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(57) Abstract: The purpose of the present mvention is to provide a thin film inductor element which utilizes a novel
emergent electromagnetic field that does not have much difficulty in selecting materials, while not having high temperature
dependence. A thin film inductor element that is characterized by comprising a multilayer film, in which a magnetic laver
and a non-magnetic layer or an antiferromagnetic layer are stacked, and a patr of electrodes. while being also characterized
m that: the magnetic layer and the non-magnetic layer or the antiferromaguetic layer are stretched in an arbitrary shape in
a dircction that is perpendicular to the stacking direction; the vertical orientation of the stacked layers is also arbitrary; the
magrelic layer hasa generally uniform magnetization structure; and the pair of electrodes are provided on both ends of ihe
multilayer film in the stretched direction, while having an alternating current or a high frequency current applied thereto.
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FEBE, BB VY0 IRFROGETEA V¥ I 9 RTIBT 5,
BRBI

A/ VKECIFERENCFEVORERE—RICRODRF LTI VY
TIRTFHMHMONTWSG, BEETOEODOIN SV AFE-DOHRE LTHE
BIN2—AT, NEOEIHEBCLEIORICSITZ2 719 FOERKD
BELTHEA VIS RTIEBVWONS, EXFABEHARSOREETHE
TEAINIEBRRFIENEL - B IRO ST, BRI VI IR
FILHBEHROERAHRDELZ—FAT. MEOHEREEERT 20104
VHDIRTODEMITHBIA VI ISV ALB—EREOREINKD LN
B EIRD, LML, A vF 79V, JMLDOEXRO2ES LU
AIVETERICEHI L. A ¥ F 75V ABI MBI — FF 70BRKIC
HBlD, AT IIEFONEIIBET EBRANH -,

IO Lk, ESHECERERONELICHRERS V47 9RT OMM
HILES5T5EQPEFOT. EE. AV MOV ZABMICE S RIRER
BILE DA VI OERTELTORIFEA »5 94 (Emergent Inductor) DR
EAMIEIN, BEICHAINL TV S, I THRIhZ8I%1 >
&4 % (Emergent Inductor) (&, MEINLDA v F U a3 LEDRL
SMEATHIMINRT LI, AV FIHVABIEENEEEVWI ML —F
F7OBGRERAT, GLAHEIL, RFWEENI VI 79 RCRIEHIL
 NEUETRRICA VI VIV ANRE(AZEWOIREEZETS, 20K
O, BIRA VI IEIT VATV TIIRELCEMT 2D EHEINT
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JESFEFSTHERT « Tomoyuki Yokouchi, Fumitaka Kagawa, Max Hirschberger, Yo
shichika Otani, Naoto Nagaosa & Yoshinori Tokura "Emergent electromag

netic induction in a helical-spin magnet”, Nature, Vol.586, 8 October
2020
FEADOHE
FRALSBALLS & THRE

LLAats, BIRA V57513, ARBHBICLZI VI ISV RESR
ET50I. BEMSEE (H95R) PHREIZHIRSHEEE VoK
FHBULOBIBEOT R DAL 0D, &I 1 T, GdRuAl, %
W2 2 & CHARNBRBMEBESBRIND I EAERINTLS, Ll
. GRUALIE—MRAGAMB S EEVEWZ NS, BRI VS I5IE. 2O
RROEDICHMBEBEI I LICRD L. BEKHEEBRT 2V BES
JUTLTHERMESEEETA T 2-0ICIESAUSHEE REE LS,
MAT, FITHRILLNE. EFHEROREREENSVWCEHHEBL TV
b, CDEIRIENG, BIEA YV YIIE. ERILOET. < ORE
HRELELTWARRICH S

KREPIE, ChOOFBEEMRT 2R, MREZRISE#HEPARICIEL
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5%,
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THIHERTHY. FIRHEEAERR B-—R2EseELTEY, &
RN OBBIE, AIEREEESEHRINIEIRICEIT SN, IRERAWVL
RERRERVEMENS & e/HHlET 5,
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Zie A, BIECHMEAE SRR A X I REAMEAR L. BEAM
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EROEIM SN, FIECEEEREIE. FISEIERIE A IS RIE st E D
EILIOIKBEINALYICLTHRITON, giEcY— FEEEIL. RiER
BILILICEBINDLDICLTEIT LN, By — MEBEICEED /A
FPAREMET B LML >TA VH VIV AEREMEPEIRTND L &R
Med 5,

IDIC, ARPOBEALA VI VIRFIE. PRCELUTOEKEE
BTBELDTHB,

HEAE o, FHEAB X RRMEAE ., MEBYNAREBEREE, ®
REBRAVURBRREREMBO—WOER S, EEERAIY BHOE
BRI AIRA, BIECHEHE & AR RIS A RS R E
REAMEERTHHFATAEROBATERI N, D, BIEREAROL
TEXHEETHY., FEREABE. B—BAltEEEELTEY, &
EREIMLOA VA TR/ REEROB X AYE A THASRIE &5
TEIEREoTA VI ISV AEREENBRINB I &5 ET D,

IhOOFEBICAWTHETAZ & LT, HEEE! &, HErEE
. FEREFRE I REMERE L O oA ZBREHAICEL I LICMAT
. T X vy TBREONNMBENMALShEZIDEELIDTH S,
Fh. TEEOBIRR) &l EFH. B BHE. RABLRE, 0L 4H
KTHOTHRVWEVWDIEBHERTH LN, EEOMREBERLTHA 504
VAREBRINDZEWI T EABRL TV, k., T—wOEGE. #5
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ARFOEBHBICHRZBEA VIV IRTREBRIES V¥ I 9RT

i3, BITRMNTHZRIRA vF 79 LERKIC. REY bOZ g 28RV L
BIREMBENATIEOTH S, BIFRS V47813, AEVBFMLY (8
TT: Spin-transfer torque) &EFOWHEBTHI AL VRENOHEASHE
EMATEILE 2 TADTA VI I ELTORREZERELEEDTHD
o HRAA D, ZEVEE MLY (SOT: Spin-orbit torque) ICBBLEE
DTIEARV, —H., ARPOREHEBILACVEE LS (S0T: Spin-orbit
torque) & ZDHRBEDHMAELEAFBTZEDOTHS, A, AEVEH,
B hLY (SOT: Spin-orbit torque) (. BREHATYFOSEHTERICH
REESRINTWVE,

LT, AEBOREREE, REZAVWTHBRTA, UTOHEEHREA
ZEMICERINABMRNTH->T. ERINDI2EZQTFOERELTLE
ALTWAEDTRABVWIEKBRETZ2HENH B,

(B4 V¥ 7 9 RTFOHERK)

B1iE AEAOEREHEIRLEES VYV IRTOBEMRERTHR
HE, FERNRCTEERTHS, MEFBILEEERERBIE/REET
AVEIIPBEINTWD, x FEICERIN, TOmEKICIEERINA
WEBAHR T Sh, RRERBWVWLERRERSHIMING, ERORITS
hszuBEl, E€BETY., MEARRY, BEOERLIOEREOME
ETBIENTED, /o, ELEBEHREABOLTERIEETHY,
MROHEDE ETFHNBEANBATEA VYIS LTRAKETHETDE
DTHB, =L, BRETEIBEAEA VI VIRFEOHRBE 21—k
BREEEBLLLLE, IRINELTRERETAONERNTH S, BUEE
OHEOFEIE. BT OHRIRMNRT £I10, BEARICFTRARIIK
RELEHREEFMEEL TV, £EL. COMBEREE, BETE
BHEBICOWTERBR L OTH > T, BRI LAELDIC, B4tk
BEMER ISR TONE, 1 V99V ARRRIND, 05, EBRICIEH
LOBEEIERPOzAE. FREXEEICETIREERL & ZILRIRTI VY



WO 2022/181069 6 PCT/JP2022/000296

[0011]

[0012]

DR ANEFEOND, Fhe, BEREBBIKREINBZ &M, AL BE b
WY EFERTEZF[EEBTHNE. 1899 ABERINS, ED
FTHERWIETHEN, BEBIRAT) OBMREEEICERING LT
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AEVEBNBERATEICE LD I EILLYRRIN G, @SHOREICK

STHREERNRELETIBANBEROBN A2 FEIFEEROREAL L2
FEE-BT2EWVWIBHFEZBIOVWTOLYYOFERIOAE Y FOZ IR
RTHBEER D EBENLEV, UT. EFMICEHREAT 5,

ET, ALV MLIBRTE, AEROZRREEICRDIERI V5 I9%
FRBREEATZ, COEE, WMAECECBEREICRARTEI AR
(yHE) QAL HERUBESEEBOBCAEVEE M 7@, %
DFER. BEFASIRXNF—RELGEREESE (zHm) HHHEL R
EVvHBRT2A D RAELTE. TREVEAE—ILHRI . 52238
B RENMBSIOND, TIT. TREVK—ABE] &k, ESBETH
YABRIKAE U RELAEBFE -y ABICAEVREBLABFOBEYN 27
FMICBWTREABICEHITOhAWRT, ThAbSE, —zARIKAEYRE
EUIEDMRTH 2, o THMABICR y FEIKSWT—HIKAE /R
BUABFOMBRNALI LIRS, £k, Y21/ 9R] &, &R
BECHEABORAICSWT., EVWMLBEAYREL, BREGEEFO
EHEBEORITOHEMEBICE ST, ty. ~yOLWTHhHIDEBEICRAE Y
RELGCEBETOANAMICERTIMRTHD, M2 TR, AV K-
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WNHRICE > THRETEZALVRFMERINTWS, EREAEVROAR
DEBRIEAE Y R—LMRBOFEILL>TRES, B2 TR+ xBHICER
MRNEE Iz ABIKAEVENRENS (RFEIC— x ARIKERISRN
FERIK+ zARIKAE Y RAENS) BEBERIhTWEY, EEEE
OMBUCE > T OHPAOREFRIEIEDS, EELILELT, BROFEC
EOTAEVEOBEINELTRIEHBETONE, TOILILEL>TER
TEIETFORAEVREBRAEEZADZENTE, MEEBOMIL~EB 2
VEENMLIODFEEBICTES, Lo TRAREREANTEIETERD

NLODEETDIDTHD, T, A VI IFIIBATIERISTRTHN
. HEEBOHIAANLABROXREEN CHREEH M THNM 5,

RIS, AEVEENRETH, IRNF-REREREESH (2) 156
BOWBEASABE IRV —2BRE LT, fibOREESHF ALY
FEEAM LU, AEVR—=LPR, SV PRESOWBEREBLC T, 1
VEDFICEALEBRETBETABICRERNMEL DI LIRS, 2O
BR, A VIIVICBEALLEREREROMBEND L&Y, BR
DEEGITBHER (1085 04) 2ERT 2,

(FEEEZ ohdME, THERRUTER)

MEDT ELBBINE LI, BEEBE (WA —RICIERIMEH
B) ICDoWTH, BMEBICAEYSB MUY 2 RIZT ENBENICHE
BEMERD, TOTEELTIE, W, Ta, Pd, Pt, IrpfEISNTEY, Th
LHLRRTIONSFETHD,

g, EEBRTRL, RBMMEFEEWSILETETHS, BENICIE
. Cr, Wn, Fe, Co, NinBAZELYBIINBZE—~DTHRERY, Rh, Pd, Ag,
Os, Ir, Pt, AU SR ZESLYBIENZ2EZOTZEZLEETHY., &Y
BHHICKE. Pt-ES, Ir-inE & BV LN D, HRIKDWTIE, Py,
v InMng BV TX=30-70 at. 90 F LW, T, ELBEXIIREHIEE
B ORI ER L 20m Bl E20nmBL T TH B,

—h. HMERE . SRR, T UM AR OF  EEEN
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KRB EE ORI RBO B OMA I S B HARETH D) HOERT
N3EDTH>T. Fe, Co, Ni, MEEUHMBETHS, BRMIEEZHEE
TRAEBEEDRE., BENIE. Ni-FeRd, Co-Fe-BA&AY ARV
ENTED, BEERMICEZBEET2ERMROEBS. EHEMICIE Co/Ni,
Co/Pt, Co/Pd, Co/Au, Fe/AufERENE, Co-Pt, Co~Cr-Pt, Co~Pd, Fe-Pt, Fe-P
d, Fe~Co-Pt, Fe-Co-Pd5 k. CofeB, FeBS&MEABVBHI LA TE, [Co/
Nil/Ta/CoFeBD & D ICTRB#EIEE LTH &V, £, HRIVLLEET IME
BRAXEY TRV LN M EEORINQERIZ0. Snall L5l FTH B
ETA, R BitEREIEALEHDICHEREITHDLDEL, EEREA
VEHIIFRFTE. H2EZRWTEHBLAELIK. MIEARAFZRILF—R
EREREEAR (zAR) DB ILERBETINERY 20TRED
BREEIREE L YLREICHD D RETHD, —H. HFEYEEEESLT
L. AV IOV AKBRILEBT S LRVERLEM D EB>TLES, &
B BEICOWTI. KOLh2MBICHE U TEEOTRICKRETHIERWL
EWVWD T EILRB S,

TREOREOHRIA-HRETHIE BEEOTERRELTE, E
A, B B REBRECHEROBREBZRLTH, 1 V599V A%
RRTES, L, BERNAMYBVEZZNE REFEERT 300
BHTHS 2,

BEETRI VYV SRTFRHERBLESEBOZBNrSBHINZE
DELTRINTVIN, ERKEHEOBRETINLOBEREDOREN
BonaL KT 2HOTHEY. BHMNIOAETHRTEARETS
HOF vy TBAENRITONLBBETH>TERN,
(RERMEOEGRNMN & TE RUMEER)

ARPOEBHEELT. UTO420BBRNEBVWTERETV, &
FHAXERI100un 181000, FEi0nmi R EIE LEEEDA Vo5 Y
A%ROT,

1 DB, EIRRA DS sub. / Ta(3)/ CoFeB(1)/ Mg0(1.3)/ Ta(1) %2 &
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[0018]

[0019]

BERE L, COBBIKERINLIERBEL-YOAEVEB LI BY
BWFEOKRE XIF1. 110 [nT/(A/m)ITHY., TOFBEDA ¥ 7450 A0,
0065 [nHl& o 7,

2208IF, ERAA ST sub, / W(3)/ CoFeB (1.3)/ Mg0(1.3)/ Ta(1)%4 %
R L, COBSILERTN2ERBELSLYDACVHENIE
SROEOR X XZ9.0100 [nT/{A/m)]CHY., ZOREOAVFIHI U RG
1.0 [nH]& Ao 7,

3DOEIE. ERRASSI sub./ Ta(2)/ Pt(3)/ Co(1.6)/ Mg0(2)/ Ta(1) i
DERHRE Lz, COBEBLERINIERBESLYOIEYEENLY
BYREHEORETIE1.4A0 nT/(A/m)]1THY, ZDHFEDA»FI95 R
10,04 [nH]& o7,

4 DHIE. ERBHOST sub./ Ta(d)/ Pt(2)/ Pthin(3)/ [Co(@.3)/Ni(0.6
12/ Co(0.3)/ Mg0(1.5)/ Ru(D) BB IEEAE L, COBEBICERETNDE
MEEMEY DAY VHE ML BMEBEO R E X34, 2x10°0 [nT/(A/m2) 1T
HY, ZOBEDA vFIH VG0 [H]ER 1k,
(BERFRMICT S BERRIHR)

TABMSFOREAZHW. BUY1ADI V¥ 0952250V L /1K
Q4N THRETBHBAEDA VF IV ARUTOLI KRED 515,

AVE7HDRI10un, E100m, EH0mEREL. YL/ 4 FI11L
DEIBEICOVWTRRTOHBMINIRM CRETRELES L T10mH/Y
TALRET D, YL /A RIANDA VS0 5 U RALUTERES u, BIXH
Ein BIZL BEW EdsteTdEL = upntlit T5EZ 5N, 0.013 n
HekZ 2, L. AEBORBICED A V79 RFEBBREMIRR
KMTT20OATRIETEAILDH. HRANGA VI I EEND EHE
AZMIBRICHA DN D, TADLE, ARBOERVEBICKRLIEE ¥
JHBRFIR, IEROGENARA VF I8 LA ERMICEWVWIR NTES
NENERECLEDRA YT I IV A ZRFEARTH .

EARRNEVWSIETIE, AEVYEIT MY (STT: Spin-transfer torque)
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EEDFRBTHEALVEENOHEAELEENBT IR VF V41T
WLTH, FAEAOERMEBICRDIEES VYIS RTFRIBRNTH S, Kb
L7ck DS, BIFA 47 4 IJIEHERSBIE L & OF AN LRTEEOF
ROBATHDE A, UEBELRTMRRERREOTHY, KEEE
KRTEETHD, T, BRAMIHGETERBAAEARAZLERDH
L. I5C, BRMSEEORLARET 28IL. BRAMICEL > TRE
B, A VIS ELTERIEZLDICIE, BRABROBEOHER
ICRTHRELNHY, ThUAORREAETEMRANE RS, H LR
LLHTIHLRD, COLODREEEEIUTLIMEDA VS 25V
ERABIEIREBOIRMKROOND  EILRD,

NI LT, ARPFORBHBICKRIFERA VI IIRTTE, T
HHIBNARIBEELE T 2RENTHEFEZAVRERY 3, £0 L, T
EREOBENOHICOBZMNBREAREICRE>THY., BMAKETRT
FEEATEZHOTHY, FEMICEVWIRANTA VA V4V A E R
Thb,

BIRA V91U TR, BIOBRTHEMROLTENRRNH S, 5
FHRICENIE BIRA 5751, GdRuAl,& W) PRRIRAMEEE BV
TIKUTEWIBH TEIRREBOT T, 79 ABERIN LT OO,
FRLYEREOSVERETI., 1479V ABBERERINGH o
HEBHA. LURRHBREBTT VY79 ABESRRINAMBESEER
Th2Hy LhBud, BEREER EORRMMEE ST RNBESEE
ARET2REREBICREINZ 200, FHERREICHT 26/RILK
RELTHS, WThiltk, BEEELVWLZThUELORERETONHE
WKiE, ERFLXRZIBN—-RNLBH B,

CHICH LT, ARPBORFEHRICHRDFIEA 57§ RF TR, Ni-Fed
&. Co-Fe-B&%, Co/Ni, Co/Pt, Co/Pd, Co/Au, Fe/AufERE}Z, Co-Pt, Co-C
r-Pt, Co-Pd, Fe-Pt, Fe-Pd, Fe-Co-Pt, Fe-Co-Pd&4. CoFeB, FeBAE &L
2 BNLMBEFERTES250THY. CThollBBRETHOICHEE
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TH3E0THD, Leh> T, FAHEEORBHEICKLIERI VY IIRT
i3, ERECHET TOBEREVEDOTHS,
(CBEAIZA V57 9RTOBRRK)
AEBOFBILLZM VT IIRFILOVWTE, 1 V750 RENED
SCHETIZZEHHBLTWS, ZOZEILY, 1 VF IV RETR
ETBBRUEA VS VIEFERIRTDIENFRETH S, 3. AF
BEOEBHEICRIEETES VIS RFORBERSERTRER, WE
HEUCFEARTHZ, BECBILECRER2REIEZBETI 4704
AWBEI N, x FRICERS . ZOMKICEERIWCVWEELERITOh
. XMBRAMNIhZEE. HTIDRIShIBEA VY I IRFEEHKT
hd, BBROFZTONDEMY. ZBEOBRICOVWTE, BRI 575
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