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MONOLITHIC CERAMIC CAPACITOR AND METHOD 
OF PRODUCING THE SAME 

BACKGROQND OF THE INVENTION 
FIELD OF THE INVEHTION 

5 The present invention relates to a monolithic 

10 

15 

ceramic capacitor and a method of producing it. More 
particularly, the present invention relates to a 
monolithic ceramic capacitor_ having dielectric ceramic 
layers each made of a .::erainic .. material comprising 
strontium titanate as•~th~~-JQ~gomponent and bismuth 
oxide or an oxide of a bismuth .compound as 'the side II 

componen~r-nd containing a reduction 
inhibitor, and also to a method of producing it. 

DESCBIPTION OF RELATED ART 
A monolithic ceramic capacitor is generally 

composed of a plurality of dielectric ceramic layers;-
11111 inner electrodes e&eft sandwiched between the · 
adjacent ceramic layers7 and fSll outer electrodes 
disposed on the outer surf ace of the laminate and 

20 connected with each inner electrode. 

25 
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such a monolith~c ceramic ~apacitor may be 
produced according to the. following process. A 
dielectric powder is mixed with an organic binder; the 
resulting mixture is :jnade into a slurry; the slurry is 
shaped into green she~fs "by;_;.a doetor-bladili,19 method; the 

. ,, ·'"' • -.:• . ... lt\. .. . 

sheets each are printed with a paste col)taining;.a metal 
... 

powder by a screen-printing method or the like; a 

.· 
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plurality of the green sheets each printed with the paste 
are laminated; the resulting laminate are presstired 11· 

to establish tiqht connections 
between the qreen sheets; the laminate is then fired in 

5 air at from Billllllf 1300 to l400°C; an outer electrode 
material is applied onto the surf aces of the sintered 
body ef w&ieh ~ke inner electrodes are 
eQesed ee; and the material is baked. 

· 'l'fte aa~erial ef '&fie Elielee~rie 
10 ceramic layers co~sistinq essentially of strontium 

titanate and containinq a bismuth compound !ivee a 1111 
Ill monolithic ceramic capacitor kaviR! a relatively 
larqe dielectric constant with small voltaqe dependence 
and a sma·11 dielectric loss and therefore &a·.:ia9 hiqh 

15 resistance to hiqh voltage. 
'PRe I material of the inner electrodes 

comprising a noble metal such as platinum, qold, 
palladium or their alloys is advantaqeous in that (1) the 
inner el~ctrode material does not react with the 

20 dielectric ceramic durinq firing since the noble metal 
has a melting point higher than the temperature at which 
the dielectric ceramic is fired and that (2) the inner 
electrode material is not oxidized even when fired in· 
air. However, ~ lfi electrode material comprisinq such 

25 a noble metal is expensive. For example, the cost of the 
electrode material may often be from 30 to 70 % of the 
total material cost of the ceramic capacitor. 

IPfte inner electrode material 
comprising a silver-palladi.vm-.alloy oiten w~rsens the . . .. · ... ~ . 

30 characteristics of the capacitor. For examp~e, the 
dielectr'ic constant of the capacitor is often lowered -and 
becomes unstable due to the migration of silver. 

SPEC\156559 
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In order to solve these problems, base metals 
such as nickel, copper, iron, cobalt, tungsten, 
molybdenum, etc. could be used as the inner electrode 
mat~rial. However, the material comprising such a base 

s metal must be fired in a neutral or reducing atmosphere 
in order to prevent the oxidation of the material during 
firing. If fired in such conditions, the bismuth 
compound ~e se in the dielectric ceramic layers is 

10 

reduced and, as a the dielectric ceramic becomes 
, a ceramic 

be produced. 
Copper can be fired at about 1000°c in a 

neutral atmosphere having an oxygen partial pressure of 
10~ MPa but II is easily oxidized at relatively low 

15 temperatures. ·"Pfte II inner electrode material comprising 
copper IJJll diffuses copper into the dielectric ceramic 
layers during firing at an oxygen partial pressure that 
is higher than the equilibrated oxygen partial pressure 
of CU/CUO and often lowers the characteristics of the 

20 capacitor produced. Therefore, ~ II inner electrode 
material comprising copper requires the strict control of 
the oxygen partial pressure in the firing atmosphere, 
which, however, results in the increase in the production 
cost. 

25 SUMMARY OF THE INVENTION 
The present invention provides a monolithic 

ceramic capacitor which comprises a dielectric ceramic 
material consisting of strontium titanate as the main 
component and bismuth oxide or an oxide of a bismuth 

30 compound as 'the side component and an 
inner electrode material eensis~in~ of a base metal and 
which therefore has a large dielectric constant with 

SPBC\1S6SS9 
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small voltaqe dependence and a small dielectric loss and 
has high resistance to hiqh voltage. 

Specifically, as the first aspect of the 
present invention, there is provided a monolithic ceramic 

5 capacitor which is composed of dielectric ceramic layers 
made of a ceramic material comprising strontium titanate 
as the main component and bismuth oxide or an oxide of a 
bismuth compound as 'the side component and 
containinq a reduction inhibitor, and inner electrodes 

10 made of a base metal material containinq nickel or a 
nickel alloy •. 

As one pref erred embodiment of the first aspect 
of the invention, the reduction inhibitor ee se in the 
ceramic material is represented by a qeneral formula: 

15 aMO + bMnC>i + cJ3i03 + ( 100-a-b-c) SiC>i . 
wherein M is at least one of Mq, Sr, ca and Ba; and a, b 
and c e&eft are ' ey mel, while 10 s a s 60, 5 s b s 20 
and 20 s c s 35 • 

As another preferred embodiment, the reduction 
20 inhibitor is from 4 to 25 % by weiqht relative to 

the ceramic material containinq it. 
The present invention also provides as its 

second aspect a method for producinq a monolithic ceramic 
capacitor, which comprises ae lease ene seep of 

25 preparinq dielectric ceramic qreen sheets and laminatinq 
~ 

an electrode material on each qreen sheet to form a 
laminate comprisinq the ceramic qreen sheets each with 
the electrode material, followed by heatinq the resultinq 
laminate to realize .:efte lfi increase in the 

30 temperature of the laminate fl't:. I§ from !lllJ 10 to 
17°C/min, -t:fteft firinq it at a predetermined temperat~re 
and thereafter coolinq it. 

SPBC\156559 
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As one pref erred embodiment of the second 
is cooled at a rate 
coolinq step. 

As another preferred embodiment, the ceramic 
5 qreen sheets prepared e&eft comprise strontium titanate as 

a main component and bismuth oxide or an oxide of a 
bismuth compound as a &i&e 11111 component and contain a 
reduction inhibitor as an additive. 

10 
As still another preferred embodiment, the 

electrode material to be lamina~ed on each 
ceramic qreen sheet comprises a base metal material 
containinq nickel or a nickel alloy. 

As still another preferred embodiment, the 
reduction inhibitor ~e ~e in each ceramic qreen sheet is 

15 represented by a qeneral formula: 

20 

25 

30 
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aMO + bMn02 + CB203 + (100-a-b-c) SiOi 
wherein M is at least one of Mq, Sr, ca and Ba; and a, b 
and c e&eft are ' ey mel, while 10 s a s 60, 5 s b s 20 
and 20 S c s 35 • 

DETAILED DESCBIPTION OF THE INVENTION 
The reduction inhibitor II of e I'll 

qeneral formula: 

aMO + bMn02 + CB203 + ( 100-a-b-c) Si02 
wherein M is at least one of Mq, Sr, ca and Ba; and a, b 

I ~~"t;dk. tJ.t./,,,.'b1'-eo,,-
and c each are % by mol, 11!111111111 contains 11n aeeept:er Mo. 
If MO is less than JJlll 10 mo1% ~ II the reduction 
inhibitor, the insulatinq resistance of the ceramic 
capacitor is lowered and the dielectric loss thereof is 

increased. If it is more than ~ ~ molt, the 
insulatinq resistance of the ceramic capacitor is also 
lowered. Therefore, the mol% (a) of MO in the reduction 

~iiDIUIJU1i1i1~if ·• 
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µo
1 

BMn92 • fn 'the :redue~ion ildlibit:o]>" functions 
as ~n •cceptg~ and alse a.fa reduction inhibitor. If b 

5 is less than 111111111 5 mol%, the dielectric ceramic becomes 
semi-conductive. If it is more than - 20 mol%, the 
insulating resistance of the ceramic capacitor is 
lowered. Therefore, it is desirable that 5 s b s 20 Ill 

• 
10 eB293 functions as a glass former. If c is 

less 20 mol%, the green sheets cannot be 
sintered sufficiently. Therefore, the dielectric loss of 
the ceramic capacitor is increased and the insulating 
resistance thereof is lowered. If c is more than 111111 

15 35 mol%, the dielectric constant of the ceramic capacitor 
is lowered. Therefore, it is desirable that 20 s c s 35 

(199 as e) Si02 functions.as a glass former. 

Fer ~his, if II a, b and c are outside the ranges of 10 s 
20 a s 60, 5 s b s 20 and 20 s c s 35, the insulating 

resistance of the ceramic capacitor is lowered, the 
dielectric loss thereof is increased and the dielectric 
constant thereof is lowered. 

If the amount of the reduction inhibitor ~e se 
25 added to the dielectric ceramic material is less than 

. 30 
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4% by weight, it is difficult to prevent 4:fte 

is 
of 

the ceramic capacitor is noticeably lowered. Therefore, 
it is preferable that the monolithic ceramic capacitor· of 
the present invention contains from - 4 to 25 % by 
weight of the reduction inhibitor relative to the 
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dielectric ceramic material 

the method of the present 
5 invention for producinq the dielectric ceramic, ~ 911i 

the heating rate at: t:fte seep et m firing el\e lamil)eA:e 
is lower than 1111\1 10°C/min, the dielectric 

ceramic becomes semi-conductive. If, however, it is· 
higher than 11111 17°C/min, the green sheets cannot be 

10 sintered sufficiently. If the heatinq rate is lower than 
MlllllllllJ 10°c/min and the cooling rate for coolinq the 
sintered body is lower than llililt 10°/min, the dielectric 
ceramic also becomes semi-conductive. Therefore, in the 
method of the present invention for producing the 

15 dielectric ceramic, it is preferable that the heating 
rate for heating the laminate is at from - 10 to 

20 

17°C/mi and that 
the sintered body is ~ 

Since a dielectric ceramic material containing 
a reduction·inhibitor is used to produce the monolithic 
ceramic capacitor of the present invention, tlle bismuth 
compound in the dielectric ceramic material is not 

25 reduced even ~e6ga it: is fired in a 
neutral or reducing atmosphere. 'l'fterefere, aeeeraift~ 

to the present invention, it is 
possible to obtain a monolithic ceramic capacitor having 
a high dielectric constant with small voltage.dependence 

30 and having a low dielectric loss. 

SPEC\156559 

In addition, since the monolithic ceramic 
capacitor of the present invention can be produced by 
firing in a neutral or reducing atmosphere, .:t:fte IA inner 
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electrode material comprisinq nickel or a nickel alloy 

is Bee 
eKidiaeda 

5 Mereever, siBee -eke •eBelieaie eereaie eapaeieer ef eae 
presefte invefteien eemprises iftfter elee-eredes made ef a 
ease meeal maeerial eemprisiftt Bieltel er a nieltel alley, 
ie is free frem mi9r&'&ieft ef BieJtel1 ~eiRt aiffereR~ frem 
eke eapaei~er eemprisiRg silver electrodes. 

10 Accordinqly, the present invention can provide 
monolithic ceramic capacitors with excellent 
characteristics at low ees~s lfll· 

In the method of the present invention for 
producing a monolithic ceramic capacitor, the heating 

15 rate for heating the ceramic laminate is aef iRea Et'& from 
JllllllllHI 10 to 17 °C/min and the cooling rate for coolinq the 
sintered ceramic- body is aefiRea ae 111111 10°C/min or 
higher. Therefore, the method can produce monolithic 
ceramic capacitors with excellent characteristics while 

20 preventinq the inner electrodes from being oxidized and 
preventinq the dielectric ceramic layers from becoming 
semi-conductive. 

In addition, even when nickel or a nickel alloy 
is used as the inner electrode material in the method, 

25 I'll nickel is not oxidized ey 1111 firing under an oxygen 
partial pressure higher than the equilibrated oxygen 
partial pressure of Ni/NiO. 

Examples of the present invention are mentioned 
below, .which, however, are not intended to restrict the 

JO scope of the invention. 
Example 1+ 

materials fer aielee'tries ef 

SPl!C\1S6SS9 
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weighed to obtain a dielectric substance 6€-

36. 9 SrTiOs + 26.4 PbTio, + 19.5 CaTio, + 4.3 Bi203 + 1.8 

Sn02 + 11.l TiOz, and ~ese were wet-milled in a ball mi11 
for 16 hours. The resulti~g mixture was dried through 

5 vaporization 4ft4se 1111 powder, Ill the powder was 
calcined in an alumina box at from 900 to 950bc for 2 

hours. The calcined body was ground into I powder having 
a mean particie size of 1 µm. Thus was obtained a . 
calcined dielectric powder. 

10 Next, Ill raw materials for Ill reduction 
iMisi~ere ef Mg<>, Bao, sro, cao, Mn02 , ~03 
and SiOz were prepared ·and weighed to obtain a mixture of 
a general formula, aMO + bMnOz + cB203 + (100-a-b-c) Si02 

(where M is at least one selected from Mg, Sr, Ca and Ba; 
15 a, b and c are % by mo~ and falls within the ranges of 10 

20 

s a s 60, 5 s b s 20 and 20 s c s 35) as in 
Table 1 below. The resulting mixture was wet-milled in a 
ball mill and then dried through vaporization. This was 
then f~lly heated and melted in an alumina crucible at. 

The resulting melt is si!eeply cooled 1J00°C. 
to ee vitrified and then ground 
into powder having a mean particle size of 1 ~m. 

The calcined dielectric powder a.nd the 
reduction inhibitor obtained above were mixed at the 

25 rai!.ie - shown in Table 1, i!e wfl:iefl: were added B a 
polyvinyl butyral binder, ethanol and toluene 
The resulting mixture was wet-milled in a ball mill for 
16 hours 4=fti!e slurry. The resulting slurry was 
shaped into a sheet by e Ill doctor-blading method, dried 

. 30 and then cut into a predetermined size. Thus was 
obtained a ceramic green sheet. A nickel paste was 
applied to one main surf ace of the thus-obtained ceramic 
green sheet by e screen-printing method. A plurality 

SPBC\156559 
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of the thus-printed ceramic green sheets were laminated 
under pressure to obtain a laminate. 

The resulting laminate was heated in air at 
300°C to remove the binder therefrom and then fired in a 

5 mixed gas atmosphere comprising N2, Hi and ffiO and having 
a partial oxygen pressure of from 10-&01 to 10-'B MPa at 
from 850 to 1oso 0 c for 2 hours to obtain a sintered body. 
During the firing, the laminate was heated up to th:e 
highest temperature at a rate of from 10 to 17°C/min. 

10 After having been thus fired, the sintered body was 
cooled at a rate of 10°C/min or higher. 

A silver paste was applied to the both edges of 
the sintered body and baked thereon to form external 
electrodes as electrically connected with the· internal 

15 electrodes. Thus was obtained a monolithic ceramic 
capacitor. This had a thickness of 30 µm. 

The dielectric constant el at room temperature, 
the dielectric loss tan di at room temperature, the 
temperature coefficient of capacity TCC and the DC bias 

20 characteristic of the thus-obtained monolithic ceramic 
capacitor were measured. The data obtained are shown in · 
Table 1, in which the samples 111111 with * are outside 
the scope of the present invention and the other samples 
are within the scope thereof. 

25 The dielectric constant el and the dielectric 
loss tan -di were measured at a temperature of 25°C, ~ a 
frequency of 1 kHz and ~ a voltage of AC 1 v. The 
temperature coefficient of capacity TCC indicates the 
temperature-dependent characteristic of the capacitor as 

30 stipulated by the JIS Standard. The DC bias 
characteristic indicates the variation in the 
electrostatic capacity of the monolithic ceramic 

SPEC\156559 
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capacitor to which was applied a direct current voltage 
of 2 kV/mm. 
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From Table 1 above, it is ltfte'Wft lltll that the 
samples not containing the reduction inhibitor have a 
high dielectric loss and a low insulating resistance 
while the voltage dependence of their dielectric constant 
is la~ge. Therefore, these samples are not applicable to 
monolithic ceramic capacitors. 

Example 2+ 
In the same manner as in Example 1, raw 

materials were prepared and weighed to produce a mixture 
of a general formula, uSrTi03 + vPbTi03 + wCaTi03 + xBi203 

+ ySn<>z + zTiOz (where u, v, w, x, y and z are eeBs~aB~s) 
es in Table 2 belo~. The resulting mixture 
was wet-milled and qround in a ball mill, ~ dried 
through vaporization and thereafter calcined. The 
calcined body was dry-ground and sieved to obtain a 
calcined powder. 

Next, ~lso in the same manner as in Example 1, 
raw materials for reduction inhibitors were prepared and 
weighed to produce a mixture of e !Ill chemical f ormula7 

10 Mgo + 15 sro + 10 cao + 15 Bao + 10 Mn02 + 25 Bz03 + 15 
Si02 (mol%). The resulting mixture was wet-milled and 
ground in a ball mill, dried through vaporization and 
then fully melted under heat at 1300°C in an alumina 
crucible. The resulting melt was rapidly cooled to.be 
vitrified and then ground into powder having a mean 
particle size of 1 µm. 

The calcined dielectric powder and the 
ra~ie 

mixture, a monolithic ceramic capacitor was produced in 
the same manner as in Example 1, and its electric 
characteristics were measured also in the same manner as 
in Example 1. The data obtained are shown in·Table 2, in 
which the samples with (*) are outside the scope of the 
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present invention and the other samples are within the 
scope thereof. 

tilll'f able 2.llUlllll 
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As shown in Table 1 and Table 2, the monolithic 
ceramic capacitor samples of the present invention have a 
high insulating resistance of 1010 n.cm or more and a 
relatively high dielectric con~tant with small voltage 
dependence while having a small dielectric loss. 

The nickel or silver paste es used as the 
material for the inner electrodes and the outer 
electrodes in Example 1 and Example 2 wee 1111 prepared 
by adding a ·.varnish, ethyl cellulose 111111.1 to a nickel 
or silver powder having a particle size of from o.s to 5 
µm followed by dispersing the resulting powder in a 
solvent such as a-terpineol or the like. Preferably, the 
inner electrodes have a thickness of from o.s to 5 µm and 
the outer electrodes have a thickness of from 10 to 80 
µm. 

Example 3+ 
The laminate for sample No. 1 in Example 1 was 

fired at varying heating rates and varying cooling rates 
as in Table 3 below. The electric characteristics of the 
monolithic ceramic capacitor samples obtained herein were 
measured and shown in Table 3, in which the samples with 
(*) are outside the scope of the present invention and 
the other samples are within the scope thereof. 
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If the heating rate and the cooling rate are 
too low in preparing the inner electrodes, the inner 
electrodes produced are oxidized with the result that the 
insulating resistance 'tftereef is lowered 
and the dielectric loss ~&ereef is enlarged. 

Example 4+ 
Monolithic ceramic capacitor samples were 

produced in the same manner as in Example 1 except that a 
nickel alloy paste havinq a composition of 10Cr-90Ni 
(atm.%) was used as the metal paste for the inner 
electrodes in place of the nickel paste in Example 1. 
The electric characteristics of the samples obtained were 
measured in the same manner as in Example 1. 

As a result, it was confirmed that the nickel 
alloy paste produced the same characteristics as those · 
which the nickel paste produced. 

Apart from the dielectric powders as 
illustrated hereinabove, for example, also employable are 
SrTi03 + MgTi03 + Bi203 + Ti02 + P~04 illustrated in 

JP-B-59-8923, SrTi03 + CaTi03 + Bi203 .nTie>i in Japanese 
Patent Laid-Open No. 59-20908, • SrTi03 + Bi2"3 + Ti02 + 
NiO in JP-A-60-145951, for example. 

Oxides of MqO, Bao, sro, cao, Mn021 Si03 and SiC>i 
were used hereinabove as the raw materials for reduction 
inhibitors. In addition to these, however, the 
corresponding carbonates and hydroxides can also be 
employed. 

Nickel or nickel alloys were used as the raw 
materials for inner electrodes. In addition to these, 
however, nickel or nickel alloys, to which at least one 
of the raw materials for· dielectric powders and the raw 

\ 
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materials for inner electrodes, is 11111111 added can 
also be employed. 

Various additives such as manganese oxide, iron 
oxide, silicon oxide, glass, etc. can be added to the 
materials for the monolithic ceramic capacitor of the 
present invention, so far as they do not detract from the 
characteristics of the capacitor produced. 

Where nickel alloy pastes are used, it is 
desirable that the addi-ienal metals eHeep­
nickel -e ee in the pastes are selected without 
noticeably detracting from the characteristics of the 
capacitors to be produced, as compared with those of the 
capacitors comprising pure nickel, since the 
electroconductivity and the melting point of nickel 
alloys often vary depending on the kind of the additional 

monolithic ceramic capacitor to be produced and on the 
compositions of the dielectric powder and the reduction 
inhibitor to be used. 

The materials for outer electrod~s may be the 
same as those for inner electrodes. Silver, palladium, 
silver palladium alloys, etc.I are also employable. In 
any case, materials suitable for use in laminate ceramic 
capacitor of the present invention are selected. 

While the invention has been described in 
detail and with reference to specific embodiments 
thereof, it will be apparent to. one skilled in the art 
that various changes and modifications can be made 
therein without departing from the spirit and scope 
thereof. 
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WHAT IS CI.AIMED IS: 
1. A monolithic ceramic capacitor eempeeea ef1 

dielectric ceramic layers made 
of a ceramic material comprisinq strontium titanate as 
the main component and bismuth oxide or an oxide of a 
bismuth compound as 'tfte side llillfl component and 
containing a reduction inhibitor, 

and iaaer elee~reaee made ef a ~ase me~al 
ma~erial ee~aiain9 

nickel or a nickel alloy. 

2. The monolithic ceramic capacitor according 
to claim 1, wherein the reduction inhibitor is 
represented ~y a general formula: 

aMO + bMn02 + c~03 + {100-a-b-c) SiOi 
in which M is at least one of Mg, Sr, Ca and Ba; and a, b 
and c eaeft. are \ 1')" mel, while 10 s a s 60, 5 s b s 20 
and 20 s c s 35 • 

monolithic ceramic capacitor according 
to which een~ains the reduction inhibitor 
II in an amount of from 25 % by weight 
relative to the ceramic material. 

SPBC\156559 
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A method for producing a monolithic· 
ceramic capacitor, comprisinq; 

preparinq dielectric ceramic qreen sheets; 
. . 

laminatinq an electrode ~aterial on said qreen 
eee'\:1 

perf erming ~e aseve s'\:eps a\: leas\: enee '\:e 
f erm a lamina'\:e eemprising the 
ceramic qreen sheets e&eft with the electrode material II 

• I 

I temperature increase 1111 of ~~~h~e!!-lHH&Tlftft'Ee,......a~ 

10 to 17°C/min, 
f irinq said laminate at a predetermined 

temperature; and, 
cooling the fired laminate. 

5 I· The method for producing a monolithic 
ceramic capacitor according to claim ~ B1 wherein the 
laminate is cooled at a rate of 11!111 10°C/min or higher. 

ceramic 
ceramic 

6 I· The method for producing a monolithic 

strontium titanate as the main component and bismuth 
oxide or an oxide of a bismuth compound as ~e side I 
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and contain a reduction inhibitor as ~ 

::/- B· The method for producinq a monolithic 
ceramic capacitor accordinq to claim I 41 wh~eia ~e 

eleeerede mae~ial ee ee lamiaaeed ea eaeh eeramie g.reea 
sneee eemprises a ease meea~ maeerial een:tainin9 niekel 
er a aieltel alley. 

a. ~ne meened fer predtleia9 a meaelienie eeramie 
eapaeieer aeeerdin9 ee elaim 6, wherein the reduction 
inhibitor ee ee in eaen eeramie 9reen saeee is 
represented by a general formula: 

aMO + bMn02 + c15io3 + ( 10~-a-b-c} Sie>i 
in which M is at least one of Mg, Sr, Ca and Ba; and a, b 
and c each are \ 1'y mel, while 10 s a s 60, 5 s b s 20 
and 20 s c s 35 • 

;. .~tJ~]i.~~¥~\~~1~i~r10~1~~]}::~ti!~tr.0:111~~t:?J%1¥.:~:rr~JJ:~k~~~tr0?:1;11Jt~i~ili~=-;~tR~if ~%01~&.t1a~:u1ili~{~~t\f 
:~S-~1.l1~i4~U.~b.J~~~4.~t.~;%A:1tf(~~~-~~~~t~~~~l~f~~~~~;fil~t1tt~%~;~11}11~0.~\~~t1f!~~A~tt1l1~1?:4~!~~fJ~\il{~t·~: 
:n:stt!;TI1.~f:.t.4~?J1:t.J2{~!~~~'.~~X?:i~ji~~~~~~~t.}~tmt~1~~1:t~~%~il:i~~fil~~i~~~!~~~~:l~fJ) 
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