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We show that mismatched epitaxial growth on small growth areas results in metastable, low
dislocation density films. By considering methods of dislocation nucleation in mismatched
epitaxial films, we can explain the effect of growth area on the kinetics of misfit dislocation
nucleation. We demonstrate this reduction of misfit dislocation density by growth on small areas
using the InGaAs/GaAs system, and we also demonstrate a reduction in threading dislocation
densities in the GeSi/Si system. InGaAs/GaAs interfaces which have a misfit dislocation density
greater than 5000 dislocations/cm for large growth areas are grown nearly misfit-dislocation-free
on small growth areas. GeSi/Si structures which have a threading dislocation density of
approximately 1000 dislocations/cm? are grown with a 100% threading dislocation density
reduction for small growth areas. We discuss the limits of growth on small areas to reduce both
interface dislocation densities as well as threading dislocation densities.

1. INTRODUCTION

Lattice mismatched systems have been investigated for a
variety of devices."” In many of these applications, mildly
lattice-mismatched systems are used and the epilayer thick-
nesses are kept below the critical thickness for defect forma-
tion, resulting in totally elastically strained layers. Extension
of the coherently strained approach to layers with larger lat-
tice-mismatch and thicker epilayers is of considerable tech-
nological interest. '

Despite the continued interest in mismatched semicon-
ductor systems, the nucleation mechanisms for misfit dislo-
cations are still relatively unexplored. Most studies of misfit
dislocation formation are based on postgrowth observations,
and the origin of misfit dislocations must therefore be de-
duced from dislocation structure and the thickness at which
dislocations are first observed,®’° often called the critical
thickness. But the criterion of critical thickness is a vague
one, due to the varying ability of different measurements to
detect the onset of misfit dislocation formation,'! the meta-
stable nature of the epilayers from different systems,'? and
comparison with incorrect theoretical critical thickness ex-
pressions.'?

If experimental results are compared with the critical
thickness first proposed by Matthews et al.,'>'* the metasta-
ble nature of the films becomes apparent since the experi-
mental critical thicknesses are greater than Matthews’ theo-
retical critical thickness,'>'* especially when the mismatch
is less than 2%. A consequence of this metastability due to
the kinetics of misfit dislocation formation is that the inter-
face dislocation density depends on the size of the growth
area. It has recently been shown that by reducing the growth
area on the substrate before the mismatched semiconductor
is deposited, one can reduce the number of, or even
eliminate, misfit dislocations at mismatched
Ingos Gages As/(001) GaAs (mismatch approximately
0.4%) heterostructure interfaces.'® These results make pos-
sible a number of previously unattainable devices, and they
demonstrate that growth area is a variable which can be used
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to study and determine mechanisms of misfit dislocation nu-

cleation.

Il. MOTIVATION FOR DISLOCATION DENSITY
REDUCTION

The applications for mismatched epitaxial films can be
grouped into two categories: (i). the utilization of the mis-
matched interface itself [Fig. 1(a)]; (ii) employing the sub-
strate as a template for the growth of subsequent, mis-
matched device layers [Fig. 1(b)]. The first application is
limited primarily by the introduction of misfit dislocations
at the hererointerface. Misfit dislocations degrade the elec-
trical transport of carriers in both the vertical and parallel
directions to the interface. In a heterojunction bipolar tran-
sistor (such as AlGaAs/InGaAs/GaAs), carrier motion is
perpendicular to the heterointerface. Even though a low
density of misfit dislocations can exist at the InGaAs/GaAs
interface without affecting device performance, a degrada-
tion in transistor characteristics has been observed when a
high density of dislocations is present at the interface.’

In parallel transport devices such as GaAs/InGaAs/
GaAs high electron mobility transistors, the In concentra-
tion is typically less than 20% and the InGaAs layer thick-
ness is below the critical thickness to avoid the formation of
deleterious misfit dislocations.!

The threading dislocation density is of primary concern in
the second application. When a substrate is used as a tem-
plate for a highly mismatched epilayer, the epilayer can be
crystalline, yet the threading dislocation density is very high
(10°-10° cm~2). This is observed in such high mismatched
systems as GaAs/Si'” and InP/Si'®. The goal in this case is to
reduce the threading dislocation density to 10°~10* cm 2 s0
that subsequent device layers will possess dislocation densi-
ties similar to those in homoepitaxial device layers.

As we will show, growth on small substrate areas shows
experimental and theoretical promise for reducing both mis-
fit and threading dislocation densities.
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FiG. 1._A diagram showing the two applications for mismatched epitaxy.
(a) Utilization of highly strained interface. (b) Employing a mismatched
substrate as a template.

Iil. DISLOCATION SOURCES

To understand the effect of growth area on defect mor-
ghology, we first discuss the mechanisms of misfit disloca-
tion nucleation. We categorize the dislocation sources into
four groups: (i) fixed sources (substrate dislocations and
substrate imperfections); (ii) heterogeneous surface half-
100}) nucleation; (iii) dislocation interactions and multipli-
cation; (iv) homogeneous surface half-loop nucleation. It
should be noted that group (i) and (ii) overlap somewhat,

since substrate imperfections typically nucleate dislocation.

half-loops. However, the second group is categorized sepa-
rately since epilayer surface imperfections may produce he-
terogeneous surface loops not related to substrate imperfec-
tions. We will briefly discuss each group. Details of the
nucleation processes can be found in Ref. 19.

A. Fixed sources

We define fixed sources as those sources which have a
constant density per unit area, i.e., the number of fixed
sources scales with area. One example of a fixed source is the
snbst.rate dislocations, which are inherited as threading dis-
locations in the overlayer. A certain density of these sub-
s.trate dislocations exist (dislocations/cm?) and are nuclea-
tion sites for misfit dislocations.

Co.n.sider the left-hand side of Fig. 2, which illustrates the
condition necessary for the formation of a misfit dislocation
from a threading dislocation. The strain in the mismatched
overlayer produces a force on the dislocation segment in the
overlayer (F,). F, is the driving force for the glide of the
Fhreadin g segment. However, opposing F, is (i) the increase
in the line tension of the dislocation line due to the creation
of .the misfit dislocation segment at the interface; (ii) the
Peierl's force opposing dislocation motion. Thus, it is possi-~
ble.to obtain an expression which defines the thickness at
which the dislocation will glide in the overlayer, producing a

misfit dislocation at the interface (i.e., the critical thick-
ncss).n,zo
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F1G. 2. An illustration depicting the nucleation of misfit dislocations via
fixed sources and heterogeneous surface half-loop nucleation: left-hand
side, threading dislocations; middle, substrate surface inhomogeneities;
right-hand side, epilayer surface inhomogeneities.

In addition to a certain density of substrate dislocations
which can create misfit dislocations, there also exists a cer-
tain density of inhomogeneities on the substrate surface be-
fore growth, such as particulates, impurities, and possibly
mechanical damage.'® This is shown schematically in the
center of Fig. 2. A substrate surface inhomogeneity will re-
sult in stress concentrations through the buffer layer and
into the epilayer. In some cases the particulate or impurity
may be larger than the buffer layer itself. The resulting stress
concentration lowers the activation energy for nucleation of
dislocation half-loops from the surface.

B. Heterogeneous surface half-loop nucleation

The right-hand side of Fig. 2 illustrates the nucleation of a
dislocation half-loop due to an epilayer surface imperfection.
Although this source has not been verified experimentally, it
is possible that particulates or impurities from the sources or
vacuum chamber could deposit on the epilayer surface dur-
ing growth. Also, a drastic change in growth mode (i.e.,
roughening instead of two-dimensional growth) could lead
to heterogeneous surface loop nucleation. Such a nucleation
process is difficult to model theoretically, although recent
work has shown that the activation energy is indeed lowered
by such surface inhomogeneities.”!

C. Dislocation interactions and multiplication

As growth on small areas indicates,'*"” dislocation inter-
actions are a major factor in producing high threading and
misfit dislocation densities. If we first consider dislocation
interactions, one can imagine several types, two of which are
shown schematically in Fig. 3. In a higher misfit system in
which many misfit dislocations are forming, dislocations
with same-sign Burgers vectors (b,) may interfere with each
other during the misfit dislocation generation process. Thus,
the repulsion between threading dislocation segments re-
sults in an increased threading dislocation density.

One can also imagine dislocation segments with Burgers
vectors such that a very strong attraction exists between the
threading segments (b, and b,). In this case, the dislocation
attraction will result in a new threading segment with
Burgers vector by. In diamond and zinc-blende structures, b,
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and b, are 60° dislocations which react to form b, an edge
dislocation. Although this second reaction reduces the
threading dislocation density by 50%, the resulting sessile
edge dislocation has little chance of exiting the system; thus,
it is a permanent threading dislocation.

Both interactions above are schematically illustrated in
Fig. 3 such that the interacting misfit dislocations lie on per-
pendicular (110) directions. We have considered the inter-
action of parallel misfit dislocations previously, and have
shown that groups of parallel misfit dislocations with the
same sign Burgers vector can repel dislocations away from
the interface, whereas parallel dislocations with complimen-
tary Burgers vectors can react at a distance away from the
interface to produce an edge dislocation.?>** Such interac-
tions and reactions between parallel misfit dislocations can
restrict their threading segments from reaching a free edge.

~ Recently, real-time analysis of misfit dislocation forma-
tion in the transmission electron microscope has shown that
a gliding threading segment is impeded when it crosses a
perpendicular misfit dislocation.?® This also suggests that
dislocation interactions will increase threading dislocation
densities. )

Dislocation interactions will lead to an increase in thread-
ing dislocation densities; however, dislocation multiplica-
tion will increase both threading and misfit dislocation den-
sities. The earliest example of dislocation multiplication in
strained layers was described by Hagen and Strunk.'® Their
multiplication scheme is illustrated in Refs. 10 and 19. Es-
sentially, intersections between perpendicular misfit disloca-
tions with the same Burgers vector results in the creation of
two free-ended threading segments which can glide to create
additional misfit dislocation length in the interface. This
multiplication scheme requires a thin epilayer; therefore, if
dislocation intersections can be minimized when the film is

thin, Hagen-Strunk multiplication will not occur. In high

misfit systems, one can imagine dislocation multiplication
occurring through the intersections of the threading seg-
ments in the epilayer.'®

A new form of dislocation multiplication has been ob-
served in the SiGe/Si system.?® The center of the multiplica-
tion mechanism is a diamond-shaped defect which is able to
punch-out misfit dislocation half-loops along (110) direc-

FiG. 3. A repulsive and attractive interaction between threading segments
during the formation of misfit dislocations. Although schematically drawn,
the threading segments lie on {111} planes in (110) directions.
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FIG. 4. A diagram illustrating the homoge-
neous nucleation of surface half-loops. The
bottom graph qualitatively shows the rela-
tionship between the radius and energy of
the loop. The critical radius is R * and the
activation energy is E *.
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tions. However, the origin of such a source is currently un-
known.

From the above discussion, it is critical to limit dislocation
interactions and multiplication to prevent high threading
and misfit dislocation densities in heteroepitaxy. As we will
show, growth on small areas is the likely candidate to solve
this problem. '

D. Homogeneous surface half-loop nucleation

The last category is homogeneous surface half-loop nu-
cleation. This mechanism is shown in Fig. 4, and is essential-
ly the same as heterogeneous suface half-loop nucleation ex-
cept no inhomogeneity is necessary.

We can calculate the activation energy, E *, and the criti-
cal radius, R *, of the loop which will spontaneously grow to
form a misfit dislocation segment at the interface and two
threading segments in the unrelaxed overlayer.!®?° The acti-
vation energy for the nucleation of the half-loop in the
InGaAs/GaAs system at 550 °C is plotted in Fig. 5. An in-
crease in In concentration decreases the activation energy
due to the corresponding increase in elastic strain. The solid,

\ InyGaq.xAs/GaAs
Interface
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FIG. 5. A graph of the activation energy for homogeneous nucleation vs In
composition in a InGaAs/GaAs heterostructure. The available energy in
the system for the process is indicated by 50 and 88 kT. The dashed line is
the activation energy for a hexagonal half-loop; the other curves are the
activation energy for semicircular half-loops with different values for the
core energy parameter.
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dashed-dot, and dotted activation energy curves are calcu-
lated for a semicircular dislocation half-loop using different
values for the core energy parameter (). For the diamond
cubic and zinc-blende systems, B = 4.2° The dashed curve
represents the activation energy for the nucleation of a semi-
hexagonal loop with 5 = 4.

We can determine the In concentration where homoge-
neous nucleation of loops will occur by locating the point of
intersection between the activation energy curves and the
available energy curves at 550°C. The available energy
curves are labeled 50 and 88 kT, the average available ther-
mal energy for an average loop size.?” As Fig. 5 shows, a
semicircular loop with 5 = 4 will nucleate homogeneously
at x = 0.8, corresponding to approximately 6% strain. The
semihexagonal loop never intersects the available energy
curves, indicating that the homogeneous nucleation of a hex-
agonal loop in this system is unlikely.

Note the extreme sensitivity of homogeneous surface nu-
cleation on the core energy parameter; if the dislocation core
energy is ignored (8= 1), the nucleation point occurs at
x = 0.2, approximately 2% strain, instead of the 6% strain
for the B = 4 case. Also note the very high strain necessary
for the nucleation of half-loops without the aid of inhomo-
geneities. Thus, if the strain level is below 2—-6% strain, ho-
mogeneous nucleation is unlikely.

IV. HIERARCHY OF NUCLEATION PHENOMENA

As mentioned in the Introduction, there is a controversy
about the critical layer thickness due to the varying ability of
different instruments to detect the onset of misfit dislocation

formation, and the metastability of epilayers from different -

systems. Also, it is quite difficult to correctly model the de-
gree of relaxation in the film after the critical thickness has
been exceeded. This is not surprising considering the multi-
tude of nucleation sources discussed in the above sections.
An additional point is that each source has a different activa-
tion energy for the nucleation of a misfit dislocation.

Consider Fig. 6, which is a diagram of the activation ener-
gy hierarchy of misfit dislocation sources. The vertical axis
qualitatively represents the activation energy of the source,
which depends on growth conditions (7), as well as the
strain state of the film (€). At low growth temperatures and
strain levels, only the lowest activation energy sources will
be active: fixed sources, at a minimum density of 10°~10*
cm ™2 When these sources are active, some dislocation inter-
actions and multiplication are possible, resulting in in-
creased threading and misfit dislocation densities. However,
at higher strain levels and higher temperatures, heterogen-
eous and eventually homogeneous surface half-loops be-
come the major sources. With a multitude of dislocations
forming at the surface, and with the enormous increase in
dislocation interactions and multiplication, the epilayer de-
velops a high threading and interface dislocation density.

Figure 6 shows that if growth must occur at higher tem-
peratures, the strain level must be kept low to avoid the high-
er activation energy processes. Also, growth on small areas
would limit the number of dislocation interactions and mul-
tiplication events.
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FIG. 6. An illustration showing the activation energy relationship between
the nucleation sources of misfit dislocations.

If growth can occur at lower temperatures on substrates

~ with a low density of fixed sources, one expects slow relaxa-

tion since the higher activation energy processes will be inac-
tive. This is the case for GeSi/Si,'>'* and more recently,
GeSn/InSb,?” where metastable, high-strain films are ob-
served.

V. THE EFFECT OF GROWTH AREA ON DEFECT
MORPHOLOGY

A. Misfit dislocations

To date, the only methods (besides the current study) of
reducing misfit dislocation densities for application I in Fig.
1is lattice-matching or keeping the epilayer thickness below
that of the critical layer thickness. Due to the limited num-
ber of lattice-matched systems, and because of the limited
thickness and strain required for coherently strained
growth, the design options for heterostructures are restrict-
ed.

Growth on small areas relaxes these restrictions in the
following manner. Figure 6 shows that the homogeneous
nucleation of dislocation half-loops must be inoperative to
prevent high dislocation densities. Also, dislocation multi-
plication and interactions must be limited. Consider a case
where the strain in the growing epilayer is low enough
( <2%—-6%) so that homogeneous surface nucleation is not
an active source. In this case, the only operative sources for
misfit dislocations are the fixed sources (substrate disloca-
tions and inhomogeneities).

Figure 7 illustrates the influence of growth area on misfit
dislocation densities when only fixed sources are active. The
black dots on the surface of the growth areas represent fixed
sources. For large area growth, as the mismatched overlayer
is deposited, numerous fixed sources produce many misfit

® Large Area

ED — &5

® Small Area

@:::::{)@

FIG. 7. A diagram of the advantages of growth on small areas when only
fixed sources (black dots) are operative.
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dislocations, and each fixed source is able to create long
lengths of misfit dislocation. The long lengths of misfit dislo-
cations produce many dislocation interactions and multipli-
cation events, further increasing the misfit dislocation den-
sity (as well as threading dislocation densities).

Now consider growth on the small areas. It can be shown
that the misfit dislocation density, for a sample in which only
fixed sources are operative, is proportional to: (i) the lateral
dimension of the sample; and (ii) the areal density of fixed
sources.®!° This can be viewed qualitatively in the following
way. On a small growth area, the number of fixed sources
present which can relax the film is small. Thus, by reducing
the size of the growth area, one can continue to decrease the
available nucleation sources. If the growth area is held con-
stant, then a reduction in the areal density of fixed sources
will produce an equivalent effect.

However, another important aspect of growth on small
areas is that each fixed source within a small area can only
produce a short length of misfit dislocation in the interface.
This short length of misfit dislocation from each source vir-
tually eliminates dislocation interaction and multiplication.
Thus, the final misfit dislocation density is much lower than
that in the large growth area.

B. Threading dislocations

A popular method to reduce threading dislocation densi-
ties is the strained-layer superlattice (SLS). However, for
large area growth, the ability to reduce threading dislocation
densities is extremely limited for the following reasons.

Firstly, in order to escape at the edge of a large wafer, the
threading segment mut travel long distances (cm) and cre-
ate equally long misfit dislocations. This encourages disloca-
tion interactions and multiplication, and it is likely that the
interface dislocation density is increased as well as the
threading dislocation density.

Secondly, the creation of long lengths of misfit disloca-
tions implies that a single fixed source can relieve a relatively
large amount of elastic strain; therefore, only a small number
of threading dislocations will reach the edge of the growth
area before all the elastic strain is zero.

To demonstrate the ideas above, consider a square mesa or
substrate of edge length L with a mismatched overlayer of
misfit £, The linear interface dislocation density will be®

(D) (&) - 22 "
P i) = Pa > > 2’
where p, is the interface dislocation density along one (110),
and p,, is the threading dislocation density inherited from the
substrate. The factor of | is necessary since the threading
segment can glide in either in-plane (110) direction, and the
average length of a misfit dislocation is L /2. Equation (1) is
only valid when p, <b./f and dislocation interactions are
limited. The interface dislocation density is the inverse of the
dislocation spacing, which is related to the elastic strain in
the overlayer by

1 ber _ (0/2)e0

S =S= =,

- 5 ) (2)
1
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where b, is the in-plane effective Burgers vector (b/2 for 60
dislocations), § is the plastic deformation, and € is the elastic
strain. Solving for the relationship between strain and
threading dislocation density using Eqgs. (1) and (2) gives
e=f PaEE 3)
8
To avoid the nucleation of new dislocations from higher acti-
vation energy sources, we will consider interfaces with a mis-
fit fof less than 19%. We can solve for the maximum number
of dislocations to be “filtered-out” by setting € = 0, i.e., the
point where no elastic strain is left in the overlayer to force
the glide of the threading segment. Using b = 4 A, we obtain

_2x10°
Pt L(cm)
Thus, let us consider a single strained layer on a 1 cm? sam-
ple. The maximum density of threading dislocations which
can reach a free edge is approximately 10® cm~2 This is a
rather optimistic value since many dislocation interactions
will occur in a 1 cm? sample. Now consider a smaller growth
area of 10 zm. The maximum density that can be filtered is
10° cm 2. Also, because of the short length the dislocation
must travel to reach the growth area edge, little or no dislo-
cation interactions will occur. Thus, a small amount of strain

(4)

" in a small growth area can filter large numbers of threading

dislocations.

VI. EXPERIMENTAL RESULTS

We briefly describe two examples of employing small
growth areas to reduce misfit and threading dislocation den-
sities. Details of the experiments can be found in Refs. 16, 19,
28, and 29.

Figure 8 illustrates the sample configuration for the pat-
terned mesa experiments. Before molecular-beam epitaxy
(MBE) growth, the substrate (Sior GaAs) is vertically pat-
terned to form a multitude of mesas, varying in lateral di-
mension and shape. The trenches in between the mesas were
2 pmin depth, so that the material on top of the mesas would
be isolated from the deposited material in the trenches. The
lateral dimension of the mesa varied from 2 to 400 um, and
the mesa shapes were circular, square, and rectangular. In
the InGaAs/GaAs case, we also patterned substrates with
different substrate dislocation densities (10?~10° cm™—2).
With MBE, a buffer layer of GaAs was grown on the pat-
terned GaAs, followed by a 3500 A layer of Ing o5 Gag o5 As

n+ GaAs n+ InGaAs

Buffer pre-MBE Growth
/Mesas
,~'.('uv. B % B presud E

R 32 um 4
Ps=1.5x105cm~—2
104 cm=—2
GaAs Substrate <100 em=2

F1G. 8. The sample configuration for the mesa experiments.
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(0.4% mismatch). In the GeSi/Si experiments, MBE or
chemical vapor deposition was used to deposit a Si buffer
layer, followed by a 2100 A thick Ge,5Sioss layer (0.6%
mismatch). The compositions for the InGaAs/GaAs and
GeSi/Si structures were chosen so that the strain in the epi-
layer will be much less than the 29%~6% strain necessary for
homogeneous surface half-loop nucleation. Thus, only fixed
sources should be operative.

A.InGaAs/GaAs

Figure 9 is a plot of the linear interface dislocation density
versus the mesa diameter of the circular mesas fabricated on
a GaAs wafer with a substrate dislocation density of
1.5% 10° cm 2. The linear dislocation density is simply the
inverse of the average misfit dislocation spacing. Cathodolu-
minescence was used to image the low density of misfit dislo-
cations, which appear as dark lines in the cathodolumines-
cence image.'®'® By counting the number of dislocations in a
large number of mesas, the average linear interface disloca-
tion density can be obtained. The error in the dislocation
densities is approximately 100 dislocations/cm for the 400
pm mesa, and increases to 200 dislocations/cm for the 25
p#m mesa. The linear interface dislocation density was much
greater than 5000 dislocations/cm for 1 cm? samples.

Examination of Fig. 9 shows that the interface dislocation
density, even on mesas as large as 400 pm, is significantly
smaller than the large area (1 cm?) reference sample de-
scribed above. Figure 9 shows that the dislocation density
along the two (110) directions in the interface is different.
This can be attributed to the different crystallographic na-
ture of dislocations in zinc-blende structures which lie along
perpendicular {110) directions.>® Also note that the linear
interface dislocation density decreases in a linear fashion as
Fhe mesa width decreases, and that the linear fits nearly pass
through the origin of the plot. The linear decrease in inter-
face dislocation densities suggests that dislocation multipli-

3000
2500 Ps=1.5x105cm—2 °
2000 Nucleation

Site Density & 2 x 105 cm—2

Linear Dislocation Density (Distocations/cm)

1500r-
(110} _
1000} o_--"
"’/ o
5001
o _g
s} ° ® 1n I8 i 1
(] 100 200 300 400 500

Circle Diameter (microns)

F}G. 9. A graph of linear interface dislocation density vs circular mesa
diameter along both (110) directions in the {100} interface between
In, 05 Gages Asand GaAs.
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cation is not occurring, since a superlinear dependence of
interface dislocation density on mesa width would be expect-
ed if multiplication were active. The near-zero y-intercept
also suggests that only fixed sources are active; i.e., those
sources which scale with area as previously discussed.

Using the linear interface dislocation density versus mesa
diameter shown in Fig. 9, we can calculate the density of
fixed misfit dislocation nucleation sources. We arrive at a
value of 2 X 10° cm 2, remarkably close to that of the sub-
strate dislocation density. This is further evidence that only
fixed nucleation sources are active, and that substrate dislo-
cations are the dominant fixed source in this sample.

If the substrate dislocations are the dominant nucleation
source, then by decreasing the substrate dislocation density,
the slope of the linear fits in Fig. 9 should decrease. This is
indeed observed in heterostructures grown on the GaAs sub-
strates with a dislocation density of 10* cm 2.

By keeping the strain level below the value for homoge-
neous surface loop nucleation, and by virtually eliminating
dislocation interaction and multiplication, we have drasti-
cally reduced the interface dislocation density with a reduc-
tion in growth area.

B. Ge/Si/Si

Our preliminary results from the GeSi/Si experiments in-
dicate that small growth areas are also effective at reducing
threading dislocation densities, although transmission elec-
tron microsopy (TEM) results are needed to confirm the
wet chemical etching results described below.

The threading dislocations in the mesa structures were
revealed using a 4:5 volume ratio of 48% HF:0.3M CrO,.*!
Figure 10shows the percentage of threading dislocation den-
sity reduction versus mesa size. The threading dislocation
density for unpatterned areas averaged approximately 1000
dislocations/cm?. As Fig. 10 shows, the threading disloca-
tion density decreases with a decrease in mesa width as ex-

100—*
Sio_gsGeo_J 5/81
2100 A
80 .
[ ]
9% Reduction SO
in Threading
Dislocation
Density 40}
. °
20+
o 1 1
[s] 100 200 300

Mesa Size (microns)

Fi1G. 10. A graph of the percent reduction in hillock density (threading
dislocation density) as a function of mesa size for a Geg 5 Siy 5 /Si hetero-
structure. The unpatterned heterostructure area contained 1000 disloca-
tions/cm’.
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pected, and no threading dislocations were observed with
this chemical etching technique on the 25 zm mesas.

This reduction in threading dislocation densities must oc-
cur if only fixed sources are operative, since all threading
segments will glide to form misfit dislocations until the
threading segment escapes at the mesa edge.

VII. CONCLUSIONS

We have shown that misfit and threading dislocation den-
sities can be reduced in mismatched heterostructures by
growing on small areas. The tremendous advantage of
growth on small areas is derived from the short misfit dislo-
cation lengths generated by each dislocation source, and the
elimination of dislocation interactions. Extension of this
technique to higher misfit systems may lead to higher quali-
ty, high misfit, epitaxial layers.
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