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Numerical Analysis of Grating—Assisted Waveguide Couplers
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Abstract
The wavelength selectivity in grating-assisted
optical waveguide couplers is studied using a
matrix method to analyse optical filter
characteristics. The matrix method is extended
to both 2-system modes and all guided
system modes. The influence of fundamental
design paramcters on the performances of the
filters couplers is

optical by waveguide

discussed.

In integrated optics, the optical waveguide
couplers are often used to realize the optical
filters [1]. These waveguide couplers usually
consist of the parallel waveguide coupled each
of the the
cvanescent fields between these waveguides.
The filter of the
waveguide be calculated by

several numerical mecthods such ds a matrix

other by means overlap of

characteristics optical
coupler can
method [2,3], a coupled mode theory [4], and
SO on.

to

A matrix method is here employed
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analyse the  grating-assisted waveguide
couplers [5] for the purpose of the (filter
operations. The  basic structure of a

grating-assisted waveguide coupler is shown
in Fig. 1. The calculation is here restricted by
the two system modes. There are the forward
traveling system modes b," and b;" on the left
side of the interface A. At the same time, the
backward traveling system modes by and by
are also appeared. The mode amplitudes in the
forward and the backward traveling waves on
the of he
determined by the boundary conditions of the

right side interface A can

electric fields and the orthogonal relation.
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The mode amplitudes ¢ and ¢ can be
analogously obtained by replacing £:'and E)’
with 8¢ and E¢'. The matrix for the
transition at the interface A is represented by
My My Mg My
My My My My
M, = (3)
My My Mp My
My My My My

The matrix for the phasc shift in the arca 1

s given by
IR
P — 0 ’ —O_ 0 (4)
v—A O 0 Jl?]l 0 !
i

The entire matrix for the coupler is expressed
by the multiplication of each separate matrixes

[or each transitions

ay” dy"
ay | _ My-P,- - M, P, dy
2 My Oy et le g 5
a;_ dl-—

This method can be also extended to more
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system modes. The fundamental calculations
stiil though the
formulas become accordingly more extensive,

the

arc not changing even

In first place, a grating-assisted

waveguide coupler  shown in Fig. 2 s

calculated. This coupler has a structure with

symmetrical  refractive index, ie. both
waveguides have the same refraction index of
ny=ny=35, and the refractive index of

m=na=ns=3.2 of the substrate is chosen. The
width of the both waveguides is 1.0gzm. The
average distance d between waveguides is 0.5

#m and the grating thickness ¢ of the
waveguide 1 is Olgm. The optical filter
characteristic of this structure has been

calculated at the wavelength of 1.50xm. It is
known by solving the wave equation that the
five system modes can be guided in this
coupler. The results oblained by the matrix

method with two system modes and five
system modes arc compared cach other. The
optical coupler should be excited by the high
guided two system modes at the grating
waveguide. In this case, Fig. 3(a) shows the
guided energy along the grating waveguide
(dotted line} and the cross coupled cnergy to
the (solid

function of the filter length. The energy losses

straight waveguide line) as a
are appearcd during the wave propagation.
When the five system modes are launched at
the beginning of the grating waveguide, it is
obvious that the cnergy loss is eliminated by
the considering the cffect of the higher order
modes (Fig. 3(b)). The results of the matrix
method with five system modes have been
cxplained as cntire cncrgy can be maintained
without losses.

The filter properties of a contra-directional
coupler shown in Fig. 4 is also calculated. The
refractive index of the waveguide is chosen as
ny=3.5 and the the other index values are as

ni=n3=3.2. The thin width w; of the filter is



Ol pm and the thick width we of that is 0.3 p
m. The filter characteristics for this coupler
with the 200 transitions are calculated and
then the results are compared with those of
The

discrepancy could be found in the width of the

the coupled mode  theory. clear

main maximum and the strength of the beside
(Fig. 5). The
properties by the matrix method (solid line)

maximums calculated filter
have a bandwidth of about 60nm, whereas the
bandwidth of 22nm for the contra—directional
coupler is obtained using the coupled mode
theory (dotted line).
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Fig. 1. The forward and backward traveling
waves at each interface
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Fig. 2. Structure of a grating-assisted waveguide

coupler
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Fig. 4. Structure of a contra-directional coupler
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Fig. 5. Filter characteristics of a contra-directional
coupler
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