B4 — 2 ERFEREE (Fns0)

2026 £ 1 7 8 H

. " e s R HE—
BR - BEOE#RLEHEK TR % 173222 & FEHE .
NH A
K4 i 7T

MXHENESR (L)

2R A | BEPET — R b OB LSBT & 2 DR T S AEH]

(FEE 1,200 FFLH)

BB T OBV, SEREE CIREEENEET /O T A ZARKRD LT
5o T ORI, @AM E RN A IR 2 T2BET N AT 5 EEREINTWVD,
FRICEGIE T, MBI O - DR ERBIET — 3 v SMELO T A ZEHANEL BEtEn <
Wb, BEMET —F v NI, BNTHR - ROCTFREEZ A T 2HBIER TH 0 | e m A A
DODEFZHEHL THWDHZERHELMNLMONTWVOIMETH LD AR GTHET R LF =N KRE <,
WEBEIE 2310 nmte & /NE VW, ZD0, TA RGO DI LERBE L EFH DY I 2 L — g v
EITBIETHE, BTV UTICHMERA v a4 BRI L, R ERFR A LE & e
LHRER DT, T, AMETIE, 7 7 AF VAT AL D RBENIIGFEE~A 71« <
TRT 4 v 7 AFEFEEMAEDLE D Z L CHEAERMZEME L, BT —x v bOBRBLEE
BT 2 R T NA ABRICEAT S22 L2 E LT,

FT. WET—R v b OBEIMLEBZ BB T 57201, BETIMAET— AL NHOKE L
RTET D RZBIE R TEEOREZIT 72, WEROLZHES TR OREIEIL, BIEEE O H 230,
0T 5EBGEEZLELETLHREOHANH Y . 10 nmis O BERENE %2 FE OB T — 3 > bR~
DODHEAPRETH 72, 2T, RILHEMEE CHBIE LIERK R A A U EBEZ REBEEHE CRE
THHLWHEFEZRE Lz, WENRITIE, A4 E— ARy ZIETHME L 72 3 B SR
FiEEHOBEEL0 nmDE U v ABEBEA A v KU T AT —F v b (Ce:YIG) RERANL, FHHE
BTN A RNEHDRBOBKR RN A A B FHEATRERS umX5 umX 130 nm& L7z, B KA A >
A DT X% Z[ET 5 & B O RHRE & EHIE3. 80 b 4. 4p]/mDEFHFHIZ & D & 7y o T,

WIZ, oA EEE T, BET—3 v b OFIBLEBRNT 21T > 72, RaE
TH—RBAE TN RN =2 BT 5T LV THAEZIT I HAIE, RN ERER L B
65 K& <70 BMLRFIEIC RERENR O, £ 2T, BEEZ{L L7=Ce: YIGH % £ 5k Y
L, BREFEZ I N —OBERFEEZIE L 2 A, BRIENHEL 2 51E EHAR T *
NE=NRELRSTNDZ ERNgnole, OB R ORYE — 72K ER T R VX —454
EHBET T VICHAAAL CTHEFRE LR, B35 018 720 | HERMENSERER LI
ool WERT NAAHERE L, BET—%y MNEIZMZ DB SV ADRE S LiEE 2L
LB oM L2825 H Lo, BEXAEBERI OV 23 U CIERRIE 72 @ 8 3 i i 24 03
HAETDHZ L EHERL, ZOFRMBICEICE S FHEBEBR T S A Z2RE Lz, U EOf
REbHo T, ABFRIE., BHET—3 > MEOBBALZF BN R 2k L, O H & L TH#R
R[RTNA ABRE LT,




k4 — 1 EREERE (330)

Date of Submission (month day, year) : January 8, 2026

Department of Electrical and Student ID Yuichi Nakamura

D173222 . .
Electronic Information Engineering Number Supervisors | Hironaga Uchida

JApplicant’s name Takumi KOgUChi

Abstract (Doctor)

) ) Dynamic Magnetization Analysis of Magnetic Garnet Films and Their Application to
Title of Thesis ) )
Magnetic Devices

Approx. 800 words

With the advancement of information and communication technology, the demand for compact devices
that operate at high frequencies with low power consumption is increasing. Magnetic devices, which
combine fast response and non-volatility, are considered promising candidates to meet these requirements.
In recent years, magnetic garnet materials have been widely investigated for device applications due to
their stability as insulating oxides. Magnetic garnets are soft magnetic materials possessing excellent
magnetic and magneto-optical properties, and have long been recognized as suitable for modulating light
and high-frequency signals. However, these materials exhibit large magnetic anisotropy energy and
narrow domain wall widths on the order of 10 nm. Consequently, when performing magnetization
simulations necessary for device applications, the required mesh size becomes extremely fine, resulting in
enormous computational time. Therefore, the objective of this study was to reduce computational time by
combining large-scale parallel computing on cluster systems with micromagnetic simulation methods,
thereby enabling dynamic magnetization behavior analysis of magnetic garnets for magnetic device
development.

To reproduce the static magnetization behavior of magnetic garnets, the exchange stiffness constant,
which determines the coupling between adjacent magnetic moments, was measured. Conventional
methods for measuring exchange stiffness constants face challenges such as requiring direct observation
of domain wall widths or high magnetic fields exceeding 10 T, making their application difficult for
magnetic garnet films with domain wall widths on the order of 10 nm. Therefore, a novel measurement
method was developed to identify the magnetic domain periodicity observed by polarized light
microscopy using large-scale computation. For the measurement, a 130 nm thick cerium-substituted
yttrium iron garnet (Ce:YIG) film with perpendicular magnetic anisotropy, deposited by ion beam
sputtering, was used. The computational model size was set to 5 pm x 5 pm x 130 nm, enabling the
calculation of a sufficient number of magnetic domains. Considering the variation in magnetic domain
periodicity, the exchange stiffness constant was determined to be in the range of 3.8 to 4.4 pJ/m.

Static magnetization behavior analysis was then performed using the obtained exchange stiffness
constant. When the calculations assumed uniform magnetic anisotropy energy throughout the film, the
coercivity was 65 times larger than the experimental results, revealing a significant discrepancy.
Therefore, multiple Ce:YIG films with varying thicknesses were prepared, and the thickness dependence
of magnetic anisotropy energy was measured. The results revealed that the magnetic anisotropy energy
increases as film thickness decreases. When this non-uniform magnetic anisotropy energy distribution in
the thickness direction was incorporated into the computational model, the coercivity decreased to
one-thirteenth of the previous value, bringing the calculated results into better agreement with the
experimental results.

Assuming magnetic device applications, dynamic magnetization behavior was then analyzed by varying
the magnitude and width of magnetic field pulses applied to the magnetic garnet film. Through these
simulations, nonlinear high-frequency magnetization responses to intense high-frequency magnetic field
pulses were confirmed. Based on this nonlinear response mechanism, a novel high-frequency magnetic
device was proposed. In conclusion, this study achieved dynamic magnetization analysis of magnetic
garnet films and proposed novel magnetic devices as its applications.




