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It is expected that ferromagnetic resonance frequency increased at compensation point for an angular
momentum. In this study, EuBi2FesxGaxO12 thin films prepared by metal-organic decomposition method were
characterized by magneto-optical measurements and ferromagnetic resonance measurements. Compensation points
for magnetization and an angular momentum were found at Ga compositions of 1 — 1.1 and 0.9 — 1, respectively.
Gyromagnetic ratio was increased at Ga compositions of 1.

Keywords: Metal-organic decomposition method, Bi-substituted rare earth iron garnet, Gyromagnetic ratio, Angular

momentum compensation composition, Ferromagnetic resonance, High frequency property

1. iR

Bi @& H3ES T — 3 v b RaxBixFes01)1d, A5

T ARIMEE CEN TSI FMO) R 2 R4 2 & D9
b, KTA Y L—FRRITFA A= ZIZTHBENT
W5, BT, BRNFEA AV 7T, &EE v—
7 T OREEZ2 5 GHz UL EOUERSS OFHA DS HIFF
SNTVD. ZHETICHAIZ, @EREEIC BT DY
ZAHET D MO A A =20 ZHEFOBZICER D #x,
Ndo.sBizsFes012 A2 HNT, ~ 4 70X N v 7T A
MNHAET DTS 6 GHz OB E Trldiib+ 5 2
kﬂ%%bfwé@ LinL, EHICEWEREOHIE S
R L ??571 X, BEEREEOSCERLETHD.
DI, %Ezzé LSO B A LS5 MNER S
5., 7= )ﬁzx PEARIZIWTIE, MAEESER T 2 AER R
FHEALRAHIE C, BB E AR E KW RTH 2 &
BEHITWD 5.0, ZFZ THRA L, AEBESHE S

Corresponding author: T. Ishibashi
(e-mail: t_bashi@mst.nagaokaut.ac.jp)

O Bl B T — Ry NEERT 5 LR AWML
L CHE & T CTE T,

Bi @&#as LHES T — % v ML, 81 A v 2 ETemIA,
IR A b &, TS A 2E+ mENSR5.
3 OOWNEEYA R & 2 SONEEF A M ETORS
T A MERFOFeHBIFET 5708, 7 = VM EZRT.
INHD Festa Al Gadtd L ) 7 demitt A 4 Tl
T 5 Z L TR LEHIET 2 2 LN TED. £, IR
T 5 THA A ORI - T, RET—A L hOJTIH
K& ENRRLD., 20D, FEEMEA A B LOE
AF L OREBEYNCRSZ LIk - T, AETh R
ERHIENTEDLEEZOND. 2L, A
DRI Lo THEMET — % > S OBEERPRE R b
e, LD LT OMRRIMEDEE L) DA A BN
THULENRH D, ZETIZ, Y,Nd, Eu, Sm, Pr 72 E O
TEA A G Bl & TEST— Ry MTOWTHRE
REITHEE AT FER 905, EuBisFes<GaxO12 13, X
A A= 7N LT HNER R AR A L, ARl
BRI F O EMI/FTE D LB bh o7z, KFHLT
1%, EuBisFes«GaxO12 (x=0, 0.5, 0.9, 1, 1.1, 1.2, 1.3, 1.4,

84 Transaction of the Magnetics Society of Japan (Special Issues) Vol.8, No.2, 2024



1.5, )M ERL L, SRBEMEIB(FMRMWIEIC & 2 Fli 4
T TEERITOVTHET 5.
2. B —3 v FOBARREISONT

MO A A— > 7 Edfi O JE R R 2 e 9 5 7201
I, T, RERBKREEELy BLETH L. kUL, 704

PR DAL DRFRISE %774 LLG TR TH 5 9.
dM dM M

P —y[MxH]+Mis Mxﬁ]
T 2T, MM F v, H TR,y i3RKIRERE,
alFF L E T EHTH D, B 1 HES R AAERE, 2
PR TH D, i AEEHEICE F D55y 1388
HEWFBERICHY, ZnEHIETEZENEETHD.
7 = VEPEDRENET — 2 > S DG, AR y et
i, A EEOSKRER R, OB TE— AV N Mg,
FrROMRIBIR L yve, WUHI AT L OUNERY A D Fedt DR
K[KE—A 2 b Mee(te), Mreoc)z FHONTIRD X HIcEEN
50,
M Mg+ (Mg(te.) — Mge(oc.))
Vel =S T My (Mpo(te) — My(oc) 7" 2me
[vrl [Yrel
T, MIZENORHAL, SITEMROAERSETHD. K

T RBAIELEE 2155 -0, EREY, ERoAIED)
B SZ/NETRIFLVZ b5, Thbb s
FERLRR AT TR E RBEREREAGOND LB BN
5. —HT, BENFEA A= AN D 2012iE,
WRER BRI, T b baDOARIR RS % Hlal 2 5
VEND L. AR EITM Kt 13RO K 9 72 TRT 2
ENTED D,
Kegr = Ky + Ky — 2mM 2 3)
22T, KRBT ER, KSR Ry
PEER, 2n MR I IRERE FHEHTHD. D5 b, —
T BRI EIR L 727 BV A b O e OREIC
IFT 5. Fiz, BIRBEKE VTR M 22 D,
T NEARY A MOIEREM A 4 2 BT 5 Z Lk
STHIEIT 2 Z LN TED, 72770, BREBREFEIZS
WU, AIEB) EREMER I TIE MDA S <Y, R
BHE~OFEII NS 2D, —HiAERR RS EIZ O
T, F—>xv N OBEEENF DEOTHEIC L > TH S
BRESHBRESERDZLEZFIALCHIECEL EER
SIS, —EAERR R T L MEEROBRIE, K
ATHEZHND 9.
K, = —gla 4)

T IT, AIEETE, oI5l oIS TH B, FIAHE
LIRSy R(MOD)E TR L 72 Bi s TS — % v b
1%, R & DOEEIRIREOE NS, HNS 2R Y N
ET 59, #BlziX, Ce, Sm, Eu & W MET—x% v M,
WA R & I EOMEERE /T 5720, mNgl-1ED ik
DR HNER R ICF T2 2 L3 iifsns.

)

3. RER

3.1 EuBi;Fes.,Ga O, EIE D {EHL

EuBisFesxGax012 (x=0, 0.5, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5,
2L, MOD &k (BiFeEu(2/5/1), BiFeEuGa(2/3/1/2),
BRI TR T 2 AV T4 Ga BRI D X ) IcFi
L7293 % GdsGas012 (GGG) (100) Atk FIZii T, A
a—%—T 3000 rpm, 30 BPOLEMETEA/ L. D,
100°C &y N7 L— N T 10 srfiliziE, 450°C OF v b
7L— NT 10 DERBER Z 1T o7z, 2 OEEE 5 Bl D
W LT, T70°C O~ v 7 WVFET 3 ReABER 21T - 7-.
3.2 EuBi;Fes.,Ga,O, SEE D 5Ll

VERL U727 — % v MEEOFHNE, XRD HIE, MEIEF
HER L O FMR BIEIZ L0 #2417 - 7. XRD #ET,
X #R[E T4 E (Smart Lab 3kW (Rigakw) 2 L, #RIRIZ
Cu, HIEHPHIZ 20=20—80°¢ L7z, WEKOLFMIEL, A
h—2 AT A —Z{E10.1D% F{NT, < /LT F v Ry
Jt#(USB2000+VIS-NIR) 2t L, i &EHuHHIT 450—950
nm & L7=. Z2°C, BGITmESMICEMShZ. FMR
WEL, B A B EEEJEOL JES-RE2X) % fii
L, ¥ A 7 v A% 9.09 GHz, #8154 0— 10 kOe,
LSS 0.5 Oe, B 5 mW, BEBEIINMAEL= 0—180°
(REHA%E 0°) L LTTo72.
33FMR BIEBIC K PHKAEAES & UERA RSO

VERL U= IR ORER R FER L OBER Blisiby 2, Jeig
%55 Hres DRES T TAURAFMEDRE D H3RDTZ D12, ZOF
EICX Y, MR R MER K, — s R R M E
B KB L OBAEEERy O E FIRFICR~ D 2 &N TE
5.

(100)EE [ DFEHZ BT, FMR HI7E D55 & 3T
W R R O 2 Fig. 1 IR T. 0 & ¢ 13FEnk
LD & i T 5. fIISNRIEEYS HOWA TH
5. 20L& FMR B EUDEMFIFRATEZ HLD D19,
w\? 1 92E 9%E  9%E
G) =vmaws oo os ~amag| @
ZIT, o FIASYA T nEOAREE, M xEEofafn

Wb TH 5.

HALRRE Y 72 0 OO AL T —E 1L, —~r =
FAX—, —HFERS R 3L F—, KRS
I NFX—, BREIR IR —0f L LTRD

Fig. 1 A schematic illustration of coordinate
system used in the experiments and analysis of
FMR.
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Fig. 2 XRD patterns of EuBisFes-«GaxO12 thin
films prepared on GGG (100) substrates.
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Fig. 3 Calculated value by the least-squares
method and experimental data
of EuBi2FesxGaxO12 thin films prepared on
GGG (100) substrates.
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Fig. 4 Faraday spectra of EuBizFesxGaxO12
thin films prepared on GGG (100) substrates.
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Fig. 6 FMR spectra of (a)x=0, (b)x=0.5, (c)x=0.9, (Dx=1, (e)x=1.1, (Dx=1.2, (g)x=1.3, (W)x=1.4, ()x=1.5, and
(§)x=2 of EuBi2Fes-«GaxO12 thin films prepared on GGG (100) substrates.
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Fig. 7 The angle of magnetic field application £
dependence of resonance magnetic field Hes of
(2)x=0, (0)x=0.5, (c)x=0.9, (d)x=1, (e)x=1.1,
(Hx=1.3, (g)x=1.4, and (Wx=1.5 of
EuBisFes-xGaxO12othin films prepared on
GGG (100) substrates.

Table 1 KA1, Ku, Ketr and y of EuBi2FesxGaxO12 thin
films deduced from FMR analysis.

K

Ga content (><103/e(rlg/cm3) (><103{e(rug/cm3) (X10° oq/om®)  (MHL/00)

0 -25.9 20.6 -96.1 2.51
0.5 -14.8 -12.2 -55.7 2.46
0.9 -8.49 -17.7 -29.6 2.60
1 -0.0941 -2.18 -3.23 4,72
1.1 -0.00717 -0.350 -0.368 4.19
1.2 - - - -

1.3 0.695 -0.958 -2.95 3.74
1.4 1.36 1.20 -3.76 3.67
1.5 -2.15 -3.61 -17.2 4.95
2 —_ —_ — —

88

; 6
or ® Keff E 000
— Ay 2% 4 1°
= -20 !
§ A 1 4=
~ , AA )
S a0 | : =
[} : T 3 E
o [ Al J S~
= A A ! o
x 60 r ° e - -Angular {22
= E momentum
¥ 80 | ! compensation | 1
L \ composition
-100 e 1 M| 1 0
0 0.5 1 1.5 2

Ga content x

Fig. 8 Effective magnetic anisotropy constant
Kett and gyromagnetic ratio y
of EuBi2FesxGaxO12 thin films.
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MOD %% T GGG(100) #= R 112 (100) Ed & L 7=
EuBisFesxGax012 (x=0, 0.5,0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 2)
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EREDTFET S B2 b5, FMR HIE DTS F
5, Ga BH#iE 0.9~1 CHAEBNRMEMRNTFET D L5
2D, £z, GaEfES 097025 1ITHCLZET A
T, y M9 4.7 MHz/Oe Db D & Hb_TH 1.9 128
mLi-.

A [E], Bi BN 2.0 &E Bi BHREET—F% > M
JEIZ I T, IR CRALAI R A 1 OV IR B A A AR
PELNDZ WD TORTIENTE. &b, fiE
BN EAMERATE Ty OB SN, Bi BEEEHE T —
X v b OE R O RTEEMEN R ST,

B AW O—EE, JSPS ZEMAR R F ¥ IPISBP-
120208805), 4 i BARFARIAMEL « > AT LHFSEATITR
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