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Abstract. Tin oxide thin films were deposited on the R-cut sapphire substrate by the electron-beam evaporation
of a ceramic SnO2 source. X-ray diffraction and transmission electron microscopy studies revealed that the films
deposited at lower temperatures were amorphous while those grown at temperatures above 350◦C consisted of the
α-SnO phase with the PbO type structure. Epitaxial α-SnO films on the R-cut sapphire substrate were obtained
when deposited at 600◦C. Atomic force microscopy studies showed that films deposited at low temperature have
a smooth surface, while epitaxial SnO films deposited at high temperatures (above 600◦C) have a relatively rough
surface. The atomic mobilities in the films at the various deposition temperatures and the lattice mismatch between
the films and the substrates ultimately determine the microstructure and surface mophology. X-ray photoelectron
spectroscopy analysis shows that the Sn/O ratios are 52.7/47.6 for the amorphous film deposited at the ambient
temperature (∼30◦C), 48.8/51.2 for the films deposited at 350◦C, and 49.2/50.8 for the epitaxial film deposited at
600◦C. Electrical properties were determined by four point probe measurements.
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1. Introduction

Stannic oxide (SnO2) with the rutile type crystal struc-
ture is an n-type wide band gap semiconductor. Owing
to its high chemical and mechanical stability, it is ex-
tensively used in many applications such as solar cells,
catalytic support materials, transparent electrodes, and
gas-sensors [1, 2]. SnO2 is widely used as a base ma-
terial in gas alarms on domestic, commercial, and in-
dustrial premises due to its high sensitivity to small
concentrations of gases (at ppm levels). In particular,
SnO2 thin films have drawn much interest because of
their potential application in microsensor devices [3].
Considerable attention has recently focused on the de-
velopment of solid state gas sensors based on thin films
with a crystallite size smaller than the Debye length of
the material. Such sensors show an increased gas sen-
sitivity and short response time [4, 5]. Thus, due to its
simple rutile structure, SnO2 is an ideal model for a sys-
tematic investigation of the effect of the microstructure
on the electrical properties of oxides.

Various thin film deposition techniques have been
used to fabricate tin oxide films, including sputter-

ing [6–8], electron-beam evaporation [9, 10], chemi-
cal vapor deposition [11, 12], and spray pyrolysis [13,
14]. Sintered SnO2 ceramics are commonly used as
starting source material for the synthesis of tin ox-
ide films by physical vapor deposition. However, the
SnO2 molecules decompose at high temperature in the
gaseous state [15]. As a result, either amorphous phase
or metastable crystalline SnOx films are formed un-
der high vacuum conditions in the PVD chamber, de-
pending on the substrate temperature. A subsequent
post-deposition annealing step is required in order to
obtain a SnO2 film with the rutile structure. In contrast
to the extensive studies on SnO2 [1, 2, 16–20], thin
films of the SnO phase are rarely investigated. Since
SnO is the starting material for the formation of the
rutile type SnO2 during the anneal (oxidation) in oxy-
gen atmosphere, its microstructure and orientation re-
lationship with respect to the substrate materials will
strongly influence the microstructure and surface mor-
phology of the resulting SnO2 films. This in turn will
determine the properties, performance and reliability
of the SnO2 films [21]. Therefore, a systematic inves-
tigation of these precursor SnO films is necessary for
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a comprehensive understanding of the microstructure-
property relationships of SnO2 thin films. In this paper,
we present the results of our studies on SnOx thin films
fabricated by an electron-beam evaporation deposition
of a ceramic SnO2 source.

2. Experimental

2.1. Preparation of Source Materials

Chemical coprecipitation was used to prepare the high
purity tin oxide powder that later would be used to pro-
duce the target material for the thin film deposition.
An aqueous solution of SnCl4 was made by dissolv-
ing SnCl4·5H2O (Alfa Aesar, MA) in distilled water.
A small amount of hydrochloric acid was added into
the solution to avoid the formation of SnO(OH)2. The
solution was then stirred on a magnetic plate. In the
meantime, aqueous NH3 solution was gradually added
to neutralize the solution and obtain tin hydroxide pre-
cipitates. The reaction is described by:

SnCl4 ·5H2O + 4NH3 ·H2O

⇒ SN(OH)4 + 4NH4 ·Cl + 5H2O.

The precipitates were thoroughly washed with distilled
water and filtered through a 0.2 µm membrane filter
several times. The final condensed precipitates were
dried at 80◦C in a low-temperature oven for 20 hours.
The resulting granules were then broken down by
grinding to form a white powder of tin hydroxide. Tin
oxide powders with the rutile structure were obtained
by calcinating the tin hydroxide powders at elevated
temperature (700◦C). Discs of 1.25 cm in diameter and
1.25 cm thickness for e-beam deposition were made by
sintering at 1200◦C for one hour in air.

2.2. Film Deposition

Figure 1 is a schematic drawing of the e-beam evap-
oration deposition system. The high purity SnO2 ce-
ramic source was loaded into a crucible, as shown
in Fig. 1. The substrate materials used in this study
were single-crystal Al2O3 (sapphire) with a (1̄012) sur-
face orientation (R-cut). After loading the substrate
into the deposition chamber, the system was pumped
down to approximately 5.0 × 10−8 Torr. The substrates
were mounted on a tantalum wire heating hot stage,
which can be heated to as high as 1200◦C. During
deposition, the background pressure in the chamber

Fig. 1. Schematic of electron beam deposition chamber for the tin
oxide thin film deposition.

was about 10−6 Torr. Films were deposited at different
temperatures between ambient temperature (∼25◦C) to
600◦C with a nominal film thickness around 1000 Å. A
quartz crystal oscillator installed within the deposition
chamber was used to measure the deposition rate. The
film thickness measurement was determined by cross-
section TEM. The deposition rate for this study was
0.4 Å/sec.

2.3. Characterization of Thin Films

Thin film microstructures were characterized by X-ray
diffraction, atomic force microscopy (AFM), and trans-
mission electron microscopy (TEM). For the X-ray
diffraction studies, both θ–2θ scans and pole figures
were measured on a rotating anode four-circle diffrac-
tometer (Rigaku, Japan) using Cu-Kα radiation. AFM
studies were performed on a Nanoscope III atomic
force microscope (Digital Instruments, Inc., CA) op-
erated in tapping mode and using etched silicon tips
(Digital Instruments, Inc., CA).

Both plan-view and cross-section TEM specimens
were prepared by a standard procedure, which includes
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mechanical grinding, polishing, precision dimpling and
ion-milling. The final thinning of specimens was car-
ried out on a Gatan Precision Ion Polishing System
(PIPSTM, Model 691) using an accelerating voltage
of 4.5 kV and an incident angle of 4–6◦. All speci-
mens were investigated in a JEOL JEM 4000EX high-
resolution transmission electron microscope (HRTEM)
equipped with a Gatan Imaging Filter (GIF), operated
at 400 kV, with a point resolution of 0.17 nm.

Chemical composition analysis was performed on
a PHI 5400 x-ray photoelectron spectroscope (Perkin-
Elmer Corporation, MN). All spectra were recorded
under vacuum conditions better than 10−9 Torr. The
electrical properties of the thin films were determined
using a four point probe.

3. Results

The three different thin films deposited by e-beam
evaporation of a SnO2 ceramic source studied in this
work were: E-600 deposited at 600◦C, E-350 at 350◦C
and E-RT at the ambient temperature (∼30◦C), respec-
tively. Except for the deposition temperature, all film
deposition conditions were identical. Figure 2 shows
x-ray diffraction patterns for all three samples. For the
film E-RT [curve (a)] no reflections were observed ex-
cept for the two strong peaks located at 25.6◦ and 52.5◦

Fig. 2. θ–2θ x-ray diffraction patterns of tin oxide thin films fabri-
acted by the electron beam evaporation of a ceramic SnO2 source:
(a) for the film deposited at room temperature (E-RT), (b) for the film
deposited at 350◦C (E-350), and (c) for the film deposited at 600◦C
(E-600). The strong peaks at 25.6◦ and 52.5◦ for 2θ correspond to
the 101̄2 and 202̄4 reflections of the sapphire substrate (α-Al2O3).
Note that film E-RT is amorphous while films E-350 and E-600 are
crystalline with the α-SnO structure.

for 2θ . These peaks correspond to the 1̄012 and 2̄024 re-
flections of the sapphire substrate. Cross-section TEM
investigations revealed that this film has an amorphous
structure. For the E-350 film [curve (b)] two peaks
located at 18.3◦ and 37.2◦ appear, in addition to the
strong reflections from the substrate. These two peaks
are found to be consistent with the 001 and 002 reflec-
tions of the tetragonal α-SnO phase with the PbO-type
structure (space group P4/nmm) [22]. A similar x-ray
diffraction pattern was obtained for film E-600 [curve
(c)] except that the peak intensities from this film were
higher than those from film E-350. These results re-
veal that the film deposited at ambient temperature is
amorphous, while those grown above 350◦C are com-
posed of the α-SnO structure. Since only (001) and
(002) reflections were observed in the crystalline α-
SnO films (E-350 and E-600), which typically are not
the strongest peaks in the powder diffraction pattern
for α-SnO, the films must be strongly textured with an
out-of-plane orientation relationship with respect to the
substrate of (001)SnO//(1̄012)sapphire.

The surface morphologies of these films were inves-
tigated by AFM. Figure 3 shows AFM images taken
from the same SnO films as for the x-ray studies de-
scribed above. Film E-RT, which is amorphous accord-
ing to both x-ray diffraction and TEM studies, has a rel-
atively smooth surface with the root mean square (rms)
roughness of ∼2.2 nm [Fig. 3(a)]. The film consists of
many small spherical agglomerates with a typical size
of about 30 nm. Film E-350 has a very smooth surface
with rms roughness equal to 1.1 nm [Fig. 3(b)]. Small
grains are uniformly distributed along the film surface
with a mean size of ∼30 nm. However, a much rougher
surface was found in the film E-600, with rms rough-
ness of ∼8.1 nm [Fig. 3(c)]. This high roughness (film
E-600) is due to the existence of many hillocks, which
are faceted and distributed randomly on the relatively
smooth surface. This feature is seen in the cross-section
TEM image, Fig. 4(a), taken from a cross-sectional
specimen of the as-grown E-600 film. The thin film
has a thickness of about 120 nm and shows a smooth
surface in most of the areas except for some small areas
with a well-faceted shape. Fig. 4(a) also shows that the
grains in the film have a columnar structure. The aver-
age diameter of the grains, determined from the cross-
section TEM images, is about 150 nm. Figure 4(b)
shows a selected area electron diffraction (SAED)
pattern taken from an area including both the sub-
strate and the thin film. This pattern corresponds
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(a)

(b)

(c)

Fig. 3. Atomic force microscopic (AFM) images and surface profiles of tin oxide thin films deposited by electron beam deposition: (a) film
E-RT, (b) film E-350, and (c) film E-600.
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Fig. 4. (a) Cross-section TEM image of film E-600. (b) Electron diffraction taken from an area, which includes both the sapphire substrate
and the SnO film, of the same film as for (a). (c) Schematic showing the superposition of two sets of diffraction patterns shown in (b), which
belong to the [22̄01] zone diffraction pattern of the sapphire substrate (open circles) and the [100] zone diffraction of the α-SnO structure (filled
circles). (d) HRTEM micrograph taken from the same cross-section specimen as for (a), with the electron beam aligned parallel to the SnO [100]
direction which is parallel to the Al2O3 [22̄01] direction.
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to the superposition of two sets of diffraction pat-
terns: one corresponds to the [22̄01] zone diffraction
pattern of the α-Al2O3 structure (the sapphire sub-
strate), the other is the [100] zone diffraction of the
α-SnO structure (the film). An schematic showing the
overlapping of the two diffraction patterns is given
in Fig. 4(c). It is seen that the orientation relation-
ship between the film and the substrate is given by
(001)SnO//(1̄012)Al2O3 (the sapphire R-plane) out of the
plane and [100]SnO//(22̄01)Al2O3 in the film plane. The
same diffraction pattern, except for a small tilting (less
than 3◦) of the film along the SnO [001] direction with
respect to the sapphire substrate, was observed in all
thin areas of many TEM specimens cut from the same
thin film. The film/substrate interface was also investi-
gated by cross-section HRTEM. Figure 4(d) shows an
HRTEM micrograph taken from the same cross-section
specimen as for Fig. 4(a), with the electron beam
aligned parallel to the [100]SnO and the [22̄01]sapphire

directions. It is observed that the SnO/Al2O3 (sapphire)
interface is atomically abrupt. The orientation relation-
ship between the film and the substrate is given by
(001)[100]SnO//(1̄012)[22̄01]Al2O3 .

Plan-view TEM studies were also conducted on the
same thin film. Figure 5(a) is a TEM micrograph taken
from a plan-view specimen which shows grains about
150 nm in average, consistent with those seen in the
cross-section TEM image. Figure 5(b) is the electron
diffraction pattern taken from the same area shown
in Fig. 5(a). This diffraction pattern corresponds to
the SnO [001] zone. The smearing intensity distri-
bution of reflections indicates that the thin film con-
sists of many grains which are rotated by small angles
(<3◦) with respect to each other along the [001] di-
rection, i.e., the film normal. The corresponding elec-
tron diffraction pattern from the substrate is shown
in Fig. 5(c). It is clear that the orientation of most
of grains in the film with respect to the substrate is:
(001)[100]SnO//(1̄012)[22̄01]Al2O3 , which is consistent
with that determined by cross-section TEM studies.
The small misorientation of SnO grains through tilting
around the [001] direction results in the diffraction con-
trast in the TEM images as observed in both Fig. 4(a)
and Fig. 5(a).

Similar TEM investigations were conducted on the
E-350 film, which was grown at 350◦C. Figure 6(a) is
a bright field TEM image taken from a cross-section
specimen, showing a smooth surface. Figure 6(b) is a
TEM image taken from a plan-view specimen of the
same thin film. The film consists of grains with an av-

erage diameter of ∼30 nm. The electron diffraction pat-
tern is displayed at the upper right corner of Fig. 6(b).
The pattern includes both reflections from the SnO film
(rings) and reflections from the sapphire substrate (dis-
tinct spots). The rings correspond to h k 0 reflections of
the α-SnO structure. These results indicate that the SnO
film has an out-of-plane orientation relationship with
respect to the substrate of (001)SnO//(1̄012)Al2O3 , while
SnO grains are oriented randomly with each other in
the (001) plane.

The chemical composition of all three films was
studied using XPS. Figure 7 shows an XPS spectrum
taken from film E-600, showing the binding energy
peak positions for Sn 3d and O 1s. The Sn core levels
3d5/2 and 3d3/2 are observed at 486.2 eV and 494.6 eV
respectively. The bonding energy peak for O 1s is lo-
cated at 530.2 eV. The relative concentrations of the
constituent elements were calculated by utilizing the
peak area sensitivity factors. The [Sn]/[O] ratio was
found to be 49.2/50.8 for film E-600. Similar stud-
ies were conducted for films E-350 and E-RT, and the
[Sn]/[O] ratios were determined to be 48.8/51.2 for
E-350 and 52.6/47.4 for E-RT, respectively. No impu-
rity elements were detected in the XPS investigations.

The electrical properties of all three films at room
temperature were studied by four-point probe measure-
ments using the van der Pauw configuration. Hall mea-
surements indicated that both films E-600 and E-350
show a p-type semiconducting behavior. Films E-600
and E-350 have resistivities of 195 
 · cm and 18 
 · cm
respectively. However, the amorphous film E-RT has a
very high resistivity of 1.4 × 108 
 · cm, which can
be considered as an insulator. Table 1 summarizes the
microstructure, [Sn]/[O] ratio and resistivity (at room
temperature) of three films.

4. Discussion

According to the present studies, the microstructure
of thin films deposited on the R-cut sapphire sub-
strates by the e-beam evaporation of a SnO2 ceramic
source depends on deposition temperatures. The film
deposited at ambient temperature (∼25◦C) is amor-
phous, while those deposited at temperatures above
350◦C are polycrystalline with the tetragonal α-SnO
structure and consist of a strong out-of-plane texture:
(001)SnO//(1̄012)Al2O3 . The in-plane orientations of
SnO grains are random for the film deposited at 350◦C,
while the epitaxial film deposited at 600◦C has an
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Fig. 5. (a) Bright field TEM image taken from a plan-view specimen of film E-600, showing that the thin film consists of grains with an average
size of ∼150 nm. (b) Electron diffraction pattern taken from the area in (a), which is corresponding to the SnO [001] zone diffraction. (c) The
corresponding electron diffraction pattern from the substrate.
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Fig. 6. (a) Bright field TEM image taken from a cross-section specimen of film E-350, showing a smooth surface. The film consists of
polycrystalline grains with random shapes. (b) Plan-view TEM image taken from the same thin film as for (a). (c) Electron diffraction pattern
taken from the plan-view specimen, including both reflections from the SnO film (rings) and reflections from the sapphire substrate (distinct
spots).

in-plane orientation relationship with respect to the
substrate of (001)[100]SnO//(1̄012)[22̄01]Al2O3 .

The formation of the α-SnO structure, instead of
the rutile SnO2 structure in e-beam deposition, is due
to the fact that SnO2 decomposes at high temperature
in high vacuum with very low oxygen pressure dur-
ing deposition [15]. The direct formation of the rutile
SnO2 phase requires a relatively high oxygen pressure
which, however, is not suitable for the use of electron
beam evaporation since the filament of the electron gun
would be easily oxidized.

In the present work, the deposition temperature is a
key factor in determining the microstructure and mor-
phology of SnO films since all films were otherwise
grown under the same conditions. Because most oxides
do not fully wet the substrate in equilibrium at deposi-
tion temperature, film formation proceeds through the
nucleation of islands or clusters on the substrate sur-
face. These islands will then grow to cover the substrate
surface and eventually coalesce to form a continuous
film [23]. The mechanism involved in the formation of
amorphous or crystalline states by condensation from
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Table 1. Microstructure, composition and electrical resistivity of tin
oxide films.

[Sn]/[O] Resistivity
Film Microstructure ratio (
 cm)

E-RT Amorphous 52.6/47.4 1.4 × 108

E-350 Polycrystalline α-SnO, 48.8/51.2 18
randomly shaped grains
with average grain size
≈30 nm. Out of plane
texture: (001)snO//
(1̄012)Al2O3

E-600 Epitaxial α-SnO, 49.2/50.8 195
columnar grains with
mean size of 150 nm.
Orientation relationships:
SnO(001)[100]//
Al2O3(1̄012) [22̄01]

vapor phases primarily depends on the amount of time
atoms or clusters of atoms interact to form bonds in
metastable and/or stable structures [24]. At low tem-
peratures, the vapor phase is rapidly quenched by de-
position onto the cold substrate surface at a rate that
limits bond formation. The limitation of establishing
long-range order is further enhanced by the low surface
diffusion due to the low temperature, which makes im-
pinging atoms get trapped into clusters. As a result, a
smooth surface consisting of small spherical agglom-
erates is formed in the amorphous film, as seen in
Fig. 3(a).

Fig. 7. XPS spectra taken from the film E-600, showing the binding energy peak position for Sn 3d and O 1s.

When the deposition temperature is increased to
above 350◦C, the improved surface diffusion allows
atoms to move and achieve long-range ordering dur-
ing deposition, resulting in a crystalline structure. The
film formed at such intermediate temperature (350◦C
in the present case) is polycrystalline even though there
is a good lattice match between the film and the sub-
strate. The film microstructure is also influenced by
grain boundary mobility, which depends on tempera-
ture and atomic diffusion. Since most oxides have low
diffusivities, films deposited at relatively low temper-
atures (350◦C) have a large range of grain size dis-
tribution due to the low grain boundary mobility dur-
ing cluster coalescence and film growth. However, this
temperature (350◦C) is high enough to create surface
motion of the atoms, which results in a small surface
roughness. The existence of texture in this film is prob-
ably due to the layered atomic structure along the [001]
direction, which leads to a low (001) surface energy of
SnO and a low film/substrate interfacial energy.

For films deposited at 600◦C, the situation is differ-
ent. Due to the improved surface mobility of atoms
during deposition, epitaxial growth will be possi-
ble if there is a good lattice match between the
film and the substrate. In the present system, the α-
SnO phase is tetragonal with the PbO type structure
(a = 3.799 Å, c = 4.841 Å, space group P4/nmm)
[22], and the sapphire (α-Al2O3) has the rhombohedral
structure (a = 4.758 Å, c = 12.991 Å, space group
P6). Although these two materials belong to different
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Fig. 8. Schematics showing the atomic configurations of the SnO (001) surface (a) and the sapphire (1̄012) surface (b).

crystal systems, there are marked similarities between
the SnO (001) surface and the sapphire (1̄012) surface.
As shown in Fig. 8, the interatomic distance ab (or ad)
is 3.79 Å in bulk SnO, whereas the corresponding dis-
tance AB (or AD) is 3.50 Å in sapphire. If the SnO film
grows on the sapphire with an orientation relationship
of [100]SnO//[022̄1]Al2O3 , i.e.

−→
ab //

−→
AB, the lattice mis-

match along this direction, ab−AB
ab

, is 7.6%. Similarly,
the SnO film may grow with [100]SnO//[22̄01]Al2O3 ,
i.e.

−→
ad //

−→
AD. There is a rotating angle of ∼3.3◦

along the [001] direction between the SnO grains
with these two different orientations because the
[022̄1] (

−→
AB) and [22̄01] (

−→
AD) directions have a an-

gle ( � BAD) of 85.7◦. A third possible orientation for
the SnO film is: [110]SnO (−→ac )//[1̄21̄0]Al2O3 (

−→
AC) and

[1̄10]SnO (
−→
af )//[101̄1]Al2O3 (

−→
AF). The lattice mismatch

is 4.5% along the SnO [11̄0] direction and 11% along
the SnO [110] direction. Thus, the SnO film may con-
sist of a number of grains which have orientations with
respect to the substrate close to any of the above men-
tioned orientations. As a result, the electron diffrac-
tion taken along the [001] zone axis of such film
will show a pattern such as that of Fig. 5(b). Grain
boundaries existing in the film are mainly small angle
boundaries.

The texture evolution and grain size evolution dur-
ing film growth are dependent on grain boundary mo-

bility, which is high at 600◦C. The driving force for
grain boundary motion is the minimization of grain
boundary energy, film-substrate interfacial energy, film
surface free energy, and misfit strain energy in the film.
The increase of grain size will reduce the number of
grain boundaries and thus decrease total grain bound-
ary energy. Interface and grain boundary energies can
also be reduced during growth through grain bound-
ary migration, so that grains with high-energy orienta-
tions with respect to the substrate are consumed by the
growth of grains with a low energy orientation. How-
ever, grain growth will cause the increase of grain size
and thus increase the strain energy (if not relaxed) in the
epitaxial film due to the existence of lattice mismatch.
The balance of all aforementioned factors results in
a restricted texture with a well-defined average grain
size.

The difference in electrical conductivity can be
discussed based on the microstructure and chemical
composition of these films. E-350 has smaller grain
size than E-600, which means E-350 has higher
grain boundary density in the film. It is known
that grain boundaries scatter electrical conducting car-
riers and thus reduce their mobility, resulting in the de-
crease of conductivity in the materials. Assuming that
the microstructure is the main factor in determining the
conductivity of the films, according to this mechanism,



Tin Oxide Thin Films 45

the resistivity of film E-350 should be higher than that
of film E-600. Obviously this is not the case from our
measurements. Therefore, other more dominant mech-
anisms are likely to be responsible for the change in
electrical transport behavior of these films.

The difference of [Sn]/[O] ratio in the films may
explain this difference in resistivity. According to the
Hall measurements of films studied, the crystalline SnO
film is a p-type semiconductor, consistent with previous
studies [25]. The conducting mechanism in the material
is due to the excess of oxygen. Tin is normally in the
form of Sn2+ in this material. If there is excess oxygen
in the film, some cations will be transformed into Sn3+

in order to maintain electrical neutrality. This process
can be considered as Sn2+ capturing a hole and forming
weakbonded holes. These holes are located inside the
bandgap near the top of the valence band and serve as
acceptor states in the energy band structure. As a result,
a p-type semiconductor is formed. According to the
chemical composition determined by XPS, E-350 has
more excess oxygen in the film ([Sn]/[O] = 48.8/51.2)
than E-600 ([Sn]/[O] = 49.2/50.8), which means that
the carrier (hole) density is lower in E-600, thus film
E-600 shows much higher resistivity (195 
 cm) than
E-350 (18 
 cm).

5. Conclusions

Tin oxide thin films were deposited on the (1̄012) sap-
phire (R-cut) substrates by electron-beam evaporation
of pure ceramic SnO2 source. Thin films with differ-
ent microstructures were fabricated by varying depo-
sition temperatures while other processing conditions
remained unchanged. Films deposited at low tempera-
tures are amorphous while those grown at temperatures
above 350◦C have a crystalline α-SnO phase which has
the PbO-type structure. Epitaxial SnO thin films were
obtained when deposited at 600◦C, with the orienta-
tion relationship with respect to the substrate of SnO
[100](001)//sapphire [22̄01] (1̄012). Both cross-section
TEM and AFM examinations showed that the thin film
surface morphology depended on the deposition tem-
perature. XPS analyses showed that the chemical com-
positions in tin oxide films are influenced by depo-
sition temperature. Resistivity measurements revealed
that amorphous SnO film is insulating, while crystalline
SnO films are conductive. However, the resistivity of
epitaxial SnO film (E-600) was one magnitude higher
than polycrystalline SnO film (E-350). The difference

in electrical properties were ascribed to the change in
the [Sn]/[O] ratio in the films.
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