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Dislocations in the misfit epitaxial film systemglpGay 7sAs on GaAs(001) were

imaged using a modified electron channeling contrast technique in @ 8BBIl. We
obtained images at an incident beam energy of 30 keV, a beam divergence of less than
1 mrad and a specimen tilt of 7@h conjunction with a movable scintillator detector
mounted at a takeoff angle of approximatefyt8 5°. We achieved a spatial resolution of
approximately 80 to 100 nm with this technique. Such resolution allowed rapid imaging
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 incident
beam direction in order to obtain sufficiently strong channeling contrast for qualitative
characterization. The observed defect arrangements included features that we believe
represent clustered threading segments.

Scanning electron microscopy (SEM) for the inves-contrast images of dislocation clusters are presented. We
tigation of crystal defects has been rarely used oveshow evidence of threading segments in these images.
the years, despite several theoretical and experimental Ing.sGa 7sAs was grown by molecular beam epi-
demonstrations of its utility® The localized elastic taxy onto a GaAs(001) substrate under the following
distortions associated with the core region of an iso-conditions. A 100-nm film of GaAs was deposited onto
lated dislocation or a small cluster of dislocations inan oxide-free GaAs substrate at 58D, with an AgGa
an otherwise perfect crystal can provide enough ofatio of about 3. The desired 25% indium mole fraction
a perturbation in the lattice to result in a detectablewas set while growing InGaAs at 45C, followed
variation in the backscattered electron (BSE) intensitypy evaporation of this film at 700C. Approximately
provided the crystal is oriented in a channeling condi-300 layers of GaAs were then grown as a buffer at
tion. Pitavalet al* and Morinet al® obtained the first 580 °C and annealed to produce a shétpx 4) reflec-
dislocation images from bulk materials, using a field-tion high energy electron diffraction (RHEED) pattern.
emission SEM and a retarding-field energy filter. TheThe sample was cooled to 43C and a 55-nm film of
filter removed the noise-producing low energy electrondng ,sGay 75As was grown at 0.25 layer per second. The
from the signal. By incorporating high specimen tilts lattice constant mismatch was determined by Vegard'’s
and low detector takeoff angles, the low-loss portion oflaw to be 1.8%. A 2-nm GaAs layer was then evapo-
the BSE signal can be naturally enhanced without amated at this temperature as a cap; such a thin layer
energy filter’ This decreases electron penetration anchad a negligible effect on the images since channeling
therefore the chances for inelastic scattering, leavingontrast information arises from volumes over an order
a high energy signal which contains crystallographicof magnitude deeper. No three-dimensional features were
information. Well§ showed that for a specimen tilted seen in the RHEED patterns during growth. The surface
60°, approximately half of the detected electrons leavdattice constant for this alloy has been observed to almost
the specimen with at least 95% of their initial energies fully relax, implying the formation of a high density of
when incorporating a detector takeoff angle of about 4 misfit-relieving dislocations.
to 5° off the specimen surface tangent. Wilkinsenal® We observed pieces of the as-grown specimen in
showed for the first time that a field emission sourcea LaBs-equipped SEM at 30 kV using probe currents
was not required for the observation of dislocationsof 0.1 to 1.0 nA. A tilt/rotation specimen stage was
using electron channeling contrast. We demonstrate insed for imaging under various orientation conditions at
this communication another application of dislocationworking distances of 28 to 39 mm and a specimen tilt of
imaging from bulk specimens in a Lgiequipped SEM, 70°. A 50 um diameter objective lens aperture resulted
with only minor modifications to the instrument. Films of in a beam divergence of 0.6 to 0.9 mrad. We used
Ing 25Gay.75As on GaAs(001), containing a high density a scintillator/light-pipe/photomultiplier detector mounted
of misfit dislocations, were investigated. Channelingin a variable low takeoff angle position. The scintillator
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was standard P47 material and had a diameter of af
proximately 12 mm. The detector was positioned at 15
to 20 off the incident beam direction, and approximately
80 mm away from the point of intersection between
the incident beam and the specimen. This configura
tion resulted in takeoff angles of°3o 5° from the
specimen surface tangent and a solid collection angl
of approximately 0.07 sr. The primary reason for usings
a small collection angle was to maximize the averages
energy of detected electrons, based on the approach |
Wells® We found that channeling contrast decreaseq
strongly for takeoff angles less than &nd greater than
5°, as determined by comparing image contrast as
function of detector position for a 7Gpecimen tilt. All
observations were made at room temperature, and a co
trap was used to reduce contamination from within the
specimen chamber. A Kalman frame-averaging routiné:&=
was used to improve the signal-to-noise ratio of the
images by feeding the detected signal into a workstatio
which had direct control of the electron beam. Up to
ten 512 X 512 X S_blt_ frames V,Vere averag_e_d, US-Ing 8 FiG. 1. Electron channeling contrast image showing clusters of pos-
6800 ns beam dwell time per pixel. No additional imagesjple threading segments, where dislocation line directions locally
processing was performed. deviate from(110), as indicated by the arrows. Incident beam energy
Although our SEM did not have electron channeling30 keV, specimen tilt 70
pattern (ECP) capabilities, we nonetheless had little
difficulty obtaining strong contrast from these samples.of clusters consisting of up to three to five dislocations,
The use of electron channeling contrast to imagespaced on average a few tens of nanometers apart.
dislocations requires precise setting of the incident bearithe dislocation lines were observed to lie nominally
direction along a channeling-in direction, for cases wheralong the orthogona{110) directions. The channeling
the strain field about the dislocations varies only verycontrast result, showing bright bands of maximum width
slightly with distance away from the dislocation lihe. 200 nm, also lying along110) directions, is consistent
The distortion field then scatters electrons out where thaith the maximum size of such clusters as seen by TEM.
Bragg condition is not locally satisfied. However, in the More often, narrower features were observed, with 80 to
case of our films, where the defects are very close td400 nm a repeatable minimum observable image width.
the surface, the need for an accurate setting of &uch a width corresponds to the presence of perhaps
channeling-in condition is relaxed. This is possible sincegwo to three dislocations.
the lattice tilt due to the local strain field decreases The arrows in Fig. 1 show an interesting feature
inversely with distance away from the core. Hence thdound fairly often in the channeling contrast images from
distortion should be greater and should show moralislocation clusters in §psGa 75As on GaAs. Some of
variation with distance from the core in a thinner the lines locally deviate from thél 10) type directions.
overlayer, along a direction parallel to the film surface.The deviations occur over about 1 toudn along the
Such an effect was modeled quantitatively in Ref. 9line directions and about 0.am normal to the line
Therefore, in practice, only an approximate setting of thalirections. They are best viewed by looking at the figure
Bragg condition results in establishment of a channelinglong the direction of one set of lines, at a shallow angle.
condition somewhere near the core. Strong contrasbuch contrast implies that the displacement fields of this
then becomes easy to attain and immediate qualitativeluster of dislocations do not continue along the entire
information is at hand in cases where ECP’s are notength of the sample. Two possible explanations include
available. the presence of either large bowing dislocations in the
A typical electron channeling contrast image fromfilm/substrate interface or clusters of threading segments.
the InyosGay7sAs/GaAs(001) specimen is shown in Bowing within the interface is not likely as the slip
Fig. 1. Note the alternating bright/dark bands. Theplane in the zincblende structure is not (001). Threading
different scale markers are due to the specimen tilt. Thisegment clusters are another possibility since these are
image shows clearly the nonuniform nature of the defecbften seen in relaxed alloys of this matefiaWe show
distribution. TEM observations on pieces of the samédn Fig. 2 schematics of two possible configurations of
and similar thin film samplé8 indicated the presence threading segment clusters. In both configurations, we
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without the need for a field emission electron source.
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[001]

Dislocation displacement fields in very thin films require
less stringent orientation conditions for producing strong
contrast as compared to thicker films. We have observed

[110] features that seem to correspond to clusters of threading
segments.
— [110]
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