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ABSTRACT— A photonic crystal-based TE to 
TM polarization converter for integrated 
optical communication is proposed in this 
paper. The photonic crystal consists of air 
circular-holes in slab waveguide. The radius of 
holes are determined to be 291nm having lattice 
constant of 640nm using the gap map and band 
diagram. The polarization converter is 
composed of an InGaAsP triangular-shaped 
waveguide on SiO2 substrate. At first, the 
bandgap wavelengths of two-dimensional 
structure are determined using finite difference 
method and then polarization conversion 
length, polarization conversion efficiency and 
rotation are determined as a function of the 
ratio of height to width of the triangle 
waveguide. The simulation results show a 
minimum conversion length of 750nm with a 
conversion efficiency of about 90% could be 
obtained. 
 
KEYWORDS: hybrid technology, InP material, 
photonic crystal, polarization converter, 
triangular waveguide. 

I.  INTRODUCTION 
Photonic crystal has attracted a lot of attention 
during last decades because of miniaturizing 
the photonic integrated circuits toward the 
nanoscale dimensions. Meanwhile, the strong 
polarization dependence of the wave 
propagation inside the photonic crystal is 
available due to the structural anisotropy [1] 
and the vectorial nature of the electromagnetic 
waves. So, controlling the polarization of the 
propagating light in the photonic crystal 
circuits is mandatory [2, 3]. One of interesting 
devices utilized for manipulating the 

polarization dependent properties of photonic 
crystal is a polarization rotator. 

Several types of photonic crystal-based 
polarization converters have been reported. 
Laroche et al. [4] show that a photonic crystal 
slab have capability of efficient polarization 
conversion. This capability results from two 
mechanisms of the anisotropy of the bulk 
material and the resonant excitation of leaky 
surface waves at the interface of the photonic 
crystal. A photonic crystal-based polarization 
converter for Terahertz applications is realized 
on Si Technology [5]. This polarization 
converter utilizes asymmetric loaded triangular 
slab waveguide with square-hole. It achieved 
more than 15dB extinction ratio in the 
frequency range of 198-208GHz. A three 
dimensional (3D) photonic crystal polarization 
converter was proposed which converts 
transverse electric (TE) mode to the transverse 
magnetic (TM) mode via a hollow-core 
waveguide for a 25µm long device and 98% 
conversion efficiency [6]. Other polarization 
converters are also realized in various 
materials and technologies such as LiNbO3 
[7], InP [2, 8, 9], silicon-on-insulator (SOI) 
[10-12], and membrane technologies [2, 13, 
14]. These polarization converters utilize 
periodic loaded waveguide [15, 16], slanted-
sidewall [17, 18] and asymmetric cross-section 
bend waveguide [19]. Recently, we have 
reported the smallest polarization rotator with 
a length of about 1µm on hybrid technology of 
silicon-on-insulator and InP [20]. 

In this paper, a photonic crystal-based 
polarization rotator on hybrid technology of 



M. Nikoufard and M. Hatami Photonic Crystal-Based Polarization Converter for Optical Communication …  

112 

SOI/InP is presented. The main objective of 
this paper is to take advantage of strong 
guiding characteristic and compactness of a 
photonic crystal slab waveguide with a 
slanted-sidewall waveguide to implement an 
ultra-compact TE to TM polarization rotator. 
To accomplish this goal, for the first time, the 
proposed device is analyzed using rigorous 
finite-element method (FEM) on a three-
dimension (3D) structure. 

II. POLARIZATION CONVERTOR 

GEOMETRY  
The 2D and 3D-geometry of the photonic 
crystal having a hexagonal lattice with a lattice 
constant of a is shown in Fig. 1. It consists of 
air holes (with radius r) in a high index 
dielectric medium. The layer stack of 
background medium is composed of an 
InGaAsP core layer with a thickness of h and a 
refractive index of nf=3.5323 on SiO2 substrate 
with a refractive index of ns=1.444 and 
cladding layer of air. The light confines in 
InGaAsP layer and propagates in z-direction. 

The triangular polarization rotator shown in 
Fig. 2(a) exhibits a scalene right-angled 
triangle whose altitude, side length, and 
interior angle are h, w, and, respectively. The 
first and second modes have the optical axes 
plotted in Fig. 2(b) that are tilted with respect 
to the usual TE and TM polarization 
orientation.  

The photonic crystal based polarization 
converter is created with a combination of the 
hexagonal lattice photonic crystal and by 
removing one row of holes and then replacing 
of the line defect with a structure of the 
scalene right-angled triangle with a side angle 
of . This asymmetric structure brings about 
huge birefringence and generates two 
eigenmodes. These modes propagate with 
different propagation constants. After half of 
beat length, the rotated modes recombine to a 
TM (or TE) mode in an output waveguide. 

III.  SIMULATION RESULTS 
The bandgap of photonic crystal-based 
polarization converter is determined using 

plane wave expansion method for transverse 
electric (TE) and transverse magnetic (TM) 
modes. In this method, we solve the Maxwell's 
equations by formulating an eigenvalue 
problem out of the equation. This method 
determines the dispersion relation of specific 
photonic crystal geometries and calculate the 
modal solutions of Maxwell's equations. 

 
Fig. 1. (a) The triangular 3D-photonic crystal slab 
waveguide. (b) top-view (c) layer specification. The 
propagation of incident light in bandgap wavelength 
of 1.55µm is shown which cannot propagate 
through the air-hole photonic crystal structure. (c) 
primitive unit cell with the corresponding Brillouine 
zones. 
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Fig. 2. (a) 2D lateral cross-section of the proposed 
polarization converter. (b) The direction of first and 
second modes. 

 
Fig. 3. Photonic bandgap versus radius for TE and 
TM modes. 

 
Fig. 4. Band diagram of both TE (dashed) and TM 
(solid) modes. 

 

 
Fig. 5. The sketch of slanted-sidewall polarization 
rotator in photonic crystal structure (a) 3D-view (b) 
lateral cross-section. 

The bandgap of this structure is determined 
using plane wave expansion method for 
transverse electric (TE) and transverse 
magnetic (TM) modes having a radius range of 
0.01 to 0.31 and a lattice constant of a=640nm 
utilizing RSOFT Bandsolve software shown in 
Fig. 3. This figure illustrates that the photonic 
bandgap is larger for a hole with a radius of 
291nm for TE and TM polarizations. At this 
radius, the normalized frequency lays between 
0.36 and 0.42 (equal to a wavelength range of 
1.523µm to 1.77µm). Also, the band structure 
is determined for a lattice constant of 
a=640nm and a radius of r=291nm in K-
direction (-M-K-) for TE and TM modes 
(Fig. 4). To have maximum accuracy the grid 
size in the x- and z-directions (x and z) are 
set to x=z=0.035a=20nm. A 6 ×6 supercell 
has been used for the FEM calculations 
reported in this section. The estimated errors 
are kept less than 10-9 in all simulations. 

Figure 5(a) shows 3D-schematic view of the 
photonic crystal-based triangular TE to TM 
polarization converter which is composed of a 
dielectric triangular waveguide. The cross-
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section of the TE to TM polarization converter 
is a polygon (shown in Fig. 1(b)) with a right 
angle and the altitude, side length, and interior 
angle of h, w, and , respectively. Two right-
angled triangles inside the polygon have the 
altitude and side length of ht and wt, 
respectively. The slanted sidewall is 
considered 35o for InGaAsP materials due to 
using wet chemical etch on the 
crystallographic plane of (001). 

 
Fig. 6. Polarization conversion length as a function 
of h/w for w=528nm. 

 
Fig. 7. Polarization conversion efficiency as a 
function of h/w for w=528nm 

In Fig. 6, the conversion length is calculated as 
a function of h/w using 3D-finite element 
method (FEM) utilizing Comsol software for 
w=523nm at 1.55µm wavelength. The FEM 
area is surrounded by a perfect conductor and 
the mesh size used for analysis is chosen to be 

20 nm for the x-, y-, and z-directions. Also, the 
mesh-size is chosen large enough so that 
increasing it further does not have any 
noticeable impact on the numerical results. It 
demonstrates that the conversion length has a 
minimum value of 720nm for h/w=0.6. The 
polarization conversion efficiency (PCE), 
defined as PCE(%)= PTE/(PTE+PTM), reaches 
to a maximum of 92% for h/w=0.5 shown in 
Fig. 7. 

 
Fig. 8. The maximum rotation angle as a function of 
h/w for w=528nm 

 
Fig. 9. The rotation of electric field through the 
polarization converter and photonic crystal defect 
for h/w=0.6 

The maximum rotation as a function of h/w is 
presented in Fig. 8 whose behavior is similar 
to PCE. It can be seen that for the minimum 
conversion length of Lc=720nm, the PCE and 
maximum rotation are 89.51% and 83.3o, 
respectively. 
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The electric field rotation in the propagation 
direction (z-axis) is demonstrated in Fig. 9. It 
can be observed that the incident TE-electric 
field has been rotated into TM mode for a 
conversion length of 750nm for w=528nm, 
h=0.6w=317nm, and wt=226nm. 

IV. CONCLUSION 
In this work, we have presented a photonic 
crystal-based TE to TM polarization converter 
for optical communication applications. The 
proposed device is suitable for hybrid 
integration of silicon on insulator (SOI) and 
InP technologies. This structure has simulated 
using finite element method in a 3D structure. 
We have demonstrated numerically that the 
polarization converter length can be decreased 
up to 750nm, the smallest value which have 
reported so far. 
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