Preface

II-V compound semiconductor devices have the advantages of higher operating
speed and lower power consumption compared to conventional silicon devices
Some of them have a direct band gap Hence, ITI-V semiconductors are widely
used 1n optoelectronic devices such as solar cells, light emitting diodes, and semu-
conductor lasers They are also used 1n high speed digital circuts reahsed 1n GaAs,
and 1n heterostructure-based devices that are even faster (still under development)

For the better performance of devices, the materials should be of high purity,
defect free, and should have other properties depending upon the requirement
of device features This 1s often achieved to a greater degree in epitaxial films
than 1n single crystal substrates A pumber of techniques are available to grow
epitaxial layers, such as, iqud phase epitaxy (LPE), molecular beam epitaxy
(MBE) and metalorganic vapor phase epitaxy (MOVPE) MBE and MOVPE are
capable of meeting the stringent requirements of interface abruptness and layer
purity required for many device applications, whereas abrupt interfaces are difficult
to obtain by LPE However, MBE 15 an expensive and low throughput process
The MOVPE process 1s more flexible, and growth at higher rates can be obtained

in relatively simple reactors This process 1s also scaleable and well smted for large
scale device fabrication

High quality layers, 1 e, of uniform thickness and composition and, with smooth
surface, are necessary for the batch fabrication of devices Hence, these character-
1stics of GaAs layers, grown predominantly by LPE and MBE, have been studied
and reported However, only limited reports are available on the morphology
of GaAs epilayers grown by low pressure-MOVPE, and no such study has been
reported on epilayers grown by atmospheric pressure MOVPE

While GaAs 1s widely used for discrete and intergrated microwave devices, Al,Ga;..As
15 a cruclal material for optoelectronics as well as for heterostructure devices This

1s because the band gap can be tailored by varying x, and because of the close lat-
tice match with GaAs for all values of x from 0 to 1 The MOVPE process has also
been extended to the growth of AlGaAs and of GaAs/AlGaAs heterostructures

We have therefore undertaken in this thesis a study of certamn aspects of the
epitaxial growth of GaAs and AlGaAs by MOVPE
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The surface morphology of GaAs grown by MOVPE, as well as the nature and
extent of defects 1n such layers, has been found to depend on the various growth
parameters, the most important of them being the molar ratio ( V/III ) of the
reactants during growth Relatively huigh V/III ratios are required to obtain good
quality epilayers This 1s because arsenic 1s a more volatile element, and excess
partial pressure of arsenic 1s requred during epitaxial growth to maintain the sto-
ichiometry 1n GaAs We have therefore studied the growth rate, surface morphol-
ogy, and optical quahty of GaAs layers grown by atmospheric pressure MOVPE,
as V/II ratio was varied from 5 to 37

Temperature of epitaxial growth i1s sigmficant especially 1n the case of AlGaAs
because, during growth of GaAs/AlGaAs heterostructures, the abruptness of the
interface 1s likely to be affected The growth temperature 1s also an important
parameter 1n the formation of defects in AlGaAs layers As such, we have studied

the growth and characteristics of epilayers of Alg 32Gag¢gAs grown by atmospheric
pressure MOVPE

The orgamzation of the thesis 1s as follows

An introduction to the epitaxial growth of III-V semiconductors by MOVPE 1s
provided in Chapter I A survey of the hiterature relevant to the development of
surface morphology and defects in such epilayers has also been provided here
In particular, the link between substrate orientation, V/III ratio, and surface
morphology 1s discussed in detail

Chapter II 1s devoted to a detailed description of the experimental aspects of this
work The various aspects of the epilayer growth, such as the MOVPE reactor,
substrate preparation , and control of growth parameters are discussed at length
The tools and techniques used 1n the characterizations of the epilayers grown, such

as microscopy, Hall measurements, photoluminescence ( PL ) are discussed in the
latter half of the chapter

Finally, the results of the investigation undertaken here are discussed in Chap-
ter ITI, starting with the surface morpbology and defects observed in GaAs as a
function of the V/III ratio A significant conclusion is offered in this regard The
results of extensive PL studies are then discussed, and linked to the surface mor-
phology observed The Hall and PL measurements on AlGaAs epilayers are then
discussed, noting that no significant new result on the effect of growth temperature
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on such epilayers has been observed Finally, a few comments are offered on the
scope for further work regarding the effect of the V/III ratio on the properties of
I-V epilayers grown by MOVPE
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