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Abstract: The characteristics of reflected light of a 1-D guided-mode resonance filter (GMRF) are studied in this 
paper. A triple-layer GMRF is designed by using the finite difference time domain method under non-polarized light 
illumination. Numerical results show that the reflectance spectra of TE and TM polarizations can be changed by al-
tering the fill factor f of the GMRF. Moreover, by calculating the color of the reflected light with the chromaticity theory, 
we find that the color of reflected light becomes pure when f is 0.9. The results show that the color and polarization 
degree of the reflected light of a GMRF are tunable by altering the fill factor. 
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1 Introduction 
Color filters are useful for image sensors, display devices, 
and many other applications. Traditional color filters use 
colorant-based materials to achieve a desired color spec-
trum, which transmit a particular color while absorbing 
the undesired surrounding spectrum under white light 
illumination. Such color filters undergo performance 
degradation under long-duration ultraviolet irradiation 
or at high temperature. Moreover, problems with colo-
rant-based filters include low transmission efficiency, 
heating due to absorption of light, and imperfect color 
purity. Technologies to improve color filter have led to 
researches on diffractive gratings color filters[1-6]. The 
guided-mode resonance filter (GMRF) that consists of a 
surface-relief grating and thin-film waveguides is a prom-
promising optical element. The GMRF attracts a lot of 
interest because of its super wavelength-selecting ability. 
The guided-mode resonance is due to the excitation of 
leaky guided modes in the periodic waveguide structure. 
Thus, lossless spectral filters with very narrow and tuna-
ble bandwidth appear to be feasible by using GMRFs. 
Moreover, the GMRFs with different resonance wave-
lengths are able to be obtained by changing the grating 
period. The previous research results mainly focus on the 
reflectance of GMRFs under TE polarized light illumina-
tion[1-7]. However, the reflectance of a 1-D GMRF de-

pends greatly on the polarization modes of the incident 
light, and the resonance wavelength of TE polarized light 
is generally different from that of TM polarized light. As 
natural light can be considered as the superposition of TE 
polarization and TM polarization, the reflection efficien-
cies of TE and TM polarizations are different. Thus the 
color of reflected light of a 1-D GMRF is a combination 
of TE and TM polarizations, and the reflected light be-
comes partially polarized light. Unfortunately, previous 
research results can not weaken resonance peak from TE 
and TM polarizations by altering the period of GRMFs. 

In this paper, the reflection spectrum of a GMRF is 
calculated using the finite difference time domain (FDTD) 
method. Then the reflection spectra of TE polarization 
and TM polarization with different fill factor are studied 
under non-polarized light illumination. The numerical 
results show that reflection spectra for TE and TM pola-
rizations under the same GMRF period are different and 
the color of reflective light is not pure. By altering the fill 
factor f of the GMRF, the color and polarization degree of 
the reflected light are turned and the reflected light color 
becomes pure when the fill factor is 0.9. The results of 
this paper can provide references for the design and fa-
brication of GMRFs. 

2 Theoretical analyses  
Typically, a GMRF consists of a surface-relief grating and 
thin-film waveguides, and a triple-layer GMRF can ac-
quire very narrow resonance bandwidth under polarized 
light illumination. As shown in Fig. 1, a triple-layer 
GMRF comprises a grating layer, two waveguide layers, 
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and a substrate. From top to bottom, the GMRF analysis 
model includes a cover layer (nc=1.0, air), a grating layer 
(n1H=1.62, photoresist, n1L=1.0, air), film layer 2 (n2=2.02, 
Si3N4 

[7]), film layer 3 (n3=1.85, ITO[8]), and a substrate 
layer (ns=1.5, glass). 

According to the effective media theory (EMT)[9], the 
effective refractive indices of TE polarization and TM 
polarization of the grating layer are given by:  
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From Eqs. (1) and (2), the resonance wavelength of TE 
polarized light is different from that of TM polarized 
light because of the different effective refractive indices. 
As natural light can be regarded as the superposition of 
TE polarization and TM polarization, the reflected light 
is probably partially polarized light. The polarization 
degree of reflected light is obtained as: 
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where TE() and TM() are the reflectance of TE pola-
rization and TM polarization, respectively. After TE() 
and TM() of the GMRF shown in Fig.1 are calculated 
by using the FDTD method, the color of reflected light 
can be studied by the chromaticity theory. The Commis-
sion Internationale de l'Eclairage (CIE) tristimulus values 
XYZ are obtained as [10]: 
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where )(x , )(y , )(z  are the CIE 1964 spectral 
tristimulus values, and )(S is the energy distribution 
of CIE standard illuminant D65[11]. After a linear trans-
formation shown in Eq. (5), the linear values Rliner, Gliner 
and Bliner can be obtained.  
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Then, the value R can be calculated by Eq. (6) and the 
value G, B can be calculated in the same way. Thus, the 
color of the reflected light of a GMRF can be obtained by 
RGB values. 
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3 Results and discussion 

3.1 Reflectance with different  
The triple-layer GMRF in Fig. 1 is designed using a 
commercially available FDTD solution from Lumerical, 
Canada. The parameters are f=0.5 (fill factor), d1=119 nm, 
d2=71 nm, and d3=75 nm under non-polarized light illu-
mination. By altering the period  of the GMRF, we can 
obtain different resonance wavelengths for TE and TM 
polarizations. The reflection spectra of the GMRF with 
different  of 260 nm, 300 nm, 340 nm, 380 nm and 420 
nm are shown in Fig. 2. We can see that the resonance 
wavelengths increase with the  However, the reflection 
spectra of TE and TM polarizations under the same pe-
riod are different. The polarization degree of reflected 
light can be calculated by Eq. (3). The polarization de-
grees of light reflected by the GMRF with  of 260 nm, 
300 nm, 340 nm, 380 nm and 420 nm are shown in Fig. 3. 
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Fig. 1  Structure of a triple-layer GMRF. 
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Fig. 2  Reflection spectra of the GMRF with  of 260 nm, 300 nm, 340 nm, 380 nm and 420 nm. (a) TE polarization. (b) TM 

polarization.  
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Fig. 3  Polarization degree of the reflective light with  of 260 nm, 300 nm, 340 nm, 380 nm and 420 nm. 
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Fig. 4  Reflection spectra and colors of the GMRF with f of (a) 0.1, (b) 0.25, (c) 0.5, (d) 0.75 and (e) 0.9. 

420 480 540 600 660 720 780

Wavelength/nm 

0.0 

0.1 

0.2 

0.5 

0.6 

0.7 

R
e

fle
ct

an
ce

 
(

) 

0.4 

0.3 

TE polarization
TM polarization 

(e) 



DOI: 10.3969/j.issn.1003-501X.2017.11.003 OEE | Advances
 

1055 

It is obvious that the reflected light of the GMRF be-
comes partially polarized light under non-polarized light 
illumination. 

3.2 Reflectance with different f 
The peak values of TE and TM reflectances are both 
equal to 1 when f is 0.5, however, the two strong reson-
ance spectra lead to high color mixing in the reflected 
light. Unfortunately, we cannot weaken peak reflectance 
from TE and TM polarizations by altering the period  
of GRMF. From Eqs. (1) and (2), the effective refractive 
indices of TE and TM polarizations are determined by f, 
thus we can change f to weaken one reflectance peak 
from TE and TM polarizations. 

The reflection spectra and colors of the GMRF are 
shown in Fig. 4. The parameters are =340 nm, d1=119 
nm, d2=71 nm, d3=75 nm, f =0.1, 0.25, 0.5, 0.75 and 0.9. 
We can see that the gap between TE() and TM() wi-
dens by altering f of the GMRF. The total reflectance 
of the GMRF is the sum of TE()and TM(), and 
the color of reflected light of GMRF can be obtained 
from Eqs. (4)~(6). The numerical results in Fig. 4 show 
that the color of reflected light becomes pure when f is 
0.9. The relationship between polarization degree and f of 
the GMRF is shown in Fig. 5. It is obvious that the pola-
rization degree drops to 0.1 or lower when f is larger than 
0.5. 

4 Conclusions 
In this paper, the reflection characteristics of triple-layer 
GMRFs under non-polarized light illumination are stu-
died using the FDTD method. Through a large amount of 
numerical calculations and simulations, the parameters 
of GMRFs are acquired. It is clear that the reflection 
spectra of TE and TM polarizations under the same pe-
riod  are different. Furthermore, the reflection spectra 
of TE polarization and TM polarization can be changed 
by altering the fill factor f. By calculating the color of the 
reflected light with the chromaticity theory, we find that 
the color of reflected light becomes pure when f is 0.9. 
The results show that the color and polarization degree of 
the reflected light of GMRFs are tunable by altering the 
fill factor. 
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Fig. 5  Polarization degree of the reflected light of GMRF with different fill factors. 
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