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ABSTRACT

We report on an experimenta study of microstructure-based lasing in an
optically pumped GaN/AlGaN separate confinement heterostructure (SCH). We achieved
low-threshold ultra-violet lasing in optically pumped GaN/AlGaN separate confinement
heterostructures over a wide temperature range. The spacing, directionality, and far-field
patterns of the lasing modes are shown to be the result of microcavities that were naturally
formed in the structures due to strain relaxation. The temperature sensitivity of the lasing
wavelength was found to be twice as low as that of bulk-like GaN films. Based on these
results, we discuss possibilities for the development of ultra-violet laser diodes with
increased temperature stability of the emission wavelength.

INTRODUCTION

Recent progress in the development of InGaN-based lasing structures was
highlighted by Nichia's announcement of "engineering sample shipments' of their blue laser
diode (LD) [1]. However, due to the lack of ideal substrates for the growth of thin film
nitrides, a large number of didocations and cracks are naturally formed in the epitaxial
layer to dleviate the lattice mismatch and the strain of postgrowth cooling. This does not
aways negatively affect lasing characteristics but sometimes introduces interesting lasing
properties due to self-formed high-finesse microcavities [2] that could be utilized for the
development of near- and deep-UV LDs.

In this work we describe the results of optical pumping experiments on
GalN/AlGaN separate confinement heterostructures in the presence of alarge number of
naturally formed microcavities. We achieved ultra-violet lasing in these structures over a
wide temperature range. The spacing, directionality, and far-field patterns of the lasing
modes were correlated to the geometry of microcavities. The temperature sensitivity of the
lasing wavel ength was measured and compared to that of bulk-like GaN films.

EXPERIMENTAL DETAILS

The GaN/AlIGaN separate confinement heterostructure (SCH) samples used in
this work were grown by metalorganic chemical vapor deposition on 6H-SiC (0001)
substrates with ~3-mm+-thick GalN epilayers deposited prior to the growth of the SCH
region. The SCH sample under discussion has a 150-A-thick GaN active layer, surrounded
by 1000-A-thick AlggsGagesN cladding layers and 2500-A-thick Alg10GaggN waveguide
layers symmetricaly located on each side. For the purpose of comparison, we also
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studied a 4.2-mm-thick GaN epilayer grown on (0001) 6H-SiC. The samples were mounted
on a copper heat sink attached to a wide temperature range cryostat. Conventional
photoluminescence (PL) spectrawere measured in the back-scattering geometry using a
frequency-doubled Ar" laser (244 nm) as the excitation source. In order to study the lasing
phenomena, a tunable dye laser pumped by a frequency-doubled, injection-seeded
Nd:YAG laser was used as the primary optica pumping source. The excitation beam was
focused to aline on the sample using a cylindrical lens. The emission from the edge of the
sample was coupled into a 1-m spectrometer with a side-mounted optical multi-channel
anayzer and photomultiplier tube. Specia precautions were taken to avoid fluctuationsin
sample position due to the thermal expansion of the mounting system. This alowed us to
spatidly "pin" the sample and obtain lasing modes from a single microcavity over the
entire temperature range studied.

DISCUSSION

In order to evaluate the effects of cracks on the optical properties, we cleaved
our samples into submillimeter-wide bars (note that when GaN is grown on SIC, it can be
easily cleaved along the (1120) direction [3]). Before cleaving, the samples did not exhibit
any noticeable defects on the surface. After the cleaving process, however, cracks were
observed along al three cleave planes associated with a hexagonal crystal structure, with
the mgjority running parallel to the length of the bar, as shown in Figure 1.

Figure 1. A picture of the sample surface of a GaN/AlGaN separate
confinement heterostructure after cleaving. Before cleaving, the
sample exhibited no noticeable defects on the surface. After the
cleaving process, however, cracks can be seen running parallée to
the length of the bar.
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When the sample was excited above the lasing threshold, high-finesse cavity
modes were observed. Typical emission spectra at pump densities above and below the
lasing threshold are depicted in Figure 2. A series of equally spaced and strongly polarized
(TE:TM 3 300: 1) lasing modes with full width at half maximum of ~3 A appears on the
low energy side of the GaN-active-region peak. We note, however, that when the
spontaneous emission was collected from the sample edge instead of the surface, the
lasing modes appeared on the higher energy side of the spontaneous emission peak [4].
This phenomenon is due to strong re-absorption that introduces a shift of several
nanometers to the spontaneous emission peak. Lasing in our samples occursin the
wavelength range of 360 to 364 nm at room temperature, which is much deeper in the UV
than for INnGaN/GaN-based structures. We were able to correlate the spacing between the
modes in Figure 2 to the distance between the cracks depicted in Figure 1. Assuming that
the unity round-trip condition is satisfied and there is no loss due to absorption in the GaN
layer, the threshold gain can be estimated from [5]:
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Figure 2. Lasing and spontaneous emission in the GaN/AlGaN
separate confinement heterostructure at room temperature. Lasing is
believed to be of microcavity origin.
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where R isthe mirror reflectivity (20% for a GaN-air interface) and L is the distance
between the cracks. Alternatively, L could be extracted through an analysis of the mode
spacing Dn through the reletion Dn = c/(2nL) . We obtained a gain value of ~500 cm™

(corresponding to a threshold pump density of 105 kW/cm?), which is on the same order
of magnitude as the near-threshold gain values measured in GaN by the variable stripe
technique (see Refs. [6,7] for example). We note, however, that due to the limited quality
of GaN and AlGaN layers, the photon flux inside a microcavity encounters additional
losses associated with absorption and scattering of light. In view of this, the value for gain
cdculated through Eq. 1 represents the lower limit for the actual gain at threshold.

It was found that by pumping different areas along the length of the bar, the
emission exhibited varying degrees of cavity finesse. The finesse is directly linked to the
end mirror reflectivities and internal losses. Thus the different degree of finesseis
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Figure 3. Lasing modes as a function of temperature for a single
microcavity. Thisimage was obtained by consistently taking lasing
spectra with an optical multi-channel analyzer at 1.3 Iy(T) while
the temperature was gradually varied from 20 K to 300 K.

FO9W11.22

https://doi.org/10.1557/51092578300004907 Published online by Cambridge University Press


https://doi.org/10.1557/S1092578300004907

presumably due to the presence of cavities of varying quality formed by paralld cracks

running through the active layer. Areas exhibiting high finesse consstently had a narrower

far-field pattern than those exhibiting low finesse possibly indicating larger scattering loss.
We further note that the high finesse emission exits the sample a an angle of

f ~18° rather than parald to the sample surface. In order to understand this

phenomenon, the samples were examined in cross section using a scanning €lectron

microscope. A large number of cracks were noticed lying at small angles (a ~ 7°) to the
c axis. Taking into account the refractive index of GaN, we were able to correlate the
geometry of the cracks to the emission angle through Snell’s law:

sinf =nsina . )

A dramatic decrease in the lasing threshold of our SCH structure in comparison
to abulk-like GaN epilayer was observed over the entire temperature range studied. For
one of the SCH samples, the lasing threshold was measured to be as low as 65 kW/cm? at
room temperature. We made a direct comparison of threshold carrier densitiesin
GaN/AlGaN SCHs and bulk-like GaN epilayers and concluded that lasing in SCHs occurs
at carrier densities< 5" 10" cm®, which is considerably lower than that required for the
formation of an electron-hole plasma. By further examining the relative energy position
between the spontaneous emission and lasing modes we concluded that the exciton-
exciton scattering mechanism remains dominant in SCH lasing structures even at room
temperature. The details of carrier density calculations and photon energy anaysis are
given elsawhere [8].

The temperature dependence of the energy position of the lasing modes was
also studied. To avoid spatial displacement of the sample due to a non-zero temperature
expansion coefficient of the cryostat system, we chose to mount the cryostat horizontally
so that the rod expansions occurred in the direction paralle to the direction of the laser
beam. This alowed us to obtain lasing from the same microcavity over the entire
temperature range. We also used the optical multi-channel analyzer to consistently acquire
spectraat 1.3" Iy, for each temperature. Figure 3 shows a plot of mode energy position
versus temperature. The gray pallet corresponds to different emission intensities. We note
that the energy position of the gain maximum in the GaN/AlGaN SCH changes by about
50 meV when the temperature is varied from 10 to 300 K, which is twice smaller than that
expected from a bulk-like GaN epilayer [9]. Such a reduced temperature sensitivity of the
laser emission suggests that the GaN/AIGaN SCH could be well suited for UV
applications that require increased temperature stability of the emission wavelength.

CONCLUSIONS

We achieved ultra-violet lasing in optically pumped GaN/AIGaN separate
confinement heterostructures over awide temperature range. The spacing, directionality,
and far-field patterns of the lasing modes were shown to be the result of microcavities that
were naturally formed in the lasing structures due to strain relaxation. The temperature
sensitivity of the lasing wavelength was found to be twice lower than that of bulk-like GaN
films, indicating that the separate confinement heterostructures could be used in
applications that require increased temperature stability of the emission wavelength.
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