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R. Gither

Planar filtering in semiconductor laser diodes with high
beam quality and power

ABSTRACT

Planar laser diodeswith high power and high beam quality base on different filtering principleswhich will betreated. A
figure of merit for enhancement of laser properties by filtering is proposed.

INTRODUCTION

Thevertical design of planar semiconductor lasersisdirected to the monomodal property dongthe
vertical direction. The structure in the plane containing the active zone can be designed by the
thickness of the waveguide, current distribution, implantation or other meansin such away that the
mode emitted at the emission facet is a fundamental mode. The 2-dimensional filtering schemes
used for thisgoal ina2...4 mm x 200 um area, for example, are mostly stimulated by the optical
filtering technique, the volume holography [1] and by the optical resonator theory.

FILTERING SCHEME: PLANE - ,FREE SPACE" - PLANE

Thefiltering scheme using amodal pinholein aFourier planeisapplied inthetaper laser [2]. Here,
a narrow ridge wave guide (RW) with a width of 2-3 um is coupled to a pumped trapezoidal
shaped range which widens until 200 um for example. The RW part acts asan modal screen for the
radiation feedback. These lasers achieve cw-power values 3 until 5 W, in maximum 7 W [3] with
quas diffraction limited emission. The maximum resonator lengths are 4 mm, now. The optical
focussing of the emitted radiation requires an higher effort because of the consi derabl e astigmatism.
A new filtering method in semiconductor lasers is made up of two mutual tuned phase filtering
structures near to the facets [4,5] in such a way that the propagation of the fundamental mode

between both facetsis preferred by loss in comparison with the propagation of higher modes.

FILTERING SCHEME: SPATIAL DISTRIBUTED FILTERING

The angular and wavel ength selectivity of reflection at atwo-dimensional Bragg gratingisused in
the a-DFB laser [6]. Repeated reflections at aBragg grating are combined with facet reflectionsin
such away that the lateral single mode property is combined with a spectral narrowing until 5 pm



with apower of 3W. Another new proposal with help of the Bragg grating filteringisthetransfer of
the principle of the self pumped phase conjugation to planar semiconductor lasersaswell in hybrid
as in monoalithic version [7]. Then, the optical nonlinearity is used, which occurs as an refractive

index change by change of the carrier density by stimulated emission (photorefractive effect).

FIGURE OF MERIT OF OPTICAL FILTERING IN SEMICONDUCTOR LASERS

Approaching the emitted partial coherent radiation of a semiconductor laser by a Gauss-Schell
model [8] one concludes for a beam quality M ? >1 that the radiation can be screened of until
M ? = 1. Thismeans. The beam quality can beincreased at the expense of power. An estimation on
afigure of merit of filtering can start with alaser 1 without filtering (for exampleabroad arealaser)

and a second laser 2 generated from the first laser by additional filtering. Since filtering includes

additional lossesit can happen that thelaser 1 screened until M 2 = 1 showsthe same power likethe

laser 2 with filtering. Then, there is no enhancement. Therefore, a filtering-enhancement factor

2!
E= Max P2/M2 isproposed with M and M thebeam qualitiesof lasers 1 and 2 respectively
Max) P,/ M;

and P, and P, the corresponding powers. For example, the Bragg grating filtering inside of an a-

DFB laser resultsin E =4. Thefactor E can berelated to the temperatures T, and T, of theradiation
both of the lasers, respectively [9].
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