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TepMoMarauTHas 3alUCh Ha TOHKHE IUIEHKH B HACTOSIIEE BPEMs — OJUH W3 HaH-
OoJiee IEPCIIEKTUBHBIX METOJOB /U KOTTMPOBAHUS 3aIMCEH C BBICOKOH IUIOTHOCTBIO U
cnaboif 0CTaTOYHON HaMarHMYEHHOCTHIO, HAIIpUMEP B KPUMHUHAJIHCTUKE. TeXHOIOTrHs
TEPMOMArHUTHOM 3amicu BOCTPEeOOBaHA JUIS IOBBIMICHHS IUIOTHOCTH 3allUcH HHQOP-
Marui. [1o oreHKaM crieraaucToB, TEPMOMArHUTHAS 3aUCh MO3BOJIUT JOCTHYB ILIOT-
HoctH 3anucH A0 10 TOuT Ha 1 kBampaTHBIN q0iM. Bemercss HHTEHCUBHBIN MOUCK (-
(heKTHBHBIX MAaTEepUAJIOB JUIS CO3JJaHUs HOCUTENEH TEepPMOMarHUTHOM 3aIicy.

IIpencraBneHsl pe3yabTaThl UCCIEIOBAHUS TOMEHHOH CTPYKTYpPHI CHHTE3UPOBaH-
HBIX METOJIOM >XHIKO()A3HOH 3MUTAKCHH BBHICOKOKOIPIUTHBHBIX (heppHUT-TpaHATOBBIX
IJIEHOK C HU3KOM Temneparypoil Kiopu B kauecTBe HOCHUTENEH TEPMOMArHUTHOM 3aIiu-
cu. CronmpoBaHHas Ha (DEPPUT-TPAHATOBYIO IIEHKY JIOMEHHAs CTPYKTypa (IIOIMIIH-
JMCKa TIEPCOHAILHOIO KOMIBIOTEPA UCCIEI0BaHAa METOJJOM MAarHUTHO-CUJIOBON MHUKPO-
ckormu. [loka3aHo, 4TO paspelieHHe NpH TEPMOMArHUTHOM 3amuch Ha (eppur-
I'PaHaTOBYIO IUICHKY OIPaHHYEHO CEThIO Je(EeKTOB B KPUCTAIUIE U CBA3aHHBIMH C HEH
CTPYKTYpOil 1 MOp(oJIOTHENH TOBEPXHOCTH M 00YCIIOBJICHO, B MEPBYIO O4Yepenb, mapa-
MeTpaMH PaccoriIacoBaHUs PEIIETOK MICHKH U TOAJIOKKH.

[TonyueHHble pE3yNbTAaThl MOKa3bIBAIOT, YTO BBICOKOKOAPIMTHUBHBEIE (eppuT-
IpaHaTOBBIE IUIEHKU C HU3KOM TemmepaTypoil Kiopu MoryT OBITh IPUMEHEHBI B Ka4eCT-
BE HOCUTEJIEH TEPMOMATrHUTHOMN 3aIlUCH.

Kniouesvie crosa: NOMEHHas CTPYKTypa; (peppHUT-TpaHATOBBIC IUICHKH, TEPMOMarHHWTHas
3aIMUCh; MArHUTHO-CHJIOBAsi MUKPOCKOITHSL.

Js yumuposanusi: MarHUTHO-CUIIOBass MHKPOCKOITHS JIOMEHHOH CTPYKTYpsl (eppur-
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Magnetic Force Microscopy of Domain Structure
of Ferrite-Garnet Thin Films — Carriers of Thermomagnetic Recording
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The thermomagnetic recording on thin films is currently one of the most perspec-
tive methods for copying records with high density and weak residual magnetization,
for example, in forensics. The technology of thermomagnetic recording is in demand to
increase the information recording density of up to 10 Tbit per 1 squre inch. An inten-
sive search for the most effective materials to create the carriers of thermomagnetic re-
cording is being performed.

The results of studying the domain structure of the high-coercive ferrite-garnet
films, synthesized by liquid-phase epitaxy with low Curie temperature as the carriers of
thermomagnetic recording, have been presented. The domain structure of the PC floppy
disk has been copied onto the ferrite-garnet film and has been studied by method of the
magnetic force microscopy. It has been shown that the resolution for thermomagnetic
recording on the ferrite-garnet film is limited by a network of defects in the crystal, by
the structure and morphology of the surface, connected with it, and by the mismatch pa-
rameters of the substrate-film lattices.

The obtained results demonstrate that the high-coercive ferrite-garnet films with
low Curie temperature can be applied as the carriers of thermomagnetic recording.

Keywords: domain structure; ferrite-garnet films; thermomagnetic recording; magnetic
force microscopy.

For citation: Magnetic force microscopy of domain structure of ferrite-garnet thin
films — carriers of thermomagnetic recording / Yu.E. Vysokikh, S.Yu. Krasnoborodko, V.I.
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TepMomarHuTHasl 3aMuch Ha TOHKHUE IJICHKH B HACTOAIIEE BPEMs SIBIIETCS OJHUM W3 HambOosee
MEPCIIEKTUBHBIX METOJIOB JUII KOIUPOBAHUS 3alKcell C BBICOKOW IIOTHOCTBHIO U CJ1a00il OCTaTOYHOM
HaMarHW9eHHOCTHIO, HAPUMED, B KpUMUHAIKUCTHKE. B mociieiHee Bpemst ISl OBLIICHHSI TUIOTHOCTH
3aIiCH Ha JKECTKUH TUCK B KOMITBIOTEPE pacCMAaTPUBAETCS MUCIOIb30BaHHE TEPMOMATHUTHON 3aIucu
(HAMR — Heat Assisted Magnetic Recording) [1, 2, 3]. Dto MarHuTHas 3aIKCh, IPU KOTOPOW OJIHO-
BPEMEHHOE BO3/CHCTBUE TEIJIOBOTO M MAaTHUTHOTO TOJIEH HA HOCUTEh 3aIMCH MPUBOJIUT K U3MEHE-
HUIO €r0 MarHUTHOTO COCTOSTHUSI B COOTBETCTBHH C CHTHAJIOM 3alMChIBaeMOl MH(OpMaIuu, repena-
BAEMOW HOCHUTENIO TEIUIOBBIM mojieM [2]. sl TepMOMArHUTHOM 3alMCH UCTIONB3YIOTCS MaTepUalIbl C
BBICOKOW KOA3PIUTUBHOW CHUJIOW, YTO OOECIICYMBACT BHICOKYHO CTaOMIIBHOCTh 3allUCAHHBIX YYaCTKOB.
[Ipu TOBBITIIEHNN TeMITEpPaTyphbl Y9acTKa — HOCHUTEINS 3allMCH MPOUCXOUT CYIECTBEHHOE N3MEHEHUE
€r0 MarHUTHBIX CBOWCTB. B pesynbraTe HarpeThie y4acTKH IMEpPeMarHHYUBAIOTCS TMPHU BO3JIEHCTBUH
BHEIITHETO0 MarHUTHOTO TOJIA. [[JIeHKM-HOCUTENN TePMOMATrHUTHOM 3aIUCH 71T KOITUPOBAHMS 3aCei
C BBICOKOW IIJIOTHOCTBIO U CTab0¥ OCTaTOYHON HAMarHMYEHHOCTHIO MOTYT HCIIOJIB30BaTHCA U B JPY-
X 00JacTSAX, HAIPUMEP, B KAYECTBE JIOBYIIEK JJIs YIbTPAXOIOAHBIX HEHTPAIBHBIX aTOMOB H Jp. B
HACTOSAIIEEe BpEeMsI HMHTEHCUBHO BEJIETCSH IMOUCK A(PPEKTUBHBIX MATEPHAIIOB IS CO3J[aHMsI HOCUTENEH
TepMOMAarHUTHOH 3armcu [4].

B HacTosmieit paboTe NpHWBENEHBI PE3YNIbTAThl HCCICIOBAHMS BO3MOXKHOCTH HCIOJIB30BAHUS
(heppHUT-rpaHATOBBIX TNICHOK B KaUECTBE HOCUTENIEH TepMOMArHUTHOM 3amucu. Pa3paboTaHbl BEICOKO-
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KOOPLMTUBHBIE TUIEHKH C HH3KOW Temmeparypoi Kropu. IlneHkum HOMHMHAJIBHOTO cocTaBa
(SmLuBI);(FeGaAlSc)s0;, cuuTe3MpOBaHEl METOAOM KHIAKO(PA3HOMN SMUTAKCHN HA KPUCTAIIMYECKON
MoUTOKKe TagonumHui-raumeoro rpanata (GGG) ¢ xpucramtorpaduyeckoit opuentammen (111).
YBenn4yeHue paccoriacoBaHUs MEXKAY KPUCTAJUIMYECKUMH pelleTKaM{ IUICHKH H IMOJUIOXKKH, 00Y-
cioBenHoe nonamu Bi*, a Takke BKmoueHre HOHOB SM'™ B COCTAB TUICHOK MPHUBOST K CYIICCTBEH-
HOMY YBETHYCHHIO KOIPIMTHBHOCTH IuieHKH. Jlo6aBnenne muamarantasix nonoB Al Ga™ u Sc*
MO3BOJIACT 3HAYMTENBHO CHH3HUTH Temrepatypy Kropu mnenku [5]. s 9KCIiepUMEHTOB BBIOpaHBI
CIeIYIOIIHE MmapaMeTpsl MieHKH: TommmHa h = 2,5 mMkMm, Temneparypa Kiopu T = 70°C, ko3puuTuB-
HocTh H, =62 3, mone Haceimenus Hs =280 3, paccoriacopanue mapaMeTpoB PEHICTKH IUICHKU H
nomnoxkku 0,087 A, mepoxoBarocTs nosepxHocTH 5 HM. Hu3kas cTeneHb MIEPOXOBATOCTH (epput-
IpaHaTOBOM IUIEHKHU MO3BOJISIET 0OECIIEUUTh pABHOMEPHBI KOHTAKT C HOCHTEIEM WHPOPMAaLUK (Mar-
HUTHOW JMCKETOW) U UCKIIOYUTH HEPABHOMEPHOCTh PACTIPE/ICIICHUS] MATHUTHOTO OIS,

[TepBoHawambHO MeTOmaMHU aTOMHO-cHIIOBOW (ACM) m mMarHUTHO-cHiioBOM (MCM) MHUKpPOCKO-
MUK UCCIIEeI0BATIM TONOrpaguio U COOCTBEHHYI0O MarHUTHYIO JTOMEHHYIO CTPYKTYPY CHHTE3HpOBaH-
HBIX (DeppHUT-TPAHATOBBIX IJICHOK. [IJIsi 3TOTO HCIONBh30BaIH CKAHUPYIONIMHA 30HJOBBIA MHKPOCKOI
Wrrterpa 3A0 (HT-MUAT). UcxogHast noMeHHas CTpyKTypa H Tomorpadus IUICHKH MOKa3aHbl Ha
puc.1.

MEKM

100

HM

10 20 30 — 40 i\iRM

Puc. 1. MCM-uzo6paxenue (a) 1 ACM-u3o00paxenue (6) TUIeHKH GeppuT-rpaHaTa
(npuBeseHbl M300paXKEHUs OJTHOM U TOH ke 00sacTH)
Fig.1. MFM (a) and AFM (b) images of a ferrite garnet thin film

OcymiecTBIIsUIaCh TEPMOMArHUTHAS 3aIIMCh JOMEHHOM CTPYKTYpbI (uiomu-aucka (auckersr 3,5")
Ha IUIeHKY ¢eppur-rpaHara. Ee pasmernanu Ha paboudeil MOBEPXHOCTH AWCKETHI W HArpeBalil 0
100 °C. /luckeTy W TUICHKY OXJIKAadk B KOHTaKTe JPYT C JIPYroM JI0 TeMIepaTypbl OKpYKarolen
cpenpl. JloMeHHas CTpYKTypa JUCKETHl IpuBeneHa Ha puc.2,a. Kak yxe ormeuanocsh, pu TepMomar-
HUTHOW 3amucu mporecc (HOpMHUPOBAHUS WHAYHHUPOBAHHON JOMEHHOW CTPYKTYPBl B MAarHUTHOH
IUICHKE MPOUCXOJUT Onarojaps AeHCTBHIO MarHUTHOTO MOJIS UCCIeayeMoro odpasia (B paccMarpu-
BacMOM ciiyyae — (uIonmnu-nucka). B pesynbraTe MHAYHIMpPOBAaHHAs JOMEHHAs CTPYKTypa (eppur-
IpaHaTOBOM IUIEHKH KOMHUPYET MAarHUTHYIO WH(POPMALHIO, 3alMCaHHYI0 Ha (JIONNU-ANCK, KaK 3TO
MPOJIEMOHCTPUPOBAHO HA puC.2,6. JleTanbHBIN aHaIM3 JOMEHHOU CTPYKTYpPbI (eppHUT-TPaHATOBBIX
IUIEHOK TI0CJIE 3allMCH MO0Ka3ajl, YTO pe3yJIbTaT TEPMOMArHUTHOM 3aIllMCH 3aBHCHUT HE TOJBKO OT Mar-
HUTHOTO 10JIs1 JIONINHU-TUCKA, HO U OT 0cOOEHHOCTEH MOP(OIOruH MICHOK U JIeeKTOB B HUX. BbIsB-
JIEHO, YTO 3allMCaHHasl JOMEHHAsl CTPYKTYPa UMEET HECKOJIBKO Pa3MbIThIE TPAHULIbI IOMEHOB 110 CPAB-
HEHHI0O C WCXOJHOW JOMEHHOW CTpyKTypoil (cM. puc.2,6). JlaHHOe 0OCTOSTENLCTBO, BEPOSTHO,
CBA33aHO C HAJIMYUEM CETU AUCIOKANN HECOOTBETCTBUS, BOSHUKAIOIINX B IPOLIECCE IMUTAKCHAIBHOTO
pocTa (heppHUT-TPaHATOBBIX IUICHOK M3-32 PACCOIIACOBAHMS TAPAMETPOB PELIETOK TIEHKU U MOJUIOXKKH.
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Puc.2. MCM-u300paskeHus IOBEPXHOCTH JTUCKETHI (@) U IUIeHKH (eppur-rpaHara (6)
Fig.2. MFM images of the surface of the floppy disk (a) and ferrite garnet thin film (b)

Iporecc 3amucu UAeT Yepe3 CerMeHThl, CBOOOAHBIC OT auciokanuii. Kak ormedeno B [6], chop-
MUPOBaHHAs CETh JMUCIOKAI[MA B MATHUTHBIX MJICHKAX MPU TEPMOMATHUTHOM 3aliCH OrpaHUYHBACT
pasMmep cerMeHTOB J10 pa3MepoB 1—3 MkM. CoracHO MOMYYEHHBIM PE3yJIbTaTaM OMPEIEeHO, UTO OT-
KJIOHEHHE (POPMBI PETUCTPUPYEMBIX T'PaHHIl JOMEHHOH CTPYKTYPHI B (heppUT-TpaHaTOBOI IJICHKE OT
OpPUTHHAITLHOW TOMEHHOM CTPYKTYphI (hIONH-anucKa cocTaBmsier £ 0,4 MKM.

[MockonbKy AHUCKETa B HEKOTOPBIX O0JIACTIX HE MMENa JOMEHHON CTPYKTYphI (OTCYTCTBOBaNA 3a-
IUCh), TO IOCIE TEPMOMArHHTHOTO KOIMPOBAaHUS B JAHHBIX 00JIACTAX (DeppUT-TpaHATOBas ILICHKA
MPOSIBIISIA CBOKO COOCTBEHHYIO JIOMEHHYIO CTPYKTYPY CO CPEIHUM nepuojoM 6,4 MxM. ['panuna me-
KTy TBYMS THUTIAMH JOMEHHOM CTPYKTYPBI TNICHKY MMOKa3aHa Ha puc.3.
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Puc.3. MCM-m300pakeHre TPAHUIBEI MEXIY JBYMS THIIAMH JOMEHHOHW CTPYKTYpHI B IDICHKE (peppHUT-TpaHaTa
(3ammcanHas OONACTh IUICHKH CIieBa W COOCTBEHHas OONACTh IUICHKH crpaBa) (&) u ACM-u3o0paxeHue
TOM ke 001acTH (0)

Fig.3. The MFM image of the boundary between two types of domain structure in the ferrite-garnet film (the
recorded region on the left and original domain structure of the film on the right) (a) and the AFM image
of the same region (b)

Takum o6pa3oM, B pe3ynbrare ucciepoBanus MmerogaMmu ACM u MCM nporecca TepMOMAarHuT-
HOM 3amucH HH(POPMALMN Ha BEICOKOKOAPLHUTHUBHYIO SIUTAKCHAIBHYIO (DEepPUT-TPAHATOBYIO IUICHKY C
HU3KOW TemnepaTypoit Kiopy mokazaHo, 4To TOYHOCTh KOMUPOBaHHS HH(OPMAIIUU OTIPEJIEIISIETCS Ce-
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THIO 1e(DEKTOB SMUTAKCUAILHOTO KPUCTAJUIA U CBI3aHHBIMU C HUMH CTPYKTYPOH U MOPQOJIOTHEH 110-
BEPXHOCTH TUICHKH. J[JIsI IOBBIIIIEHNST TOYHOCTH KOMUPOBAHHS HEOOXOAMMA ONITUMHU3AIINS ITapaMeTpa
paccoriiacoBaHusi KPUCTALTHYECKON PEMIETKH TUICHKH U TOJUIOKKH, KOTOpast OyJIeT CrocoOCTBOBAT,
C OJHOW CTOPOHBI, CO3/IaHUIO BBICOKOKO3PIIUTHBHOTO COCTOSIHUS IUICHKH, a C JApyrod -—
BO3HHKHOBCHHIO J1¢(DEKTOB, CBSI3AHHBIX C JUCIOKAIMSIMA HECOOTBETCTBHSI.

Paboma  evinoanena npu  unancoeoti  noodepoicke Munobpuayku  Poccuu  (npoexm
Ne 3.7126.2017/8.9).
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