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ABSTRACT

To be used as back contact for CZTS/CIGS thin film solar cell, good adhesion to the substrate and low resistivity of the Mo thin
film is necessary. In this study, molybdenum thin film has been deposited on soda lime glass, sapphire, quartz, and a single
crystal yttria-stabilized zirconia (YSZ) using DC magnetron sputtering at 400°C. The structural, electrical, surface morphology
and adhesion test using scotch tape test were carried out. Films deposited on all the substrates passed the adhesion test. Lattice
parameter of films deposited on various substrates was almost same, but the strain % was different. The size of grain in the film
deposited on soda lime glass and YSZ single crystals were larger compared to films deposited on quartz and sapphire. In the
case of SLG, Na helped in the grain growth and in the case of YSZ, the crystalline nature of YSZ helped in grain growth.
Resistivity result indicated films having pure metallic behavior. The resistivity for sample deposited on YSZ single crystal was
very low. AFM study showed that the film made on soda lime glass is having higher surface roughness than other substrates and
it was lowest for samples deposited on YSZ single crystal. The cross-sectional TEM study of Mo thin film deposited on glass

showed columnar structure of the film. Copyright © 2016 VBRI Press.
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Introduction

With the advancement of technology, the demand for
energy is increasing tremendously which is creating a
pressure on non-renewable sources of energy. Scientists are
working since a long time to search for renewable resources
which can replace these conventional sources. As we know,
solar energy is the ultimate source of energy; so converting
this solar energy into usable form of energy which can be
stored for later use is the best alternative. Solar cells are
devices which convert light energy into electrical energy
and hence are the best replacement for conventional
sources to solve the upcoming energy crisis. Among all the
present technologies; CZTS and CIGS based thin film solar
cells are the most researched [1-5]. The highest reported
efficiency for CZTSSe based solar cell is 12.6% [6] and for
CIGS is 22.3% [7]. The theoretical conversion efficiency
for single junction solar cell is nearly 32% [8]. Besides
CIGS, CZTS and its selenide compounds are more popular
as an absorber layer for thin film solar cell application [9-
11].

To ensure high efficiency of a CIGS/CZTS based solar
cell device, an ideal ohmic back contact is needed for
enhanced transport of majority charge carriers and low
recombination for minority charge carriers [12]. According
to researchers, molybdenum has been found to be the most
suitable material for back contact among all other materials;
like, W, Ta, Cr, V, Nb or Ti due to its inertness, high
melting point, high thermal stability, high conductivity and
mechanical hardness [13-15]. Thus, Mo has the capability
to be used as a surface electron collector layer because of
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its high electronic conducting capabilities. Generally, the
molybdenum film is deposited using DC magnetron
sputtering. It is well known that sputtering parameters, such
as; sputtering power, working gas pressure and working
distance control the properties of sputter-deposited thin
films. For example, films deposited at lower working gas
pressures generally have poor adherence to the substrate,
higher conductivity and are under compressive stress;
whereas those deposited at higher gas pressures tend to
have good adherence, high resistivity and are under tensile
stress [13]. Therefore, deposition of molybdenum in two-
layer sequence has also been suggested [14, 17]. It was
experimentally observed that Mo films get peeled off from
the substrate when the substrate was glass and stainless
steel. Mo as its oxide, nitride, carbide, selenide and sulfide
compounds have several applications in electronics [18-
25]. The goal of our present work is to reduce the stress and
increase the adhesion of the Mo film which affects the
properties of CIGS/CZTS layer. Our aim in this work is to
obtain Mo thin films with lower resistivity so that its
contribution to the series resistance of the device is
negligible. The motivation of this work is to find out the
effect of substrate on the resistivity, adhesion & structural
properties of the molybdenum thin film.

Experimental
Materials

Molybdenum target having 2 inch diameter, 3 mm
thickness and  99.99%  purity purchased from
Vin Karola Instruments, USA was used for sputtering.
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Sodalime glass, quartz, sapphire and YSZ substrates
were purchased from Optochem International, Delhi, India
and argon gas with purity 99.9999% was supplied by Linde
Gas, Singapore.

Material synthesis

Mo thin films were deposited on soda lime glass,
sapphire, quartz and a single crystal YSZ (Yattria
stabilized zirconia). Before deposition, the substrates were
cleaned by ultra-sonicating them in de-ionized water for
5 min, acetone for 10 min and finally in propanol for 5 min.
The cleaned substrates were finally dried using a
nitrogen blower. Deposition was carried out in DC
magnetron sputtering system with the base pressure of
1x10° torr and Ar flow rate of 20 SCCM. Before
sputtering, the target was pre-sputtered for 6 min in order to
remove any impurity present. The substrate temperature
was maintained at 400 °C and deposition was carried out
for 15 min.

Characterizations

The structural characterization was performed using
X-ray diffraction (XRD, 0-20) (Bruker D8 Advance).
The crystallite size (D) was calculated using the
Scherer equation, D= 0.9 A/ B cosb; where A is the
wavelength of the X-ray used (0.15406 nm); B, the
full width at half maximum (FWHM) of the highest-
intense peak; and 0, the Bragg angle. For resistivity
measurements, a standard four probe setup was
used and for surface morphology multimode AFM with
Nano Scope V controller (Veeco Ltd., USA) was used.
Cross-sectional TEM analysis of Mo deposited on soda
lime glass substrate was carried out by making cross-
sectional sample and studying it under transmission
electron microscope (HRTEM, FEI G2, F-30, s-twin,
The Netherlands) operating at an accelerating voltage of
300 kV. Cross sectional SEM studied were carried out
using FESEM.
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Fig. 1. XRD patterns of Mo thin films deposited on (a) soda lime glass,
(b) quartz, (c) sapphire and (d) YSZ.
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Results and discussion

Fig. 1(a-d) show the XRD patterns of Mo film
deposited on SLG, quartz, sapphire and YSZ
substrates, respectively. The characteristic XRD peak of
Mo oriented along (110) plane is observed in all
XRDs. Some other peaks corresponding to Mo were also
observed which were similar to earlier reported liter dose
[26-28]. The XRD data matched well with the JCPDS files.
Very high intensity of (110) reflections in the XRD patterns
clearly showed strong texturing and orientation.
From the XRD data of films, lattice parameters, grain size,
strain % and type of strain (using the strain formula; strain
(%) = Aa/a x 100)) were estimated and the values are
mentioned in Table 1.

Table 1. Effect of substrate on lattice parameter, strain %, grain size, and
type of strain of the Mo thin films.

Lattice Grain
Substrate parameter Strain %  size  Strain type
A) A)
SLG 3.159 0.369 162.7 compressive
Quartz 3.160 0.416 91.3  compressive
Sapphire 3.159 0.369 97.4  compressive
YSz 3.157 0.321 162.7  compressive

The above result indicates that the film made on single
crystal (YSZ) is oriented due to crystalline nature of YSZ
substrate. Lattice parameter for all the samples is almost
same. Strain % is different for samples on different
substrates and has very low value for samples deposited on
single crystal (YSZ). The value of grain size is same for
samples deposited on soda lime glass substrate and YSZ
single crystal and is lower for samples deposited on two
other substrates. It has been reported earlier that at higher
temperature, sodium from the soda lime glass helps in grain
growth of the Mo film [11].
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Fig. 2. Temperature vs. resistivity plot of Mo thin film deposited over
various substrates.

Temperature vs resistivity was measured using a standard
four probe measurement system and the results are shown
in Fig. 2 (a-d).
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The resistivity of film was calculated using the standard
resistivity formula.

p= (VI1) ((wxt)/l) )

where, V is the applied voltage, | is observed current,
w is the width of the film, t is thickness of film, I is the
distance between two inner probes.

From R-T data, one can observe that with increase in
temperature the resistivity of samples is also increasing
which shows that molybdenum film is having pure metallic
nature. The value of resistivity changes with substrate and
the value for Mo film deposited over YSZ single crystal
was lowest and was highest for the samples deposited on
soda lime glass substrate.

(a)-sLG

(b)-QUARTZ

(d)-ysz

Fig. 3. AFM images (left 3D and right 2D) of Mo thin films deposited on
(a) soda lime glass, (b) quartz (c) sapphire and (d) YSZ substrates.

Table 2. Average roughness of Mo films deposited on various substrates.

Substrate Average roughness (nm)
SLG 5.53
Quartz 2.93
Sapphire 3.85
YSZ 1.75

AFM images of Mo thin films deposited on (a) SLG, (b)
quartz, (c) sapphire and (d) YSZ (left 3D and right 2D) are
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shown in Fig. 3 (a-d). The average roughness of all the
films is calculated and is presented in Table 2. The average
roughness value for Mo films deposited on soda lime glass
is much higher compared to other substrates and is very low
for YSZ single crystal.

Fig. 4(a) shows the lattice image of Mo deposited on
SLG substrate. The observed lattice spacing of 2.22 A
corresponds to (110) plane of Mo. The columnar
structure of Mo on soda lime glass can be seen in
Fig. 4(b). The SAED pattern (Fig. 4(c)) of film shows that
the film is polycrystalline with textured structures.
The columnar growth of Mo thin film on SLG can be seen
in cross-sectional SEM micrograph of Fig. 4 (d). There
were no voids or porosity in Mo thin films. Mo thin film is
densely packed.

Fig. 4. (a) HRTEM image, (b) cross-sectional TEM showing the
columnar growth of Mo, (c) SAED pattern of Mo and (d) Cross-sectional
SEM micrograph of Mo thin film on soda lime glass substrate.

Conclusion

We have successfully grown molybdenum thin film on soda
lime glass, quartz, sapphire, and YSZ single crystal by DC
magnetron sputtering at 400°C. It was observed that lattice
parameter for films are nearly same but the strain% was
different due to different crystalline nature of substrates.
Films on crystalline substrate (YSZ) grew epitaxial and
therefore have minimum stress. The grain size for samples
deposited on YSZ and SLG are same. Larger grain in films
deposited on soda lime glass shows that sodium had
influenced the grain growth at higher temperature. Cross-
sectional SEM images showed columnar growth of Mo on
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soda lime glass. Temperature dependent resistivity value
indicated that the film grown on YSZ single crystal has
lowest resistivity value. AFM data also indicated that film
roughness was lesser for samples deposited on single
crystal substrate. The present work can be a guideline for
obtaining good quality Mo thin films for solar cell
applications.
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