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Magnetic garnet films fabricated by metal organic decomposition method

for giant magnheto—plasmonic effect
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Katsuji Nakagawa

Magneto—plasmonic effect is attractive phenomenon from viewpoints of science and technology. To
obtain large magneto—plasmonic effect for applying a magnetic sensor, Bi doped magnetic garnet
films fabricated by metal organic decomposition method was investigated. BisFe;0;; magnetic garnet
crystal phase, which is a non-equilibrium phase, was formed by using garnet single crystal
substrate and by controlling annealing temperature. Magneto—plasmonic effect of Ag/magnetic
garnet bilayer film was observed by a difference between two attenuated total reflection methods
with and without magnetic field. Optimization of growth condition of the magnetic garnet and
tuning of silver layer thickness for generation of surface plasmon are key issues to obtain the

larger magneto—plasmonic effect.

25

WK Km 77 AT NFIE, WEMEHRORA LRI
KA LTtz L0, £l 77 XF v OJihitd
S U TSN ED DB TH Y, K
U AOISHOBLED HITFER STV 4.

Wi o H T D IO R E AR A~ T
TEEAT R OB NS T D DS, ZORFHI 50T
TR R T RE RS, RO ERT
VIR ZAGITIEINS 5 = ST, K& 2RO
SN R AR AR A P TR
BWCERRMRER T 7 AT NREHUT 5 2
xR B E L, B EREAR S LT B &
YiFes0, BEMHEAT— R N WD 2 & & ffat L
7z

1. FALE
BJE L FBBERORE AT DI AEE LIZE

DR T DRI 7 AT 1L, ZOREOEIE
K OSEEBROFEFRE A BRI TR ATRETH 5
7o, N A Y ERIET T AT g
ELTUBHENTEREY Y sbi, 7R H
PREO W0 ST T LAY 2019 ]
OO KK T RE R 2p SRk 22T A
ASDISHABRRI SN TERY, K77 AT Zik
HT 277 XEe=0 A58 0NEHE L L Tnd.

KA T RXFE & T 2 72 0OI21E, i
D NDPHN, & OFEIN B FIRE R 7 A
COWEE BT D T ENNETH D, BEEHIC
1755 LTe 3 S R DF 2 b A BHAIT 5 D03 S A
I THLN, ZOREICRE b HFFEFE L
WM A A R TRER E o & L OB 2R
3, ITHEF L L QDL AN K> TR 7 7
R OFESRNED D BISIT, AR 7T X
FUNREMHIND. BRI T T AE R
1%, 2007 442 Au/Co/Au FEEREEIZ W CIE " S
TURE, EH 2D TN @@,

WK 77 RE R A FBIT D720, &
77 A DIET 588, SRR EIZB
T, KHTT AEDBRIAIME A&l L, 2T,
SNBSS U TR T 5 2 L WL T 7R
. —IZ, FIEDEICIW T RIFCRE 7 XE %
JibECATREZ2AA L (LU, 77T RE L hkdhikh) & L
T, Au, Ag, Cu 72 ED%E L QD 2D O&JEITIE
Wl T 5723, SNSRI D R b d e
V. —J5, Fe, Co, Ni ZF DRI, AL JTTAN Ak
357 0 Y NEOFERZHT D120, SN
WZX VBT T H 2 & C, Rl 77 A€
DHEEIZ RO HFFERRN I 22T % 2 L3 ATHEIC
72%. LinL, T OIsdMReRIL, Kl 77 A€
¥ B LT DRSO TR 3K & Ve

— 130 —



B, i SR EE THOWAIZITE S 2. Lizhio
T, 7' RE VAR SNSRI X BERA
(T DRSS EME AR TRAWS Z LW
IR 5.

7T R R RSB BRI OMA G
i, (1) FEREMEGIR T R AR L B AR
BERUSERABIOTERBIE " @, (2) BB T
R PR & B TR B RO B 43
HES D (3) ISR 7T XE U Hhih & BE
MFFERRETISEELD _BHEED 5 E 2 b
%. (1) D@BARORBHEE BT, MEFES S
BIRRHEEAT 5. — 05, MERIE U TR ORIE L
BAROBIEN, K7 T X RS OBLE R OB
IEOBLRDORE BT D728, mol LA RS
TRV, (2) TIERE T A6 UAE L BEEUSEH
EROSEVE L7V WIEER Z 3R Y5 = & THEBIAET
5. Wl THHT-IL, RET T AT R EHRIC
JbiEE~ B Sl 72 D DIEIE DPIE N 5 T
%. Lo, A T& AAEHEN D72\ o, BEEURY
PeEWET D HERREN THS. ITBNTL,
GBI L HBRBORE PR NS NTWAHD
T, BT T X% V@ OIRIE DA THite R0
(L EAT D Z E W FRETH 5. REEFHEREND
7 xT4 bR, H—F v FRREHZ BN TE
Y, BRI D2 R B 5. 7272 L, BIF e
B AER 5 121, MR Ty 7 o A5
VETH Y, Bty 7eifEih 5.

B % S S A ERTREZ TR & LT, SAE, Ak
&JF@55f# (Metal-organic decomposition: MOD) ¥4
DEEZED TS, MOD B X W RIS N8
MELEL 0 SEFETEALCY, BEMERARLED 00760 72 L3
WS TWD. £ 2 TARBETIE, RE RBESROLY:
BRAETRT Z L HFIHALS Bi [ YiFe:0,, WA
MOD ¥ X WERIG A Z iz kY, BRRE T T X
VLS /SRR AR ARG A R S A
FH L, KEDRHARAT T A€V HROBEHEH
L7

2. MODEIZ& 5 Bi B YFed0,, 585
2.1 {ERAERUSHE

HMZIE, T A (EAGLE-XG) HhR, GdyGa:0,, Hifk
At (LM%, GGG 2:AR) |, (GdCa) ; (GaMgZr) 0y, B

AR (LI, SGGG AbH0) Z v . 2 b iR
IR, 7 Y, =& )=, A TaENT
Jva— L% VTR 2 LT, B — =3
v biERGE, FaRod X 51z MoD FEIC X 0 A L7
MOD i TOMBAERL Y 2 %X 1 1TRT.  £7,
X1 DOD X HIZHARIZ 100 m] o> MOD ¥ A
L, 3,000 rpm T30 MEAE L a— R E{TH 2 T,
B N ZHE— 2 MOD i A 3341 L 7=, IRIZ, QIR
FTEHL Ry hTL—FDET, 100 CTTL070H
L < 1 30 AR DRI 21T~ 1. F D%, @
WORT L DIE, BRIFPIZIY T 450°C TIREBER 21T
o 7= ARKBERREFRINE, 30 43, 60 43 & Uiz, {RfERRIZE
W, B O DR L, B kA E DS
TR S5, BT DIRBERE TOTREEIT L ¥
FBEE 40 nm OFPEHIERL SN B T2, BRIEAIE L
T 57T, ZOONHL@FE TOTEE 3 EiEY IR
Lz BRI @I L 91, BRUFN T IR
TABERREATV Y, IROFES LA T 7. AWERiR
BV, 490°C~T50°C, ARl 3 R & Lz

TR SARE K ORI, Cu-Aufia FAV V= X
[EWfrEE VW CRHi 21T - 72,

2.2 HSREMREIZER LT YBiFe, sEiE
Bi (46 Y,Fe 0, BEM: A —% v MEETLL, Bi i+

é '
’
d RE>a—k

@ XGERL

X1 MOD i L A e 2

— 131 —



DEWREI IS U THREREFIRDKE < 25535, Bi
JRFTY R 2 KB LTz BiFe0,, FRIT, BT
FACIXAR 2, EIIIRCESRE & U CIHET 541
& LT, YBiFeOp, #BEO/EA G LTz

T ZEHR T, ABERGREE T00°C K UM 750°C TE
BT YBi Fes0,, D X #RIEHF 7 12 7 7 A LA X
22759 T00°C, 750°C OV YT D ABERR IR Thssh
LU= #BE T, 28.7° ,32.1° ,35.3° If%
WZEHTESERI SN, ERENAT—3 » RO (400)
if, (420) ifi, (422) 7> 6 DEHHR & FIE S 5.
700 - T50°COMIR ThEmt 35 Z £z kY, H—x
v MEBERESND Z & 23biroT:.

2. 2 GGG B#EREARR U SG66 BEFEREMR E~D
BisFes0,, WRDVERIRES

Bi Fe0,, fEinkHl IBESHE Tldiaun =, [R U —
v MlEE AT DI A Ve
B X v VIRIZ K DR ERS L= 22T,
BiFe0,, #EFAHOR T ERIT a = 1.26 mm™ | Bi
JRF Tl L7220 YoFeOp, AESRAHORE T ERUT a =
1.238 ™ TH YV, FAIZAV S GaGag0,, (GGG) Hif
falda = 1.238 m®®, (GdCa);(GaMgZr) 0,, (SGGG) B
FhidalE a = 12450 mm*" THhHB. Lizhi- T, Bk
M & BigFe0, il E DI A~ v F1X, SGGG HAR
DIEH DN EL 1. 0%, 666 FARIZBWTH 2. 0%F2
ETHY, TEHF Uy IVRERRIADD EE 25
no.

K12 A= o F O/ S SGGG (111) BikESLEAR H
IZ, BisFe,0y, RO VERL 243 U Te. ABERIREE
650°C KT 750°CTHERK L 7= SGGG (111) Hifbah AR k
> MOD JEfED X MREHT 7 1 7 7 A VK 3 1R
F. 650°C, 750°CV T HOBERIREL I ZIV YT b, SGGG
oD (444) 1, (222) L ZACR 5 [ LA vEiEs
ST, WP OFERBITERT B [EIHTSRHEH &
Nighpoiz.

% 2T, GGG HfSShERR b~ BiFe 0, DM
R LTz ABERIREE 650°C K U8 T50°C THERR L
72 SGGG (111) BEAS S EAR 0> MOD #likod X #-ElHT 7
17 7 A V%X 4 12T 650°C TABERR L7 i
FBUNTI GGG HEERFAD 5 D (444) T ZEIA 35
[EHTRROADBIER ST, — T, ABERIREE 750°CT
BERK L7 iR 23\ VT

— 132 —

Log intensity (a.u.)

10 15 20 25 30 35 40 45 50 55 60

[ 2

Intensity (a. u.)

X3

Intensity (a. u.)

[ 4

26 (deg)
H'T AR ASBERIRE T00°C RO 50°CIZsv Y THE
BTz YoBi Fe0y, IR X BlEWi 727 7 A L

r Bi-Fe-Ofilm on SGGG (111) sub.
¥

4
k sub.

‘ TS =750°C

mwawmwdwmwwww/ el
; 650 °C Nj
WWW Wwiapo

10 20 30 40 50 €60

Diffraction angle, 26 (deg)
SGGG (111) GRS LI ABERGELE 650°CR U T50°C

123V THER U7 MOD oD X #laH 7' 7 7 A L

Bi-Fe-Ofilm on GGG (111) sub.

10 ZXO 3I0 4‘0 SIO €0
Diffraction angle, 26 (deg)
GGG (111) Bk ASHR L CAWERGERE 6500°C R U 750°C

233V VTR L 7= MoD oD X #EHR 7 1 7 7 A /L



14, 14.7 ,29.7° ,30.8° ,47.0° ,52.0° |3
BRI B EHRAMEBEE S vz, LasL, 2 b oEHT
BRI, Bi B YoFe 0 REMEN — 3 v METIIZRANT
T 720\ REERARIERIE T& TV 72V S, Bi, Fe BRE
DR Stz LR S h 5.
T50°COABERIREE BV TIIREDO T —% v b
T2 L OO, FEfFDIR IS HER ST, D
7=, farf b DRIOABER DI VT D DSy
fift - $E3E, BB OTEROEREDS, H—F » MEDIE
BICEST 5 EE X T & 2 CIREERR N ZhE
TO 30 5305 60 ZNZHEE L=, RBEREE L Z
ETlHEER450C L L. BT m 7 7 A V& 5 (TR
T 60 SX{RBERRAA T o 7o EHZ I T, 30 49 &[]
Bz 14.7° ,29.7° ,30.8° ,47.0° Wiz mfRA
B X7z, 52.0° ITEEOEHHRIER S ho
7. LU, BEME —3 v MHICERS 2 BRI
BERRI A L L CHHER SN2 oTe. ZDZ k
V3 IRBERRARIS,  FhdRR R SR BT T
DD, BiFe0, BEMEAT— v MADERRE~DRE
WA TR &N D T EDVRIBR LTV 5.

2. 3 BiiFe0, EIEMA MOD iB&EDEDHT

BTMTFE T/ B SREEREMES — R v MEZ/ER
T HIRERM TR T D 7-0IZ, BiFe,, BEMEA —F
> N MOD K (Sl LAt « BiFe-03(3/5)) @
BT AT o 7. BAE B E S OV B Al E
REK 6 12716 #h#RIE, IRED EFIZH LT
150°CREE & TIIRMITBd L, S 6510 ERIC
BT 460°CHERE F TN LTz, 460°CLL E
OIREE T —EE %R Lz, Zhud, 150°CRE DR
FERRNR T, YRS KT8 L, 460°C £ THIE Y T 13551
L, fiFE LT\ D EHEETE 5. 460°CLL EIZHBWT
X TG EA—ETH D Z Lhb, ZFETERBKE T L
7=z L dvbind. —J5, DIA e R5 &, iRE% L5
T 5 &, 125CAHHi Tl/MEZ R LT, M
L, 450°Cifri5 Cac KA 7= L7=. DTA A3ADFEIR Tk
WA 2 7R g 2 &, 125°CfHE Thi IME 2 7~
Z 21, TG BB CORIMAME T LR L, A&58Ic L 5
bDEZEZTHELR., £, DTA B RKERT
450°CHHT TIIREBUSHEE TWAH Z &b, FEdl
BERED S OFEMEBEE LTV DD EEZS
N, 480 CHHEE TRV TWS L EZX H 2 5. TG D

BESFEZD L, 400°CH5 480°CE THED D4R -
HHZE LSRRI T LTV A Z LR S h
5.

2.4 Bife0, S WEDIER

BT OFER A E 2, (KR TO BiFe,0, REMEH —
F v MHOESREZBHF L. 16 B—T L7720, D
DTA OWERAEZ B X T & LT, 490°C TABER &
1ot AR U= X BE 7 a7 7 A L %1X 7
2R 50, 1° TR Bi [T —% » MHD (444) i
KT A EIFTRSHRN B S v, —X v b
FEEBFR DAL T D> b DEITHRRCHIED b DAt DFL S
g oEPrRIE, BRISN 2ol ZDOZ LI,
BisFe:0y, #ilEAY GGG (111) BEARS G IR OOFS Sk % UMk
LT v L Lz Z & 2R LT\ 5. GGG

Bi-Fe-Ofilmon GGG (111) sub:
T,2v = 750 °C

sub.

tgec =60 min |
"-MLVWPMJMW’»MM'mme r——

i

10 20 30 40 50 €0

Diffraction angle, 26 (deg)

Intensity (a. u.)

45 GGG (111) HifS hASHR bl ZAERIRFH] 30 43 % U 60 431
FBUNTHERL L 7= MOD D X SEHR 7 2 7 7 A L

0 H H H Y » i 120

10 b\ i . BiFe-03(3/5) .

20 - ceeede i i 90
'_‘-30 - i —
°\‘3--40 - “ : 60%
50 e —
O-60 [t 30<

o [ 5

80 | wdicd 0

-100 1 i 1 L 1 1 i _30

0 100200 300 400 500 600 700 800
Temperature [ °C ]

X6  BisFes 0, B A —% s I MOD YASEOOFAE R (16)
ERUHERGHT OTA) Ta77An

— 133 —



Wik IR I 2R LT BiFe:0,, WIS F-E%K1 T,
a = 1261 nmm THY, ZhETHREShTWAE
69, 69 L gy —F &R L.

650°CR> 750°CORIR TR L7 T, —*
v METHARWEEREIER SN TWDZ &, B X
RRAME S HER LoV 2 E 0D, MRS TR TV
HAREMEDSE 2 HiLD. £ 2T, SEMEDS A VTR
EHEAOMR AR LTz & 2 A, 490°C TABER L7
RN L, 750°C TABER L 7= 30kH T, T%-14%
D Bi EDOBULH, HERS e, ZDZ L MR TH—
v MESHHBR SN AEHE L ZE 2 Hinb.

[RIERIZ SGGG (111) HUREALFEAR KL O 7 A Fehi bz
BT 490°CTAYBERR L7=3EiHED X #REli 7 e~ 7
A V%K 8 1T (X 8 12, T GGG (111) Bifkkdd
bR ELZ RIS U= X SRR 0 7 7 A VbR
LTV, SG6G HifEMAEMIZ BT Y BigFe0,, 1 —
Zv MAD (444) B K T 2 BEIHFRBHR S
5. 666G HeAR & RRRIC, BEE A — R v N EsaFE A EEAR
XL T2 F U VR L iZEEZ b
%. SGGG Wik EIZHR L7 BigFes0,, Wil
FTEEE, a = 1.259 nm Th Y, GGG HFERIAR LD
ERLL Y HEEADHEA TV ZHU, SGGG Febokk
FEH a = 1.2450 nm®" A3, GGG FMR OB T-iE%k a =
1. 238 nm® | ZL#E L, BijFe0, H—F v FOMTER
WZAEWNeDIZ,  BigFe0y, WHlIRANEMEE A AR 5
ZERERELTWA EEZ BNA.

—05, HT AEM - OFR I T, BT —x
v MZER T 2 BBl S L izno 7z,

PIEDZ EH35, BiFe0, H—F v MESAHDIEL
WZI, Bi JEFOAREE L LS 7R ROD 7
490 CREDIRIR TR THZ &, K, H—F v b
HEER R E A WD Z ENFERTHH Z EBHL)N

\Zip ot

3. Ag/BifeD, —BERI-HITAHMAERE TS5 XE
R

3.1 HSEREIFAEVHR

L FEA L THRE ST TV HNET BT
1%, KOMAEEENT I TRORE & Rl 77 A€
YO BA HUERH D, TV ALEHD
T, 7" AL H RN LI DR H
Z N REIRE U TR 2 25 EE (ATR:

— 134 —

Bi-Fe-Ofilmon GGG (111) sub.

¥
5 BisFesO,,
® 4 sub.
e | Tev=ds0cc
R P —
g ! 650°C
9 WWW«J Sryrestrin
= | 750°C )|
4
W’W‘PUWWW Mooy
10 20 30 40 50 60

Diffraction angle, 26 (deg)

X7 GGG(111) HEfSRALHR i Z B 490°C, 650°C, 750°C
TERK L7 MoD J#HED X BUEHR 7 1 7 7 A L

: T,CRY = 490°C sub.
E { . BisFe:O;,
G -~ GGG(111)
~ | single crystal
% ] SGGG(111) f
o single crystal /
g g(r(va \V“Mhﬁ‘*'ﬁ
- [ o Glass
S e e
10 20 30 40 50 60

Diffraction angle, 26 (deg)

8  SGGG(111) Hifklebicks J UM 7 A Mok b2 BERiR g
490°C CHERK L= MOD 5D X BlEIHT 7 7 7 A )1

REER (%]

b
» R(11)-R(0) 2

R(0)

A5t 0[deg]

B9 PR (a) RURKER T 7 XE R (b) D
a5



attenuated total reflectance) JEZH\NT, il
TR DHEEATD Z ENEV. ATRIEIZEBT
D BUHHRDO NH A RO 2K 9 () 177 =
Z TR Z OGS Rh#R % ATR dhR & RS EIZL,
HEREN CORINEE RO), BER P TORINEE R
L35 BAATRRNT H5E T, AHAEZREL
T2 & USRI U CEERA TIROKE R, 2717
EERALL Bl A A ERIINT 5 L RiET T XE D
JiElZ & ¥ SRR D UV IMIE Ry, 2R, & b2
HANRFAOEIMI L, KNRIRET T AT D
LS HAL T T2 RSN 5.

BREE 7T AT FRE, KO IR RER
TORUHE R(H) & EEREFR P CORGER R0) %2 v
LA FOREEE, AR= (R(H - RO)} / RO) T
flishs.

3.2 Ag/Bifed, —EEREMLV-HSEED TS
AEVHHE

_EEE GGG (111) BiAEEEAR _EIZ 490°C TAKERR %
17272 BiFeOp Wil LIz, ANw &Y 7z LY
Ag 5% 48 nm ARIR L7z Ag/BisFe0,, —fEi5A
WA RE T 7 RE R ERST LTz, SR
13400 mT EIANL 7=

ARUFRREET X 0 S U7 SO SR 4 kA
X 10 1279, 43. 57 A1 CEEHR Oy M R
S, Kifi 77 XE - ORHEPHER S . FEERD
5/ IME R v 38WFRE, e KA & e/ MEDZE R R
VX 20%EREE Cdh o 7=, X 111203, BRI 7T A€V
IROTHUIEEE T D AR ANFHAE T L TORL
TWa. DT THHA AR #hifRo 7 MIER L
TARDEHI I 7=

EBIZKE R AREGHT-DIZI, BiFe0, # 5D
B Iz & 0 WEIEOBLEFRE DU, KUY Ag #iED
NEE DRI £V, il T A R ATR
HHBRD R Ry Z KE L TH Z LINSREEITRD
LEZ LS.

4. FEOH

WA R T T XF R E WS o~
JH%E B L, AEE ks AV T Bl B
H—F v MNEROVERLE 2 E AWCEKERT T 7
R VIRIZ OV TRETEAT o 72, Y B\Fe0y, #HEIE,

100 ~
80
X
>, 60
=
_—
(&)
®40
% H=0mT
— m
X 20
~=-H=400mT
0

37 3l9 4|1 4'3 4'5 4I7 4I9
Incident angle [deg]

R10  G6G(111) HEkETAIET LoD Ag/BisFes0r, ISR

F A

0.2
0.15
0.1
0.05

% 0

-0.05

’\/“‘\/\/”\

-0.1
-0.15
-0.2

37 39 41 43 45 47 49
Incident angle [deg]

11 GG(111) 5T LD Ag/BisFes0, MBI K

75 X R

BERRIRRE A 700°C ~ T50°CRRELE CTHlRTITH =
LT, N7 AR BB TCHIERATRETH D Z &
DBmoTe. —J5, Bi @D BiFe0y, iU, BERk
ZIRBER 490°C & L, GGG HFS R HARFS L UY SGGG Bifs
IR EAWAZ LICEY, s XX Uy URkEE
FIF LTI ATRETH D Z 3o To. KE 77
R RN Ag % V= Ag/BiFe0,, eI
BUVWTHEKRIE T T A€ VNEEBR L. Ag K
DIESED A, BiFe0y, BEtEA— 1 » Rl ERL
SKEORGELET 52 LT, LW K& RBE& KT S
T REVNRERBITE D LR ESNA.

FRIMX
(1] FIBAEA, th)IRE, TSR AR 351 BRI

— 135 —



K77 AN, RERSIIZ 2016 T/ ~~A 71
HEIGERE ROV T, 2016 412 A 27 H.
2

[t

Yoshito Ashizawa, Toshihide Harada, and Katsuji
Nakagawa, ‘Magnetic garnet films fabricated by metal
organic decomposition method for magneto—plasmonic
effect” , The 5th International Conference of Asian Union
of Magnetics Societies (IcAUMS 2018), June 5, 2018, Jeju,

Korea.

SE X

(1) Wolfgang Knoll, “Optical Characterization of Organic
Thin Films and Interfaces with Evanescent Waves” ,
MRS Bulletin, Vol. 16, pp.29-39 (1991).

(2) R C. Jorgenson and S. S. Yee, “A fiber-optic
chemical sensor based on surface plasmon resonance” ,
Sensors and Actuators B, Vol. 12, pp.213-220 (1993).

(3) Andrea Cattoni, Petru Ghenuche, Anne-Marie Haghiri-
Gosnet, Dominique Decanini, Jing Chen, Jean-Luc
Pelouard, and Stéphane Collin, “2A°/1000 Plasmonic
Nanocavities for Biosensing Fabricated by Soft UV
Nanoimprint Lithography” , Nano Letters, Vol.l1l,
pp. 3557-3563 (2011).

(4)  Sookyoung Roh, Taerin Chung and Byoungho Lee,

“Overview of the Characteristics of Micro— and Nano-
Structured Surface Plasmon Resonance Sensors” ,
Sensors, Vol. 11, pp. 1565-1588 (2011).

(5)  Junichi Takahara, Suguru Yamagishi, Hiroaki Taki,
Akihiro Morimoto, and Tetsuro Kobayashi, “Guiding of
a one—dimensional optical beam with nanometer
diameter”, Opt. Lett., Vol.22, no.7, pp.475-477
(1997).

(6) Sergey I. Bozhevolnyi, Valentyn S. Volkov, Eloise
Devaux, Jean-Yves Laluet, and Thomas W. Ebbesen,
“Channel plasmon subwavelength waveguide components
including interferometers and ring resonators”,
Nature, Vol. 440, no.7083, pp.508-511 (2006).

(7)  Yunchuan Kong, Matt Chabalko, Eric Black, Stephen
Powell, James A. Bain, T. E. Schlesinger, and Yi Luo,
“Evanescent Coupling Between Dielectric and
Plasmonic Waveguides for HAMR Applications”, IEEE
Trans. Magn., Vol.47, no. 10, pp.2364-2367 (2011).

(8) T. Matsumoto, F. Akagi, M. Mochizuki, H. Miyamoto,
and B. Stipe, “Integrated head design using a
nanobeak antenna for thermally assisted magnetic
recording”, Opt. Exp., Vol.20, no.17, pp. 18946-18954
(2012).

(9) Yoshito Ashizawa, Takeshi Ota, Kyosuke Tamura, and
Katsuji Nakagawa, “Highly Efficient Waveguide Using
Surface Plasmon Polaritons for Thermally Assisted
Magnetic Recording”, J. Magn. Soc. Jpn., Vol.37,
no. 32, pp. 111 (2013).

(10) K. Tamura, T. Ota, Y. Ashizawa, A. Tsukamoto, A.
Ttoh, S. Ohnuki, and K. Nakagawa, “Circularly
Polarized Light Generated by Plasmon Antenna for All-

Optical Magnetic Recording”, J. Magn. Soc. Jpn.,
Vol. 37, no.3-2, pp.115-118 (2013).

(1 1) T. Matsumoto, Y. Anzai, T. Shintani, K. Nakagawa, and
T. Nishida, “Writing 40 nm marks by using a beaked
metallic plate near—field optical probe” , Opt.
Lett., Vol.31, no.2, pp.259-261 (2006).

(12)W. A Challener, Chubing Peng, A. V. Itagi, D. Karns,
Wei Peng, Yingguo Peng, XiaoMin Yang, Xiaobin Zhu, N.
J. Gokemeijer, Y.-T. Hsia, G. Ju, Robert E.
Rottmayer, Michael A. Seigler, and E. C. Gage, “Heat—
assisted magnetic recording by a near—field
transducer with efficient optical energy transfer”,
Nature Photn., Vol.3, no.4, pp.220-224 (2009).

(13) Y. Moriyama, Y. Ashizawa, K. Nakagawa, T. Sako, and
A. Ttoh, "Heat Conduction Analysis of Magnetic
Recording Media for Thermally Assisted Magnetic
Recording”, J. Magn. Soc. Jpn., Vol.33, no.6-2,
pp. 517-520 (2009).

(1 4) Katsuji Nakagawa, Yoshito Ashizawa, Shinichiro
Ohnuki, Akiyoshi Itoh, and Arata Tsukamoto, “Confined
Circularly Polarized Light Generated by Nano—size
Aperture for High Density All-Optical Magnetic
Recording”, J. Appl. Phys., Vol.109, no.7, pp.07B735
(2011).

(15) K. Nakagawa, A. Tajiri, K. Tamura, S. Toriumi, Y.
Ashizawa, and A. Tsukamoto, “Thermally Assisted
Magnetic Recording Applying Optical Near Field with
Ultra Short-Time Heating”, J. Magn. Soc. Jpn.,

Vol. 37, no.3-2, pp.119-122 (2013).

(16) J. 0. Vasseur, A. Akjouj, L. Dobrzynski, B. Djafari-
Rouhani, and E. H. El Boudouti, “Photon, electron,
magnon, phonon and plasmon mono-mode circuits”, Surf.
Sci. Rep., Vol.54, no.1-4, pp.1-156 (2004).

(1 7) E. Ozbay, “Plasmonics: Merging Photonics and
Electronics at Nanoscale Dimensions”, Science,

Vol. 311, no. 5758, pp. 189-193 (2006).

(1 8) Pierre Berini and Israel De Leon: “Surface plasmon-
polariton amplifiers and lasers”, Nature Photn.,
Vol.6, no.1, pp.16-24 (2011).

(19) J. B Gonzalez-Diaz, A. Garcia-Martin, G. Armelles, J.
M. Garcia-Martin, C. Clavero, A. Cebollada, R. A.
Lukaszew, J. R. Skuza, D. P. Kumah, and R. Clarke.
Phys. Rev. B, Vol.76, p. 153402 (2007).

(2 0) Vasily V. Temnov, Gaspar Armelles, Ulrike Woggon,
Dmitry Guzatov, Alfonso Cebollada, Antonio Garcia—
Martin, Jose-Miguel Garcia—Martin, Tim Thomay, Alfred
Leitenstorfer, and Rudolf Bratschitsch: “Active
magneto—plasmonics in hybrid metal-ferromagnet
structures”, Nature Photn., Vol.4, no.2, pp.107-111
(2010).

(2 1) Yoshito Ashizawa, Takeshi Nawata, Shusaku Shinohara,
and Katsuji Nakagawa, “Surface Plasmon Resonance in
Co/Cu Sputtering films” , 2nd International Symposium
on Advanced Magnetic Materials and Applications, QE-
07, 2010, Sendai, JAPAN.

(2 2) Yoshito Ashizawa, Shusaku Shinohara, Takeshi Nawata,
and Katsuji Nakagawa, “Dependence of Magnetic

Response of Surface Plasmon Resonance on Applied

— 136 —



Field Direction” , Magnetics and Optics Research
International Symposium (MORIS) 2011, P103, 2011,
Ni jmegen, The Netherlands.

\V)
w

Toru Tachikawa, Yoshito Ashizawa, and Katsuji
Nakagawa, ‘“Magnetic Response of Surface Plasmons in
Ag75C025 Non-Solid Solution Films” , J. Magn. Soc.
Jpn., Vol. 38, pp. 135-138, (2014).

(2 4) Yoshito Ashizawa, Yusuke Tada, and Katsuji Nakagawa,
“Magnetic response of surface plasmon in Ag-Ni
single layer thin films prepared by RF magnetron

sputtering” , The 11th Asia—Pacific Conference on
Near—field Optics, No.108, Juy 11, 2017, National
Cheng Kung University, Tainan, Taiwan.

(2 5) Yoshito Ashizawa, Kenta Bando, and Katsuji Nakagawa,

“SURFACE PLASMON RESONANCE WITH MAGNETIC ACTIVITY IN

Ag—Co SINGLE LAYER SPUTTERING FILMS ON ORGANIC
SUBSTRATE” , Magnetics and Optics Research
International Symposium 2018, Mo—P-27, Jan. 8, 2018,
Queens College of The City University of New York,
New York, USA.

(2 6) Kazuki Narushima, Yoshito Ashizawa, Kerstin
Brachwitz, Holger Hochmuth, Michael Lorenz, Marius
Grundmann, and Katsuji Nakagawa, ‘“Magnetic activity
of surface plasmon resonance using dielectric
magnetic materials fabricated on quartz glass
substrate” , Jpn. J. Appl. Phys, Vol. 55, pp. 07MC05-
1= 07MC05-4 (2016).

(27) T. Kajita, Y. Ashizawa, and K. Nakagawa, ‘“NiFe,0,
Thin Films Prepared by MOD Method for Magneto—
plasmonic Effect” , 26th Annual Meeting of MRS—Japan
2016, A3-P21-008, Dec. 21, 2016, INDUSTRY & TRADE
CENTER, Yokohama.

(2 8) T. Manabe, I. Yamaguchi, M. Sohma, W. Kondo, K.
Tsukada, K. Kamiya, S. Mizuta, and T. Kumagai,

“Rectangular (1 ecm X12 cm) YBCO films prepared by

MOD using spin—coating and wire-bar coating” , J.
Phys. Conf. Ser., Vol.43 pp.366-368, (2008).

(2 9) Terry G. Holesinger ; Xiaoping Li ; Martin W. Rupich,

“Initial Stages of Nucleation and Growth in MOD YBCO

Films” , IEEE Trans. Appl. Supercond., Vol. 19,
pp. 3156-3159, (2009).

(3 0) Min Liu, Hongli Suo, Shuai Ye, Dongqi Shi, Yue Zhao,

Lin Ma, and Meiling Zhou, “YBCO Films With Zr" Doping

Grown by MOD Method” , IEEE Trans. Appl. Supercond.,

Vol. 19, pp. 3403-3406,  (2009).

Shuhei Hashimoto, Toshiyuki Sugie, Ziyang Zhang,

—~
w
—

~

Kaoru Yamashita and Minoru Noda, “Effects of final
annealing in oxygen on characteristics of BaTiO; thin
films for resistance random access memory” , Jpn. J.
Appl. Phys., Vol.54, pp. 10NA12-1-10NA12-5, (2015).

(3 2) Takayuki Ishibashi, Aiko Mizusawa, Masataka Nagai,

~

Shinichiro Shimizu, and Katsuaki Sato,
“Characterization of epitaxial (Y,Bi)3(Fe, Ga)5012
thin films grown by metal-organic decomposition
method” , J. Appl. Phys., Vol.97, pp.013516 (2005).
(3 3) HsRH, FFEAH, /bR, g, &M, Filfess, i
WE, IMOD JRIZ X B 7T AEM 0D BigFes0, IO /ERL
CRHM) , AARER a6, Vol. 36, pp. 169-172 (2012).

(3 4) Takayuki Ishibashi, Tomohiko Yoshida, Tsukasa
Kobayashi, Shigehiro Ikehara, and Takao Nishi,
“Preparation of Y, sBissFes0,, films on glass

substrates using magnetic iron garnet buffer layers
by metal-organic decomposition method” , J. Appl.
Phys., Vol. 113, pp. 17A926-1-17A926-3 (2013).

(3 5) Nobuyasu ADACHI, Toshitaka OTA, “Crystallinity and
magnetic properties of BisFes0;; thick film prepared
by MOD technique” J. Cer. Soc. Jpn., 122, 40 (2014).

(36)S. Geller, G. P. Espinosa, and P. B. Crandall,
“Thermal expansion of yttrium and gadolinium iron,
gallium and aluminum garnets” , J. Appl. Cryst.,
Vol. 2, pp.86-88, (1969).

(37) V.]. Fratello, S.J. Licht, C.D. Brandle, H. M.
0’ Bryan, F.A. Baiocchi, “Effect of bismuth doping on
thermal expansion and misfit dislocations in
epitaxial iron garnets” , J. Cryst. Growth, Vol. 142,
pp. 93-102, (1994).

— 137 —



