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The intention of this work is to discuss and report on our research on
nonpolar laser structures grown on bulk GaN crystal substrates along the
(112̄0) nonpolar direction. The main advantages of such nonpolar structures are related to the elimination of the built-in electric fields present in
commonly used systems grown along the polar (0001) axis of nitride crystals.
We demonstrated the optically pumped laser action on separate confinement
heterostructures. Laser action is clearly shown by spontaneous emission saturation, abrupt line narrowing, and strong transversal electric polarization
of output light. The lasing threshold was reached at an excitation power
density of 260 kW/cm2 for a 700 µm long cavity (at room temperature).
PACS numbers: 42.55.Px, 78.45.+h, 78.66.Fd

1. Introduction
Recent progress in growing nitrides along the nonpolar crystallographic direction has opened the way for a new generation of nitride optoelectronic devices
free from built-in electric fields due to spontaneous and piezoelectric polarizations
[1, 2]. To be exact, both polarizations are still present in nitride nonpolar structures but they do not induce any charges on the interfaces due to the fact that the
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polar axis lies within the growth plane of the film. In optoelectronic devices grown
along the classical polar direction, the built-in electric field results in the spatial
separation of electron and hole wave functions and a reduction of the overlap of
both wave functions, which in turn leads to a decrease in radiative efficiency.
A second reason for interest in lasers grown along a nonpolar direction is
related to the increasing interest in polariton lasers [3, 4]. In a polariton laser,
lasing states do not require a population inversion, therefore pumping thresholds
may be much lower and are no longer related to the volume of the laser. The
growth of a-plane and m-plane GaN/AlGaN quantum well (QW) structures on
different substrates has been previously demonstrated [2]. Recently, two groups
have reported laser action in samples grown along the nonpolar direction [5, 6].
However, there remains a lack of information concerning the basic properties of
nonpolar laser structures.
2. Experimental method
To avoid problems related to a lattice mismatch between the substrate and
laser structure, we used GaN bulk crystals. The bulk substrates were prepared
in the following way. In the beginning we used low dislocation bulk GaN crystals
grown from gallium nitride solutions under a high nitride pressure [7]. Unfortunately, such crystals are too thin to perform epitaxial growth in any direction
perpendicular to the c axis, in other words along the nonpolar direction. To increase the thickness of these crystals we used a hydride vapor phase epitaxial
(HVPE) method to overgrow them to a thickness of a few millimeters. Finally
the substrates, in the form of strips with a length and width of a few millimeters,
were cut along the appropriate crystallographic directions. The laser structures
(separate confinement heterostructure laser) were grown by means of plasma assisted molecular beam epitaxy (PAMBE). The active region of the laser structure
consists of five GaN ≈ 50 Å QWs with Al0.04 Ga0.96 N barriers and was embedded
in a 0.1 µm thick Al0.04 Ga0.96 N light-guiding layer. At the top and bottom of
the structure 0.35 µm cladding layers of Al0.12 Ga0.88 N were grown. We also grew
a second laser sample, which contained a structure identical to the first sample,
except for a higher aluminum concentration in the waveguide and barriers (6%
rather than 4%) and thinner quantum wells (2 nm rather than 5 nm).
The crystal quality of the samples was characterized by X-ray diffraction.
The 2θ–ω scans were measured for (112̄0) reflections. The main peak related to the
GaN substrate and QW region was located at 57.77◦ , with two other peaks related
to waveguide and cladding layers observed at a higher angle. The good agreement
between the experimental results and simulated values indicates proper growth
conditions, which were also confirmed later by transition electron microscopy
studies.
Optical pumping experiments were performed on cleaved laser strips by using
the fourth harmonic of an Nd:YAG laser (266 nm excitation). The pulse lengths
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were 10 ns with a 20 Hz repetition rate. The pulse energy was controlled by an
Ophir power meter. The laser beam was focused on the sample surface using a
cylindrical lens, and the width of the laser strip was measured to establish the
value of power density. Finally, the light emitted from the laser facet along the
(11̄00) crystallographic direction was analyzed by a CCD detector connected to a
SPEX 500 spectrometer.
3. Results and discussion
The results of our optical pumping experiments at room temperature are
shown in Fig. 1. The related stimulated emission spectra for both laser structures
are recorded just above the lasing threshold, and we also show the spontaneous
emission spectra for both lasers. The laser action mechanism is confirmed by
the following experimental facts. First, for excitation power just above the lasing
threshold we observed a multimode structure of the laser emission. Second, the
laser line was fully transversal electric (TE) polarized. Third, we observed a narrowing of the spontaneous emission spectrum and a clear threshold for stimulated
emission by optical pumping. Finally, for the first laser structure we observed
changes of the energetic position of the stimulated emission with cavity length [8].
This is due to the fact that for different cavity lengths transparency conditions
may be obtained for different values of the gain.

Fig. 1. Spectra of the stimulated emissions at room temperature for TE and transversal
magnetic (TM) polarizations, for both types of laser described in the text obtained with
the fourth harmonic of a Nd:YAG impulse laser. The two upper spectra represent
the spontaneous emissions from both lasers obtained below the threshold for identical
excitation.
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The room-temperature laser emission spectra are located at 3.403 eV and
3.456 eV for laser 1 and laser 2, respectively. The energetic distance between both
lines (53 meV) corresponds closely to the calculation results while using a simple
flat band model (48 meV). This fact and changes of the energetic position of the
laser emission peak for both lasers confirm that laser emission occurred at the
active region of the laser structure, not in the bulk material of the substrate.
In Fig. 2 we represent the results of the optical pumping experiments, i.e.
total intensity of the light output taken from a cleaved facet as a function of
excitation laser power. For all our samples a clear sublinear growth of emission
intensity was observed. From the first laser structure we cleaved strips of different
cavity lengths (700, 500, 300 µm) in such a way that the cleavage mirrors were
perpendicular to the (11̄00) direction. The threshold pump power density was
determined to be equal, respectively, to 260, 280, and 370 kW/cm2 for the 700,
500, and 300 µm cavity length, respectively. For laser 2 the threshold pump power
density was higher than for laser 1 and possessed a value of 500 kW/cm2 for a
500 µm cavity strip.

Fig. 2. Excitation power density dependence at room temperature for laser 1 and
laser 2. Laser 1 was cleaved with 300, 500, and 700 µm laser cavities. Laser 2 possessed
a 500 µm laser cavity.

There are a number of factors which affect the threshold in optical pumped
laser structures. The higher threshold of laser 2 can be explained by a smaller
confinement factor defined as the overlap of the optical mode with the active
region [9]. In addition, the smaller contrast of the refractive indices between the
waveguide (6% instead of 4% of aluminum) and cladding layer (12%) increases
the threshold. As a result, the heterostructure of laser 2 supports a spatially
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wider optical mode, undergoing gain in a smaller region, and a higher pumping
power must be used to obtain lasing. This effect could be compensated (or rather
minimized) by other effects described in the literature [10]. The refractive index for
GaN–AlGaN alloys is strongly dependent on the wavelength of the laser emission.
This effect is rather pronounced at wavelengths close to the GaN band gap. This
leads to an increase in the refractive index contrast for laser 2, resulting in a
lowering of the threshold. The higher threshold for laser 2 in comparison with
laser 1 is due to the competition between all these effects.

Fig. 3. Inverse of the differential efficiency as a function of the inverse cavity length for
three different laser cavities (300, 500, and 700 µm cleaved from laser 1 sample). Solid
line represents fitting with α = 20 cm−1 .

In our experiments, by using different cavity lengths we were able to determine the optical losses in the first laser structure [11]. This may be achieved
by measuring the differential efficiency as a function of the inverse cavity length
(Fig. 3) and employing the following equation:
¶
µ
1 −1
α
1
−1
ηm
=
ηstim
+
,
kdC
L ln(1/R)
in which ηm is the differential quantum efficiency, L — the cavity length, d is the
width of the excitation strip, ηstim — internal quantum efficiency, R — the mirror
reflectivity, and α — the net internal losses. The k coefficient is defined by the
relation between power of the pumping light Pin and effective injection current
density J by the relation J = kPin . We also should mention that in a real experiment we measure a quantity CPout which is a composite of constant C and the
real output power Pout . Finally, by using this method we were able to determine
optical losses in the first laser structure to be at a level of 20 cm−1 .
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4. Summary

In summary, GaN/AlGaN laser structures were grown by PAMBE along the
(112̄0) nonpolar crystallographic direction. On such structures we observed laser
action and for one of them we established optical losses of 20 cm−1 . For the
nonpolar laser we also measured a threshold power density in the range from 260
to 500 kW/cm2 . The value is still higher than the one reported in the literature
for optically pumped polar structures [12], but more detailed studies are certainly
required in order to compare both the polar and nonpolar systems.
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