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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?.
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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.
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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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Fabrication of regularly arranged L1o-FePt fine particulate with
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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
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Figurel Design tile pattern
and Stepped microstructure
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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).
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Figure3 Observation of nano particle
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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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Fig.2 (From the left) (DDifference by data & metadata placement @Difference when DB/WAL SSD is used
(®Difference by number of replications
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