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Abstract 

We report on fabrication of Bi2Y1Fe5O12 (Bi substi-

tuted Yttrium Iron Garnet; Bi:YIG) thin films on glass 

and Si substrates by metal organic decomposition meth-

od.  By using the YIG buffer layer, polycrystalline 

Bi2Y1Fe5O12 thin films showing large magneto-optic ef-

fect were obtained, which is comparable to that of the 

reported single crystalline Bi:YIG. 

 

1. Introduction 

Nonreciprocal devices such as optical isolators and cir-

culators are indispensable devices in photonic integrated 

circuits (PICs).  In order to realize nonreciprocal devices in 

PICs, it is necessary to fabricate magnetic materials on Si 

and InP substrates.  Bi substituted Yttrium Iron Garnets 

(Bi:YIG) show high transparency and large Faraday rotation 

at telecommunication wavelength, and have been applied to 

free space type optical isolators.  However, there are large 

difference of the thermal expansion coefficient and lattice 

constant between Bi:YIG and Si/InP substrate, which makes 

it difficult to prepare Bi:YIG thin films showing large mag-

neto-optic (MO) effect on Si/InP substrate.  So far, prepa-

ration of Ce substituted YIG thin films on Si substrate have 

been reported by wafer-bonding [1], pulsed laser deposition 

(PLD) [2], and magnetron sputtering [3], and application to 

Si waveguide optical isolator have been reported based on 

Mach-Zehnder interferometers and ring resonators.  In this 

paper, we report on the preparation of the Bi:YIG thin films 

showing large MO effect on glass and Si substrates by the 

metal organic decomposition (MOD) method by using the 

YIG buffer layer. 

 

2. Sample preparation 

We have prepared Bi:YIG thin films on glass and Si sub-

strates by metal organic decomposition (MOD) method.  

MOD method is a promising one to prepare magnetic garnet 

film, because it is a simple fabrication method which is 

composed of spin coating of the MOD solution and anneal-

ing.  MOD method guarantees high uniformity in chemical 

composition and purity combined with chemical stability [4].  

The MOD solutions to prepare Y3Fe5O12 (YIG) and 

Bi2Y1Fe5O12 (Bi:YIG) thin films consist of solutions made 

from Bi2O3, Y2O3, and Fe2O3 carboxylates with chemical 

composition ratio of Y2O3 : Fe2O3 = 3:5, and Bi2O3 : Y2O3 : 

Fe2O3 = 2:1:5 by Kojundo Chemical Laboratory Ltd.  The 

total concentration of these carboxylates in these MOD so-

lutions was fixed at 3 % in acetic ester.  After spin coating 

in 2 steps process of 500 rpm for 5 s and 2000 rpm for 20 s, 

followed by drying on a hot plate at 120°C for 10 min.  In 

order to decompose organic materials and obtain amorphous 

oxide films, the samples were pre-annealed at 550°C for 10 

min., and annealed at higher temperature for 2 hours (final 

annealing) for crystallization.  Spin coating, drying and 

pre-annealing process were repeated for 6 times to obtain an 

appropriate thickness.  The annealing was done with air 

under atmospheric pressure.  Table 1 shows the preparation 

conditions of the fabricated samples.  The thickness of all 

samples obtained in the present study is approximately 300 

nm for the YIG buffer layer Bi:YIG layer.  The final an-

nealing temperature for the Bi:YIG thin films were fixed at 

620 oC.  We changed the final annealing temperature for 

the YIG buffer layer (650 and 750 oC) and investigated the 

influence of the crystalline quality of the YIG buffer layer 

on the MO property of the Bi:YIG layer (main layer).  For 

comparison, we prepared Bi:YIG thin film without the YIG 

buffer layer. 

 

Sample Main layer Buffer layer 

(final annealing tem-

perature) 

Substrate 

A Bi2Y1Fe5O12 - Glass 

B Bi2Y1Fe5O12 Y3Fe5O12 (650oC) Glass 

C Bi2Y1Fe5O12 Y3Fe5O12 (750oC) Glass 

D Bi2Y1Fe5O12 - Si 

E Bi2Y1Fe5O12 Y3Fe5O12 (750oC) Si 

Table 1 Summary of the fabricated Bi:YIG thin films on 

glass and Si substrates. 

 

3. Characterizations 

Fabricated films are characterized by X-ray diffraction 

(XRD), and Faraday / magneto-optic Kerr effect.  Fig. 1 

shows the XRD spectra of the Bi:YIG films on (a) glass 

(Sample A, B, C) and (b) Si substrates (Sample D, E).  

From Fig. 1(a), it was found that -Fe2O3 phase is dominant 

for the samples without the YIG buffer layer (Sample A) 

and with the YIG buffer layer on glass substrates annealed 

at lower temperature of 650 oC (Sample B).  On the other 

hand, Bi:YIG phase is dominant for the samples with the 

YIG buffer layer annealed at higher annealing temperature 

of 750 oC (Sample C).  By increasing the final annealing 

temperature of the YIG buffer layer, crystalline quality of 

the YIG buffer layer was improved, and Bi:YIG phase be-
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came more dominant than the -Fe2O3 phase.  From Fig. 

1(b), it also was found that the -Fe2O3 phase is dominant 

for the samples without the YIG buffer layer on Si substrate.  

By using the YIG buffer layer annealed at 750 oC, Bi:YIG 

phase are more dominant than -Fe2O3 phase became 

smaller, which is the same situation as the crystal growth 

process of the Bi:YIG layer on glass substrates. 

Fig. 2 shows the magnetic field dependences of (a) the 

Faraday rotation of the Bi:YIG films on glass (Sample A, B, 

C) substrates and (b) Kerr rotation of the Bi:YIG films on Si 

substrates (Sample D, E).  The measurement wavelength 

was 600 nm.  Faraday rotation of as high as  60000 

deg./cm was obtained for Sample C.  The obtained Faraday 

rotation is comparable as that of the Bi:YIG prepared by 

liquid phase epitaxy [5].  Faraday rotation of Sample A and 

B is much smaller (2000 deg./cm) than that of Sample C.  

The appearance of the (420) Bi:YIG phase and supression of 

the -Fe2O3 phase are important in order to obtain Bi:YIG 

thin films showing large MO effect on glass substrates.  

Kerr rotation of as high as 0.97deg. was obtained for the 

Bi:YIG films on Si substrate (Sample E).  Please note that 

obtained Kerr rotation includes the multiple interference of 

the incident light inside the Bi:YIG films, leading to en-

hanced Kerr rotation which is analyzed by the wavelength 

dependence.  There is strong correlation between the ap-

pearance of the (420) Bi:YIG phase with disappearance of 

the -Fe2O3 phase by using the YIG buffer layer annealed at 

higher temperature of 750 oC, and large MO effect on Si 

substrates, which is the same situation as in glass substrates.  

Therefore, obtaining the YIG buffer layer having high crys-

talline quality and appearance of the Bi:YIG phase are im-

portant to realize Bi:YIG films showing large MO effect on 

both glass and Si substrates. 

 

3. Conclusions 

   We have successfully fabricated Bi:YIG films on glass 

and Si substrates by the MOD method.  Insertion of the 

YIG buffer layer without Bi is a key to realize the Bi:YIG 

films showing large magneto-optic effect.  These results 

are promising for magneto-optical devices in photonic inte-

grated circuits. 

 

Acknowledgements 
   This work was partially supported by JSPS KAKENHI (Grant 
No. 24656010 and 15K13942) and Support Center for Advanced 
Telecommunications (SCAT) Technology Research, Foundation. 

References 

[1] Y. Shoji et al., Opt.Express, 20, 18440 (2012). 

[2] L. Bi et al., Nat Ohotonics, 5, 758-762 (2011). 

[3] T. Goto et al., J. Appl. Phys., 113,17A939 (2013). 

[4] A. Azevedo et al., IEEE Trans. Mag., 30, 4416 (1994). 

[5] P. Caper, Liquid Phase Epataxy of Electric, Optical and Optoe-

lectronic Materials, John Woley & Sons, Ltd, (2007). 

(a) 

(b) 

Fig. 1 X-ray diffraction spectra of Bi:YIG samples on (a) 

glass and (b) Si substrates. 

(a) 

(b) 

Fig. 2 Magnetic field dependence of the Faraday rota-

tion of the Bi:YIG samples on (a) glass and (b) Si sub-

strates.  The measurement wavelength is 600 nm 
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