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There 1s still little known about the effects of ion implantation procedures
and post annealing treatments on the structures of crystal defeects in ion implant-

ed GaAs.l)

The particular study was carried out to obtain relations between elec-
tron microscope observations and eléctrical measurements as a function of anneal-
ing temperature, implantation temperature and depth of implanted layers.

The substrates were [100] oriented semi-insulating Gals (p>108 Qecm) wafers.
Si+ ions were implanted at 50 keV using arc discharge ion source system at the
temperatures between 20 and 400°C, with the doses between 1011 and lols/cma.

After implantation, samples were annealed in the temperature range of 100-900°C in
hydrogen atmosphere. In annealing, samples were coated with A1203 or polycrystal-
line Si films to prevent decomposition of GaAs substrates and out-diffusion of
dopant atoms from the substrate surface. The degree of lattice disorder was exam-
ined by electron diffraction and transmission electron microscope tachnigues
before and after post-implant heat treatments.

Table 1 shows a dependence of the degree of crystalline perfection on doses
and annealing temperatures obtained by reflection electron diffraction at 20°C im-
plantation. At the dose of 1 x 1012/cm2, surface layer exhibited diffuse halec
pattern with spot pattern., Above the dose of 5 x 1012/cm2, spot pattern was not
observed and only halo pattern that 1s indicative of the formation of complete
amorphous layer was detected. The critical dose for the amorphous layer formation
was lower by one order than that for Si+ ion implanted Si.

The amorphous layer was recrystallized epitaxially by annealing at fthe tem-
peratures up to 500°C. While, the value of sheet resistivity increased with the
increase of annealing temperatures up to 500°C and approached that of the substra-
te resistivity as shown in Fig., 1. This fact will be attributed to the recrystal-
lization phenomenon of the implanted layer. Also, the sheet resistivity value for
as-implanted samples increased with the decrease of a dose as clearly seen in Fig.
1. These results implied the reduction of acceptor-like damage centers.l)

As a result of a measurement of a surface carrler concentration and mobility
using the van der Pauw-Hall measurement technique, it became evident that the 1m-
planted Si+ ions in GaAs annealed above 500°C were electrically active as donor

2)

impurities. On the other hand, secondary defects were observed in the implanted

layers after annealing above about 500°C. Figure 2 shows an example of transmis-
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slon electron micrographs of samples annealed at temperatures indicated in Fig. 2.
As shown in the figure, defects observed at 600°C were many small black dotted
ones, while at 800°C, as a result of the growth of black dotted defects, prismatic
dislocation loops were observed. Moreover, by comparing Fig. 2(b) with 2(e), it
can be seen clearly that dislocation loop densities remarkably increased with the
increase of a dose. Such dislocation loops consisted of both interstitial atoms
and vacancies. However, defects such as Frank type dislocation loops, stacking
faults, precipitates and dislocation networks which have been observed in ilon im-

planted Si 1ayers3’ )

were not seen in the present study. It was also true for
C+ and Sn+ ions implanted GaAs layers.

In order to study the thickness of the defective region, the measurements of
the combination of the successive chemical etchingS) with reflection electron dif-
fraction were carried out as a function of removed layer thickness, The amorphous
layer at 20°C implantation reached down to the depth of 1000 E for the dose of

1 x 10t

/cm? without annealing (projected range = L4T E, standard deviation = 226
3). For the above samples, annealed at 700°C, weak diffuse ring pattern with spot
pattern was seen in the depth range of 400-1700 E. The extension of the defective
region by annealing was also confirmed by the junetion depth measurement. These

results will be discussed together with the ones obtained from elevated tempera-

ture implantation. Table 1. Effects of doses and annealing
temperatures on crystalline perfection
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S*=Spot pattern, D*=Diffuse halo
pattern, H*=Halo pattern.
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. Fig. 2. Micrographs of defects in 20°C Si™ ion
Fig. 1. Changes in the.layer implanted GaAs annealed at various tempera-
resistivity by 1 hour isoch- tures for 1 hour (Impl: 1 x 10'% /cm®(a) and
ronal annealing (20°C sitimpl.). (n), 1 x 10'% fem® (c)).
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