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Thermoelectric power (TEP) measurements provide
the most reliable information about the nature of
charge carriers. Combined with dc conductivity, ther-
moelectric power measurements allow the conduction
operative in the films to be systematically investigated.
According to Mott and Davis [1] the sign of TEP is a
more reliable indicator than the Hall co-efficient for
determining whether the material is n-type or p-type.
TEP measurement is particularly useful for small
mobility materials in which Hall effect measurements
are extremely difficult to make. In this study the
variation of TEP with thickness and deposition rate
has been studied.

Cu-GeO; cermet thin films of various thickness (100,
200 and 400 nm) and deposition rates (1, 2 and 3 nm/s)
were deposited on corning 7059 alkali free alumino-
silicate glass substrate in vacuo (about 1 mPa) from
two molybdenum boats by co-evaporation [2] using
99.3% pure Cu power (Koch-Light Laboratories Ltd.)
and 99.999% pure GeO, powder (Aldrich Chemical
Company, Inc.). The co-evaporation for the fabrication
of thin films for mixing metal and ceramic is preferred
over single boat evaporation as the deposition param-
eters can be closely controlled with this technique and
as a result, the film properties are more reproducible.
A type-K chromel-alumel thermocouple (RS Compo-
nents Ltd.), connected to a Comark microprocessor
thermometer (Model 6400), was used to monitor the
temperature of the substrate. To obtain 100 nm thick
20 vol% Cu—80 vol% GeO, film, 20 nm of Cu was
mixed with 80 nm of GeO; by controlling the deposi-
tion rates of the sources. The deposition rates and film
thicknesses were controlled using two calibrated quartz
crystal oscillators (Maxtec, Inc.) for the Cu and GeO,
sources. The film thickness was measured by multi-
ple beam interferometry with an angstrometer (Solan
Instruments, Model M-100).

The thermoelectric power, S, was measured using in-
tregal technique [3] in vacuo in the temperature range
290 K to 600 K on planar samples of 50 vol% Cu.
The Seebeck voltage was measured with respect to alu-
minum by connecting the positive terminal of the elec-
trometer to the cold end of the sample. The absolute
TEP of the film Sg,(7) at hot junction temperature T
was calculated using the relation

Sexp(T) = Stm(T) — Sa(T)

where Sex,(T) is the derivative of the measured Seebeck
voltage with respect to hot junction temperature T
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produced by Cu-GeO, and Al contact films. Su; is
—40 n VK~! [4], which is negligibly small compared
to Skim. Hence

Sexp(T) ~ Sﬁlm-

The TEP of the samples were calculated by fitting poly-
nomials to the measured Seebeck voltage data points
and then taking slopes at various hot junction tempera-
tures.

Fig. 1 shows the dependence of TEP with tempera-
ture for 50 vol% Cu film of thicknesses 100, 200 and
400 nm, deposited at a rate of 0.8 nm/s. Fig. 2 obtained
from Fig. 1 is a graph of TEP vs. thickness for selected
temperatures. As can be seen, TEP increases with in-
creasing thicknesses.

The transport properties of a material in thin film
state will be different when compared with the prop-
erties of the same material in the bulk state. In thin
film state in addition to the normal bulk scattering pro-
cesses, scattering of carriers may also occur at external
and internal (grain boundary) surfaces. As the external
surface-to-volume ratio is an inverse function of the
thickness of a film and the grain size is also small (less
than the thickness of the film), it is expected that as the
thickness of the film changes, the extent of the carrier
scattering by internal and external grain boundary will
also change. Consequently, transport properties of thin
films will be functions of thickness. This dependence
of the properties of a film on thickness is termed the
classical size effect. Tellier [5] proposed the effective
mean free path model to explain the thickness depen-
dence of the resistivity of polycrystalline films. It was
modified further by Pichard ef al. [6] to include a discus-
sion of the Seebeck coefficient S¢ of a polycrystalline
film. The relation is

ey

3(1-p)ly U,
8 1

S=841-2
! g{ 1+ U,

where subscripts f and g are related to the thin
film and infinitely thick film, respectively, U, =
(01nl;/9d In E)E, is the energy dependence of the mean
free path [, of the charge carriers, ¢ is the thickness of
the thin film and p is a specularity parameter which
gives the fraction of the charge carriers that are spec-
ularly scattered from the surface. This model predicts
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Figure 1 Thermoelectric power vs. temperature plot for 50 vol% Cu
films of various thicknesses.
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Figure 2 Variation of thermoelectric power vs. thickness of 50 vol% Cu
films at selected temperatures.
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Figure 3 Variation of thermoelectric power vs. inverse thickness of
50 vol% Cu films at selected temperatures.

that the TEP of a thin film should decrease with de-
creasing thickness.

Fig. 3 shows TEP vs. reciprocal thickness plot. The
experimental TEP values at different selected temper-
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TABLE 1 Values of Sg-calculated using Equation 1 at different
temperatures

T (K) Sy (VK™
573 52
540 49
500 45
450 4.1
400 3.7
340 32
300 2.9

atures exhibit a linear dependence on reciprocal thick-
ness, as expected from the effective mean free path
model. It was also found from electron diffraction
shown in Fig. 4 that 50 vol% Cu films have a few bright
spots on the diffraction ring and hence are polycrys-
talline. Hence, these samples may be expected to obey
relation 1. S, obtained from the intercepts of Fig. 3
is tabulated in Table I. Das and Lakshmi [7] and Das
etal. [8, 9] have also observed the increase of TEP with
thickness for SeyyTegy alloy, Sb and Se;ySbjgTego thin
films.

Fig. 5 shows the variation of TEP with temperature
for 20 vol% Cu samples 200 nm thick, deposited at

Figure 4 Electron diffraction pattern for 50 vol% Cu film, 100 nm thick,
deposited at a rate of 0.8 nm/s, at a substrate temperature 600 K.
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Figure 5 Variation of thermoelectric power vs. temperature of 20 vol%
Cu samples deposited at various rates.
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Figure 6 Variation of thermoelectric power vs. deposition rate of
20 vol% Cu films at selected temperatures.

600 K at various deposition rates. For a fixed temper-
ature TEP increases with increasing deposition rate as
shown in Fig. 6. A low deposition rate leads to a higher
gaseous content in the films but a lower number of de-
fects. Since the samples were prepared at elevated sub-
strate temperatures (600 K) the gas content is expected
to diminish because of the decreasing sticking coeffi-
cient. Thus samples prepared at the higher deposition
rate are expected to have relatively higher thermoelec-
tric power and conductivity values. Optical measure-
ments [9] confirm that the number of defects increases
with increasing deposition rate whereas DC measure-

ments on the same sample [10] reveal that the conduc-
tivity increases with increasing deposition rate.
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