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Channeling experiments with 1.0 MeV He* ions have been carried out to study lattice damage of (111) GaAs crystals after 60 and
111) keV aluminum and phosphorus implantation. The implantation and the channeling measurements have been performed in situ at
42 K and at room temperature (RT) Implant doses ranged from 2.8 X 1012 to 8x 1016ions/Cmz2.

We have observed large differences in the level of the measured damage for Al and P4 implantations into GaAs at RT within a
dose range 1013—1015 ions/cm2. The chemical nature of the interaction between Al* and P~ and GaAs is different. Consequently, it
is perposed that the effect can be explained by different types of defect formation.

1. Introduction

Peculiarities of radiation damage, spatial distribu-
tions of implanted atoms and structural transformations
occurring during ion implantation into solids are prob-
lems of pure and applied fields of sciencc Conse-

r it is a matter of interest to study radiation
implanted by Al + and P+ ions.
htviu;,, . nments [1-4] have shown the complex
nature of laldi t: Jivorder of GaAs crystals in case of
Al* and Pr impiaiiUUon An interpretation of these
experimental observations if often inconsistent Consid-
erable disorder of the GaAs implanted at RT with Al is
explained by a non-umform distribution of aluminum
(3). In the same work the changes of signal (combina-
tion light scattering technique), at high temperature of
implantation is accounted for by a rising rate of the
target sputtering. In contrast to this conclusion, authors
of ref. 2 have observed, using the electron-induced
luminescence method, that the width of the layer which
luminescenced in the short wave region grew to 0.4 *m
(Rp= 0.44 /itn and ARp—0.028 /arn for £ Al= 50 keV
|5J) at high temperature implantation.

In the present work we report new observation of the
implantation behaviour of GaAs, using Al and P im-
plants with energy 60 and 110 keV The production of
damage as a function of the ion dose both at low and
room temperatures has been determined.

2. Experimental

GaAs single crystals of (111) orientation were im-
planted by AI* and P * ions at energies 60 and 110 keV.
Implantation was carried out along nonchanneltng di-
rection both at 42 K and room temperature, using a
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magnetically analyzed and swept ion beam in a vacuum
system with base pressure in the 10~7-Ton range. Im-
plantation doses, ranging from 2.8 X 1012 to 8 X 1016
ions/cm2 were obtained. The average beam intensities
were 70-160 nA/cm2at 60 keV and 20- 70 nA/cm 2 at
110 keV. The damage-dose behaviour of ion bombarded
GaAs was measured by the channeling technique using
in situ measurements.

For both the 42 K and 300 K bombardments the
sample was surrounded by a 30 K cold shield to mini-
mise any surface contamination during the experiment

Energies of backscattered ions were measured using
a surface barrier detector at 150° scattering angle. The
energy resolution was 15 keV at fwhm. Radiation
damage was calculated using an iterative technique based
upon a linear dechannelmg approximation.

3. Results

In fig. 1 the backscattering spectra are shown for
Al* and P~ implanted GaAs crystals. Curves 3 and 4
show the RBS spectra from crystals implanted by Al+
and PN at 42 K, respectively. The curves indicate that at
low temperature AT and P* implantations result in
similar level of radiation damage. Also the position and
fwhm of the damage peak in the case of low and
moderate doses of Al* and P* implantations into GaAs
at 42 K are comparable.

The picture is different for RT irradiation. Curve 5
shows the backscattering spectrum from GaAs, im-
planted al RT by 1.4 X 1015 Al4/cm2 and curve 6
shows a similar spectrum for 1.4 X 10u p+/cm 2irradia-
tion of GaAs. Despite the fact that phosphorus implan-
tation is one order of magnitude less than that of Al, the
peak of the damage caused by Al irradiation is consid-
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erably less than that due to P4 irradiation.
At high fluences (/)5»4X 101 ions/cm2) of im-
plants when amorphisation has been achieved the

Fig 1 Backscattering spectra of GaAs using 10 MeV He4 for
random - 1and (111) channeling before implantation - 2 and
aftrr implantation at 42 K 1.4X 10m AP/cm 1 - 3: 1.35X 10m
F+/cm2- 4; at room temperature 14x [0 AIf - 5, 14X 10m
P*/cm3- 6 81X 105AP/cm2- 7: 41x 10,2 P4/cm2- 8

aligned spectra from both AP and P4 implanted GaAs
crystals are again very similar (curves 7 and 8). How-
ever, we note, that to arnorphise the GaAs crystals by
A'* implantation approximately one order of magni'
tude higher fluxes (compared to P *) have to be used

Damage versus dose curves are shown in fig. 2. At
low temperature, when migration processes are frozen,
the dynamics of damage accumulation seems to be
similar for both AP and P4 irradiation (curves 1 and
2) We note, that the amount of damage resulting from
AP implantation is consistently lower.

At RT there are essential differences in the damage
dose dependence observed for AP and P” implanta-
tions into GaAs (curves 3 and 4 in fig. 2). These curves
have three distinct regions, each with a different slope.

Fig. 3 shows defect distribution profiles in GaAs
crystals implanted by 110 keV AP and Pn ions A

Fig. 2. The dose dependence of the lattice disorder produced in
GaAs by 60 keV Al and P implantations at 42 K - | and 2, and
room temperature - 3 and 4, respectively.

Fig 3. Defect distributer! profiles in 110 keV io" implanted at
room temperature GaA*: 2.8X104 AP/cm7 2, 9.0X104
Ald/cm2- 3; 1.8X 10ii AP/cm2- 4; 21X '0UP4/cm2- 5
53X 1013 PA/cm2 - 6. 1.4X104 Pf/cm2 - 7; 3.5x»0M
P4/cm2 - 8. A theoretical profile of deposited energy in P+
radiated GaAs - 1

profile of deposited energy in P* radiated GaAs [6] is
shown for comparison The energy deposition of AP in
GaAs is distributed ~ 10 nm deeper than that for P'f
ions [6] The energy scale of the backscattered He4 has
been converted into a depth scale using conventional
energy-less parameters (8)

A Discussion

The RBS in conjunction vjH- Nter <o -y
measurements have indicated that Jv
K) AP and P* implantation into GaAs ’ *
similar picture of the damage in the implanted crystal:,
cunes 3and Ain f»g 1 For both sorts of ions implanted
at low temperature in GaAs the build up of damage
with dose is initially linear and the constant of propor-
tionality is about unity, curves 1and 2 in fig. 2. Eventu-
ally, saturation occurs and the saturation level is re-
ached at doses of approximately 5x 1013 P+/cm 2 and
6 x 1013 AP/cm 2. The thickness of amorphous layer
grows slowly With dose but the number of defects
produced by A.P in GaAs is always less than that for
P vions.

Several possible reasons for this behaviour can be
suggested The effect is possibly associated with the
lower fraction (0.55 compared with 0,59) of the total
energy deposited into rtuclea» recoils by AP implanta-
tion In addition, the rest of the total released energy is
bigger in the case of Al implants Consequently, if at 42
K annealing processes during implantation exist, they
may occur in more active for»* ?Uo in AP radiated
GaAs crystals

As mentioned in section 3. the picture differs for
room temperature implantation. Curves 5 and 6 in fig. 1
discussed above demonstrate this conclusion. We can
add that the pfeak of the damage caused by Al14 irradia-
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tion is considerable less than that due to P* implanta-
tion. A characteristic feature of Al + implantation is also
the smaller depth of the damage peak position (com-
pared with P* implantation and theoretical prediction
[5.6]). This fact is reflected in fig, 3 as well.

As a result, there are essential differences in the
damage dose dependence observed for RT Al* and P4
implantations into GaAs (curves 3 and 4 in fig. 2).
These curves have three distinct regions each with dif-
ferent slope. The first region (doses up to —1x 1014
P cm2and -1X 105 Al*/cm?2) c*n be considered
as a stage of defect accumulation. 'The slower rate of
rise of the curve of damage with dose compared with
the curves obtained at the low temperature expenment
(curves 1 and 2 in fig. 2), is considered to be due to
annealing of the damage, produced in GaAs both by
Al* and P* implantation and by the 1 MeV helium
beam used subsequently for analysis.

Similar stages of defect accumulation were observed
in Si, implanted at RT with B4 and N* using sec-
ondarv-emission technique (7) and in GaP, whi h was
implanted at RT with Te* ions (RBS measurements)
[9]. The authors of both papers consider that at this
stage processes of simple interaction of radiation defects
(plus impurities) and the creation of stable complexes in
implanted layers take place.

Our observations are in good agreement with such
interpretations of experimental results. We can add,
that the chemical nature of the Interaction between Al
and P atoms and GaAs (the atoms create chemical
bonds with As and Ga atoms respectively) is probably
responsible for essential differences in the level of radia-
tion damage at that stage in the dose range up to
— 1X 105 ions/cm2. It is known that lattice constants
are quite different for GaAs (<i0= 5.6532 A) and GaP
(<z0= 5.4512 A) and almost the same for GaAs and
AlAs. This means that lower energy migration processes
would take place in Al* implanted rather than in P*
implanted GaAs. The annealing effect therefore will be
bigger in GaAs radiated by Al* ions. On the other hand
different defect mobilities may lead to the formation of
different types of secondary stable complexes. Our re-
sults confirm such assumptions. For example, in spite of
the smaller peak of the damage caused by Al* irradia-
tion (curve 5 in fig. 1) the dechanneling rate is, even
higher than that observed for'P* implantations (curve
6).

Recent publications indicate the possibility of using
a channeling technique (by mean of measurihg dechan-
neling rate at different energy of analysed ions) to
estimate types of defects in implanted crystals [10.11].
At present we are planning to apply this technique to
analyse types of damage in Al* and P v radiated GaAs.

TThe first region in fig. 2 is followed by a stage of
damage transformation, the onset of which is at — 10u
P*/crn2 and —ID15 Al* /cm 2. The rate of increase of

damage with dose becomes greater at the second stage,
as shown in fig. 2. until a saturation level is reached.
The implanted layer can thus be considered to be in a
random or amorphous condition to a depth correspond-
ing to the projected range plus a range of spread (curves
7 and 8 in fig. 1). The damage transformation takes'
place at damage levels of —20 and — 10 percent total
disorder in P* and Al4 implanted GaAs. respectively.
These levels agree qualitatively with the estimates of
previous investigations [7,9,12].

The final region is a'slow increase in amount of
damage. In accordance with the changes in the RBS
spectra this is considered to be due to the increase of
the damage layer thickness. This means that the effect
of the surface sputtering plays negligible role for Al*
and P* ion doses up to 8 X 1Q6cm ™2

The energy of the ions was increased to 110 keV in
order to restrict the surface influence of GaAs damage
dependence on ion sort of implants. But. in the experi-
ments with 110 keV Al* and P* implantations into
GaAs, differences in the level of damage have been
estimated to be even bigger than for 60 keV ions. Data,
presented in fig. 3, illustrate this behaviour. One may
compare the experimental and theoretical damage pro-
files 'in Al* ‘and P* implanted GaAs crystals. The
experimental defect profile in N\NAX 104 P~/cm?2
implanted GaAs is consistent with the calculated mean
of the damage depth, while for low doses the concentra-
tion of defects at the surface is higher, than, or ap-
proaches, the concentration of Nd at the expected depth
of the maximum position of the deposited energy distri-
bution. Formation of the two damage peaks (the “inter-
ior” at a depth and on the “surface”) is a known
effect in implanted semiconductors [7,13,14]. We have
previously discussed [4] hi*h concentration of radiation
defects localized on the surface at the implanted at
> 150°C by P4 GaAs crystals. In the case of Al*
implantation into GaAs only one the “surface” peak of
damage is usually i*rmed. The depth distribution of the
damage profiles in A\n implanted at RT GaAs crystals
can be compared with theoretical prediction only for
large doses when the amorphisation of the surface layer
takes place (curve 4 on fig. 3). For low and moderate
dose ranges (curves 2 and 3 on fig. 3), the radietio?*
defects are concentrated at the crystal surf*cc >v
layer thickness which is a factor of J~ 1 u'
predicted mean of the damage d*r”

5, Conclusions

In this paper we have studied lattice damage caused
by ion implantation at low (42 K) and room tempera-
tures in GaAs using Al and P ions up to 110 keV. In
particular, the dependence of disorder on implanted ion
dose and depth distribution of damage have been
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investigated. For both sorts of ions implanted at low
temperature, the build up of damage with dose is Lhwji
with the constant of pioportionality close to unity until
an amorphisation of the implanted layer is reached ai a
dobe of approximately 5X 1011 P*/cm2 and 6X LWI13
Ald/cm2.

The increase of damage with ion dose in GaAs
implanted at RT exibits three linear regions: a) a slow
build up of damage to approximately 20 and 10 percent
of saturation level at 1X 1014 P*/cm2 and 1X 105
A P/cm 2 respectively; b) a faster increase of damage to
the saturation level of disorder at a dose of approxi-
mately 3X 104 P+/cm2 and 4x 1055 AP/cm2; ¢ a
very slow increase in the number of defects due to
enlargement of the damaged layer thickness.

Large differences in the level of measured disorder
(up to one order of magnitude) have been observed for
Al and P* implantations into GaAs at RT within the
dost range 10,3~1015 ions/cm2 This effect indicates
th.il the chemical nature of the interaction between Al
and P atoms and GaAs substrate is different and plays
an important role in limitation of migration processes in
the implanted layers

In Al implanted at RT into GaAs, radiation defects

more mobile than in P h implanted crystals There-

i?rfacc” and the “interior” damage peaks exist
crystals while in gaAs, implanted
e” peak is formed.
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