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In this study, we investigated numerically the effect of aluminum concentration, temperature and well
width on optical gain GaN / Al:Gai-.N quantum well lasers, taken into account effective mass approximation.
The numerical results clearly show that the increasing of well width, and decreasing of temperature and

Aluminum concentration, the optical gain increases.
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1. INTRODUCTION

Recently, there has been great interest in short
wavelength light-emitting diodes (LEDs) and laser
diodes (LDs) fabricated from III-V nitride compound
semiconductors [1-6], which emit light in the UV to red
region [7].

These laser diodes have potential in a number of
applications such as optical storage, printing, full-color
isplays, chemical sensors, medical applications [8-9],
and high-density optical data storage [10].

In all previous work, the effect of structures on opti-
cal gain is investigated and by controlling the thickness
of barrier, electron density and hole wave functions
[11-13]. In this study, we present a theoretical analysis
of the optical gain by variation of Al concentration,
temperature, and well width in GaN /Al.Gai-:N quan-
tum well (QW) laser. The outline of the paper is as
follows: Hamiltonian, the relevant eigenvalues and
eigenfunctions of an electron confined in a quantum
well laser are described in Section II. In section III
analytical expressions for optical gain is obtained. Our
numerical results and a brief conclusion are presented
in Section IV and V, respectively.

2. QUNATIEZD ENERGY LEVELS

A schema energy band diagram for a typical QW
structure is shown in Fig. 1. AE, and AE, are the discon-

tinuities of the band edges of conduction and valence
bands at the heterojunction, respectively. E,, and E

are the quantized energy levels in the conduction band
and valence band, respectively. E, is the bandgap ener-

gy, and E, is the transition energy between the two
quantized energy levels. E; and E; are the quasi-Fermi
levels for electron and holes in the well.

Using the parabolic band model [14], E

cn

can be ob-

tained by solving the eigenvalue equations

my, |AE,—E, [|tan || L\2mE_, ||n: even D
me, E,  |—cot 2h n: odd

where h =h/27 is Planck’s constant, L is the well width,
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Fig. 1 — The conduction- and valence-band energy profiles of a
GaN-A1,Gai-:N quantum well with a well width L,

and m, and m, are the effective masses of electrons

inside of the well, and barrier respectively. The energy
levels E, for the valence band can be expressed by

(n+z  q, ’
2  L+AW,

E, - . . @
1+ (n+)x b AW,
2 W +AW,
with
a
W, =—== 3)
ﬂ/bUAEU
where
a=—2_ oy =T ()
2m,,, m,,

3. OPTICAL GAIN

After the subband structures are obtained, we cal-
culate the optical gain of the QW laser. The propaga-
tion direction of the generated photon is parallel to the
QW layers, and the gain spectrum is calculated by the
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density matrix approach[15-16]. The gain spectrum due
to the transition between the conduction subband and
the valence subband is given by

u m, £
) = w,|—
g(w) - nZ::O ( 2L j.[E +E,,+E,

. < R,_ZU > (fc _fh)Fr(Ecv)dEcv

®)

Where @ the angular frequency of light is, u is the
permeability, ¢ is the dielectric constant, m,is the

reduced effective mass given by m,m,, /(m, +my,),

E,, is the transition energy, and < Rczv > is the matrix

element of the dipole element formed by an electron in
subband n in the conduction band and a holein sub-
band n in the valence band. In eq.(2), the light-hole
band is neglected, and heavy-holes are considered. This
is a reasonable approximation for most of lattice
matched Qw’s [17]. F.(E,) is function expressing the

transition broadening. Used the Lorentzian function
based on the density matrix formalism as follows:

h

T

F(E,)= n 7 (6)
(E,, —ho)* +(—)*

m

where 7,,1s the intraband relaxation time.

4. NUMERICAL RESULTS AND ANALYSIS

In this section, we present and discuss the numeri-
cal results of optical gain in symmetric QW laser for
typical GaN /Al:Gai-xN. The physical parameters
used in our numerical work are: the effective mass is

Mg,y = 0.19m, for GaN ,

My 6o N =0.19(1—x)+0.33)m, for AlL,Ga, [N .  The
real part permittivity is chosen to be &=9.83¢,, here
&, 1s the permittivity of free space. The band-gap
iIsAE, =x6.13eV +(1-x)3.42eV —x(1—-x)eV . The  con-
duction band offset is chosenV, =0.75(Eg(x) - E,(0)) .

The carrier density 4 x 1018 cm —3,

The Al concentration in the GaN/Al:Gai-N quan-
tum well has a great influence on many physical proper-
ties of the structure. In Fig. 2, we have plotted the optical
gain as a function of photon energy for tree different con-
centration ratios as x=0.1, 0.2 and 0.38, in 7'=300 K.
From this figure, it can be seen that the optical gain is
related to the stoichiometric ratio. As the Al concentration
in material rises, the optical gain have been reduced in
magnitude and also shifted towards higher energies. The
main reason for this resonance shift is the increment in
energy interval of two different electronic states between
which an optical transition occurs.

Fig. 3 shows plotted the optical gain as a function of
photon energy for tree different value of temperature.

As seen clearly, both peak gain magnitude and gain
peak frequency change with temperature. With in-
creasing the temperature, shrinkages and the carrier
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Fig. 2 — Optical Gain as function of wave length for
GaN / AliGai1-:N quantum well Laser for L, =4nm with
x=0.1,x=0.2, x=0.38.
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Fig. 3 - The dependence of the optical gain on temperature in
Alo2GaosN/GaN QW Laser

can scatter another subband, and consequently the
spectrum range and the optical gain decreases.

We also calculated optical gain for GaAs /Al:Gai-
«As quantum well with Ly =4 nm, figure 4. As seen
clearly, when temperature increases, the peak gain
magnitude decreases, the same case of GaN / Al.Gai-
«N (figure 3) but the magnitude is highest than of case
GaN / Al.Gai1-xN Qw’s.

From Fig. 4, we deduced that Laser gain investigat-
ed for AlGaN wurtzite quantum-well structures emit-
ting in the low wavelength relevant to the important
application of bimolecular excitation.

In Fig. 5, at T=300K and the Al concentration
x=0.2, we have shown the well width dependence of
optical gain versus the photon energy. The optical gain
is largely improved with increasing Al concentration.
Hence, the increase in the optical gain can be explained
by the fact that the quasi-Fermi level separation is
increased when the well width decreased, consequently
more level can contribute to optical gain and it increas-
es. On the other hand, the matrix elements are not
responsible for the increase in the optical gain.

04061-2



THEORETICAL ANALYSIS OF OPTICAL GAIN...

—1

gain, m

L L L L ,
0.65 07 0.75 08 0.85

Fig. 4 - The dependence of the optical gain on temperature

GaAs / Aloz Gaos As QW Laser
5. CONCLUSION

In conclusion, we have presented a theoretical anal-
ysis of the effect of concentration aluminum, tempera-
ture and width well on the optical gain of
GaN / Al:Ga1-xN quantum well. For this purpose, the
electronic band structure are calculate taking into
account effective mass approximation. We have found
that the width well has a significantly influence on
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