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Abstract— Numerical studies of differential gain in InGaAsN Our approach is based on H) x 10 k-p Hamiltonian
quantum well systems are reported. Our approach is based on [11] which is a generalization of thg x 8 Littinger-Kohn
10 x 10 Hamiltonian solved self-consistently with the Poisson’s Hamiltonian [12] that accounts for coupling between the
ion. | f hat th ies of th . N ) .
equation. It was found that the properties of that system can be conduction and hole bands. Substitution of nitrogen sii¢és

effectively modified. : o ]
: . o . . conduction band to create the additional 'nitrogen bandisT
The differential gain is one of basic parameters whlcﬁ

. ! . Nhew system necessitates the introduction of an additicavad b
characterize operation of quantum well (QW) based semica

) . < A the description of the electron-hole bandstructure. th
ductor' Iasers [1.]' Itis defined as .the denvatwg of the G.m'cpurpose, al0 x 10 Hamiltonian which accounts for nitrogen,
material gain with respect to the injected carrier densitis

. . . . . conduction, light- and heavy-holes and spin bands is usesd he
linked with the modulation bandwidth of these devices. The We have recently appliet) x 10 Hamiltonian [13] to nu-

dlflfere?tlal galr_1“|st_0ftefn determined frofm mtgasur]?rt];engg{t merically analyze the effective masses in InGaAsN quantum-
relaxation osciiiation frequency as a function of the well structures with self-consistent effects. In that pape

r;p:;gcnal[zp]og?r #112edriftfr(l,(ree?]ﬂglrogxa:me}go;nczatsrmzil::S;)I?c:]s; T;deWere able to obtain dgtailed band strpptures for variogst .weI
the mate,rial in the active layer and is independent of tmrla%argme'ters such as mtro_gen composmons. We use this infor
ation in the material gain computations.

structure. The structure simulated is similar to that used previously

~ In recent years we have witnessed trer_nendous Progregs] and consists of undopekh s6Gag g1 sy, N, System.

in the research on a new class of materials based on fje Nitrogen compositiorfy) changes in the range.00 <

tride semiconductors [4], [5]. Dilute Nitride lasers baseul , ~ (.05. We have considered several values of well widths.

GaAs are considered as replacements for InP based lasesge performed the following steps of our computations:

in metropolitan and local area networks. It has been fournd produce gain spectrum at a given temperature

that replacing a small amount of the group V element by determine differential gain at peak value

nitrogen in a IlI-V material systems reduces the energy ga®. increase temperature and repeat process

This reduction significantly changes band structure anersff 4 pjot differential gain such determined vs temperature.

new possibilities of improving optoelectronic propertieb  Below, we report on some representative results.

devices based on those materials. For example, impressivgy Fig.1 we plotted differential gain vs energy for two

improvements of in-plane lasers [6] and [7] as well a VCSELgy|yes of barrier composition and three values of well wsdth

[8] based on those materials have been reported. One can observe that the effect of Nitrogen content in the
Differential gain of quantum well nitride structures havdarrier is relatively small for all well widths considered.

been studied recently [9]. It was found that differentialnga One can also observe that by varying well width, we can

with respect to either current or carrier concentrationeis rsignificantly change maximum value of differential gairs It

duced in dilute-nitride devices. Differential gain amorthey peek value stays roughly the same at a particular energyeThe

factors was recently analyzed theoretically by Alexandtep is however optimum value of well width for which differertia

los and Adams [10] in the BAC model. It was found thagain reaches maximum. In Fig.2 we plotted differential gain

an increase of Nitrogen content reduces the peak diffalentas a function of Nitrogen composition for four values of

gain. We have extended their analysisltox 10 Hamiltonian well width. As was noticed with data shown in Fig.1, for

and also included electrostatic effects on the heterastreic a given Nitrogen composition, that the value of differentia

potentials of electrons and holes. gain is the largest for 6 nm well width. For all values of
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Fig. 1. Differential gain versus photon wavelength for thigells and two
values of barrier composition.
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Fig. 2.  Differential gain determined at optical gain peak \gogen
composition for four values of well widths. Temperature = 30@Barrier
density in the well is equal td x 10'8cm 3.

well widths, the differential gain shows little dependerwe
Nitrogen content although its dependence for narrowersvigll
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Fig. 3. Temperature dependence of differential gain detexdhiat optical
gain peak for several values of well widths. Nitrogen comjmsi1.5%.
Carrier density in the well is equal x 10'8cm=3.

increase of the density of conduction electrons and simeita
ously the reduction of the hole densities in the active negio
[14] which modifies the amplitude of the differential gain
and the change in relative transition strengths which meslifi
the spectral dependence. These effects have a large pfactic
importance in the design of an efficient laser as they canceedu
the differential gain by significant amounts.
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