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Analysis of the dynamics of a blue-violet InGa;_,N laser with a saturable absorber
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We report the results of numerical investigations of the dynamical behavior of a blue-violet InGaN laser with
a specially incorporated saturable absorber. We have identified the nature of the bifurcation that occurs in the
device dynamics and also the conditions that are necessary for self-pulsating and excitable operations. We also
demonstrate the influence of the relevant device parameters on the laser dynamics and show how the properties
of the saturable absorber and its position in the device have a considerable influence on the laser behavior.
Finally theoretical investigations of the excitable behavior and a confirmation of the excitability properties of
an InGaN laser are presented and discussed.
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I. INTRODUCTION In particular, we investigate the self-pulsation and excitable

_ _ operation of the laser, with particular emphasis on the latter.

In the last decade violet InGaN laser diode®'s) have e start in Sec. Il with a description of the laser structure
been the subject of considerable attention, with the studiegnq the theoretical model and the associated equations used

mainly motivated by the prospect of the application of thet, caiculate the device behavior. The results of numerical
devices to high-density optical disk storage and optical datga|cylations of the device dynamics are presented and dis-

processind1]. In particular, blue-violet laser diodes are re- ¢ ssed in Sec. Il and the conclusions are given in Sec. IV.
quired for CD or DVD systems to increase the disk storage

capacity up to 25 Ghytes. As a result of recent research,
400 nm (blue-violey LD performance has been improved
and the lifetime has been extended to over 15 000 h@jrs

Blue-violet CW LD’s are already commercially available and Figure 1 shows the structure of the InGaN laser with satu-

several reports have recently appeared concerning the Cfy e ahsorber that has been considered; it consists of a mul-
operation of blue lasers at room temperat{Be7]. In this 4 . antum well(MQW) InGaN active layer and a saturable
paper we consider the phenomena of excitability and selfpsorper in the form of a singfetype InGaN quantum well.
pulsation(SP in que—ongt InGaN Ias_ers. , Relatively thin saturable absorber layers varying from
The use of self-pulsation is attractive for the reduction of; ;5 3 hm have been used with a view to maintaining a low

feedback nois¢8,9] in CD and DVD systems but since the hreghold current. The AlGaN layer prevents significant car-
early investigation of Nakamurat al. [10], self-pulsating yier gverflow from the active region. In the fabrication pro-
violet and blue-violet LD's have not been studied in anyeqq the saturable absorber layer was grown as a layer par-

dngiI. 'AIthough less well known than S(—:"If—pulsaﬁon, expit- allel to the active region, which is different from the situation
ability is a new and rapidly expanding topic in optics, having aated in previous papers where the SA's were grown per-

initially received much more attention in biolodyt1] and pendicular to the active regiof20-23. Further details on

chemistry [12). However, in recent years there has beenye taprication method are given by Oheo al. [24]. The

growing interest in excitability in the physics and engineer-5qing wavelength is at 395 nm and three different cavity
ing communities, and recognition that the phenomenon

might have device applications in optics. Recently, there

II. LASER STRUCTURE, MODEL, AND EQUATIONS

have been theoretical predictions of excitability in devices, p—Al, Gag N Si p -electrode
such as optical cavities and different types of lag&Bs-17, o1Tes 2
and in some cases these predictions have been supported by p-GaN 5
experimental observation. For example, there is particularly =~ p-InGaN (CYN S s .
convincing experimental evidence of excitability in a laser p—AlpsGag N T o 3
with a short external cavitj18]. In addition, an experimental InGaN (active) ?7 w
investigation of the excitable properties of a solid-state laser n-GaN
with an intracavity saturable absorber is reported by Laro- n ~Aly ,Gag N
tondaet al. [19]. /

In this paper, we report studies of the dynamics of a mul- n-InGaN /
tiguantum well InGaN laser with a saturable absort&k). n-GaN S

n -electrode

FIG. 1. Schematic illustration of the blue-violet InGaN laser
*Email address: tronciu@ec.t.kanazawa-u.ac.jp with a saturable absorber incorporated.
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