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Abstract : We have investigated both theoretically and experimentally the modal behaviour 
and polarization dependence of transmission through single-missing-row Photonic Crystal 
bends and combiners.  
 
Introduction: Strongly confined single-missing-row Photonic Crystal Waveguides (PCW) 
will be credible candidate for Photonic Integrated Circuits provided they demonstrate high 
transmission through complex guiding structures such as bends and combiners. A single-
missing-row PCW, named W1, is obtained by removing an entire row of holes in a uniform 
Photonic Crystal (PhC) in the �K direction; no hole size variation within the guide or on the 
first inner row are investigated here. This W1 PCW is an attractive candidate as it may 
support a single even mode for our investigated wavelength domain. Polarization conversion 
is a severe drawback of index-guided sharp bends [1], and will always limit the size reduction 
of  Photonic Integrated Circuits (PIC) based on the classical index-contrast guiding 
mechanism. We exhibit here measurements on different PCW W1-based sharp bends which 
demonstrate that no polarization conversion occurs. Also, we demonstrate on a 2>1 combiner 
the advantage of additional small holes in the combining region, which prevent excitation of 
higher order modes. These measurements are in agreement with the FDTD simulations. We 
remind that being on InP substrate we always propagate above the light cone. 
 
General description of sample structure 
PCW are fabricated on a two-dimensional PhC consisting of a triangular array (period 
a=450nm) of holes drilled on a 500nm thick GaInAsP confining layer. These holes are etched 
by Chemically Assisted Ion Beam Etching (CAIBE) using Ar/Cl2 chemistry [2]. A 
micrograph of the etched holes shows in Fig. 1(a) holes deeper than 3µm for an air-filling 
factor f=40% . For a reproducible coupling of the light in and out the PhC section, the W1 
PCW is inserted in-between two ridge access guides also supporting a single even mode and 
limited by cleaved facets [3]. A tapered section based on a gradual variation of holes size and 
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depth [3] is inserted at every ridge/W1 transition. Such a taper is visible for example on the 
two entrances and on the exit of a combiner, on the micrograph of fig.1(b). This taper adds a 
spectral contribution in the u=0.3 wavelength domain which will be described elsewhere. 
Measurements are performed in TE polarization, on a 1500-1590nm wavelength span covered 
by a polarization-maintaining-output tunable-laser source.  
 
Modal and polarization behaviour of double-bends 
The band diagram of the W1 straight PCW is plotted in fig 1(c) in the case f=36%. A single 
even mode exits in the u=0.283-0.3 domain. Previous results obtained on a double bend with 
1-hole-moved were encouraging [4], so we investigate here again such a design fig.2(a) in the 
case of our presently optimised etching . An adiabatic bend following the design proposed by 
Arentoft et al. [5] has also been fabricated and measured. With the objective of easing the 
fabrication, only one 60° bend has the adiabatic geometry, the second one is a 1-hole-moved 
see fig.2 (b). Both PhC bends have an air filling factor f=36%, measured on micrographs. The 
good absolute transmission observed for the adiabatic bend parallels the results published in 
[5]. The reason of the reduced absolute level in the 1-hole-moved case could be explained 
following [6].  As already pointed out in [7], in these bend/combiner geometries the discrete 
translational symmetry of the lattice is ruined and one cannot classify anymore the modes 
following the same classification as for the straight guide. An attempt has been proposed in 
[6] to consider the modes in the bend region as if it were an infinite PCW in the �M direction. 
Following this approach, we calculate the band diagram for a W1 PCW in the �M direction 
and find additional modes in the u=0.283-0.3 wavelength domain (fig.2(a) left). As the bend 
breaks the symmetry , it allows coupling between modes which do not have the same 
symmetry; part of the power is coupled to these modes and lost in the bend. This modal 
conversion would not occur in the adiabatic bend where one could always consider the local 
�M direction, resulting in a higher transmission .  
Considering now the polarization behaviour, both bends transmit all the optical power on the 
TE mode, the TM level being at least –17dB below the TE one, which is the polarization 
selectivity of the external tunable source (fig.2 bottom). Clearly no polarization conversion 
has occured . We recall here that we previously measured some polarization conversion in a 
three-missing-rows W3 PCW [8]. We tentatively conclude that in a W3 bend, both gap-
guiding and index-guiding are present, and the index-guiding mechanism contributes to 
polarization conversion as it occurs in purely index-guided sharp bends [1]. In the case of the 
W1 PCW, gap-guiding is strongly dominant and no polarization conversion occurs in a sharp 
bend.   
 
  
 
Combiner without and with additional holes 
Integrated circuits will require combiners (splitters) to implement interferometric functions 
(Mach Zehnder...). Going on with a monomode guide, we fabricated Y-geometry based 
combiners as presented in fig.1(b). In order to be broadband, we do not consider the 
alternative resonant combining geometries. The “enlarged” combining sections are visible on 
the micrographs of fig.3 top. In case (a), the combining section, locally larger than W1, allows 
higher order modes to be excited, whereas in case (b) small holes have been added to prevent 
such an excitation. Measurements of transmission through both combiners are presented in 
fig.3 (middle), for both cases, again with the straight guide as a reference. One has to consider 
that the absolute level through the whole combiner includes the combining region itself and 
one 60° bend (report to general overview of fig.1(b) ). As the bend is the same in both cases, 
this allows us to conclude that including these two small holes increases the combiner 



transmisson by 5dB. Some internal reflections are still visible through large oscillations, and 
could be limited by means of additional holes along the straight guide as proposed by Boscolo 
and al. in [9]. In case (b), a discrepancy is visible between the 2 entrances. This could be due 
to the fact that the two additional small holes do not have the same size. Our measurements 
are in agreement with FDTD simulations plotted in fig.3 (bottom) for both cases which also 
demonstrate the advantage of these additional holes in the wavelength domain around u=0.29. 
The �im parameter is a phenomenological parameter describing the losses [10].  
 
 
Conclusion 
The propagation through strongly confined Photonic Crystal bends and combiners has been 
investigated, and the experimental results have been related to the modal structure. No 
polarization conversion occurs in W1-based PhC bends, which demonstrate the potential for 
this guiding geometry for high compactness Photonic Integrated Circuits. Also small 
additional holes are evidenced to play an important role in combining geometries. The 
remaining challenging step is the fabrication of very small holes with an accurate size. 
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Figure 1:  
(a) Micrograph of CAIBE 
etched holes deeper than 3µm 
(b) General view of a w1 based 
combiner, with taper access on 
all arms 
(c) band diagram of a W1 PCW 
�K direction, f=36% 
 
 
 
 

 

 
 
 
Figure 2 : top view of W1-based 
double bends:  
(a) 1 hole moved   
(b) adaibatic bend 
In case (a) band diagram of the 
W1 PCW in the �M direction 
bottom: Transmission spectra 
versus polarization, the straight 
PC is plotted as a reference 
 
 

 

 
 
 
 
 
Figure 3 : Micrographs and 
transmission through w1 
combiners 
(a)with no hole in the enlarged 
section   
(b) adding holes in the enlarged 
section 
bottom: FDTD simulation of 
combiners’ transmission 
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