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The radio waves for 5G are expected to be in X- band (8-12 GHz) or in K-band (12-40 GHz) according to the latest
3GPP release. This necessitated the development of magnetic materials suitable at aforesaid frequency bands for passive
devices as conventional soft-magnetic materials cannot be employed anymore owing to their extremely lossy
characteristics at those frequency bands. M-type hexaferrites are blessed with reasonably high permeability and high
magnetocrystalline anisotropy that restricts losses up to a few tens of GHz. However, appropriate cation substitution in
their crystal lattice not only enables tuning of anisotropy but also transforms it magnetically soft. Co- and Ti-substituted
Sr-based M-type hexaferrite can thus be of extreme importance owing to their suitable soft-magnetic properties in the
desired frequency regime.

In this work, the candidature of SrCo,TixFe;,,x019, x=1.0, 1.2, and 1.4 polycrystalline powder as a suitable material for
its use in microwave passives is assessed. Hc drops drastically from ~300 Oe to ~40 Oe as the level of substitution, x
increases from 1.0 to 1.4. As a result, ferromagnetic resonance (FMR) frequency also decreases from ~20 GHz to 5.4
GHz, making it particularly suitable for the use of high frequency passives. ZFC/FC measurement reveals the absence
of interparticular interactions in the samples. At the same time the magnetic layers, formed when the powder of all
sample are mixed with epoxy resin, found to be magnetically isotropic in all direction. This lowers theirs real part of
permeabilities to some extent. High frequency magnetic characteristics of ferrite-epoxy layers are investigated through
two different measurement techniques [1], [2], such as microstrip probe, and shorted micro-strip line measurement.
Both measurements are calibrated by high external DC bias field. The resulting frequency dispersion of permeability of
one of the sample, obtained from both measurements agrees well with each other as demonstrated in Figure Ic,
indicates the shift of FMR frequency from with level of substitution. Minute presence of impurity phases as revealed by
XRD (Figure 1a) resulted in a small FMR peak around 1.3 GHz observed in all measurements as well.

These results outlined the suitability of CoTiM family of hexaferrites for their integration into high frequency passives.
The work also highlights the strength and weaknesses of different broadband measurement techniques for the
investigation of high frequency magnetic characteristics of relatively low permeable hexaferrites.

Reference
1) S. Takeda etal.,J.J. Soc. Pow. Mat., 61, p303, (2014).
2) T. Kimura et al., J. Magn. Soc. Jpn, 38, 87, (2014).
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Figure 1: (a) Powder XRD pattern of the SrCoTiM; (b) M-H plot of four different CoTiM hexaferrite
powder (c) Effect of Co and Ti substitution on FMR frequency and in inset, dependence of FMR

frequency on coercivity.
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1. Introduction

As the IC technology becomes finer and its switching speed becomes faster, a radio frequency integrated circuit (RF IC) chip
in a receiver of wireless communication system is tend to be led to a failure of signal processing [1], due to inductive and
conductive noise couplings generated by magnetic flux and displacement currents. Therefore, a blocking of those coupling paths
is required. Soft magnetic film integration has advantage in suppressing near field [2] and conduction noises [3] without
increasing footprint on a die, owing to the performance of ferromagnetic resonance (FMR). In order to develop better soft
magnetic film, it is necessary to understand the mechanism of noise suppression. Therefore, a microstrip line (hereafter MSL)
with an eight-layer crossed-anisotropy Co-Zr-Nb film on the top is chosen as a basic structure to substitute the complicated
film-integrated RF IC chip which is consisted of many power and ground lines.

2. Approach

sensing coil
Figure 1 shows the experimental setup in this work. The ""ag"e“”‘e'd“
multilayered magnetic film is deposited on a glass substrate. The Microstrip-line }Magnetic film
Signal i
film is placed upon the top surface of MSL whose signal line is 160 lr'lgput / 5. nal
. . o Y e ]
um wide and 20 mm long, and corresponding characteristic —
impedance is 50 Q. A magnetic near field probe with a planar shield i =E i UTERSTHIEETER 5

loop type sensing coil is placed 600 um above the film to measure the Fig. 1 Experimental setup

magnetic field intensity. A network analyzer provides input power of

-5 dBm along frequency range of 0.1 to 4 GHz

Table 1. Assumed relative permeability and resistivity

3. Results and discussion
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The experimental results and the simulation results agree in both N ’ u”T ’
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magnetic field and conduction loss, respectively. Additional 4° MSL//e.a. ki 120
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simulations are performed to analyze the suppression effect of near € Isotropic 780 ~0 120
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field noise. The FMR and eddy current loss are considered as the E Isotropic 1 ~0 120
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main reasons for near field shielding effectiveness. Therefore, the ¢ MSL//e.a. u(f) 60
. . . H MSL//e.a. 1200
contributions of frequency-dependent complex permeability and film = £()
resistivity into shielding effect is studied separately. Different .
permeability and resistivity through case B to case E are assumed as 0.5k ]
shown in Table 1. The corresponding results are shown in Fig.2. 3
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4. Conclusion o ., *eel
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In this paper, the magnetic near field shielding effectiveness and 2005 Case A S b
. . . .. . c = CaseB
conduction noise suppression of four-layer uniaxial anisotropy 2 4+ CaseC faaa
. . = e CaseD 4
Co-Zr-Nb film were investigated by both measurement and ooty ¢ CaseE E
""" ase
simulation. The eddy current and FMR losses were analyzed 0.005'5 03 - i ) 4

0.4 1
. s Frequency [GHZz
separately by controlling film resistivity and frequency-dependent a vl ]

complex permeability in simulation. The contribution of eddy current Fig. 2 simulation results of case A to F
and FMR loss in near field shielding were explained. The results clarified that both eddy current and FMR are contributing
significantly to magnetic shielding, wherein the quantitative degree of near field noise suppression is significantly controlled by
eddy current loss, while the frequency of maximum near field suppression was dominated by FMR frequency.

Reference
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2) J Kim et al. (1998), Electronic Components and Technology Conference, vol. 48, pp. 610-614.,
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Terrestrial digital TV broadcast reception antenna for smartphone
S. Yamamoto, H. Kurisu and M. Yonehara
(Yamaguchi Univ.)
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Development of active magnetic shielding for MI gradiometer
T. Takiya, T. Uchiyama
(Nagoya Univ.)
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[1]T. Uchiyama, K. Mohri, Life Fellow, IEEE, Y. Honkura, and L. V. Panina, “Recent
Advances of Pico—Tesla Resolution Magneto—Impedance Sensor Based on Amorphous Wire
CMOS IC MI Sensor,” IEEE Trans. Magn., vol. 48, no.11, pp. 3833-3839, Nov. 2012.
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Development of a planar type high sensitivity metallic contamination detector
S. Okabe, I. Sasada and H. Karo
(Kyushu Univ)

[TC&HIC

AP, EIERA R EOPEETIL, AFERRETRLCEBEYNIREANT LD T E R EHEN
IS TS, Bxld, BREREREMKRTOTLDIZ, HEBORSMEZE 2T, il IZHEWEE
VLA R A VNT, ZOREER L ERTHHFMICRE SNDIBRATHOREY v/ A RiH=
ANERANWD FEEZRF LTS, R THEBER S 7 ICEBEREEICEN =T BT 7 A Y R 2 v
THUNERERZ R E U ORI MR AT R 2 G T 5.

ERAE

BRI D aA W% Fig] IR LTV, MBERER O J5 10 & M 2 A L O RS G IXE A4 5 X 5 Ikl
BLTWD. oA iciE— 15ecm, 6 X —2DIESEaA V2R LTS, Bt oA 12 10 mm
BT 2 fEPTICA 20 ¥ — OB EHMAHV ENLEZEZIMFEAG LI OEZHWTWD., K= 4 AVlimEmiEE S
lem, 1@ 2cm TH 5. Bt 723K S 50mm, 0E 3mm O7 /L7 7 AV R %2 158, W@ms —7 T
b0 AbE7=b 02 MHALCEY, @ERNAE CICL < 7ed X EF MR R O & AT b X )
B S VTV 5. BhBEE I 2% 1013kHz, IRLFERTITZIERNME T 2.0A & LU CThleRIA 2 54 S 7. $kERE
SUS EkZ it A LD B2 5 S Smm O 22T, 1 O0OA a7 OE Eamm S TRl Lz, Bl
BIEIENTHEARIC LS5 TI00Hz IZF 7 a3 — L, EPEMELESEZT « VX VIICRE L2k, RS
WEATV, MR 2157,

KRR

RET DA WG CTEREZITo72L 24, BRERITER 0.4mm, SUS BRIZER 1.0mm 2T 252 LT
& 7-. Fig2 [ZEAE 0.4mm QKK A L7z &L EOPIE 2R T. 2.7 AHEICHRIESRNBNL TS, 8RR,
SUSERKE I+ RBmMEBENGOND Z L 2B LT

ple_lfp coil amorphous Fe (p0.4 mm
magnetic core ‘ ‘ f f

exiting coil

o
w
=)

o

N

a
T

o
N
=)

Output Voltage [V]

o

o

a
T

o

o

=]
T

““““““““

0 1 2 3 4 5
Time [s]
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Magnetic nanoparticle detection system by using fundamental mode orthogonal fluxgate gradiometer
H. Karo, I. Sasada
(Kyushu Univ.)
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AC modulation method of a TMR magnetic sensor
Y. Majima, T. Yasugi, K. Sakai, T. Kiwa, K. Tsukada
(Okayama Univ.)
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Improvement of marker detection by magnetic bias for security application
Tamotsu Minamitani,Sotoshi Yamada
(Kanazawa University)
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1) T.Minamitani, S.Yamada, Digest of 015 JIEE Annual Conference, 2-120 , 2016
2) T.Minamitani, S.Yamada, J. Magn. Soc. Jpn.,Vol40,3,pp.56-60,2016
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Development of detection method of metal internal defects by a low-frequency eddy current test
Nannan Song  Yatsuse Majima  Takuya Yasugi  Kenji Sakai  Toshihiko Kiwa  Keiji Tsukada
(Okayama University)
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W5 A v 2 O TZIREVRIRE R I8 D2 A b — 7 i DK

VIS, I mBs, VT2
(B [ENLRF)
Reduction of amplitude in vibration-type electric generating element using magnetic wire
Akitoshi Takebuchi, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

IFL®HIC

FeCoV HAMA T A YIZEAORV I T2+ &, UA YASEMOEBEIANER L 0K 20, —EDOR
LREZFINT 5 E TCRALVINTB VUxy U EIIN S ARt E2 £ U5, mill=aA vz Fn
5L TCZOMALKELEN S 7SIV AR 255 Z LN TE Y Z O INFEIIGS OB LI FE LR &
W TR A RO, A IETZ R F— « N—RRT 4 VT RA FHCRBVRRER T~ OISHICE B L, i
WA A L5 mm OFEEEIE (LT, A hn—72) 237252 CTREMNEKETHD Z 2T TITHE LR Y,
AR TlE, A br—2EOKEZ B E L, Bifi DY A ZZBIEES A DR b a— 7 A RIE LTz,

EERA &

F&20mm, ¥ 0.25 mm 0 FeCoV EARA Y A ¥ NdFeB =10 mm
2B Z #1000 turn DR A VA EREE S, 20 LE Magnetic field & -
GG DN T A ¥ L BESIZA br—2F5 K9 -

WZERE L7 (Fig. 1), A IX YV A YO TA hr—7 C=NNMNENMMINN Vg'i — 0 mm
— —
WA R R— s ROBCIC RT3 A ORI 2B L T W2 w2 41 E
- =] = v e A Coil —
7o H%ii%?ﬁ% ‘?4’ Y & A O BEEE d [mm] <o PeCov wire  Simulation point F
LDOY A XEEZTT> T2,
EEAGEE Fig. 1 Configuration of magnetic wire, magnet and
ESL e 1 ) 1 and sumalad; .y
ik % Fig. 317 5. 4 x4 x2 mm? O NeFeB i etection coil and simulation point
DA, d=2.8mm O &L EEFA~DYA ha—7 )i 10
1mm » 6 HARBHI S, 1) S DHA0EIE-0.5 mm AX4X2 mme
Thote, d=23mmicT 5 &, FAhr—27 05mm — 8r
o VRN seeeae 4x4%x1mms
MO APNERI S, HHERHDIE-05mm KV /hx E 6
WZfEE 720 A be— 7 BOEBILICRI Uiz, —F S
T AhR—/RERE AR LMAEBRS LiTE 8 4
727512, 4 x4 x1 mm3 O NeFeB i & V5 & .d=23 < 2
mm O & ZEHF MDA ha—7 5 1mm 26 H A 0 Loassazase
BRI, HAISNDHALEIZ-05mm &leoTe, BAD 0 30 60 90 120 150
AP A= IZXT OMSEMED I 2 b—v a3 VR Magnetic field [Oe]
% Fig. 2 1R, FHRALEIT Fig. 112”3 38 ThH 5, Fig. 2 magnetic field intensity for the amplitude
EWEEID2mmaS 1mmilebd ., WHisENgE < from the simulation (d= 2.3 mm).
RDTCHA b r— 7 BRI B OV A X0
BT R 2157, 500 -

HHEE : FeCoV BEMERRIT, = v 21— VIR AL O ZhF < 400 | et 0t
BloLy, Bt i=imni-bocd E . J

B Xk § 300¢ . a

: £ R g2 a"xs3

1) J. R.Wiegand, et al., U.S. Patent 3,820,090, 1974. > 200l 1

2) S.Abe, etal., IEEE Trans Magn., 33, 3916, 1997. ‘g dF" ® 4x4x12 mm3

3) R.Malmhall, et al., IEEE Trans. Magn., 23(5), 3242, S 100 B 4x4x2mme(d=28)
1987. o 4x4%2 mm3(d = 2.3)

4) M. Vazquez, et al., IEEE Trans. Magn., 30(2), 907, 0 ‘ A 4x4x1mmi(d=23)
1994, 0 2 4 6 8 10

5)  A. Takebuchi, et al. 2016 Joint MMM-Intermag Distance [mm]
Conference, DJ-02, San Diego, Jan, 2016. Fig. 3 The output voltage measured by detection coil.
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WAIEFEL, =g 28N B L B SN At R k| B2
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Integrated Digital Noise Suppressor by Means of Patterned Magnetic Thin-film
Masahiro Yamguchi?, Yasushi Endo?, Pen Fan?, Jingyan Ma?, Satoshi Tanaka® and Makoto Nagarta®
Tohoku Univ., 2Kobe Univ

W5 45 4 /% LTE-Advanced #4575 S 27 (1 Gbps, downlink) 28&0# 2 M L. 45 5 i ot
HED 2020 FEICAE AT D, 10 42H T 1000 {5 OB A B K Z BIE T HHRRE S AT A TIET U H L)
AR L DZERBEOREL N E S ZENEETHDH[L], ZOOFEXITIRFICT v 7Dy _"— g
v RICHEMEEIE 2 ER(LFEE L FMRIBRICE S TT VXN ) A XERBT D L) L~ A 7 nlgkT
INAAREREL, RO KD 72 MREZ EFEL CTE/2[2], Fig. 1 ® Bt ko, BRI LTE 2 "F 70
72 5 MIE (Bandl, F Y 2110-2170 MHz)% 5x5 mm?2 @ 65nm Si-CMOS ##flf T32%E L[2]. WX FERd &
912 CogsZrsNbry EABHLIEZ LRI T L7z, ZNICE D, TUXNV A XERB L., BHGEE O AL —
7w N 8dB Hal LT E -, EBRAMATIC LY . BEEEIL, FFEMEET OO b, BT ORBICET S Lo
EHERI S NT2[2].. ZOTOAKRMIETIE, T/ A AMBEIT D HBURE FFE L, 2 OBLER B O BBk
B AL U7 R L./ A KRR R 20~ T,
FEREEBE FTERINT (HFSS Ver. 15) (280 /A KR 0 HELHRZ FFE L, C0796Zr47Nbys 7 film
(4nMs=0.63 T, FLJ7PERZI Hi=640 A/m, FMR J&E#4% f =0.8 GHz) [3] % % DEHE E O AITHEFE LI Lz,
ZOWARNE = ERDOETFTOL I b D TH D, A8y X B K 2 EBERESEOFEMIL Sio, (100 nm) /
[Co-Zr-Nb (250 nm)/ SiO2 (5 nm)]x4 / SiO; (100 nm)/ [Co-Zr-Nb (250 nm)/ SiO; (5 nm)]x4 / SiO, (50 nm) (/ Glass
substrate) TH V., U7 AT
&k g—qblic, 250 RF receiver
[Co-Zr-Nb/ SiO2] x4 FHJENEILE et
SREACMEO TR & L 1 C= 55— T
D—RRIRBEFIT L CHE A% 5 Frequency
ARY[3), EICHEIRR D Ak
Az EET Lk, KT
IR L7efEk N7 — ik
~RT11dB H DOHIBANA T U T i e
AL CE T, LLEICXD, | Inductor
A RAGHRIZ D30 2 B AR % 8 1)
WCHERICE /22 &, BN/
A X‘%/ﬁ\} 2 SXAﬁWﬁ%‘IﬁVC T Divided rﬁagnetic film
bHZEEIFIFETET, LNA circuit with inductors ~ Magnetic film pattern pattern
THETRW B R4 BB
(HAER) BELOTHHTAEW =
FEEMEN (BHEE) BIOPHEE RS (NEC F—=F2) QL E9, AR, REAEREFRIL
RO T DIFFEBR OMBI &= T 7=, .

L Z DN

1) L. Lavagno, et al (Ed.), EDA for IC Implementation, Circuit Design,-, CRC Press, Boca Raton, 2006.
2) M. Yamaguchi, et al, Proc. 2015 Asia-Pacific EMC Symposium (APEMC2015), 536, 2015.
3) Y.Endo, etal, J. Appl. Phys., 117(17), 17A330-, 2015.
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Fig. 1: Test RF IC chip, circuit diagram and magnetic film pattern.
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(AL R B OB E A FET)
AC magnetic field measurement using pulse laser burst modulation
Y. Matsumoto, S. Hashi, K. Ishiyama
(Research Institute of Electrical Communication Tohoku University)

1. FL&HIC

= BT PR E TR — R T e — T L =TT T S
ERWEBENMTOLTWE R, SRITH 5O ARROBIR A% [ 100mhz puise Laser |
FLLCLED U, 20kdxid, HEBABR & EL LIC < WSO
R THDIT—Fy FE OV AL —FER WA RrRIEIC LY, ik Optce! thoreer walfmiror

Function Generator
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Wavelength 678nm NS
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(R0 & RS RE & AT AT OWTRET AT TV D 2, et fet.
THETHEY A5 AOFEFRIEC b7 0 B ER R % S— % | g5 [LockinAmp [ pas & detector | [ signal Generaor |
FHSHTHEEIT-> TEEDN, EBEOBFEGBNHESROLGE., = Fig.1 Schematic of magnetic field
DOFETEARECTCH S, T2 TR L —P &/ — R N nﬂéﬁ‘ measuring system
5HeE. EE#Fﬁ@{EUE@f;y)%Ejﬂéﬁ DORY 7 KR, (EIJL—EXT%T&) Roughness Magnetic field
DR OMIZ T — >y FOREIFIROZEEZRESZITTLEIED ity ﬁ H H orift Hﬁ ﬁ
FIREAD A U Do AW CILRERR OIIENAR &P ORHED  ares i
ZERHEWMETDHZEITED, NARL—PNN—=X NEFHF RO T photodearic o OutPut

conversion

3?) D 71:_5% l:%’i‘% ﬁﬁ/%@ﬂ;% % K%% I/ ]\ ) = ]\ O))%;%E-B %fj:rﬂ A f:ﬁﬁ\&ﬁ (taser burst) | Chopper frequerlw {Ref] —

SHRETFIEEFTICIRE L, TORYSMEEZBRTFT LT, incensity ﬁﬂ
2. BB bt Hﬁﬁﬁﬁﬁﬁﬁﬁ

Fig.1 IZAHFZEIZ 351 B BRI B OMNE 2 R8T, HIENSR E LT ewerson output!
RERAAT DR DB B T2 A 7 8 A R Y FHEEEW = 430 1 m)& FIL, felsrn | "
ZORPFICEE LT —3 v ML — WA BE IS UK 2R Fig.2 Schematic diagram of the
I 5, KKEHETH —F > b &l BRI FERD R L0 BRI 12k various parts of the signal

17 LB EDZALAE 2 B, ZNERIT 5 2 & TEREH
WA OBERBENIETE B, FeA bR REE A, RUERFE 1 L amision e
L LA L A S SRR T L PR RS = LT, [ {Somaend %
SEHERER OB ERARIC 351 B RRBIES TR T B, /LA L—HF o) [1s0des] [s1s00es VARVA
PR A MEBIIEIRIC AT T 4 AT 3 v 8= R A LIBRII {Eﬂﬂﬂﬂ () Reterencepase

Start Measured magnet ic field

? ONIOFF ZfTo7c, ZOERFRMEETTS & Fig2 IZnF LHicn [Record ‘A~ &' |
AT UTIETH—Fy ORI KT B RRIEO % &aﬁﬁm N\
fEbBHLTCLE S, TZTFRig3IIRTLIIC, REMNIEZZND / '
180deg. T/ ALARD 2 2 BT CREF 2 FHHI L | %@% YRELDHZ LT,
BERBRDEZDORETRY HT AT KEHEE LT,
3. ERER

L—H#% 100MHz THRIESH, v~/ 788X M) v 7HIKIZ 17dBm,
100MHz ® RF{E 5 ZHIM L, F 3 v/ 3—% 7.5kHz Clalfiz X8, #RE
b 1.5mm DU 5 DRGSR % 16 55x16 5 THIE L 7= 6 8% Fig.4 lORT,
Boa Ly N7 A NESRETEET R OBRREDEE R L TEY, %
AL TODMAOEF AR TE TS, £2, MEEZABLT D2
& TRV MR AR ARRIC R 2 & B2 b d,

IIIEI-

(a} Fluwchart (c) Reference phase + 180deg.

Fig.3 Measuring method

BT

R %wt‘—X/Fiﬁﬂﬁmﬁ%k%@Eﬁ@iﬁﬂ& , |
D TR E L, Z SICIRKREAHN T LET Fig.4 Magnetic field distribution
BSEH measurement using

1) M. Takahashi, et al., J. Appl. Phys. 107, 09E711 (2010). differential detection

2) H. Nasuno, S. Hashi, and K. Ishiyama IEEE Trans. Magn. , vol. 47, NO. 10, Oct. 2011
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ehE I 2 F H L 72 MHz #7358 C o
BEEREMNEE S A o — X R O RREE
T3, S9M5LE, MPTZM, # AR, FE—, A1l
CaFRE, LRy, WALKRS)

Possibility of thin-film magnetoimpedance by direct diriven current at MHz region
using magnetic domain resonance
C. Sumida, H. Kikuchi, H. Uetake, S. Yabukami, S. Hashi, K. Ishiyama
(Iwate Univ, Tohoku-Gakuin Univ., Tohoku Univ.)

1L [XLBHIZ

EE BRI ISR A B A EEEE L, SIS EFINT 5 EHBTOA L E—F v ANRRIRIZELT
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TIL, BEEELLIE 3B G- L Q0 2 alfEME 2+ CIois L7z 2. ABF ® ]
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THA L0 CTHET 5. b /}
2. EBFE ¢ /f{
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T U ETITIZCoZIND 7 E L7 7 A E -, B R O
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o
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VE—X U AOECIITIRU S OF G R R E L, EEEEK T
BRI LS5 2 A TR BU Ay O e 7 B b & FEBL T B 73, ol hewed® |

20 15 10 5 5 10 15
B BEIR T, A v E—=F  ZAOZF/N SV, Fg 2 128 Megnetic fidd H (09
WTC,5MHz DR, 96 0effiiTA v &7 ¥ ANAMRIZZEIL L Fig. 2 Field dependence of inductance L for 20
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IIREEEILIRIC X A b D E B 2 Hivd. Fig. 313 Fig. 1 @ 6.5 Oe > . P
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1) S. Kamata, et. al., Abstracts of the 59th Annual Magnetism and Magnetic , , Magnetic field H (Oe)
Materials Conference, p. 184, 2014, Fig. 3 Field dependence of impedance Z at 5

N . RSN P MHz with fine applied field step.
2) fEHIh, Ak 28 EER TR EERZHFEE Vol. 2, p. 161, 2016.
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NAT ABEIZELD I T v ar L—F KRR Y 3F 1
FEVTER, RAEER, 830 W), #k (F
CRALZEBER )
Meandering coplanar line type thin film sensor using direct bias for magnetic film
H. Uetake, K. Moriya, T. Tominami and S. Yabukami
(Tohoku Gakuin University)

LI U®I INA T A T (EAERG N~ P
THaT LR Y EFERRE L,

2 BRIk Fig. 1 1Z3 7 a7 L —J)Aifn
BRI X 0 ARk S B IR R Y B DN EREN
AT A RETHHEDEELEZ R LTIZLDOTH D,
ZHIVE TIHINBIZERE LIz aA iz LD
AT ABEREZEM L CTE A, HIREROZENESR
AANDORERGFERFICELD, BV AT LD
AR A X (Uf) ZMRIELERH o7, £
Z CARME TldE o BT 2 et i~ B
B, T ABRE2EBESEDHZ LT, B2
THILERAT, ST aFL—FEEDOE
B HEAIEH T A FEN (25 mm X 25 mm, 1 mm §) k2
T E/LT 7 A CoNbZr #fE (1 mmx2.25 mm, 1 um
J&) ZEEE L. SITiO (0.5 um JE) %4t L T Cu i
Bk I 7o a7 L —F g (110pm g, X v
Y7720 um, 2 um JBE) 2 ZENENY T A TITLD
TERL U 7o, BRI D RN IT A 7 A HEMmE L
T Cu MR L 72, CoNbZr JE~ | [al iz i 2
JUEEE%  (300°C, 2 H§fE] 0.3 T) Dk, el i Hh ELEE
(200°C, 1 FE[H) ZJii L C. Fig. 1 DA F I ~ER
B af5Lic, ¥ V7 EFIZ=71r—F o
DR Z JiEAL, CoNDZr I 135 L7, A T
AP Fig. LIZTRd K 5 22 Fim~Jiit, CoNbZr i
PN A VA L IR e )5 )~ 8 7 ARG A F8 R S
Do INAT ABFNC L A T AR BT HERESR
EITVVEDERIZ, % U 7 OMAEZE LR L OREIEZE
e KEERD EZZOND, £ ORMBIZI
HRD 7 =7 1 — 7 (GSG-40-150) & F T - <
D N4 T RAEREELSHET, *y NUV—TTF
7 A P (HP8T22ES) D FHMIEREIZ LV v U T D
NMAREALE Sy M ERO T, JFR AL 10 MHz-
10 GHz & L., > FigI 1 kHz, FEAbE 0 16 [
L7,

3 FHAIRER Fig. 21X Fig. 1 D& > HicBUW T,
NA T AT D, v VT OMNMMAEEB IO
PAUEEEZ R LTIEbDOTH D, v U7 AERIX
2.85 GHz & L7z, (HHZEALELELIEA) 9 Oe T 47
degree/Oe 15 H AL, Z DAEIFSMBIZR T T =2 A M &
O SA T AWS % 5 2 T2 R E & 3T R Le, —

AN EBHGREIZ L DA T A XY —ETH D E
ZHNDD, RV OHEIZITFy U TERICE
% RF BERDFREGHFAT X 0 BEMEEIRE O 1 2 F 5
e, BEREENMGON-EEX BN,

e AAFZEO—ERIL JST COl TOHOKU 7'u v =
7 NOMFRERETH D, FIARIEO —EITR A E
(16H04378) DWFFERETH 5,

2& 3wk 1) H. Uetake, T. Kawakami, K. Moriya,
S.  Yabukami, and T. Ozawa, IEEFE
TRANSACTIONS ON MAGNETICS, Vol. 51, No.
11, 4005003 (2015).
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Fig. 1 Schematic of measurement system.
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EE DG A L O L AATER > AT A OR HIERE

KUt RE, HHE—RS, 2 EE*, @molds, AIlfnE
CGRAERZ:, *HAEERE RS
Study for improvement of detection ability of position-detecting system using multi excitation coils
Y. Osaki, S. Hashi, S. Yabukami*, H. Kanetaka, K. Ishiyama
(Tohoku Univ., *Tohoku Gakuin Univ.)

1. [FE&HIZ Excitation coils Pick up coil array
FORBMNETLICEA(E 7 L—Y 3 RRELR B THE R  (9235mmxd) (¢ 25mm x36)
i LC Marker

FROMEBNFHINC R LT, Fox DR D LC IR~ — 7 & A L (bax15mm)
DA % L ARBRI S 2T LOZF N RGO 15> Th 585, 20 Ll [
W b, ~— 2 OB K o T FE,»E L IRT L, fr@Esk i
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