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Angular and spectral distribution of the optically pumped laser radiation from 
the InGaN/GaN multiple quantum well (MQW) and single heterostructures (SH) were 
investigated. Calculations of the optical confinement factor and the electromagnetic 
field showed that the MQW lasers operate in the high order mode regime and the SH 
laser operate mainly in the leaky mode regime.

1. Introduction
As a rule GaN based lasers operate in the transverse high order 

mode regime. It is very well known from GaAs based lasers that laser di
odes operating in the leaky mode regime can emit a stable, high efficiency, 
high power and near-diffraction-limited output beam [1,2]. In our previous 
work, the multiple spot structure of the far-field patterns of the 
InGaN/GaN MQW lasers [3] and the leaky wave emission in the photolu
minescence (PL) and stimulated emission (SE) spectra [4] of the single and 
double InGaN/GaN heterostructures were observed. In this work the spec
tral-angular distribution of the laser emission from MQW and SH lasers 
was investigated in order to understand reasons of the mode formation.

2. Experiment and results
Undoped single Ga0.86In0.14N(30 nm)/GaN(1.6 |um) heterostructure 

and multiple quantum well InGaN/GaN heterostructures consisting of ten 
10 nm InGaN active layers, 15-nm GaN barriers and 2 |um GaN cladding
layer were grown by MOVPE at temperatures between 700oC and 1100oC 
on c-plane sapphire substrates in AIXTRON reactors. Stimulated emission 
and PL were excited by radiation of a N2 laser (hv=3.68DeV, Iexc = 10 -  
3x106 W/cm2, F  = 1000 Hz) at room temperature. The angular dependence 
(o=-80O-+60o) of the SE spectra was monitored using a special optical fi
bre system in the plane perpendicular to the heterostructure. The negative 
angles were selected to be in the direction of substrate.

The laser action at optical excitation in the InGaN/GaN MQWs in
vestigated in this study was obtained up to T = 585 K with a relatively low
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room temperature laser threshold Ithr = 1 0 0  kW/cm and high effective 
temperature T0 = 164 K [3] in the spectral region of 390-440 nm.

The far-field patterns of the MQW laser exhibited at Iexc = Ithr two 
approximately symmetrical bright spots localized at angles o^±(30-35)° 
and a central less intensive spot. At high excitation power the central spot 
is not observable in the far-field pattern. The line positions in the MQW 
laser spectra do not depend on the registration angle. The far-field pattern 
of the SH lasers consist of 3 light spots The spectral distribution of the 
emission lines in the lateral broad negative spot slightly depends on the 
angles. But the central spot displays a very clear dependence of the spectral 
modes positions on the angles. The divergence (FWHM on the degree 
scale) for a single spectral mode is of about 2-3 degrees. Fig. 1 shows a 
wavelength-angle contour map of the emission intensity from the 
InGaN/GaN SH for IexC > IAr.
3. Discussion
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F i g. 1. Wavelength-angular contour 
map of central spot emission intensity 
from InGaN/GaN SH laser

F i g. 2. Optical confinement factor and 
reflection coefficient of MQW and SH as 
a function of the mode number at differ
ent carrier concentrations
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The presence of two approximately symmetrical bright spots in the 
far-field patterns of the MQW laser emission is an evidence that the laser 
operates mainly in the high order transverse mode regime. A strong de
pendence of the spectral position of emission maximum on the direction of 
the light propagation in the single heterostructure is an evidence of the 
leaky mode existence in this structure.

In order to understand in more detail the reasons of the far-field pat
tern formation and the laser spectra dependence on the direction of the la
ser light propagation, calculations of the electromagnetic field distribution 
inside and outside of the MQW and SH were performed in the approach of 
the four-layer isotropic waveguide model [5]. The electric field component 
of the TE modes which propagate in the +z direction was taken in the 
form: Ey = Ey ( x ) - earz ■ e 4), where fi is the complex propagation constant
for the waveguide mode, a t is the absorption (gain) coefficient of a i-layer, 
o  is the wave frequency. The optical confinement factor for the guiding 
modes r g (MQW, SH) and for leaky modes /  (SH) was calculated taking 
into account the dependence of the refractive index n of the active layers 
on the electron-hole plasma density N [6].

The calculation showed that at low Iexc when n is near to no, the fun
damental mode has the maximal r g value of 0.08 (fig. 2). However an in
crease of N  promotes a drastic decrease of /  o f this mode and leads to an 
enhancement of the optical confinement factor of the higher order trans
verse modes. The results are in a qualitative agreement with the experi
mental observation of the central spot in the far field pattern at low excita
tion intensity and with two bright spots which belong according to the cal
culations to the fifth-sixth order transverse modes. The modes with num
bers higher than 11 have the reflection coefficient of a Fabry-Perot cavity 
mirrors R = 100 % and do not take part in lasing.

The optical confinement factor of the guiding modes of the SH in 
contrast to the MQW increases monotonically with the transverse mode 
number and achieves a maximal value for the 11th—13th order modes. The 
14th and higher order modes are leaky modes owing to an appearance of a 
big leakage from the waveguide layers due to the absence of the total re
flection at the GaN/Al2O3 interface. The reflection coefficient at Fabry- 
Perot cavity mirrors becomes R = 100% for the modes with numbers high
er than 8 and the laser action occurs on the leaky modes. A calculated val
ue of the 15th order mode angle is of about -35° and corresponds to the lat
eral negative spot. The low intensity positive spot is perhaps due to the 
closed modes passing through the defects on the laser mirrors.
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4. Conclusion
Angular and spectral distribution of the optically pumped laser radi

ation from the InGaN/GaN multiple quantum wells and single heterostruc
tures were investigated at room temperature. Calculations of the optical 
confinement factor and the electromagnetic field distribution inside and 
outside the heterostructures which were performed in the approach of the 
four-layer isotropic waveguide model showed that the MQW lasers operate 
in the high order (5-6) transverse mode regime. The spectral-angular dis
tribution of the SH laser emission is mainly due to the leaky mode for
mation with the mode order number of 14-15.

This work was done in the frame of the ISTC project B-176.
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Изучено спектральное и пространственное распределение мод излучения в 
лазерах с поперечной оптической накачкой на гетероструктурах ZnMgSSe/ZnSe с 
раздельным оптическим и электронным ограничением. Дальнее поле излучения 
структурировано и имеет расходимость на полувысоте порядка 25° в плоскости, 
перпендикулярной гетероструктуре. Определены значения группового показателя 
преломления лазерного волновода ng и его дисперсии, изучено влияние длины ре
зонатора и уровня накачки на эти параметры.
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