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Abstract In this paper, a binary blazed grating-based
polarization independent filter on silicon on insulator (SOI)
under full conical incidence is presented. The properties of
the grating filter are investigated by rigorous coupled-wave
analysis. It’s shown that the filter demonstrates high
reflectivity (R >99%) at its resonant wavelength, which
stays the same under three different polarization states. It
indicates that this grating filter is polarization-independent.
The final data shows its polarization-dependent loss (PDL)
is only 0.04dB and the full width at half maximums
(FWHMs) of the transverse electric (TE-) and transverse
magnetic (TM-) polarized light are 0.24 and 0.46 nm,
respectively.
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1 Introduction

Guided-mode resonance grating filters (GMRGFs) have
attracted more attentions due to their unique advantages
over classical multilayer structures and fiber Bragg grating
filters in a system of dense wavelength demultiplexing
(DWDM) [1]. A GMRGF normally consists of a
waveguide layer and a grating layer, where the incident
light can be coupled into a guided mode. Compared with
the other aforementioned filters, GMRGFs offer the
possibility to achieve a narrow band reflection filter with
arelatively simpler fabrication process [2]. A GMRGF can
be designed under classical incidence or conical incidence
according to the direction of the incidence plane. Much
research work has been done to realize a polarization-
independent grating filter under classical incidence. Hu et
al. have presented a method to design a polarization-

Received October 17, 2011; accepted November 7, 2011

E-mail: zjzhou@pku.edu.cn

independent GMRGF under classical incidence [3]. Wu
et al. have designed a broadband polarization-independent
reflector based on binary blazed grating under classical
incidence as well [4]. For full conical incidence, the
incident wave vector is parallel to the grooves of the
grating. A pair of waveguide modes, which have mirror
symmetry with respect to the incidence plane, can be
excited. Thus it is possible to realize a polarization-
independent grating filter [5]. This characteristic enables
this device to be applied in the field where the polarization
state is unknown or unstable [6]. Based on the principle,
Lacour et al. have designed a polarization-independent
grating filter under both classical and full conical incidence
based on uniform grating structure [7]. Niederer et al. have
designed a polarization-independent tunable filter under
full conical incidence using uniform grating structure as
well [6]. In this paper, we propose a polarization-
independent grating filter under full conical incidence
based on binary blazed grating with a characteristic of
narrow width and very high reflectivity at the resonant
wavelength.

2 Theoretical model

Figure 1 shows the coordinate system for a grating in a
conical mounting. A linearly polarized electromagnetic
plane wave is obliquely incident on a binary blazed
grating. 6 is the angle of incidence, and a is called conical
angle, when a = 90°, which means that the incident wave
vector is in the (xOz) plane, it’s so-called full conical
incidence. ¢ is the angular deviation of the principle
electric field direction away from transverse electric (TE)
towards transverse magnetic (TM), ¢ = 0° for pure TE, and
@ = 90° for pure TM.

Under full conical incidence, the incident wave vector
has a non-zero component along the grooves direction. The
effective indices of the guided-modes depend only on the
optical indices of each layers, and the depths of the grating
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and the waveguide, but not on the incident wave. When a
guide mode is excited, its wave vector has two compo-
nents: the x direction of the mode is linked to the y
component of the incident wave vector and the y
direction of the mode to the periodicity of the grating.
The direction of the incident wave and the guide-modes
are never in the same plane. Actually, as shown in Fig. 2,
the x component of the guided-wave vector is identical
to the same component of the incident wave vector, and
its y component is related to the periodicity of the
grating [8].
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Fig. 2 Full conical incidence for resonant excitation of two
identical guided-modes

Let us denote by kgiuided, two guided-modes propagating

vectors. k;lided and kgy;geq are such that,
@9,
+
kguided = :I:ni , (1)
T
0,
where o, = —sinfcosp, n is taken equal to +1 to have

only the specular order, and 7' is the grating period. Since
k;]ided and Kkgyigeq have the same modulus, the two modes
are necessary identical. Hence they correspond to the same
TE or TM mode. Two TE modes are to be excited, and then

we have to satisfy [9],

2 2% 2
% + (n?> = PrE- 2)

And if we want to excite two TM modes, we have the
same relation replacing ftg by fmvm- In order to excite the
guide-modes, the incident electric field should at least have
one of these components. The only case, where this
condition is not fulfilled, is the angle of incidence . So in
practical cases, the two guided modes are excited
simultaneously. Nevertheless, the incident electric filed
can be orthogonal to the electric field of one of the guided-
modes. Then this guided-mode is not excited, and the
resonance effect proceeds from the excitation of the other
mode.

3 Structural design

Proposed structure has a multilayer configuration, and a
thin grating layer is etched on the top silicon waveguide of
a silicon on insulator (SOI) wafer [10]. Figure 3 shows the
scheme of a SOI-based polarization-independent filter
using binary blazed grating. The binary blazed grating
consists of subwavelength grooves with uniform heights,
which can be fabricated by only one etching step. It can be
seen from Fig. 3, this gating has three subperiods in the
period T of this grating, and f}, f, f5 are the corresponding
fill factors of each subperiod, which is defined as the ratio
of groove width to grating subperiod. #, and ¢, are the
depth of the grating layer and waveguide layer, respec-
tively. Rigorous coupled-wave analysis (RCWA) [11-13]
is adopted to calculate the reflectivity of this grating filter.
All the optimized parameters of this grating are given in
Table 1.
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Fig. 3 Scheme of SOl-based polarization-independent filter
using binary blazed grating

During the process of optimizing this grating filter, the
fill factors of this binary blazed grating are used to displace
the position of the two guided-mode resonances, which
means we have to choose proper fill factors and have a
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Table 1 Optimized parameters of grating filter
N b 5 0/(°) al(®) T/nm t/nm t/nm
0.432 0.735 0.874 45 90 700 70 250

precise control on them to make the two resonant
wavelengths place at the same position. The bandwidth
of the filter can be adjusted by proper choice of the grating
depth. Because of the characteristics of the binary blazed
grating and the large refractive index difference among
materials, we can obtain high reflectivity at the resonant
wavelength.

We have optimized the grating filter by adjusting those
important parameters in order to get a polarization-
independent narrow filter. Table 1 shows the optimized
parameters of this grating filter.

In many optical systems, insertion loss (IL) and
polarization-dependent loss (PDL) are used to quantify
the performance of devices. To follow this, we define the
IL as

ILrx = —10logRx(dB), 3)

where Rrx is the reflectivity of either TE or TM
polarization.

PDL is the maximum difference of IL between
orthogonal polarization states, which is determined by [14]

We have investigated the PDL curves under different
grating periods and grating depths. As shown in Fig. 4,
PDL is the lowest (0.04 dB) when grating period 7 =
700 nm and grating depth 7, = 70 nm, where this filter has
the maximal polarization independence. So we can design
a polarization-independent grating filter using those
optimized parameters in Table 1 and get the corresponding
spectral reflectivity as well.

Figure 5 shows the spectral reflectivity of the grating
filter when the angle of incidence 8 = 45° and the conical
angle o = 90°. In order to demonstrate its polarization
independence, the spectral reflectivity of the filter is
obtained by adjusting three different polarization angles ¢
(0°, 45° and 90°). It can be seen from Fig. 5 that all the
three reflection curves are very symmetric and have very
narrow bandwidths and high reflectivity (R > 99%) at the
resonant wavelength, indicating that an excellent filter is
realized, and more importantly, they all have the same
resonant wavelength (1549.5 nm) under three different
polarization states, from which we can deduce this grating
filter is polarization-independent in this case.

4 Conclusions

We have designed a binary blazed grating-based polariza-
tion-independent narrow grating filter on SOI under
full conical incidence and given a theoretical model
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Fig. 4 PDL curves under different grating periods and depths. (a)
As a function of grating period. All other parameters are the same
as those in Table 1; (b) as a function of grating depth. All other
parameters are the same as those in Table 1

of designing this kind of device. We have also considered
about the impact of grating period and depth on PDL
in order to make sure of the optimized parameters.
Spectral reflectivity of this grating filter has been
investigated under three different polarization states and
this optimized filter shows polarization-independence with
high reflectivity (R > 99%) at the resonant wavelength and
comparatively narrow bandwidths. These characteristics
make the filter very attractive to be applied in fiber-based
long-haul communication and computer communication
systems.
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Fig. 5 Spectral reflectivity of the filter based on binary blazed
grating
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