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A key issue in the numerical simulation of VCSELvides is an appropriate method to treat the optical reso-
nator In mathematical terms, theysics in the optical resonator is\goned by a compleeigenproblem. The solu-
tion of this eigenproblem consists of the optical field pattern (egpor), the resonance frequgr{ceal part of the
eigevalue) and the field decay constant (imaginary part of the&ges). The optical field must be analyzed rigor-
ouslyin orderto calculatemodeconfinementradiatingwavesandguidedsurfacewaves(Fig. 2). Thedecayconstant
includes Bragg losses as well adrdiftion losses, which isevy important for the determination of the laser thresh-
old current.

In thiswork, VCSEL opticalresonatorsvith arealisticsizeandstructureareinvesticated(Fig. 1). Thedevice
structure under irestication is gravn on a GaAs substrate and AlAs/GaAlAs layered medium is applied to form
Braggmirrors[1]. In thedevice centera-cavity formsthemicrocavity. An etched-mestype opticalconfinements
assumed. Heever, it has to be emphasized that the method is applicable for a wide rangé&efsaictures
because there are novie-specific fitting parameters and the approach is purglyiggibased.

The eigenproblem is sad by a combination of the finite-fiifence time-domain (FDTD) method and the
Padé approximation [2].d¢ the FDTD calculation, adtirier seriesx@ansion is applied in the rotational direction.
The caity is illuminated by a pulse source in the center of thecde A lage number of modes argoited by this
source. Havever, the fundamental mode decays muchvsiothan the high-order modes because of the freguenc
selectve Bragg mirrors. Therefore, there is only a small number of modes present aftevalyedatrt period of
time. With theuseof the Padéapproximationtheremainingmodesareseparatedndthefrequeng-domaindatacan
be obtained from the time-domain analysis.

Alternatively, the finite-element method (FEM) can be used to calculate the optical modes of the VCSEL res-
onator as proposed by [3]. The comparison of the methods shes that FDTD has a clear ahtage ver FEM
regarding computational resources: a realistic VCSEL structure with 130 dielectric layesnamie8a width
require240MB of mainmemoryandrunsover-nightonaCompadAlphaSerer (677MHz)workstationjif FDTD is
employed. In contrast, using FEM to selwvery laige eigenproblems requires more memory and is only practicable
with an iteratve soher [4]. In order to achie cowergence, a good starting solution for the eigenpair is essential.
This males the combination of FEM and an itevateigensoler suitable to calculate eigenpairs of a gradually per-
turbed problem based on an initial solution.
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Fig. 1: Geometry of the VCSEL diee. The Bragg Fig. 2: Optical mode pattern of the fundamental

mirror pairs consist of AlAs and GaAlAs with mode. The real part of the compleigervector is

refractve indices of 3.02 and 3.47, respeely. shawn in the figure. 1) Fundamental mode. 2) Lasel
output. 3) Bragg losses. 4) Radiatingves. 5)
Guided surdce vaves.
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Fig. 3: Rarameter ariation. As a design paramettre aperture of the VCSEL isned as shan in the inset.
Left: the optical field pattern in the aatirggion. Right: the eigaralue of the fundamental mode.



