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The effect of thermal activation on microwave assisted magnetization switching
S. Mizutani®-?, N. Kikuchi?, M. Hatayama? 3, T. Shimatsu®, S. Okamoto?*
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FLHIS
~A 7 a7 v A MEfbCEE (Microwave assisted magnetization switching : MAS) 123\ Cik, GHz #d~
A 7w RS KD AL DT FEEE) 2 b U TS A IR S T 5. £ ORI~ A 7 v i JE I
BIHB L TIRB L, BEFUSEEIZ IRV TT A RMIRDPERT 5. MAS (281 5 ERRY 72 = R )L X — [k
B SE, BRSO~ A 7w s ORI - IRIEIC K o THMEICE LT 5 1A, AIFETIE,  ColPt ZJEhE
T Ky b7 LA &AW TH X 72 52T MAS OB OFEFIREH 2 HIE T 5 Z & T MAS «@?M%@@%ﬁ‘fi“ o
WTCRAA T
KRG A
AEHT, BMRERO @ Si R B~ A 7 w RBESGHUIN O &R R 2 FR L 9, 2o LickiaE %
L CHRER—VNRMEN OEME N O ColPt Ky b7 LA ZAFRIL7-. Fy MERIZd=70, 200nm & L
7. MAS FEBRITERAT L0 i M E 7 I B, mNT R~ A 7 a RS ZEINL, BER—L2)
RICEVBIRREE A LT, ~ A 7 2 RS I8 touse = 20

NS, J& A toeriod = 2x10% - 2x101 s D/ VAP & L CHIN L 7=.
REHEE

Fig.1 ([CIEAZE d =70 nm @ Co/Pt K b7 LA OIREEI D~ Eh4f ﬁ}fﬁ{f' ts (s) =
A 7 7 W R BARATE & ARG terr = 100 - 10 S 12DV o T o
TRT . A 7 a ERAGIRIEIE pohe =38 mT Th 5. FEhik Eoz 'Qj
FORRFRE tere (ZTWERFE P~ A 7 w5 2 FIIN U 7= RefE & : i
L, terr = 10%(tpuise/tperiod) LEHRLZ. WITNDtgllBWNTH . | . ]0
e B D BTN o CHRRBE N 2SI L, BIREZR T & A 1 4h % 5 10 15 20
STz, AR R DRI T O 21T 1T terr 1 fr (GHz)

LCREREITA SN, R UERETHEARD & teg D
HEAMZ RO ERRE ) AR L, B SR B m B s~ & of coercivity of Co/Pt nanodot array with
kN U7z, Fig.2 IC 87 MRS Hi 3o K OMLIRJE B 5k 2nl)y| CHL diameter d = 70 nm for tu = 10— 10's.

KAl U7z BRES Hae, ~ A 7 & BERESS JEI I 20 fe L2 L CRE
HLUTFEY o x VX — RS & AEIEy 2 /Rd. ~Af 7 1
WG IRNE X He/H = 1.8x102 TH DH. T R/ X —[EhE S S
AE/Eo & REFIIFI terr 13 1 56F 11635, £ D72, Fig.l
HO ter 2 —E & L CHIE L7 AERIT AE/E) D% SR & FE5r
BINZRDTND Z LY L, ter OEINTAE D PR DA
W& SR R O @B AGIIBME D I Lo TR TE %
ZEBHND. R
HIERE ARBFFED —EBIL ASRC DX IEA2 21T TiThhiz. 0 02 04 06 08 1

Fig. 1 Microwave field frequency fi+ dependence

AE/E,

2D N znfrf/lylHk

Fig. 2 The calculated effective energy barrier
1) H. Suto et al., Phys. Rev. B. 91, 094401 (2015).

2)  N. Kikuchi et al., Phys. Rev. B 105, 054430 (2022).
3) N. Kikuchi etal., J. Appl. Phys. 126, 083908 (2019).

height AE/E, as functions of microwave field
frequency 2xf/|y|Hx and dc field Hqc/Hk for
microwave field amplitude Hy¢/Hy = 1.8x1072.
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Effect of film thickness on microwave assisted switching behavior
N. Kikuchi?, K. Sato!, M. Hatayama?, T. Shimatsu®, S. Okamoto®#
(*IMRAM Tohoku Univ., 2FRIS Tohoku Univ., *RIEC Tohoku Univ., “CSIS Tohoku Univ.)

[FLHIC

~A 7 a7 v A MEbdE (Microwave Assisted Switching:MAS) I3 &4 LG ek &2 ZBLT 2 85T & L
THRHINTWDS, TTICRIA T ELTOMRLED LN TNWD—FT, FiZ/ T =o2 7K TOIEER
TOMWE T 72 < PBAEE DB BIZHOWTHRIER 2 A H 20, Fix DL —F TIE 2 E T, EE 15nm
@ CoCrPt-Si0, 7' 7 = = 7 — B2 BT MAS HEER AT\, £ D~ A 7 1 I REIGHIRNGE S0 8 R B R A7 P 1 T B
BXEEBTHZLICIVBHTEAZLZ2HELTWVA[L], AL, BEDEZ 5B %2 VT MAS %
BRAATO, BED EORBEFIRDLZ LT L,

ERAEEER
J v R—=T7®OSi 7 xn— EIZHE Lum O~ A 7 v EGEINA Au #RE 2 /ERLL | JE X 100nm @ SiOx ik /&
IR L=, = I THiE - fR#E L & 112 CoCrPt-30vol.%SiOx(t) 7' 7 = = 7 —RGMER A SR U 7=, t 13K
JET108E0N15nm THDH, Aufpls EORBMEREZ, ERY V7
T774—BIOAr A A=y F 72D ES 3pm, 15 0.6 um @ i :
FETARICAN T U7z, 2 0%, T B & RS PERRAT 00 72 30 00 524 Hall A
e (AHE) JIEH OBEBIGHICIN T U, Bl dlif o) & 1320w
\CIRE RS A FIIN L TITV, ~ A 7 2 i1, Au BRI I GHz
WOERWEERZRT Z LICX 0 EEMNICREAE ST,

Fig. 11~ A 7 mE AN LZRAWES &~ A 7 o iR o bsepaneiider””
poh=48mT . JAI % f=25GHz (2B W THIE L 7= AHE #hitz =3,
B 1% ()10 nm, (b)15nm TH v | B OG5 7 mn ——+ O ghfR72
FERRLTHDH, ~A 7 a5 2 N L 7eWEE OREEIX
t=10nm OB TET LTV 223, SIS E I EBICITR & I7E2hi e
SEGELEOREBNETHD, WTHOREHIBWTHHE R~ A
I ORICE DT VA MIRENBAZTWDA, ZOFEEEICBW T, 1opssseset? ]
t=10 nm OB DO FHT N LY KRERT A RN E LN 02T I2h 5w e is 1S
T %, Fig. 2 12 2 5 OB OIREES) D~ A 7 v BB A W A ot (1)
R LUTm, ~A 7 0SS IRIEIE whe=d8mT T—ETH D, WTh Fig. 1 AHE curves of CoCrPt-SiO2 media

- s bt o , v measured without and with microwave
DFEHC S AR B B T~ A 7 S O S A VIZIERIE  field of fir =25 GHz and pohi=48 mT.
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[1] N. Kikuchi et al., Phys. Rev. B 105, 054430 (2022). e (GHz)
[2] H. Suto et al., Phys. Rev. B. 91, 094401 (2015). Fig. 2 Coercivity of CoCrPt-Si0Oz media as
B N o o a function of microwave field frequency.
BEE ARFIED—HBIE ASRC DSR2 % 1T TiTbhiz. (ohr=48 mT.)
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Estimation of microwave-assisted magnetization switching field by energy approximation
K. Kawakami!, X. Ya?, and T. Tanaka'

("ISEE Kyushu University, 2IMI Kyushu University)

[FLHI
IR, WAGFLEROZIICE W OB B ELHE EBT 28T NO—D2E LT~ A 7 riET v X MERR
FEMAMR)MEH STV 5 D, EEESR ORI M 3R SN BOEATOGA, ~A4 7 ailfo 7 v A K
WRITEERICER L S TEY 23, BLEZESFMICKE S o/ y Hk OBRDBHINES NS Z L E M TH D
ZERMBINTWS., —H T, ERBEAOEINGMABIEESEIZIEAITONE, ~4 7 a7 v A Mgl
HR(MAS) D FENTHI 72 HEE IR EETH 0, BRI R hgw D &L O L KERSR T ERL STy
o~ A 7 u~< I 2T 4 v 7 vIal—rarEAWVANENDD. AT CIIE TR ORI R A3 At
KON IETAT I BB D hgy & LRI HEE L T-.
EREEFE

ARG BT bR L ORROIEET Vv E Fig. 1 17, LA
ZlhiE z §ih7 1A CIEEE R hpcld z Bk L COOABETHIMS L, R
W ARG hpc VTN 7 A B S0 THIMES NS SARET 5. 728, &
WU BTV H, THE SN TV D, oIk 286§ 2 k25 E s
O EAZTRL, 0,03 LD x i BNEnNEnmK - kb
X0 WK T DEALOME X A %R T . Fox DFATIIRE D DARET VITE
J5 x Fif, z HEOBERERASY (hy, h,)1E Egs. (D TEEIIZE S, JL//
hpc = hgwP & &, 72T A Nillift Eq. @IcBB L% 875, VHx

hac 3

. 0 . w
hy = hpcsin® — Hey sing + hac,h, = hpccost — Hey cos¢ Egs. (1) Fig. 1. Schematic of the equivalent field

2 2

h+h: =1Eq. (2)

*  Simulation
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9V ENEND DB D he, D~ A 27 2 I8 JH AT

=
L LCREIICERY o7z, 728, @8 & Ve, 1xFER) %’o_g _ Approximation
a5 % B 8 L 7 = L % — YA 55 {1 (OE/0912=0) 7> B HE 307 .m@%
EEND. BB EZe/yH ZBELI-E—~rxTx = ' l—15
X — L B L — D% R 2 0.6 ——&g
R EF & %05
RERFRE~ A/ a~ T X T 4 v I al—Y =

DOEPFEEE ~ A I a~v TR T 4 v 7 Iab—Y Fig. 2 Comparison between approximation
2 U DFEREDEITRK TR 2%ETH 5. and micromagnetic simulations.
L 2 BN

1) Jian-Gang Zhu, et al., IEEE Trans. Magn., Vol. 44, pp.125-131 (2008).
2) G. Bertotti, et al., Phys. Rev. Lett., Vol. 86-4, pp. 724-727 (2001).
3) S. Okamoto, et al., J. Appl. Phys., Vol. 107, 123914 (2010).
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Study of thicknesses of recording layers and spacing between them for 3D heat-assisted magnetic recording
K. Maeda, and F. Akagi
(Graduate School of Electrical Engineering and Electronics, Kogakuin Univ.)
T BHIZ
IR, MR T 4 A7 B TIE, 778y MOEREEEILOTZOIZ, BT v A MEKGELEk (heat assisted
magnetic recording: HAMR ) 5 O HFZE « BIRE 23 A CTUvD . F72, HAMR & By R332 — K (bit-patterned
media : BPM ) % 7~ & #>H 7= heated-dot magnetic recording : HDMR)23 5-10 Tb/in? DFiEEE A ER TE D & L
TREINTWD. LL, Ry b A XOBHEBERRZEBRET 5 &Rk 7 iEnnEc s, A4
ZETIE, RREREAE IO L 3 ot T U R RERGRREE (3D HAMR) RO F 217> TV 5[1]. A
HTIE, BB ORE, RUGLEEROAR— 07 LRRikE & ORI OV TReskE I @) < FRIC
EHHLTHRE 21T 7.

HEFEROHEET V
3D HAMR Dité#iafe 1%, Landau-Lifshitz-Gilbert (LLG) SRR ARV TR D72, BRET L, Ky MES

nm OMFEOBNE K> A%, By MEBE 16nm THRAIMIZIEA TS EE L7z, EJE Ry b OBEIE 4nm,
TREFy hOBEREIE3mm & Lz, EEoXxa Y —iREZ 550K, TREOF =2 —EEL 650K & L. ik
1%, DCA L—X%BET TREIC 1,0 DREFREITV, 0% BJEIZ 0,1 OFEREITo72. EkOHiiie Yy b=
Z7—Ll—b (BER) Giék+ 7 v/ xT7—FKy Mt/ ek b7 v 7O Ky M) X100% % Huiz.

HEMAR
11X, A= 73m 2BV, FExE EFIEE 250K Trifk L=%, EEOREE1T > 72RO BER
ThbH. ZhErv, EEDBERIZEFIEE 170 225 175K T0%E o 722%, TEIZ 150K 2B 2 5 LiRE
EREEBICHMARLE. K21, THROBRELEDOAZREL T EHEOREBEI TR THD. 2LV,
155

TREO BER IZETOFEMTO%E -T2 D, TEBERIIX 2V —EELVINECHLAREL D Es
ZF5Z Enbhrotz. ETEEOA E OBRICOWTIIREY BHET 5.
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L 2 BN
1) F. Akagi, Y. Sakamoto , and N. Matsushima, 2021 IEEE International Magnetic Conference, (2021) pp. 1-5.
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U-Net image segmentation for statistical analysis of granular FePt
recording media and automated dataset generation

N. Kulesh, A. Bolyachkin, 1. Suzuki, Y. K. Takahashi, and H. Sepehri-Amin
National Institute for Materials Science, Tsukuba 305-0047, Japan

Progress in the development of next-generation heat assisted magnetic recording (HAMR) media strongly depends on
the optimization of existing processing technology for further decrease of grain sizes while maintaining a large
coercivity in FePt granular media. Thus, current target areal density of 4 Tb/in? requires L1o-FePt granular media with
an average grain size of 4-5 nm with standard deviation (SD) below 15 % 2. These requirements imply the precise and
fast analysis of microstructural data; e. g. transmission electron microscopy (TEM) images. In this work, we propose an
automated method combining segmentation using convolutional neural network with the U-Net architecture and
computer vision algorithms for fast acquisition of all relevant statistical information from TEM images. We demonstrate
that the workflow capable of processing an arbitrary number of images in a highly uniform way can be useful for
generating a high-quality dataset for further analysis by machine learning algorithms. As proof of concept, we
considered a series of FePt-C granular films for which a dataset was generated, combined with sputtering conditions
and magnetic properties, and analyzed by machine learning.

Samples of FePt-C granular films were deposited in several stages onto MgO(001) substrates by magnetron sputtering
at elevated temperatures. The U-Net model was built using Keras and TensorFlow Python libraries and was trained
using 1200 images and corresponding manually segmented masks obtained by cutting 10 TEM images acquired on the
area of 300 x 300 nm?. The U-Net model was further used for automatic segmentation of 70 large TEM images (sample
image with recognized grains marked with colors is shown in Fig. 1 a). The obtained binarized images were used for
measuring area of each grain, estimating diameter, distance to the center of the nearest grain, and roundness parameter.
As a result, average values of each parameter together with SDs were extracted. In Fig. 1 b, a comparison of the two
histograms of grain diameters obtained from manually and automatically segmented images are shown. Using the
automatically generated dataset, simple regressor models for predicting coercivity and microstructural parameters were
built and used for finding an optimal set of sputtering conditions leading to the desired combination of coercivity and
grain size. The proposed approach can be useful for fast and unbiased microstructure analysis of FePt granular media.
At the end of the talk, we will discuss how machine learning assisted microstructure analysis can be beneficial for
optimization of the processing parameters toward realization of desired microstructure in the L1o-FePt granular media
for HDDs with an areal density of 4 Th/in?.

References

1) D. Weller et al. IEEE Trans. Magn. 50 (2014) 3100108

2) K. Hono et al. MRS Bull. 43 (2018) 93-99

B S s 3%“” b = U
J ®y ) I

Number of grains

Diameter (nm)

Figure 1 (a) TEM image with recognized grains highlighted with colors. The inset shows Euclidian distance map used for estimating
distances between centers of neighboring grains. (b) Distributions of estimated grain’s diameters extracted from TEM images
segmented manually and by the U-Net model.

—201 —



08aD - 6 2546 O] AARLERTENEFEZEAE (2022)

HATHAMRATIC & % L1078 FePt A o>
MRS AL~ DR TSRS DR
CEE) KB BT ST, R Ji Y, 2 A XA s NI 2, KRR
(1. ALK, 2. AP &SRB T¥)
Evaluation of light atomic element dissolved in magnetic grains
with unit cell analysis for L1o-typed FePt based films

“Daiki Isurugi', Gento Tanaka', Takashi Saito', Kim Kong Tham? Tomoyuki Ogawa', and Shin Saito'
(1. Tohoku Univ., 2. TANAKA KIKINZOKU KOGYO K. K.)

[TCHIZ BT v 2 MK REEADOTEE TIX, HIRTHVL —llifEAEERE T R L X —2HF795 Ll
1 FePt FHN G 172 B CTH U . C ° BN Z K541 (Grain boundary material: GBM) & L CHW=2/ 7 ==
THEREOFZEHAREIED LTV D, FTex 1TV T =2 T EEORMA L (M) 75 GBM Ot ML, CX°
BN ZORSEOEW GBM Z W/ I =22 FEBETII MO TREFELWZ E2ERHLE Y, Z OFIRIZK
JEEIRF I FePt & GBM & O3 BEDS AN+ 53 72 RRE THT I BEE 2N & 5720, GBM AT 58tk B, C. N8
WEMERE BRI IF L T LE S TS 2 ENRB X HiL, BEEEOFMARDbND, LR b 7
FIA=INIEED T T =2 B TH- T, LbBMERKSERNICHFEAET 2\ TR IC OV CERTMT 5
LIRS TR, INETIEEALE RINTI R -T2, ARIFRA X7 T =2 FH#EF D Ll FePt
FHO BRI ARFE DS, ¥ 7-HICEIVAE U728 T R B BUR B E & 72 DR 2 15 7= O THAE 9 5,

DA HEEFMEFER  Fig 113, LI HOBNIAE T T 5 -0 DT ERD 75 7 Th b, ¢ &t
a ZREENC & 5 & dihbt o/la OFERTAA B30 OREHE R, BALIERE (a%c) XA T 0 odhft Gofidl
PHCITIFIFTERR: 20 L LTINS, 2D T 7 Bickkx 7o A5 TIERLE N 5 FePt ZEE D L1,
FOKFEH (a, ) 71y b9 iUE, BAREGICBET 2 F#RP S 65, —fFlE LT Fig. 1 IZIEERIE
JEZ 250 - 630°C £ TEAL SH T ANy Z K L 7= FePt &4 5T 0 FePt fHOM T8 A 7o v h L1z, ik
BED A% 1T FePt-30 vol.%BN (5 nm)/ MgO (5 nm)/ a-CosoWa40 (80 nm)/ Sub. Td 5, #kH 0 FePt &SIl ¢ #ih
B LT 2728, In-plane X AREIFTIZ X 5 (200)HE 72 & ONZ Out-of-plane X ARIEIHTIZ &L 5 (002) i A B D [AIPT#E
DT Ty THNOETER (a,¢) ZHH LT, 7oy MZEDEEEEIED (a,c) D7 vy MIFERIEE %
FFTERT2IZELATICYZ ML (@ I, e B), ca DMET LT ZERbnd, ZIIRZEE
L7zHAIE DR E & bxths LT\ D, —F 26 OFEFO ALK ARFEIL, AUBERE O AR TR 53 55.55 A3
T—EEEZTRLTND, ZHUE FePt &R CIIHEA- AR OREEZ L OmE CHRARAERITIZE A UK
fEL72NWZ &£ &R LTV 5, Fig. 2 121, FERIRFE 550°CH H & Ar H AIZ Ny H A ZHI L TRl L 72 FePt &
SHENER O L1y O T EE (a,0) LTz, EFREELE 000 50%E THEHMEES &, (a,c) D7m >y |
275 7R TR 7 B L (e BN, cla 23 1IN TWL ZERNbnd, —15 2 OBE OB AR
1% 55.55 205 56.890 AP E TR L CWD, ifxEE LEHAEORD LEXADED L Ny B ADIRINEKNE
T, INMEFEEOENMIC & H2RWEFRD FePt fEmANICER LT LEW, Fe & Pt RIS O %
F TV DA 2 D, i TlE, FePt A4EIZIN % FePt-GBM 7' 7 = = 72O T, Ny, Ha, NHj
DT A e AT H AGSINFEIERS H AR LR A b7 =— L& i L 72RO s RO T H N T 5,
BEITE 1) S.Saito et al., J. Appl. Phys., 59, 045501 (2020).
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Fig. 1 Variation of the lattice constants a and ¢ of the L1o

phase in FePt alloy films deposited at different temperatures.

Fig.2 Variation of the lattice constants a and c of the
L1o phase in FePt alloy films sputtered with N> gas.
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SO AR B EE & AN L2 DR L7z
BLAIEL & X 4172 L1o-FePt f0hL - HEVERA~ D RET
TERBER Y, &)RE 2, BAH 2
(" BARRFRZFBE B T2 IERE, 2 B AR B T4
Fabrication of regularly arranged L1o-FePt fine particulate with

08aD — 7

combination of rapid thermal annealing and microfabrication
Yuta Shimizu!, Hiroki Yoshikawa?, Arata Tsukamoto?
(‘Graduate School of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)

[FLOHIC MEMKES L AT D FePt T/ BMEROWRL 7k, F7o2 OBRAIEE - RiRR ORI Z ET 7 —
> RAGII IR AR 6 FE R SRR AR, B RERE R T A AMERLC B 2 BB TR FIN CTh 5. Fox 13 Bk Si k&
W EIZAESE U7 Pt/ Fe s#tfse @ EEIZxh U CRIRER] 0O Gud - PR IR ZVLER (RTA : Rapid Thermal Annealing) %17V 43
i, BEEE, L1, BAIA &b E — TROBULI TG L T 2 Mhl FERFIEZRE L TV D V. HIZARTA IZEF#R Y
Y 7'Z 7 4 (EBL) IZ X 2N LA O L FE b BE -G LT 5 2. @i Ek B ~0 RTA TIThifR, #
LEFME B DK & 22 Bohi FREDSIEAL S D, Las L, RTA SO T2 O 2 AR FiETIE, £R H RO 8
fb& & BTl - BET B ADOZEMEZBSRETE 2 B2 DD, AT CTIIMAIIN I X 0 IS @~
A VOERFEZE RE L, WA ARSI X 2 BLERIE I AR 738, BL - IRIZ DWW TREH 5.

REAZE V7 bA7IEICT Si FER EICHREEIFIE 3.750m @ Pt/ Fe L J@E X A VA RTA RIFIHIAEE &
UCER L7, AREE T Figl ISR 3N T4 A v—dK L % 50 ~200 nm , A# P % L+ 100 nm @ 150 ~
300 nm & 7% & 5 ITHiE 24T\, Fe 2 1.64 nm, Pt 2 2.11 nm, DC 7% b 28w & ) o 7 TR LIER L
7o, ZOFREHIR U CTEEERZEE < 1.0X10° Pa OFRPMHEK FC, FIREERN 120 Clsec., FIFEIRE 590 C D&
WAIRE, FREHEEE <140 Clsec. DRGERIRIZ T RTA % Effi L7-.
Z OFEHT KR L CERRE FHRBMEE (SEM) IZ LB LIRS
TR IR, Rz Sl 5.

EBRERE DX A DD —ODWRL TR FTRE 7R BRI & A LB
A RXDOFM, Flhi 7V A X2 liT 57012 SEM 2 H L7z,
Fig2 \ZRT XL D12 L < 110nm TiX 1 Z A LH 720 OISR 5K
IR 1 TH D2, L = 110 nm AT H SEECKL T DO TR % TR
L7z, ZX 0 DBERRILT 2 7 A LA XOEERSIE 100 ~ 110

O

N Wy L--.
(DDesign Pattern
©@Before RTA
@After RTA
Figurel Design tile pattern
and Stepped microstructure

A Before RTA diameter(®) i 120

nm BB CHS T AR LT R, S A YA XOMIIZH 1 AT RS m | 10F
54 Wbt ) DTG RR TSR T 5 = - 2R L, I & Ax“i%l N
S BRTOR S RH I D5 W TE S, 67 23 4 | ol 60 &
Yo RF S 1 Fig2 1SR T L 9IS L < 100 nm TIEH A L4 & | 140 B
S ROBN L & b WA TR T IR ORISR S L, Bk T 5 2 m 120 £
DT & 7= G I PR T B S0 60 nm TR 5. —0 1 pmmmma o
RTA % AV TRk 79 4 KR 5 B RGO fFEC & 0k 50 100 150 200

BOZANT A ZIEHEERECTVWDELDEEZXLNRD. —T7,
EBL O F#EGELIC L0 RTA RIMIEIEIE GG LD B4 10 ~ 20
nm FRENERALT DM AMHR S Db OO, RTA OEENRIC X
D HEEEREOK) 60% (CHEEE L7, TAUTK Y, RTA 20T 54
TR TFIEIC IV TR RS A ] 2 e FF L7 T A L0 b
WUN2 RS 2 TR T & D ATREME bR L7z,
B AFEO—IE, HHRA L — UBFEHEERAE O BRI LV
1To7-.
ZE X
1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T.
Katayama : Jpn. J. Appl. Phys., 43, 12, 8040(2004).

2) T. Naeki, K. Miyoshi, H. Yoshikawa, A. Tsukamoto : “T. Magn.

Soc. Jpn. ( Special Issues )” ,3,1-6 (2019).
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fid e 1 rT ALY — L B W20 B A b L—3 Ceph OF —Z 7 7 & AMEBRE D F AR HT

JIH&E, HPRE—AD
(AR
Evaluation study of data access performance of distributed storage Ceph, using a brain neuronal structure visualization tool
Yuki Kawada, Yoichiro Tanaka
(Tohoku Univ.)
IFLHIZ AP L=V T AT ADOEKITHEY T—F 7 7 2 AMEREDO M LAFRE & 2> T D, AERTIX, KEROEEEA b
L—U T NA AMHDD)E LA T v —DENT T v v aT 3 A(SSD)YEMAB DRI RFRA b L—T v AT AORE MR,
ERNRIIZ T 21T 0. AEBRTHWIE#MA P L—T v 27 A Ceph[111d, F#7ZR7 7 & 2GR, EIIRRME, SEH
MERHOA 727 A ML=V THY, A ML —VHHELE L COEARMEESNS.
FEERAZE A L — Ceph % Compute Node-1 DT 4 L7 hUIiZ=v v |k Compute Compute
U, == 5 —4 (K 472GB) % Fsfi L 7. Compute Node-2 |-ttt {L Roderl R s 106
HAHALY =BV THIE RO = D—ET — % % Ceph 7 T A Z —Bath
A, THBERENE L. ANV —UF 3 XL LT NL-HDD % Storage
Node-1,2 124 10 &, SATA SSD % Node-1,2 IZ24% 4 72, Node-3 {2 1 RAWV7Z.
EBRERE OF—%, AT —HORET A AL A EI T2, T—X2D
B 7 /XA A(HDD F 721% SSD)C L A HEREZEII R E WA, A X T — X OFLE T /N
AR DEBIR SN hotz. @F —X % HDD ICEIE L, WEHA X T —X
(DB) /¥ % —J /L, Write-ahead @ 7" (WAL) {2 SSD % W 7= 354 DOl 21T -
2. DB/WAL & 2 45— 8% X5 5 b SSD LB L2 a 07, PHBE(EHEH e
AN 3.5%KHE LT=. &5 B in—JF 07 SSDICHLE L7=3& &, SSD % M7z Fig.1 System Configuration
STGEE, WREOENMZEAER NN -T2, @FT =X L7V ORI E DB ETo72. VTV BOEE 10D 210K
W LA, PH@ERRITT — 4 % HDD ICELE L7z & &40 3.4%, SSDICHELE L7z & &K 2.0%E< hot. L7 U HITILE
HOMREA N L —UFT S, AR LOREERICER END 72D, HEEAHLOL e A Y v MIfFbhiehoi.
FEH MIEFMOME, T X ORETNAA, VU IBICEDET =T 7 B AMROERZfHE L. 7 —% % HDD &
SSD (ZHLfE L 7= DRSS F v — 7 OPEREEICH /N E <, HDDIZF — & 2 IiE L= a8, T—4 Dy —4r 2 x L7
& WBBELEIZ LY SSD & OMREZAEAME/NT 2 Z ENTEL., A X T — 2B L DB/WAL OFLET A R LEHREKEOT —#
T 7 AMERRAS~OEBOTEMRG, T—FREOTZOOV TV A ET IR AERED b L— KA T OMBENSHOBERETH S .
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HE AWUFEO—E6IE, JSPS BHFEE - JAEHFSE(B)IP20H02194, FHUALK@MFHLR 7' 7 ¥ = 7 b RO2A33, HALK Al Yotta DBk A%} 72HDTY. =a—
0 T4 e THRAETE 2 MIT SRR+ e mi R e — v R TR 2 e 4 7 & 7T RS HITIE L £ 5.
SEXM  [1] S.A.Weil, S.A.Brandt, E.LMiller, D.D.Long, and C.Maltzahn, “Ceph: A scalable, High-performance distributed file system,” Proceedings of the 7th

symposium on Operating systems design and implementation, Nov.2006
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Frequency spectrum analysis of magnetic linear dichroism in suspension of magnetic nanoparticles
M. Suwa, H. Emura, S. Tsukahara
(Osaka Univ.)
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BROTARN S H HIREET— FOHBINTE 528, MNP HIAOREEZBHIT L 2L TL NS LI RD &
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fih o a5 56E 2 B L7, MLD A A =7 MV EIER L, ZORR 5 BlisE— FOH 52 A7,
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AEIE U724~ T O MNP 43k > MLD [ 3:4%
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Oy AT T TREICHIE L, FEE A L osl B
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061 —0— —e— 22 NMm
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X AN 10 kHz A CRDEE L ~7-, £7=, 27 S 00F

PEEFL DK E 72 CF- MNP T 30 nm @ I10-MNP &
[AERD 27 R VBRI & 4072, MNP (&R L)
LTRFEZIALXF—NRKEL 2D, E-T, 20O
AR MVGIRZEAGIZEREE— ROEWZ LD b
PEBLEIG. Maneto € I Vi s
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1) N.A. Usov, B.Y. Liubimov, J. Appl. Phys., 112, 023901 (2012).
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Evaluation of distribution of interdepending parameters in magnetic nanoparticles
H. Goto!, Y. Akita', R. Takahashi', H. Hirano®, M. Futagawa', Y. Takemura?, S. Ota'

('Shizuoka University, >Yokohama National University, > Fujita Health University)
I C I
Wt T/ B D /3A FEFRIS IV T, BEPET 2 R aR G0 il 72 1635 A Itk DR E N mE T /) R D gk
SKFFEZFE LI 20BN H 5, FATHRICEHE W T, IREFUEHRE /15T 2 IV CEHAI L 72 R b iR > &
GV NUBEBERNTT 4 v T 4 7T D 2 L TRIBESANHEE ST 5 12, ARWFZE TR H# )
B, R LR LA AR E LTIV Vo nNVERTOT 4 v T 4 U T EFTH 2RI LD, T A—HZ M
HARAFME 2 B JE LT 3 HEE ISR LTz,
EEB - 50
FEERIZ ORI IR ORI - T 5 Resovist® (B 7 4/ Rl 77 —~), synomag®-D (Micromod
Partikeltechnologie GmbH) Z H\ 7z, MIKHIZ /L L 7ok 2 fiffrigkt & L THE LT,
Fig. 11X Resovist®lZEH FN DT A —F e~y B 7 Liemofil %~ L TW5, Fig. 2(a)id Fig. 1 (2B
LTROHEZEITY Z & TRIRDO A & L b DT, Fig. 2(b)iX Fig. 1 (2B L TXQ)iz L v fafukifbo sy
FizatH Li-bDThD,

p(di)=ZP(Msk|di) ) p(Msi)=2P(dk|Msi) )
k k

M X fafnmg b, d X 7RIfR, p IIMEER L TEY | KITBHRICE ENLI KR T2 RTIBATTH 5,
Fig. 1 IZBW\ T, R DB W BIFIREAL I8 LT, R ORI & 25 BB AR o B8 T, St
BN EL polzbEZ BN D, Fig 2()0RiF 3-4 nm (ITIZBWTIE, a2 7h+E LTOIRS LV, 6 nm
UETOE—7 3R ERE LTORIBNEZRL TWVDHEEZLND, Resovist® D EGN IR D3 HilE,
FEATHFZE SRR S — L T D LD, B CIIARAT AP B DFRITHRE R DWW TR IR < 5,

Ei3a
AWFFEDO—FRIL, JST ACTX JPMJAX21A5 &KUY, FHIFE 20H02163, 20H05652 DBk 2 52 1) Tk L 7=,
& k.
1) T. Yoshida N. B. Othman, and K. Enpuku, J. Appl. Phys., 114, 173908 (2013).
2) S. Ota, S. B. Trisnanto, S. Takeuchi, J. Wu, Y. Cheng, and Y Takemura, J. Magn. Magn. Mater., 538, 168313 (2021).
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Basic research on the number dependence of magnetization of chainlike magnetic nanoparticles
Zhang Haochen, Kazuki Ikeda, Teruyoshi Sasayama, Takashi Yoshida
(Kyushu University)

FLHIS

it 2 R (MNP &2 Fl W T2 BSR4 A — U v I RAR IR 72 D&
FOSHRNER SN TWAD, MNP 2T v 7 a T LR O a7 RNEERE AT
LT aTRNH LN, v AFaTHRO MNP ORSREFHEILEEINITARMHA T
D, URIOMZETIL, IR~/ F 2 TRMET 7 ki F-(CMNP) & £ & 254l 7o 8k &
za:» H oY TV a TR T 2 RiA-(SMNP) D AS A LR D TEBE AT 24T

78k E A D CMNP DIE 9 78 SMNP X 0 BHLIGENRE W & 2350
710 ARFFE T, SR~ VT WaMET ki (CMNP)D AT i b R Dt = 7
DAERBEAFEZ T AT D TUL R IZHE T 5, Fig.1. Schematic structure of
ﬁdﬁ-jﬁ% chainlike MNPs.

Fig.1 12 CMNP OF T VK& RT, a7z bswizb %
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Evaluation of magnetic relaxation of magnetic nanoparticles in tumors
K. Honda!, K. Shimizu?, M. Futagawa!, Y. Takemura?, and S. Ota'
('Shizuoka University, “ZHamamatsu University School of Medicine *Yokohama National University)

ZL®IZ

BEMET R 2 AN Ta A A= — I 73 FIRREHECRITER 23D e Wi 72 72 03 AR Bl & L CTHiifr
SNTEY ., EAMBGIZHT AN EAATON TV S, FRIZ, EAMEICRW TR, R OB RREMRED
AHHIZ LR AR TH D, BEZ~ T 206800 i S 725N TORTIZE L TARRBALIIE 2170, B
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H7E 2% 32 L7z,

AL - BwR
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ﬁbkoK@ﬁﬂkbfi\%ﬁ@ﬁ&#&%%&%ﬂQM&s@ﬁﬁﬁﬂ&\Iﬁ%?ﬁ%ﬂi@ﬁﬁbt
BEARREEEAE FHE L. FFICHEEE 0.89, 8.9 mPar s DRIKFEHZ DWW T, K2 TZ U &Y AT K RED
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E L7,
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NEL 72570 2BEBEOSS BN ORFRINIES 25 Z & 2R Lz, xF L CHEEREITIL, 77 U vk
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7V ARt B FVIN L 72 B D | 7?2 A S IVTIRTE DN D B 15 B AL T etk T /b1 O BE AR TRt
IXEAES T AR LTRIBICH D 2 & MRS Lo, sl CIL, IR, @oREEE . R o 7 L O R RE
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1) S. Dutz, M. Kettering, I. Hilger, R. Miiller, and § 06F _ (FE:;(i:Pa "s) E
M. Zeisberger, Nanotechnology., 22, 265102 (2011). % 03F i
2) S.Ota and Y. Takemura, J. Phys. Chem. C, 123, - e .
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Fig. 1 Magnetic relaxation properties in the liquid

high-viscosity, and fixed samples.
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Development of gold-coated magnetic nanoparticles for magnetic
hyperthermia and micro-CT imaging applications

Loi Tonthat!, Tomoyuki Ogawa?, Narufumi Kitamura?, Yoshio Kobayashi®, Kohsuke Gonda?, Shin Yabukami?
!Graduate School of Engineering, Tohoku University, Miyagi 980-8579, Japan
2Graduate School of Medicine, Tohoku University, Miyagi 980-8575, Japan
3Graduate School of Science and Engineering, Ibaraki University, Ibaraki 316-8511, Japan

Gold-coated magnetic core-shell nanoparticles have attracted much interest due to their potential applications in cancer
therapy through the combination of target drug delivery, diagnostic imaging, and magnetic hyperthermia which would
greatly increase the treatment efficacy. In previous studies, we developed a simple magnetic hyperthermia system?, as
well as synthesized water-soluble iron oxide magnetic nanoparticles? and gold nanoparticles® with a size of sub-10
nanometer. In this study, the development of gold-coated FesOs (FesOs@Au) nanoparticles as therapeutic and
diagnostic (theranostic) agents for magnetic hyperthermia and micro-CT imaging applications is presented.

The synthesis of FesOs@Au involved the sequential formation of the FesO4 core and Au shell. First, the Fe3O,
nanoparticles were synthesized via thermal decomposition method that reduced iron (IlI) oleate using
1,2-hexadecanediol in the mixture of oleylamine and oleic acid as capping agents. Gold was then deposited onto the
surface of FesO. nanoparticles by reducing gold acetate using 1,2-hexadecanediol in the mixture of oleylamine and
oleic acid at 190°C (the mole ratio of Au precursor to FesO0, was approximately 7:1). The synthesized nanoparticles
were characterized by TEM, XRD, EDS, DLS, and magnetization measurements. Figure 1 shows the TEM images and
photographs of FesO4 and Fes04@Au nanoparticles and their magnetization curves at 300K. The FesO4 nanoparticles
after coating with Au appeared much darker than the Fe3O4 nanoparticles due to the generation of contrast depending on
the atonic number of atoms composing the nanoparticles. The average sizes of Fe;O4 and FesOs@Au are 5.2 nm and 6.1
nm, respectively, and the average thickness of the Au coating is 0.45 nm. The magnetization of Fe:O.@Au
nanoparticles (9.7 emu/g-Fes0,) at 300K was much smaller than that of FesO4 nanoparticles (52.4 emu/g-FesO4). This
decrease is considered to be due to a decrease in magnetic moment coupling as a result of the increased interparticle
spacing of the magnetic core by gold shell and organic capping agents. We are evaluating the synthesized Fes0.@Au
nanoparticles as a heating agent for magnetic hyperthermia and a contrast agent for micro-CT imaging.

References

1) A Shikano et al., Trans. Magn. Soc. Jpn., 6(1), 100-104, (2022)

2) L.Tonthat et al., IEEE Trans. Magn., 54 (7), 5400506, (2018)

3) T.Inose etal., Colloids Surf. B: Biointerfaces, 203, 111732, (2021)
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Fig. 1 (a) TEM images and photographs of the diluted hexane solutions of Fes04 and Fes0.@Au nanoparticles, and
(b) magnetization curves for dried FesO4 and FezO4@Au nanoparticles at 300K.
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AC magnetization and self-heating properties of commercial superparamagnetic magnetic nanoparticles
Hiroki Obana', Satoshi Ota?, Seiji Takeuchi', Suko Bagus Trisnanto', Tsutomu Yamada', Yasushi Takemura'
("Yokohama National Univ., “Shizuoka Univ.)
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Synomag®-DZ&FUELE LT, ZTNENDEGE « RTBALEREZRIE LY, BEGWEEZ BR LIRSS
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1) H. Mamiya, B. Jeyadevan, Sci. Rep. 1, 157, 2011.

2) G. Shiaetal., J. Magn. Magn. Mater., 473, 148-154, 2019.
3) T.Yoshidaetal., J. Appl. Phys., 114, 173908, 2013.

4) S.Otaetal., J. Magn. Magn. Mater., 535, 168313, 2021.
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Fig. 1 AC hysteresis loops of the liquid sample of Synomag®-D.
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Heating of magnetic particles by application of high frequency pulsed magnetic field
Yuui.Adachi', Akihiro Kuwahata!, Shin Yabukami', Eiji Nakamura?
('Tohoku University, “High Energy Accelerator Research Organization)
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Development of Feedback Type Peak to Peak Voltage Detector MI Gradiometer for multichannel
measurement
S. Idachi, T. Uchiyama, J. Ma.
(Nagoya Univ., *Toyota Central R&D Labs., INC.)
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State identification of magnetic nanoparticles using harmonic magnetization
Shuya Yamamura, Jinya Goto, Mako Yasutake, Keiji Enpuku, Takashi Yoshida
(Kyushu University)
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Method for Rapid Detection of Bacteria Using Magnetic Nanoparticle
Aggregates

Y. Pu!, H. Zhao?, T. Murayama®, L. Tonthat?, K. Okita®, Y. Watanabe®, S. Yabukami'->3
'School of Engineering, Tohoku University, Sendai 980-8579, Japan
Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan
3Graduate School of Biomedical Engineering, Tohoku University, Sendai 980-8579, Japan

A novel method for rapid detection of bacteria was developed using magnetic nanoparticles with antibodies embedded
in them. Fig. 1 shows the basic structure of the detection system. The constructed system consists of drive coil, pick-
up coil with yoke inside, magnet, signal generator (AWG1005), preamplifier (SR560) and lock-in amplifier (L15640,
sensitivity was 1 V and time constant was 300 ms). To detect bacteria, each sample contains magnetic nanoparticles
(0.2 pl, 500 nm¢, Nanomag-D). And the OD (Optical Density) value of five Fusobacterium nucleatum samples varies
from 0.0001 to 1 with ten times increase for each sample. One sample only magnetic nanoparticles without
Fusobacterium nucleatum was added, which is six samples in total. It is necessary to put the sample on the yoke to
get sample magnetized and aggregated, as such the stray field of the aggregate can be picked up easier by pick-up
coil. As for drive and pick-up coils, an LVDT (Linear Variable Differential Transformer) structure was used to detect
small signal generated from the aggregate as two output signals of pick-up coil cancel so the output voltage is
theoretically zero before detection. According to the equation relationship between magnetization / magnetic field
and voltage, it would be possible to calculate magnetic susceptibility when both two voltages detected. Considering
the influence of microtube itself and solution of sample inside, the voltage of the sample was also measured and
calculated to get higher accuracy. For each detection, signal generator generates five signals with a same voltage of
200 mV and different frequencies of 110, 310, 1010, 3010 and 10010 Hz. Fig. 2 shows the concentration dependence
of magnetic susceptibility of Fusobacterium nucleatum. In all frequencies tested, it shows that when the concentration
of the sample (OD value) increases, the magnetic susceptibility decreases. The reason for this phenomenon is that
when the OD increases, the distances between magnetic particles also increase because there is a larger number of
Fusobacterium nucleatum in the aggregate, thus magnetic field generated by aggregate gets weaker and causes this
phenomenon. Furthermore, we found that as the frequency of input signal increases, the magnetic susceptibility
decreases. It is considered that as the frequency increases, the change rate of the magnetic flux passing through the
pick-up coil increases, which makes the voltage generated by drive coil increase, causing magnetic field of drive coil
increase. As magnetic field of drive coil is considered as denominator during the calculation of magnetic susceptibility,
thus magnetic susceptibility decreases.

Acknowledgement: This research was supported by AMED under Grant Number 22ym0126802j0001, and the
Comprehensive Growth Program for Accelerator Sciences and the Joint Development Research 2022-ACCL-1 at
High Energy Accelerator Research Organization (KEK). This work was supported by JSPS KAKENHI Grant Number
21K 04090.
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Fig. 1 Schematic view of the detection system. Fig. 2 Concentration dependence of Fusobacterium nucleatum.
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A simple antigen-antibody reaction using ultrasmall FeCo nanoparticles

L. Tonthat!, T. Murayama?, N. Kobayashi®, S. Yabukami2, W. Ikeda-Ohtsubo*, K.I. Arai®
!Graduate School of Engineering, Tohoku University, Miyagi 980-8579, Japan
2Graduate School of Biomedical Engineering, Tohoku University, Miyagi 980-8579, Japan
$Research Institute for Electromagnetic Materials, Denjiken, Tomiya 981-3341, Japan
“Graduate School of Agricultural Science, Tohoku University, Miyagi 980-8570, Japan

Antibody-conjugated magnetic nanoparticles (MNPs) have attracted considerable attention in bioseparation and clinical
diagnostics assays. By utilizing the antigen concentration-dependent magnetic response of MNPs-antibody-antigen
aggregates under a switching magnetic field, we developed a user-friendly and rapid detection system of oral bacteria in
the liquid phase for point of care testing?. To improve the detection sensitivity for smaller antigens, we also
synthesized ultrasmall iron oxide MNPs with an average particle size of 4 nm and proposed a novel method for
adsorbing antibodies directly on their surface without coating any proteins 2. Although the smaller MNPs have a greater
surface-to-volume ratio to interact with bacteria or viruses, their saturation magnetization decreases with decreasing
their size. Therefore, in this study, to enhance their magnetic moment without increasing their size, we examine FeCo
nanoparticles with a high magnetic moment for bacteria or virus detection.

FeCo nanoparticles used in the experiment were collected by dissolving the fabricated FeCo-BaF films in water since
Ba-F in the matrix was deliquescent. Here, the FeCo-BaF thin films composed of crystal phase of BaF, matrix and
FeCo alloy MNPs (Fe:Co:Ba:F=14:11:21:54 at.%) were fabricated using a RF sputtering tool¥. Our experiment showed
that the FeCo nanoparticles well dispersed in water could not be collected by the magnet. As such, we used
ultracentrifugal separation (110,000 rpm, 90 min) to collect them as well as the antibody (abcam ab53891)-conjugated
FeCo MNPs and the antigen (Candida albicans)-antibody FeCo MNPs. Figure 1(a) shows the magnetization curve of
FeCo-BaF film and the TEM image of FeCo MNPs. Considering that the magnetization of the film is caused by the
FeCo alloy MNPs in the film, the magnetization of ~5 nm FeCo nanoparticles at 1.4 T could be estimated at
approximately 13 kG. Figure 1(b) shows the number of Candida albicans counted from the micrographs of the
aggregates of FeCo MNPs and Candida albicans. By adding sonication treatment of the film before bounding them to
antibodies, the number of bacteria bound to FeCo MNPs increased significantly. The success of antigen-antibody
reaction of ultra-small magnetic nanoparticles improves detection sensitivity as well as offers potential detection for
smaller biomolecules.

Acknowledgements: This research was supported by AMED under Grant Number 22ym0126802j0001, by High Energy
Accelerator Research Organization (KEK) under the Comprehensive Growth Program for Accelerator Sciences and the
Joint Development Research 2022-ACCL-1, and Japan Society for the Promotion of Science through Grants-in-Aid for
Scientific Research (KAKENHI) under Grant 20K20210 and 21K04090.
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pT-field mapping by using magnetoresistive sensor array for magnetic particle imaging
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Drive and receive coils for head-size magnetic particle imaging
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Fig. 1 Coil system for head-size magnetic Fig. 2 Signal voltage induced in the receive coil. The

particle imaging. equivalent amount of Fe3Os is calculated by the
amplitude of the excitation AC field from the mini coil.
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