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Abstract. The radiation defect distribution in boron implanted Si with and without ultra-
sound (US) treatment have been investigated. Obtained results have shown the significant
influence of the in situ US treatment on the defect formation. The defect concentration de-
creases both in the as-implanted and post-annealed samples, implanted with US-treatment.
The physical model of this effect, connecting it with stimulated diffusion of silicon interstitials
under the US treatment have been proposed.
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1. Introduction

Ion implanted boron is commonly employed as the p-
type dopant in semiconductor devices. But p*-n shallow
junction formation by boron implantation is complicated
by the two phenomena: channelling effect, and anoma-
lous diffusion [1]. Channelling effect can be suppressed
by using Si preamorphization with Si* or Ge* implanta-
tion prior to implantation doping [2]. The problem is that
preamorphization leads, after annealing, to the forma-
tion of high structural defect densities near former crys-
talline/amorphous interface. These defects are called end-
of-range defects and they are present in all the materials
by high-dose ion implantation in which a continuous
amorphous layer is formed [3]. High-dose B implanta-
tion for sources and drains are required. After implanta-
tion the annealing steps are required to repair the da-
mage in the silicon lattice and to activate the dopant.
The presence of any residual damage after annealing may
have a significant effect on the electrical properties of the
implanted layer [4].

The effective amorphization threshold damage den-
sity is a strong function of both ion mass and wafer tem-
perature during implantation. The threshold damage
density increases as the mass of the ion decreases. On the
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other hand, heating of the wafer results in increased of
point defects recombination, which decreases
amorphization. Part of point defects recombines during
implantation. Competition between generation and re-
combination of point defects results in a wide amorphous
region. The nature of the residual displacement depends
upon factor such as the incident ion mass, energy, dose
rate, temperature, state of surface and substrate orienta-
tion, presence of additional factors, as the electrical or
mechanical fields [5].

It has been suggested that ultrasonic (US) waves,
propagating through the semiconductor can effect the gen-
eration of point defects and dissociation of defect com-
plexes [6]. In this connection it seems to be perspective to
use an in-situ ultrasonic treatments during the implanta-
tion process, when the target atoms are in an exited state,
and defect complexes are unstable.

The present study aims to investigate the ultrasound-
dependent amorphization and electrical activation of bo-
ron impurity during ion implantation in silicon to
determine in more details the effect of point defect out-
diffusion on the kinetics of amorphization process. We
show that the defect density in the surface layer, and the
thickness of the amorphous layer depends on the US treat-
ment. We discuss the results in frames of the point defect
separation and out-difiusion model.
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2. Experiment

Boron-doped 10 Ohm[dm Czochralsky-grown (Cz-Si) Si
wafers (100) were mounted inside the implantation cham-
ber onto piezoelectric transducers via special
acoustics binder. Low-amplitude US vibrations were gen-
erated in the wafer by means of the transducer, operating
in resonance vibration mode. We varied the basic reso-
nance frequency from 600 kHz to 7 MHz. The amplitude
of acoustic strain did not exceed 10 N/cm? correspond-
ing to an acoustic power of 1 W/cm?. For implantation
we used B* ions with energies of 50 keV and doses of
1-10' cm2. The ion flux was 3-10'2 jons/cm?. The part of
samples were implanted without US-treatment. The rapid
thermal annealing (900°C, 30 s) was carried out after ion
implantation.

Rutherford backscattering spectrometry (RBS) com-
bined with channeling was employed for damage studies.
The depth profile of the lattice disorder was determined
from <100> channeling of 1.5 MeV a-particles. The ap-
proach described in [7] has been used. This approach
uses an iterative procedure to determine the amount of
dechanneled particles. The method is based on the next
assumptions: all the displaced atoms are distributed ran-
domly and can interact with the channeled particles; the
critical angle of channeling is unchanged by the intro-
duction of disorder, the flux of channeled particles is dis-
tributed uniformly within the channels, dechanneled par-
ticles are not scattered back into channels.

The disorder concentration Np(x) is given by

Np(x) =N [Xr(x) - XKL - [Xr(x)], @)

where N is bulk density (in atoms per cubic centimeter);
X(x) is the normalized yield (the ratio of aligned to ran-
dom yield at the energy E, where the disorder is evalu-
ated); xg(x) is the fraction of dechanneled particles (the
random component of the aligned beam) and [1 - [xz(x)]
is the fraction of channeled particles, that can interact
with Np(x) displaced atoms.
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The dechanneled fraction is approximated by

Xr() = [XiAx) + [1 - Xp )] P(x, @), ©)

where xj(x) is the aligned yield from a virgin crystal and

P(x, @) is the probability that channeled particles are

dechanneled by defects between the surface and depth.
The probability P(x, ¢),) is given by

P(x, @) = 0p(@p)Np(x)x G)

where gp(@,,) is the cross section for atoms to deflect
particles though angles equal to or greater than
channeling critical angles ¢;,. To estimate the cross sec-
tion 0p(@») one uses the Rutherford differential scatter-
ing cross section and integrates from ¢, to co. It should
also be noted that different procedures to determine the
beam dechanneled fraction has been used in the work [8],
where damage depth profile of B-implanted single crys-
tals of silicon has been studied too.

3. Results

Fig. la presents aligned backscattering spectra for im-
planted samples with and without US treatment. For com-
parison the aligned spectrum from the virgin crystal
(without implantation procedure) is also given. The
backscattenng yield due to Si displaced atoms increases
in the range of 125-160 channels, the more pronounced
for control sample. US treatment results in decreasing of
backscattering yield in all the range of channels. These
yields were converted to a concentration of displaced
atoms and it is presented in this Fig. The concentration
of displaced atoms is lower in the samples treated by US
with the frequency of 7 MHz.

Fig. 1b shows RBS-c spectra illustrating the effect of
US treatment for the annealed samples. For the sample
annealing the dechanneled ion yield substantially de-
creases in the region of implanted boron distribution, the
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Fig. 1. Aligned RBS spectra of the 50 keV B*-implanted Si wafers without US treatment (2), with US treatment at 7 MHz (3) compared
with <100> aligned spectrum for unimplanted Si (1), before (a) and after sample annealing (b). Insert: schematic presentation of the

RBS experiment.
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effect is stronger for the samples with US treatment
(7 MHz).

Distribution of defects that cause ion dechanneling in
the dependence on the distance from sample surface is
shown in Fig. 2. Random stopping power for the incom-
ing trajectory is used to obtain the depth scale from the
channeling spectra because the damage is shallow in the
present case.

In the implanted samples the profile of displaced ion
distribution is close to that, calculated by TRIM, with
the exception of higher concentration of dechanneled
centers. Concentration of displaced atoms in the samples
implanted under US action (especially for =7 MHz) is
substantially less. Moreover, in the samples with US treat-
ment after annealing, the profile of defect distribution is
displaced to the sample volume.

Displaced atoms are distributed in larger distance
from the surface. The defect concentration in the samples
implanted under US action is lower, especially in the
region of boron atom distribution, within the range of 0
to 200 nm.

4. Discussion

Implantation by light ions leads to generation of point
defects and their complexes. Under RT the amorphous
layer does not arise [1]. Defects are distributed in the
region close to the distribution of boron ions. During the
implantation, when dominant type of defects are the sin-
gle ones and not the disordered regions, as it takes place
for heavy ion, the main part of defects recombine within
the short time ~10!!'s (I+V - Si;). Interstitial silicon de-
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Fig. 2. Depth distribution of the displaced atoms for the B* as-
implanted Si without US treatment (1), with US treatment at 2
MHz (2), 7 MHz (3), and after annealing of the samples, im-
planted without US (4) and with US (5). Dashed line presents the
defect distribution calculated by TRIM.
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fects and interstitial boron atoms increase the yield of
dechanneled particles.

Ultrasonic irradiation may act upon the quasi-chemi-
cal reaction proceeding (B;+V - B,; V+I - Siy), as well
as upon the point defect diffusion. As the calculations [9]
have shown, influence of US on diffusion depends on type
of diffusing atom. For light atoms the effects of localiza-
tion may be observed, while for heavy atoms the effects of
diffusion acceleration take place.

We have shown that US vibration accelerates amor-
phization of Si under implantation by Ar* ions. Itis con-
nected with spatial separation of point defects. Diffusion
of interstitial atoms is accelerated, while vacancies as-
semble themselves to the more complex multi-vacancy
agglomerations. As a result, the point defect recombina-
tion is lowered, and the more intensive defect accumula-
tion up to the critical amorphization value occurred.

The similar mechanism acts also for the case, when
more light boron ions are implanted. Interstitial atoms
diffuse inside the crystal under the action of ultrasound.
At the same time proceeding the B;+V - B reaction is
stimulated, since vacancy concentration in the region of
boron distribution increases. As a result, we have an in-
crease of dechanneled particle concentration. Our inves-
tigations confirm these speculations.

Implantation damage induces extended defects such
as dislocation loops or {311} defects in the damage-re-
gion during thermal annealing. The {311} defects con-
sist from condensates of interstitials, forming five and
seven-membered rings. These defects increase greatly in
size during rapid thermal annealing. The size of these
defects is ~10 nm and concentration is near 102 cm™.
The dechanneling probability due to the dislocation loops
which arise after implanted sample annealing, increases
[8]. For implanted samples with US-treatment, the con-
centration of these defects is lower, because part of more
mobile interstitials diffuses into bulk of silicon. We must
note that US treatment stimulates the boron solubility
and suppresses boron clusterization. It is shown from the
dechanneling center distribution in the reference and US
treated implanted samples after annealing in the region
of boron distribution. The redistribution of vacancies to-
wards surface, which act as sink of boron atoms, depends
on the US frequency.

Conclusions

Our investigations of the defect distribution into bo-
ron implanted Si with and without US treatment have
shown the significant influence of US on the defect for-
mation. The defect concentration decreases both in the
as-implanted and post-annealed samples, implanted with
US treatment. We suggest that this effect is connected
with stimulated diffusion of silicon interstitials under the
US treatment.
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