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Abstract

The growth rate and dielectric properties of the Ba(Sn, Ti;_,)O; (BS,T;_,) thin films prepared by radio frequency (rf) magnetron sputtering at room
temperature have been characterized as a function of deposition parameters. The BS, T, _, thin films are amorphous when deposited at low rf power
(R, =100 and 125 W). The XRD result shows merely a single perovskite (BaTiO3) structure and the intensity of reflection peaks increases with the
rf power increasing from 125 to 150 and 175 W. When the BS,T,_, thin film is deposited at R, = 150 W and room temperature, the deposition rate
decreases with the increasing working pressure (W) and O,/(O; + Ar) ratio (O;). The refractive index of the BS,T;_, thin films is between 2.1 and
2.3, which shows that the variation of working pressure is not very significant. The dielectric constant of the BS,T;_, thin films increases with the
R, increasing from 100 to 150 W and decreases above 150 W. The leakage current density of the BS ;5T s thin films nearly displays the ohmic
behavior when the electric field is below 50 kV/cm. The conduction mechanism of the BSy ;5T gs thin films involves the Schottky emission (SE)

and Poole—Frenkel emission (PF) models. The BS, T, _, thin film shows a ferroelectric characteristic in the polarization-electric field plot.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

From a material viewpoint, Ba(Sr,Ti)O3 (BST in short) can
be categorised as a solid solution between BaTiO3 (BT in short)
and SrTiO3 (ST in short) and expressed as xBT—(1—x)ST. BT is a
ferroelectric material with a Curie temperature at 120 °C, while
ST is a paraelectric material with a phase transition tempera-
ture of approximately —245 °C (bulk). In the past several years
many studies have been carried out focusing on the deposition
techniques and electrical properties of BST films.!?

In recent years, thin films such as BT, ST,* Pb(Zr,Ti)03,’
Ba(Zr, Ti;—,)03.%7 (Ba,Sr)TiO3,2 (Baj_Sry)(TipoSng )03,
and (ST/Bi),'° thin multilayers with a high relative dielectric
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constant have been considered for use as storage capacitors in
dynamic random access memories (DRAMs); such a dielectric
material should have a low leakage current and a high dielectric
constant, and it is desirable to have a paraelectric phase to avoid
fatigue due to ferroelectric domain switching.!

Among the modified BT compositions, the barium stannate
titanite, Ba(Sn,Ti;_,)O3, (BS,T1_, in short, 0 <x< 1) system
has attracted considerable attention. BS, T{_, is a solid solu-
tion of barium titanite and barium stannate, BaSnO3. BS, T|_,
represents an interesting model system for diffuse phase transi-
tion ferroelectrics.'! Significant deviation from the Cuire—Weiss
law for x>0.1 has been reported by Yasuda et al.'> Further-
more, Oh et al.!3 also have pointed out that the ferroelectric
domain structure of BS, T{_ is observed for x £0.13, prov-
ing a long-range order in this composition range. The result
of a temperature-dependent X-ray diffraction (XRD) study on
BSp.05To.95 ceramics with dielectric measurements have been
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investigated by Muller et al.'# and interpreted in terms of

mechanically clamped tetragonal and cubic phases, coexisting
in the vicinity of ferroelectric cubic—tetragonal phase transi-
tion temperature in grains with inhomogeneous Sn distribu-
tion. Recently, dielectric properties!’ and elastic behavior!® of
BS, T;_x ceramics have been discussed. Although the BS, T1_,
ceramics and their properties have been reported;!!~! however,
the BS, T _, thin film deposited on an n-Si(1 0 0) wafer by radio
frequency (rf) magnetron sputtering on room temperature sub-
strate has not been conducted.

In the present study, the effect of deposition parameters
on the growth rate and dielectric properties of rf magnetron
sputtered BS,Tj_, thin films on an n-Si(100) wafer have
been investigated using X-ray diffraction (XRD), scanning elec-
tron microscopy (SEM), energy dispersive spectrometry (EDS),
automatic ellipsometry and capacitance voltage measurements.
The influences of deposition parameters on the crystal structure,
deposition rate, oxygen content, Sn/Ti ratio, refractive index,
dielectric properties and leakage current density of the BS,T|_,
thin films have been discussed in detail.

2. Experimental procedure
2.1. Thin film preparation

The chemical composition of the BS, T;_, targets is listed in
Table 1. Commercial BaTiO3 (purity 99.0%, supplied by Noah
Tech. Co., San Antonia, TX, USA) and BaSnOj3 (purity 99.0%,
supplied by Noah Tech. Co.) were weighed and ball-milled with
acetone and alumina balls for 24 h. The mixture was dried by
an infrared lamp and subsequently ground and sieved. The pow-
ders through an 80-mesh sieve was then mixed with a 1.0 wt%
polyvinyl acetate binder and pressed at 180 MPa to a disk of
6.2 cm in diameter. The pressed disk was heated at 600 °C for
30 min with 4.5 °C min~! to burn out the binder. After the binder
was burned out, the target disk was then heated at 1330 °C for
2h with 1.5°Cmin~!, and cooled to room temperature with
3°Cmin~".

The substrate of a 10mm x 10mm x 0.5 mm »n-Si(100)
wafer was ultrasonically cleaned in trichloroethylene, acetone,
and propanol'® and followed by rinsing in deionized water sev-
eral times before being loaded into the sputtering chamber.
Buffer HF was used to remove native oxides on the Si surface.
Finally, the cleaned Si substrate was dried by N».

The BS,T;_, thin films with various x values were also
deposited on the Si substrate by rf magnetron sputtering. The
sputtering apparatus is shown schematically in Fig. 1. The over-

Table 1
Chemical composition of stoichiometric ceramic targets for the preparation of
Ba(Sn, Tij—,)O3 (BS,T_y) thin films

Starting material Sample notation and composition (mol%)

BT BS0.05Tio.95 BSo.1Tio.o BSo.15Tio.s5

BaTiO3 100 95 90 85
BaSnO3 0 5 10 15
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l _rr Cooling water
Alln || all
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Fig. 1. Schematic diagram of the sputtering apparatus for the preparation of
BS, T, thin films.

all deposition parameters for the preparation of the BS,T1_,
thin films are listed in Table 2. Before sputtering, firstly the sub-
strate and target were put on stands and shielded by a shutter.
The sputtering chamber was evacuated to 2.0 x 107> Torr by
using rotating and oil diffusion pumps. The flow rate ratio of the
sputtering gases of Oy and Ar was set at 1:9, maintaining the
working pressure at 1.0 x 1072 Torr. The BS,T|_, target was
presputtered in Ar for 20 min to clean the surface for enhanced
film adhesion. The Pt top electrode with a thickness of 50 nm
and a diameter of 350 pm were patterned by a shadow mask pro-
cess. The Ag bottom electrode was fitted by painting the body
with silver paste and drying.

2.2. Films characterization

The thickness and refractive index of the BS,T|_, thin
films with various x values were determined by an auto-
matic ellipsometer (Rudolph Research Co., Flanders, NJ, USA)
with a He—Ne laser (wavelength 6328 A) as a detecting probe
and a profilometer (Tencor Alpha-Step 200; San Jose, CA,

Table 2
RF magnetron sputtering parameters for the preparation of Ba(Sn,Tij_,)O3
(BS, T;_,) thin films

Target diameter (cm) 5.0

Target—substrate distance (cm) 3.6

Background pressure (107> Torr) 2

Working pressure (10~ Torr) 5

Substrate temperature (°C) 25 (room temperature)
Sputtering gas Ar+ 0,y

0,/(0; + Ar) 1/(1+9)

rf Power (W) 100-175

Film thickness (nm) 800
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USA). The BS, T;_, thin films had the composition range of
x varying from 0 to 0.15 and the thickness remained around
800 nm.

The phase identification of the BS, T_, targets and BS,T|_,
thin films were exercised using XRD with a Cu Ka radiation and
a Ni filter, operated at 30kV, 20 mA, and the scanning rate of
0.25° min~! (Model Rad IIA, Rigaku Co.; Tokyo, Japan). The
morphology of the surface and cross section of the BS, T_,
thin films were examined by SEM (Hitachi, Model S-4200;
Tokyo, Japan). The composition was analyzed with EDS (Model
Noran Vantage, Boyager, USA) employing an internal standard
method.

The dielectric constant of the BS,T_, thin films deposited
at various rf powers was measured at 20 °C using an impedance
analyzer (HP4192A LF, Palo Alto, CA, USA) with a thermostat
(Mini-subzero MC-81, Kisnet, Japan) at applied ac voltage=1V
and frequency = 1 kHz. The dielectric constant (¢;) was calcu-
lated using Eg. (1):

& = Cd(g9A)~! (1)

where C is the capacitance (F), d is the film thickness (m), A is
the area of the Pt top electrode (m?), and & is the permittivity
of free space (8.854 x 10712Fm™1).

3. Results and discussion

3.1. Crystal structure and chemical composition of the
BS,T;_y thin films

When the BS, Ty, thin films are deposited at R =175 W,
Wp=5.0x 103 Torr, O;=1/(1+9), and room temperature,
their XRD patterns are shown in Fig. 2. It indicates that all
BS,T;_, thin films are crystalline. Although Olson et al.!”
have pointed out that rf-sputtered BaTiO3 films are found to
change from amorphous to crystalline only on the substrate
surface temperature, the XRD result illustrates that the film
formed below substrate temperature (St) =700 °Cis amorphous,
while above 800 °C the crystalline film is formed. Moreover, the
rf-sputtered Ba(Zro.3Tip.7)O3 thin films formed at R, =100 W,
Wp=1.0x 10=2 Torr, O, =1/(1+9) and St =300°C, the XRD
results shows that the Ba(Zrg 3Tig 7)O3 thin films are still amor-
phous also reported by Wang et al.® However, in the present
study the BS,T_y thin film even though sputtered at room tem-
perature, and R, =175 W shows crystalline. This phenomenon
is due to the high kinetic energy of the sputter-ejected species for
atomic arrangement and crystallization when sputtered at high
rf power and room temperature.

Since the XRD patterns of the BS,T_ thin films with var-
ious x values have the same trend, the effect of rf power on
the crystal structure of the BSq 15T g5 thin films has been con-
cerned. Fig. 3 illustrates the XRD patterns of the BSg 15 To 35
thin films deposited at various rf powers for W, =5 x 1073 Torr,
O;=1/(1+9) and room temperature. From Fig. 3 (a) and (b), it
can be found that the BS¢ 15T g5 thin films sputtered at Ry = 100
and 125 W are amorphous, respectively. When the rf power
increases to 150 and 175W, the (100), (110), (111), (200)

(c)

Intensity (a.u.)

20 30 40 50 60
26 (deg.)—>
Fig. 2. XRD patterns of the BS,T;_, thin films deposited at R, =175W,

Wp=5x 1073 Torr, O, = 1/(1 +9) and room temperature: (a) x=0, (b) x=0.05,
(¢) x=0.1, and (d) x=0.15.

,:?
8
=
‘@
c
[0]
£
M
M (a)
20 30 40 50 60
20 (deg.)—~

Fig. 3. XRD patterns of the BSg 15T g5 thin films deposited at various rf powers
for W, =5 x 1073 Torr, O, = 1/(1 +9) and room temperature: (a) rf = 100 W, (b)
rf=125W, (c) rf =150 W and (d) rf =175 W.
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Fig. 4. SEM surface and cross-section micrographs of the BSy.15To.g5 thin films deposited at W, =5 x 1073 Torr, O, = 1/(1+9), room temperature and different rf

powers: (a) 125 W, (b) 175 W and (c) 175 W.

and (2 1 1) reflections of the BSg 15T g5 thin films become dis-
tinct. From Fig. 3(c) and (d), it is also found that the crystallinity
gradually increases with the rf power.

Fig. 3 illustrates that the crystal structure of the BSg 15T¢.85
thin films still maintains the amorphous state when sputtered at
R, =100 and 125 W. This phenomenon is due to the fact that
the low kinetic energy of the sputter-ejected species is not suf-
ficient for the arrangement and crystallization of atoms on the
substrate when sputtered at lower rf power'® on an unheated
substrate. Moreover, the BSg 15T g5 thin films transforms from
amorphous to a single perovskite structure and the intensity
of reflections increases with the rf power increasing from 125
to 150 and 175 W, respectively. This result is caused by the
increased kinetic energy of the sputter-ejected species, leading
to the enhanced arrangement and crystallization of atoms on the
substrate.”-18

The SEM micrographs of the surface of the BSq.15T¢ g5 thin
films deposited at W, =5 x 1073 Torr, O, = 1/(1+9), room tem-
perature and different rf powers are shown in Fig. 4. Fig. 4(a)
illustrates that the surface morphology of the BSq 15T¢.g5 thin
films sputtered at R, = 125 W. According to the result of Fig. 3,
the amorphous BSg 15Tpg5 thin film is obtained; however,
the growth morphology which follows the Stransky—Krastanov

mechanism is observed in Fig. 4(a). In Fig. 4(a), the semi-
spherical grains of about 150nm are found on the smooth
surface because rf power is relatively low. When deposited at
Rp=175W, the ion energy of gas plasma increases to enhance
the bombardment on the substrate surface and resputtering phe-
nomenon is found on the rough surface (as shown in Fig. 4(b)).
Nevertheless, some semispherical grains of about 300 nm are
found. With high rf power higher energy gas plasma, more atoms
are sputtered from the target and these high-energy sputtered
atoms migrate on the substrate surface to form high quality
crystalline films, which complies with the result of the XRD
analysis shown in Fig. 3. Fig. 4(c) shows the SEM micrograph
of the cross section of the BSq 15T g5 thin films prepared at
Rpy=150W, W,=5 x 1073 Torr, O:=1/(1+9) and room tem-
perature. It is found that the films are crack-free and dense, with
the thickness of 800 nm.

Hwang et al.! have pointed out that ZnO thin films can be
deposited by rf sputtering and three growth mechanisms are
obtained at 100, 120, and 150-200 W rf powers. At the low
rf power the Frank-van der Merwe mechanism dominates and
the smooth morphology is found. When the rf power applied is
150 W, the Stranski—Krastanov mechanism dominates and the
smooth surface with semispherical grains is obtained, which is
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Fig. 5. Relation among Sn/Ti ratio, working pressure and Sn content (x value)
in the BS,T;_, thin films with 0.05 <x <0.15 when deposited at R, =150 W,
0;=1-(1+9)"!, and room temperature.

the case observed in Fig. 4(a) when deposited at the rf power of
200 W, both rough surface and resputtering are found, which is
the case of Fig. 4(b).

Fig. 5 shows the relationship among the Sn/Ti ratio, W)
and Sn contents when the BS, T;_, thin films are deposited at
Rp =150 W, O, = 1/(1 + 9) and room temperature. Itindicates that
the SnTi~! ratio of the BS, T _, thin films is yet slightly smaller
than the target material. However, the effect of working pressure
on the Sn/Ti ratio of the BS, T_, thin films is not significant.

The effect of O; and Sn content on the oxygen atom con-
centration of the BS, T, thin films sputtered at R, =150 W,
Wp=35.0x 1073 Torr and room temperature as shown in Fig. 6.
It is found that the oxygen atom content in the BS, T_, thin
films increases with increasing ratio of O»/(O; + Ar). But the
effect of O2/(O2 + Ar) ratio on the oxygen atom content in the
BS, Ti_, thin films is not substantial.

65
;\? e
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O —
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B N
B ——Fx——— 015
55 ] ] ] |
0 0.1 0.2 0.3
O, / (Ar+0,)

Fig. 6. Effect of the O,/(O;+Ar) ratio and Sn content on the oxygen
atom concentration of the BS, T|_, thin films when deposited at R,=150W,
Wp=5x 10~3 Torr and room temperature.
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Fig. 7. Effect of O2/(O; + Ar) ratio on the deposition rate of the BS, T|_y thin
films for R, =150 W, W, =5 x 1073 Torr, and room temperature.

3.2. Effect of sputtering parameters on the deposition rate
of the BS, T _x thin films

Fig. 7 shows the relation between the deposition rate and
02/(03 + Ar) ratio of the BS,T|_, thin films when deposited
at Rp=150W, W, =5.0 x 1073 Torr and room temperature. It
illustrates that the deposition rate of the BS,T;_, thin film
decreases with the O,/(O; + Ar) ratio.

The target position effect increases with increasing O, par-
tial pressure, which reduces the energy that the particles attain
to the substrate and their mobility, making it more difficult for
the sputtering particles to bombard the substrate and leads to
decreasing deposition rate with increasing O, partial pressure
as reported by Sugimaya et al.”> Moreover, Tahar et al.?! also
have pointed out that during sputtering, the target atoms are
subject to collisions with ambient gas atoms and other ejected
atoms resulting in a partial loss of energy and direction on
their way to the substrate. The motion of both sputtered atoms
and ions is thus impeded by the sputtering gas pressure. At
a given rf power, the thermalizatoin region shifts toward the
target by increasing O, partial pressure.”? This result leads to
the oxidation of the target>>>* and possible resputtering of the
film? and created the decreased deposition rate of the BS, T1_
thin films.

When the R, = 150 W and O, = 1/(1 +9), the relation between
the deposition rate and working pressure is shown in Fig. 8.
It is also found that the deposition rate of the BS,T;_, thin
films decreases with increasing working pressure. This result
is caused by the increased working pressure, which leads
to the decreased mean free path of the sputtered particles.
The probability of the sputtered atoms colliding with other
particles in the plasma decreases when the working pres-
sure decreases and the increased mean free path of the sput-
tered atoms makes those have a sufficient energy of attain to
the s2ubstrate, resulting in the nucleation and growth of the
film. 2
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Fig. 8. Relationships among deposition rate, working pressure and Sn content
for R, =150 W, O; = 1/(1 +9) and room temperature.

3.3. Refractive index and dielectric properties of the
BS,T;_x thin films

Fig. 9 shows the effect of working pressure on the refrac-
tive index of the BS, T, thin films sputtered at R, =150 W,
O;=1/(1+9) and room temperature. It indicates that the refrac-
tive index varies between 2.1 and 2.3, and the BS¢ 05T¢.95 thin
film has the lowest refractive index. According to Fig. 2, this
result is caused by the poor crystallinity of the BSg 95To.95 thin
films than other BS, T _, thin films. Moreover, the effect of the
working pressure on the refractive index of the BS,T|_, thin
films is not significant.

Furthermore, Olson et al.!” have pointed out that the refrac-
tive index increases from 1.996 for an amorphous film to 2.400
for the most crystalline film prepared at St = 1000 °C. Pasierb et
al.0 have also pointed out that the refractive index of the well-
developed perovskite structure of the Srj_,BaxTiO3 thin films

2.5
—&—&8T

£ ——A— BSyesToes
£ 24 —6— BS.10T0.00
£

j._‘ B —$— BSo15To.85
;x 23 P~

28]

5 L

&

8 o2 |-

£

o) L

2

©

8 21

©

o L

20 | | | | |
0 10 20 30

Pressure (10 Torr)

Fig. 9. Effect of working pressure on the refractive index of the BS, T|_; thin
films with x values from 0.05 to 0.15 for R, =150 W, O;=1/(1 +9), and room
temperature.
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Fig. 10. Relation between rf power and dielectric constant of the BS,T|_,
thin films with 0 Sx<0.15 for Wy =5 x 1073 Torr, O, = 1/(1 +9), deposition
time =40 min and room temperature.

does not depend on the chemical composition (x value) but on
the crystallinity difference in these films. The refractive index of
the present study is consistent with the reported results of Olson
et al.'” and Pasierb et al.?®

When the W,=5.0 x 1073 Torr, O, = 1/(1+9), deposition
time =40 min and room temperature, the effect of rf power on
the dielectric constant of the BS, T;_, thin films with various x
values is shown in Fig. 10. It indicates that the dielectric constant
increases with the rf power increasing from 100 to 150 W. Nev-
ertheless, the dielectric constant decreases when the rf power
increases from 150 to 175 W. The dielectric constant of the
BS,T;_, thin films increases with increasing Sn content at the
same rf power.

According to Fig. 3, the BS,T|_y thin films sputtered at
R, =100 and 125 W still maintains the amorphous state, hence
leading to the low dielectric constant. The BS,T_, thin films
sputtered at R, =150 W has the maximum deposition rate,?’
leading to the maximum dielectric constant.

3.4. Effect of rf power on the leakage current density

The relation between the leakage current density and quar-
ter power of electric field of the Pt/BSq 15T g5/Si/Ag capac-
itors, in which the BSq 5Tog5 thin films are deposited at
W, =5.0x 1073 Torr, O, = 1/(1+9), room temperature and var-
ious rf powers are shown in Fig. 11. It is found that at the same
electric field, the leakage current density increases with the rf
power. At very low electric field (<50 kV/cm), the leakage cur-
rent density increases approximately linearly with the electric
field, i.e. the capacitors display nearly ohmic behavior. At higher
electric field, varistor-like behavior is observed.®

Dietz et al.’ have pointed out that the deviation of the leakage
current density may be due to a slight change in microstruc-
ture or composition caused by slight variation in the processing
parameters because leakage current density is very sensitive
to defect microstructure and chemistry as well as to the exact
nature of film-electrode interface. Furthermore, Bhattacharya
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Fig. 11. Relations among leakage current density, quarter power of electric field
and rf power of the Pt/BS, 15T 85/Si/Ag capacitors in which the BS. 15T g5 thin
films are deposited at W =5 x 1073 Torr, O; = 1/(1 +9) and room temperature.

et al.”® also have reported that the grain boundary conduction
plays one of the major roles in the leakage current character-
istic, thus amorphous films are favorable for lower conduction
than crystalline films. Moreover, as-deposited crystalline films
may have large oxygen vacancies due to high rf power sputter-
ing, which accelerates the ions of the sputtering plasma to strike
the surface of the BSp 15T g5 thin films and generate oxygen
vacancies. Oxygen vacancy transport along the grain boundaries
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Fig. 12. Relation between log (leakage current density) and quarter power
of electric field (logJ vs. EY2) for the BSq 15Togs thin films deposited at
Wp=5x 1073 Torr, O, = 1/(1 +9), room temperature and different rf powers.

also increases the conductivity of the as-deposited crystalline
films.

When the BSp5Togs thin films is deposited at
Wp=5.0 x 103 Torr, 0;=1/(149), room temperature and
various rf powers, the relation between log (leakage current
density) and quarter power of electric field (logJ versus E'/4)
of the Pt/BS(.15T.85/Si/Ag capacitors is shown in Fig. 12. It is
found that good linearity at electric field greater than 90 kV/cm

Fig. 13. Polarization vs. electric field of the Pt/BS,T;_,/Si/Ag capacitors in which the BS,Ti_, thin films are deposited at R,=150W, W, =5 x 1073 Torr,
O;=1/(1+9) and room temperature: (a) x=0, (b) x=0.05, (c) x=0.1, and (d) x=0.15.
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implies two possible conduction mechanisms of Schottky
emission (SE) and Poole—Frenkel (PF) emission models.?”
Chen et al.** have pointed out the difference between SE and
PF models is that the former is interface-controlled and the
latter is bulk-controlled. If it is interface-controlled, leakage
can be varied by changing the electrode material or controlling
the interface state.

Moreover, the work function mismatch at the electrode inter-
face can result in various kinds of electron emission and leakage
current, such as SE, PF and tunneling emission. In general, it
is not easy to distinguish among these three mechanisms.!
On the other hand, at electric field greater than 10° V/cm and
temperature higher than ambient, the dominant conduction is
expected to be PF emission. At electric field of 10*~10° V/cm
and temperature of 27 °C, dominant SE mechanism has been
reported.303!

In the present study, the BSg 15T¢.gs thin films deposited
at R,=125W have still maintained amorphous state but the
crystalline film have been obtained when deposited at Ry =150
and 175 W. Furthermore, the active surface increases with the
rf power. This phenomenon leads to increased charged traps.
Hence, the SE and PF conduction mechanisms in the BSg 15T g5
thin films are consistent with the results of Figs. 11 and 12, and
previous reports.30-32

Fig. 13 shows the relation between polarization versus
electric field (P-E) of the Pt/BS,T;_,/Si/Ag capacitors in
which the BS;T|_, thin films are deposited at R, =150W,
Wp=5x 1073 Torr, O, =1/(1+9) and room temperature. The
clear and large hysteresis loops are obtained. This result shows
the ferroelectricity of the BS, T _, thin films. Moreover, the rem-
nant polarization (P;) and coercive electric field (E;) decrease
from 2.99 to 1.30 p“C/cm2 and 27.2 to 15.3 kV/cm, respectively,
with x value increasing from 0 to 0.15. This result corresponds
to the reported value of Oh et al.'> Cubic BaSnO3 shows para-
electricity, but tetragonal BaTiO3 shows ferroelectricity. Hence,
the paraelectricity of the BS,T_, thin films increases with
increasing x values. Oh et al.!3 have also pointed out that the
phase transition characteristic varies from sharp to diffuse for the
BS, T;_, ceramics with increasing x value, creating decreased
P, and E..

4. Conclusions

The Ba(Sn,Ti;_,)O3 (BS,Ti_, in short) thin films with
0<x<0.15 have been deposited on the n-Si substrate by rf
magnetron sputtering. The conclusions of this study are sum-
marized as follows:

(1) The BS,T;_y thin films are amorphous when deposited at
Ry, =100 and 125W, W, =5 x 1073 Torr, O, = 1/(1 +9) and
room temperature, but the single perovskite (BaTiO3) struc-
ture is obtained with the rf power increasing from 125 to 150
and 175W.

(2) The deposition rate of the BS, T _, thin films decreases with
increasing O2/(O; + Ar) ratio when deposited at R, = 150 W
and W,=5 x 1073 Torr. Moreover, when deposited at
Rp=150W and O;=1/(1+9), the deposition rate of the

BS, T|_, thin films decreases with increasing working pres-
sure.

(3) The refractive index varies between 2.1 and 2.3 for
the BS,T;_, thin films deposited at room temperature,
Rp,=150W, O, =1/(1+9) and various working pressures.

(4) When deposited at W, =35 x 1073 Torr, O, = 1/(1+9) and
deposition time =40 min, the dielectric constant increases
with the rf power increasing from 100 to 150 W. The dielec-
tric constant decreases when the rf power increases from
150 to 175 W.

(5) When the electric field is lower than 50 kV/cm, the leak-
age current density of the BSq 15Togs5 thin films nearly
displays ohmic behavior. The conduction mechanisms of
the BSg.15T0.g5 thin films comprise the SE and PF emission
models.

(6) Theclear and large hysteresis loop shows the ferroelectricity
of the BS, T _, thin films. The P; and E. decrease from 2.99
to 1.30 wC/cm? and 27.2 to 15.3 kV/cm with the Sn content
(x value) increasing from O to 0.15, respectively.
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