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Abstract:

The relationship between thickness and electrical resistivity
of alumintum thin films was studied at different thermal conditions.
The filins were prepared by evaporation technique onto glass sub-
strates kept at different temperatures. Measurements were perfor-
med at 300 K for the as deposited and annealed films. It was found
that the resistivity decreases as the subslrate or annealing tempera-
ture increases. The data for all thermal conditions were found
to fit Mayadas-Shatzkes theory as the reflection coefficient R
at the grain boundaries equals 0.05. This indicates that the scatter-
ing mechanism due to the grain boundary is week. The change
of resistivity during thermal cycles was also studied. In the first
cycle hysterisis was observed, while reversible paths were obtained
in the subsequent cycles. This leads to the conclusion that the
contribution of the lattice deffect to the total resistivity (s quite
significant.

Int rocductione

It hat been krnown that the ttansport propeclies of materisls will change
when the size of the sample decreases. The size offect dependonce of the electrical,
thermal mund other tesnsport properties of thin metal films hove been studied for
many yeats {1}, The experimental resulty are anolysed using Fuchs=Sondhelmer theary
(F-S)(2). Whereas tha electiic resistivity exhiblted qood sgrecment with F-5 theory,
cther Llraniport propetlios such as the temperatute coefficient of resgivity {TCR)
thowed caonsiderahle depacture from the predictions of the theory (3).

Mayndus and Shatrzkesis) have taken into wccount the seattering of conduction
clectrons by the grain boundary swtfaces, and they have shawn that it contribute
sgnificantly to the trareport propettics st 3 grain size smallet than the mean fres
path ot the clectroms. According to M-S formuln far Tilm tesstivity, a0 axpression
for TCR has been abtained! ),

The excessive (esstivity of thn films may be sscrbed to stiuctutal delects
ond imputitios. If the concentiation of steuctural defects i large enough, their
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cutves was obtained using £, equal 406 x 10°8 ang 313 x 10°82m, and 1,(1-P) cqual
4% and 707 A for annealing at 373 and &23 K, respectively. Ia both lgures thers
oo decroaa in the resiabivity  eather by dectensiog the measuring tenpoioture ore
by anncalig 01 high lempetastures, In the first case, the phonon scattering is grestly
teduced, which = the temperature dopendent pail, In the second one, the decrease
in the total resativity 4 due to the anmhilation of structursl dofects. This contriboticn
of the stiuctural dofects to the resitivity was nbo studied during thermal eyeling.
Figew (37 wewt (4) give the hesting and cooling curves for films with two dilferent
thickneswes, namely 750 and 2000 A, In the dirst cycle during cooling the tesistivity
vi temgetatute plol does nol concitde with that during hesting. Hysterisis  was
observed in the first thermal cycle while reversible paths were cblained in the sub-
sequent cycles, This s because, the majority of the lorzen-in defects ar¢ onnealed
ot during the first heating and there is no futther removal of defects in the sub-
tequent coolitg and heatiog. The stoa of Lthe hysterisis is Inrger in caso of Lhiner
fims. Theso means that the conttibution to the total resistivily due to Iatlice defects
was quite sgnificant and specially for thicner fitms,

Decrease in resistivity values of flim of thickness 1000 Rar o functian of
arnesling temperature is shown in Fig. (5). The same effect was obwetved when
the substrate tempetature was increosed. This is represented in Fig. (6) which shows
the resistivity of 1000 A thick film as o function of substrate temperature. This
can bLe considered a8 w “dynamic recrystallizetion! end the aseaihilation of delect
due to annealing of the sample deposited &l toom temperature o8 "static recrystslliza-
tio. This is in analogy with recrystallization Guting hot deformation and that duting
arnealing after cold deformaticn of materials, These cbservations In agreement with
those of Dondyopadhyny ond Pal{?). Therefore as the substrate or annealing temperas
tures were raised, the resistivity was decreased due to annihilation of structural
Gefects

The continuous line in Fig. (7) were drawn according lo Maysdos -Shatzkes
theary{d), The ceflection coelficient at the grain boundary, R, was found to he
0.05 for the best fitting, This indcses thal also in case of snnealed films Lhe
scattering mechanism doe to the gram boundary Is still wesk a3 was shown before{8)
for the &% deposited filma,

Anather important ond interestod tromsport property s the temperature coelfi-
cient of resitlivity e€, (TCR)L The theoreticsl variation of TCR is repiesented by
the lollowing apptoximate from of the |-S theory:

ol =o¢,‘° [t « e (o (1-"')].1

gt

where=C i3 the TCR of the bulk, L is the mip, t is the film thickness, and P is
the specular parameter, Fig. (B8) gives the vatiation a! 1/eQwith 1/t whereof is
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Fle(3): The hoatieg and cobling cutves

for Al-film of thickness 750 &

Flgpl8): The heating and cooling curves for Al-film
of ttackness 2000 A
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lil,'l.(ﬂ}: Tk sy deperadenge of TOHR af foom trperature (Hhe solid cugve is caleglaled
thogretically from fachs theaey)



