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ABSTRACT

Nitrogen-incorporated SnO
2
 thin films were deposited by rf magnetron sputtering. Comparative structural, electrical and opti-

cal studies of thin films deposited by sputtering of the Sn metallic target and sputtering of the SnO
2
 ceramic target were con-

ducted. The SnO
2
 thin films deposited by sputtering of the Sn metallic target had a higher electrical conductivity due to a higher

carrier concentration than those by sputtering of the SnO
2
 ceramic target. Structurally the SnO

2
 thin films deposited by sputter-

ing of the SnO
2
 ceramic target had a better crystallinity and a larger grain size. This study confirmed that there were distinct

and clear differences in electrical, structural, and optical characteristics between SnO
2
 thin films deposited by reactive sputtering

of the Sn metallic target and by direct sputtering of the SnO
2
 ceramic target.

Key words : Thin films, Tin compounds, Electrical conductivity, Semiconductors

1. Introduction

in oxide thin films have been widely studied for a long
time because they are highly transparent in the visi-

ble range and electrically conductive. They have been well
developed and extensively used in many applications such
as transparent electrodes in flat panel displays, solar cells,
gas sensors, heat reflecting films, and optoelectronics.1-6) Tin
oxide thin films have in general n-type conductivity due to
the existence of intrinsic defects such as oxygen deficiency
and tin interstitials. However, for optoelectronic or trans-
parent device applications, a highly purified and stable p-
type tin oxide with high conductivity and mobility is
required.7) P-type tin oxide can be achieved by either fabri-
cating p-type SnO or doping in SnO

2
 using elements with a

lower valence cation, such as antimony, indium, or nitrogen,
as the acceptor impurity.8-10) 

Among many fabrication methods, sputtering is widely
used to fabricate tin oxide thin films because the sputtering
technique has many advantages, such as a relatively high
deposition rate, production-compatibility, thickness unifor-
mity, and scalability to large areas.11)  Moreover, the sput-
tering method is a convenient way to control the properties
of thin films by changing the sputtering conditions, such as
the oxygen partial pressure, total pressure, power, tempera-
ture, and so on. One of the important sputtering parameters
typically overlooked is the type of sputtering target. There

are two types of sputtering target: a Sn metallic target and
a SnO

2 
ceramic target. Compared to the direct sputtering of

a ceramic target, the reactive sputtering of a metallic target
is in general very useful because different properties and
chemical compositions of thin films can be produced by con-
trolling the reactive gas partial pressures.12)  In addition, the
deposition rate of reactive sputtering, which affects the
grain size and internal stress of thin films, is generally
higher than that of direct sputtering of a ceramic target.11,13)

However, the direct sputtering of a ceramic target can pro-
vide better control of the stoichiometry of thin films than
the reactive sputtering of a metallic target.

In the present work, nitrogen-incorporated SnO
2
 thin

films were fabricated by sputtering of two different targets:
a Sn metallic target and a SnO

2 
ceramic target. The effects

of the metallic target and the ceramic target on the proper-
ties of SnO

2
 thin films were evaluated through structural,

optical, and electrical analysis.In addition, the effects of
nitrogen incorporation in SnO

2
 thin films deposited by the

two different sputtering targets were investigated. Empha-
sis was given to the effect of the sputtering target on the
electrical conductivity of the nitrogen-incorporated SnO

2

thin films.

2. Experimental Procedure

Both a Sn metallic target and a SnO
2
 ceramic target were

used during the fabrication of SnO
2
 thin films and a borosil-

icate glass was used as a substrate. The sputtering atmo-
sphere was an Ar/O

2
/N

2
 gas mixture and the nitrogen flow

content was varied from 10 to 40% of the N
2
/total gas ratio.

Instead of the actual gas partial pressure during the deposi-
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tion, the nitrogen flow content of the sputtering gas in terms
of the percent of the total gas flow rate (70 sccm) was
reported here. The gas flow conditions are listed in Table 1.
The substrate temperature was 100°C and the pressure was
7 mTorr and the power was 200 W. The average film thick-
ness was kept at approximately 2000 Å. The microstructure
of the SnO

2
 thin films was determined by an X-ray diffrac-

tion (XRD), a scanning electron microscope (SEM), and a
transmission electron microscope (TEM). An X-ray photo-
electron spectroscopy (XPS) was used to analyze the chemi-
cal states of the elements. The electrical conductivity,
carrier mobility and concentration were measured using the
Hall effect measurements, and the optical transmittance
was measured by a UV/Vis spectrometer. 

3. Results and Discussion

Fig. 1 shows the X-ray diffraction patterns of the SnO
2

thin films deposited by sputtering of (a) a Sn metallic target
and (b) a SnO

2 
ceramic target. There were no diffraction

peaks indicating tin (JCPDS # 04-0673, major peak from
(200)) or tin nitride (JCPDS # 38-1420, major peak from
(111)), in either case. This suggests that N atoms were in
substitution oxygen sites forming SnO

2
 thin films. In the

case of the Sn metallic target, the degree of crystallinity of
the SnO

2
 thin films without nitrogen incorporation was very

poor, but it improved with an increasing nitrogen flow con-
tent. As the nitrogen flow content increased, the correspond-
ing d-spacing from the (101) peak was prolonged from 2.643 Å
to 2.658 Å because it is supposed that the radius of an N3-

ion (1.71 Å) is larger than that of an O2- ion (1.32 Å).8) In the
case of the SnO

2
 ceramic target, the degree of crystallinity

was good for the SnO
2
 thin films without nitrogen incorpo-

ration and further improved with an increasing nitrogen
flow content. Similar to the Sn metallic target case, the cor-
responding d-spacing was also broadened from 2.644 Å to
2.653 Å indicating the substitution of nitrogen atoms to oxy-
gen sites. In addition, the microstructural changes of the
SnO

2
 thin films were observed through SEM and TEM

images as shown in Fig. 2. The SnO
2
 thin films deposited by

sputtering of a Sn metallic target had a weak columnar
grain growth, an average grain size of around 7.1 nm, and a
relatively smooth surface. On the other hand, the SnO

2
 thin

films deposited by sputtering of the SnO
2
 ceramic target

had a clear columnar grain growth, an average grain size of

around 15.5 nm, and a rough surface. These differences
exist because direct sputtering of the SnO

2
 ceramic target

can provide a larger grain size and better control of the sto-
ichilmetry than reactive sputtering of the Sn metallic tar-
get.

An XPS analysis of the SnO
2
 thin films was carried out

and Sn 3d, O 1s and N 1s peaks are shown in Figs. 3, 4, and
5, respectively. The Sn 3d peak shown in Fig. 3 confirms
that the fabricated thin films were clearly SnO

2
 thin films

because Sn 3d peaks represented the Sn4+ chemical
state.Furthermore, as the nitrogen flow content increased,
both Sn 3d

3/2
 and Sn 3d

5/2
 binding energies had almost no

shift indicating that there was no change in the oxidation

Table 1 Gas Flow Conditions of the Fabricated SnO
2
 Thin Films

Gas Content (%) = individual gas flow / total gas flow

Sn Target (99.999%) SnO
2
 Target (99.99%)

Sample # Ar (%) O
2
 (%) N

2
 (%) Sample # Ar (%) O

2
 (%) N

2
 (%)

Sn-1 85

15

0 SnO
2
-1 90

10

0

Sn-2 75 10 SnO
2
-2 80 10

Sn-3 65 20 SnO
2
-3 70 20

Sn-4 55 30 SnO
2
-4 60 30

Sn-5 45 40 SnO
2
-5 50 40

Fig. 1. XRD patterns of the SnO
2
 thin films: (a) Sn target

and (b) SnO
2
 target.
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state of the Sn in SnO
2
 thin films. In both target cases, judg-

ing from a slope shoulder at a higher binding energy side as
shown in Fig. 4, the chemisorbed O was clearly observed at
the surface of the thin films. Since the O 1s peak was
slightly shifted toward a lower binding energy with an
increasing nitrogen flow content, a decrease in O2- ions bind-
ing with Sn atoms, which is an increase in the oxygen defi-
ciency, probably occurred. 

As shown in Fig. 5(a) the nitrogen incorporation in SnO
2

thin films deposited by sputtering of a Sn metallic target
showed that the N 1s peak was from 397.5 eV to 398.6 eV as
the nitrogen flow content increased from 0% to 40%. This
indicates that tin nitride (~397 eV), which is known as a
donor, might have been produced.8,14)  However, the nitrogen
incorporation in SnO

2
 thin films deposited by sputtering of a

SnO
2
 ceramic target was not noticeably produced even with an

increasing nitrogen flow content, as shown in Fig. 5(b).
Although a small amount of nitrogen was incorporated, a

somewhat blurred and hazy peak of N 1s was found at
around 400 eV, which is different from the films deposited
by sputtering of a Sn metallic target. This indicates that sub-
stitutional nitrogen forming tin oxynitride (~400 eV), which is
known as an acceptor, might have been produced.8,9,14)  The
defects produced by nitrogen incorporation was electrically
opposite between the SnO

2
 thin films deposited by sputter-

ing of a Sn metallic target and by sputtering of a SnO
2

ceramic target.
The electrical properties of the SnO

2
 thin films are sum-

marized in Table 2. The carrier concentration was similar
for the SnO

2
 thin films without nitrogen incorporation

regardless of the target type, but as the nitrogen flow con-
tent increased, the SnO

2
 thin films deposited by sputtering

of a Sn metallic target had one-order higher carrier concen-
tration than those by sputtering of the SnO

2
 ceramic target.

This might be due to the nature of the reactive sputtering
method, which creates more defects in a lattice. However,

Fig. 2. SEM and TEM images of the SnO
2
 thin films: (a) Sn target and (b) SnO

2
 target.
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the mobility of the thin films deposited by sputtering of the
SnO

2
 target was higher than that by sputtering of the Sn

metallic target because of a microstructure difference such
as a large grain size. Overall the SnO

2
 thin films deposited

by sputtering of the Sn target had the highest electrical con-
ductivity, as high as 134 Ω−1cm−1, due to a high carrier con-
centration. 

Finally, the optical transmittance was measured and is
shown in Fig. 6. The optical energy band gaps for the thin
films deposited by sputtering of the SnO

2
 ceramic target

had very little change, and all of them were higher than the
thin films deposited by sputtering of the Sn metallic target.
These results strongly suggest that SnO

2 
thin films depos-

ited by sputtering of the SnO
2
 ceramic target undergo very

little change in carrier concentration and have better sto-
ichiometry than SnO

2
 thin films deposited by sputtering of a

Sn metallic target. This is in good agreement with both the
structural and electrical results explained above. The trans-
mission spectra also indicated that the defect levels created
in the band gap decreased as the nitrogen flow content
increased. 

4. Conclusions

A comparative study of SnO
2
 thin films deposited by sput-

tering of a Sn metallic target and a SnO
2
 ceramic target was

performed. Our investigation revealed that there were dis-
tinct and clear differences in electrical, structural, and opti-
cal characteristics between the SnO

2
 thin films deposited by

reactive sputtering of a Sn metallic target and those depos-
ited by direct sputtering of a SnO

2
 ceramic target. The SnO

2

thin films deposited by sputtering of the Sn metallic target
had a higher electrical conductivity due to a higher carrier
concentration. The SnO

2
 thin films deposited by sputtering

of a SnO
2 

target had relatively low electrical conductivity
due to a lack of carrier concentration, even though good
crystallinity and a larger grain size helped a high mobility.
It is evident that nitrogen could more effectively incorporate
into the SnO

2
 thin films by sputtering of a Sn target because

of the reactive sputtering process, and it produced the elec-
trical defect sites such as oxygen deficiency in thin films.
The lack of nitrogen incorporation in the SnO

2
 thin films

deposited by sputtering of the SnO
2 
target was probably due

to the direct sputtering of a ceramic target which is difficult
to react with sputtering gas such as nitrogen.

Fig. 3. Sn 3d core level XPS spectra of the SnO
2
 thin films:

(a) Sn target and (b) SnO
2
 target.

Fig. 4. O 1s core level XPS spectra of the SnO
2
 thin films:

(a) Sn target,6) and (b) SnO
2
 target.
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