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The varistor effect takes place in SnO2-Co304—Nb205-CrzO3 ceramics with CaO, SrO or BaO
additions prepared by solid-phase sintering and in the same ceramics with CuO, V205 or Bi2O3
additions prepared by liquid-phase sintering. This effect is accompanied by a humidity-sensitive
effect at the low-field electrical conductivity. The latter is observed when air relative humidity
increases from 10 to 93%. The lowest humidity-sensitive effect was found in the liquid-phase sintering
samples. For the investigated samples the values of the nonlinearity coefficient 24-50 at high electric
fields (F1 = 2.8 — 11 kV ¢cm™') and the humidity sensitivity coefficient 1.8-10° - 3.2.10° at low
electric fields were calculated. Such properties of tin oxide based ceramics can be explained within
the model of electrical conduction controlled by the grain-boundary potential barriers and the
dissociative adsorption of water molecules on the samples surface. This leads to a low decrease of
the intergranular potential barrier height in the humid air and an increase in the conductivity in
low electric fields. At the same time in the high electric fields the barrier height decreases more
intensively with an increase in the electric field and this leads to the varistor effect.
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I. INTRODUCTION

Oxide ceramics is well known as a material for the
preparation of surface acoustic wave devices [1], super-
conductors [2], current limiters [3], catalysts [4], gas sen-
sors [5], humidity sensors [6-11], varistors [12-19] etc.
The tin oxide based ceramics has many low electrical re-
sistance grains which are usually separated by the layers
with high electrical resistance. The SnOs-based ceramics
has non-Ohmic electrical conductivity, which is caused
by the potential barriers at the SnO5 grain boundaries
[12-19]. These are double Schottky barriers (two Schot-
tky barriers are connected in opposite directions).

The value of electrical conductivity depends on the
electric field, temperature and environmental gas. Specif-
ically, the electrical conductivity of SnOs-based ceramics
is sensitive to the variation in the air relative humidi-
ty [8-12]. Depending upon the additions to the ceram-
ic samples, the varistor or humidity-sensitive properties
can prevail. Besides, the devices with combined proper-
ties of a varistor and a sensor of relative humidity can
be used. For example, such ceramics were studied in the
system SnOs—Zn0O—-CoO with Bi3 O3, SiO5 or GeOs addi-
tions [12] or in the system SnO3—Co0304—NboO5—Cr203
(SnCoNbCr) with BisOs [20, 21], V205 [22] or CuO
[23] additions. The combining of both properties in
SnCoNbCr ceramics with different additions is due to
the grain-boundary nature of both effects [20-23]. All
additions in the latter system have low melting temper-
atures, which are less than burning temperature. There-
fore, those ceramics have liquid phases in the process of
sintering.

Recently, we have found that other additives (CaO,
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SrO or BaO) to tin dioxide can provide varistor and
sensor effects (nonlinearity coefficient $/30-50, humidi-
ty sensitivity coefficient S~10%-10%). These systems have
no liquid phases at sintering, but have intergranular in-
clusions. The behavior of these ceramic materials under
various humidity conditions is very important for the
varistor application.

To study the effect of different oxides on the electrical
properties including humidity sensitivity of SnOs-based
varistor ceramics, we investigated the SnCoNbCr system
with CaO, SrO or BaO additions (solid-phase sintering)
and CuO, V505 or BisOj3 additions (liquid-phase sin-
tering). The received results are presented in this paper
below.

II. EXPERIMENTAL DETAILS

The samples on the basis of SnOy with (mol.%)
0.5C0304, 0.05Nb305, 0.05Cr03 addition and 0.5mol.%
CaCOg3, SrCO3, BaCOj3, CuO, V505 or BisO3 additions
were prepared by a conventional mixture method. The
pressed tablets (about 12mm in diameter and 0.75mm
thick) were sintered in the air at temperature 1520K
(1hour). The details of the preparation are described in
[21-24]. While heating the disks with carbonates CaCOs3,
SrCOg3 or BaCOg, the decomposition with CO2 emission
took place and these compounds changed into CaO, SrO
or BaO [24].

The SHOQ, 00304, Nb205, CI‘QOg, CaO, SrO and BaO
oxides have melting temperatures which are consider-
ably higher than the burning temperature of ceramics
(1520 K). Therefore the sintering of SnCoNbCr ceramics
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and of SnO3-Co0304—NbyO5-Cry03 samples with CaO,
SrO or BaO additions is a solid-phase one. This conclu-
sion is proved by the data of our previous papers [18,24].
But Biy O3, V205 and CuO oxides have low melting tem-
peratures. Therefore, ceramics with BisOs, V2O5 or CuO
additions have BisO3-, V2O5- and CuO-pure intergran-
ular layers, which are liquid at the high temperature sin-
tering and solidify during cooling, as it was reported in
our papers [20,22,23]. Thus, these samples are the liquid-
phase sintering type.

Secondary electron images were obtained in the scan-
ning electron microscope JEOL JSM-6360LV. In-Ga-
eutectic electrodes were used in the tested samples.

Current—voltage characteristics were recorded in dc
conditions in the air with fixed relative humidity w in the
10-93% range by putting the samples into a closed cham-
ber above the surface of the water solution of a proper
salt (details are given in [22]). The temperature depen-
dence of dc electrical conductance o(T') in the range of
about 295-425 K was obtained by heating the samples
in the air (details are given in [22-24]).

The parameters of the samples (the linear shrinkage
v, the nonlinearity coefficient 3 and the breakdown elec-
tric field E; at current density 1 mA-cm™2, the electrical
conductivity ¢ at the low electric field, the activation
energy of electrical conduction F,, the dielectric per-
mittivity € at frequency 1kHz) were calculated by the
formulas given in [21-25]. The humidity sensitivity co-

#l WD=30.8mm

efficient S = [o(w2) — o(wy)] /o(w1) was calculated at
electric field 0.5F; and relative humidity w; = 10% and
we = 93% respectively.

III. RESULTS AND DISCUSSION
A. Microstructure

The obtained micrograph of the SnCoNbCr sample
surface (Fig. 1la) shows that the studied ceramics con-
tains tin dioxide grains of about 3.5um. The material is
sintered enough but nevertheless the porosity is signifi-
cant. For that reason this ceramics has the environment
sensitive effects.

The value of the linear shrinkage for the SnCoNbCr
sample is 8.3%. CaO, SrO or BaO additions to the
SnCoNbCr system lead to lower values of linear shrink-
age: 6.3, 3.6 or 7.3% respectively. The relatively slight de-
crease of the grain size is also observed in these samples:
2.6, 1.3 or 0.8 um respectively (Table 1). It is probably
connected with the segregation of the ions with a large
ion radius (104pm for Ca®*, 120 pm for Sr?* and 138 pm
for Ba?*) on the grain boundaries of SnOs (ion radius
for Sn** 67 pm) [24] and the worsening of synthesis due
to the emergence of the unfavorable conditions for the
SnOs grain growth.

20.00kV

(d)

Fig. 1. Micrographs of the as-sintered surface of SnO2-C0304—Nb2O5-Cr203 ceramics without (a) and with CuO (b), V205

(c¢) and BizOs (d) additions.
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Addition Linear Average Humidity sensitivity Activation energy
shrinkage -, %|grain size Iy, pm coefficient S of electrical conduction F,, eV

— 8.3 3.5 3.2-10° 0.98
CaO 6.3 2.6 2.2-10° 1.04
SrO 3.6 1.3 1.9-10% 1.19
BaO 7.3 0.8 8.5-103 0.93
CuO 10.9 5.8 1.8:103 0.91
V205 12.2 3.2 8.9-10° 0.92
Bis O3 17.0 6.0 7.3-10° 1.03

Table 1. Some parameters of SnO2—Co0304—Nb2O5-Cra0s ceramics with different additions.

The micrographs of ceramics with CuO, V205 or
Bi;O3 additions are presented in Figures 1b, 1c or 1d
respectively. In these figures, the surface of SnOs grains,
that is covered by the secondary phases (especially with
the V505 addition), is shown. These CuO-, V505- and
BiyOs-rich grain boundaries phases occur rather inho-
mogeneously throughout such samples. They locate in a
space between the grains and even cover the grains sur-
face of the investigated materials.

The addition of CuO, V505 or BisO3 oxides to the
SnCoNbCr system causes an increase in linear shrink-
ages up to 10.9, 12.2 or even 17.0% respectively (Ta-
ble 1). The liquid-phase sintering can lead to an increase
in the linear shrinkage and the formation of a more sol-
id and less porous structure of the obtained materials.
All these effects were observed in the studied samples
(Fig. 1). Thus, ceramics with CuO, V505 or BisO3 ad-
ditions are the liquid-phase sintering type. This fosters
grain growth at high temperatures in the process of sin-
tering. Therefore, the average grain size in such samples
is slightly bigger than for the SnCoNbCr ceramics ex-
cept the sample with the V505 addition (Table 1). The
V50Os5-pure intergranular layers are randomly distributed
throughout the sample and inhibit the growth of grains
in such ceramics [22].

The structural features of the examined samples must
be correlated with their electrical properties. The ap-
pearance of different intergranular inclusions and layers
during the sintering can change the formation of poten-
tial barriers at the SnO9 grain boundaries. So, the elec-
trical characteristics of the studied ceramics are investi-
gated and presented below.

B. Current—voltage characteristics and electrical
parameters

Current—voltage characteristics of SnOs-based ceram-
ics with different additions measured in the air with rel-
ative humidity 10% are presented in coordinates j — F
in Fig. 2. The obtained electrical parameters of these ce-
ramics are reported in Table 2. The j(E) characteristic of
the SnCoNbCr sample is highly nonlinear (Fig. 2, curve
1) with the values of nonlinearity coefficient § = 49 and
electric field F; = 5630V cm~!. The relative dielectric
permittivity ¢ = 273 of this sample is quite high due
to the formation of the sufficiently large grains and the
existence of thin depletion layers at the grain bound-
aries [14,17].

10°L—®— 1 - SnCoNbCr

- SnCoNbCrCa
- SnCoNbCrSr
10“L—#—4 - SnCoNbCrBa
- SnCoNbCrCu

E, Vicm

Fig. 2. Current density vs. electric field in the air with rel-
ative humidity 10% of SnO2—Co304—NbsO5—Crz03 ceramics
without (1) and with CaO (2), SrO (3), BaO (4), CuO (5),
V205 (6) and BizOs (7) additions.

Addition|Nonlinearity | Electric field,| Dielectric |Electrical conductivity
coefficient 3| E1, V em™! |permittivity e] o, Ohm™! cm™!
— 49 5630 273 6.5-10~13
CaO 30 7000 77 3.4-10713
SrO 24 11070 27 5.7-10~13
BaO 50 7750 138 7.5-10713
CuO 42 5260 485 2.5-10~12
V205 2.9* 28280 14 7.7.10713
Bi2 O3 45 2790 470 1.5-10~12

*at j =106 A cm—2

Table 2. Electrical parameters of SnO2—Co0304—Nb20O5—Cr203 ceramics with different additions with air relative humidity
10%.
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The addition of alkaline earth oxides leads to some
increase in electric field E; (Fig. 2, curves 2-4) though
the values of nonlinearity coefficient § remain quite high
(Table 2). The sample with CaO addition has a slight-
ly smaller value § = 30 at the increase in E; up to
7000V cm~!. The addition of SrO causes the highest
value of F; = 11070V cm™!. The sample with BaO ad-
dition has a rather large value of the nonlinearity coeffi-
cient # = 50. The observed increase in the electric field
E; in the samples with CaO, SrO or BaO additions (Ta-
ble 2) is due to the decrease of the average grain size
lg (Table 1) and to the increase in the number of grain
boundaries per unit length correspondingly. The values
of relative dielectric permittivity of the samples € are al-
so correlated with the sizes of SnOs grains. Therefore,
the values of dielectric permittivity are smaller for the
ceramics with CaO, SrO or BaO additions (Table 2).

In the ceramics with CuO or Bis O3 additions, the elec-
tric field E; is weaker (Fig. 2, curves 5 and 7) than for
the SnCoNbCr sample because the grain sizes in these
ceramics are larger (Table 1). Therefore, the dielectric
permittivities of the samples with CuO or Bi;O3 addi-
tions are larger than those of the SnCoNbCr ceramics
(Table 2). Ceramics with CuO addition exhibits a lit-
tle bit smaller value of nonlinearity coefficient 5 = 42.
Probably, the tin oxide grains are not wetted enough
by the CuO-pure secondary phases (see Fig. 1b), and
therefore the Co304 and CryOg3 oxides are nonuniformly
distributed on the sample. These additions are respon-
sible for the formation of the high potential barriers at
the SnOy grain boundaries [14, 17]. Consequently, these
potential barriers are insufficiently high and the nonlin-
earity of the sample current—voltage characteristics is not
high enough. Therefore, the improvement of the ceram-
ics structure homogeneity is one of the most important
tasks in the process of the high-quality varistor devel-
opment. The sample with Bi;O3 addition has a slight-
ly smaller value of nonlinearity coefficient 3 = 45 than
the SnCoNbCr sample (Table 2). This effect is observed
at the transition from high-voltage to low-voltage SnOso-
based ceramics 16, 26].

The V505 addition to the SnCoNbCr ceramics caus-
es a significant decrease of the nonlinearity coefficient
and an increase in the breakdown electric field (Fig. 2,
curve 6). The vanadium oxide forms quite conduc-
tive VoOs-pure intergranular phases, which cover SnO;
grains (Fig. 1c) and works as an electric shunt to the
grain boundaries [22]. Therefore, the nonlinearity of
current—voltage characteristics became considerably low-
er and it became impossible to reach electric field F; (at
1mA cm~?) under our experiment conditions. Besides,
the sample with VoOj5 addition exhibits lower ¢ = 14
due to the influence of the vanadium oxide phase with
low relative dielectric permittivity [27,28].

The current—voltage characteristics of the studied
SnOs-based ceramics contain two regions. The first is
Ohmic and low-nonlinear part at low currents and volt-
ages, and the second is high-nonlinear part at high cur-
rents and voltages (Fig. 2). In SnCoNbCr ceramics, the
high-nonlinear part of j(E) characteristic is initiated at
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current density j ~ 1-107%A cm=2 (Fig. 2, curve 1).
This material has relatively high low-field electrical con-
ductivity o. The values of electrical conductivity o be-
came larger with the addition of CuO or BisO3 oxides
to the ceramics (Table 2). In such samples, the average
SnOy grain size is larger than that in the SnCoNbCr
sample (Table 1). It leads to a decrease of the number of
grain boundaries and potential barriers per length unit.
Consequently, the electrical conductivity o increases.

The certain decrease of low-field conductivity is ob-
served in the case of CaO addition (Fig. 2, curve 2). That
sample has the lowest value o = 3.4-10" ¥ Ohm~! cm™!
(Table 2). This effect is connected with the decrease of
the grain size (a significant decrease of the grain bound-
ary cross-section, the increase of grain neck resistivity)
and the increase of the height of the grain boundary po-
tential barriers (see later about this). The effect with the
lowered low-field conductivity is reproducible if the rela-
tive humidity of the air increases. In the air with higher
relative humidity, the sample with CaO addition also has
the lowest electrical conductivity.

The high nonlinearity of current—voltage characteris-
tics in the studied ceramics with the nonlinearity coef-
ficient § = 24 — 50 is rather attributed to the grain-
boundary nature of the conduction mechanism for dif-
ferent SnOg-based varistors [12-24, 26]. Electrical con-
duction in ceramic samples exists across electrically ac-
tive grain boundaries. In these ceramics, the grains are
quite conductive but grain-boundary regions are resistive
due to the formation of grain-boundary potential barriers
during the sintering of the ceramic samples in oxidizing
atmosphere. The existence of the grain-boundary barri-
ers in the studied samples is confirmed by the following
observed facts: (a) thermally-activated electrical conduc-
tion; (b) strong non-Ohmic conduction at relatively low
electric fields; (c) reversible increase of capacitance with
an increase in relative humidity.

The model of non-Ohmic conduction in SnOs-based
ceramics takes into account the decrease of the grain-
boundary double Schottky barrier height with an in-
crease in the electric field [18,19, 26]. The increase in
the voltage applied to a SnOs-based varistor can lead
to a rather slight decrease of the barrier height at low
voltages because the trapping of electrons at the grain-
boundary interface states prevents from quick decrease
of the barrier height. Then the barrier height decrease is
rather stronger at higher voltages [18,19,26]. The physics
of such voltage dependence of the barrier height in SnOs-
based varistors can be similar to the situation in ZnO-
based varistors [29,30]. The electrons are tunneling in the
conduction band across the barrier if the barrier height
is decreasing due to the appearance of holes (minority
carriers) near the grain boundary of n-type semiconduc-
tor [29].

C. Temperature dependences of electrical
conductivity

The different additions to SnOs-based systems can
modify the conditions of the grain-boundary potential



ELECTRICAL PROPERTIES OF SnO2-BASED VARISTOR CERAMICS. ..

barrier formation. To explain the observed alteration of
the low-field conductivity in the samples with different
additions, the temperature dependences of dc electrical
conductivity o(T") were studied (Fig. 3). The obtained
values of the activation energy of electrical conduction
E, for the investigated SnOs-based ceramics are pre-
sented in Table 1.

—&— 1 - SnCoNbCr
—e— 2 - 3nCoNbCrCa
—&— 3 - SnCoNbCrSr
—o— 4 - SnCoNbCrBa
—v—5-8nCoNbCrCu
—0— 6 - SnCoNbCrV
- SnCoNbCrBi

£
10"
‘g
=
o]
S
10"E
-12
10 :_ 1 1 1 1 1 1
24 26 28 30 32 3.4
1000/ T, K~

Fig. 3. Temperature dependences of electrical conductivi-
ty of SnO2-Co304—Nb205-Cr203 ceramics without (1) and
with CaO (2), SrO (3), BaO (4), CuO (5), V205 (6) and
Bi2 O3 (7) additions.

All 0(T') dependences are quite complicated: they can-
not be approximated by a straight line in the whole
studied temperature range 295-425K (Fig. 3). At low
temperatures, in the range of about 295-330 K, the de-
crease of conductivity during the heating is caused by the
desorption of water molecules [20-23]. The humid air at
room conditions can penetrate inside the samples and
reach grain-boundary regions. During the heating, water
molecules evaporate and electrical conductivity decreas-
es (Fig. 3). Further temperature growth from about 330
to 425 K causes a thermally-activated increase in conduc-
tivity.

The obtained F, ~1 eV of the SnCoNbCr sample gives
a correct estimation of the barrier height [25]. The addi-
tion of different oxides leads to some variation in o(7T)
dependences (Fig. 3). Generally, the values of activation
energy are quite high (F, ~ 0.9 — 1.2eV). The slight de-
crease of F, is found for the ceramics with BaO, CuO
or V205 additions (Table 1). It causes the increase in
low-field electrical conductivity in these samples (Fig. 2).
With adding CaO, SrO or BisOg3 in the SnCoNbCr ce-
ramics, the activation energy slightly increases (Table 1),
which leads to a decrease of electrical conductivity in low
electric field (Fig. 2). Such behavior is not observed in the
sample with the BioO3 addition due to the larger value
of the average SnO5 grain size (Table 1) and the smaller
number of grain boundaries per unit length accordingly.

Thus, in the SnCoNbCr sample and in the ceramics
with different additions, electrical conductivity is con-
trolled by the grain-boundary potential barriers. The
thermionic emission across the barrier is the most prob-
able conduction mechanism near about 300K. Electrical
properties of the studied ceramics are dependent on the
microstructure and on the potential barrier height. The

smaller the barrier height is, the larger the electrical con-
ductivity in the low field is, and vice versa.

D. Effect of humidity on the electrical properties

Low-field electrical conductivity of various SnOs-based
ceramics ncreases with the growth of air relative humid-
ity [8-12,20-23]. However, the humidity sensitivity of
solid-phase sintering and liquid-phase sintering ceramic
samples is studied insufficiently. Therefore, we decided
to study current—voltage characteristics of all obtained
materials under different humidity conditions.

For SnCoNbCr ceramics, the j(E) dependences mea-
sured in the air with different relative humidity are close
to linear in low fields but they are highly nonlinear in
higher fields [22]. The rise in relative humidity from 10
to 93% causes a strong shift of low-field part of j(E) char-
acteristics to higher current but high-field part of these
characteristics changes slightly. This effect is reversible
and reproducible. If the sample is placed in a dry air
chamber (with relative humidity 10%) after a humid air
chamber (with relative humidity from 34 to 93%), then
its characteristics return to the initial state.

10-3 L —=—1 - SnCoNbCr, 10%

F —0—1'- SnCoNbCr, 93%

F —@—2- SnCoNbCrCa, 10%
W 7O 2'- SnCoNbCrCa, 93%
107 —A&— 3 - SNCoNbCrSr, 10%

F —A—3'- SnCoNbCrSr, 93%
[ —®—4 - SnCoNbCrBa, 10%
' - SnCoNbCrBa, 93%

10°L—¥—5 - SnCoNbCrCu, 10%
E —v—5'- SnCoNbCrCu, 93%
[ —@—6 - SnCoNbCrV, 10%
[ ~O—6'- SnCoNbCrV, 93%
107 F—#—7- SnCoNbCrBi, 10%
- SnCoNbCrBi, 93%

1
E, Vicm

Fig. 4. Current density vs electric field of
Sn02-Co304-NbzO5-Cr203 ceramics without (1,1’) and
with CaO (2,2'), SrO (3,3'), BaO (4,4"), CuO (5,5), V205
(6,6") and Bi»O3 (7,7') additions in the air with relative hu-
midity 10% (1-7) and 93% (1’ — 7').
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That phenomenon is observed for all the materials
studied in our paper. In Fig. 4, we present j(E) depen-
dencies of SnOs-based ceramics in the air with relative
humidity 10 and 93%. The rise in relative humidity caus-
es an increase in the low-field samples conductivity. It in-
creases less in the sample with CuO addition than in oth-
er samples. The intergranular layers of CuO secondary
phases prevent the access of the humid air into the elec-
trically active regions of grain boundaries and diminish
the role of the barrier-related sensitivity mechanism.

In order to estimate the effect of humidity on the ce-
ramics characteristics, the values of the humidity sen-
sitivity coefficient S are presented in Table 1. For the
solid-phase sintering samples with the additions of alka-
line earth metal oxides, an increase in ion radius elements
from Ca?* (104pm) to Ba?T (138 pm) causes a gradual
decrease of the S values. It can be explained by the segre-
gation of the secondary solid phases at the grain bound-
aries [24] and the decrease of the environmental influ-
ence on the electrical properties of the ceramics. For the
liquid-phase sintering samples with CuO, V505 or Bi3 O3
additions the humidity sensitivity is smaller (Table 1)
because such ceramics is more solid and less porous. Be-

sides, solidified at sintering, the CuO, V205 or BiyO3
secondary phases (see Fig. 1b, lc, 1d respectively) cov-
er the surface of SnO2 grains or only grain-boundary
regions and partially prevent the penetration of humid
air into the grain boundaries. As a result, the electrical
conductivity increases less at a higher humidity. There-
fore, the humidity sensitivity of the ceramics that were
prepared by liquid-phase sintering is lower than that of
ceramics that were prepared by solid-phase sintering.
The high humidity sensitivity of the studied material is
explained by the grain boundary controlled conduction
mechanism [12,20-23]. The potential barriers of SnOq
grain boundary are formed during the sintering of the
ceramics in the air [12-24,26]. The observed increase in
the low-voltage electrical conductivity with the rise in
the air relative humidity (Fig. 4) can be explained by
the decrease of the barrier height. It was shown that the
barrier height decreases by only about 20% if the air rel-
ative humidity reaches about 80% [21]. Therefore, the
potential barriers of the grain boundaries at a high hu-
midity are still sufficiently high to be decreased at high
voltages. So, highly nonlinear j(E) dependences are still
observed at high values of relative humidity (Fig. 4).

H,0
I\E)jssociative adsorption
oH *H

Fig. 5. The grain boundary defect model for SnOz-based ceramics during the adsorption of water molecules in dry (a) and

wet (b) air.

However, the nonlinearity of the high-field part of j(E)
characteristics somewhat decreases with an increase in
the air relative humidity (Fig. 4). The cause of this is
the increase in the surface electrical conductivity of the
samples due to the adsorption of water molecules [21].
This surface conductivity shunts the non-Ohmic volume
electrical conductivity and leads to some decrease of the
nonlinearity coefficient (3.

The adsorption of water molecules on the surface of
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the studied ceramics also gives rise to low-field electrical
conductivity. The adsorbed water molecules can dissoci-
ate according to the reaction

HyO « HT + OH".

The quite mobile proton HT can penetrate to the re-
gion near the grain boundary and interact with the oxy-
gen which has been chemisorbed there in the O; form
[31] during the sintering of the ceramics in the oxidizing
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atmosphere. As a result, the total negative charge at the
near-surface grain boundary can become lower in abso-
lute value, which leads to a decrease of potential barrier
height (Fig. 5). Therefore, in the air with higher rela-
tive humidity the grain-boundary potential barriers are
lower at the near-surface regions of the sample and the
low-field electrical conductivity of the ceramics is larger
than in the air with lower value of relative humidity.

After the current—voltage characteristics had been
recorded, the voltage was disconnected and the samples
were placed into a dry air chamber. Here the desorption
of water molecules began, during which the protons delo-
calized from near-surface grain boundary regions, where
they had been captured in humid air. So, the potential
barrier heights are increasing and the low-field electri-
cal conductivity of the sample is decreasing. The j(F)
characteristics return to the initial state.

Thus, the discussed humidity-sensitive effect in tin ox-
ide based ceramics leads to an increase in low-field elec-
trical conductivity in humid air in comparison with the
dry air conditions. The obtained SnOs-based samples are
materials with humidity-sensitive conductivity. They can
be used as sensors for measuring the air relative humid-

ity.

IV. CONCLUSIONS

The varistor characteristics and the humidity-sensitive
properties are observed in SnOs-based ceramics with dif-

ferent additions. These peculiarities are explained by
the dependence of the grain-boundary barrier height on
relative humidity (in a low electric field) and on volt-
age (in a high electric field) respectively. The estimat-
ed values of the barrier height of the studied samples
are about 0.9 — 1.2eV. The low-field electrical conduc-
tivity of SnOs-based ceramics increases with a rise in
the relative humidity of the air. The highest humidi-
ty sensitivity coefficient S = 3.2 - 10° was obtained for
Sn05—Co0304—Nbs05—Cro0O3 ceramics. The values of S
decrease with CaO, SrO and BaO additions (solid-phase
sintering) and greatly decrease with CuO, V305 and
Biy O3 additions (liquid-phase sintering).The lowest val-
ue S = 1.8-102 at high nonlinearity coefficient of 3 = 42
and electric field F; = 5260 V- cm~! was obtained for ce-
ramics with CuO addition. The CaO addition provides
the lowest value of low-field electrical conductivity for
the studied tin oxide based varistor ceramics. The ob-
served decrease of the low-field conductivity of SnOs-
based samples with different additions correlates with
the experimentally found increase in the activation ener-
gy of electrical conduction and the decrease of the grain
size.
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EJIEKTPUYHI BJIACTUBOCTI TBEPAO®A3HOI I PIIKO®A3HOI CUHTE30BAHOI
BAPUCTOPHOI KEPAMIKI HA OCHOBI SnO;

O. B. l'amonos, I. A. CkypaToBcbKuii
ninposcvrut Hayionasvnutl ynisepcumem imeni Oaeca Ionwwapa,
npocn. Lazapina, 72, /Iwinpo, 49010, Yxpaina

Bapucropunii edpexr BindoyBaeThea gk y SnO2—Co304—NbzO5-CreOs kepamini 3 CaO, SrO a6o BaO gowmimm-
KaMH, K& BUTOTOBJIEHA TBePA0(a3HUM CUHTE30M, Tak i B nmoaibHii kepamini 3 CuO, V205 abo BisO3 momimkamu,

AdKa BHUI'OTOBJICHA piﬂKOd)aBHI/IM CHUHTE30M. Heﬁ e(l:)eKT CyIIPpOBO/I2KYBaBCd BOJIOI'OYYTJIMBUM e@eKTOM JJId eJIeK-

TpUYHOI IpoBigHOCT] y cabkomy mosti. OcraHHiil crocrepiraBcst nmpu 361/IbIIEHH] BiJHOCHOI BOJIOrOCTI MOBITps 3

10 mo 93%. HaitmeHnry BOJOTOYYTIMBICTE MalOTh piakodasni cuHTe30BaHi 3pas3kh. s JoCimKeHnx 3pasKin

obumceni snavenus koedinienta Heminiitnocti 24-50 3a cumbHIX eekTpuunEx Mo (E = 2.8 — 11 kB-em™ ) i

koedirienTta Bosorouyrmmsocti 1.8 - 10% — 3.2 - 10° 3a coabkux enexTpuunnx mouis. Taki BIaCTHBOCTI OKCHIHO-

OJIOB’STHOT Kepal\liKI/I ITOACHIOIOTHCA MOJIEJIJIIO JIJIs e.HeKTpI/I'-IHO.l' HpOBiLLHOCTi7 AKa KOHTPOJIIOETHCA HOTeHLI‘iaJII)HI/IMI/I

Oap’epaMy Ha MeXKaX 3€peH, 1 JMCOIIATHBHOIO aICOPOITiE€I0 MOJIEKYJ BOAM Ha MOBepxHi 3paskiB. lle 3ymoBiroe

citabKe 3MEHINEeHHsT BUCOTU MI?KKPUCTATIYHIX MTOTEHIaIbHIX 6ap’epiB y BooroMy moBiTpi it 36i/1bIIeHHsT IPOBi-

HOCTI B CJIADKUX €JIEKTPUYIHUX I10JIAX. BOILHO'—IaC Yy CUJIbHUX €JIEKTPUYHUX II0JIAX BUCOTA 6ap’€piB 3MEHIIIYETHCA

IHTEHCHUBHIIIE 3 MiABUIIEHHAM €JIEKTPUYHOTO IT0JIs, 1 11e IPUBOIUTD [0 BAPUCTOPHOIO edeKTy.
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