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This paper presents a comparative analysis of the gain characteristics and threshold current density of nitride laser structures based o
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
guantum dot, injected carrier density, and temperature, on laser parameters such as optical gain, optical confinement factor, modal gain, an
threshold current density. It can be inferred from the results that the GaN based quantum dot has demonstrated better laser performance
(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 physics caused by the QD gain medium result in crucial de-
vice features such as low threshold current, a small linewidth

The performance of semiconductor lasers improved con€nhancement factor, and more temperature-stable laser oper-

siderably after the introduction of double heterostructure?on-

lasers (DHL), which improved both carrier and optical mode  In order to achieve as good a performance as it is possi-
confinement [1-5], as a result of which the threshold cur-ble to achieve the desired results, we perform detailed the-
rent density was reduced, and continuous wave functioningretical calculations and compare the optical gain, optical
was achieved at room temperature [6, 7]. More progressonfinement factor, modal gain, and threshold characteristics
was gained by adopting quantum well (QW) structures, inof lasers using GaN QW and QD gain regions based on the
which carriers are confined to quantized energy levels dugensity matrix theory of semiconductor lasers with relaxation
to a reduction in physical space volume in one dimensiorbroadening [15], taking into account the effects of side length
[8-11]. Following the significant development of the QW of QW and QD, injected carrier density, and temperature.
heterostructure, one of the most important steps in the field

of semiconductor lasers was the demonstration of quantum-

dot (QD) lasers [12-14]. 2. Theoretical model

When compared to QW lasers, QD lasers displayed quick 1. Optical gain theory
development and distinctive laser properties [14]. The quan-
tum dot, which is often made up of a tiny bandgap semiconThe optical gain in density matrix theory is calculated by
ductor contained in a wider bandgap material, restricts elec@dding the contributions from all transitions between electron
trons, holes, or electron-hole pairs to zero dimensions in &nd hole subbands. In the case of isotropic energy bands, the
region on the order of the De Broglie wavelength of the elecSummation can be achieved as an integration in the energy
trons. In this case, the three-dimensional quantum confinesPace [16,17].
ment of the gain material produces major changes in the de- Utilizing the model of Assadat al. [15,17,18] and taking
vice properties of semiconductor lasers and leads to discretbe intraband relaxation into consideration, the material gain
guantized energy levels that can be controlled by modifyingor a given photon energy of quantum well and quantum dot
the size and shape of the quantum dots. The changes in ladasers, respectively, is expressed as:



2 H. BOUCHENAFA AND B. BENICHOU

In Egs. (1a) and (1b), we have assumed that the electron
o and hole in the quantum well and quantum box are in equi-
gow(w) = wy [ Z

librium, as determined by the quasi-Fermi levets and Ey,

mh? L Ey+Eont Eun respectively.

(R2)(f. — o)L h FEf. and Ey, are related to the electron and hole densi-
™ dEe, for QW, (la) ties injected into the wells and quantum box, respectively
(Boy — hw)? + (Ti) as [15,17, 21]:
,UO _ mekT Exc + FEen
gqp(w 1/ l Now =3 zn:ln (1 +exp { kT . Ga)
2
R2 . — fo =
A 9ol IV tor o, by e Xm:. [1+ exp (Zoprte) Lo Ly Ls] )
(Beu— )2 + (£
The subscript (or v) indicates the conduction band (or m:kT —Ey—En—E,
heavy-hole band), where:, is the reduced effective mass QW= Zln (1+ exp { T ]) , (6a)

given bym,. = mim?/(m% + mZ), m? is the effective mass
2

of heavy-hole bandy is the angular frequency of light, is _ Z (6b)

well width, ¢y and o are the dielectric constant and perme- QD [1 + exp (M)] L,L,L.

ability of the vacuumE, is a transition energy between the

conduction band and valence batg, and Fy, are thent" In the approach of Egs. (1a), (1b), (5a), (5b), (6a), and
energy levels of the electron and hole quantum wBlsis  (6b), we have assumed the transition from the first conduc-
the dipole momentsy, is the intraband relaxation time;,=  tion band to the first valence band (heavy hole band) because

0.1 ps [15,17]),f. and f, are the corresponding Fermi func- the density of states of the light hole band is smaller than that
tions for electrons in the conduction and valence bands givenf the heavy hole band and its probability to occur is more

by: significant than of the other transitions.
1 . .
fe= , (2a) 2.2. Optical confinement factor
1 + exp (Ecn Efc)
1 The optical gain is a feature of the active region when popu-
Jo = ﬂ (2b)  Ilation inversion occurs and charge carriers interact with light.
14 exp This interaction is mathematically described by the optical

whereec, ande,n are the total energies of electrons and holesconfinement factor, which is a critical parameter in semicon-
for subbands:. n, is the refractive index angk, is the den- ~ ductor lasers [22]. This property is defined as the ratio of the

sity of states for the QD, given by [15]: integrated light in.tens'ity wit'hin the inversion population zone
to the overall optical intensity across the laser structure.
gou(Fey) = 26(Eev — Eenmi — Evami — Ey) ) Calculating the confinement factbris not very easy and
L,L,L, needs a numerical approach. It can be approximated by the

where 6(E) is the delta function,Ecnm and Eynm are following simple formulae:

the guantized electron and hole energy levels respectively
of a quantum box structure im, y and z directions, re-
spectively [19]. If we assume a structure consisting of

e For quantum well [23-25]:

GaN/Al,; Ga ;1 N quantum box with a dimension &éf;, L, D2
and L., energy levels are expressed by the following equa- Pow = 91 D2’ 7
tion, where the barrier height in the potential profile is as-
sumed to be infinite [22]: where D indicates the normalized thickness of active
region, which is given by:
K2 nr? mr]? Ir]?
Eenmi = y— {} + {] + {} , (4a)
2mz \ [ Lo L, L. 2rL(n? — n2)1/2
2 ! D=—""%"— ®
h nmw mm T
Evomi = 2m? ({L,) + [LJ + {LZ] ) . (@) Here, \ is the wavelength of the emitted photon and
) ng, ne are the refractive indexes of active and cladding
wherem} andm} are the effective masses of an electron and layers respectively.
hole respectivelyp, m and! denote the label of the quantized
energy levels in the box. e For quantum dot
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The optical confinement factor in quantum dots has beemwhereq; indicates internal losg; is the optical confinement
defined as a product of the lateral and longitudinal confinefactor, R and L. represent the reflectivity of the end mirrors
ment factors as follows [22, 26]: and cavity length, respectively.

The threshold current density of characteristic parame-
ters in the operation laser diode (symbf)}) is given by

where I, indicates the lateral confinement factor (also[15.20,31,32];
known as the transverse confinement factor) calculated as fol-

1—‘QD = Fzyrzv (9)

N, LN;
lows: Jinqw = M7 (15a)
NpAp °
. = 10 N LN,
Ty g ’ ( ) JthQD _ QD7Nq th 7 (15b)
T

where Np is the number of quantum dots per laydr, is

the average size of the plane of quantum dots &nd the  wheregq is the electron chargeéyow is the number of wells,

waveguide surface. 7 is the rate of surface area of quantum boxes included in the
The longitudinal (vertical) component of the confinementwhole areaNgp is the number of layers of the quantum box

factorD", is given by the ratio of the light intensity in the ac- array andr, is carrier life time.

tive layer (QD), to the total light intensity throughout the het- N\, represents the threshold carrier density, is given by

erostructure. This report characterizes the vertical interactio[83, 34]:

of quantum dots and the optical mode [27, 28]:

_ 1 f{f‘E(Z)\QdZ (11) NthMr+1}g(i<ai+2;:111 [;}>7 (16)
SIS IE()) dz

z

) ! where N defines the transparency carrier density ande-
The optical confinement factor of the quantum dot cang o difFrerentiaI gain P y yan

therefore be approximately represented as:

Too =577 (12) 3. Results and discussions
With In this study, we investigate two types of wurtzite nitride
4rd?(n? — n2) 13 laser structures: GaN/AlGa,_,1 N quantum well lasers and
=T 2 (13) GaN/Al,1Ga; ;1N 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, ABa, _,; N barrrier
layers, providing strong carrier confinement. The underlayer
In semiconductor lasers, the optical gain coefficient at threshplays an important role in improving carrier injection, with

whered is the thickness of the active layer.

2.3. Threshold laser characteristics

old gy is calculated by the following equation [29, 30]: InGaN being used in the quantum well device and GaN in
the quantum dot device. The cladding layers for both types
g = o + iLn (1> , (14)  are composed of Al,Gay sN, are crucial for confining car-
L R riers within the active region, and they are heavily doped

TABLE |. Layer structure and parameter specifications for GaN/B&; 1 N quantum well and quantum dot lasers.

Layer Material composition Doping (crd) Thickness m)
Top p-cladding Ab.2Gay sN p-doped(5 x 108 0.2
Electron Blocking Layer (EBL) AJ.1Ga.oN (QW) / Alg.2Gay.sN (QD) p-doped { x 10'7) 0.02
Barrier Al;1Gay— 1N (z1 varies from 0 to 0.4) Undoped 0.2
Active region (QW) GaN Undoped L (varies)
Active region (QD) GaN (cubic shape) Undoped L=L,=L,=L. (varies)
Barrier Al,;1Ga— 41N (z1 varies from 0 to 0.4) Undoped 0.2
Bottom n-cladding A 2Gay sN n-doped { x 10'®) 0.2
Underlayer (QW) InGaN Unintentionally doped & 1019) 0.1
Underlayer (QD) GaN Unintentionally doped & 10'6) 0.1
Substrate GaN or Sapphire - -
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TABLE Il. The parameters used in the calculations (s the free electron mass).

GaN AIN Al;1Ga 21N
Band gap energy, (V) 3.43 6.2 0.72% +2.07x1 + 3.43
Electron effective mass. 0.2mg 0.3mg (0.1z1 + 0.2)mo
Heavy hole effective mass, 0.8mg 1.14mo (0.34z1 4+ 0.8)mo
Refractive indexu,. 2.67 2.03 —16x1 + 2.67
Varshni’s fitting parameters:
a (meV/K) 0.909 1.799 0.89z1 + 0.909
B (K) 830 1462 63221 + 830

to facilitate electron and hole movement. Additionally, anand GaN cubic quantum dot structures, as illustrated in Fig. 1.
electron blocking layer (EBL) is placed between the activeAs seen in this figure, the GaN quantum dot laser achieves a
region and the p-cladding layer, designed to prevent electropeak optical gain of approximately 15104 that a wave-
leakage and improve efficiency. length of 0.347um, corresponding to a transition energy of
The structural parameters of the quantum well and quan3.57 eV. This result is consistent with experimental findings
tum dot devices are summarized in Table I: detailing the mafrom Beckeret al. [39], who observed peak gains in the range
terials, thicknesses, and doping concentrations for each layef 15000 to 20000 cm'! for GaN quantum dot lasers. In con-
in the device stack. trast, the GaN quantum well laser exhibits a very low gain
The required parameters of the binary compounds GaMf approximately 6892 cmt, occurring at a wavelength of
and AIN (wurtzite crystals) for calculating the optical gain of 0.351um, corresponding to a transition energy of 3.53 eV.
GaN quantum wells and GaN cubic quantum dots are listed his observation is supported by Balatral. [40] and Fisher
in Table 1l [35]. The parameters for AlGa,_,1N are de- et al [41], who reported lower gain values for GaN quantum
rived using a linear interpolation between the parameters ofvell lasers.
GaN and AlIN, following Vegard’s law [36]. Additionallyy We can also see the difference in the shapes of the optical
andg are the coefficients that describe the nonlinear tempergain spectra between QWs and QDs, which is directly re-
ature dependence of the bandgap endigyccording to the lated to their different quantum confinement properties such

expression [37,38]: as density of states (DOS) and carrier confinement mecha-
aT? nisms.
Ey(T) = E4(0) — (CENa) (17) In quantum wells, the step-like DOS results in a broader
and smoother gain spectrum due to the overlap of several sub-

By fixing L = 70 Aand N, = 3 x 10" cm™® as enter-  pands, leading to a more continuous distribution of energy
ing data for simulations, the optical gain spectrum is initially states. This explains why the QW laser has a wider spectral
computed as a function of wavelength for GaN quantum wellyidth and a lower peak gain. On the other hand, in quan-

tum dots, the delta-like density of states gives rise to sharp,
16x10° ' ' ' narrow peaks in the gain spectrum, caused by the discrete
—— QW energy levels arising from three-dimensional carrier confine-
——QD ment. This explains the QD laser’s narrower spectral width
1 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,
00 - narrow peaks, ensuring distinct gain characteristics even un-
032 033 034 03 036 037 038 der similar conditions.

Wavelength (um) This comparison indicates that the quantum dot laser,
FIGURE 1. Optical gain versus wavelenghth of GaN quantum With its narrower spectral width, provides a higher gain per-
compared with gain of GaN quantum dot At = 70 A and formance compared to the quantum well laser with wide

N, =3 x 19 cm™3, spectrum.
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FIGURE 2. Optical gain versus wavelength of GaN quantum well and quantum dot structures for different sizes of QW an&/ QB at
3 x 10 cm™3.
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FIGURE 3. Optical gain versus wavelength of GaN quantum well and quantum dot structures for different values of injected carrier density
atL =90 A andT = 300 K.

A comparison of the optical gain spectra of the GaNat the expense of higher threshold currents. This effect is fur-
guantum well and GaN quantum dot structures for differenther supported by the results of Williarasal. [44] supplying
side lengths of QW and QD &f, = 3 x 10'° cm™3isshown  more proof that improving optical gain in these systems re-
in Fig. 2. Two observations are made: First, for the same sizequires efficient quantum confinement.
the optical gain value of the quantum dot is higher than that of  Furthermore, the observed shift in the emission spectrum
the quantum well. Second, when the size of the side length®wards longer wavelengths can be explained by quantization
of QW and QD increases for both cases, the maximum valueffects, which tend to lower the bound state transition energy
of optical gain decreases: compared to other lengths, it iand increase the emission wavelength in accordance with the
higher atZ = 70 A due to the increase in carrier density for standard expression= 1.24/fiw = 1.24/(Ey + E. + E,).
population inversion in small-sized quantum wells or quan-  Figure 3 displays the optical gain spectra curves obtained
tum dots. In contrast, when the size of the QW or QD in-for GaN QW and GaN QD with different carrier densities at
creases, the carriers in the structures are dispersed over ih- = 90 A By comparing the two variations, it is evident
significant levels, and the separation between energy levethat for both structures, the increase in the injection level in
is not enough to achieve a high optical gain, as supported bthe active region leads to an increase in the maximum optical
experimental findings reported by Lai al. [42] and Becker gain. The increase in peak optical gain with carrier density
et al. [39], which demonstrate that larger dimensions resulis justified as follows: The occupation probability in the con-
in reduced optical gain due to decreased confinement and imuction band’s confined states rises with increasing carrier
creased non-radiative recombination. Additionally, Sugisakdensity, while it decreases in the valence band. Consequently,
et al. [43] found that smaller quantum dots enhanced gain buan increase in carrier density results in an augmentation of

Rev. Mex. Fis72030501
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FIGURE 4. Optical gain versus wavelength of GaN quantum well and quantum dot structures for different temperallires- a8 x
10 cm3,

tation of optical gain as the absorption coefficient lowers andare consistent with experimental findings for quantum wells
the emission coefficient increases. reported by Nakamuret al. [50] and Perliret al. [51], where

This insight aligns with research conducted through ex-an increase in temperature causes a redshift and lower gain
perimentation. According to Nakamueaal. [45] and Miller  because of bandgap narrowing and carrier scattering. How-
et al. [46], stronger population inversion in GaN quantum ever, GaN quantum dots exhibit better temperature stability,
wells at higher carrier densities results in increased opticalvith minimal decrease in peak optical gain as temperature
gain. Similarly, GaN quantum dots show a similar tendencyrises, according to Andreest al. [52] and Buté et al. [53].
with optical gain increasing dramatically as carrier densityThis trend is explained by quantum dots’s increased carrier
increases, as shown by Baittt al. [47] and Subramanyat  confinement, which lessens their sensitivity to temperature
al. [48]. Furthermore, the comparative study conducted byariations.Where temperature has a very minor influence on
Williams et al. [49] shown that whereas quantum dots oftenpeak optical gain values.
attain better optical gain due to stronger quantum confine_- It is known that with an increase in temperature, the band
ment effects, both quantum wells and quantum dots experi-

. R . . ap energy decreases, which results in the redshift. It is also
ence a gain boost with rising carrier densities. These exper&/

al It ' fndi d hiahliaht h p ell known, that as temperature increases, the band gap en-
mental results support our indings and highlight how € ec'ergy of QD also reduces. This analysis demonstrates that the

t|v\;avquantum dots are in generating greater optical gain thaQnergy distribution of dot states corresponds to the evolution
QWs. of fermi functions such as the quasi Fermi level separation

f GThl\? mﬂuetnce oflfemgecgatl::re ontthe gpilc?l g?m Spetcttr:%nd that the wavelength of the gain peak remains unchanged
or>all quantum well and Sal quantum 1(; S rgg‘ ures at s a function of temperature for a given value of peak gain.
same injected carrier density, = 3 x 10*” cm™° is de-

picted in Fig. 4. It is obvious that when the temperature  Figures 5a) and 5b) show the peak optical gain spectra of
increases, the peak value of the optical gain in a quanturfP@N quantum well and GaN quantum dot under varying car-
well laser decreases and moves to a longer wavelength rangéer density injection for different values of quantum well’s
However, the quantum dots laser demonstrated significantignd quantum box's sizes and temperatures, respectively. This
better temperature stability in peak optical gain. These resultdiagram contains two regions: the amplification region (pos-

TABLE Ill. 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 4) 70 90 110 70 90 110
Gain max (cnrt) 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
Ny (x10*° 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 temperaturessit, = 3 x 10'? cm™3,

itive side) and the absorption region (negative side), and that Figure 5b) shows a good stability of transparency density
gives us the value of the transparency dengity, from  with temperature in quantum dot lasers compared to quan-
which the material begins to amplify the photon whose entum wells, where the transparency density increases with in-
ergy fulfills the Bernad and Duraffourg conductiofl, <  creasing temperature. A comparison of maximum gain val-
hv < Fy — Ey ) for each size (wherév represents photon ues, peak wavelength (transition energy), and transparency
energy). We can see in Fig. 5a), for the two cases of QWdensity for various sizes and different temperatures of GaN-
and QD, that the gain coefficient of a smaller quantum wellbased quantum wells and quantum dots is listed in Tables Ill
or quantum dot has a higher transparent carrier density valuand IV, respectively.

than that of a larger one in the two structures (QD and QW). In order to further compare the two structures, the optical
In comparison between the two structures, the transparenaonfinement factor was determined. In Fig. 6, we show the
carrier density in quantum dots lasers is lower than that ofariation in confinement factor as a function of active zone
guantum well lasers for the same length. width for GaN/Al,;Ga _,1N 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 (chl) 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
Ny (x10'° cm™3) 0.63 0.7 0.77 0.89 0.58 0.58 0.58 0.58

Rev. Mex. Fis72030501
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FIGURE 6. Dependence of optical confinement factor on QW and FIGURE 7. A comparison of the variation of the modal gains in
QD width for GaN/Al,; Ga; —,1 N quantum well and quantum dots GaN quantum well and quantum dots as a function of current den-
lasers. sity.

TABLE V. A comparative table shows the optical confinement factor values for GaN&al .1 N quantum wells and quantum dots lasers.

\ QW QD
Side length &) 70 90 110 70 90 110
1 =02 0.0053 0.0085 0.014 0.0016 0.0023 0.003
r1 =0.3 0.0081 0.012 0.019 0.0023 0.0033 0.0049
1 =04 0.0099 0.016 0.025 0.0028 0.0046 0.0065

dots structures for different Al-compositions in the barrier. It how the modal gain of QW and QD lasers varies with injected
should be mentioned that the Aluminum fractiar) @irectly  current density. This graph shows one of the major differ-
affects the mechanical stability and optical confinement ofnces in the gain spectra of QW and QD, which is the peak
the GaN/AlL;Ga_,1N QW and QD device designs. Due modal gain. Because QD lasers have a smaller active zone,
to the lattice mismatch between AlGaN and GaN, considerthis peak is substantially lower than QW. Another distinction
able strain may form in AlGaN layers with high aluminum is that QW lasers require a significantly higher injection level
concentrationgz > 0.4), which might cause the material to geta positive gain, which is owing to the much higher den-
to crack. Although this is a well-known problem in thicker sity of states in QW than in QD.
AlGaN layers, research indicates that strain-induced crack- In this case, two observations may be made concerning
ing is still a concern when the aluminum content is greatethe characteristics of QW and QD lasers:
than 40%, even at a thickness of Quéh [54-56]. While our
study’s 0.2um thickness helps to reduce some of these con- ® At higher values of injected current density, the modal
cerns, there may still be difficulties due to the high aluminum gain in QD initially increases rapidly before saturat-
concentration, especially for optical confinement. ing more quickly than in QW. The limited density of
The results obtained show that the optical confinement ~ States in Q? structure causes it to saturate at around
factor increases with increasing well width (QW and QD) for 20+ 1 cm, butin quan}um well structure, it sat-
all barrier width values and for the same active zone width, urates at abou0 = 1 cm~. Experimental findings
however, QD’s optical confinement is substantially less than in GaN/AlGaN structures confirm this result. For in-
QW's. Higher Al compositions in the barrier lead to greater stapcg, Che'et al [57]'found tha't GaN QP lasers ha@'
carrier confinement in GaN/AlGa,_,,N QWs and quan- a S|m|lgr gain satgratlon behavior. Additionally, gain
tum dots. These results are summarized in Table V. saturation values in GaN/AIGaN QW lasers were pub-
QDs have a significantly higher optical gain than QWSs. “Sh(.ad _by qua|et al. [58] and Chiuet al. [59], which
. . . are in line with our measured value of about 50¢m
However, the optical confinement factor of a QD is substan-
tially lower than that of a QW, resulting in a modal gainthat e Compared to QW, QD has a lower transparency cur-
is generally comparable between QD and QW lasers. rent density.Jr, (intercept at gain = 0). It is equiva-
The next section studies the peak modal gain. The results lent to 94.6 A/cm for the quantum well structure and
of the calculation are displayed in Fig. 7, which demonstrates 44.9 Alcn? for the quantum dot. It should be noted
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that at this value, the active layer neither absorbs noth comparison to the QW structure, the QD laser has reduced
amplifies light at the lasing wavelength. transparency carrier density, sensitivity to temperature, trans-
parency current density, and threshold current density. Our
We can also observe from this Fig. 7 that the injectedresults highlight how crucial it is to use QDs in IllI-nitride for
threshold current with quantum dot structure is minimal forlow-threshold laser applications.
low losses, assuming thaty = 7 cm™! for a; = 2 cm™!,
R = 03 and L. = 2.4 mm the threshold current den-
sity of quantum dotJwgp = 106 Alcm? and for QW
Jinqw = 130 Alcm?. Conversely, whenmvo = 14 cm! ~ This work was supported by the Algerian univer-
for a; = 9 cm~! and for the same reflectivity of the end mir- sity research project (PRFU) under grant number
rors and cavity length, the quantum well structure’s thresholgs o1 02UN020120220004 and the General Directorate

current is greater than the quantum dot structuréigw ~  for Scientific Research and Technological Development

179 Alem? for QW and.Jingp ~ 242 Alcm? for QD. Higher (DGRSDT), Algeria. https://www.mesrs.dz/en/dgrsdt.
values ofay,; Need stronger laser modal gain, hence a quan-

tum well structure is required. Conflict of interest

Acknowledgements

) There are no conflicts to declare.
4. Conclusion

In conclusion, we provided a theoretical basis for the calcuAUthor contribution statement

lation of the optical gain characteristics and threshold currenty  gouchenafa designed, coordinated this research and
density, allowing for a comparison of the performances Ofyrafied the manuscript. B. Benichou carried out a part of

the nitride laser systems based on quantum wells and quaggcylations and plotted some figures. The authors read and
tum dots in the active gain region. This comparative analy'approved the final manuscript.

sis has demonstrated that the gain characteristics and thresh-

old current density of nitride lasers might be significantly pata availability statement

enhanced by employing quantum dots rather than quantum

wells. The peak optical gain values rise when QD is presentData sharing does not apply to this article.
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