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This paper presents a comparative analysis of the gain characteristics and threshold current density of nitride laser structures based on
quantum wells and quantum dots in the active gain regions by using a model based on the density matrix theory of semiconductor lasers
with relaxation broadening. We concentrate on the effects of variation factors for this structure, such as a side length of quantum well and
quantum dot, injected carrier density, and temperature, on laser parameters such as optical gain, optical confinement factor, modal gain, and
threshold current density. It can be inferred from the results that the GaN based quantum dot has demonstrated better laser performances
(high optical gain value, lower values of transparency carrier density, transparency current density, and threshold current density) than the
quantum well in the active medium of the device structure.
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1. Intrduction

The performance of semiconductor lasers improved con-
siderably after the introduction of double heterostructure
lasers (DHL), which improved both carrier and optical mode
confinement [1–5], as a result of which the threshold cur-
rent density was reduced, and continuous wave functioning
was achieved at room temperature [6, 7]. More progress
was gained by adopting quantum well (QW) structures, in
which carriers are confined to quantized energy levels due
to a reduction in physical space volume in one dimension
[8–11]. Following the significant development of the QW
heterostructure, one of the most important steps in the field
of semiconductor lasers was the demonstration of quantum-
dot (QD) lasers [12–14].

When compared to QW lasers, QD lasers displayed quick
development and distinctive laser properties [14]. The quan-
tum dot, which is often made up of a tiny bandgap semicon-
ductor contained in a wider bandgap material, restricts elec-
trons, holes, or electron-hole pairs to zero dimensions in a
region on the order of the De Broglie wavelength of the elec-
trons. In this case, the three-dimensional quantum confine-
ment of the gain material produces major changes in the de-
vice properties of semiconductor lasers and leads to discrete
quantized energy levels that can be controlled by modifying
the size and shape of the quantum dots. The changes in laser

physics caused by the QD gain medium result in crucial de-
vice features such as low threshold current, a small linewidth
enhancement factor, and more temperature-stable laser oper-
ation.

In order to achieve as good a performance as it is possi-
ble to achieve the desired results, we perform detailed the-
oretical calculations and compare the optical gain, optical
confinement factor, modal gain, and threshold characteristics
of lasers using GaN QW and QD gain regions based on the
density matrix theory of semiconductor lasers with relaxation
broadening [15], taking into account the effects of side length
of QW and QD, injected carrier density, and temperature.

2. Theoretical model

2.1. Optical gain theory

The optical gain in density matrix theory is calculated by
adding the contributions from all transitions between electron
and hole subbands. In the case of isotropic energy bands, the
summation can be achieved as an integration in the energy
space [16,17].

Utilizing the model of Assadaet al. [15,17,18] and taking
the intraband relaxation into consideration, the material gain
for a given photon energy of quantum well and quantum dot
lasers, respectively, is expressed as:



2 H. BOUCHENAFA AND B. BENICHOU

gQW(ω) = ω

√
µ0

ε0

∑
n=0

mr

π~2L

∫ ∞

Eg+Ecn+Evn

× 〈R2
cv〉(fc − fv) ~τin

(Ecv − ~ω)2 +
(
~
τin

)2 dEcv, for QW, (1a)

gQD(ω) =
ω

nr

√
µ0

ε0

∑

lmn

∫ ∞

Eg

× 〈R2
cv〉 gcv(fc − fv) ~τin

(Ecv − ~ω)2 +
(
~
τin

)2 dEcv, for QD . (1b)

The subscriptc (or v) indicates the conduction band (or
heavy-hole band), wheremr is the reduced effective mass
given bymr = m∗

cm
∗
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c + m∗
v), m∗

v is the effective mass
of heavy-hole band,ω is the angular frequency of light,L is
well width, ε0 andµ0 are the dielectric constant and perme-
ability of the vacuum,Ecv is a transition energy between the
conduction band and valence band,Ecn andEvn are thenth

energy levels of the electron and hole quantum wellsRcv is
the dipole moment,τin is the intraband relaxation time(τin=
0.1 ps [15,17]),fc andfv are the corresponding Fermi func-
tions for electrons in the conduction and valence bands given
by:
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whereεcn andεvn are the total energies of electrons and holes
for subbandsn. nr is the refractive index andgcv is the den-
sity of states for the QD, given by [15]:

gcv(Ecv) =
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LxLyLz
, (3)

where δ(E) is the delta function,Ecnml and Evnml are
the quantized electron and hole energy levels respectively
of a quantum box structure inx, y and z directions, re-
spectively [19]. If we assume a structure consisting of
GaN/Alx1Ga1−x1N quantum box with a dimension ofLx, Ly

andLz, energy levels are expressed by the following equa-
tion, where the barrier height in the potential profile is as-
sumed to be infinite [22]:
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wherem∗
c andm∗

v are the effective masses of an electron and
hole respectively,n, m andl denote the label of the quantized
energy levels in the box.

In Eqs. (1a) and (1b), we have assumed that the electron
and hole in the quantum well and quantum box are in equi-
librium, as determined by the quasi-Fermi levelsEfc andEfv

respectively.
Efc and Efv are related to the electron and hole densi-

ties injected into the wells and quantum box, respectively
as [15,17,21]:
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In the approach of Eqs. (1a), (1b), (5a), (5b), (6a), and
(6b), we have assumed the transition from the first conduc-
tion band to the first valence band (heavy hole band) because
the density of states of the light hole band is smaller than that
of the heavy hole band and its probability to occur is more
significant than of the other transitions.

2.2. Optical confinement factor

The optical gain is a feature of the active region when popu-
lation inversion occurs and charge carriers interact with light.
This interaction is mathematically described by the optical
confinement factor, which is a critical parameter in semicon-
ductor lasers [22]. This property is defined as the ratio of the
integrated light intensity within the inversion population zone
to the overall optical intensity across the laser structure.

Calculating the confinement factorΓ is not very easy and
needs a numerical approach. It can be approximated by the
following simple formulae:

• For quantum well [23–25]:

ΓQW =
D2

2 + D2
, (7)

whereD indicates the normalized thickness of active
region, which is given by:

D =
2πL(n2

a − n2
c)

1/2

λ
. (8)

Here,λ is the wavelength of the emitted photon and
na, nc are the refractive indexes of active and cladding
layers respectively.

• For quantum dot
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The optical confinement factor in quantum dots has been
defined as a product of the lateral and longitudinal confine-
ment factors as follows [22,26]:

ΓQD = ΓxyΓz, (9)

where Γxy indicates the lateral confinement factor (also
known as the transverse confinement factor) calculated as fol-
lows:

Γxy =
NDAD

S
, (10)

whereND is the number of quantum dots per layer,AD is
the average size of the plane of quantum dots andS is the
waveguide surface.

The longitudinal (vertical) component of the confinement
factorΓz is given by the ratio of the light intensity in the ac-
tive layer (QD), to the total light intensity throughout the het-
erostructure. This report characterizes the vertical interaction
of quantum dots and the optical mode [27,28]:

Γz =
1
S

∫∫∫ |E(z)|2 dz∫ +∞
−∞ |E(z)|2 dz

. (11)

The optical confinement factor of the quantum dot can
therefore be approximately represented as:

ΓQD =
V 2

2 + V 2
. (12)

With
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4πd2(n2
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c)

λ2
, (13)

whered is the thickness of the active layer.

2.3. Threshold laser characteristics

In semiconductor lasers, the optical gain coefficient at thresh-
old gth is calculated by the following equation [29,30]:

Γgth = αi +
1
Lc

Ln

(
1
R

)
, (14)

whereαi indicates internal loss,Γ is the optical confinement
factor,R andLc represent the reflectivity of the end mirrors
and cavity length, respectively.

The threshold current density of characteristic parame-
ters in the operation laser diode (symbolJth) is given by
[15,20,31,32]:

JthQW =
NQWqLNth

τs
, (15a)

JthQD =
NQDηqLNth

τs
, (15b)

whereq is the electron charge,NQW is the number of wells,
η is the rate of surface area of quantum boxes included in the
whole area,NQD is the number of layers of the quantum box
array andτs is carrier life time.

Nth represents the threshold carrier density, is given by
[33,34]:

Nth = Ntr +
1

Γgd

(
αi +

1
2Lc

ln
[

1
R

])
, (16)

whereNtr defines the transparency carrier density andgd de-
fines differential gain.

3. Results and discussions

In this study, we investigate two types of wurtzite nitride
laser structures: GaN/Alx1Ga1−x1N quantum well lasers and
GaN/Alx1Ga1−x1N quantum dot lasers. Both structures in-
corporate various layers that contribute to the overall perfor-
mance of the devices. The active region in both devices con-
sists of undoped GaN, sandwiched by Alx1Ga1−x1N barrrier
layers, providing strong carrier confinement. The underlayer
plays an important role in improving carrier injection, with
InGaN being used in the quantum well device and GaN in
the quantum dot device. The cladding layers for both types
are composed of Al0.2Ga0.8N, are crucial for confining car-
riers within the active region, and they are heavily doped

TABLE I. Layer structure and parameter specifications for GaN/Alx1Ga1−x1N quantum well and quantum dot lasers.

Layer Material composition Doping (cm−3) Thickness (µm)

Top p-cladding Al0.2Ga0.8N p-doped(5× 1018 0.2

Electron Blocking Layer (EBL) Al0.1Ga0.9N (QW) / Al0.2Ga0.8N (QD) p-doped (1× 1017) 0.02

Barrier Alx1Ga1−x1N (x1 varies from 0 to 0.4) Undoped 0.2

Active region (QW) GaN Undoped L (varies)

Active region (QD) GaN (cubic shape) Undoped L=Lx=Ly=Lz (varies)

Barrier Alx1Ga1−x1N (x1 varies from 0 to 0.4) Undoped 0.2

Bottom n-cladding Al0.2Ga0.8N n-doped (1× 1018) 0.2

Underlayer (QW) InGaN Unintentionally doped (n ≈ 1016) 0.1

Underlayer (QD) GaN Unintentionally doped (n ≈ 1016) 0.1

Substrate GaN or Sapphire - -
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TABLE II. The parameters used in the calculations (m0 is the free electron mass).

GaN AlN Alx1Ga1−x1N

Band gap energyEg (eV) 3.43 6.2 0.7x2
1 + 2.07x1 + 3.43

Electron effective massme 0.2m0 0.3m0 (0.1x1 + 0.2)m0

Heavy hole effective massmhh 0.8m0 1.14m0 (0.34x1 + 0.8)m0

Refractive indexnr 2.67 2.03 −16x1 + 2.67

Varshni’s fitting parameters:

α (meV/K) 0.909 1.799 0.89x1 + 0.909

β (K) 830 1462 632x1 + 830

to facilitate electron and hole movement. Additionally, an
electron blocking layer (EBL) is placed between the active
region and the p-cladding layer, designed to prevent electron
leakage and improve efficiency.

The structural parameters of the quantum well and quan-
tum dot devices are summarized in Table I: detailing the ma-
terials, thicknesses, and doping concentrations for each layer
in the device stack.

The required parameters of the binary compounds GaN
and AlN (wurtzite crystals) for calculating the optical gain of
GaN quantum wells and GaN cubic quantum dots are listed
in Table II [35]. The parameters for Alx1Ga1−x1N are de-
rived using a linear interpolation between the parameters of
GaN and AlN, following Vegard’s law [36]. Additionally,α
andβ are the coefficients that describe the nonlinear temper-
ature dependence of the bandgap energyEg according to the
expression [37,38]:

Eg(T ) = Eg(0)− αT 2

(β + T )
. (17)

By fixing L = 70 ÅandNv = 3 × 1019 cm−3 as enter-
ing data for simulations, the optical gain spectrum is initially
computed as a function of wavelength for GaN quantum well

FIGURE 1. Optical gain versus wavelenghth of GaN quantum
compared with gain of GaN quantum dot atL = 70 Å and
Nv = 3× 1919 cm−3.

and GaN cubic quantum dot structures, as illustrated in Fig. 1.
As seen in this figure, the GaN quantum dot laser achieves a
peak optical gain of approximately 15104 cm−1 at a wave-
length of 0.347µm, corresponding to a transition energy of
3.57 eV. This result is consistent with experimental findings
from Beckeret al. [39], who observed peak gains in the range
of 15000 to 20000 cm−1 for GaN quantum dot lasers. In con-
trast, the GaN quantum well laser exhibits a very low gain
of approximately 6892 cm−1, occurring at a wavelength of
0.351µm, corresponding to a transition energy of 3.53 eV.
This observation is supported by Bakeret al. [40] and Fisher
et al. [41], who reported lower gain values for GaN quantum
well lasers.

We can also see the difference in the shapes of the optical
gain spectra between QWs and QDs, which is directly re-
lated to their different quantum confinement properties such
as density of states (DOS) and carrier confinement mecha-
nisms.

In quantum wells, the step-like DOS results in a broader
and smoother gain spectrum due to the overlap of several sub-
bands, leading to a more continuous distribution of energy
states. This explains why the QW laser has a wider spectral
width and a lower peak gain. On the other hand, in quan-
tum dots, the delta-like density of states gives rise to sharp,
narrow peaks in the gain spectrum, caused by the discrete
energy levels arising from three-dimensional carrier confine-
ment. This explains the QD laser’s narrower spectral width
and higher peak gain.

The optical gain spectra of quantum wells and quantum
dots can appear more similar under specific conditions, such
as a broad size distribution in QDs (inhomogeneous broaden-
ing) or extremely narrow QWs (approaching strong quantum
confinement) [15]. However, due to their fundamental differ-
ences in density of states and carrier confinement, the spectra
will never be fully identical. Quantum wells exhibit a broader
and smoother gain spectrum, while quantum dots show sharp,
narrow peaks, ensuring distinct gain characteristics even un-
der similar conditions.

This comparison indicates that the quantum dot laser,
with its narrower spectral width, provides a higher gain per-
formance compared to the quantum well laser with wide
spectrum.

Rev. Mex. Fis.72030501
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FIGURE 2. Optical gain versus wavelength of GaN quantum well and quantum dot structures for different sizes of QW and QD atNv =

3× 1019 cm−3.

FIGURE 3. Optical gain versus wavelength of GaN quantum well and quantum dot structures for different values of injected carrier density
atL = 90 Å andT = 300 K.

A comparison of the optical gain spectra of the GaN
quantum well and GaN quantum dot structures for different
side lengths of QW and QD atNv = 3×1019 cm−3 is shown
in Fig. 2. Two observations are made: First, for the same size,
the optical gain value of the quantum dot is higher than that of
the quantum well. Second, when the size of the side lengths
of QW and QD increases for both cases, the maximum value
of optical gain decreases: compared to other lengths, it is
higher atL = 70 Å due to the increase in carrier density for
population inversion in small-sized quantum wells or quan-
tum dots. In contrast, when the size of the QW or QD in-
creases, the carriers in the structures are dispersed over in-
significant levels, and the separation between energy levels
is not enough to achieve a high optical gain, as supported by
experimental findings reported by Liuet al. [42] and Becker
et al. [39], which demonstrate that larger dimensions result
in reduced optical gain due to decreased confinement and in-
creased non-radiative recombination. Additionally, Sugisaki
et al. [43] found that smaller quantum dots enhanced gain but

at the expense of higher threshold currents. This effect is fur-
ther supported by the results of Williamset al. [44] supplying
more proof that improving optical gain in these systems re-
quires efficient quantum confinement.

Furthermore, the observed shift in the emission spectrum
towards longer wavelengths can be explained by quantization
effects, which tend to lower the bound state transition energy
and increase the emission wavelength in accordance with the
standard expressionλ = 1.24/~ω = 1.24/(Eg + Ec + Ev).

Figure 3 displays the optical gain spectra curves obtained
for GaN QW and GaN QD with different carrier densities at
L = 90 Å. By comparing the two variations, it is evident
that for both structures, the increase in the injection level in
the active region leads to an increase in the maximum optical
gain. The increase in peak optical gain with carrier density
is justified as follows: The occupation probability in the con-
duction band’s confined states rises with increasing carrier
density, while it decreases in the valence band. Consequently,
an increase in carrier density results in an augmentation of
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FIGURE 4. Optical gain versus wavelength of GaN quantum well and quantum dot structures for different temperatures atNv = 3 ×
1019 cm−3.

tation of optical gain as the absorption coefficient lowers and
the emission coefficient increases.

This insight aligns with research conducted through ex-
perimentation. According to Nakamuraet al. [45] and Miller
et al. [46], stronger population inversion in GaN quantum
wells at higher carrier densities results in increased optical
gain. Similarly, GaN quantum dots show a similar tendency,
with optical gain increasing dramatically as carrier density
increases, as shown by Butté et al. [47] and Subramanyaet
al. [48]. Furthermore, the comparative study conducted by
Williams et al. [49] shown that whereas quantum dots often
attain better optical gain due to stronger quantum confine-
ment effects, both quantum wells and quantum dots experi-
ence a gain boost with rising carrier densities. These experi-
mental results support our findings and highlight how effec-
tive quantum dots are in generating greater optical gain than
QWs.

The influence of temperature on the optical gain spectra
of GaN quantum well and GaN quantum dot structures at the
same injected carrier densityNv = 3 × 1019 cm−3 is de-
picted in Fig. 4. It is obvious that when the temperature
increases, the peak value of the optical gain in a quantum
well laser decreases and moves to a longer wavelength range.
However, the quantum dots laser demonstrated significantly
better temperature stability in peak optical gain. These results

are consistent with experimental findings for quantum wells
reported by Nakamuraet al. [50] and Perlinet al. [51], where
an increase in temperature causes a redshift and lower gain
because of bandgap narrowing and carrier scattering. How-
ever, GaN quantum dots exhibit better temperature stability,
with minimal decrease in peak optical gain as temperature
rises, according to Andreevet al. [52] and Butt́e et al. [53].
This trend is explained by quantum dots’s increased carrier
confinement, which lessens their sensitivity to temperature
variations.Where temperature has a very minor influence on
peak optical gain values.

It is known that with an increase in temperature, the band
gap energy decreases, which results in the redshift. It is also
well known, that as temperature increases, the band gap en-
ergy of QD also reduces. This analysis demonstrates that the
energy distribution of dot states corresponds to the evolution
of fermi functions such as the quasi Fermi level separation
and that the wavelength of the gain peak remains unchanged
as a function of temperature for a given value of peak gain.

Figures 5a) and 5b) show the peak optical gain spectra of
GaN quantum well and GaN quantum dot under varying car-
rier density injection for different values of quantum well’s
and quantum box’s sizes and temperatures, respectively. This
diagram contains two regions: the amplification region (pos-

TABLE III. A comparative table shows the maximum gain values, peak wavelength (transition energy), and transparency density for various
sizes of GaN-based quantum wells and quantum dots.

QW QD

Side length (̊A) 70 90 110 70 90 110

Gain max (cm−1) 6892 5785 4964 15104 8958 5520

Transition energy (eV) 3.53 3.52 3.50 3.57 3.52 3.49

Peak wavelength (nm) 351 352 354 347 352 355

Emission spectrum UV UV UV UV UV UV

NTr(×1019 cm−3) 0.72 0.6 0.45 0.585 0.285 0.165
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FIGURE 5. Dependence of peak otical gain on carrier density in GaN quantum well and quantum dot structures: a) for different sizes of QW
and QD, b) for different temperatures atNv = 3× 1019 cm−3.

itive side) and the absorption region (negative side), and that
gives us the value of the transparency densityNTr from
which the material begins to amplify the photon whose en-
ergy fulfills the Bernad and Duraffourg conduction(Eg ≤
hν ≤ Efc − Efv) for each size (wherehν represents photon
energy). We can see in Fig. 5a), for the two cases of QW
and QD, that the gain coefficient of a smaller quantum well
or quantum dot has a higher transparent carrier density value,
than that of a larger one in the two structures (QD and QW).
In comparison between the two structures, the transparency
carrier density in quantum dots lasers is lower than that of
quantum well lasers for the same length.

Figure 5b) shows a good stability of transparency density
with temperature in quantum dot lasers compared to quan-
tum wells, where the transparency density increases with in-
creasing temperature. A comparison of maximum gain val-
ues, peak wavelength (transition energy), and transparency
density for various sizes and different temperatures of GaN-
based quantum wells and quantum dots is listed in Tables III
and IV, respectively.

In order to further compare the two structures, the optical
confinement factor was determined. In Fig. 6, we show the
variation in confinement factor as a function of active zone
width for GaN/Alx1Ga1−x1N quantum wells and quantum

TABLE IV. A comparative table shows the maximum gain values, peak wavelength (transition energy), and transparency density values for
different temperatures of GaN-based quantum wells and quantum dots.

QW QD

Temperature (K) 150 250 350 450 150 250 350 450

Gain max (cm−1) 7821 7214 6642.9 6049 15104 15061 15014 15014

Transition energy (eV) 3.59 3.56 3.507 3.46 3.636 3.598 3.561 3.51

Peak wavelength (nm) 345 348 353 358 341 345 348 353

Emission spectrum UV UV UV UV UV UV UV UV

NTr(×1019 cm−3) 0.63 0.7 0.77 0.89 0.58 0.58 0.58 0.58

Rev. Mex. Fis.72030501
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FIGURE 6. Dependence of optical confinement factor on QW and
QD width for GaN/Alx1Ga1−x1N quantum well and quantum dots
lasers.

FIGURE 7. A comparison of the variation of the modal gains in
GaN quantum well and quantum dots as a function of current den-
sity.

TABLE V. A comparative table shows the optical confinement factor values for GaN/Alx1Ga1−x1N quantum wells and quantum dots lasers.

QW QD

Side length (̊A) 70 90 110 70 90 110

x1 = 0.2 0.0053 0.0085 0.014 0.0016 0.0023 0.003

x1 = 0.3 0.0081 0.012 0.019 0.0023 0.0033 0.0049

x1 = 0.4 0.0099 0.016 0.025 0.0028 0.0046 0.0065

dots structures for different Al-compositions in the barrier. It
should be mentioned that the Aluminum fraction (x) directly
affects the mechanical stability and optical confinement of
the GaN/Alx1Ga1−x1N QW and QD device designs. Due
to the lattice mismatch between AlGaN and GaN, consider-
able strain may form in AlGaN layers with high aluminum
concentrations(x ≥ 0.4), which might cause the material
to crack. Although this is a well-known problem in thicker
AlGaN layers, research indicates that strain-induced crack-
ing is still a concern when the aluminum content is greater
than 40%, even at a thickness of 0.2µm [54–56]. While our
study’s 0.2µm thickness helps to reduce some of these con-
cerns, there may still be difficulties due to the high aluminum
concentration, especially for optical confinement.

The results obtained show that the optical confinement
factor increases with increasing well width (QW and QD) for
all barrier width values and for the same active zone width,
however, QD’s optical confinement is substantially less than
QW’s. Higher Al compositions in the barrier lead to greater
carrier confinement in GaN/Alx1Ga1−x1N QWs and quan-
tum dots. These results are summarized in Table V.

QDs have a significantly higher optical gain than QWs.
However, the optical confinement factor of a QD is substan-
tially lower than that of a QW, resulting in a modal gain that
is generally comparable between QD and QW lasers.

The next section studies the peak modal gain. The results
of the calculation are displayed in Fig. 7, which demonstrates

how the modal gain of QW and QD lasers varies with injected
current density. This graph shows one of the major differ-
ences in the gain spectra of QW and QD, which is the peak
modal gain. Because QD lasers have a smaller active zone,
this peak is substantially lower than QW. Another distinction
is that QW lasers require a significantly higher injection level
to get a positive gain, which is owing to the much higher den-
sity of states in QW than in QD.

In this case, two observations may be made concerning
the characteristics of QW and QD lasers:

• At higher values of injected current density, the modal
gain in QD initially increases rapidly before saturat-
ing more quickly than in QW. The limited density of
states in QD structure causes it to saturate at around
20 ± 1 cm−1, but in quantum well structure, it sat-
urates at about50 ± 1 cm−1. Experimental findings
in GaN/AlGaN structures confirm this result. For in-
stance, Chenet al. [57] found that GaN QD lasers had
a similar gain saturation behavior. Additionally, gain
saturation values in GaN/AlGaN QW lasers were pub-
lished by Mukaiet al. [58] and Chiuet al. [59], which
are in line with our measured value of about 50 cm−1.

• Compared to QW, QD has a lower transparency cur-
rent densityJTr (intercept at gain = 0). It is equiva-
lent to 94.6 A/cm2 for the quantum well structure and
44.9 A/cm2 for the quantum dot. It should be noted
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that at this value, the active layer neither absorbs nor
amplifies light at the lasing wavelength.

We can also observe from this Fig. 7 that the injected
threshold current with quantum dot structure is minimal for
low losses, assuming thatαtot = 7 cm−1 for αi = 2 cm−1,
R = 0.3 and Lc = 2.4 mm the threshold current den-
sity of quantum dotJthQD = 106 A/cm2 and for QW
JthQW = 130 A/cm2. Conversely, whenαtot = 14 cm−1

for αi = 9 cm−1 and for the same reflectivity of the end mir-
rors and cavity length, the quantum well structure’s threshold
current is greater than the quantum dot structure’s,JthQW ≈
179 A/cm2 for QW andJthQD ≈ 242 A/cm2 for QD. Higher
values ofαtot need stronger laser modal gain, hence a quan-
tum well structure is required.

4. Conclusion

In conclusion, we provided a theoretical basis for the calcu-
lation of the optical gain characteristics and threshold current
density, allowing for a comparison of the performances of
the nitride laser systems based on quantum wells and quan-
tum dots in the active gain region. This comparative analy-
sis has demonstrated that the gain characteristics and thresh-
old current density of nitride lasers might be significantly
enhanced by employing quantum dots rather than quantum
wells. The peak optical gain values rise when QD is present.

In comparison to the QW structure, the QD laser has reduced
transparency carrier density, sensitivity to temperature, trans-
parency current density, and threshold current density. Our
results highlight how crucial it is to use QDs in III-nitride for
low-threshold laser applications.
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