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ABSTRACT

The structural modifications of aluminium thin films implanted with manganese ions at
room temperature, have been reported. These studies were performed using a two circle X-ray
powder diffractometer. The method of X-ray line profile analysis was used to determine strain, As
& consequence of ion bombardment, the aluminium lattice was found to undergo distortions. The
maximum value of the atomic displacement U, was found 1o be 0.14 £0 .01 A, and the maximum
value of the r00t mean square strain was noted 1o be 1.05 34 0.15 x 103, The lattice constant ag
of Al was found to decrease. The decease in ag was noted to be about 0.12 at %.
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INTRODUCTICN:

In recent years considerable interest has evolved in the productim
and properties of amorphous metals and alleoys both from the fundamental research
and spplications aspects (Grant and Glessen, 1977; Carter, Colligon and Grant,
1978; A et al.,, 1978; Carter and Jrant, 1981; Linker, 1982). Amorphous solids
are characterized by the short range order. The long-rage perlodicity -, a
characteristic feature of crystalline sclids is absent in these materials.
Random or non-crystalline atomic arrangements often result in same unusual physi-
cal properties in metallic solids end also support metastable alloy compositions
that are not normally found in equilibrium erystalline phase (Grant and Giessen,
1977; Al et al, 1978; Carter and Grant, 1951). Under these considerations a
great effort has been made to develop methods to produce amorphous materdals,
and to promote an understanding of the amorphization mechanism (Carter and grant,
1978; linker, 1982; Carter and Grant, 1982). Different techniques like rapid
quenching from the liquid and/or vapour phase or deposition from solutlens ete.,
essentially involve rapld quenching of atomic moticn into a stable or metastable
static random phase, auch that the atoms are not allowed to reorganise into an
ordered crystalline state. These methods help to achieve quenching rates in t_he
range from 1061{ to 10151{ per second (Grant and Glessen, 1977; All et al, 1978;
Carter and Grant, 1961),

These techniques have been recently supplemented by the ion implantation
method in which energetic ions bombard a crystalline solid. Ton bombardment pro-
duces defects due to energy transfer of the penetrating particles to the target -
atams in predominantly elastlc ccllisions and displaces target atoms from their
positions (Iiu et al, 1984, Carter and Grant, 1981). The collision cascades
produced by the recolling target atoms contain hlghly disordered high temperature

zones which collape or 'cool' at extremely high rates, estlmated to be around
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K per second and cause amorphization (Lirker, 1981; 1986; Carter and Grant,
1982; Ziemarn, 1985). The method of lon implantation offers some unique proper-
ties mot common to other technigues of amorphization. Only a small amount of
material is required. Composition can easily be changed and irradiation para-
meters are adfustable, The amorphlzation process can be studled step by step
elther as a function of Llfnce in irradiation experiments where particles

penetrate a reglon of intereat or a function of concentration when lmpurities

are implanted into a matrix.

Ion induced amorphization has been investigated in detail in varicus
systems (Allet al,, 1987, Linker, 1986; Liuet a11984; Egaml and Waseda, 1984).
However, main factors which control the amorphization process remain unclear.
Amorphization 1s a twofold process - growth of amorphous phase ard 1ts stablli-
zation. The defect structure and the amount of radiation damage present after
bambardment depend on the bembarding conditions like the ion species, its energy
amd fluence, and cn the target material and the substrate temperature. One impor-
tant parameter concerning preparation of amorphous phase, is the glass forming
terdency of a system, Regarding this parsmeter, different amorphlzation rules
are formulated relying merely on practical experience and theoretlcally discussed
(Carter and Grant, 1982; Lilu et al, 1984; Allet al., 1978). These rules or models
are based on the crystalline structure, atomlc size and electronegativity etc. of
the constituents. These suggestions, nevertheless,at least partially if not com-
pletely tend to shed same light on the process. Recently Egaml and Waseda {1984)
hawe put forward a model for amorphization of solids. This model 1s based upon
the consideration of local atomic level stresses and focusses on the iﬁportance
of the atamic size factor in detemining the glass forming ability of a system.
According o e Egaml and Waseda model (1984) strain in a matrix increases upon alloy—
ing with increasing the solute concentration. 'Then if the strain exceeds a cri-

tical limit, the matrix would become topologlcally unstable and might transfer
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into the random or smorphous state. The present investigations on the Al - Mn
system were undertaken to study 1f strain plays a role in the amorphiza-
tion of this system. Further Al - Mn 1s an lmportant alloy system in that it
contains a quisi crystalline phase (Shechtmenn etal, 1984). The present investl-
gations are the first of their kdnd and to the author's ¥nowledge no such infor-
mation is available in the literature.

Due to limited range of projectiles, lon implantation studies are
generally performed on thin layers with thickness of a few thousand Angstroms. In such
experiments, to determine structural modifications of films, the grazing angle
incidence ¥~ray diffraction method (Seemann - Bohlin parafocussing conditlons
or Guirmier thin—film diffractometer) has been considered to be the most suitable
(Linker, 1982; 1986). Strain in thin film specimens is then determined using the
method of Feder and Berry (1970). In the present investigations, however, we
adopted & different approach and present our results on the amorphization of Al
thin films under the influence of Mn. Ions implantation, using a two circle X-ray
powder diffractemeter (the Bragg - Brentano para-focussing geometry). Straln was
caloulated from the X-ray line profile analysis. In these investigations we show
experimentally that strain plays an irportant role in the amorphization process

of a binary system of allcys.

EXPERIMENTAL:

Thin films used in the present investlgations were deposited on cleaved
single crystal saphire substrates {7 x 25 x 0,5mm) at high vacuum levels (NZ‘xlO'9
torr). Evaporation rates used were in the range [ram 200 to 300 g‘per secord.
For the depcsition of thin films high purity (99.999 at %) A} was used, These
films were not annealed, as perhaps due to the film-surface interacticn, any
attempt to anneal them resulted into their damage. Mn was introduced homogene-
ously into the films by multiple energy implanation at room temperature (~265 K).



Thickness of films and concentration of Mn therein, were determined from the
Rutherford backscattering analysis. This was important to estimate the aput«
tering effects on the £ilm thickness. Fig. 1 shows a typical of such results
for a specimen implanted with 4.5 at % My, The measured value of Mn concentra-
tion in this case was 4.6 at %. 'The oxygen peak in the spectrum was the con-
tribution from the saphire substrate.

The structural analysis of thin films implanted with Mn ions was

carried ocut using an automatic two circle X-ray powder diffractameter of M/s
Siefert , F.R. Germany, The diffractometer was controlled by a camputer and
used a rotating anode X-ray machine of M/s Siemen,F.R. Germany, for the X-ray
source. The machine was operated at 8KW (40 KV X 200 mA) power - level. The
slit system of the diffractometer was adjusted for the minimum background level
and hence the maximum peak to background ratio. The Cu-Ky, radiation

(A = 1,50056 g) moncchromatized by a bent quartz erystal placed in the incident
beam was used. Step width used was 0.04° in, The intensity of reflections
in the diffraction pattern of Al decreased with Mn impurities. Therefore, to
keep the statistical error close to 1 at %, .for samples with

high concentrations of Mn, long time counting was preferred. Counting
time in the range from 10 to 100 second per step wss used. To monitor the
power output Jevel of the X-ray source, before and after the experiment a
standard reference sample (Si-powder) was measured, Also care was taken that
only the implanted surface of the sample was exposed to the incident X-rays.
This was achieved by using single crystal saphire mask to cover the unimplanted
portions of the specimen. The background level on both sides of a reflection
was marked over a selected range and then estimated by actually adding the
observed counts at each step and average taken. With  implantation,

hkl refilections in the diffraction pattern tended to become broader. Therefore,

to avold any truncation Of peaks, the integration range to calculate integrated
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Intensities, was carefully chosen. Generally an integration range from 1,75 to
2.5 degree in 2@ was found satisfactory. ¥From these data, the peak centroid
arxd the Integral breadth were computed using the procedures described in Bartram
(1968) and Klug and Alexander (1974).

STRUCTURAL ANALYSIS:

The as-deposited thin films were always found to contain texture (pre-
ferred orientation of crystallites) irrespective of the preparation conditions.
Therefore, 1t was not possible to enalyse X-ray intensity in the classical way
of camparing the measured to the calculated intensitles. .A modified
procedure was adopted (Linker, 1985; 19B86). In this method, the
intensities of each single line after implantation wascompared to that of the
same f1lm before implantation. The intensity of a reflection hkl for a poly-

crystalline sample before implantation may be expressed as (Linker, 1986).

-

-2W
I () = K /RS e W
with
I o(hkl) = the intensity of & reflection hkl before implantation.

= angle deperdent constant alsc containing the amount of material
contributing to diffraction.

5

F(hkl) = structure factor.

W = dynamical Debye — Waller-factor.

1

After implantation of the specimen, the line intensity may be expressed as:
~2(W_ ¥

1) = Ky, A2, e XM ¥,)

I belng the intensity of a particular reflection hkl after implantation.

(2)

The proportionality constant of equation (1) changes due to material removed by
sputtering or partial amorphization. Also here it has been assumed that wl does
ot change by implantation and structural distortlons ean be described by inde-
perdent static Debye - Waller factor wz. Actual atomic displacement values Uet




can be obtained from the Debye -~ Waller factors by using the following relatlons:
W = B Sin’p w ' 3)
B = § ‘112 &£ U§t> (4)

0 = diffraction angle and A 1s the X-ray wavelength.

Taking the ratio of equation (2) and (1) and the logarithm of this ratio leads to

where

the following expresslon:

m(%z = -2B. Sin°d /32 + 10 (K /) ()
This expression has the form of a stralght line if In (% } 1s plotted against
sin?B / )2 and may be referred to as a modified Wilson pgot (Linker, 1986). The
slopes of such plots give the value B from which average static displacements of
the host lattice atoms can be calculated. Here assumption 1s made that the
dynamical behaviour of the lattice 1s not affected by the diastortions introduced
in the implantation process. The intercepts of the modified Wilson plots glve
the ratic K;_,/Kl. Since in this ratio, for the same line all angle dependent
factora cancel, it contalns only the ratlo of the material volume contributing
to erystalline diffraction after implantation to the material velume contributing
to crystalline diffraction before implantation., This volume may change due to
partial amorphization and/or material removal by sputtering etc., durlng implan-
tation, After correction for sputtering eff‘ects,' therefore, the fraction of the

material transformed into the amorphous state can be determined. This analysis

lines of sharpness predicted by the diffraction theory, are seldam obserwved.
This feature of the diffraction lines provides a useful means to determine
strain and/cr particle size of coherently scattering domains from the analysis
of the X-ray 1line profile, provided the profile has been corrected for the
Instrumental broadening. Strain in a lattice in prineiple can be determined by
elther of the following three methods: the Fourier analysis, the method of the
variance and the method of breadths of ¥-ray lines (Bartram, 1968; Klug and
Alexander, 1974}, In the present analysis, we used the method of breadths of
X-ray lines. The present investigations involved apalysls of several reflections
over the entire range of the diffraction pat{:em of Al. Also to study the amor-
phization process step by step as a function of Mn concentrations, analysis of
several diffraction patterns was required, Thin films of aluminium (a low scat-
tering metal for X-rays) due to the presence of texture etc., always yielded
very weak reflections. Intensities of these reflections decreased continually
with each implantation due to reduction of the crystalline aluminium phase. Also
because of the amorphization of the sample, these reflections tended to become

broad and diffuse progressively with ion implantation. All these factors were

likely to render it difficult if not impossible to locate accurately background and/er integration range

as demanded by the Fourier analysis and the method of variance, Moreover, the
method of variance overemphazes the very unreliable tails of peaks {Klug and

Alexander, 1974}, The Mourler anaiysis results becauss of ite involved lengthy computas

procedure 1s independent of texture effects under the assumption that the texture
tlons, has often been used only on the analysis of a single reflection cases (Klug and

will not be affected upon lon bombardment {Linker, 1986).

Alexander, 1974). The sensitivity of the X-ray line breadths method to the choice of

TION OF § : Integration range and the location of backgmmd)on the other hand’is relatively

conslderably less (Klug and Alexarder, 1974). Therefore, in the present investi-

It is well known that physlcal parameters such as strain or distortion
gatlons, thls method was considered to be the best cholce, The X-ray lines breadth

in the lattice, slze of the coherently scattering domains (crystallites) and the R
can be cbtained elther from the full width st half the maximum (FWHM) of a peak or

experimental diffraction geomrtry, increase the breadth of reflections in an from it
8 integral breadth which is the area under the peak divided b

X-ray powder diffraction pattern (Klug and Alexander, 1974) and X-ray diffraction > v o

maximm, The full width at half maximum (FWHM) 1s wxloubtedly a fast and conventent



measurement but unfortunately, it is a very arbitvsey' quantity and only justi-
fied if the profile does not change from cne sample to the next. Therefore,
in the present studies, the integral breadths of reflections were used in

the X-ray profile analysis.

Line broadening resulting
may be expressed by the Scherrer equation (Scherrer, 1918):

from the crystallite effect alone

- XA
L Boesp (6)

uhere L is the mean dimension of crystallites, B the breadth of the pure diffrac-

tion profile; X being a constant, usually set equal to unity Aand @ are the X-ra-

wavelength and the @iffraction angle, respectively. Equation (6} may be
written as:
K
Aap = (7)
= (2c08 §) . A8
with ABP . and g = 25ind

Here B has been set equal to A28,

~

According to Wilson (1949), the integral line breadth generated by dis-
tortions or strains alone can be expressed by the following equation:
he 3in@
Az, = - " Zes (8)
where e is the maximum strain parameter, The subscripts p amd D are indicatives
of the slze effect and the distortion effect, respectively.

Thecretical considerations and experimental results both terd to show
that strain broadening may usually be approximated rather well by a Caussian
function, whereas the effects of small crystallite size more closely resemble a
Cauchy broadening profile. The experimentally observed profiles are sctually
never pure Gaussian ar pure Cauchy (Klug and Alexander, 1974), suggesting perhaps
the presence of both strain and size effect. The integral breadth of the convo—
lution of a Gaussian function of breadth B, and a, Cauchy function of breadth Bc

accarding to Halder and Wagner (1966) nay be exprassed by the parsbolic relation-

ship:
B B
c G2
g " ‘1 - (E‘-) (9
(=]
B, "being the observed integral breadth of a line,

For Cauchy size broadening and Gaussian strain broadening, then

BB, =1 - (;32,2 (20)
Substitution of equations (7} and {8) in equation (10) gives
2 2
K. ., _ s (11)
F 11 L Aacr

which can be easily converted to the following fraom in terms of the integral
breadth 426 (radians) of a reflection hkl {Klug and Alexander 1974):

LS
(420) . KA ( M8y . ue (22)
fcfre 2 l’ml;ﬁ"’;

Here 9' is the maximm peak pouition, e the maximan strain.

From equation (12), the particle size and the s\t.ra.tn can be camputed by
using any avallasble multiple orders of a glven reflection hidl to construct linear
plots of ( ﬂg_ )2 vs {a%z;a L‘E‘i a funetion of impurdty concentration. The sSlope
of such plo:: fr.ield the quantity KA/L from which L can be calculated. The inter-
cepts of these plots on the ordinate glve the quantity 16e°. The maximm strain
thus obtained may be replaced by the lattice distartion parameter 1ike the root
mean square strainL&’)v': %Ts’ (Klug and Alexander, 1974). The integral breadth

420 in equation (12) free from instrumental broadening was obtained from the
experimenta‘lly cbserved breadth B by unfolding from the instrumental broadening b,
using the parabolic correction method of Warren (1949). This i3 expressed by
the following equation:

2
A28 b3
—_— e = 1_(— (13)
B 52
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The instrumental breadth can in principle' be cbtained experimentally using a
standard sample with minimum strain and having particle size in the range from
1-10 p. The absorption coefficient of the standard sample used must be close

to that of the experimental one {Bartram, 1980; Klug and Alexander, 1974). It

1s however, the best to use a standard sample of the same material as the one
under investigation (Klug and Alexander, 1974}. In the present studies there-
fore, a thin film of aluminium which gave the minimum values of integral breadths
for various reflections in the powder diffraction pattern, after the first lmplan-
tation at 0.5 at § of M, was used as a standard to correct for the instrumental

broadening. Such samples were fourd to have the minimm strain. Fig.2 shows a

plot of integral widths of a typical such sample.

KRESULTS AND DISCUSSION

Results of these investigations are 1llustrated in Figures 3 to 10. The
aluminium thin films used in these studles had a& polycrystalline FCC structure.
The unit lattice parameter a  was found to be 4.0490 + 0.002 g-, a value close to
that for the bulk material (ao = 4, 0hod g, (Swanson and Tatge, 1953). The grain
size of these films before Mn implantation was determined to be about 900 R.
Typlcal X-ray diffraction spectra of these films befcre and after their implanta-
tion, wto 2 @ = B4 are shown in Fig. 3. The X-ray diffraction speetrum (a) in
this figure was recorded before the Mn implantation. This spectrum clearly shows
well resolved hkl reflections for the FCC structure of Al. As is obvious from other
spectra (¢ to 4), the implantation of Mn ions did not change this FCC structure; but
the intensity of reflections decreased substantially at each implantation and peaks
tended to became broader until thelir intensity became so small that they disappear-
ed into the background. It was the high angle reflections which disappeared from
the spectrum first. Flg. 3 also shows a very broad band around 28 = 60°, As 1s

obvicus from the other spectra, this band tends to grow with implantation of Mn lons.
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Thls was contributed by the saphira substrate perhapes due to its damaged surface
under the Influence of lon bombardment. As a consequence of M implantation,
growth of an amorphous phase was cbserved to proceed gradually. At about B at %
of Mn concentraticns, when the specimen under investigation was amorphized to the
extent of sbout 60 at %, close to the pesition of Al (111) reflectlon {Fig.3 a)

a broad band, characteristic of amorphous phase, with the (111) reflection super-
imposed upon 1t, made its appearance. With further implantations, this band in-
creased and the intensity of (111) reflection decreaszed until around 20 at % of
M concentration, when the specimen under investigation was amorphized almost
campletely.

Modified Wilaon plots for various concentrations of Mn are shown in Fig.h,
Straight lines have been fitted through the points though some scatter appears in
the data. These curves have two main features, namely, slopes of the lines and
their intercepts on the ordinate. As mentlioned earlier, the slopes of these lines
indicate distortions of the erystalline structure, which if described by small statie
displacements of the atoms yield the root mean square ampllitude of these dlsplacements.
As 18 obvious from Fig.4, little or no change in the slopes of the modifled Wilson
plots was observed wp toabout 2 at £ of Mn concentration, suggesting the absence of
atanic displacements. However at 2.5 at ¥ of Mn conecentrations, these curves showed
a gradual incresse in their slopes wp to sbout 0.63 at. % of Mn concentrations. With
further implantation of Mn lons, slopes ¢of the modified Wilson plots simply leveled
off or even terded to decrease, Thess feahmes suggested that implantation of Mn ioms into Al
at room temperature, do met bring about sry appreciable change in the atomic dlsplace-
ments Ust of the atoms of the host lattlce wpto about 2 at % of Mn impurdity. However,
as Mn concentrations are increased further the host lattice 13 perturbed more and
more strongly and the atomle displacement Ust terds to increase with Increasing Mn

concentrations, attalning a maximum value arround 6.5 at % of Mn concentrations. Any



increase in the Mh concentrations, above this limit does not seem tc have any

effect on the parameter Us This is shown in Flg. 5, which illustmtes the plot

e
of Ust vs. C, the Mn concentrations, The maximum value of the atomic displace-

o
ments Uat observed in the present investigations, was 0.140 + 0.010 A.

In Fig. 6, the percentage growth of the amorphous phase, computed from
the intercepts of the modified Wilson plots (Fig.4) is plotted against Mn
concentration C. As is obvious from the plot, there was 1little or no evidence for
the growth of an amorphous phase below 2 at ¥ of Mn Impurity. However, around 2.5
at ¥ of Mn concentraticns, amorphigation of the specimen became evident and
increased almost linearly wp to about 12 at § of Mn concentrations. At thia concen-
tration level approximately, 75 at £ of the specimen was vitrified., Further implan-
tation resulted into a rather slow growth of the amorphous phase. Thia is evident
from Fig.6. The percentage of amorphization v Mn concentration € curve tends to
show saturation. Camplete gmorphization of the sample was achleved around 20 at %
of Mn concentration C -, relatively over a wide range of composition. The saturation
region was thought to'be artificlal conceming the Mn concentration for total amor-
phization in that respect here most of the implanted Mn is deposited into regions
which are already amorphous ard only a small fraction 1s passed into still crystall-
ire material where critical threshold values (discussed in the following) of the Mn
concentrations, have not been yet reached. The average composition of the new amorphous
phase/campound was estimated to be sbout M‘BT Mnl3, astonishingly close to the com-
position which is reported to grow into a quasi crystalline phase (Shechtamsn et al,
1984). The wide range of camposition over which amorphizatiom of the
specimen was observed at room temperature, could perhepe be reduced if implantation
was made at 1llquid nitrogen temperature due to the following reason, Amorphization
is a two fold process, viz., growth and stabilizatlon (Carter and Grant, 1981; 1982).
At room temperature, the destabilizing forces are large and all the amorvhous phase

grown may not stabilize whereas at liquid nitrogen temperature, this is less likely

wl3-

U E——

to happen. The defect (vacancy) mobility which influences the transition into
the amorphous state, is expected to be greater at room temperature (Grant and
Glessen, 1977; Carter and Grant, 1981; 1982). The greater defect mobility is
expected to asslst In the destebilization of the grown smorphous phase.

The lattice constent a, of the host lattice was fourd to change under
the influence of the ion bombardment., Inltially up to sbout 6 at % of the Mn
concentration C, B, was fourd to decrease though not very strongly and then
suddenly increase (to almost the same value, &s that for the bulk materlal) as
the implantation of Mn lons was proceeded.

This is shown in Fig. 7 which 1llustiates the plot of a, vs. C. 'The change,
however, was small and the maximum deviation noted was about 0.12 at-%. It may
be interesting to note that the value of Mn concentrations at which the lowest
lattice constant a, was cbtalned, correspord closely to the critical value of
concentrations of Mn lons at which maximum value of the atomic displacements para-
meter U, was cbserved. Also this was the concentration level of Mn .‘;:purities
around which the maximum value of the root mean square straing g* 2% (the —
lattice distortion parametei*).was found. Implantation of Mn ifons into

the host lattice, above 6.5 &t ¥ of M concentrations, resulted into the release
of strains. This 1s discussed in the following. The cbserved decrease in the
lattice constant B, and hence the contraction of the host Al lattice under the
Influence of tha Mn implantation my be understood in terms

of Mn atoms {atomlc radius = 1,39 R; Pauling, 1962) probably going to the sub-
stitutional sites by knocking out the Al atoms (atomic radius » 1,43 g; Patie
ling, 1962). To accomodate Mn atoms which tend to replace Al atoms, relativel
less space would be required and hence the host lattice may tend to con-
tract. Nevertheless’ to confirm this hypothesis more experiments to determine the
substitution coefficlent of Mn atoms into the Al lattice are required to be per-

formed.




e

2
16
(A28) 4o
Fig. 8 illustrates the plots of “Z¥gz ¥4 VS Yomh, Sinf, Tor Aiff-

erent concentrations of Mn., A careful examination of these curves reveals their
two main features, viz., the slope ard their interceptions on the ordinate.

From the slcopes of these curves we obtained the particle size L of the coherently
scattering domains as a function of impurity concentration C, through the quan-
tity KA simply by setting the constant K equal to unity ( Klug and Alexander,
1974), being the wavelength of the Cu KJl radiation used. The first implanta-
tion of the as- deposited Al film csused the slope of such a curve at 0.5 at §

of Mn cacentration to decrease. The particle size was therefore found to Increase
fram sbout 900 & for the s - deposited film to about 1000 A with the implanta-
tion. However, with subsequent implantatlons slope of these curves

increased into a continous fashion suggesting a continuous

decrease of the grain size. This 1s shown in Fig. 9 which 1llustrates the
variation of the grain size with Mn concentrations. The minimum particle size
thus obtalned was arourd™ 250 g. This was observed at about 12 at % of Mn concen-
trations. No further appreciable change in the particle size was observed. It
tended to saturate around this value. The accuracy of measurements was about 15

at %.

The intercepts of various curves shown in Fig, 8 initially increased with
implanitation of Mn impurities upto about 6.5 at %. By further implantation, the
interceptias tended to decrease sharply to almost 2zero around 8 at ¥ of Mn concen-
tration. The interceptions of these curves ¢n the ordlnate are a measure of the
strain. Therefore this feature of curves in Fig. 8 suggests that Mn concentrations
initially increase the strain w to some critical values - that by further implan-
tation, strains are released. Fig. B also reveals another interesting feature
regarding behaviour of Al Mims toward strains. Here In this figure, besldes two

crders of the (111) reflection other hkl reflections in the diffraction pattern of

the Al thin film are also plotted. As is cbvious from Fig. B, points dueto all these

15«
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reflections also fall nicely on the same line as drawn through the points for

the reflection (111) and the reflection (222}, with of course some spread of the
data, which may be due to the error in the determination, of integral widths,

This feature indlcatez that the Al films were isotroplc 8s regards the distribution
of strain.

The root mean square strain 45’ 5" computed fram the interceptions of
plots at various concentration of Mn in Fig. 8, is plotted in Fig. 10 as 2 func-
tion of implanted Mn concentration C. These data show a linear Increase of strain
with Mn concentration € up to about 6.5 at %. By further Mn implantation the
measured root mean square strain values decreased to almost zero at sbout 8 at %
of Mn concentration. The maximm value of the strain comuted from these investi-
gations was 1.05 + 0,15 x 1073,

The results of the present Investigationa may be interpreted &8s
follows. Due perhaps to relatively poor solubllity of Mn into Al at roam temper-
ature, &s a consequence of ion implantation, a supersaturated solid solution may
be expected to be formed., Under the lon bombardment, the forced introduction of
Mn then causes distortion of the host lattice which could be described by small
static displacements of the lattice atoms as well as accumulation of strain.
At a critical strain value which corresponds to a critical Mn concentration
the matrix undergoes a phase transformation into the amorphous state.
This transition develops over a certain concentration range since due
to the statistical fluctuations in the distribution of the implanted impuritiles,
their will be reglons in the film reaching the critical values earlier or later
(Linker, 1986). This conclusion is supported by the fact that the lattice para-
meter a, remains constant in the crystalline rest - materlal upon amorphization.
The release of strain by implantation beyord 6.5 at % Mn concentraticns, may be
explained as follows. After exceading the eritical value for amorphization, ard
upon amorphization, strains are determined in the erystalline rest ~ material

with a suberitical Mn concentration and therefore lower strain values.

-16~



The fact that the total volume of the specimen was not transformed into the
amorphous state emphasizes the twofold role of impurities in the amorphization
process, vig; initially the build-up of stralns on the lattice sites ard then
upan transfomtim, the stabilization of the amorphous phase, At a concentra-
tin of 6.5 at § for the Al-¥n system under present studies, only those regions
transform which, presumably also locally contain a critical impurity concentra-
tion for stabilization. Also the partial amorphizatfon cbserved at low
Impurity concentrations in the present case, may be caused by the high quenching
rates from dense cascades (spikes) which are equally likely because of the
heavier Mn projectiles (Linker, 1986; Zlemann, 1985; Carter and Grant, 1982).
The cbservation of a continuous accumulation of strain and spontanecus transition
into the amorphous state 1s in principle, in accordance with the defect aceumila-
tion model. Coterill (1977) has shown that the dislocation density in a metal is
limited and that a rearrangement of the atoms ocours when: the dislocation density
exceeds a threshold value, The increase of the defect density in a metal can be
associated with strain accumuilation. This strain accumulation according to Egami
and Waseda (1984) 1s only a necessary condition for amorphization. It will dept;nd
on the system under investigation and the experdmental conditions whether it is
really achieved. Implantation of Mn o Al at room temperature suggests that
defect mobility influences the transition into the amorphous state, it s likely
tooccur at higher corcentration campared to the liquid nitrogen temperature,

~

CONCLUSIONS:

Analysis of gtmctural modificetions and/or the amorphization process
in Al thin fiimg under the influence of Mn  ions implanted at room tempera-
ture, has been carried cut using a two circle x-ray powder diffractometer (Bragg -
Erentano parafocussing geametry). Measurement of strain and grain size as function

of Mn concentrations wes accamplishad using the method of x-ray line profile analysis,

=17=

The forced introduction of Mi dons into the Al lattice, causes the lattice come
stant to decrease. Strain and static atomic displacements increase with implanta-
tion up to & certain critical level. By further implantation, strains are
released and the atamlc displacements tend to saturate. Also the lattice constant
regaing 1ts pre-irradiation value as soon as the strains are released. Grain
size decreases with increasing Mn concentrations in a continuous fashion. Com-
plete amorphization of the sample was cbserved sroud 20 at £ of Mn impurities.
The greater defect mobility at the room terperature conditions, seems to influence
the phase transformation transition fram the erystalline to the amorphous s_tate -
it cocuring  over relatively a wider range of composition. These investigations
¢learly uxderiine the usefulness of a two circle x-ray powder diffractometer for

such investigations.
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FIGURES CAFTIONS

Fige 1 + Rutherford backscattering curve for the anslysis of a typical thin
film containing 4.5 at ¥ of Mn. 1000 .
Fig. 2 , Variation of the integral peak Width of the X-ray line profile as a
function of the diffraction angle 28 .
Fig. 3 . X-ray diffraction pattern of the film implamted with different Mn 900
concentrations.
Fig. 4 « Modified Wilson plots for an sluminium thin filw implanted with
different Nn concentraticna. 800 =
Figs 5 « Variation of atomic displacemants Us t a8 a function of Mn concentrst.
ione 31 aluminium. 700 -

Fig. § « Percentage growth of amorphized aluminium as a function of Mn
concantrations.

Fige T « Visriation of thellattice conetant 8, as a funciion of Mn concentra~ 6 0 0 -
tiona. A2 & ) A8 . 3
Pig. 8 . Plote of { T vBe Tecd, Sinlo ;‘—:
Fig. 9. Variation of the particle aige in an aluminium film s a function 500 .
of Mn concentrations. w
- pe b
Fig. 10 . A plot of the root meen square strain jé‘ ve. Mn concentrations =
in aluminium thin film. @ L00
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