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Effect of sputtering time on Mo thin films deposited on
different substrates using DC magnetron sputtering
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Mo thin films were deposited on glass and silicon substrates using DC magnetron sputtering at different sputtering time
respectively. Their momphological, structural and electrical properties were investigated. The results show that Mo films
present crystal plane orientation along (110) direction. And the grain sizes increase with the increase of sputtering time. In
addition, the sheet resistance and resistivity of Mo films show a first decrease and then increase relationship with the
increase of sputtering time. Particularly, when the sputtering time is 25 min, the resistivity of Mo film deposited on glass is

lowestin this experiment, 12.33 pyQscm.
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1. Introduction

Nowadays, the researches of thin-film solar cells
become more and more popular today [1-4]. Mo thin films
have been used widely as batteries back contact layer in
thin-film solar cells [5-8] and electrode [9,10] because of
their high electrical conductivity, thermal stability,
chemical stability and infrared reflection characteristics
[11-13]. Besides, Mo films are also widely used as gate
and source/drain signal lines in the thin film
transistor-liquid crystal displays (TFT-LCD) or as
interconnection lines in resistive and capacitive touch
screen panels owing to their excellent adhesion property
on glass substrate and low contact resistance to silicon and
indium tin oxide (ITO) [14]. High conductivity and
uniformity, low sheet resistance and commensurate
thermal expansion coefficient of Mo thin films are most
essential characteristics in application [15].

So far, many scholars have devoted to explore the
preparation and properties of Mo thin films by sputtering
method [16-20]. Different parameters of sputtering process
will effect the microstructure and performance of thin
films such as the power, current, temperature, Ar pressure
and base pressure [21-24]. Besides, sputtering time and the
properties of the substrates also can effect the
microstructure and performance of Mo thin films. Hence,
Zhang et al. [25] have studied the influence of sputtering
time on the preferred orientations of Mo thin films. And
Tanja et al. [26] studied the electro-mechanical behavior of

Mo thin films deposited on flexible substrates. But all of
the works mentioned above were focused on the influence
of one single parameter in sputtering process. To study
more comprehensively about the effect of sputtering
process on Mo thin films, we paid great attentions on the
difference in microstructure and properties of Mo thin
films deposited on different substrates at different
sputtering time using DC magnetron sputtering method,
respectively.

2. Experimental

Mo thin films were deposited on 10 x 10 mm’
soda-lime glass and mono-crystalline silicon substrates
with 1.0 mm thickness using DC (direct current)
magnetron sputtering at room temperature. The Mo target
was a disc of 25 mm diameter, 4 mm thickness with
99.97% purity. And the distance between target and
substrates was 60 mm. The substrates were cleaned by
acetone, alcohol and deionized water using a ultrasonic
cleaners for 15 min respectively in order to remove
impurities and contaminants. Then the substrates were
dried in N, atmosphere prior to deposition. The cleaned
substrates were transferred to the deposition chamber
immediately after drying. Prior to each deposition,
pre-sputtering of target was performed for 10 min to
remove impurities from the surface of target. The
parameters of sputtering process are shown in Table 1.
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Table 1. Summary of conditions of Mo thin films deposited by DC magnetron sputtering

Samples  Base pressure/Pa  Power/W  Current/A  Working pressure/Pa  Arflow/sccm  Sputtering time/min
1 2x107 110 0.25 0.35 40 8
2 2x107° 110 0.25 0.35 40 10
3 2x107° 110 0.25 0.35 40 15
4 2x10° 110 0.25 0.35 40 25
5 2x10° 110 0.25 035 40 35

The morphologies of Mo thin films were observed
using scanning electron microscope (SEM) and the phase
structure of the Mo thin films were determined by X-ray
diffraction (XRD). Besides, the sheet resistance was
measured by a four-point probe equipment. And then the
resistivity of the samples was calculated combining with
the thickness by the formula (1) following:

Resistivity = Thickness x Resistance Q)

Besides, the average crystallite size was calculated by
Scherrer equation according to the XRD data. The
Scherrer equation can be written as:

d=K¥/Bcos @)

where: d is the mean size of the ordered (crystalline)
domains, which may be smaller or equal to the grain size;
K is a dimensionless shape factor, with a value close to
unity. The shape factor has a typical value of about 0.9, but
varies with the actual shape of the crystalline; A is the
X-ray wavelength; B is the line broadening at half the
maximum intensity (FWHM), after subtracting the
instrumental line broadening, in radians. This quantity is
also sometimes denoted as A(260); 0 is the Bragg angle.

Furthermore, the shift of the (110) peak along 20
allowed us to calculate strain in thin films. The residual
stress calculations were made from the XRD data by strain
equation. Using Bragg’s formula the inter-planar spacing
di190 was calculated. The strain in the films was then
calculated by the formula (3) following:

Strain (%) = Ao/aw x100% 3)

where: a is lattice constant(for Mo thin film, a=0.31472
nm). It is the main parameter to determine whether the

strain is compressive or tensile [27].

3. Results and discussions

Fig. 1 shows the SEM images of Mo films deposited
on silicon substrates. The morphologies of Mo films are
significantly effected by the increase of sputtering time.
When the sputtering time is short, such as 8min and 10
min, non-uniform grains in the dimension of 20-30 nmare
observed resulting in rather rough surfaces as shown in Fig.
1(a, b). When an elevated sputtering time of 15 min is
available, more compact and smooth surface is achieved,
and the distribution of grain sizes is more homogeneous.
As the sputtering time increases to 25 min, most smooth
surface is obtained comparing with the others. However,
when the sputtering time increases to 35 min, the shape of
grains changes from cone into spherical obviously. And
some small holes appear in Fig. 1(e). Furthermore, the
grain sizes evidently increase with the increase of
sputtering time.

The morphologies of Mo thin films deposited on glass
substrate are demonstrated by SEM images as shown in
Fig. 2. It is obvious that the grain sizes of Mo thin films
deposited on the glass substrates increase with the increase
of sputtering time. When the sputtering time is less than 15
min, some particles aggregate as shown in Fig. 2(a-c).
Because there is not enough energy for the grains to
migrate owing to short sputtering time. And then when the
sputtering time increases to 25 min, the surface of Mo thin
film is most smooth with most uniform grain size in Fig. 2.
Besides, the density of Mo thin film shown in Fig. 2(d) is
also the highest. However, over long sputtering time
results in bigger grain size leading to nonuniform surface
and lower density.
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Fig. 1. SEM images of Mo thin films deposited on silicon substrates at different sputtering time:
(a) 8 min, (b) 10 min, (c) 15 min, (d) 25 min, (e) 35 min

NONE

NONE

Fig. 2. SEM images of Mo thin films deposited on soda-lime glass substrates at different sputtering
time: (a) 8 min, (b) 10 min, (c) 15 min, (d) 25 min, (e) 35 min

Comparing Fig. 2 with Fig. 1 comprehensively, the
grain sizes of Mo films deposited on glass are smaller than
those of Mo films deposited on silicon substrates at the
same sputtering time. It is because that silicon substrate
with high crystalline orientation along (400) direction is
used in this work. As shown in Fig. 4(a), the XRD data of
silicon substrates can be indexed to a pure cubic structure
according to JCPDS card No. 65-1060, with space group
Fd-3m(no. 227) and lattice parameters ofa = b = ¢ =
5.43A. In addition, the peaks of Mo can be indexed to a
pure cubic structure according to JCPDS card No. 65-7442,
with space group Im-3m(no. 229) and lattice parameters of
a=b = ¢ = 3.147A. Thus, for silicon substrate, the lattice

mis match (8) between silicon and Mo is calcu lated as 0.42
according to the formula (4).

0 =(0g—0g)/ 0y 4

Therefore, the incoherent interface is formed between
silicon and Mo grains because the large lattice mismatch
resulting in larger phase difference among grains. Thus,
the the interface energy is higher. As it is known, the
greater the interface energy is, the more unstable the grain
boundary is. And then the rate of the atomic migration is
higher. It is conducive to the nucleation and growth for
grains. As a result, the grain size of Mo thin films
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deposited on silicon substrate is larger. Besides, regardless
of the influence of substrates, different sputtering time also
effects the grain size, morphology, and properties of Mo

films. When the sputtering time is 25 min, Mo films
present most homogeneous grain size and most smooth
surface, which leads to lowest resistivity in this work.
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Fig. 3. Cross-section of Mo thin films deposited at different sputtering time:
(a) 8min, (b) 10min, (c) 15min, (d) 25min, (e) 35min, (f) thickness of Mo thin films

Fig. 3(a-e) shows the cross-sectional SEM images of
Mo thin films deposited at different sputtering time. The
Mo grains grow in a columnar crystal growth way as
shown in Fig. 3. Moreover, the thickness of Mo thin films
shows a linear increasing relationship with the increase of
sputtering time approximately as shown in Fig. 3(f).
Crystallite sizes and strains of deposited Mo thin films
calculated from XRD data are shown in Table 2. Here the
crystallite size just means the crystallite property of
deposited Mo thin films. In addition, as a reason for the

adhesion property, the residual stress is considered. Thus,
the residual stress analysis has become meanwhile a
mandatory experimental technique for the study of the Mo
thin films for electronic applications [28]. In this work, all
the Mo thin films show a small tensile. The adhesion
properties of Mo films could meet the requirements on use.
It has been suggested that voids, crystallographic flaws,
argon impurities could be responsible for the stress in the
deposited Mo thin films using DC magnetron sputtering
method.

Table 2. Crystallite size and strain calculated from XRD data

Sample 1 2 3 4 5 6 7 8 9 10
Substrates glass  glass glass  glass  glass  silicon silicon silicon silicon silicon

Sputtering time(min) 8 10 15 25 35 8 10 15 25 35

Crystallite size(nm) 11.3 16.5 12.0 12.6 20.3 255 12.7 16.7 17.1 5.6
Strain,% 0.9182 0.6049 08288 0.7884 04925 0.2383 0.7725 05916 0.6156 1.7701

The XRD patterns of Mo thin films deposited on
silicon and glass substrates are shown in Fig. 4. All the Mo
films deposited shows cubic crystal structure according to
JCPDS card No. 65-7442. No diffraction peaks from any
other impurities were observed, indicating the high purity
of the products. And Mo thin films deposited on both the
Si and the glass substrates exhibit a strong preferential
diffraction peak (110). And the intensity of the peak (110)

increases with the increasing of sputtering time. However,
the intensity of the diffraction peak (110) shown in Fig.
4(b) is higher than Fig. 4(a). It is mainly because of the
strong preferential orientation of silicon substrates, which
could effect the interface between the substrate and Mo
grains as discussed above.
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Fig. 4. XRD patterns of Mo thin films deposited on silicon and glass substrates respectively:
(a) silicon substrates; (b) glass substrates

Table 3. Electrical properties of Mo thin films deposited on different substrates

Sample 1 2 3 4 5 6 7 8 9 10
Substrates glass glass glass glass glass silicon  silicon  silicon  silicon  silicon

Sputtering time(min) 8 10 15 25 35 8 10 15 25 35

Thickness(nm) 178 200 380 460 645 178 200 380 460 645
Sheet resistance(Q2/sq) 16.82 16.46 6.11 2.68 412 25.82 23.18 9.13 4.32 6.00
Resistivity (uQecm) 29.94 32.92 23.24 1233 2657 4596  46.36  34.69 19.87 38.70
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Fig. 5. The sheet resistance and resistivity of Mo films deposited on silicon and glass substrates respectively:
(a) sheet resistance, (b) resistivity

Table 3 summarizes the electrical properties of Mo
thin films deposited on silicon and glass substrates
respectively. Also changes in the sheet resistance and the
resistivity of deposited Mo thin films are shown in Fig. 5.
It is clear that both the sheet resistances and the resistivity
of deposited Mo thin films show a first decrease and then
increase relationship with the increase of sputtering time.
In addition, it is worth noting that both the sheet resistance
and the resistivity of Mo thin films deposited on glass
substrates are lower than those of films deposited on
silicon substrates at the same sputtering time. As for the
films, their resistances are consisted of two parts:
resistances at interface and grain boundary. A relationship
between numbers of grain and resistance is established by
Tamaki et al, which state that resistance is directly

proportional to the number of grains as shown in formula

®) [29].
Ra = 2Ra(i) + (N-1)Ra(gb) 5

Where, Ra(i) and Ra(gb) are resistance at interface and
grain boundary, respectively, and N is the number of grains.
For silicon substrates, the incoherent interface is formed
between silicon and Mo grains, the interface energy is
higher than strain energy, so the Mo films are always
formed into spherical phase as shown in Fig. 1. And the
crystal sizes of Mo grains deposited on silicon substrate
are almost similar as those on glass substrate. In the case,
the numbers of grain boundaries are higher for Mo grains
deposited on silicon substrate as compared to Mo grains
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deposited on glass substrate. As a result, the resistivity of
mo lybdenum films deposited on silicon substrate is higher
according to formula (5).

4. Conclusion

We have investigated the effects of sputtering time on
the microstructure, sheet resistance and resistivity of Mo
thin films deposited on different substrates at different
sputtering time in this work. The grain sizes of the Mo thin
films deposited on both the glass substrates and silicon
substrates increase with the increase of sputtering time.
And all deposited Mo films exhibit a strong preferential
diffraction peak (110). Moreover, the sheet resistances and
the resistivity of deposited Mo thin films show a first
decrease and then increase relationship with the increase
of sputtering time. In addition, both the sheet resistances
and the resistivity of Mo thin films deposited on glass
substrates are lower than those of films deposited on
silicon substrates at the same sputtering time. Especially,
when the sputtering time is 25 min, the resistivity of Mo
thin film deposited on soda-lime glass declines obviously
to the lowest in this experiment (12.33 pQecm).
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