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Packaged connecting-slab grating under the second
Bragg incidence for three-port splitting
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The three-port grating with a connecting slab under the second Bragg incidence is introduced in this paper. In order to
improve bandwidth, in the case of a given duty cycle of 0.6, grating structure is described so that the three grating diffraction
orders are with efficiencies over 30%, where bandwidths are 91 nm and 24 nm for TE and TM polarizations, respectively. For
the optimized optimal solution, we can use the modal method to explain the physical process of grating diffraction.
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1. Introduction

The polarization-dependent microstructures [1-4] can
be used as elements. And beam splitters [5-8] are
presented in order to achieve efficient transmission
efficiency and good beam splitting effect. The beam
splitter divides the incident light into several directions
[9-13]. Micro-gratings have been proposed for various
applications in optical systems [14-20]. Under the second
Bragg incidence, grating energy is mainly divided into the
-2nd order and the -1st order and the Oth order. The
efficiency of the three diffraction orders is close to 33%
and three-port gratings are widely used in interferometers
[21,22] and holographic applications [23]. Li et al. [24]
designed the fused-silica sandwiched three-port grating.
Compared with the Ref. [24], our designed gratings have
lower overall efficiency owing to energy loss, but we can
see that the bandwidth optimization result is better than
that in the reported Ref. [24].

The research method of the three-port grating is
rigorous coupled-wave analysis (RCWA) method [25] and
modal method [26]. We analyze the incident light, the
mode of propagation and diffraction orders by modal
method, revealing the physical process of grating
diffraction. And the method of grating diffraction can
guide the design of deep-etched gratings. In addition to
this design, in order to meet the requirements of cleaning
and protecting the device in practical applications, a
covering layer is added. This design adds a covering layer,
which not only enriches the type of three-port beam
splitter, but also increases the period and bandwidth
tolerance of the grating.

In this paper, a three-port grating beam splitter with a
connecting slab under the second Bragg incidence is
designed. The grating structure includes a covering layer, a
grating layer with a connecting slab, and a substrate. By
using the RCWA method, we get the optimized parameters
of the grating beam splitter. For TE-polarized light, the
efficiencies in the Oth order, -1st order and the -2nd order
can reach 32.58%, 32.45% and 32.49%. For TM-polarized
light, the efficiencies of three orders are 31.28%, 31.01%
and 31.60%. And the bandwidth is better than the previous
result.

2. Modal analysis and numerical design

Fig. 1 depicts the three-port grating beam splitter with
a connecting slab under the second Bragg incidence, from
the top to the bottom of the grating, the grating is divided
into a covering layer, a grating layer, and a substrate layer.
The first part has a refractive index of n,=1.45, and the
second part is a grating ridge and a connecting slab, and
the material is fused silica. Fused silica has high
transmission efficiency [27-29] and can work under high
intensity laser conditions [30-32]. The grating groove
medium is air with a refractive index n;=1.0. The duty
cycle is a fixed value, and we set it to 0.6. The third part is
the grating substrate made of Ta,Os with ng=2.0. In
addition, the grating period can be expressed as dg under
TE-polarized light and dry under TM-polarization.
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Fig. 1. (Color online) Structure diagram of fused-silica
grating with a connecting slab under the second Bragg
angle

N3

For this grating structure, we design d+g=1060 nm and

drm=1137 nm. The depth of the grating groove can be
expressed as hgrg of TE-polarization or hgpy of

TM-polarized light. Symbol h.ry or here can represent the
thickness of the connecting slab. A is equivalent to 800 nm
wavelength. The angle of incidence is #=sin*(An,d). In
this case, the grating period of d is in the range of A-2A ,
and three diffraction orders are excited and generated on
the grating substrate. Fig. 2 shows the relationship of three
diffraction efficiency ratios with depth hy; and the
connection layer thickness h. at a wavelength of 800 nm
under the second Bragg incidence. As can be seen from
Fig. 2, the ratio of the -1st order to the Oth order efficiency
is 0.996, and the ratio of the -2nd to -1st order is 1.001 in
the case of drg=1060 nm, hgrg=0.87 um and herg=0.16 pm.
The efficiency is 32.58%, 32.45% and 32.49%. At a 1137
nm period of TM polarization, grating groove depth is 1.25
pum and connecting slab thickness is 2.30 um. The
efficiency ratio of the -1st order to the Oth order is near
0.9912, the ratio of the -2nd to -1st order is 1.019, and the
TM polarization efficiency is 31.28%, 31.01% and 31.60%.
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Fig. 2. (Color online) Diffraction efficiency 5 ratios of the -1st order to the Oth order and the -2nd order to the -1st order versus
the grating groove depth and the depth of connection layer: (a) efficiency § ratio of the -1st order and the Oth order for TE
polarization, (b) efficiency & ratio of the -2nd order and the -1st order for TE polarization, (c) efficiency & ratio of the -1st order
and the Oth order for TM polarization, (d) efficiency § ratio of the -2nd order and the -1st order for TM polarization
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Table 1. Coupling overlap integration between three

grating modes and three diffraction orders of an

optimized grating parameter at an incident wavelength of
800 nm: (a) TE polarization and (b) TM polarization

Mode —» -2nd -1st Oth
Orders

(@

Modes 0 0.10358 0.79240 0.10358
Modes 1 0.48069 0 0.48069
Modes 2 0.37669 0.19492 0.37669
(b)

Modes 0 0.15541 0.68439 0.15541
Modes 1 0.44847 0 0.44847
Modes 2 0.36194 0.18984 0.36194

For diffraction behavior of TE-polarized light and
TM-polarized light with an incident wavelength of 800 nm
and a duty cycle of 0.6, the effective refractive index
values of the three diffraction orders are respectively:

Noer =1.3810,nj5, =1.1323,n;5, =0.9048,
Now: =1.3653,n % =1.0941,n,%, = 0.9661.

Based on the optimized grating parameters, we use the
modal method to explain the diffraction phenomenon of
the grating under the quadratic Bragg incidence. We ignore
the reflection of the grating mode at different media
interfaces, only considering modes [33,34] in which the
light is excited when it enters the grating. Energies are
transmitted during coupling [35]. Considering the energy
coupling exchange between the grating mode and the
diffraction order, the energy exchange capability can be
proposed by the Table 1. The incident light excites three
modes, which can get energies from the incident wave.
Then, each mode will couple the energy into diffracted
three orders by the overlap integration. Finally,
transmission efficiencies are formed based on the
coupling.

3. Results and discussion

In practical applications, the grating period may be
deviated in the etching process. Fig. 3 considers the
relationship between diffraction efficiency and the grating
period. As shown in Fig. 3, TE polarization has a
diffraction order efficiency greater than 30%, when the

grating period tolerance range is 1007-1094 nm. In
addition, for TM polarization light, efficiencies in the three
orders are more than 30%, when the period tolerance is
within the range of 1112-1151 nm. The grating has a large
tolerance of period under TE polarization.
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Fig. 3. (Color online) Diffraction efficiency versus the
period for a wavelength of 800 nm under second Bragg
angle: (a) TE polarization, (b) TM polarization

When the incident condition deviates from the
optimized result, the performance is affected. Therefore, it
is necessary to study the influence of the manufacturing
tolerance of the variation of the incident wavelength and
angle on the diffraction efficiency. Fig. 4 analyzes the
change of grating efficiency in the wavelength range from
740 nm to 860 nm. As shown in Fig. 4, three diffraction
orders efficiency of TE polarization are greater than 30%,
when the wavelength range is 764-855 nm. The incident
bandwidth is 91 nm for TE polarization. For comparison,
83 nm bandwidth is exhibited in Ref. [24]. In addition, for
TM polarization light, efficiencies in the three orders are
more than 30%, when the length of the incident light is
within the range of 793-817 nm. The grating has a
bandwidth of 24 nm for TM polarization. In Ref. [24], the
bandwidth is 22 nm.
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Fig. 4. (Color online) The efficiency corresponding to the
incident wavelength for (a) TE polarization and (b) T™M
polarization

The incident angle bandwidth is also one of the
parameters affecting the grating beam splitting structure.
Fig. 5 reflects the relationship between the transmission
efficiency of three orders and the incident angle of
incident light. The abscissa is the incident angle and the
ordinate is the transmission efficiency of each order.
Efficiency is greater than 30% in the range of 28.3° -36.7°
for TE polarized light. The angular bandwidth is 8.4°
Efficiency is greater than 30% in the incident angle
bandwidth range of 28.1°-30.1° for TM polarized light.
The angular bandwidth is 2.0°. TE polarized wave has a
large incident angle bandwidth.
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Fig. 5. (Color online) The diffraction efficiency
corresponding to the incident angle near second Bragg
condition: (a) TE polarization, (b) TM polarization

4, Conclusion

In this paper, we introduce a transmissive packaged
three-channel grating beam splitter with a connection layer.
This grating beam splitter is different from the previous
literature in adding a connecting layer. To achieve a good
beam splitting effect and increase the bandwidth, for TE
polarized light, the diffraction efficiencies of the Oth, -1st
and -2nd orders are 32.58%, 32.45% and 32.49%. For TM
polarized light, the diffraction efficiencies of the
diffraction wave of the Oth, -1st and -2nd orders are
31.28%, 31.01% and 31.6%. Based on the formation of the
structural parameters, the incident wavelength and the
incident angle bandwidths of the grating are analyzed. The
results show that the wavelength bandwidth of the incident
light of the TE polarization is better than the bandwidth of
the incident light of the TM polarization in terms of the
incident bandwidth.
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