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VYpanbsckuii penepanbHblii yHUBEPCUTET,
JIabopatopusi MAarHUTHOM CEHCOPUKH,

r. ExatepunOypr

ACUMMETPUYHBIE MHOI'OCJIOMHBIE IJIEHOYHBIE 3JIEMEHTHI
JUII MATHUTHOI'O AETEKTUPOBAHNMA

B oanmnoti pabome uccnedyromes 0COOEHHOCMU MACHUMHO20 UMNEOAHCA NIEHOYHBIX
MHO20CHOUHBIX dNiemenmos 6 Gopme nonoc muna [Ti/FeNi]s/Ti/Cu/Ti/(FeNi/Ti),, x = 0...5,
NOJIYYEeHHbIX MACHeMPOHHbIM pacnslienuem.Ha nonyuenHvlx cmpykmypax HaOmoo0anics cxooHblil
Mun nepemMasHUYUBAHUsL 8 MACCUBE CLOE8 MeNCOY NOOJIONCKOU U YEHMPATbHLIM NPOBOOSUIUM CLOEM
Meou Ol 8cex 00pa3yo8 U CMeHAd Muna NepemMacHUYUSanUs 6 MAccuge HA0 NPOoSOOSUIUM COEM
MeOUu Npu YMEHbUEHUU KOIUYeCmEd 6epXHUX MAeHUMHbIX cnoes. Hecmomps na mo, umo
abcomommuulii  maxcumym MU coommowenus umneoanca cocmasun AZ/Z=126% ona
CUMMEMPUYHOU CIPYKMYPbL, ACUMMEMPUYHASL CIMPYKMYpa ¢ 4 MASHUMHBbIMU CLOSAMU HAO CLOeM
Meou makace obnadaem evicokum MU coomnowenuem AZ/Z=121% 6 Menbuwux noasx, 4mo
n0360J151em PeKOMEeHO08AMb ACUMMEMPUYHYIO CIMPYKMYPY 015 nociedyrouelt yHKYUOHAIU3ayuu
8EPXHE20 C0s 8 0eMEeKMOpax C1aObIX MACHUMHBIX NOJIell.

KitoueBbie croBa: MHO2OCHOlHbIE NIEHKU, 2USAHMCKUL MACHUMHBLI UMNEOAHC, 0emeKmop
CAOBIX MACHUMHBIX HOJEL.

A. A. Chlenova, G. V. Kurlyandskaya, S. O. Volchkov, A. V. Svalov

ASYMMETRIC MULTILAYERS ELEMENTS
FOR MAGNETIC DETECTION

In this paper, we study a magnetic impedance characteristics of film multilayer elements of
the strip type [Ti/FeNi] 5/ Ti/ Cu/Ti/ (FeNi/Ti) x, x = 0...5, prepared by magnetron sputtering.
We observed in these structures similar type of magnetization reversal in an array of layers
between the substrate and the central conductive layer of copper for all the samples and changing
the type of magnetization reversal in the array of the conductive layer of copper with a decrease in
the number of upper magnetic layers. Despite the fact that the absolute maximum MI ratio
amounted impedance AZ / Z = 126% for a symmetrical structure, an asymmetrical structure with
four magnetic layers above the layer of copper also has high MI ratio AZ / Z = 121% in the lower
fields, which allows to recommend asymmetric structure for the subsequent functionalization of the
upper layer in detectors of weak magnetic fields.

Keywords: multilayer films, giant magnetic impedance, detection of weak magnetic fields.
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PazButne  MeTONOB < HEpaspylIalOlIEro  KOHTPOJSA  JHUKTYETCA  Kak
HEOOXOUMOCTBIO TEXHMUYECKUX IMPOU3BOJICTB, YCOBEPUICHCTBOBAHUS TEXHUYECKUX
CpPEICTB yIpaBJi€HUS, TaK W HOBBIMH TpPEOOBAaHUSIMU K MEAUIMHCKOMY
o0Opy/lOBaHUIO,  MpH  3aJade  MOJyYeHHUS  MAKCUMAJIbHO  BO3MOXHOMU
YyBCTBUTEJIBHOCTH M BBICOKOW JTOCTOBEPHOCTH PE3YJBTATOB J€TeKTHpoBaHus. Ha
JAHHBII MOMEHT CYIIECTBYET IIMPOKHM CIEKTp JIETEKTOPOB MATrHUTHBIX MOJEH,
KOTOpBhIE€ B Pa3HbIX KauecTBaXx MOTYT OBbITh HCIOJIb30BaHbI B BBILIE OMHCAHHBIX
cucreMax. MarautHeli wuMmnenanc (MM) — 3To HM3MEHEHHUE KOMILIEKCHOTO
COTIPOTUBJICHUS! (PEPPOMArHUTHOTO MPOBOJHUKA MPU U3MEHEHHUM MArHUTHOTO MOJIS
[1-2]. Janueiii sddexkr Ha mIeHOYHBIX oOpasiax MoxeT mgocturate 600 % wu
00J1alaeT OYEHb BBICOKOW UYBCTBUTEIBHOCTBIO, TOTOMY SIBISIETCS MEPCHEKTUBHBIM
KaH/IUJaTOM JIJISl KCTIOJIb30BaHMsI, HATPUMED, B MATHUTHOM OHO/IeTeKTHpOBaHuH [2].

B nacrosimeit pabore B kauectBe MU ceHCOPOB MCTOJIB3YIOTCSI MHOTOCIIOHHBIE
IUICHOYHBIE  CTPYKTYpbl ¢  ueperoBanueM  ¢eppomarauTHbix  (FE19Ni81)u
cnabomaruutHeIX cioeB (Cu, Ti), B popme CTPYKTYp € HE3aMKHYTHIM MarHHUTHBIM
noToKOM [3—4]. CTaHIapTHBIM NPEICTABUTENIEM TAKOW CTPYKTYPHI SIBIsIETCS 00pasell
S1, cxeMa MHOTOCJIOWHON CTPYKTYpbl KOTOPOTO TpecTaBieHa Ha puc. 1. HecmoTps
Ha TO, YTO TeopeTuyeckre Moaear MU nist miaeHouHbIX 00pa3ioB, Kak ¢ 3aMKHYTBIM,
TaK U C HE3aMKHYTHIM MarHMTHBIM HOTOKOM [5] paccMaTpuBalOT CHUMMETPUYHBIE
OTHOCUTENIBHO BBICOKOIIPOBOAALIETO TOKOBOJA MAarHUTHBIE CIOM C OJAWMHAKOBBIMH
CBOMCTBaMH, SKCIIEPUMEHTAJILHO MOJyYE€HHbIE 00pa3libl H3HAYAIbHO aCUMMETPUYHBI,
TaK KaK MMEETCS OYEBHUJHOE pa3M4yhMe B XapaKTEPUCTHKAX MEXKIY CJIOEM,
HaIlbUISIEMBbIM Ha CTEKJIEHHYIO IOJUIOKKY M CJIOEM, HalbUIIEMbIM Ha LIEHTPAJIbHBIN
MPOBOISIIIIUIN CIIOM MEJIH.

[losToMy  mpencTaBisieTCss  HMHTEPECHBIM  HCCIENOBAaTb  HE  TOJIBKO
FEOMETPUYECKH CUMMETpUuHble MU CTpyKTypel C OAMHAKOBOM TI'€OMETPUEN
MHOTOCJIOWHOW CTPYKTYpPbl HaJ W IIOJ BBICOKONPOBOMSIIMM TOKOBOJAOM, HO U
aCUMMETPUYHBIE CTPYKTYpbl. Kpome TOro, aCUMMETPHYHYIO CTPYKTYPY MOXKHO
«TpeBpaniaTe» B CHMMETPUYHYIO, UCIIOJIB3YSl B KAUECTBE BEPXHETO CJIOS, HAIIPUMED,

KOMIIO3UTHl Ha OCHOBE IOJIMMEPOB C HaHo4acTuUllamMu uiu (epporemn. IlomoOHbIe
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KOH(UTypamuu  TPEACTABISIOT OCOOBII  WHTEpEeC B  Cllyda€ MarHUTHOTO
JNETEKTUPOBAHUSI C MCIIOJb30BAHUEM MArHUTHBIX MAapKepOB, CYMMAapHBIEC I10JIA

pacCeaHrs KOTOPhIX U3MCHAIOT BEJIMYUMHY UMIICJaHCa YYBCTBUTCIIbHOI'O 3JICMCHTA.

[ ] cTeknAHan NognoxKa

Puc. 1. Cxematnynoe u300pakeHue UCCIETyEMBIX CTPYKTYP,

rae S1 — cummerpuuHas CTpykTypa, ¢ S2 mo S7 — acCUMEeTpHUUHBIE CTPYKTYPbI

B nannoil pabore wuccienyroTcs OCOOEHHOCTHM MAarHUTHOTO HMIIe/IaHCca
MIEHOYHBIX MHOTOCJIOMHBIX DJIEMEHTOB B dbopme MOJIOC TUTIA
[Ti(6um)/FeNi(100uMm)]s/Ti(6aM)/Cu(500HM)/Ti(6HM)/([FENI(100HM)]/Ti(6HM))Y,
rneSl — x =5 82 -x=4 S3 -x=3, S4-x=2,35-x=1, 5 -
[Ti/FeNi]sTi/Cu/Ti, S7 — [Ti/FeNi]sTi (cm. puc. 1), npu BapbUPOBAHUN TOJIIIHHBI
BEPXHUX MArHUTHBIX cJ0€B. [IeHKM OBLIM MPUTOTOBIEHBI METOIOM MarHeTPOHHOIO
pacnblUICHUs TpPU MOMOIIM MAacOK Ha CTEKJISHHBIX IIJJACTUHAX, BO BHEIIHEM
MarHuTHoM mosie 250 D, mpu JaBJICHUM OCTAaTOYHBIX Ta30B B paboueil kamepe —
10° MM pr.cr. u gaBneHun aproa — 10° MM pr.cr. MarHWTHbIC W3MepeHHMs
BKJIFOYAJIA B ceOS TOJIyYCHHE TETENh THCTEpe3nca Ha MarHutoonTuieckom Kepp-
MUKpPOCKOIIE M HW3MEPEHHE MArHUTOMMIIEIAHCHBIX XapaKTePUCTUK IJIEHOYHBIX
oOpa3ioB Ha umneaancHoM aHaim3atope Agilent HP E 4991 A.Jlns waGmroneHus
MarHUTHOW JIOMEHHOW CTPYKTYphI C HCIIOJIb30BAaHUEM MEPUIMOHAIBHOTO 3 dheKTa
Keppa Obuta ucnosib3oBaHa yCTaHOBKA, CO3JaHHAsi Ha OCHOBE MOJSPU3ALMOHHOTO
mukpockomna CarlZeiss BBICOKOTO pa3pelieHusl ¢ JUHEHHBIMU pa3MepaMu 001acTh

Haomonenust 0,1-5 mm.
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Ha nmony4eHHbIX n300pakeHUsX UL BCEX CTPYKTYP, U3MEPEHHBIX CO CTOPOHBI
CTEeKJa, HaOJIONAJCs CXOAHBIM THUI MPOLECCOB HAMATHUYMBAHMS, a HWMEHHO,
MepeMarHMuuBaHue TMPOUCXOJIUIIO IyTEM 3apOKACHHUS M CMEIICHHS JIOMEHHBIX
CTEHOK (CM. puc. 2, a). B 1miesoM, MOXHO cenarh BBIBOJ, YTO BCE PACCMOTPEHHBIE
IJICHOYHBIE  CTPYKTYphl ~ 00JalaloT  OJHOOCHOW  HAaBEICHHOW  MarHUTHOM
AHU30TPONHUEHN C OCHIO JIETKOTO HAMArHUYMBAHUSA, MMAPAIIICTBHON KOPOTKOW CTOPOHE
NpSIMOYTOJIBHOTO 3JeMeHTa. Bce CTpyKTyphl SBISIFOTCS MarHUTOMSITKUMH, CO

CPEIHUM 3HAUYCHUEM KOIPLUTUBHON cuibl 0,5 D W MOJieM aHU30TPONHM TMOPSAKa

3,59 (cm. puc. 2, 0).

a

Puc. 2. Jlanapie MmarauToonTuaeckoro Kepp-mMukpockomna: (a) nuso0pakeHue ajsi CTpykTypsl S1 co
ctoponsl ctekina (H = 1,4 D), ock 1erkoro HaMarHMYMBaHUS PACTIOIOKEHA B INIOCKOCTH TIIICHOYHOM
CTPYKTYpPHI (BEpTUKAIBHO); (0) MeTIu TUCTepe3uca Il BCe CepUu CO CTOPOHBI TIIICHOK

NMnenanc MHOTOCIOMHBIX IUIEHOYHBIX O0Opa3loB H3MepsUIcs B JIMHUU
«MUKpPOCTpaI», aMmIUIMTyJla TOKa BO30yXAeHUs cocTaBiisia 10 mA i Bcex
u3MepeHnii B nuamnaszoHe 4yactor or 1 mo 400 MI'u. BHemHee KBa3suCTaTHYECKOE
MarauTHoe noJjie H nanpsbkennoctsio ot +100 3 1o —100 D co3maBanock KaTynikaMu
['enbMronbila ¥ TPUKIAABIBAIOCH BIOJb JJIMHHONW CTOPOHBI TUICHOYHBIX OOpasIoB
(TIpO10IBHBIN MAarHUTHBIN UMITeIaHC). Bee n3mepenus npoBOUINCH TPYU KOMHATHOM
TeMIeparType.

MarautonmMnenancHpli  3PGEeKT  XapaKTepu3yeTcs MOIYJIeM  IOJIHOTO
conpoTuBieHuss Z W ero JeWcTBuTenbHOM yactd R, a takke MW oTHomeHus
MOJHOTO  COMPOTUBICHHS U  €ro JCHCTBUTENBHOM YacTU pacCUUTAHHBIE

COOTBETCTBCHHO 1o dbopmynam: AZ/Z=100x(Z(H)-Z(Hmax))/Z(Hmax),
AR/R=100x(Z(H)-Z(Hmax))/Z(Hmax), Hmax = 100 3. MakcuMasbHbIC BEIUYUHBI
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AZ/Z v AR/R obo3navamuch kak AZ/Zmax u AR/Rmax. Ha puc. 3, 6 npeacrasiex
cTaHaapTHeii Bua MU KkpuBOil ¢ AByMsl NHUKaMu BOJM3HW TIOJSI aHU3OTPOIIHH.
Hanbonee yyBCTBUTEIBHBIE YYACTKU JJISI ACTEKTUPOBAHUS MAJIBIX MarHUTHBIX TMOJIEH

(paboumii MHTEpBaN) pacnoiokeHsl B o0xactu nosei ot 0,5 1o 7,0 D.
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Puc. 3. (a) [Tonoxxenue ruieHOUHOTO 00Opasiia Ha aepkarene A usmepenuit MU
xapaktepucTuk; (0) [ToneBas 3aBucumocts MU cOOTHOIIEHUS TTOJTHOTO UMITEIaHca JTsl 00pasiia
S2; Ha BcTaBKe MOKa3aHbl 3HaUeHUs AZ/ZMax B 3aBUCUMOCTH OT THIIA CTPYKTYPBI, TOTy4YECHHbIE

JUTSL 2 HE3aBUCHUMBIX U3MEPEHUN
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Puc. 4. (a) YacToTHast 3aBUCUMOCTH BCEX TUICHOYHBIX CTPYKTYP CEpUH
[Ti/FeNi]s/Ti/Cu/Ti/([FeNi]/Ti)x; (6) IloneBas 3aBucumoctb 00pa3ioB S1 u S2

Ha BcraBke puc. 3, 6 mpexncraBieH rpaduK 3aBUCUMOCTH BenuuuHbl MU
OTHONICHUS OT 4YHCIAa CJIOEB IS BCEH CEpUHM AaCHMMETPUYHBIX IUICHOK
[T1/FeNi]s/T1/Cu/Ti1/([FeNi]/T1), (x = 0 to 5). HabmtomaeTcss MOHOTOHHO-YOBIBArOIIAs
3aBHCHUMOCTH BeIHMUMHBI MU OTHOIIEHHS TpY YMEHBIIEHUH YHCIIa MATHUTHBIX CJIOEB
HaJ LEHTPAJbHBIM TMPOBOIANIMM clioeM Meau. Cremyer OTMETHThb, YTO JJIs

HECKOJIbKO JPYTHX CTPYKTyp paHee oOcyxknanack 3aBucumoctb MU sddexra ot
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TAaKoro InapameTpa Kak YETHOE WJIM HEYETHOE KOJMYECTBO MAarHUTHBIX CIOEB [5].
OOpaTtum, oJHaKO, BHUMaHUE Ha 4YacTOTHBIE 3aBUcMMOCTH. HecMoTps Ha TO, 4TO
aOCoIIOTHBIM MakcuMyM MW COOTHOIIEHUS TOJHOTO HWMIIEJaHCa COCTaBJISIET
AZ/Z=126% u ero aeiictBurenbHoi yactu AR/R=270% nabmtogancs 1jist CTpyKTYpBbI
S1, crpykrypa S2 Ttakxke oOnamgaeT BeIcOkMM MU cooTHomenuem AZ/Z=121% u
AR/R=160% B MEHBIIINX MOJISAX, HO Ha OOJIBIIIMX YACTOTaX M, KaK IMOKa3aHO Ha puC.
4,6.

brnuzocte MU xapakTepucTUK MIEHOYHBIX CTPYKTYp THna S1 u S2 no3Bossier
PEKOMEHI0BaTh aCUMMETPUYHYIO CTPYKTYPY AJIsl HOCHeAyIoUeil GyHKIIMOHAIU3AIIH
BEPXHETO CJIOS, HAIIPUMEP, C TOMOIIBIO YTIIEPOAHOTO MOKPHITUSA [6], C HEPCIEKTUBOM
UCIIOJIb30BAHUSL JUISI MArHUTHOTO OMOJETEKTHUPOBAHUSA C MOMOILIBIO MAarHUTHBIX

MapKEePOB WJIHM C HCTOJIb30BaHHEM (dhepporesei.
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