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Abstract

ColTiO,/SIO, plasmonic waveguide was monolithi-
cally integrated with a Si nanowire waveguide on a S
substrate. In order to achieve a low propagation loss and
a good coupling efficiency, the wedge and bridge types of
plasmonic waveguides were used. Low optical loss in
plasmonic waveguide of 0.7 dB/um and coupling loss of 4
dB per facet are demonstrated.

1. Introduction

The integration of different optical components ame
substrate has many benefits. Similar to electrai@eices,
an integrated optical circuit may have a lower st better
functionality. The size of MOSFET transistors areryw
small and millions of the transistors can be irdggn into
one electrical circuit. In contrast, the size oficgl compo-
nents is not as small. The typical length of optaxampo-
nents is about a millimeter and only a few opticampo-

devices are even smaller. Typical length of a ptasmde-
vice is 10-3Qum.

Different functionalities can be achieved usindheitSi
nanowire waveguides or plasmonic waveguides. dtttisc-
tive to integrate into one cheap both the Si namwi

waveguides and plasmonic waveguides. In this case a

small-size cheap with substantial number of op&taments
and complex functionality could be fabricated.

Fig. 2 Cross-section of (a) wedge-type and (b) lerige

ColTiO,/SiO, plasmonic waveguide. The wedge is a 300-nm-wide

Si line, which wet-etched into triangular shape.e Thidth and
height of the Si bridge are 70 and 220 nm, cornedppmly. The

nents can be integrated into one cheap. The lafgiptical
components is limited by the wavelength of lighheTsize
of optical elements can be reduced when Si nanowire However, there are several issues to be solverigr do
waveguides or/and plasmonic waveguides are used. make such dense optical integration to be possibtstly,

an essential part of any plasmonic waveguide isetalm
which strongly absorbs light. The design of a plasim
waveguide should be optimized in order to minimthe
optical loss. Secondly, the optical distributionsplasmonic
and Si waveguides are substantially different. Soubk-
match causes a significant coupling loss betweasnpbnic
and Si waveguides. Such coupling loss should be-min
mized.

field distribution of plasmon is shown in yellowlon

2. Magneto-optical plasmonic waveguide
In a case when the metal of a plasmonic wavegude i
ferromagnetic, the plasmonic waveguide may haveique

The optical confinement in a Si nanowire wavegigle ProPerty. It could be transparent in one directionf it
strong, because of a high refractive index conti@se to could block Ilght in opposite dlrect|.0n [_1]. Th|sn‘c_t|on is
strong optical confinement, the Si nanowire wavegsiare called the optical isolation. The optical isolai®ran impor-
very narrow with width of 450 nm and they can sharp t@nt component of optical circuits. Its functiontés protect
bend with bending radius as small asn. Even though the optical elements from unwanted back reflectioncase of a
length of Si-nanowire devices has to be still ietdy long, ~dense optical integration, it is harder to achiexgood opti-
by bending the optical device can be packed intalisanea Cal coupling between elements and the usage ofalator
of a fewpn?. is essential [2].

The optical confinement of a plasmonic waveguide is A ferromagnetic metal, which has large magnetoeapti
much stronger that the confinement in the Si narPNStants, is an essential material for the isolalb is
waveguide, because of a substantially larger réweindex Known [1-2] that the propagation loss of the siefptas-
contrast between a metal and a dielectric. Thenmag MONS i ferromagnetic metals like Fe, Co or Nititeast an

Fig. 1 Co/TiQ/SiO, magneto-optical plasmonic waveguide mono
lithically integrated with Si nanowire waveguide
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order of magnitude larger than the optical losplabmons metal stripe should be narrow about 450 nm. Inctse of a
in Au, Ag and Cu, which are the conventional metatsthe narrow plasmonic waveguide the scattering at medajes
plasmonic devices. In case when optical loss iddoge, all becomes a major mechanism of optical loss. In otder
light is absorbed and the plasmonic device carfurattion.  avoid it, another method for in-plane confinememtidd be
used, which could ensure the confinement of a phasout

m of metal edges. Also, the confinement should bén ghat
= the optical fields of a plasmon and a waveguide enack
2 well-matched and a good optical coupling betweesmth
2 o sedl could be achieved. We have found that the bridge gnd
% AN :ﬂfu‘ wedge type of in-plane confinement well satisfytbabove
= [ |— 4um conditions.

3 \ L en | tem Figure 1 shows the measurement setup. The metakslo
= N o A IR Y . . . . . .
O30T e Ay Y| 32um direct propagation of light from input to outpubdir. Light
=} ‘/Mﬂ,\w‘\,wv‘,'\) A —— 64um X i

5 | can only reach the output when a plasmon is exeitedetal
€ 40 ‘ ‘ ‘ ‘ interface.

1520 1540 1560 1580 1600 Figure 2 shows the cross-section of bridge and eedges
aQ wavelength, nr of plasmonic waveguides. In both cases the Si vgasl @as
= 250 A the wedge and bridge material.

B g b el length of Figure 3 shows measured fiber-to-fiber transmissibime
£ | transmission includes the fiber/Si-waveguide, Sieguide/
s -35—M :gm plasmon cqupling Ios;e; and thg plasmon propagéism
= ——16um By comparing transmission at different lengths e plas-
§ -401 (b) monic section, the low optical loss of 0.7 and YndB® was
e 45 measured for bridge- and wedge-type plasmonic wadeg,
g respectively. Comparing the transmission for cagés and

without plasmonic section, the Si-waveguide/plasmon-
pling loss was evaluated to be 4 and 6 dB per fémet
bridge- and wedge- types, respectively.

1520 1540 1560 1580 1600
wavelength, nr

Fig. 3 Fiber-to-fiber transmission of the Co/H8SIO, plasmonic
structures plasmonic waveguide integrated with an&nowire
waveguides for different lengths of plasmonic smtti (a)
bridge-type structure (b) wedge-type structure. Bllaek line in (a)
shows the transmission for a Si nanowire waveguwitbout a
plasmonic section.

3. Conclusions

The usage of optical in-plane confinement, whieh
move a plasmon out of metal edge, is essentialddate a
low-optical-loss magneto-optical plasmonic waveguid-
tegrated with Si nanowire waveguides. We have demon
strated a low optical loss and a good couplingcigfficy for
ppoth the wedge- and bridge- type Co/J)O, plasmonic
structures.
The experimental study of the isolation effect lie tplas-
monic waveguides will be discussed at the conferesibe.

We have proposed [3-5] a new design of the plasmo
waveguide, which contains two dielectric layers. &ti-
mizing this design, it is possible to reduce sigaiftly the
propagation loss and to increase the magneto-oit@)
figure-of-merit. Using this method, the low proptiga loss

of 0.17 dBim in a Fe/MgO/AlGaAs plasmonic structure”Acknowledgements . I .
fabricated on a GaAs was demonstrated [4] Support of Japan Society for the Promotion in 1Se(Ka-
) kenhi) is greatly acknowledged.

2. Wedge- and bridge-type plasmonic waveguides

In a case of plasmonic waveguide on GaAs only Saege
of optimized double-layer dielectric MgO/AlGaAs waisf-
ficient to achieve sufficiently low optical loss][4A Fe
stripe was used for in-plane confinement. The aHsthe zélez Adv. Optical Materl (2013)10.

integration on Si is different. We have fabricatesleral [3] V. Zayets, H. Saito, S. Yuasa, and K. AndoAppl. Phys111
ColTi0,/SiO, plasmonic waveguides on Si using Co stripe. (2'012) 023103, ' ' ' ’

Even though dpuble-layer _T;_,(53|02 is proved to _eff|C|ent [4] V. Zayets, H. Saito, S. Yuasa, and K. Ando, @ptpres<3
for loss reduction, the optical loss in plasmontimicture (2015) 12834
with a Co stripe was unacceptably high about 1@Rfpm. [5] H. Shimizu, T. Kaihara, S. Umetsu, and M. Hosgektended

Th_e reason of a high loss was fou_nd to be the ajpéicat- Abstracts of Spintronics VII1 SPIE meeting (2015) 9551.
tering at the edges of the metal stripe. In ordéntegrate a

plasmonic waveguide with a Si nanowire waveguide, t
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