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THE RELATIONSHIP BETWEEN ELECTRICAL
PROPERTIES AND INTERBAND AND INTRABAND
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ABSTRACT
Thin chromium films of thickness ranging from (25 to 80 nmn) were
prepared by thermal evaporation under a vacwien of 10 * Torr, The
electrical resistivity was inversely proportional (o the thickness of
the film. Analysis of the electrical resistivity was treated in the
frame of the effective mean free paih theory of size effect developed

by Tellier et al, Such analysis allows the desermination of the mean
free path |, carrier conceniration n relaxation time t© and the

Fermi energy F, The opical constants (n and K) of chromiam tlin
films were determined in the speciral range of (200 to 23060 am).
The obrained results agree wirk the optical conductivities predicted
thearetically by Moruzzi et al. In addinon, the valuesof n_, @, te .
and tobtained electrically were found to match with those obrained

optically.

INTRODUCTION
The theoretical calculations of the optical constants of metals might be

interesting as there is an accumulating amount of experimental data which now
become sufficient to allow comparison with theory. Moreover the theory might

indicate where funtber measurements of the cptical constants are needed 10 give more

information on the band structure of metalsii. However, band structure calculatons

for some of the wansition metals have been performed, and in a few recent cases the
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caleulated band structee has been used (o obiain theoretical values for the interband

optical absorprion (231

In the presemt study, electrical resistivity and optical constants have been
ohtalned, The resulls were used 10 estimate the parameler of mean free path, carries
concentration. Fermi energy. Moreover, the contrbutions of interband as well as the

incraband ansitions have been extracted from the oplcal measurements.

2.EXPERIMENTAL TECHNIQUE.

This films of chromium Cr (purity %9.995%) were prepared in vacuam of
107 Torr by teenmal evaporation oo glass quartz and potassiom bromide substrates
held ai room emperature, [n all cases e cleancd substrales were masked until che
SOUFCE Was Al ils evaporation wmperature, and the evaporation rate was made as high as
possible. the thickmesses of the films were determined with a muliiple-beam
interterometer of the Fizeau type. The electrical resistivity (D) of the samples was
mieasured by e two-probe tecbnigue using a highly sensiiive digital moliimeter (Lpe
DA 86017 and 0 Univeka (type 1413 URAN voluneter. The wansimbiance of e
pregared swoples were measured at nonnal incidence in the spectral range 200 (o 30
nm using i Carey 2390 specirophotometer, and in the spectrul cange 2500 to 23000 un

using Pycunicam 3P3-3001R spectrophodcaneter.

3 - RESULTS AND DISCUSSION
1.1, :  Electrical Resistivity

The eleetrical resistivity () of Cr films as a funclion of thickness (f) is shown
in Fig. (13, The dam fellow the known behaviour, where decreases by increasing & The
Fuchs-Sondhetmer expreszion was vsed (¢ (0 analyse the thickness dependence of the
resistvity taking the surface scanering imd account, aleng with the other kinds of
scattering,  Structural studics indicate that thin Cr Glms are polyerystalliners) 3 thus
grain-boundary scattering also should be wken nt account along with the surface

soating, when discussing the experimental resulls on [ln properties. The Mayadas-
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Shatzkes theory takes into account the grain boundary scatting, but its expression (6] is
complicated. Mola and Heras(7) , Tellier et al. (8) and Tellier et al.;9) attempted to
simplify the analytical expressions of Mayadas-Shatzkes theory. Tellier et al.[9)
derived such a simple analytical éxpression defining an effective mean free path in an
infinitely thick film. This model is known as the effective mean free path model.
According to which the analytical expression for the film resistivity as a function of

thickness is given by :
-0, [-322) 7 G p)lins A

where p is the resistivity of the infinitely thick film, Kg is the reduced thickness

(t/Ig ). Under asymptotic conditions, Kg >> 1, the above equation can be reduced to the

form :
[1-372 0]
P=P, L1-3g7 (-P (2
It has been shown numerically that the above expression is successfully
applicable down to Kg = 0.1. It is evident from the above experession that a plot of
film resistivity as a function of reciprocal thickness will be linear at a given fixed

temperature.  Obtained resistivity exhibits linear dependence on 1/t (Fig. 1), which
agrees with equation (2). Estimated value of p, was found to be 37.7 uQcm for Cr

films at 300°K. From the slope of the graph, the effective mean free path of carriers, Lo
at at 300 °K was found to be 22.5 nm. There values differ from those given by Udachan
etal. (1] in p.= 50 pQcm and L0 = 107nm with p = 0.3. This difference can be can be
accounted for by the fact that Udachan et al. [10] in their study used Fuchs-Sondheimer
(4] theory which does not consider the grain-boundary scattering also we can't ignore

the difference in purity and condition of preparation, the latter greatly affect of grain
boundaries. The dependence of (P f/pg) on (t) obtained was compared with the

theoretical values of (p_/p ) according to Tellier theory Fig. 2. Excellent agreement
£

is obviously seen. Mayadas-Shatzkes (6] showed that the presence of the grain boundary

scattering reduces the mean free path of carriers, thereby reuslting in an increase in
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resistivity. They showed that p_ 1g =p_1 where pgand 1g are the resistivity and the
mean free path of carriers in the bulk with film microstructure, whereas P and 1 are
for signle crystal. Electron density estimated according to the free electron theory

was found to be 1.74 x 10*' cm using the equation s.11] :

1 1 Ny a2yl 1
- 2) e 3)
p.l 31 v Py lg

where fi = h/27 and h is Planck's constant and e is the electronic charge. The

corresponding Fermi energy in such case is found to be 0.246eV using the equation :
4

EF=

23-1* G . @)

where m* is the effective mass of the electron [m* =9.1 x 10'28].

32 OPTICAL MEASUREMENTS

The obtained experimental results concerning the transimittance of Cr thin
films were used to determine the optical constants (n and K) following the formula
given in [12.13). The refractive index n as well as the absorption index K does not depend
on the film thickness. All of the results for films of different thicknesses fall within

the range of the estimated error "In K is less than + 1.5% and n is less than £ 0.4%".

3.2a INTERBAND CONTRIBUTIONS

Optical transitions in a solid can take place by more than one mechanism, the
direct transition from the valence band to the conduction on is well known interband
transition. However, at low energy [.R. the most probable mechanism in the intraband
band, in which the electron transition takes place between two levels in the same band.

In general, the electronic transitions in a solid are more directly related to the
complex dielectric constant € = g +ie instead of the complex index of refraction n =

n + iK, where & = 0’ (14]. So that g = n’ - K* and g, = 2nk. On the other hand, the

dielectric constants € and e, are closely related to the clectronic structure of the

solids and are more direcly comparable with theory. Obtained dielectric conststants

for Cr are presented in Fig. 4, where the curves represent the average of values from
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four [ilms of thickness 28, 30, 34 apd 40 nn respectively. The agreement of e four
results is well within the estimated ermoe, T is clear from Figo 4 that there are two
peiks athv = ZeV and by = LT3 eV forg and 2, respecitively. However, for graphical
representation of the results in case of the transition metals, the real and imaginary
pirts of the optical conductivity ane more convenienl. The optical conductivity {ﬁl and
-:r:]- are related to the components of the complex diclectric constant by T, = E:-:I].fd-.'t

and @, = (1 -£ Jwidr, where o { =100v) is the angular frequency of the incident

radiation; the real and imaginary pans of the optical conductivity of thin Cr films are
shown In Fig. 5. Several atempts have been made previously 1o detcrming the free-
electron contribytion by extending reflection measurements furnthier into the infrared
region, Lenbam and Trehemep:) made measurements up o 15pm for owost of the
metals including the chromivm. Barkee and Dulzenberger 6] vsed a frec-cleciron gas
madel to cstimatz the size of the anomalous skin effect and o calculate the
corresponding ahsorptivity for chromium, Both the theoretical prediction s and the
experimental evidence [15] indicale tat below 2um all e measurements are
presumed o be enetirely within the ioterband poruon of the specinim.

Accordingly, we can consider thar the interband mechanism, is responsible foc
the imeraction in the considared spectral region (ovedeV), T wis imterbamd region of
the spectrum, we will compare our results with a recent calculation of optical
conductivity,  Moruzzi, Williams and Janak[2] have calcuolated the interband
contobuncn W g, for Cr, These self-consistent effective one-electron calculations,
psed the approximation treatment of exchapge and comelation due w Xohn and
Sham,[17], and the “muffin-tin” approximation 1 kot the charge deosity and the
potential.  The results ase compured with the obumined experimental values of o i
[z, 6. The agresment is encournging, e experimental paak near 2 ¢ can be comelated
with the theoretical one, bul it is generlly broader and lower than e theoretical one,
This difference may be parly because the mepsurements were made al room

temnperture, and that the jemperture dependence can be stong enough o account for
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Fig. 7. Relation between (1+K™-n") and (2nKny"' with v for Cr thin films.
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the cntire discrepancigs. The theoretical curvaes of Cr have a peak just above 2 gV
comresponding U 3 — 4 ransitions. Contributions are ¢coming [rom trnsitions over a

large wolume of k space along the three major direclions (A, A and ). The 3 - 4
ransitions cormesponding to the 2 ¢V peak probably eccur away from a symmetry

point aleng A or near O,

AZbh  INTRABAND CONTRIBUTIONS :

Maost  smsides in which the intraband and interband processes have been
separaled, have been scparated, have used the Drude theory [18). According to the
previows theory, there are two relations relating the optical consi@ans (o and K) o the

wivenumber of the incident radiatdon (). These pwo @lgions ane -

O (L R O O o (3
and

(K" = IT'-TJJ'-" :x;:r'[{:r:.h.;f“ﬁ ('

where :fa is the plasma frequency and T--'5= i3 he damping frequency.  Thus the

values of v_and ¥ were obuuned trom Fig, 7and wese loemd e be 3,82 x 10 em’’ and

413.3 em™ respectively, In addition 1o equations (3] and i6),
f*-_rnl-" =i Mim* e T

and
v, = l27eT et %

where n_ i3 the number of conduction electrons per uniy volume, & the electron

charge, © the relaxation ime, m* the effecive mass and ¢ the light velosity in vecuum.
Usimg the values of '-'ru amd l'_IE: in conjunction with equations (7) and (8) n,  were
2

calculzted and are given in Table (1), Taking iro account tharm* =m = 0.1 & 107 gm,
Knowing B, and T Uhe st conductivity (o) in Cr Glms can be caloulaued wsing.

a -r.rnz-j T/ m N {5
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[t was found that s = 5.28x1016 (e.s.u.). The electron velocity at the Fermi
surface V_can be determined using the following equation :

V= (3n¢h’:8m"e’)"’ g 10

V. was calculated and tabulated in Table (1). It was pessible to define lg the
mean free path by using the formula l‘ =1V It was found that l‘ = 199nm, Thae
small values of lg indicate that electrons are strongly interacting with euch other and

with Jawice. This is a known effect for transition metals, which are characterized by 2
narow 3d band. All the calculated parameters using the optical properties are given in
Table (1) in comparison wilh those obiained previously [rom the electrical

measurements.

Table. 1. :  Values of n,o,T, I' and Er determined from electrical

measurements compared with that obtained from optical
meassurements.

nem”
C

lectrical] 1.74x10%

Optical | 1.63x10% 2810 | 1.55x10"
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