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Abstract
1.55 Micron In-plane Lasers Using Wafer Fused Cladding Layers
by
Archie L. Holmes, Jr.

1.55 pm lasers have received considerable research interest due to the low
attenuation and dispersion characteristic of optical fibers at that wavelength.
These optical fiber characteristics make 1.55 um lasers the choice for current and
future long-haul optical communications. The use of these lasers in this capacity
is hampered by their high sensitivity to temperature which results in an increase
in temperature and a reduction in the slope efficiency above threshold.

In this work, 1.55 pm lasers are studied theoretically and experimentally to
devise a new method of reducing these temperature-dependent characteristics. A
model was developed that uses realistic material parameters and gain curve
characteristics to simulate the static properties of 1.55 pm lasers. It is found
though this modeling that the temperature performance of 1.55 pm lasers can be
improved with a reduction of either Auger recombination (which is inherent in
these structures) or carrier overflow. Furthermore, it takes a reduction of both
parameters to obtain the temperature performance characteristics of shorter
wavelength InGaAs/GaAs lasers.

To obtain this reduction in carrier overflow, a novel approach for 1.55 pum in-
plane laser structures is developed. This approach involves the use of wafer
fusion to define the cladding layers of the device. The main benefit of this
approach is that it allows the device designer an additional degree of freedom in
device design. Thus, electron confinement can be achieved without a severe

xii



reduction in optical confinement that is seen in more conventional structures.
Experimental results on these novel structure are presented. The results show
that characteristic temperatures (T,) can be achieved that are comparable to
conventional devices. Furthermore, improved slope efficiency properties are
seen. The reasons for this are discussed along with area for further
improvement.
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1. Introduction

The ability to communicate has been one of the major driving forces in the
development of modem society. Human ingenuity has allowed us to discover
many important things throughout time: how to hamness fire, how to make a
wheel, how to study the stars and forces of nature, etc. However, alongside
discovery, humans are communal creatures in the respect that they desire to
share information they encounter with others (and in too many cases receive way
more credit for it than they deserve). As we move to the end of the first
millennium, the amount of information available for use keeps exponentially
increasing. Scientists and engineers have been working to devise ways to send
more information as quickly as possible. Fiber optic-based communications has
emerged as one of the best ways to achieve this goal. This chapter will first
introduce lasers in general and semiconductor lasers specifically. Next, I will
give a brief overview of the development of semiconductor lasers leading to light
sources for fiber optic communications at 1.55 um. Following this, the
performance of 1.55 um lasers is compared to GaAs-based and AlGalnP-based
quantum well lasers. Lastly, the organization of this dissertation will be
discussed.

1.1  Introduction to (Semiconductor) Lasers

As suggested by the title of this dissertation, the focus of my research is
experimentally improving the performance of semiconductor lasers that emit light
at 1.55 um. Thus, two natural questions emerge: how do semiconductor lasers
work and why are lasers emitting at 1.55 um important. In answering these
two questions, I need to first define the term ‘laser’ which stands for Light
Amplification by the Stimulated Emission of Radiation. Therefore, in order for
there to be a laser, some type of amplification region is needed. Furthermore,






