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ABSTRACT 

A systematic study has been made"on (110) GaAs grown by' molecular beam 
epitaxy. This work represents the first systematic investigation of com
monly observed faceting on the (110) GaAs.surface which has led to the con
sistent elimination of the defects. This study involved the analysis of 
facet geometry, a kinetic model of initial facet formation, and the elec
trical and optical analysis of facet free (110) GaAs. The latter was 
obtained with proper growth conditions and a Ga rich surface exposure from 
a GaAs substrate angled 6° toward (11T)Ga. 

I NTRODUCT ION 

Molecular beam epitaxy (MBE) is a well established, ultra-high vacuum 
technique of crystal growth that is know~ for .its excellent epitaxial qual
ity and precise dopant profile controll l J. GaAs has traditionally been 
grown on (100) GaAs substrates 1 argely due to the natural cl eavage pl anes 
associated with that surface as well as the wide range of growth conditions 
which allow smooth epitaxial layers for device fabrication. The anisotropic 
behavior of (110) GaAs, however, makes that orientation especially valuable 
for, e.g., improved efficiency of electron avalanche behavior for microwave 
device~ ~ well as modulator/polarizer applications for integrated 
opticsl2,3J. In addition, the recent interest of GaAs growth on Si makes 
the non-polar (110) epitaxial surface a viable candidate to elimin~tE!, the 
sheet charge associated with MBE growth of the polar (100) GaAs on Sil4J. 

Until this investigation, all. published reports of (110) GaAs epitaxial 
1 ayefs arown by MBE h ave shown faceted surfaces with poor devi ce perform
ance 5- J. This study has resulted in the understanding of facet alignment 
and geometry with respect to the (110) GaAs surface, a kinetic modeling of 
initial facet formation, and a method to el iminate facet formation during 
MBE growth. The latter depends on the proper growth conditions and exposure 
of only stable Ga ledges on the GaAs substrate to initiate planar growth for 
the MBE process. Experiments described in this paper support our model of 
initial facet formation. The epitaxial films were investigated by scanning 
electron microscopy (SEM), transmission electron microscopy (TEM), conver
gent beam electron diffraction (CBED), AUGER microscopy, Laue x-ray dif
fraction, low temperature Hall effect, capacitance-voltage (CV) and 1 iquid 
He photoluminescence (PL) techniques. 

EXPERIMENTAL 

Growth of (110) and s imul taneous (100) GaAs standards took pl ace in a 
Varian Gen II MBE machine equipped with a dual wavelength infrared pyrom
eter. The optimal growth parameters of substrate temperature (570°C), 
arsenic overpressure (AsiGa 15), and preferred growth rate (1.4~m/hr) were 
previously established[8]. All (110) and (100) GaAs epitaxial layers 
grown on semi-insulating substrates were doped with Si, Nd~5x1015/cm3. The 
typical faceting on the epitaxial layers under all growth conditions are 
shown in the SEM image of· Figure 1a. Careful analysis of the facets by 



FIGURE 1. Faceting on (110) GaAs. Facet orien
tation and side plane indices are shown. 

TEM, SEM tilting experiments, CBED, and AUGER microscopy determined the 
geometry of the facets with respect to the (110) GaAs crystal, the exact 
polarity of the facet back planes, and the overall facet chemical composi
tion. Crystallographic orientations were determined with respect to the 
standard stereographic projection consistent with [9J. 

In order to examine the initial facet formation on the (110) GaAs 
surface, lOoA, 700A and 1500A epitaxial layers were grown and the surfaces 
examined with SEM as shown in Figure 2 . . A kinetic model of facet formation 
was developed from both the facet geometry and initial facet formation 
studies. 

The model for facet formation was examined by growth of GaAs on off-axis 
(110) semi-insulating substrates which were angled 6° towards (100), 6° 
towards (OlO), 6 ° towards (111), and 6 ° towards (l1n as can be seen on a 
standard (110) stereographic projection. The orientations were verified by 
Laue x-ray diffraction. 100A, 700A and 1500A of epitaxial layers were grown 
on these substrates of different ledge types and results from each of these 
orientations are shown in Figure 3. Only o~e of the angled substrate types 
provided the facet free epitaxial growth[9J. This was consistent for l\.lm 
of growth, as well, and was verified by SEM and TEM studies. CBED deter
mined the exact nature of the ledges on the successfully angled (110) GaAs 
substrate. 

Facet free epitaxial films were examined by variable temperature Hall 
effect as shown in Fi gure 4. Facet free epitax i all ayers are compared with 
faceted (110) and (100) standard material. Ohmic contacts were made from In 
dots alloyed at 420°C for 20 mins. in a nitrogen atmosphere . Doping levels 
were confirmed by CV measurements. Liquid He Pl results support the high 
quality of epitaxial films obtained when compared with simultaneously grown 
(100) GaAs epitaxial standards. 

RESULTS 

As indicated in Figure 1, the facets were found to align along [OOlJ 
with sides of (OlO), (100) and. a back (l11)Ga surface, the latter determined 
with a careful CBED analysisLlOJ. Initial facet formation studies on the 
(110) surface as shown in Fi gure 2 determined that facets begin wi th < 100A 
of epitaxial growth. By 700A, the surface is replete with developed facets, 
and at 1500A the facets had continued to grow and overlapped one another. 

In Figure 3, the off-axis GaAs epitaxial layer morphology shows no 
improvement for the angled substrate 6° towards either (100) or (010). This 
angl ing exposed 1 edges that were non-pol ar in nature, i.e. both Ga and As 
atoms were present. The substrate angled 6° towards (lll)As, as determined 
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FIGURE 2. 10011., 70011., and 150011. 
epi tax i all ayers on (llO) GaAs whi ch 
show that facets initiate at < 100.11. 
of growth. 

FIGURE 3. 700.11. of epitaxial growth on angled 
substrates to\'idrd {l00}, (llT)Ga and (lll)As. 

by CBED, also provided faceted epitaxial layers by lOoA of gt' owth. The 
ledges were of As rich polarity. Only the substrate angled 6° toward 
(llnGa provided the stable Ga rich ledges necessary for two-dimensional or 
planar MBE growth. 

In the Hall effect plots of Figure 4, the electron concentration a~ q. 
function of temperature show that the dominant deep level - Ec-O.29 eVL8J 
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FIGURE 4. Variable temperature 
Hall effect for faceted (110) 
GaAs MBE material, non-faceted 
(110) MBE GaAs, and (100) GaAs 
standard MBE material. 

is not present in the facet free material and doping levels are predict
able. Room temperature electron mobility for the facet free (110) GaAs is 
-5700 cm2jV-sec which compares very well with typical (loa) material 
values of -5900 cm2jV-sec. PL results showed a strong exciton lumines
cence peak (1.514eV) and a low neutral acceptor transition peak (1.490eV) 
which compared favorably with the (100) GaAs epitaxial standard, indicative 
of device quality layers. 

DISCUSSION 

The results of the facet geometry and initial facet formation on both 
the ( 110) and 6° off-axis films suggest that faceting of the GaAs epitaxia l 
layer begins with random chemisorbtion of the first Ga and As pair on the 
substrate surface which creates the next atomic layer. As shown in Figure 
5, the bonding of the Ga-As pair on the (110) surface then exposes both 
(111)Ga and (111)As to the incoming mph:~cular species. The low sticking 
coefficient of the incoming As atomsL1J makes it such that the latter 
species relies on the presence of chemisorbed Ga atoms in order to bond to 
the GaAs surface. Therefore, the (111)Ga surface exposed by the initial Ga 
and As pair in place on the (110) · surface provides the site for the next As 
and Ga pair, and so on. Facets begin to form from this (ll1)Ga site as it 
continues to grow both two and three dimensionally, the fa(et sides filling 
in with a resulting {loa} exposure. Thus, the rate of deposition of the 
incoming mole.cular species cJ..oe,s not have an effect on the facet forma~ion, 
a fact expenmentally notedL8J, as the facets grow at a rate proportlOnal 
to the Ga and As fluxes. 

When the substrate is angled such that ledges are exposed every 8 atomic 
layers, the type of ledge exposed is decisive in the qua l ity of the result
ing epitaxial layer. For the substrates angled 6° toward {loa }, both As 
and Ga atoms are exposed on the ledges. While ledge sites can provi de a 
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FIGURE 5. Schematic of random chemisorbtion of Ga-As pair on (110) surface 
exposing planes of (lll)As and (l11)Ga. 

thermodynamically,favorable site for MBE palnar growth to initiate, the non
polar nature of the ledges offers little improvement over the non-polar GaAs 
(110) surface. When Ga and As pairs chemisorb .on tjJe ledges or the (110) 
substrate, facets begin to form from the exposed (l11)Ga surfaces. For the 
substrate angled 6° toward the (111)As, ledges of all As are exposed. With 
the tendency of the As atoms to desorb, the ledges are once again non-polar 
in nature and faceting occurs as the epitaxial layer grows. Only the expo
sure of Ga ledges on the (110) surface allows planar growth to procede, as 
the As atoms find the attraction to the Ga.atoms Already in position on the 
surface and are the first species to chemisorbL11J. The ledges provide 
the thermodynamically favorable site for two-dimensional growth of the 
epitaxial layer and the fast growing (llT)Ga are in position as ledges on 
the (110) surface. Facets do not form and excellent morphology and elec
trical and optical behavior resulis. 

CONCLUSION 

A thorough characterization of the faceted and non-faceted epttaxi al 
layers by microscopy, electrical, optical, and chemical methods wasneces
sary to understand the facet geometry and i niti al (110) GaAs facet develop
ment. This systematic approach to defect analysis has led to the consistent 
growth of facet free (110) GaAs. The successful MBE GaAs layers allow for 
device development and fundamental studies which can take advantage of the 
unique properties of the (110) orientation. 
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