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A GaN-based vertical-cavity surface-emitting la8é€SEL) has been demonstrated in an extended
cavity structure. A VCSEL device had a long extended cavity, which consisted of a sapphire
substrate as well as a GaN epilayer and had an integrated microlens on one side. High-reflection
dielectric mirrors were deposited on both sides of the laser cavity. The laser was optically pumped
and operated at room temperature. The VCSEL device lased at a low threshold excitation intensity
of 160 kW/cnt. In contrast to a conventional microcavity-VCSEL structure, the VCSEL operated in
multiple longitudinal modes with mode spacing consistent with its physical thicknes008
American Institute of Physics[DOI: 10.1063/1.1611643

GaN-based light emitters, both light-emitting diodesInGaN multiple-quantum-wel[MQW) section needs to be
(LEDs) and laser diodes, are now standard industrial prodseparated from the sapphire substrate prior to depositing the
ucts. Potentially important applications in other device struclower mirror. In this letter, we introduce another possible
tures, whose realizations are certainly more challenging, ar&aN-VCSEL structure with an extended cavity, and explain
now being actively sought. Examples of such devices includés lasing properties obtained by means of optical pumping
vertical-cavity surface-emitting laser§VCSEL9™? and  when operated at room temperature.
resonant-cavity LEDS.In particular, VCSELs possess prop- Figure Xa) schematically illustrates the structure of the
erties that are advantageous for many applications. Thesextended cavity VCSEL. Dielectric DBR mirrors are depos-
properties include: circular beam shape, light emission irited on both sides of an otherwise typical InGaN MQW
vertical direction, possibility of arrangement in two- structure, so that the whole sapphire substrate becomes part
dimensional arrays, and fully monolithic process/fest. of the laser cavity. However, for such a long cavity, a parallel
Therefore, GaN-VCSELs should be quite appealing as futurglanar mirror arrangement would probably not provide a
high-performance, GaN-based, short-wavelength lighktable resonator condition, because of a significant antici-
sources. pated diffraction loss. Thus, prior to deposition of the lower

One of the most challenging problems in bringing GaN-mirror, the rear of sapphire substrate was thinned, polished,
VCSELs to practical application is the preparatiarsitu of  and finally integrated with a microlens. For photons within
highly reflecting semiconductor-distributed Bragg reflectorsthe cavity, the microlens serves as a concave mirror on one
(DBRs). Although some progress has been made in the GaNside of laser cavity. The other side of laser cavity is defined
based DBRS;” only two groups have demonstrated GaN-py the planar GaN epilayer, so that the overall laser structure
VCSELSs; both of these were in microcavity geometfiés. has a plano-concave cavity.

Someyaet al." employed hybrid mirrors: a semiconductor  \we have previously fabricated and characterized sap-
AlGaN/GaN reflector for the lower reflector and a dielectric phire microlense& They were fabricated by etching sapphire
SiO,/ZrO, reflector for the upper one. Somg al” used di-  ysing re-flown photoresist lenslets as a sacrificial etching
electric DBR mirrors, SiQ/HfO,, for both the upper and mask. To successfully etch the extremely hard sapphire, a
lower mirrors. Although successfully demonstrating GaN-chjorine-based high-density plasma gas in an inductively
VCSEL operations for the first time, the methods used argoupled plasmalCP) system was employed. Figurebl
very difficult to implement for commercial use. The VCSEL ghows an example of microlenses fabricated on a sapphire
reported by Someyat al. requires an impractical number of g hstrate. The details of the ICP etching of a sapphire micro-
highly strained AlGaN/GaN layers. In the case of the all-jens and its optical characteristics, can be found in Ref. 8.
dielectric mirror scheme of Sorg al, the epitaxially grown  The radius of curvature and the diameter of the microlens

used in the present experiment are 400 and 420 respec-
3Electronic mail: hsjeon@snu.ac.kr tively. On the basis of Gaussian beam opfithe diameter
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FIG. 2. Room-temperature lasing properties of a typical extended cavity
GaN-VCSEL.(a) Relationship between excitation intensity and laser output
and(b) laser emission spectra at different excitation levels. The laser spectra
in (b) are successively shifted in vertical direction for display purpose.

FIG. 1. (a) Schematic diagram of the extended cavity GaN-VCSEL struc-
ture. (b) Scanning electron microscope image of a sapphire microlens. that the reflectivity of the dielectric DBR at the excitation
wavelength of 355 nm was measured to be about 55%, and
of the beam waist at the MQW position in the present lasethat only a fraction of the incident photons is absorbed by
cavity has been calculated to be approximately Gif. MQWs, the actual threshold intensity would be much less. In
However, its correlation with the size of the actual lasingcontrast to a microcavity-VCSEL? our VCSEL device is
aperture is a subject for further experimental studies. expected to operate in multiple longitudinal modes due to its

An InGaN/GaN/AlGaN separate confinement hetero-long cavity length(much like an edge-emitting lasein or-
structure was grown on @001 sapphire substrate using a der to elucidate this point, high-resolution emission spectra
technique involving low-pressure metalorganic chemicalfrom another VCSEL device are shown in Fig. 3. It is very
vapor deposition. The MQW section, composed of 10 periclear that the spectra are periodically modulated, and that
ods of 3-nm I ,Gay N quantum wells, and 10-nm GaN lasing occurs at a couple of those peaks. Assuming that the
barriers, was embedded between two 86-nrgAbay N  Modulation is the result of Fabry—Perot oscillations, we es-
cladding layers. The whole structure was grown onzan2-  timate that the cavity length is about %0m, which is very
thick GaN buffer layer to ensure a good epilayer quality.close to the physical thickness of our sample as determined
Each dielectric DBR, prepared using an electron-bean®y an independent measurement.
evaporator with a quartz crystal thickness monitor, is com- ~Concern has been expressed that cavities formed in
posed of 11.5 pairs of SIIHFO, layers. The corresponding GaN-VCSELs by random accidental cracks could initiate in-
reflectance is expected to be greater than 99.5%.

In order to determine its optical properties, a fabricated
sample was simply taped to a glass plate with no extra heat
sink. It was then optically pumped from the epilayer side,
using a frequency-tripled, Q-switched, pulsed Nd:YAG laser.
Emission spectra were taken in a backscattering geometry by
a CCD camera attached to a spectrometer. The pulse width of
the pump was approximately 5 ns, and the repetition rate was
fixed at 10 Hz. The pumping laser beam was focused down
to a size slightly larger than that of an individual microlens.
All experiments were performed in ambient conditions at
room temperature.

Figure Za) shows the relationship between the excita-
tion intensity and the laser output of a microlensed VCSEL
device, while Fig. &) displays the emission spectra at a few _ _ o )
different excitation levels. A sharp laser threshold appears a':;fS'E?l’_' ,:;grh ',i,fssg’,'”{;]",’;sﬁg“,fs',‘,’givﬁﬁﬁg‘ﬁo,‘ff-a”. extended cavity San-

. gitudinal modes are clearly
an input excitation intensity of 160 kW/ém Considering  resolved.
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