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I. INTRODUCTION
AMELLAR diffraction gratings integrated into slab
waveguides (so—called Bragg waveguide gratings) found
widespread applications in distributed—feedback (DFB) and
distributed Bragg-reflector (DBR) lasers, either as edge or as
surface emitters. The propagation of electromagnetic waves B i Dy
in these structures is essentially of two—dimensional nature.
Furthermore, the finite length of the gratings disturbs the one—
dimensional periodicity. During the last years, higher order : A
Bragg waveguide gratings have attracted again increasing
interest because of the demand for high—power DFB and DBR
lasers emitting at wavelengths beldw:m. Due to their larger
periods, they can be easier fabricated. | |
For the numerical simulation of these structures, a large 0 Lper
variety of different models exists. Many models are based on
the coupled—mode theory (CMT), which was firstly applie§9-

to DFB lasers in [1] and which was later improved in [2]. IQNaveguides, named slab 1 and slab 2. The lengtadb of

the CMT the mode_ field is expressed as an infinite summatig&b 1 and 2, respectively, are calculated from the duty cylce
of partial waves dictated by the Bloch—Floquet theorem. Thg _ a/A and the total length of the period of the grating
result are coupled—mode equations for the amplitudes of the

. . . . X . =a+b.
oppositely _propagatmg waves directly mtergctlng with the The DBR stack can be surrounded either by slab 1 and or by
Bragg grating and an infinite set of equations for partial

- - : : . lab 2. The total length of the grating is abdiggr ~ 200 xm
waves dgsqubln_g the radiation fle_l_ds. .AS outlined n .[2 nd the number of periods is given by the integer quantum of
these radiation fields lead to a modification of the coefficien JA. For a first order grating’{ — 1), the number of
entering the coupled—wave equations of Ref. [1]. DBR/ ™ grating/t = 1.

Other models do not rely on the Bloch—Floquet theorerﬁ?_:_lgds IS 13]}5&] deling task is th tati f th
but are based on a direct solution of Maxwell's equations.ﬂ et' e_1t|mRo i e_moo (fEItrrl]g fasd IS ? Iconjguda1|_0En 0 d €
Some of these models based on the method of lines (MoL), pf- ectivity fv at = = U ot the Tundamental guide mode

directional mode expansion or finite—difference time—domaﬂ%7d the corresponding value for the Idss=1— R —T with

slab 1or2i 1 12 i 1or2
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Benchmark example

(FDTD) methods were compared in [3] by calculating th being the transmittivity at = Lpgr versus the duty cycle
modal reflectivity and transmittance of deeply etched sh { for Bragg ordersV =1---3.
Bragg waveguide gratings. A good mutual agreement was
found. I1l. M ETHODS
Despite this success, a comparison of these models with . .
those based on the CMT is still missing. In this paper, Th€ coupled—-mode equations for the amplitudes of the
the modal reflectivity and transmittivity of Bragg waveguid@PPositely going waves can be written as
gratings are calculated using models based on the CMT [4] dyE
and the bi—directional mode expansion model CAMFR [5]. iW = —iABYT —ikyT (1)
Thereby, an approximate solution for the partial waves firstly
presented in [6] exploiting the free—space Green’s functionfigr @ symmetric grating. The complex valued total coupling

corrected and generalized. coefficient x is composed of terms due to the direct and
indirect interactions of the two oppositely going waves with
Il. BENCHMARK EXAMPLE the grating [2], [4]. The indirect interaction gives also rise

The Bragg waveguide grating under study schematically a modification of both the real and imaginary parts of
drawn in Fig. 1 consists of a periodic stack of two slathe relative propagation coefficiedt via the self-radiation
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coupling coefficient, N=3
-
N 2 Neff n 9= Nm int @ | /\\
A 2 A 2t A 4 \
where ner is the effective index of the reference waveg- 2 | - /"’ \ 4 |
uide which is obtained by averaging the dielectric function E 05 L / 3 § \
e(z,2) = n?(x, z) alongz. The modal gain—loss functign-a t / / i j
of the reference waveguide is set to zero for the benchmarks 7 ; \l
example. = [/ ‘
The inhomogeneous differential equations for the partial ~ I \

waves ares solved by means of the Green’s function method
using the one—dimensional Green’s function of either a mul-
tilayer waveguide [4] and or a homogeneous unbounded

medium. For the latter case explicit expressions for the cou-& C A
pling coefficients and radiation losses for arbritrary Bragg & o, [ . ,,/;/" '~§\
orders will be given. 2 C AN vy
S , o : SER e T
In bi—directional mode expansion methods such as usedy C I N4
. . . . o I 4 RSt
in the tool CAMFR [7] the field in each slab is expanded ¢ r ,/ W,
onto eigenmodes in that slab. At the interfaces between theS 0.1 F j o CAMFR 1 \’\a\
slabs, the transitions conditions give rise to reflection and g C {;f ...... CAMER 2 \\\‘\
transmission matrices. The propagation from one interface of r / --------- CMT SL-GF Wy
the slab to the other interface results in diagonal propagation I// -7 TCMTFS-GF RS
H ooL L L L L 1 L L L L
matrices. 0.0 0.5 1.0
For the determination of2 and 7' of the entire structure, ' duty c.ycle '

different algorithms can be used. The T-matrix algorithm
(also known as transfer matrix method) is the mathematically. 2. Maximum modal reflectivity (top) and corresponding modal radiation
simplest algorithm. But it is numerically unstable due to th@)ﬁS l\slb%ttom) versus duty ﬁycdle fqrr]thilrdborfer grlatirjg- Sﬂort Bdashed (CAMFdR

. . . . . : L) ode expansion method with slal enclosing the Bragg waveguide
Cfombmatlon of fallmg and Qro"‘””g ,eXponemlaIS' Th_e de”,veérating. Dotted (CAMFR 2): Mode expansion method with slab 2 enclosing
tion of the S—matrix algorithm which relates the incominghe Bragg waveguide grating. Dash—dotted (CMT SL-GF): Coupled—mode
fields and the outgoing fields by means of scattering matricisory using slab Green's function. Long dashed (CMT FS-GF): Coupled-

is mathematically more involved. However, this algorithm cafjode theory using free-space Green's function.

be implemented unconditionally stable. Similar holds for theossibly caused partially by residual reflections, partially by
R—matrix algorithm, but its implementation requires specighe approximations inherent to the CMT models.
treatment.

In CAMFR, the S—matrix algorithm is used for the calcula-
tion of R andT'. The structure is terminated by an electric wall . .
on top and bottom. In order to reduce the parasitic reflections! N @uthors would like to thank A. M. Shams-Zadeh-Amiri
caused by these boundary conditions, perfectly matched layt¥s Participating in the modelling task and P. Bienstman for
(PMLs) are placed in front of the walls implemented usin§roviding the CAMFR tool.
complex coordinate stretching. For the simulation of the
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