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In ultrahigh vauum onditions the eletrial ondutivity of thin palladium �lms was inves-

tigated. The resistivity dependenes of thin �lm's thikness were explained in the framework of

Quantum and Classial size-e�et theories. The average amplitude of one-dimentional surfae as-

perities was estimated from the results of eletrial measurements.
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Aording to the lassial theory [1℄ of eletron trans-

port in thin metalli �lms the residual resistivity �

r

due

to the surfae sattering is proportional to the �lm's in-

verse thikness d

�1

:
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= (�(d)� �
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� d
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where l is the mean free path of eletron, �(d) is the re-

sistivity of the �lm with the thikness d and �

1

is the

resistivity of the in�nitely thik �lm (d!1) whih pos-

sesses the same struture as the �lm with the thikness

d. In (1) it is supposed that the surfae sattering of

eletrons is di�use. The experimental results for the rel-

atively thik �lms may be explained in the framework of

this theory. The experimental riterion [2℄ of using this

theory is d � (0:1� 0:2)l.

On the other hand, the ondition for observing quan-

tum regime of eletron transport when translated in

terms of length beomes d < �l with l = �v

F

, where v

F

is the Fermy veloity of eletron and � is its relaxation

time due to sattering [3℄. In the framework of quantum

theory of eletron transport in thin metalli �lms the

residual resistivity of thin �lm is proportional to d

��

:

�

r

= (�(d) � �

1

) � d

��

; (2)

where 2:1 � � � 6 [4℄.

The quantum theories of eletron transport also as-

sume the presene of osillations in �(d) with the period

of d

0

= �=2, where � is the eletron de Broglie wave-

length. Experimentally the resistane osillations were

not often observed due to the inuene of the �lm's sur-

fae imperfetions and due to the insuÆient sensitivity

of the �lm's thikness measurements. The presene or

the absene of �(d) osillations may be aused by the

�lm's growth dynami partiularities [5℄.

The transition from the quantum regime to the las-

sial regime of eletron transport in very thin palladium

�lms (d < 50 nm) was investigated in this paper. The

experiment was arried out under ultrahigh vauum on-

ditions in evauated glass hamber. The �lms were de-

posited onto polished and fused glass plates by thermal

evaporation. To prevent oagulation the �lms were on-

densed onto ooled to 78 K substrates with the rate de-

position equal to 0.01 nm/se. The �lm's resistane dur-

ing the deposition was measured by digital ohmmeter

and then registered by omputer. The �lm's thikness

was monitored by quartz mirobalane with the sensi-

tivity whih was not worse than 0.2 nm. The other ex-

perimental details were desribed in our previous papers

(for example, [6,7℄). It must be mentioned that the �lms

obtained by this experimental method were �ne grained

[6℄.

Fig. 1. The resistivity � and the inverse residual resistivity

(�� �

1

)

�1

as funtions of the �lm thikness d.

All the resistane measurements were arried out at

T = 78 K. The perolation threshold was �xed on resis-

tane level 10

8


 and it was observed at d = 1 nm. The

urve 1 in Fig. 1 shows that the �lm's resistivity �(d)
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hanges as their thikness d inreases. Curve 2 is plotted

in ommon logarithmi sale for inverse residual resis-

tivity [�(d)� �

1

℄

�1

size dependene. The �

1

value was

found as the slope of the linear part of �(d)d = f(d)

experimental dependene [1,7℄. It is lear that urve

2 has two linear parts. At the large thikness region

(d > 20 nm) the slope of straight line segment is equal to

1, and in the small thikness region the slope of the next

straight line segment is equal to 2:4. The intermediate

thikness region may be desribed in the framework of

[8,9℄ lassial theory developed for polyrystalline �lms

with the heterogeneous ross setion. Aording to [8℄

the size dependene of thin �lm's resistivity may be ex-

pressed by:
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where h is the average amplitude of one-dimensional sur-

fae asperities. The dependene �(d)d = f(d) is shown

in Fig. 2. The experimental data are indiated by points

and the theoretial urve alulated from (3) at h = 3 nm

is performed as a solid line. The value h = 3 nm found

from this dependene oordinates in a good way to

h = 2� 3 nm, measured in our thin �lms STM tests.

Fig. 2. The dependene �(d)d on d.

Finally, we are able to onlude that the resistivity

size dependene �(d) of very thin eletrially ontinuous

metalli �lms may be desribed suessfully by ombin-

ing the quantum [4℄ and the lassial theories [1,8℄ of size

e�ets.
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PEREH�D V�D KVANTOVOGO DO KLASIQNOGO ELEKTRONNOGO PERENOSU

U PL�VKAH PALAD�� NANOMETROVOÕ TOVWINI

Z. V. Stas�k, M. M. Kozak, B. R. Pen�h, R. �. B�gun

L~v�vs~ki� na�onal~ni� un�versitet �men� �vana Franka,

vul. Dragomanova, 50, L~v�v, 79005, UkraÝna

V umovah nadvisokogo vakuumu dosl�d�eno elektriqnu prov�dn�st~ du�e tonkih palad�vih pl�vok.

Otriman� rozm�rn� zale�nost� pitomogo oporu pl�vok po�sneno v me�ah teor�� kvantovogo ta klasiqnogo

rozm�rnih efekt�v. Na osnov� eksperimental~nih danih zrobleno o�nku makroskop�qnoÝ neodnor�dnosti

tovwini pl�vok.
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