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Scanning electron microscopy observations of misfit dislocation
in epitaxial In 0.25Ga0.75As on GaAs(001)
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Dislocations in the misfit epitaxial film system In0.25Ga0.75As on GaAs(001) were
imaged using a modified electron channeling contrast technique in a LaB6 SEM. We
obtained images at an incident beam energy of 30 keV, a beam divergence of less
1 mrad and a specimen tilt of 70± in conjunction with a movable scintillator detector
mounted at a takeoff angle of approximately 3± to 5±. We achieved a spatial resolution o
approximately 80 to 100 nm with this technique. Such resolution allowed rapid imag
of clusters consisting of only a few closely spaced dislocations in a 55 nm thick film
At such small film thicknesses, we did not require accurate knowledge of the inciden
beam direction in order to obtain sufficiently strong channeling contrast for qualitativ
characterization. The observed defect arrangements included features that we belie
represent clustered threading segments.
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Scanning electron microscopy (SEM) for the inve
tigation of crystal defects has been rarely used o
the years, despite several theoretical and experime
demonstrations of its utility.1–6 The localized elastic
distortions associated with the core region of an i
lated dislocation or a small cluster of dislocations
an otherwise perfect crystal can provide enough
a perturbation in the lattice to result in a detecta
variation in the backscattered electron (BSE) intens
provided the crystal is oriented in a channeling con
tion. Pitavalet al.4 and Morin et al.5 obtained the first
dislocation images from bulk materials, using a fie
emission SEM and a retarding-field energy filter. T
filter removed the noise-producing low energy electro
from the signal. By incorporating high specimen til
and low detector takeoff angles, the low-loss portion
the BSE signal can be naturally enhanced without
energy filter.7 This decreases electron penetration a
therefore the chances for inelastic scattering, leav
a high energy signal which contains crystallograp
information. Wells8 showed that for a specimen tilte
60±, approximately half of the detected electrons lea
the specimen with at least 95% of their initial energie
when incorporating a detector takeoff angle of about±

to 5± off the specimen surface tangent. Wilkinsonet al.9

showed for the first time that a field emission sour
was not required for the observation of dislocatio
using electron channeling contrast. We demonstrate
this communication another application of dislocati
imaging from bulk specimens in a LaB6-equipped SEM,
with only minor modifications to the instrument. Films o
In0.25Ga0.75As on GaAs(001), containing a high densi
of misfit dislocations, were investigated. Channeli
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contrast images of dislocation clusters are presented
show evidence of threading segments in these imag

In0.25Ga0.75As was grown by molecular beam ep
taxy onto a GaAs(001) substrate under the follow
conditions. A 100-nm film of GaAs was deposited on
an oxide-free GaAs substrate at 580±C, with an AsyGa
ratio of about 3. The desired 25% indium mole fracti
was set while growing InGaAs at 450±C, followed
by evaporation of this film at 700±C. Approximately
300 layers of GaAs were then grown as a buffer
580 ±C and annealed to produce a sharps2 3 4d reflec-
tion high energy electron diffraction (RHEED) patter
The sample was cooled to 450±C and a 55-nm film of
In0.25Ga0.75As was grown at 0.25 layer per second. T
lattice constant mismatch was determined by Vega
law to be 1.8%. A 2-nm GaAs layer was then evap
rated at this temperature as a cap; such a thin la
had a negligible effect on the images since channe
contrast information arises from volumes over an or
of magnitude deeper. No three-dimensional features w
seen in the RHEED patterns during growth. The surf
lattice constant for this alloy has been observed to alm
fully relax, implying the formation of a high density o
misfit-relieving dislocations.

We observed pieces of the as-grown specimen
a LaB6-equipped SEM at 30 kV using probe curren
of 0.1 to 1.0 nA. A tilt/rotation specimen stage w
used for imaging under various orientation conditions
working distances of 28 to 39 mm and a specimen til
70±. A 50 mm diameter objective lens aperture resul
in a beam divergence of 0.6 to 0.9 mrad. We us
a scintillator/light-pipe/photomultiplier detector mount
in a variable low takeoff angle position. The scintillat
1, No. 3, Mar 1996
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was standard P47 material and had a diameter of
proximately 12 mm. The detector was positioned at 1±

to 20± off the incident beam direction, and approximate
80 mm away from the point of intersection betwe
the incident beam and the specimen. This configu
tion resulted in takeoff angles of 3± to 5± from the
specimen surface tangent and a solid collection an
of approximately 0.07 sr. The primary reason for usi
a small collection angle was to maximize the avera
energy of detected electrons, based on the approac
Wells.8 We found that channeling contrast decreas
strongly for takeoff angles less than 3± and greater than
5±, as determined by comparing image contrast a
function of detector position for a 70± specimen tilt. All
observations were made at room temperature, and a
trap was used to reduce contamination from within
specimen chamber. A Kalman frame-averaging rout
was used to improve the signal-to-noise ratio of t
images by feeding the detected signal into a worksta
which had direct control of the electron beam. Up
ten 512 3 512 3 8-bit frames were averaged, using
6800 ns beam dwell time per pixel. No additional ima
processing was performed.

Although our SEM did not have electron channeli
pattern (ECP) capabilities, we nonetheless had li
difficulty obtaining strong contrast from these sampl
The use of electron channeling contrast to ima
dislocations requires precise setting of the incident be
direction along a channeling-in direction, for cases wh
the strain field about the dislocations varies only ve
slightly with distance away from the dislocation line9

The distortion field then scatters electrons out where
Bragg condition is not locally satisfied. However, in th
case of our films, where the defects are very close
the surface, the need for an accurate setting o
channeling-in condition is relaxed. This is possible sin
the lattice tilt due to the local strain field decreas
inversely with distance away from the core. Hence
distortion should be greater and should show m
variation with distance from the core in a thinn
overlayer, along a direction parallel to the film surfac
Such an effect was modeled quantitatively in Ref.
Therefore, in practice, only an approximate setting of
Bragg condition results in establishment of a channel
condition somewhere near the core. Strong cont
then becomes easy to attain and immediate qualita
information is at hand in cases where ECP’s are
available.

A typical electron channeling contrast image fro
the In0.25Ga0.75AsyGaAs(001) specimen is shown i
Fig. 1. Note the alternating bright/dark bands. T
different scale markers are due to the specimen tilt. T
image shows clearly the nonuniform nature of the def
distribution. TEM observations on pieces of the sa
and similar thin film samples10 indicated the presenc
J. Mater. Res., Vol. 1
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FIG. 1. Electron channeling contrast image showing clusters of
sible threading segments, where dislocation line directions loc
deviate fromk110l, as indicated by the arrows. Incident beam ene
30 keV, specimen tilt 70±.

of clusters consisting of up to three to five dislocatio
spaced on average a few tens of nanometers a
The dislocation lines were observed to lie nomina
along the orthogonalk110l directions. The channelin
contrast result, showing bright bands of maximum wid
200 nm, also lying alongk110l directions, is consisten
with the maximum size of such clusters as seen by TE
More often, narrower features were observed, with 80
100 nm a repeatable minimum observable image wi
Such a width corresponds to the presence of perh
two to three dislocations.

The arrows in Fig. 1 show an interesting featu
found fairly often in the channeling contrast images fro
dislocation clusters in In0.25Ga0.75As on GaAs. Some o
the lines locally deviate from thek110l type directions.
The deviations occur over about 1 to 2mm along the
line directions and about 0.5mm normal to the line
directions. They are best viewed by looking at the fig
along the direction of one set of lines, at a shallow an
Such contrast implies that the displacement fields of
cluster of dislocations do not continue along the en
length of the sample. Two possible explanations inclu
the presence of either large bowing dislocations in
film/substrate interface or clusters of threading segme
Bowing within the interface is not likely as the sl
plane in the zincblende structure is not (001). Thread
segment clusters are another possibility since these
often seen in relaxed alloys of this material.11 We show
in Fig. 2 schematics of two possible configurations
threading segment clusters. In both configurations,
1, No. 3, Mar 1996 553



Communications

e
lik
.

n
e
a
1
m

n
a

a
i

t
d
te
s

ce.
ire
ng
ved
ding

a-
ury
ed
nd
rch

h,

ag.

in
ron

ag.

. D:

ilos.

nd

ub-

and
at-
.
Soc.
FIG. 2. Schematic illustrations of two possible threading segm
clusters. The upper configuration would result in a more wedge-
region of bright intensity, as compared to the lower configuration

consider clusters of four adjacent threading dislocatio
We envision intensities as being bright where the lin
and threading segments are situated. In the top c
the threading segments are displaced along the [1
direction, resulting in a wedge-shaped deviation fro
[110] as viewed along the [001] direction. The bottom
case considers the four threading segments lined
perfectly along the [110] direction, resulting in a more
abrupt halt to the contrast along the [110] directio
Detailed transmission electron microscopy is necess
to confirm this.

In conclusion, electron channeling contrast h
been used to image misfit dislocation strain fields
In0.25Ga0.75As on GaAs(001) within a SEM, withou
further preparation of the as-grown films. A highly tilte
specimen and a small solid angle of collection resul
in the detection of high spatial resolution contra
554 J. Mater. Res., Vol. 1
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without the need for a field emission electron sour
Dislocation displacement fields in very thin films requ
less stringent orientation conditions for producing stro
contrast as compared to thicker films. We have obser
features that seem to correspond to clusters of threa
segments.
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