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a  b  s  t  r  a  c  t

A  five-layer  grating  structure  is  designed  to  generate  polarization-independent  filter  in  the  telecom  band.
It  is  demonstrated  theoretically  that  in  the  five-layer  grating  structure,  by  adjusting  the  thickness  of  the
interlayer  sandwiched  between  two dielectric  layers  with  high  permittivity,  the  resonance  wavelengths
eywords:
uide-mode resonance (GMR)
olarization-independent

of  transverse  magnetic  (TM)-  and  transverse  electric  (TE)-polarized  light  can locate  at  the  same  wave-
length  with  the  same  guide-mode  resonance  structure  parameters  and  the  filter  efficiency  can  achieve
above  95%.  The  influence  of incident  angle  and  thickness  of  the  interlayer  on the  shift  of  reflective  peak  are
discussed.  The  peak  locations  for  both  TE  and  TM are  proved  to have  a linear  relation  with  the  thickness
elecom band
ilter

of  interlayer.

. Introduction

Guide-mode resonance (GMR) is excited when an incident wave
s phase-matched to a leaky waveguide mode, which is promis-
ng and well developed these years [1–4]. The GMR  was  typically
bserved in substrates with geometrically designed multilayer thin
lms that constructed with grating and waveguide layers [5–7].
his neotype optical device [8] combines principles of diffraction
y periodical structures with waveguide properties and antireflec-
ion (AR) thin-film characteristics to yield almost 100% reflectivity
or a given operating wavelength [9,10]. It is promising in applica-
ions such as laser cavity devices, polarizers, light modulators, and
and pass filters [11–14].

Filters with high reflectivity that more than 98%, very narrow
r wide spectrum, low sideband, and insensitive polarization are
ully researched [15,16]. Structures with only one grating layer
acts as waveguide layer) or one grating layer with an antireflection
ayer [5,6] that can make the GMR  filter polarization-independent
re fully studied. However, in single grating layer filters, refractive
ndices of their surface layer and substrate layer are different, it

ay cause Fresnal reflection and its sideband reflection that are
ardly reduced. We  can add an antireflection layer to construct a
ouble-layer filter to solve this problem, but the waveform is still
ot symmetrical enough. If we get more layers in a filter, we  will
ave more parameters to control to make the resonance waveform

etter, but the difficulty for fabrication will increase at the same
ime. We  should face lots of problems like guaranteeing the adhe-
ive strength and stability of the filters. Therefore, the number of
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layers should be neither too big nor small. In this paper, a five-layer
structure grating was designed, and we used just two  kinds of mate-
rials to minimize adhesive strength and stability problems. We  let
resonance wavelength of both TE and TM mode light be the same
in C band of optical telecommunication band, which can reduce the
energy loss.

2. Structure and emulation

The rigorous coupled-wave analysis (RCWA) method, which is
an accurate calculating method from Maxwell’s equations for the
electromagnetic diffraction of grating structures, has been widely
used to design GMRF structures [1–9]. In accordance with the prin-
ciple of optical thin films [17], if the grating layers can be well
matched with each other, they can be able to play a role of anti-
reflection. We  used a five-layer GMR  filter in Fig. 1, to construct
a GMR  filter to generate guided-mode resonance in C band of
optical telecommunication. The layers from top to bottom are grat-
ing layer (nH = 2.298 (TiO2), nL = 1, dg = 38.2 nm), layer 1 (n1 = 1.44,
d1 = 460 nm,  SiO2), layer 2 (n2 = 2.298, d2 = 372 nm, TiO2), layer 3
(n3 = 1.44, d3 = 167.7 nm,  SiO2) and layer 4 (n4 = 2.298, d4 = 360 nm,
TiO2). Refractive indices of substrate layer and cover layer are
ns = 1.51 (glass) and nc = 1 (air). The incident angle is 45◦. The period
of the grating is � = 1297.6 nm [1,2], and the filling factor is f = 0.5.
Optimized one step by another with RCWA method, we find peak
values of TE and TM modes nearly linear move toward each other
by adjusting d3.
GMR  is a result of the interaction between the incident light
and the grating waveguide structure. Under resonance condition,
a normal transparent structure becomes a mirror and the resonant
light is significantly reflected, and the wavelength of the resonance

dx.doi.org/10.1016/j.ijleo.2013.03.095
http://www.sciencedirect.com/science/journal/00304026
http://www.elsevier.de/ijleo
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Fig. 2. Phenomenon of non-polarizing filter and peaks shifts of TE and TM modes

designed a five-layer structure as shown in Fig. 1.We  demonstrated
that the resonant peak of TE and TM modes can be generated at the
same wavelength in tele-communication band. We  also find that
the resonance peak for both TE and TM modes are linear relation
Fig. 1. Structure of the non-polarizing guided-mode resonance filter.

ight is sensitive to the grating material, thickness of each layer,
rating period, etc.

According to the RCWA theory [18–21], the reflectance equa-
ions for TE and TM polarized mode are

 =

⎧⎪⎨
⎪⎩

RTE = (|Ri,x|2 + |Ri,y|2 + |Ri,z |2)Re(kzi)
k cos �

(1)

RTM = Re(kzi|Ri|2)
k cos �

(2)

here Ri,x, Ri,y and Ri,z are reflectivity of x, y and z direction, k = 2�/�
s the wave number and kzi is the i grade z part of k. According to
qs. (1) and (2), the resonance wavelengths of TE and TM polarized
ode can be calculated.
From Eqs. (1) and (2), we got the appropriate waveguide param-

ters dg, d1, d2, d3 and d4 that can make the GMRF polarization
ndependent in C band. By adjusting the thickness, non-polarizing
MR  filter can be obtained, and the result is shown in Fig. 2. The

eflective losses at the center of resonance peaks are just 5.57% for
oth TE and TM modes. These results are all calculated by Eqs. (1)
nd (2).

As is shown in Fig. 1, there are five layers in the filter. After
eries of emulation and calculation, we find that d1 and d2 play

 dominated role in determining the location of the generation of
esonance, while d3 and d4 do the work of fine adjustment. On the
arge range, when d1 increases, the location of the resonance peak
or both TE and TM modes shifts to low frequency range consider-
bly. For the change of d2, the result is just opposite. As d3 increases,
he location of the resonance peak of TE mode moves toward right
irection and TM mode shifts toward left direction, and the former
ne changes less than the later. As is shown in Fig. 2, every equiv-
lent change of d3 makes an identical size shift of the resonance
avelength for both TE and TM modes respectively. For d4, it is

ust on the contrary. Therefore, by tuning the thickness of d3, it is
ossible for us to adjust the resonant peaks of TE and TM modes to
he same position (see Fig. 2).

According to our calculation, we describe the relation between
he resonant peaks of TE/TM modes and d3 in Fig. 3, the black line
epresents TE mode and the red line represents the TM one. As d3
aries from 164 to 170 nm,  the resonant peak of TE mode moves
ight from 1545.5 to 1548 nm,  while the TM one shifts left from
549.3 to 1545.2 nm.  We  proved that the shifts of the resonance
eaks for both TE and TM modes are almost perfect linear relation
ith the shift of d3. As shown in Fig. 3, the TE mode line crosses the

M mode line at d3 ∼ 168 nm.  In other words, we can use descriptive
eometry solution to find out an exact position where the GMR  filter
ecomes polarization-independent.
After lots of simulation we find that the guided-mode resonance
ffect can generate resonance reflecting peak without layer 3 and
ayer 4. However, the resonant peaks for TE and TM modes can
ardly locate at the same wavelength position. And a four-layer
by  adjusting d3. Incident light of TE and TM modes generate reflecting peaks at
the  same wavelength for d1 = 460 nm, d2 = 372 nm,  d3 = 167.7 nm,  d4 = 360 nm. Other
parameters are the same with the illustration of Fig. 1.

structure cannot make the filter polarization-independent either.
So as to achieve the goal of polarize independent we  choose to add
a layer 4 above the substrate.

From Eqs. (1) and (2), we  can know that the wavelength of res-
onant peak of the GMR  also varies serious for the other parameters
(such as wavelength or incident angle). As is shown in Fig. 4, with
1◦ shift of incident light, the resonant peak moves ∼13 nm for TM
mode and ∼11 nm for TE mode respectively. The relation between
resonance peak value and incident angle is linear. As incident �
increasing, peak values of TM and TE mode all shift toward left
direction. The difference is that the resonant shifting pace of TM
mode is faster than that of TE mode.

3. Summary

In conclusion, to make the polarizing independent filter, we
Fig. 3. The linear relation between d3 and reflective resonant peaks of TE and TM
mode. As d1 = 460 nm,  d2 = 372 nm,  d4 = 360 nm,  d3 alters from 164 to 170 nm. Other
parameters are the same with the illustration of Fig. 1.
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Fig. 4. Spectrum comparison for different incident angles for both TE and TM modes.
The red line represents TM mode and the black one represents TE mode. Relative
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arameters above is the same with Fig. 2, the difference is only the incident angle.
For  interpretation of the references to color in this figure legend, the reader is
eferred to the web  version of this article.)

ith the thickness of the third layer, d3, and incident angles. This
ork helps us to find the conjunct resonant peak much easier, and
elp reduce energy loss that can be applied in fiber communication.

cknowledgments

This work was partly supported by Shanghai Committee of Sci-
nce and Technology (grant no. 11ZR1425000), Ph.D. Programs
oundation of Ministry of Education of China (20093120120007),
he Innovation Fund Project For Graduate Student of Shanghai

JWCXSL1102), the Leading Academic Discipline Project of
hanghai Municipal Government (S30502), and National Natu-
al Science Foundation of China (61007059, 11174207, 61138001,
1205094).

[

[

2013) 5158– 5160

References

[1] S.S. Wang, R. Magnusson, Transmission bandpass guided-mode resonance fil-
ters, Appl. Opt. 34 (1995) 2414.

[2] L. Zhenyue, L. Xu, S. Weidong, X. Hui, G. Peifu, Large positive and negative lateral
beam displacement in a guided-mode resonant filter, J. Opt. A: Pure Appl. Opt.
10  (2008) 115008.

[3] X. Fu, K. Yi, J. Shao, Z. Fan, Nonpolarizing guided-mode resonance filter, Opt.
Lett. 34 (2009) 124.

[4] J.A. Zhu, L. Chen, J.M. Xu, S.J. Li, Y.M. Zhu, Theoretical Study of W-shaped Optical
Fiber with a Depression in Core Center by Applying Analytical Transfer Matrix
Method, Opt. Commun. 284 (2011) 5130.

[5] Z. Fan, Y. Bo, X. Lili, Nonpolarizing guide-mode resonance filter with ultra-
narrow linewidth, Chin. Opt. Lett. 09 (03) (2011) 033101.

[6] T. Alasaarela, Zh. Dandan, H. Lingling, A. Priimagi, B. Benfeng, A. Tervonen, S.
Honkanen, M.  Kuittinen, J. Turunen, Single-layer one-dimensional nonpolariz-
ing guided-mode resonance filters under normal incidence, Opt. Lett. 36 (13)
(2011) 2411.

[7] A.T. Cannistra, M.K. Poutous, E.G. Johnson, T.J. Suleski, Performance of confor-
mal  guided mode resonance filters, Opt. Lett. 36 (7) (2011) 1155.

[8] T. Kobayashi, Y. Kanamori, K. Hane, Surface laser emission from solid polymer
dye in a guided mode resonant grating filter structure, Appl. Phys. Lett. 87
(2005) 151106.

[9] A. Mizutani, H. Kikuta, K. Iwata, Numerical study on an asymmetric guided-
mode resonant grating with a Kerr medium for optical switching, J. Opt. Soc.
Am.  A 22 (2005) 355.

10] D.W. Dobbs, I. Gershkovich, B.T. Cunningham, Compact wavelength detec-
tion system incorporating a guided-mode resonance filter, Appl. Phys. Lett. 89
(2006) 123113.

11] P.S. Priambodo, T.A. Maldonado, R. Magnusson, Fabrication and characteriza-
tion of high-quality waveguide-mode resonant optical filters, Appl. Phys. Lett.
83  (2003) 3248.

12] L. Chen, Z.Q. Cao, Q.S. Shen, X.X. Deng, F. Ou, Y.J. Feng, Wavelength sensing with
subpicometer resolution using ultrahigh order modes, J. Lightwave Technol. 25
(2007) 539.

13] L. Chen, Y.M. Zhu, D.W. Zhang, Z.Q. Cao, S.L. Zhuang, Investigation of the limit
of  lateral beam shifts on symmetrical metal-cladding waveguide, Chin. Phys. B
18  (2009) 4875.

14] L. Chen, C.M. Gao, J.M. Xu, X.F. Zang, B. Cai, Y.M. Zhu, Observation of electro-
magnetically induced transparency-like transmission in terahertz asymmetric
waveguide-cavities systems, Opt. Lett. 38 (2013) 1379.

15] D.O. Caplan, Laser communication transmitter and receiver design, J. Opt. Fiber
Commun. Rep. 4 (2007) 225.

16] L. Chen, Y.M. Zhu, Y. Peng, S.L. Zhuang, Theoretical and experimental study of
opposite lateral shifts and polarization beam splitting on symmetrical metal-
cladding waveguides, J. Opt. 12 (2010) 075002.

17] L. Chen, X.B. Liu, Z.Q. Cao, S.L. Zhuang, Mechanism of giant Goos-Hänchen
effect enhanced by long-range surface plasmon excitation, J. Opt. 13 (2011)
035002.

18] L. Chen, Z.Q. Cao, F. Ou, H.G. Li, Q.S. Shen, H.C. Qiao, Observation of large positive
and negative lateral shifts of a reflected beam from symmetrical metal-cladding
waveguides, Opt. Lett. 32 (2007) 1432.

19] M.G. Moharam, T.K. Gaylord, Rigorous coupled-wave analysis of planar grat-
ing diffraction—E-mode polarization and losses, J. Opt. Soc. Am.  73 (1983)
20] M.G. Moharam, T.K. Gaylord, Diffraction analysis of dielectric surface-relief
gratings, J. Opt. Soc. Am.  72 (1982) 1385.

21] M.G. Moharam, T.K. Gaylord, Three-dimensional vector coupled wave analysis
of  planar grating diffraction, J. Opt. Soc. Am.  73 (1983) 1105.

http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0005
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0010
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0015
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0020
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0025
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0030
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0035
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0040
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0045
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0050
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0055
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0060
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0065
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0070
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0075
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0080
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0085
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0090
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0095
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0100
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105
http://refhub.elsevier.com/S0030-4026(13)00420-8/sbref0105

	Non-polarizing guided-mode resonance grating filter for telecommunications
	1 Introduction
	2 Structure and emulation
	3 Summary
	Acknowledgments
	References


