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We study coupling and decoupling of parallel waveguides in two-dimensional square-lattice
photonic crystals. We show that the waveguide coupling is prohibited at some wavelengths when
there is an odd number of rows between the waveguides. In contrast, decoupling does not
take place when there is an even number of rows between the waveguides. Decoupling can be
used to avoid cross talk between adjacent waveguide20@ American Institute of Physics
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I. INTRODUCTION The guided eigenmodes supported by this geometry have
two possible parities with respect to the symmetry axis be-
tween the waveguides. These modes can be classified by the
s parity of thez component of the electric fielH,. Following
Sdirectly from Maxwell’s equations, the parity éf, is always
opposite to the parity dE,, and the parity oH, is always the
game as that oE,. According to the parity of,, the two
eigenmodes can be labeled “even” and “odd.” Heis the

Two-dimensional photonic crystals are promising candi-
dates for implementing integrated optical componérﬁm-
tical waveguiding in two-dimensional photonic crystals i
achieved by introducing line defects in the structure that i
otherwise periodic in two dimensiofis. Two parallel
waveguides can be used as a directional waveguid
coupler’™ On the other hand, it might be desirable to de-
couple the two waveguides to minimize cross talk between
them, for instance, when envisioning closely packed photo- e @ ©¢ @ @ @ @
nic wires in integrated optical circuifs. AR EEEE

We study the coupling between two parallel waveguides e 00000
in a square-lattice photonic crystal and find that the decou-

pling of the waveguides depends on the number of rodsbe- (o e @ ® © @ @

tween the waveguides. If there is an odd number of rods

between the waveguides, they are decoupled at a defined (@ @ @ @ @ @ @

wavelength. In case of an even number of rods, the o0 00000

waveguides are coupled at all wavelengths. Previous studies (@ @ @ @ ® © @ :

such as Ref. 5 have considered an even number of rods and = 0 k(zi/za) 0.4
therefore not demonstrated the decoupling behavior.

Il. GEOMETRY weeesee s

The studied geometry is a two-dimensional photonic TR EEE N 04
crystal of cylindrical dielectric rods in a square lattice in air.

The dielectric constant of the rods is taken to d3e8.9, ee 00000 03
their radiusr =0.2a, and the lattice consta@at=512 nm. The 00000 ; 0.0
photonic crystal has a large T¢lectric field aligned with Fa
the cylinder$ band gap around=0.8wc/a, wherea is the R EEE X 0.1
lattice constant of the crystal. Wid=512 nm, this gap is in e o e 0000 03 035 04
the wavelength range from 1100 nm to 1600 nm. Two par- R E XX XX 00 02 04
X

allel waveguides are formed in the structure by removing (g
two parallel rows of rods. The number of rods between the
two waveguides is varied. In Fig(d) and Xc) we show two  FIG. 1. Geometries and band structures for f@ and (b)] and two[(c)
examples of the geometries, i.e., one and two rows of rc)dg_nd (c_l)] rows of dielectric rods between two parallel waveguides. The

. . irection points out of the plane. Enlarged parts of the band structures are
between the waveguides. We have considered one to SeVehbwn in the insets ab) and(d) to illustrate that the bands cross(i) but

rows of rods between the waveguides. do not cross inb).

(d) k(2r/a)
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direction of the cylinders(out of plane, x is along the 500 ;
waveguides, ang is orthogonal to the cylinders and the g EEED
waveguides. 400t ]
I1l. COUPLING OF PARALLEL WAVEGUIDES 300}

When the system only supports two guided modes, any E
signal W(x,y,t) with a definite frequencyo propagating in * 500t
the system can be written as a superposition of these two
eigenmodes 100l

W(xY,t) = ge(xy,Dexplikex) + vo(x,y, t)explikox). (1)

Here, Y and ¢ stand for even and odd eigenmodes &pd
andkg for the corresponding values &f The spatial depen-

NN

0 n
1100 1200 1300 1400 1500 1600

dence ofyz and ¢ is lattice periodic. This kind of a super- @ A (nm)
position gives rise to beating between the eigenmodes. The 100 i
plane wave terms in Eql) are in the same phase whgn g ,I\:ASED
=0 and in the opposite phase when/|ky—kg|. The beat- 80f :
ing wavelength is therefore

2 _ 60}

K= . 2
Ko = kel @ % O

When the eigenmodes are in the same phase, their superpo- 407
sition has most of its energy in one of the waveguides and
when in opposite phase, in the other. The propagating signal 201
oscillates between the two waveguides with the characteristic
wavelengthk given above. This is the mechanism applied,

0 n " I L
e.g., in waveguide couplers. Note that coupling can be real- 1100 1200 1300 1400 1500 1600
ized also by defects between the waveguidas coupling (®) A (nm)
can be betwe_en a waveguide and a de]f%-_ct._ . FIG. 2. The coupling distance as a function of the wavelength of the light
The beating wavelengtix becomes infinite wherkg propagating in the waveguides, for the geometries with(@pand two(b)
=ko. This means that there is no energy transfer between thiews of rods between the waveguides. The solid curve is calculated using
waveguides i.e.. the Waveguides are decoupled Fok the the MIT Photonic Bands program and the circles are calculated by FDTD.
values to be identical, the bands of the even and odd eigen-
modes have to cross. If they avoid crossirgs always finite

: FDTD for one to four rows between the waveguides. The
and the two waveguides cannot be decoupled.

calculations using the band structures and FDTD simulations
are in excellent agreemejr?t.
IV. CONDITIONS FOR DECOUPLING In order to explain the strong effect of the geometry one
We have calculated the band structures of two parallehaS to consider the field distributions of the eigenmodes. The
waveguides in a square-lattice photonic crystal with the MITE; andH, components of the odd eigenmode have a node in
Photonic Bands program. The band structures for the casethe symmetry plane of the structure. The parity of the
of one and two rods between the waveguides are shown ifomponent is the opposite of the parities of theand H,
Fig. 1(b) and Xd), respectively. It can be seen that the bandscomponents. When there is an odd number of rods between
for the even and odd eigenmodes cross in Fig),lbut do  the waveguides, the nodes of tBg andH, components of
not cross in Fig. (d). We calculated the band structures for the odd eigenmode are in the center of a dielectric rod. For
one to seven rows between the waveguides and found thdhe even eigenmode, tig andH, components are nonzero
for geometries with an odd number rods between theat the symmetry plane. It is known that the more the fields
waveguides, the bands for odd and even eigenmodes crogy¢e inside the material of high dielectric constant, the smaller
whereas they never cross when there is an even number tife energy. Thus at small values of the wave vector, the
rods between the waveguides. energy of the even eigenmode is smaller than that of the odd
We calculated the coupling wavelength$Eg.(2)] from  eigenmode. The bands cross at some value of the wave vec-
the band structure$ig. 1) and also with the finite-difference tor. This is because the relative power of tHg component
time-domain(FDTD) method*? Results from both methods compared to the power of tHe, component increases with
are shown in Fig. 2 for the same geometries as considered increasing values of the wave vector. Thiep starts to de-
Fig. 1. There is a singularity, corresponding to decoupling, irtermine the effective parity of the mode. Thus at large values
case there is an odd number of rows between the waveguide$ the wave vector the effective parities of the eigenmodes
[see Fig. 2a)]. In Fig. Ab) the value of« is always finite. We change and thus the bands cross. When there is an even
found such behavior for one to seven rows of rods betweenumber of rods between the waveguides, the node of the odd
the waveguides. We performed the same calculations witkigenmode is in air and the effective parity does not have
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