
;e3eKH@`6T6@ @2 Z M AY 2003    BACKGROUND OF THE INVENTION 1. Field of the
Invention The present invention relates to a method for 5 sorting
monolithic ceramic capacitors, and more specifically, it relates to an
improvement thereof which increases the efficiency of the sorting process
and increases the reliability of the sorting results. 2. Description of the
Related Art 10 Monolithic ceramic capacitors may encounter 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 these 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 elimination as
mentioned above, an insulation resistance of a monolithic ceramic capacitor
is generally measured in a manufacturing process of the monolithic ceramic
capacitor.   2 Z MAY 2003  - 2  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 method of evaluation of measuring
insulation resistance. Thus, in effect, the defect cannot be detected by
the evaluation of an insulation resistance. In other words, a capacitor may
have a 



10 minute defect but still have normal insulation resistance. However, even
a minute defect will cause the insulation resistance of a monolithic
ceramic capacitor to deteriorate over time. This is, particularly true 15
of monolithic ceramic capacitors having thin dielectric layers. Therefore,
a highly reliable sorting method enabling defects to be detected is
required especially as the dielectric layers of the capacitors become
thinner. 20 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 required in the process for sorting 25 the results of
testing. In conjunction with this matter, the following US military
specification axe known as methods for elimination of detective items and
confirmation of qualities with a high degree of   2 2 MAY 2003  - 3
reliability. (1) MIL-C-39014E, Item 4.7.2.2, Voltage 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
insulation resistance is measured at room temperature to detect defects by
the degree of deterioration of the insulation resistance. This method is a
kind of burnin. (2) MIL-C-55681C, Item 3.9, Insulation Resistance b. at
125C". An insulation resistance is measured at 12SC through the application
of the rated voltage to confirm that the resistance is not less than the
prescribed value. 15 However, any of the above-mentioned defect detecting
methods according to the US Military specification 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 efficient 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 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 



2 2 MAY 2003  - 4  method (1) . SUMMARY OF THE INVENTION Accordingly, it is
an object of the present invention to provide a sorting method for
monolithic 5 ceramic capacitors in which the efficiency is improved and a
reliable sorting result is obtained. To put it simply, the object of the
present invention is to solve the above-described technical problems by
performing both the methods ( 1 ) and ( 2 ) , 10 which are US military
specification. In further detail, a method for sorting of monolithic
ceramic capacitors according to the present invention comprises the steps
of applying not less 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 70C 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 while the
high 25 temperature insulation resistance measuring process be performed
afterward. In this case, the high temperature insulation   2 2 M AY 2003 -
5  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 voltage to the monolithic
ceramic capacitor after the burn-in process and before the high temperature
insulation resistance measuring process. In the invention, the burn-in
process and the high 10 temperature insulation resistance measuring process
may be preferably performed as continuous processes. The direction of
applied voltage to the monolithic ceramic capacitor in the burn-in process
may preferably agree with the direction of applied voltage to the 15
monolithic ceramic capacitor in the high temperature insulation resistance
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 p referred examples;
comparative examples for clarifying the advantages of the present invention
will also be 25 described. Monolithic ceramic capacitors having a size of
3.2   2 2 MAY 2003 - 6  mm x 1.6 mm x 1.6 mm, a capacitance of 4.7 uF 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 portions. Then, these
samples were divided into four groups of 50 samples each. The processes
indicated by the 10 Process Nos.1, 2, 3, and 4 in TABLE I were carried out
to the first, second, third, and fourth group, respectively. [TABLE I] 15
20 25 Process No.I234105C105C105CBurn-in Process30 VNothing30 V30 V5 min5
min5 minInsulation25C85C85C85Cresistance10 V10 V10 V10 VMeasuring1 min1
min1 min1 minProcessApplied VoltageDisagree-AgreeDisagreeDirectionDefective
Rate3/501/505/503/50at SortingDefective Rate3/474/490/451/47at
ReliabilityTest   2 Z MAY 2003   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
example of the present invention because although both the burn-in process
and the insulation resistance measuring process were performed in Process
No. 1, a temperature of only 10 25C (room temperature) was applied in the
insulation resistance measuring process. In Process No. 2, although the
insulation resistance measuring process was performed at 85C, which
corresponds to the high temperature insulation 15 resistance measuring
process in accordance 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 process
were performed and the temperature was raised to 85C in the insulation
resistance measuring process as well, which corresponds to the high
temperature insulation   2 2 MAY 2003 -a resistance measuring process in
accordance with the present invention, so that these processes are examples
of the invention. "Agree" stated in the space of "Applied Voltage 5
Direction" of TABLE I means that the direction of 



applied voltage to each sample in the burn-in process agrees with the
direction of applied voltage to each sample in the insulation resistance
measuring process while "Disagree" means that the direction of applied 10
voltage in the burn-in process disagrees with the direction of applied
voltage in the insulation resistance measuring 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 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 based on the   Z Z MAY 20D3 _ g _ 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 evaluated as being
defective during sorting as described above, i.e., it indicates the rate of
eliminated samples. In further detail, among 50 samples each, three samples
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.
Accordingly, samples left after the elimination in 



each of Process Nos. 1 to 4 were evaluated as being good. 15 It may be
thought that the more samples that are eliminated in the elimination
process, the higher the reliability 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 is not necessarily reflective
of the reliability of the evaluation. 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   2 2 MAY 2003 - to  2000 hours at
125C was performed. Then, the insulation resistances after that were
measured applying the rated voltage of 10 V at 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 Rate at Reliability Test's in TABLE I indicates the rate of
samples evaluated as being defective in this reliability test. 10 As
understood from the results of "Defective Rate at Reliability Test", 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 of the sorting can be
assured. In contrast, according to Process No. 4 in which the directions of
applied voltage in the burn-in process and the insulation resistance
measuring process did not agree with each other, one defective sample was
Z ~ MAY 20D3 - 11.  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. 5 The present
invention has been described as above with reference to the above-described
examples; other various modified examples may be possible within the scope
of the invention. For example, the insulation resistance measuring 10
process is performed between the burn-in process and the insulation
resistance measuring process without measuring an insulation resistance in
the abovedescribed 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 addition, an insulation resistance measuring
process for eliminating defective samples may be added in the latter case. 



Z 2 MAY 2003 - 12  In the above-described examples, the burn-in process and
the insulation resistance measuring process were performed as continuous
processes; however, these processes may be performed as interrupted
processes, 5 for example, as timesharing independent processes, as long as
both the burn-in process and the insulation resistance measuring process
are performed. The temperature and voltage applied in the burn-in process,
the temperature and voltage applied in the 10 high temperature insulation
resistance measuring process, and the times for the burn-in process and the
high temperature insulation resistance measuring process may be changed in
accordance with the kinds of monolithic ceramic capacitors to be sorted,
the 15 required 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   



2 2 MAY 20Q3 - 13  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. In the
invention, when the burn-in process is performed in advance while the high
temperature insulation resistance measuring process is performed afterward,
a process for measuring insulation resistances can be completed by only the
high 10 temperature insulation resistance measuring process, so that the
sorting 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 sorting 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.   2 Z MAY 20U3 - 14  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 5 insulation resistance measuring
process, sorting 



results with higher reliability can be obtained. In addition, when the
burn-in process and the high temperature insulation resistance measuring
process are performed as continuous processes, as described above, 10
assumed orientation of monolithic ceramic capacitors in the preceding
process can be brought into the process afterward without disordering, so
that the direction of applied voltage in each process can be easily agreed
with each other. 15 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.
21 MAy 1003 - 15  WHAT IS CLAIMED IS: 1. A method for sorting of monolithic
ceramic capacitors, comprising the steps of: applying not less than double
a rated voltage at a S maximum working temperature to a monolithic ceramic
capacitor to be sorted as a burn-in process step; and measuring an
insulation resistance while applying not less than the rated voltage at a
temperature of not less than 70C to the monolithic ceramic capacitor as a 



10 high temperature insulation resistance measuring process step, whereby a
monolithic ceramic capacitor 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 insulation resistance measuring 20 process is
performed after the burn-in process without measuring an insulation
resistance at room temperature.   2 2 MAY 2003 - 16  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 5 burn-in process and before the
high temperature insulation resistance measuring process. 5. A method
according to any one of claims 1 to 4, wherein the burn-in process and the
high temperature insulation resistance measuring process are performed 10
as continuous processes. 6. A method according to claim 5, 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 15 capacitor in the high temperature insulation
resistance measuring process. 
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