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Simulation Tasks

¥ Grating couplers: (guasi-)periodic waveguide structures
»DFB’s, DBR’s
¥ Input/Output couplers

>Waveguide transitions: facets, waveguide junctions, tapers

Modelling
¥ Physics-based models! input: Geometry, (xy,z;o:TN,..)
— Solve Maxwell's equations
out put: Eectomagnetic modes

»Typical dimensians: LxWxH s 10001010 A% = 108 4,3
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Laterally Coupled DFB-Lasers

Features
»  Next-gereration laser for telecorm-applications?
»  Simpler technology (no regrowth needed), less $5%
»  Challenging task for simulation:
.Shong” grabings: [Ag o/ = 10"..10°
Grating coupled radiation for higher-order structures

2D Model

(*) Exact modelling of grating (x-z-plane) I
Floguet-Bloch approach; provides coupling coefis., radiation losses

("*) Cross-sectional problem (x-y-plane) &

2¥:D Model
Combination of (*) and (**): Effective-index approach &
Ok for structures with moderate lateral guiding

3D Model [
(i) Mode-matching approach? (i) 30-FEM? (iii) 2D-FEM / Mode-matching ? ). 7
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Simulation of Open Domains

F4

Planar-waveguide
based devices:

We have to deal with electromagnetic fields radiating away energy
% Grating coupled radiation, scattering,

Possible Methods
¥ Partial wave expansion methods that satisty Sommerfeld’s radiation conditions
»>Eigenmode expansions: Coupled-Wave Method (CWIVT), Wodal Expansion Method (MEM)
*Periodic stuctures &, 2D &, 3DE
#Green’s function methods:
> Boundary elerments: BEM, FEM/BEM
> Appeals very much to physics @; non-local boundary conditions &; construction of the exact Green’s function may
be very expensive for real-life devices @
»Arfficial absorbers
*Perfectly Matched Layers (PML’s)
% (i) Complex variable stretching, (i) anisofropic constitutive parameters (Teixeira *38), split-field formulation
(Berenger *36)
> Efficient &, PML material is non-physical

[
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Slab Waveguide with PML’s

»Complex variable stretching:
i=z+ af dro(r)r

0
»We search for modes (propagation constant ) of the form

o(x,2) = ¢(2)e'5% | 3= koy/Eorr
»Equation of motion:

a

—a

az

TE: ¢=FE, a=

T™: é=H, a=
»Outer boundary conditions:

a 9,0 - - 5 - -
3 H—:Lﬁ(f) + kyb(2)0(2) = kjeome(2) 0(Z)

b=¢ =1
M
b=y, c= %
PEC or PMC = discrete mode-spectrum
»Modes are ortho-normal:
[ d26m()6(2)00(2) = B
3]

»Impact of PML parameter (G) on mode-spectrum?, classification of modes?

[
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Slab Waveguide with PML’s: 1D FEM - Mode Tracking (1)

Gradually increase PML parameter (with fixed c): ot =0...1
[—;—QK,‘ (a) + N’Ip,(r»r:r]} & = cuplac)M{ac)d

25 T T T T T

20 F

25| =0
... B =1

evanescent modes
susirate modes
diel. guided modes

o+

sustrate/superstrate modes
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Slab Waveguide with PML’s: Evolution of Mode
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Slab Waveguide with PML’s: 1D FEM - Mode Tracking (2)

Interpolate between matriceswith c=0andc=1: a=0..1

1 .
{“F—' [ECa (0) + o{Kaler) — Ka(0))] + Ma(0) +a(Mufo) — M-,.fn:ﬂ}L otr() [Mc(0) +a(Mc(o) — Mc(0))] &
3
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Slab Waveguide with PML’s: Classification of Modes

#Unigue sorting of medesforo=0
Eefl,0 > Seff,1 > Eaff,2 > ...

*Sorting the number of zeros of ¢(z) gives the same result for c=0.

»Higher-order modes change their shape completely by increasing o; strong field-enhancement at PML-
interfaces

»There seems to be no unique mapping between the (G=0)-modes and the PML-modes

*How to classify the mode-order of PML-modes?

P Waviness” :=# Zeros(Re(d)) + # Zetos(Im(d)):
Not unique, Waviness depends on the overall phase (fyp. =1)
BUT: seems to be reasonable ©

FSortwith respect to [Egr e gl

»Extremely important issue for mode-matching methods!
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Modal Expansion Method (MEM)

»Solve periodic waveguide problem: o B
Beelr, 2)0,(x, 2) + Bhalx, 2)8,0(r, 7) + k2b(x, 2)p(r,2) =0 o @= by 4=
»Floquet-Bloch-type fields: p(xr, =) = gy, z)e" 77 MMz o=ty a=
dolr, ), elr, 2)dedo(x, z) . . . p-periodic
»Rayleigh-expansion in homogeneous layers:
¢z :I:Z[.I!{ﬁ t-1) gl '”](\""’_ B = By + mT
»Expansion in terms of grating eigenmedes in the inhom. layers:
Ny 2) =Y [4Bete=a-1) 4 plle—nil ] xW(r)

»Matching oipa,rtvial waves at the interfaces z,, ..z, 4 (N layers):

p
PJo
1 ad,

= | dea(z, 2)8;0" (z, 2)e7 ¥ = cont.
»Jy
»Radiation conditions (layer N; Iayer1 analogously):
AN =0,  proper branch: R(7{¥)) 4+ (M)
»= Nonlinear eigenproblem: M{B;).a=0 :}ﬁu

INFORMATION TECHNOLOGIES

[

Wz

= cont.

»Exact modeling of grating coupled radiation, accurate analysis of "strong” gratings
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Benchmark Structure (Periodic): Floquet-Bloch Modes
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Floquet-Bloch Modes: 1st Stop-band
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Floquet-Bloch Modes: 2nd Stop-band
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Floquet-Bloch Modes: A
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Floquet-Bloch Modes: B
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Floquet-Bloch Modes: C
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