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Design and Optimization of Wide-band Filter Based on Guided Mode
Resonant Grating
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Abstract; A kind of wide-band filter based on guided mode resonance effect was proposed. According to
the theory of Rayleigh anomalies. the existence of the phenomenon was proved to have the influence to
broaden the bandwidth through calculating the position of the Rayleigh wavelength. The spectrums under
the conditions of different structural parameters and materials were obtained based on rigious coulped-
wave analysis method. The impact of the parameters on transmittance efficiency and bandwidth could be
clearly observed and concluded from the theoretical results. The parameters were chosen as the optimum
values for obtaining the best trasmission peak and bandwidth. The center wavelength of the transmission
spectrum is 632. 8 nm, the peak transmission efficiency is nearly 90% and the bandwidth is 95 nm
according to the calculation result. This kind of device has potential prospect in the application of display
and image.
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0 Introduction
Guided Mode ( GMR) has

attracted wide focus for its advantages of flexibility for
the
The applications of filters based on guided

Resonance effect

designing and sensitivity for filtering wave

band™ .
mode resonant gratings contain biosensing, imaging,
551 Wide-band filters are
generally utilized to be applied in the areas of infrared
71 Yeo-Tack
Yoon proposed a color filter based on a sub-wavelength

signal processing and so on
therapy apparatus and color filtering

patterned grating in poly silicon and realized on a quartz
substrate”’.  The Full Width at
(FWHM) of the structure can reach 90nm, but its
Peak Transmission Efficiency (PTE) is only 40%. Yan
Ye presented filters whose FWHMs are over 100nm
and PTE is just ~75%"®* . Hong-Shik Lee introduced

a structure with an index matching overlay that led to

Half-Maximum

an increase of ~15% for the transmission efficiency
and helped combine double bands into a single dominant
band as well™"’,

The discovery of enhanced transmission through
using a metallic film perforated with a sub-wavelength
array gave many researchers an original idea to
investigate the periodic structures and their potential
otz Lochbihler
exhibiting
13]

applications Hans presented a

structure with wire gratings enhanced

transmission for TE polarized light""”’ and colored
images generated by adding metallic sub-wavelength
gratings™*.

In this paper, we introduced a filter based on
GMR grating, whose FWHM is about 95nm, PTE is
~90% and its center of filtering band is 632. 8nm. The
structure parameters are discussed and optimized
through comparing the transmission spectrums under
the conditions that structural parameters are set as
different values. Therefore, the relationship between
and transmittances can be

structural parameters

summarized and the best value can be decided.

1 Structure design

For obtaining a wide-band filter in visible spectrum
region, a dielectric guided-mode resonant grating is
We

numerically analyzed the spectrums under the sub-

utilized to be integrated with a metal wire.

wavelength grating without and coated with different
metal wires by using the Rigorous Coupled-Wave
Analysis (RCWA) method™" . RCWA is a relatively
straightforward technique that can be used to obtain
exact solutions of Maxwell' s equations for
electromagnetic diffraction. Under normal incidence of
TE polarization, the transmitted diffraction efficiency

D, can be expressed as

D, =TT/ Re(@)
kg
where b, = 2n/A,. ky.. is the vector component of the
ith transmitted wave in the z-axis direction. T, and T
are the normalized electric-field amplitude of the

forward diffracted ( transmitted ) wave and its
conjugation, respectively.

1.1 GMR grating structure

The structure showed in Fig. 1 is a schematic of
basic GMR grating structure, which is composed of a
substrate layer, a dielectric grating layer and an overlay
layer. The structural parameters of the device are
denoted as T for the grating period and f for the
dielectric grating duty cycle. The height of the overlay
layer and the dielectric grating layer are denoted as h,
and h,, respectively. The refractive indices for the
substrate, dielectric grating and the overlay are denoted
as n,, n; and n,. Here f=0.39, T=408 nm, h, =95
nm, h, =235 nm, n,=1.5, n, =2.4, n,=1.49. The
features of spectrum are the fairly narrow FWHM and
the high peak efficiency of nearly 100%. Fig. 2. shows
the numerical results under the condition of TE
polarization, the transmittance intensity reaches 100 %
at 659.7 nm the corresponding FWHM is

approximately 76. 5 nm.

and

hy
n,

n,

/1

Fig. 1 Profile of the simple structure

Reflectance

500

600 700
Wavelength/nm

800 900

Fig. 2 Reflection efficiency of the simple structure

We should notice that there is another sharp peak
at 612 nm and the efficiency is about 81. 9%, which is
the wavelength.  This
caused by Wood - Rayleigh

located  beside resonant

phenomenon is

0423002~ 2



LI Ye, et al:Design and Optimization of Wide-band Filter Based on Guided Mode Resonant Grating

anomalies" ™", When it appears, the relationship
between the Rayleigh wavelength Ay and the Rayleigh
incident angle 0 can be obtained through the condition
of phase matching

_ T (n.sin g £n.)

1

AR

where T is the grating period, i is the diffraction
order, n, is the refractive index of the cover layer and
n, is the refractive index of the substrate layer. In this
case, i=1.

It must be pointed out that Rayleigh anomalies
exist in all the cases when we analyze the structures
and the structural parameters. Furthermore, we utilize
the existence of the anomalies to broaden the filtering
spectrum of the device.

1.2 Addition of metal wire grating

On the foundation of the simple structure of GMR
grating, we present the device with a wire grating as
illustrated in Fig. 3. If a dielectric grating with a
rectangular groove profile is evaporated with metal
under a non-normal angle (non-conical case), a non-
adjacent film will be deposited on the grating. It will
form a wire grating with “Z” shaped wire on the
dielectric grating and the substrate. The material of the

wire grating should be discussed before we optimize the

parameters.
hy
h, n,
h, n
ST ded,

ng

Fig. 3 Profile of the proposed structure

For this structure, the height of the overlay layer,
the metal wire grating and the dielectric grating are A, ,
h, and h;, respectively. The grating period is T, the
dielectric grating duty cycle is f, the refractive indices
of the substrate is n,=1.5, the dielectric grating is n,
and the overlay is n,. Other parameters are donated as:
the width and refractive index of the wire grating are d,
and n,..» and the defined length is d,. We choose Ag,
Al and Cu as the materials of metal wire grating,
whose dispersion information was derived from the
Lorentz - Drude model™’.

The addition of metal gratings makes the band-
pass reflectance turn into transmittance. The
transmittance spectrums were calculated by using the
RCWA method and the results are showed in Fig. 4.

The accurate structural parameters are set as: f =

0.39, h, =25nm, h,=70 nm, h, =235 nm, n, =2. 4,
n,=1.49, T=408 nm, d, =36.7 nm, d, =102 nm.
For Ag, PTE is nearly 90% at 632. 8 nm and its
FWHM is 95 nm. Correspondingly, PTE is 84. 95% at
635.1 nm and 63. 65% at 618. 4 nm, FWHM is 96. 6
nm and 85. 8 nm for Cu and Al respectively. The
FWHM values of Cu and Ag are very close, and
FWHMs of all the three materials exceed 80 nm,
which are wider than the simple GMR grating
structure. On the other hand, both PTEs of Ag and Cu
are about 20% better than that of Al, and Ag has the

best performance in transmission efficiency.

1.0
08 ——Ag
° —— Al
(5] —a—C
g 06} !
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Fig. 4 Transmission efficiencies under different materials

of metal wire gratings

2 Structural parameters discussion
and optimization

To get the perfect filtering performance, the
transmission efficiency should be as high as possible,
and the FWHM should be wide enough to meet
requirements of wide-band filter in the selected range.
Furthermore, we will discuss and improve the grating
parameters to finish the optimization of the device in
the following paragraphs under the condition of keeping
the transmission efficiency of sideband lower than
10%. The material of metal wire grating is set as Ag
for obtaining the best performances.

2.1 Index of dielectric grating n,

To get the best value of n;, we analyze the
spectral transmittance with n, changing from 2.0 to
2.8 with the step of 0. 1. The structural parameters
are f=0.39, hy =25 nm, h, =70 nm, h, =235 nm,
n,=1.49, T=408 nm, d, =36.7 nm, d, =102 nm,
Fig. 5 shows that PTE can reach 89.79% at 632. 8nm
when n, is 2. 4, which is the highest of the 10
calculated results. At the same time we also notice that
the FWHM is in direct proportion to n;. It can reach
117nm for FWHM when we choose 2. 8 as the
refractive index of dielectric grating, however, PTE is
only 68. 8% under the same condition. So n, is chosen

as 2.4 to be the standard value when discussing other
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parameters.
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Fig.5 Transmission efficiencies with different values of n;
2.2 Duty cycle f

The dielectric grating duty cycle f is discussed for
getting the best performance of transmission efficiency.
We analyze the transmission characteristics by varying
f from 0. 35 to 0. 43 with the step of 0. 01. The values
of structural parameters are shown as: h;, =25 nm,
h,=70 nm, h, =235 nm, n,=2.4, n,=1.49, T=
408 nm, d,=36.7 nm, d,=102 nm. Fig. 6 shows that
PTE gets the highest when f is 0. 38,

meanwhile, the transmittance of boundary band is over

point

10% , which can not meet the demand for the limiting
condition of wide-band filter. Consequently we choose
0. 39 for the further discussion, whose peak efficiency
can reach nearly 90% and transmittance is only 10% at
900 nm.

1.0

0.8

0.6

0.4

Transmittance

0.2

700
Wavelength/nm

Fig. 6
2.3 Height of wire grating h,

Transmission efficiencies with different values of f

In order to discuss the impact of the height of wire
grating h, on the spectra, the value of h, is varied in the
range between 30nm and 110 nm with the step of
10nm. The other structural parameters are set as: f=
0.39, h,=25 nm, h; =235 nm, n,=2.4, n,=1.49,
T= 408 nm, d, = 36. 7nm, d, = 102 nm. The
transmittance spectra are gathered in Fig. 7, which
shows the variation trend of peak transmittance with
the height A, changing. It can be concluded that the top
peak appears when the height is set as 70nm, and the

transmittances under other heights are lower than the

top efficiency to different extents.

1.0
—3
0.8 |- 50
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g —— 90
§ o4 — 100
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o R
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Fig. 7 Transmission efficiencies with different values of h;,
2.4 Height of dielectric grating h;
For the

characteristics, we compute the spectrum by setting

getting wanted transmission
the height of dielectric grating h; from 195 nm to
275 nm with the step of 10 nm. The specific values of
structural parameters are f=20.39, h, =25 nm, h, =
70 nm, n, = 2. 4, n, = 1.49, T =408 nm., d, =
36.7 nm, d, =102 nm. It can be noted from Fig. 8 that
all of the boundary transmission efficiencies are higher
than 10% except the condition of h; being 235nm.
the FWHDMs

requirements of wide-band filters, we choose 235 nm as

Synthesizing peak efficiencies, and

the height of dielectric grating.

1.0
—— 195
0g|l ——205
—— 215
g —— 225
g 06F ——235
E —— 245
2 —— 255
4+t
E0 —— 265
—— 274
0.2

Wavelength/nm

Fig. 8 Transmission efficiencies with different values of h;
2.5 Width of wire grating d,

The width of Ag wire grating d, is changed from
20. 3 nm to 53. 1 nm with a step of 4. 1 nm
(approximately 0. 01 of T) to get a perfect performance
of transmittance spectrum. The values of other
parameters are f=0.39, h, =25 nm, h, =70 nm, h, =
235 nm, n, = 2.4, n, = 1.49, T = 408 nm, d, =
102 nm. It can be concluded from Fig. 9 that the
efficiency is inversely proportional to d, in the chosen
wavelength region, and it is over 10% at 900nm when
d, is below 36 nm. Therefore, we choose 36. 7 nm as

the width of wire grating, whose peak efficiency is

0423002~ 4



LI Ye, et al:Design and Optimization of Wide-band Filter Based on Guided Mode Resonant Grating

nearly 90% and transmission intensity is approximately
10% at 900 nm.
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Fig. 9 Transmission efficiencies with different values of d,
2.6 Defined length d,

To get perfect transmission characteristics, we
analyze the spectrums under the defined length d,
varying from 85.6 nm to 118.4 nm with the step of
4.1 nm (approximately 0. 01 of T). The values of
structural parameters are f=0.39, h; =25 nm, h, =
70 nm, h, =235 nm, n,=2.4, n,=1.49, T=408 nm,
d, = 36. 7 nm. Fig. 10 shows that the transmission
efficiency is proportional to d, in the left part of
spectrum approximately, meanwhile, PTEs are very
close when d, is over 100nm. So we choose 102 nm as
the value of d, for catering to the wide-band filter,

whose transmittance of left boundary band is below

10%.
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Fig. 10 Transmission efficiencies with different values of d,

3 Conclusion

In this article, we presented a wide-band filter in
the visible range based on GMR device with a metal
wire grating. Transmission spectrum can be obtained
with this structure, which is different from reflection
spectrum of the GMR device without the metal wire
grating. Furthermore, it causes that the FWHM
increases ~ 10nm and the peak efficiency is nearly
90% , meanwhile, the resonant wavelength moves over

30nm in the short wave direction. The existence of

Rayleigh anomaly furtherly broaden the bandwidth of
the peaks.

According to the discussion and optimization of
structural parameters, the impacts of refractive index
of dielectric grating (n;), heights of wire grating (h,)
and dielectric grating (h;) are obviously stronger than
other analyzed parameters. The influences on
transmissions which three indexes caused should be
precisely controlled when fabricating this kind of
structure. Researchers can set the values of structure

flexibly

requirements such as the filtering band or the resonant

parameters catering to their specific

wavelength.
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