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INFLUENCE OF THE DEFECT DENSITY
ON ELECTRICAL RESISTIVITY OF THIN METALLIC
FILMS

F.KHATER”, M. KEDRO?, Bratislava

Itis proposed that the real single metallic films may often be treated as a double-layer
film, with an inherent upper layer of higher defect density than tha of the base layer. The
upper and base layers belong to the same material, differing only in their electronic bulk
mean free paths. The corresponding theoretical resylts were calculated and compared
with some experimental data.

UAHHME TUIOTHOCTH NE®EKTOB HA NEKTPHYECKOE
OE Co

" Comenius University, Fac. of Math, and Phys. Dept. of General Physics, Mlynsk4 dolina, 842 15
BRATISLAVA, Czechoslovakia. On study leave from Tanta University, Fac. of Sci., Dept. of Physics,

TANTA, Egypt.

? Inst. of Electrical Engineering, Centre of Electro-Physical Research, Slov. Acad, Sci., Diibravsk4

cesta, 842 39 BRATISLAVA, Czechoslovakia,

127



However, while discussing the validity of the FS theory, one must keep in mind that
this theory does not take into account the thickness dependence of the density of
defects.

Of course, the density of defects in thin metallic films is an important parameter
affecting the resistivity of films. It is clear that if the concentration of point, line and
plane defects inside the films is large enough, their contribution to the scattering of
conduction electrons is comparable to or prevails over that given by the scattering
on the outer surfaces in the FS theory [3—6]. In some annealing studies [7-—1 1],
however, there is observed an increase mn the film resistivity with decreasing

pancy could be explained by an increase of the concentration of structural defects
(e.g. vacancies) in the film. For instance, it was found that for gold [12] and
ytterbium [13] films of a thickness of about 100 nm the resistivity is 10 % and
54 % greater, respectively, than the usyal bulk value at room temperature. This
Wwas attributed to inherent film defects.

The aim of the present paper is to show that some experimental results with single
metallic films can be explained using the assumption that the single layer can be

assume that the upper layer is much thinner than the base layer. Therefore we call
the defects in the outer layer ,surface defects, The dependence of highly

ical resistivity of thin metallic films
fepresents information which js useful for studying both adsorption or absorption
phenomena and catalytic reactions, In [3] it was shown that the oxygen content in
€-gun evaporated thin tungsten films is greater than that of f sputtered ones, which
is the reason why the ¢vaporated films have g greater resistivity. Wilson and
Sinha [14] applied the impurity scattering theory of Kuzmenko [15] to the
conductivity of copper films deposited in argon at 1.33 X 107 Pa in an attempt to
estimate the number of trapped argon atoms.

IL. DOUBLE-LAYER MODEL

interface lying in the planes ; =0,z=a+5p, ¢ =4, respectively): the bage layer
with thickness a, conductivity g, electron mean free path /,, concentration of
defects n;; the upper layer with thickness b, oo:acﬂms.g 02, electron mean free
path L, concentration of defects n,, with a>b, m>n,, L>1,. The bulk conduc-
tivities of the layers are given as

Ne?l,
mvug ’

Op =

where N is the number of electrons per unit volume, e is the electron charge, m is
the electron effective mass, /;, /, are mean free path lengths of the conduction
electrons, and v, is the velocity of an electron at the Fermi surface,

with an inherent upper layer of higher defect concentration than that of the base
film. The density of defects as wel] as the thickness of the upper layer depend on
how the film was prepared.

An expression for the ratio of the total film (j.e. double-layer) conductivity to the
conductivity of the bulk material of the base layer 1 is (c.f. [20)):

lohu_ * &_ s — _
o ~@T B §+E~+~=&Q x°) DLb(1~ A)(1 B)(1+PA)(1+ PB)

lm\‘.&ﬁklkuv Uclmuv [& Aml.}v:+~u>wnv+\~~Qlwvc+m~>~w:l
(1)

~2 % dx (x~x°) D1~ A)(1+ PA)(1 ~PB%)+ (1 - B)(1+ PB)(1 in

ES
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Fig. 1. The fitm resistivity vs the reduced thick-

0,520} ¢ ness Ky = (a+b/l, for the mean free path ratio

L/1,=0.5. Note: L, 2, .., 5 refer to upper layer

thickness b/, = 0.005, 0.01. 0.05. 0.1, 0.25,

respectively ; broken line denotes the single fitm
(b/1,=0).

001 01 10

where D=(1— P’A’BY)1 4 =exp (~a/lix), B=exp (- b/hx), x=cos @, and
O is the angle between the incident conduction electron and the normal to the film
surface. Note that the bulk material which contains a naturaj density of defects in
layer 1 is exactly the bulk materiaj from which the film was prepared.

UL RESULTS AND DISCUSSION

The dependence of the resistivity ratio O/ 016 (inverse €q. (1)) on the reduced
thickness K, (film thickness g + b over the mean free of conduction electron in the
base layer 1) for various values of thickness b of the upper layer and some values of
the ratio 4,//, was calculated numerically for the diffuse surface scattering (P=0),
The results as well as the theoretical FS single film curve are drawn in Figs 14,
The figures show that the greater the upper layer thickenss s, the greater is the
resistivity of the film (the total thickness a+b being constant). As expected, for

P
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10
5

Fig. 2. The film resistivity vs the reduced thick-

ness K, = (a+b)/1, for the mean free path ratio

- 001 ar . 10 Ky L/, =0.2. Notation js the same as in Fig. 1.
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Fig. 3. The film resistivity vs the reduced thickness
1=(a+ b)/I, for the mean free path ratio 4/}, = 001 o1 10
- 0.1. Notation is the same as in Fig. 1. i ) K4

higher density of defects (smaller mean free path £;) in the upper (surface) layer the
shift from the FS curve becomes greater.

Bist and Srivastava (13] studied the electrical resistivity of ytterbium thin film
at room temperature. Their experimental results do not lie on the theoretical curve
calculated according to the FS (diffuse surface scattering, bulk mean free path
about 50 nm). However, applying our model to these experimental data we can
find a theoretical curve fitting well the €xperimental results, assuming the ytter-
bium film as a double-layer structure, the base layer with the bulk mean path of the
conduction electrons of about 50 nm, and the upper la

Fig. 4. The film resistivity vs the reduced thickness
Ki=(a+b)/1, for the mean free path ratio /,//, =
0.05. Notation is the same as in Fig. 1.




Fig. 5. Thickness dependence of the electrical
resistivity of polycrystalline ytterbium films (see
[13] for experimenta] data denoted by dots).
Parameters: d=g4 +b, b=125 nm, /=50 nm,
L=100m. Fs — Fuchs-Sondheimer curve, KK

I 50 gy 90
d[nm] ~ our fit.

IV. CONCLUSION

to the :o.:-roEomo:QQ of the films, j.e. the presence of some significant
concentration of defects, We Suggest that in the case when most defects lie close to
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