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Abgtract : A 1 x 8 multimode interference power litter with multimode input/ output waveguidesin SOl materia is de-
dgned by the beam propagation method and fabricated by the inductive coupled plasma etching technology for use in fiber
optics communication syssems. Thefabricated device exhibitslow loss and good coupling uniformity. The excesslossislow-

er than 0. 8dB ,and the uniformity is 0. 45dB at the waveength of 1550nm. Moreover ,the polarization dependent loss is

lower than 0. 7dB at 1550nm. The device sze isonly 2mm x 10mm.
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1 Introduction

In the opticadl communication systems,problenr
lving greatly dependson processes having high flex-
ibility and compatihility with current demandsin the
subscriber loop. In terms of a component viewpoint ,
the subscriber loop requires massve power litting
for digribution purposes. Multimode interference
(MM 1) couplers,based on the self-imaging effect!!!
are rgpidly gaining popularity. Such couplers termed
MMI have dready been applied as power plit-
ters® ®! optical switched®!  attenuators”! ,and opti-
cal receivers®! in the optical communication systems,
due to their excdlent properties and ease of fabricer
tion. MM1 power litters have been widdy re
searched usng those materials such as S0,!°! , S0,/
A0 | InP/ InGaAsP™®! | and GaAs Al Gaasd ™,
SOI material has excellent electrica and optical prop-
erties,and SOI technology shows great potentia for
monolithic complementary metal-oxide semiconductor
(CMOY9 devices,® the SOI device is al very imr
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portant. The reports of power slitters based on SOl
are few. Reference[ 3] isabout SOI materia ,it isonly
a 3dB glitter and ome performances are not reported
such as the polarization dependent loss. Compared to
concatenations of sngle-mode couples or Y-junction
litters, MM | power litters are attractive alterna
tives because of their compactness,low excess loss,
wide band-width ,and acceptable manufacturing toler-
ances. In the previous researches, a sngle mode
waveguide is dways used as the input waveguide of
MM ,but in our desgn the multimode input/output
waveguides are used. Moreover ,it is easy to measure
and fabricate the device by employing the multimode
wide waveguides. In this paper ,we report the struc
tura desgnof al x 8 power litter based on the sf-
imaging principle in the materia of SOl at 1. 5% m
wavelength ,and optimize the input/output waveg-
uidesfor the best performances. At last ,we fabricate
and test our desgning device.

2 Design and analysis

In this sction ,we will describe the desgnof al
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x 8 multimode interference power litter. In Fig.1
the geometry of the glitter is shown. Figure 1 A
defines the characteristic parameters for the power
Plitter. Wj and W, are the widthsof input and out-

v
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Fig.1 Characterigticsof desgned 1 x8 MMI power

put ridge waveguides, repectivaly. Wym and L mwm
are the width and length of the multimode waveguide
section repectively. The center-to-center distance be-
tween the waveguides at the output port is 25 m for
fiber connections taking into account the typica
cladding thickness of opticd fibers of 12% m. In this
desgn the tota ridge height is 4. & m,and the dab
height is 2. 44 m. S the ridge (effective) refractive
index Nj is 3.4720,the cladding (efective) refrac
tiveindex Nz is 3.4625. The length of MM 1 ,Lym ,
is caculated by the symmetric interference salf-imag-
ing mechanisms asfollows !,

N N2 A 2
1 Ao

= + X
I—MMI ’\P\O WMMI Nl T[(NE- N%)IIZ

whereA ¢ is the free-gpace wavelength ,1. 58 m 0 =0
for TEando =1 for TM ,the output number of the
litter ,N ,equals to 8. For the dngle-mode input and
output waveguides, W; = W, < 31 m. The output ta
pers are used for diminishing the loss; sart and end
widthsequa to 8 m and W, ,regectively. The length
of output taper is 80Q m. The Sbends radius must e
nough hig for smal bend lossin the output port. The
BPM dmulation indicates that when the bend radius
is bigger than 10mm the bend loss will be less than
0. 1dB. In the experiment the minimal radius must be
15mm ,cond dering the experimenta technology accu-
racy. We used the finite difference beam propagation
method (BPM) to caculate the fidd evolution
through the structure. Through the smulation it was

found the center-to-center distance ( Wyumi/ 8) of =
1% m between neighboring taper is needed to avoid
dgnificant coupling. In our case, Wym, is 12Q m ,and
Lmmi =41721 m. The device 9ze is 2mm x 10mm.

In the previous researches ,a sngle-mode waveg-
uide is always used as the input waveguide of MM
based on the sf-imaging effect. A sngle-mode input
wavegui de certainly ensures a good property for MM |
ction. But gppropriate increase of the input/output
waveguides widths can enhance the performance of
the whole device ,because a narrow diffraction pattern
is formed for a wide input waveguide at the end of
sdf-imaging!*®!. The optical power entering the taper
waveguides is more when a narrow diff raction pattern
exists. The lossis smaler. The results by BPM smu
lation are shown in Fg. 2. These results demonstrate
that the gppropriate increasng width of input/output
wavegui des can obvioudy reduce the loss and unifor-
mity. When the input/ output waveguides al equa to
T m the loss and the uniformity are minimal ,9. 24dB
and 0. 15dB , regectively ; the polarization dependent
lossis lower than 0.2dB at 1.5% m. Figure 3 is the
resultsof the loss and uniformity versus wavelength.
The loss,the uniformity ,and the polarization depen-
dent loss are dl small at the wavelength of 1.541 m
and 1. 561 m.

Fg.2 Loss and uniformity versus width of input/
output waveguides

3 Fabrication

A 1 mrthick buried SO; layer isthick enough to
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Fig.3 Lossand uniformity versus waveength

prevent the optica field from leaking into the sub-
strate. During the experiment ,we applied a 0. 44 nmr
thick SO, cover layer thermaly grown on the top of
slicon in order to avoid etching the top of rib waveg-
uides. A 4. 8 mrthick slicononinsulator (SOI) wafer
isetched 2. 21 m to form a rib waveguide by the in
ductive coupled plasma (ICP) etching technology. In
order to reduce the roughnessof lateral facesof al the
waveguides,a 0. 4 mrthick SO, cover layer is grown
thermally ater ICP etching process,again. The SO,
cover layer can not only prevent the optical dsgnal
from being afected by other sgnals but al= protect
the rib waveguides from being destroyed. In Fig. 4,
the scanning dectron micrograph demonstrates an ex-
cellent uniform inscription of output waveguides with
smooth fraction. The same features are observed in
the crosssection view of an input rib waveguide
shown in Fg.5.

Fg.4 SEM pictureof 1x8 MM slitter

4 Resultsand discussion

Figure 6 isthefield image of the device output

Fig.5 SEM pictureof input rib waveguide

,.

Fg.6 Feddimageof the output facets

facets. It shows that 8 channelS powers are very e
quilibrium. In order to measure the performances of
the glitter quantificationally ,we must take out the
measure about the interfered factors,such as the cou
pling loss between the optica fiber and the device.
During our measurement ,we use the cone-type lens
optical fiber for reducing the loss. The coupling lossis
obtained from the T mwidth straight waveguides.
We measure the tota loss of two different length
straight waveguides (2cm length and 1cm length) ,
shownin Fig. 7. It indicates that except for the cou
pling loss the others loss is about 0.5dB for a lcnr
length and T mrwidth straight waveguide. That is,
there is about 5.5dB coupling loss for T m-width
straight waveguide. Expect for the coupling loss each
channel loss of the SOI glitter is shown in Fig. 8.
And Figure 9 is the results of the uniformity of de-
vice. Figure 10 is the each channel polarization depen-
dent loss (PDL) . Figure 8 shows al channd loss of
the deviceislessthan 10. 5dB at the wavelength from
1540nm to 1560nm ,and the maxima insert loss of
the channelsis 9. 95dB at 1550nm. The excess loss of
the device is 0. 8dB. From Fig. 9,the uniformity at
1550nm is 0.45dB, smaler than 1.0dB between
1540nm and 1560nm. A 0.7dB PDL is shown at
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Fg.7 Totd lossof T nrwidth straight waveguide

FHg.8 Each channd lossof the litter

1550nm in Fig. 10 ,and the PDL is under 1.5dB be
tween 1540nm and 1560nm. Compared to the results
of desgn at 1550nm ,the lossis 0. 6dB poorer ,the u
niformity is 0. 3dB poorer and the PDL has 0. 50B
more. From Fig.5 ,it isclear that the top shapeof rib
waveguide becomes arc,not rectangle,which results
from the bad etching control condition. The etching
condition will make the waveguide small , deviating
from the desgn. Figure 3 showsthat the insertion loss
and the uniformity will sharply rise if the width of
waveguide is less than U m. S those measuring re-
sultsare mainly resulted from the defects of the ma
chining process ,which deviates the resultsof the Snr
ulation.

5 Summary

We have designed and fabricated 1 x 8 SOl MM |
splitter by applying the multimode waveguides as the
input/ output waveguides. Compared to the results of
previous 1 x 8 device, the

measurement results afirm that the device exhibits
good performances. At the wavelength of 1550nm ,the
excess insert loss,uniformity ,and PDL of the device
are 0.8dB,0.45dB , 0. 7dB , repectively. Those per-
formances are still good at these wavelengths between
1540nm and 1560nm.
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