J. Chosun Natural Sci.
Vol. 9, No. 4 (2016) pp. 223 — 227
https://doi.org/10.13160/ricns.2016.9.4.223

Fabrication of ZnSn Thin Films Obtained by RF co-sputtering
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Abstract

The Zn, Sn, and ZnSn thin films were deposited on Si(100) substrate using radio frequency (RF) magnetron co-
sputtering method. A surface profiler and X-ray photoelectron spectroscopy (XPS) were used to investigate the Zn, Sn,
and ZnSn thin films. Thickness of the thin films was measured by a surface profiler. The deposition rates of pure Zn
and Sn thin films were calculated with thickness and sputtering time for optimization. From the survey XPS spectra, we
could conclude that the thin films were successfully deposited on Si(100) substrate. The chemical environment of the
Zn and Sn was monitored with high resolution XPS spectra in the binding energy regions of Zn 2p, Sn 3d, O 1s, and C Is.
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1. Introduction

Zinc oxide (ZnO) is a typical II-VI group oxide sem-
iconducting material that has a band gap energy of 3.37
eV, ZnO material system shows chemical and thermal
stability at room temperature. Also, it has been actively
studied for various applications such as photoelectric
devices, solar cells, UV sensors, and piezoelectric
devices due to its large free exciton binding energy and
ease of control the electronic conductivity!?!. Tin oxide
(SnO) applied for p-type semiconductor has a large
electronic conductivity due to Ss orbital structure of Sn
in valence band maximum. SnO has been attracting
immense attention as transparent devices such as thin
films transistor®. When the zinc tin oxide (ZTO) was
synthesized using Zn and Sn, it showed the reduction
of significant oxygen vacancy™. It could be applied in
channel layer because of the low resistance and high
transmittance®”,

ZTO thin films could be fabricated with various
methods such as pulsed laser deposition®), chemical
vapor deposition”), sol-gel!'”, spray pyrolysis!'"!, and
sputtering method'?!. Sputtering methods are divided
into two categories in accordance with the kinds of
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applying power on the target. One is the direct current
(DC) sputtering method using direct current and the
other is the radio frequency (RF) sputtering method
using high frequency of radio wave with alternating
voltage. The advantage of RF sputtering method is that
it could be apply for both insulators and conductors
while DC sputtering is applicable to conductors only.

Before investigating the ZTO films, we fabricated the
Zn, Sn, and ZnSn thin films to study metallic films
excluding oxygen gas effect. We calculated the deposi-
tion rates of pure Zn and Sn thin films at various RF
sputter powers using a surface profiler, and then we
controlled the compositional ratios of Zn to Sn in the
thin films using deposition rates. To analyze the chem-
ical environment and the atomic ratio, X-ray photoelec-
tron spectroscopy (XPS) was used.

2. Experimental Section

Thin films (Zn, Sn, and ZnSn) were fabricated by RF
co-sputtering method in the ultrahigh vacuum (UHV)
chamber on p-type Si(100) substrate. The schematic
diagram of UHV RF co-sputtering chamber are shown
in Fig. 1.

The metallic Zn and Sn targets (99.99%, Vacuum
Thin Film Materials, Korea) were used in this work.
The base pressure of the UHV chamber was maintained
about 1.33x107% Pa by using a turbo molecular pump
(TMP) backed by a rotary vane pump (RP). The sub-
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Fig. 1. The schematic diagram of ultra-high vacuum RF
sputter chamber.

strate, p-type Si(100), was cleaned with acetone before
loading in the UHV chamber. The substrate was rotated
by 5 rpm during sputtering process to deposit uniformly
on the whole area of substrate. Pure Ar gas was used
as a sputter gas and the flow rate was kept at 20 sccm
(standard cubic centimeters per minute, cm*/min). Pre-
sputtering process was conducted as the substrate was
covered with a shutter before sputtering process. It
could eliminate contaminants at the surface region of
the targets and stabilize the plasma. Pre-sputtering pro-
cess was performed at about 5.33 Pa of working pres-
sure for 4 min and 20 W of RF power on the metal
targets (Zn and Sn). And then, shutter was opened in
order to start sputtering process for deposition. At that
time, the pressure of the UHV chamber was kept about
1.33 Pa and the metallic targets were energized with
various RF sputter powers from 10 to 40 W for 5 min.
The UHV chamber was retained at 287 K using a chiller
during sputtering process to exclude thermal effect on
the metallic targets. Sample notation was decided
according to the metal elements of thin films, that such
as Zn, Sn, and ZnSn thin films.

The thickness of deposited thin films was measured
using a surface profiler (Alpha-step 500, Tencor, USA)
to calculate deposition rates of thin films. Then XPS
(ESCALab MKII, VG, UK) with Mg Ka X-ray source
(1253.6 eV) was performed for analysis of the chemical
states of the elements.

3. Results and Discussion

Before fabrication of ZnSn thin films, we calculated
deposition rates of pure metallic Zn and Sn thin films
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Table 1. The thickness and deposition rate according to RF
sputter power of Zn and Sn targets.

Tareet RF power Thickness Deposition rate
g W) (nm) (nm/min)
10 81.5 16.3
7 14 156.9 31.4
n
20 257.2 51.4
30 392.1 78.4
10 22.4 4.5
S 20 60.3 12.1
n
30 121.3 243
40 141.1 28.2
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Fig. 2. The deposition rates of Zn and Sn thin films.

in order to control the relative atomic ratio Zn to Sn in
the ZnSn thin films. The thickness and deposition rates
of the thin films as a function of RF sputter power on
each metal target are listed in Table 1.

The deposition rates was calculated using the thick-
ness and sputtering time. In the Fig. 2, x is the RF
power applied on the targets and y is the deposition
rates of the Zn and Sn films. Fig. 2 shows the deposition
rates of Zn and Sn with increasing RF sputter power on
Zn and Sn targets. As we expected, as the RF power
increased, the thickness of the thin films increased. The
deposition rate of Zn was higher than Sn as shown in
Fig. 2. When we compare the melting points of the Zn
(693 K) and Sn (505 K), we expected that deposition
of Sn was higher than Zn.

Interestingly, the opposite propensity was observed.
Increase of deposition rates was proportional to the
applied RF sputter power on each metal target. The RF
sputter power for each target was selected where that
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showed the same deposition rates for the formation of
metallic mixture of Zn and Sn. As a result, the selected
RF powers for 24 nm/min of deposition rate were 12
and 30 W for Zn and Sn targets, respectively. Thus, we
fabricated ZnSn thin film applied the selected RF sput-
ter powers on each target.

Fig. 3 shows the XPS survey spectra of Zn, Sn, and
ZnSn thin films obtained by RF co-sputtering method.
ZnSn thin film was fabricated by applying 12 and 30
W of RF sputter powers on Zn and Sn targets, respec-
tively. Pure Zn and Sn thin films were fabricated with
14 W for Zn and 30 W for Sn of RF powers.

The characteristic peaks in the binding energy regions
of from 1014 to 1052 eV for Zn 2p and in the binding
energy regions of from 478 to 501 eV for Sn 3d were
distinctly observed. This implies that ZnSn film was
successfully deposited on Si(100) substrate. Another
XPS peaks corresponded to O 1s and C Is were also
observed and broad peaks assigned to Auger peaks such
as Zn LMM (265~429 eV), Sn MNN (819~827 eV),
and O KLL (nearby 743 eV) were evolved in ZnSn thin
films as shown in Fig. 3. The notation of Auger peaks
is related with the sequence of the hole generated in the
electronic shell. Which was explained by following
steps; in case of Zn, first, electron of core level (L) was
ejected by X-ray radiation. Second, the electron of
upper core level (M) was transferred to hole to relax the
system. Third, the energy due to the transition from M
to L could eject another electron in other shell (M). Due
to the exposure of the obtained films in atmospheric
environment during transferring from RF co-sputter

Zn2p Survey
\v 7]
& 5 g
]
b Sn 3py, n \ 3 ¢§
3 cc B
S NN 9
” [e!
o ZnSn
(3]
S
\@ Sn
&
Sn 3d
1000 800 600 400 200

Binding Energy [eV]
Fig. 3. The survey XPS spectra of ZnSn thin films.

chamber to XPS analysis chamber, the thin films could
be contaminated by air. Adsorption of water and carbon
dioxide molecules on the thin films causing O and C
peaks.

Unexpectedly, the Zn 2p XPS peak was evolved at
the survey XPS spectra of Sn thin film as shown in the
bottom spectra in Fig. 3. This implies that the Sn target
was contaminated Zn during co-sputtering process. This
problem was solved by cleaning the surface of Sn target
with long pre-sputtering process.

The high resolution Zn 2p and Sn 3d XPS spectra
were measured as shown in Fig. 4 (a) and (b), respec-
tively. The Zn 2p XPS peak was split into doublet with
Zn 2psp (1022.0 eV) and Zn 2p;p (1045.1 eV) peaks
due to spin-orbit-splitting (SOS) as shown in Fig. 4(a).
The interaction between spin angular momentum of the
electron (up or down) and its orbital angular momentum
causes splitting of the electron energy level. This is
called SOS. The ratio of their multiplicity is signified
as 2J+1, thus J is the total angular momentum quantum
number. Therefore, the multiplicity of Zn 2p;,, is 2 and
that of Zn 2p;, is 4. Because of the multiplicity of the
peak, the peak intensity of Zn 2p3,, is twice larger than
that of Zn 2py,. The Sn 3d peaks were also resolved
into doublet with Sn 3ds;, and Sn 3d;,, like the Zn 2p
peak due to large SOS as shown in Fig. 4(b). In the
same manner, multiplicities were 6 and 4 for 3ds, and
3d;, respectively. The peak intensity of Sn 3ds, was
one and half times larger than that of Sn 3d;,. But the
peak splitting of Sn 3d could be appeared not only SOS
but also the other reason at ZnSn thin film. One of the
plausible reasons is that the different chemical states of
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Fig. 4. The XPS narrow spectra of (a) Zn 2p and (b) Sn 3d.
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Fig. 5. XPS narrow spectra of (a) O 1s and (b) C Is.

elements which existed in metallic Sn and oxidized Sn
in ZnSn thin film. The oxidized Sn peak was evolved
at high binding energy and the metallic Sn peak was
appeared at low binding energy. Because the metallic
Sn was electron richer than that of oxidized Sn. The
electron rich environment reduced the binding energy of
the photoelectron.

Fig. 5(a) and (b) were high resolution XPS spectra
corresponded to O 1s and C 1s, respectively. In spite of
the electron are delocalized in the same 1s orbital, the
peak position of O 1s was higher binding energy than
that of C 1s. The number of proton in O is larger than
C that caused higher effective nuclear charge on O. This
showed higher binding energy in O 1s than C. The peak
intensities of O and C 1s were constant in all thin films
due to contamination by exposure to atmosphere. The
peak profiles of O 1s and C 1s were broad and had a
shoulder, which demonstrated coexistence of various
oxidation states.

4. Conclusion

We fabricated Zn, Sn, and ZnSn thin films by RF
magnetron co-sputtering method in UHV chamber. Zn
and Sn thin films were fabricated with various RF sput-
ter powers from 10 to 40 W on pure metallic targets.
The deposition rates of Zn and Sn were determined
using the thickness of thin films and deposition time.
Based on the determined deposition rates, the RF sput-
ter powers were selected with the same 24 nm/min of
deposition rates for 12 W on Zn and 30 W on Sn tar-
gets. We fabricated Zn, Sn, and ZnSn thin films using
above condition. The characteristics of the obtained thin
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films were analyzed by XPS, we confirmed that the
desired metals were properly deposited on Si(100)
through XPS peaks and Auger peaks for each elements.
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