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In Situ Topographic Investigation of 1on Implanted A'"'BY Semiconductor Compounds during Thermal
Annealing

1. Introduction

Thermal annealing is present in a great number of technological processes used to produce modern electronic
devices. The achievment of good technological results is therefore strongly dependent on the understanding
and controllability of the physical phenomena taking place in during the thermal processes.

The study of strain relaxation of ion implanted crystals during the annealing allows establishing the role
of different point defects and their complexes. Information on these phenomena is usually obtained through the
identification of characteristic activation thresholds corresponding to different point defects and their
complexes [1-4].

In the present project we performed in situ measurements of thermal annealing in implanted A"'BY
semiconductors with the method eliminating some disadvantages of nuclear analysis, as damaging of the
sample by the probe ion beam and relatively long time of measurements.

2. Experimental
The idea of the experiment came from our previous experience with studying layered structures with Bragg-
case section topography, which pointed out the possibility of obtaining the information equivalent to those
from rocking curves using a highly asymmetric reflection [5-7]. As for the usual Laue method, the section
patterns do not directly revea the effect of lattice parameter changes but only show lattice orientation
changes.

The redlisation of the experiment was possible thanks to high brilliance of the source and availability of
high resolution CCD camera at ESRF. White beam Bragg-case section patterns were recorded on a high
resolution CCD camera placed at relatively large (50 cm) film-to-crystal distance. The sample was located in



the heating device in an Ar atmosphere. The width of the beam was close to 7 ;«m and the glancing angle was
5°. The CCD camera recorded chosen 511 reflection at 0.77 A. Images with reasonable quality required 20
seconds of data collection. The observations were performed during a linear increase (constant rate 6°/min) of
temperature from room temperature to 400° C. This allowed recognizing the activation thresholds of point
defects. The observation with the CCD camera was continued also during the cooling of the sample.

The in situ observations were performed in a number of samples including MOCVD grown epitaxial
layers of Al,GayA9GaAs with x=0.43 and GaAs substrates implanted with various doses of 1.5 MeV Se',
170 keV He" and 90 keV H* ions. In case of light H* and He" ions the doses reached 1x10" /cn? and for Se*
6x10™ /ecm’. The samples contained an initial dislocation density smaller than 10°cm®. In al cases the ion
penetration range was close to 1pum.

2. Results

The character of the section pattern was different for A"'BY semiconductors implanted with different ions.
Low energetic light H" and He" ions formed a strain maximum located very close to maximal ion penetration
range. This local strain maximum caused formation of characteristic “strain modulation fringes’ in the section
pattern caused by beating of the radiation reflected by the layers with the same deformation on two slopes on
the maximum. For lower doses of high energetic heavy Se” and As' ions, when the effect of point defects of
the matrix dominated, we often observed amost constant strain in alayer close to the surface. In that case the
implanted layer formed a single stripe in the section pattern.

The results of strain relaxation are illustrated by the plots of strain as function of temperature, shown in
Figs. 1-2. The strain was determined from distance of corresponding maxima in the plots of intensity
distribution obtained from recorded image files. In case of hydrogen implanted samples the strain for higher
temperatures was determined with lower accuracy measuring the area with noticeable increased intensity.

In al obtained plots the relaxation started at 120° — 150°C but further changes were different for
various kinds of implantation.

As may be seen in Fig. 1, the fastest relaxation takes place in case of implantation with H* ions. At the
beginning the relaxation is faster for strain in the maximally deformed layer, becoming sower upon 200° C
when the strain is less than 1/3 of the initial value. After reaching 320° C the strain falls in the whole layer to
less than 10% of initial value. The character of strain relaxation for implantation with hydrogen ions was
similar in GaAs and AlyGay.«ASGaAs.

For samples implanted with He" ions the relaxation is Slower (Fig. 2) and at 400°C we till have 30% of
initial strain value. In case of Al,Gay.As with x=0.43 implanted with 170 keV He" ions to the dose 6x10'
/em we observed a rapid complete delamination of the shot through layer when the temperature reached 250°
C.

For investigated Al,Gay.,A5GaAs implanted with 1.5 MeV Se ions to the dose 6x10™ cm® the strain
profile is a sum of two components coming from the point defects induced in the matrix and from the Se
atoms. The relaxation of first strain component is similar as in case of He" implanted samples. The strain starts
to relax close to 140° C and decreases to less than 45% of the initial value with the rate firstly dightly
increasing, but later again decreasing close to 350° C. The second component is much less affected by the
applied heating and decreased less than 15%.
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Fig. 1. Plot of strain changes in course of heating from 25° C to 400° C of GaAs implanted

with 90 keV H* ions to the dose 3x10"° cm? presenting the strain in mostly deformed layer (crosses) and the
strain close to the surface (circles).
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Fig. 2. Plot of strain changes in course of heating from 25° C to 400° C of

Al,Gay.As/GaAs with x=04,3 implanted with 170 keV He" ions to the dose 3x10™ cm® presenting the strain
in mostly deformed layer (crosses) and the strain close to the surface (circles).



