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Amorphization of GaAs implanted with Cd in the dose range of 2 x 10** —
1.2 x 10** ions/cm? and the energy range of 20 to 180 keV at room tem-
perature has been investigated. The degree and the depth distributions of
postimplanted damage were measured by using RBS technique. The criti-
cal dose for each Cd-ion energy was determined. The amorphization models
have been discussed. The results obtained are in agreement with theoretical
predictions supporting heterogeneous amorphization of Cd-implanted GaAs
at room temperature.

PACS numbers: 61.80.Jh, 61.70.Tm

Introduction w1

The mechanisms of amorphization in ion implanted III-V compound semi-
* conductors and the models for crystalline to amorphous transformation are still
the aim of investigations and analyses.

The amorphization process much better understood in Si [1, 2], in III-V
compound is believed to occur in a different manner [3].

Two basic models are proposed for continuous amorphization under ion bom-
bardment:

(349)



350 J. Krynicki, H. R?ewuski; R. Groetzschel, A. Claverie

(1) a model of homogeneous amorphization equivalent to a critical-energy-den-
sity model (CED), where the transformation to the amorphous state occurs
at some critical values of defect concentration created by elastic nuclear
collisions, [4]; '

(i1) a heterogeneous model which assumes that accumulation of overlapping
amorphized clusters produces full amorphization [5, 6].

It is believed that the above mentioned models operate for light and heavy
ions, respectively.

In this paper, we report the results on the formation of an amorphous layer
in GaAs due to heavy Cd ion implantation at room temperature.

The calculations of an amorphous build-up versus dose have been performed
to distinguish between these two models.

Experimental

Commercially available (Hoboken, Holland) GaAs n-type (100) orientation
wafers containing 2 x 1017 ¢cm~3 Te atoms were used. All samples have been im-
planted with doses in the range from 1 x 103 to 1.2 x 10!* ions/cm? and in the
energy range from 20 to 180 keV at room temperature. They were slightly misori-
ented in order to minimize channeling. For comparison the Cd ion implantations
at 120 keV and doses from 3 x 103 to 1.2 x 10!* ions/cm? have been performed.
To avoid heating of the samples a flux lower than 1 zA/cm? was used. The tem-
perature of the samples was monitored by a copper/constantan thermocouple and
was kept below 40° C.

Disorder distributions were measured using Rutherford backscattering tech-
nique with 1.7 MeV “He* ions. The critical dose for amorphization and the width
of amorphized layer for each Cd ion energy have been determined.

Results and Discussion

Damage depth profiles of the implanted layers have been calculated from the
experimentally obtained RBS spectra.

Figure 1 shows a set of curves representing the damage dlstnbutlons for
Cd ion energies from 20 keV to 180 keV after Cd implantation with a dose of
9 x 10®cm—2,

Additional measurements i.e. damage profiles versus dose were performed for
80, 120 and 180 keV of Cd-ions but not included in the paper. To verify the validity
of the amorphization models two independent calculations based on the experi-
mental data have been performed. Figure 2 shows the damage created versus dose
of 20 keV and 40 keV Cd-ion implantation superimposed on the theoretical curves
calculated for the first (m = 1) and the second (m = 2) order of amorphization in
the overlap-damage model considered by Gibbons [5). The experimental points are
situated much closer to the m = 1 theoretical curve than the one of m = 2 which
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Fig. 1. Damage distributions in GaAs implanted with dose 9 x 10'3cm™2 with energy
20 keV (—), 40 keV (- -), 80 keV (— —), 120 keV (--- ) and 180 keV (— - —).
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Fig. 2. Fit to overlap model [5] for 20 keV (+) and 40 keV (A) Cd ion implantation;
m=1(—),m=2(---).
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corresponds to direct amorphization by the first ion which supports the validity
of this model.

TABLE I TABLE II
Energy Critical dose Energy | Critical energy density
keV x1013 ¢m—2 keV x10%%eVem—2
20| 10| (*) 20 175
40 ] 8| (%) 40 1.80
80 | 5.5 | (¥%) 80 1.47
120 | 4] (%%) 120 1.15
180 | 1.8 | (*x) 180 0.55

(¥) Extrapolated dose for
95% of amorphization at Rp
(#*) A dose for 95 %

of amorphization at Rp

To verify the next CED model, critical energy density values have been cal-
culated using simulation method of Vieu et al. [7] (see Table I). For homogeneous
amorphization the critical energy density versus implantation energies used should
be constant. It is not the case, the successive values differ by a factor 3 in the range
of implantation from 20 to 180 keV and therefore, the CED model cannot be used.

It is worth to note that for each Cd-ion energy the distribution of postim-
plantation defects is non symmetric with respect to the equivalent R, for defects
(see Fig. 1). The density of permanent defects grows much faster in the bulk than
the density close to the surface. For all implantation energies the observed damage
distributions show the presence of tails, indicating a relatively high concentration
of defects occuring deeper than the implanted ions. Two mechanisms can be re-
sponsible for this effect — fast diffusion of defects being pinned in the bulk and
the recoil implantation process which transfers energy of knocked out matrix atom
into the bulk.

The critical doses presented in Table II show strong dependence on the im-
plantation energy used. Defects created very closely to the surface crystal have a
very high probability to diffuse to the surface and annihilate there.

Conclusion

From the detailed investigations of the measured degree of amorphization
caused by the Cd implantation into GaAs at room temperature, it is concluded
that the results obtained support the theoretical predictions of a heterogenous
model of amorphization.

The observed dependence of a critical dose versus Cd-ion energy is ascribed
to the annihilation of defects created close to the surface of a crystal for lower
energy of implantation which requires a higher dose for amorphization for these
energies,
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