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In this work, antimony doped tin oxide (SnO2:Sb) thin films were fabricated using a radio frequency magnetron
sputtering system on Si wafer and glass substrates. The base pressure in the sputtering chamber was 1.0 Pa. The
SnO2:Sb thin films were deposited for 1.0 h in a mixture of Ar and Oz environment with O2/Ar ratio of 10/90 at 75,
100, and 125 W RF sputtering powers. The microstructure of SnO»:Sb thin films was assessed using a field emission
scanning electron microscopy. The crystallographic structure of the sample was determined by X-ray diffraction.
The average surface roughness (R,) was measured with atomic force microscopy. The electrical resistivity of the
deposited films was measured by the four-point-probe method. The thicknesses of the films were measured by

surface profiler.
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1. Introduction

The SnOs film is a transparent conductive coating ma-
terial and an n-type semiconductor with a wide band gap
(approximately 3.7 eV) [1] and has tetragonal rutile struc-
ture. The SnO5 film shows the best thermal and chemical
stability, it is inexpensive, and it has good adhesion to
most of the substrates, but it has high resistivity. The
optical band gap, resistivity, carrier type, and concentra-
tion of SnO, films can be easily adjusted with addition
of a dopant. The most common dopants used for sputter
deposited SnO; thin films are antimony (Sb) and indium
(In) [2-4]. The SnO; films have great potential for ap-
plication in various fields, such as gas sensors [5], solar
cells [6], optoelectronic devices [7], flat panel displays [8],
and heat mirrors [9].

The properties of the films are generally affected by
preparation conditions such as deposition techniques,
substrate temperature, working pressure, types of sub-
strates and the thickness of the films [10]. The conductive
antimony doped tin oxide (ATO) films are prepared by
various methods such as chemical vapor deposition [11],
spray pyrolysis [12], sputtering [13, 14], pulsed-laser de-
position (PLD) [15] and dip coating [16]. RF magnetron
sputtering is one of the most promising deposition tech-
niques due to the advantages of low deposition tempera-
ture, simple processing, whilst yielding the preferred ori-
entation and uniform properties [17], inexpensive equip-
ment and suitability for large area deposition.

The aim of this paper is to investigate the effect of
RF power on the structural and electrical properties of
SnO2:Sb thin films deposited on silicon wafer and glass
substrates by RF magnetron sputtering technique. Our
work tends to focus on the changes in the crystallinity,
surface roughness, grain size, deposition rate and resis-
tivity of SnQ4:Sb thin films as a result of RF power.

2. Experimental
The experimental process parameters used in this

study are shown in Table. The SnO2:Sb thin films were

deposited on glass, silicon wafer and stainless steel sub-
strates using RF magnetron sputtering. The target was
an SnQO2:Sb disc (SnO2:Sb = 90:10% in weight, purity
99.99%) of a diameter of 50.8 and 6.35 mm thick. The
RF powers were 75, 100, and 125 W. The flow rate of Ar
and Oy gases was fixed by a TDZM-III mass flow con-
troller. The substrate was not heated deliberately and
not measured.

TABLE
Parameters of sputter deposition of the SnO2:Sb thin films.

1.0 Pa
glass and silicon wafer

sputtering pressure
substrate

substrate temperature room temperature

substrate to target distance | 13.5 cm
deposition time 60 min
oxygen partial pressure

ygen p p 10%

[(O2/(O2+Ar)]-100
RF power

75, 100, and 125 W

The crystalline structure of SnO5:Sb thin films was
characterized by X-ray diffraction (XRD) technique. The
XRD patterns of the deposited SnO5:Sb thin films were
obtained by an X-ray diffractometer (Rigaku D/MAX
2000 with a multipurpose attachment) using Cu K|, ra-
diation (A = 1.54056 A). The scan rate used was 2°/ min
and the scan range was from 10° to be 90°. The grain
size as calculated by Scherrer’s formula [17]:

_09)
~ Becosf’

where D is the mean grain size, A is the X-ray wave-
length, B is the corrected full-width at half maximum
(FWHM) and 6 is the Bragg angle.

The resistivity of the films was also measured. A resis-
tance meter with a four-point probe (Lucas Labs Pro4-
-4000 probe) was used to measure the electrical resis-
tivity of SnO4:Sb thin films. The surface morphology

(293)


http://dx.doi.org/10.12693/APhysPolA.125.293

294 O. Cevher et al.

of SnO2:Sb thin films was investigated by field emission
scanning electron microscopy (FESEM) (JSM-6335F).
The surface roughness of the films was measured using
an atomic force microscope (AFM) (Ntegra). The thick-
ness of the films was measured using a profilometer (KLA
Tencor P-6).

3. Results and discussions

FESEM micrographs of SnQ5:Sb thin films deposited
with various RF powers at 10% oxygen partial pressure
were presented in Fig. 1. The SnO2:Sb thin films have a
relatively smooth and dense surface. Grain agglomerates
were also observed. The results show that the nanosized
SnO5:Sb particles were obtained. The Si wafer substrates
were covered with morphology like Volmer—Weber type
growth (Fig. 1) at various RF powers.
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Fig. 1. FESEM micrographs of SnO2:Sb thin films de-
posited at 10% oxygen partial pressure, (a) 75 W,
(b) 100 W, and (c) 125 W RF powers.

The crystallographic structure of SnOs:Sb thin films
deposited with different RF power at 10% oxygen partial
pressure was presented in Fig. 2. The diffraction peaks
indicate that tin oxide exists in cassiterite tetragonal (ru-
tile type) structure (JCPDS card number 00-041-1445).
The (110), (101) and (211) diffraction peaks were ob-
served for SnO,:Sb thin films deposited with different
RF powers in 10% oxygen partial pressure. The inten-
sity of peaks becomes more intense and sharper with the
increase in RF power. This suggests that crystallinity of
the resulting film increases with increasing RF power.

Figure 3 shows AFM micrographs of SnOs:Sb thin
films sputtered with various RF powers at 10% oxygen
partial pressure.

The surface roughness of SnO4:Sb thin films were also
illustrated in Fig. 4. The roughness of SnO2:Sb thin film
increases from 3.516 to 4.778 nm with the increase of
RF power from 75 W to 125 W. It is evident from the
AFM micrograph that the growth of SnO2:Sb thin films
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Fig. 2. X-ray diffraction patterns of the ATO thin
films deposited with different RF powers at 10% oxy-
gen partial pressure.

is in the columnar nature and grain size is increased by
increasing RF power.

Fig. 3.

AFM morphologies of SnO2:Sb thin films de-
posited at 10% oxygen partial pressure, (a) 75 W,
(b) 100 W, and (c) 125 W RF powers.

The deposition rate and grain size of SnO3:Sb thin
films deposited with different RF powers at 10% oxygen
partial pressure are shown in Fig. 4. Deposition rate
decreases with an increase in RF power at 10% oxygen
partial pressure. As the RF power increased from 75 W
to 125 W, the deposition rate of SnO5:Sb thin films in-
creased from 9.68 nm /min to 20.51 nm/min. This can be
explained by the fact that the number of sputtered SnO
molecules at the target surface increases owing to the en-
hancement of bombardment by Ar™ ions as the RF power
increases and the resulting deposition rate increases [14].
The grain size increases gradually with the RF power.
When the RF power is about 75 W, the average grain size
is about 9.7 nm, when RF power is increased to 125 W,
the grains also increase to about 12.1 nm. From this re-
sult, the grain size was observed to get bigger with the
increase in the RF power because the increased power
caused an increase in the energy of the Art ions when
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they collided with the target and then an increase in the
surface mobility of the sputtered particles [14].

Figure 4 shows the resistivity of SnO5:Sb thin films
deposited at different RF powers at 10% oxygen par-
tial pressure. As the RF power increased from 75 W to
125 W, the resistivity of SnO5:Sb thin films deposited on
the glass substrate decreased from 0.159 to 0.0177 Q cm.
This result was very consistent with the other results
mentioned previously. That is, the crystallinity was en-
hanced with higher RF power for the film deposition.
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Fig. 4. Deposition rate, grain size, roughness, resistiv-
ity of SnO2:Sb thin films deposited at 10% oxygen par-
tial pressure and different RF powers.

4. Conclusions

Deposition rate increases with increased in the RF
power. The intensity of peaks becomes more intense and
sharper with the increase in RF power. The mean grain
size increases with increased in the RF power. The av-
erage surface roughness of the film increases with the
increased in the RF power. The electrical resistivity of
SnO5:Sb thin film decreases with increased in the RF
power.
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