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SORTING METHOD OF MONOLITHIC CERAMIC CAPACITORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

.. The p~esent invention relates to a method for 
.· . . . .· : .• .. ·. .·• . . ... . . . . :· . "'::.·: . ~ : .. ·' -~: t'; . 

. :,_s.orting m~noiithic' ceramic capacitors,· ~nd mo~~'~.:::.~>~~·:. >>:::_.: ... :··}.:. ·:, .. 
specifically, it re_lates "to an impro~ettt~~t··· th~~{~,§~·-:·:·· .. · .. ·~>··,_::-:> .. ·,: __ /. 

. ·. .· .· ... . ·.·: 

which increases the efficiency of. the . ~orting ·.process· 

and increases the reliability of the sorting results. 

. :'~ ...... : ... : . . 
2. Description of the Related Art 

. ··.· · .. 

Monolithic ceramic capacitors may encounte~ _a 

problem in which defects, such as cavities in a ceramic 

dielectric substance after burning, are produced when 

foreign materials are mixed or coagulation substances 

are produced in a ceramic dielectric substance during 

15 manufacturing. Since t~ese defects cause the 

deterioration of the insulation resistance of a 

monolithic ceramic capacitor, products having such 

defects should be sorted out to be eliminated at least 

before shipping. 

20 In order to sort out defective products. for 

00419231.2 

eliminat"i~n as mentioned above, an insulation 

resistance of a monolithic cerami.c capacitor is 

generally measured in a manufacturing process of the 

monolithic ceramic capacitor. 
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However, the method for judging the presence of a 
defect by measurement of an insulation resistance as 
described above is essentially to detect the presence 
of the defect indirectly. Therefore, when the defect 

5 is minute, it is almost impossible to detect it using 
the indirect metpod 07 evaluation of measuring 
insulation resistance'. Thus, in effect; the.defect 

... ·. 
cannot: _,be __ ,_detected _by _the. evaluation of. an\insuiation . ":· ~ ·. . . . . . :· . . _;. . . ;. ·~· .. 

resistance. In other words,·:: a .capacitor may.-·:ha:Ve a 
10 minute ·defect but still have normal insulation 

resistance. 

How,~:er, even a minute defect will caus~- the_ 
insulation ·resistance .. of a. monolithic ceramic capacitor . . ~ . . . . . . . . . . . . . . . . 

to det~rio~ate ov.~i ti.~e. ··_This· is, partic_u~arly_ true . . . . . 

15 of monolithic ceram:ic capacitors having thin' diel_ectric 

20 

layers._ · Therefore, a highly reliable sort.ing method 
enabling defects to be detected is required especially 
as the dielectric layers of the capacitors become 
thinner. 

Recently, there are uses of a monolithic ceramic 
capacitor requiring long-term reliability, such as 
military uses, space-technological uses, and automotive 
uses. In monolithic ceramic capacitors for these uses, 
high reliability is req1lired in the process for sorting 

25 the results of testing. In conjunction witp this 
matter, the following us military are known 
as methods for elimination of def ctive items and 
confirmation of qualities with 

00419231.2 
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MIL- C- ? 7 o t if E) J.t-91Yi- lf . ? . '2.-. ?­

reliability:;:. 

(1) [&~ 39111 !, •tAJJ! 4.J2\, V_oltage 

Conditioning". Double the rated voltage is applied for 

96 hours at the maximum working temperature of the 

5 capacitor to actualize defects. After that, an 

10 

15 

insulation resistance/is measured at room temperature 

.to detect _defects by the degree of deterioration ·of_ the 

insulation'.,.j;~~-istance • .-· .. This method is a kind· of burn-
in... ·· · .. r>.~: .. ft1 ~·,..;.c ~-i{~ire,:J: Ite-~ 3,? .<· .. _ .. :_·· · 

(2). ' 1Mffi~1~;· :~rem:· 3j, Insulation. 

Resistance b. at 125°C'!. ·Ari insulation resistance is 

measured at. _1~5°C throug~ the. a_pplication of the rated 

voltage to -_cqnfirm ·that ·~he· ~e·sistanc~ ··is not les·s than 
the. prescr'iB~d·~~~l~e .. · ' .. · .. . . . . ·. . .. ·:-_ :::·. " 

However, -any of the·above-mentioned defect 

,~detecting methods according to the US Military $;f ec. 1 t• cerr1· on . 
(s.t;;;;a.ae, <n-0 present problems. 

In the above-mentioned method (1), conditions 

applied to a capacitor are severe so that a reliable 

20 evaluation result can be obtained. However, the method 

is not ef ~icient as it takes at least 96 hours to 

obtain the evaluation result. Therefore, when numerous 

monolithic ceramic capacitors should be evaluated on a 

100 percent basis, the method 'is not practical. 

25 Then, ·in the above-mentioned method (2), although 
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the evaluation can be completed in a comparatively 

short time, the reliability of the evaluation result is 

not satisfactory in comparison with the above-mentioned 
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method (1). 

SUMMARY OF THE INVENTION 

Ac.cordingly, it is an object of the present· 

invention eo provide a sorting method for monolithic. 

ceramic capacitors in,.which the efficiency is improved 
. ' 

and a ~eliable.sorting result is obtained. 
.. .. . 

_: ... _To put' it · si1nply, the object of the ·pres~.nt· .·'-:/< · ·· · . 
inv~~-tion is to· ~olve the. a:btive-d~scrib~d t~ci~'{.'J~i"/·· 

. . . ~~ .. :·.. .. . 

problems by performin~:J both the methods (1) .·.and ;:(2); . 
which ar.e us military[~.~ speci f~.c~1;0 h 

. In · further detail, a method. for sorting of : . · ... 

. monolithic ceramic capacitors a~cording to the.pre;sent 

invention. do~pris·e~ the. st~ps · .. of applying nbt_· .le·s~.- than 

double a rated voltage·· at ·a maximum working·temperature 

15 to a monolithic ceramic capacitor to be sorted as a 

burn-in process step; and measuring insulation 

resistances while applying not less than the rated 

voltage at a temperature of not less than 70°C to the 

same monolithic ceramic.capacitor as a high temperature 

20 insulation resistance measuring process step. As a 

result, monolithic ceramic capacitors having abnormal 

insulation resistances can be detected. 

In the invention, it may be preferable that the 

burn-in process be.performed in advance whil~ t~e high 

25 temperature insulation resistance measuring process be 

performed afterward. 

In this case, the high temperature insulation · 
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resistance measuring process may be performed after the 

burn-in process without measuring an insulation 

resistance at room temperature, or the method may 

further comprise a step of measuring an insulation 

5 resistance at room temperature while applying the rated 

voltag~ to the monoli~hic ceramic capacitor after the 

10 

15 

! . 

burn-in.process and·~efore the high temperature 

··.i"nsulation'_.resistance measuring process. ·· · ·· ·· 
... · ··". ·.· In th~··:in~~nti6~;-.: ·the b~rn-i~ p~~~es.s a~d- the hi~~'·'..2:_·:{;:.\:_ .. : · 

'•.. . . . . . · ..... . 

temperature insulation. resistance ineasuri~g p:rocess may · · -.· · 

be preferably performed as continuous processes. 

The direction of.applied voltage to the.monolithic 

ceramic capa'c:itor. i:O.. the burri-iri process may. preferably . 

. agre~ with:·:·ihe: dlr~cit:ion of applied 'voltage to the. 

monolithic ceramic capacitor inthe high temperature 

insulation .resistanc_e measuring process. 

Other .features and advantages of the present 

invention will become apparent from the following 

description of the invention which refers to the 

20 accompanying drawings .. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described with a. 

preferred examples; comparative examples f~r clarifying_ 

the advantages of the present invention will also be 

25 described. 

Monolithic ceramic capacitors having a size of 3.2 
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mm x 1.6 mm x 1.6 mm, a capacitance of 4.7 µF, and a 
rated voltage of 10 V were prepared as samples. In 
addition, in order to facilitate comparative evaluation 
further between the examples of the invention and the 

5 comparative examples, the samples were chosen from a 
lot having numerous cavities in ceramic dielectric 
porti,ons. 

Then, these samples were di video,_ into .. four -.groups -_';>- · -
·:.·>·· .·· . . .... '· 

10 

15 

20 

25 

..... -
of 50 samples each. - The proces"se~',; indicate<i;:=]:)y:--the ;-~;. ·.. . . . . ·:· .. ; .... · ·: ... 

. . . . . . ,. . ·: . ~... . . . 

Process Nos.~, 2, 3, and 4 in TABLE I -were (;a.l:ried out 
to the first, second, third, and fourth.· group, .­
respectively. 

. .... _. 
. ; . . 

. ·.;:···-'.' :" 

-:·:. 

[TABLE .I] 

Process No. l 2 3 4 

105°C 105°C 105°C 
Burn-in Process 30 v Nothing 30 v 30 v 

5 min 5 min 5 min 
Insulation 25°C 85°C ·a5°c 85°C 
resistance 10 v 10 v 10 v 10 v 
Measuring 1 min 1 min 1 min 1 min 
Process 
Applied Voltage Disagree - Agree Disagree 
Direction 

Defective Rate 3/50 l/50 5/50 3/50. 
at Sorting 
Defective Rate 3/47 4/49 0/45 1/47 
at Reliability 
Test 

::-."· ... • .. : ... :. ·. 
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In TABLE I, conditions for each of the burn-in 

process and the insulation resistance measuring process 

are shown. 

It is apparent from each of conditions of the· 

5 burn-in process and the insulation resistance measuring 

~process that Process No. 1 is a comparative examp~e·of 

the···present-.: ib:~e~tio~ be~ause althoU~~-:::·:~~th the··bum~in 
process and · ~h~ insuiation resistan~:~:~},~~isuring proc·~'~s· 

. . . . .. -·· ·;.: .. . · . . . 

were performe~ .. in Process No. 1, a teritperature of _on~y 
. . . 

10 25°C (room temper~ture) was applied: itj :·:.~·he· insulation 
.· ··:· . . : .·• •.. . 

resist_ance ~~~~uring process. <.:.\Fl'.::;'.:. 

In Proces~ No. 2 ," al though the' ''i~-~~iation 

resistance measuring process was performed at 85°C, 

which corresponds to the high temperature insulation 

15 resistance measuring process in a·ccordance with the 

present invention, the burn-in process was not 

performed, so that this· is another comparative example 

of the invention. 

In contrast to processes Nos. 1 and 2, in Process 

20 Nos. 3 and 4, both the burn-in process and the 

insulation resistance measuring proc~ss ~e~e performed 

and the temperature was raised to ss 0 ·c in ·the 

insulation resistance measuring process as well, which 

corresponds to the high temperature insulation 

00419231.2 
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resistance measuring process in accordance with the 

present invention, so that these processes are examples 

of the invention. 

11Agree 11 stated in the space. of "Applied Voltage 

5 Direction" of TABLE I means that the direction of 

10 

· applied voltage to each sample· in the burn-in process.· 

:'agrees "wi~h tlie. direction of "applied voltage to each <·)i,:.;;::;_':·::. 
. ··.' ~ . . . . . :· . ,. .. · .. · ·. 
. ....... · .. 

sample · 1n . the :insulation. resistance measU:ring proce~s .- .· /'. _::: . 
. . 

while "Disagree" means that the direction· of applied.···:· · .. 

_voltage in the burn~in process disagrees with the 

directio~: ~f .. ·applied voltage in· tl;l.e .- insul.ation 
. . . ~-

.. ·:.· 

res is tanc~·:m:easuring process .. In addition,· ~'Disagree"_' .. 
. ·· .. 

means that the directions of applied voltage do not 

intentionally agree with each other. Therefore, it may 

15 be possible that the directions of applied voltage 

coincide accidentally. 

In the processes in which both the burn-in process 

and the insulation resistance measuring process were 

performed, as in Process Nos. 1, 3, and 4, after the 

20 burn-in process was performed, the insulation 

00419231.2 

resistance measuring process was performed. 

After the insulation resistance of each sample was 

measured in the insulation resistance measuring process 

in this manner, the sorting was performed bas.ed on the 
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results of the measurement. That is, samples having 

insulation resistances deviating from a normal 

distribution of resistance values were eliminated. 

"Defective Rate at Sorting" in TABLE I indicates 

5 the rate of samples eyaluated as being defective during 
/. 

sorting as ·described _·aJ;:>ove,· i.e. 1 ·it indicates th~ ·rate 

Of eii~~i,ited samp1;s:\ ·):~:,~~th~~ d~t8.i1; a'ni6ng . sti h;j: ~ ?/<~ 
· . .-:· . '. . .. . . .. ··:. ··.··. :·. 

samples'.·each,· three sampies· in Process No .. '1;···.·one -'.' · .. 
. . . . ·. . .. _. 

. : .-. :· ' ·-~ 

sample ·in Process No. 2, five samples in Process. No.· .3; 

10 and three:samples in.Process No. 4 were eliminated, 

respectively. .. · .... · .. · .. 
· .. • •. ·.=·.·. 

. .···· .. ·.· .. ·. : 

15 

Accordingly, samples left after the elimination in· 

each of Process Nos. 1 to 4 were evaluated as being 

good. 

It may be thought that the more samples that are 

eliminated in the elimination process, the higher the 

reliabili~y of the evaluation; however since the 

samples supplied to each of Process Nos. 1 to 4 are 

different from one another, the number of eliminated 

20 . samples ~s not necessarily reflective of the 

reliability of the evaluation. 

00419231.2 

In order to evaluate the reliability of the 

decision, a long-term reliability test in which the 

voltage of 20 V was further applied to each sample for 
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2000 hours at 125°C was performed. Then, the 

insulation resistances after that-were measured 

applying the rated voltage.of 10 Vat room temperature, 

so that samples having insulation resistances deviating 

5 from a_ distribution of resistance values of normal 

products were evaluated as being defective. "Defective ... .. . 

. R~t~·-:··a.t Reliab_il_ity Te~t II_ -1n TABLE I ·indicat_~s . the rate::-,./:{:~:.-():_~-: 
. /-:::~.! ~.:· ... .· . . . . .· .: .. .-:.:·~.-~ 

10 

. ···. 
of ._:sampl~s evaluated as :be~rig defective in this 

reliability test. 

As understood from the results.of "Defective Rate 
.. . . 

at_.Reliability T~st11 , high. reliability can be. confirmed 

in the sorting in Process Nos. 3 and 4; which 

corresponds to the example of the present invention. 

In particular, according to Process No. 3 in which 

15 the directions of applied voltage in the burn-in 

process and the insulation resistance measuring process 

agree with each other, there was no defective sample 

even when the above-mentioned long-term reliability 

test with severe conditions was performed, so that the 

20 extremely high reliability o~ the sorting can be 

00419231.2 

assured. In contrast, according to Process No. 4 in 

whi~h the directions of ·applied voltage in the burn-in 

process and the insulation resistan~e measuring process 

did not agree with each other, one defective sample was 
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found in the long-term reliability test. This confirms 

that there may be cases in which defective samples 

cannot be precisely sorted out when the directions of 

applied voltage disagree. 

The present invention has been described as above 

with reference to the above-described examples;-~ther 

various:·.·_rito<'.'ified ·:e~amples may" ·be.:~po~sible ···wi·~~hl":'f~~) ·. 
... . ·.·.· .. · ...... :.;. 

scope of .. the invention. 
;· ···::_-_:,·. ,·. 

For example, the insulation·resista1:1-ce ·¥.eei.suring. 

10 process is performed between the .. burn-in proCess .·and 
• : • • :· .• <· . .. 

the insul.ation resistance measuring.-·".procesS- ~ithout: 
· .. • . . . • : . • . . • •.. • .•• '"~· •• · .• -~.:. . • • •. • . ~:.". f·. • . • . . 

measuring an insuiation resistance. in the:above­

described examples; a process for measuring an 

insulation resistance may be further performed applying 

15 the rated voltage to a monolithic ceramic capacitor 

after the burn-in process and before the insulation 

resistance measuring process. 

In the burn-in process and the insulation 

resistance measuring process in the above-described 

20 examples, the latter was performed after the former; 

conversely, the former may be performed after the 

latter. In addi~ion, an insulation resistance 

measuring process for eliminating defective samples may 

be added in the latter case. 

00419231.2 

... -... , ...... 



iilii1iUf 
- 12 -

In the above-described examples, the burn-in 

process and the .insulation resistance measuring process 

were performed as continuous processes·; however, these 

processes m~y be performed as interrupted processes, 

5 for ex~mple, as timesharing independent processes,. as 
i 

long as-both the b~~n-in process and the insulation 
... · :· 

·. resistance "me~suriri~:·. _pr~cess_ .· .. are perf ormecf> :.= .. ·· 

. . ·· ····· · .. · · .. ·.· ... 
The. temperature ·a~d voitage appiied. .. iii· the burn:...·in 

process, the temperature and voltage appl1ed in the 

10 high temperature insulation resistance measuring 

.· .. 

process,· and the .times· for, t.he burn-in p:i:ocess anq the · ·' 
.. · •' 

high temperature. insulation resistance measuring ... 
pro~ess may be ch~nged in accordance.with" the kinds of 

monolithic ceramic capacitors to be sorted, the 

15 requireq degree of the reliability in sorting, or so 

·forth. 

As described above, since both the burn-in process 

and the high temperature insulation resistance 

measuring process are performed for sorting to 

20 eliminate monolithic ceramic capacitors having abnormal 

insulation· resistances in accordance with the present 

invention, even when the burn-in process is completed 

within a short time, such as.one to ten minutes, latent 

defects in monolithic ceramic capacitors can be 

00_419231.2 
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actualized, so that sorting results with high 

reliability can be obtained in a.short time. 

Therefore, this enables numerous monolithic ceramic 

capacitors to be sorted out effectively. 

Iµ the invention/ when the burn-in process is 

. performed_ in advance while the high temperature . ··.· ... ,_?/~::/:: 
. ~:·:.~···.:~.-.~.~-:.. .· . ·. ·' .·.~>:."-t~~:-·:::· · ... ·,· .... • .... _·.. . .. .· . .. : .··· . :·.. . .:-·:~:-.-.- .. . 

insulation. resistance· measuring· process is· performed··: :> . ~:)};:.::::,-::':,:, 
aft_erw~~ci~·.::··:.a:·.P.· rod~.·~-~.:-~·::.·f~r m~i~~.-:r_ing.· -~ns~l-~tio_~·-· .: ... ···:.:,,:::·_:::·::_:'.\<;·:;::.;_::\-<· 

-.: .. =~ .. ;. · .. '. ~-'.=-· . .. 

resistances can be completed by only the.high 

10 temperature insulation resistance me_asuring process, so 

that th~ s~rting can· be further· .effectively performed .. 
.. · .. . . - . .... . . - ·. ·· .. · :· . . .. ·. . 

-.... ,. 
In addition, when an insulation resistance 

measuring process is performed applying the rated 

voltage to monolithic ceramic capacitors after the 

15 burn-in process and before the high temperature 

insulation resistance measuring process, the sorting 

reliability can be further improved. 

In the invention, when the burn-in process and the 

high temperature insulation resistance measuring 

20 process are performed as continuous processes, this 

contributes. not only to· further effective s_orting but 

also to reduced thermal energy because at least part of 

the thermal energy applied in the preceding process can 

be brought to the process afterward. 

00419231.2 
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When the·direction of applied voltage to the 

monolithic ceramic capacitor in the burn-in process 

agrees with the direction of applied voltage to the 

monolithic ceramic capacitor in the high temperature 

insulation resistance measuring process, sorting 

results with higher reliability can be obtained.. ·.·· 

.... ·.:..··. 

• .• • • • ~ ••d • •• •• '• 

te~1~h:i::::a::: ::i::::~ ..::::::g ~l,~l;~~~~!Y:':~,···· 
performed as continuous pr~~esses, a~ descr_i.b,~~-:{~ot~, ·.· . 

10 assumed orientation of mon,olithic ceramic capacitors in· 

15 

... 

the preceding process can be brought. into the.·p:roce.ss 
.. -~! .:~::·.-.-~:·>-:·/>~·.:~··.- . ·. 

afterward without disordering, so that tlie direction ·of 
... ·. : 

applied voltage in each process can be easily agreed 

with each other. 

Although the present ·invention has been described 

in relation to particular embodiments thereof, many 

other variations and modifications and other uses will 

become apparent to those skilled in the art. It is 

preferred, therefore, that the present invention be 

20 limited not by the specific disclosure herein, but only· 

by the appended claims. 

00419231.2 
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WHAT J:S CLAIMED J:S : 

1 .. A method for sorting of monolithic ceramic 

capacitors, comprising the steps of: 

applying not les.s than double a rated voltage at a 
' 

5. maximum working_ temperature to a monolithic ceramic-:.:<:-:.. 

· ·caps.Ci tor t°, b,:; ·~~rted as · a burn-in , ~.~fre~S Ei~~~~:~i1~··i~\,;'1 ·~~,; 
,·.·,:measuring an insulation resistance while applyiri~f:·/··~'~.::·~'·\'·> 

. . . . . . . ·.. '. . -~ .. . ~:·~·-:;~-- :-~ : :-.-~~;:~~-~~/~.-·:: ... ::: ... :;· :- : : ............ ~ 

not less than the rated voltage at a .iemperature ·of riot::·. : ·· 
.· .. -· 

10. 

. · .. ·· ... · .·. 

less than 70°C to the monolithic ceramic.capacitor:as ·a . 
. . . ~· . ·-· . . . ~ '. ... :, .-. .- .... -.. _ 

::::e::::j~1:~:::l:t::o:::::~~:l::s::::~E1J%~~\ .. ''·.J;o· .. ,· 

having an abnormal insulation resistances may be 

detected. 

2. A method according to claim 1, wherein the 

15 burn-in process is not performed immediately before the 

high temperature insulation resistance measuring 

process. 

3. A method according to claim 2,· wherein the 

high temperature insulat·ion resistance. measuring · .. 

20 process is performed after the bur~-in process without 

measuring an insulation resistance at room temperature.· 

00419231.2 
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4. A method according to claim 2, further 

comprising the step of measuring an insulation 

resistance at room temperature while applying·the rated 

voltage to the monolithic ceramic capacitor after the 

burn-in process and bjfore.the high temperature 

insµlation resistance measU;·ring process . 
. . -.·•·." ·.· . . 

.· ' ... • . . . • ·: .":.·· ..... ~- ·.=4 • : . :. .. . 

·.<.··.··· . s. ·A method a:c;~i;J·~t'!~~ one of ·ci~i~ 1 t~.:., 
4, wherein· the burn-in<p'f6be~s and the high t47mperat~:r:e . 

insulation resistance m~~~µ.ring·process are performed 
. . . . . 

. as continuous proc~sseeL;·~ .. ;.:<-.::.~ .. :·.-. .--, .· · · _: 
. :· ··-· .:._ ... 

··. ·: .. .-.:::,:;· · ...... 
·.": ... ~~. ·.. ": . . .. ·.· ... : . 

,:. ·.··.:· .. : 
.... ··: ... 

. ·· 

6 ·• ·A method accordirtg . to claim s, wherein the 

direction of applied voltage to the monolithic ceramic 

capacitor in the burn-in process agrees with the 

direction of applied voltage to the monolithic ceramic 

capacitor in the high temperature insulation resistance 

measuring process. 
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