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Design and Performance Study of a Compact

SOl Polarization

Rotator at 1.9n

Ajanta Barl, B. M. Azizur Rahma, Senior Member, IEEE, Ravi K. VarshneyandBishnu P. Pal
Senior Member, |EEE

Abstract—We numerically design a compact silicon (Si) based
polarization rotator (PR) by exploiting power couping through
phase matching between the TM mode of a Si strip waguide
(WG) and TE mode of a Si-air vertical slot WG. In sich
structures, the coupling occurs due to horizontal tsuctural
asymmetries and extremely high modal hybridness du& high
refractive index contrast of Si-on-insulator (SOI) structure.
Design parameters of the coupler have been optimideo achieve
a compact PR of ~ 135um length at the telecommunication
wavelength of 1.55pum. Maximum power coupling efficiency
(Ci), which is studied by examining the transmittancef light, is
achieved as high as 80% for both polarization convsions.
Fabrication tolerances and the band width of operabn of the
designed PR have also been studied.

Index Terms— Polarization sensitive device, Silicon photonics,
Si-on-insulator (SOI) waveguides, Slot waveguides.

|I. INTRODUCTION

utilize the fabrication infrastructure of CMOS dlemnics to
realize high yield, low cost manufacturing [3-5]oday, Si-
based platforms support the realization of a wideety of
devices, including high-speed modulators and detedb],
low-loss waveguides [7] and other passive and acifB],
linear and non-linear [9] components. Additionalight from
fiber to Si waveguide (WG) can be coupled by esgbci
designed tapers or Bragg gratings. Recently, S@&¢danano
sized compaddiot optical WG has assumed importance due to
its potential applications [10]. Due to high indeantrast at
the interface, electric field normal to the intedashows a
very high discontinuity at the interface with vdrigh optical
confinement inside the low index slot region whdre t
transverse dimension of the slot is less than Haracteristic
decay length of that electric field [10-12].

In general, light input to an integrated opticalipchs
randomly polarized. This polarization of light hasgreat
impact on both photonic circuit design and operation the

REVOLUTION of the semiconductor electronic technologyther hand, though the slot and strip WG dimensiares

was only possible due to miniaturization and irggign
of millions of transistors into a single VLSI chiimilar to
this revolution, the only way to
optoelectronics, which is not limited by electrosjgeed, is to
make the devices as small as possible and find t@riza
system for monolithic integration of all components
One way of reducing the device size is to use ecligc
material with a refractive index (RI) as high asgible, which
can improve the optical confinement and effectivedguce
the waveguide dimensions. High index contrast akows
very small bending radius, suitable for increasimgnber of
components on a chip. Silicon (Si) is the most meatnaterial
for electronics but relatively a newer material forotonics.
However, as the low-cost CMOS facilities can beleixgd for
the fabrication, Si photonics is becoming a hotaesh topic
today. Silicon-on-insulator (SOI) [1-2] can providarge
refractive index contrast between Si core andsasititadding
(~ 3). The basic idea is to use the high RI ofdSshrink the
optical confinement down to sub-wavelength scald @so to
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small, they are highly polarization sensitive. Thusr
polarization diversity systems, the problem carsbded out

reduce the cost oby incorporating polarization splitter and polatiaa rotator

or converter based on these highly polarizatiorsitiga high
RI contrast WGs. The conversion of one polarizedenio the
orthogonal polarized mode can be realized by efficpower
coupling between these two modes at phase matching or
resonance condition.

Recently, polarization rotator (PR) made of horiabrslot
and strip WG has been reported based on mode evo[dB].
Its fabrication poses difficulty as required promemtrol of
tapered structure is relatively difficult to rea@izMoreover, it
can rotate only one polarization state for one firgicection.
Three WGs-based polarization splitter and rotatmrehbeen
reported [14-15]. Another approach is made for fFiSTM
conversion based on 2-D photonic crystal slab W.[In
this case though the conversion is good, the streidtself is
complicated. Researchers have also tried to imptemE to
TM convertor by increasing the polarization croksia p-
bend Si WG [17]. Here also the conversion efficieiscvery
high though very sensitive to issues like bend,lbesd angle,
smooth wall of the WG around bent region etc.

In this paper, we propose a design for realizingRa for
potential application at the optical communicatwavelength

of 1.55um that should be relatively easy to fabricate as no

tapering is required and the whole structure, nudde/o WGs
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(one is a strip and other one is a vertical slot)\W&n be

made with a single mask. Moreover, it can rotatehbo

polarization states for a single input directiore.(i at the
coupling lengthl(;), TM input in the Si strip WG would yield
TE output from the slot WG and TE input in the sWG
would yield TM output from the strip WG). Similabecepts
have recently been reported [18-19] to design TE{i&ded
polarization splitter/rotator, but detailed anadysif various
WG parameters, the effects of unwanted mode cogyimd
their propagation analysis were missing in them. ol
simulations, we have analyzed all
parameters in details along with the tolerance ystu
Additionally, our design is optimized both for Tl TM
conversion and vice versa. In the present conftgurawe
have shown that it is possible to match and couple
different polarization states by exploiting effistecoupling
between a Si strip WG and an air-Si vertical sloGW
Maximum power coupling efficiencyCf,) ~ 80% is possible
for a device length of 134.,um. Device performance is
studied on the basis of fabrication tolerances aperating
band width (BW).

Il. THEORY

2

A. Proposed Design

Our proposed PR is a coupler based on one Si\8tGpand
one Si-air vertical slot WG. The cross-sectionheven in Fig.
1. Here two WG’s are implemented on silica (§i@s the
substrate with air as cover and slot material. Hexewe can
use any low index compatible materials for the skwion,
such as electro-optic materials for high-speed raidrs [6],
doped material to achieve gain [8] or sensing nedtdor

RESULTS ANDDISCUSSIONS

the aforemendoneefﬁCient organic/inorganic sensing [22]. Vertichbt WG will
gonly support a TE modég( is the dominant component) with

higher field inside the slot region. So, here coafient of the
fundamental TE mode in slot WG and TM mode in st
is considered. Note that, introduction of low indegion in
slot WG reduces its effective index of fundamentgl mode
(ne¢ —TE) with respect tm. —TE of strip WG. However this
nes —TE of slot WG becomes more comparable to effective
index of the fundamental TM mode.t —TM) in strip WG.
Thus by proper tuning of WGs parameters, efficipatver
coupling between these two modes is possible eiqmdoiheir
extremely high modal hybridness.

We have taken the same height for both the WQ3 asd
same width for the high index regions of the sloG\&sW..

When designing a PR, accurate calculation of thejemo-l-he width of the strip WG core and low index regimslot

effective indices and modal fields corresponding G are taken a8V, and W,
Sy

dominating and non-dominating field componentsTarlike
and TM-like modes are very important. For high Rhitast
WGs, where the modal hybridness and coupling ig sgong,
the full-vectorial mode solver is essential. For design a full
vectorial finite element method (FV-FEM) was implemed
to analyze the 2-D structure. All the vector fieldse
investigated and depending on modal hybridnessadETM
modes are identified. In the design process, lieisessary not
only to increase the magnitude of the non-dominiit
components but its profile can be optimized to ewckaits
overlap with the dominant field components to achitche
maximum polarization coupling. As all the H-field
components are continuous across the dielectresfade, H-
field based FV-FEM is used for modal analysis. Base this
FV-FEM the polarization beat length between thelike-and
TM-like fundamental modes is calculated.

Study of propagation of these two orthogonal moites
carried out by “Eigenmode Expansion” method usihg t

respectively. The separation
between two WGs is denoted &(see Fig. 1). Material
dispersion of Si and SiCare incorporated through Sellmeier
formula. Our working wavelength is 1.538n, for which the
refractive indices of Si and SjCare 3.47548 and 1.44402,
respectively.

Air

Fig. 1. Schematic transverse view of the proposdarization rotator.

w, w, Ws

Si

B. Optimum Structure Parameter

commercially available FIMMPROP software. Eigenmode For moderate electric field confinement in the slae

Expansion is a rigorous technique to simulate edetagnetic

propagation, which relies on the decomposition bg t
electromagnetic fields into a basis set of
eigenmodes (including all guided and radiation nspcdbat
exist at the junction of a discontinuity plane. Tdeefficients
of the eigenmodes were calculated by enforcingctimginuity
of the tangential components of electric and mag#igtids at
the boundaries/junctions. This is fully bi-direct&d and
vectorial algorithm, making no approximations abdbe
polarization state of light, and is a rigorous $olu to
Maxwell’'s Equations [20-21]. Here we have launchié&dlike
and TM-like mode as the input at respective WGs stndied
the power propagation along its length.

chooseW; as 90 nm. Fabrication simplicity requires same
height {) for both WGs. Now for sufficient confinement of

localM mode inside the strip WG at 1.58m wavelength,H

should be > 200 nm. In this design wakkis fixed at 220 nm,
which is the thickness of most commonly availabilev&fer.
On the other hand, maintaining TE as the fundanhentale
in slot WG, W, was chosen to be 255 nm fdr= 220 nm.
Thus the optimized parameters for the slot WG Weyes 255
nm, Ws =90 nm,H = 220 nm. In the absence of strip WG, the
N« of the TE mode in this slot WG is 1.53716.

Then we have studiea.; for the TM mode of an isolated
strip WG of same height by varying its widt). ForWw; =
451 nm, the strip WG’s TM modeis; becomes equal to.g
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of the TE mode of the slot WG (shown in Fig. 2)g.FR as interaction become easier. Similar results @mwtiained
reveals that as we incredédg, itsn.«—TM increases and at the for TE mode also, but not shown here.

crossing point TM mode foW; = 451 nm has the same 1.59

effective index () as that of the TE mode for the fix¥d 15 | Upper_$ -450nm
andW,. Then forthe combined coupled structure, using these 1'57 | tower—$-450nm
optimized dimensions (i.&\; = 451 nmW, = 255 nmW, = =7 [T Upper_s-500nm
90 nm,H = 220 nm), the variation of.; of the two orthogonal 156 T ower 2o Saonm
polarized supermode states were studied as a dmnofiS to ;’5 izi :__.L::erzs_sswm

determine the mode exchange regime.

1.53

1.7 1.52
H=220 nm ==-TM_Nanowire

W,=255nm,H=

1.65 | W;=255nm ——TE_Slot 4 151 220 nm, W =90 nm
-
W = 90 nm T 1.5 '
w 1.6 | ,o’ 400 420 440 460 480 500 520
b= - -
c -7 W, (nm)
155 | -7
) == Fig. 3. Upper & lowerne variation with strip WG width \{4) for three
L5 /,’ differentS= 450 nm, 500 nm, 550 nm.
' Ptad W, = 451 nm
.- \/’ 1.05
1.45 T U T T 0.95 - ™ mode f W2= 255 nm
—_ \ H=220 nm
350 400 450 500 550 600 T 0.85 4
= Wg=90 nm
W, (nm) 075 |
. - . . . & 0.65 /
Fig. 2. Variation ofnes—TM of strip WG withW; in the absence of slot WG. @
The horizontal line represents thg -TE (1.53716) inside the Slot WG in 2 0.55 ,’ — =5=450nm
absence of strip WG. T 045 - P ——5=500 nm
S o35 | ——$=550nm
The three basic parameters to study the superningePR z 0'25 1
are ngs, hybridness and coupling length.X. For three 0'15

differentSvalues (450 nm, 500 nm, 550 nm), the variation of
above mentioned parameters were studied as a dancofi
strip WG width ;) and the corresponding variations are W, (nm)

shown in Figs. 3-5, respectively. Fig. 3, horizontal line Fig. 4. variation of modal hybridness of the TM reodith W; for three
representi; -TE in the slot (almost constant). Slanted linglifferent values o= 450 nm, 500 nm, 550 nm.

represent® -TM in strip WG, changing a®V; is increased.
But, they do not cross (similar as any coupledcstme), but
around this region both the polarized supermodabigaugh a
transformation. Near the phase matching condititwig
effective indices are close to each other and thase
difference between these modg8 will be smaller. For larger

thesens« curves come closer due to weaker interactions al .
S ef is reduced the phase matching valueAgfreduces. When a

the minimumAS will be smaller. L . . .
Around anti-crossing point, these two modes becomdéreCtlonal coupler is composed of two identical ¥Ghey

degenerate and they get mixed up. For a quasi-T&entbe gricﬁrl(\;vfgjs Egssﬁernggsr?hsgedorof Sr?/::?éggﬁzzl Bgt, for a
H, component is dominant whereas for a quasi-TM mdsde, y P P S,

H, component is dominant. Near anti-crossing the norllt-S phase matching also depends on mutual loadinthe

dominant field starts increasing leading to highmodal ma\\/;?xédfﬁéfzgs;géegZ’hg\ﬁnphh;rze matching éondior
hybridness, which can be defined as the ratio @fntlaximum ! 9 ;

values of theH, to Hy field components for the TM and cozhﬁn mea;;ilcrir::]rl] L(C: )a\r/]v?th\@”?stlzrr:o&\?n ir:&_lrxa'lg}:T Vﬁ)/ﬁ\(levre:er
similarly H./H, for the TE mode. In Fig. 4, at low#&Y,, the piing Y fom ! )

mode is near quasi-TM, withi, component being much Cn, is the maximum normalized power coupled from one

smaller. So its hybridness is low. A, increases, it travels polanzed. mode to the other polanzed.mode. Fr le,
. . . . we can infer that thd, decreases with the decrement of
through the anti-crossing region leading to strongede

mixing and higher hybridness. At a hight, away from this separation between the two WGs. Additionally, dwe t

. ) . . : stronger coupling between the two WGs, the supeesod
anti-crossing region, again hybridness reducesthdl peaks . ) : . .
. SN deviate from just being formed out of linear conabians of
appear around the mode exchange regime with iriogeas.

value asS decreaseNote that for smalle§, curves are wider isolated _modes (as in Wea}k coupling case) and essult
progressively less power will be transferred frone WG to

400 415 430 445 460 475 490 505

Polarization coupling length of the two modes agéirckd
as Lc = /|p1—p2|) where,, andp, are the propagation
constants of the TE and TM modes. From Fig. 5 weicter
that, asSincreases, coupling become weaker, and hefice, (
B2) is getting smaller near anti-crossing point, sEalpl.
'L‘I)gcome larger. From Figs. 4 and 5, it should bedttat asS
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another and hendg,, also decease¥hus there exista trade-
off between these two parameters. Here we can edetd
achieve ~ 80% power conversion, the minimum sejoer %)

would be= 500 nm for which thé. becomes: 134.5um. We
have therefore focused our further studySer 500 nm.

180
160 W,=255nm
i W,=90 nm

140 | H=220nm
_ 1201 — $=450nm
§_ 100 | —5=500 nm
= 80 —+=5 =550 nm
-]

60 -

40 - -~

20 T T T T T T T

400 415 430 445 460 475 490 505 520
W; (nm)

Fig. 5. Variation of coupling length_{ with W, for three differentS = 450
nm, 500 nm, 550 nm.

TABLE |
PHASE MATCHING W4, Lc AND Cr, FORDIFFERENTSAT 1.55um

S(nm) W (nm) Lc (um) Cin (%)
600 4545 21151 87.04
550 453 168.45 82.20
500 451 134.50 79.01
450 447 108.01 73.64
400 442 87.16 66.02

C. Supermodes of PR

For further analysis, we have fixed the structuaeameters
asW; = 451 nmW, = 255 nmW; = 90 nm,H = 220 nm,S=
500 nm. The supermodes of this designed PR arersliow
Figs. 6-8, where thecomponent of Poynting vectoP4), Hy
and H, fields of dominating TM mode in strip WG are
displayed, respectively.

The transverse distribution of tig (x,y) is shown in Fig.
6, which shows evenly distributed powers in the tWes.
Although maximum amplitudes in two constituent wgwieles
are different as their core-sizes were also differe
confinement factors in each WG were also calculafidte
confinement factors in the two WGs for both theesumodes

were similar when the two polarized modes were @has

matched. However, the supermodes were neither-qiasor
quasi-TM, but polarized differently in two consttuts WGs

with its H, and H, components nearly equal (see Fig. 4).

Additionally, their shapes in the two WGs are diffet as the
waveguides were of different shapes, although phestehed.
However, as this is the phase matched structume, tto
constituent waveguides carry nearly equal amouhfsower.
In order to illustrate it, we have plottétj andH, fields of the
supermode in Figs. 7 and 8, respectively.

Fig. 7 clearly indicates thad, is in the slot region, which
supported the interacting TE mode. Note the twkpedH,

4

field in the slot guide, which is typical for a sl&/G [10].
There is a small amount &, in the strip WG. This is an
indication of very high hybridness of the supermode

Fig. 8 shows thdH, field of the supermode, which is the
dominating TM mode in strip WG. It is mainly cordid in the
strip WG and a small amount Bf, field lie in the slot WG. It
can be clearly seen that both the signBliin Fig. 7 andHy in
Fig. 8 are positive. Thus it is the even supermufdée whole
structure. For the sake of brevity, the other supele is not
shown here, whosél, and H, field components were of
different signs, similar to the field profile of aodd
supermode.

TM in Strip WG - P, |

“

115 2 25

X - axis (pm)

3 35 0 y-axis(um)

Fig. 6. Amplitude plot oP; (x,y) of dominating TM mode in strip WG.

200 : 150
150 TM in Strip WG-Hy‘
£ = ‘ 100
2 100
E
£ 50
- 50
T o
50 0
2
1 2 3 -50

y-axis{um) o0 o X - axis (um)

Fig. 7. Amplitude plot oH, (x,y) of dominating TM mode in strip WG.

250- : P
— : 200
2004 ‘ ‘TM in Strip WG - H_
T ; : 150
__E; 150 :
E 100 100
VX .......
04
0
50

1 0o
y - axis (um)

X = axis (um)

Fig. 8. Amplitude plot o, (x,y) of dominating TM mode in strip WG.
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D. Mode Propagationin PR

Propagation of TE and TM modes along the device
studied by launching the TE-like mode in slot WG] arM-
like mode in strip WG. By assuming TE-like inputsiot WG,
the intensity variation of TE mode in slot WG anil Thode
in strip WG are shown in Fig. 9. It can be cleaten that, the
maximum power of input TE mode transfers to TM made
device length of 134.pm, which is nothing but thie; of these
two modes (see Table I).
prominently from Fig. 10, where the variations ofmalized

5

This ripple phenomenon is more prominent for TMelik
jgput in Si strip WG. For this case, the intensityiations of
TE mode in slot WG and TM mode in strip WG are show
Fig. 11. Also from this figure, it is evident théte total power
of input TM mode transfers to TE mode at a devirgth of ~
135 pum. Variation of Py along the propagation length is
shown in Fig. 12, where power variation in all fomodes
(fundamental TE & TM mode in slot WG and strip WiS)

It can be appreciated mofésplayed. Here input TM mode (Green curve) inpstWG

couples not only to TE mode of slot (Red curve) W also

power @) along propagation length is shown for these tw§ TM mode of slot WG (Blue curve). The index difface

modes. The power is calculated by integratiyds, fields (for

between these two TM modes is quite small (~ 0v@Bich

TE mode) andH,/E, fields (for TM mode) around each WG results in significant power exchan@eeat length is ~ 1gm,

area.Maximum Py for the output TM mode is ~ 80%lote
that, we had normalized the input power to 1, hawveas this
mode is highly hybrid in nature, only 93% powedig to the

which agrees with the corresponding of these two modes)
between them and hence the oscillation in the aha green
curves. However, the important thing is, their sgives total

H, or E, (TE-Slot). Thus with respect to input power in TE TM power which is decreasing along the propagatiistance
mode H, or E), the maximum output power coupling@s TE power builds up in slot WG and at the desigihevice

efficiency to TM mode Kl or E)) is ~ 86% at optimized

length € = 134.5um), Py is maximum in the TE mode at the

device length of 134.5m. A small ripple in Fig. 10 can also output of slot WG, witfCr, > 80%.

be noticed with a beat length of ~ L#, which is due to
periodic mode coupling to TM-like mode of the sMtG.
Additionally, the difference between; values of TE-slot and
TE-strip is quite largeAne; > 0.7), thus coupling to TE-strip is
inefficient, and not visible in Fig. 10.

[f 25 40 &0 & O £ w0 0 1@ M0 20 20 20 2 0 %0 S W0 o]

on 05

085

10

A 15

Fig. 9. Intensity (time average) variations alomyide length of TE mode in
the slot WG and TM mode in the strip WG for TE-likgut in the slot WG.

1
0.9 -
0.8 -
0.7 -
0.6
0.5
0.4 -

03 | 134.5
0.2

7

0 T T

40 80 120 160 200
Length (um)

=TM - Strip
—TE- Slot

T
A=1.55pum 1

Normalized power

240 280

Fig. 10. Normalized Power variations along the devength of TE mode in
the slot WG (Red curve) and TM mode in the strip \(BG&ie curve).

[B 2 @ ® ® w 130 1@ W @ 20 0 20 3 0 0 3w M1 I waum |
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B
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]

[

0

5

Fig. 11. Intensity (time average) variations aloleyice length of TE mode in
the slot WG and TM mode in the strip WG for TM-likeout in strip WG.
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(-]
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- /’\
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0 40
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Fig. 12. Normalized Power variations along deveegth of TE mode in slot
(Red curve), TM mode in strip (Green curve), TM mad slot (Blue curve),
TE mode in strip (Orange curve) WGs and total guiipewer (Black curve).

280

The total output power (P_total), which is the pbgssum
of powers carried by four modes of the two isolatéGs, is
shown by a solid black line in Fig. 12. It indicatihat about
10% of the total input power would have probablstlm the
form of radiation modes and also a small amoune#iscted
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power at junction. However, the total power witlojpagation 85
approximately remains constant. All four powers are & 75
calculated around the slot/strip WG core regionrimttacross £
the entire cross section of the coupled structlites, the — (E 65
small fraction of power, associates with the evaessfields P
present has been effectively neglected, which migne £ % P
. . [ 5=500nm N\
caused the small ripple seen in the P_total. Orother hand, 3 45 - W, = 255 nm N
in the FIMMPROP software, instead of exact modak@es, 2 35 | W, =90 nm —Cm (L)
the TE and TM mode powers were calculated fromrthei g H=220nm = =Cm (1=134.5 um)

dominating EJ/H, and EJ/H, components, respectively. 25
However, since the quasi-TE and TM modes were Hybri
having all the four transverse components of Ehand H

fields, this may lead to small ripple.

445 447 449 451 453 455 457
Width of strip WG (W,) in nm
. Fig. 13. Tolerance study fo€, with variation in W;. Red solid curve
E. Tolerance Sudy of Designed PR corresponds t€y atL. for differentW,. Blue dashed curve correspond<ip
From potential fabrication point of view, we havesca atdevice length.
studied the tolerance of the structure by varyiome of the

WG parameters likeW; by + 6 nm andW; by £ 4 nm and ° :g —Cm (L)

shown the corresponding variations in Figs. 13-14, ¢ 70 - =Cm (L=134.5 pm)
respectively. In general, waveguide fabricated Bing the -

CMOS technology, the fabrication tolerance of ight is L 60

significantly better, so only the effect of varatiin its width _E’ 50

is studied here. The variation of the polarizat@mmversion §- 40

with the fabrication tolerances @, and\W; are shown in Figs. 9 30

13-14, respectively. For both the cas€s, drops from its x 20 7 $ =500 nm, W, = 451 nm AN
maximum value with the shift in optimum structure & 10 ] W, =255 nm, H= 220 nm 3
parameters. For a change 6f6 nm of the strip width, the 0 ' '

power conversion is 1.2 dB lower. Power conversiath 86 87 88 89 90 91 92 93 94
change in slot width is more sensitive. For a cleanigs 2 nm Width of low index slot (Ws) in nm

of the SlOF width, the po_Wer conversion dr_ops byl B. Fig. 14. Tolerance study fo€, with variation in We. Red solid curve
However, it may be possible to correct fabricatiolerances corresponds t€ atL.for differentW.. Blue dashed curve correspond<to

by post-timming of the WGs or through temperat(fg¢ atdevice length.
tuning. By changind’, the RI of Si and Si@can be changed

90

[23-24]. As a result,ns of individual guides undergoes o —Cm (Lc)
X 80 -
unequal change. = = =Cm(L=134.5)
We have calculated the phase matching WG paramigyers ‘:E 70
increasingl by 10 K. For fixed slot WG structurd\f = 255 L 60
nm, Ws = 90 nmH = 220 nm), phase matched strip widi Y _E’ 50 1
becomes ~ 448 nm for fixeld (220 nm). On the other hand, & 40 -
for fixed strip WG structureW; = 451 nm,H = 220 nm), 8 30 W, = 451 nm, § = 500 nm
phase matched slot width\Vf) becomes ~ 88 nm for fixeds, % 20 W, =255 nm, W; =90 nm
= 255 nm andH = 220 nm. Thus by tuning, phase matching & 10 - ’ H =220 nm
condition can be tuned appropriately. 0 -7 . . .
F. Band Width of Operation 1.5 1.52 1.54 1.56 1.58 1.6

) ] ) Operating wavelength (A) in pm
We have also studied the band width of operatianttie
i i iati i i Fig. 15. Variations ofC, with operating wavelengths. The red solid curve
deS|g|ned ER byh.StUdyl.ng. th? Ve:;‘latlor)CQﬁ.Wlth Opiratfl'ng corresponds tdC,, at L. for different wavelength and blue dashed curve
wavelength {). This yarlat|on Is shown in Fig. 15. The 19Ur€;orresponds e, at device length.
shows that the designed devices are reasonablystratith
respect to change ifalling within the so-called C-band of an IV. CONCLUSION

EDFA amplifier. Through a detailed numerical study, a novel desifra

; Note thatafgr Elgs.l 13_35"‘ :ILSSZhOWH fordtWt?] ser.fOnteh IS compact SOI polarization rotator incorporating ogti
or proposed device length & -um) and other is for the oupling between one Si-strip WG and one Si-aiticalr slot

maximum possible power conversion of the modifie G is presented. The above results suggests that an

structure, at... ThisL. is different fromL as for each change . .
; ! . . 2~ appreciable short 1344m long PR can be designed for 1.55
in WG dimension (&AW, or AW, or A1), phase matching um wavelength by exploiting the phase matching betwthe

condition also changes. orthogonally polarized modes of these two guideaxikhium
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power coupling efficiency of 80% is possible fronput TE to
output TM mode and vice versa. Fabrication toleeanaf the
designed structure were studied by varying differéviG

parameters and we have suggested that, this magrbected
through appropriate temperature tuning. Our “bandttwof

operation” reveals that the device is reasonabhuso with
respect to the change in operating wavelengtiis design
should be relatively easy to implement for fabiimatand can
be made with a single mask. Moreover, it can robati the
polarization states for a single input directiohus, this high
conversion efficiency, low footprint, simpler desjgalong
with the existence of well-matured fabrication teclogies
[2,5,7] for SOI structures, should make our propaszactive
for making an on-chip polarization rotator for paiel

deployment at the optical communication wavelergtii.55

pm.
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