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A new technology for fabrication of silica on silicon arrayed waveguide grating (AWG) based on deep

etching and thermal oxidation is presented. Using this method, a silicon layer is remained at the side of waveguide.

The stress distribution and effective refractive index of waveguide fabricated by this approach are calculated using

finite element and finite difference beam propagation method. respectively. The results of these studies indicate that

the stress of silica on silicon optical waveguide can be matched in parallel and vertical direction and AWG polariza—

tion dependent wavelength (PDA) can be reduced effectively due to side-silicon layer.
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1 Introduction

With the rapid increase of channel counts in
dense wavelength division multiplexing (DWDM)
systems, integrated arrayed waveguide grating
(AWG) devices, especially low loss and high cou-
pling efficiency silica on silicon AWGs, are attrac—
tive and essential components for various applica—
tions requiring wavelength multiplexing/demulti—
plexing functions. But a problem remains with its
PDA. It is thought to result from the use of silicon
substrate, which upon cooling after the sintering or
annealing of the glass layer strains the glass layer
because of its different expansion coefficient. T his
PDA must be reduced substantiallv before silica on

silicon AWG is practically introduced. Several ap-

proaches have been reported for eliminating the
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PDA'""*. This paper describes a new method for
fabricating low PDA silica-based AWG. Stresses of
silica waveguide with a side-silicon layer are exam-
ined using finite element method (FEM). At the
same time, the effective refractive index are caleu-
lated wusing finite different
method( FD-BPM) . After optimizing the width and

depth of side-silicon layer, a polarization insensitive

beam propagation

AWG is designed, and output spectra is simulated

using single transmission function.

2 Methods for fabrication

The process flow of fabrication for a buried
silica on silicon AWG under study is shown in
Fig. 1. The first step is to etch silicon wafer direct-
ly using reactive ion etching( RIE) to form AWG

layout, where space of waveguide 22. 8um in order
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to get sidecladding with 15um thickness using ther—
mal oxidation and leave core with 6um width, the
gap between two waveguides and the depth are not
less than 36pm and 30pm, respectively, further—
more, these values should be optimized. Follow ing
that the silicon wafer is oxidized for thirty days un-
der the hydrosphere atmosphere at 1050°C. The ob—
tained SiO:2 layer thickness is about 15um, which is
used as undercladding and sidecladding, and a sili-
con layer is left at the side of waveguide, here we
name it as side-silicon layer. The third step is to
deposit two successive glass particle layers using
flame hydrolysis deposition ( FHD) or PECVD
which form the core with 6um thickness and over—
cladding with 15um thickness. Finally, the sub-
strate with these two porous glass layers is heated
to about 1000°C for consolidation or annealing. Us—
ing this new method, side-silicon layer with higher
thermal expansive coefficient can be remained be—
tween two waveguides, which the width and depth

are marked w and d in Fig. 1, respectively.

(a) Photolithogrnphy&RIE

(b) Oxidation 3

ﬁ

() FHD&Consolidation

Fig. I Fabrication process of silica on silicon AWG

3 Calculation results and discussion
Figure 2 shows calculated stress distribution

of one waveguide of AWG in parallel and perpen—

dicular to the wafer surface using FEM''. The

Stress/10" Pa

Stress/10" Pa

Fig. 2 Stress distribution in parallel and perpendicular

to the wafer surface (a) Parallel to the wafer surface
with w= 0:(b) Perpendicular to the wafer surface with
w= 0:(c) Parallel to the wafer surface with w= 10pm,
d= 36pm: (d) Perpendicular to the wafer surface with
w= 10pm, d= 36um

thermal expansion coefficient, Poisson’s ratio, and

Young’s modulus used in FEM are specified for all
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elements in Table 1
to be mechanically isotropic. Figures 2(a) and (b)
are without side-silicon layer, while Figures 2(¢)
and (d) are with side-silicon layer with the width
10um and depth 36um, respectively. When without
side-silicon layer, in parallel to the wafer surface
one finds the expected compressive stress is result—
ed from the higher thermal expansion of the silicon
substrate, while in perpendicular to the wafer sur—
face one finds the core is suffered from expansive
stress and the cladding is almost not so, which re-
sults in higher stress difference between parallel
and perpendicular to the wafer. But compared to
Figs. 2(a) and (b). Figures 2(¢) and (d) show that
not only in parallel, but also perpendicular to the
wafer surface, the waveguide is also suffered signif-
icant compressive stress due to the existence of
high thermal expansive coefficient side-silicon lay-
er, which means that the stresses in parallel and
perpendicular to the wafer can be matched each

other, resulting in very low birefringence.

Table 1  Mechanical data used in the strain calcula—
tions: Young’s modulus ( E). Poisson’s ratio (v). and
thermal expansion coefficient (o) for Si, SiO2 cladding

all(i core

Si 5102 cladding Si02 core
E/10°Pa 131 65 70
v 0.28 0.17 0.2
/107 °K"! 3.6 0.5 1.2

Based on above calculated stress distribution,
the changes in refractive index for triaxial stresses

are

Any= ne— n=- B - Bi(oy+ o) (1)
(2)
where the stress optical coefficients are B =
4.2X 10" "Pa and B2= 6.5X 10" "Pa'". Refractive

index n= 1. 444, refractive index difference between

Any, = ny— n=- B, - Bi(o. + o)

core and cladding is 0.75%. The propagation con—
stant is calculated based on the refractive index
output from stress analysis by full-vector alternat-
ing direction implicit (ADI) iterative method'”.

Then birefringence index B is deduced: B = (Bru

- Bre) ko .

Birefringence index for different w and d of
side-silicon layer is shown in Fig. 3. The results in—
dicate that the waveguide birefringence depends on
w and d. For given w, the birefringence index de—
creases sharper at d< 36um than at d> 36um. For
given d, more width side-silicon layer helps to re-
duce the birefringence. The result means that by
optimizing w and d, birefringence index can be low -
ered to 1.0X 10" ",

221

Birefringence index/10*
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Fig. 3

Calculated birefringence as a function of w

and d

Based on above analysis, low PDA silica AWG
is designed'"'. Considered the size of AWG device
and difficulty in deep etching,w and d are specified
as 10pm and 36um, respectively, so the gap be-
tween two waveguides is 46um. The correspondent
parameters for 16 channels AWG are given in
Table 2. The total area is 6cm X 4. 5¢m, the output
spectra simulated using single transmission func-
tion near center wavelength 1.3525um for TE and
TM mode is shown in Fig. 4. The result indicates
that PDAis about 0. 07nm, which meets the demand
of low PDA AWG.

Table 2 Parameters for designed 16 channels AWG

R/ um AL/um | Na

ns 1 e | fig m
1. 450156(TE)
1.452397 1. 456263 |120|24105. 104 | 128. 469 (100
1. 450235(TM)

Rey Mey s oy Ry AL, and Na are elfective reflractive index of slab
waveguide, effective refractive index of channel waveguide. group in—
(IHK rﬂ]' fiey []irr]'il"li(}ll tlr(lt*r. fﬂ('.'\l] ]P]lglh ﬂr H]ﬁl} “'il\"‘glli(l!‘. IPllgIh
difference of adjacent arrayed waveguide, and number of arrayed

waveguides, respectively.
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Fig. 4 Output spectra at Ao for designed AWG
4 Conclusion [5]
We have presented a novel technology for fab-
ricating buried silica AWG based on deep etching
and thermal oxidation, which a silicon layer be- L6]
tween waveguides is remained. Numerical analysis (7]
indicates that stresses of this kind of waveguide in
parallel and perpendicular to wafer direction can be
e . _ [8]
matched and low birefringence can be obtained by
optimizing width and depth of side-silicon layer. [9]
Using this process, PDA of designed AWG with 16
channels is only 0. 07nm.
[10]
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