I 'NVENTI ON 1. Field of the Invention

to a method of producing a ceramc electron

sintered body with an internal electrode, such as a |layered capaC|tor and
nore particularly to a nethod of producing a ceramc electr Qﬁﬁg@bg

whi ch the polishing step carried out to expose the internal from
an out-side surface of the ceramc sintered body is inproved.

Description of the Related Art Whenjproducing a ceramc el eb?@%‘m C
part including an internal electrode, such as a layered capacitor, Y s
necessary that the internal electrode be reliably electrically connect ed
to an external electrode at the fina a_ceranjc
intered body i o ofEIHRDd Oy PROURIAG An CHRSACoFagCrBONTCL P o/ed body,
formed by placing unsintered ceram cs upon each other through I nt er nal
el ectrode, and firing the unsintered ceramc |ayered body. However, in the

ceram c si yagh dﬁNB/J#N Iﬁygﬁfﬁwfbove-described way, the contraction
rates of the internal eléctrodé an he ceram cs during the firing are

different, so that the internal el ectrode may not get
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1. Field of the Invention

The present invention relates to a method of producing
a ceramic electronic part using a ceramic sintered body with
an internal electrode, such as a layered capacitor, and more
particularly to a method of producing a ceramic electronic
part in which the polishing step carried out to expose the
internal electrode from an outside surface of the ceramic
sintered body is improved.
2. Description of the Related Art

When producing a ceramic electronic part including an
internal electrode, such as a layered capacitor, it is
necessary that the internal electrode be reliably
electrically connected to an external electrode at the final
.stage. Ordinarily, a ceramic sintered bo@y is obtained by
forming an unsintered ceramic layered body, formed by
placing unsintered ceramics upon each other through an
internal electrode, and firing the unsintéred ceramic
layered body. However, in the ceramic sintered body formed
in the above-described way, the contraction rates of the
internal electrode and the ceramics during the firing aré

different, so that the internal electrode may not get



-2-,. " exposed fromthe outside surface of the ceramc sintered body. This
Is illustrated in Figs. 10 and 11. Fig. 10 is a vertical sectional
view of a ceramic sintered body used in a |ayered capacitor. A plurality
of internal electrodes 52a to 52f are formed in the ceramc sintered body
51. In the layered capacitor, external electrodes are forned at end
surfaces 51la and 51b of the <ceramc sintered body 51 by a | ater step.
Therefore, it is necessary that the internal el ectrodes 52a, 52c, and 52e
be reliably exposed fromthe end surftage_51a, and the internal electrodes
52b, 52d, and 52f be reliably exposed fromthe end surface 51b.

However, since, in the obtained ceram c sintered body 51, the contraction
rates of the ceramics and the internal  electrode mater.ial arex?igferent as
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the intern r a wet-polishing nethod 1s “used to

pol i sh t he AR HL 1T B P F8imel in the ceramic

sintered body 51. 1In the layered capacitor, exterﬂal
electrodes are formed at end surfaces 5la and 51b of the
ceramic sintered body 51 by a later step. Therefore, it is
necessary that the internal electrodes 52a, 52c, and 52e be
reliably exposed from the end surface 5la, and the internal
electrodes 52b, 52d, and 52f.be reliably exposed from the
end surface 51b.

However, since, in the obtained ceramic sintered body
51, fhe contraction rates of the ceramics and the internal
electrode material are different as mentioned above, the
internal electrode 52a is often disposed inward from the end
surface 5la, as shown clearly in Fig. 11 that is an enlarged
view of the portion enclosed by circle A in Fig. 10. More
specifically, the internal electrodes 52a to 52f are
disposed inward from the end surface 5l1la or 51b after the
firing, and are thus often not exposed from the end surface
5la or 51b.

Therefore, conventionally, in order to expose the
internal electrodes 52a to 52f, a wet-polishing method is

used to polish the aforementioned ceramic sintered body 51



-3-. " that has been obtained. More specifically, a plurality of the
sintered bodies 51, an abrasive, and water are put into a barrel, and the
barrel is rotated in order to polish the ceramc sintered bodies 51

t hereby exposing the internal electrodes 52a to 52f fromthe end surface
51a or 51b. The wet-barrel polishing method using water is used to
prevent the problemof cracking in the ceramc sintered bodies 51 caused
by collisions of the ceramc sintered bodies 51 with each other and
collisions of the abrasive and the ceragnc sintered bodies 51 with each
other. In other words, water is used as a shock-absorbing material to
reduce inpact force. I n addition to the above-descri bed wet-barrel
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specifically, the water used as

The wet-barrel polishing method using water is used to
prevent the problem of cracking in the ceramic sintered
bodies 51 caused by collisions of the ceramic sintered
bodies 51 with each other and collisions of the abrasive and
the ceramic sintered bodies 51 with each other. 1In other
words, water is used as a shock-absorbing material to reduce
impact force.

In addition to the above-described wet-barrel polishing
method, a sandblast method is used to polish the end
surfaces 5la and 51b of the ceramic sintered bodies 51. 1In

~ the sandblast method, the ceramic sintered bodies 51 are
held by a holder having a plurality of holes arranged in a
row, and the end surfaces 5la and 51b being exposed are
sﬁbjected to sandblasting.

The above-described wet-barrel polishing method allows
the internal electrodes 52a to 52f to be reliably exposed
from the end surface 5la or 51lb of the ceramic sintered
bodies 51, but has the problem of water flowing into the

ceramic sintered bodies 51 because water is used as a shock-

absorbing material. More specifically, the water used as



-4-. " the shock-absorbing material tends to nove in through the interfaces
between the internal electrodes 52a to 52f and the ceramcs. This water
cannot be easily renoved fromthe ceramc sintered bodies 51, and reacts
during firing of the external electrodes carried out |ater, thereby
accelerating peeling at the interfaces between the ceram cs and the

I nternal el ectrodes 52a to 52f. When t he conventional wet-barrel
polishing method using water is used, interlayer peeling, called

del am nation, tends to occur in the |layered capacitors obtained at the
final stage, thereby reducing insulation resistance and the rate at which
properly produced | ayered capacitors is obtained. On the other hand,

when t he ve-de crlbed sandbl ast . nethod.is used, water ot  required
because pg:lt}T 2bsarhing Ak reds yt%J“é‘?;"f?rfg“aW’é%‘?Qé Weonto the
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external electrodes carried out 1atér, thereby accelerating

peeling at the interfaces between the ceramics and the
internal electrodes 52a to 52f.

When the conventional wet-barrel polishing method using
water is used, interlayer peeling, called delamination,
tends to occur in the layered capacitors obtained at the
final stage, thereby reducing insulation resistance and the
rate at which properly produced layered capacitors is
obtained.

On the'otherlhand, when the above-described sandblast
method is used, water is not required because polishing is
carried out by directly ejecting an abrasive onto the end
surfaces 5la and 51b of the ceramic sintered bodies.
However, it is necessary to carry out the troublesome step
of holding the plurality of ceramic sintered bodies by a
holder, thereby preventing a large number of ceramic

sintered bodies to be produced efficiently.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention

to provide a highly productive ceramic electronic part



to .provide a highly productive ceranic electronic part

-5- produci ng net hod which allows an internal electrode to be reliably
exposed froman end surface of a ceramic sintered body by dry-barrel
pol i shing that does not use water, so that delam nation and deterioration
in electrical properties do not easily occur, and so that the end surface
of the <ceramc sintered body can be efficiently polished. To this
end, according to the present invention, there is provided a nmethod of
producing a ceramc electronic part i.nguding an internal electrode in a
ceram c sintered body and an external electrode electrically connected to
the internal electrode at an outside surface of the ceramc sintered
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a dry-type centrlfugal arrel evice may be used, the dry-type centrifuga
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as a center; a first drive source, connected to the rotary plate, for
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rotary plate so as to rotate along with
ceramic sintered body can be efficiently polished.

To this end, according to the present invention, there
is provided a method of producing a ceramic electronic part
including an internal electrode in a ceramic sintered body
and an external electrode electrically connected fo the
internal electrode at an outside surface of the ceramic
sintered body, the method comprising the steps of:

obtaining the ceramic sintered body including the
internal electrodé; and

exposing the internal electrode from the outside
surface of the ceramic s1ntered body by subjectlng the
ceramic sintered body to dry-type barrel polishing.

Although not exclusive, when the dry-type barrel
polishing is carried out, a dry-type centrifugal barrel
device may be used, the dry-type centrifugal barrel device
including a rotary plate that rotates aroﬁnd a rotary shaft
as a center; a first drive source, connected to the rotary
plate,'for rotationally driving the rotary plate; a baﬁrel
pot connected to the rotary plate so as to rotate along With

the rotary plate around the rotary shaft of the rotary plate



the.rotary plate around the rotary shaft of the rotary plate

- 6- and i ndependently of the rotary plate, the barrel plate

accomodating the ceramc sintered body therein; and a second drive

source, connected to the barrel pot, for rotationally driving the barrel

pot ; wherein the cerami c sintered body may be put into the

barrel pot, and the rotary plate and the barrel pot nmay be rotated.

Al t hough not excl usive, when the dry-type barrel polishing is carried out,

a barrel -type bl ast device may be wused, gthe barrel-type bl ast device

i ncluding a barrel pot constructed so as to rotate around a rotary shaft

as a center, the barrel pot having an opening; a blast nozzle for

ej ecting therefrqoqm an abrasive towards the Qpening_in_the _barrel pot; and

a drive soﬁP@e}ngﬁﬁﬁégFB& o°§h§gﬁaFP§PrEbP&a%Fdr%Pﬁt§ﬁqﬁﬁ%IR}%%?ving t he

barrel pot; wherein.a plurality_.of th eram.c sintered bodi es may

be put intBCFﬁ@mBQPF&ng%PF %ﬁ&aggct%&nﬁgfﬁﬁl ﬁ§§i€§%§ﬁkﬁ%ufn the abrasive
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wherein[é?%%jthe ceramic sintered body may be put into

the barrel pot, and the rétary plate and the barrel pot may
be rotated.

Although not exclusive, when the dry-type barrel
polishing is carried out, a barrel-type blast device may be
used, the barrel-type blast device including a barrel pot
constructed so as to rotate around a rotary shaft as a
center, the barrel pot having an opening; a blast nozzle for
ejecting therefrom an abrasive towards the opening in the
barrel pot; and a.drive source, connected to the barrel pot,
for rotationally driving the barrel pof;

wherein a plurality of the ceramic sintered bodies may
be put into the barrel pot, and as the barrel pot is rotated,
the abrasive may be ejected from the blast nozzle to carfy
out the dry-type barrel polishing.

Although not exclusive, at least a portion of the
barrel pot may be formed of meshes or of é member with many
holes.

Although not exclusive, the step of obtaining the
ceramic sintered body may include the stage of obtaining an

unsintered ceramic layered body, and the stage of rounding a



cerami c sintered body may include the stage of obtaining an unsintered
ceram c | ayered body, and the stage of rounding a

7- corner of ‘the unsintered | ayered body by subjecting the wunsintered
ceram c | ayered body to the barrel polishing. Al t hough not excl usi ve,
in the stage of subjecting the wunsintered ceramc |ayered body to the
barrel polishing, a dry-type centrifugal device nay be used, the dry-type
centrifugal device including a first drive source, connected to a rotary
plate, for rotationally driving the ratary plate; a barrel pot connected
to the rotary plate so as to rotate along with the rotary plate around a
rotary shaft of the rotary plate and i ndependently of the rotary plate,

th b | plat dat i t ' | nt d.body . th in; d
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barrel device of Fi _ I's a sectional view of the portion
taken al onghsint€rdlt Bdfaid 1dyered body Gko AhS FaPLsSNSsiiveingevaof a

barrel pot used in the centrifugal barrel device.
dry-type centrifugal device may be used, the dry-type
centrifugal device including a first drive source, connected
to a rotary plate, for rotationally driving the rotary
plate; a barrel pot connected to the rotary plate so as to
rotate along with the rotary plate around a rotary shaft of
the rotary plate and independently of the rotary plate, the
barrel plate accommodating the ceramic sintered body

therein; and a second drive source, connected to the barrel_

pot, for rotationally driving the barre; pot.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic front view of a centrifugal
barrel device used in an embodiment of the present invention.
Fig. 2 is a front view of the centrifugal barrel device
of Fig. 1.
Fig. 3 is a sectional view of the portion taken along
line B-B of Fig. 2.
Fig. 4 is a perspective view of a barrel pot used in
the centrifugal barrel device.
Fig. 5 is a vertical sectional view showing a state in

which ceramlic sintered bodies are put in the barrel pot.



Fig. 5is a vertical sectional view showng a state in which ceramc
sintered bodies are put in the barrel pot. :

- 8- Fig. 6 is a vertical sectional view of a ceramc sintered body
provided in the first enbodi nent. Fig. 7 is a vertical sectional view
of a layered capacitor obtained in the first enbodi nent. Fig. 8is a
partial cutaway side view used to illustrate a barrel-type bl ast device
used in a second enbodi nent. Fig. 9 is a perspective view of a barrel
pot used in the second enbodi nent. - 8KHg. 10 is a vertical sectiona
view of a sintered body, wused to illustrate a conventional nethod of
producing a |ayered capacitor. Fig. 11 is a partial sectional view

illTustrati i L. enl df {h t. ' f Fig. 10.
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mm and whose
capacitor obtained in the first embodiment.

Fig. 8 is a partial cutaway side viéw used to
illustrate a barrel-type blast device used in a second
embodiment.

Fig. 9 is a perspective view of a barrel pot used in
the second embodiment.

Fig. 10 is a vertical sectional wview of a sintered body,
used to illustrate a conventional method of producing a
layered capacitor. |

Fig. 11 is a partial sectional view illustrating in

enlarged form the portion enclosed by circle A of Fig. 10. .

- DESCRIPTION OF THE PREFERRED EMBODIMENTS

A detailed description will now be given of specific
embodimenté of the present invention with reference to the
drawings.

{First embodiment)

In the first embodiment, layered capécitors whose
dimensions are 2.0 mm X 1.2 mm x 1.2 mm and whose
capacitance is 1 uF arelproduced in the following way.

Internal electrodes are printed on ceramic green shéets,

and the ceramic green sheets that have been subjected to the



capacitance is 1 [err]F are produced.in the foll ow ng way. I nt erna

el ectrodes are printed on ceram c green sheets, and the ceram c green
sheets that have been subjected to the

- 9- printing are placed upon each other. Then, plain ceramc green
sheets are placed on the top and the bottomin order to forma nother
ceram c | ayered body. The nother ceramc |ayered body is pressed in a
direction of thickness thereof, and then cut in the direction of thickness
in order to form unsintered ceram c hodj es based on individual |ayered
capacitors to be forned. By a centrifugal barrel polishing device
descri bed mﬁth reference to Figs. 1 to 5, the unsintered ceramc |ayered

bodi es are i shed in order_to round the corner of t . unsi ntered
el ¥ S0 g PTY A e T ety i SRS |

ied out_t t.h t I d_bod
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back rotary plate 3. The rotary plates 2 and 3 are coupled by a rotary
shaft 4. ThesiRter¥as8a@timfciBodies based on individual layered

capacitors to be formed.

By a centrifugal barfel polishing device described with

reference to Figs. 1 to 5, the unsintered ceramic layered

bodies are polished in order to round the cormners of the

unsintered ceramic layered bodies. The step of rounding the

corners is primarily carried out to remove burrs from the

unsintered ceramic layered bodies so that, for example, the

corners after siﬁtering have a radius of curvature of 70 um.

Fig. 2 is a front view of a centrifugal barrel

polishing device. The centrifugai barrel polishing device,

represented by reference numeral 1, comprises a pair of

rotary plates 2 and 3. in Fig. 2, only the front rotary

plate 2 is shown. Fig. 1 is a schematic front view showing

a state after removal of the front rotary 2, and illustrates

the back rotary plate 3. The rotary platés 2 and 3 are

coupled by a rotary shaft 4. The rotary shaft 4 is

connected to a rotational drive source M schematically shown

in Fig. 2. The rotational drive source M is a suitable

rotational drive device such as a motor.



connected to a rotational drive source Mschematically showmn in Fig. 2.
The rotational drive source Mis a suitable rotational drive device such

as a notor. - 10 - The rotary
plates 2 and 3 are constructed so that they rotate around the rotary shaft
4 as a center. A plurality of barrel pots 5 to 8 are di sposed between
the rotary plates 2 and 3. Taking the barrel pot 5 as an exanple, the
structures of the barrel pots 5 to 8 will be described with reference to
Figs. 3 and 4. As shown in Fig. 4 lthe barrel pot 5 has an octagonal

tube-like shape. It is fornmed of nmeshes containing a plurality of through
hol es, the neshes being schematically shown by hatching in Fig. 4. Instead

of being forMedepl +gEaPGSp1LBEY HBYnd! §0aE LORLELuBYLE UBMPRALNAKEYD MBNY

t hrough hol es 'S not n cessary for the entire pot or e
meshes or éo%%ehr%aan&h@a%tm Shatt 4 aBokakkntafts 5¢c and 5d are

nmounted to end surfaces 5a and the barrel pot 5 so as to extend
outward in Iengtbmuﬁsmtyesrleaﬁrei bBesbsr £sl spatedSdisposed TBeLwaARAl Y
shafts 5¢c and 5d are di sposed concentrically. As shown in Fig. 3, the

rotary shathe rotany platies 2 9@ t3ad Makiivgougle Mreel’2®cANG 3& iah t he

rotary plates 2 and 3. In this way, the barrel pot 5 is nounted to the

rotary pl aexamplend thes@tiduatturiescaf mhieatbarrede pertderst ity @& will be
described with reference to Figs. 3 and 4.

As shown in Fig. 4, the barrel pot 5 has an octagonal
tube-like shape. It is formed of meshes containing a
plurality of through holes, the meshes being schematically
shown by hatching in Fig. 4. Instead of being formed of
meshes, they may also be formed by a member having many
through holes. It is not necessary for the entire pot 5 to
be formed of meshes or a member having many holes.

Rotary shafté 5¢ and 54 are mgunted to end surfaces 5a
and 5b of the barrel pot 5 so as to extend outward in
lengthwise directions of the barrel pot 5.

The rotary shafts 5¢ and 5d are disposed concentrically.

As shown in Fig. 3, the rotary shafts 5¢c and 5d are
inserted in through holes 2a and 3a in the rotary plates 2
and 3. In this way, the barrgl pot 5 is mounted to the
rotary plates 2 and 3 so that it can rotafe independently of
the rotary plates 2 and 3. A gear 9 is mounted to an outer
end of the rotary shaft 5c¢c. The gear 9 is connected to a
rotational drive source 10 shown schematically in Fig. 3.

The rotational drive source 10 is a suitable drive device,



the rotary plates 2 and 3. A gear 9 is nounted to an outer end of the
rotary shaft 5c. The gear 9 is connected to a rotational drive source 10
shown schematically in Fig. 3. The rotational drive source 10 is a
suitabl e drive device, such as a notor, that provides
rotational drive force. Driving the rotational drive source 10 rotates the
gear 9, and the rotation of the gear 9 rotates the barrel pot 5

i ndependently of the rotary plates 2 and 3. The other barrel pots 6 to
8 have structures simlar to the structure -of the above-described barrel
pot 5. Portions of the barrel pots 5 to 8 can be covered and

uncovered, so that they are constructed to allow ceramc |ayered bodies to

be put ther iy, L Lhg eabodigent o ag.eud swldes gaslide ol e barrel

pot 5is co SO an be Cover uncover éd W t'h respect
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| ayered bodies e put "into arrel” pots and subject’ed t o ‘barrel
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the aforenentioned extent during oné rotation of the barrel pots 5 to 8,

with the rotadepndeatdy @f ithe Ryratly RAlatdieinGnb@ rpm and the rotation
speed of the rotary plates 2 and 3 béing 150 rpm Here, as the

rotary plates 2 gné dthetabarréhepodgsenter edhaeeagitgubtyeeedshadias wove
whi | e bei ng pushed
the structure of the above-described barrel pot 5.

Portions of the barrel pots 5 to 8 can be covered and
uncovered, so that they are constructed to allow ceramic
layered bodies to be put therein. 1In the embodiment, an end
surface 5a side of the barrel pot 5 is constructed so that
it can be covered and uhcovered with respect to a
cylindrical body 5e.

The aforementioned unsintered ceramic layered bodies
.are put into the barrel pots 5 to 8 and subjected to barrel
polishing to round the corners of the unsintered ceramic
layered bodies to the aforementioned extent during one
rotation of the barrel pots 5 to 8, with the rotation speed
of. the barrel pots being 150 rpm, and the rotatioh speed of
the rotary plates 2 and 3 being 150 rpm.

Here, as the rotary plates 2 and 3 rotate, the
unsintered ceramic layered bodies move while being pushed
against the outer surface of each of the barrel pots 5 to 8
in diametrical directions of the rotary plates 2 and 3 as a

result of centrifugal force, as shown in Fig. 1. More

specifically, as is clear from the hatched areas represented



agai nst the outer surface of each of the barrel pots 5to 8 in dianetrical
directions of the rotary plates 2 and 3 as a result of centrifugal force,
as shown in Fig. 1. More specifically, as is clear fromthe hatched areas
repr esent ed - 12 - by letters X
during the rotation of the rotary plate 3 in the direction of arrow Y, the
ceram c | ayered bodies to be subjected to polishing that are put in the
barrel pots 5 to 8 nobve while being pushed agai nst the outer surfaces of
the barrel pots 5to 8 in the dianmet¥ital-directions of the rotary plates
2 and 3. During one rotation of the rotary plates 2 and 3, the barrel pots
5to 8 thenselves rotate once in the direction of arrow Z, that is, in the
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manner are subjected to I ring, whereby ceramc sintered bodies are
formed. Uy midved RmiCRN Hdin fudttld lgald g < esdrBasd ), of hengeram ¢
sintered bodi es obtained in the above-described manner are polished. In
this casepddielc@iodd & Hdterigd thediEandtrivdl didectivhdadf ethots 5 to 8
and polished for 60 m nutes,

rotary plates 2 and 3. During one rotation of the rotary

plates 2 and 3, the barrel pots 5 to 8 themselves rotate
once in the direction of arrow Z, that is, in the same
direction as the rotary plate 2. Accordingly, the ceramic
layered body aggregates indicated by the letters X are
subjected to the above-described polishing as a result of
"moving along the inside surface of each of the barrel pots 5
to 8 in a circle once.

Then, the cefamic layered bodies whose corners have
been rounded in the above-described manner are subjected to
firing, whereby ceramic sintered_bodies are formed. Using
the centrifugal barrel polishing device 1 again, the ceramic
sintered bodies obtained in the above-described manner are
polished. In this case, the ceramic sintered bodies are put
into the barrel pots 5 to 8 and polished for 60 minutes,
with the rotation speed of the rotary plafes 2 and 3 being
150 rpm and the rotation speed of the barrel pots 5 to 8
being 1/60 rpm. More specifically:“during the 60-minute
polishing, the rotary plates 2 and 3 as well as the barrel

pots 5 to 8 rotate once. In this case too, during the



wi th 'the rotation speed of the rotary plates 2 and 3 being 150 rpm and the
rotation speed of the barrel pots 5to 8 being 1/60 rpm MNbre
specifically, during the 60-mnute polishing, the rotary plates 2 and 3 -as
well as the barrel pots 5 to 8 rotate once. In this case too, during the

- 13 - rotation of the rotary plate 3 in the direction of arrow Y, the
ceram c | ayered bodies to be polished that have been put in the barrel
pots 5 to 8 nove while being pushed against the outer surfaces of the
barrel pots 5to 8 in the dianetrical- di3rections of the rotary plates 2
and 3. During one rotation of the rotary plates 2 and 3, the ceramc

| ayered body aggregates represented by the letters X nove along the inside

surface ofr&eaPsgh GPerRA E6taPO! 818cL0384n! Pnd a&&gh%igﬂcsf WeLgby they

are polishe ceram c Si body 11 shown 1 n I's obtai ned

by the abo ﬁedéégéh98d19?5£§a'ﬂleéE tBebeebamhenaankﬁaedhabedﬁeaﬁ put

internal electrodes 12a 2f are disposed in the ceramc.layers So as to

overlap eagh eh8€patPel ﬂbtscsl €8 8fmotBi ﬁhﬂ@éSbbhﬁ@eghshzheagatlersrtal
el ectrodes 12a, 12c, and 12e are exposed fromthe end surface 1la, while

the internghe shestr sdesaiab, o2€neapdrial poesexspesed finownehe end
surface 11b. The states of exposure were observed with an electron

m cr oscopedihmetirhealnwdigdectibaseod shef aoearylplaaed Rllandf 3t.he Doariag C
sintered body 11 were observed with a transm ssive electronic mcroscope.
The observaeheomstation of the rotary plates 2 and 3, the ceramic

layered body aggregates represented by the letters X move

along the inside surface of each of the barrel pots 5 to 8

in a circle once, whereby they are polished.

A ceramic sintered body 11 shown in Fig. 6 is obtained
by the above-described polishing. In the ceramic sintered
body 11, internal electrodes l1l2a to 12f are dieposed in the
ceramic layers so as to overlap each other in a direction of
thickness thereof. The internal electrodes 12a, 1l2c, and
12e are exposed from the end surface l1la, while the internal
electrodes 12b, 12d, and 12f are exposed from the end
surface 11b. The states of exposure were observed with an
electron microscope. In other words, the end surfaces lla
and 11b of the ceramic sintered body 11 were observed with a
transmissive electronic microscope. The observations
confirmed that the internal electrodes 12& to-12f were
completely exposed from the end surface 1lla or 11b.

After the polishing of the ceramic sintered body 11,
external electrodes 13 and 14 are formed on the end surfaces

lla and 11b of the ceramic sintered body 11 to form a



confirmed that the internal electrodes 12a to 12f were conpletely exposed
fromthe end surface 11la or 11b. After the polishing of the ceramc
sintered body 11, external electrodes 13 and 14 are forned on the end
surfaces 1la and 11b of the ceramic sintered body 11 to forma

- 14 - | ayered capacitor 15, as shown in Fig. 7. The |ayered capacitor
obtained in this way is cut to observe the state of connection of the
external electrodes 13 and 14 and the internal electrodes 12a to 12f with
the el ectron mcroscope. The observati pas-showed that the external

el ectrodes 13 and 14 and the internal electrodes 12a to 12f were reliably
connected as a result of alloying in the external electrodes 13 and 14 and

temper at ure RS AR oRE 18 o8 NI g o T LhBPRRge of 1wy
uas appl i o] AYEIAGL £ARGST 19T EDLGLPeR 0k s Abouesdeptal bedruey o

1000 hours e I nsu I on resi ance S neasur ed ore an ér the

app | cat | ofe Afond S ok { 8Ol e EeRi P Welo ORlade CPﬁ'Saﬁ'&r £ gefeghive when

the insulation resistance was reduced to 10[err err] ess
resul ts ofidferiBAse] EGEROSeS NPYRLS NBIF LRLER VRS é‘PecE'féﬁrm%f‘ééQBpé” the

I nsul ation resistance property of 100 |ayered capacitors.

net hod of THeMEsEEvRLlAYSr SHowERAEHAOrthd éBEernal electrodes 13 and
14 and the internal electrodes 12a to 12f were reliably
connected as a result of alloying in the external electrodes
13 and 14 and the internal electrodes 12a to 12f caused by'
mutual scattering.

At a temperature of 85°C and a relative humidity of 85%,
a voltage of 1 WV was applied to layered capécitors obtaiﬁed
in the above-described way for 1000 hours. The insulation
resistance was measured before and after the application of
the voltage, with a product being considered defective when
the insulation resistance was reduced to 10° Q or less. The
results of the measurements showed that thére was no
deterioration in the insulation resistance property of 100
layered capacitors.

In the method of producing a layered capacitor in the
above-described embodiment, the dry-type centrifugal barrel
device 1 is used to round the corners of fhe unsintered
ceramic bodies, and the end surfaces of the obtained ceramic
sintered bodies are polished, so that the internal
electrodes are reliably exposed from the end surfaces of.the

ceramic sintered bodies. Thus, the internal electrodes and



above-descri bed enbodi nent, the dry-type centrifugal barrel device 1 is
used to round the corners of the unsintered ceram c bodies, and the end
surfaces of the obtained ceramc sintered bodies are polished, so that the
internal electrodes are reliably exposed fromthe end surfaces of the
ceram c sintered bodies. Thus, the internal electrodes and

- 15 - the external electrodes can be nore reliably connected together,
and the insulation resistance property is not easily deteriorated because
water is not used for the polishing. Furltther, many sintered ceram c bodies
can be obtained at one tinme because many ceram c sintered bodies can be
polished by putting theminto the plurality of barrel pots 5 to 8.

(Second embefeMeiilrnal o1btiile3CCAAI LR TRONLIRAY s LBYG BUnRABRGH! O S whose
dinmensions are 2.0 mmx 1.2 mmx 1.2 nmm and whose capacitance is 1 [err]F

are al so prqdeesther, anda $hd H%%hﬂa&%ohh%e%&%%hn%@b%§bﬁé&ky 43 hbe second
enbodi nent, unsintered ceram c | ayered bodies are obtained and polished

with the cerfadifiydaetRatictatdRl iveRahseowaltalr ilsh@lot wekaetsrarder ounded.
Then, simlarly to the first enbodinent, they are subjected to firing to

obt ai n cer apod ishiMar eFurahiedsS. many sibtelred setend ccmoddeseian bee
ceram c sintered bodies obtained in the above-described way are polished
using a obtained at one time because many ceramic sintered bodies
can be polished by putting them into the plurality of barrel
pots 5 to 8.

{Second embodiment)

In the second embodiment layered capacitors whose
dimensions are 2.0 mm X 1.2 mm x 1.2 mm and whose
capacitance is 1 uF are also produced.

Similarly to the first embodiment, in the second
embodiment, unsintered ceramic layered bodies are obtained
and polished with the centrifugal barrel device 1 so that
their corners are rounded. Then, similarly to the first
embodiment, they are subjected to firing to obtain cerémic
sintered bodies.

In the second embodiment, the ceramic sintered bodies
obtained in the above-described way are polished using a
barrel-type blast device. The barrel-type blast device is
described with reference to Figs. 8 and 9;

As shown in Fig. 8, in the barrel-type blast device 21,
a barrel pot 22 with an opening 22a is used. The barrel pot

22 is shown in perspective in Fig. 9. The opening 22a is

formed in the top of the barrel pot 22. The barrel pot 22



barrel -type bl ast device. The barrel-type blast device is described with
reference to Figs. 8 and 9. As shown in Fig. 8, in the barrel-type

bl ast device 21, a barrel pot 22 with an opening 22a is used. The barrel
pot 22 is shown in perspective in Fig. 9. The opening 22a is forned in
the top of the barrel pot 22. The barrel pot 22

- 16 - has a formin which two side surfaces or truncated-cone- shaped
curved portions 22b and 22c are connected together. |In other words, it has
a formin which its dianeter being |afgest-at the center thereof becones
smal l er towards the top and bottomw th increasing distance fromthe

| argest- dianeter portion. Arotary shaft 23 is connected to a bottom

por 1 on 224, | e, oriely il 2,0 itnd Uiee NRNd: i oamegied Lo a

rotational ve ‘source r I on I've source S a suitable
rotational ' &Eﬁﬂﬁgi Failely t | t | pot
22 can rot%%deﬁleez;dr ound t el%r%% ary s{?ﬁ '?a% Zgjsc aﬁgﬁﬁwﬁ%d %%%ﬁm I n
Fig. 8 a bipdtdRalerds, |t HAPW Sfbrrh Of et oh Of t4 e SRIUN Dby The

bl ast nozzle 25 is <constructed so as to eject an abrasive into the barrel

pot 22 froratdes©nReni fite ZZehtd tHSredbasidtids Sl Bdx asdweerds tigg ect ed
fromthe blast nozzle 25 not in a direction parallel to the rotary shaft

23, but in teomlidedtbebtontwiigecindgedditng raistancdafto Sth\slatgast+n Fi g.
8, the rotary shaft 23 is tilted so that its construction is such as to
all ow the diameter portion. A rotary shaft 23 is connected to a
bottom portion 224 of the barrel pot 22. The rotary shaft
23 1is connected to a rotational drive source 24. The
rotational drive source 24 is a suitable rotational drive
mechanism, such as a motor. Accordingly, the barrel pot 22
can rotate around the rotary shaft 23 as a center.

As shown in Fig. 8, a blast nozzle 25 is disposed
forwardly of the opening 22a. The blast nozzle 25 is
constructed so as.to eject an abrasive into the barrel pot
22 from the opening 22a. In the embodiment, the abrasive is
ejected from the blast nozzle 25 not in a direction parallel
to the rotary shaft 23, but in a direction intersecting the
rotary shaft 23."As shown in Fig. 8, the rotary shaft 23 is
tilted so that its construction is such as to allow the
ceramic sintered bodies 11 put into the barrel pot 22 to
accumulate on the side surface 22c side of the barrel pot 22.
The abrasive is ejected from the blast nozzle 25 towards the
accumulated ceramic sintered bodies 11.

The entire barrel pot 22 is formed of meshes, as shown

schematically in Figs. 8 and 9. Naturally, the barrel pot



cerami c sintered bodies 11 put into the barrel pot 22 to accunulate on the
side surface 22c side of the barrel pot 22. The abrasive is ejected from

t he bl ast nozzle 25 towards the accunulated ceramic sintered bodies 11.
The entire barrel pot 22 is forned of neshes, as shown schematically in
Figs. 8 and 9. Naturally, the barrel pot

- 17 - 22 may be forned of a nenber with many through holes, or partly
formed of neshes or a nmenber with nmany through hol es. . Many ceram c
sintered bodies 11 are put into the barrgf -pot 22 of the barrel-type bl ast
device 21 fromthe opening 22a side. Rotating the barrel pot 22 at a speed
of 5 rpm #100-nesh zirconia powder used as the abrasive is ejected from

rotation oft At a%arré? %@2@*?%%&%@#”diderﬁf%g%"ar&?%ee%u?&d e

bl ast -t d f
meones. oo WHGT Y B8 ré‘;s‘?v“éé%*hf ¥, EAEod D PR (g dinstudt? OIS ©
are dischar ged M?Hlty @eféﬂﬁ.@%ﬁ&?&ex@& e ik tlfle drd %tdto'lnttrbert‘?féf barrel As

in the first enbodinment, a confirnmation was nade wusing an electronic

M croscope mst 97 whet hies BarPel-tffe bIASE "@évELECET OFhesm 1dive tepdringere

exposed fromthe end surfaces 1la and 11b of the ceram c sintered bodies
obt ai ned iz hei@doverdestindethaaardd®e pEEULL Sabfat gecdndf r Fratpn

showed that the internal electrodes 12a to 12f were reliably
#100-mesh zirconia powder used as the abrasive is ejected
from the blast nozzle 25 under a pressure of 0.1 MPa for 15
minutes and the rotation of the barrel pot 22 is continﬁed
in order to carry out blast-type barrel polishing. In this
case, the barrel pot 22 is formed of meshes, so that the
abrasive and the dross resulting from the polishing are
discharged out of the barrel pot 22 by the rotation thereof.

As in the first embodiment, a confirmation was made
using an electroﬂic microscope as to whether or not the
internal electrodes 1l2a to 12f were exposed from the end
surfaces 1lla and 11b of the ceramic sintered bodies obtained
in the above-described way. The results of the confirmation
showed that the internal electrodes 12a to 12f were reliably
exposed from the end surface lla or 1l1b.

As in the first embodiment, layered capacitors were
obtained using the ceramic sintered bodieé obtained in the
above-described way.

As in the first embodiment, the connection states of -

the external electrodes and the internal electrodes of the

layered capacitors obtained in the above-described way were



exposed fromthe end surface 1l1la or 11b. As in the first enbodi nent,

| ayered capacitors were obtained using the ceram c sintered bodies
obtained in the above-described way. As in the first enbodi ment, the
connection states of the external electrodes and the internal electrodes
of the |l ayered capacitors obtained in the above-described way were

- 18 - observed. "The observations showed that they were reliably
connected due to conplete alloying in the external electrodes and the
i nternal el ectrodes resulting fromnutudB -scattering. As in the

first enbodiment, no deterioration in the insulation resistance property
of 100 | ayered capacitors was observed after evaluating the

Weatherprcﬁé{%?fg&herfﬁé:observa%g§§§fQﬁ@waﬁ?ﬁ%ggafﬁggngefgbﬁgiﬂgﬂigtOQ’ by

pol i shi ng eram c sintered es wt el -type ast evi ce

21, the | Wdabe &h o6he 0P8 cdip1éPe 12116988010  ghbabkyegiRosed frOM the

end surface 1la or ceramc sintéred bodies, and.the externa

el ectrodese e ibees | 2h&' PRE LhEELhAUCE1680rB8eECLEahl YiRGCEEbNCAhtYal
connected together. Further, no deterioration in the insulation

resi st ancesgdoperiygwas observed because the polishing was carried out by

a barrel-type blast device that does not use water. In the second

enbodi nent t oo, Astaity e afdixsisieniss®inent, no deterioration in the
insulation resistance property of 100 layered capacitors was
observed after evaluating the weatherproofness thereof.

Therefore, in the second embodiment too, by polishing
the ceramic sintered bodies with the barrel-type blast
device 21, the internal electrodes 12a to 12f can be
reliably exposed from the end surface lla or 1l1b of the
ceramic sintered bodies, and the external electrodes and the
internal electrodes can be reliably electrically connected
together. Further, no deterioration in the insulétion
resistance property was observed because the polishing was
carried out by a barrel-type blast device fhat does not use
water.

In the second embodiment too, many ceramic sintered
bodies can be polished at one time because many ceramic
sintered bodies can be put into the barrel pot 22 and
polished. .

Although in the first and second embodiments layered .
capacitors are produced, the ceramic electronic part
-producing method of the present invention can also be used

to produce other types of ceramic layered electronic parts,



bodi €s can be polished at one tine because many ceram c sintered bodies
can be put into the barrel pot 22 and polished. Al t hough in the
first and second enbodi nents | ayered capacitors are produced, the ceramc
el ectronic part producing nethod of the present invention can al so be used
to produce other types of ceramic |ayered electronic parts,
- 19 - such as layered inductors or |ayered varisters; or to produce
ceram c electronic parts with only one internal electrode. In the
present invention, when polishing is canpied out wth the above-descri bed
barrel -type bl ast device, alum na powder or the |like may be used as the
abrasive, instead of zirconia pomder According to the ceramc

[£5§ Lnvention IS ceram c
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Therefore, it is possible to provide highly .
with the above-described barrel-type blast device, alumina
powder or the like may be used as the abrasive, instead of
zirconia powder.

According to the ceramic electronic part producing
method of the present invention, the ceramic sintered bodies
are polished by the dry-type barrel polishing method that
does not use water in order to expose the internal
electrodes from the outside surfaces of the ceramic sintered
bodies. Therefore, the problems of delamination and
deteriorat;on in electrical properties, such as insﬁlation
resistance property, caused by moisture flowing in from the
interfaces between the external electrodes and the ceramics,
seldom occur. Therefore, it is possible to provide highly
reliable ceramic electronic parts.

In addition, since the dry-type barrel polishing method
is used, many ceramic sintered bodiés can be processed at
one time, making it possible to produce allarger number of
ceramic electronic parts.

In the present invention, when the above-described

centrifugal barrel device is used to carry out the above-

described dry-type barrel polishing, many ceramic sintered



retiable ceram c electronic parts. In addition, since the dry-type
barrel polishing nethod is used, nmany ceram c sintered bodies can be
processed at one tine, making it possible to produce a | arger nunber of
ceram c electronic parts. In the present invention, when the
above-described centrifugal barrel device is used to carry out the above-
descri bed dry-type barrel polishing, many ceram c sintered

- 20 - bodi es can be put into barrel pots to subject themto the
dry-type barrel polishing. Therefore,-n2@y-ceram c sintered bodies can be
easily polished by sinply putting theminto the barrel pots and driving
the centrifugal barrel device. Consequently, an even |arger nunber of

ceram c el I QNi e J_q_cgﬁc . lnyention,
when t he a%g/lee%;ecfsa&i e_ﬁj%%g'rq‘r% -%pe Ieﬁe;qstts dte?/iscde ésé"l.ﬁs@ tgrgcatlf% out the
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bodi es can be easily and reliably polished by sinply putting the ceramc

sintered hpias iddm v Raidaly &smfg}fécﬂ@ftémpmrp@@wﬁ%valém ofm€o bl ast

nozzle. In this case, the internal electrodes are reliably exposed from

the end suwHe Rl tdvrs EAIAMELEINY efiedl dadiebfugdll v@EPyeTedevige si nt er ed
bodi es can be processed at one tine, so that it is possible to produce

hi ghl y relGaidemqearidy c @l estemwriargar troamdr oo ntéyamic eledtwrdhie present
i nvention, when the barrel pot or pots
parts can be produced.

In the present invention, when the above-described
barrel-type blast device is used to carry out the dry-type
barrel polishing, the end surfaces of the ceramic sintered
bodies can be easily and reliably polished by simply putting
the ceramic sintered bodies into a barrel pot and ejecting
an abrasive from a blast nozzle. 1In this case, the internal
electrodes are reliably exposed from the end surfaces of the
ceramic sintered bodies, and many ceramic sintered bodies
can be processed at one time, so that it is possible to
produce highly reliably ceramic electronic parts efficiently.

In the present invention, when the barrel pot or pots
are constructed so that at least é portion or portions
thereof are formed of meshes or a member or members with
many holes, the abrasive or the drools resulting from the
polishing can be quickly discharged out of the barrel pot or
pots from the meshes or the many holes.

In the present invention, when the step of obtaining

ceramic sintered bodies is carried out by subjecting

unsintered ceramic layered bodies io dry-type barrel



are constructed so that at least a portion or portions thereof are forned
of nmeshes or a nenber or nenbers with many holes, the abrasive or the
drools resulting fromthe polishing can be quickly discharged out of the
barrel pot or pots fromthe neshes or the many hol es. In the present
invention, when the step of obtaining ceramc sintered bodies is carried
out by subjecting unsintered ceramc |ayered bodies to dry-type barrel

- 21 - polishing in order to round the corners of the unsintered |ayered
bodi es, the external electrodes are rel+ably-formed to a sufficient

t hi ckness even at the corners. Therefore, when a ceramc electronic part
is mounted onto, for exanple, a printed circuit board, the probl em of

br eakage of r.t foowr onne th t C gg] om
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resi stance property, or interlayer peeling, cal am nat |

occur in thegef alr QR MHickAd i althaddleddiferdd Nalrdad®re,
When t he above-described centrifugal barrel device is used to subject

unsintered gHeHN£ depiRd Il @ idiert Ay rotifrdfirdiflo PEd 1S hdsbmpT@NY
ceram c | ayered bodies can be put into and processed in barrel pots,

makihng it pesymirted circubtiedimgh) ythelpriblen Rbreaiand ronisapes tof
i thout wires connected to the external electrodes seldom occurs.
In addition, since water is not used in the barrel polishing,
the problems of deterioration in electrical properties, such
as insulation resistance property, or interlayer peeling,
called delamination, seldom occur in the ceramic electronic
parts obtained at the final stage.'

When the above-described centrifugal barrel device is
used to subject unsintered ceramic layered bodies to the
dry-type barrel polishing, many ceramic layered bodies can
be put into and processed in barrel pots, making it possible
to provide highly reliable ceramic electronic parts without
reducing the number of ceramic electronic parts that can be

produced.



reduci ng the nunber of ceranic electronic parts that can be produced.
- 22 - WHAT IS CLAIMED | S: 1. A nmethod of producing a.ceramc
el ectronic part including an internal electrode in a ceram c sintered body

and an external electrode electrically connected to| Imﬂ m UMUHLeCt rode
at an outside surface of the ceramc sintered body\?} ndo®r i si ng
the steps of: - obtaining the ceramc sintered body including the

i nternal el ectrode; and exposing the internal electrode fromthe
outside surface of the ceram c sintereg2bedy by subjecting the ceramc

sintered body to dry-type barrel polishing. 2. A nethod of
producing a ceramc electronic part according to Caim1l1, wherein when the

dry‘type[%ﬁifﬂl§féﬁéﬁﬁﬁémké§ carried out, a dry-type centrifugal barrel

device is used, ype centrifugal barrel device including a rotary
plate that rotates around a rotary shaft as a center; a first drive
source, connected to the rotary plate, for rotationally driving the rotary

plate; a barreli, pQl rfedReC 0 groddi@ Pl Ridle SRdATdiid Yalte al ong
with the rotary plate around the rotary shaft of the rotary plate and
i ndependenihylwdindearn olperih Bt Sledifodar 1@l a détdmic sintered body
and an external electrode electrically connected to the
internal electrode at an outside surface of the ceramid
sintered body, the method comprising the steps of:’
obtaining the ceramic sintered body including the
internal electrode; and
exposing the internal electrode from the outside

surface of the ceramic sintered body by subjecting the

ceramic sintered body to dry—typé barrel polishing.

2. A method of producing a ceramic electroniclpart
according to Claim 1, wherein when the dry-type barrel
polishing is carried out, a dry-type centrifugal barrel
device is used, the dry-type centrifugal barrel device
including a rotary plate that rotates around a rotary shaft
as a center; a first drive source, connected to the rotary
plate, for rotationally driving the rotary plate; a barrel
pot connected to the rotary plate so as t6 rotate along with
the rotary plate around the rotary shaft of the rotary plate
and independently of the rotary plate, the barrel plate
accommodating the ceramic sintered body therein; and a

second drive source, connected to the barrel pot, for



acconmodating the ceram c sintered body therein; and a second drive
source, connected to the barrel pot, for

- 23 - rotationally driving the barrel pot; and wherein [err]

the ceramic sintered body is put into the barrel pot, and the rotary plate
and the barrel pot are rotated. 3. Ane cing a ceramc
el ectronic part according to Caim1l, wherein mhenI !ﬂ ir ﬁﬂ ﬂlrel
polishing is carried out, a barrel-type blast devic

barrel -type bl ast device including a baeBel pot constructed so as to
rotate around a rotary shaft as a center, the barrel pot having an
opening; a blast nozzle for ejecting therefroman abrasive towards the

opening i n.tfes 5ﬁg¥?% §91v1ﬁgd¥ﬁ% ég;é c¢§€e,a&8nnected to the barre

pot, for rotation arre and mhereln a plurallty

of the ceram c (§{dU&y ﬁ%reg&aﬂtg dif tﬁé(?fﬁrbo%r%rtqh Q%tta d he v

barrel pot is rotated asive 1s ejec st nozz e to
carry out béf‘ﬁeﬁryofypén@afl'i@'r@@éi:}? Idte and the ‘barrdEt &fe Produci ng
a ceramc electronic part according to either Claim2 or wher ei n at

| east a pordt@vedof the barrel pot is formed of meshes or of a nmenber with

3. A method of producing a ceramic electronic part
according to Claim 1, wherein when the dry-type barrel
polishing is carried out, a barrel-type blast device is used,
the barrel-type blast device including a barrel pot
constructed so as to. rotate around a rotary shaft as a
center, the barrel pot having an opening; a blast nozzle for
ejecting therefrom an abrasive towards the opening in the
barrel pot; and a drive source, connected to the barrel pot,
for rotationally driving the barrel pot:; and

wherein a plurality of the ceramic sintered bodies are
put into the barrel pot, and as the barrel pot is rotated,
the abrasive is ejected from the blast nozzle to carry out

the dry-type barrel polishing.

4. A method of producing a ceramic electronic part
according to either Claim 2 or 3, wherein at least a portion

of the barrel pot is formed of meshes or of a member with

many holes.

5. A method of producing a ceramic electronic part



many ‘hol es. 5. A nethod of producing a ceram c electronic part

- 24 - according to any one of Clains 1 to 4, wherein the step of
obtaining the ceram c sintered body includes the stage of obtaining an
unsintered ceram c | ayered body, and the stage roundi ng a corner of the

unsintered | ayered body by subjecting the un5|nter d body
to the barrel polishing. 6. A nethod of prlimnﬁ rﬂmuumﬁlﬁ
el ectronic part according to daimb5, wherein in the stade 8f &ubjecting
the wunsintered ceram c |ayered body toz2gahe barrel polishing, a dry-type

centrifugal device is used, the dry-type «centrifugal device including a
first drive source, connected to a rotary plate for rotationally driving

Fotate al GssRe e RS P8 of LIFEME G o of PR NP RS K LT,
plate and dde fﬂjinﬁﬂé( Qéréxh“ rQ:fal‘?% ﬁga%ﬁdﬁ?ﬁcl‘? déefhé’lﬂg e, of

acconmodat | ng eramc sint a secon drive
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of rounding a corner of the unsintered layered body by
subjecting the unsintered ceramic layered body to the barrel

peclishing.

6. A method of producing a ceramic electronic part
according to Claim 5, wherein in the stage of subjecting the
unsintered ceramic layered body to the barrel polishing, a
dry-type centrifugal device is used, the dry-type
centrifugal device including a first drive source, connected
to a rotary plate, for rotationally driving the rotary.
plate;: a barrel pot connected to the rotary piate so as to
rotate along with the rotary plate around a rotary shaft of
the rotary plate and independently of the rotary plate, the
barrel plate accommodating the ceramic sintered body
therein; and a second drive source, connected to the barrel

pot, for rotationally driving the barrel pot.



