Extended Abstracts of the 2013 International Conference on Solid State Devices and Materials, Fukuoka, 2013, pp402-403

PS-12-14

A Design of Optical Isolator Utilizing Surface Plasmonsin Co/Al,O3/ AlGaAs
Waveguides for Integration into Photonic Integrated Circuits

T. Kaihara, H. Shimizd, V. Zayet$, H. Saitd, K.Andd’, and S. Yuaga

! Department of Electrical and Electronic Enginegyifiokyo University of Agriculture and Technology,
2-24-16 Naka-cho, Koganei, Tokyo, 184-8588, Japan
Phone: +81-42-388-7996, E-mail: h-shmz@cc.tuapac.j
2 Spintronics Research Center, National Institutddyfanced Industrial Science and Technology,
1-1-4 Umezono, Tsukuba, Ibaraki 305-8568, Japan

Abstract

We have theoretically proposed and designed com-
pact optical isolators based on surface plasmon in Co /
Al,O3 / AlgsGagsAs for photonic integrated circuits.
The device shows optical isolation of 0.18 dB / um and
better tolerance of the buffer layer thickness for optical
isolation based on surface plasmon.

1. Introduction

Optical isolators are important devices for prategt
semiconductor laser diodes (LDs) from unwanteceotéd
light. Conventional commercially available optiéabla-
tors are typically composed of a Faraday rotatat &wo
polarizers. Ferrimagnetic garnets, such as raté-éan

garnet, are widely used as transparent, passivengnag

to-optic materials exhibiting Faraday rotation aetom-
munication wavelengths. However, Faraday rotatord
polarizers are free-space optical devices thatatecom-
patible with 11I-V based optoelectronic devicesThere is
a strong demand for semiconductor waveguide opiscal
lators that can be monolithically integrated witBd4 and
photonic ICs. Recently, there has also been denfiand
semiconductor optical isolators that are compativlth
silicon waveguides for ultracompact photonic ICs.

IlI-V- or Si-based semiconductor optical isolatthat
work on the principle of nonreciprocal loss [1]dasurface
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Fig.1 A schematic image of the plasmonic optisala-
tor utilizing surface plasmons based on Co /QAl/
Al sGay sAs for this study.

plasmons [2, 3] have been reported. The feagibdit
utilizing of the surface plasmons in a new desi§aroin-
tegrated optical isolator has been studied. K slown
theoretically [2, 3] that it is possible to obtairfow optical
loss and a substantial isolation ratio using serfalasmon
propagating in a double-dielectric plasmonic wavegu
made of a transition metal. Utilizing this plasrmon
waveguide, it is feasible to fabricate a competitplas-
monic isolator, which benefits a broad operatiobahd-
width and a good technological compatibility foetnte-
gration into Photonic Integrated Circuits (PIC)n this
paper, we report the design of optical isolator$izirtg
surface plasmons in Co /A&); / AIGaAs waveguides.

2. Principle of Plasmonic Optical Isolatorsand the De-
vice structure

The effective refractive index of waveguides camitaj
transversely magnetized ferromagnetic materials loan
changed by the transverse non-reciprocal magnetoabp
(MO) effect depending on the magnetization direttio
Light experiences the transverse non-reciprocal &ffect
only when it propagates in the vicinity of the bdary be-
tween the ferromagnetic layer and nonmagnetic layer
The change of effective index by transverse noiprecal
MO effect is larger when the optical field is evacent in
at least one of the waveguide layers [2]. Whemntlig
propagates between a ferromagnetic metal and actliel
in the form of surface plasmons, the optical caerinent at
the ferromagnetic layer can be changed by the ntagne
tion direction. In case that the optical confineinis near
the cutoff in the plasmonic waveguides, a smallngeaof
the effective refractive index by magnetization ensal
brings significant change of the optical confinemevhich
leads to substantial non-reciprocal optical lossThe
propagation loss of the surface plasmons is styodgh
pendent on the confinement in the metal surfacearger
optical isolation is expected than that of previpusported
semiconductor optical isolator with Fe / InGaAdRR [1].
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Fig.2 The optical intensity distribution normal the
layer structure for the forward (red curve) andkvaard
(blue curve) propagating light when the thicknesalgO;
layer is 12.5 nm.

3. Device Structure and Simulations
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Fig.3 Figure 3 shows the 1/e propagation distdoce
surface plasmons propagating in the forward (retveu
and the backward (blue curve) directions (See Faslthe
function of the AJO; layer thickness. The black curve
shows the propagation distance without magnetizatio

We have designed the waveguide structure of a plashm, the proposed plasmonic isolator provides ataukial

monic waveguide in order to realize the cut-off dition
and realize optical isolation by surface plasmoRigure 1
shows the waveguide structure of the plasmoniccabti
isolator utilizing surface plasmons based on Cd,O4/
Al Ga As for the transverse-magnetic (TM) mode light
with the wavelength of 1550 nm. The plasmonicasmi

is set between the input / output waveguides. rEfrac-
tive indices of Co, AlD;, AlgsGaysAs and GaAs are set at
3.6 + i7.2, 1.746, 3.18, and, 3.37, respectivelfthe
off-diagonal permittivity of Co is set at 1.58 =12 Light

is coupled to the surface plasmon at the plasmisnlator
section. When the thickness of @} layer between Co
and Ab:=Ga&sAs is 0, light is confined at the boundary be-
tween the Co and AG& s and significant amount of opti-
cal field penetrates inside the Co. It causes Bigmt ab-
sorption of a surface plasmon. With increasingtttiek-
ness of the AlD; layer, the optical confinement becomes
weaker. Eventually, at the cut-off thickness thisreo con-
finement and a surface plasmon cannot propagatethel
case of AJO; thickness a little thinner than the cutoff
thickness, the applied magnetic field can changectin-
finement of the propagating light and bring a hogécal
isolation in a very short plasmonic waveguide, sasdhe-
matically shown in Fig. 2. We have calculated éffilec-
tive index of the plasmonic optical isolators angtical
isolation.

4. Simulation Results

Fig. 3 shows the AD; layer thickness dependence of the
propagation distance for the forward and backwaogpa-
gating light. In the case when the thickness gOAlayer
is 12.5 nm, in the forward direction, the 1/e prggzon
distance is long (41.8m), whereas in the backward direc-
tion, the 1/e propagation distance is short (oBlyL im).
This corresponds to the optical isolation of 0.B3/¢gm.
In the range of the AD; thickness is between 12 and 13

isolation above 0.17 dBum. The proposed design of the
isolator made of AlD;/ Co structure has an advantage
comparing previously studied design made of the, 5.
The refractive index of AD; is larger than that of SiOn

the Co / SiQ/ AlGaAs plasmonic isolator, the thickness
range (1 nm) for the optical isolation by surfat@smon is

a little larger than that with Sibuffer layer (0.5 nm) [2,

3]. Therefore the required oxide thickness iskbicand
technologically easier to fabricate it.

5. Conclusions

We have proposed and designed plasmonic opsical i
lator utilizing surface plasmons based on Co,04V
AlosGaysAs.  The device shows optical isolation of 0.18
dB /um and better tolerance for precision of the buffer
layer (AbO3) thickness, which is promising for ultra-
compact optical isolators for photonic integratedudts.
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