
EP X 429 653 BI Description SPECIFICATION 6   Technical field The present
invention relates to a semiconductor-type laminated ceramic capacitor with
a grain boundary- Insulated structure and a method for producing the same,
and more particularly to a ceramic capacitor which absorbs both low voltage
noises and high frequency noises under the normal operational conditions as
a ca- *o  pacitor, works as a varistor against Invading high voltage loads
such as pulses and electrostatic charges, there- by protecting built-in
semiconductors and electronic equipmentfrom being damaged by abnormal
voltage loads such as noises, pulses and electrostatic charges arising from
surrounding electronic equipment, wherein char- acteristics of said ceramic
capacitor being stable to temperature changes. 15   Background art
Recently, semiconductorelementssuch as IC and LSI arewidely used in
electronicdevices and equipment to realize multifunctional applications of
the equipmentand to make the equipment light, small and handy. How- ever,
the use of many semiconductor elements makes the electronic device less
resistant to disturbance by 20  electric noises. The conventional method to
protect the electronic devices from Invading electric noises is to
integrate a by-pass capacitors such as film capacitor, laminated ceramic
capacitorand semiconductor ceramic capacitor into the power line of IC and
LSI. These capacitors display excellent performances in absorbing low
voltage noises and high frequency noises. They are, however, so impotent to
high voltage pulses and electro- static charges that mulfunctionings of the
equipment, break-down of semiconductors and/or capacitors them- 25  selves
occur frequently when the electronic equipment are invaded by high voltage
pulses or electrostatic charges. Therefore, these technical problems in the
conventional capacitors should be improved. A new type capacitor, which has
sufficient resistance and excellent absorbing ability to pulses as well as
good noise absorbing ability and stabilityto temperature and frequency
changes, was developed and disclosed in Japanese Laid-Open Patent
Publication No. 57-27001 and Japanese Laid-Open Patent Publication No. 57-
30 35303 etc., wherein a varistor function was added to a ceramic capacitor
made of SrTiO3 series of ceramic materials and the capacitor was defined as
"a semiconductor-type ceramic capacitor with a grain boundary- insulated
structure having a varistor functionn (hereinafter referred to as a ceramic
capacitor with varistorfunc- tion). This ceramic capacitor with varistor
function, works as a varistor when high voltage pulses and electro- static
charges invade it and it absorbs low voltage noises and high frequency
noises as a conventional capac- 35  itor, thereby protecting the electronic
equipment and built-in semiconductors from abnormal high voltage nois- es,
pulses and electrostatic charges generated by surrounding electronic
equipment and devices, and provid- ing wide application fields for the
capacitor. Since the electronic parts are made more sophisticated, lighter,
smaller, and more handy, ceramic capao- itors with varistor function are
also required to be smaller but higher in performance. The effective
electrode 40  area of the conventional single-plate type ceramic capacitor
with varistor function will be, however, decreased when the capacitor is
miniaturized, resulting in the reduction of electric capacitance and hence
inferiorreliabil- ity of the capacitor. A capacitor having laminated
structure of the electrode is devised to solve the aforemen- tioned
problem, wherein the effective electrode area is expected to be increased.
However, the ceramic car pacitorwith varistorfunction is conventionally
manufactured by the process comprising a step coating the sur- 45  face of
SrMiO3 type semiconductor element with oxides, followed by a thermal
diffusion process to form an electric insulating layer in the grain
boundaries. It Is recognized to be very difficult to manufacture "a
laminate type ceramic capacitor having varistor function" (hereinafter
referred to as a laminated ceramic capacitor with varistor function) by
sintering the material of the ceramic capacitor simultaneously with the
material of an inner electrode, though conventional laminated ceramic
capacitors made of BaTiO2 series of materials are manu- 50  factured by
this process. 



As a method to overcome the problem of simultaneous formation of a material
of laminated ceramic ca- pacitor with varistor function by sintering the
material of the ceramic capacitor together with the material of inner
electrode, the following method for manufacturing a laminated ceramic
capacitor with varistor function is developed and provided, using methods
as is disclosed in Japanese Laid-Open Patent Publication No. 54- 55  53248
and Japanese Laid-Open Patent Publication No. 54-53250, comprising the
steps of printing a pattern corresponding to the inner electrode by using
ceramic paste enriched in organic binder on the surface of the ceramic
substrate; forming a porous sheet corresponding to the pattern of the inner
electrode by sintering; and impregnating the porous sheet with electrically
conducting metals under the appropriate pressure, or al- 2    EP 0 429 653
B1 ternatively a step of forming a pattern of inner electrodes by gilding
or fusion method. These processes, how- ever, involve many difficulties and
they are yet far from practical applications. Japanese Laid-Open Patent
Publication No. 59-215701 provides a method comprising the manufacturing
steps of: forming a raw sheet made of ceramic powder calcinated In the
non-oxidizing atmosphere; printing a 5   pattern of the inner electrode by
using an electric conductive paste mixed with a thermal diffusion material
on the surface of the row sheet, said thermal diffusion material having the
ability to form an electric Insulating layers in the grain boundaries; and
sintering said raw sheet in the oxidizing atmosphere. Another method dis-
closed in Japanese Laid-Open Patent Publication No. 63-219115 comprises the
manufacturing steps of: form- ing a raw sheet made of semi-conductive
ceramic powder as a main component, said main component being 10  mixed
with oxide to form an insulating layer and/or diffusion material containing
a glass material; laminating said raw sheets with a plurality of inner
electrode sheets mutually one by one; and sintering said laminated sheets
in air or in the oxidizing atmosphere. In the above-discussed two
manufacturing methods, however, sintering Is performed at relatively low
temperatures of 1000 - 12000C. Therefore, the capacitor elements thus
formed are not a perfect sintered body of ceramic powder wherein grain
boundaries are scarcely contacted 15  with their faces. The ceramic
capacitors obtained entail the shortcomings comprising: relatively small
electric capacitance; small value of voltage non-linearity coefficient a
which is a representative characteristics of a ca- pacitor having varistor
function; instability of varistor voltage; and inferior reliability as a
capacitor. The man- ufacturing method disclosed in the latter invention,
Japanese Laid-Open Patent Publication No. 63-219115, involves the step of
adding a glass material to the ceramic powder which entails a problem in
that glassy phase 20  deposits in the grain boundaries, whereby said
electric characteristics tend to be poor and the capacitor ale- ment is not
recognized as reliable. The manufacturing process is considered to be far
from practical. Concerning the laminated capacitors having varistor
function, voltage non-linear laminated capacitor ele- ments made of ZnO,
Fe2O. and 1102 series of ceramic material have been provided in Japanese
Laid-Open Patent Publication No. 58-23921. Capacitance of the capacitor
elements of this type are, however, very small 26  and they involve
deficiencies in that they display little effect to the electric noises with
voltage of below the varistor region or to high frequency noises, while
they have excellent ability to absorb pulses and electrostatic charges of
relatively high voltage. DE 34 35 806 discloses a capacitor composition
comprising (Sr1 -MI)O.Z(Ti1 - yMp9O2, wherein Ml' is Ca, Ba andlor Mg, and
M'v is Si, Sn or Zr. Z is in the range of 0,97 5 Z 5 1,05. The composition
additionally coin- 30 prises Nb, La, Yt or Bi in an amount of 0.05 to 2.0
%. Disclosure of the invention Although many attempts have been made and
the technical results are provided in the prior art concerning 35  the
compositions and manufacturing methods of the various kinds of laminated
ceramic capacitors with varlstor 



function, they involve deficiencies and shortcomings with regards to the
manufacturing process itself or to the performances of the capacitor
elements manufactured. None of them are considered to be practical yet, and
novelties in compositions and manufacturing methods of the laminated
ceramic capacitors with varistorfunc- tion are expected to be developed. 40
The present invention with respect to the above has an objective to provide
a semiconductor-type lamin- ated ceramic capacitor with a grain
boundary-insulated structure made of the materials of Sr(1.,)CaT`O3 type
ceramics as a main component and amethod for producing the same, providing
the functions of: a conventional capacitor to absorb low voltage noises and
high frequency noises; a varistor when high voltage pulses and
electrostatic charges invade the circuit; and a capacitor having the
characteristics of being stable to temper- 45  ature variations, wherein
the capacitor element is manufactured by simultaneous sintering of the
materials of ceramic capacitor together with the inner electrode materials.
The present invention, which overcomes the deficiencies and shortcomings of
the prior art, provides a sem- iconductor-type laminated ceramic capacitor
with a grain boundary-insulated structure according to claim I and a method
for producing the same according to claim 6. so      Generally speaking,
ceramic material of the composition of Sr(1_,0CaXTlO3 is made
semloonductive by a forced reduction process or, after adding an
accelerating agent to make the material semioonductive, by a sin- taring
process in the reducing atmosphere. The process to make the material
semiconductive, however, may remain incomplete according to the nature of
theagent used.When the amountof Sr( .>CaXorTi is made slight- ly in excess
out of the stoichiometric ratio of Sr(,,)CaXTiO3, lattice defect in the
crystal of the ceramics will so  increase, thereby accelerating the
material to be semiconductive. Moreover, growth of grains is Inhibited by
Ca ion replacing the site of Sr ions in the crystal lattice. In addition,
the ceramic material is made semiconductive advantageously by adding Nb2O6,
Ta2O6, V206, 3    4      i EP 0 429 653 B1 W205, Dy203, Nd2, Y20, La2O0 and
CeO2 (hereinafter referred to as component c)) since these compounds
control the atomic valency. Next, Mn and Si (hereinafter referred to as
component a)) are the essential compounds to form a laminated structure and
absence of one of the two compounds will results in the incomplete
formation of the lamellar - - ^: 5   structure. As mentioned above,
manufacturing of laminated ceramic capacitors with varistorfunction was
con- sidered to be difficult in the prior art. The first reason depends on
the fact that the material for the ceramic capacitor with varistorfunction
such as SriO3 series of ceramics displays a different nature and behavior
with the material of inner electrode during the sintering and re-oxidation
processes. The former materials require a reducing atmosphere in the
eintering process while the latter materials made of metals expand in
volume by 10  occluding hydrogen gas in the reducing atmosphere.
Furthermore, the latter material is oxidized into metal ox- ide and tends
to block the re-oxidation of the former material during the re-oxidation
process in the air. Formation of a ceramic capacitor element with varistor
function by using the former material, which Is the second reason why the
process is difficult, involves a process of surface diffusion comprising
the steps of: making the material semiconductive by sintering in the
reducing atmosphere; covering the surface of the cer- 15  amic sheets with
metal oxides with high electric resistance (i.e. MnO2 CuO2, Bi20, Co203)
followed by re- oxidation in the air; and insulating grain boundaries by
selective diffusion of the metal oxides. However, in the structure of the
capacitor element laminated by the ceramic plate and inner electrode
material mutually one by one, diffusion of metal oxides into grain
boundaries is technically difficult. 



The inventors of the present Invention discovered the following facts
through their ardent studies. 20      First a ceramic capacitor with
varistor function was readily manufactured by adding the components a), c)
and d) into the ceramic material of Sr(l..)CaXTiO3with excess Ti, and by
sintering the material in the reducing atmosphere followed by re-oxidation
process. Spreading of metal oxide paste with high electric resistance over
the surface of the ceramic plates was found to be needless to form
insulating grain boundaries. The experi- mental facts is interpreted as
follows; the component a) added, together with excess Ti, forms a liquid
phase 25  comprising of Mn, Si and i ternary oxide system at relatively low
temperatures during sintering process. The liquid phase enhances sintering
of grains while the oxides melt and segregate in the grain boundaries.
Re-ox- idation of the capacitor element in the boundaries of which a liquid
phase comprising of Mn, Si and Ti ternary oxide system is formed in the air
completes the formation of an insulating metal oxide film comprising segre-
gated ternary oxides of Mn, Si and Ti in the grain boundaries, thereby
readily producing a ceramic capacitor 30  with varistorfunction having the
structure of a grain boundary insulation layer. Excess Ti was found to
prevent oxidation of inner electrode as well as diffusion of metal oxides
into the inner electrode. For this reason the ceramic material of Sr(:1
x)CaTIO3 with excess 11 was used in the present invention. Second, the
material of Sr(1. 2CaxTIO3, with excess Ti, to which the components a), c)
and d) were added, was made semiconductive by sintering in the nitrogen
atmosphere as well as in the reducing atmosphere. The 35  finding can be
partly interpreted by the same reason as is described in the discussions of
the first experiment, in that the material is made Into a liquid phase at
relatively low temperatures. The Mn added not only forms a liquid phase but
also works as an atomic valence control agent. In working as an atomic
valence control agent, the Ionic valence of Mn ion is +2 or +4 and its
electronic state is unstable and liable to be excited, thereby in- creasing
the sinterability. This is the reason the ceramic material is readily made
semiconductive through the 40  sintering process in the nitrogen atmosphere
by adding Mn ion as component a). Third, the raw materials formed into the
laminated capacitor sheets was calcinated in the air before sub- jecting to
the sintering process. This treatment prevented the product, laminated
ceramic capacitorwith varistor function, from breaking electric connections
in the inner electrodes, de-lamination of the ceramic sheets, cracking in
the ceramic sheets, decrease in sintering density and nonuniformity in the
sintered body etc. Fur- 45  thermore, electric characteristics and
reliability in performance of the capacitor such as capacitance, voltage
non-linearity coefficient a and varistor voltage was also largely improved.
According to the present Invention, with respect to the above, a laminated
ceramic capacitor with varistor function, comprising the manufacturing
steps of sintering the material of ceramic capacitor with varistor func-
tion together with the materials of inner electrode simultaneously, is
readily manufactured. 50 Brief descriptions of the drawings Figure 1 is an
exploded perspective view to explain the examples of the present invention,
showing lam- inated raw sheets and the pattern of the inner electrode paste
printed on said raw sheet. Figure 2 is a partially 55   cutaway view of the
laminated ceramic capacitorwith varistor function obtained from the
examples of the pres- ent invention. Figure 3 Is a flow chart showing the
process to manufacture the laminated ceramic capacitor with varistor
function to explain the examples of the present invention. 4    EP0O 429
653 BI Best mode for carrying out the invention Details of the present
Invention will be described hereinafter with reference to the examples. *
6   Preliminary considerations to the examples 



Powders of CaCO8 and 1102 were added to the powder material of SrllO3 of
mean particle size of 0.5 Pm or less and purity of 98% or more, adjusting
the molar ratio of Sr(1. x)Cae / TI. Component c), Nb206, and com- ponent
a), MnO2 and S102 (the relative molar content of the two compounds are made
equal, respectively), 10  were weighed and mixed to the material described
above. The mixed powder was ground and mixed in a wet state by using a ball
mill and, afterdrying, the ground powderwas subjected to acalcination
process by heating at 600 - 12000C in the air. The calcinated powder was
ground again to make a mean particle size of 0.5 pam or less, to provide
the powder for the starting material of a laminated ceramic capacitor with
varistor function. The finely powdered starting material was dispersed in
an organic solvent together with an organic bindersuch 15  as butyral resin
compound to form a slurry. The slurry was next subjected to the formation
of raw sheet with its thickness of about 50 pm by using the method of Dr.
Blade, and the sheet was cut into a predetermined size. Apattern of
innerelectrode paste 2 containing Pdwas printed by a screen printing
technique corresponding to the predetermined size, as is shown in Figure 1,
on the raw sheet I formed by the above-described method. 20  As is apparent
from Figure 1, Inner electrode pastes 2 are not printed on the uppermost
and lowermost part of the raw sheet la in the laminated capacitor material.
The pattern of inner electrode paste 2 on the inter- mediate part of the
laminated raw sheets I reaches to the one edge of the sheet, and the edges
are distributed alternatively one by one to the opposite(different)
directions in the laminates. The raw sheets la were disposed on the
uppermost and lowermost parts and raw sheets I printed with the above inner
electrode pastes thereon 25  were laminated therebetween, a plurality of
this sheet pairs were pressed and compacted with a heat treat- ment. The
pressed sheets were then calcinated and degreased by heating at 600 -
12500C in the air. The cal- cinated sheets were next subjected to sintering
by heating at 1200 - 13500C in a reducing atmosphere, followed by
re-oxidation by heating at 900 - 12500C in the air. As shown in Figure 2,
the outer electrode pasta containing Ag was painted on the edges of the
sheets 3o  where terminals of inner electrodes 2a were exposed
alternatively and the silver paste was baked by heating at 8000C for 15
minutes in the air, thereby completing a ceramic capacitor 4 with varistor
function, comprising: a plurality of inner electrode 2a on the surface of
the grain boundary insulated semiconductor type ceramic sheets, the
terminals of said inner electrodes 2a reaching to each of opposite edge of
the sheet alternatively one by one; and outer electrodes 3 at opposite
edges of the semiconductor type ceramic sheets, said outer 35  electrodes
being connected electrically to the terminals of said inner electrodes 2a
exposed to the edges of the sheets alternatively. Size of the laminated
ceramic capacitor of this example, abbreviated as Type 5.5, is 5.70 mm in
width, 5.00 mm in length and 2.00 mm in thickness. The capacitor is
composed of 10 effective sheets on which a pattern of the inner electrode
is printed, and non-effective sheets on which the pattern of inner
electrode is not printed, 40  wherein both types of sheets are laminated
alternatively, one by one. Figure 3 shows a manufacturing process flow
sheet of the present invention. According to the laminated ceramic
capacitor with varistor function thus manufactured, electrical charao-
teristics such as capacitance, tan 8, varistor voltage, voltage
non-linearity coefficient a, equivalent series re- sistance (ESR),
capacitance-temperature rate of change and temperature coefficient of
varistor voltage are 45  listed in the tables below. The experimental
conditions for sample preparation were; 12000C, 2 hours for cal- cination
and degreasing in the air; 13000C, 2 hours for sintering In the reducing
atmosphere of N2: H2 = 99: 1; and 11 00C, 1 hour for re-oxidation. Each
electrical characteristic was obtained by the following experimental
conditions. * Capacitance was measured at 1.0 V, 1.0 KHz. 50      *
Varistor voltage V0.1, A was measured at 0.1 mA. * Voltage non-linearity
coefficient a was calculated from the values of varistor voltage measured
at 0.1 mA and 1.0 mA, respectively, using the following equation 



aM = 1 / 109 (V11ft /  V0.1,,,A) * Equivalent series resistance (ESR) is
defined as resistance at resonance frequency measured at 1.0 V. 55      *
Capacitance-temperature rate of change (AC/C) was calculated from the
values measured at -25C and 850C, respectively. * Temperature coefficient
of varistor voltage (AV/V) was calculated from the values measured at 250C
and 500C, respectively. 5    i EP0 429 653 31 The samples marked by the
symbol * in the tables below are listed for comparison and they are not
included in the range of claims in the present invention. The sintered
bodies marked by the symbol * possess small capacitance, small value of
voltage non-linearity coefficient a, which is a representative
characteristics of va- ristors, and a large value of equivalent series
resistance (ESR). The capacitor having the above-discussed 5
characteristics cannot display the performances both of a normal capacitor,
which absorbs low voltage noises and high frequency noises, and of a
varistor which absorbs high voltage pulses and electrostatic charges, at
the same time. The capacitor has relatively large capacitance-temperature
rate of variation and varistorvoltage temperature coefficient, whereby
making reliability and electric characteristics of the capacitor liable to
be af- fected by temperature change. Therefore, these samples are not
suited for the use of a ceramic capacitor with 10  varistor function which
protects electronic devices and equipment from being damaged by abnormal
voltage such as noises, pulses and electrostatic charge generated by
surrounding electronic equipment. Other sam- pies which are not marked in
the tables, possess large capacitance, large value of voltage non-linearity
coef- ficient a and small equivalent series resistance (ESR). The capacitor
with these characteristics displays the performances both of a normal
capacitor, which absorbs low voltage noises and high frequency noises, and
15  of a varistor which absorbs high voltage pulses and electrostatic
charges. The capacitor has relatively small capacitance-temperature rate of
variation and varistor voltage temperature coefficient, thereby making
reli- ability and electric characteristics of the capacitor hardly liable
to be affected by temperature change. There- fore, these samples are well
suited forthe use of a ceramic capacitorwith varistorfunction which
protects eleo- tronic devices and equipment from being damaged by abnormal
voltage such as noises, pulses and electro- 20  static charge generated by
surrounding electronic equipment. In the present invention, the molar ratio
of Sr(l- x)Cax I T1 in the ceramic material of Sr(1, ,Ca, T1O3 is con-
trolled because, when the ratio is greater than 1.00, the amount of
Sr(1,x)CaX will be in excess relative to the amount of TI, thereby
preventing the formation of the liquid phase composed of Mn, Si and Ti
ternary oxide system. Grain boundary insulated structure of the ceramics is
difficult to be formed with above-mentioned 25  composition and, moreover,
oxidation and diffusion of the materials of the inner electrode occur,
resulting in poor electric characteristics and reliability. On the other
hand, when the molar ratio of Sr(1 x)Cax / Til is less than 0.95, the
sintered body obtained will be porous and thesintering density decreases.
Powder materials of its mean particle size of 0.5 jIm or less was used for
the starting material of laminated ceramic capacitor with varistor function
because, if the powder of mean particle size of more than 0.5 gm Is used,
the particles tend 30 to coagulate In the slurry, thereby making the
surface of raw sheets formed by using such non-uniform slurry gritty and
not smooth. Sintering density and packing density of the sintered body
obtained are small and the sintered body is difficult to make
semiconductive, thereby electric characteristics of the ceramic capacitor
tends to be unstable. Next, total amount of component a) added, MnO2 and
SiO2, are also controlled because, when the com- 



35  bined relative molar content of this component is less than 0.2%, the
effect of the added material is hardly re- flected in the formation of the
liquid phase composed of Mn, Si and Ti ternary oxide system. Grain boundary
insulated structure of the ceramics Is difficult to form, thereby sintering
density of the ceramic capacitor ob- tained is decreased and electric
characteristics tend to be poor. On the other hand, when the relative molar
content of this component added exceeds 5.0%, the amount of metal oxides
with high electric resistance seg- 40  regating in the grain boundaries
increases and electric characteristics of the ceramic capacitor also
degrades. The amounts of the component c) added are controlled because,
when the relative molar contents of compo- nent c) is less than 0.05%, the
effects of the additives are not enough to make the material
semiconductive. When combined relative molar contents of this component
exceeds 2.0%, the material is depressed so as to be semiconductive, thereby
preventing the capacitor from having predetermined electric characteristics
and 45  decreasing sintering density. The addition of Nb206 or Ta2O8 as
component c) seemed to result in better electric characteristics of the
capacitor than the cases when V20&, W205, Dy2O5, Nd2O3, Y203, La2Os or CeO2
was added. The effects of mixed composition of component c) to the electric
characteristics of the capacitorwere stud- ied In several cases. The
addition of two or more kinds of component c) to the ceramic material
displayed slight 50  appreciable effect to the electric characteristics of
the capacitor compared to the cases when one component was added to the
material. The addition of Nb205 and Ta2Or were, however, seemed to be more
effective in manufacturing a capacitor of better electric characteristics
than the addition of other components. The process of calcination and
degreasing by heating the raw sheet at 600 - 12500C in the air is most im-
portant in the method of formation of a laminated ceramic capacitor with
varistorfunction in the present inven- 55  tion. Most of electric
characteristics and reliability of the ceramic capacitor with
varistorfunction manufactured are determined during this process. The
purposes of the process are to enhance adhesive force between the material
of ceramic capacitor with varistor function and material of the inner
electrode, and to adjust sintering density, uniformity in the texture of
sintered body, and mean grain size of the crystal particles in the grain 6
EP0 426 6531B1 boundary insulated, of the semiconductor type ceramics of
laminated ceramic capacitor with varistor function manufactured. The rate
of temperature Increase was adjusted to 2000Clhr or less In the degreasing
and cal- cination process because the slower the temperature Increase was,
the more desirable results were obtained after the degreasing and
calcination process. 5      The temperature for degreasing and calcination
in the air is limited between 600 and 1 2500C. When the temperature is
lower than 6000C, the process is not effective enough and when the
temperature for calcination exceeds 12500C, electric characteristics and
reliability of the capacitor will be largely decreased because of the
following reasons; (1) The ceramic capacitor with varistor function is
sintered instead of being calcinated by heating at this 10      high
temperature range. When the capacitor sintered previously in the air is
subjected to sintering in the reducing atmosphere or In the nitrogen
atmosphere, the sintered body shrinks rapidly and suffers con- centrated
stress, thereby producing de-lamination and cracks In the laminated ceramic
capacitor with va- ristor function. (2) Oxidation of Ni as well as
sintering of ceramic capacitor with varistor function will proceed at the
same 15     time when Ni is used as a material for Inner electrode. The
sintered body reacts with Ni followed by the diffusion of Ni, resulting in
breaking of inner electrode, de-lamination and formation of cracks in the
lam- inated ceramic capacitor with varistor function. 



(3) Sintering in the liquid phase of Mn, Si and Ti ternary oxide system
proceed rapidly under the sintering condition at high temperature over
12500C and growth of grains is accelerated, thereby largely decreasing 20
sintering density and packing density. (4) The sintered body treated by
above-mentioned manner is difficult to make semiconductive by the sin-
tering process in reducing or nitrogen atmosphere afterward. The laminated
ceramic capacitor with varistor function thus manufactured has larger
capacitance and dis- plays much better temperature and frequency
characteristics than the capacitor disclosed in aforementioned 25  Japanese
Laid-Open Patent Publication No. 58-23921. The ceramic capacitor in the
present invention is man- ufactured by laminating ceramic capacitor
materials with varistorfunction which possesses both functions of a normal
capacitor, and of a varistor, while the above-mentioned capacitor in the
prior art is simply made of piled varistor material which shows prominent
absorbing ability for surge current. The laminated ceramic ca- pacitor with
varistor function In the present invention is distinct from that in the
prior art in both its functions 30  and uses. When Ca is not added to the
material, growth of crystal grains is not controlled and grain size
distributes In a wide range, thereby entailing large tan 8 value and
inferior temperature characteristics. The addition of large amount of Ca
progresses oxidation, resulting in decreased capacitance and hence poor
varistor charao- teristics. The relative amount of replacement X of Ca with
part of Sr in A-site is preferably within the range of 35  0.001iX90.2. The
sintering process was performed in a reducing atmosphere of the composition
of N2:H2=99:1. When H2 concentration in the atmosphere is Increased, the
following phenomena are observed with regard to both the material of the
inner electrode and the material of the ceramic capacitor with varistor
function; (1) Electrode material is expanded by occluding H2 gas. 40
(2) The material of the ceramic capacitor with varnstor function is
facilitated to be semiconductive. These phenomena entail the problems in
laminated ceramic capacitor with varistor function with respect to electric
and mechanical characteristics, comprising; breaking of electrical
connections in the inner electrodes, de-lamination of the ceramic sheet,
occurrence of cracking in ceramic sheets and incomplete re-oxidation of
ceramic materials. Consequently, when sintering is performed in an
atmosphere in which H2 concentration is 45 increased, it is preferable for
manufacturing a ceramic capacitor with desirable characteristics that
sintering temperature range Is made a little lower (1200-1300C). On the
contrary, ceramic capacitorwfth varistorfunc- tion is rather difficult to
be semiconductive when it is sintered in N2 atmosphere or In an atmosphere
containing a smaller amount of H2 gas. Therefore, the material is
preferably sintered in a little higher temperature range (1300OC-1450WC).
H2 concentration relative to N2 Is most preferably in the range of
99.5:0.55N2:H2595: 5. 50      The mixed powder was calcinated in the air.
Calcination process performed in N2 atmosphere was con- firmed, however, to
be advantageous also. With regard to the re-oxidation process, the material
was re-oxidized at a predetermined temperature of 11000C. The temperature
range of 900-12500C Is also advantageous for re-oxidation to manufacture a
capao- itor element with desirable characteristics. When re-oxidation is
performed at the highest temperature of 55   12000C or more, the duration
of high temperature should be as short as possible. Otherwise, not only the
ma- terials in grain boundaries but also crystal grains are oxidized and
made Insulating. When NI is used for the inner electrode material,
prolonged heating at 12000C or more for reoxidation will oxidize metallic
Ni itself. Therefore, duration of heating time at higher temperature for
reoxidation should be carefully kept as short as 7    EP 0 429 653 51 



possible. Ag was used for the material of the outer electrode in the
examples. However, Pd, Ni, Cu and Zn was con- firmed to be used
advantageouslyfor the same purpose. The material forthe outer electrode
comprises at least one or more kinds of Pd, Ag, Ni, Cu and Zn, and alloys
or compositions of them. When Pd or Ag Is used for 5   the material of the
outer electrode, an appreciable polarization is observed in the varistor
voltage because the metals are rather difficult to make ohmic contact with
the capacitor element. However, the basic characteristics of the capacitor
Is not influenced at all by polarization. Mean particle size of the powder
material of laminated ceramic capacitor with varistor function manufac-
tured by the disclosed method was approximately in the range of 2.0-3.0 pm.
When calcination Is achieved by 10  heating at 13000C or higher in the air,
sintering of liquid phase of Mn, SI and Ti ternary oxide system is accel-
eratd and consequently growth of grains is enhanced, thereby increasing
mean grain size up to twice or more. Increased mean grain size entails many
problems comprising; decreasing in sintering density and packing den- sity,
decreasing In voltage non-linearity coefficient ca, decreasing in
equivalent series resistance (ESR) and dispersing in electric
characteristics. The ceramic capacitor thus manufactured would be poor in
electric char- i5  acteristics and reliability, thereby making the
capacitor Inappropriate to practical uses. (Example 1) Na2SiO3 is added as
component d) and the effects will be described in further detail with
reference to the 20  example. Alaminated ceramic capacitorwith
varistorfunction was manufactured by using similarmethodsdescribed and the
amount of the added component d), Na2SiO, was adjusted and changed
variously. A/B ratio of Sr(1. x) CaTIO3, X = 0.10, was fixed to 0.97; the
relative content of component c) added, Nb2O5, was fixed to 1.0% while
those of component a) were fixed to 1.0% for MnO2 and SiO2, respectively,
the total amount of which 25   was fixed to 2.0%. The results are listed in
Table 1. 30 35 40 45 50 55 8    EP 0 429 653SB1 so~~~~~~~~~~~ t
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C= 40                 ai co           z C Z 2 la  1s""s  > 55      As
described in Table 1, capacitance-temperature rate of variation and
varlstor voltage temperature coef- ficient are improved by adding component
d), Na2SiO. Na2SiO3 works as a carrier to diffuse liquid phase of Mn, Si
and Ti ternary oxide system uniformly in the grain boundaries,
therebyforming distinct interfaces among the semiconductor crystal region
and a high resistance grain boundary region. When the relative molar
content 9    EP 0 429 653 BI of added Na2SiO3, is less than 0.05%, the
effects of the additive is not clear and few improvements In capac-
itance-temperature rate of variation and varistor voltage temperature
coefficient are observed. When relative molar content of this component is
over 2.0%, Na2SiO3, which serves as a carrier, will be In excess In grain
boundaries, wherebydecreasing capacitance and voltage non-linearity
coefficientoL, increasing equivalentser- 5   les resistance (ESR),
decreasing sintering density and degrading mechanical strength. A mixture
of Na2O and SiO2 can also be used as component d) instead of Na2SiO3. Since
Na2O Is a very unstable compound and decomposes readily during the
sintering process, it is liable to scatter or diffuse Into the atmosphere,
leaving few Na atoms in the manufactured sintered body. Moreover, it was
confirmed that migration of partially ionized Na+1 ion under the load of
high temperature and high voltage entails degradation 10  of capacitor
characteristics. The effects of added Na ion is provided advantageously by
adding the ion in the form of a compound with SiO2. It was confirmed that
Na ion should be added to the material in the form of a compound of
Na2SIO%. (Example 2) 15 Next, an example where NaAIO2 is added as
componentd)will be described. Alaminated ceramic capacitor with varistor
function was manufactured by using similar methods described previously.
The amount of the added component d), NaAIO2, was adjusted and changed
variously as is described in Example 1. A/B ratio of Sr(1-,OCaTiOa, X =
0.10, was fixed to 0.97; the relative content of the component c) added,
Nb2O6, was fixed 20  to 1.0% while those of component a) was fixed to 1.0%
for MnO2 and SiO2, respectively, the total amount of which was fixed to
2.0%. The results are listed in Table 2. 25 30 35 40 45 50 55 10    EP 0429
653 B1 
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described in Table 2, the f irst advantage of adding NaA.102, to the
ceramic material is, just like the ad- 55 dition of Na2SI03 described in
Example 1, in that it improves capacitance-temperature rate of change and
va- rlstor voltage temperature coeffi1cient Na atoms in added NaAI08 work
as carriers to diffuse liquid phase of Mn, Si and Ti ternary oxide system
homogeneously into grain boundaries, thereby forming distinct interfaces
among serniconductive crystal grains and grain boundaries of high electric
resistance.    EP 0 429 653 B1 Second, voltage non4inearity coefficient a
increases and equivalent series resistance (ESR) decreases by adding
NaAI02, because Al atoms in NaAIO2 is solubilized in a solid state into the
crystal lattice, thereby decreasing electric resistance of crystal grains.
When relative molar content of added NaAI2 is less than 0.05%,
characteristics of the capacitor are not influenced desirably by the
additive; giving no improvements 5   in capacitance-temperature rate of
change and varistor temperature coefficient, nor Increasing voltage non-
linearity coefficient a, and not decreasing equivalent series-resistance
(ESR). On the other hand, when relative 



molar content of the additive exceeds 4.0%, which means it exceeds the
saturated solubility in the crystal lat- tice, excess NaAI02 segregates in
the grain boundaries, thereby increasing electric resistance of the grain
boundaries and hence decreasing capacitance and voltage non-linearity
coefficient a rapidly and decreasing lo   mechanical strength of the
capacitr. Mixture of Na2O and AJ203 can also be used as component d)
instead of NaA102. Since Na2O is a very unstable compound and decomposes
readily during the sintering process, it is liable to scatter or diffuse
Into the atmosphere, leaving few Na atoms in the manufactured sintered
body. Moreover, it was confirmed that migration of partially Ionized Nat1
ion under the load of high temperature and high voltage entails degradation
15  of capacitor characteristics. The effects of added Na ion is provided
advantageously by adding the ion in the form of a compound of NaAIO2. It
was confirmed that Na ion should be added to the material In the form of a
compound of NaAIO2. (Example 3) v    20 An example where Li2SiO3 is added
as component d) will be described. Alaminated ceramic capacitorwith
varistor function was manufactured by using similar methods described above
and the amount of the added L2SiO3, was adjusted and changed variously as
Is described in Examples 1 and 2. ANB ratio of Srol3CaXTIO3, X = 0.10, was
fixed to 0.97; the relative content of component c) added, Nb205, was fixed
to 1.0% while those 25  of combined components a) were fixed to 1.0% for
MnO2 and S102, respectively, the total amount of which was fixed to 2.0%.
The results are listed In Table 3. 30 35 40 45 50 55 12    EP 0 429 653 B1
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co  CM 55      As described in Table 3, the first advantage of adding
component d), 1-68i03, to the ceramic material is,9 just like Examples I
and 2, it improves the capacitance-bemperature rate of change and varistor
voltage tem- perature coefficient. Added Li2SiOs works as carriers to
diffuse the liquid phase of Mn, Si and nl ternary oxide system
homogeneously into graln boundaries, therebyforming distinct interfaces
among semniconductive crys- 13    EP 0 429 653 B1 tal grains and grain
boundaries of high electric resistance. When relative molar content of
added Li2SiO3 is less than 0.05%, characteristics of the capacitor are not
influenced desirably by the additive, giving no improve- ments in
capacitance-temperature rate of change and varlstor temperature
coefficient. On the other hand, when relative molar content of the additive
exceeds 2.0%, the amount of carrier Li2SiO3 increases, thereby 5
decreasing capacitance and voltage non-linearity coefficient a, increasing
equivalent series resistance (ESR), and decreasing sintering density and
mechanical strength of the capacitor. A mixture of Li20 and SiO2 can also
be used as component d) instead of Li2SiO3. Since LU20 is a very un- stable
compound and decomposes readily during the sintering process, it is liable
to scatter or diffuse into the atmosphere, leaving few Li atoms in the
manufactured sintered body. Moreover, itwas confirmed that migration 1o  of
partially ionized LiU1 ion under the load of high temperature and high
voltage entails degradation of capacitor characteristics. The effects of
added Li Ion is provided advantageously by adding the Ion in the form of a
com- pound of Li and SiO2. Thus, Li ion should be added to the material in
the form of a compound of Li2SiO3. 15  (Example 4) Next, an example where
LiAIO2 is added as component d) will be described. Alaminated ceramic
capacitor with varistor function was manufactured by using similar methods
described in Examples I to 3, except that the amount of the added component
d), LiAIO2, was adjusted and changed variously as described in Examples 20
1 to 3. AIB ratio of Sr(1.Ca~TO3, X = 0.10, was fixed to 0.97; the relative
contentof component c) added, Nb2O6, was fixed to 1.0% while component a)
was fixed to 1.0% for MnO2 and SiO2, respectively, the total amount of
which was fixed to 2.0%. The results are listed in Table 4. 25 30 35 40 45
50 55 14    EP0429653B1. 5                    .  <~~ -8        a1 -,   o
o 
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As described in Table 4, theflrstadvantage of adding LiAIO2, to the
ceramiomnaterial isjust like the addition of component d) described in
Examples I to 3 it improves the capacitance-temperature rate of change and
the varistor voltage temperature coefficient. Li atoms in added UiAI02
works as carriers to diffuse liquid phase of Mn, Si and Ti ternary oxide
systemn homogeneously into grain boundaries, thereby forming distinct
interfaces 15    EP 0 429 653 B1 among sermiconductive crystal grains and
grain boundaries of high electric resistance. Second, voltage non-linearity
coefficient a Increases and equivalent series resistance (ESR) decreases by
adding LiAIO2, because Li atoms in added LiAI02 is solubilized In a solid
state into the crystal lattice, thereby decreasing electric resistance of
the crystal grains. When relative molar content of added NaAIO2 as a third
5   component is less than 0.05%, characteristics of the capacitor are not
influenced desirably by the additive; giving no improvements in
capacitance-temperature rate of change and varistor temperature
coefficient, nor increasing voltage non-linearity coefficient at, and not
decreasing equivalent series resistance (ESR). On the other hand, when the
relative molar content of the additive exceeds 4.0%, which means it exceeds
the saturated solubility In the crystal lattice, excess LIAO2 segregates in
the grain boundaries, thereby de- 1o  creasing electric resistance of grain
boundaries and hence decreasing capacitance and voltage non-linearity
coefficient a rapidly and decreasing mechanical strength of the capacitor.
A mixture of Li2O and A102 can also be used as component d) instead of
LiAO2. However, when a mixture of L120 and A1203 is used, since L60 is a
very unstable compound and decom- poses readily during sintering process,
it is liable to scatteror diffuse into the atmosphere, leaving few Li atoms
15 in the manufactured sintered body. Moreover, it was confirmed that
migration of partially ionized Li'1 ion under the load of high temperature
and high voltage entails degradation of capacitor characteristics. The
effects of added Li ion is provided advantageously by adding the ion in the
form of a compound of LiAIO2. 



It was confirmed that Li ion should be added to the material in the form of
a compound of LAIO2. 20  (Example 5) Na2SiO3 and A1203 are added as in this
example. A laminated ceramic capacitor with varlstor function was
manufactured by using similar methods described in Examples 1 to 4, except
that the amount of the added A1208, was adjusted and changed variously. A/B
ratio of Sr(l. x)CCa811O3, X = 0.10, was fixed to 0.97; the relative 25
molar content of component c) added, Nb20, was fixed to 1.0% while the one
of component a) was fixed to 1.0% for MnO2 and SiO2, respectively, the
total amount of which was fixed to 2.0%. Relative molar content of third
material, Na2SiO3, was also fixed to 0.5%. The results are listed in Table
5. 30 3S 40 45 55 ,~ ~ ~ ~ ~ ~ ~~~~~~1    EP 0 429 653 B1 aa   <   1  , . I
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C-  C--  I- As described in Table 5, the addition of A1203, increases
voltage non-linearity coefficient aL and decreases 55   equivalent series
resistance (ESR), because A1208 added is solubilized in solid state into
the crystal lattice and decreases electric resistance of the crystal
grains. When relative molar content of the added A1203, is less than 0.05%,
characteristics of the capacitor are not influenced desirably by the
additive; giving no improvements In capacitance-temperature rate of change
and variator temperature coefficient, nor increasing voltage non- 



17    EP 0 429 653 B1 linearity coefficient a and not decreasing equivalent
series resistance (ESR). On the other hand, when relative molar content of
the additive exceeds 2.0%, which means it exceeds the saturated solubility
in the crystal lattice, excess A1203 segregate in the grain boundaries,
thereby decreasing electric resistance of grain boundaries and hence
decreasing capacitance and voltage non-linearity coefficient 5   C rapidly.
(Example 6) Li2SiO3 and A1203 are added in this example. Alaminated ceramic
capacitorwith varistorfunction was man- l0  ufactured by using similar
methods described in Examples I to 4, except that the amount of added
Al203, was adjusted and changed variously. AIB ratio of Sr( .X)CaXTiO3 X=
0.10, was fixed to 0.97; the relative molarcon- tent of component c) added,
Nb20, was fixed to 1.0% while those of combined components a) were fixed to
1.0% for MnO2 and SbO2, respectively, the total amount of which was fixed
to 2.0%. Relative molar content of the third material, Li2SiO3, was also
fixed to 0.5%. The results are listed in Table 6. 15 20 25 30 85 40 45 50
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described in Table 6, addition of A1203, increases voltage non-linearity
coefficient a and decreases 55 equivalent series resistance (ESR), because
A1208 added is solubilized In solid state into the crystal lattice and
decreases electricresistance of crystal grains. When relative
molarcontentof added, A1203, is less than 0.05%, characteristics of the
capacitor are not influenced desirably by the additive; giving no
Improvements in capao- Itance-temperature rate of change and varistor
temperature coefficient, nor increasing voltage non-linearity 19    EP 0
429 653 Bi coefficient a and not decreasing equivalent series resistance
(ESR). On the other hand, when relative molar content of the additive
exceeds 2.0%, which means the saturated solubility in the crystal lattice,
excess A1203 segregates in the grain boundaries, thereby decreasing
electric resistance of grain boundaries and hence decreasing capacitance
and voltage non-linearity coefficient a rap- 6   idly. The effects of
adding one of components d), Na2SiO8, NaAI02, U2SiO3 and LiAIO2, to the
ceramic material were described In Examples 1 to4. In Examples 5 and 6, two
combinations of the additives, Na2SiO3 and A1203; and U2SiO3 and A1203 were
described. However, various combinations other than those described in
Examples 6 and 7, for example, combination of Na2SiO3 and Li2SiO3 or NaAI02
and LIAIO2, are also devised. Improve- 10  ments in characteristics of the
capacitors by adding Na2SiO3, Li2SiO3 and AJ203 are considered to be
possible. In summary, any combinations of the aforementioned compounds are
possible as component d) In order to obtain a capacitor of desired
characteristics. Industrial applicability 15 As described above, according
to the present invention, a laminated ceramic capacitor with varistor func-
tion is obtained comprising both functions of a capacitor and a varistor,
and the capacitor is capable of mounting on the circuit board. The
capacitor works as an ordinary capacitor which absorbs low voltage noises
and high frequency noises while itfunctions a varistorwhen high voltage
pulses and electrostatic charges invade, there- 20  by protectlng
semiconductors and electronic instruments from abnormal voltages such
asnoises, pulses and electrostatic charges generated by surrounding
electronic instruments. The characteristics of the capacitor is always
stable to temperature changes. Practical applications of the above
capacitor are; 



(1) The capacitor can replace conventional film, laminated ceramic and
semiconductor type capacitors which are used for by-pass capacitors for
protecting IC and LSI mounted on the circuit cards of electronic 26
equipment. (2) The capacitor can replace ZnO type capacitors which are used
for preventing malfunctioning of elec- tronic equipment and absorbing
ON-OFF surges arising from inductive loads. The capacitor possesses both
functions described in above-discussed terms of (1) and (2) and a wide
range of applications are to be expected. 30      Manufacturing of a
laminated ceramic capacitorwith varistorfunction of the present invention
Is made easy because simultaneous sintering of the materials of ceramic
capacitor with varistor function with the materials of inner electrode has
became possible for the following reasons. Besides materials to be
semiconductive are added to Sr(1-X)CaX T1O3 excess in Ti, Mn-Si components
composed of MnO2 and SiO2 is also added in the sintenng process. Grain
boundary insulated structure of semiconductor type ceramic capacitor is
formed read- 35  ily by a re-oxidation process by using the material of the
above-described composition, whereas surface dif- fusion process of metal
oxides is necessary in the manufacturing process of conventional ceramic
capacitor. Many troubles of breaking electrical connections in inner
electrodes, de-lamination, cracks in ceramic sheets, decrease in sintering
density and non-uniformity of the texture in the sintered body in the
laminated ceramic capacitorwith varistorfunction manufactured are prevented
from occurring bysintering the raw laminated body 40 in the air. Electric
characteristics such as capacitance, voltage non-linearity coefficient a
and varistor voltage, and reliability of the products are largely improved.
The present invention provides two major advantages in the aforementioned
composition of the starting materials and in the manufacturing process of
the capacitors. Since the laminated ceramic capacitorwith varistorfunction
of the present invention is smaller in size and possesses larger
capacitance and higher performances compared to conventional single plate
type ceramic 45 capacitorwith varistor function, the former capacitor is
expected to have a wide range of applications as highly integrated mounting
elements for the electronic equipment such as video cameras and
communication appa- ratus. Therefore, according to the present invention
capacitor elements comprising the functions of protecting semiconductors
and electronic equipment from invading abnormal voltages such as noises,
pulses and eleo- s0  trostatic charges can be obtained. Characteristics of
the capacitor is so stable to temperature changes that effects of the
present invention are greatly improved from the point of practical
applications. Claims 55 1. Asemiconductor-type laminated ceramic capacitor
(4) with a grain boundary-insulated structure compris- ing a plurality of
inner electrodes (2a) on the surfaces of grain boundary insulated,
semiconductor type ceramic sheets, the terminal of each of said inner
electrodes (2a) being extended to one edge of the cor- 20    EP 0 429 653
B1                liIi/it/IIII/III//hIIa/lll C L coefficient a and not
decreasing equivalent series resistance (ESR). On the other hand, when
relative molar content of the additive exceeds 2.0%, which means the
saturated solubility in the crystal lattice, excess Ai203 segregates In the
grain boundaries, thereby decreasing electric resistance of grain
boundaries and hence decreasing capacitance and voltage non-linearity
coefficient a rap- 5   idly. The effects of adding one of components d),
Na2SiO3, NaAIO2, Li2SiO3 and LiAO2, to the ceramic material 



were described in Examples 1 to 4. In Examples 5 and 6, two combinations of
the additives, Na2SiO3 and A1203; and Li2SiO3 and A1203 were described.
However, various combinations other than those described in Examples 6 and
7, for example, combination of Na2SiO3 and Li2SiO3 or NaAI02 and LiAI02,
are also devised. Improve- 10   ments In characteristics of the capacitors
by adding Na2SiO3, Li2SiO3 and Ai203 are considered to be possible. In
summary, any combinations of the aforementioned compounds are possible as
component d) in order to obtain a capacitor of desired characteristics.
Industrial applicability 16 As described above, according to the present
invention, a laminated ceramic capacitor with varistorfunc- tion is
obtained comprising both functions of a capacitor and a varnstor, and the
capacitor Is capable of mounting on the circuit board. The capacitor works
as an ordinary capacitor which absorbs low voltage noises and high
frequency noises while itfunctions a varistorwhen high voltage pulses and
electrostaticcharges invade, there- 20  by protecting semiconductors and
electronic instruments from abnormal voltages such as noises, pulses and
electrostatic charges generated by surrounding electronic instruments. The
characteristics of the capacitor is always stable to temperature changes.
Practical applications of the above capacitor are; (1) The capacitor can
replace conventional film, laminated ceramic and semiconductor type
capacitors which are used for by-pass capacitors for protecting IC and LSI
mounted on the circuit cards of electronic 25      equipment. (2) The
capacitor can replace ZnO type capacitors which are used for preventing
malfunctioning of elec- tronic equipment and absorbing ON-OFF surges
arising from inductive loads. The capacitor possesses both functions
described in above-discussed terms of (1) and (2) and a wide range of
applications are to be expected. 30      Manufacturing of a laminated
ceramic capacitorwith varistorfunction of the present invention is made
easy because simultaneous sintering of the materials of ceramic capacitor
with varistorfunction with the materials of inner electrode has became
possible for the following reasons. Besides materials to be semiconductive
are added to Sr(l.,)CaX TiO3 excess in TI, Mn-Si components composed of
MnO2 and S102 is also added in the sintering process. Grain boundary
Insulated structure of semiconductor type ceramic capacitor is formed read-
35  Ily by a re-oxidation process by using the material of the
above-described composition, whereas surface dif- fusion process of metal
oxides is necessary In the manufacturing process of conventional ceramic
capacitor. Many troubles of breaking electrical connections in inner
electrodes, de-lamination, cracks in ceramic sheets, decrease in sintering
density and non-uniformity of the texture in the sintered body in the
laminated ceramic capacitorwith varistorfunction manufactured are prevented
from occurring by sintering the raw laminated body 40  in the air. Electric
characteristics such as capacitance, voltage non-linearity coefficient a
and varistorvoltage, and reliability of the products are largely improved.
The present invention provides two major advantages in the aforementioned
composition of the starting materials and in the manufacturing process of
the capacitors. Since the laminated ceramic capacitor with varistor
function of the present invention is smaller in size and possesses larger
capacitance and higher performances compared to conventional single plate
type ceramic 45  capacitorwith varistor function, the former capacitor is
expected to have a wide range of applications as highly integrated mounting
elements for the electronic equipment such as video cameras and
communication appa- ratus. Therefore, according to the present Invention
capacitor elements comprising the functions of protecting semiconductors
and electronic equipment from invading abnormal voltages such as noises,
pulses and eleo- 50  trostatic charges can be obtained. Characteristics of
the capacitor is so stable to temperature changes that effects of the
present invention are greatly Improved from the point of practical
applications. Claims 55 



1. Asemiconductor-type laminated ceramic capacitor (4) with a grain
boundary-insulated structure compris- ing a plurality of inner electrodes
(2a) on the surfaces of grain boundary insulated, semiconductor type
ceramic sheets, the terminal of each of said inner electrodes (2a) being
extended to one edge of the cor- 20    1 EP042IOF111111111111 111111 111111
EP 0 429 653 Si                 * c   L   M   S * responding ceramic sheet
and said ceramic sheets (1) being laminated so that said terminals of said
inner electrodes (2a) extend to the corresponding opposite edges of said
ceramic sheets alternatly; outer elec- trodes (3) are electrically
connected to the terminals of said inner electrodes (2a) at opposite edges
of each of said grain boundary insulated, semiconductor type ceramic sheets
(1), said ceramic sheets (1) 5       comprise a material of the composition
of Sr1 X)CaXTiO3; comprising the following features: ki             a) Mn
and Si are also included in said ceramic material to the amount of their
combined relative molar content, converted into MnO2 and SiO2 respectively,
in a range of 0.2 to 5.0 %; b) said composition of Sr(j.X)CajiOa contains
excess T1 to bring the final molecular ratio of 11 to Sr(l,-CaX in the
range of 0.955Sr(l.XJCaXTI1.00 (where x Is in the range of 0.0015x 50.2);
10         C) atleast one ormore of the compounds selected from Nb2O5,
Ta208, V20&, W20&, Dy203, Nd2O3, Y203, La2O3 or CeO2 are added to said
ceramic material to bring their relative molar content in the range from
0.05 to 2.0 %; and d) at least one compound selected from Na2SiO3, Li2SiO3,
NaAI02 and LiAIO2 to obtain a relative molar content of 0.05 - 2.0% for the
silicates and 0.05 - 4.0 for the aluminates, respectively. 15 2.  A
capacitor according to claim 1, characterized in that said inner electrode
(2a) is made of at least one or more kinds of metals selected from Au, Pt,
Rh, Pd or Ni, or alloys or compositions thereof. 3.  A capacitor according
to claim 1 or claim 2, characterized in that said outer electrode (3) is
made of at 20      least one or more kinds of metals selected from Pd, Ag,
Ni, Cu or Zn, or alloys or compositions thereof. 4.  A capacitor according
to one of claims I to 3, characterized in that Na2SiO. and A120% are
further included in said ceramic material to make their relative molar
contents In the range of 0.05 - 2.0 % and 0.05 - 2.0 %, re- spectively. 25
5. A capacitor according to one of claims I to 3, characterized in that
Li2SiO3 and A1203 are further included in said ceramic material to make
their relative molar contents in the range of 0.05 - 2.0 % and 0.05 - 2.0
%, respectively. 30  6.  A method for manufacturing a semiconductor-type
laminated ceramic capacitor (4) with a grain boundary- Insulated structure
comprising the steps of calcinating starting material of mixed powder in
air or in a ni- trogen atmosphere after grinding, mixing and drying said
mixed powder, forming raw sheets (1) by dis- persing said catenated powder
in a solvent with organic binder and molding said dispersed powder, said
calcinated powder being re-ground before dispersing and after calcinating;
printing a pattern (2) of an in- 35       nerelectrode paste on the
surfaces of said rawsheets (1), the terminals of said innerelectrodes (2a)
being extended to each of the corresponding opposite edges of said raw
sheets (1) alternatly wherein patterns of inner electrodes (2a) are not
printed on uppermost and lowermost parts of raw sheets (la); forming a
lamainated body by laminating and compressing said raw sheets (1) on which
surfaces patterns of said inner electrode paste have been printed;
calcinating said laminated body in air, sintering said laminated 40
raw sheets in a reducing atmosphere or in a nitrogren atmosphere after
calcination; re-oxidizing in air 



after sintering; and covering said edges of said sintered ceramic sheets
with an outerelectrode paste and baking after re-oxidation, the terminals
of said inner electrodes being exposed to said edges, wherein: said staring
material of mixed powder comprises a material of the composition of a)
Sr(1..XCaXTiO3 containing excess Ti to make a final molecular ratio of Ti
to Sr(l. X)Cax in the range of 45         0.95 < Sr ,-xCa/Ti<1.00 (where x
is in the range of 0.001 _ x _ 02); b) at leastone ormore kinds of the
compounds selected from Nb2O, Ta20, V20&, W205, Dy203, Nd2O3, Y203, La2O3,
or CeO2 are added to said starting material to make their relative molar
content in the range from 0.05 to 2.0 %; c) Mn and Si in an amount of their
combined relative molar content, converting into MnO2 and Si02 re- 50
spectively, in the range of 0.2 to 5.0 %; and d) at least one compound
selected from the group consisting of Na2SiO3, Li2SiO3, NaAIO2 and LIAIO2
to obtain a relative molar content of 0.05 - 2,0 for the silicates and 0.05
- 4,0 for the aluminates, re- spectively. 55 7. A method according to claim
6, wherein said inner electrode (2a) is made of at least one or more kinds
of metals selected from Au, Pt, Rh, Pd or Ni, or alloys or compositions
thereof. a   A method according to claim 6 or 7, wherein said outer
electrode (3) is made of at least one or more kinds 21    EP 0 429 653 B1
I 1       chLl J Hhi IlI D!D of metals selected from Pd, Ag, Ni, Cu or Zn,
or alloys or compositions thereof. 9. A method according to one of claims 6
to 8, wherein Na2SiO3 and A1203 are further included in said ceramic
material to make their relative molar contents In the range of 0.05 - 2.0 %
and 0.05 - 2.0%, respectively. 5 10. Amethod according to one of claims 6
to 9, wherein Li2Si03 and A1203 are further included In said ceramic
material to make their relative molar contents in the range of 0.05 - 2.0 %
and 0.05 - 2.0 %, respectively. 11. A method according to one of claims 6
to 10, wherein A1203 is further included in said ceramic meterial 10
to make a relative molar content in the range of 0.01 -2.0 %.
Patentansprliche 15  1.  Laminierter Keramikkondensator (4) vom
Halbleiter-Typ mit an den Korngrenzen isolierter Struktur mit mehreren
inneren Elektroden (2a) an den Oberflichen von an den Korngrenzen
isollerten Keramik-FIa- chengebilden vom Halbleiter-Typ, wobel der Anschlug
jeder der Inneren Elektroden (2a) zu einer Kante des entsprechenden
Keramik-Flachengebildes verlangert ist und die Keramik-Flachengebilde (1)
so la- miniert sind, dag die Anschlflsse der inneren Elektroden (2a) sich
abwechselnd zu den entsprechenden 20      entgegengesetzten Kanten der
Keramik-Flachengebilde erstrecken; fulere Elektroden (3) sind elek- trisch
mit den AnschlOssen der inneren Elektroden (2a) an entgegengesetzten Kanten
eines jeden an den Korngrenzen isolierten Keramik-FlAchengebildes (1) vom
Halbleiter-Typ -verbunden, wobei die Keramik- Flachengebilde (1) ein
Material mit der Zusammensetzung Sr,- 4,Ca'TiOa aufweisen; mit den
folgenden Morkmalon: 25        a) Mn und Si sind, jeweils in MnO2 bzw. Si02
umgewandelt, in einer Menge ihrer kombinierten relativen Molgehalte in
einern Bereich von 0,2 bis 5,0 % ebenfalls in das Keramikmnaterial
eingebracht; b) die Zusammensetzung des Sr(, X)CaXTiO3 enthalt
0berschussiges Ti, um das End-Molekularverhalt- nis von Ti zu Sr(,-X)CaX in
den Bereich von 0,95 ;S Sr(. x)CaxlJ  1,00 zu bringen (wobei x im Bereich
von 0,001 5 x 5 0,2 liegt); 30        c) mindestens eine oder mehrere der
folgenden Verbindungen: Nb2O5, Ta206, V205, W205, Dy203, 



Nd2O3, Y203, La2O% oder CeO2 werden dem Keramikmaterial hinzugefflgt, um
ihren relativen Molgehalt in den Bereich von 0,05 bis 2,0 % zu bringen; und
d) mindestens eine der folgenden Verbindungen: Na2SiO3, Li2SiO3, NaAI02 und
LWO2, um jeweils ei- nen relativen Molgehaltvon 0,05 bis2,0%firdie Silicate
bzw. 0,05 bis4,OfflrdieAluminate zu erhalten. 35 2.  Kondensator nach
Anspruch 1; dadurch gekennzeichnet, dag die innere Elektrode (2a) aus
mindestens einer oder aus mehreren der folgenden Metallarten hergestelit
ist Au, Pt, Rh, Pd oder Ni, oder aus deren Legierungen oder
Zusammensetzungen. 40  3.  Kondensator nach Anspruch 1 oder Anspruch 2,
dadurch gekennzeichnet, da6 die fuIere Elektrode (3) aus mindestens einer
oder aus mehreren der folgenden Metallarten hergestellt ist Pd, Ag, Ni, Cu
oder Zn, oder aus deren Legierungen oder Zusammensetzungen. 4.  Kondensator
nach einem der Ansprflche I bis 3, dadurch gekennzeichnet, da6 weiterhin
Na2SiO, und 45      A1203 mit in das Keramikmaterial eingebracht werden, um
ihre relativen Molgehaltejewells in den Bereich von 0,05 bis 2,0 % bzw.
0,05 bis 2,0 % zu bringen. 5. Kondensator nach einem derAnsprOche I bis 3,
dadurch gekennzeichnet, daB welterhin Li2SiOsund A1203 mit in das
Keramikmaterial eingebracht werden, um ihre relativen Molgehalte jeweils in
den Bereich von so      0,05 bis 2,0 % bzw. 0,05 bis 2,0 % zu bringen. 6.
Verfahren zur Herstellung eines laminlerten Keramikkondensators (4) vom
Halbleiter-Typ miteineran den Korngrenzen isolierten Struktur mit den
Schritten: Kalzinieren eines Mischpulver-Ausgangsmaterials in Luft oder in
einer Stickstoffatmosphare nach dem Feinzerkleinern, dem Vermischen und
Trocknen des 55       Mischpulvers; Ausbildung von Roh-FlAchengebilden (1)
durch Dispergieren des kalzinberten Pulvers In el- ner Losung mit einem
organischen Bindemittel und das Formen bzw. VergieBen des disperglerten
Pul- vers, wobei das kalzinierte Pulver vor dem Dispergieren und nach dem
Kalzinieren wiederfeinzerklelnert wird; Aufdrucken eines Musters (2) einer
Innenelektrodenpaste auf die Oberflachen der RohFlachenge- 22    EP 0 429
653 B1                        c bilde (1), wobel die Anschlflsse der
inneren Elektroden (2a) abwechselnd zu jeder der entsprechenden
entgegengesetzten Kanton der Roh-Flachengebllde (1) verlangert werden,
wobei Muster der Inneren Elektroden (2a) nicht auf die obersten und
untersten Tells der Roh-Flachengebilde Ca) aufgedruckt wer- den; Ausbilden
sines laminierten Korpers durch Laminieren und Zusammenpressen der
RohFlachenge- 5       bilde (1), auf deren Oberfilchen Muster der
Innenelektrodenpaste aufgedruckt worden sind; Kalzinieren des laminierten
Korpers in Luft; Sintern der laminierten Roh-Flachengebilde in einer
reduzierenden At- mosphire oder in einer Stickstoffatmosphare nach dem
Kalzinieren; Re-Oxidleren In Luft nach dem Sin- tern; und Abdecken der
Kanten dergesinterten Keramik-Flichengebilde miteinerAugenelektrodenpaste
und Brennen bzw. Trocknen nach der Re-Oxidation, wobel die Anschlusse der
inneren Elektroden zu die- 10      sen Kanten hin freigelegt sind, wobei:
das Ausgangamaterial des Mischpulvers folgende Materialzusam- mensetzung
aufweist: a) Sr(,. X0CaXTiO3, das Oberschfssiges Ti enthilt, um ein
End-Molekularverhaltnis von Ti zu Sr<1 .,Ca, In den Bereich von 0,95 5
Sr(1..)Ca,/Ti < 1,00zu bringen (wobeix im Bereich von 0,001 O5x 5 0,2
liegt); b) mindestens eine odor mehrere derfolgenden Verbindungsarten:
Nb206, Ta205, V20&, W20r, Dy203. 15        Nd2%, Y203, La2O3 oder CeO2
werden dem Ausgangsmaterial hinzugefugt, um ihren relativen Molgehalt in
den Bereich von 0,05 bis 2,0 % zu bringen; c) Mn und Si, die sich jeweils
In MnO2 bzw. SiO2 umwandeln, in einer Menge ihres kombinierten rela- 



tiven Molgehalts Im Bereich von 0,2 bis 5,0 %; und d) mindestens sine der
Verbindungen aus der Gruppe, die aus Na2SiO3, Li2SiO3, NaAIO2 und LWO2 20
besteht, um jeweils einen relativen Molgehalt von 0,05 bis 2,0 fur die
Silicate bzw. 0,05 bis 4,0 fur die Aluminate zu erhalten. 7. Verfahren nach
Anspruch 6, wobel die innere Elektrode (2a) aus mindestens einer oder aus
mehreren der folgenden Metallarten hergestellt let: Au, Pt, Rh, Pd odor Ni,
oder aus deren Legierungen oder Zu- 25      sarnmensetzungen. 8.  Verfahren
nach Anspruch 6 oder 7, be! dem die auSere Elektrode (3) aus mindestons
elneroderaus meh- reren der folgenden Metallarton hergestellt ist Pd, Ag,
Ni, Cu oder Zn, odor aus deren Legierungen oder Zusammensetzungen. 80 9.
Verfahren nach elnem der Ansprfche 6 bis 8, be! dam weiterhin Na2SlO3 und
A1208 mit In das Keramik- material eingebracht werden, um ihre relativen
Molgehalte jeweils in den Berelch von 0,05 bis 2,0 % und 0,05 bis 2,0 % zu
bringen. 35  10. Verfahren nach einem der AnsprOche 6 bIs 9, bei dem
welterhin Li2SIO3 und AI203 mit in das Keramik- material eingebracht
werden, um ihre relativen Molgehalte jeweils in den Beroich von 0,05 bis
2,0 % und 0,05 bis 2,0 % zu bringen. 11. Verfahren nach einem der Ansprlche
6 bis 10, bei dem welterhin A.120 mit in das Keramilkmaterial ein- 40
gebracht wird, um einen relativen Molgehalt in den Bereich von 0,01 bis 2,0
% zu bringen. Revendicatlons 45  1.  Condensateur (4) en c6ramique
stratifiee semiconductrice a structure isol6e parjoints de grains compre-
nant une sine d'electrodes interieures (2a) sur les surfaces de joints de
grains isoles, des feuilles cera- miques du type semi-conducteur, la borne
de chacune desdites electrodes interieures (2a) etant prolon- ghejusqu'a un
bord de la feuille ceramique correspondantb et lesdites fouilles ceramiques
(1) etant stra- tifiees d'une maniere tells quo lesdites bornes desdites
electrodes intrieures (2a) se prolongent en al- so      ternancejusqu'aux
bords opposes correspondants desdites feuilles cerarniques; des electrodes
exterieu- res (3) sont connect6es electriquement aux bornes desdites
electrodes intirieures (2a) a des bords op- poses de chacune desdites des
feuilles ceramiques (1) du type semi-conducteur isolees par joints de
grains, lesdites feuilles ceramiques (1) comprenant une matiere de la
composition Srn,-CajTiO3; qui pre- sente les particularites suivantes: 55
a) Mn et si sont aussi inclus dens lWdit matiere ciramique, la quantiti de
leur teneur molaire relative combinee, convertie en MnO2, et Si02,
respectivement, etant comprise dens la plage de 0,2 a 5,0 %; b) ladite
composition de Sr(,-, CaXTiO3 contient un exces deTI de fagon a amenerle
rapport moleculaire de Ti a Sr11-,OCa, dens la plage ob 0,95
Sr(1_,0CaITi<1,00 (x etant compris dens la plage de 23    0,001x-0,2); c)
au moins un ou plusieurs des composes choisis parmi Nb2O5, Ta2O5, V20&,
W20r, Dy2O, Nd2O3, Y203, La2O3 ou CeO2 sont ajoutes A ladite matisre
ceramique de maniAre A amener leur tbneurmolaire relative dans la plage de
0,05 A 2,0 %; et 5         d) au moins un compos6 choisl parmi Na2SiO3,
Li2SiO3, NaAIO2, et LiAO2 est ajoute de manibre A at- toindre une
teneurmolaire relativede 0,05 A 2,0 % pourlos silicates etde 0,05a4,0
pourles aluminates, rsspectivement. 2. Condensateur solon la revendication
1, caracterise on ce quo ladite 6lectrode inteioure (2a) consists on 



10      au moins un Cu plusieurs types do mstaux choisis parmi Au, Pt. Rh,
Pd ou Ni, ou des alliages ou des compositions de coux-ci. 3. Condensateur
selon l'une des revendications I ou 2, caracteris6 en ce quo ladite
electrode ext6rieure (3) ost fabriquse en au moins un Cu plusieurs types de
mstaux choisis parmi Pd, Ag, Ni, Cu ou Zn, ou des 15      alliages ou des
compositions de ceux- ci. 4.  Condoensateur selon l'une des revendications
1 A 3, caracteris6 en co quo Na2SiO83 etA1203 sont en outre Inclus dons
ladite matiere ceramique de fagon quo leurs toneurs molairos relatives
soient comprises dons les plages de 0,05 A 2,0 % et de 0,05 A 2,0 %,
respectivement 20 5. Condensatbur selon l'une des revendications I A 3,
caracterise on cs quo L62SIO% et A1203 sont en outre inclus dane ladite
matibre ceramique de fagon que lours teneurs molaires relatives soient
comprises dans les plages de 0,05 A 2,0 % et de 0,05 A 2,0 %,
respectivement. 25  6.  Proced6 de fabrication d'un condensateur c6ramique
stratifi6 (4) du type semi-conducteur A structure isol6e parjoint de
grains, comprenant les stapes consistent A calciner dons l'air, ou dans une
atmosphbrs d'azotb une matiere premibre constitu6e de poudre m6langee aprbs
broyage, melange et s6chage de la- dite poudre m6lang6e; former des
fouilles brutes (1) en dispersant ladite poudre calcin6e dans un solvont
avec un liant organique eten moulant ladite poudre dispers6e, ladite poudre
calcin6e Mtont broyee de nou- 30      veau avant dispersion et aprss
calcination; imprimer sur les surfaces doedites foullos brutes (1) une
configuration (2) d'une pate d'electrode int6rieure, les bornes desdites
6lectrodes (2a) etant prolongees en alternance jusqu'A chacun des bards
oppos6s correspondants desdites feuilles brutes (1), les confi- gurations
d'6lectrodes int6rieures (2a) n'6tant pas imprim6es sur les parties
superieures et inferieures des fouilles brutes (la); former un corps
stratifi6 en stratifiant et en comprimant lesdites feuilles brutes 35
(1) sur lesquelles des configurations superficielles de ladito pats
d'6lectrodes interieures ont ete impri- m6es; calciner dane l'air ledit
corps stratifi6; fritter dons une atmosphbre r6ductrice ou dons une atmos-
phere d'azote lesdites feuilles stratifi6es aprbs calcination; oxyder de
nouveau dons l'air aprbs frittage; et couvrir lesdits bards desdites
feuilles c6ramiques frittees A l'aide d'une pAte d'6lectrode ext6rieure et
cuire apres nouvelle oxydation, les bornes desdites electrodes int6rieures
6tant exposees sur lesdits 40      bords; dons lequel: ladite matibre
premiere en poudre m6lang6e comprend une matiere de la composition
suivante: a) Sr(1..4CaxTiO3 contenant un excbs de Ti de fagon A amener Is
rapport moleculaire de ol A Sr(1 -Ca, dons la plage oO
0,955Sr(l.,OCaXITi<1,00 (x etant compris dons la plage de 0,0019x_0,2); b)
au moins un Cu plusieurs des composes choisis parmi Nb2O5, Ta2O5, V205,
W20&, Dy203, Nd2MA, 45        Y203, La203, ou CeO2 sont ajout6s A ladite
matiere premibre de maniere A amener leur tbneur molaire relative dans la
plage de 0,05 A 2,0 %; c) Mn et SI sont ajout6s en quantit6 telle quo leur
teneur molairo relative combines, convertie en MnO2, et 8i02,
respectivement, soat comprise dons la plage de 0,2 A 5,0 %; et d) au moins
un compose choisi parmi Na2SiO3, Li2SiO3, NaAI02 et LiAIO2 est ajoute de
maniere a at- 50        toindre uns tneurmdlaire relative de 0,05 A 2,0 %
pourles silicates etdo 0,05 a 4,0 pourles aluminates, respectivement. 7.
Proced6 selon la revendication 6, dans lequel laditb electrode int6rieure
(2a) consists en au moins un Cu plusiburs types de metaux choisis parmi Au,
Pt, Rh, Pd ou Ni, ou des alliages ou des compositions de 5s       ceux-ci.
8. Procede solon l'une des revendications 6 ou 7, dons loquel ladite
electrode exterieure (3) consiste en au moins un ou plusieurs types de
metauxchoisis parmi Pd, Ag, Ni, Cu ou Zn, ou des alliages ou des compo- 24



EP 0 429 653 B1                           L Il ii    ! sitions de ceux- ci.
S.  Proced6 selon l'une dos revendications 6 a 8, dans lequel Na2SiO3
etAI203 sont en outrs inclus dans ladite matiere c6ramique de fagon que
leurs tbneurs molaires relatives solent dans la plage de 0,05 A 2,0 % ot 6
de 0,05 A 2,0 %, respectivement. 10. Proc6d6selon 'une des revendications 6
a 9, dans lequel Li2SiO3etAl203sonten outre inclus dans ladite matiere
ceramique de fagon que leurs teneurs molaires relatives solent comprises
dans la plage de 0,05 a 2,0 % et de 0,05 A 2,0 %, respectivement. 10 11.
Procede selon 'une des revendications 6 a 10, dans lequel A1203 est en
outre inclus dans ladite matiere ceramique de fagon que sa teneur molaire
relative soit comprise dans la plage de 0,01 A 2,0 %. 15 20 25 30 35 40 46
50 55 25    


