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a b s t r a c t

The lattice expansion in InAs single crystal, due to ion-implantation by 80 keV Be ions with the implan-
tation fluencies ranging from 1 � 1012 to 2 � 1016 cm�2, has been investigated by using high resolution
X-ray diffraction (HRXRD), transmission electron microscopy (TEM), and Rutherford backscattering spec-
trometry/channeling (RBS/C). In order to clarify the evolution of damage buildup, the nonlinear maxi-
mum perpendicular strain em as a function of the Be fluence was obtained and analyzed. The curve of
em vs. Be fluence is subdivided into five regions, each having a different damage accumulation behavior.
The involved probable mechanisms of microstructural variation in InAs due to Be implantation of differ-
ent fluencies are analyzed in detail.

� 2011 Elsevier B.V. All rights reserved.

1. Introduction

The compound semiconductor InAs with narrow band gap and
high electron mobility is a popular material for applications in
high-speed and infrared optoelectronics devices [1–3]. Ion implan-
tation has been widely used for intentional impurity doping in
semiconductor device technologies. Unfortunately, as a non-
equilibrium processing, ion implantation often causes damage,
strain, and crystalline-to-amorphous phase transformation in vir-
gin substrates. Although most of the damages can be removed by
rapid thermal annealing, some kinds of lattice damages are irre-
versible especially when the amorphous phase occurs. Owing to
their light atom mass, two valence electrons and low damage
introduction rate, Be ions are an optimum choice of p-type doping
for InAs through ion implantation. The microscopic structural var-
iation in crystalline InAs caused by ion-implantation, however, is
not well understood, due to its binary complexity and associated
lattice defects compared to elemental semiconductors such as Si
and Ge. Pearton et al. had investigated the damage and recrystalli-
zation in Si- and Mg-implanted InAs prior to and after annealing
[4]. The annealing properties of InAs implanted by 400 keV Fe or
Ti had been reported [5]. Gerasimenko et al. had investigated the
Be distribution in Be-implanted InAs before and after annealing
[6]. Recently, Gonzalez-Arrabal et al. had a research on the depth
dependent lattice disorder and strain in Mn-implanted InAs film
grown by atomic layer molecular beam epitaxy prior to and after

rapid thermal annealing processes [7]. Systematical studies focus-
ing on the ion-implantation-induced lattice expansion and evolu-
tion of damage buildup have been investigated on Si, Ge, GaAs,
InP, and GaN [8–20]. Similar work has not been done on InAs.
Implantation-induced damages and crystal distortion strongly
affect device performance. It is thus essential to systematically
investigate lattice expansion in order to clarify microscopic struc-
tural variation and evolution of the damage buildup in Be-im-
planted InAs at different implantation fluencies.

In this paper, InAs samples were implanted with Be. The
implantation energy was 80 keV and the fluence was varied from
1.0 � 1012 to 2.0 � 1016 cm�2. High resolution X-ray diffraction
(HRXRD) was performed along (1 0 0) direction on Be-implanted
InAs in 2h-x scan mode to monitor the change of (4 0 0) diffraction
peak. New peaks were observed near the InAs (4 0 0) line. The
peaks initially grew up and shifted towards low angle with increas-
ing fluence. However, all the peaks shrunk and almost disappeared
finally with larger implantation fluence. The new peaks were
attributed to the Be-implantation-induced lattice expansion. The
maximum perpendicular strain em induced by lattice expansion
as a function of the Be fluence was obtained. This curve could be
subdivided into five regions representing different mechanisms
of microscopic structural variation and evolution of the damage
buildup. As the complementary techniques, Rutherford backscat-
tering spectrometry/channeling (RBS/C) and transmission electron
microscopy (TEM) were also performed to investigate the evolu-
tion of the damage buildup inside the implanted layer.

2. Experimental

The InAs used for implantation was n-type (n � 1016 cm�3 at
room temperature) one side well-polished undoped EPI-ready
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single crystal wafer with (1 0 0) direction and 450 ± 25 lm thick-
ness, which was grown by liquid encapsulated Czochralski (LEC)
method. Before implantation the substrates were cleaned by or-
ganic solvent in a supersonic cleaner. Implantation of 80 keV Be
ions was performed at room temperature with the fluence ranging
from 1 � 1012 to 2 � 1016 cm�2. To avoid the beam-induced heat-
ing effect, the current density was about 250 nA/cm2. The Be-ion
beam incidence is at 7� off the (1 0 0) direction, in order to mini-
mize the channeling effect. The computer simulation results of
the distribution of Be ions and implantation-created vacancies
were calculated by SRIM2008 [21]. Both the Be-distribution and
vacancy-distribution show a Gaussian-like shape with the center
located at �0.31 and �0.23 lm respectively. Using the Bruker D8
Discover diffractometer, the HRXRD spectra were measured by
the Cu Ka1 line with the wavelength of 0.15406 nm. The secondary
ion mass spectroscopy (SIMS) measurement on selected samples
was performed by CAMECA IMS-6F. The cross-section TEM images
were measured on the specimens prepared by Ar ion milling with
liquid nitrogen cooling to keep damage stable. The TEM measure-
ment was operated at 200 kV. RBS/C was performed along the
(1 0 0) direction using 2.1 MeV 4He+ ions and with the detector
positioned at about 165� with respect to the ion beam direction.

3. Result and discussion

The HRXRD spectra near the (4 0 0) diffraction peak of the InAs
samples at different fluencies are shown in Fig. 1. To simply clarify
the change of peaks appeared after implantation, the curves are
normalized by the (4 0 0) diffraction peak of the InAs substrate.
When the fluence below 2 � 1013 cm�2, the (4 0 0) peaks of im-
planted samples are almost same as that of virgin InAs. At the flu-
ence of 2 � 1013 cm�2, a new peak shows up on the low-angle side
of the InAs (4 0 0) diffraction line and, with increasing fluence, the
peak grows up and shifts further to lower-angle side. In the mean-
while the peak intensity also increases and reaches to its maxi-
mum value at the fluence of 2 � 1015 cm�2. From 2 � 1015 to
8 � 1015 cm�2 fluence range, the intensity of the new peak remains
almost unchanged, while the peak keeps shifting to the lower an-
gle. At the fluence of 4 � 1015 cm�2, a second peak shows up. As
shown in Fig. 1, from 8 � 1015 to 1.2 � 1016 cm�2, the first peak be-
gins to shrink and the second one grows up and reaches the max-
imum at the fluence of 1.2 � 1016 cm�2. A third peak appears at the
fluence of 1.0 � 1016 cm�2. For the fluence range from 1.2 � 1016 to
2.0 � 1016 cm�2, all the new peaks shrink dramatically. The new
peaks merge into a weak wide peak at the fluence of above
1.6 � 1016 cm�2.

In order to investigate the change of implantation induced
microstructures, the HRXRD measurements also performed on
the selected samples to monitor the Be-implanted InAs (2 0 0) line.
As shown in Fig. 2(a), new peaks near (2 0 0) and (4 0 0) lines ap-
pear in pairs after Be implantation with 2 � 1015 cm�2 fluence. A
2h-x scan measurement from 10� to 90� was also performed,
which shows no additional peaks in the range scanned. A high res-
olution TEM image of the implanted area is presented in Fig. 2(b).
Obviously, the implanted area keeps the same zinc blende struc-
ture as that of the InAs substrate, although some damage is ex-
pected. This is also confirmed by the presented fast Fourier
transformation pattern in Fig. 2(c). Hence, the possibility of forma-
tion of a new phase after the implantation is excluded. And so the
new HRXRD peaks at lower-angle side of the (4 0 0) diffraction line
of the InAs substrate are due to the Be-implanted layer that has a
larger lattice constant than that of the InAs substrate. It means that
the InAs lattice in the Be-implanted layer is expanded. Raising the
fluence leads to increasing lattice expansion, companied by the
enhancement of the first new peak in the HRXRD curve and its shift

to lower angle, as shown in Fig. 1. The second and the third new
peaks, occurring at the fluence larger than 2 � 1015 cm�2, are orig-
inated from the nonuniform lattice expansion in the implanted
layer. It can be interpreted with the aid of a kinematical model
for X-ray diffraction in nonuniform crystalline films [14], which
indicates the expanded lattice has a distribution with depth in
the implanted layer. Due to the accumulated damages, the
implanted layer becomes highly disordered and the amorphous
component might arise with increasing fluence (above
1.6 � 1016 cm�2), so that the sharp XRD peaks could not be ob-
served. The highly disordered region may also be originated from
strain relaxation to certain extent, which is the reason why a wide
and low intensity peak is observed at high fluence.

To gain insight into the lattice expansion in detail, a computer
simulation by SRIM 2008 [21] is performed and the distribution
of Be ions and implantation-created vacancies in InAs are shown
in Fig. 3(a). In the simulation, the density of InAs was chosen to
be 5.667 g/cm3 [23], the ratio of III and V components in InAs
was taken as 1:1, and the angle of the incident beam was 7� off
the normal of the surface. Vacancies distributions were calculated
at the displacement energies of 6.7 eV for In and 8.3 eV for As [22].
The profile of total vacancies is slightly shifted with respect to that

Fig. 1. Normalized (4 0 0) HRXRD spectra of InAs implanted by 80 keV Be ions with
different fluencies at room temperature, in which the red, green dash and blue dot
lines point out the evolution of positions of the first, second, and third new peaks,
respectively. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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