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The backscattering-channeling method was used to investigate the trapping of irradiation-
induced defects by Sn atoms in an Al-0.03 at.% Sn crystal. Since Sn atoms were not displaced
appreciably from lattice sites by irradiation of the crystal at 35 or 70 K, or by subsequent anneal-
ing up to 160 K, it was concluded that mixed dumbbells were not formed by interstitial trapping
in that temperature range. Further annealing up to 220 K produced a considerable displacement
of Sn atoms from lattice sites. Channeling measurements along the (110), (100), and (111)
axes indicated that the displaced Sn atoms were located in tetrahedral and octahedral interstitial
sites. These displacements were attributed to multiple vacancy trapping at Sn atoms, because
further irradiation at 70 K reduced the apparent displaced fraction of Sn atoms more than did ir-
radiation at 35 K. Annealing at temperatures above 240 K caused a change in the Sn atom posi-
tions, indicating an alteration of the configuration of vacancy clusters.

I. INTRODUCTION

Most solute atoms trap self-interstitial atoms in
metals.'”7 Only in the case of solute atoms which are
very similar in size and electronic properties to the
host atoms, e.g., Ni atoms in Cu, may trapping be ab-
sent."”” Several studies of the trapping properties of
small solute atoms have been made using measure-
ments of electrical resistivity,”~’ Mossbauer effect,®?
internal friction,'® diffuse x-ray scattering,'' and ion
channeling.'””"5 It has been shown'?~" that such
solutes trap self-interstitials in the mixed dumbbell
configuration, which has a (100) orientation for
face-centered-cubic crystals. This trapping configura-
tion is stable up to stage III recovery (180—250 K in
Al), where it annihilates with vacancies.

Large solute atoms appear to trap self-interstitials
weakly,* 713 16-18 45 to release the self-interstitials
during stage I recovery (50—180 K for Al). Chan-
neling measurements have shown that the solute
atoms are not displaced appreciably from lattice sites
in these weak trapping configurations.'> ' Thus the
self-interstitials retain their normal configuration
(presumably the (100) split interstitial for fcc met-
als) near a solute atom, in the manner envisaged by
Hasiguti."’

From channeling measurements of irradiated met-
als, it has been found that large solute atoms, such as
Sb, Ag, or Au atoms in Cu, or Sn atoms in Al, are
displaced from lattice sites during stage IIl anneal-
ing.'>1® It was suggested that the displacement of
solutes in Cu was due to the trapping of several va-
cancies at each solute atom.'® A multiple-vacancy-
trapping model is required because the relaxation of a
solute atom towards a single vacancy in fcc metals is
not expected to be large enough to produce the ob-
served channeling effects.'®2’ In the present experi-
ments, the stage Il displacement. of Sn atoms follow-
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ing low-temperature He* irradiation and annealing of
A1-0.03 at.% Sn crystals has been studied in some
detail, in order to check the vacancy trapping model,
and to specify the trapping configuration.

II. EXPERIMENTAL PROCEDURE

A single crystal of Al-0.03 at.% Sn was grown by
the Bridgman method, annealed for 48 h at 873 K
and then cooled slowly. Slices of this crystal were
mechanically polished and electropolished to create a
deformation-free surface region.'? By varying the
heat treatments of the slices, different substitutional
fractions of Sn stoms could be obtained. (i) In slices
of the as-cooled crystal, 50% of the Sn atoms were
located on lattice sites. (ii) In slices which were an-
nealed at 873 K for 600 s and then cooled rapidly
under vacuum, about 80% of the Sn atoms were on
lattice sites. (iii) In slices which were quenched from
873 K into water at 273 K, about 90% of the Sn
atoms were on lattice sites.

The samples were irradiated and analyzed in the
low-temperature target chamber of the 2.5-MV Chalk
River Nuclear Laboratories Van de Graaff accelera-
tor,2! using 1-MeV He* ions. The sample tempera-
ture could be varied from 35 to 400 K, while a sur-
rounding cryogenic shield was maintained at 20 K.
For irradiations the ion beam was normally swept
over a 0.050-cm? area, and the channeling analysis
was done on a 0.010-cm? concentric area. The yields
of backscattered He* ions were measured with a Si
surface barrier detector at a scattering angle of 150°.

The position of solute atoms in a crystal is deter-
mined by measuring the normalized yields X" and
x£™) of He* ions backscattered from solute and host
atoms; respectively, for various (/mn) channels.22~24
The apparent fraction of solute atoms which are dis-
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placed from lattice sites into a given (/mn) channel
i 22
is

‘f'dﬁlmn)=(X,-(Im")—Xh('m">)/(l“X},(Im")) (1)

Since the ion flux is not uniform across a channel,
the actual displaced fraction is ™" /F{"" where
F,{mn} is the normalized ion flux at the position of
the displaced solute atoms in the channel.!* Because
F,»("”") is a calculated quantity which depends on the
particular channeling and displacement models used,
-the empirical quantity ‘/'45'"'") is conveniently used as a
measure of solute atom displacements.!3~!7.2223
F{n} has a value close to unity for displacements of
about half the distance to the center of the channel. .
Near the center of a channel, F;¢™) may approach a
value of two, and near the edges of a channel it is
less than unity. Precise determinations of solute
atom displacements require detailed angular scans
across several axial and planar channels.? 2
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Measurement of the irradiation-induced increase
A(dxfmn)/dz) in the dechanneling rate, where z is
the depth, is a useful indication of the total concen-
tration of lattice defects introduced by irradiation in
metals.!> 32324 When this increase in dechanneling
rate is reduced by annealing, it can be concluded that
lattice defects have been annihilated. Thus changes
in the position of solute atoms can be correlated with
defect migration during annealing.

II. RESULTS

A. Displacement of Sn atoms during annealing

It was observed that 86—94% of the Sn atoms in
water-quenched crystals of Al1-0.03 at.% Sn were on
substitutional lattice sites,!? as can be seen from the
data of Table I and the backscattering spectra of Fig.
1. Irradiation at 35—70 K with 1-MeV He™ ions to
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FIG. 1. Energy spectra of backscattered He* ions (initial energy 1 MeV) at 35 K for an A1-0.03 at.% Sn crystal which had
been water quenched from 873 K (sample 6 of Table I). The (110) aligned spectra are shown before and after a random irradi-
ation of 1-MeV He™ ions at 35 K to a fluence of 1.0 x 10!¢ cm~2, and after a subsequent 600-s anneal at 220 K. A spectrum for
a random crystallographic direction, obtained by rotating the crystal, is also shown. The oxygen peak is the result of the thin
surface layer of aluminum oxide. The chlorine peak is due to a surface residue left by the electropolishing solution. The energy
window used in determining the yield of He ions backscattered from Sn atoms is indicated, and corresponds to a depth incre-
ment of 50—270 nm. This increment was used for yields from both Al and Sn atoms for all measurements in the present exper-
iments.
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TABLE I. Apparent displaced fraction of Sn atoms ,/fsl':") [see Eq. (1)] in irradiated A1-0.03 at.% Sn crystals.
Irradiation .
fluence ¢z T® T, Alignment
Sample (10'5 ionsem™2) (K) (K) (Imny x §lmm) x§fmm) f Nmm)
1. Slow cooled 0 cee (110) 0.022 0.49 0.48
13 40 L (110) 0.065 - 0.53 0.50
240 (110) 0.031 1.06 1.06
240 100} 0.382 0.930 0.89
240 iy 0.325 0.926 0.89
2. Slow cooled 0 R (110) 0.020 0.510 0.50
0 cee (111) 0.062 0.439 0.40
23 35 (110} 0.047 0.456 0.43
35 Cee (111) 0.131 0.538 0.47
240 (110) 0.030 1.038 1.04
B 240 (111) '0.082 0.550 0.51
3. Vacuum quenched 0 BRI R (110) 0.029 0.230 0.21
4 2.10 40 cee (110) 0.034 0.247 0.22
220 (110) 0.032 0.562 0.55
4. Water quenched 0 R (110)" 0.022 0.121 0.10
0 1100} 0.270 0.35 0.11
0 ce ce iy 0.243 0.32 0.10
4.1 70 220 (110) 0.029 0.45 0.43
70 220 1100} 0.31 0.62 0.45
70 220 I 0.24 0.60 0.47
70 220 (1) 0.100 0.314 0.24
5. Water quenched 0 s B (110) 0.020 0.139 0.12
0 (111) 0.071 0.154 0.09
2.5% 70 (110) 0.028 0.172 0.15
70 B (1) 0.105 0.201 0.11
247 (110) 0.027 0.46 0.45
247 (111) 0.081 0.36 0.31
2.5 40 s (110) 0.035 0.22 0.19
240 (110) 0.031 0.64 0.63
240 (111) 0.100 0.44 0.38
1.3 40 cee (110) 0.032 0.47 0.45
6. Water quenched 0 v (110) 0.025 0.081 0.06
0 (111) 0.070 0.112 0.05
10 35 (110) 0.035 0.091 0.06
35 R (111) 70.101 0.158 0.06
160 (110) 0.038 0.200 0.17
160 (111) 0.100 0.201 0.11
220 (110) 0.035 0.736 0.73
220 (111) 0.087 0.315 0.25
300 (110) 0.031 0.570 0.56
300 (111) 0.080 0.589 0.55
380 (110) 0.029 0.337 0.32
380 (111) 0.076 0.419 0.37
7. Water quenched 0 B (110) 0.032 0.166 0.14
0 (100) 0.036 0.168 0.14
0 {11y 0.070 0.172 0.11
13 35 (110) 0.038 0.171 0.14
' 35 (100) 0.055 0.201 0.15
35 B (111) 0.103 0.175 0.08
220 (110) 0.034 0.960 0.96
220 (100) 0.048 1.081 1.09
220 (111) 0.081 0.346 0.29

4 T, and T, were the temperatures of irradiation and of annealing (600-s pulses), respectively. The irradiations and anneals
were performed sequentially in siru for each sample. All measurements were taken at 35—40 K. Typical statistical errors in

S Klmn} \yere ~0.02.

b With the exception of these irradiations, which were with 0.5-MeV He™, all irradiations were with 1.0-MeV Het. All analyses

used 1.0-MeV He*.
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fluences up to 1.0 x 10'%cm™2 did not affect /;,(S',:O), as

shown in Fig. 1 and Table I (samples 5 to 7). How-
ever, subsequent annealing for 600 s at ~220 K
caused ‘/',,(5',1’0 to increase by a large amount. For the
sample shown in Fig. 1, this anneal increased ,/;fs'"m>
from 0.06 to 0.73; that is, the backscattering yield
from Sn atoms approached the random level. Similar
irradiation and annealing effects were observed for all
slow cooled and quenched samples (Table 1).

Detailed annealing results for irradiated A1-0.03
at.% Sn crystals are shown in Figs. 2 and 3. The data
for quenched crystals showed a marked increase in
the apparent displaced fraction f,z(s'nlo) of Sn atoms
during isochronal annealing between 180 and 220 K.
In the same temperature range, it is seen that only
about 50% of the irradiation-induced dechanneling
increment annealed out. In contrast, it was shown
previously for Al alloys containing small solute atoms
that mixed dumbbells were created (i.e., _/'45“0) was
increased) by interstitial trapping during 70-K irradia-
tion and were completely annihilated, together with
all of the irradiation-induced dechanneling increment,
near 200 K.'>13 -

A notable feature of the annealing effect near 200
K, as shown in Fig. 3, was that the increase in ./',fs'nm)
was much greater than the increase in ,/;,(sln“), thus in-
dicating preferential lattice positions of the displaced
Sn atoms. However, during further annealing up to
300 K, the values of f, (5',,"’) and ‘/.d(S‘n” became equal,
while further recovery of the irradiation-induced
dechanneling increment occurred.

During annealing from 300—400 K for the sample
6 of Fig. 3, £A1? and f,fsln“) both decreased, and
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FIG. 2. Isochronal annealing (600-s pulse anneals) of a
slow cooled and a vacuum quenched Al-0.03 at.% Sn crystal
after irradiations as shown for samples | and 3, respectively,
of Table I. All measurements were made at 40 K. The ef-
fect of annealing on both ,/'d(slnlo) and the recovery R, of the

irradiation-induced dechanneling increment is shown. The

latter is defined as Ry =1~ A((IX,(\III())/(I:)/A((IX,&I,IO)/(I:)

where A((IX,(\l(m)/(lz)max is the maximum increase in

dechanneling rate caused by the irradiation.
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FIG. 3. Isochronal annealing (600-s pulse anneals) of a
water quenched AI-0.03 at.% Sn crystal after irradiation with
1-MeV He ions at 35 K to a fluence of 1.0 x 10! ¢m™2
(sample 6, Table I). In the lower part of the figure, the ef-
fect of annealing on A/',,Slnm and ,/;,51,1”) is shown. In the
upper part, the recovery R, of the irradiation-induced
dechanneling increment is shown (see Fig. 2).

remained approximately equal, while there was little
change in the rate of dechanneling., After the 400-K
anneal, measurements on an unirradiated part of the
crystal showed that some Sn precipitation had oc-
curred, as ,/',,(5',,10) =0.27. Thus the Sn displacements
caused by the irradiation plus annealing treatments

had almost completely disappeared by 400 K.

B. Lattice location of Sn Atoms

Angular scans through (110) and (111) axial
channels of a slow-cooled crystal are shown in Figs. 4
and 5. The (110) angular scan (Fig. 4) was started
at the perfectly aligned position, so as to avoid radia-
tion damage. However, as shown by the data points
taken after the (111) angular scan of Fig. 5, no sig-
nificant difference in the Sn yields near (110) align-
ment was produced by the large irradiation at 35 K
used for the (111) scan. The irradiation used for the
(110) angular scan was equivalent to a random flu-
ence of 8.5 x 10"* cm™? and the total irradiation for
both angular scans was equivalent to 2.3 x 10'® cm™2,
(In this case, the damage was introduced by the an-
gular scans only, on an area identical to that used for
subsequent channeling analysis.) Before and during
these scans, ,/‘,f;nm) 2,/;,(5'““) =0.45 +£0.05. No struc-
ture was seen in the angular scan yields, indicating
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FIG. 4. Angular dependence of the normalized back-
scattering yields X of 1-MeV He ions from Al and Sn atoms
in a slow-cooled Al-0.03 at.% Sn crystal at 35 K. Following
the (111) angular scan of Fig. 5, additional measurements
were taken near the (110) aligned position, as shown. The
yields were measured for a depth increment of 50—270 nm.

random positions of the displaced Sn atoms.

The crystal was then annealed for 600 s at 240 K
and another (110) angular scan was performed at 35
K (Fig. 6). After this anneal, ./',fsl,,m) had increased to
1.0 and was susceptible to reduction by subsequent
35-K irradiation (see Table I and Sec. III C). Thus
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FIG. 5. Angular dependence of the normalized back-
scattering yields X of 1-MeV He ions from Al and Sn atoms
in a slow-cooled Al-0.03 at.% Sn crystal at 35 K, following
the initial angular scan of Fig. 4.
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FIG. 6. Angular dependence of the normalized back-
scattering yields X of 1-MeV He ions from Al and Sn atoms
in a slow-cooled A1-0.03 at.% Sn crystal at 35 K, after the
angular scans of Figs. 4 and 5 plus a 600-s anneal at 240 K
(sample 2, Table I). The equivalent random fluence given
the sample by the previous angular scans was
2.3x 10" cm™2. The four points furthest from the (110)
direction were measured last (two on either side). The Sn
curve was drawn to guide the eye.

the angular scan was done only over the central part
of the dip. A clear maximum in yield from the Sn
atoms is seen, indicating that the Sn atoms had been
displaced well towards the center of the (110) chan-
nel.1214.23,24

The value of ,/;,(5',:') was not appreciably altered by
the low-temperature irradiation or by the subsequent
240-K anneal (sample 2, Table I). Thus in this case,
annealing the irradiated crystal at 240 K caused the
Sn atoms to be displaced into lattice positions which
were completely shadowed in (111) channels. The
body-centered position satisfied these requirements
of peaking in (110) yields and shadowing in (111)
channels.

For quenched samples, as shown in Table I and
Fig. 3, not only ,/;,(51,30 , but also ./'4<sl,:l) was increased
by annealing at ~ 240 K after a low-temperature irra-
diation. However, in all cases ,/',,(51,1“) was less than

,/;,(5',,'0), after annealing at 220—240 K, so that dis-

~ placement of Sn atoms towards body-centered posi-

tions occurred. Further annealing above 240 K

caused this inequality to vanish, as discussed in the
previous section.

Angular scans through (100) and (110) axial

2217
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FIG. 7. Angular dependence of the normalized back-
scattering yields X of 1-MeV He ions from Al and Sn atoms
near a (100) direction for sample 7 of Table I, after the an-
neal at 220 K. Following the first angular scan, the sample
was annealed again at 220 K for 600 s and a second partial
angular scan was performed. The triangular symbol
represents the Sn yield before these angular scans.

channels were also measured for a water-quenched
sample which had been irradiated with 1-MeV He* to
a fluence of 1.3 x 10'® cm™2 at 35 K and then an-
nealed 600 s at 220 K (sample 7, Table I). The
(100) scans (Fig. 7) showed even stronger peaking
in Sn yield than the (110) scan of Fig. 6. Since the
first (100) angular scan was started at an angle of
-0.6°, where X, was appreciable (X denotes the nor-
malized backscattering yield) some depression of the
Sn yield was observed because of the damage intro-
duced by the analysis. Consequently, the crystal was
annealed for 600 s at 220 K and a second partial scan
near the (100) direction was performed, as shown in
Fig. 7. The (110) angular scan (not shown) was
similar to that of Fig. 6.

C. Reduction of Sn atom displacements by
low-temperature irradiation

In crystals :rradlated at 35—70 K, it was shown in
Sec. III A that f45, (10 was mcredsed by annealing at
220-240 K. However, /dSn was reduced by subse-
quent irradiation at 35—70 K (Table I). This effect is
shown in Fig. 8 for the slow-cooled sample of Figs.
4—6. After the sample had been annealed at 240 K
following the angular scans of Figs. 4—6, a series of
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FIG. 8. Effect of irradiation fluence at 35 or 70 K (in a
random cr slallographic direction) on the apparent displaced
fraction /dSn ? of Sn atoms in a AI-0.03 at.% Sn crystal.
Prior to the first set of irradiations at 70 K, the sample had
been annealed at 240 K for 600 s following the angular scans
of Figs. 4—6. Between each set of irradiations, the sample
was annealed for 600 s at 240 K. The irradiations are listed
in the order of measurement. The equivalent random flu-
ence of the analyzing irradiations was included (Ref. 25).

irradiations at 35 or 70 K were performed. After
each set of irradiations, the sample was annealed at
240 K. Each of these anneals restored the value of

(”O) to a high value between 0.90 and 1.0.
A]though there is considerable scatter in the experi-
mental data of Fx% 8, it is clear that the rate of
reduction in fds" was greater for irradiations at 70
than at 35 K. .

D. Summary of results

The foregoing results, as well as data obtained for
other slow-cooled and quenched crystals of Al-0.03
at. % Sn, shown in Table I, can be summarized as fol-
lows: (a) Since irradiation of Al-0.03 at.% Sn crystals
at 35 to 70 K did not affect f,,(slnw) d(g',?o) or /(”')‘ it
is clear that the Sn atoms were not appreciably dis-
placed from lattice sites in the temperature range
(35—50 K) where self-interstitial Al atoms are
mobile.?>?” (b) Annealing of irradiated Al-0.03 at. %
Sn crystals in the temperature range 180—240 K
caused considerable displacement of Sn atoms into
(llO) and (IOO) channels. After this treatment,
L1 and £09) were greater than LA () Fur-
ther annealing of irradiated crystals from 240— 300 K
caused a decrease in ,/;,(51,110> and an increase in f,5 '”>
until the two values became equal. (d) Followmg
low-temperature irradiation plus annealing at 240 K,
additional irradiation at 35—70 K caused a reduction
in /',,S',,]O). The rate of decrease was greater for irradi-
ations at 70 than at 35 K.
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IV. DISCUSSION
A. Sn atom positions in unirradiated crystals

As shown in Table I, up to 94% of the Sn atoms in
an Al-0.03 at.% Sn crystal can be retained in substi-
tutional lattice sites by a rapid quench into water
from a temperature of 873 K. In slow-cooled crys-
tals, only 50% of the Sn atoms were on lattice sites.
The remainder were presumably in the form of pre-
cipitates, as the values of £4™ in (110) and (111)
axial channels were similar, and irradiation did not
alter these fractions. Also, the angular scans of Figs.
4 and 5 for a slow-cooled crystal indicated random
positions of Sn atoms. Solubility data?® are consistent
with the existence of Sn precipitates in such alloys.

B. Trapping of Al self-interstitials by Sn atoms

It has been shown by several electrical resistivity
and channeling measurements*=7 '3 16-13 that large
solute atoms generally trap self-interstitial atoms
weakly in fcc metals. The self-interstitials are
released during annealing below 180 K. In dilute
Al-Sn alloys which were irradiated at liquid-nitrogen
temperature with fast neutrons,?’ a recovery stage in
electrical resistivity, which was centered at 138 K, in-
creased in magnitude with increasing Sn concentra-
tion, thus supporting the shallow-trapping model.

The present channeling results verify this model of
interstitial trapping at Sn solute atoms in Al. As
shown in Table I, irradiation of AI-0.03 at.% Sn crys-
tals at 35—70 K did not appreciably displace Sn atoms
into (110), (100), or (111) channels. Thus, since
Al self-interstitials are mobile in that temperature
range?® 2”30 and are presumably trapped by Sn atoms,
it follows that the trapping configuration is a shallow
one rather than the mixed dumbbell (in which the
solute atom is displaced a large distance from its lat-
tice site). Furthermore, as shown in Figs. 2 and 3,
the release of Al self-interstitials from Sn atoms near
138 K also did not affect _/;fslnm); this result indicates
that deeper traps such as the mixed dumbbell were
not created by annealing at more elevated tempera-
tures (up to about 180 K).

C. Trapping of vacancies by Sn atoms
during stage III recovery

The present results indicate strongly that the dis-
placement of Sn atoms which was caused by stage 1]
annealing (near 200 K) after low-temperature irradia-
tion was due to multiple trapping of vacancies by Sn
atoms. It is expected that the trapping of a single va-
cancy by a Sn atom would not displace the Sn atom
more than 0.01 nm from a lattice site,?’ and this dis-
placement is not sufficient to explain the observed
large increase in f,,(s'nm) and /;,(5',?0 . The main evi-
dence which supports a vacancy-trapping model rath-

er than an interstitial-trapping mechanism in stage 111
is the data of Fig. 8. The reduction in ,/;}s'n"” by irra-
diation at 35 or 70 K can be attributed to migration
of self-interstitials to the defect clusters created by
the stage IIl recovery. As the vacancy cluster size is
reduced by the absorption of interstitials, a reduction
in ,/;,((S’nm) occurs. Furthermore, the rate of decrease
of _/',,5',,‘0) was greater for the 70-K irradiations, where
interstitials are freely mobile, than for the 35-K irra-
diations, where the recovery stage I, occurs.?’3¢
This recovery stage is peaked near 36 K, and is asso-
ciated with correlated interstitial-vacancy recombina-
tion; that is, with short-range movement of Al inter-
stitials to the vacant lattice sites from which they
were ejected. Thus the probability that interstitials
reach vacancy clusters is less during 35-K irradiations
than during 70-K irradiations.

The present channeling results are similar to those
obtained for dilute alloys of Cu containing 0.1 at. % of
Au, Sb, or Ag, where solute atom displacement dur-
ing stage Il recovery was also attributed to vacancy
clustering at the solute atoms.'® In that case also the
displaced fraction of solute atoms was reduced by
subsequent low-temperature irradiations. However,
no preferred lattice sites were observed for the dis-
placed solute atoms, in contrast to the present
results, as outlined in Sec. III B.

There is other considerable evidence for vacancy
clustering at solute atoms in fcc metals during stage
IIT recovery. The electrical resistivity data of
Ceresara et al.,? previously referred to, showed that
the presence of Sn solute atoms in neutron-irradiated
Al caused the retardation of complete recovery well
beyond stage III; that is, above 240 K. The emer-
gence of a series of annealing peaks in the stage IV
region for the Sn-doped Al was attributed to several
different geometric combinations of the vacancies
trapped at Sn atoms. This general conclusion was
supported by previous precipitation and quenching
data which showed that vacancies had a considerable
binding energy to Sn atoms (0.2—0.4 eV).""32 More
recent hyperfine interaction data on quenched or irra-
diated Al containing small amounts of '''In have
demonstrated the trapping of vacancies by In atoms
in the stage Il recovery region (230 K).3*34 Per-
turbed angular correlation studies of '''In which was
implanted into Ni have indicated that two unique
geometric configurations of In atoms surrounded by
vacancies exist.>> One configuration is possibly an In
atom surrounded by three nearest-neighbor vacancies
ina {111} plane.’® It was proposed that the other
configuration could be an In atom surrounded by a
tetrahedron of four vacancies.®> In irradiated or
quenched Cu containing small amounts of '''In, per-
turbed anguldr correlation measurements have indi-
cated that two distinct kinds of vacancy trapping oc-
cur at In atoms during stage III recovery (near 260
K).3" Detailed positron annihilation studies of the
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trapping of vacancies by Sb atoms in plastically de-
formed Ni have also indicated that multiple trapping
of vacancies by the Sb atoms occurred during anneal-
ing in the stage III region, in this case above 350 K.

D. Vacancy-Sn atom trapping configurations

In the previous section, it was concluded that the
displacement of Sn atoms from lattice sites in irradi-
ated Al-0.03 at.% Sn crystals, which occurred during
stage IIl recovery, was due to clustering of vacancies
at the Sn atoms. It was shown in Sec. III B that the
Sn atoms in these clusters were displaced further into
(110) and (100) channels than into (111) channels.
The maxima in backscattering yields from Sn atoms
which occurred at both (110) and (100) directions
(Figs. 6 and 7), can be explained by Sn atoms being
displaced into both octahedral (body-centered) and
tetrahedral lattice sites. For octahedral sites, the cal-
culated'® normalized ion flux F{!19 =23 and
F{1% =0, whereas for tetrahedral sites, F{!' =1.0
and F{19 =25 For both of these sites, F;{''D =0.
Thus, the present data for sample 7 after the anneal
at 220 K are consistent with approximately 25% of Sn
atoms in substitutional lattice sites, 30% in random
interstitial sites, 30% in tetrahedral sites, and 15% in

octahedral sites. The Sn atoms in tetrahedral and oc-
tahedral sites could be surrounded by 4 and 6 vacan-
cies, respectively. The configuration involving a Sn
atom situated in the center of a triangle of nearest-
neighbor vacancies®® may also be present.

The existence of certain geometric configurations
of vacancies surrounding Sn atoms is consistent with
the varied experiments cited in the previous sec-
tion.2% 33738 The observed change in defect configura-
tion which occurred on annealing the present samples
above 240 K, as shown by the altered ratio of
L8100/ £ LID i also in agreement with the results
quoted previously.

The present results demonstrate that ion channel-
ing is a very promising method for studying the
geometric configurations of vacancies trapped at
solute atoms. In the case of Sn solutes in Al, multi-
ple trapping of vacancies caused Sn atoms to be dis-
placed into tetrahedral and octahedral interstitial sites.
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