Vol 2 | Issue 1 | Pages 40-49

Recent Advances in Photonics and Optics

ISSN: 2689-8667

Research Article DOI: 10.36959/665/321

Optical Gain and Radiative Current Density in Strain
Compensated GaAsP/GaAsBi/GaAsP QWs Laser Structure
N Sfina*>", A Jbeli**, JL Lazzari? and M Said*

Laboratoire de la Matiére Condensée et des Nanosciences (LMCN), Département de Physique, Faculté des Sciences de
Monastir, Université de Monastir, Tunisia

2Centre Interdisciplinaire de Nanoscience de Marseille (CINaM), Aix-Marseille Université, France
3Faculty of Science and art KKU Mahail Assir, King Khalid University, Saudi Arabia
“College of Sciences & Humanities of Ghat, Majmaah University, Saudi Arabia

Abstract

We have theoretically investigated the band structure engineering and optical gain spectra of dilute-bismide and bis-
mide-free respectively in GaAsBi/GaAsP and GaAs/GaAsP laser structures. Subsequently, a type-l strain-compensated
GaAs, . Bi, ./GaAs P . quantum well heterostructure which was optimized in terms of compositions and thicknesses
has been studied by solving Schrodinger equation. We found that the incorporation of a small fraction of bismuth in the
laser active region enhances significantly the optical properties such as the optical gain, which leads to a peak gain value
of nearly 1000 cm™ corresponding to a usual injection carrier concentration of 1.5 x 102 cm™. A modal gain value equal
to 80 cm™ can be reached and radiative current density less than 50 A/cm? is expected. These latter results demonstrate

that the dilute-bismide GaAsP/GaAsBi/GaAsP laser heterostructure arouses a great interest due to their high-power

near-infrared light emitting diodes (LED) and laser diodes (LD) operating at room temperature (RT).
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Introduction

In the last few years, the bismides Ill-V, in particular,
GaAsBi has aroused a great attention in the aim of the re-
alization of optoelectronic devices field such as infrared
emitters, infrared detectors, laser diodes, solar cells and
spintronics [1-6]. Indeed, the incorporation of few per-
cents of Bi into conventional Ill-V semiconductors results
in a remarkable lift of valence band, leading to a serious
decrease of the band gap due to the valence band an-
ti-crossing effects and thermal stability [7,8]. Thus, dilute
bismide Ga(AsBi) based lasers diodes represent potential
candidates for high efficiency infrared light sources.

Recently, GaAs, Bi materials grown on a gallium arsenide
(GaAs) substrate have attracted intensive interests for vari-
ety of applications [9] such as Indium gallium arsenide nitride
(InGaAsN) that is an intersting material for the active region
of long wavelength edge-emitting lasers (LWEEL) and vertical
cavity surface-emitting laser (VCSEL) since the high-quality
InGaAsN structure could be grown on (GaAs) wafer [10]. It
was shown both experimentally and theoretically that GaAs
within an incorporated small amount of Bi induces a notable
reduction of the band gap (60-88 meV/Bi%) and in particular
an enhance of the spin-orbit splitting when the Bi concen-

tration increases [11]. Dilute bismide GaAsBi based lasers di-
odes are promising candidates for high efficiency infrared (IR)
light sources. Optically pumped laser diodes [12], Ga(AsBi)
light-emitting diodes (LEDs) [13,14] and electrically injected
laser Ga(AsBi) (2.2% Bi) operation at RT with emission wave-
length of 0.947 um have been demonstrated with promising
optical material qualities [15].

Nevertheless, the incorporation of substantial fractions of
bismuth (up to 11%) into GaAs using Molecular Beam Epitaxy
(MBE) has become possible using low growth temperatures
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and with a low As to Ga flux ratio [16,17]. On the other
hand, the optical absorption and emission are essential-
ly due to the existence of localized states below the con-
tinuum band edges of the GaAs,_Bi alloys. Morover, the
precedent effect could be due to the presence of disorder
caused by spatial fluctuations of the band gap in the alloy
composition [18], and to the thermal distortion caused by
lattice vibrations [19]. The bismuth element is the heaviest
atom of the same column as As whereas its size and core
electronic structure are very different. Knowing all the pre-
ceding, it thus seems reasonable to presume that Bi could
someway behave as an isoelectronic impurity in some Ill-V
semiconductors and show unusual alloy properties. What-
ever it has been foretold theoretically that the detached
Bi impurity does not form a bound state in GaAs [20,21],
it turned out that the presence of Bi clusters leads to the
apparition of localized states within the band gap near
the valence band in GaAsBi [18,22]. In this context, the
GaAsl_yPy/GaAsl_xBix MQW was designed and theoretically
studied on an (001)-oriented GaAs substrate. We have in-
vestigated the optical properties of QW active regions con-
sisting of compressively strained GaAs, Bi wells with ten-
sile-strained GaAs P barriers. A test structure consisting
of (15 nm)GaAs__P ./(7 nm)GaAs_, Bi ../(15 nm)GaAs P .
was grown on a semi-insulating GaAs substrate under the
same growth conditions as the active region of the laser
structure. We previously reported growth studies which
confirm the incorporation of Bi and P in the wells and bar-
riers respectively [23]. The purpose of the present work is
to exhibit the effects instigated by the bismide states, tak-
ing into account the influence of the modified band offset
parameters (Table 1) [24,25] on band structures and opti-
cal gain spectra for a strained GaAsP/GaAsBi/GaAsP QWs.
This latter effect is supported by the fact that the modified
offset parameters [26] play a fundamental role in energy
dispersion, and thus in optical gain.

In this paper, we have calculated the characteristics and
the properties of a dilute-bismide (dilute-Bi) laser struc-
tures based on strain-compensated GaAsP/GaAsBi/GaAsP
multi-quantum wells on GaAs substrate embedded in AlGaAs
designed to operate at around 0.96 um at RT. The theoretical

performances of the dilute-Bi laser structure are estimated
in terms of modal gain and radiative current density with-
drawn from optical gain calculation in TE mode polariza-
tion emission. In addition, the impact of the incorporation
of bismide in the active region of the dilute-Bi laser struc-
ture is evaluated and analyzed by the comparison to the
results obtained on GaAsP/GaAs/GaAsP Bi-free laser struc-
ture suitable for 0.796 um emission at RT. Furthermore,
The fundamental electron and holes states energy levels
(e,, hh)), the electron-hole wave-functions overlap, the
maximum gain, the modal gain, the spontaneous emission
rate Rsp and the radiative current density are calculated
at RT versus the injected carrier density in order to test
wether the features and efficiency of the dilute-Bi laser
structure could make it operate at RT.

Quantum Well Design Studies

Our conceived laser structure is based upon of GaAsP/
GaAsBi/GaAsP strain-compensated type-| active region. The
central GaAs_ Bi QW whom the thickness is 2.5 hm is lam-

inated between two 10 nm thick GaAs P . QWs which are
in turn sandwiched by two 20 nm thick GaAs barriers that
are lattice matched to the GaAs substrate. This structure is
analyzed by comparing results to those obtained on Bi-free
GaAsP/GaAs/GaAsP emitting at the same wavelength 0.796
pum at RT. The Figure 1 illustrates the schematic band diagram
within the fundamental symmetric electron e, and hole hh,
energy levels and their respective wave functions for the two
laser structures, (a) Dilute-Bi and (b) Bi-free. The energy lev-
els of these subbands have been calculated by solving the
one-dimensional Schrédinger equation assuming the enve-
lope function approximation [27,28]. The physical parameters
used in the calculations are listed in Table 1. The conduction
and valence band discontinuities AE_and AE  at hetero-inter-
faces, which are key parameters for the energy band diagram
construction, were calculated by the density functional theo-
ry (DFT) and their values are listed in Table 2 [29,30]. Also, the
band gaps of GaAs, P and GaAs, Bi strained to GaAs (001)
were calculated using the following relationships, according
to the DFT calculations and experimental fits are quoted from
references [31,32].

Table 1: Material parameters used in the calculations at 300 K. They are taken from References [24,25].

Parameters (T = 300 k) Symbols GaAs
Lattice constant a(A) 5.653
Band Gap Eg(eV) 1.42
Electron mass m’/m, 0.0665
Luttinger parameters A 6.85
Y, 2.1
Deformation potentials afev) 1.16
a(ev) -7.17
Elastic constant C,,(GPa) 1221
C,,(GPa) 566
Spin-orbit energy A (ev) 0.341
Refractive indices n 33

op

GaP AlAs AlP GaBi
5.4505 5.6622 5.4672 96.324
2.994 3.099 3.63 -1.45
0.13 0.15 0.22 0.039
4.05 34 3.35 13.4
0.49 0.82 0.71 4.7
-8.2 2.47 25.7 -6.85
-1.7 -5.64 23.0 0.79
1405 1250 1330 119.2
620.3 534 630 59.9
0.08 0.28 0.07 2.15
3.363 3.677 2.348 4.532

Sfina et al. Recent Adv Photonics Opt 2019, 2(1):40-49

Open Access | Page 41 |



Citation: Sfina N, Jbeli A, Lazzari JL, et al. (2019) Optical Gain and Radiative Current Density in Strain Compensated GaAsP/GaAsBi/GaAsP QWs

Laser Structure. Recent Adv Photonics Opt 2(1):40-49

Distance(nm)

18- (a) 18- (b) GaAgP,,
o GaA§.7PO.3 o
1.6 |- l l 16 |- l l
[ GaAs | | GaAs BC [ GaAs | ;| |g1 | GaAs pc
14 F | 14 F GaAs
— I 1 < |
S 2
L 12t = 12}
5 L GaAsg 97Big.03 o L
Pt 1 ()] -
2 (0
T 0.2 0.2}
- ™ I
0.0 ——BV o0 hh.——— BV
1
02 02
- 4 PERE R TR IR T ST | o 4 PR R T R R ST R |
0 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70

Distance(nm)

Figure 1: Band profiles, energy levels and selected wave function components for one period of the laser structure; (a) (20 nm) GaAs/
(10 nm) GaAsP/(2.5 nm) GaAsBi designed for 0.96 um and (b) (20 nm) GaAs/ (10 nm) GaAsP/ (2.5 nm) GaAs designed for 0.796 um.
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Figure 2: (a) Electron, heavy hole and light hole confinement-energies for the GaAsP/GaAsBi/GaAsP quantum well on relaxed GaAs as
well width; (b) Emission energies e -hh, and e -Ih versus the GaAs___ Bi . quantum well width at 300 k.

Table 2: Band offset values of different hetero-interfaces of the
valence AE (meV) and the conduction AE (meV) bands, respectively

extracted from references [29].

Interfaces (y,2)
(0,0.03)
GaAs/GaAs, Bi,
(0,0.042)
(0.297,0.016)
GaAslryPy/GaAsHBiZ (0.3,0.03)
(0.292,0.042)

E,(Gads, ,P,) =142+ 0.811y - 0.118y" - 0.059)°

AE (meV)

-265
-72

-231
-375
-280

AE (meV)

155
231
-96
-188
-198

(1)

E,(Gads,_Bi,) = 1.42 - 6.429x +9.293x” + 14.224x*  (2)

The dilute- bismide compound induces deep GaAsP/
GaAsBi/GaAsP QW with high band offset value leading
to good confinement of both types of carriers. The con-
duction and valence band-offse between GaAs and GaAs-
Bi have been calculated and are, respectively, AE_ = -265
meV and AE_= 155 meV. besides, in both the dilute-Bi or
Bi-free laser structure, the active region is composed of
type-l GaAsP/GaAsBi/GaAsP QWs. Subsequently, in this
non-aligned configuration, the effective band gap seems
to be independent of temperature and the laser emission
wavelength could be easily tuned by tweaking the layer
thickness of the GaAsP/GaAsBi/GaAsP period. These the-
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oretical results indicate that a correctly selected GaAs, P
barrier provide band offsets much better than the thermal
energy of RT even for the GaAs, Bi system with minor Bi
incorporation. Furthermore, it is important to note that
the potential barrier introduced by GaAsl_yPV could prevent
carrier leakage, which will in opportunity, be expected to
lead to an enhanced carrier injection efficiency and a bet-
ter threshold current density at elevated temperature sim-
ilar to that reported by reference [33] for InGaAsN lasers.

The energy levels of the different subband edges are
represented in Figure 2. The latter plot shows that the
guantum confinement energies of both types of carriers
collapse with reduction of the GaAs_ Bi . layer width and
attempt to stabilize from a thickness of 7 nm. Besides, it
is shown on Figure 2a that for the GaAs_ Bi . layer thick-
ness values less than the critical value of 7 nm, the ener-
gies vary in a nearly linear manner and rise with the GaAs
o,Big o5 1ayer width. In order to justify this behavior, we stip-
ulate that the wave function of this state is localized in the
GaAs, . Bi, . layer mostly. It can also be seen on Figure 2b,
that the emission energies decrease until GaAs_ Bi . lay-
er thickness of 3.8 nm and then become constant and the
interband transitions correspond then to the wavelength
of 0.96 um. Now that the GaAs_, Bi . layeris a deep quan-
tum well for the holes, the wave function of the these car-
riers ground state is situated also in the GaAs__ Bi . layer.
Thus, the transitions in such heterostructures are direct in
the coordinate space (see Figure 1).

The present laser structure designed with bismide for
infrared emission is made of GaAsP/GaAsBi/GaAsP type-I

quantum wells. A 22 A thick GaAsBi layer sandwiched by two
20 A thick GaAs P .layers. Each of GaAsP/GaAsBi/GaAsP
quantum wells is separated by a 200 A-thick GaAs spacer
layer lattice-matched to the substrate. This feature confirms
the bi-dimensional behavior of carriers in each MQW period.
The dilute-bismide compound induces deep wells with high
conduction and valence band offset values allowing strong
confinement of both types of carriers. The GaAsP and GaAsBi
layer thicknesses are chosen to exhibit laser emission around
0.96 um at RT with the highest electron-hole wave-function
overlap for the GaAsP/GaAsBi/GaAsP. This latter structure's
active region is embedded in an undoped 100 A-thick Al
1s08,4,- As waveguide layer whose the geometry enhances
the optical confinement factor while minimizing free-carrier
absorption losses in the Al ,Ga As cladding layer. This lay-
er provides an improve of the optical confinement and high
type-Il band-offsets and let hope a reduction of the carriers
leakage current. The Figure 3 shows the schematic band dia-
gram of the dilute bismide laser structure with the fundamen-
tal electron e, and heavy holes hh, energy levels and their
respective wave functions. The computation was performed
using the Schrédinger equation and assuming the envelope
function approximation [27].

Optical Gain and Radiative Current Calculation

The optical characteristics of the dilute-Bi GaAsP/GaAsBi/
GaAsP structure are optimized in terms of modal gain and the
threshold current density which is returned from optical gain
calculation in TE mode polarization emission. For a quantum
well, when kp = 0, the optical gain energy spectra can have
the following expression [34].

2
el
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Figure 3: Conduction and valence band profiles of the laser structure built-on Al .Ga, As (200 A)/AIOJSGaO_SZAs (100 A)/GaAs (200 A)/
GaAs,.P,.(150A)/ GaAs P, ,(20A)/ GaAs, Bi, .,(22 A)/ GaAs P ,(20 A) MQWs on GaAs substrate. The fundamental electron (e,) and
heavy-hole (hh,) presence probability densities are displayed on the lower part. The fundamental e,-hh, optical transition is expected
at 0.96 um at RT (300 k) with a wave function overlap value [<f_[f,, »>[* = 70%.
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2

G(hw) = GOZ[/|IU'| [fc,.(ha)) -Jy (ha))]5(ha) 'Eeihj) @)

Where 6(x) represents the Heaviside step function, f,
and f,, are Fermi functions for the j™ subband in the va-
lence band and it subband in the conduction band, re-
spectively, |lij|? is the electron-hole wave function over-
lap/<W_[W »/[? E,.is the energy corresponding to the op-
tical transition starting from the conduction to the valence
bands and:

%

2.2
n,,cemgn a)Leﬁ.

eréV/J

G, =

Where u= (m;' +m,j') is the electron-hole reduced
effective mass, ¢, w and &€ are respectively the speed of
light, the pulsation of light and the effective dielectric con-
stant of the material; n,, L . are the refractive index and
the effective width of the active zone, respectively, and

WE
X2, ="
o A%ij

matrix element.

where E_ = (2/m )P* with P is the Kane

In concerned cases, the optical gain has to be convoluted
by some broadening function, so as to account for the limited
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Figure 4: Gain spectra (TE mode) versus photon energy in a single GaAsBi/GaAsP QW structure for different carrier injection densities
varying from o = 0.5 x 102 cm? to 6 = 3 x 10'> cm™. Calculations are made at 7= 100 K (a) and T = 300 k (b), respectively.
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lifetime of excitons. Thus, we shall use a Lorentzian shape for
this broadening, with a half width at half maximum denoted
by I'. Also, we assume a I' value equal to 26 meV leading to an
intraband relaxation time t,_ which is worth 100 fs [34].

The optical gain is written as follow:
(y/2)
7r(E2 + (Ff)/4))

where G(ﬁa)) is given by equation (3).

The optical gain per GaAs P ./GaAs P, ./GaAs , Bi ../
GaAs P . period was calculated for different carrier injec-
tion densities o in the active region varying from 0.5 x 10*2
to 3 x 10" cm? Obtained results are plotted in Figure 4
at low (T =100 K) and RT (T = 300 K). At low temperature
on Figure 4a, we guess that, it is easy to get gain because
the difference between electron and hole quasi-Fermi en-
ergies (Eﬂ - Efv) reaches the (e-hh,) transition energy start-
ing from the carrier injection of 0 = 0.5 x 10> cm™. On the
other hand, at RT Figure 4b, it is compulsory to have an
injection rate of at least 0 = 1 x 10" cm™ to allow to carri-
ers to fulfill stimulated emission conditions. Whatever the
temperature, the maximum gain G__ due to the first ener-
gy level corresponding to the transition (e,-hh,) increases
quasi-linearly with the injected carrier density. This gain
peak is dominated at low temperature by the (e -lh ) tran-
sition only for lower injection rates. Furthermore, At o =
1.5 x 10* c¢cm?, the gain from the second quantized lev-
el transition (e -hh ) involving light hole carriers becomes
significant. Moreover, The transparency carrier density is
equal to 0.25 x 10* cm™ at RT. For a typical injected car-
rier density of 2 x 10*? cm?, a gain value of about 1500
cm? is obtained, which is sensibly comparable to values
obtained on GaSbBi/GaSb structure tailored for emission
at 2 um (E = 0.62 eV) on GaSb substrate [35]. This steep

G(hw) = [ G(ho-E) dE (5)

gain value could be attributed to the 2D density of states
which is proportional to the effective masses and inverse-
ly proportional to the confinement energy of electron and
hole as well as to the quasi-Fermi levels [36]. From the
viewpoint of applications, the optical quality of dilute bis-
mide in lasers is a very valuable issue. Indeed, for GaAsBi
and InPBi, this quality dwindles very significantly due to
incorporation of Bi atoms [37]. The Figure 5 shows the op-
tical gain spectra of the two laser structures, with dilute-Bi
and Bi-free. For two-dimensional system, carrier densities
N,, is rises up to 3 x 10*? cm™. In the case of the dilute-Bi
structure, the conduction subbands e, and e, are clearly
splitted, consequently; for the used carrier densities in our
calculations, only e, and hh, levels are occupied. Thus, the
peak in the gain curve corresponds to (e,-hh,) transition.
Also, we note an improvement of optical gain values and a
red shift of the gain spectrum to higher wavelengths in the
based GaAsBi QW laser structure [38]. The latter could be
explained by the large bowing factor of the GaAsBi energy
band gap. For dilute-Bi structure, a gain value at around of
2000 cm is attained with a typical injected carrier density
of 3 x 102 cm2, This result is comparable to those obtained
on the GaSbBi/GaSb structure adapted for emission at 2
um on GaSb substrate but higher than those obtained for
Bi-free structure as illustrated in Figure 5. These previous
high gain values could be attributed in part to the electron
mass enhancement as well as the increase in density of
states in dilute-bismide compounds. For the Bi-free struc-
ture, when the carrier density is 3 x 1012 cm, the gain peak
corresponding to (e -h ) transition occurs at about 1.4259
eV and is larger than that of dilute-Bi which is worth 1.38
eV for the same carrier density. Moreover, for the Bi-free
structure, the transition between the occupied e, and the
unoccupied e, is unlikely. Thus, the difference in shape
between the corresponding black and red curves could be
interpreted by band filling and the resulting shift of the
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quasi-Fermi energy separation. Due to the variation of the
effective mass at the level of the valence band in GaAsBi
with the incorporation of bismide as well as the densities
of states, these results leading to a higher transparency
current similar to InGaAs-based laser structures [39,40].

In addition the optical gain of GaAsBi-based laser
structure is comparable with the optical gain values in
InGaAs-based devices [36]. Calculated maximum gain as
a function of carrier density is illustrated in Figure 6 for
both structures at RT. This shows the superiority of the di-
lute-Bi structure in comparison to the Bi-free one, what-
ever these have the same carrier density. In the case of
a carrier density equal to 3 x 10'? cm™?, the incorporation
of bismide in GaAs well (GaAsBi) induces an enhancement
in the G__ value. The transparency carrier density is 5.5 x
10 cm for the dilute Bi and 5.42 x 10*® cm™ for the Bi-
free structures. These latter values are obtained using the
relation NSD=N2D/LEW where L_is the effective width of the
structure equal to 222 A and 225 A for dilute-Bi and Bi-free
structures, respectively.

It is well acknowledged that the suitable part of the op-
tical gain (modal gain) has to recompense the total optical
losses (a), of the laser diode for this reason we,

The most interesting result was obtained for dilute-Bi
structure with a r, value per period of 1.66% while r,is
equal t01.26% for the Bi-free structure [41]. The Flgure 7
illustrates the variation of modal gain versus carrier con-
centration N, for dilute-Bi and Bi-free structures. Unsur-
prisingly, the maximum modal gain value is accomplished
GaAsP/GaAsBi/GaAsP laser design. For a typical carrier
concentration N, =1x10* m? (o =1 x 10*> m?), the modal
gain at T = 300K exceeds 54 cm™, whereas it reaches only

28 cm™ for the Bi-free structure. Thus, this result confirms
the valued effect of the dilute-bismide incorporation in the
active region of laser structure and corroborates the pos-
sibility to obtain, at RT, a laser structure operating with
reasonable optical losses. Starting from the relation G__,
=GNG, ., we have performed the calculation the modal
gain G where G__is the peak gain value found out from
the optical gain curves (Figure 5), Np is the quantum wells
number taken equal to 5 and G,is the TE polarization opti-
cal confinement factor. Moreover, it was computed using
the refractive indices n, extracted from Table 1, following
the procedure assumed in Ref. [24]. The carried out calcu-
lations at 300K indicated that the incorporation of bismide
reduces the radiative efficiency of the structure (Figure
8a). By assuming uniform charge injection across the la-
ser active region, we can use the simplified expression of
spontaneous emission rate given by [42].

l6e nE 2 . . 6
VW( 2h Po Zv< >prydf (EC, -FC)|:1 'f (Ev/ 'F»)j| ( )
Where c is the speed of light, n_are the refractive index,

F,

¢ -V,

¢ -y

2
m, is the free-electron mass, < > is the squared mo-

mentum matrix element between electron and hole in each
sub-band averaged over directions and polarizations of pho-
tons and spins of electrons and holes, p_, is the reduced den-
sity of state of electrons and holes in the xy plan without spin
degeneracy, F_ is the quasi-Fermi level of conduction and va-
lence band and f(E) the Fermi-Dirac distribution function p_,
is written as m_ /2rth? through the effective mass approxima-
tion, where m_ is reduced mass of electrons and holes in the

xy plane. <‘PC N
i Vj

2
> is estimated by the k-p theory to be :
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Where mc is the electron effective mass, Eg the band gap
energy, A the spin-orbit splitting and nc-v the overlap integral
of the envelope function of the electrons and holes, respec-
tively. A low bound on the threshold current density may be

obtained by calculating the radiative recombination rate per

unit volume given by [42].

R, (Nyp.T) = [r, (E)dE (8)

Where E is the photon energy. The performed calculation
results at 300 K leads to believe that the addition of bismide
degrades the radiative efficiency of the structures (Figure 8a).
By taking into account uniform charge injection across the la-
ser active region, we can use the simplified expression:
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R, (N;,,T) =B(T)N3, (9)

The radiative recombination coefficient B at RT equal to
3.6 x 10" and 7.076 x 101! cm3s?, respectively, for dilute-Bi
and Bi-free laser structures, in agreement with standard val-
ues of GaAs laser structures [43,44]. Furthermore, the radia-
tive current density J _ could be calculated by integrating over
the spontaneous emission spectrum at each value of N, [45],
it comes:

de = eLz _[ Ksp (E)dE

where e is the electron charge and L, = NL.is the to-
tal active region. For typical injected carrier density N_ =
2.5 x 10 cm?3, typical for laser diode operation at RT. The
J . values are always less than 100 A/cm? for the dilute-Bi
structure, confirming the possibility to such laser diode
to operate at RT. These relevant results are illustrated in
Figure 8b, where the modal gain G__, versus the radiative
current density J . at 300 K for the two LDs under con-
sideration at RT indicate in Figure 9. The result reported
in Figure 9 demonstrates that modal gain is better for the
dilute-Bi structure, about two times higher than the Bi-free
structure all over the J_, values. Keeping in view reason-
able total optical losses at around 10-15 cm™ for a low-de-
fect laser structure operating at RT [46], the J _ value is
deduced for the dilute-Bi structure two times lower than
the Bi-free one. Basing upon these theoretical investiga-
tions, it can be guessed that GaAsBi/GaAs quantum well
lasers structures are a promising new class of near-infra-
red devices where, by use of the unusual band structure
properties of GaAsBi alloys, it is possible to eliminate the
dominant energy-consuming Auger recombination and in-
ter-valence band absorption loss mechanisms, which have
a great impact on the device performance [47]. We em-
phasize that the inhibition of these loss mechanisms let us
hope GaAsBi to be the potential candidate for the develop-
ment of next-generation semiconductor lasers. The precise
estimation of the Auger coefficient in the diluted-Bi laser
structures will be the subject of future studies.

(10)

Conclusion

A new dilute-Bi type-I GaAsmP0A3/GaAsolg7Bi0'o3 laser struc-
ture has been proposed and optimized for emission at 0.960
um and at RT in order to show an appropriate overlap wave
functions value equal to 70%. The theoretical performances
of such laser structure are compared to a similar convention-
al Bi-free structure for laser operation at RT. The results ob-
tained on the calculation of the optical gain for the two laser
structures show the superiority of the bismuth system due to
the increased effective mass of the edge of the valance band
in the GaAsBi layer and the improved optical density of states
in dilute-Bi compounds. As a consequence, the dilute-Bi laser
structure presents high optical material gain around 1000 cm-
!, modal gain value is equal to 80 cm™ and radiative current
density below 100 A/cm? at 300 K for typical injected carrier
concentration N,  =1.5 x 10" cm. These results approve that
the GaAsP/GaAsBi structure are of an excessive attention for

the realization of laser devices operating in the near-infrared
region at RT.
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