‘70 Technology focus: InGaN lasers

New angle on approach
to green lasers

Mike Cooke reports on UCSB’s use of
1%-miscut m-plane GaN substrates to
develop blue—green lasers with lower
threshold current densities than is
achieved using on-axis c-plane GaN.
SSanta Barbara (UCSB) has reported on a
blue—-green laser diode (LD) based on a miscut
m-plane gallium nitride (GaN) substrate [You-Da Lin
et al, Applied Physics Express, vol.2, p.082102, 2009].
Nakamura is responsible for much of the development
and commercialization of GaN as a light-emitting
material for electronics as part of Nichia Corp in Japan
in the late 1980s and all through the 1990s until he
became a UCSB professor in 1999. Also involved in the
research is a researcher from Mitsubishi Chemical’s
Optoelectronics Laboratory, Kenji Fujito, who has
worked on hydride vapor phase epitaxy (HVPE) of
high-quality non-polar m-plane GaN substrates [Fujito
et al, physica status solidi (a), vol.205, p.1056, 2007].
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Figure 1. Schematic of laser diode structure used by
UCSB. SCH = separate confinement heterostructure;
EBL = electron blocking layer.

These developments use various techniques to
improve material quality, which is particularly key for
the active layer where indium concentrations have to
exceed 20% to achieve suitable energy band gaps to
produce green light. High-indium-content InGaN is
notoriously difficult to grow with the high quality
demanded from laser applications.

Although the UCSB work has only reached 481nm
so far, the researchers point to improved performance
by using miscut non-polar substrates in terms of
lasing threshold currents and slope efficiency that
suggest moving to longer wavelengths should be
‘easy’ and a possible route to realizing high-power
green laser diodes.
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For the UCSB laser diodes, the m-plane GaN substrate
was miscut about 1° in the [0001] (-c) direction.
Miscutting of substrates is commonly used to improve
or manipulate material quality on a wide range of
substrates. [For a recent example involving improving
quantum dot shapes and sizes on an indium phosphide
(InP) substrate, see 'Optimizing InP substrate orienta-
tion for 1.55um InAs QD telecom lasers’ —
www.semiconductor-today.com/news_items/2009/
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Figure 2. Dependence of threshold current density on lasing wavelength for various
laser diodes produced by UCSB using on-axis and 1° towards [0001] direction

fluorescence optical microscopy of laser diode surfaces
grown on nominal on-axis and miscut substrates
showed significantly smoother surface without
‘hillocks’ for the laser diode on miscut substrate. Also,
photoluminescence was much more homogeneous for
the miscut substrate device.

A comparison of 2x500um laser diodes with uncoated
facets in pulsed operation (1% duty cycle) show a
lower threshold current (153mA, compared with
413mA for nominal on-axis device) for the miscut
substrate. Further, less blue shift was seen in moving
from spontaneous to laser emission (~483nm
spontaneous wavelength for both miscut and nominal,
471nm miscut lasing, 461nm on-axis lasing).

These properties are attributed to larger indium
fluctuations in the on-axis samples. A clarification of
the mechanisms is promised in a future publication
from the group.

The threshold current density tends to increase with
wavelength (Figure 2), but with the miscut devices
generally reporting a lower value. The longest lasing
wavelength found was 481nm (10nm from sponta-
neous photoluminescence at 491nm) from a coated
facet device in 1% duty pulsed operation.
http://apex.ipap.jp/link?APEX/2/082102/
hittp://dx.doi.org/10.1002/pssa.200778709

The author Mike Cooke is a freelance technology journalist
who has worked in the semiconductor and advanced
technology sectors since 1997,
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