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Principle 

400 mm 

500 mm 

World’ first demonstration of waveguide 
optical isolator on Si 

Plasma treatment Activated surface Anneal & Press Cleaned sample 

• Gas : N2  
• RF 500W, 10sec 
• Anneal : 200oC, 30min 

Surface Activated Bonding  High vacuum (~10-5Pa) 
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Y. Shoji, et al., APL, , 071117 (2008). 
Y. Shoji, T. Mizumoto, JJAP, 53, 022202 (2014). 

Isolation >20dB 
@ 8nm 

Problem: Integration of MO garnet 
-> Difficulty in growth on Si 

Non-volatility of magnet Self-holding of switching state 

Switching state is holded  
Low power consumption 
Switching speed : ~10 ns 
Size (2 2) : ~0.5 0.1 mm2 

Control current 

Signal 

Mach-Zehnder 
Interferometer 

Magnetic field 

Waveguide

Electrode

150nm

FeCoB

a-Si

SGGG 

Ce:YIG 

  

SiO2 

Ag 

FeCoB 

 a-Si:H 

FeCoB : M~16kG  
-> H=38 Oe @ Ce:YIG layer 
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Drive voltage

Switching state is holded 

1μs 

MO disk 

Magnetic head 

MO disk 

Laser 
(Read/Write) 

Photodetector Photodetector

Read : Detect 
polarization rotation 
due to MO Kerr effect 

Write : Magnetization 
reversal at Curie point 

450nm 

Si 

SiO2 

Magnetization 

Dense integration with Si photonics 
1bit : 20μm sq.  1.5KB : 2 mm sq. 
Read/Write packet data (Sequential 
access memory) 

ReadR d M ti ti d d

Optical memory switch 

Si-wire waveguide 

220nm 

Ag FeCoB 

K. Okazeri, et al., PTL, 30, 371 (2018). 

Control current 

Optical output 

Optical fiber 

Photonic integrated circuit 
 fabricated by CMOS process 

Modulator 

Photodetector 

Electrical IC 
Active Optical  
Cable 

Laser diode 
w/ sub-mount 

Silicon Photonics 

Challenge of optical transceiver  
Monolithic integration of Optical isolator 
with LD 

Google 
Datacenter 

High Performance Computer 

Bottleneck of transmission 
speed between rack-to-rack 

Increase of power consumption in electric router 
(especially for high bit-rate signal processing) 

Datacenter 

Internet 

Internet of Things 

Photonic Network 

Router 

Health 
Appliance Sensor 

PC Phone 
Machine 

Vehicle 

Increase of Network Traffic 
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Direct bonding 

Polish SGGG 

SiO2 

FeCoB 

Ag 

Control signal

Input data signals

Thin-film magnet

Magneto-optical garnet

Electric wire

Output data signals

Si waveguide


