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Summary:

Molybdenum is an interesting functional material for thin film applications like
electrical connections in thin film transistor flat panel displays (TFT-FPD) or
thin film solar cells (CIS). Despite its advantageous properties, the use of
pure Molybdenum has been restricted mainly because of its low stability
against corrosion in moist air even at room temperature. In this paper we will
show how thin films (< 0,5 urn) of Mo can be protected against low -
temperature oxidation either by alloying with greater to or equal 10 wt%
Rhenium or by coating with a thin layer of MoO2.
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1. Introduction:

The high melting temperature, the high electrical conductivity and a thermal
expansion coefficient similar to silicon and glasses make Molybdenum to an
interesting functional material for thin film applications in e. g. integrated
circuits (IC), thin film transistor flat panel displays (TFT-LCD) or thin film solar
cells (CIS). Despite its advantageous properties, the use of pure
Molybdenum has been restricted mainly because of its low stability against
corrosion in moist air even at room temperature.
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The decisive parameters and the mechanisms of the low temperature
oxidation of industrial Mo surfaces have been described elsewhere (1). Due
to their improved corrosion behaviour Mo/Cr and Mo/W alloys are commonly
used in state of the art applications. But the main disadvantages of these
alloys are their higher electrical resistance and their poorer wet chemical
etchability as compared to pure Molybdenum.
In this paper we will show how thin films (< 0,5 urn) of Molybdenum can be
protected against low - temperature oxidation (without affecting the properties
of pure Molybdenum significantly) either by alloying with lower to or equal 10
wt% Rhenium or by coating with thin layers of MoO2.

2. Experimental:

All samples were manufactured by sputter deposition of approximately 250
nm of high purity Molybdenum (4N) on alkali free glass plates with a
thickness of 1mm and dimensions of up to 350 mm x 450 mm or on
commercial 5" Silicon wafers. In the case of the alloyed samples the
Molybdenum to Rhenium ratio was varied between 5 wt% and 41 wt% by the
use of Mo/Re alloy sputtering targets. The protective layers of MoO2, which
had a thickness in the range from 40 nm to 100 nm, were prepared by
successive oxidation of the pure Mo films in oxygen at 250°C to 325°C and
reduction in hydrogen at410°C.
The corrosion behaviour of the samples was investigated in moist air and
deionized water. The oxidation experiments in moist air were carried out in a
climatic test chamber at temperatures from 25°C to 70°C and a relative
humidity of 98%r.h.. The testing procedure with deionized water included
slightly rinsing or ultrasonic cleaning of the samples.
The etching rates were determined at room temperature with an etchant
containing a mixture of phosporic, sulfuric and acetic acid.
Classical and modern surface analytical tools such as Auger electron
spectroscopy (AES), X-ray photoelectron spectroscopy (XPS), scanning
electron microscopy (SEM) and AES-depth profiling have been used to
characterize the samples. Changes in the electrical conductivity have been
determined by the four-point probe method.
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3. Results:

3.1 Corrosion behaviour:

Severe corrosive attack is
observed on pure
Molybden-um films after
storage in moist air (see
Fig.1 and Fig.2). By alloying
with Rhenium the thickness
of the corrosion films
decreases almost linearly
with increasing Re contents
(Fig. 2).
No signs of oxidation are detectable on Mo41Re and pure Molybdenum
surfaces if the latter ones are coated with thin layers of MoO2 (Fig.1).
Additionally the MoO2 layers show a protective effect and remain stable in
deionized water (Fig.3).
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Fig.1: Samples after 72h of oxidation on air in a
climatic test chamber at 40°C and 98%r.h.

pure Mo Mo5Re MoiORe Mo15Re Mo20Re

Fig.2: Extent of corrosive attack for different Mo-Re alloys as determined by XPS
and AES - depth profiling after oxidation on air at 40°C/98%r.h./168h
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O pure Mo

3.2 Electrical Resistivity:

Alloying of Molybdenum thin ,]
films results in an increase of „ . .
the electrical resistivity (Fig.4). | "
Comparing equal com- | "
positions of the alloys, this 1 ]
effect is for Chromium and s ,
Rhenium much stronger than
for Tungsten. In the case of
the Mo/Re alloys, a linear
relation can be observed c. , D • » - . , , „„ ,,,, ~ »,„ «.•

. . . Fig.3: Resistivity of pure Mo and MoO2/Mo thin

between the resistivity and the fi|ms after treatment with deionized water
Re content.

In contrast to alloying, the resistivity of pure Molybdenum thin films is slightly
lowered by coating with thin layers of MoO2 (Fig.3 and Fig. 4).
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Fig.4: Resistivity of several Mo and Mo-alloy thin films after sputter-deposition
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3.3 Etchability:

Alloying with Rhenium has no significant effect on the etching rate of
Molybdenum in a mixture of phosporic, sulfuric and acetic acid. The etching
process is strongly slowered by alloying with Tungsten and strongly
catalyzed by coating with MoO2 (Fig.5).
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Fig.5: Etching rates of Mo and Mo - alloy thin films

4. Conclusion:

The properties of Molybdenum for thin film applications can be improved
effectively either by alloying with lower to or equal 10 wt% Rhenium or by
coating with thin layers of MoO2.
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