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The Morphology and Microstructure of
Thin-Film GaAs on Mo Substrates

K.M. Jones, M.M. Al-Jassim, F.S. Hasoon, and R. Venkatasubramanian*

National Renewable Energy Laboratory (NREL), 1617 Cole Blvd., Golden, Colorado 80401
* Research Triangle Institute, Research Triangle Park, NC 27709

Abstract: The growth of GaAs thin films on Molybdenum foils was investigated in an attempt to find a
low-cost substrate for GaAs. The films were grown by metalorganic chemical vapor deposition
(MOCVD). The film thickness was in the 2-4pm range, while the deposition temperature was in the
650°-825°C range. Scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
were used to investigate the film morphology and microstructure, respectively. The film morphology in
general, and the grain size in particular, were found to be strongly dependent on the growth
temperature. However, the defect structure observed in these films was relatively insensitive to the
growth conditions.

INTRODUCTION

Single-junction GaAs and dual-junction GaAs/GalnP solar cells epitaxially grown on single-
crystal GaAs substrates have achieved record efficiencies of 25.7% [1] and 30% [2],
respectively. GaAs/GalnP tandem cells are currently in production for space applications, and
several satellites are already powered by this technology. However, significant cost reduction
is required in order to make such cells viable candidates for terrestrial applications. Many
studies have been carried out on the cost of producing these cells for flat-panel terrestrial
applications. The cost of the GaAs substrate has long been considered a major contributor to
the overall cost.

Various studies have explored the use of lower-cost substrates for GaAs. In the mid-to-late
1980s considerable efforts were directed at the heteroepitaxial growth of III-Vs (GaAs, GaP,
and InP) on Si substrates for solar cell applications. The primary incentive for this work was
the cost reduction of expensive substrate materials. This is particularly important when
considering large-scale production of terrestrial photovoltaic modules. In the United States,
these efforts produced cell efficiencies up to 17%. Continued development of this solar cell
structure is currently being pursued in Japan [3]. Similar cost-effective structures are being
investigated at NREL, including the growth of polycrystalline GaAs films on glass substrates.
Polycrystalline films, however, tend to contain a high density of grain boundaries and intragrain
defects, which are regions of enhanced carrier recombination. Such recombination is known to
have a deleterious effect on cell performance. In order to reduce the detrimental effects of
grain boundaries, the growth of large-grain (hence low-grain-boundary density) GaAs is being
investigated.



In this study, we report SEM and TEM investigations of the nucleation, growth and
microstructural properties of GaAs films deposited on Mo foils. The main objective of the
work is to investigate Mo as a possible alternative substrate. The PV community has extensive
experience with Mo, resulting from its wide use as a substrate for CIS solar cells.

The GaAs films were deposited by MOCVD. The growth temperature was in the 650°—

825°C range, while the film thickness was in the 2-4um range. Additionally, the effects of
dopants were investigated using Si, Se, and Zn.

RESULTS

Figure 1 shows SEM micrographs of the surface of films deposited at 650°, 725° and
775°C. Clearly, these films are compact, exhibiting very rough surfaces, with an
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FIGURE 1. SEM micrographs of GaAs films deposited at three different temperatures, keeping all other
conditions constant.



increasing roughness as the deposition temperature increases. Further, many of the grains are
faceted. Again, the degree of faceting seems to increase markedly with the deposition
temperature. At 775° and 825°C, the grains are highly faceted and the surface roughness is on
the order of 1 um. The growth temperature was also found to have a profound effect on the
grain size, with a significant increase at higher temperatures. Figure 2 shows the resulting
dependence of grain size on growth temperature. The grain size exhibits a very well defined
behavior as a function of temperature, rising by a factor of 1.5 as the temperature is raised from
650° to 775°C. We believe that this increase is due to increasing mobility of adsorbed atoms
on the growth surface with the increasing temperature. At 825°C, a slight decrease in grain
size was observed in comparison with 775°C. This behavior is not clear at present, but is
likely caused by a change in growth mode to a more columnar growth. In addition to the effect
of the growth temperature, we studied the morphology of these films as a function of dopant,
keeping all the growth conditions the same. No detectable differences in the surface
morphology were observed in films doped with Si, Se, and Zn. TEM -cross-sectional
examination clearly revealed the morphology and the microstructure of the films along the entire
film thickness. At low temperature growth (Fig. 3), the film surface is fairly smooth; however,
the film’s surface roughness increased dramatically with increasing growth temperature. These
results corroborate what we observed by SEM. Cross-sectional examinations also revealed
that the growth mode is very temperature dependent. Films deposited at relatively low
temperatures (Fig. 3) exhibited small grain size in the vicinity of the. Mo/GaAs interface, and
the grain size increased with increasing film thickness.
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FIGURE 2. Plot of grain size vs. growth temperature
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FIGURE 3. TEM cross-sectional micrographs of GaAs films deposited at 650°C and 825°C, showing the
effect of deposition temperature on the morphology and growth mode.

Films deposited at high temperatures, on the other hand, exhibited more columnar growth
morphology.

TEM cross-sectional examination also revealed the nature, density, and three-dimensional
distribution of structural defects. On the whole, these films are very heavily faulted. High
densities of threading dislocations and stacking faults were observed in all films regardless of
the deposition conditions.  The defect density, however, decreased markedly with film
thickness.

Detailed plan-view TEM examination was carried out on these films. The results were in
agreement with what we gleaned from our cross-sectional study. Particular emphasis was
placed on studying the defect structure in these films as a function of growth temperature.



Figure 4 shows TEM plan view micrographs of films grown at 650° and 825°C. Clearly these
films are heavily defective with defect densities well above 10 cn?’.

825 °C

[
0.5um 0.50um

FIGURE 4. TEM plan-view micrographs of GaAs films deposited at 650°C and 825°C showing the nature,
density, and distribution of structural defects.

Furthermore, the defect density and type varied from one grain to another. However, on the
whole, higher density of planar defects (such as stacking faults) was observed at lower growth
temperatures, and higher density of threading dislocations was observed at higher growth
temperatures. The latter is believed to be caused by the increased ductility of the material at
higher temperatures, and the corresponding increase in dislocation velocity and the probability
of dislocation multiplication.

The most significant finding in this study is the unambiguous presence of high densities of
intragrain extended defects and grain boundary defects. This clearly explains the poor minority
carrier properties in these films. In order to make these films viable candidates for solar cell
material, means of reducing the defect density and/or passivating these defects must be
devised.

SUMMARY

The morphology and microstructure of GaAs thin films deposited on low-cost Mo foils were
investigated. The films were revealed to be polycrystalline, with varying grain size. The grain
size increased monotonically with deposition temperature, but was not affected by the type of
dopant used. These films are heavily faulted with high densities of planar and linear
crystallographic defects. The overall defect density was not significantly affected by the
deposition conditions. The presence of such high densities of intragrain and grain-boundary
defects explains the poor minority-carrier properties in these films. In order to make these
films viable candidates for solar cell applications, means of reducing the defect density and/or
passivating the electrical activity of the defects must be devised.
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