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Abstract—We investigate diffusivity and conductivity in the context of electronic transport in crystalline cad-
mium oxide by knowing the electron concentration in CdO as a function of the partial pressure of oxygen in
the deposition process of the material in question. From the chemical kinetics of the reaction by which CdO
is formed, first we consider an approximate relationship for the electron concentration in terms of the above
pressure. In fact, by taking into account this relationship and other issues, we determine the product diffusiv-
ityxconductivity in crystalline CdO. This product can be considered as a significant figure of merit.
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INTRODUCTION

The chemical kinetics of the reaction by which cad-
mium oxide is deposited has a special importance with
several key aspects which should be investigated suc-
cessfully in order to get a significant advance in eluci-
dating totally the main physical and chemical mecha-
nisms associated with the formation of CdO. In rela-
tion to advanced theoretical studies on the above
mentioned key aspects, one should mention [1—5]. On
of these key aspects refers to the role of the partial
pressure of oxygen in the deposition process of cad-
mium oxide. This role and other related issues have
been examined experimentally in [6—18]. In this
respect, consider experimental techniques relative to
evaporation. In this context, let us regard activated
reactive evaporation [6], reactive thermal evaporation
onto glass substrates [7, 8], and vacuum evaporation
on a glass substrate at room temperature [9]. More-
over, other significant experimental methods are
pulsed laser deposition [10, 11] and some techniques
based on sputtering [12—14]. In particular, evaporat-
ing elemental cadmium in the presence of oxygen
plays a great role [6—9]. This is very important for the
purpose of the present paper.

In fact, the aim of the present work is calculating
the product diffusivity X conductivity within the con-
text of electronic transport in crystalline CdO formed
by evaporating elemental cadmium in the presence of
oxygen. To get this end, first we will calculate approx-
imately the electron concentration in CdO as a func-
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tion of the partial pressure of oxygen in the deposition
process of the oxide in question. We will show that this
calculation arises from examining the chemical kinet-
ics of the reaction by which CdO is formed. Under
these considerations and the Drude model, and
employing the fact that the effective electron mass
depends on the electron concentration, we will deter-
mine the diffusion coefficient and electrical conduc-
tivity of crystalline cadmium oxide as functions of the
partial pressure of oxygen so we will arrive at an inter-
esting relationship for the product of the above two
quantities. This product may be viewed as a notorious
figure of merit.

THEORETICAL FORMULATION

We start from the chemical reaction which gives
cadmium oxide as follows:

Cd, + 0, — 2CdO. (1)

By inspecting reaction (1), it is easy to see that the
equilibrium constant for concentrations is equal to the
equilibrium constant for pressures, that is:

[CdO]’ _ Pl
[Cdz][oz] PCdZPOZ.

Cadmium oxide is n-type. The electron concentra-
tion of this oxide is proportional to [CdO]. On the
other hand, the electron concentration depends on the
partial pressure of oxygen [6—9] in the deposition pro-
cess of CdO (consider evaporating Cd in the presence

of oxygen) so, putting F,, = P, we denote the electron
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concentration as function #(P). Under these condi-
tions, regarding the ideal-gas equation, namely,

P = RT[0O,] and the evident facts that [Cd,], P-4, and
P-4 are P-independent, then from relation (2) we get:

_
n(P)=—
(P) Jp’
where v is a constant (see [4, 5]). This constant can be
determined by using the following condition, namely,
the maximum value of n(P) is reached at, roughly, the
so-called optimum oxygen partial pressure [6] which,
by definition, is the value of P such that the optical
transmittance of CdO thin films in the visible range is
maximum (see, for instance, [6—9]). Therefore, by the

above condition and denoting by P, the optimum par-

3)

tial pressure of oxygen, it follows that y = nmax\/FO SO
formula (3) becomes:

~ b 4
n(P) nmax\/; . (@)

Relationship (4), which refers to crystalline CdO
thin films, agrees qualitatively with experimental data
[6]. In this respect, we wish to remark that from for-
mula (4) it follows that the electron concentration
decreases as the partial pressure of oxygen increases.
This, and other related issues, are consistent with
experimental data [6—9]. On the other hand, we want
to emphasize that expression (4) corresponds to crys-
talline cadmium oxide. In fact, for values of P appre-
ciably smaller than F,, the oxide in question is amor-
phous [6] so that the growth of crystals begins for pres-
sure values clearly larger than the optimum value [6].
It was shown that, at low P, the composition of the
CdO films is dominated by excessive cadmium [6].

Now we consider the Drude model by which the
electrical conductivity (as a function of P) of CdO (we
notice that CdO is only n-type) can be represented as:

_e’n(Pyu(P)
m*(n(P)) ’

where T(P) denotes electron relaxation time, e is the
absolute value of the electron charge, and m* is the
electron effective mass which is assumed reasonably,
by invoking the plasma-optical effect [19—22] and the
so-called Burstein-Moss effect, as dependent of the
electron concentration as follows:

o(P) (%)

°h [n( P)]z/s
2m*(n(P))
where E|, (P) stands for P-dependent energy band-

gap. Note that relation (6) gives the shift experienced
by the above gap.

On the other hand, one has:

I(P) = \ D(P)u(P), (7

AE (P) = (6)
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where /(P) and D(P) are the P-dependent electron
mean free path and diffusion coefficient, respectively.

By combining formulae (4) to (7), one obtains:

1/6
/Y (%j P(PYAE/(P).  (8)

D(P)o(P) = =5
Th

Relation (8) gives the product diffusivity X con-
ductivity in the context of electronic transport and in
terms of the oxygen partial pressure. At this point, we
recall the notorious importance of this pressure from
both the chemical and technological standpoints. In
particular, for CdO thin films prepared by activated
reactive evaporation [6], the influence of the afore-
mentioned pressure upon both physical and chemical
behaviors of the films in question is certainly very sig-
nificant.

CONCLUSIONS

Both electronic and ionic diffusivities play an
important role in Chemical Physics and Physical
Chemistry. In particular, electron diffusivity in thin
solid films is an important subject with a number of
open questions. In addition, electrical conductivity in
thin solid films is another subject with, also, a number
of open questions. It is clear that the above questions
should be elucidated by using more powerful theoreti-
cal techniques for elaborating definitive theories. As a
matter of fact, in the present paper, we have developed
a theoretical model to determine a relevant figure of
merit, namely, the product diffusivity X conductivity
for electronic transport in CdO thin films. With this
model, we have arrived at formula (8), which gives the
above figure of merit as a function of the partial pres-
sure of oxygen in the deposition process of the CdO
films. Before we have pointed out the significance and
relevance of this pressure as, say, a fundamental
parameter. Particularly, this can be remarked espe-
cially in relation to chemical aspects.
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