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METHOD AND APPARATUS FOR FIRING CERAMIC COMPACT

BACKGROUND OF THE INVENTION

The present;inventionreluwsto a method and apparatus for firing ceramic

Inmassproductionofcenmice_lecn'onicpartsandﬂae-likc. green ceramic
compacts are generally fired using a batch firing apparatus 1a such as set forth in

Figure 4. Figure 4 is a cross-sectional view of the batch firing apparatus la, provided

with a furnace 2a having a firing space 3a for green ceramic compacts therein. The
furnace 2a comprises a furnace wall 4a including & ceiling and a side wall, a stage
102 as a hearth, a heater Sa provided along the furnace wall 4a in the furpace 2a, a
gas infet pipe 6a and a gas outlet pipe 7a provided in the ceiling of the furnace.
Further, a Iift 9a is provided under the stage 10a for raising and iowenngthe stage

mmeﬁrmgproeessofgreenccnmmcompactsusihgtheﬂﬁngappm 1a,

a casing 8a including many green ceramic compacts is put on the stage 102 and placed

in the firing space 3a in the furnace 2a. The firing space 3a is heated with the heater
5a to fire the green ceramic compacts while supplying a given gas through the gas
inlet and outlet pipes 6a and 7a. After the furnace 2a is cooled to a predetermined
lemperature, the stage is lowered with the lift 9a to remove the fired ceramic

Smcoolmgmtheﬁmcehoftb:cermucconwacts which is fired at 2
high temperature, to room texnperature requires a long time period, it is proposed in
order to achieve faster cooling that the stage 108 be lowered with the ift 9 while the
fired ceramic compacts have a high temperature be cocled by direct exposure to the
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corrpaets ectroni c parts : Description of the Related Art

I n mass production of ceramc el ectronl c parts and the like, green ceramc
conpacts are generally fired using a batch firing apparatus |l a such as set
forth in Figure 4. Figure 4 is a cross-sectional view of the batch firing
apparatus la, provided with a furnace 2a having a firing space 3a for green
ceram ¢ conpacts therein. The furnace 2a cénprises a furnace wall 4a

including a ceiling,and a.side wall,  a stage 10a as a hearth, a heater 5a
provided al ong t he HORFwEcSIFR mpideoaling of mmwmwﬁﬁmesa

and a gas outl ' 8 of efetikitl @HarhQeridhis SfCdléckid ﬁ%@a&gmmgurther
lift 9a is promed under the stage 10a for ra|5|ng an ring the stage

| 0a. The fur nacempegts duedo ghegiosiable spoling pimasphere. In the firing process -
of green ceranic conpacts using the firing apparatus |a,
S SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method and apparatus for
firing ceramic compacts in which rapid cooling of fired ceramic compacts can be
achieved in a stabilized cooling atmosphere.

In accordance with the present invention, 2 method for firing a green ceramic

10 compact comprises the steps of: placing a casing containing a green ceramic compact
into a firing tbe made of a highly heat-conductive material so as to substantially =
close the casing; firing the green ceramic compact in a firmace; cooling the fired
ceramic compact by directly exposing the outer surface of the firing tube to open air;
and removing the casing from the firing tube. |

15 In accordance with a second aspect of the present invention, a firing apparatus
for a green ceramic compact comprises: a furnace which may be provided witha
hearth comprising 2 first stage and a second stage, each being independently movable;
and a firing tabe in the furnace with a given space from the side wall of the furnace,
the top of said firing tube perhaps being fixed to the ceiling of said furnace, the

20 bottom end of the firing tube capable of being placed on the first stage loaded with a
casing containing the green ceramic compact 0 as to substantially close the casing,
the firing tube having a space for firing the green ceramic compact therein and being
formed from a highly heat-conductive material.

In accordance with the method and apparatus for firing a ceramic compact of

25 the present invention, cooling of the fired ceramic compact is performed by directly
exposing the outer surface of the firing tube to open air after the casing containing the
ceramic compact is loaded in the firing tube made of a highly heat-conductive material
s0 as to substantially seal the casing away from open air. In such cooling of the fired
cerarnic compact, the firing space atmosphere in the firing tube is not disturbed by the

30  open air but after the ceramic compact is fired, the firing tube is, and thus cooling can
be stably achieved.
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and pl-ace ring space 3a I1n the furnace 2a. The firing space 3a is
heated with the heater 5a to fire the green ceram c conpacts while
supplying a given gas through the gas inlet and outlet pipes 6a and 7a.
After the furnace 2a is cooled to a predeterm ned tenperature, the stage
|0a is lowered with the lift 9a to renove the fired ceram c conpacts.

Since cooling in the furnace 2a of the cer#&aic conpacts, which is fired at
a high tenperature, to roomte erature r U|res along time period, it is
proposed in order to achiev @ﬂ 10a be | owered

.\tI)Met Eof)lhgdl Ibzltd??e\(l:\{“ é@r‘(&)sure to e O%@WEP&W%PWWW

compact in acco:dm with an embodlmcnt of the present invention, and Figure 1B is
a horizontal sectional view taken from line A-A of Figure 1A;

5 Figure 2 is a longitudinal sectional view for illustrating the cooling step of the
fired ceramic compact in the apparatus sct forth in Figure 1; |

Fxgure3lsalongnmdmzlsccnonalvwwforﬂmsmtmgthzstepforremovmg

the fired ceramic compact from the apparatus set forth in Figure 1; and
. Figure 4 is a longitudinal sectional view of a prior art apparatus for firing a

10  ceramic compact.

DESCRIFTION OF THE PREFERRED EMBODIMENTS
The present invention will now be illustrated with reference to the
embodiments set forth in the drawings.

15 Figure 1A is a longitudinal sectional view of a barch firing apparats 1 as an
embodiment in accordance with the present invention, and Figure 1B is 2 hoﬂzo@
sectional view taken from line A-A of Figure 1B. A heater 5 set forth in Figure 1A
is omitted in Figure 1B.

The firing apparatus 1 includes a furnace 2 and a firing tube 14 which is

20  provided on the ceiling of the furnace 2 and has a firing space 3 for firing a ceramic
compact. The furnace includes & furnace wall 4 including a ceiling and a side wall, a
hearth comprising a first stage 10 and a second stage 12, a heater S provided in the
furnace 4 along the inner firing tube 14, a gas inlet pipe 6 and a gas outlet pipe 7.
The first stage 10 is located in the center of the furnace 2 and the second stage 12 is a

25  ring tightly provided along the periphery of the first stage 10 without openings to seal
in the heat during a firing. The first and second stages 10 and 12 move independently
from each other. :

The gas inlet and cutlet pipes 6 and 7 are provided in the ceiling of the firing
tbe 14. The composition of the gas used depends on what characteristics are desited

30 in the fired ceramic compacts. The firing tube 14 is provided in the furnace 2 so as
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deterlora I on uctuatlon of electric characteristics of electronic

parts conprising ceram c conpacts due to the unstable cooling atnosphere.
SUMVARY OF THE | NVENTI ON

4

to have e given space 13 between the furnace wall 4 and the side wall of the firing
tube 14, The top end of the firing be 14 is tightly fixed to the ceiling of the furnace
2 by a sealing means. A casing 8 containing a green ceramic compact is loaded on
the first stage 10 and is enclosed by the bottom end of the firing tube 14 and the first
5 stage 10 50 as to not form a gap between them. The firing tube 14 is formed from a
highly heat-conductive material, for example, alumina and silicon carbide. Silicon
carbide is preferably used duc to its high heat conductivity and high mechanical
strength. - The first and second stages 10 and 12 of the hearth are provided with lifts 9
andlSsothattheﬁ:standsecom_smgeslOandlZeanriseandfallindependenﬂyof
10 each other. The furnace 2 is supported by legs 11.
Next, a method for firing a green ceramic compact using the apparatus 1 set
forth above will be illustrated with reference to Figutes 1 and 2,
The casing 8 containing many green ceramic compacts is loaded on the first
stage10andplacedinthcﬁrlngmbc14inthemmace2bymeansotthcliﬁ9. The
15 casing 8 is thereby enclosed in the firing space 3 in the firing tube 14. The second
stage 12 is also raised by means of the lift 15 so as to close the furnace 2. Then, the
heater 5 is energized to heat the firing space 3, and a given gas is fed through the gas
inletandouﬂetpipesﬁand7tof‘uetliegreenceramicoompacts.
After firing, the second stage 12 is lowered along the X direction set forth in
20  Figure 2 by means of the Lift 15 while still enclosing the firing tube 14. The space 13
between the furnace wall 4 and the firing tube 14 is exposed to open air by an
opening formed by such movement of the second stage 12 and thus the firing tbe 14
isdirecﬂyexposedﬁodpenair. Thus, the fired ceramic compacts, as well as the
firing wbe 14, are cooled by open air introduced throughmeopening In order to
25  shorten the cooling time, cool air may be fed passed the outside of the firing tube 14
with a fan. 'meﬁredceram:ccommuecooledtomundmomtempemmin
such a mannet,
Then, the first stage 10 is lowered along the X direction set forth in Figure 3
by means of the lift 9, the casing 8 containing the fired ceramic compacts is unloaded
30 from the first stage 10, and the fired ceramic compacts are removed from the casing
8.
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for flrlng ceram c conpacts in which rapid cooling of fired ceramc
conpacts can be achieved in a stabilized cooling atnosphere. In
accordance with the present invention, a nethod for firing a green ceranic
conpact conprises the steps of: placing a casing containing a green ceramc
conpact into a firing tube nmade of a highly heat-conductive material so as
to substantially close the casing; firing the green ceranic conpact in a

furnace; cooling the fjred ceram act by di rectly exposi ng the outer
surface of the firi ﬁgdﬂixﬁ‘é"’f’g ;ﬁ'ﬁ’geﬁ’;&)’ EOFRRACH the  firing spaceatmpspheten o
firing tube defably BothoFRAGRS Shén witknSupen B i itSiced in tHe TuRac>s B

i nvention, a fi r| ng ap ar at us for a green cer am C corrpact conprises:. a

furnace which i fired) cerpmis comypaces.t s elsetroniciparts madenf suchnepsamicd a

Fur nace wi i a e ?ﬁ%%‘ég‘?‘?‘gﬁqﬂ‘?ﬁ'm“é%&?&?‘%ﬁumace FpEe pla 7

said firing% ub&éﬂhﬁéé mayibegnelpsed do an extent thatithe atmpospherccindhe fivingispace 8he

oatog vt n p 1ot bibtaia'sy Ypedt B hroduon'If WiBLBFEC O7 (he ISt stage

: The firing method in accordance with the present invention will be explained
in more detail with reference to a monolithic ceramic capacitor of 100 nF capacitance
having a length of 1.6 mm, a width of 0.8 ram and a thickness of 0.8 mm. Using the

10 firing apparatus 1 set forth above having 2 firing mbe 14 made of silicon carbide, an
aluminum casing containing many green ceramic compacts was loaded onto the first
stage 10. The green ceramic compacts were fired in the firing tube 14 at a maximum
firing temperature of 1,300 °C, and then the inside of the furnace 2 was cooled as is.
Then, the second stage was lowered to introduce open air into the furnace 2, The

15  fired ceramic compacts were, thereby, cooled from 1,000 °C to room temperature at
a cooling rate of approximately 10 °C/min. The first stage 10 was lowered, the
casing 8 was unloaded from the first stage 10, and the fired cerarnic compacts were
removed from the casing 8. Monolithic ceramic capacitors were obtained in such a
manmer. .

20 For comparison, green ceramic compacts were fired as in set forth above with
the prior art apparatus 1a set forth in Figure 4, the stage 10a was lowered at a high
teraperature of 1,000 °C to directly expose the fired ceramic compacts to open air,
and the fired ceramic compacts were cooled at a cooling rate of 10 *C/min. Prior art
monolithic ceramic capacitors were obtained in such a manmer.

25 Each 100 of the monolithic ceramic capacitors obtained by the methods in
accordance with the present invention and based on the prior art were subjected to
evalnation of change in electrostatic capacitance. As a result, it was found that the
monolithic ceramic capacitors obtained from the prior art methiod have a high change
variance (CV) value in clectrostatic capecitance of 13.8%, whereas the monolithic

30 ceramic capacitors obtained from the method in accordance with the present invention
have a low change variance (CV) value of 4.9%.
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t he casi ng, e firing tube having a space for firing the green ceramc
conpact therein and being formed froma highly heat-conductive material.

In accordance with the method and apparatus for firing a ceram c conpact of
.the present invention, cooling of the fired ceram c conpact is perforned by

directly exposing the outer surface of the firing tube to open air er

t he casing containing the ceram c conpact '|6§ | oaded in the firingtube nade

avay 1 om open ai . ACpeesinefy, BB bbbt O i helbed il 0 oy SR il pe°°' 9 v
firing space atsaiblynindrrapidly dobled withowmgiisturbénce by s optnirur bed by the open air
D e o e SRR Btk | bt Skl il b el S bl
to the embodiments set forth above and thus can be modified within the scope of the
5 present invention. For example, although the stage 12 is vertically movable in the
- cmbodiments set forth above, a horizontally movable stage may also be used.

The shapes of the furnace and the firing space are not limited to being
cylindrical as shown in Figure 1, and other shapes such as a prism or other rectilinear
shapes may be employed. The shape of the firing tube 14 is also not limnited to 2

10 -cylinder, and may be, for example, prismatic or other rectilinear shape. Moreover,
the first stage 10 and the second stage 12 are not limited to being circular and a
circular ring, and may be, for example, rectangular and a rectangular ring,
respectively. The second stage 12 may have an appropriate shape independent of the
shape of the first stage 10 as long as the second stage 12 is provided so as to tightly

15  close the casing 8.

Although the casing 8 loaded on the first stage 10 is made of alumina in the
embodiments set forth above, other materials such as zirconia may be also used.

Further, the method and apparatus of the present invention are applicable to
any ceramic electronic parts formed by firing green ceramic compacts other than

20 monolithic ceramic capacitors.
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I ew of an apparatus for firing a ceramc -
conpact—n—acecordance—w-th an enbodi mrent of the present invention, and

Figure 1B | ' rizo | "sectional view taken fromline A-A of Figure 1A
Fi guremm BH ! ﬁ'l ﬁ al sectional view for illustrating the cooling step
of the'f§ act in the apparatus set forth in Figure 1;

WHAT IS CLAIMED IS: )
1. A method for firing a green ceramic compact comprising the steps of:
placing a casing containing a green ceramic compact into a firing tube

made of a highly heat-conductive material so as to substantially enclose said casing;
5 - firing said green ceramic compact in & furnace;

cooling the fired ceramic compact by directly exposing the outer

surface of said ficing tube to open air; and
removing said casing from said firing wbe.

10 2. A method in accordance with claim 1, further comprising the step of
providing said firing tube in said farnace.

3. A method in accordance with claim 1, wherein said placing step
includes the steps of placing said casing containing a green ceramic compact on a first
15 movable stage and moving said first stage into contact with said firing tube so as to
substantially enclose said casing.

4. A method in accordance with claim 1, wherein said firing step includes
the step of moving a second stage into contact with walls of said furnace so as to
20  substantially close said casing to open air. '

5. A method in accordance with claim 4, wherein said cooling step further
includes moving said second stage out of contact with said walls of said furnace to
directly expose the outer surface of said firing tube to open air.

25

6. A method in sccordance with claim 1, wherein said removing step
further includes the steps of moving a first movable stage out of contact with said
firing tube and removing said casing from said first stage.

_. This Sheet Has Been Reﬂlaced
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renovi-ng YPed TEFam ¢ conpact fTom t he apparatus set forth in Fi gure
<1; and Figure 4 is a longitudinal sectional view of a prior art
appar ceram c conpact. DESCRI PTI ON OF THE
PREFE%E HM‘“‘MHWM‘ The present invention will now be illustrated
th reference o the* enbodi nents set forth in the draw ngs. Fi gure

1A is a longitudinal sectional VI ew of a bafch firing apparatus 1 as an
enbodi ment i n accordance ;w t sen nyentJd Q IS a
hori zont al sectlonalc}a e@ %ﬂ&‘ﬁm ﬂ%&a%% 5 set
forth in Fi gurmmlmlmww&@m@mmmmemtmmwmmmgm 1

i ncludes a furnage 2 and firi tu mhlch is provided on the ceiling
of the furnace ﬁ@“& f|r|ng a ceramc

5 8. A firing apparatus for firing a green ceramic compact, comprising:
nfurnace'and
=said=furmace, saxdﬁnngmbecapableofbeingloadedwithacaslngoonmningsud
green ceramic compact so as to substantially close said casing, said firing tube having
10  a space for firing said casing therein,

9. A firing apparatus in accordance with claim 8, wherein said furnace is
provided with a hearth comprising a fitst movable stage.

15 10. A firing apparatus in accordance with claim 8, wherein said furnace is
provided with a hearth comprising a first stage and a second stage, each being
independently movable.

11. Aﬁringapparamsinaccordancewiﬂ;claim& wherein said firing tube
20  is provided in said fumace.

12. A firing apparatus in accordance with claim 8, wherein said firing tube
includes a highly heat-conductive material.

25 13. A firing apparatus in accordance with claim 8, wherein said firing wbe
dn-gaid-furnace is at 2 given space from a side wall of said furnace.

14. A firing apparatus in accordance with claim 8, wherein a top of said
firing tube is fixed to a ceiling of said furnace.
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: earth conprising a first stage 10 and a second stage 12, a
heater 5 provided in the furnace 4 along the inner firing tube 14, a gas

'QMHMTIWJ I’ gas outlet pipe 7. The first stage 10 is located in the
cend fm r,mace 2 and the second stage 12 is aring tightly provided
al ong ‘thé p8riphery of the first stage 10 without openings to seal in the

heat during a firing. The first and second-9t ages 10 and 12 nove

i ndependently fromegch otpher. The gas ipl et and out] et pi pes_6_and
7 are provided in tHe cef M#Wﬁg“%w&lﬂm%ﬂh@ﬁ%@%#&dthe

gas used dependSrigmpl il said fuiries & detighdBroToRtakt AR RS sidge s0%s td hibStafifligi C
conpacts. The felniziogeg t.utgaeshlg4 I's provided in the furnaceé 2 so as

i
5 16. A fiting apparatus in accordance with claim(¥} wherein said firing tube v
in said furnace is at a given space from the side wall of said furnace, a top of said
firing tube is fixed to a ceiling of said furnace, a bottom end of said firing tube is
capable of being placed on said first stage so as to substantially enclose said casing,
said firing tube having a space for firing said green ceramic compact therein and
10  being formed from a highly heat-conductive material. '

17. A firing spparatus in accordance with claim 8, wherein said second
stage is movable to close said furnace to open air.

15 18. A firing apparatus for a green ceramic compact comprising the-steps-of: \/
a furnace provided with a hearth comprising a first stage and a second
stage, each being independently movable; and
* a firing tube provided in said furace with a given space from a side
wall of said furnace, a tp of said firing tube being fixed to a ceiling of said furnace,
20  a bottom end of said firing tube being placed on said first stage loaded with a casing
containing said green ceramic compact so as to substantially close said casing, said
firing tube having a space for firing said green ceramic compact therein and being
formed from a highly heat-conductive material.

i
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of the*fi%%@%ﬁe 1‘1?21.}§The top end ot { e'{"i@ring tube 14 ig tightly fi}?gidi
to the ceiling of the furnace 2 by a seal-ing neans. A casing 8 containing a
green ceram c conpact is |oaded on the first stage 10 and is encl osed by
the bottomend of the firing tube 14 and the first stage 10 so as to not
forma gap between them The firing tube 1?1Ais formed froma highly

heat - conductive material, for exanple, alur Oha and silicon carbide. Silicon

carbide is preferably used due M&'&ﬁﬁbﬁm\” ty and high

mechani cal

A method for firing a green ceramic compact comprising: placing a casing
containing a green ceramic compact into a firing tube made of a highly heat-

5 conductive material provided in a furnace so as to substantially close the casing; firing
the green ceramic compact; cooling the fired ceramic compact by directly exposing
the outer surface of the firing tube; and removing the casing from the firing tube, is
disclosed. Also disclosed is a firing apparatus for a green ceramic compact
comprising: a furnace; and a firing tube provided in the furnace with a given space

10 from the side wall of the furnace. The bottom end of the firing tube can be placed on
aﬂmstageloadedwithacasingcomniningthegréenoetamiccompactsoasm
substantially close the casing, the firing tube having a space for firing the green
ceramic compact therein and being formed from a highly heat-conductive material,

I
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wth [Ffts™ 15 so that the first and sécond stages 10 and 12 can rise

and fall independently of each other. The furnace 2 is supported by |egs
11. Next, a method for firing a green ceram c conpact using the
apparatus 1 set forth above will be-illustrated with reference to Figures
and 2. The casing 8 containing many green ceram c conpacts is | oade

on the first stage 10 and placed in the firing tube 14 in the furnace 2 by

1
d

means of the |ift 9. The casing 8 is thereby enclosed in the firing space 3
in the firing tube 14. The second stage 12 is also raised by neans of the
lift 15 so as to close the furnace 2. Then, the heater 5 is _energized to
heat the firing space 3, and a_gi Ve as is fed through 7gas i bl 8t and
outlet pipes 6 and 7 togfé;y t8e green cer co S. After .. 9
firing, the second stag is lo ' ' set for I n
Figure 2 by neans of the Lift 15 v ri ube 14.
The space 13 between the fiu e 4 e fif t 4 i's exposed
to opén air by an opening forgfd vement of B O0e nd stage=T
andthustrF_fiiir;&tube 14 : O x?:‘lﬂ‘%}?%’ = jo A
‘6‘ AN : t_ Z of lniaai H o
| | s BNl _ 14
: 8 %ﬁ?-ﬁﬁ 5N O
° REEES e " o
12 —12
15 / 9
11 10 - —15
~11
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as the-firrng tube 14, are cooled by open air introduced through the

openi ng. I n order to shorten the cooling tinme, cool air may be fed passed
the outside of the firing tube 14 with a fan. The fired ceram c conpacts
are cooled to around.roomtenperature in such a manner. Then, the
first stage 10 is lowered along the X direction set forth in Figure 3 by
means of the |ift 9, the casing 8 containing the fired ceram c conpacts is
unl oaded fromthe first stage 10, and the fired ceram c conpacts are

renoved fromthe casing 8. 8 7 1

3 =

N ” 2
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space atnnsphere I s consi derably honbgeneous even when open air

i‘ntroduced in the furnace 2 to rapidly cool the fired ceramc conpacts
Thus, electronic-parts nade of such ceram c conpacts exhibit stable and
excellent electric characteristics. The firing space 3 in.the firing tube
14 may be enclosed to an extent that the atnosphere in the firing space 3

is not disturbed by open air introduction in the furnace 2. The
firing method in accordance wt he present |nvent|on will ?e expl ained in
nore detail _with reference to a fon® QL C Gep-am _100 nF2
capaci tance " 7 IR
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having a length of 1.6 mm a width of 0.8 nmand a thickness of 0.8 q#uf
Using the firing apparatus 1 set forth above having a firing tube 14 nade :
“of silicon carbide, an alum num casing containing many green ceranic

conpacts was | oaded onto the first stage 10. The green ceram c conpacts

were fired in the firing tube 14 at a maxi numfiring tenperature of 1, 300
[err]C, and then the inside of the furnace 2 was cooled as is. Then, the
second stage was | owered to introduce open air into the furnace 2. The

fired ceram c conpacts were, thereby, cooled from1,000 [err]C to room
tenperature at a cooling rate of approxﬂnately 10 [err]C/mn. The first

stage 10 was Iomered the caS|n 8 was unl oaded fromthe first stage 10,

and the fired MMETHQ BUS EQR: JIRINGCERAMIG GOMPAST ol i t hi ¢

cerami c capacitors were obt ai ned in such a manner. For conpari son,
green ceram c conpacts were fired as in set forth above with the prior art
apparatus |l a set forth i nBACKGRAUND'OBETHEINVENEKION owered at a high

tenperature of 1,000 !err]C,to directly expose the fired ceram c conpacts
to open ail, a ie am c conpacts . -were cooled at a cooling rate
of 10 [er _r] :C/. m The les&i: ififehntion relates to a method and apparatus for firing ceramic

compacts used in electronic parts.

2. Description of the Related Art
In mass production of ceramic electronic parts and the like, green ceramic

compacts are generally fired using a batch firing apparatus 1a such as set forth in
Figure 4. Figure 4 is a cross-sectional view of the batch firing apparatus 1a, provided
with a furnace 2a having a firing space 3a for green ceramic compacts therein. The
furnace 2a comprises a furnace wall 4a including a ceiling and a side wall, a stage
10a as a hearth, a heater 5a provided along the furnace wall 4a in the furnace 2a, a
gas inlet pipe 6a and a gas outlet pipe 7a provided in the ceiling of the furnace.
Further, a lift 9a is provided under the stage 10a for raising and lowering the stage
10a. The furnace 2a is supported by legs 11a. . _
In the firing process of green ceramic compacts using the firing apparatus la-,
a casing 8a including many greén ceramic compacts is put on the stage 10a and placéd |
in the firing space 3a in the furnat:e 2a. The firing space 3a is heated with the heater
5a to ﬁfre the green ceramic compacts while supplying a given gas through the ges
inlet and outlet pipes 6a and 7a. After the furnace 2a is cooled to a predetermined
temperature, the stage. 155 ig lowered with the lift 9a to remove
 the fired ceramic compacts.

; Since cooling in the furnace 2a of the ceramic compacts, which is fired at a
high temperature, to room temperature requires a long time period, it is proposed in
order to achieve faster cooling that the stage 10a be lowered with the lift 9a while the

fired ceramic compacts have a high temperature be cooled by direct exposure to the

open air. | REPLACEMENT SHEETS  SG
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nonolithic ceram c capacitors were obtained in such a manner.

Each

100 of the nonolithic ceram c capacitors obtained by the nethods in

‘accordance with the present invention and based on the REgLAEE

MEAFT SHEET

subj ected to evaluation of change in electrostatic capa

result, it was found that the nonolithic ceram c capacitlor|s obt ai ned frc
the prior art method have a high change variance (CV) val ue i@ JUN 199
el ectrostatic capacitance of 13.8% whereas the nonolithjcl ceram c

capacitors obhtained fromthe nmethod in accordance with the present

I nvention have a | ow change vari ance (C@' val ue of 4.9%¢

However, such rapid cooling of fired ceramic compacts results in deterioration
and fluctuation of electric characteristics of electronic parts comprising ceramic

compacts due to the unstable cooling atmosphere.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method and apparatus for
firing ceramic compacts in which rapid cooling of fired ceramic compacts can be
achieved in a stabilized cooling atmosphere.

In accordance with the present invention, a method for firing a green ceramic
compact comprises the steps of: placing a casing containing a green ceramic compact
into a firing tube made of a highly heat-conductive material so as to substantially
close the casing; firing the green ceramic compact in a furnace; cooling the fired
ceramic compact by directly exposing the outer surface of the firing tube to open air;
and removing the casing from the firing tube.

In accordance with a second aspect of the present invention, a firing apparatus
for a green ceramic compact comprises: a furnace which may be provided with a
hearth comprising a first stage and a second stage, each being independently movable;
and a firing tube in the furnace with a given space from the side wall of the furnace,
the top of said firing tube perhaps being fixed to the ceiling of said furnace, the
bottom end of the firing tube capable of being placed on the first stage loaded with a
_casing c;:ontaining the green ceramic compact so as to substantially close the casing,
the firing tube having a space for firing the green ceramic compact therein and bemg
formed from a highly heat-conductive material.

In accordance with the method and apparatus for firing a ceramic compact of
the present invention, cooling of the fired ceramic compact is performed by directly
exposing the outer surface of the firing tube to open air after the casing containing the
ceramic compact is loaded in the firing tube made of a highly heat-conductive material
S0 as to substantially seal the casing away from open air. In such cooling of the fired
ceramic compact, the firing space atmosphere in the firing tube is not disturbed by the
open air but after the ceramic cd;i_xpéqt is fired, the firing tube is, and thus cooling can
be stably achieved.



-6- - Accordingly, the atnosphere of the firing space 3 in the firing

tube 14 can be stably and rapidly cooled wthout disturbd . )

air. The firing apparatus 1 in accordance with thegﬁﬁigxn' BE}EEE

is not limted to the enbodi nents set forth above and thus |jcan be n‘DdIfl?d
I

within the scope of the present invention. For exanple, althoﬂuwuﬂiéy‘&a e
12 is vertically novable in the enbodi nents set forth abgvd, a horlzon_ta I
novabl e stage may al so be used. The shapes of the jfurnace and the
firing space are not linmted to being cylindrical as shownin Figure 1 __a
ot her shapes such as a prismor other re¥tilinear shapes may be enpl oyed.
The shape of the firing tube 14 is also not limted to a

"~ - BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a longitudinal sectional view of an apparatus for firing a ceramic

compact in accordance with an embodiment of the present invention, and Figure 1B is
a horizontal sectional view taken from line A-A of Figure 1A;

Figure 2 is a longitudinal sectional view for illustrating the cooling step of the
fired ceramic compact in the apparatus set forth in Figure 1;

Figure 3 is a longitudinal sectional view for illustrating the step for removing
the fired ceramic compact from the apparatus set forth in Figure 1; and

Figure 4 is a longitudinal sectional view of a prior art apparatus for firing a

ceramic compact.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be illustrated with reference to the
embodiments set forth in the drawings.

Figure 1A is a longitudinal sectional view of a batch firing apparatus 1 as an
embodiment in accordance with the present invention, and Figure 1B is a horizonfal
sectional view taken from line A-A of Figure 1B. A heater 5 set forth in Figure 1A
is omitted in Figure 1B.

The firing apparatus 1 includes a furnace 2 and a firing tube 14 which is
provided on the ceiling of the furnace 2 and has a firing space 3 for firing a ceramic
cdmpac;t. The furnace includes a furnace wall 4 including a ceiling and a side wall, a
hearth comprising a first stage 10 and a second stage 12, a heater 5 provided in the
furnace 4 along the inner firing tube 14, a gas inlet pipe 6 and a gas outlet pipe 7.
The first stage 10 is located in the center of the furnace 2 and the second stage 12 is a
ring tightly provided along the periphery of the first stage 10 without openings to seal
in the heat during a firing. The first and second stages 10 and 12 move independently
from each other. |

The gas inlet and outlet pipes 6 and 7 are provided in the ceiling of the firing
tube 14. The composition of the gas used depends on what characteristics are desired

in the fired ceramic compacts. The firing tube 14 is provided in the furnace 2 so as



cyli-nder, and may be, for exanple, prismatic or other rectifr
Moreover, the first stage 10 and the second stage 12 are
being circular and a circular ring, and nay be, for exanp
and a rectangular ring, respectively. The second stage 1

appropri ate shape independent of the shape of the first s
the second stage 12 is provided so as to tightly close the
Al t hough the casing 8 |oaded on the first stage 10 is nade of alunlna in
t he enbodi nents set forth above, other naterials such as zirconra may be

al so used. Further, the nethod aﬁa apparatus of the present
I nvention are appl.icable

ny ceyra elec roni.c, parts f firin
green cer al@i have @ngiven page ngbeWF&H ‘ﬁ%g‘lﬂ’?"ten‘i"@ éand @ﬁﬁ%ﬁ)p&g tﬁ% )
tube 14. The top end of the firing tube 14 is tightly fixed to the ceiling of the furnace
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2 by a sealing means. A casing 8 containing a green ceramic compact is loaded on
the first stage 10 and is enclosed by the bottom end of the firing tube 14 and the first
stage 10 so as to not form a gap between them. The firing tube 14 is formed from a
highly heat-conductive material, for example, alumina and silicon carbide. Silicon
carbide is preferably used due to its high heat conductivity and high mechanical
strength. The first and second stages 10 and 12 of the hearth are provided with lifts 9
and 15 so that the first and second stages 10 and 12 can rise and fall independently of
each other. The furnace 2 is supported by legs 11..

Next, a method for firing a green ceramic compact using the apparatus 1 set
forth above will be illustrated with reference to Figures 1 and 2.

The casing 8 containing many green ceramic compacts is loaded on the first
stage 10 and placed in the firing tube 14 in the furnace 2 by means of the lift 9. The
casing 8 is thereby enclosed in the firing space 3 in the firing tube 14. The second
stage 12 is also raised by means of the lift 15 so as to close the furnace 2. Then, the
heater 5 is energized to heat the firing s;pace 3, and a given gas is fed through the gas
inlet and outlet pipes 6 and 7 to fire the green ceramic compacts.

After firing, the second stage 12 is lowered along the X direction set forth in
Figure 2 by means of the lift 15 while still enclosing the firing tube 14. The space 13-
Betwee;n the furnace wall 4 and the firing tube 14 is exposed to open air by an
opening formed by such movement of the second stage 12 and thus the firing tube 14
is directly exposed to open air. Thus, the fired ceramic compacts, as well as the
firing tube 14, are cooled by open air introduced through the opening. In order to
shorten the cooling time, cool air may be fed passed the outside of the firing tube 14
with a fan. The fired ceramic compacts are cooled to around room temperature in
such a manner. |

Then, the first stage 10 is lowered along the X direction set forth in Figure 3
by means of the lift 9, the casing 8 containing the fired ceramic compacts is unloaded
from the first stage 10, and the fired ceramic compacts are removed from the casing
8.
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In the method for firing green ceramic compacts, the firing space atmosphere
is considerably homogeneous even when open air is introduced in the furnace 2 to
rapidly cool the fired ceramic compacts. Thus, electronic parts made of such ceramic
compacts exhibit stable and excellent electric characteristics. The firing space 3 in the
firing tube 14 may be enclosed to an extent that the atmosphere in the firing space 3
is not disturbed by open air introduction in the furnace 2.

The firing method in accordance with the present invention will be explained
in more detail with reference to a monolithic ceramic capacitor of 100 nF capacitance
having a length of 1.6 mm, a width of 0.8 mm and a thickness of 0.8 mm. Using the
firing apparatus 1 set forth above having a firing tube 14 made of silicon carbide, an
aluminum casing containing many green ceramic compacts was loaded onto the first
stage 10. The green ceramic compacts were fired in the firing tube 14 at a maximum
firing temperature 'of 1,300 °C, and then the inside of the furnace 2 was cooled as is.
Then, the second stage was lowered to introduce open air into the furnace 2. The
fired ceramic compacts were, thereby, cooled from 1,000 °C to room temperature at
a cooling rate of approximately 10 °C/min. The first stage 10 was lowered, the
casing 8 was unloaded from the first stage 10, and the fired ceramic compacts were
removed from the casing 8. Monolithic ceramic capacitors were obtained in such a
manner.

for comparison, green ceramic compacts were fired as in set forth above with
the priZ)r art apparatus 1a set forth in Figure 4, the stage 10a was lowered at a high
temperature of 1,000 °C to directly expose the fired ceramic compacts to open air,
and the fired ceramic compacts were cooled at a cooling rate of 10 °C/min. Prior art
monolithic ceramic capacitors were obtained in such a manner.

Each 100 of the monolithic ceramic capacitors obtained by the methods in
accordance with the present invention and based on the prior art were subjected to
evaluation of change in electrostatic capacitance. As a result, it was found that the
monolithic ceramic capacitors obtained from the prior art-method have a high change
variance (CV) value in electrostatic capacitance of 13.8%, whereas the monolithic
ceramic capacitors obtained from the method in accordance with the present invention

have a low change variance (CV) value of 4.9%.



surface of said firing tube to open air; and

casing fromsaid firing tube. 2. A nethod in GAYE N ET
claiml1, further conprising the step of providing said fifi t ube aifd
f ur nace. 3. A nethod in accordance with clain]l] W@UgNM992i d

placing step includes the steps of placing said casing coptaining a green
ceram c conpact on a first novable stage and noving said firststage—Tmt
contact with said firing tube so as to substantially enclpse said casing.
4. A nmethod in accordance with claiml1l, wherein said firing step

i ncl udes -6- -

Accordingly, the atmosphere of the firing space 3 in the firing tube ,i:‘_l_ can be
stably and rapidly cooled without disturbance by the open air. '

The firing apparatus 1 in accordance with the present inve.ntion is not limited
to the embodiments set forth above and thus can be modified within the scope of the
present invention. For example, although the stage 12 is vertically movable in the
embodiments set forth above, a horizontally movable stage may also be used.

The shapes of the furnace aﬁd the firing space are not limited to being
cylindrical as shown in Figure 1, and other shapes such as a prism or other rectilinear
shapes may be employed. The shape of the firing tube 14 is also not limited to a
cylinder, and may be, for ekample, prismatic or other rectilinear shape. Moreover,
the first stage 10 and the second stage 12 are not limited to being circular and a
circular ring, and may be, for example, rectangular and a rectangular ring,
respectively. The second stage 12 may have an appropriate shape independent of the
shape of the first stage 10 as long as the second stage 12 is provided so as to tightly
close the casing 8.

Although the casing 8 loaded on the first stage 10 is made of alumina in the
embodiments set forth above, other materials such as zirconia may be also used. |

Further, the method and apparatus of the present invention are applicable to
any ceramic electronic parts formed by firing green ceramic compacts other than

monolithic ceramic capacitors.



the step of nobving a second stage into contact with wallisgg
so as to substantially clTose said casing to open air. e H

‘nmet hod i cIa|m4 wherei n said cooling step furt her

-1 ncl udesjrmmﬂm(lm mlmﬂ nd stage out of contact with ild %@ JgN ag9kai
furnace to di re y &xpose the outer surface of said fijrijng tube to opgn
air. A nethod in accordance with claim 1 erermsard-
renovi ng step further i ncludes the steps of noving a fiprst novabl e stage

out of contact with said firing tube and renoving said casing fromsaid
first stage. -7-

WHAT IS CLAIMED IS:

1. A method for firing a green ceramic compact comprising the steps of:

placing a casing containing a green ceramic compact into a firing tube
made of a highly heat-conductive material so as to substantially enclose said casing;

firing said green ceramic compact in a furnace;

cooling the fired ceramic compact by directly exposing the outer
surface of said firing tube to open air; and

removing said casing from said firing tube.

2. A method in accordance with claim 1, further comprising the step of
providing said firing tube in said furnace.

3. A method in accordance with claim 1, wherein said placing step
includes the steps of placing said casing containing a green ceramic compact on a first
movable stage and moving said first stage into contact with said firing tube so as to

substantially enclose said casing.

4. ' A method in accordance with claim 1, wherein said firing step includes
the step of moving a second stage into contact with walls of said furnace so as to
substaqtially close said casing to open air.

5. A method in accordance with claim 4, wherein said cooling step further
includes moving said second stage out of contact with said walls of said furnace to

~ directly expose the outer surface of said firing tube to open air.

6. A method in accordance with claim 1, wherein said removing step
further includes the steps of moving a first movable stage out of contact with said

firing tube and removing said casing from said first stage.
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7. A method in accordance with claim 3, wherein said removing step
further includes the steps of moving said first stage out of contact with said firing tube

and removing said casing from said first stage.

8. A firing apparatus for firing a green ceramic compact, comprising:
a furnace; and |
a firing tube e
~.., said firing tube capable of being loaded with a casing containing said
green ceramic compact so as to substantially close said casing, said firing tube having

a space for firing said casing therein.

9. A firing apparatus in accordance with claim 8, wherein said furnace is

provided with a hearth comprising a first movable stage.

10. A firing apparatus in accordance with claim 8, wherein said furnace is
provided with a hearth comprising a first stage and a second stage, each being
independently movable. |

11. A firing apparatus in accordance with claim 8, wherein said firing tube
is provided in said furnace.

12. A firing apparatus in accordance with claim 8, wherein said firing tube
includes a highly heat-conductive material.

13. A firing apparatus in accordance with claim 8, wherein said firing tube

is at a given space from a side wall of said furnace.

14. A firing apparatus in accordance with claim 8, wherein a top. of said

firing tube is fixed to a ceiling of said furnace.

of
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accordance with claim8, wherein said fugnace i's provided
conprising a first stage and a second stage, each being in

with a hearth
dependent |y

novabl e.

15. A firing apparatus in accordance with claim 9, wherein a bottom of said
firing tube in said furnace is designed to contact said first stage so as to substantially
enclose said casing.

16. A firing apparatus in accordance with claim 11y wherein said firing tube
in said furnace is at a given space from the side wall of said‘fumace, a top of said
firing tube is fixed to a ceiling of said furnace, a bottom end of said firing tube is
capable of being placed on said first stage so as to substantially enclose said casing,
said firing tube having a space for firing said green ceramic compact therein and

being formed from a highly heat-conductive material.

17. A firing apparatus in accordance with claim 8, wherein said second
stage is movable to close said furnace to open air.
18. A firing apparatus for a green ceramic compact comprising ;
a furnace provided with a hearth comprising a first stage and a second
stage, each being independently movable; and
a firing tube provided in said furnace with a given space from a side
wall of said furnace, a top of said firing tube being fixed to a ceiling of said furnace,
a bottom end of said firing tube being placed on said first stage loaded with a casing
contalmng saxd green ceramic compact so as to substantially close said casing, said
firing tube having a space for firing said green ceramic compact therein and being

formed from a highly heat-conductive material.



11.. A firing apparatus in accordance with claim8, wherei'n said firing

_tube is provided in said furnace. 12. A firi ng PG |
accordance with claim8, wherein said firing tube includgs A‘;&MT SH.EET

heat - conductive materi al . 13. ~ A firing apparajup 1 n accordande
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accordance with claim8, wherein a top of said
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ABSTRACT OF THE DISCLOSURE
METHOD AND APPARATUS FOR FIRING CERAMIC COMPACT

A method for firing a green ceramic compact comprising: placing a casing

containing a green ceramic compact into a firing tube made of a highly heat-
conductive material provided in a furnace so as to substantially close the casing; firing

~ the green ceramic compact; cooling the fired ceramic compact by directly exposing
the outer surface of the firing tube; and rem_oving the casing from the firing tube, is
disclosed. Also disclosed is a firing apparatus for a green ceramic compact |
coranrisitg: a furnace; and a firing tube provided in the furnace with a given space
from the side wall of the furnace. The bottom end of the firing tube can be plaéed on
a first stage loaded with a casing containing the green ceramic compact so as to
substantially close the casing, the firing tube having a space for firing the green
‘ceramic compact therein and being formed from a highly heat-conductive material.

FIG. 1
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firikng tube in said furnace is designed to contact said
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17. A firing apparatus in accordance with claim8, wherein said second

stage is novable to close said furnace to open air
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18. A firing apparatus for a green ceram c conpact conprlgﬁnbACENﬁmﬂ7SHEET
a furnace provided with a hearth conprising a first stagd gnd a second
stage, each being i ndependently novabl e; and a 1igJuN wgybe
provided in said furnace with a given space froma side waljl of sai d
furnace, a top of said firing tube being fixed to a ceil ijng—of—satd—
furnace, a bottomend of said firing tube being placed or} said first stage
| oaded with a casing containing said green ceram c conpact so as 10
substantially close said casing, said3firing tube having a space for firing
said green ceram c conpact therein aﬁa'belng formed froma highly.

heat - conductive material .
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SEARCH REPORT . Aﬁﬁiicaﬁon-No; 9700881-7

TEXT OF THE ABSTRACT

METHOD AND APPARATUS FOR FIRING CERAMIC COMPACT

A method for firing a green ceramic compact comprising: placing a casing containing a green

ceramic compact into a firing tube (14) made of a highly heat-conductive material provided in

a furnace (2) so as to substantially close the casing (8); firing the green ceramic compact,

cooling the fired ceramic compact by directly exposing the outer surface of the firing tube; and

removing the casing from the firing tube, is disclosed. Also disclosed is a firing apparatus (1)

for a green ceramic compact comprising: a furnace (2), and a firing tube (14) provided in the

furnace with a given space form the side wall of the furnace (4). The bottom end of the firing

_ tube can be placed on a first stage loaded with a casing containing the green ceramic compact

@ soasto substantially close the casing, the firing tube having a space for firing the green
ceramic compact therein and being formed from a highly heat-conductive material.

Fig. 1.
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