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Low Temperature Radio-Frequency-Sputtered„Ba, Sr…TiO3
Films on PtÕTiNÕTi ÕSi Substrates with Various
OxygenÕArgon Mixing Ratios
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(Ba,Sr)TiO3 ~BST! films were fabricated on Pt/TiN/Ti/Si substrates by low temperature radio frequency magnetron cosputtering
at 300°C. Material and electrical properties of BST films sputtered at low temperatures are significantly affected by the O2 /(Ar
1 O2) mixing ratio ~OMR!. Plasma emission spectra indicate that the deposition rate declines at a higher OMR due to oxide
formation on the target surface. The dielectric constant of the BST films can reach a maximum of 364 at 5% OMR. The ten-year
lifetime of the time-dependent dielectric breakdown implies that the reliability of the capacitor can be enhanced at a higher OMR
due to compensation of oxygen vacancies and smaller grain sizes. Current-voltage analysis indicates that the leakage current of the
Pt/BST/Pt capacitor is limited by Schottky emission~SE!/Poole-Frenkel emission~PF!at a lower/higher applied field. The applied
field boundary between SE and PF shifts toward higher field as OMR increases. Moreover, an energy band model was proposed
and this leakage mechanism was discussed.
© 2003 The Electrochemical Society.@DOI: 10.1149/1.1536179#. All rights reserved.
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(Ba, Sr)TiO3 ~BST! films have been investigated as capacito
for giga-bit dynamic random access memory~DRAM! applications
because of their high dielectric constants (« r). The capacitor over bit
line ~COB! is adopted to structure the high density DRAMs and th
shrink the cell. High temperature~.450°C!deposition of BST films
is frequently applied to obtain good crystallinity of a perovsk
structure,1,2 but the high temperature process may deform the ju
tion profile and alter the gate length of the metal-oxid
semiconductor field-emission-transistor~MOSFET!, especially on
the deep submicrometer scale.

Besides, the metal/TiN/Ti/polysilicon-plug structure
generally proposed as a bottom electrode of a stand
COB-DRAM-capacitor.3,4 The Pt/TiN/Ti/Si substrates exhibit bette
adhesion and interfacial stress than do Pt/SiO2/Si substrates, but the
interdiffusion and chemical reaction of TiN/Ti layers should be ca
fully controlled. The Ti layer forms TiSix to improve the adhesion
and the contact properties between TiN and polysilicon, and the
barrier layer prevents diffusion of Ti and Si into the BST films.5,6

Nevertheless, Ti was reported to diffuse through the Pt/TiN la
into the BST film to form TiOx and oxygen vacancies, when th
substrate temperature exceeds 450°C.6-9 Hence, a TiOx series ca-
pacitor (Cs) with a smaller« r , formed at the interface between th
BST and the bottom electrode, degrades the total capacitance o
storage node. However, the oxidation of diffused Ti or Si produ
oxygen vacancies in the BST films, increasing the leak
current.6,10 Given the above important concerns, low temperat
techniques for BST film growth are necessary to suppress the
radation of total« r and the leakage current, during integrated circ
~IC! processing.

In general, a dual-gun radio frequency~rf! sputtering system can
reduce the reaction energy better than single-gun rf sputtering
tem can, theoretically. The BaTiO3 and SrTiO3 , mixed in the same
sputtering target for the single-gun sputtering, have different act
tion energies, so it is more difficult to control the film qualities b
sputtering the single target with two phases than it is by sputte
the two individual targets with single phase. In this wor
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(Ba, Sr)TiO3 films were deposited by dual-gun rf sputtering on
Pt/TiN/Ti/Si substrate using two individual targets, BaTiO3 and
SrTiO3 , simultaneously. Although a low temperature technique
required for the deposition of BST in the integrated circuit~IC!
process, controlling the crystallinity and dielectric constant is n
mally more difficult with a low temperature technique than with
high temperature technique. Controlling the gas mixing ratio dur
the sputtering of BST is a critical quality issue since the subst
temperature remains under 450°C. Oxygen vacancies are gene
in BST films sputtered in Ar ambient, because of oxyg
degassing.7,11 The presence of oxygen vacancies degrades the e
trical properties of BST films, so O2 gas is introduced in the sput
tering of BST to compensate these oxygen vacancies.

The effects of the O2 /Ar 1 O2 ratio ~OMR! for the BST/Pt/
oxide films have been reported by Tsaiet al., but very few works
have reported the effects of OMR for the BST films deposited o
the Pt/TiN/Ti/Si substrate using the dual-gun rf sputteri
system.7-9,11 The effects of the OMR on the structures and on t
dielectric behaviors of BST films using low temperature depositio
are investigated. Optical emission spectroscopy was employe
examine the deposition rate of BST films at various OMRs.
multilayer structure of Pt/BST/Pt/TiN/Ti/Si was employed to stu
correlations among the electrical properties and OMR; the co
sponding mechanisms are discussed.

Experimental

Multilayer specimen of Pt/BST/Pt/TiN/Ti/Si was employed
simulate the practical COB structure of the DRAM capacitor. T
starting p-type Si~100!wafers were cleaned by the standard RC
cleaning process. The stacked TiN/Ti layers with 150/50 nm thi
ness were sputtered onto the Si substrates and rapid thermal an
ing ~RTA! treated in N2 ambient at 600°C for 90 s. TiN/Ti layers
densified by RTA, can effectively prohibit the interdiffusion of T
and Si during the BST thermal process, as reported in our prev
works.6,12,13The bottom electrodes, 150 nm thick Pt films, were
sputtered at room temperature.

There are many controversial arguments about the definition
‘‘substrate temperature.’’ In general, the thermal couple sen
~TCS! is embedded between the stainless steel holder and w
back side to prevent the TCS from the plasma damage and di
bance, particularly for the commercial rf-sputtering system. Th
the substrate temperature of rf-sputtering system in many repor

measured at the interface between the stainless steel holder/wafer
back side,7-9 and this temperature is much lower than that measured
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at wafer’s upper surface. Hence, the substrate temperature~300°C!,
denoted in this paper, was calibrated at the upper surface of
wafer, and the temperature at the wafer back side is about 41
BST films ~100 nm!were deposited onto Pt/TiN/Ti/Si at 300°C. Th
chamber pressure was kept at 7 mTorr, and the OMR was regu
by gas flow rate. In general, the chamber gas ambient has a lo
fluctuation of the gas mixing uniformity and the flow rate contr
during rf sputtering. Thus, the larger scales of OMR conditions
chosen as 0, 5, 12.5, 25, and 50% in this study to prevent the
turbance of ambient fluctuations during BST film sputtering. BaTi3

~BTO! and SrTiO3 ~STO! targets were used simultaneously. Besid
BTO and STO targets are applied individually to check the dep
tion rate of BTO and STO thin films. The Ba/Sr ratio can be co
trolled by tuning the rf powers applied to the targets, and, in t
study, the sputtering powers were fixed at 175 and 230 W for B
and STO targets, respectively. Pt top electrodes were deposite
BST films by dc sputtering with 150mm diam of the top electrode
area defined by the shadow mask.

The thickness of BST film was checked by both n & k analyzer
~n & k analyzer 1200, n & k Technology Inc.!and field emission
scanning electron microscopy~FESEM!,~S-4000, Hitachi Co.!. Op-
tical emission spectra of plasma near BTO and STO targets w
obtained using a 500 mm monochromator~SpectroPro-500, ARC
Co.! equipped with 1200 g/mm grating. These spectra could ve
that the chemical and physical adsorption happened on target
face. An X-ray diffractometer~D5000, Siemens Co.! was employed
to analyze the film structure and grain size, and the composition
BST films were inspected by both Rutherford backscattering sp
trometer~RBS! and peak shift of X-ray diffraction~XRD! patterns.
In addition, the BST films are sputtered onto the SiO2 /Si substrates
for the RBS measurements in this study, and the Sr/Ba ratio is
sonably the same as that of the BST prepared on the Pt subs
under the same deposition conditions: ambient gas, sputtering p
ers, and substrate temperature. The Auger electron spectros
~AES! was also conducted to study the penetration of oxygen at
at the Pt/TiN/Ti layers during BST sputtering. Besides, the grain s
was doubly checked by FESEM and transmission electron mic
copy ~TEM!. Atomic force microscope~AFM, DI Nano-Scope III,
Digital Instruments Co.! was used to inspect the surface morph
ogy. The capacitance and tangent loss were measured b
impedance/gain-phase analyzer~HP 4194A, Hewlett Packard Co.!
and double checked with a capacitance-voltage~C-V! analyzer
~Package 82 system C-V 590, Keithley Co.!. An automatic measure
ment system that combines an IBM PC/AT, a semiconductor par
eter analyzer~HP4156, Hewlett Packard Co.!, and a probe station
was used to measure the leakage current and lifetime.

Results and Discussion

Figure 1 shows a cross-sectional FESEM micrograph of
BST/Pt/TiN/Ti/Si capacitor, with the BST film deposited at 300°
Figure 2a reveals that the deposition rate of BST films drops
matically when oxygen is introduced into the sputtering ambie
Figure 2b indicates that the individual deposition rates of STO
BTO, show the same tendency as Fig. 2a. The optical emis
spectra of both Ar and Sr plasma near the STO target were there
analyzed during sputtering in pure Ar~0% OMR! and 2.5% OMR
ambient, as shown in Fig. 3. The intensity decay of Sr plasmal
5 460.7 nm, from 0 to 2.5% OMR ambient! is much more promi-
nent ~as shown in Fig. 3a, b! than that of Ar plasma (l
5 763.5 nm, from 0 to 2.5% OMR ambient, as shown in Fig.
d!. That is, the generation of Sr plasma is suppressed in the pres
of oxygen. The spectra of the STO target sputtered in even hi
OMR show similar results. These spectra imply that sputter
SrTiO3 molecules with Ar1 ions in O2 /Ar mixed ambient is diffi-
cult. The oxygen ions are reported to induce reactive sputtering
form oxide on the target surface, and the presence of oxide
creases the sputtering rate due to the increase in binding ener
the target surface.14-16 Ba/Sr ratios of BST films prepared o
 address. Redistribution subject to ECS te140.113.38.11nloaded on 2014-04-27 to IP 
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SiO2 /Si substrates were obtained by RBS, as shown in Fig. 4.
chemical composition of BST films sputtered in pure Ar ambient
Sr rich, and the Ba/Sr ratio is around 0.38/0.62. As indicated in F
2b, the deposition rate of STO drops faster than that of BTO w
oxygen is applied during sputtering. The Ba/Sr ratio thus increa
in the O2 /Ar mixed ambient and remains almost constant at 0.5/
at a higher OMR~^5%! for fixed sputtering powers, as shown i
Fig. 4. The dielectric constant of powder BST generally increa
with Ba/Sr ratio, but that of thin BST films must be considered w
several other factors, as discussed later.

Figure 5 gives XRD patterns of BST films deposited at vario
OMR. Among the conditions studied, BST film deposited in 12.5
OMR exhibits a best crystallinity. Figure 6a and b indicates that
AES spectra of the BST films sputtered in 5 and 25% OMR, resp
tively. No oxygen atoms penetrate into the TiN/Ti layers under 5
OMR, as shown in Fig. 6a, but, intriguingly, the oxygen atoms p
etrate into the TiN/Ti layers at 25% OMR, as shown in Fig. 6
According to Fig. 5, the XRD intensity of TiN~111! is strongly en-
hanced at 5% OMR, but that degrades above 12.5% OMR.
deposition rate of the BST films sputtered in 5% OMR is mu
lower than that in 0% OMR, so the longer thermal cycling time w
enhance the crystallinity of TiN/Ti layers. On the other hand, Fig.
indicates the oxygen atoms penetrate the Pt film into TiN/Ti lay
above 12.5% OMR, and thus the TiN/Ti layers react with the oxyg
atoms, degrading this substrate. The crystallinity of the BST film
strongly affected by the qualities of Pt/TiN/Ti substrate, as repor
in previous works.6,12,13 Hence, the crystallinity of the BST films
degrades above 12.5% OMR due to the TiN/Ti substrate dama
by the penetrating oxygen atoms.

The grain size of BST films is estimated from the full width
half-maximum~fwhm! of the XRD patterns, using the Scherrer fo
mula ~grain size,100 nm!

Dcal 5 0.89l/~B 3 cosu! @1#

whereDcal is the mean calculated grain size;l is the X-ray wave-
length ~;0.154 nm!; B is the fwhm of the XRD peak, andu is the
diffraction angle.17 The fwhm of the ~110! peak increases with
OMR, and the calculated grain sizes are deduced by Eq. 1. Bes
an estimation of grain size from the fwhm is distorted by interfac
stress, so the calculated grain size should be modified by a fa
obtained from a reference sample using FESEM imaging. The
grain size is around 8.3 nm at 5% OMR, as reported in previ
work.18 Thus, the calculated grain size should be multiplied by
factor of 1.22 to estimate the real grain sizes under the same
strate conditions.

In this study, relative grain sizes are much more important th
absolute grain sizes. The small grain sizes of BST films decre

Figure 1. Cross-sectional micrograph of BST/Pt/TiN/Ti/Si capacitor.
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from 15 to 7 nm as OMR increases from 0 to 50%, as depicte
Fig. 7a, suggesting that films prepared at a higher OMR hav
smaller grain size; other work has revealed a similar trend.7,11,19

Besides, Fig. 7a indicates that the strongest peaks of BST~100! and
~110! textures are obtained for the samples sputtered at 12.5% O
Moreover, Fig. 7b shows that the dielectric constant increases
OMR, reaching a maximum of 364 at 5% OMR, and then decre
ing as OMR increases further. Figure 7a shows that best crystall
occurs at 12.5% OMR and the grain size of the film shrinks as O
increases. Many factors influence the dielectric constant of B
films such as composition, crystallinity, grain size, and interfa
quality. A high Ba/Sr ratio and good crystallinity enhances the
larization of electric dipoles in a single grain,1,7,20but a small grain
size tends to depress the dielectric constant, as reported in pre
work.7,11,21 Hence, the dielectric constant is inferred to increase
the crystallinity improves and as Ba/Sr ratio increases; but over
OMR the grain size effect dominates and the dielectric cons
decreases as OMR further increases.

Figures 8a and b present the AFM micrographs of BST surf
morphology: the films deposited at a higher OMR have smoo

Figure 2. Deposition rate of~a! BST films, ~b! individual STO and BTO
films vs. OMR with sputtering power 230/175 W applied on STO/BTO ta
gets, respectively.
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surface. According to Fig. 8a and b, the root mean square~rms!
roughness (RRMS) for films deposited in pure Ar ambient is 5.06 nm
while that for films prepared at 12.5% OMR is 2.46 nm. Smal
grain and a lower film deposition rate at higher OMR may result
a smoother surface.

Figure 3. The plasma spectra of~a! Sr plasma in pure Ar ambient,~b! Sr
plasma in 2.5% OMR,~c! Ar plasma in pure Ar ambient, and~d! Ar plasma
in 2.5% OMR, all detected near SrTiO3 target.
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Figure 9a indicates the leakage current density decrease
OMR increase. The leakage current of Pt/BST/Pt capacitors ma
affected by three factors, namely, the oxygen stoichiometry in
BST films, surface morphology, and the grain boundary. First,
oxygen stoichiometries are different for the BST films prepared
various OMR ambient, according to the following reaction

Oo ↔ Vo
•• 1 2e8 1

1
2 O2 @2#

where Oo , Vo
••, ande8 represent the oxygen ion on its normal sit

the oxygen vacancy and the electron, respectively. More oxy
vacancies yield a larger leakage current, causing a BST film form
act as an n-type semiconductor.22,23 Second, smoother surface mo

Figure 4. The Ba/Ba1 Sr ratio of BST films prepared in various OMR.

Figure 5. XRD patterns of BST films deposited on Pt/TiN/Ti/Si substrat
with various OMR.
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phology can prevent the lowering of barrier height by interfac
defects and reduce the local concentrated field to suppress the
sion current.24-26 Third, a BST film, with a narrow bandgap of 3.2
4.0 eV, can normally be considered as semi-insulator or semic
ductor, so the grain boundary scattering suppresses the curren27-29

The reduced grain size with higher OMR forms more grain bou
aries to decrease the leakage current. Hence, BST films deposit
higher OMR ambient exhibit compensation of oxygen vacanc
smoother interfaces and smaller grains, all of which reflect the
crease of the leakage current. Figure 9b shows the tangent lo
BST films vs. OMR. Tangent loss proceeds by two mechanism
resistive loss and relaxation loss.8 In resistive loss case, energy
dissipated by mobile charges, and the tangent loss depends o
magnitude of leakage current; in relaxation loss case, energy is
sipated by relaxation of dipoles, and the tangent loss is proportio
to the dielectric constant. Comparing Fig. 9a and b reveals that
trend of the tangent loss against OMR is similar to that of leak
current. Hence, the resistive loss dominates the tangent loss. F
9c indicates that the time-zero dielectric breakdown~TZDB! of the
Pt/BST/Pt capacitor is enhanced by increasing OMR. BST fil
sputtered in higher OMR exhibit a higher breakdown field beca
of their smaller grain size and fewer oxygen vacancies.7,30

Figure 6. AES spectra of BST films sputtered in~a! 5% and~b! 25% OMR.
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The BST films deposited in higher OMR have a longer lifetim
as indicated in Fig. 10. Time-dependent dielectric breakdo
~TDDB! is referred to as the resistance degradation of the diele
ceramic, which slowly increases the leakage current under con
temperature and dc field stress.6,7,31 The mechanisms of resistanc
degradations in perovskite films may be generally categorized
the grain boundary model and the reduction model.31-33 The grain
boundary model suggests the presence of very large potential d
across the grain boundaries due to the boundaries’ high resistiv
The films with smaller grain sizes form more grain boundar
which the drops in voltage are shared, so the resistance degrad
is suppressed. On the other hand, the reduction model suggest
oxygen vacancies and injection electrons cause resistance deg
tion, which can thus be retarded by a smoother surface and lo
oxygen vacancy concentration. Hence, BST films prepared wi
higher OMR have a longer lifetime, which result can be attributed
the reduction of the grain sizes, compensation of oxygen vacan
and an improved interface.

Figure 11 gives the C-V relationships of Pt/BST/Pt capacit
with various OMR. The conduction mechanisms of metal/BS
metal capacitors are usually interpreted as Schottky emission~SE,
interface-limited conduction! at lower electric fields, and Poole
Frenkel emission ~PF, bulk-limited conduction! at higher

Figure 7. ~a! Grain sizes and relative XRD intensities of~100! and ~110!
textures for the BST films sputtered at various OMR;~b! dielectric constant
of BST films prepared at various OMR.
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fields.9,25,26,34,35The leakage current governed by SE behavior
expressed as

log~JSE/T2! 5 2q@wBu 2 ~qE/4p«d«o!
1/2#/~kT • ln 10!

1 log~A* ! @3#

whereA* is the effective Richardson’s constant;wB is the potential
barrier height at the surface;«d is the dynamic dielectric constant o
the ferroelectric material in the infrared region;q is the unit charge;
k is Boltzmann’s constant;T is temperature, andE is external elec-
tric field. The leakage current governed by PF behavior is expres
as

log~JPF/E! 5 2q@w t 2 ~qE/p«d«o!
1/2#/~kT • ln 10! 1 log B

@4#

where B is a constant andw t is the trapped energy level. If the
conduction current is governed by PF, then a log(J/E) againstE1/2

plot should be a straight line, the slope of which can be used
deduce the dynamic dielectric constant«d .9,25,26,34,35Similarly, a
log(J/T2) againstE1/2 plot can be made for SE. Figure 11a shows t
SE plot and Fig. 10b shows the PF plot using the same experime

Figure 8. AFM images of BST films deposited in~a! 0% OMR (RRMS

5 5.06 nm) and~b! 12.5% OMR (RRMS 5 2.46 nm).
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current-voltage~I-V! data in various OMR. The dashed lines are t
fitted results. However, the dynamic dielectric constant can be
ferred from the optical dielectric constant for an ideal insulat
film, and the optical dielectric constant is directly obtained from
square of the refractive indexn («opt 5 n2).9,26,34,35Table I lists the

Figure 9. ~a! Leakage current density,~b! tangent loss, and~c! the TZDB
field of Pt/BST/Pt capacitors prepared in various OMR.

Figure 10. TDDB as a function of electric field of BST films deposited
various OMR.
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static, dynamic, and optical dielectric constants of samples prep
at various OMR. In this work, the range of the dynamic dielect
constants («d) calculated by PF fitting is between 2.3 and 4.3, a
that calculated by SE fitting is between 1.75 and 2.1. The rang
the optical dielectric constant for BST films sputtered with vario
OMR, measured using an n & k analyzer withl 5 700 nm, is
between 3.5 and 5.5. The consistency between dynamic («d) and the

Figure 11. ~a! The log(J/T2) vs. E1/2 plot showing SE fitting, and~b! the
log(J/E) vs. E1/2 plot showing PF fitting for BST films prepared in variou
OMR.

Table I. The dynamic dielectric constant, static dielectric con-
stants, and optical dielectric constants of BST films prepared in
various OMR.

OMR
~%!

Dynamic dielectric
constant Static

dielectric
constant

Optical
dielectric
constantPF SE

0 2.30 2.09 330 3.53
5 3.19 1.77 364 4.66

12.5 4.18 1.91 317 5.29
25 4.18 2.01 293 4.28
50 4.23 1.98 265 4.34
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optical dielectric constant («opt) is enough to trust the curve fitting
even though«d and«opt revealed some deviation, perhaps due to
fluctuations of material’s density and deformation of its lattice.

Figure 11a and b indicate that Pt/BST/Pt capacitor sputtere
0% OMR exhibits SE/PF under/above 160 kV/cm, as denoted in
SE 1/PF 1 regions. Figure 11b reveals that log(J/T2) curves for 5,
12.5, 25, and 50% OMR are independent of the applied field~E! up
to 160 kV/cm, possibly because of the dielectric relaxation of B
films; the curves then increase linearly withE1/2 above 160 kV/cm.
SE 2 and PF 2 regions show SE/PF behaviors under and above
kV/cm in 5% OMR, respectively. SE and PF regions in higher OM
~^12.5%!are SE 3 and PF 3 regions, respectively.

Figure 12a rearranges the tendencies of the leakage mechan
and it reveals that the applied-field boundary of SE/PF linear fitt
shifts to a higher field as OMR increases. In case 1, the fit
boundary shifts from 160 kV/cm~SE 1/PF 1!to 360 kV/cm ~SE
2/PF 2!, as OMR increases from 0 to 5%, and, in case 2, it shift
560 kV/cm ~SE 3/PF 3!, when OMR is equal to or larger tha
12.5%. The electron energy bands of the Pt/BST interface are
plied to explain the mechanisms of leakage, as presented in Fig
and c. As mentioned above, the BST films can be treated a
n-type semiconductor, and the space charge density of the interf
depletion region is assumed to be almost equal to the concentr

Figure 12. ~a! The range of applied field for SE/PF mechanism in vario
OMR ambient, and the diagrams of the electron energy band in~b! pure Ar
or lower OMR ambient and~c! higher OMR ambient.
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of oxygen vacancies. The relationship between the barrier thickn
d, of the interfacial depletion region and the oxygen vacancy c
centration can be derived as

d1 /d2 5 $NVO2 /NVO1 3 @1 1 kT/D 3 ln~NVO1 /NVO2!#%0.5

@5#

where NVO is the concentration of oxygen vacancies;k is Boltz-
mann’s constant;T is temperature, andD is the work function dif-
ference between Pt and BST. Equation 5 reveals that decreasin
concentration of oxygen vacancies increases the barrier thicknesd,
of the interfacial depletion region.36 Figure 12b indicates that the
BST films sputtered in pure Ar or in lower OMR ambient have mo
oxygen vacancies and a rougher surface than those sputter in h
OMR ambient, yielding a higher interfacial space charge concen
tion and many interface states to increase the opportunity of tun
ing. Furthermore, the magnitude of the leakage current is gove
by the balance among the tunneling current, trapping and detrap
rate. Thus, increasing the applied field induces the field-assi
emission of trapped charged carriers~Poole-Frenkel effect!, such
that the leakage current will be governed by PF emission rate.
bulk-limited mechanism therefore dominates the leakage curren
lower OMR and higher applied field. Figure 12c shows that incre
ing OMR yields fewer interface states, a lower space charge den
in the interfacial depletion region and fewer trapping states, by ca
ing a smoother interface and compensating oxygen vacancies. E
tion 5 states that a lower space charge density in the interfa
depletion region results in a thicker barrier, and the presence
fewer interface states greatly reduces the opportunity for tunnel
Hence, thermionic emission~SE behavior!is the dominant mecha
nism of injecting electrons in higher OMR. Consequently, consid
ing cases 1 and 2 of Fig. 12a, the mechanism of the leakage cu
changes from bulk limited emission~PF! to interface limited emis-
sion ~SE! as OMR increases.

Conclusions

The deposition rate of low temperature sputtered BST decre
as OMR increases, due to the formation of oxide on the target
face by oxygen ions. Introducing proper oxygen gas during spu
ing improves the crystallinity and surface roughness of BST fil
and changes the Ba/Sr ratio, but decreases the grain size. In add
the excessive OMR~.12.5%!degrades the crystallinity of BST film
due to the TiN/Ti substrate damaged by the penetrations of the
gen atoms. The dielectric constant is a trade-off determined by c
positions, crystallinity and grain size, and the maximum dielec
constant is 364 at 5% OMR. Films prepared at higher OMR hav
smaller leakage current density, a lower tangent loss and a lo
lifetime, due to compensation of oxygen vacancies, a smother
face morphology and voltage shared by smaller grains.

This study attributed the leakage mechanisms of the Pt/BS
capacitor to~SE!/PF at lower/higher applied field. Part of the P
region changes to SE behavior if OMR increases. In other wo
the applied field boundary between SE and PF fittings shifts t
higher field as OMR increases, and this observed I-V behavio
explained by the decrease in the number of interface states an
compensation of oxygen vacancies.
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