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Abstract

Spectrum of an InP/AlGalnP self- assembled double-layer quantum dot (QD) laser fab-
ricated by metal-organic vapor-phase epitaxy is theoretically and experimentally investi-
gated. A bimodal QD size distribution (small and large QD groups) was detected which is
formed during the fabrication. A model is proposed based on rate equations accounting for
the superposition of two inhomogeneous QD groups. The total output power and the power
spectral density (PSD) of the fabricated QD laser are experimentally characterized at room
temperature. The output spectrum is segmented into the sum of two Gaussians curves
(super Gaussian) belonging to the small and large QD groups. The peak PSD and the spec-
tral width of each group are extracted and their dependency on the injected current density
is analysed. The peak of the large QDs is found to be dominant at small current while the
peak of the small QDs dominated at high current alongside a reduction in its spectral width
leading to lasing based on them. This behaviour is attributed to the saturation of the large
QDs energy levels due to its relatively long radiative lifetime. The experimental analysis is
in a good agreement with the theoretical results.

Keywords InP quantum dot laser - Inhomogeneity broadening - Quantum dot rate
equation - Super Gaussian

1 Introduction

The evolution of quantum dot (QD) laser in the late’80 s, continues to intrigue the inter-
est of scientists in academia and industry due to its important characteristics of low
threshold current, discrete energy states, high-temperature stability and narrow emis-
sion line compared to quantum well lasers (Asada et al. 1986; Grundmann and Bimberg
1997; Michler 2017). The importance of QD lasers became more significant following
the progress in the self-assembled nanostructure growth (Petroff and DenBaars 1994;
Search et al., n.d.; Sugawara et al. 2000). Interestingly the QDs can be operated at dif-
ferent wavelengths by engineering their dot size and composition. For instance, the need
for red wavelength laser with the aforementioned characteristics can be met addressing
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different applications such as visible light communications (Zhang et al. 2019), optical
sensing (Gerguis et al. 2019), and quantum technology (Wang et al. 2020).

Red wavelength QD lasers using InP QDs embedded in a GalnP barrier feature a
bimodality in QD size (small and large QDs) (Pistol 2004; Porsche et al. 1998, 2000).
This effect is related to the substrate miss orientation angle and the different growth
conditions such as the surface diffusion, the growth temperature, and the growth rate.
In these devices, the expected stable laser threshold with increasing temperature could
not be fully observed due to the limited band offsets between the barrier and the QDs.
To decrease the probability of the thermal escape of the charge carriers, Al is added into
the barrier material and, thus, increasing the charge carrier confinement of the QDs.
The amount of Al is tailored as suggested in (Schulz et al. 2009)until reaching the opti-
mum composition of the InP-QD embedded in (Al,; Ga),s; InP barrier (Huang et al.
2019b) where the difference between the ground and 1% excited state for the small QD
group was found to be 13 nm. Nevertheless, the modal gain was limited due to low
QD density, weak optical confinement factor, and small modal gain. To overcome these
challenges, a solution based on the vertical stacking of QD layer was suggested provid-
ing several advantages such as larger gain (Grundmann and Bimberg 1997), possibility
of ground-state lasing in small cavities, and larger gain saturation limit (Schmidt et al.
1996). A redshift in the lasing wavelength was observed as the number of the stacked
layers increases (Han et al. 2019). Moreover, the stacked layers lead to an increase in the
external efficiency (Finke et al. 2021). In (Huang et al. 2019a) two layers of InP QDs in
(Aly; Ga)y 5,InP barriers with a spacer thickness of 6 nm was achieved with a net modal
gain of 68.5 cm™! compared to 43.7 cm~! for single layer QD (Huang et al. 2019b), and
the peak wavelength shift between two QD groups (small and large) is around 45 nm.
Modelling of these important effects, using the rate equations, is crucial for full under-
standing of the optical properties of the system. The rate equation modelling of the QD
laser should account for the discrete energy states and the strong contribution of inho-
mogeneous behaviour compared to the semiconductor laser (Omran and Khalil 2015).
Each QD can be treated as an individual laser system, where the carrier rate equation is
written per energy state. For instance, a model for InAs-InP(113)B QD laser emitting
at 1.55 u m was presented in (Grillot et al. 2009) where both the ground-state and the
excited state could capture carriers from the wetting layer. This was used to study the
effect of different cavity lengths and demonstrate the continuous transition of the las-
ing wavelength from the ground-state to the excited-state as cavity length decreases. In
(Breuer et al. 2011) a QD model was used to describe the two electrically isolated sec-
tions of InAs/GalnAs QD laser chip (gain and saturable absorber) and verify the experi-
mental findings of a two-state (ground and excited states) mode-locked emission under
reverse biased operation. An InAs/InP QD model was presented (Xiong and Zhang
2019) to study the effect of the spacer thickness and the inhomogeneous broadening on
promoting the ground-state lasing.

In this work, a theoretical model and extended experimental investigations are presented
for a double-layer InP/(Aly,Ga),s,InP QD laser system fabricated by metal-organic
vapor-phase epitaxy with a 4 nm spacer thickness (Abbas et al. 2021). A model is pro-
posed based on rate equations accounting for the superposition of two inhomogeneous QD
groups (small and large) formed during the fabrication. The output spectrum is segmented
into the sum of two Gaussians curves belonging to the small and large QD groups. The
peak power spectral density (PSD) and spectral width of each group in the output spectrum
are extracted and their dependency on the injected current density is analysed. This model,
up to the authors’ knowledge, is the first of its kind for the bimodal QD size distribution
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reported for InP QD laser systems. The rest of this paper is organized as follows. The multi-
mode QD rate equation model is presented in Sect. 2. The detailed structure of the double-
layer QD laser along with the fabrication process are described in Sect. 3. The experimen-
tal results and parameters extraction are presented in Sect. 4. The theoretical results and
comparison to the experiments are discussed in Sect. 5. Finally, the work is concluded in
Sect. 6.

2 Multi-mode quantum dot rate equation model

The model is based on accounting for two types of inhomogeneity in the system. The
first type is the inhomogeneity between small and large QD groups which was observed
in the Atomic Force Microscopic (AFM) images in (Pistol 2004; Porsche et al. 1998;
Jorg Porsche et al. 2000; Schulz et al. 2009), while the second type is the inhomogeneity
inside each group due to the size variation around the standard QD size. In this model,
all QDs are assumed to be spatially isolated and the two QD layers have no interaction
between them such that the output of the laser system is the superposition of their indi-
vidual outputs. Having two layers lead to larger number of QDs and, thus, a larger gain.
The QD neutrality is conserved by capturing only e-h pairs with equal lifetimes. The
Pauli-exclusion principle and spin degeneracy are respected in the calculations.

The system operation starts by injecting carriers of the pulsed current source into
the cladding layer. Then the carriers move towards the active region where they relax
from the barrier via the wetting layer. Finally, the carriers are captured by the highest
energy level inside each QD, where the carriers can relax to lower levels. The number of
energy levels as well as their energetic separation are dependent on the size of the QD.
For example, the large QD has multiple energy levels with narrow energetic differences.
On the contrary, the small QD size results in fewer number of energy levels with wider
separation between them. The presented model assumes that all the carriers injected by
the pulsed current source reach the wetting layer, while the lowest energy level (ground
states) within each QD is considered. The energy diagram is depicted in Fig. 1 where the
wetting layer energy level is (E,). The ground-state energy levels of the two QD groups
are (ES,EIL), where §,L=1,2,..,Ng, refer to the small and large ones, respectively, and
Ny is total number of QDs. The ground states only are considered inside each QD atom
based on the results in (Huang et al. 2019a), where it was quite difficult to identify the
excited states. First, the wetting layer collects carriers by an average injected rate (1,,,),
which resembles the effective current of the input pulsed current source since the model
is focused on the steady-state response of the system. For the wetting layer, the charge
carriers relax/escape with the time constants 1'251/1'1S2 and rle/rfz into/from the QD ground
statesEf, ElL respectively. This also implies indirect coupling between two QD groups
via wetting such that in case a QD re-emits a carrier, the wetting layer may reallocate
it to another QD. Once the carrier reaches the ground-state, carrier photon interactions

take place either by the stimulated process with gain (gj1 1 gﬁl > Where m is the mode

number=1,2,3..,N,, N, is the total number of modes, and (Elsph, E]Lph) are the photon

energies; or by the spontaneous emission represented by radiative lifetimes (TlL, TIS). The
wetting layer radiative lifetime is(z,).

Therefore, the rate equations for the number of carries N and the number of photons S are
as follows:
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Fig.1 The energy diagram of a single-layer of the double-layer InP/AlGalnP QD laser showing the differ-
ent processes starting from the wetting layer energy level
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where N, is the wetting layer carriers number, Nf and N]L are the carriers number for both
small and large QDs, S,, is the mode photon number, e is the electron charge, f,, fls and f]L
are the occupation probability of the wetting layer and the ground states of the small and
large QDs, respectively, G5 and G* are the inhomogeneous distribution of the small and
large QDs, respectively, v, is the group velocity that is constant for all cavity modes assum-
ing a single transverse mode, I'y and I'; are the optical confinement factors for the small
and large QDs, respectively, and fg and f; are spontaneous emission coefficients for the
small and large QDs, respectively. The photon lifetime is  given

byz,, = 1/v, [am + iln( ﬁ )] where L is the cavity length, ;, are cavity internal losses,
and R, and R, are the laser facets reflectivity.
The gain expression for each QD group is given by:

_ 2zhe*(R,, >2NJQD
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where j refers to small and large QDs, h= % where £ is Plank’s constant, ¢ is the speed
of light n, is the effective refractive index, €, is free space permittivity, m, is electron mass,
(Reh)2 is the optical transition probability,E,, is the mode energy, and f{’C and f{ , are the
occupation probabilities in the conduction and valence bands, respectively. The inhomoge-

neous broadening is described by a Gaussian distribution:

G’(E—E")— ! e_(cjzg) (©)
i E) =

" Vg

where E/" and £? are the center of energy and the spectral width, respectively, and the

energy level inside each group is calculated by E = Ej” -(M - i)ﬁ, where
i=0,1,2,...,2M represents the index of the QDs inside each group and2M + 1 = Ny = N,
is the total number of the QDs for the small or the large QD group. For the difference in the

probability of occupation term(f{ . J ), the QD neutrality implies that f{ .= (l - { V).

1,v

1,c 1,v

Thus ( - ) = <2f{ o 1) where the carrier probability of occupation is assumed to

S i N .
have a non-thermal carrier distribution by f{ =3 le we followed these assumptions as we
3k,
oD

are concerned with theoretical study for room temperature as supported by (Dogru et al.
2022; Ehlert et al. 2021; Izadyar et al. 2018; Jiang et al. 2019; Quirce and Virte 2022;
Xiong and Zhang 2019; Zhou et al. 2020). An interesting method was suggested by (Hutch-
ings et al. 2014) to study whether the carrier distribution is best fitted by non-thermal or
thermal distribution based on measurements of the modal gain and spontaneous emission
versus temperature. However, the non-thermal carrier distribution assumption is used in
this work due its simplicity and focusing the study on the bimodal behaviour at room tem-
perature. As will be shown in the experimental results section, the inhomogeneous broad-
ening is in the range of (40—-48 nm) for the large QD envelope and (15-5 nm) for the small
QD, while the homogenous broadening is usually much smaller than these values. There-
fore, it is assumed that the inhomogeneous broadening is to be the dominating effect in the

model, the homogeneous broadening is approximated to beB’ (Em - E/) = 0,,;, Where 6,
=1 when m=j and zero otherwise.
The QD density in each group is given by:
N = NopX,G, (E;~ E} )& )

where N, is the total QD density that is divided between small and large QD groups by a

factor Xj, G{l <Ej - Ej") is the normalized Gaussian distribution, where zf G{l =1, and { is

the ratio between the covered area of the QDs to the total area of the cavity.
The escape lifetime relation is defined by (Markus et al. 2003):

- 2NopX; , EV;/(L,;TE,I

12 21 DWL

®)
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where Dy, is the number of carriers in the wetting layer.
Finally, the mode output power observed at the output is expressed by:

P, =Ltp s, i =2 9
m =35m0 "\ RiR, ©)

3 Fabrication of the QD laser

The detailed fabrication steps and layer stack of the QD laser under study are described
in this section. The double-layer structure is grown by metal-organic vapor-phase epi-
taxy (MOVPE) on an n-doped (100)-GaAs substrate with a misorientation angle of 6°
-towards the [111], direction. An AIX-200 horizontal reactor is used for the epitaxial
growth with standard precursors (trimethylgallium, trimethylindium, trimethylaluminum,
arsine, and phosphine), at a temperature of 710 °C and a reactor pressure of 100 mbar.
The epitaxial structure shown schematically in Fig. 2 is a separate confinement hetero-
structure (SCH). The n-side doped with silicon consists of a 350 u m GaAs substrate,
50 nm GalnP buffer layer and an AllnP cladding layer of 1000 nm. The intrinsic active
area contains a layer of 2.1 monolayers (ML) of InP QDs separated by a (Al ;Ga), 5, InP
spacer layer of 4 nm from another 2.1 ML layer of InP QD in order to configure the
double-layer active region inside the two 10-nm (Al,Ga), 5, InP barrier layers embed-
ded within a 300 nm (Al 5;Ga), 5, InP layer. The p-side consists of a similar layer stack
as the n-side but doped with Zn. The structure is completed by a 200 nm GaAs contact
layer on which the p-metal contact is formed. In the last step the processed sample is
cleaved into cavities with a length of 1.08 mm.

Fig.2 Schematic drawing of the
epitaxial layers (not to scale) for
the fabricated double-layer InP/ GaAs : Zn 200 nm
AlGalnP QD laser chip

AlInP:Zn 1000 nm

AlyssGalnP 150 nm

Aly,GalnP
AlycsGalnP 150 nm

AlInP: Si 1000 nm

GaAs : Si substrate
6° towards [111]A
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4 Experimental study

This section presents an experimental study of the double-layer InP/AlGalnP QD laser chip
described in Sect. 3 at room temperature. First, the average output power versus the aver-
age injected current densities is measured for different duty cycles of the injected pulsed
current. Then, for a 0.1% duty cycle the spectral features of the system are investigated,
while the average injected current density is increased. The experimental setup is shown
in Fig. 3a. The setup consists of a Newport/ILX Lightwave LDP-38408 pulsed current
source with two gold-coated tungsten probes. The double-layer InP/AlGalnP QD laser chip
is fixed on a bras base thermally connected to a Lightwave LDT-5910C thermos-electric
cooler (TEC) operating at room temperature. A cleaved 100-x m core diameter multimode
(MM) fiber is located on a 5-axis positioner and used to couple the output light from the
chip to Yokogawa AQ6370 optical spectrum analyser (OSA) or to Newport 1918-D power
meter (PM). A microscope camera image is shown in Fig. 3b showing the gold-coated
tungsten probe that is used for the electrical connectivity of the pulsed current and the laser
chip, the double-layer InP/AlGalnP QD laser chip is fixed on a bras base thermally con-
nected to a TEC, and the cleaved 100 4 m core diameter multimode (MM) fiber.

In Fig. 4 the average output power detected using the PM versus the average injected
current density is depicted at three different duty cycles of 0.075%, 0.1%, and 0.15%.
The extracted thresholds were found to be 0.47 A/cm?, 0.63 A/cm? and 0.97 A/cm?,
respectively, based on linear extrapolation of the super threshold region. The increase
in the average threshold current density and in the average power as the duty cycle
increases can be attributed to the thermal escape of the carriers and the excitation of
higher energy levels leading to larger overall output power (Hofstetter et al. 2001). The
slope efficiency is almost unaffected by the change in duty cycle and has a value of about
0.2 W/A. The average power measured is relatively low for a chip length of 1.08 mm,
that can be attributed to the direct coupling loss between the chip and the fiber.

The chip output spectrum is recorded for different excitation average current densities
and 0.1% duty cycle as shown in Fig. 5. The spectrum analyser resolution is adjusted at 50
pm in Fig. 5c¢ and at 2 nm for the rest of figures. The operation can be divided into three
regimes. As shown in Fig. 5a, the first regime spans average current densities from 0.46
to 0.65 A/cm?, where the emission from the large QDs dominates the spectrum. The peak
is around 710.7 nm at a full width half maximum (FWHM) of 72 nm for 0.46 A/cm?. The

Pulsed current Microscope OSA or PM
source o

4 Probes ["}’-‘j

1
QD - laser
L I

5-axis
positioner

(@)

Fig.3 a The experimental setup used to obtain the measurement result. b Microscope camera image of the
probe, the QD laser chip fixed on a bras base and the cleaved multimode fiber
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Fig.4 Average output power of 150 M= amoon
the double-layer InP/AlGalnP COuyorde=0.1%
QD laser chip versus average . %00k
injected current densities for = 400}
0.075%, 0.1% and 0.15% duty =
cycle at room temperature 5

3

o 501

0
0 0.5 1 1.5

Average current density (A/cm2)

second regime spans average current densities from 0.74 to 0.83 A/cm?, where the emis-
sion intensity from the small and large QD groups is in the same order. The peak of the
small QD group is centred on A = 672 nm at 0.74 A/cm?’. The third regime is at average
current densities larger than 0.83 A/cm® As shown in Fig. 5b starting from 0.93 A/cm?,
the contribution of the small QD group dominates and the spectral peak is shifted to about
665.6 nm with a drop in the FWHM to about 7.34 nm which hints to amplified emission.
There is a difference in the spectral peak between first and third regions of Ahpeak=45.1
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Fig.5 PSD versus wavelength for different current densities for 0.1% duty cycle at room temperature. a
Average current densities from 0.46 to 0.83 A/cm? b Average current densities 0.93 A/cm? and above. ¢ A
closer look at the spectrum for current densities of 0.78 A/cm? and 0.88 A/cm?. d The PSD versus wave-
length at 0.74 A/cm? current density showing the measured and the Gaussian fitting data (GFit)
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nm or AEpeak=118.3 meV that is consistent with the results in (Huang et al. 2019a).
Fig. 5c shows a closer look of the spectrum around the small QD peak wavelength for two
different current densities above the threshold. The linewidth of the central line is about
0.17 nm at 0.88 A/cm? average current density.

Fitting of the spectra with two Gaussian curves is used for the extraction of the peak
PSD and the spectral width of each QD group as shown in Fig. 5d. The following fitting
relation is used:

by

2 N2
PSD = ase_< s ) + aLe_(lch> &)

where ag; is peak PSD amplitude, by, is the centre wavelength and cg; is the spectral
width. The subscripts S and L refers to the small and large QDs, respectively. In Fig. 6a
and b, the extracted ag; and cg; are plotted, respectively, versus the injected average cur-
rent density. The small QD group peak PSD increases, and the spectral width decreases as
the injected current density increases following the lasing behaviour. On the other hand,
the large QD group peak PSD barely increases, and the spectral width increases with the
applied injected current density emphasizing the saturation behaviour. This analysis indi-
cates that the lasing occurs via the small QD group only.

These observations could be explained as follows. In the first regime, where the large
QDs dominate the spectrum, the small energy separation of the excited states for the large
QD group facilitates the transfer of the carriers from the wetting layer to the ground-state
in shorter time compared to the small QDs (Grosse et al. 1997; Rof3bach et al. 2008). How-
ever, in the second and third regimes, the small QDs start lasing, while the large QDs satu-
rate as shown in Fig. 5a. This is because of the higher modal gain of the small QDs com-
pared to the larger ones (Huang et al. 2019a). Even at low injected average current density
the luminescence of the large QDs saturate and the ensemble spectra start to shift to shorter
wavelength (Fig. 5a). This state filling behaviour is a consequence of a weak wave function
overlap between electrons and holes, resulting in a long charge carrier lifetime (Laheld
et al. 1995). The charge carrier in the small QDs exhibit a stronger wavefunctions overlap
and thus recombine much faster which lead to a higher emission intensity in the higher
energy spectral range.

~ 60 Ty T ’ v
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Fig.6 Extracted information for the small and large QD groups from the Gaussian fitting versus average
current densities. a The peak PSD amplitude of the Gaussian fit. b The spectral width of the Gaussian fit
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5 Model results and discussion

The model equations presented in Sect. 2 are solved numerically using Runge—Kutta
method for solving the nonlinear differential equations with a simulation time duration of
10 ns. The values of the different parameters are listed in Table 1. The effect of the two
uncorrelated QD layers is reflected in the increase of the QD density compared to the sin-
gle layer (Huang et al. 2019b), and is set to be Ny, = 1.6x10'%m2 which results in the
expected increase of the gain, while {, which is the ratio between coverage area of the
QDs to the total area of the cavity is set to be 1/5. Although, the QD structure is best
described to be a truncated pyramid, the solution of such a system is complicated and no
analytical formula was found to describe it. Early (Califano and Harrison 2000) and more
recent (Nenashev and Dvurechenskii 2020) research papers studies numerical methods
to solve such a complex system. The QD structure in this work is approximated to be a
cylindrical QD with an infinite potential barrier and the dimensions of the small and large
QDs are extracted from the corresponding peak energies. This is to acquire an approxi-
mate value of the ratio between the dimensions that the rate equation model parameters
depend on such as the optical confinement factor and the spontaneous emission factor. The

relation used for the energy levels in a cylindrical QD assuming an infinite barrier height

2
is E= E, + 2’:;(1(—0 + 2—22) (Liu and Xu 2008), where R is the radius, H is the height, m*

2
is the effective nfass and k is the first zero of the zero order Bessel function of the first
kind. Given that the emission wavelengths of the small and large QDs are 672 nm and
710.7 nm, respectively, the corresponding energies are about 1.85 eV and 1.75 eV, respec-
tively. Geometrically, the aspect ratios of the small and large QD cylinders are expected to
be the same value of about~ 10 owing to the fabrication process. Thus, radii and heights

of the QDs are calculated and found to be R}, = 16.3nm and H}, = 3.3 nm for the small
QD and RED = 18.3nm and HéD = 3.7nm for the large QD. Since the optical confine-
ment factor is the mode volume enclosed by the QD relative to the mode volume enclosed
by the cavity, hence the ratio between small and large QDs can be approximated to be the
ratio between the volume of the two cylinders given by I'; = 1.5T'¢. The spontaneous emis-
sion factor is proportional to the optical confinement factor as stated in (Petermann 1979),
therefore the spontaneous coefficient factor is set to be fg = 2.33 X 1073 for the small QDs
and f; = 3.5 x 107> for the large QDs. The capture time 7, is the model parameter associ-
ated with the relaxation of the charge carriers from the wetting layer into the QD ground
states. Hence, it is dependent on the energy level spacing of the individual QD and their
coupling to the wetting layer. For the smaller sized QDs it was found that they only exhibit
one confined electron level, while the larger QDs have at least two (Beirne et al. 2005).
This results in a faster capture time for the larger QDs with a pronounced state filling. As
already mentioned above, the recombination in the smaller QDs occurs with a higher rate
due to the stronger wavefunction overlap, thus the radiative lifetimes for the small QDs
are set to smaller values compares to the larger ones. Capture lifetimes for the small and
large QDs of 1251 = 12ps and Té‘l = 2ps, respectively, and radiative lifetimes for the small
and large QDs of T]S = 0.4ns and T]L = 2ns, respectively, give a good match between the
experimental results and the model. The radiative lifetime for the wetting later is estimated
to 7, = 2ns. The extracted spectral width and central wavelength values from (6) are used.
Fig. 7a—c show the PSD versus the wavelength obtained from the model simulation and the
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Fig.7 PSD versus wavelength for the experimental data (dotted black) and simulation results (solid blue)
at three different average current densities using 0.1% duty cycle at room temperature. a at 0.65 A/cm® b at
0.74 Alem? ¢ at a 0.83 A/em?

experimental data for three different injected average current densities resembling the tran-
sition between the three regimes discussed earlier in Sect. 4. Fig. 7a shows the spectrum at
a 0.65 A/cm? average current density, where the large QD group dominates the spectrum.
The two Gaussian peaks fitting model is applied to the experimental and simulation data
and their results are compared. The percentage error in the amplitude of the small and large
QDs is about 1.58 % and 1.8 %, respectively, while the percentage error in the spectral
width is about of 5 %, and —3.2 %, respectively. Fig. 7b shows the spectrum at an average
current density of 0.74 A/cm?. The percentage error in the amplitude of the small and large
QDs is 7.4 % and 0.44%, respectively, while the spectral width error is 10 % and —4.6%,
respectively. Finally, Fig. 7c shows the spectrum at an average current density of 0.83 A/
cm?, where the small QD group dominates the spectrum. The calculated percentage error
in the amplitude and spectral width is about 9.8 % and 5.8 %, respectively, for the small
QD; and—4.9 % and—2.3 % for the large QD. Therefore, an overall good match between
the theoretical and the experimental results is obtained for the different average current
densities.
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6 Conclusion

The experimental examination of a double-layer InP/(Al, ; Ga), 5, InP QD laser system was
presented showing the co-existence of small and large QDs, while the lasing occurred via
the small QD only. For the first time in literature, up to the authors’ knowledge, a model
for the InP QD laser was presented that also accounted for the bimodal QD size distribu-
tion. Two peaks Gaussian fitting model was applied to data extracting the central wave-
lengths of the emission and the percentage contribution of the small and large QDs in the
emission. The size of the QDs was estimated from emission peak wavelengths together
with the eigenvalue’s solution of cylindrical shape QDs with an infinite barrier height. The
theoretical model described the phenomena as the superposition of two inhomogeneous
QD groups. The simulation results were compared to the experimental data and percentage
errors in the range of 1.5% up to 10% were achieved showing a good agreement.
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