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Anomalous Nernst effect in L.1o-FeNi thin films fabricated by pulsed laser deposition
Masahiro Saito', Himanshu Sharma?®, Masato Kotsugi', Masaki Mizuguchi’
(‘Tokyo Univ. of Sci., ’IMR Tohoku Univ.)
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RERREAM O RV X—HNRD LN HBREZITBWNT, B—Xy 7RO R LA
FhE & o 7B & IO EBRBIG N EH ZHE D TWND. L A MR, BB oR
b |BEICAARLZEIM L & &, M ICEERFANCEEENINECHHLTHY, T
13 L1o-FePt 72 & OB T (K DR E R HAIE S B 2 W2 B xov o 2 RO
EDEIENATON TN DA, 20— 5T, 2% X AMEO R THER I NS H L
HAIA M ENCod D Llo-FeNi 23, L7 A X)LV 7 ) —O&E KM L CHER 24
D TNHBL ABFSE Tl Llo-FeNi OZVELWAE T ~DISH O a2 & T 5720, <L
AL —P—ZFEITL D Llo-FeNi EEAZ/ER L, TRV A MIREZRE LIZD
THETSH.
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RIE STV DU XRD Z W T Lo BRI Z ZATND Z 2R L TnD. Pt
PR E 2 (PPMS) & W CRUEHT & U CEREL S NSRS 2 HUN L, B\t &2 ' J7 A0S
MIEECTE—_y 73R, BERV A NARZRE L. 3B OmEFICHINS 28
EFAEIZ3IK &L, HEIFEIRTIT-o 72, dUBMERE O BGRE 2 HIH 95 2 & TK, D5
IR ARB A EEERLL, BE R A MR L K, OMGREHRA L.

KRR
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BEOBALICHIET D RNV A NEEDOE AT U 2 AN § '
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5
ggi?ﬂ‘k = -0.10[ | | i | 1
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[1] M. Mizuguchi et. al., Appl. Phys. Express 5, 093002, (2012) Magnetic Field(kOe)

[2] K. Hasegawa et. al., Appl. Phys. Lett. 106, 252405, (2015)
[3] T. Kojima et. al., Jpn. J. Appl. Phys. 51, 010204, (2012)

Fig. 1 Nernst voltage of L1o-FeNi film as a
function of applied magnetic field.
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Electrical field induced controllable motion of skyrmion bubbles
Xiaoxi Liut, Chuang Ma?, Xichao Zhang?, Yusei Yamada?, Akimitsu Morisako?, Teruo Ono?
(!Shinshu University, 2Kyoto University)
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R AT I A IR F OIEZROAE U EMEE Th H, £ O/NE E0 5B E R ER A
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BRENTIER R ThH D, AFETIE, Va— M BAEHETICHRAF L IA L OERBEFELRE L, B
et a AT DREMERIRR A ER L7, 2 2Tl BRAINKHC A L A 3T L O A R OBREN AR 4 s
T 5
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VAT L—RABIHIEE, BRAT VIV AT, ANy Z Y 73 E % T P (0.5 nm)/CoNi (0.5 nm) /Pt
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g & ITO BAGE 2 /ERL U7z, Fig. 1 (ZaUEHMERSE O Wrm X % 7~ 9,
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Hga@’v~%~v47nﬁ~ME% Z TR O MR T
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DN LV TEEFRSFPEDSIEINIAE Do x =20 pm TR BEERES
M AR, Fig. 2(b) (2 x=30 um\iETH— FERE V=0V
75 V=8V O li# %79, Fig. 3 1Z MOKE (T & 5 &4 ER RS
WCBWTEREZHN L -RFOBX O T %2177, (a)+2 Oe, (b)0 Oe,
(c)-2 Oe DZEINZEILDINERIES 2 FIAN L7228 & FES 2 FIIN L 72 IRF LT,
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Fig. 1 Ilustration of the

Fig.3 MOKE microscopy images of
sample Fig.2(a) Kerr hysteresis at different thickness in the ~ EF-induced and magnetic

absence of the EF, (b) Kerr hysteresis x = 30 ym for ~ field-induced motion of domain walls
in the region with the thickness

different applied gate voltage Va )
gradient.
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Preparation and properties of field-effect magnetic skyrmion transistor
Chuang Mat, Ryoma Arai?, Xichao Zhang?, Yusei Yamada?, Akimitsu Morisako?!, Xiaoxi Liu!, Teruo Ono?,
(!Shinshu Univrtsity, 2Kyoto University)
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HELZDOF— NEEORE, BRIEBIAAFINIF L N T URAZE L TOMELZHRET D,
REBRA & —

AREHERIZIZ, AT VI Y7o 7 4 —1E 74 NI YT I 7 0 —1EE | pe
XSy B Y L TR AE T, Fig 1IRT k5 7 3 TR A L7, =
F ¥ FVIEHE 4 pm, £ X 20w m @ Pt (0.5 nm)/CoNi (0.4 nm) /Pt (0.5
nm)/CoNi (0.4m)/Pt (1 nm) D % @i & ik S iz,

ERLEH T L —F—~ o 7 0 —REEEZ AV CERANEOR ko | S| | oo
SR IE L. B0, giaiey—amgus Lseraiamors (@) @] @]
W& & FE S EVINRE D RERERS B 4 4 E L 7=,
REBER

Fig. 2 IZF ¥ R/AERIC 7 — NEBIE V=0V & V=85V ORAFIMEZ /RS, Vo=0V K372 T E A R
FitEE R L, RS He 381 300e Tdh o7, L L., Ve=85VHIINT % L BRFFEIC K& 2 BEn A b,
B TEELRE S T PEDN B L, BREET) B4 2 Oe if?ﬂw\ L7z, Fig.31ZF ¥ RO I —BIEEIC L - T
B LKA S O —F &2 ox 3, BFEEENREC FNEET P AZ Y MLk o TR AFILI A" T L
MW LT EBEZ BN D Fig. 412 Ve=0V 75 VG =8.5V F THIIN S W7 REZ B IRBRENRE <N 7 VB B D
BT E ) OFE R AR, Ve=0V DD Jo 259 5.9 x 101 (A/mY) TH » 7273, Ve DEIMILE Je 238D
L. Vc=85V DOIFIC J 235 5.1 x 101 (A/md) & Tl Lz, &7 — FEBEAIMNC X - ’C?‘ﬂ??/bﬁﬁ@?ﬁﬁ%m

BEOHIEZFER L, BEHR—TEDOR, BERICE DR A TN A OEFEFEIDO“ON” & “OFF” O/ b
X7z,

Fig.1 Structure of the device.
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Fig.2 Kerr Hysteresis for Vo= 0V Fig.3 Kerr image Fig.4 Threshold current density
and Vg=8V. as a function of gate voltage V.
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Evaluation of magnetic property of Pt/CoFe,O4 ultra-thin film using magnetic proximity effect
©S. Nodo?, T. Yamamoto, T. Yanase?, T. Shimada?, T. Nagahama?
(Hokkaido Univ., Graduate school of Chemical Sciences and Engineering!
Hokkaido Univ., Graduate school of Engineering?)
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1) C.lJin et al., J. Appl. Phys. 110, 013917 « -1} | 8 ° .
°
(2011) of .
2) Y. K. Wakabayashi et al., Phys. Rev. B 96, 2 710‘000 —5600 . 0 5060 10600 160 1§o 1«;0 150 1$o 260 zéo
104410 (2017) Magnetic field /Oe Temperature /K
Fig.2 Hall measurement in Pt (t;z, = 2.0 nm)
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Fe-Ga 52 351 T B esURrME oo Ga fipkic L 5 21k

N Fez, w28, HiR FE GRAEREE)
Change in Magnetic Properties of Fe-Ga Films with Ga Composition
Yasuyuki Kawabe, Yasushi Endo, Takamichi Miyazaki (Tohoku Univ.)

[TLHIC Fe-Ga BAITWROTHNBKE L, BFIBAME S | BBAESSIM THENR W E W 2R 24
LTEY DV, 77Fax—FREOERRT A ZA~OIEHNIHENTWS, —J, Fe-GaEIZHW\Th,
fEIE - e TRV — @R RE T AN ZASOIGHIZANT THER SN TWD 2, LIeB-T, Zhbd
FTNA ASHOFEREZ HEE LT, Fe-Ga &4 Fe-Ga WO, MR X OESHHEICE T 2 s
ITPON TS, R ThH, WREMICE L Tk, Fe-Ga A4S Fe-Ga Hifi i DM IEIT L MmE ST
B LU D, Fe-Ga Zikibi IO LI R E N H E 0 IThiL TRV, REFFE T, Gafilik
DEI D Fe-GalAFR L, 246 OfEIER L UOWREHEZRET L7z, FoizmiA a2 b L2 LT Ga ks
QLY AV s

EEBAE FeoGa (Fe-Ga) IEDOERNZIZI DC ~ 7R hua 2y Z Y v 72 W=, 1B EoRE R
XA I T AT B L 72 50nm JE D Fe-Ga < CTdh %, F£7-. Fe-Ga o Gaflak (x) X 18.5~33.4at.%
CRIAS B b S E 7, FRUIEOREIZE LT, SiniE st (TEM) LJRFHODBEMEE (AFM)
ZRWCEHM L7z, BEofEmAEEIL GakipkicBii 69 bee ik Th o7z, BEOREML 1T Ga kA IC KT
HFFRa~09MMBEIRRMS ~12nm TH Y, F7o, BEOHENF RO EREITNT LD Ga ik TH A 20
nm ThHotz, —J., 1ERLZBEOBSEMEICE LT, IRERREPE R (VSM), Y6 T ZiEE vz @ik
FETERERE TR ((BR) BRRMREERD) BXOWRY MRy NU—2 7 F T4 ¥ ik 2 e by iz
7 vm— KN K FEMR JEEZ VTRl L 72,

HRBIUER 113 Fe-Ga BICHT A0MBAL @aM) = 2O T T T T T T ]
D Gafflf () KIFHETHH. GafpOBME & bIZ, aaMsiE  F 18|

BRI Uiz, ZoZ8ix, bee #2435 AHAFHO Fe- s

Ga VL7 B@OE LU L TS 9, kx0T 2 ) 13 § tor

Ga il LKLz (K 2), T7bb, Gaflakns 21.7 at% *:% 14'_

PLUFClE, Galpkomme & $1Z A1 33 ppm 725 47 ppm &£ T 2 1

AU 72, Gafipns 21.7 at%A 5 27.2at% Tl AFFEC § 12|

A L. GafHARAS 27.2 at.% T/l (44ppm) & 7o 7=, Gafiik § i 1
73272 at%TIE, GaflkDMANE & bz LB L esapmE 5 05 e 39 3
THEM U7, AsD Ga fikic X 2 kiX. Fe-Ga Sv 7 540Dz Ga Composition, x [at.%]

FEHLLLTWHBAEDD, F5DMIIRERD Fe-Ga £iE e Fig.l. Dependence of 4nMs on the Ga
OFER L b GafkA 20 at. %I EIC B W TEL o7 9, = composition (x) for 50-nm thick Feio-xGax films.

DR E, ERL 72 IR OOk SRL Ol S B 03 55 O 9 A D %

< T2 [11] HRICRALTHA - Ltk bneEzbhn  E O T 1T T %%
B, Ffo, FUEVVER (@) bM2IRT LS G T 0.08
Ar Uiz, 72bb, Gaflint 27.2 at%ll FCIE Ga sty g 7|

ML L HIT o TFELMNITHEM L TR (0.085) L7220, Gaflk 8 | 0.06
AR 27.2at %L 1 CIE Ga SRR ORI & & BIC o iX L=, v 40T -
NO o DIEL., Fe-Ga WikMIEORE DL b5 LWL RoTzy & | '
COFERE, WHEEEOX L EL ZICMATHAMERIC L4 = 300 Jo.02
BT RER S TN EICE B LD EER BN, I .
WA AMEO WL HEKEA UL b= REREEEE 5 O e e ey 30
=L HWIERFEBEER- L hn=7 X[ ¥ —DOXED a Ga Composition, x [at.%]

b & Tz, £z, REFZEO ik, BHFER s (B) (No. Fig. 2. Relationship between /s vs. x and
17H03226) DOIAED L & TIibii-, a vs. x for 50-nm thick FeiooxGax films.

SEX#EL 1) A E. Clark et al., IEEE Trans. Magn., 36, 5, 3238 (2000)., 2) B. K. Kuanr et al., J. Appl. Phys., 115, 17C112 (2014).,
3) N. Kawamiya et al., J. Phys. Soc. Jpn., 33, 1318 (1972)., 4) A. Javed et al., J. Appl. Phys., 107, 09A944 (2010).
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Magnetometer Based on Inductance Modulation in Coils Made of High-T. Superconductor
Keiji Enpuku, Yujiro Yoshida, Shigeya Yamashita, Masaaki Matsuo, Teruyoshi Sasayama, Takashi Yoshida
Kyushu Univ.

RS TP COEMERTTRETH W . 23, 1 Hz B DK ERRAR 2 SR T p R e v i o
THRSCHAFE SN TR, 20k, @i EafA vE A X7 82 0 2B TR E o3 %
BIJE L T2, [1] Fig. 1(a) (&% DSR2 759, Bt =1 b (Lp) & BT = A b (L) 1 S s 5 R TR
L, IRIEHI(R =27 pnQ) CTHEt 756 Z &1k 0, PAL—T 2B L TV D, EFBORD A = A Z8HA L
TG ETI, BV — T IETE | SRR AT 2 A VI B SN D, Z OB — 7 ORFESIET = (Ly+Lm)/R.
THEZBNDTD, Lytly=115 pH DFE 1013t =4.26s L 720 1 Hz FRE DIRE MR A R#ETE 5, Fio, &
A=AV RS OAMIER B T AU B T COBENRIREL 72 D,

B aA N E SN B 2 BERETICERT D20, af VDA L Z 7 2 A Ly ZRERICETT 2
FREHWZ, ZOFROFBUIELZBERE 7 T v 7 AP — MR TH D, T7hbb, oA LNIC
Wt O A4 724 L, BED A TICERER 1n=lpc + lacsin@nft) 21T 2 &2k v, Bty A4 7 odEkR
RSN SE D, ZORR, BERIANVDA L H I X AN Lp(t) & RERICER S, B o1
(P-Q)ZIEV, = I, x (dL,,/dt) DHITEENE SN D,

B = A L AT A TSRS T — T Pickup - Modulation
(SuperPower £ SF2050) % HIWTIEREL 7=, fith= coil —> coil

AN DINT F—Z T EE Dy =25 mm, B4 N,=50,
Ly=65 uH TH D, £7z, B NVDRT A =K%
D =20 mm, Np=60, L,=50 uH T&h 5, =2 A /L idiffk
EREHNTWHEAIL THEIZEREE Lo D A 7
[Z0E 500 pm, JE = 35 um O¥ (55044 - 120FC20)

AW, BT A TITIE 1pe=70 mA, 1,c=35 mA, fy, /I\ I
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RIS E T L=, — OB ORIS & v W O BT R
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(BJEIRERIEBARED) 13 Kye=885 VIT L7257z, o Iy A

Fig. 1(b)iE > Y ORERMET A7 M ERT, & _ m,&\{ﬁ | |
VY OBEME ALY FNS, OWER L BERE S \FLI I
Kvg % MWV TEH L7 B (VSs = VSu/Kye) TH 0 | ik = 3 Y \‘\s WH ‘qf,;h» 1. N
FHEENS 13 20 Hz LA b oo J8 S 508 T2 IE [ ey = 2l ‘kj#fw* _
L7720, 1.3pT/\Hz & 725 7=, 20 Hz LA F AR JE %% “mm ) v ‘*ﬁ#i U{gy M
OIS 1RO T & & bicEnd 5 1f B
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1. K. Enpuku et al, Appl. Phys. Express 10, 113101 (2017). Fig.1. (a) Equivalent circuit of the magnetometer.

(b) Noise spectrum of the magnetometer
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Investigation of serial magnetic tunnel junction sensors for high

signal-to-noise ratio in eddy current testing

Zhenhu Jin, Muhamad Arif Ihsan, Mikihiko Oogane, Kosuke Fujiwara and Yasuo Ando
Department of Applied Physics, Tohoku University, Sendai, Miyagi, Japan

In recent years, magnetic tunnel junctions (MTJs) based on MgO barrier have been attracted considerable interest
due to high tunnel magneto-resistance (TMR). An earlier study reported that TMR sensor based on MTJ can detect
small field change, which indicated these devices can be used in eddy current nondestructive testing (ECT) field [1].
However, it is still required to develop a sensor for detection of different defects. Considering that adding serial MTJ
number in the sensor can improve sensitivity [2], an optimized serial TMR sensor can provide a high signal-to-noise
ratio (SNR) during ECT. Therefore, for achieving high SNR, we fabricated sensor with 4, 16, 28, and 40 serial MTJs in
1, 4, 7, and 10 rows, respectively. Furthermore, we investigated their detectivity and analyzed their output signals to
determine the maximum SNR for detection of different defects in ECT.

The magnetic film structure of MTJ was SiO,-sub./Ta(5)/Ru(10)/Ta(5)/NigoFe2(70)/Ru(0.9)/CosoFesnB20(3)
IM@O(2)/CoaoFes0B20(3)/Ru(0.9)/CorsFezs(5)/1r2Mnzg(10)/Ta(8) (in nm). These series of 4, 16, 28, and 40 MTJs with
10x10um? top pinned layers and 15>60um? bottom free layers were fabricated with photolithography and ion milling
processes. After fabrication, for achieving excellent R-H curve, the fabricated MTJs were annealed twice in a vacuum
chamber using different directions and temperatures [3]. Furthermore,
automatic ECT system was composed of an excitation unit with a function 100 0030 @100 Hz
generator which delivers excited signal and sensing probe with the prepared
MTJ device. The surface and back-side pits with various regimes in
aluminum and copper specimens were inspected by using ECT probe with
TMR sensors.

Figure 1 showed the dependence of detectivity of the sensor on serial P H 2D demes s 1
MTJ number N. It is indicated that the TMR sensor with a large MTJ “lo 100 1000
number can offer small detectivity. However, since the inhomogeneous Freaneney (1)
secondary field induced from eddy currents in the specimen, the disturbance
of field strongly affected by the distance between individual MTJ and test
specimen during defect detection. As shown in Figure 2, the ECT result
when different sensors were used to detect a surface crack, the noise
amplitude increases with the number of serial MTJs, which indicates the
dependence of noise on their number. On the other hand, due to the
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Fig.1 Detectivity for different sensors
at different frequencies. Inset:
dependence of detectivities on serial
MTJ numbser N at excitation
freugneyc of 100 Hz.
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distribution of secondary field, the crack signal reached a saturation for N 05 A 6 8 10 o0
=28, and highest SNR can be obtained. Although the inner defects of the jm Lo 1o
copper specimen were inspected, the probe with TMR sensor (N = 28) = . " o1s

offered considerable high SNR. This study suggested that the optimized
TMR sensors can play an important role in achieving high SNRs during
ECT.
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1) J.Lenzand A.S. Edelstein, IEEE Sens. J. 6, 631 (2006).

2) R. Guerrero, M. Pannetier-Lecoeur, C. Fermon, S. Cardoso, R. Ferreira,
and P. P. Freitas, J. Appl. Phys. 105, 113922 (2009).

3) K. Fujiwara, M. Oogane, F. Kou, D. Watanabe, H. Naganuma, and Y.

Ando, Jpn. J. Appl. Phys. 50, 013001 (2011).

Fig.2 The relationship between
amplitude of the crack-free signal and
noise during surface inspection with
different sensors.
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CPW transmission line type magnetic sensor module
J. Hayasaka, K. Sugawara, H. Uetake, S. Yabukami™, K. I. Arai,
(Research Institute for Electromagnetic Materials, *Tohoku University)
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Fig. 1 Magnetic field characteristic
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LR S, FRbE RO, MEH (K, AR Ay, SR B, R N
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Study on shape of magnetic-yoke for Faraday-effect optical prove current sensor
K. Yamazaki, Y. Fujishiro, K. Shiota, K, Iwami, M. Sonehara, T. Sato
(Shinshu University)
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BT o DREREI RO DT sy FICHEMERR F M (R = 20) 22 HWc#k s —7 &
BRELZ. ATIE, oMK —7 OBRERGFIL, ERIZOWTHRRS.
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Fig. LI T L 9IS, BRI —Z 1T 7 A NZBR S EL1DDIEEIEY, MEREZ Y N v F T 5 &
21, :o@&éﬁa—&%ﬂﬁbfﬁaﬂéb, WEMERRICEIIN SN DR 2 = o AT DR L Lo, B
fElTY 7 FIMAG # W TSR T — 7 D TR aB LUK T — 7 MO X v v 7R L 2 Z (LI T 56 TOw
PEBEICEIIN S VAR H 2T L7, 7eds, AT CIIRES 3 — 27 IR 0T 510 & [R5 AT 8.0 KA/m DR
ZHIMEE 7.

fEHTRER

Fig. 2 ICfEX 3 — 7 O FIE a Z 2L S 756 OBMERICEIIM SN 288 H OBfR &2 r~7. R LY, an
FELRDIHEVBER I =712 0= 2SN HITH 6 ETEDONDH, 900 TR SEm AR
SNz, ZhiE, a2 R<THZLTI—7OmBENPEML, BibEMT 5720, HRKREL 25089 —
JIZE > THEBTEXOMRIIZIERBR S AT HBERT5EE2065. LER-T, MKI—7 &2HE
AR T D2 ik, BERBCIb D HZED LD, a>5.0 [mmiTkE RN TN B30,
Fl2/NUEOBLAE B H a=5.0 [ MM ZY THS.

Fig. 3QICHEMR I — 7 IZB T 5 X v v 7 E Loxt3 2 BeEfRIC Eﬂbuénéﬁéﬁ? H OBfRE~7. R X
D, Ly = 0.225[mm]TH MABKIEZ IS Z & 235 - 7=, Fig. 3 (D) CREMEIR &2 4 A e = — 7 AT o
WEHEE F/I/%7°D v FL7ebDERTR, B UV EREOHKICHTH ST 5 DIXRK TRILOEI T, Ly =
0.225 [Mm] DG E IR EE N R bm <, ATEETIIRETH DL Z LR ahoTe.

FHELHIL, ##ﬂié@ﬁﬁﬁﬁ%&, RIELIT— 7 ORIEMEDBRRS.

H=8[kA/m]

) N > % somm_, Lg 0.2mm
= o © 1.0mm eya T
Magnetic film §50 « ° * B il | | I . I
=, « ° =50+ e ® e
540— . 2487 . .. R ~ =
_. €30 i Sl , 1 e
%w 1 i ’ i O
E [ ] g4 b I .
smm T A 6T 8 910 81 0z o3 04 -
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Fig.1 Model of sensor head  Fig.2 Analysis resultin H vs. a (@) Hvs. Ly (b) Magnetic flux density
with yoke. Fig.3 Analysis results of trapezoidal shape yoke.

SE Xk
1) M. Miyamoto, et al.: INTERMAG 2018, CW-14 (2018).
2) N.Yabu, et al.: The Papers of Tech. Meeting on “Magn.”, IEEJ, MAG-17-156 (2017).
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FeCo-MgF )/ 77 = o T — il %2 W T et = o

REGHAT, /AIRMEE . fHE R, e —
(R
Optical magnetic field sensors using FeCo-MgF nanogranular films
H.Ohba,N.Kobayashi,K.lIkeda,K.I.Arai
(Research Institute for Electromagnetic Materials,DENJIKEN)
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T A= "V A XORENMESTERLAD3, 7 vbthie EOfgE~ Y v 7 AWML T-EEE R/
7T = a7, aEREE AT D LT, RERMROCFDRE (T 77— BTV, £22
NWHF /=27 @l BEREEAET 20T, e ATV VAR R WBMERE 2R T, AR T
RO EAT DT ) VT =2 T —EEE . R
T IS T BRI R 7 FeCo ML & RO D728 P

FAURE Y 7= 0 D~V T E R A PEAERE S & L CEHE = émmm““?\}fmmMe
L./ 77 =a7—#ED FeCo #lAk & OEARIZ DWW — Mimor
CHSTRRERET S Polarizing beam splitter Z|
;ﬁjﬂ-if @ Z ﬂ Beam splitter H

F ) U5 =2 T, JEE 05mm O T A KA ilEavephe ﬁ /
Iz, RF ARy 23BN 2 7 METE- U, [ poodioe - Prtinor
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Fig.1 12, el R o Ok & 3, BIRIZIZ & 1.55
um® LD (L—W & A A —F) ZHWz, HFENLSLD

Fig.1 Shematic of the optical magnetic field sensors
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Fig.2 1Z. FeCo #j%&2% 20mol%itkltd 7 7 7 5 —[aliin Magnetic Field(Oe)
A OIMBIETUEAFE 2 7R, SMERREAU % L CIE#RAY Fig.2 Measured Faraday rotation angle of the Fe;;Coqg
27 7 7T —EEEAOEINELNTWDS, ~LTE MgFs; nanogranular film under the static magnetic field
1% 1.6 X10"deg/ » mOe, JEWLIAZREL 81X 053 um™* T perpendicular to the film surface

H5b, 35 -

Fig.3 1= FeCo &l 7% 14mol%7> & 54mol% % Ttk 30 -
DYEREFE S 3, PEREFE K FeCo #LAk7S 20mol% T =825 - o ° s
I KAE 3.1 % 10™deg/Oe 4345 5 L7z, FeCo #iLak28 20mol% E E" 20 o®
LIFOMEFCHE, BRBMEE T 20T, 77 77— g7 15 o°
[FEAA OISR I e A7 Y VR TR B0, =T 10 60

BTk 0 > o

0.0 — o

1) N.Kobayashi,K.lkeda,BoGu,S.Takahashi,H.Masumoto, 00 100 20'26Ci?£01%§°'° 200 €00

S.Maekawa,Scientific Reports,8,4978(2018)
Fig3.Figure of merit vs. FeCo concentration of the FeCo-

MgF nanogranular films
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R —EE
(P %SG RS2 T
Evaluation method of amorphous magnetic ribbons for the FM-OFG magnetometer
Ichiro Sasada

(Sasada Magnetic Instruments Laboratory)

[EUSHIC FARWRER 7 7 v 7 27— F(FM-OFG)iZ, FEHD320014FE D AR ELAMTHEHES TR0 THE L
73, ZDOHRE CHEFL, 367 v ¥ RNV TOMEREHINTE S L) ICk->70, £ETAT, Lvy¥Da
TISH = R Z VX 9 E T 384, FM-OFGIZHE LTV 2089 ERNICEHMETE 2 HENEE L
W, AFETIEE Y~y FZEMEL 204 72y FNETRANA 7 AEBIROBIRD & W E D A% & T EESRL:
DREDTRELE 2 D120 EERT, F, FirlBR LT ENLT7 7 AGHEEHIIC X > THEEL 2 v 3
DHEERE R WS T 5.

FiE MEVWZEL7? 7 AWEY R 21K, brviddhRehOihFcvoFRlicLzbozare L,
HY—v~1FF—vDhZEy L4 Fag Vlley 77y 7af vz ot ryy~y FZ2fET 5. 20
Uy PR —V FNICEE, 2 73 SSE i S TE N A 7 A Bifliae 2 B L 72 i B 2
WT 5, COLERETIFEEEDOREZIDS, a7WIKHFET MR EED ) RV S DHE D
PEZHZ 2L TES, 72, iwllNT 2FHEEBLIRBOZND S, WKRETEORE SBT3 EHZ
B2 EDTES,

BR AiEMetglas2714AY) AV SR mmic A Y v P L72b D (BMLEEEL) &, CNERELZTELT 7
2 R DIEI mmA Y v M AIEVLBLZ i U 72 > 7 VIO W TEHITL 7261 %2 Z L Z4Fig. 1 (a) 8 X U(b)
IZRT. Fig 1(a) Tlin=194mA L L, FO»)TIEFAI17.7mAE LT3, FEEEIIETE 20 kHz, %% 100
kHzTH 5. MERTHREVBFEL TRVUOT, BEOHEITH F D BERPIMOBBITER T 5, hitkfizo
DHE DML iac=iae| D K2R T, Fig. 1(2)D+0.1 AD WEITIEBEENIZLZ LD -0, aX VD L) 1Tk -
Tk, FEIOHIMDi T v OMEEVBREZ V., —77(b) TIEBRRERIREALIER (X0 D /N S W HELPH T D A

EUTWS, F72, 7%y FMIERHLIT/NSL B3 2 L oA ETEIZNE W,
10

Pl 60
_ 8 Vi 1 =50
> N\ >
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g 4 | | g
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(a) dc bias current [A] (b) dc bias current [A]

Fig. 1 Offset vs. dc bias current. (a) as slit Metglass 2714A, (b) annealed Co-based amorphous sample.

RIADEE T VT DMEF AT FVEEDOFERDOXIZE KD, Fig. 1@)DV ¥ 7V Tllinr02 AL T2 2 L
T, 1HzT5pTAHz BLF, 10Hz T2 pTAHz LT & & 25ERBH S NT 50, (b)ITDOWTIE, =35 mA
T, 1HzT5pTAHz, 10 Hz T2 pT/ANHz & KIF IS/ S 72 BHREE R TR SR %2 57

%
1) fEH—BE, HEAWRERL 7 7 v 7 27— &, HARIGHER SRS, 26pD-3, 2001

2) IE M, 36F v RV T7 Ty VAT — by EHOOEREH, BRESHSCGEE Vol. 136 No.

6 pp. 224-228 (2016)
3) Ichiro Sasada, Low noise fundamental mode orthogonal fluxgate (FM-OFG) magnetometer built with an
amorphous ribbon core, IEEE Trans Magn, 877, DOI 10.1109/TMAG.2018.2840500
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(HAER, 2 (R SRR REH)
Development of New Measurement Method for Magnetostriction of Magnetic Amorphous Alloy Ribbon
Y. Endo !, Y. Shimada?, Y. Kawabe !, B. Fang *, O. Mori?, S. Sato?, R. Utsumi 2
(* Tohoku Univ., 2 Toei Scientific Industrial Co.,Ltd)
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25071 (o, o) &R U7 IR BE Tl OlE F Il Bt SR (He) ZEHUINT 5. 2oL &0l
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LT, RO UL—L)EIZXT D EWR R OIS DENZ L 52L& (AH=Hjq—Hi) %3RO T,
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WZH TED THFOHKROT . (1s) i+ 5. 22T, M3l ofafgbcd 5.
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K& SITBRZR <, 1000 Oe LI ED He TIE, WD U(L—Lo) b EARAICEIIN L TW A, E7=, e 1o
W& B, AU U(L—LfFicx U CEMBADEML TS, LR - T, ZOEGBAOE NS (B
D) EXDOEEDOIENOENEE, D)RUCH TUIDTFe RTENT 7 AR DAs #HH L7z, 3009 LLFD
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1) i —, BEA, AACHBERTS 2,5 (1978). Fig.1 Relationship between inverse inductance and
DC magnetic field for an Fe-system amorphous ribbon.
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Stress evaluation by Barkhausen noise measurement under rotating magnetic field
Takuya Ono and Yuya Nakashima

(Fuji Electric Co., Ltd.)
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AT DERISINE IS B R EIF(SCC) 78 & DIEDO R & 72 2 O ¢ BUYER - I RTNCRE T 2 L ER H 5,
BNV T N B ) A Z(MBN)IC & 505 S HIIE L. #E&%ﬁméﬁlﬂ%ﬁﬁ'ﬂ@ﬁfﬁﬂr\“mﬁﬁrﬁi‘ﬁf’*ﬁﬁ% sl
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TaTrANNENRY I T T REELWE ) 2 TR LT,
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VN MBN G B O BLERIEAD 3 L B Av, W OTROHBIME 2 R 5, Bl OB T & R OB R ClE
MBN 58 1L acosom + B D X 9 7 4 EIRTFNEE BT 5 (0m: B D% JLUE & 3~ 5 BEG A L) D, ﬁﬁzmiz
/b F —13-(3/2)ho(cos?p - U3) TH E41(e: W) Al Z KT M), WRUR M ¥ — & [AER D A R A
EHTHOT, S O MBN OfERFMEZ, KRG ToZh e HE IS, Fig .21
MBN 545 38 (Imen) O cos%0 {17 % 779 (6: Fi\jjjiﬁ %%E}:?‘Mu%ﬁaf) Iven 13 cos?0 125t LA ZSL
LTEY, ERROHENELWI E2RET 5, 6T, Fg 3R T Lo, /e, BRI Iven = acos™d
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BECHR 1) T. W. Krause, L. Clapham, and D. L. Atherton, J. Appl. Phys. 75, 7983 (1994).
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Fig. 1 MBN profiles under the various Fig. 2 cos?0 dependences of theintegrated  Fig. 3 stress dependence of the slopes, a,
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Magnetostriction measurement system of magnetic thin films with Michelson interference
M.Sato,Y.Yoshida,T.Suzuki,Y.Takahashi,K.Koike,N.Inaba
(Yamagata Univ. Graduate School of Science and Engineering)
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L CRELD 72 b A B O BEFURATIE ORI E 21T - 7=, Figl IZlb A BEOBIEFEZ 7”7, H= =2k0e UL LT
—ECEEIME d =54 nm) & 720 . ()& W T Fe[l10] 5 M OBEER R YT 25 L, 1=-21X10° L7272,
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1) Y.Endo et al. J.Appl. Phys., 109, pp.07D336 (2011).
2) W.S.Rasband, ImageJ, U.S. National Institutes of Health, Bethesda, Maryland, USA, http://rsb.info.nih.gov/ij/, 1997 -2012.
3) A.C.Tam et al. IEEE Trans. Magn., 25 NO.3 (1989).
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Fig.1 Schematic picture of measurement Fig.2 Picture of the magnetostriction Fig.3 Variation of deflection for the
system with Michelson interferometer measurement system Fe single crystal in magnetic field
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Effect of Winding Stress on DC Magnetic Properties of Ring Sample
Y.Baba
(Kanagawa Institute of Industrial Science and Technology)

[TL&MHIC

WEMEA BHI TS BRSO B A O B0 72 PRERIIE ORI IR EH ST Y, mtErs b3 272 DIITH &
V2o U722 IR 2 RN B D, BEMEMEL ORI JIE T D HiED—2 & LT, BRIREEE W 2585
HREFE B-HAEFENH DD, ZOFETRENC -~ kaA e “kaf vezkEoF 50T, REHIRED
T2 00BN 5, D), %< OMMEMBHIIIMEBSR NS5 Z LD, PRIBEEDIS) THLWKE
BHRIZ L - T, JIE LB ERERN AR OBHERE L 13 B2 2 Z E NS SRS, £ 2T, AHFETIIREY
J B B-HEE FIEICBW T, TR EFEE O S OBRST DBAL RS 5 2 5 B OV T,
ERAE

BRIRFREHIZ EE DO RE W= % P2 —)b (FeCoV) ZHWT, #IE7r —AC AN THrBERE LTz
AEHZIS I3 b & 72 0GE LN o A L Sl 7 — 7 2 EEER O TR 2 2 7258 12OV TR BEE
PEZ e U7z, BRREUBHIAMR 45mm, N 37.5mm, & & 3mm & L, EIL KA I 50 ¥ —r, 2K
a6l X —rEFERE L, £, #EFEFEH)R O B-H 7 —7 F L—4% BHU-60 % H\\ T, R
SR Hm=10~1000A/m O i CEHE B-H FefE 2 JIE L7z, JEIZIZE—OBRREE 2 HWC, Zlcibc %
MAIZNGEZRE LT, ZORICISHEZMATZHEEZE LTz, 72720, B2 r—XIc Az & & OH|
TERERIZ OV TIE R I A L &G O ZE R ORER 2 #iIE LT,

AR

Hm=150A/m OO B-H % Fig.1 (277, 24 VA EEENTEIRBHIEMIS 1A 5 2 72 & 13 B-H
HIAR DAL AR S I L Uz, BRREBI OB T RIZME ST Y, oA okl T — 7 DR 2 771
BRRBIOMEEZMITT L IHEHT D2 0D, ZOMBITNRERSEAH LTS, 77, % B-Hl
FRICB W THIREE N DR J 2 5H L TENEND JHV—T % RO T, T bR KBERIR Jn &
FAL SR DORBMR M J, & J-H Vv — 7 OfE Sy OFEZ K7z (Fig2), REHIERIS A3 b 5 &
JIIREL RN, SITIERERERNA LN o7z, LEER-> T, PREIBEOERBISOFEICE
WTIHMA—7De AT U ABRETH TV ED S0,
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Design of mangle type magnetic field source using permanent magnets
H. Sakuma, T. Kikuchi*
(Utsunomiya Univ., *Hayama)
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Halbach >V > % —[1,2]I1L% OWNERIZ TR )] CH)— 2B 2 FAESEDH Z ENAIEETH YD, 2 2D Y o F—
ERlAGDOED &, MGREELELIEL 2 HAETHD. L LMD Halbach > U ¥ — k72 <
SUHIDKAFEA ZLEEE L, RTINS > THAN.TAVLERHY, ZTNH6DIENRaRX Mg
HASELERER->TWD. RIFIETIE, FHERO/NIX A Y ABAZRANT, KX, - BRE,
B BHIREOKIGEARESR 2R T2 L2 E T, AEHTIE, BOAOKE SOMED
LR ECE) —ME, BiA BIRICE M7 ICRIETEEIC OV THRFTT 5.

BELHERZE

Fig. 1 \ZRT X518, BEFMICERB LTz 6 KON R A Y AA % ERNARICERE LT v — 7 — Rk
WEZEZDH. SMADAEZ Fig. 1(D L2 ICHKETDH L, WA THENTZZEMICREKROBENEL S, —
¥, WA DOMEN Fig. 1(b)D & X, WEOBGIIE R &7 b[3]. Hix RiiaoRE S LR AEIZBWT
WA JELD DR & R AREA B < bV % 2 IRTTH BRE S (Field Precision, TriComp) (Z XV EHE L7z, B
FAOHFEEIL 11T & L. Fi, WREEHEIIEBENR2E X -1 OBER EBE L.

HE#ER
Fig. 2 [T L 912, WADELRZ 20 mm ([ZEHE LT, BA (OFL) BEEEEZ TS T &, R
B3R 7220, BOYW—MHIHE< b, £, SRV L uitﬂ’?/ﬁﬂ”“””,@\%: RE T DT 7D,
I, WAEZREGRIELTZOD NI b REL 2D, RO U CRERRFIE2TIVNENDD. —
% B 722 7R — L300 SR I E S Bk O 3 10
o) s E G R BE 0. I— max T M t diameter:
EﬁkwaW#MEffOSTb DD ()CDC) :@) agne %ﬁﬂ
BLLERDIEAD . FHREMRNG, B 20
mm D% AL LA % FNT, 0.5T ORsk C) C)
BRI D6, TR 30 mm FLEE DR & @ !
3 3 o =] 0_0 1 1 1

RTEX DN D. F2, KMV (6)0 £ o04 (b) %~ Max

Z1E30Nm/m BBETH Y, /J\’jﬁ@%_5i @@@
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1) K. Halbach, IEEE Trans. Nucl. Sci. NS- ® @
26, 3882 (1979) (::) (::) ol
@ 20 25 30 35 40

2) M. Kumada et al., CERN Courier 41,9
(2001)

3) R.Bjerketal., J Magn. Magn. Mater.
322, 3664 (2010)

Tinex (Nm/m)
3

Magnet separation (mm})
Fig. 1 Magnetic field Fig. 2 Maximum flux density,
produced by mangle type standard deviation of flux density, and
magnetic field source. maximum torque as functions of

magnet separation.
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e JAl R AL AR E D ks FEAL & MPRMRFPE R4l
ANEPRFALE L BERE T BEEEA . EWR G R Y B2 R
(B, PR RZFEBEEL Y v — 7)., PHERFE, (BT >V —)
Improvement of accuracy in a high frequency magnetization process measurement and characterization of
magnetic materials
R. Onodera', T. Kuroiwa®, H. Yanagihara®, M. Kin’, H. Kura® and E. Kita'
('NIT Ibaraki College, *Univ. of Tsukuba, ’DENSO CORPORATION)
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WA REMEREEO @ RS FIC BT DR EB R DR A I e SN T 5, B, B ENRT —F /31 X
D/ BRENE RO m AR LA RO O TEY , sV 77 b Ha7 e LTHWLR
2 BRREMERA BHIBE A B R DR (BR) OIHIB RO BN TWD, —F, BB 2 & JER B T
ThREIT D 2 & TRAET DIEE L ARIFITHO oA X—=F = I T HMTTITNRO BWREED T OB DK
XM BN E L Te D, &6 6 OHEN S MM B @R T COMRICE & EfICZET 5 2 &R
TNA AR DOIZDICEETH D,

AL T, :ITMHKJZU%?MZIKE LT@E%T%*l?@Faﬁ%E BT 5, @mERKRICI T D ERE R e b
A & SRR BCR R A 2> S BB E O TEREZR BAE S 0 S ATRERISE AL T L Z L AL T 5,

SR/ ik s
A B DRI BRI J A I Ze i a A L L 2 o F oo

572 B EF] LC HEAREES & @A B EH kW) THR S TEY | sk /
2mP1wﬂ®ﬁlTﬁﬂ&@%%%$éﬁé LRTES D, N i

WAL X, Bl - Bt oA v e 5 /?/Uﬂ‘/DX:»— s o5k
7%ﬁmb\mmmm@%rgﬂ&@wfi%&ﬁfét Y e e
PEUERRL & LT R Dy,0, K. Ym3mm%&8%ﬁﬁbf S sk

JE %L 60 k-200 kHz, RGNS 600 Oe OFiH CHIE 21772 -7, -1

-15E 3

ﬁ§ ! " ” 4 . 2t YIG, 58 kHz ]
Figure 1 (% YIG ER % J& 5k 58 kHz, WEIGHRIE % 59 600 Oe TH| 2 b
LR TH S, KBRS+ 5 8B S B & 1 10

Z OB X0 W5 L AL OBEN ATRECTd D, FRIKNTIT ST

DOIERE %7 LT\ 5, Fig.2 1 Dy,0, K% 82 kHz, #J 100 Oe Fig. 1 Magnetization curve of YIG sphere
CHE LI AERCD D, BALIERS IR ORI gy (3 mm) at 58 Kz Inset shows enlarged
MEZR LT D, FRRICIEFUAE DR 278 L, Fig. 1, 2 s

LB DRI OEBAIEENER, 2, 02 0 12X THD, & 4

L5 OBEICHB VT b AL IZE S 2@ T 5% Th < A 4

BN, ZOXIREENMELETLE Y, ZOEEIT. EICEERHR 2F /,/
ORI, BB 2 A MCBT 2% v v EADT o RT 2 ) /}/
AMBELDAY I 7T YL MESRENERTELS EEX 5 05 o5

BB, MAETHESECKET 220, BSREEO/ NS ofEgc 2

135902 0e T 0 | AR IH B O FEPEFTAG 2P ATRE 72 L~ & s chp
THIH TEX oo b5, BEAEDEMISHORECTLH LN, FE 2} ]
W EEE B O S REEL . Mo A L OEREEOBRIHZED . 3t Dy,0,, 82 kHz '
B AR TE D EE LTS, b

WO T, S 7 o T AR R R O B N E RS RS O JWJW'”H%e” 100150
THHET S,

Fig. 2 Magnetization curve of Dy,0;
=N powder at 82 kHz. Inset shows enlarged

i d the origin.
1) A. Seki, et al., J. Phys.: Conf. Ser., 521 (2014) 012014. view around the ongin
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Measurement of local magnetostriction for a thin film deposited on Si wafer
O. Mori, Y. Endo’, Y. Shimada, S. Yabukami’, R. Utsumi
(Toei Scientific Industrial co., Itd, “Tohoku University)

L LI A v E—F R BEEEERLIZ~YA7 D QRO (2 ) & U(H+He) IZHEBIE & 72
2 ANy ST a— T B R S RN STNWT, & Hy IZBIT DT 4 v T A 75 ATRE
T2 BWEEGHMIE & RIRFIC SRS K DR D, T4 VT 4 TITE G LI E DY (3AhsE
PERV R 2 FIH U CRATRY 72215 & 37l T & 2 &8 I 12rMg) (2B T2 DT KT A—Z & IV THEE As
FRMERtHE 2B Lic, ZOFHIIEZ VT = 2B L= 25, —346X10° Th o7z, Fio.
RO JR AT RO R O JITE Rl 21T o 72, A~O ZTNZNOALE CHIE L72#5 R % Table. 1127w
2 FHASEE 50 nm JED Co-Zr-Nb JEDERUTIZ RF 4 = fERN . 7= LOWTHOME TSR
ANy ZEOT, U= 02 mmEO 4 AT MREORERIEEE L R TO D ERMES T,

Si Hetliw Fviz, E7o0 ISR LI OFHI T #EE  Co-Zr-Nb JRIZEI L Tix, HALRZFESBIEHITERT

FEIXTZOmY Th o, &E R EEHmgm 7 —7 DA NIFIE SR — BB TRt e 72 & E L,
o ﬁk/\;%r@wk i by | D TICTEELET RO S B ERT Y L
A E—F Yy ARG E TR/ 2K bO~ L IR FEORETE 5.

7 m A MY o 7R (Microstripe Line : MSL) il £E K 1) S. Yabukami, K. Kusunoki, H. Uetake, H.
o—7 U &, Fig. 1 ® X9z, ERIL7= Yamada, T. Ozawa, R. Utsumi, T. Mori izumi, Y.

Shimada, “Permeability Measurements of Thin Film
Co-Zr-Nb [ IR D7 /b < 1 Bl {Qbﬁf.fﬁ Using a Flexible Microstrip Line-Type Probe Up To 40

L. SloRVISHEf G35 & BENEO RN GHz”, Journal of the Magnetics Society of Japan, Vol.
ALY %, 2 ORHAM S NiFe I E#gic, MsL 41 No. 2, pp. 25-28 (2017).

Tu—T% KU RXF LT 4 LEN L TR
& LT, Co-Zr-Nb RIZ 351 % s Hen 5 e 44 f,
ZALZE T %, FHAE Fig. 1 O =~ HULLE O
BELOHLBRIZAA 30mm fLE A~D @ 5 T
179, 7k, ARFHUOERIZIE, Co-Zr-Nb IO LA

Fig. 1 Schematic of measurement system.

i )7 17 2 MSL OIgE J71h) & A T2 3 5, _0.05
I No stress Tensile stress
3 FHHEER  Fig. 21XV = i@ O oIS hAam R £ %0 15006 _ /9750e

12 & % 50 nmZ 0 Co-Zr-Nb BEORUL I EEd T~ 4 °% 1 N
RF #4572 EIN L 72 B8 D Syq > B Sl 72 4K TRk 29 } W .
I % (1-521)/S21 F & Tl L7 AER Th Do BT S g00 L SN e
AR OIRIE, FEHILTS D AREOREZ R LT 2-00 |
Wb, I SIATREO T = O #ERT 289 mm Th - Frequency [GHz)

2o IENAFIZ LD f OZACIE, SMEBELS IR D3 Fig. 2 FMR of CoZrNb film (4inch Wafer, 50nm thick).
AT & & 72200 30 MHz ARJE e i~ 7 k L7z,

SRBOMEE (L) KAV TREE As 2B L=, table. 1 The magnetostriction distribution in each position.
Position As
(fos® = ")/ fra" = (Mzsr’:,Ef)/(ka + Hey) ) 0 346 % 10°
- -6
7272 UL fro (B fRrRE O BRBGME LIRS A I 2K, fi iﬁu‘? : -::gzi 13-6
JI AR O FREGHEILIG R A, r 1T SR M C 3.63% 10
FAFIREAL. Hex VRFIAIN L 72 AMEBIES, . Hyg 133 D V\? D -3.75X10°

HRESR, ho 13T = B S| B ITEEO Y 7R TH
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K& R BER KT X A RGN D 30GHz £ CO B EBRERNAIE

RHE %, BA A MREZI T Al RARTES
(Magnontech, * HAL KT, ** % — =2 ARF)
Complex permeability measurement of magnetic thin film up to 30 GHz by short-circuited coaxial line
S. Takeda, H. Aoki*, S. Yamasaki**, H. Masumoto*, H. Suzuki**
(Magnontech, Ltd., *Tohoku University, **KEYCOM Corp.)

[FLOHIC ERAER~ A 7oA Yy FEREEMSL)Z W TREM IR OB BREER D N OVERE R
(SCL) # W THME Y — NOEHRBEMEOWEHELHE L2 2, Sl FEFEEREEZHNT ke a2
TER D i N5 7 MM E IR DO B % 30GHz £ THIE L 72D THET 5,

SERAEEBITAE  SHEEERRE & L TIE APC-7 2 72, REMEER (Co-Si02) 1X, b r A Z A Jiko
7mmd x 3 mmé x 0.5 mmt D H 7 AFEMD FIZANy ZIETER L, ZDREHIE 1.5 um Th 5, BEPEER T
BEEGHEEZA L, mNORFHEITIZE A LRV, EIRBERRE OBROE v S E IR O RS (5240 Oe) %
FIIN9~ % field % A\ 7z, Fig 1 (Z AR R EE (2 T IEURE 2 3N U 723556 O BERS Wi (X 2 79, skhim 134
GBI T D K 02T 2, T &, BIRM OB &R & U TR 2 S EBorl L, M=
% LCAAI[AIEE & U CRMT L7, FEAHREUT h=t/(d+t)=0.03 & ELERAYIEREIZR D B D DT, #asehH & 2
AR TH D, d=0.5 mm ITERDEA, = 1.5 um [THERDELTH S, 72721, MSL L #7210 | Fig2 IZRL
X o1z, field EZ2FA LN B EER Ho Z A 72856 AFB. CHIE He & helZPAT T, Z OES 1T p=1
EBEZONDHMN, DL BEIXEE TH Y He (2 K DB ILIBOE 5 (FMR2)23% 5, Z DfF 5% LLG F7
BRAXVEHLZLO LR T EEE L TE L&, BB E A R OFBRFEFEMR) ZEH L7, Fig3 2%
HENTAE 5 TH U | Figd DBIMBEER Hex 12 K D IRBEMEILIBDOIE 52 22 L | WM B R OEFMR1) TH 5,

L Z DTN

1) S.Takeda, M. Naoe, J. Magn. Mang. Mater., 449 (2018) 530-537,

2) M. RanajitSai, HA, WO, FEE, AR SR, TERE R 2 7o 5 BB R O JE —30GHz
~OPkER ], BRFEER~ T RT 4 v 7 AWFEREE MAG-15-170 (2016), 76 1L,

3) H. K. Aoki, S. Takeda, S. Ohnuma, H. Masumoto, /EEE Magn. Lett. (2018), in press.

Substrate Thin film
( ]\ l3 J/ Toroidal sample RF magnetic field
z 2 (O B
'/" H ¢
Coaxial line —dg Z
Reference plane Static magnetic field ————% Hex
for equivalent circuit

Fig.2 Schematic configuration of static magnetic field

Fig.1 Cross-sectional view of short-circuited coaxial and RF magnetic field in the toroidal sample.

line loading a toroidal thin film.
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= FMR1] 8 | FMR1 |
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5 olpd—] \ | N /]% S et

8 0fphes 1 5 ohui=— .
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Fig.3 Measured p-f curve of magnetic thin film on . . .
0.50 mm substrate with 1.5 um thickness by field Fig.4 Corrected p:f curve of Fig.3 by LLG equation.

method ( 5.3kOe)
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W AE R BERRRNE ST D e 3

KHE % HAE FEx LR . ARRFEZER REER* SRR
(Magnontech, *E— )
Demagnetization effect in high frequency complex permeability measurement
S. Takeda, M. Taguchi*, S. Yamasaki*, S. Motomura*, T. Hotchi*, H. Suzuki*
(Magnontech, Ltd., *KEYCOM Corp.)

I}
I

FLEHIZ mEEEREREHEY—JWwElET 256, ERFEE~ A 72 b v THREEMSL) Z v Ca
fHHkuiUer%@' 78 L7-A 0 & L Afs Rl #R S (SCL) &2 W C b e A ZOLVERE O R B R 2 JE L 7 fk I3 a7
%o AIE OB OBRERW T U, @il ) 2 p o v — 7 F sk fr (B SR IE I H0 1 3@ BRI > 7 b
35, MSL & SOL ®REfRIE, ~7 o KEFREN TLlxt LIk SED 2 RN TEp V29, —J5, @Ak
R L7 TIE LLG SRR TEAIND I 7 2 R RBESRE N, Ny, N, 238 5, 4Rl LLG HREX DG RAER
TH Nk DR E < 7e D & BARILIGEIRE S S BB T 5 & 9 BIg 2 1R Lto
EEHER =, [F L 132 pm @ NSS (Noise Suppression Sheet) 7> 5 mm x16 mm D4 E4El & O 7 mme x
3mmd D kA ZAREEZE Y HT, Figlix, ZhEnop-f FefEZE MSL, SCL THIE L7ofR &=,
SCL % APC-7, MSL ®#5tiZ. A MU v 7 HEEHE w= 7.5 mm, #E&E & hi= 2 mm, ho= 6.7 mm, 5 5.5 1=8mm
ThD, baAgZLREOHA, 1MHz Tw=90 TH 528, 10 MHz 2SI LIZ U 1 GHz Tt 5 L &
2%, £, 0 13K 200MHz TE—7 2HD, I OIS BRILBE K fchH D, —JF, FEitiET
I%. 1MHz Tp 40 LIRTF L, HERILBE LI frid 750 MHz £ T EH3 5, ®IZ, MSL OF —& Z4fiE L,
SCL OfRIC—E S ¥z, TD LI/ LN~ v KEFSREILN=0.0149 Th -7,
AERREER 7 oA L OBREANSD 2010 LLG HRAAFHE Ui, £ Of R % Fig.2 [Z7 T,
ke ZLEE 2 5 mm x 2000 mm OGRS RE LTz, 20 L X OB E T ¥ —VET L TEHA
L. Nx=0,Ny=0.983, N;= 0.0168 #1537z, b A X /LOMEGEIHY T 5 mEEBROF MR X FRThod, FRITm
Nz Hm, BERFNyYy FaThb, 22 Tk, BEM B OSIFIRA L 4nMs=5000 G, z J71H D B FFPEREAR Ho= 140 Oe, #%
FfEEa=1 & L7z, 20 & &0 HRILEE R fr 1350 170MHz Th - 72, EBRD 200 MHz £ » 2 LGV, £7-. 10 MHz
YL ECHE T 2 HBIFF A IR cE Ry, —JF, SR OEBEOHEZ S mmx 16 mm TH D03, x F [\ O KR
fREL Ne=N=0.0149 £ 725 & 912, 5 mmx4.28 mm OFEMEELE Lz, 2D & & ORBEAREIT N«=0.0149, Ny=0.974,
N.=0.0109 T 2%, Fig2 (IR T L 512, IMHz TOWIL 30 FRE LK T L, BRIEE RS fr 12500 MHZ 12> 7 k LTz,
EEMN—BUIA OGN -T2y 27 a KR DENT 5 & BRI EEEN EA T 284 4R &,

100 | | 100 |
— —
2 80 ™ Tproidal (SCL) ™ 280 N 5 %2000
2 Ls 16(M$\// —_ Z \_2X
g XN N 5 5x428 |\ |
£ 40 \ ........ Ww E 40 Lo
g . g </
é — RN ol < ’.. Y 3 .
° S U il Rk ey, = | ke Byt \ '..Q.
%‘ 0 lanastiteahaaeeeee &.& %- 0 ¥“
O_90 ©.-20
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Frequency  GHz Frequency GHz
Fig.1 Measured results of NSS by MSL jig Fig.2 Calculated results by LLG equation for 5 x 2000 (Nx=0,
and SCL jig (N=0.0149). Ny=0.958, N;=0.042) and 5 x4.28 (Nx=0.0149, Ny=0.974, N-=0.0109).
5% R

1) S. Takeda, T. Hotch, S. Motomura, and H. Suzuki, Journal of the Japan Society of Powder & Powder
Metallurgy, vol.61, (2014), No.S1, S303-307,

2) S.Takeda, et al., J. Magn. Soc. Jpn., 39, 227-231 (2015),

3) S.Takeda, et al., J. Magn. Soc. Jpn., 39, 116-120 (2015),
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Theoretical Study on Skin Effect Loss Reduction of Cylinder Multi-layer Transmission Line
with Positive/Negative Permeability Materials
Yasufumi AIZAWA, Ryuta MORIYAMA, Kodai KUBOMURA and Hidetoshi NAKAYAMA
(National Institute of Technology, Nagano College)

L ®IC z
i A RS TIER BRI K D RO RS, (R RAEDO K E 25k
BCHD. FEEELMRT 28N TFIEL LT, ADEMEME % N 11

W2 R BONRIENC BT D58 ViddEsd B, 1HE & OJATIFZEIZ LY,
ZOMBBIRPFRES =D . FFZETIE, ERREEIEIC L DR T r
WT RS D B2 RN ORREHER 2 7R L7272y, HIEARES I EHE2 T‘ T
BERA D =ALTHDI0, RG22 LT3 22 REHI A TR R falr) |l
BT ICH D &5 25720 AWFIETIE, AOBEBERME O )

~ SSH
BOMHIBHRIEDT=0, FFIIHEMEREEZX SR E L THRFLTEY, v
DIRNCZIBET AZ DWW TS LR 2 28E 2 T, HEEBHERD ) '
RIS X ARG R E B L CHGEE LT R A2 RS T 5. Fig. 1 Structure of cylinder

transmission line.

E/ S8EHEMHOBEEEICLIBARCERRER

AHFZE CIIBEGRIIREED 723, Bl 7 P AEE W7 i 6 35 D BRI % f
212, Fig. LITRTEBBAET VTR L. FOHROZBRREE O
BB & SRRITBER 2 TR &, ) LEICHY 5. 5 LI,
KB OB OB E R, L BIREE in(DICLVROSNDGHETH 5.
W2 L, RIS THRKIIS T o T-REMA B D18 3 BREE DT

Loss per unit length Lall
[w/m]

K DWMRETH D, WMARKRIL, RFTAIZRBER H(r) & R B O 2o | : : : : .
@%ﬁu"b) ) *y) HiLb. éﬁ”ﬁ & Eﬁ‘ri*ﬁ%%é\bﬁfl n E H miﬁﬁi Ly Q factor of negative permeability material
ZA(D) TR T &, RBEALRBEMEDORFIE/DLZENTED. Fig. 2 Loss per unit length vs. Q
™ iy ()2 ™ oq factor of negative permeabillity
b= [ mrear s [ oot HEY 20 dr (1) material,
-1 On ?‘“—1 2
HEBERUSHORS

I/ BOBREEMEL D 2 JEHEEIZIB W T, 2 DOMELOEE Fe, 35 L e, & Cu L [A% (5.81X107 SIm)& L,
HBBERORE IR L HIT 1 Th D IEABHEFRME(un| = |uel = )& 8E L, ADFEHFEMENT, HEFREH
FOFHEBA( = —ju", 0 <0)T, TDOQME(= |W/W'NPKRE S EZAL S 756 ORI Z i L7-.
RRTESRM, JEWE =1 GHz, HAME DA rma= 8 um & L, PO A OFERLRM B OFEE -4 r = 5.67 um
ELT, QEICHT 2B A0 EIE, T0 ) LEEORE S Z§HHE LofER% Fig.2 12”7, Fig. 2
BT DIREME RO KL LR L OZER, SEEHTZICEE LIEMIEBRAEZ R LTS, fRELT, Q
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Measurement of magnetic properties of a thin soft ferrite film by spray-coat method
T. Hara, M. Yamaguchi*, J. Konishi**
(RICOH Electronic Devices Co., Ltd. , *Tohoku University, **RICOH Co., Ltd.)
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Study on the Magnetic Nonlinear Mixing Frequency Technique and Its
Application in Mechanical Properties Assessment

Yu Chang"?, Jingpin Jiao', Satoru Kobayashi?, Cunfu He', Bin Wu*
'College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology,
Beijing, China
“Department of Physical Science and Materials Engineering, Faculty of Science and Engineering, Iwate
University, Iwate, Japan

Assessment of the mechanical properties is of high importance, both for safety and economical in the modern industrial.
The majority of conventional non-destructive evaluation techniques are insensitive to the degradation in the
microstructure of the metal. However, it is well known that the nonlinearity of magnetic hysteresis in ferromagnetic
materials is completely depended on the material microstructure [1] and the mixing frequency method can precisely
measure the nonlinear effect [2]. We investigate a new micromagnetic method that exploits the magnetic mixing
frequency technique to induce the magnetic nonlinearity. Figure 1 shows a typical example of mixed B-H loop with a
set of minor loops superposing on the saturation loop. Then, the minor loss coefficient and the magnetic nonlinear factor
are used to characterize the mechanical properties of materials. An experiment result of case harden which assessed by
the magnetic nonlinear factor is shown in Figure 2. Also, the magnetic nonlinear mixing frequency method was used to
evaluate the fatigue damage of the steel. Compared to the traditional non-destructive evaluation methods, the studied
method has an advantage in assessing the subtle changes in microstructural mechanical properties. It has the potential to
be used as a non-destructive technique.
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Figl. Hysteresis loop of mixing frequency excitation Fig 2. Hardness dependencies of the magnetic nonlinear factors
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