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Fig. 1. Schematic diagram of the rf magnetron sputter
system.
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Table I. Preparation Conditions of the Ce:YIG Thin Films

Sputterring and annealing

Experimental condition

parameter
Target Y3FesO12, Ce,5YosFesOrn
Sputter gas O,/(Ar+0,) = 0/30, 1/30,
3/30, 6/30, 9/30
Substrate GGG, Si, Glass
Sputter power (W) 100~250
Background pressure (Torr) 1x107
Working pressure (Torr) 3x1073
Substrate temperature (°C) R.T. ~500
Presputter time (min) 10
Deposition time (hour) 1,2
Annealing temperature (°C) 500~1200
Annealing atmosphere Air
Annealing time (hour) 3
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Fig. 2. XRD patterns of the YIG thin films.
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Fig. 3. XRD patterns of the Ce:YIG thin films. The films were grown with sputter gas conditions of (a) R=0%, (b) 10 %, (c)

20%, and (d) 30%, respectively.
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Fig. 4. Variation of the (444) diffraction peak position with R
values.

ol Al2H YIG ¥ 444yl sideh= XRD 34
Tz A f 3 AZIZE S vepdeRs 49F B
29} frAkst Aol ti10, 22]. o)=l3t WAL, 7|2 uiE
ol 2% st lower layer)y P bt Yol =
2k AF3abah(upper layer) Abolol EAjshs M
Atelol) 7ideh= A 02 oA

3.2 dtof siet =M 9 OjMTxE

Fig. 5 983 R 312 270 Al2% wheho gz He
71549 =dx= 3 Algr B B Agte] %
(R=0%, 10%)°1et. 2het AgA) 2598 7hes ellrle) AL
4> F-g0) wislell ule} uinte] 2Ado] wislghe: H&3 4
slglel. R=0%, 10%, 30% Z7e|A] #Z% ubzte]
RBS A#E vlele 2 AlEd o) S e8fsledr] deojnl 3}
& 244 77t CepusYassFeascOr CeoasYisoFessoOn
Ceo24Y1.10Fe3.1501,01517 . RBS ¥4 =2 HE], AuiE]
7 ] ARRR-E R B WS upke) 33} 2A ol x9) oF
o &(Ce, Y, Fey5o &01-2(0)9] B9} oFol- &5 21| H]
£ Fig. 6o “epfisict.

E A4 R = 10% 270 (Ce+ Y+Fe)/O= oF 043
AEeold, o] R=0% ZZelA 0659 2=t wlwA| 2
A 743 o 4= ook 3 RY Fhe] 10%2%E 30%
2 HERM (Ce+Y+Fe)/02] 3ol A4t vkt E3lse
Z3efe] slet. ol AR &g} o|2S AHE] TR
ANSEE 75 el W9 el 2(Y+Fe)o] S0l 2(0)r} &~
HE] £-go] ), uler T3 wite) 318t 2412 €}
A2 ZA B} oFel /ol 7t 2 oFo)e- Fe) wiato]
Hoix|i= LR JARTH23) AHE FRael] Ak



<CATEE> TFT} ol EE 25E] 7|02 AZT Ce:vIG Hute) 33} 24, nlH T2 % A7) 54

(a) g

3 Ar

7

£}
= £
= < M
3 £
a L28 1 136 140 L44
g 3 Channel (MeV)
g
<
o)
g
o Y
S (l) Si Ar Fe |Ce

04 06 08 10 12 14 16 18 20
Chennel (MeV)
® .
_ g
= £
g g m
by g
E ,3 138132 136 140 144
= S Channel (MeV)
e
—_
<
©u
=
3
S
A R i
T

04 06 08 10 12 14 16 1.8 20
Chennel (MeV)

Fig. 5. RBS spectra of the Ce:YIG thin films. The films were
prepared on Si substrates at 500°C with sputter gas
conditions of (a) R=0% and (b) R=10%, respectively. The
insets are enlarged views of the RBS spectra in a channel
ranging from 1.28 MeV to 1.44 MeV.
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Fig. 6. Variation of cation/anion and cation/cation ratios for
the Ce:YIG thin films with the oxygen fraction in sputter gas.
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Fig. 7. XPS spectra of Ce 3ds, and Ce 3ds, for the Ce:YIG
thin films prepared with sputter gas conditions of (a) R=10%
and (b) 20%, respectively. The films were grown on Si
substrates at 500 °C with a sputter power of 250 W, and then
annealed at 900 °C in air for 3 hours.
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Fig. 8. AFM images of the Ce:YIG thin films. The films were grown on (2)~(c) Si, (d)~(f) GGG substrates at 500 °C substrate
temperature with a sputter power of 250 W and sputter gas conditions of (a) R=0%, (b) R=10%, (c)~(f) R=20% sputter gas for 2
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Fig. 9. Variation of surface roughness of the Ce:YIG thin
films with R values. The films were grown on Si substrates at
500 °C with a sputter power of 250 W for 1 hr, and then
annealed at 900 °C in air for 3 hours.
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Fig. 10. Variation of ferromagnetic resonance linewidth of
the Ce:YIG thin films with R values. The films were grown
on GGG substrates at 500 °C with a sputter power of 250 W
for 1 hr, and then annealed at 900 °C in air for 3 hours.
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Table II. Coercive force and ferromagnetic resonance
linewidth of the Ce:YIG thin films prepared with R = 20%
and a sputter power of 250 W for 2 hr

Substrate Si GGG
Annealing temperature (°C) 900 900 1000 1100
H, (kA/m) 1.5 048 041 037

AH (kA/m) 128 125 109 8.4
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Cerium substituted YIG thin films were grown by rf magnetron sputter techniques. We investigated the effects of post-
deposition heat-treatment as well as various deposition parameters such as substrate materials, substrate temperature, sputter
power, and sputter gas types on the crystallinity, chemical composition, microstructure and magnetic characteristics of the
films. Post-deposition heat treatment over 750 °C was applied to crystallize as-prepared amorphous films, and a strong
tendency of particular crystallographic planes lying parallel to substrate surface was observed for the post-deposition heat-
treated films on GGG substrate. The chemical composition of the films exhibited a wide range of chemical stoichiometry
depending on the oxygen fraction of sputter gas, and in particular the composition of the film deposited in sputter gas with
an oxygen fraction of R = 10% was Ceg23Y 30Fe3.50012. With raising the temperature of post-deposition heat-treatment from
900 °C to 1100 °C, the surface roughness of the film on GGG substrates increased from about 3 nm to 40 nm, but their
coercive force and ferromagnetic resonance line width decreased from 0.477 kA/m to 0.369 kA/m and from 12.5 kA/m to
8.36 kA/m, respectively.



