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A novel design of reflective single-port polarization-independent grating with a metal mirror, a connection layer and a covering 

layer under second Bragg mounting is reported in this paper. A better grating structure by rigorous coupled-wave method can 

be obtained. The grating parameters are optimized for high-efficiency output. The optimization results show that in the 

wavelength range of 1546-1554 nm or the incident angle is between 38.0-39.3°, the -2nd order of the grating has a good 

high-efficiency output effect, and the efficiency can reach more than 90%, which will be a good application in the field of laser. 
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1. Introduction 

 

With the second Bragg condition, the gratings can 

fulfill some great beam-splitting functions. The beam 

splitter [1-10] is a device for dividing an incident beam into 

many beams into different directions, which can be used in 

laser micro-nano fabrications [11-14], grating couplers 

[15-18], reflectors [19-23], optical storages [24,25]. 

Metasurfaces elements can be applied in wide-band/angle 

blazing operation [26], full color generation [27], 

nanophotonics with multipurpose functionalities [28], 

phase resonance tuning and multi-band absorption [29], 

beam manipulating [30,31], and reversible multi-stage 

switching of phase-change [32]. Recently, the single-port 

high-efficiency gratings can attract more attention in 

high-power output. Wang et al. proposed a single-port 

grating with an incident wavelength of 1550 nm [33]. A 

reflective grating with a connection layer was proposed 

under the Bragg mounting [34]. The diffraction efficiencies 

higher than 95% about 1550 nm wavelength for both TE 

and TM polarizations can be obtained. To our knowledge, 

reflective single-port polarization-independent grating with 

a metal mirror, a connection layer and a covering layer 

under second Bragg mounting has not been reported before. 

In this paper, the -2nd order polarization-independent 

single-port reflective grating with an incident wavelength 

of 1550 nm is proposed. Such a grating is analyzed and 

designed by using rigorous coupled-wave analysis 

(RCWA) [35]. Based on the vector analysis of grating, 

RCWA method is used to solve the Maxwell equation, and 

the diffraction efficiency of TE and TM polarization states 

may be obtained. By optimization, the efficiencies of 

96.60% and 96.33% can be obtained for TE and TM 

polarizations in -2nd order. 

2. High-efficiency polarization independence 

 

The structure of the reflective single-port grating is 

shown in Fig. 1. The grating is under second Bragg 

mounting with the incident angle of θ=sin
-1

(λ/n1/d) at a 

wavelength of 1550 nm. The top of the grating is covering 

layer. Its medium is fused silica [36-39]. The depth of the 

covering layer is h1. The width of grating ridge is b with the 

depth of h2. The grating period is d and the grating duty 

cycle is f. The covering layer and the grating layer are 

composed of fused silica with refractive index of n2=1.45 

[40, 41]. The grating groove is air with refractive index of 

n1 =1.0. The thickness of the connecting layer is h3. Its 

medium is also fused silica. The metal mirror is Ag with 

refractive index of nm =0.469-i*9.32. By theoretical 

calculation using RCWA, we set the duty cycle to f =0.64, 

the period d=2484 nm, and h3= hm=0.1 μm. 

 

Fig. 1. The schematic diagram of the reflective single-port 

grating at wavelength of 1550 nm with duty cycle of 0.64  

     under second Bragg mounting (color online) 
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The grating groove depth and the thickness of covering 

layer need to be optimized according to the known 

parameters. Fig. 2 shows the reflective efficiencies in the 

-2nd order versus grating groove depth and the thickness of 

covering layer for TE and TM polarizations at wavelength 

of 1550 nm with duty cycle of 0.64 under second Bragg 

mounting. In the case of h1=0.48 μm and h2=1.92 μm, the 

efficiency of the -2nd order is 96.60% for TE polarization, 

and the efficiency of -2nd order under TM polarization is 

96.33%. 

 

 

 
(a) 

 

 
(b) 

 

Fig. 2. Reflective efficiencies in the -2nd order versus 

grating groove depth and the thickness of covering layer 

for TE and TM polarizations at wavelength of 1550 nm 

with duty cycle of 0.64 under second Bragg mounting: (a)  

 TE polarization and (b) TM polarization (color online) 

 

 

Fig. 3 shows the field distribution normalization of a 

single-port reflective grating showing the energy 

distribution of the grating in the grating region. One can see 

the propagating process from the Fig. 3.  

 

(a) 

 

(b) 

Fig. 3. Normalized field magnitude distribution with 

optimized reflective beam splitter near second Bragg 

mounting: (a) TE polarization and (b) TM polarization 

(color online) 

 

3. Analysis and discussions 

 

When the incident wavelength and angle deviate from 

the optimized result, the performance of the grating is 

affected. Therefore, we need to further consider the 

influence of the incident angle on the reflection efficiency 

of the grating. Fig. 4 shows the efficiency corresponding to 

the incident wavelength with duty cycle of 0.64 under 

second Bragg mounting. The -2nd order efficiency of the 

grating is greater than 90% under both polarizations when 

the wavelength is between 1541-1557 nm. 

 

 
Fig. 4. The efficiency corresponding to the incident 

wavelength with duty cycle of 0.64  under second Bragg  

                   mounting (color online) 
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Fig. 5 shows the relationship between the reflection 

efficiency of the grating and the angle of mounting under 

optimized grating parameters. In the case where the 

efficiency at both polarizations is greater than 95%, the 

angle range is 38.0-39.3°. The efficiencies of 96.60% and 

96.33% can be obtained for TE and TM polarizations when 

the angle is 38.6°. 

 

 

Fig. 5. The diffraction efficiency corresponding to  

the incident second Bragg angle (color online) 

 

In the process of multilayer grating fabrication, grating 

etching is very important for grating characteristics. 

Therefore, the period and duty cycle of the grating will 

change compared to the ideal state of the design. The period 

and duty cycle of the grating need to be discussed. Fig. 6 

shows the relationship between the duty cycle of the grating 

and the reflection efficiency. When the duty cycle of the 

grating is 0.628-0.672, the efficiency of the -2nd order 

under the two polarizations is greater than 90%. 

 

 

Fig. 6. The diffraction efficiency corresponding to the  

duty cycle under second Bragg mounting (color online) 

 

 

As a result of the optimization design of single-port 

grating with an incident wavelength of 1550 nm under an 

incident second Bragg angle of 38.6°, some high-efficiency 

performances are also obtained based on different period 

under the duty cycle of 0.64. Fig. 7 shows the efficiency 

corresponding to the period with duty cycle of 0.64 under 

second Bragg mounting. The efficiencies at both 

polarizations is greater than 90% when the period is 

2476-2492 nm. 

 

 

Fig. 7. The efficiency corresponding to the period with 

duty cycle of 0.64 under second Bragg mounting 

(color online) 

 

 

4. Conclusion 

 

In this paper, we propose and design a reflective 

single-port polarization-independent grating with a metal 

mirror, a connection layer and a covering layer under 

second Bragg mounting by employing rigorous numerical 

optimization method. The duty cycle is 0.64 and the period 

is 2484 nm. The efficiency is greater than 95% under two 

polarizations can be obtained when the thickness of the 

covering layer is 0.48 μm and the depth of grating layer is 

1.92 μm. The polarization-independent grating shows high 

efficiency with long period under second Bragg mounting. 
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