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Abstract:

(]

Al-films with thicknesses between 200 and 2000 A were vacuum
deposited with different deposition rates between 2 and 10 A/S.
The particle size and strain were measured by X-ray diffraction
profile analysis. A preferential orientation of (i111) planes parailel
to the film surface was observed. Finer grain size was obtained
as the deposition rate (ncreases and [ilm thickness decreases.
The microstrain was found to decrease with increasing the deposition
rate and filin thickness.

Introductions

Using Xeray diffrection profile anelysis, the important features of the micro-
structure  including the erystallographic proforred  orientation, the cryatallite slze
&nd the residual microstrain of thin films at different preparation parameters could
be studied. Depending opon  preparation  conditions, polycrystailine 1llms  cbtained
by electradeposition or vapour deposition may contsin large amount of faulting
und high intarnal stressas which breaden the diffraction pesks and change theis
positions. Il Is usually mssumed that the broadening of the peak profile is produced
by a teduction in tha size of the coherently diffracting domains {(crystallite size),
by faulting on certain (hkl) planes and by micrastraing within the coherently diffract-
nq domains. The broadening produced by small crystallite sizes and faulting is
ingependent of the order of reflection, while the broadening due to strgin depends
on the order of reflection, The estlier X-ray investigators were ussally content
to e simple guantities such as peak breadths, However, many of the important
And Interesting features of the diffraction patterns were completely missed by work-
ing only with beak breadths instead of analysis of the entire line shape (1), In
addition 1o the broadening or peak shift praduced by the conditian ol the samples,
the geomelry of the insttument also modily the peak shope. lones (2) proved that
this moditication can be expressed In terms of a convolution theorem, Using the
profile of a well anneslad sample free tom browdening ¢fiects, Stokes (3) corrects
for the instfumental facters by Fourier trestment and arrived at the pure Gffraction
profile. From the real companent at Feuries coefficients, Warren end Averbachi14)
have calculsted the strain and grain size. This method has been widely used as
one ol the efective methods ta analys the XRD profiles bul it needs measarning
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It was observed that  the broesdessng deciessed  as  the  flim-thickness  incressod.
Broad diffraction patlerns isdicate fine grain asd/ar presence of resideal  sbrain,

Far more gquasditative information  about the miciostiocture  changes  which
oLCur In Al-filins as a result of the preparation process, Fourier lne-shape-analysis
was  requited, It was lound experimentally that the higher arder reflections eould
n3t he maasurad precisely and only tha frst-order reflections wele abssrved, There-
fafe, @0 this work Pines gnd Sitenko method (7)) which desls with the case of single
reflection has boen wseds Feom the normelized Slokes cotrected Fourier coellicienl
Ay and by applying Pines and Sirenka method the effective parlicle size, o, and
1.I'|Ei raab mesn dquate (ems) miccostrak H{EE}1 £ were caloulated Fig. (21 shows the
carrected integreted bresdih, paclicle size arwf rms miciostrain for &l-films of 1000 .J._
bhickness as a funclion of deposition tete. The line breadih decresses wilh ins reasing
the deposition rate as stated belore. It was found that finer grain were obtsined
and rmas microstrein was decieased as the deposition rete increased. This structural
behaviowr can be interpretied accarding o the increase of the welocity and inlensity
of the wvapour atems duzing repid film foomation (b seems, firstly, that mare nocle
are Tarmed and {rom which fiee geains grow. Secondly, reaction will the rosidual
gases curing condensabion i3 less likely Lo ocout oand  more pure or less strased
Al-dilm s farmead,

Im rcete of fiked depasition rate of 7 E."ﬁ. as the Tilm thickness Incoeases,
Lhe mleyreled breodih and rme micrastras decicese while L graim sz INCregss
as shown in Fig. (30, For Al-Tilms of thickness s to about 1000 n.ll._ sevare stoseioral
changes wera observed. Films of larger thicknesses appesred to be stable B Lheir
structural featutes. Eichermuller and Philipsbomn{10) were found for polycrystalline
Si-layers prepared by low pressure chemical vapour deposition that, the genin size
is dependent on leyer thickness. Halder et al (1) did not Tound for Cu-film eny
systomatic  dependence  of the effective domein size open the thickness In case
of oblique incident vapour and in case of normal one the systematic dependence
was dif licult o phserves Howeved, in case of Ag=film a small dependencs WS
found (5,12} Direct election mictoacopic study (99 showed a eontinuous incresss
ol tha awveraga grain diameler of Al-Tilms  wilh  1hickness, They §(11) alse fgund
thet tra systematic dependence ol the rms strain an the Lhickness cannat be ghserved
but the sversge value is lorger thon that of the highly deformed bulk copper. The
imcrease of avernge crystellite size and deciease of the laltice disorder with ilm
thickness chserved in this work is In agreement with literatures where s systemalic
changes wera observed. Howewer, the absence of syslematic dependence of elther
coystallite size or strain in some Bierabera moy be stbibeled o the range of film-
Chicloness and  deposition rete usod. A5 i1 was shown in bhis owork, there is & filem
thickness range al ceilain deposition sale where no change in strecture  festure

cuwn be obeuresd.



