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Abstract:

Thickness dependence of the electrical resistivity of evaporated
polycrystalline aluminium thin films have been studied. Films
from 70 to 30004 were deposited at room temperature on glass
substrates. The electrical resistivity was measured in situ at room
temperature by the Van der Pauw f[our-prope method. It was found
that the experimental data fit faithfully the Mayadas-Shatzkes
theory with the specular parameter P equals zero and the reflection
coefficient al the grain boundary R equals 0.05 and 0.15 for deposi-
tion rates equal 2 and 7 A/S, respectively. This indicates that
the scattering mechanism due to the grain boundaries is affected
by the deposition rate. It is weak at low deposition rates and
becomes some what significant at higher rates. For oblique incident
more than 45° the resistivity increases but Fuchs-theory is still
applicable.

Introductone

Election tramsport phenomena in Lwo dimentional <olids has motivated extensive
investigatinns since end of the nincteenth centuty. The size effects due lo thickness
(size) were subjected to intensive study theorstically and experimenally. The electric
resistivity of a thin film is found te be many order of mangitude larger than that
of the bulk materlel. Electeic conductivity of & metal is directly proportional to
the moan free path (mip). As the thickness of a metgl film becomes comparable
in magnitude with mip the film boundaries Imposes a geometricel limilstion on
the movermnent of the conduction sleclions

Many size-effect theories(1,2), since Thomson in 1501, were proposed to explain
the ohserved low electric conductivity of thin filns as compared with that of the
bulk. Among the various Ltransport properties, such as the temperature coefficient
afl reslstivity, Hall coefficient and thermaelectric power, the electrical resistivity(3)
shows the best agreement with Fuchs and Sondheimer (F-5) theory., As extension
to F-5 theary, Mayadas and Shatzkes(2) have taken into account scatiering of
catriers by graln boundary surfaces especielly at a graln size smaller than tha
mfip of conduction elections.
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samewhal eentraiy data oo polyerystaliine thin films have besn given o
literature. 1t was found by Mayadas el alis-6) that their dala could eot Bt to
the Fuche curve with a single velue of the specularity pacameter P oand bk resisti-
vity P, but could be interperated in terms of dectease in A with incressing thickrass,
Surl, Thakcar mnd Chopre(7) fownd, for Cu films deposited with a rate equals
&-8 .3.5‘1, that the dats depart markedly from the prediction of both F=5 and
the M-5 theories. Mayades and Shatzkes(Z) and Bandycpadhysy snd PallB) have
studied Al-films and conchsded that the grain boundary scalbering is quile apprecisied,
However, they found different values for the rellection coeflicient (R} &b the grain
boundaries, thal is 0.7 and U.2H, respectively, Mayadas and Shatzlbes did nat specily
the deposition Tete while Bandyopadhyay and Pal heve used rate eguals 10 A 5_11 S
that this work a@ims Lo study the fitting af Both Fo5 gred M-5 ihepries at difterant
deposition rutes and angles for Al-films. Alsp the effect aof Ehe depasilion  rate
an the caniribution from the grain boosdariss sceliering end the applicability of
tha thearies st relatively slow rates ape investigated,

F?:El,’.‘til‘l‘l’ﬂ'll.:lll:

Folycrystalling  aluminium-Tilns were prepared by trermal evaphration of high-
putity Al [99.999%) from a tungesten helix. Films from 70 to 3000 B wers diposited
onla glass subsliates ab room temperatuce in o vacuum betber than M2 Tarsn. The sub=
strales were washed uitrasonically and clemied i Lhe deposition chamger by ianio
bombardment. Deposition was cerricd oot at dilferent argless Delwsan the nopmal
e Ehe subsirate and the depoaiiion diteclion, namely zern, 459 and 605 The rates
of deposition used were 2 and 7 & 577 and they weee cafully controlled, The rate
ond thickaeis were monilored by & quatty crystal oescillator. Calibation was earrjed
out against interfecametrically(®) known film thicknasses,

The electric reslstivity was messuted in sity at rogm terngerature by Lhe Yan
der Pauw(10) method. Thin cepper wires were soldered to the glass substeale by
spec-pure  indism  before  deposition. Curtent-voltege cheracteristic was  measured
o ewamin the performance of the cantacts

Remults and Discussimne

The performance of the indium codacts (electrodes) was examined by investi-
gating the -V characterestios ms shown in Fige {10 The experimenially  abtained
lineatity sssetlained the needed chmic contacts.

Dl analysis s thin Tilms is carried aut asturning that the scattering mechanism
is naot Bulk e and deviation from Milthiesser®s rule is produced, Becording Lo
Fuches size-effect theory, additional contribution ta resisklvity  may rise because
af sutface seatleting ftom the Tim surfece (3. Based on Lhe Fuch's approsch, Chpm-
bers{11) and Sondheimer{1} geve the following convendent farm of the espression
for resistivity of thin film
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where f} is the thicknes-indaperdent bulk or intrinsic cesistivity, k s the ratig
of the film thickness, t, ta the electron mip, E.,, in the bulk. P & the probability
that an slectron will be specularly rellected wpon seatlering from a film surface
ispecular pacameter) and takes valuos from 0 Lo 1,

In order to epply F-5 theary, velues of & and  (l-p) should be found Flotting
the linear relstion between Pt and t gave the straight line shown in Fig. (2} Fraom
the slop and inlercept £ and f{l-p} wem calculated, respectively. The esxperimental
results yield the '..'.'llu;r of B aguals %21 x 1078 m and .{_[I—p'l eouals 421 R for
depasition rale of 2 ASS, Fig. (3] shows the mamalized electrie resistivity, ..l".-r‘t?g .
versus film thickness. The theartical curve [continuous 1ins) was drawn uslng eqna(2}
arnd the above estimated values. Fitting of the experimental data ta the F-5 theary
& found o Be reascnably accepled In literature they mssumed that egru(Z) can be
reduced to a family of & versus t curves wilh P gs an adjustoble pacameter, This
is meaningless because the velues which are obtained far the best it ace estimated
fram the comatants of the straight line shown in Figd2). Such straight line vields
L procduct -f,'“—l:l] arnd by this mathod neither the value of the mean fres path,

e » nar the value of the spacular parameter, P, cen be ohtained independently,
Any change in P leads to & chengs infs whie the product ,Ejl-_pfl rermains constant.
Therefore no change In the shape of tha theartilical curve |a Expectod,

It was Tound this work end in literaturs{B) that both £ and 'E:.-'HHJ[B rore
large, mearly douple, than Lhat of the bulk material. The large wabue ol is ecpected
dug ta Rthe large smowst al lattice defects in Al-films as caompared with the sirain
free bulk materfals 1T the specularity facior is teken larger tham rero, the woluc
aof mfp will incrense which |s unteasonable. Therefore, Lha mip, L, it not derivehle
from the pesistivity, J3 1 8lthough they ere not independent. They related to each
athet by tha follzwing relation

R S

where 5 03 the Fermi surface ares and e is tha electranic charge. Mayadays el
al{4) suggested that the product R8s is @ matarial constant and essentially indapan-
gent of termperature. Others(B] expected higher ,IE& wvalues Bt kigher temperalures,
Different values of 2 & were given i lterature, nemely 31,67 « ||:|'TE'.|"I..:~|1-|’r and 8.7
« 10°Voncm® for thin films at 323 and 82 X, respectively, For the bulk a: 300 K,
the value was 1007 » 107150 cm®. The results o1 the present wark gewe 219
x 1071 42emt at room temperatuze (& 300 Kl This means that the Farmi seifoce
Ared  decreases with temperalure and &% Hha come tampatature its walu=s far thin
filrry 18 lower than that for the bl
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In addition to the normal scattering of conduction electrons by phonons and
lattice defects, snd et the film surfece, Mayadas and Shatzkes(S) considered the
scalteting at the grain boundaries. So the grain boundary conttibution should produce
additicnal devistion from Mathiessen's rule. The giein boundary secattering modifies
expression(2) as falows:

£ PP, w) 1 3

E: T e *ax )
where k' = k/t{eC),
l[o():i =3|%-‘Ec+,c’ - in +-;']].

Ly

.Pg = the conductivity In the presence of both grein boundery end bsck ground
scattering, and

o« (IR) /D (-R)

where R Is the reflection coefficient at grain boundary and D s the grain size.
Figd4) gives the relation between p and t for deposition tates equal 2 and 7 A/S,
where the treorticsl curve (continuous line) was calculated according to M-5 theoty.
Values of g and UI-p] were token as estimated from Fig.(3) and the grain size
was laken ecqual o the thickness.

Two theotetical cutves are shown in Tig{4) with R = 0,05 and = 045 for
comgalison. For depasilion rale equals 2 X/S, the best fit was abtained when R:0.05,
This small value of the reflecticn coefficient at grain bowsdary indicates thet the
contribution of the qrain boundary scatteting is not quite appreciable, This is not
in aqreement with previous data, namely R = 0.28(8) and R = 0.5(13). The higher
R values sssumed Lo be due to the higher deposition rate used by Lhem, namely
10 A/S. This statment was checked by studying the resistivity thickness relatlonship
for deposition rate higher than 2 A/S. Fig4) shaws alo p versus t for deposition
tule equals 7 A/S. The best fit gave g = 2.53 x 10°% . m and R = 0.15. The velue
of R obtsined is in agreament with that found by Mayadas and Schatzkes{2) for
Al=films but they did not specify the deposilion rate. Thus the control of deposition
rata is of vital importance.

Fig.(5) gives the varistion of resistivity with thickness at normel end oblique
Incident at 60° It can be shown that the sngle of vapour Incldent geeally affected
the resistivity of the film at all thicknesses, For deposition angles lnwer than 4%°,
the determined £/t curves were very close to that at nammal incidence. The best
fit to F-5 theory gave . = 169 x 1078 m and  [- 653 A at P = O when the
ongle of incidence equal 609 Thus the theory Is also applicable at oblique incident
but with deposition angles higher than 05 the film resislivity is considerably incressad.
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Fig{1): Current-Voltage Characteristic for gifferent fiin thickness,
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Conclusions:

The here-teparted meassurements on Lthe electric  resistivity of  polycrystalline
Al-tilms show that:

1. Mayadas theory is qenerelly applied fsthiully than Fuchs ane, with different
values of R deperiding on the depasitice condition.

2. The praduct f’o e I5 nol a materlal comalant but it deperds on the dopasition
conditions.

3. Ceposilion ate saffect both the total resistivity and the contribution of the
grain boundsry scaltering.
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