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Abstract

In this paper, we propose conditions for the desifja single-mode rib channel waveguide
based on dielectric materials such as titaniumid®XTiO;) and silicon dioxide (Sig) for the
0.633-pum visible light. We also design Y-splittétustures, which show high-degree optical con-
finement and low bend losses at various radii o¥@wres. Small radii of curvatures are extreme-
ly desirable in integrated photonics as they petuaitreasing the dimensions but can also poten-

tially reduce power consumption in the active

desic
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Introduction

Optical communications through fiber have long be
the technology of choice for high-speed long distada-
ta links [1]. Progressively, as the capacity regments
have increased, the optical links have developead
shorter distance applications, such as fiber-tehitrae,
local area network, and even into fiber optic iotemects
between boards and cabinets. In the long run, ®p
would be used to interconnect the integrated discom a
board or even to be used in intra-chip intercormethat
is, electrical interconnects, which have dominatatte
the infancy of electronics, are likely to be suloséid with
the optical interconnects in some cases [2]. liatiegk op-
tics devices are based on the processing of lighfiree-
ment in optical structures called optical wavegsideal-
lows the confinement of light by total internallesftion,
which takes place when the high index medium is {

rounded by the low index medium [3-8]. The most s|g

nificant passive elements in the integrated opdiesthe
rib geometry waveguides [9-11]. They are the bakie
ment practically in all integrated optical passamd ac-
tive devices [9, 12].

In order to design a dielectric rib waveguidesdptical
communications, special care must be taken to rcorifie
single mode propagation of light for their farttoaupling
with the single mode fibres. One can subconsciasdyme
that the single mode condition for the rib wavegsithave
to look like the single mode condition for slab wguides
of the same dimensions, but it is not like thise Tib wave-
guide can be multimode in the vertical direction ibypre-
cise proportional sizes of the height and the wiidttmecen-
tral region are chosen, it can support only onendanode.
In other words, all high order modes in the cemtbategion
are filtered out by leaking away because their ggagion
constants are lower than that of the fundamentalenod the
slab waveguide in the side region. Only the fundsdate

tion constant is higher than that of the fundanientade of

erthe slab waveguide in the side region. Therefoiterion
should be worked out for the proportional sizesrarfisver-
sal dimensions in order to ensure the single modesga-

n tion [13]. In this paper, conditions for single neadb chan-
nel waveguide based on titanium dioxide and sildioxide
are proposed; afterwards, the Y-splitter strucisir@lso de-

ticSigned which shows the high degree of confinemediiaw
bend losses even at low radii of curvature.

These kind waveguides consist of three layers ef di
lectric materials. Layer 1 has a thicknesdHoWith a re-
fractive index ofn;. The layer is then etched while cover-
ing the rib section of the waveguide with the hefigome
metal mask; this gives rise to a slab of heightayer 1
has a refractive index af;. Layer 2 and layer 3 have a
semi-finite thickness and index of andns, respectively.

urWe shall assume thai>n; andn; >nz. So that total in-

ternal reflection can occur at each interface. tdys re-

ferred to as the guiding layer, while layer 2 andr8 a

substrate and the cladding layer, respectively.

A guiding of this type can be formed simply by depo
iting a high index guiding layer onto a polishedsate.
In our case, the cladding layer is air. Becaughisfgeom-
etry, it is normally described as an asymmetricwée-
guide and take; >n,>ns. For the modeling of such wave-
guides, we proposed Ti(2.5836 at 0.633 um) and SiO
(1.4570 at 0.633 um) as high and low refractiveeintha-
terials, respectively. The refractive index diffece be-
tween two material is quite higkn=1.1266 which can be
helpful in confining the light at the higher degeef
bends. The materials in which the guided light pggies
must elude scattering and absorption losses invdnee-
length range of interest [14].

Fig. 1 shows the cross-sectional view of the ritvewa
guide, wheréh is the height of the slab] is the slab height
plus rib height andlV is the width of the rib. The structuration
of the layer can be done with different technidt&%

mode in the central rib region persists since dslgropaga-
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//—W;\\ when the ratios dfi/H andW/H s greater than 0.3 and 1, re-
s m=ny>ny \ spectively. However, when the ratio betwdeandH is
\ /H higher than 1, then it is not possible to desigib atructure
& Slab Y h because the thicknesstéfshould never be small thnThe
1) Substrate simulated mode of a straight rib channel waveg(&imu-
: : : _ _ lation number 5, Table 1) is shown in Fig. 3.
Fig. 1. A cross-sectional view of rib-waveguide Table 1. Types of waveguides depending on its diorens
c . . . . Where “h” is kept constant at 100 nm, however “H"datwW”
onditions for single moo!e straight channel rib are varied in each simulation
. Wavetgwde . No. of h H W | h/H | W/H | Waveguide
Nowadays, an increasing number of optical modula- simul. | (nm) | (nm) | (nm) type
tors, filters and other functions relevant to teleenu- 1 100 | 1000 500d 0.1 5 Multi
nication networks have been proposed as integrateg 2 100 | 500! 225d 0.2 475 Multi
embedded in dielectric rib/ridge waveguides [16]. 1] 3 100 | 300 1304 0.3 4 Single
Many of them share the widespread feature of being 4 100 | 250| 875| 0.4 3.5 Single
based on the propagation of the light beam insid¢ 5 100 | 200 | 600 | 0.5 | 3 Single
waveguide which has been designed to sustain ¢sily ii 6 100 | 170| 400| 0.6 2.5 Single
fundamental mode of propagation to allow lower ins¢ 14 100 | 140] 280| 0.7 2 Single
tion losses when coupled to optical fibres. For - 8 100 | 125)| 180] 0.8 15 Single
eling of a single mode straight channel rib wavegui 9 100 | 110] 110} 09 1 Single
the parameters such as(height of slab)H (height of 10 | 100| 100] S0 1| 0§  Single
rib) and W (width of the rib) are considered. All the |31 | 100 | 500| 1000 0.2 2 Multi
bounded modes are determined at 0.633 pm by usitg ig 188 igg 128 8'5 i g!ng:e
beam propagation method (BPM). The thickneskl i§ : ing'e
. - . 14 100 | 125| 375 0.8 3 Single
kept in the range of 100-1000 nm limited to theakep 15 100 | 1701 670 08 7 Sindl
) ; . gle
tion techniques. Table 1, shows the parametersapkw 16 100 | 1000 3000 01 3 Multi
guide used in the simulations and the type of waicsy 17 100 | 1000 2000 0.1 4 Multi
obtained by it. . 1 -
The ratios betweerh( H) and {V, H) are plotted in ig 188 ;gg f3>2755 8_3 gg 2:23:2
Fig. 2 which represents the dimensions that candeel 20 100 | 200| 1100 o084 5.1 Single
to design single and multi-mode rib channel wavegsii 21 100 | 1000 1000 0.1 1 Single
It can be seen that the region defined by the ggemres 22 100 | 300| 300/ 0.3 1 Single
are the dimensions of waveguides that can only atigp 23 100 | 250| 250/ 0.4 1 Single
fundamental single mode and the region which isoed 24 100 | 200| 900] 05 45 Single
by black dots is useful to design multi-mode wavegs. 25 100 | 500] 1509 0.2 3 Multi
Therefore, this graph can offer an approximatiamirii- 26 100 | 300 1600 03 5 Single
cating the dimensions of single mode waveguide dajse__ 27 | 100 | 125] 560| 08 4.3 Single
on these materials. 28 100 | 1000 2000 0.1 2 Mult!
W/H ‘ < 29 100 | 500| 2750 0.2 5.9 Multl
\o\ . . I w Single mode 30 | 100 300 100] 0.3 3|  Single
O Multi mode 31 100 | 500] 500 024 1 Single
.01 " 32 100 | 300] 670 03 2 Single
bl . 33 100 200| 1000 0.4 4% Single
4.0 x\\ik . . 15 FY om ' ' 10
[
3.0F . . .
. . Lo} 1o, 08
20 - X [ [ [
. 0.5}t 0.6
JOF = ®m m =m [ ] [ ]
n Wi ol m 104
0 0.2 0.4 0.6 0.8 1.0 1.2
Fig. 2. Single and multi-mode waveguides dimensi@s633 0.5 SiO; 10.2
pm. Grey and black points represent single andirmodal
. wave.gu-lde dlmen5|.ons respectively - . . x| |y
From Fig. 2, it is well noting that when the ratiok 4 B 0 5 P
W/H>2 andh/H<0.3, the waveguide can support multi- Fig. 3. Simulated single mode of a straight rib hel
modes. Single mode waveguide dimensions are obtajne waveguide
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Single mode Y-splitter structure

After proposing the conditions of straight rib cha
nel waveguide, the design for the balanced Y-spli
structure is proposed. Several Y-splitter structuséth

creasing radii of curvature in each simulation. The
schematic of the Y-splitter design based on 800,

is shown in Fig. 4. The length of the input straigh
channel waveguide is kept as long as possible dkpen

varying radii of curvatures are simulated. The wayeing on the design. This helps in removing the flizct

guide dimensions (Simulations: 1-6) are kept cartst
The size of Y-splitter is fixed to 8 mm but with-i

tions and clean the propagating mode.The detailiabo
the parameters is shown in Table 2.

Table 2. Y-splitter structure of 8000 um long wigiious radius of curvature

No. h H W Length of input | Length of bend Length of output Separation Radii of
of (um) | (um) | (um) |straightwaveguidg, Waveguide, straight between two | curvature,
simul. Lin(tm) Lbend,(LM) waveguidelou (Um) | arms,Ls(um) | R(mm)
1 0.05 0.25 0.5 2000 1500 4500 2 560
2 0.05 0.25 0.5 2000 1500 4500 4 280
3 0.05 0.25 0.5 2000 1500 4500 6 188
4 0.05 0.25 0.5 2000 1500 4500 8 140
5 0.05 0.25 0.5 2000 1500 4500 10 110
6 0.05 0.25 0.5 2000 1500 4500 12 93
V4 Intensity, a.u.

Lm/r

Fig. 4. Schematic of 8 mm long Y-splitter structwith varying
distance between two arms ranges from 2—-12 um
The propagation of light intensity in one arm odié
ferent Y-splitters with a varying radius of curviedR is
plotted in Fig. 5§). Since the Y-splitter structure is syn
metric, therefore the power in each arm is equal.
keeping the optimum separations, coupling effect
tween two arms can be avoided. An optimum valughef
radius of curvature should be selected in ordertwide
a smooth bending to the propagation light. S-beadew
guides with fixed radius of curvatuf® range between

93-560 mm are used to design the Y-splitters. Stben

waveguides are important as input/output waveguides
directional couplers and as waveguide path transfcs
in various circuits.

The fundamental mode of a straight channel
waveguide was calculated and used as a launchféeld
Y-splitter. Let’s consider, the launch field hasiatensity
of 1 a.u. The Y-splitter with a separation of 10 ey
tween its arms contains the maximum energy of 0.4
a.u/arm. The lowest energy of 0.465 Aaum was ob-
tained in the case of Y-splitter with 4 um of segtian
between its arms. This shows an energy differerfcq
nearly 3% if Y-splitters are designed wifR between 93—
560 mm as shown in Fg.H(

1.2 T 3
— Simulation 1
lOob— | e Simulation 2
----- Simulation 3
e Simulation 4
0.8 ———- Simulation 5
—— Simulation 6
0.6 k
041 1
0.2F 1
1 1 1 1 1 1 IZ mm
a) 0 1 2 3 4 5 6 7 8
Intensity, a.u.
0.50 "
049E
048
0471
- 0.46 (—— Simulation 1 ———- Simulation 4
B | e Simulation 2 ——=—- Simulation 5
----- Simulation 3 —+—- Simulation 6 | 7 mm
pE 0451 .
by 4.0 4.2 4.4 4.6 4.8 5.0

Fig. 5. Variation of launch power a) 8 mm long Vit
structure with varying distance between two arms rarfgam
2-12 pm b) Magnified image of the power in the pgap@n

length from 4-5 mm

Out of six simulations shown in Fig. 5, we chodse t
best design of the Y-splitter and plotted its mpdzgfile at
the output as shown in Fig.8( The separation between
righe two arms was at 20 pm to avoid any possibl@esra
cence field coupling between two arms. The opfietd at
the output of the matched S-bends and in the subsgq
straight waveguide section is undistorted. As aseen
roguence, the fields at the Y-branch output are kaldras
demonstrated by the horizontal cross-section ofntbee
as shown in Fig. &). Moreover, there is no leakage of the
gnode in the substrate as can be seen in . éhere
mode has an FWHM of 0.1692 um which is nearly equal
to the height of the rib.

D
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Fig. 6. Simulated results of a Y-splitter at 0.638 with a) Mode
profile at the output of Y-splitter b) Horizontabss-section profile
of the mode c) Vertical cross-section of the mode

Conclusion

We proposed the conditions of a single mode
channel waveguide based on %i@nd SiQ dielectric
materials at 0.633 um visible light by optimizinifelr-
ent parameters of the waveguide with the help drBe
Prop software. These dielectric materials have hath
fractive index contrast which makes them an outsta
ing platform for the realization of S-bend and Misers
with the small radii of curvature. Based on thessutts,
many optical elements such as S-bend, Y-splittarkea
realized which can be used for different opticgblaga-
tions. Moreover, the Y-splitter structures are deed
which shows the high degree of optical confinensaarmt
low bend losses at various radii of curvatures. [Braa
dii of curvatures are extremely desirable in instgd
photonics as they permit decreasing the dimendions
can also potentially reduce the power consumption
the active devices.
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