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Abstract: SrTiQ; capacilor varistor multifunclion ceramics is fabricated by a single sintering process. The research is

carried oul, mainly aimed al the influence of the doped Ag™ on mulliflunction characteristics in SrTi0O; ceramics and ils

mechanism. The results show that the density of grairboundary acceplor slate increases effectively due Lo the fact that

Sr™" on grain surface is substituled by doped Ag distribuling al grain-boundary in form of Ag™ during the course of oxidiz

ing annealing, which is proposed Lo be the fundamental reason for understanding the significant difference of both the dir

eleclric properlies and varislor properlies in SrTi0; ceramics samples wilth various Ag™ conlenls.
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1 INTRODUCTION

StTi05 based multifunction ceramics is a kind of
new semiconductor ceramics with the dual functions
of ceramics grain-boundary-layer( GBL) capacitor of
high capacitance and varistor, which exhibits consid-
erable value of further research and remarkable poten-
tial of being widely applied in electronic circuits for
absorbing wide frequency noise, fast rising up pulse
noise and electrical surge. Since SrT 103 multifunction
ceramics was firstly developed by Yamaoka et al in
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1983 with a tworstep sintering process
tering the ceramics in a reductive atmosphere for the
semiconducting of grain and then painting a paste
containing diffused ions on the surfaces of sintered ce-
ramics followed by an oxidizing annealing for the dif-
fusion of painted ions, most succedent researchers

[2~ 3]

adopt the process For it is requisite for the

painted ions to fully wet the surfaces of the semicon-

21 the painted acceptor ions suc

ducting ceramics
cessfully used in the two-step sintering process are
finitely monovalent alkali metal ions such as Li",
Na* and K" %71, The recent research report on fab-
ricating SrT103 multifunction ceramics by a single
sintering processm has drawn much attention not on-
ly because of its simplicity but also the much more
possibilities of selecting acceptor dopant ions, which
provides new approaches for promoting the investiga
tion, development and application of the material. In
this work, SrTi0; multifunction ceramics with Ag,0
doped is fabricated by the single-sintering process and
investigations are performed with the emphasis on the
influence of doped Ag” on multifunction characteris-
tics as well as its mechanism.

@ Received date: Jan.2, 1999; accepted date: Apr.28, 1999

2 EXPERIMENTAL

SrT 103 is synthesized by calcining the mixture of
SrCOsz and TiO> of analytical grade purity. 0. 5%
(mole fraction) Nb,Os and x % Ag0(x= 0. 0.1,
0.2, 0.3, 0.4, 0.5) were used as the donor dopant
and acceptor dopant respectively, while a designed
amount of Si0,, TiO; and ALO3; were introduced as
sintering additives. The components mentioned above
were weighted respectively and milled. The milled
powder was granulated with PVA solution and
pressed into tablets of d13 mm X (1~ 2) mm. After
being burned out organic binder at 600 C, the tablets
were sintered at 1450 C for 4 h in a reductive atmo-
sphere( N, Hy= 4. 1) and then furnace cooled to
1150 C for 1 h oxidizing annealing. The sintering
process was performed in a sealed corundum tube fur
nace in which the flow of gas and alteration of atmo-
sphere were available.

The sintered SrTi03; ceramics samples were pol-
ished on both surfaces into 1mm thickness and Ag-Zn
electrodes are fired to provide ohmic contact for elec
trical measurement. The varistor properties and di-
electric properties were measured by an MY automat-
ic varistor meter and an HP4275A mulirfrequency
LCR meter, respectively. The measurement of the
AC complex impedance spectroscopy was performed
in frequency range of 5 Hz ~ 13 MHz with an
HP4192A LF impedance analyzer controlled by a
computer. The XPS investigation was carried out us-
ing an ESCALAB MK multrtechnique electron spec
trometer. The XRD analysis was performed at an

HZG4PC X-Ray diffraction meter.
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3 RESULTS AND DISCUSSION

3.1 Influence of Ag,O content on the multifunction
characteristics in SrTiO; ceramics

The varistor properties and dielectric properties

for SrTi03 ceramics samples with different Ag>O con-

tent are shown in Fig. 1(a) and (b) respectively. It

a, and

varistor voltage, V.4, tend to rise with the increase

can be seen that the nonlinear coefficient,

of Ag>0O content, x (Ag0), whereas the apparent
permittivity, &g and dissipation factor, tg &, de
crease. The result indicates that the doping of Ag,O
has a significant effect on both the varistor properties

and dielectric properties.

3.2 Analysis of the AC impedance spectroscopy
The AC impedance spectroscopy plots using the

data measured at room temperature for SrT103 ceram-

ics samples with different Ag;O content are shown in

Fig. 2(a) .

Since the magnitude of the apparent resis
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tance for measured samples is at 10’ Q, which ex-
ceeds the measurable range of the impedance analyzer
(~ 1.2x10° Q), complete impedance spectroscopy
semicircles are not observed. The measured AC
impedance spectroscopy plots in the measuring fre-
quency range of SHz~ 13MHz display as several arcs
attributed to the corresponding semicircles, and the
curvature radii of these arcs enlarge with the increas
ing Ag,O content. Fig. 2(b) shows the impedance
spectroscopy plot for the sample of x (Agx0)= 0 in
the high frequency range above 5% 10° Hz, which re-
flects more details about characteristics of impedance
spectroscopy in high frequency. From Fig. 2(b), it
can be clearly found that the high frequency terminal
approaches the zero point rather nearly, which sug-
gests a very small resistance or a fully semiconducting
condition for SrTi0; grain. Based on the above char
acteristics of measured impedance spectroscopy plots,
a locus imitation is carried out according to Cole-Cole
semicircle in the computer controlling the impedance
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Fig. 1 Relation between multifunction characteristics in SrTi03 ceramics and Ag,O content

(a) —Varistor properties; (b) —Dielectrics properties
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Fig. 2 AC complex impedance spectroscopy plots for

SrTi03 ceramics samples with different Ag,O content
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analyzer. The resistance of grain (R,) and
graimrboundary ( R,) are obtained respectively from
the intersects of high frequency terminal and low fre-
quency terminal of the imitated semicircle with Real
781 " The results are shown in Table 1. By

7 axis
comparing the data in Table 1, it is manifested that
the resistance of grain for the samples are almost un-
changed with the increasing Ag,O content, while the
resistance of grain-boundary for the samples increase
continuously. The result refers that the doping of
Agr0 promotes the insulating property of graimr
boundary, but generates no evident effect on the

In light of the

measurement results of multifunction (:hara(:teristics,

semiconducting condition of grain.

it can be proposed that the changes of multifunction
characteristics as shown in Fig. 1 are associated with
the different influences of doped AgrO on electrical
characteristics of grain and grain-boundary.

Table 1 Effect of Ag2O content on resistance of
grain ( R,) and grain-boundary ( R )

Agr0 conlent

1o R,/ Q R4/ MQ
0 0.367 4.20
0.1 0.515 4.55
0.2 0.364 5.23
0.3 0.417 5.79
0.4 0.532 6.98
0.5 0. 404 9.02

3.3 Structure condition of Ag

Because of the low content in the material and
resultant weak photoelectron signals, XPS spectrum
of Ag is obtained with the aid of an accumulated
counting technique to make the stochastic noise sig-
nals offset each other and correspondingly enhance the
ratio of photoelectron signal to noise signal. XPS
spectrum of Ag 3d electron for the sample of x ( Ag,0
= 0.5 is shown in Fig. 3. Due to the splitting of en
ergy level of 3d orbit, two photoelectron peaks can be
observed, which are attributed to Ag 3ds;, and Ag
3ds» with the binding energy of 367. 20 eV and

373.20eV respectively.

lines are detected near the photoelectron peaks. By

Moreover, no shaking up

comparing the XPS characteristics of Ag3d with that
of standard specimen, it can be ascertained that Ag
exists in form of Ag" .

The XRD patterns of SrTi03 ceramics samples
with different Ag>O content are shown in Fig. 4. The
single phase structure of perovskite (ABO3) is identi-
fied in samples either with or free of Ag,O doped.
Examining XRD patterns of the samples with varied
Ag,0 content precisely, it should also be noted that

the values of d for corresponding diffraction peaks are
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Fig. 3 XPS spectrum of Ag 3d after

accumulated counting for 10 times
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Fig. 4 XRD patterns of SrTi03 ceramics with
different Ag;O content

entirely the same and no distinct difference is discov-
ered among the intensities for the corresponding
diffraction peaks. With the completely same sintering
conditions and the sole compositional difference in
variation of Ag,O content, the result implies that the
doping of Ag>0O does not induce the change of lattice
constants for perovskite structure. Therefore, it can
be deduced that the doped Ag”™ does not incorporate
into SrT1i0; lattice, which is confirmed by an EPM A
investigation[g] .

Owing to the lonic radius matching between

Ag” and Sr** with ionic radius of 126pm and 113 pm
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respectively ( the relative difference is less than
15%), Ag" may substitute Sr** on A site in SrTiO3
lattice as acceptor dopant according to the following
defect reaction:

Ag0 £)2Ag/ s+ 00+ Vo

However, it must be mentioned that the occur
rence of the defect reaction is controlled by the con-
centration of oxygen vacancy in SrTi0s lattice. In
fact, the volatilization of lattice oxygen is dominant
with the coexistence of donor dopant and low oxygen
partial pressure during the course of reduction sinter

M9 The resulting oxygen va

ing at high temperature
cancy of high concentration restrains the solution of
Ag" in SrTi0; lattice as the defect reaction describes.
In the case of presence of the active liquid formed by
sintering additives of Si0;, TiO, and Al,O3 at high
temperature, Ag’ is thought to dissolve in the active

liquid and segregate at grain-boundary' >

During
the course of oxidizing annealing, the concentration
of oxygen vacancy on grain surface decreases because
of the diffusion of ambient oxygen into the ceramics
and subsequent occupation of oxygen vacancy on grain
surface' "'l Accompanying this occurrence, Ag’ seg-
regating at grain-boundary diffuses in grain surface
and serves as effective grain-boundary acceptor with
the behavior of substituting Sr** there. Therefore, it
is considered that the increase of Ag;0O content means
the enhancement of the density of the grain-boundary
acceptor state and brings about great influences on
multifunction characteristics of SrTi03 ceramics as a
result. One of these influences is the rise of graim
boundary barrier height, which improves the voltage
current nonlinear effect. The other is the thickening
of the depth of grain boundary insulating layer,
which relevantly increases the varistor voltage Vi,
and decreases the apparent permittivity € and disst
pation factor tg &.

4 CONCLUSIONS

1) The doped Ag distributes at grain-boundary
of SrTi03 ceramics in form of Ag+ .

2) Ag" substitutes St?" in grain surface during
the course of oxidizing annealing, which effectively

enhances the density of grairboundary acceptor

state.

3) The nonlinear coefficient a and varistor volt-
age V1,4 increase with the increase of Ag+ content,
where the apparent permittivity &g and dissipation
factor tg 6 decrease.
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