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Abstract 
The magneto-optical switching devices based on Si 

ring resonators and Si photonic crystal resonators have 
been fabricated using Bi3Fe5O12 (BIG) film deposited by 
the metal organic decomposition (MOD). And the light 
modulation of ≦20% was demonstrated.   

  
1. Introduction 

Recently, due to an increase in power consumption and 
transmission delay of the metal wiring in CPU, processor 
performance is being limited. In order to overcome this prob-
lem, studies of optical interconnection in LSI using silicon 
photonics are actively carried out [1]. Especially for the low-
operation voltage and compactness, we have studied optical 
switches using Si ring or photonic crystal resonators with 
magneto-optical material, Bi3Fe5O12 (BIG). A structure of 
the device is shown in Fig. 1. In table 1, the performance is 
compared with the other related optical switches [2-4]. The 
proposed device operates at very low voltage less than 100 
mV (using a coil) and relatively small power dissipation es-
pecially for the photonic crystal device because only the 
small volume is exposed to magnetic field. Although the 
combination of magneto-optical material and Si ring resona-
tor has been reported for non-reciprocal devices [5], this is 
the first report for the combination with Si photonic crystal 
resonator.    
2. Evaluation of Magneto-Optic Material BIG 

We have evaluated a quality of magneto-optical mate-
rial Bi3Fe5O12 (BIG) film fabricated by the metal organic de-
composition (MOD) method [6]. First the buffer layer of 
BiY2Fe5O12 (~ 50 nm) was first spin-coated on SiO2/Si sub-
strate, followed by decomposition and crystallization pro-
cesses according to the recipe in Ref. 5. Then the MOD pro-
cess of BIG film was repeated 18 times to produce 300 nm 
thick film and finally annealed at 490°C for 3 h. XRD spectra 
of the BIG film with and without the BiY2Fe5O12 buffer layer 
is shown in Fig. 2. Only for the film with the buffer layer the 
specific diffraction peaks of BIG crystal are observed. From 
the diffraction peak at 2=32° (orientation of (420)) The lat-
tice constant was calculated to be 12.61Å, which is equal to 
the other reported value of 12.62Å[6]. Next the magnetic 
Kerr effect was measured using the system shown in Fig. 3. 
The result is shown Fig. 4 where a Kerr effect of 8.8% was 
observed. This value is relatively large compared to other 
works (e.g. 1.8%) [7]. From these results, it is concluded that 
the film quality is relatively good when the buffer layer is 
employed.   
3. Si ring photonic crystal magneto-optical switches 

Fabrication process of the device is shown in Fig. 5, 
where the electron beam lithography and Si dry etching us-
ing Cl2 plasma are used to pattern the Si layer of the silicon 
insulator (SOI) wafer. Then the BIG film is covered with the 

buffer layer and annealed. The optical micrograph of the fab-
ricated Si ring magneto-optical switch is shown in Fig. 6 and 
the scanning electron microscope (SEM) picture of the fab-
ricated Si photonic crystal magneto-optical switch is shown 
in Fig. 7.  

The measurement system for resonance spectra and op-
tical modulation is shown in Fig. 8. The movable neodym-
ium magnet (0.38T) was used to apply magnetic field per-
pendicular to the substrate. Figure 9 shows the change of the 
resonance spectra of Si ring magneto-optical switch due to 
the magnetic field. By applying the magnetic field the reso-
nance wavelength was shifted toward the longer wavelength 
irrespective of the direction (up or down) of the magnetic 
field. This result is consistent with the Cotton-Mouton effect 
[8], where the light speed is reduced in this arrangement be-
tween magnetic field, incident light and the magneto-optical 
material. The observed shift of the resonance wavelength 
caused by the magnetic field is 0.1nm. And when the wave-
length of the input light is fixed at 1535 nm, the light inten-
sity modulation of 12~19% was observed as shown in Fig. 
10.  

The results for the Si photonic crystal resonator mag-
neto-optical switch are shown in Fig. 11 to 13. We have ex-
amined two kinds of resonators, defect type (no holes in the 
resonator) and cavity type (bigger hole in the resonator) 
which are shown in Fig. 12. The results of Fig. 13 are for the 
defect type. We have also observed a light modulation of 
12~20% for the photonic crystal type modulator. In Fig. 12 
the resonance wavelength shift is compared between the de-
fect type and cavity type. It is found that the cavity type has 
larger resonance wavelength shift because the hole in the res-
onator is filled with the magneto-optical material. While for 
the defect type the slightly leaked light from the resonator 
feels the magneto-optic effect. In the photonic crystal device 
the direction of the magnetic field also did not affect direc-
tion of the shift of the resonance wavelength.     
4. Conclusions 

The magneto-optical switching devices based on Si ring 

resonator and Si photonic crystal resonator have been fabri-

cated and the light modulation was demonstrated. Although 

the modulation is still small (12~20%) at this stage, it would 

be improved by using the better magneto-optical material 

with smaller loss (ex. YIG) and employing, for example, slot 

waveguide ring resonator.   
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Fig. 1. Structure of optical switches 
based on Si photonic resonators, 
which are covered with magneto-opti-
cal material: Bi3Fe5O12. 

Fig. 4. Measurement result of XRD. 

Fig. 3. Measurement system for magnetic Kerr effect of Bi3Fe5O12 film. 

 

Fig. 10.  Optical modulation char-
acteristics of fabricated ring resona-
tor magneto-optical switch. 

 

 

Fig. 6. Optical micrograph of 
fabricated Si ring resonator 
covered with Bi3Fe5O12. . 
 

Fig. 9. Resonance curves of fabri-
cated ring resonator magneto-optical 
switch with and without magnetic 
field.  
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Table 1.  Comparison with other related stud-

ies concerning optical switches.  

Fig. 7. Scanning electron micro-
graph of fabricated Si photonic 
crystal resonator.  
 
 

Fig. 4. Measured magnetic Kerr effect of Bi3Fe5O12 

film deposited by MOD method with buffer layer: 

BiY2Fe5O12. 

 

Fig. 5. Fabrication process of the optical switches. op-

tical modulation. 

 

 

 

Fig. 8. Measurement system for resonance spectra of the 

fabricated devices.  
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Fig. 11. Resonance curves of fabricated 
photonic crystal resonator (cavity type) 
magneto-optical switch with and with-
out magnetic field.  

Fig. 13.  Optical modulation char-
acteristics of fabricated photonic 
crystal resonator (defect type) mag-
neto-optical switch. 
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Fig. 12. Resonance wavelength shifts of de-
fect type and cavity type photonic crystal res-
onator magneto optical switches.  
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