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1. o]EHF & 7} (Vttrium iron garnet; YIG)

olEHF A 7} (Yttrium iron garnet; YIG)E IEF A 7Y B4 F x4
ol =732 (Ferrimagnet; 2] AA) AAAZ, Curie &=7F 7] w0l (Te=
560 K) A=clA 283 4 glom, w2 7] 4 3 vk 239 24 (spin-
wave; SW), 12]3 %! magnon O & <l3] Q-microwave oscillator, Generato
r, Filter 2 Power limiter®} £ wlo|a =2y & At FL3 A5 =2
= de AR Hojgtw [7, 8, 9].

Figure 1(a-b)ell YIGS] cubic T3} YIGS] A4 HglE dephiAch. YIGY
713 3}efAlS Y3Fe5012% XS unit celloA] AbA o] o] F4 o] nj
9l Agste] Al 7HA S sited o] FHA, o]EH o] (Y3+)o] HolWHA(24c), F
e3t7F ZH A (162)2F APHA(24d) 729 T4 948 So7H Ao, =3 &

WA 2 AmAe A ole Av] mAE: wAARAs FAA A= w)

goz AHAEro] Qo sited] Vg Aol|= Qlete] x7] BWIEVL A E R ¢
ouv g VIGE & A7) ZHEZE 00] obd 7R (Ferrimagnet; ¥ #AHA) &

ZHEH, YIGY olEF o](V3hH)d X v JJEF YAl Gd, Tb,
i & x8stAL H o] &(Fe3+)ol Al, Cr, La 5<% x8" u 244 %,
gt 9 7] EAo] Wttt Aol dyA] gkow | 53] Y3+ o]o] Biz 3}

= A AR Gl A7) Fe 540 wWeol SRt Aol <A

os]
OE

gkt}d. wEbA Bi-YIGE Magneto-optic modulator, Optical isolator®t #2 3

g Aztel Alm BARE dE &8 Holgith. [8, 10-17].



2. A7] Fgr d2dlo] 3] a3} (Magneto Optical Faraday Effect)

2}7] F3sH(Magneto-optical; MO) EAJoleh, HAFH Hlo] 4o & HiAly
A FHE wf o5 ) e EEY AR Qe HF dErE ds)
Al 27 B A @ (Magneto-optical Kerr effect; MOKE)'
@ ¥ (Magneto Optical Faraday Effect; MOF)'Z

EL Aol WALE = Aol A vElE MO molH, MOF
o] 485 Faehs A9olA vehds M0 &3tolrh [18]. B A7l A= MOF
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Figure 2(a)ell FRel dial] YeEbATh. A3 wHdd dleo] g <17ka =}
71743 B wFoR 1YL o) BEAS T W] Hy WS o 3
AapAl H=d olAs 'dede] I 5L 'dfde] a¥'eta . sfeld
o] 3|M7} op A7HE A A7), FagE Ede] FAS A Hle] 9o
ojEst, 6po W& R AV A W A7l dEHew Wiy,
gede] 34 mde FLAFRCEP)H FLAFACP) ARG g 23 A
o] ZHE Aoz AT = du. F, W] I W By Aol At
¥ mjdel A RCPoF LCP Al thet 4 E AbolE Ssto] A3 4 gl

S A7)l AL RSt e S WAl G fAEe ven ge
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3. &€ WA g3} (Thermochromism)

4 WA g3 (Thermochromism) &, =50 wz} E2o] o] WMIlsl= HAOS
=, fever indicator, gadgets, design application 52 ==7], =% AlA,

dolA vk T2 7lE &8 ZoklAM &8&d & vk Ast= % vE=AR]L 7

F, 9 W gabe 2 Sk b s Y e, AR dseR Id &
sk, e wle] A fte-do] 54 e AE A8 oR <l HAE &
dtk [19, 20].

FAsHH, Mol &2 d Aol AArF FEA R AR dAE E-] Mo
FEHS T YRte-Ho] 549 45 28 F diY FE, WY 7=,
2 Ao wt skt tix A o2 d-d o9} Charge transfer(CT) Ho|7}
el | o] F Aol 4o A& AASTh. Figure 3(b)el d-d Heolek CT
AolE yetlideh. gt=et do] 55 3F Agrt 7Aool 549 d
A= gee] Axp Armel drAgstdAs d A= dyA 947 ZE
ool d AES HAArE 54 34 WS Fgekd dekxl d Al Abo]el A
dolgdr = Aot o|AE ‘d-d o]’ #ar . I, Holu& g t= 9

A7} 9B oA E Fdte] T A Alo]R o]EdE A%, ol T A
of i k. o] F o] dAte] WA w AU WS F4EH, ARHo
T EFFEHA &2 o dgo] B4 Mow pHEn

NE AFEIE, VIEZE HAY Gl A A o] &)l d-d Aol
o} g7hE-do] B4 7 CT Aol (07 + Fe* > 0 + Fe)ol ola) A-&olq 2%
A wE el A vk EH Lwsb FAREE VG AR A5 %
oM YUs-dol % I A% ool o ke AUAM WA, o
Agom 98 ViG] Mo o] wet xBAA gHom ALK Wt
ehbE 2ol RaE et [5).



(a)

@ Y (c-site)
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Magnetic Net
moment magnetic
. moment
d-site x 3 / —
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Figure 1. YIGS] 274 T A ¥ (a) YIGE Cubic 7x& WEd 19
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Aol A (c-site) o] F4lell ozttt F3A = A o] (Fe) o=, Ata o
oz FAE FHA(a-site)?] FA B3l @A Fi= A o] (Fe™) o
Ak olom PAH ApdAl(d-site)o] SOl Foitt. (b) YIGS] A4
A2l & Ve aglolth. #8442 A4 o] (B ) FW A (a-site)

S AMEA(d-site)E o)FE A ootk Wit shabxmel shebAl SR E
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Energy
(Optical absorption)
— @
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Mok g elzksol, dela g Ae wzhms) do] F49 Wgl A
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4. Metal Organic Decomposition (MOD)
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Amorphous

Crystalline

Figure 4. 92 v mE AR} Alo]e] oUA] (a) YA wjdol wE o
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Nebo] g My B4 o, XAl BAR QAT W Frlmom wx
A 24 Fxo| o8 x-do] FAste AU RSl Ane AY FEE P
Hao, x4 HAelA 24 e, Hd Aw, agn Al g8 we] 9%

(B A 5)7F A3 249 A4 gzl we oE=8r] e, X4 g
d FHE o] &ste] B TR U FRE IS F

&t& 4 W.L. Bragg(Bragg, 1913)°l 98] Al¢td th&3 e 2oz #d
ot

nA = 2d,,,Sinf 9)

o714, ne 3™ =A(n=1, 2, 3, ), AT YA X-Ho] B dpd E
A UelA Fr1H oz wdE dxiet A} Abele] 14, aEa o& 34 H X
~Ae] Zheolnh, @A B E A dES FAE shute] 34 Peakdt
Bhute o, odd BddAE ® Es F45H XRD 54 AdelA ol
Mel B Peak7h WERATE [30]. webd EHO) SiE AfolE BAFo=N &

qo R A4 BT Aot £ 9
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Figure 5(b)ell Bi-YIG #9t A2} AAGE& =240 =2 Yepddh. & Aol A
= MOD HFH3} Spin coating WHS AFESlY] 2 719 9ol Bi-YIG ¥FEHS A

o

Attt B Alme] uhee 848F xA4Jo] BiYoFe0,%] MOD &= A 4ekd
o, 2 7I# fell 3,000 rpme] HE=E 30x37F =3 FZHEF] A 2SSl
o714 LA 71 flol B & AFe7] A&, e 71 flol ok 0.08 pm

FA Bi-YIG T 100CoAA 1AF 1zskglom, 400Col A Ak A 2] (pre
—annealing) ZFYLS 108 AU, 750CAA HZE E A 2] (Final-annealing)
s 1ARF Adste] My For AAsteitt. 22ja WY F3 9 =
A& 7H Bi-YIG &N (BiYoFeOp) o2 WMy F 9o =¥ sto] 13|njch 1Az
AE 100Cel A 30, AP A7 AdS 400CeA 102 H&stAet. nhA
o g zp Almol vt 4 AYE 53], 103 WHESIGIAL, 750TAA 1A B
HE A9 #FE ddste] whes A, £ AFoA = Hy F
= AAetA &L el Blehs QAR Sl7F 53¢ A& (AL thickness
=0.42 pm)<F, WY F o @S AFAIZ 247 ZF 53] (Bl; thickness=
0.5 pm), 103 (B2; thickness=0.92 pm)¢l A& = A 25t

Az A= Uoll A A 3 (garnet phase®} secondary phase)®] A4 A7|E
T37] e XRD 54S k. CuKa (A =1.54 mm)Q X-A& A5 FwHo ¢
Abstlom | 25° ~ 407 W91 YAzl tiE 31 E peaks SAH AT

r+ 2
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(a)

MOD
' Spin coating

L.
”
<

S  — iy —

(b)
, . A1 _
Spin-coating on glasses > Drying
(100°C, Time: 30 min)

it (il . Repeat
: : : 5 or 10 times
I Drying I Pre-annealing
I (100°C, Time: 1 h) I (400°C, Time: 10 min)
1 |
1 |
. ! | !
: Pre-annealing : Final-annealing
I (400°C, Time: 10 min) | (750°C, Time: 1 h)
1 |
1 l |
I , , 11B1, B2
I Final-annealing I
: (750°C, Time: 1 h) :
1 |

Buffer layer
Figure 5. Bi-YIG ¥+2 A&} ¥H (a) spin coating e £A4E ekl 1

Holth. (b) Bi-YIG 29t dAS 913 €39 AAS =44z yeid 7ol

=
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2. MoIN 23 FA 2 574 <l

Figure 6ol MOIN®] A% %8 Jehuleh. fel 71wl Bi-vIG uete 52

& T dRuy wvhe Faet Pow WIS AL, A%H WIS Q
) B2 AR Sl TA F O ANT AN @ WY AvF Axgon =

433t

2-1. NOIMS &3 4 2717 4733t

Hgatel] ola] Ae AFd YA Aol wep Ago] vy = o
(Liquid crystal Modulator)ell 9] 4~ HAF3 4= HF A= HEzHo] N0
[Z Agdn. Ag=2 AR i 3= A (P =Ad AF dA77E 52
A Ae AF, BA SR 2Agk Ao r Qe Bi-YIGe] AFsh wrake] ¥
s, ololl uhgl YAabFeo] o] Bi-YIGE] A3} Whekel] wlel 3] A= FR &
7b vebd k. Bi-YIG 9HeE g JAREE Rl o] o8] RRARE L
Al Bi-YIG BFehS F3shAl Hi=dl, oldl whel MOICA whAbE iApde] A3
Weks Ao w 2v IS At "ok mpA o MOIZ R WARE o
ARG F 2 R7F 450 uAE AFAE Setar, oluf FRol oa] WskE
Abgel g i wel Fapge] A7I7F Wskeith of7|A Fakge] W W
e ooy g2 HJow xdE S .

TR

ol

B2

I, = (1+sin26,, )l 2| (10)
B2

]V:(l—sinZGF)‘ 2”' (11)

oAZIA Iyt Iy 2H2h Hdo] 38 Jud wo 2 dud o S48 F
gl Al7], ort FR angleoltl. 18]aL E9F B AR W] 7% 77]0]
=

o714 BAE Wol LS ERGRL W, B WA waew 9% A7)

b WakA grema (10), (1) A9 A7 27) Bet BE A= Fdei. o
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5 sty FHge] o]l 3 A w M7|ek 2 AEY we] A7)
2kolE FFsh¥, FR angles thad o] ALtE 4 Qo).
|1 2,|" . 12
L—1I,= 5 [(14sin26,.) — (1 —sin26,.)] (12)
I1,— 1
HFZEarcsm[]Z_l_[‘t] (13)

4714 wek 07 WS AW e gol BAHOZ WY AolE Fate]
orE e 5 9t

PCB Alseell wlolA & a7l s 2= A, vholAzat A7l o¢ Op= GHzo
FagFR FEe He, AspEor dwkHel D FhvlgE A5 4F 6
o] Wal7} YehA] o
= A% vholazst A7l FA Al &% Joule Heatingoll €8] Al ®futo] 7t
A Hvl, o] 7h EEe ARt wel WskehA] efeth. 7hA® Al e Bi

YIGE doluAE desiA H=d, oluf dgdd & e Mol #H&-3sh= vt

L
-|1-'
=)
2
=
2
HJ
!
)
rl
X
o
o
ro,
N
N
i)

o Fxba EEAE GERA Hu], o] REE ARl U@ ¥ e W
Falol gsd + Ak, £ Ask] WE W0IS WALE W et 2ol
e 5 gl

(I,+1,) — (7, + 1)
AReﬂectcmceZ[ H V/T+AT H V/’T
L+ 1),

] (15)

7|4 T &%, AT <83 7Fde o3k MoI9] 2x=Wsl, 183l ARefl-
]_

ectanceS MOI2] WA ojn] gk},

rE
oty
]
lo,
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HorizontaljV
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. Green Light

X\ \) © (A=530 nm)
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Vertical

Analizer Zoom lens

Figure 6. MOIM A3 A=x] (a) 3% o] 530 nmQ Y-S AFLEE= MOIMS HEH

Jd 12olt}. Quartz 7] & (thickness:

m) ¥} &4Fw)F(thickness=10 nm)<

Circuit Board) ol i H3%

Ko
o=

=
LS

who| 4] wkALE] o] Analizer 9}

Jope 450 2 A

[e]

iy

90° Yo7 WxEW, MIZ Avtg Ho

1 mm)oll Bi-YIG ¥}9(thickness=0.92 n
Q] 3= 7] (PCB; Printed
A8 AFAbe] o9& HFE o

s

=23 01 =
=489,
71(LCM; Liquid crystal Modulator)Z

o)
=

CCD AlAM = skslc}, o 7]A Analizer<
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1. Bi-YIGY A x=7d w& XRD 23

Figure 79 Bi-YIG ®¥rete] A 7o w2 XRD 54 Z23E JeRdY. 2

=4 AR RE, AZE BE Bi-YIG wretol A 3)d 2w 29° | 320, g
35" H-<to| Al garnet phaseol| aHsh= 3]A peak’t HERE AS ST
Rom, 7|Ed BuE A FASA 320 Fte] A peak’t 7MY = It

2 AL gQE 4 Q. ®Eok 31d Zb% 337 HLolA] secondary phase(YFeQ
ol st 34 peak7t YEME AE AT 4 Q. olelst A= A%

f RE Bi-VIG wvte] A= U PR Agon tadg gl BAYL 9

7+ Algo] W3k XRD Aol A A5 Ale] S, garnet phase®} secondary pha
se peak®] =ol7} FAFS Wk AlE Bl A% garnet phase peak® 0|7} se
condary phase peak®E.t} & A &<2ld 4= Q). o]AS A& Bloll A garnet p

hase® 2] ZAA3}7} secondary phase®E.Th A3tA Yebd AL 9w}, =3+
=

A& B29] 7, garnet phase®} secondary phase®] peak ©] x}o]7} o =7}
sk WA | B13} B29] secondary phase®] peak o] zol= AL e AS &9l

& AT oA where] FAE FUbeke] wel garnet phase=©] A7)

o 7ZstA 2 e WhH | secondary phase®9] AA 3= okt A UEG AL ¢

Aol w2 A4AdY F phaseo] 2A FA7|E Q157
z

3tel AA A7)+ Scherrer W

o714 1+ AA A7), Ki= Scherrer 4<+(=0.89), A+ X-ray9 373(0.154
nmm), BT 34 peak® FWHM(Full Width at Half Maximum), ~12]3 6+ 3&
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75 yERiTh

Table 19| garnet phase? o 34 2% T 7MY L peakE %+ 34 7+
E(32° F-)9 AAWI B(FWHM, 12]a o]2FH ZAlMte 249 =7]& v
EFIQITE. Table 125-E] Al& A1) FWHMo] 8.2x107° radian®.® 7}& =al, A
FOB29] FWHMO] 6.7<107 radiano® 7} #& AL geld = Q). aglu
ALt A3 2 EE garnet phase?] AA =77} AlollA 17.4 nm, BleolA] 18.8 nm,

283l B2ol A 21.3 mmYS &lsk 4= Q).

rr

Table 29l secondary phase?] peakE 314 Z4%(33° )o] B (FWHM), ¢
3 A4 3718 YERTE. Table 28 S84, A= Al9] FWHMe] Al= Bl B2
°] FWIME T 2+ AS &e1e 4 9low, A8 B2¢] FilMe] A& B1¢] FWHME
o 22 As AT F ok, T AL A3EFE secondary phased] A7H

A717F A& Aloll A 14.2 nm, A& Bloll A 13.2 nm, A& B29]A 13.7 nm¥Y =

oft MY

il

B AA A3E E&, A8 Bl19 garnet phase’} A& A19] garnet phaseX.t}
o ek A dAE ubd | A2 B19 secondary phase’} A& A19] secondary pha
se®Th T ofs}

secondary phase?] FAJo] Wy FozHE JFS Vv A

A FAdE AE G 5 k. o]edt A= garnet phases}
ojmj b,
¥ o] A& ul garnet phase’} secondary phaseR U ¢ Z3tAl AAHE AE
olmjgtc}, w3 A& Bly} B2o] AA A7]ZH-E, garnet phase’} 18.8 nmoll A
21.3 nm& Z7}8}al, secondary phase’} 13.2 nmollA] 13.7 nmE FS7}3FO M |

o

=

3

garnet phase®] ZA 7|7} secondary phase®] AA A7|Ht} ©] AA F713+
NS & = Q). o]yt A= WY F& AZFSE AEol A ukate]l A7

=
W, W3 Fo] garnet phase®t secondary phase®] 24 @Al FFS Fm, H
¥ T2 AT Al Bi-YIG v AGA7IH garnet phaseE FJTAOR
FAAA F AS5S AT 5 vk, webd 2 AY AFdE T, 71 fl
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M.A., "
TN At
" | L 1 1 1 L

Intensitiy (a.u.)

26 28 30 32 34 36 38 40

20 (deq.)
Figure 7. Bi-YIG v}2+e] XRD A Al2te Bi-YIG ¥Hete] XRD 54 Adjoltt.
2b2- A A= garnet phaseE YW|stH, 22 Y& secondary phase(YFeO;)E 9
A Wy FS AFsHA] 2 AdEddA bher S 5

)
o, w de AR W 3 A W 43 5

o fob
5 Z o

=<
2g AR@DY. 23 gk A Agn wWe Z gelA v 4%
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Crystallite

Peak position Plane B )
) Size
(26) (hkl) (radian)
(nm)
Al 32.18 (420) 8.2x107 17.4
Bl 32.15 (420) 7.6x107 18.8
B2 32.14 (420) 6.7x107 21.3

Table 1. Garnet phase?] ZA =37] AL ¢ 3 Parameter. Peak position<
7Hl Aol 314 peak 91X o™, PlaneS garnet phase®] AZA wHheko|t}. T3

+ FWHM(Full Width at Half Maximum)©]t}.

o Crystallite
Peak position Plane B ]
) Size
(20) (hk1) (radian)

(nm)

Al 33.02 10.1x107° 14.2
B1 33.05 10.8><107 13.2
B2 33 10.4x107° 13.7

Table 2. Secondary phase® ZAA =7] AAXFE $3F parameter. Peak positio
n secondary phase® 3|4 peak 91xo|W, B3 FWHM(Full Width at Half Max
imum) ©] ¢},
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2. MOINS E3F 271 Bx9} nfo]azy 4" By a3 Ay

A7Vl e 54 Fes AEFstety] A A7) A7l wE FrRe] WEkE

ZAs9g. B =Ao A A7 =A grsE 7S 571 2135 (NES; Noise Equiv

N, s AP
NES= T, Nems AR (17)

slope
AZIA Nz FOIX @ StellA Zh HAe] g5 HAelH, SITF = 9%

& FR Bs(AR)S] Z]&7lelttk. 9 AelA Ny 74
Ao BFE 1,000%, 5,0007, Ze]al 10,0007¢74A]

o

Figure. 89 o]u]x] 1,000%, 5,000%, 283l 10,000 FA 3RS w #H7]
el A7lel W FRe W3E vt 548 Ad=ERH A7) A77F
S7HE5 FRo] A@dA oz Frksite Ae I 5 o w39 oA
T7F Skt = V1&71e] Aok Ao gle As 9 & U

Table. 3] T4 % o]v]x] o] WE Ny, SITFsigpe, L3l Sensitivitys
BT, o71A SITF S Bi-YIG ¥Fe] SF717F 1 pmdd W= gHikebl=],
o|AE FRo] WEtel FAlol olEaby] WEolch, A4 AnzRE, FAH ol

kv

PN
T

@ AnE B3l BIVIG wme] A 1 pnold FAF 4 Qe Az A7
o
=

kol 712 A495(0.03 mT - pum) ¢ FAFSF 0.04 mT - pm¢
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5 T T T 1 L R L |
- —e— Averaged 10000 /

4 —8— Averagea i1uuu
| —4— Averaged 5000

Faraday Rotation (rad. x1023sum-)
N

0O 02 04 06 08 10 1.2
B (mT)
Figure 8. A}71& o] 3t MOIMS] Z= MOI(material: Bi-YIG; thickness ~1

um) EWol FHOZ Q7kel 1% AH A7) wE FRe WakE vhehdl
gzolch, P A A oluAe Sk 10,0008 Z5-oln] Wka A3}

b e A oA e 7 247 1,000°8 2 5,000 8ol Tt

SITFs1ope Sensitivity
Number of Images Nrns 4 a
(mT™ s pm™) (mT * pm)
1000 1.69x10™ 3.95x107 0.043
5000 1.61x10™ 3.97x107 0.041
10000 1.58x10™ 3.97x107 0.04

Table 3. 714 = A4bS $1¢ parameter. Number of Imagesi= F4¥ ©]
%] Fo|th, Nyo= CCD 7HvEt2 R e SAF 1 Fd AXE 38 259 gF

Hzpol ™ | SITFg e A28 AT A 39 7]&7]o| ).

>
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AReflectance (% x107'epm™)

1.0 ——

0.8 [ _e— Averaged 1000

—&— Averaged 10000

—a— Averaged 5000

0O 02 04 06 08 1.0
Power (W)

Figure 9. & &5 3 MOIMS) ZE Z=Mo] E2 vlolmznte] A A
7lo W& B3t F WstE JEhd agizolt. A2 AE FAE onA F
7} 10,00078<1 7d-g-olw, WA A3t s e FAE olm A Ut 7z,
00074} 5,000l 74 $-o]t}.

Number of Images Nrms %ITFSIOM_} Sensitivity
(Whe um™) (We pm)
1000 0.82x10™ -0.73x107° 0.11
5000 0.7x107 -0.83x107° 0.08
10000 0.59><10™ -0.87x107° 0.07
Table 4. 3 &5 Z= AXE Y3 parameter. Number of Imagest T4

oJu] A Folu, Ny CCD FAt= el Z4so] Jit AE 3 A5

=z 33
T ¥
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(a)

40 mm

(b)
I=0A

(d)

Figure 10. A AF A7]o] @& FRY 3
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2-4. wiolAm ko] Fubrol Aol A7]o] whE FRY}F F S

Figure 11(a-d)ollAl, d=o] 1 WSl wlo]a 23] Fube] & FR #3285 Y
Efidtt. FR =4 23 (Figure 11(a))E5-E, wlo]|g 2 0to] Fu47F Wslo] &

FR #¥7} ¥4 oz 43t AL &2lst 4 ). Figure 11(a)9] FR #¥ 9}
R

5 REY 374 Wt RE 9
WAHEO] 7P Sk, mAlA A% WO R Weld5H WA 2717} F7)

Figure 11(e-f)ol 37} 2 GHzCl wlolm=u A A7]e] wE 3 &5
et gl 22 adS YERIY. Figure 11(e)Z5-H, wlo]a251he] g o]
0.01 WQl A-5-olA ¥hrlg W37l 1A 0w #ddh v, mlo] a2 uke] He
o] 1 WQl A-5olA =4 99 vhAlbs Wshr 2 A 903 4+ do.

2= T
ol T2 (Figure 11(f))ZHFE, wlo]la =y AH] 7|7l F71EEE 24

oA WAbE W3t FUkee S SIS 4 9tk o] A= HE o A7|7t
7t G5 vlola Ry PR 3] WA do 2wt FUYE RS
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Figure 11. mlo]a 259 Fo4d W& RY F F5 A 54 2349, #t
olazste] Al wE Bt F+ 5 A% (a) Aol 1

Futel ME FR 53 Agteln HA%e Figr 1 GHY W, 35S Fok

2 GHz2 wle] Jaolth, (b) AR AFl ek FR =4 Asbs}

igure 11(a)9] H2 A 999 FR &2 2%l Z23dot. %

=
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1 GHz, W7kA: 2 GHz, 9}&+4): 3 GHz, HeA: 4 GHz)oltk. (¢) Aol 1 Wel
o] A7 1te] Fatgo] wE F FF 5A Aol H5LS FIgUt 1 GHzY
W, 58 Fo7E 2 GHzY W] @Atelt. (d) Figure 11(c) WelA #2 A
A P F FE JERd gl Z2adoelrt. 7} Mo A& Microwaves] F
4= (F2A: 1 GHz, WA 2 GHz, 32 3 GHz, B2bA: 4 GHz)olth. (e)
For7F 2 GHz9) wlola =T dE A7]d wE F F5 548 Ao, 5
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Bi-YIG Thin Film Growth on Bi-YIG Buffer Layer,
and Simultaneous Imaging of Magnetic Field and Microwave
Near Field Distributions

by Magneto Optical Indicator Microscopy
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Jeju National University

Abstract

Magneto-Optical Indicator Microscopy(MOIM) is a technology that utilizes
the Magneto Optical Faraday(MOF) effects of the Magneto-Optical Indicator
(MOI), to optically visualize the distribution of magnetic fields. The MOI
M uses a CCD camera as a measurement senser, thus it has a advantage to
measure numerous signals in a short time unlike magnetic field measurement
devices based on scanning probe methods. Particularly, the MOIM that appl-
ied a MOI based on Bismuth-substituted yttrium iron garnet(Bi-YIG) thin
films can simultaneously measure the distribution of magnetostatic field a
nd heat generated by electric currents. This case results from the MOF ef-
fects and temperature—dependent optical absorption changes(Thermochromis
m) of Bi-YIG thin film, suggesting that this technology can be utilized to
nondestructive detection about the states and defects of electromagnetic
devices. However, existing MOIM has limitation about imaging the rapidly
changing magnetic field by high-frequency alternating current(AC) than the

response speed of CCD camera. In order to overcome this limitation, this
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study explored a method for simultaneous imaging magnetic field of direct
current (DC) and magnetic field of high frequency AC(Microwave near field)
using MOIM based on the MOF effects and Thermochromism of Bi-YIG thin film
s. Also, Prior to conducting this study, to produce Bi-YIG thin films with
excellent MOF effects, preceding study that depositied and crystallized
a 0.08 pm thickness Bi-YIG thin film(Bi;YoFes0:» buffer layer) on glass su-
bstrate was conducted. And based on the preceding research results, a MOI
based on Bi-YIG thin films was produced and applied to MOIM.

In the preceding study, the crystalline of the Bi-YIG(BiiYsFes012) thin f-
ilms were analyzed using X-ray Diffraction(XRD) after the growth of the f-
1lms on the buffer layer. From the XRD analysis results, these were showed
that the garnet phase was more crystallized than the secondary phase. Fur-
thermore, when increasing in the thickness of the films on the buffer lay-
er. These were confirmed that garnet phase was showed a concentrative grow
th, while the growth of the secondary phase was suppressed.

Based on the preceding study, a MOI was produced and applied to MOIM to
visualize the distributions of magnetostatic fields and microwave (GHz) n-
ear fields. The DC and microwave were applied to two conductor lines in a
printed circuit board(PCB), respectively. And magnetic field distribution
and optical absorption change(reflectance) distribution were visualized.
From the imaging results, that the simultaneous images of magnetostatic f-
ields distribution and microwave near fields distribution by the MOF effe-
ct and thermochromic of the Bi-YIG thin film were confirmed. Additionally,
electromagnetic interference by the microwave near field between two cond-
uctor lines(coupling) was also measurable. These measurement results show
that MOIM based on Bi-YIG thin films is crucial to analyzed the operation-

al states and coupling within electronic components.
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