH.

Knioueswie crosa: crpykrypsl YIG/Pt, hokycupyroiie aHTCHHBI, TOBEPXHOCTHBIC MATHUTOCTATHYCCKHE BOJHBI, 0OpaTHBIH
CHHHOBBIN 3¢ ekt Xoita, MUKpOMarHuTHOE MOAETHPOBAHUE.
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Detection of focused beams of surface magnetostatic waves in YIG /Pt structures
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Abstract. The purpose of this work is to experimentally study, using the inverse spin Hall effect (ISHE), the detection of
focused beams of magnetostatic surface waves (MSSW) in integrated YIG (3.9 um)/Pt(4 nm) thin-film microstructures,
where the focusing effect was ensured by the curvilinear shape of the exciting antenna. Make a comparison with the case of
detecting MSSWs excited by a rectilinear antenna. Methods. Experiments were carried out using the delay line structures
based on the YIG/Pt. The amplitude-frequency characteristics of the YIG/Pt structure and the frequency dependence of the
EMF (V(f)) induced in platinum were studied. Results. It was shown that at frequencies f near the long-wavelength limit of
the MSSW spectrum, the magnitude of the EMF V' (f) generated by a focused MSSW can be several times higher than the
values of V(f) in the case of MSSW excitation by a common (straight) antenna. In this case, in the short-wavelength part of
the spectrum, on the contrary, the magnitude of the EMF generated by the focused MSSW beam turns out to be noticeably
smaller. This behavior is associated with chromatic aberration of the focusing antenna for the MSSW, which manifests itself in
the frequency dependence of the focal length of the antenna, which is confirmed by the results of micromagnetic modeling.
It is shown that the drop in the EMF signal generated by a focused MSSW beam in the short-wavelength part of the spectrum
is associated with the focus reaching the area of the YIG not covered with the Pt film. In this case, the increase in V'(f) in the
long-wavelength region of the MSSW spectrum is explained by an increase in the linear power density of the MSSW and the
formation of caustics under the Pt film. Conclusion. Obtained results can be used for the development of highly sensitive spin
wave detectors and the creation of spin logic devices.

Keywords: YIG /Pt structures, focusing antennas, magnetostatic surface waves, inverse spin Hall effect, micromagnetic
modeling.

Acknowledgements. The work was supported by RSF grant No. 22-19-00500.

For citation: Seleznev ME, Dudko GM, Nikulin YV, Khivintsev YV, Sakharov VK, Kozhevnikov AV, Vysotskii SL,
Filimonov YA. Detection of focused beams of surface magnetostatic waves in YIG/Pt structures. Izvestiya VUZ. Applied
Nonlinear Dynamics. 2024;32(3):405-418. DOI: 10.18500/0869-6632-003104

This is an open access article distributed under the terms of Creative Commons Attribution License (CC-BY 4.0).

BBenenune

3amaun reHepauru, NepeHoca U ACTeKTUPOBAHUS CIIMHOBBIX TOKOB (TOKOB YIJIOBOI'O MOMEHTA
JNEKTPOHA) ABJISAIOTCS KITIOYEBBIMHU s CTUHTPOHUKH [ 1-7]. ITpn aTOM 0COOBIN MHTEpEC C TOUKU 3PEHUS
pa3paboTKu 3HeprodpGEeKTUBHON IEMEHTHON 0a3bl MPEACTaBIAIOT CTPYKTYpPHl Ha OCHOBE IJICHOK
xenezourrpueBoro rpanara (YIG) u mnaruss! (Pt), rae nepeHoc CIIMHOBOIO TOKa MOXET OCYILECTB-
JAThCS CIMHOBBIMH BoitHamu (CB) Ge3 yuacTust ABM>keHUs 3apsaaoB. D(PPeKTs! pacpocTpaHeHUs U
nnTepdepenn CB B MarHUTHBIX MHUKPOCTPYKTYpaxX MOTYT OBITh HCIIOJIB30BaHbI AJISI IIOCTPOCHUS
SHeprod((PEeKTUBHBIX JIOTHIECKUX YCTPOUCTB [8, 9], a Takke I ceruaibHO 00paboTKH TaHHBIX,
TaKo¥ Kak pacrio3HaBanue o6pazos [10, 11], npocras dakxropusanus [12], BUu3yanusamusi MarHUTHBIX
gactutl [13], cmekrpanbHbIid ananu3 [14]. Pa3pabaTreIBaroTCsl Takke BEIYUCIUTEIBHBIEC aTOPUTMBI, KOTO-
pBI€ UCHIONB3YIOT (POPMHUPOBAHUE UHTEPPEPECHIIMOHHON KapTHHBI MEXIY KOT€PEHTHBIMH BOJTHOBBIMU
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¢poHTaMu [T peanu3anuu HeOyneBbIX Beruncienuit [10,11,15-18] u metoas! 00pabOTKM MarHUTHBIX
M300paKCHUM Ha MPHUHIIMIIAX CIIHH-BOJHOBOW Dyphe-onTuku [19].

Peanuzanms Takux (yHKIMOHANBHBIX CIIHH-BOJHOBBIX YCTPOUCTB 00paOOTKH HH(OPMAIIMN MOKET
OBITH OCHOBaHA Ha MPUHLUIAX CIIMH-BOJIHOBOH ONTHKH, YTO NpEAIoaaraeT HHTErpalrio SIeMEHTOB CIIHH-
BOJIHOBOW ONITHKH (TIPU3M, JIMH3, 3€pKaJjl, CIUINTTEPOB) C MAarHUTHBIMU TIeHKamu [ 17-22]. [1pu atom
CTaHOBMTCS aKTyaJIbHOM 3a/laya MHTETPallM ¢ MarHUTHBIMU TUIEHKaMU M3JIydareneil u npueMHukoB CB,
CHoCOOHBIX 3()(hEeKTHBHO reHepHpOBaTh U AETEKTUPOBATh HanpasieHHble myuyku CB, chopmupoBanHbie
0e3 TeOMEeTPHUECKIX OTPaHNYEHHIH Ha BOTHOBEAYIIYIO cpemdy. st 3Toil 1esm MOryT OBITh HCIOTb30BaHBI
Kak ToueuHble ucrouHuku CB [17,23-28], Tak u crienuaabHO CKOHCTPYHUPOBAHHEIE (POKYCUPYIOIIHIE
antennsl CB [21,29-32].

B crpykrypax cnuatponuku tuna YI1G/Pt st Bo3Oyxaenus u aerekruposanusi CB moryt mpu-
MEHSATBCS METOJbl, OCHOBAaHHBIE HA I'€HEpalud U ACTEKTHPOBAHMH CIIMHOBOIO Toka [3-7]. B Takmux
CTPYKTypax MOXKET OCYIIECTBIATHCA B3aUMHOE MMpeoOpa3oBaHue CIIMHOBOTO U JIEKTPUYECKOTO TOKOB
3a cueT 3P PEeKTOB IEKTPOH-MAarHOHHOTO paccesHus Ha rpanuie YIG/Pt [33]. IIpu 3TOM MOCTOSHHBIH
JNIEKTPUYECKAN TOK B IUICHKE TUIATHHEI 33 CYET CIMHOBOTO ddeKTa Xoma MOXKET MPUBOANUTE K TeHe-
paumu CB [33,34], a 3a cueT oOpaTHOro cnHOBOro 3¢ dexra Xomia (OCIX) MOXKHO OCYIIECTBISATH
oOparHoe mpeoOpa3oBaHUe CIIMHOBOTO TOKA B 3eKTpudeckuit [33,35]. lo cux mop AeTEeKTUpPOBaHUE
CB ¢ nomompio OCOX nccnenoBanoch npu Bo30yxaeHnn CB npsMoanHeHBIME MUKPOIIOI0CKOBBIMH
aHTeHHaMH, Koraa 3¢ dekTsl pokycupoBku CB orcyrcTBoBamu [36—43]. Llenpro maHHOMN pabOTHI SBIACTCS
HCCIIeIOBaHHE JIETEKTUPOBAHMS CPOKYCHPOBAHHBIX ITyYKOB ITOBEPXHOCTHBIX MarHUTOCTATHUECKUX BOIH
(ITMCB) B cTpykrypax YIG/Pt.

OtmeruMm, 9To KOHCTpYKIus pokycupytomux antenH CB 3aBucur ot xapakrepa aucnepcun CB.
doxkycupytonue semenTsl 11 CB ¢ u3orponHol aucnepcuel, Takue Kak npsimble oobeMHble CB
B HOPMaJIbHO HAMarHMYEHHOM IJIeHKe (eppuTa, MMEIOT BOTHYTYIO (JOpMY OTHOCHUTENIBHO (hokyca [21]
[0 aHAJIOTUU ¢ TPAAULIMOHHON onTUKOW. HarmpoTus, i BONH ¢ aHU30TPOIHOW IUCIEPCHUEH, TAKUX KaK
IIMCB wniu o6patHbIe 00beMHBIC MarHuTocTaTndeckue BoaHsl (OOMCB) B kacaTelbHO HaMarHUYEHHBIX
TUIeHKaX, Gopma OKyCHPYIOMHNX 3IeMEHTOB Bhimykias [21,32]. B manHoi pabore Oyaer nccienoBaHo
nerextupoBanue B cTpykrype YIG/Pt myuxos [IMCB, coKycHpoOBaHHBIX ¢ TOMOIIBIO KPHBOJIHHEHHON
MHKPOITOJIOCKOBO# aHTeHHBI. Kpome Toro, MbI cormoctaBuM 3 PeKTUBHOCTD AeTekTupoBanus [IMCB
MpH BO30YKJICHUH KPUBOIMHEHHON M MPAMOIUHEHHON aHTEeHHAMHU.

1. I/ICCJ'IeIlyeMaH CTPYKTYpPa 1 ME€TOAUKA IKCIICPUMEHTA

DKCIEpUMEHTHI BBIIOIHAINCH co cTpykrypamu YI1G/Pt Tuna nmuaun 3aaepxku [IMCB, mukpo-
¢oTtorpadust KOTOpeIX HpuBeneHa Ha puc. 1, a. CTpyKTypsl GOpMHUPOBAIKCh HA TOBEPXHOCTH IUICHKU
YIG ronmuuoi dy ;o ~ 3.9 MKM, HaMarHM4eHHOCThIO HackieHus 4wMy =~ 1750 I'c, anuTakcuaabHO
BBIpAIIEHHON Ha MOAJIOXKKE TaJI0IMHUNH-TaNIMEBOrO TpaHaTa ¢ KpucTaiorpaduieckoil opueHTanuei
(111). Ha moBepxuocTr mieHku YIG MeTomaMu MarHeTpOHHOTO pacibiieHus, Goroaurorpaduu U NOH-
HOTO TpaBJieHUs! (POPMHUPOBATHCH Mapbl aHTEHH (1 U 2) ¢ KOHTAKTHBIMH IUIOLIAJKAMH JUIsl OAKITIOUCHUS
CBY MHKPO30HIIOB, MKy KOTOPBIMUA HaXOauiIach 00JacTh, MMOKPhITas mieHko Pt. OnHa U3 aHTeHH
nMena GpopMmy IpsSMON MUKPOIIONIOCKH UIHMHON a = 300 MKkM, amepTypoit b = 250 MKM M HIMpHUHOI
¢ = 4 MxM (puc. 1, b). lpyras anrenHa Obuta Gokycupymoleil 1 uMesa BBITYKIYI0 B CTOPOHY IUICHKH Pt
KpHBOJIMHEHHYTO opMy ¢ pagmycom 3akpyrieHns R = 300 MxM, aneprypoit b = 250 MKM W IIMPUHOMN
¢ = 4 Mxm (puc. 1, ¢). Dopma pokycupyromeid aHTEHHBl PaCCYUTHIBAIIACH METOIOM, YKa3aHHBIM B pabo-
Te [44]. [Inenka maruael uMena mHY L = 620 MM, mmpuHy w = 200 MKM U TOMMHHY dpy = 4 HM.
K nuieHke nmaTHHBI H3rOTaBIMBAINCH MEIHBIE KOHTAKTHI (3 U 4) A7 n3MepeHus 3NMEeKTPOABIKYIIEH CHITBI
(BAC) V, renepupyemoii B ruiature 3a caer OCOX. MakeT moMeniancs: B 3a30p IEKTPOMarHuTa Tak,
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Puc. 1. a — JIunus 3apepxxu [IMCB Ha ocHoBe ctpyktypsl YIG/Pt, tne 1 1 2 — mapa anTeHH A7t BO30YKICHHS U IpUeMa
I[IMCB, 3 u 4 — xoHTtakTsl g u3Mepenus JC B Pt murenke pmuuoit L = 620 MxMm u mmpunoi w = 200 MxM; b — dhopma
MIPSMOJIMHEHHON aHTEHHHI anepTypoi b = 250 MKM U MIUPUHOI ¢ = 4 MKM, JUIMHAa KOHTaKTHOW mromanku a = 300 MkMm;
¢ — (popma KpUBONMHEHHON aHTEHHBI anepTypoi b = 250 MKM, mHpUHOH ¢ = 4 MKM U paguycoM KpuBu3HEI R = 300 MKM,
JIJIMHA KOHTAKTHOM rromanku a = 300 MKM

Fig. 1. a — The delay line structure for MSSW on the base of YIG/Pt sample where 1 and 2 — a pair of antennas for MSSW
excitation and reception, 3 and 4 — contacts for EMF measurement in Pt film with the length L = 620 um and width
w = 200 um; b — the form of straight-line antenna with the aperture b = 250 um and width ¢ = 4 um, the length of the
contact pad a = 300 um; ¢ — the form of curvilinear antenna with the aperture b = 250 um, width ¢ = 4 um and radius of
curvature R = 300 pm, the length of the contact pad @ = 300 um

4T0 MarHuTHOE note H 6bu10 HaIpaBJIeHO KacaTesibHO K miieHke YIG u napainienbHO NpsaMOIUHEHHON
MHKPOTIOJIOCKE, YTO OTBeYasI0 reomeTpun Bo3Oykaenus [IMCB [45].

W3mMepeHus mpoBOIMIINCH IO METOJVKE, H3JI0KEeHHOM B paborax [40—43]. [IpoBoauinock cpaBHe-
Hre gacToTHbIX 3aBucumocteit DJIC V (f), nomyuerHsbix npu Bo30yxaeann [IMCB dokycupyromum
(cM. puc. 1, ¢) u npsiMoMHEHHBIM (cM. puc. 1, b) mpeobpazoBarensaMu. [Ipu 3TOM yYUTHIBAIOCH, YTO
M3-3a HeB3auMHOCTHU pacnpoctpanenus [IMCB 05110 HE00X0IUMO BMECTE CO CMEHOW BXOIHOM aHTEHHBI
M3MEHUTh HalpaBiIeHHe MarHUTHOTO IOJIS H ua MIPOTHUBOIIOJIOKHOE, YTOOBI B 000ux ciydasx [IMCB
pacmpocTpaHsutachk BIoJIb rpaHuibl Y1G/Pt.

2. Pe3yabTatsl u 00cyxkIeHne

Ha puc. 2, a mpencTaBieHbl 4YaCTOTHBIC 3aBUCUMOCTH K0d(h(bHIUCHTA nepenadn S1o, U3MEPCHHbIC
npu P, = —20 nbm u H = 939 3 B crpykrypax YIG/Pt, rie ogHa M3 aHTEHH UMEET KPHBOIIM-
HeitHyto ¢opmy u dokycupyer [IMCB (kpuBast /) u rae o0e aHTEHHBI MPSIMOJIMHEIHbBIE (KpUBas 2).
W3 pucyHka MOXHO BUIETH, 4TO aMIuIuTyna curaaia [IMCB, mpomeamrero uepe3 MakeT, Ha 9acToTax
f < f*= 4.9TITu B ciydae Bo30OyxJeHUs (HOKYCHPYIOIEH aHTEHHOW OKa3bIBACTCS BBIIIC HA BEIMYU-
HY =~ 8 b, 4eM B MakeTe ¢ IPSIMOJMHCHHBIMA aHTEHHAMH. JTO CBSA3aHO C T€M, 4YTO (POKYCHPYIOIIHE
anteHHsl [IMCB xapakrepusyroTcs XpoMaTHuecKkol abeppariueil, mposBisonieiics B 3aBUCUMOCTH (o-
KyCHOTO PAacCTOSHUS aHTEHHHI OT 4acToThl [21]. B muanmazone wactor f < f* =~ 4.9 I'T'u hoxycupoBka
MIPEIATCTBYET paciuibiBanuio mydka [IMCB u Oonbiras 9acTh €€ MOITHOCTH JOCTHTAET BBIXOIHOMH
anteHHbl. Ha wactorax f > f* npoucxomut oOparHas cuTyauus — HabmogaeTcs JTyyilee IpOXOKACHHE
IIMCB mis ciaydas npsIMOJIMHEHHON aHTEHHBI. DTO CBSI3aHO C TE€M, YTO II0 MEpPE POCTa 4acTOTHI f
noJyioxkeHue (hokyca cMmemiaercsi K Bo30y>KAarolleil aHTeHHE U KayCTUKH, KOTOPBIC 32 TOUKOH (oKyca
MIEPEHOCST 3HAYUTENbHYI0 YacTh MomHOCcTH [IMCB, orn6aror BRIXOAHYIO aHTEHHY (CM. TakXke puc. 3).

Ha puc. 2, b mpuseaenst gactorubie 3aBucumoctu JAC V, mamepennsie pu P, = —10 nbm
B ctpykrype YIG/Pt, rne Bo3Oyxunenue [IMCB ocymecTsisinocs Qokycupyromeid (kpusas /) wiu
TIpsIMONTMHEHOM (KpuBas 2) anTeHHaMu. OTMETHM OCIMJUIAPYIONTUH XapakTep KPUBBIX / U 2, 9TO
CBSI3aHO C CHHTY/SIPHOCTSIMU BaH X0Ba B IIOTHOCTH cocTosituii 1( f) B ciekrpe [IMCB Ha wactorax
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Puc. 2. Pe3ysbTarsl U3MEpeHHA YaCTOTHBIX 3aBUCUMOCTEH KoadduimenTa nepenauu Si2 (a) u AC V (b) npu P, = —20

u —10 nbm cooTBeTCTBEHHO, I KpuBble / U 2 0TBeHaloT cirydasM Bo3OyxaeHus [IMCB ¢okycupyromei n npsiMonuaeHoi
AQHTCHHAMH; HOJOKEHHs YacToT f* Ha puc. a u f** Ha puc. b, Ha KOTOPBIX IPOUCXONHUT «BHIPABHUBAHHE) 3HAYCHHI KPHBBIX |
U 2, IOKa3aHbl IyHKTUPHBIMU JTUHUAMU

Fig. 2. Results of the measurements of frequency dependencies of the transmission coefficient Si2 (a) and EMF V (b) at
Pin = —20 and —10 dBm respectively, where curves / and 2 correspond to the cases of MSSW excitation by focusing and
straight antennas; frequency positions f* in fig. a and f** in fig. b, at which “equalization” of curves / and 2 happens, are
shown by dash lines

JIUIIONIbHO-OOMEHHBIX PE30HAHCOB U OpoOHee 00cyxaanock B padore [42]. M3 pucyHka MOXXHO BUAETb,
yro Ha yactotax f < f** = 5.05 I'T B ciydae Gokycupyrolliei aHTCHHBI BeJIMYMHA CUrHaia V' Oblia
oounbiie Ha 10-20 % oTHOCUTENBHO ciiyyas MpsIMOJNIMHEHHOW aHTeHHBI. Ha yactore f** mpoucxomuino
BbIpaBHUBaHHE 3HaYeHUU V kpuBbIX [ W 2, a Ha vactorax f > f** DJIC oka3biBanach Ooblie
B Cllydyae MPSIMOIHMHEIHOM aHTeHHBL. JIJist TOro 4to0bl OOBSICHUTH TaKoe moBeaeHue 3aBucumoct V (f),
oOparumcst K puc. 3.

Ha puc. 3 npuBeneHs! pe3ynbTaThl MUKPOMarHUTHOTO MOJICITUPOBAHHUS IBYMEPHBIX KapT pacipe-
nenenns Oypbe-aMmuTyasl BorHoBoro oyt [IMCB B miockoct XY B OKPeCTHOCTH (DOKYCHPYIOIICH
aHTeHHbI (0TMeueHa Kak 1) Ha yactotax f = 4.65...4.9 I'Tu v npu H = 960 3, moy4eHHbIE ¢ OMOIIbIO
OOMMEF [46]. MopennpoBaHue TPOBOAUIIOCH COMTACHO MOAXOAY paboTsl [32] mpu mapameTpax, oTBeda-
IOIIUX AKCTIEpUMEHTY. 3 puc. 3 MOXHO BUAETH, uTo Bo30ykaeHue [IMCB kpuBonrHEHHOW aHTCHHON

4.65GHz  4.7GHz 4.8 GHz 4.9 GHz

0.90

Surface coated

with Pt film
0.75

0.7 0.8

0.7 0.8 0.7 0.8 0.7 0.8
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Puc. 3. Pacnpenenenne ®@ypre-ammnurtynsl noist IIMCB, Bo30yxmpaemoii ¢pokycupyromeii (1) antenHol B miockoctd XY Ha
gactorax f = 4.65...4.9 I'Tn, roe 2 — dpopmupyemsle kaycTuky, 3 — nonoxkenue ¢pokyca [IMCB (user onnaiin)

Fig. 3. Distribution of Fourier-amplitude of MSSW field excited by focusing antenna (1) in XY plane at frequencies
f =4.65...4.9 GHz where 2 — formed caustics, 3 — position of MSSW focus (color online)
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Fig. 4. Distribution of Fourier-amplitude of MSSW (a) and BVMSW (b) field excited by focusing antenna in XZ plane (color
online)

npuBouT K Gokycuposke [IMCB, mpu 3ToM ¢ pocTtom gacToThl f nonoxeHue Gokyca (OTMEUCHO Kak
3 ma puc. 3) cMmemaercs Ommxe K Gokycupyromeli aHTeHHe, HO OCTaeTcsl Ha ydJacTke TUieHKd YIG,
nokpeiToM Pt. Ha wactorax f > 4.9 I'Ty nonoxenue Gokyca HaXOAUTCS MEXKIY aHTCHHOW U 00IaCThIO
mwieHkd YIG, mokperroit Pt. C pocrom wactoter [IIMCB yBenmunBaeTcst yroi Mexay HampaBiIeHUSIMHI
OCH y M KayCTHKaMH (OTMEUEHBI Kak 2 Ha puc. 3), GOPMUPYEMBIMH NPH (OKYCHPOBKE.

OtmernM, 4TO pacnpoctpaneHue kayctuk [IMCB, ¢popMupyeMbIx Ha Kpasix aHTCHHBI, B3aUMHO
OTHOCHUTEJIBHO ONTUYECKOW OCH aHTEHHBI. DTO CIEAYeT U3 Pe3yIbTaTOB MUKPOMAarHUTHOTO MOJENH-
poBanus pacnpoctpaneHus: [IMCB, aMmiiuTyna KOTOpOil Ha HECKOJIBKHUX YacTOTax B INIOCKOCTH XZ
ceueHus wieHkH YIG nokaszana Ha puc. 4, a. B cnyyae oOpaTHBIX 00BEMHBIX MarHUTOCTATUYECKUX
BotH (OOMCB) xapakTep pacnpoCTpaHEeHHs KayCTHK KapIUHAILHO OTINYACTCS. DTO MOXKHO BUICTH
u3 puc. 4, b. OcoOEHHO SIPKO HEB3aMMHOCTb MpPOosiBIIsieTcst st yacTothl f = 4.5 I'T. Pacnpenenceuune
AMIUIATYJL «JIEBOM» U «IPaBOi» KayCTHK OTHOCUTEIBHO ONTHYECKON OCH HEB3aMMHO — MAaKCUMYMBbI X
aMIUTUTY]] HaXOASTCA BOJM3K pa3HBIX oBepxHOCTEH I€HKH YIG.

Takum 00pa3oMm, OTMEUEHHBIN paHee pocT BenuumHbl curHana JJ[C Ha wactotax f < f**
MOJXKET OBITh CBSI3aH C JBYMs NpUYMHAMH: 1) ¢ GOpMHUpPYyEeMBIMU KayCTHKAaMH, KOTOPBIE OTpPaKaloT
poct miotHocTu cocrosiHuid M(f) B crekrpe [IMCB, uTo cx0%ke CO CiaydaeM AMMIOIBHO-OOMEHHBIX
pe3oHaHcoB; 2) gokycupoBka [IMCB nmpuBoguT K poCTy IUIOTHOCTH MOroHHOW MomHocTi [IMCB, uTto
9KBHUBAJIEHTHO CIIy4Yal0 yBEJIUYEHUS YPOBHS BXOAHON MOIIHOCTH Fip.

3akjroueHue

Taxum obpazom, Ha puMepe cTpykTyp YIG/Pt mokasana BO3MOXHOCTH I€TEKTHPOBAHUS C TI0-
momrsio OCOX chokycnpoBannubix mydxoB [IMCB, B0o30y»xkmaeMbIx (POKYCHPYIOIIUM KPHBOIHHEHHBIM
npeobpasoBarenieM. [IpoBesieHo cornocrasieHne yactotTHbix 3aBucumocteir DJIC V(f), HaBomuMBbIX Ha
KoHTaKTax K Pt, B ycinoBusax goxycupoBku [IMCB u npu Bo30yIeHUH TPSIMOJIMHEHHBIM IpeoOpa3oBa-
tenem. OT™edeHo, uto Ha BenuunHy V ( f), renepupyemyto chokycupoBanasivu [IMCB, cymectBeHHO
BIMSIET XpoMaTudeckasi abeppanus Gokycupyrouiei anteHHsl. 1lokazano, uro ¢okycuposka [IMCB
HNPUBOJUT K pocTy curHaia 9J{C OTHOCHTENIBHO Cilydasl NPSIMOIUHEHHON aHTEHHBI HAa TEX 9acTOTax
f < f**, npu xotopsix nonoxenue Gokyca [IMCB HaxoquTcs Ha y4acTKe CTPYKTYPbI, TOKPHITOM Pt.
Ha gacrorax f > f**, npu KOTOpBIX MoJOKeHHE (POKYCa HAXOAUTCSA MEXIy aHTeHHO# 1 obnacteio YIG,
nokpeItoit Pt, curnan DJIC, Haoboport, magaer. Ykazauusiid poct JJIC Ha wacrtorax f < f** moxer
OBITH CBSI3aH C YBEJIWYEHHUEM MOTOHHOW mioTHOCTH MommHocTr [IMCB n xayctukamu, GopMupyeMBIMH
npu pOKYCHPOBKE, KOTOPBIE OTPAKAIOT POCT MIOTHOCTH coctosirmii 1( f) B crekrpe [IMCB, 4to nomkHO
MIPUBOIUTH K YCHIJIEHHIO MIPOIIECCOB IEKTPOH-MAarHOHHOTO PacCesHMUs.
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