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Abstract: We propose and demonstrate a novel low-loss waveguide optical isolator with 
tapered mode converter and magneto-optical phase shifter. The principle of operation of the 
isolator is based on the superposition of the TE and TM modes. The two different modes 
become direction-dependent due to a magneto-optical phase shift affecting the TM mode. We 
designed a tapered mode converter in order to generate the TE and TM modes with equal 
amplitude when the waveguide is excited with a TE mode input. We successfully 
demonstrated that the fabricated device acts as an isolator showing a different transmittance 
between forward and backward directions. The maximum isolation measured is 16 dB at a 
wavelength of 1561 nm for a TE mode input. 
© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 

Semiconductor lasers and semiconductor optical amplifiers are widely used in optical fiber 
communication systems. When backward reflections are launched into these devices, their 
performance degrades, becoming afflicted by instability due to intensity and phase noises. To 
avoid these problems, optical isolators that allow one-way lightwave transmission are 
installed, along with active optical devices, in the optical fiber communication systems. Bulk-
type optical isolators are commercially available and still widely used, but they are difficult to 
integrate with optical active devices. 

Silicon photonic waveguides on a silicon-on-insulator (SOI) wafer are useful for 
constructing photonic integrated circuits (PICs) with small footprints. Waveguide optical 
isolators are highly demanded for silicon PICs. Strict optical isolation, independent of light 
intensity, has been realized with both electro-optical and magneto-optical effects. Electro-
optical types use dynamic optical modulators which can be fabricated with CMOS compatible 
processes. However, they can cause additional losses and power consumption [1–3]. On the 
other hand, magneto-optical materials are not compatible with silicon. Magnetic metals are 
lossy and growth of magneto-optical garnet on silicon is still challenging [4,5]. So far, 
magneto-optical isolators fabricated by direct bonding technology have been realized with 
superior performance [6–11]. These isolators are configured as Mach-Zehnder interferometers 
(MZI) or ring resonators. They work with a fundamental TM mode input since the non-
reciprocal function is provided by a magneto-optical phase shift that occurs only for TM 
modes propagating in a silicon waveguide with a bonded garnet upper cladding layer. On the 
other hand, most optical active devices operate in the TE mode. In order to realize the desired 
magneto-optical phase shift while having a TE mode input, a lateral asymmetry in waveguide 
structure is needed. This makes the fabrication process rather complicated. Waveguide 
integrated TE-TM mode converters with magneto-optical TM mode isolator represent a 
straightforward approach to the realization of optical isolators that work with TE mode input 
[6,10]. 
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5. Conclusion 

We proposed a novel waveguide optical isolator composed of two tapered TE-TM mode 
converters and a magneto-optical phase shifter for the TM mode. The device has two main 
advantages, namely TE mode input operation and ease of magnetization. An optical isolation 
of 16 dB was demonstrated at a wavelength of 1561 nm for the TE mode input. To obtain 
higher extinction, splitting ratio of TE to TM mode in the interferometer should be optimized 
considering their different propagation losses. Very low loss operation was realized because 
of good light confinement of the TE mode. The Fabry-Perot resonance can be reduced by 
connecting output ports for radiating light outside the device in order to prevent the 
destructive interference. 

Funding 

JST Core Research for Evolutional Science and Technology (CREST) #JPMJCR15N6; 
MIC/SCOPE #162103103. 

References 

1. Z. Yu and S. Fan, “Complete optical isolation created by indirect interband photonic transitions,” Nat. Photonics 
3(2), 91–94 (2009). 

2. H. Lira, Z. Yu, S. Fan, and M. Lipson, “Electrically driven nonreciprocity induced by interband photonic 
transition on a silicon chip,” Phys. Rev. Lett. 109(3), 033901 (2012). 

3. C. R. Doerr, L. Chen, and D. Vermeulen, “Silicon photonics broadband modulation-based isolator,” Opt. 
Express 22(4), 4493–4498 (2014). 

4. L. Bi, J. Hu, P. Jiang, D. H. Kim, G. F. Dionne, L. C. Kimerling, and C. Ross, “On-chip optical isolation in 
monolithically integrated non-reciprocal optical resonators,” Nat. Photonics 5(12), 758–762 (2011). 

5. X. Y. Sun, Q. Du, T. Goto, M. C. Onbasli, D. H. Kim, N. M. Aimon, J. Hu, and C. Ross, “Single-step deposition 
of cerium-substituted yttrium iron garnet for monolithic on-chip optical isolation,” ACS Photonics 2(7), 856–863 
(2015). 

6. S. Ghosh, S. Keyvaninia, Y. Shirato, T. Mizumoto, G. Roelkens, and R. Baets, “Optical isolator for TE polarized 
light realized by adhesive bonding of Ce:YIG on silicon-on-insulator waveguide circuits,” IEEE Photonics J. 
5(3), 6601108 (2013). 

7. Y. Shoji and T. Mizumoto, “Magneto-optical non-reciprocal devices in silicon photonics,” Sci. Technol. Adv. 
Mater. 15(1), 014602 (2014). 

8. K. Furuya, T. Nemoto, K. Kato, Y. Shoji, and T. Mizumoto, “Athermal Operation of Waveguide Optical Isolator 
Based on Canceling Phase deviations in a Mach-Zehnder Interferometer,” J. Lightwave Technol. 34(8), 1699–
1705 (2016). 

9. D. Huang, P. Pintus, C. Zhang, Y. Shoji, T. Mizumoto, and J. E. Bowers, “Electrically driven and thermally 
tunable integrated optical isolators for silicon photonics,” IEEE J. Sel. Topics Quantum Electron. 22(6), 4403408 
(2016). 

10. Y. Shoji, A. Fujie, and T. Mizumoto, “Silicon waveguide optical isolator operating for TE mode input light,” 
IEEE J. Sel. Topics Quantum Electron. 22(6), 4403307 (2016). 

11. P. Pintus, D. Huang, C. Zhang, Y. Shoji, T. Mizumoto, and J. E. Bowers, “Microring-based optical isolator and 
circulator with integrated electromagnet for silicon photonics,” J. Lightwave Technol. 35(8), 1429–1437 (2017). 

12. D. Dai, Y. Tang, and J. E. Bowers, “Mode conversion in tapered submicron silicon ridge optical waveguides,” 
Opt. Express 20(12), 13425–13439 (2012). 

13. M. Gomi, H. Furuyama, and M. Abe, “Strong magneto-optical enhancement in highly Ce-substituted iron garnet 
films prepared by sputtering,” Jpn. J. Appl. Phys. 70(11), 7065–7067 (1991). 

14. T. Shintaku, A. Tate, and S. Mino, “Ce-substituted yttrium iron garnet films prepared on Gd3Sc2Ga3O12 garnet 
substrates by sputter epitaxy,” Appl. Phys. Lett. 71(12), 1640–1642 (1997). 

15. H. Dötsch, N. Bahlmann, O. Zhuromskyy, M. Hammer, L. Wilkens, R. Gerhardt, P. Hertel, and A. F. Popkov, 
“Application of magneto-optical waveguides in integrated optics: review,” J. Opt. Soc. Am. B 22(1), 240–253 
(2005). 

 

                                                                                      Vol. 26, No. 16 | 6 Aug 2018 | OPTICS EXPRESS 21278 


