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The population of the substitutional size, found to be 0.456 & £.02,

can give information on the interaction potentials between Co-Al and

Al-AlL when the results are interpreted om the basis of a replacement

collision model modified by taking into account a spontaneous trapping

volume for the lattice atom recoil, around substitutional Co.

1, INTRODUCTION -

From the hypevfine interaction studies of the behaviour of
impurities implanted in metals a great ceal of information can he
3

obtained. The interaction of an impuricy with che defects produced

In its own damage eascade is observed if during the implantation the

the impurities as well as the association of the impurities with
vacaneies or interstitiala. As a funezion of temperature, the annealing
behaviour I damaged metals can be investigeted by examining how the
populations of tla d;fgc?ent non-equivalent sites thange. To study

phenomera related to vacancles in metals it is in several cases suffi-

cient to perform the implantaticns at room temperature, In several



metals. vacancies are indeed still immobile at room temperature. .

As an example, we found the vaecancy onnceling stage in Mo and W by

™ 133, . .
Mossbauer effect measurements on Xe implented in these metals at

2)

room temperature’’,

The study of phenomena which are releted o lnterstitials requires

-6)

a
much lower temperatures” Very few experiments have been perfovmed

P . . s ses . 7
where a direct landing into en interstitial site was observed ).

2y means of the technique of the Mosshaver EfFfect (M%), we have in-

vestigated the behaviour of 5760 implanted in Al at liquid helium

temperature. From the following It will turn out that a direct inter-

n
oo
3
»
v
=
a2
i
3
N
c
2
™
it
-
o

)
7
2N
3t
e
A
e
I
ES

stitial landing of the cobalt atom

y

temperature i1s possible, which, to the authers’ knowledge, never has

been ohserved to date in such a direct way,
>4

2. EXPERIMENTAL

Z,1.0n the Mosshauer Effect

The Mosshauer Effect (MI) has been used to study the implantation

behaviour of Co in Al.



.Basically the MC ia the recoilless emission and absorption of nuclear

' y-radiation which car occur when the emitting end absorbing nuclei are

, .
embedded in a crystal at a sufficiently low temperature.

Due to the interaction between the nuclear moments and the electro-

magnetic fields produced by the surroundings of the deceying nuclel

{the hyperfine interaction), the resonant ahsorp
by shifting the y-energy over a distance which Is typiczlly of the orcer

-8 . . :
of 10 “e¥. This shift cen be measured by scanning such an erergy range

= using the Dopnler effect - by moving *he source velative to the absorber.

h the a2bsorber and recorded as a

The y-ray intensity transmitted throug

function of the relative velocity between source and absorber yields the

ME spectrum.

An absorption curve can be characterized by a 1!
IS

ited number of parameters

which we will men

The {scalar) Coulomb interaction of the (electrical) charge distri-

bution of the nucleus with the s-electrons which have e non-zero wave

function at the nucleuws, will chanpge the energy of the y—transition.
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those of the absorber, the centre of the absorption line will be

shifted relative to the zero velocity (the isomer shift)., Different

-

non-equivalent sitcs.in_thc source {or tﬁc absorhaer) can have different
fsomer shifts. The isomer shift is thus sensitive to the surrounding
95 the impurity.

Due to the (vector) iInteraction between a ﬁagnetic field and the
maenetic dipole moment of the nucleus, th; nuclear epexgy levels cen
be splitted. In the experiment that we have performed, we have uvsad

.

2 natural Fe-absorber, The magnetic hyper

experience in a Fe foil splits the nuclear energy levels and the whole

Mdssbaver spectrum (full velocity rrnge) consists six lines, at leas®

when the source 3s unsplisted. If the source is s»plitted (e.p. when two

or more non-ecuivalent sites oecur for the nuelei in the seurce), each

£ the six lines will de splitted into two or more compeonents (in our
case into two as will turn out).

The charge distribution around an impurity in a lattice cen pro-

duce an electrical Fleld gradient which Intaraets with the nuclear
leay

euadrupole moment. This (tensor) interac

ien can agein produce 2

g of the muclear energy levels, The guadvupele Internntion



oceurs only when the surrounding of the nucleus is non-cubic. A

substitutional imprrity in a cubic lattice has therefore ne quadrupole

n a metal con dis-

‘interaction. A defect essociated with an impurit

turb the cubic symmetry thus producing en electric field gradient.
The splitting cauecd by the quadrupole interaction will often de so

small that it may give rise to only a line broadening.

Another parameter which can charscterize e Mossbaver line Is the
erea under the sbsorption spectrum. This area is proportional to the

Debye~Waller factor oy recoilless fraction £,

2

—:(2 <x">

fu g (1)

— .
where & is the wave vector of the y-radiation, <x?> the mean quadratie

vibreation amplitude of the emitting nucleus. £ will Ye, via <x2>,
P

function of the Immedinte surrounding of the emitiine nucleus,

For more information on 211 this see e.g. ref.8.
The analysis of a ME spectrum thus can give a great deal of

ronment of the Mosshauer nueleus,

information erbhout the atomistic en

scheme 0f a MT experiment i3 nresented in £ip. !



2.2 Results on EEAE, 4.2 ¥ ieplanzaction

Fe (the‘lb.d eV yeradiation of which is &

57Co decaying tp'57

sultable Mdssbauer transition), haes been implanted with the Leuven

Isctope Semarator., The implantation energy was 85 keV, the total

.implanced dose was !olﬁzc/cmz. The 14.4 keV waslde:ectcé Ly means
of & NaI~crystal, The absorber was & natural Fe foll of 12.5 um
thickness. The counting raze of the l4.4 y~radiation was 300 Hz,
The target material was very nure (6N) polycr?stalline Al mounted

in & eryostat which can be connccted to the isotope separator. The
2 7

ray

cryostat facility contains the whole Msshaver set-up., Tt is thus

vossible to perform the Implantation with the target 2t 4.2 X and to

do ME experiments after the Implantation without warming up the sample.

saz2 : . b
The complete facility is to be described elsewhc:eg‘.

. ) : s H
From several experiments oa neutron snd elzetronn irradieted '7CoA1‘c)

one %nows that % least two sites can occur for the cobalt-atoms @

AR

itutional Co is nossible ns well as Co which has formed n "mixed

u-
=¢
C
I
-

dumbball" with an Al-interstitial, The velocity vange was set in such




a way that in the ME-spectrum only the two immer limes (of the sixz lin

caused by the mpgnetical splitting in the absorber) would be visible 3

thene two lines ean split {n a “euhstisutionel” and a "defeet” compone

(as found Yy Mansel pt al

T™e MI-spectrum recordeld directly after

shoum in figure 2, It could be fitzed satisfaetor

relative to & Fe-abhsorher., The second doubler Is shifued re

rhe first Sy 0,42 mm/s,

0.47 20,02 vm/s which

found for the substituslional eomponent, Thercfore it s wensonabhle

of the second doudler

similerly %o tha procedure of Yansel and Vegl "7, The features

of the two compenents pre summarized In tebdle I.

The parameters w

*he second component aeree well

o

those found by ¥ansel and Vogl for thelr “lefoet-line”, Thus we ave
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The site population of the defect site is calculated followin

27, Iz/f

/f + ZFZIZ/I

Ty and T, eare the linewidths of respectively the first and the

.second component, I, and 12 are their absorption depths, £, and
t

52 their recoilless fraections.

£, = £, when the measurement is dome at 4,2 X (1214},

3, DISCUSSION

Althongh intevst

tion at 4,2 ¥, a considerable fraction of “he Co atoms are alrealy

associnted with an Al-inters=itipl, To explain this, several mechanisms

could he invoked.

T

First of all, there can de & 2irect landing in the Interstitial posi-

~

tion, One of us has studied theoretically the replecement collision

. . . . 15}
prodabiliries for an arbitrary ion-target combinetion ‘~‘, The ye-

nlacement collision prodability for Al as a torvpes materiel is showm

“

o has a probability of

[~
1
»
[}

in fipure 3. As ean be scen on the £f



0.46 to have a replacement collision with en aluminium atom. 0.54

is then the probability for landing interstitially. These valwes are
not very étrongly poteatial dependent. They are exactly the valves

‘we have found from the analysis of our Mossbaver spectrum, With this

mode)l alone the behaviour of Co implan:ed:}n Al can be unéerstood,

even qunn:itatiyely. A second phenbéeno" - addisfonal to the first

one - is the following. A Co atom suffering a replacemen: collision
with an AL atom has produced en Al-interstitial, When the energy
transfer to this interstitial is too low, it will be treppeld spontaneous—
ly = thus athermally ~ by the substizuticnal Co atom. This effect can

be calculated more quantitatively,

4
o
oo
a

straigthforward to show thar for a profectile s

atam

energy E  the prodahility ?(Eo, R)

comes to rest within a radius R of a replrocement cellision is given

by '

= T (5)
PELRY = [%en [T qlzm x(n,m) en/s(s) N
° = rmy
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In (3) S(EY is the stopping poﬁer at energy E, K(T,R) is tHe pré- v,':

& Q

]

. bability that a receil with emergy T will comeé ‘to rest within a
f Y =
. | - :

d, o

‘radius R of its point ogﬂorigin; and Q(E,1) dEdT/S(Z) is the pro- -
LN I T -] : > ~ I
. [ : X ;ﬂ E & 7 . ‘ . I : )
"bability that the incident projéetile will suffer a replacément:colli=~ N ﬂd?
= . . B N > . Y L. - [
LN, Sy e ‘ n fqq G
sion when its energy is ir the interval (E,E + ¢E) and will >
o - o s - S

a

” o ’ a . » s
taneously create 2 recoil with kinetic energy in the interval (T,T + <T

o B

o

The lower 1imit om the T
T

The function

funetion for

The function G(E,T) is given by -E"i o . ) |
: . i} :
: ‘ﬂ . B
E T (") " S
Q(E,™) = No(2,T) exp {- [ %z [T Ne(n', T T /SR (4)
E T, (E") , c

where N isg the target atomic density, and ¢ (E,T) is the elastic scattering
cross section for energy transfer T to & recoiling target atom by a
proijectile of energy E.

. The above

both the Th



di;plncement threshold enefgy was assumed to be 25 eV, A three dimensional

. ° ’ .
gaussian distribution was used for the recoil spatial ¢isvribution in

calculating X(T,R). TFurther, the capture volume

: 10
atom was taken to be 200 atomic volumes ). The

) .
expressed in terms of £, the frectlon of replacement events in which the

tarpet atom roeoil is captuved, where £ = ?{;O,R)IP(;O,N). Tor the T-F
potential we obtain £(TF) = (.95, while the Lenz~Jensern potential ylelds

F(LI) = 0,20, Thus, the Lenz=Jeasen potentlal would be favoured by the
.

experimental results of Tadle I.

echanism for the association of Al-interstitials with Co

atoms is the production of the Interstitinls within the spontancous

vapping volume around substitutional Co. This physical process is

D

dageribed elsewhere Yeasuremen*s on the evolution of the site po-

nulation as

T Implanted dose can

velues for the spontaneous trapning volumes,

To separate the vence of the nd second mechanisms From the

¢ be performed (Jdose <!0'2a:/cm2)

third one, low dose exveriments shou

which axe very ¢ifficult bSecause of the low y-ray count




the influence of the third mechanism is already appreciable in our

do%e region, the conel us ons gbout the interatomic potentials become

ever more firm,

CONCLUSIONS

The present work has shown the use of fon implantatior with the

target at a low temperature, combined with Mossbauar Effect messurements

For the first time an interstitial lencding of a heavy atom implanted in
o metal pt liguid helium temperatuvre has been observed : Co Implanted in

Al at 4,2 X lands interstitially Zor more than 50 Z. It can be explained

very well by a replacement collision model. Turthermore a modification

£

of that model, taking Into account a Spentaneous trapping volume for

interstitials sround a substitutfonal Impurity, gives i+ formation about
the potentimls bYerween the slowing down particles at tha und of their
Erack. In that respect, we have shown that the Lenz-Jensen potential
fits our results better than the Thomag~Fermi potential,
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. Isomer shift
relative to a

! Fe absorber

substitutional

Co

(&)

! mm/s

0.46 20,02

Co-Al mixed

dumbhell

~0,20+0.01 /s

0.!6 £0.0! mn/s

0.546 0,02




TIGURE CAPTIONS

Fig. ! Visualisation -oi the Mdssbauer experiment.
. o 57, o 4 . .
Fig. 2 Mossbauer spectrum of ~'Co Implanted ir Al at 4.2 X;

gbsorber is a Fe-foil.

‘Fig. 3 Replacement collision probabilities as 2 function of

numher of the incoming atems ;

targetmaterial is A

—

the

the atomic
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