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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 difTractometer. The method of X-ray line profile analysis was used to determine strain. As

a consequence of ion bombardment, the aluminium lattice was found to undergo distortions. The
maximum value of the atomic displacement U* was found to be 0.14 ± 0 01 A, and the maximum
value of the root mean square strain was noted to be 1.05 ± 0.15 x 10 - J . The lattice constant <*>
of AI was found to decrease. The decrease in ao was noted to be about 0.12 at %.
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INTRODUCTION:

In recent years considerable interest has evolved in the production

and properties of amorphous metals and alloys both from the fundamental research

and applications aspects (Grant and Glesson, 1977; Carter, Colllgon and Grant,

1978; Alietal., 1978; Carter and Irant, 1981; Linker, 1982). Anerphous solids

are characterized by the short range order. The long-rage periodicity -, a

characteristic feature of crystalline solids is absent In these materials.

Random or non-crystalline atomic arrangements often result In some unusual physi-

cal properties in metallic solids and also support metastable alloy compositions

that are not normally found in equilibrium crystalline phase (Grant and Giessen,

1977; All et al, 1978; Carter and Grant, 1981). Dhder these considerations a

great effort has been made to develop methods to produce amorphous materials,

and to promote an understanding or the aroarphizaticn 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 solutions etc.,

essentially Involve rapid quenching of atomic motion Into a stable or metastable

static random phase, such that the atoms are not allowed to reorganise into an

ordered crystalline state. These methods help to achieve quenching rates in the

range from 106K to 1015K per second (Grant and Giessen, 1977; All et al, 1978;

Carter and Grant, 1961).

These techniques have been recently supplemented by the Ion inplantatlon

method in which energetic ions bentard a crystalline solid. Ion bombardment pro-

duces defects due to energy transfer of the penetrating particles to the target

atoms in predominantly elastic collisions and displaces target atoms from their

positions (Liu et al, 1984, Carter and Grant, 198l). The collision cascades

produced by the recoiling target atoms contain highly disordered high temperature

zones which collape or 'cool' at extremely high rates, estimated to be around
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10WK per second and cause amorphlzation (Linker, 1981; 1986; Carter and Grant,

1982; Zlemann, 1985). The method of Ion implantation offers some unique proper-

ties not conmon to other techniques of amorphization. Chly a small amount of

material is required. Composition can easily be changed and irradiation para-

meters are adjustable. The amorphlzation process can be studied step by step

either as a function of fluence in irradiation experiments where particles

penetrate a region of inter«3t or a function of concentration when Impurities

are Implanted into a matrix.

Ion induced amorphlzation has been Investigated in detail in various

systems (Alietai., 1987, Linker, 1986; Lluet al.1984; Egami and Waseda, 1984).

However, main factors which control the amorphizatlon process remain unclear.

Amorpnization Is a twofold process - growth of amorphous phase and Its stabili-

zation. The defect structure and the amount of radiation damage present after

bombardment depend on the bombarding conditions lite the Ion species, its energy

and fluence, and on the target material and the substrate temperature. One inpor-

tant parameter concerning preparation of amorphous phase, is the glass forming

tendency of a system. Regarding this parameter, different amorphlzation rules

are formulated relying merely on practical experience and theoretically discussed

(Carter and Grant, 1982; Liu et aL, 198*1; Alietai., 1978). These rules or models

are based on the crystalline structure, atomic size and electronegativity etc. of

the constituents. These suggestions, nevertheless,at least partially if not com-

pletely t tend to shed some light on the process. Recently Egami and Waseda (1984)

ha» put forward a model for amorphlzation of solids. This model is based upon

the consideration of local atomic level stresses and focusses on the importance

of the atomic size factor in determining the glass forming ability of a system.

Accoriiî  to He. Egami and Waseda model (1981) 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 topologically unstable and might transfer
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lnto the random or amorphous state. The present lmepttgations on the Al - Mn

system were undertaken to study if strain plays a role in the amorphiza-

tlon of this system. Further Al - Kh Is an important alloy system in that it

contains a quasi crystalline phase (Shechtmann etal, 1984). The present investi-

gations are the first of their kind and to the author^ knowledge no such infor-

mation is available in the literature.

Due to limited range of projectiles, ion ijiplantatlon studies are

generally performed on thin layers with thickness of a fev thousand Angstroms, in such

experiments, to determine structural modifications of films, the grazing angle

Incidence X-ray diffraction method (Seemann - Bonlln parafocussing conditions

or Culnnier thin-film diffractomster) has been considered to be the most suitable

(Linker, 1982; 1986). Strain in thin film specimens is then determined using the

method of Peder and Berry (1970). In the present Investigations, however, we

adopted a different approach and present our results on the amorphizatlon of Al

thin films under the influence of Mn. Ions implantation, using a two circle X-ray

powder diffractometer (the Bragg - Brentano para-focussing geometry). Strain was

calculated from the X-ray line profile analysis. In these investigations we show

experimentally that strain plays an important role in the amorphizatlon process

of a binary system of alloys.

EXPERIMENTAL:

Thin films used in the present investigations were deposited on cleaved

single crystal saphlre substrates (7 * S x n.5nn0 at high vacuum levels (~2xlO

o
torr). Evaporation rates used were in the range from 200 to 300 A per second.

For the deposition of thin films high purity (99.999 at %) Al was used. These

films were not annealed, as perhaps due to the film-surface interaction, any

attempt to anneal them resulted into their damage. Nh was Introduced homogene-

ously into the films by multiple energy implanatlon at room temperature (^295 K).

-4-



Thickness of ttlms and concentration of Mn therein, were determined from the

Rutherford backseatterlng analysis. This was Important to estimate the sput-

tering effects on the film thickness. Pig. 1 shows a typical of such results

for a specimen implanted with 1.5 at % tin. The measured value of fti concentra-

tion In this case was 1.6 at t. The oxygen peak In the spectrun was the con-

tribution from the saphlre substrate.

The structural analysis of thin flljiB inplanted with fh Ions was

carried out using an automatic two circle X-ray powder dlffractaneter of M/s

Siefert , F.R. Germany. The dlffractaneter was controlled by a computer and

used a rotating anode X-ray machine of K/s siemen.P.R. Germany, for the X-ray

source. The machine was operated at 8KW (I|O 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-Yj.t radiation

( A - 1.5*1056 A) monochromatlzed by a bent quartz crystal placed in the Incident

beam was used. Step width used was 0.01° in. Ihe Intensity of reflections

In the diffraction pattern of Al decreased with l*i impurities. Therefore, to

keep the statistical error close to 1 at %, for samples with

hitfi concentrations of Pin, long time counting was preferred. Counting

time In the range from 10 to 100 second per step was used. To monitor the

power output level of the X-ray source, before and after the experiment a

standard reference sample (Sl-powder) was measured. Also care was taken that

only the Inplanted 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 reflections in the diffraction pattern tended to become broader. Therefore,

to avoid any truncation of peaks, the Integration range to calculate integrated
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intensltiea, was carefully chosen. Generally an integration range from 1,75 to

2.5 degree In 20 was found satisfactory* From these data, the peak centrold

and the Integral breadth were computed using the procedures described In Bartram

(1968) and Ktug and Alexander

STRUCTURAL ANALYSIS:

The as-deposited thin films were always found to contain texture (pre-

ferred orientation of crystallites) Irrespective of the preparation conditions.

Therefore, It was not possible to analyse X-ray intensity In the classical way

of comparing the measured to the calculated intensities. A modified

procedure was adopted (Linker, 1985; 19B6). In this method, the

Intensities of each single line after implantation was compared to that of the

same film before Implantation. The Intensity of a reflection hkl for a poly-

cry stalllne sample before Implantation may be expressed as (Linker, 1986).

Io (hkl) e-2Wi (1)

with

I^hkl) • the intensity of a reflection hkl before Implantation.

* angle dependent constant also containing the amount of material
o

Kl

P(hkl)

contributing to diffraction,

structure factor.

W. - dynamical Debye - Waller-factor.

After implantation of the specimen, the line Intensity may be expressed as:

I(hkl) - K2. /P(hkl)/
2. e ~ 2 ( W (2)

I being the intensity of a particular reflection hkl after Implantation.

The proportionality constant of equation (1) changes due to material removed by

sputtering or partial amorphizatlon. Also here It has been assuned that \>1 does

not change by implantation and structural distortions can be described by Inde-

pendent static Debye - Waller factor W,. Actual atomic displacement values Uflt
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can be obtained from the Debye - Waller factors by using the following relations:

W - B Sin29 /£ ( 3 )

where B - % it2 4.V^> (4)

6 • diffraction angle and X Is the X-ray wavelength.

Taking the ra t io of equation (2) and (1) and the logarithm of th is r a t i o leads to

the following expression:

ln ( i ) - -2B. Sin20 /^2 + In ( K ^ ) ( 5 )

This expression has the form of a s t ra ight l ine I f In (j- ) i s plotted against

Sin2B / P^ and may be referred to as a modified Wilson plot (Linker, 1986). The

slopes of such plots give the value B frcm which average s t a t i c displacements of

the host l a t t i ce atoms can be calculated. Here assumption i s made that the

dynamical behaviour of the l a t t i c e 13 not affected by the dis tor t ions Introduced

In the Inplantatlon process. Tne Intercepts of the modified Wilson plots give

the r a t i o KjA^ Since In th is r a t i o , for the same l ine a l l angle dependent

factors cancel, I t contains only the r a t i o of the material volume contributing

to crystal l ine diffraction after implantation to the material volume contributing

to crystal l ine diffraction before Inplantatlon. This volume may change due to

par t ia l amorphlzation and/or material removal by sputtering e t c . , during Implan-

tation. After correction for sputtering effects , therefore, the fraction of the

material transformed into the amorphous s ta te can be determined. This analysis

procedure Is Independent of texture effects under the assumption that the texture

will not be affected upon Ion bombardment (Linker, 1986).

DGIEWUNATION OP STRAIN:

I t i s well known that physical parameters such as s t ra in or d is tor t ion

In the l a t t i c e , size of the coherently scattering domains (c rys ta l l i t es ) and the

experimental diffraction geometry, increase the breadth of reflections in an

X-ray powder diffraction pattern (Klug and Alexander, 197*0 and X-ray diffraction

lines of sharpness predicted by the diffraction theory, are seldan observed.

This feature of the diffraction lines provides a useful means to determine

s t ra in and/or par t ic le size of coherently scattering domains from the analysis

of the X-ray line profi le , provided the profile has been corrected for the

Instrumental broadening- Strain In a l a t t i ce in principle can be determined by

ei ther of the following three methods: the Fourier analysis, the method of the

variance and the method of breadths of Jt-ray l ines (Bartram, 1968; Klug and

Alexander, 1974). In the present analysis, we used the method of breadths of

X-ray l i nes . The present investigations Involved analysis of several reflections

over the ent i re range of the diffraction pattern of Al. Also to study the amor-

phizatlon process step by step as a function of Nh concentrations, analysis of

several dim-action patterns was required. Thin films of aluminium (a low scat-

tering metal for X-rays) due to the presence of texture e t c . , always yielded

very weak ref lect ions. Intensi t ies of these reflections decreased continually

with each Implantation due to reduction of the crystal l ine aluminium phase. Also

because of the amorphlzation of the sample, these reflections tended to become

broad and difruse progressively with ion Implantation. All these factors were

likely to render i t difficuU if not Inporalhle to locate accurately background and/or integration range

as demanded by the Fourier analysis and the method of variance. Moreover, the

method of variance overetnphazes the very unreliable t a i l s of peaks (Klug and

Alexander, Itfk). tt» Fourl*r •ntlytlA r w u l t i because of i t i Involved lengthy nomputa*

t lons , has often been used only on the analysis or a single reflection cases (Klug and

Alexander, 1971). The sensi t ivi ty of the X-ray l ine breadths method to the choice of

Integration range and the location of background on the other hand i s relatively

considerably less (Klug and Alexander, 1971). Therefore, in the present inves t i -

gations, th i s method was considered to be the best choice. The X-ray l ines breadth

can be obtained ei ther from the full width at half the maximum (FWHM) of a peak or

frcm i t s Integral breadth which is the area under the peak divided by the peak

The full width at half maxlmm (FWHM) i s undoubtedly a fast and convenient
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•MMurmtnt but unfortunately. It Is a very •rbitwey quantity and only Justi-

fied If the profile does not change from one 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 from the crystallite effect alone

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

where L Is the mean dimension of crystallites, B the breadth of the pure diffrac-

tion profile; K being a constant, usually set equal to unity > and « are the X-ra

wavelength and the diffraction angle, respectively. Equation (6) nay be

written as:

A a p ' L (7)

with As - (2<*» P)-A9

Here B has been set equal to 4 20.
•s.

According to Wilson (19*9), the integral line breadth generated by dis-

tortions or strains alone can be expressed by the following equation:

where e is the maxljium strain parameter. The subscripts p and D are indicatives

of the size effect and the distortion effect, respectively.

Theoretical considerations and experimental results both tend to show

that strain broadening may usually be approximated rather well by a Gaussian

function, whereas the effects of small crystallite size more closely resemble a

Cauchy broadening profile. The experimentally observed profiles are actually

never pure Gaussian or pure Cauchy (Klug and Alexander, 2.97I1), 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 B
u C
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accarding to Haider and Wagner (1966) may be expressed by the parabolic relation-

ship:

Bo Eo

B 'being the observed Integral breadth of a line.

Ftor Cauchy size broadening and Gaussian strain broadening, then

Substitution of equations (7) and (8) in equation (10) gives

2L_. . 1 _ i!es_ (11)

A 3 ;

which can be easily converted to the following from in terms of the integral

breadth A2& (radians) of a reflection hkl (JCLug and Alexander WO :

= KX
r

(12)

Here 0 is the maximum peak position, e the maximum strain.

Fran equation (12), the particle size and the strain can be confuted by

using any available miltlple orders of a given reflection hkl to construct linear
2

plots of ^2? ^ vs ?2 -. ,as a function of impurity concentration. The slope
tan2ft tan^air*

of such plots yield the quantity KX./L from which L can be calculated. The Inter-

cepts of these plots on the ordinate give the quantity l6e . The maximum strain

thus obtained n«y be replaced by the lattice distortion parameter like the root

mean square strain Z-£*>= f-^ (Klug and Alexander, 197"O. The Integral breadth

628 In equation (12) free fron instrumental broadening was obtained from the

experimentally observed breadth B by unfolding from the instrumental broadening b,

using the parabolic correction method of Warren (1919). This is expressed by
the following equation:

(13)

•10-
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The instrunental breadth can In principle be obtained experimentally using a

standard sample with irlnimum strain and having particle size In the range from

1-10 fi. The absorption coefficient of the standard sample used must be close

to that of the experimental one {Bartram, 1980; Klug and Alexander, 1971). It

Is however, the best to use a standard sanple or the same material as the one

under investigation (Klug and Alexander, 197"O. In the present studies there-

rare, a thin film of aluminium which gave the minimum values of Integral breadths

for various reflections in the powder diffraction pattern, after the first liiplan-

tation at 0.5 at I of Mi, was used as a standard to correct for the Instrumental

broadening. Such sanples were found to have the ndnimim strain. Fig-2 shows a

plot of Integral widths of a typical such sample.

RESULTS AND DISCUSSION

Results of these Investigations are illustrated In Figures 3 to 10. The

aluminium thin films used in these studies had a polycrystalllne FOC structure.
o

The unit lattice parameter a was found to be *l.0*190 ̂ 0.002 A-, a value close to
o

that for the bulk material (aQ - U.O^U A, (Swanson and Tatge, 1953). The grain

size of these films before Mn implantation was determined to be about 900 A.

Typical X-ray diffraction spectra of these films before and after their implanta-

tion, \*> to 2 9 •= 84° are shown in Fig. 3. The X-ray diffraction spectrum (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 (c to d ) , 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 become broader until their intensity became so small that they disappear-

ed into the background. It was the high angle reflections which disappeared frcm

the spectrum first. Fig. 3 also shows a very broad band around 2 0 x 60 . As is

obvious from the other spectra, this band tends to grow with inplantation of Mn ions.

This was contributed by the saphira substrate perhapes due to its damaged surface

under the Influence of Ion befltoardment. As a consequence of Mn implantation,

growth of an amorphous phase was observed to proceed gradually. At about 8 at J

of I*i concentrations, when the specimen under Investigation was amorphized to the

extent of about 60 at 2, close to the position of Al (111) reflection {Fig.3 a)

a broad band, characteristic of amorphous phase, with the (111) reflection super-

imposed upon It, made its appearance. With further Implantations, this band in-

creased and the intensity of (111) reflection decreased until around 20 at % of

Mi concentration, when the specimen under investigation was amorphized almost

completely.

Modified Wilson plots for various concentrations of Mn are shown in Flg.'J.

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 mentioned earlier, the slopes of these lines

indicate distortions of the crystalline structure, which if described by small static

displacements of the atoms yield the root mean square anplitude of these displacements.

As is obvious from Fig. 4, little or no change In the slopes of the modified Wilson

plots was observed up to about 2 at % of tot concentration, suggesting the absence of

atonic displacements. However at 2.5 at % of Mn concentrations, these curves showed

a gradual Increase in their slopes n> to rfxut 0.65 at t of Mn concentrations. With

further inplantation of ffti ions, slopes of the modified Wilson plots sinply leveled

off or even tended to decrease. Thesa faatum suggested that inplantatlon of Mn tans into Al

at room tenperature, do not bring about any appreciable change In the atonic displace-

ments U . of the atoms of the tost lattice vp to about 2 at % of Mn impurity. However,

as Mn concentrations are Increased further the host lattice is perturbed more and

more strongly arei the atomic displacement U g t tend3 to increase with increasing Mn

concentrations, attaining a maximum value arround 6.5 at * of Mn concentrations. Any
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Increase in the Mi concentrations, above this limit does not seem to have any

effect on the parameter U s t. This is shown In Fig. 5, which illustrates the plot

of ust TO" C» the * concentrations. The maximal value of the atomic displace-
o

ments U B t observed in the present Investigations, was O.l'tO + 0.010 A.

In Fig. 6, the percentage growth of the amorphous phase, confuted from

the Intercepts of the modified Wilson plots (Fig. 4) U plotted against Mi

concentration C. A3 Is obvious from the plot, there was little or no evidence for

the growth of an amorphous phase below 2 at J of Hi Impurity. However, around 2.5

at % c-f Mi concentrations, amorphieatlcn of the specimen became evident and

Increased almost linearly n> to about 12 at % of Mi concentration*. At this concen-

tration level approximately, 75 at % of the specimen was vitrified. Further laplan-

tatlon resulted Into a rather slow growth of the amorphous phase. Thi« is evident

from Fig.6. The percentage of atnorphizatlon vs Hi concentration C curve tends to

show saturation. Complete amorphlzation of the sample was achieved around 20 at %

of Mi concentration C -, relatively over a wide range of composition, The saturation

region was thought to be artificial concerning the Mn concentration Tor total anor-

phleatlon in that respect here most of the implanted Mi is deposited into regions

which are already amorphous and only a small fraction is passed into still crystall-

ine material where critical threshold values (discussed in the following) of the Mi

concentrations, have not been yet reached. The average composition of the new amorphous

phase/conpound was estimated to be about Alg, Mni?> astonishingly close to the com-

position which is reported to grow into a quasi crystalline phase (Shechtaman et ai,

1984). The wide range of composition over which amorphizatlon of the

specimen was observed at room tenperature, could perhs.ps be reduced if inplantatlon

was made at liquid nitrogen temperature due to the following reason. Amorphlzation

is a two fold process, viz., growth and stabilization (Carter and Grant, 1981; 1982).

At room tetrperature, the destabilizing forces are large and all the amorphous phase

grown nay not stabilize whereas at liquid nitrogen temperature, this is less likely
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to happen. The defect (vacancy) mobility which influences the transition Into

the amorphous state, is expected to be greater at room temperature (Grant and

Clessen, 1977; Carter and Grant, 198I; 1982). The greater defect mobility is

expected to assist in the destabilization of the grown amorphous phase.

The lattice constant ao of the host lattice was found to change under

the influence of the ion bombardment. Initially up to about 6 at % of the Mi

concentration C, a was found to decrease though not very strongly and then

Buddenly increase (to almost the sane value, as that for the bulk material) as

the implantation of Mi ions was proceeded.

This is shown in Fig. 7 which Illustrates the plot of aQ vs. C. the change,

however, was small and the maximum deviation noted was about 0.12 at- i. It may

be interesting to note that the value of Mi concentrations at which the lowest

lattice constant aQ was obtained, correspond closely to the critical value of

concentrations or Mi ions at which maximum value of the atomic displacements para-

meter U ,. was observed. Also this was the concentration level of tti impurities

around which the maximum value of the root mean square strain^, £* "pi (the —'

lattice distortion parameter),was found. Implantation of Hn ions into

the host lattice, above 6.5 tt % of Mi concentrations, resulted Into the release

of strains. This Is discussed in the following, the observed decrease in the

lattice constant aQ and hence the contraction of the host Al lattice under the

influence of tha Hn Implantation my be understood In terns

of m atoms (atomic radius - 1.30 A; Pauling, 1962) probably going to the sub-
o

stltutional sites by knocking out the Al atoms (atomic radius • 1.13 A; Pau-

ling, 1962). To accomodat* Hn atoms which tend to replace Al atoms, relatival

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 coefficient of Mn atoms into the Al lattice are required to be per-

formed.
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Fig. 8 Illustrates the plots of ~~fax£j "** -far,$,.&'*& f o r A f f -

erent concentrations of Mn. A careful examination of these curves reveals their

two main features, viz., the slope arid their Interceptions on the ordlnate.

From the slopes of these curves vie obtained the particle size L of the coherently

scattering domains as a function of impurity concentration C, through the quan-

tity K X simply by setting the constant K equal to unity ( Klug and Alexander,

being the wavelength of the Cu Kj, radiation used. The first implanta-

tion of the as- deposited Al film caused the slope of such a curve at 0.5 at %

of Mn concentration to decrease. The particle size was therefore found to increase

o o

frcni about 900 A for the as - deposited film to about 1000 A with the implanta-

tion. However, with subsequent implantations slope of these curves

Increased into a contlnous fashion suggesting a. continuous

decrease of the grain size. This is shown in Pig. 9 which Illustrates the

variation of the grain size with Mn concentrations. The minimum particle size
o

thus obtained was around 250 A. 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

implantation of Mn impurities upto about 6.5 at t. Ey further Implantation, the

interceptions tended to decrease sharply to almost zero around 8 at % of Mn concen-

tration. The interceptions of these curves on the ordlnate are a measure of the

strain. Therefore this feature of curves in Pig. 8 suggests that Mn concentrations

initially increase the strain <*> to some critical values - that by further implan-

tation, strains are released. Pig. 8 also reveals another interesting feature

regarding behaviour of Al films toward strains. Here In this figure, besides two

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

the Al thin film are also plotted. As is obvious from Fig. 8, points due to all these

reflections also fall nicely on the same line as drawn throu#i 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 indicates that the Al films were isotropLc as regards the distribution

of strain.

The root mean square strain ̂ cy* computed from the interceptions of

plots at various concentration of Mn in Pig. 8, is plotted in Pig. 10 as a func-

tion of Implanted Mn concentration C. These data show a linear Increase of strain

with Mn concentration C up to about 6,5 at f. By further Mn Implantation the

measured root mean square strain values decreased to almost zero at about 8 at J

of Mn concentration. The maximum value of the strain computed from these investi-

gations was 1.05 + 0.15 x 10"3.

The results of the present investigations may be interpreted as

follows. Due perhaps to relatively poor solubility of Mn into Al at room temper-

ature, as a consequence of ion Implantation, a supersaturated solid solution may

be expected to be formed. Under the ion bcnfcardment, 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 impurities,

their will be regions 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 o remains constant in the crystalline rest - material upon amorphizaticn.

The release of strain by implantation beyond 6.5 at % Mn concentrations, may be

explained as follows. After exceeding the critical value for ancrphization, and

upon amorphlzation, strains are determined in the crystalline rest - material

with a subcrltical Mn concentration and therefore lower strain values.
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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, viz; Initially the build-up of strains on the lattice sites and then

upon transformation, the stabilization of the amorphous phase. At a concentra-

tion of 6,5 at % for the Al-Hi system under present studies, only those regions

transform itfilch, presumably also locally contain a critical impurity concentra-

tion for stabilization. Also the partial auorphization observed 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 J*i projectiles {Linker, 1986; Zlemarm, 1985J Carter and Grant, 1982).

The observation of a continuous accumulation of strain and spontaneous transition

Into the amorphous state is in principle, In accordance with the defect accumula-

tion model. Coterill (1977) has shown that the dislocation density in a retal Is

limited and that a rearrangement of the atoms occurs when the dislocation density

exceeds a threshold value. The Increase of the defect density In a metal can be

associated with strain accumulation. This strain accumulation according to Egaml

and Waseda (1984) Is only a necessary condition for anorphization. It will depend

on the system under investigation and the experimental conditions whether It Is

really achieved. Implantation of Mi M D Al at room temperature suggests that

defect mobility Influences the transition Into the amorphous state, it is likely

to occur at higher concentration compared to the liquid nitrogen temperature,

CONCLUSIONS:

Analysis of structural modifications and/or the amorphizatlon process

in Al thin films under the influence of Mn ions Implanted at room tempera-

ture, has been carried out using a two circle x-ray powder diffractcmeter (Bragg -

jBrentano parafocussing geometry). Measurement of strain and grain size as function

of Mn concentrations was accomplished using the method of x-ray line profile analysis.

-17-

The forced introduction of f*i lens Into the Al lattice, causes the lattice con-

stant to decrease. Strain and static atomic displacements Increase with implanta-

tion up toa certain critical level. By further implantation, strains are

released and the atomic displacements tend to saturate. Also the lattice constant

regains its pre-lrradlatlon value as soon as the strains are released. Grain

size decreases with increasing 1*1 concentrations in a continuous fashion. Com-

plete ancrphlzation of the sample was observed Brand 20 at I of Hi Impurities.

Ihe greater defect mobility at the room temperature conditions, seems to Influence

the phase transformation transition from the crystalline to the amorphous state -

It occuring over relatively a wider range of cemposltion. These Investigations

clearly underline the usefulness of a two circle x-ray powder diffractcmeter for

such investigations.
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FIGURES CAPTIONS

Pig. 1 . Rutherford backscattering curve for the analysis of a typical thin
film containing 4«5 at % of Mn.

Pig. 2 , Variation of the integral peak width of the X-ray line profile as a
function of the diffraction angle 20 ,

Pig. 3 • X-ray diffraction pattern of th» film implanted with different Mn
concentrations.

Fig. 4 . Modified Wilson plots for an aluminium thin film implanted with
different Nn concentrations.

Fig. 5 • Variation of atomic displacemento 0 . as a function of Mn concentrate
ions in aluminium.

Fig. § • Percentage growth of amorphized aluminium aa a function of Nn
concentratione.

Pig. 7 • Variation of the lattice constant a ^ u t function of Mn concentra-
ti0DB' ***_ » i f ! .

Wg. 6 . Plots of ( Tan>g *»• ft«90 . SinflQ
Fig. 9* Variation of the particle size in an aluminium film as a function

of Hn concentrations.

Pig. 10 . 1 plot of the root mean square strain j£ vs. Nn concentrations
in aluminium thin film.
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