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The beam-splitting element is described based on the connecting-layer grating to improve the performance. A connecting 

layer is introduced between the grating region and the substrate. Efficiencies are improved especially for TE polarization. For 

TE polarization with the grating depth of 0.65 m and connecting layer thickness of 0.45 m, efficiencies of 49.50% and 

49.53% can be diffracted into the –1st and the 0th orders, respectively. For TM polarization with the grating depth of 1.00 m 

and connecting layer thickness of 0.72 m, splitting efficiencies of 49.32% and 49.62% can be divided into the two orders. 
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1. Introduction 

 

Beam-splitting elements are useful in many 

applications [1-3], such as optical informat ion processing, 

laser pulse compression, and optical computing. For the 

beam splitter design, efficiency and uniformity  should be 

taken into account. Conventional beam splitters are based 

on mult ilayer coatings, which have disadvantages of 

energy power loss and low damage threshold. 

High-density gratings are found that efficiencies of 

diffracted orders can be modulated by grating parameters. 

It is interesting that a high-density grating is optimized as 

a beam splitter [4-6], which can have merits of high  

efficiency and simple structure. Furthermore, such 

grating-based beam splitters can be possibly fabricated 

with techniques in microphotolithography, holographic 

recording, and inductively coupled plasma etching [7]. A  

polarization-independent two-port beam splitter has been 

firstly presented by a simple d ielectric g rating [8]. Such a 

beam splitter grat ing can diffract TE polarization into the 

0th order with the efficiency of 47.31% and the -1st order 

with the efficiency of 47.42%, respectively. It can be seen 

that efficiencies should be further improved by the novel 

grating structure [9,10]. 

In this paper, to improve the efficiency, a 

beam-splitting element is proposed based on the 

connecting-layer grating. Such a novel grating is different  

from the conventional simple grating. A  connecting layer 

is introduced between the grating region and the substrate. 

The grating duty cycle is the usual value of 0.5. To obtain 

a beam splitter with high efficiency and good uniformity, 

grating parameters and the connecting layer thickness are 

optimized by using the rigorous coupled-wave analysis 

(RCWA) [11]. The attractive advantage of the novel 

grating is that the efficiency can be effectively improved. 

2. Beam splitting by connecting-layer grating 

 
The schematic diagram of beam-splitting element is 

shown in Fig. 1, which is based on the connecting-layer 

grating. The novel grating is composed of the substrate 

with refract ive index of n3=2, the connecting layer of fused 

silica with thickness of hc and refractive index of n2=1.45, 

and the grating region with depth of hg. The grat ing period  

d can be comparable to the incident wavelength. A plane 

wave with wavelength of  is incident upon the grating 

under Littrow mounting at the Bragg angle of 

i=sin
–1

(/(2n1d) from air with the refractive index of n1=1. 

The incident energy can be separated into the –1st and 0th 

orders with good uniformity. 
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Fig. 1. (Color online) Schematic of beam splitting based  

on connecting-layer grating 

 

For the high-density grating, efficiencies can be 

modulated by the grating parameters. In order to obtain a 

beam-splitting element, the novel grating should be 

optimized. Fig. 2 shows contour of the efficiency’s ratio  

between the –1st and the 0th orders versus grating depth 
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and connecting layer thickness with the usual duty cycle of 

0.5 and period of 700 nm for both TE and TM 

polarizations. In Fig. 2 (a), the splitting ratio of nearly 1 

can be obtained with the optimized grating depth of 

hg=0.65 m and connecting layer thickness of hc=0.45 m 

for TE polarizat ion. By calculation, efficiencies of 49.50% 

and 49.53% can be diffracted into the –1st and the 0th 

orders, respectively. Such optimized efficiencies by 

connecting-layer grat ing are much  higher than 47.42% and  

47.31% reported by simple grating structure [8]. In Fig. 2 

(b), good uniformity can be ach ieved with hg=1.00 m and  

hc=0.72 m for TM polarization. Efficiencies of 49.32% 

and 49.62% can be div ided into the two orders with the 

optimized grating parameters, respectively.  

 

(a) 

 

(b) 

Fig. 2. (Color online) Contour of the efficiency’s ratio 

between the –1st and the 0th orders versus grating depth 

and connecting layer thickness with the usual duty cycle  

    of 0.5: (a) TE polarization, (b) TM polarization 

 
Fig. 3 shows efficiency versus connecting layer 

thickness with the optimized grat ing depth for TE and TM 

polarizations. One can see that the difference between two 

orders for TM polarization is much lower than TE 

polarization. It indicates that the performance of 

uniformity can be kept quite good for TM polarization to  

some extent when the connecting-layer thickness changes 

around the optimized result. 

 

 

(a) 

 

(b)  

Fig. 3. (Color online) Efficiency versus connecting layer  

thickness with the optimized grating depth: (a) TE 

polarization with hg=0.65 m,  (b) TM polarization with  

                     hg=1.00 m 

 

  

3. Performance with different incident  

  conditions 

 

For conventional beam splitters based on multilayer 

coatings, the uniformity can usually be good for the certain  

incident wavelength and angle. With deviations of incident 

conditions from the central wavelength and the Bragg 

angle, the performance may  be affected. It  is desirable to  

design a beam-splitting element with the wideband 

property. Fig. 4 shows efficiency versus incident 

wavelength with the optimized grating parameters . In Fig. 

4, the efficiencies in two orders are not same with the 

variation of the wavelength. For TE polarization, 

efficiencies more than 45% can be obtained within the 
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incident wavelength range of 756-838 nm. For TM 

polarization, the novel beam splitter can exh ibit  

efficiencies more than 45% within the wavelength range of 

780-815 nm. It can be seen that wide bandwidth can be 

obtained for TE polarization. 

 

 

(a) 

 

(b) 

Fig. 4. (Color online) Efficiency versus incident  

wavelength with the optimized grating parameters: (a) 

TE  polarization with hg=0.65 m and hc=0.45 m, (b)  

  TM polarization with hg=1.00 m and hc=0.72 m 

 

 

Although many beam splitters have been reported, 

most of them are operated only at the given incident angle. 

Figure 5 shows efficiency versus incident angle with the 

optimized grating parameters. For TE polarization, 

efficiencies more than 45% can be obtained within the 

incident angle range of 21.3-45.9°. For TM polarization, 

the novel grating-based beam splitter can diffract  

efficiencies more than 45% into two orders with in incident  

angle range of 27.6-44.2°. One can see that the angular 

performance for TM polarization is more sensitive than TE 

polarization. Most importantly, wide incident angular 

bandwidth can be exhib ited by such a beam-splitting  

element based on connecting-layer grat ing. Compared  

with other beam splitters used only at certain incident 

angle, the merit of wide incident angle range in the 

connecting-layer grat ing design is significant for practical 

operation. 

 

 

(a) 

 

(b) 

Fig. 5. (Color online) Efficiency versus incident angle 

with the optimized grating parameters: (a) TE 

polarization with  hg=0.65 m and hc=0.45 m, (b) TM  

     polarization with hg=1.00 m and hc=0.72 m 

 

 

4. Conclusion 

 

Connecting-layer-based gratings can be optimized as 

useful optical elements, such as polarizer [9], 

high-efficiency diffraction with polarizat ion-independent 

property [10], and beam splitting of two-port  in  this paper. 

References [9], [10] and the grat ing in  this paper report  

three types of grating-based elements with different  

functions. In reference [9], the optical element can work as 

a polarizer to obtain TE polarization in the -1st order or 
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TM polarization in the 0th order. Two polarizations are in  

different diffracted directions. In reference [10], the 

grating diffract TE and TM polarizat ion in the -1st order 

with high efficiency, which can be used in dense 

wavelength division multip lexing systems with low 

polarization-dependent loss. In this paper, the 

connecting-layer-based grating can split  TE or TM 

polarization with good uniformity in two orders. Such  

optimized efficiencies by connecting-layer grating are 

much higher than that of reported simple grating structure 

[8]. Moreover, The two-port beam splitter has been 

optimized by using RCWA, which can be demonstrated by 

holographic recording technology and inductively coupled 

plasma etching [8]. Therefore, the presented 

connecting-layer-based grating can be potentially  

fabricated to split beams with good uniformity. 

In conclusion, a beam-splitt ing element can be 

optimized based on connecting-layer grating. With the 

optimized grating parameters  for TE polarization, 

efficiencies of 49.50% and 49.53% can be separated into 

two orders, respectively. With the optimized design for 

TM polarizat ion, efficiencies of 49.32% and 49.62% can  

be diffracted, respectively. The efficiencies are improved 

compared with the simple grating-based beam splitter. 

Furthermore, the performance is studied with different  

incident conditions. Efficiencies more than 45% can be 

exhibited within the incident wavelength range of 756-838 

nm for TE polarizat ion and 780-815 nm for TM 

polarization. With the incident angle deviat ing from 

Littrow mounting, the novel beam splitter can exhibited  

efficiencies more than 45% within the range of 21.3-45.9° 

for TE polarization and 27.6-44.2° for TM polarization, 

respectively. The novel connecting-layer grating provides 

good design to improve the performance of beam-splitting  

element. 
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