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Abstract

Development of Growth and Fabrication Technology for Gallium Nitride-
Based Vertical Cavity Surface Emitting Lasers
by
Tal Margalith

Since their introduction, the demand for GaN light emitting diodes (LEDs)
has skyrocketed for applications in lighting and displays. For many of these
applications, the directionality and low cost provided by resonant cavity LEDs
(RCLEDs) and the yet unrealized GaN vertical cavity laser (VCSEL) are attractive.

These devices however — VCSELSs in particular — require an extreme degree
of precision in their fabrication in order to avoid any show-stopping losses.
Unfortunately, the lack of a lattice matched substrate, the extreme resistivity of the
p-dope‘d layers, and the resistance of GaN to conventional wet etching, preclude
taking some of the more common approaches (such as incorporating an epitaxial
DBR) to making these devices.

This work discusses the research on development and optimization of
technologies to overcome these inherent difficulties in device fabrication. We
present a structure that incorporates two dielectric mirrors after flip-chip bonding
and the removal of the original substrate. A transparent current spreading contact is
used to overcome the resistivity of the p-GaN, although an alternative method of
current confinement using ion implantation is also explored. The resulting RCLED
allows us to more thoroughly analyze our design and make a prediction as to how

much further the structures must be pushed before lasing threshold is realized.
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Chapter 1: Introduction

1.1 Overview

The interest in gallium nitride based optoelectronics is not a recent
phenomenon. As industry pushes towards increased capacity in optical storage,
finer scale laser printing, higher efficiency lighting sources and displays, and
biomedical sensors detecting UV-induced fluorescence, the need for a compact,
easily operated, and highly durable short wavelength light source becomes
apparent. The (Ga,Al,In)N system seems ideal for the task. As traditional for
dissertations on the subject of GaN-based devices, Figure 1.1 presents a “World
Map” for this semiconductor system. As we move along the line between GalN and
InN, we cover emission from 365 to 650 nm, while adding aluminum to the system
extends the spectral range down to 200 nm in the UV. While these wavelengths are
also achievable using II-VI materials such as ZnCdSSe'?, GaN has proven to be
much more durable and less susceptible to defects.

For these reasons, research on gallium nitride has been iﬁ progress since the
late 1960’s**, with tremendous advances on optoelectronic devices being made

since 1989, when the problem of p-doping in the material was overcome by
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Figure 1.1: Lattice constant and bandgap energy diagram for the (Al,B,In,Ga)N system.

Akasaki et al using low-energy electron beam irradiation (LEEBI)’, and Nakamura
et al realized high quality epitaxial growth through the use of a low-temperature
buffer layer.® The first light emitting diode (LED) was fabricated in 1991 by
Nakamura’, followed in 1996 by the first edge-emitting laser®, continuous wave
(cw) operation of a laser diode (LD)’, and high-power UV LED'. In 1998,
Nakamura et al reported successful operation of a GaN LD for more than 10,000
hours, demonstrating the commercial viability of these devices."

UCSB achieved its first demonstration of a current injection LD in 1997."
Although the device, grown by metalorganic chemical vapor deposition (MOCVD),
exhibited a high threshold current denisty (J,, = 12.6 kA/cm?), it demonstrated
significant maturity in the epitaxial layers (Fig. 1.2). Since then, tremendous
progress has been made toward understanding and improving these structures.

Improvement in facet design through the use of chemical assisted ion beam etching



(CAIBE), cleaving", and focused ion beam (FIB) polishing'* have enabled better
extraction of the gain and loss parameters from the laser material.'* The
incorporation of lateral epitaxial overgrowth (LEO) has elucidated the roll of
defects in our devices.”” Studies on the incorporation of magnesium in GaN for p-
doping have yielded an understanding of the conductivity in those layers and the
detrimental potential of precipitate formation.'® As is the case in every
semiconductor system, edge-emitting lasers provide the best way to characterize
the material, so it is on the shoulders of these experiments that the work on the

- GaN-based vertical cavity surface emitting laser (VCSEL) has been based.

Figure 1.2: Demonstration of the first UCSB edge-emitting GaN laser diode.

1.2 Why Then, Do We Want a VCSEL?

In the gallium arsenide and indium phosphide systems, VCSELs are rapidly
gaining in prominence due to some notable advantages over edge-emitting lasers.
The relatively small size (um) and vertical geometry of these devices allows for a

large packing density on a single wafer while simultaneously providing for













































































































































































































































































































































































































































