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Phase grating with a connecting layer for reflective

splitter with high efficiency
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A phase grating with a connecting layer is proposed for reflective splitter with high efficiency. A fused-silica layer and a metal
slab are between the grating region and the substrate, which are different from the conventional grating directly etched in
material. The grating parameters are optimized by numerical simulation, including the grating depth and connecting layer
thickness. The reflective beam splitter can have merits of high efficiency and wideband property to some extent, especially

for TE polarization.
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1. Introduction

The phase grating is widely used in various optical
information processing systems [1-5] for the high
efficiency. Moreover, many distinctive properties can be
exhibited with diffractive sizes approaching the incident
wavelength [6,7]. By using the rigorous coupled-wave
analysis (RCWA) [8], the diffractive performance can be
investigated with numerical simulation. Therefore, many
micro-optical elements are designed based on phase
gratings [9-11], including beam splitters, polarizers, and so
on. Such grating-based elements are suitable for
integration with small sizes. Among them, beam splitters
are key devices in laser interferometers. Two-port with
good uniformity can be achieved by the optimized phase
grating.

A reflective diffractive beam splitter has been
reported at an incident wavelength of 1064 nm for TE
polarization [12]. With the optimized grating parameters,
good uniformity can be contributed by both orders at the
operating angles of 27° and 63°. Such a beam splitter can
be used for gravitational wave detectors without thermal
lensing effects. The conventional phase grating is directly
etched in dielectric material by the wet or dry etching. It is
reported that the good performance can be exhibited with
other layers embedded between the grating region and the
substrate [12]. Since the mixed metal dielectric grating has
been presented for high efficiency in the —1st order [13], it
can also be optimized as the reflective beam splitter.

In this paper, the phase grating with a connecting
layer is proposed for the reflective beam splitter. Such a
novel grating is different from the conventional grating
with the grating layer on the substrate. A dielectric layer
and a metal slab are embedded between the grating region
and the substrate. The two-port beam splitter can be
optimized for either TE polarization or TM polarization.
High efficiencies are diffracted for both orders with good
uniformity.

2. Reflective splitter by phase
connecting-layer grating

Fig. 1 shows schematic of phase grating with a
connecting layer for reflective splitter. The phase grating
with period of d is etched in fused silica with grating depth
of hy and refractive index of n,=1.45. There are a
connecting dielectric layer with thickness of h, and a metal
slab of Ag with hy, and refractive index of ns. The beam
splitter can be illuminated by a plane wave with
wavelength of A4 under Littrow mounting at the Bragg
angle of @=sin'(A/(2n,d) from air with the refractive
index of n;=1. For TE or TM polarization, the incident
wave can be divided into the reflective orders with good
uniformity.

Fig. 1. Schematic of phase grating with a connecting
layer for reflective splitter.

The RCWA [8] can be used to study the reflective
efficiency for various grating parameters. The enhanced
transmittance matrix approach is developed by the RCWA
[8]. The grating layer, the connecting layer, and the metal
slab can be divided into a large number of sufficiently thin
slabs. The electromagnetic fields are determined by the
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coupled-wave approach in each slab. And the boundary
conditions can be applied in sequence at the interfaces
among the slabs. The reflected and the transmitted
diffracted field amplitudes and the diffracted efficiencies
can be achieved. The main efficiency equation used is Eq.
(18) of RCWA [8]. Numerical diffraction efficiencies are
calculated by the developed MATLAB software codes in
this paper according to the RCWA.

The connecting layer and metal slab are embedded
between the grating region and the substrate for the novel
grating. The metal slab thickness is 100 nm to reflect the
incident wave while the connecting layer needs to be
optimized. The grating duty cycle is 0.5 and period can be
1100 nm. Fig. 2.shows reflective efficiency’s ratio
between the —1st and the Oth orders versus connecting
layer thickness and grating depth at the infrared
wavelength of 1550 nm for TE or TM polarization. With
grating depth of hy=0.60 zm and covering layer thickness
of h=125 wum for TE polarization, the reflective
efficiencies of 49.19% and 49.09% can be diffracted into
the —1st and the Oth orders, respectively.
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Fig. 2. (Color online) Reflective efficiency’s ratio

between the —1st and the Oth orders versus connecting

layer thickness and grating depth at the infrared

wavelength of 1550 nm: (a) TE polarization, (b) TM
polarization.

Furthermore, for TM polarization, efficiencies
separated into two orders are both 48.64% with good
uniformity for optimized depth of hy=1.50 um and
thickness of h;=0.50 um. As can be seen from the results,
high efficiency can be achieved, especially for TE
polarization.

For practical manufacture, it is necessary to give the
fabrication tolerance for the grating depth. Fig. 3 shows
reflective efficiency versus grating depth for the optimized
grating connecting layer thickness with TE or TM
polarization. One can see that efficiencies more than 45%
can be obtained in the —1st and the Oth orders within the
depth variation 0.55 um<hy<0.77 pm for TE polarization
in Fig. 3 (a). For TM polarization, the beam splitter can
divide the incident wave into two orders with efficiencies
more than 45% within the depth range of 1.40
um<hg<1.66 gm in Fig. 3 (b). Therefore, the good
fabrication tolerance can be exhibited for both TE and TM
polarizations, which be useful for the practical
manufacture of the novel reflective beam splitter grating.
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Fig. 3. (Color online) Reflective efficiency versus grating

depth for the optimized grating connecting layer

thickness: (a) TE polarization with h,=1.25 xm, (b) TM
polarization with h;=0.50 zm.
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3. Operating wavelength and angle

For most beam splitters based on multilayer coatings,
the performance depends on the incident wavelength and
angle. With deviations of the incident wavelength and
angle, the performance can be affected, such as efficiency
and uniformity. It is desirable to present a beam splitter
with relatively wide bandwidth for the incident
wavelength and angle. Fig. 4 shows reflective efficiency
versus incident wavelength for TE polarization with
hg=0.60 x#m and h;=1.25 um and TM polarization with
hyg=1.50 xm and h,=0.50 xm. For TE polarization in Fig. 4
(a), efficiencies more than 45% can be separated into the
—1st and the Oth orders within the incident wavelength
range of 1522-1573 nm. For TM polarization in Fig. 4 (b),
the reflective beam splitter can diffract the incident wave
with efficiencies more than 45% into two orders within the
incident wavelength range of 1517-1571 nm.
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Fig. 4. (Color online) Reflective efficiency versus

incident wavelength for the optimized grating parameters:

(@) TE polarization with hy=0.60 zm and h.=1.25 um,
(b) TM polarization with hy=1.50 zm and h;=0.50 zm.

In the design, the incident wave illuminates the beam

splitter at the Bragg angle. For most conventional beam
splitters, the uniformity can be affected with the variation
of the incident angle. Fig. 5 shows reflective efficiency
versus incident angle for TE polarization with hy=0.60 xm
and h;=1.25 gm and TM polarization with hy=1.50 #m and
h.=0.50 um. For the period of 1100 nm and incident
wavelength of 1550 nm, the Bragg angle is 44.8°. When
the incident angle changes around the Bragg angle for TE
polarization, reflective efficiencies more than 45% can be
exhibited in the —1st and the Oth orders within the incident
angular bandwidth of 39.1-51.1° in Fig. 5 (a). The
efficiency difference between two orders can be calculated
based on the reflective efficiency, which is less than
8.01% within the given range. For TM polarization, the
beam splitter can separate the incident wave into two
orders with efficiencies more than 45% within the incident
angle range of 41.7-48.1° in Fig. 5 (b). Moreover,
efficiency difference less than 7.16% can be shown within
the given range for TM polarization.

100 - - :
——TE(0Oth)
80} , | a TE(-1st)
S
= 60F i
a‘ o 7-%
= & a
'§ 4041“'AAA toaal
5
20t
% 20 45 50 55
Incident angle 91_ (deg.)
(a)
100 - : -
-e- TM(Oth)
8 | , o TM(-1st)
S
g
o °
§ 40t .0 ' 04 .
E ') v ° b ¢
204 -

gS 40 45 50 55
Incident angle 91_ (deg.)
(b)
Fig. 5. (Color online) Reflective efficiency versus incident angle
for the optimized grating parameters: (a) TE polarization with
hy=0.60 xm and h=1.25 xm, (b) TM polarization with hy=1.50
um and h;=0.50 gm
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4. Conclusions

In conclusion, a phase grating with a connecting layer
is presented for reflective splitter with high efficiency. The
grating parameters including the grating depth and
connecting layer thickness are optimized by numerical
simulation. With the optimized results, the reflective
efficiencies of 49.19% and 49.09% can be diffracted into
the —1st and the Oth orders. While for TM polarization,
efficiencies in two orders can be both 48.64%. The
fabrication tolerance for grating depth is given with the
grating duty cycle of 0.5 and period of 1100 nm for the
optimized connecting layer thickness, which is 0.55
4m<hy<0.77 pm for TE polarization and 1.40 xm<h,<1.66
um for TM polarization. For the different operating
wavelength and angle, efficiencies more than 45% can be
diffracted for the given wavelength or angle range, which
can exhibit the wideband property to some extent.
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