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TITLE OF THE INVENTION

Multilayer Electronic Component, Method of
Manufacturing the Same and Method of Measuring
Characteristics Thereof |

5 BACRGROUND OF THE INVENTION
.Field of the Invention

The present invention relates to a multilayexr

electronic component having internal circuit elements
arranged therein, a method of manufacturing the same and a

10 ﬁethod of measuring characteristics thereof, and more
particularly, it relates to an improvement in a mode of
forming external electrodes in a multilayer electronic
component.
'Description of the Background Art

15 A multilayer electronic component,lwhich is
represented by a multilayer capacitor, a multilayer
inductor, a multilayer circuit board or a multilayer
composite electronic component, for example, comprises a
laminate which is obtained by'stacking a plurality of

20 insulating sheets with interposition of intermal circuit
elements such as conductor films and/or resistor films.
The insulating sheets are typically prepared from ceramic
sheets. |

Fig. 15 is a perspective Qiew showihg the appearance

25 of a conventional multilayer electronic component 1. The
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érpanged therein, a nethod of manufacturing the sane and a net hod of
measuring characteristics thereof, and nore particularly, it relates to an
isnprovenent in a node of formng external electrodes in a multilayer
el-ectroni c conponent. Description of the Background Art A nultilayer
electronic conponent, - which is

multiléyer electronic component 1 comprises a laminate 2
which is obtained by stacking a plurality of insulating
sheets with interposition of internal circuit elements -
(not shown). The laminate 2 is provided on its four side
5 surfaces, for example, with e#ternal electrodes 3
respectively. These external electrodes 3 are
electrically connected with the internal circuit elements
which are located in the interior of the laminate 2. The
external electrodes 3 are formed by applying proper metal
10 paste to specific positions of the respective side
surfaces of the laminate 2, and parts of the external
electrodes 3 necessarily extend circumferentially on upper
and lower surfaces of the laminate 2 at this time.
- Fig. 16 is a perspective viéw showing the appearance
15° of another type of conventional multi15yer electronic
component 4. This multilayer electronic component 4 also
comprises a laminate 5 which is obtained by stacking a
plurality of insulating sheets with interposition of
internal circuit elements (not shown). The laminate 5 is
20 provided on its four side surfaces, for example, with
external electrodes 6 which are electrically connected
with the internmal circuit elements. These external
electrodes 6 are provided by dividing through holes 7, as

shown by phantom lines in Fig. 16. Namely, a mother

25 laminate is so prepared that a plurality of multilayer
mfﬁiﬁliﬁlﬁiﬁfﬂiwa o




fepresented by a nultilayer capacitor, a nultilayer inductor, a nmultilayer

ciricuit board or a multilayer conposite el ectronic conponent, for exanple,

conpr.ises a |lam nate which is obtained by stacking a plurality of

i hsul ating sheets with interposition of internal circuit elements such as

conductor filns and/or resistors filnms. The insulating sheets are typically
/prepared from ceram c

electronic components 4 can be obtained when the same is
cut along prescribed cutting lines. The through holes 7
are formed in this mother laminate so that conductor films
are formed on inner peripheral surfaces thereof for

5 defining the external electrodes 6, and the mother
laminate is thereafter cut to divide the through holes 7.
Also in such a multilayer electronic component 4, parts of
the external electrodes 6 extend circumferentially on
upper and lower surfaces of the laminate 5, due to the

10 method of forming the conductor films for defining the
external electrodes 6.

These multilayer electronic components 1 and 4 are
surface-mounted on proper circuit boards through the
external eléctrodes 3 and 6, in the form of chips.

15 In both of the aforementioned multilayer electronic
components 1 and 4, however, the external electrodes 3 and
6 are formed to extend toward the upper and lower surfaces
of the laminates 2 and 5. When other components are
mounted on the upper and/or lower surface(s) of such

20 multilayer electronic components 1 and 4 to be composited
with the same, therefore, areas capable of mountiﬁg such

components are restricted.

Further, the parts of the external electrodes 3 and 6

extending toward the upper and lower surfaces of the

25 laminates 2 and 5 inhibit reduction of arrangement pitches
TR



sheet s. Fig. 15 is a perspective view show ng the appearance of a

conventi onal

mul tilayer electronic conponent 1 as it is, for instance,
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for the external electrodes 3 and 6. In addition, it is
relatively difficult to form such parts of the external
electrodes 3 and 5 in constant sizes and shapes, and this
also inhibits reduction of the ariangement pitches for the
external electrodes 3 and 6.

Particularly in the multilayer electronic component 4
shown in Fig. 16, it is difficult to reduce the diameters
of the through holes 7, which are formed by a drill, below
0.3 mm, and this also restricts the arrangement pitches
for the external electrodes 6. Further, the drill for
forming the through holes 7 has a relatively short life,
leading to increase in cost.

In the multilayer electronic component 1 shown in
Fig. 15, on.the other hand, the external electrodes 3 are
formed on the four side surfaces of the laminate 2
respectively and hence it is hecessary to carry out at
least application of fhe metal paste onto the respective
side surfaces independently of each other. As the result,
the number of steps for forming the external electrodes 3
is increased.

On the other hand, it is necessary to measure
characteristics of the multilayer electronic components 1
and 4 at least in advance of shipping. In both of the
multilayer electronic components 1 and 4, howeﬁer, the

characteristics cannot be measured unless the same are
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-2-.multilayer electronic conponent 1 conprises a |amnate 2 which is
obt ai ned by stacking a plurality of insulating sheets with interposition of
knternal circuit elenents (not shown). The laminate 2 is provided on its
four side surfaces, for exanple, with external electrodes 3 respectively.
These external electrodes 3 are '

.brought into states of chips in principle. 1In the
multilayer'electronic component 1 shown in Fig. 15,
measurement of the characteristiﬁs is enabled after
formation of the external electrodes 3. Also in the case

5 shown in Fig. 16, the characteristics of each mulﬁilayer
electronic component 4 cannot be measured in the stage of
the mothexr laminate. Such measurement of the
characteristics is enabled only when the mother laminate
is cut to divide the through holes 7.

10 SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a multilayer electronic component which can reduce
arrangement pitches for external electrodes, and a method
of manufactﬁring the same.

15 Another_bbject of the present invention is to provide
a characteristic ﬁeasuring method which can efficiently
K measure characteristics of a plurality of multilayer
electronic components.

A multilayer electronic component according to the

20 present invention éomprises a laminate which is obtained
by stacking a plurality of insulating sheéts with
interposition of internal circuit elements, and external
electrodes which are formed on outer surfaces of the
laminate to be électrically connecte4 with the internal

25 circuit elements. The external electrodes. are formed by
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electrically connected with the internal circuit elenments which are |ocated
in the interior of the lamnate 2. The external electrodes 3 are fornmed by
appl ying proper netal paste to specific positions of the respective side
surfaces of the lamnate 2, and parts of the external electrodes 3
necessarily extend C|rcunferent|ally on upper and |ower surfaces of the
lam nate 2 at this tine.

exposing at least side portions of via holes, which are
provided in the insulating sheets and coated with
conductive materials, by cutting the insuiating sheets.
A method of manufacturing a multilayer electronic
5 component according to the present invention comprises a
step of preparing a mother laminate, which is to be cut
along prescribed cutting lines for obtaining a plurality
of multilayer electronic components, being obtained by
stacking a plurality of mother insulating sheets with
10 interposition of internal circuit elements for the
respective multilayer electronic components to distribute
the internal circuit elements in regions parted by the
cutting lines and having via holes, coated with conductive
materials being electrically connected with the internal
15 circuit elements, provided in positions to be exposed on
cut surfaces by cutting along the cutting lines, and a
3 - step of cutting the mother laminate along the cutting
lines. |
A method of measuring characteristics of a multilayer
20 electronic component accoxrding to the present invention
comprises a step of preparing a mother laminate, which is
to be cut along prescribed cutting lines for obtaining a
plurality of multilayer electronic components, obtained by
stacking a plurality of mother insulating sheets with

25 interposition of intermal circuit elements for the
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Fig. 16 is a perspective view showi ng the appearance of another type of
conventional multilayer electronic conponent 4. This nultilayer electronic
conponent 4 also conprises a lamnate 5 which is obtained by stacking a
plurality of insulating sheets with interposition of internal circuit

el ements (not shown). The lamnate 5 is provided on its four side surfaces,

for exanple, with

respective multilayer electronic components to distribute
the intexnal circuit elements in regions parted by the
cutting lines and provided with via holes, coated with
conductive materials being electrically connected with the
5 internal circuit elements, in positions to be exposed on

cut surfaces by cutting along the cutting lines, a step of
forming grooves in the mother laminate along the cutting
lines thereby exposing at least the via ho;es on .lnner
side surfaces of the grooves, and a step of measuring

10 characteristics of each mnltilayer'electronic component
while treating the via holes being exposed on the inner
side surfaces of the grooves as external electrodes.

The configuration of the multilayer electronic

components érovided in the aforementioned characteristic

15 measuring method, i.e., an assembly of the multilayer
electronic components consisting of the mother laminate
provided with the grooves, can be shipped in this state.

According to the inventive multilayer electronic

component, the éxternal electrodes are provided by

20 exposing at least side portions of the via hole which are
coated with conductive materials. In this case, the via
holes.can be readily formed in small diameters by punching
with no employment of a drill, whereby arrangement pitches
for the externai electrodes can be reduced. Further, it

25 is possible to avoid increase in cost resulting from a

aced -7~
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el ectrodes 6 which are electrically connected with the internal

circuit elenents. These external electrodes 6 are provided by dividing
t hrough holes 7, as shown by phantomlines in Fig. 16. Nanely,, a nother
|'ami nate is so prepared that a plurality of multilayer
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short life of a drill since it is not necessary to employ
such a drill.

The external electrodes provided by the wvia holes
require no mode of formation of extending
circumferentially on at least one major surface of the
1aﬁinate, whereby at least one major surface of the
laminate can be widely employed as a surface for mounting
another component to be composited with the same.. Thus,
it is possible to improve density in component mounting.

Since the external electrodes are provided by the
conductive materials which are applied to the.via holes,
it is possible to attain relatively large dimensions
corresponding to film thicknesses of the external
electrodes bﬁ filling up the via holes with the conductive
materials. Thus, it is possible to reduce a problem of
solder leaching when the multilayer electronic component
is soldered to a circuit board. Since the conductive
materials for defining the external electrodes are
embedded in pafts of the via holes, it is possible to
improve strength of soldering.

According to the inventive method of manufacturing a
multilayer electronic component, the via holes coated with
the conductive materials for providing the external
electrodes are Already formed in the mother laminate so

that the conductive materials are exposed to define the

i
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-3- electronic conponents 4 can be obtai ned when the sane is cut al ong
prescribed cutting lines. The through holes 7 are fornmed in this nother
lam nate so that conductor filnms are forned on inner peripheral surfaces
thereof for defining the external electrodes 6, and the nother

external electrodes by cutting the mother laminate,
whereby no specific step is required for providing the
external electrodes.

According to the inventive method of measuring

5 characteristics of a multilayer electronic component,
further, it is possible to independéntly measure
characteristics of a plurality of multilayer electronic
components,'which are mechanically integrated with each
other in the form of a mother laminate in a state being

10 electrically independent of each other, due to formation
of the grooves. Therefore, it is not necessary to handle
mechanically independent multilayer electronic components,
but characteristics of a number of multilayer electronic
components éan be efficiently measured by screening, for
15 example.

When the assembly of the multilayer electronic
components consisting of a mother laminate provided with
the grooveé, which is a configuration to be subjected to
the aforementioned measurement of characteristics, is

20 shipped in this state, the user can take out the
respective multilayer eleéctronic components from the
mother laminate by simply dividing the same along the
grooves. It is to be noted that each multilayer
electronic compbnent can be subjected to mounting with no

25 problem in this case since the same can be through with
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lam nate is thereafter cut to divide the through holes 7. Also in such a
mul til ayer el ectronic conponent 4, parts of the external electrodes 6
extend circunferentially on upper and | ower surfaces of the |am nate 5, due
to.the nethod of formng the conductor filns for defining the external

el ectrodes 6. These multilayer electronic conmponents 1 and 4 are

measurement of its characteristics, and the assembly of
such multilayer electronic components is easy to pack and
handle as compared with multilayer electronic components
which are separated from each other.

5 The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with -the
accompanying drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the appearance
of a multilayer electronic component 10 according to an
embodiment of the present invention;

Fig. 2.is a perspective view showing a mother

15 laminate 14 which is prepared for obtaining the multilayer
electronic component 10 shown in Fig. 1;

Fig. 3 is an enlarged perspective view illustrating
grooves 20 which are formed in the mother laminate 14
shown in Fig. 2 for enabling measurement of

20 characteristics;

Fig. 4 is a perspective view showing the appearance
of a multilayer electronic component 10a according to
another embodiment of the present invention;

Fig. 5 is a sectional view illustrating the

25 multilayer electronic component 10a shown in Fig. 4 which
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surface-nmounted on proper circuit boards through the external electrodes 3
and 6, in the formof chips. In both of the aforenentioned nultilayer

el ectroni c conponents 1 and 4, however, the external electrodes 3 and 6 are
formed to extend toward the upper and | ower surfaces of the | am nates 2 and
5. Wen ot her. conponents are nmounted on the upper and/or |ower surface(s)

of such

is mounted on a circuit board 31;

Fig. 6 is a sectional view illustrating a terminal
member 33 which is mounted on the multilayer electronic
component 1l0a shown in Fig. 4;

5 Fig. 7 is a perspective view showing the appearance
of a multilayer electronic component 10b according to
still another embodiment of the present invention;

| Fig. 8 is a perspective view showing the appearance
of a multilayer electronic component 10c accoxding to a

10 further embodiment of the present invention;

Fig. 9 is a perspective view showing the appearance
of a multilayer electronic component 10d accorxding to a
further embodiment of the present invention;

Fig. lo.is a perspective view showing the appearance

15 of a muItilayer electronic component 10e according to a
further embodiment of the present invention;

Fig. 11 is a perépective view showing the appearance
of a multilayer electronic component 10f accoxrding to a
further embodiment of the present invention;

20 Fig. 12 is a plan view showing a part of a mother
laminate 14 for illustrating a further embodiment of the
present invention;

Fig. 13 is a sectional view showing a cased
multilayer elecﬁronic component 42 according to a further

25 embodiment of the present invention;
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hultilayer el ectronic conponents 1 and 4 to be conposited with the sane,
therefore, areas capable of nounting such conponents are restricted.
Further, the parts of the external electrodes 3 and 6 extending toward the
upper and |ower surfaces of the laminates 2 and 5 |nh|b|t reducti on of

arrangenent pitches

Fig. 14 is a sectional view showing a cased
multilayer electronic component 42a according to a further
embodiment of the present invention;

Fig. 15 is a perspective view showing the appearance

5 of a conventional multilayer electronic component 1; and

Fig. 16 is a perspective view showing the appearance
of another type of conventional multilayer electronic
component 4. .
DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 Fig. 1 is a perspective view showing the appearance
of a multilayer electronic component 10 accoxrding to an
embodiment of the present invention. While the multilayer
electronic component iO is mounted on a proper circuit
board in the'chip-type configuration as illustrated, Fig.

15 1 shows the multilayer electronic component 10 in a state
upwardly directing its surface which is faced toward such
a circuit board.

The muitilayer electronic component 10 comprises a
laminate 11, which is formed by stacking a plurality of

20 insulating sheets with interposition of internal circuit
elements (not shown). The laminate 11 is provided on
respeqtive ones of its four side surfaces, for example,
with external electrodes 12 which are exposed on outer
surfaces of the laminate 11. These external electrodes 12

25 are electrically connected with the internal circuit
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Z4- for the external electrodes 3 and 6. In addition, it is relatively
difficult to formsuch parts of the external electrodes 3 and 5 in constant
si zes and shapes, and this also inhibits reduction of the arrangenent

pitches for the

elements (not shown).

The aforementioned external electrodes 12 are formed
by exposing at least side portions of via holes, which are
provided in the insulating sheets and filled up with

5 conductive materials, by cutting the insulating sheets, as
clearly understood from the following description of a
manufacturing method. The laminate 1l is provided on
respective ones of its four side surfaces, for example,
with steps 13, while the reason why such steps 13 are

10 formed is also clarified by the following description of
the manufacturing method.

In ordexr to obtain the aforementioned multilayer
electronic component 10, a mother laminate 14 is prepared
as shown in fig. 2. The mother laminate 14, which is to

15 be cut along prescribed cutting lines 15 shown by one-dot
chain lines to provide a plurality of multilayer
electronic components 10, is obtained by stacking a
plurality of mother insulating sheets 16 and a plurality
of mother insulating sheets 17 with interposition of

20 internal circuit elements (not shown) for the respective
multilayer electronic components 10 to distribute the
internal circuit elements in respective regions parted
through the cutting lines 15. This mother laminate 14 is

provided with via holes 19 filled up with conductive

25 materials 18 which are electrically connected with the
B




external electrodes 3 and 6. Particularly in the nultilayer electronic
conponent 4 shown in Fig. 16, it is difficult to reduce the dianeters of

the through holes 7, which are fornmed by a drill, below 0.3 nm and this
also restricts the arrangenent pitches for the external electrodes 6.
Further, the drill for formng the through holes 7 has a relatively short
life,

internal circuit elements (not shown) in positions to be
partitioned by cutting along the cutting lines 15. The
external electrodes 12 shown in Fig. 1 are provided by the
conductive materials 18 which are filled up in the via
5 holes 19.

In order to obtain the aforementioned mother laminate
14, the following steps are carried out, for example.
According to this embodiment, the mother insulating sheets
16 and 17 are formed by ceramic sheets.

10 First, sheet forming is carxried out by a doctor blade
coater oxr the like, to obtain céramic green sheets for
defining the mother insulating sheets 16 and 17. Specific
ones of these ceramic green sheets are provided with via
holes by puﬁching oxr the like, in order to enable

15 electrical conduction through the sheets along the
direction of thickness. At this time,; the ceramic green
sheets for defining the mother insulating sheets 16, which
are located on relatively upper portions in Fig. 2, are
further provided with via holes 19. Then, conductor films

20 and/or resistor films for serving as internal circuit
elements are printed'on specific ones of the ceramic green

| sheets. At this time, the already formed wvia holes are
filled up with conductive materials, while the wvia holes
19 shown in Fig; 2 are filled up with conductive materials

25 18. When the conductor films are printed from lowexr
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[eading to increase in cost. In the nultilayer electronic conmponent 1 shown
in Fig. 15, on the other hand, the external electrodes 3 are formed on the
four side surfaces of the lam nate 2 respectively and hence it is necessary
to_carry out at |east application of the netal paste onto the respective

si de surfaces independently of each other. As the result,

10

15

20

25

surface sides of the mother insulating sheets 16 shown in
Fig. 2, it is possible to prevent the conductive materials
18 from forming conductive lands in peripheral edge
portions of the via holes 19 on upper surface sides of the
mother insulating sheets 16. It is pointed out that even
such conductive lands are within the scope of the present
invention.

Then, the aforementioned mother insulating sheets 16
and 17 are stacked with each other and pressed. Thus, the
mother laminate 14 is obtained. In this mother laminate
14, the via holes 19 provided in the respective ones of
the plurality of mother insulating sheets 16 are aligned
along the direction of thickness, whereby the conductive
materials lé filled up in the via holes 19 are connected
in series with each other.

Then, grooves 20 are formed in the mother laminate 14
along cutting lines 15 (Fig. 2) with a dicing saw, for
example, 56 that at least the via holes 19 are parted, for
example. With such formation of the grooves 20, the via
holes 19 are exposed on inner side surfaces of the grooves
20, while the conductive materials 18 which are filled up
in the via holes 19 are parted so that portions enclosed
by the grooves 20 for defining individual multilayer
electronic comp&nents 10 are electrically independent of

each other. Preferably, slits 21 and 22 are formed in
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the number of steps for fornming the external electrodes 3 is increased. On
the other hand, it is necessary to neasure characteristics of the

rul tilayer el ectronic conponents 1 and 4 at |east in advance of shi pping.
I'n_both of the nultilayer electronic conponents 1 and 4, however, the
characteristi.cs cannot be neasured unless the sane are

bottom surfaces of the grooves 20 and lower surface
portions of the mother laminate 14 opposite thereto
respectively. Either the slits 21 or 22 may be omitted.

Fig. 3 shows some conductor films 23 and 24 for

5 serving as internal circuit elements. This figure also
shows states of the conductor films 23 electricaily
connected with the conductive materials 18.
Then, the mother laminate 14 is fired to sinterxr
ceramic materials forming the mother insulating sheets 16
10 and 17. Thereafter surfaces of the mother laminate 14 are
provided with conductor films and/or resistor films,
covered with an overcoat, and coated with solder resist.
If necessary, the conductive materials 18 for forming
external eleétrodes 3 and other conductor films are
15 plated.

When the aforementioned steps are completed, the
plurality of multilayer electronic components 10 included
in the mother laminate 14 are so electrically independent
of each other that it is possible to measure

20 characteristics of each multilayer electronic component 10
while treating the conductive materials 18 provided in the
respective portions of the via holes 19 parted by the
grooves 20 as external electrodes.

After the characteristics are measured, other

25 electronic components are mounted on those of the
T



5 brought into states of chips in principle. In the multilayer
el ectronic conponent 1 shown in Fig. 15, neasurenent of the
characteristics is enabled after

multilayer electronic components 10 which are determined
as nondefeétivé, to be composited with the same. The
steps heretofore described can be efficiently carried out
in the state of the mother laminate 14. The multilayer

5 electronic 6omponents 10 may be shipped in this stage.

Then, the mother laminate 14 is completely cut along

the cutting'lines 15 (Fig. 2), i.e., the grooves 20 (Fig.
3), in order to obtain a plurality of multilayer .
electronic components 10 which are mechanically

10 independent of each other. Such cutting is readily
attained by dividing the mother laminate 14 like a
chocolate bar along the grooves 20. The aforementioned

slits 21 and 22 facilitate such division.

Thus, the multilayer electronic component 10 shown in
15 Fig. 1 is obtained. As understood from the above
description, the steps 13 result from the formation of the
aforementioned grooves 20. When the laminate 11 is
classified into upper and lower half portions throﬁgh a
boundary surface corresponding to the positions of the
20 steps 13, the external electrodes 12 are exposed only on
the upper half portion.
Then, the multilayer electronic component 10 is
covered with a case at need. This case is adapted to

cover other components which may be mounted on a lower

25 surface of the multilayer electronic component 10
misllsiiiitliliilfﬁlef | —




f-ormati on of the external electrodes 3. Also in the case shown in Fig. 16,
the characteristics of each nultilayer electronic conponent 4 cannot be
neasured in the stage of the nother | am nat e. Such rmeasur enment
of. the characteristics is enabled only when the nother lanm nate is cut to
di vide the through holes 7. SUMVARY OF THE | NVENTI ON

appearing in Fig. 1. This case is described later with
reference to Figs. 13 and 14.
While the present invention has been described with
reference to the embodiment shoﬁn in Figs. 1 to 3, various
5 modifications are available within the scope of the
present in%ention. |
While the external electrodes 12 shown in Fig. 1 are
formed to be exposed not only on the side surfaces of the
laminate 11 but on the upper surface appearing in Fig. 1,
10 such external electrodes 12a may be formed to be exposed
only on side surfaces of a laminate;ll in a multilayer
electronic component 1l0a shown in Fig. 4, for example.
Referring to Fig. 4, elements corresponding to those shown
in Fig. 1 are denoted by similar reference numerals, to
15 omit redundant description.
Accoxrding to the multilayer electronic component 1l0a
N - shown in Fig. 4, it is possible to widely utilize not only
a lower sufface of thé laminate 11 appearing in this
figure but  -the upper surface as mounting surfaces for
20 other components to be composited with this component 10a,
with no interference by the external electrodes 1l2a. 1In
order to obtain such a multilayer electronic component
1l0a, mother insulating sheets having no via holes 19 for

forming externai electrodes may be employed to form some

25 of those located on an upper portion of the mother
emiflfﬂfi’fﬂeﬁird



Accordi ngly, an object of the present invention is to provide a nmultilayer
el ectroni c conponent which can reduce arrangenent pitches for external

el ectrodes, and a nmethod of manufacturing the sanme. Another object of the
present invention is to provide a characteristic neasuring nethod which can
efficiently neasure characteristics of a plurality of nultilayer

laminate 14 in a stage of manufacturing the mother
laminate 14 shown in Fig. 2.
When the aforementioned multilayer electronic
component 10a is placed on a circuit board 31 as shown in
5 Fig. 5, a gap is defined between the circuit board 31 and
each external electrode l2a. In order to mount the
multilayer electronic component 10a on the circuit board
31 in such a state, a solder fillet 32 is advantageously
employed in order to electrically connect the external
10 electrode 12a with a conductive land (not shown) on the
circuit board 31.
Alternatively, a terminal member 33 of a metal may be
mounted on each external electrode 12a of such a
multilayer electronic component 10a, as shown in Fig. 6.
15 The external electrodes 12 of the mode shown in Fig.
1 may be mixed with the external electrodes l12a of the
mode shown in Fig. 4 in a single multilayer electronic
component. |
While the via holes 19 for providing the external
20 electrodes 12 have circular sections in the embodiment
shown in Figs. 1 to 3, sﬁch sections may be changed to
other forms such as rectangular shapes. Further, a single
external electrode may be provided by a plufality of via
holes which are partially overlapped with each other in
25 section, or by a via hole long from side to side, in order

[ —
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el ectroni c conmponents. This is the replacenent sheet -6 These objects
are achieved by a nultilayer electronic

to expose such external electrodes in wider areas.

The grooves 20 and the slits 21 and 22 may be formed
after firing of the mother laminate 14. If no efficiency
in formation of the conductor films/resistor films on the

5 fired laminate 14 oxr plating or characteristic measurement
is taken into consideration, the mothexr laminate 14 may be
cut along the cutting lines 15 before firing, so that the
multilayer electronic components 10 are fired in .
mechanically separated states. Further, the mother

10 laminate 14 may be cut along the cutting lines 15
immediately after firing, through no stagé of forming the
'grooves 20.

The conductive materials 18 to be filled up in the

via holes 19.may not be applied simultaneously with

15 printing of the conductor films, but the wvia holes 19 may
be filled up with metal paste in another step. In this
case, it is also possible to simultaneously £ill up the
conductive materials 18 in the plurality of wvia holes 19
being aligned in series with each other in the plurality

20 of mother insulating sheets 16 which are stacked with each
other.

The insulating sheets are not restricted to ceramic
sheets, but may be prepared from other materials.

As shown in Fig. 7, further, external electrodes 12b

25 of a multilayer electronic component 10b may be provided
O i




conponent according to claim1, a nmethod for manufacturing a nultilayer
el ectronic conponent according to claim9, a method of neasuring
characteristics of a nmultilayer electronic conponent, and an
assenbly of multilayer electronic conponents. The foregoing and ot her
obj ects, features, aspects and advantages of the present invention wll
becone nore

by conductive materials which are layered on ;nner
peripheral surfaces of the via holes 19 (Figs. 2 and 3).
In this case, the external electrodes 12b define cavities
on outer surfaces thereof.

5 The present invention is not restricted to a
multilayer electronic component having a plurality of
external electrodes all of which are formed on the basis
of via holes, but is also applicable to a multilayer
electronic component including some external electrodes

10 which are formed by another method.

As shown in Fig. 8, for example, a multilayer
electronic component 10c may have some external electrodes
12 which are formed on the basis of via holes and other
external eleétrodes, such as shielding electrodes 25, for

15 example, which are formed by another method. In formation
of the Qrooves 20 as shown in Fig. 3, for example, grooves
20 having inner side surfaces to be provided with such
shielding eiectrodes 25 are first prepared so that metal
paste is filled up in these grooves 20 by injection.

20 Finally the grooves 20 are cut again to part conductive
materials provided by the metal paste, thereby forming the
shielding electrodes 25. These shielding electrodes 25
are often electrically connected with ground-side internal
circuit elementé (not shown) of the laminate 11.

25 The aforementioned shielding electrodes 25 may

Iiiﬁﬁﬁlfﬁﬁllﬁm




apparent fromthe followi ng detailed description of the present invention
when taken in conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON

OF THE DRAWNGS Fig. 1 is a perspective view show ng the appearance of a
nmul til ayer electronic conponent 10 according to an enbodi ment of the

present invention;

alternatively be formed on the basis of via holes, as a
matter of course. IIn this case, the via holes are formed
by slots longitudinally extending along the shielding
electrodes 25. Such shielding electrodes 25 may be formed

5 after the individual multilayer electronic components 10c
are obtained.

As shown in Fig. 9, shielding electrodes 25a may be
formed to extend downwardly beyond steps 13, in oxder to
improve shielding performénce. Such shielding electrodes

10 25a can be formed by any of the following methods, forx
example:

(a) A method of forming the overall shielding
electrodes 25a on the basis of wvia holes.

. (b) & method of forming only lower half portions of

15  the shielding electrodes 25a beyond the steps 13 on the
basis of via holes while foxming upper half portions by
£filling up the grooves 20 shown in Fig. 3 with metal
paste.

(c) A method of forming upper half portions of the

20 shielding electrodes 25a by fillihg up the grooves 20 with
metal paste, obtaining individual multilayer electronic
components 1l0a, and thereafter forming lower half
portions.

(d) A method of forming upper half portions of the

25 shielding electrodes 25a on the basis of via holes,
isllslliiﬂtliiillsﬁfﬂi{eﬂ'im




Fig. .2 is a perspective view showing a nother |aminate 14 which is
prepared for obtaining the nmultilayer electronic conponent 10 shown in Fig.
1, Fig. 3 is an enlarged perspective view illustrating grooves 20 which are
faormed in the nother lam nate 14 shown in Fig. 2 for enabling neasurenent

of characteri.stics;

obtaining individual multilayer electronic components 10d,
and thereafter forming lower half portions.

(e) A method of forming the overall shielding
electrodes 25a after obtaining individual multilayer

5 electronic components 10d.

When the method (a) or (b) is employed among the
aforementioned methods of forming the shielding electrodes
25a, the plurality of multilayer electronic components 10d
are electrically connected with each other through the

10 shielding electrodes 25a and not yet completely
electrically independent of each other in a stage prbvided
with the grooves 20 shown in Fig. 3. However, no
hindrance is caused in measurement of characteristics of
the individuél multilayer electronic components 10d in the

15 aforementioned state of the mother laminate 14 when the
shielding electrodes 25a are adapted to serve as a common
earthed electrodé in such characteristics measurement.

In the multilayer electronic component 10d shown in
Fig. 9, an area which is provided on the lower surface of

20 the laminate 11 for mounting other components may be
narrowed by the shielding electrodes 25a. In order to
avoid such inconvenience, shielding electrodes 25b may be
formed not to reach a lower surface of a laminate 11
provided in a mﬁltilayer electronic component lOe,‘as

25 shown in Fig. 10.
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Fig. 4 is a perspective view showing the appearance of a nultilayer
el’'ectroni c conponent 10a according to another enbodi ment of the present
tnvention; Fig. 5is a sectional viewillustrating the nultilayer
él.ectroni ¢ conponent 10a shown in Fig. 4 which

In relation to each mode of formation of the
" shielding electrodes 25, 25a and 25b shown in.Figs. 8 to
10, the upper half portion(s) of the shielding
electrode(s) may be formed on only one or three side
5 surfaces of the laminate 11. The lower half portions of
the shielding electrodes may be formed on three or four
side surfaces of the laminate 11. Although only the
shielding electrodes 25 corresponding to upper half
portions are provided in Fig. 8, only shielding electrodes
10 corresponding to lower half portions may alternatively be
provided.

As shown in Fig. 11, further, a shielding electrode
25c may be provided on a multilayer electronic component
10f to cover only a part of one side surface of a laminate

15 11 along the cross direction.

In each of the aforementioned embodiments, each via
hole 19 is so parted as to define external electrodes 12
for respecfive ones of two multilayer electronic
components 10. When the width of each groove 20 shown in

20 Fig. 3 occupies a considerable part along the diameter of
each via hole 19, however, a single via hole 19a may be
adapted to define a single external electrode, as shown in
Fig. 12. Fig. 12 shows parts of the via holes 19a before
formation of the groove 20 with two-dot chain lines.

25 Fig. 13 is a sectional view showing a multilayex

[
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~7- is nounted on a circuit board 31; Fig. 6 is a sectional view
illustrating a termnal nenber 33 which is mounted on the multilayer
.l ectronic conponent 10a shown in Fig. 4; Fig. 7 is a perspective view
Showi ng t he appearance

electronic component 42 which is covered with a case 41.
A laminate 43 provided in the multilayer electronic
component 42 has steps 44, and external electrodes 45 are
formed under these.steps 44, Some electronic components
5 46 are mounted on an upper surface of the laminate 43
appearing in Fig. 13 for compositing this multilayer
electronic component 42. The case 41 is made of a metal.
This case 41 is provided with steps 47 in conformity with
side surfaces of the laminate 43, and soldered to the
10 external electrodes 45, for example.
Fig. 14 shows another multilayer'electronic component
42a which is covered with a case 4la. -Referring to Fig.
14, elements corresponding to those shown in Fig. 13 are
denoted by Qimilar reference numerals, to omit redundant
15 description.
Referring to Fig. 14, a laminate 43 which is provided
2N in the multilayer electronic component 42a is formed not
only with steps 44 but with further steps 48. On the
other hand, the case 4la is provided with steps 49 which
20 are engaged with the steps 48. The steps 49 of the case
4la are so engaged with the steps 48 of the laminate 43
that the case 4la is further strongly mounted on'the
laminate 43. Even if force is applied to the upper

surface of the case 4la to downwardly press the same, in

25 particular, the case 4la is not disengaged from the
misllsiiiiltlliiilllseinlieﬁiced o




of a multilayer electronic conponent 10b according to still another

enbodi nent of the present invention; Fig. 8 is a perspective view show ng
t.he appearance of a nultilayer electronic conponent 10c according to a
further enmbodi nent of the present invention; Fig. 9 is a perspective view
show ng the appearance of a nmultilayer electronic conponent 10d accordi ng
to a

external electrodes 45. Such force of downwardly pressing
the case 4la is often applied from a vacuum suction chuck
(not shown) which sucks the multilayer electronic
component 42a toward the upper surface of the case 41 for

5 holding the same. The steps 48 can be formed on the
laminate 43 by a method similar to that for the éteps 44,
Namely, grooves similar to the grooves 20 may be formed
from below in positions corresponding to the groowes 20 in
the stage of the mother laminate 14 shown in Fig. 3.

10 Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the scope of the present
invention béing limited only by the terms of the appended

15 claims.
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further enbodi ment of the present invention; Fig. 10 is a perspective view
showi ng the appearance of a multilayer electronic conponent 10e accordi ng
t:0 a further enbodi ment of the present invention; Fig. 11 is a perspective
vi ew showi ng the appearance of a nultil ayer el ectronic conponent 10f
according to.a further enbodi nent of the present invention;

10

This Sheet Has Been Reﬂlaced

WHAT IS CLAIMED IS:

1. A multilayer electronic component comprising:

a laminate (11) being obtained by stacking a
plurality of insulating sheets (16, 17) with interposition
of internal circuit elements (23, 24), said laminate
having first and second opposite major surfaces and side
surfaces coupling said major surfaces with each other; and .

external electrodes (12) being fofmed on outer
surfaces of said laminate (11) to be electrically
connected with said internal circuit elements (23, 24),

said external electrodes (12) being formed by
exposing at least side portions of via holes (19), being
provided in said insulating sheets (16, 17) and coated
with conductive materials (18), by cutting said insulating

sheets (16, 17).

2. A multilayer electronic component in accordance
with claim 1, wherein said conductive materials (18) are

filled up in said via holes (19).

3. A multilayer electronic component in accordance
with claim 1, wherein said conductive materials (18) arxe

layered on inner peripheral surfaces of said via holes

(19).

[
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12 is a plan view showing a part of a nother |am nate 14 for
ilTustrating a further enbodi nent of the present invention; Fig. 13 is a

secti onal

vi ew showi ng a cased nultil ayer electronic conponent 42 according

to a further enbodi ment of the present invention;

4. A multilayer electronic component in accordance
with claim 1, wherein said laminate (11) is classified
into a first half portion being closer to said first major
surface and alsecond half portion being closer to said
second major surface by a boundary surface extending in
parallel with said major surfaces, said external
electrodes (12) being exposed only on said first half

portion. .

5. A multilayexr electronic component in accordance
with claim 4, further comprising a second electronic
component (46) being formed on said second major surface

of said laminate (43).

6. A multilayer electronic component in accordance
with claim 4, wherein steps (13) are formed on said side
surfaces of said laminate (11) in correspondence to the

position of said boundary surface between said first and

second half portions.

7. A multilayer electronic component in accordance
with claim 5, further comprising a case (41) being so
mounted on said laminate (43) as to cover said second

electronic component (46).
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Fig 14 is a sectional view showing a cased multilayer electronic conponent

42a according to a further enbodi nent of the present inventionm—Fg—15 s

a perspective view show ng the appearance of a conventlonqhsgg&&th%gk laced

é Gt fonl o componend 3 and AR

8. A multilayer electronic component in accordance
with claim 4, wherein said external electrodes are exposed

on said side surfaces and said first major surface of said

laminate.

9. A multilayer electronic component in accordance
with claim 4, wherein said external electrodes (1l2a) are

i exposed only on said side surfaces of said laminate (11).

10. A method of manufacturing a multilayer
electronic component, comprising the steps of:
preparing a mother laminate (14), to be cut along
prescribed cutting lines (15) for obtaining a plurality of
5 multilayer électronic components (10), being formed by
stacking a plurality of mother insulating sheets (16, 17)
with interposition of internal circuit elements (23, 24)

for respective said multilayer electronic components (10)

ey

to distribute said internal circuit elements in respective
10 regions parted by said cutting lines (15) and having via
holes (19), coated with conductive materials (18) being
electrically connected with said internal circuit elements
(23, 24), provided on positions to be exposed on cut
surfaces by said cutting along said cutting lines (45);

15  and

cutting said mother laminate (14) along said cutting

_—
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Fig. 16 is a perspective view showi ng the appearance of another type of
conventional multilayer el ectronic conponent 4. DESCRI PTION OF THE

PREFERRED EMBODI MENTS Fig. 1 is a perspective view show ng the appearance
of a nmultilayer electronic conponent 10 according to an enbodi nent of the

present invention. Wile the nmultilayer
is Sheet Has Been Reﬂlaced

T

lines (15).

11. A method of manufacturing a multilayer
electronic component in accordance with claim 10, wherein
said step of cﬁtting said mother laminate (14) comprises a
step of forming grooves (20) in said mother laminate (14)
5 to expose said via holes (19) on said cut surfaces, and a
'step of dividing said mother laminate (14), being prévided

with said grooves (20), in positions of said grooves (20).

12. A method of manufacturing a multilayer
electronic component in accordance with claim 10, wherein
said mother insuiating sheets (16, 17) are ceramic green
sheets, said method further comprising a step of firing

5 said mother laminate (14).

“ - 13. A method of measuring characteristics of a
multilayer.electronic component, comprising the steps of:
preparing a mother laminate (14), to be cut along

prescribed cutting lineé (15) for obtaining a plurality of

5 multilayer electronic components (10), being formed by
stacking a plurality of mother insulating sheets (16, 17)
with interposition of internal circuit elements (23, 24)
for respective éaid multilayexr electronic components (10)

to distribute said internal circuit elements in respective

* ¢ L M § %



el ectronic conponent 10 is nounted on a proper circuit board in the
chip-type configuration as illustrated, Fig. 1 shows the multil ayer

el ectronic conponent 10 in a state upwardly directing its*surrace mhlch 'S
faced toward such a circuit board. The nultilayer electronig
conprises a lamnate 11, which is formed by stacking a pl ure“lm

10

15

20

10

Iﬂiﬁxd
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regions parted by said cutting lines (15) and having via

holes (19), coated with conductive materials (18) being
electrically connected with said internal circuit elements
(23, 24), provided on positions to be exposed on cut
surfaces by said cutting along said cutting-lines (45);

forming grooves (20) in said mother laminate (14)
along said cutting lines (15), thereby exposing at least
said via holes (19) on inner side surfaces of said grooves
(20); and

measuring characteristics of each said multilayer
electronic component (10) while treating said via holes
(19), being exposed on said inner side surfaces of said

grooves (20), as external electrodes (12).

14. An assembly of multilayer electronic components,
comprising:

a mother laminate (14), to be cut along prescribed
cutting lines (15) for obtaining a plurality of multilayer
electronic components (10), being formed by stacking a
plurality of mother insulating sheets (16, 17) with
interposition of internal circuit elements (23, 24) for
respective said multilayer electronic components (10) to
distribute said intermnal circuit elements in respective
regions parted by said cutting lines (15) and having via

holes (19), coated with conductive materials (18) being

AR ) R




insul ating sheets with interposition of internal circuit elenments (not
shown). The lanmnate 11 is provided on respective ones of its four side
surfaces, for exanple, with external electrodes 12 which are exposed on
outer surfaces of the lamnate 11. These external electrodes 12 are
electrically-connected with the internal circuit This is the repl acenent
sheet

electrically connected with said internal circuit elements
(23, 24), provided on positions to be exposed on cut
surfaces by said cutting along said cutting lines (45),

15 said mother laminate (14) being formed with grooves
(20) along said cutting lines (15), thereby exposing at
least said via holes (19) on inner side surfaces of said

grooves (20).
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-9- elenents (not shown). The aforenentioned external electrodes 12 are
‘formed by exposing at | east side portions of via holes, which are

10

15

ABSTRACT OF THE DISCLOSURE

In order to provide a multilayer electronic component
(10) which can reduce arrangement pitches for external
electrodes (12),.via holes (19) filled up with conductive
materials (18) are provided in a mother laminate (14),
which is obtained by stacking a plurality of insulating
sheets (16, 17) with interposition of conductor films (23,
24), in positions parted by cutting. The conductive
materials (18) define external electrodes (12) of
individual multilayer electronic components (10) which are
obtained by cutting the mother laminate (14). ©No specific
step is required for forming the external electrodes (12),
and characteristics of each multilayer electronic
component (lb) can be efficiently measured in the state of

the mother laminate (14).
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cprovided in the insulating sheets and filled up with conductive materi al s,
by cutting the insulating sheets, as clearly understood fromthe follow ng
description of a manufacturing nethod. The lamnate 11 is provided on
Tespective ones of its four side surfaces, for exanple, wth steps 13,
whil e the reason why such steps 13 are forrred is also clarified by the
foll ow ng description of

FIG. T

—_—
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the manufacturing nmethod. In order to obtain the aforenentioned nultilayer
et éctroni c conponent 10, a nother |lamnate 14 is prepared as shown in Fig.
2. The nmother lam nate 14, which is to be cut along prescribed cutting

|l i nes 15 shown by one-dot chain lines to provide a plurality of multilayer
el ectroni c conponents 10, is obtained by stacking a

FIG.2

T



plurality of nother insulating-sheets 16 and a plurality of nother

I nsul ating sheets 17 with interposition of internal circuit elenents (not
shown) for the respective multilayer electronic conponents 10 to distribute
the internal circuit elenents in respective regions parted through the
cutting lines 15. This nother laminate 14 is provided with via holes 19

filled up with conductive
FIG.3
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materials 18 which are electrically connected with the - 10 - internal
circuit elenments (not shown) in positions to be partitioned by cutting
along the cutting lines 15. The

FI1G.5
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external electrodes 12 shown in Fig. 1 are provided by the conductive
materials 18 which are filled up in the via holes 19. In order to obtain
t he aforenmentioned nother lamnate 14, the followi ng steps are carried out,

for exanple. According to this enbodi nent, the nother insulating sheets 16
and 17 are forned by ceram c sheets.

FIG.7
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First, sheet formng is.carried out by a doctor blade coater or the liKke,
to obtain ceram c green sheets for defining the nother insulating sheets 16
and 17. Specific ones of these ceram c green sheets are provided with via
hol es by punching or the like, in order to enable electrical conduction

t hrough the sheets along the direction of thickness. At this tinme, the
ceram c green

FIG.9

FIG. 10

heet Has Been Re{ilaced
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Sheets for defining the nother insulating sheets 16, which are |ocated on
.relatively upper portions in Fig. 2, are further provided with via holes
:19. Then, conductor films and/or resistor films for serving as internal
“circuit elements are printed on specific ones of the ceram c green sheets.
At this tine, the already forned via holes are filled up with conductive
materials, while the via holes

FIG. 11

i




9 shown in Fig. 2 are filled up with conductive materials 18. \Wen the
conductor filnms are printed from | ower surface sides of the nother
i;nsul ating sheets 16 shown in Fig. 2, it is possible to prevent the
conductive materials

FIG. 13

FIG. 14
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18 fromform ng conductive |lands in peripheral edge portions of the via

hol es 19 on upper surface sides of the nother insulating sheets 16. It is
poi nted out that even such conductive |lands are within the scope of the
present invention. Then, the aforenentioned nother insulating sheets 16 and
17 are stacked with each other and pressed. Thus, the

FIG. 15

FIG. 16
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TITLE OF THE INVENTION .

Multilayer Electronic“camponent, Method of

Manufacturing the Same and Method of Measuring

Characteristics Thereof
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a multilayer

electronic component having intermal circuit elements

arranged therein, a method of manufacturing the same and a

method of measuring characteristics thereof, and more

particularxly, it relates to an improvement in a mode of

forming external electrodes in a multilayer electronic

component.

Description of the Background Art

A multilayer electronic component, which is

represented by a multilayer capacitor, a multilayer

inductor, a multilayer circuit board or a multilayer

composite electronic component, for example, comprises a

laminate which is obtained by stacking a plurality of

insulating sheets with interposition of internal circuit

elements such as conductor fJ.lms and/or res:.stor films.

< P

The 1nsulat1ng sheetgaare ﬁypmcqgly prepared from ceramic

Y
sheets. .
. ." R

Fig. 15 i a pe'rspective view showing the a__l_pp_e,arance'

of a conventional multilayer electronic component 1.
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-along cutting lines 15 (Fig. 2) with a dicing saw, for exanple, so that at
| east the via holes 19 are parted, for exanple. Wth such formation of the
grooves 20, the via holes 19 are exposed on inner side surfaces of the
grooves 20, while the conductive materials 18 which are filled up in the
via holes 19 are parted so that portions enclosed by the grooves 20 for
defining individual nultilayer -2 -

multilayer electronic component 1 comprises a laminate 2
which is obtained by stacking a plurality of insulating
sheets with interposition of internal circuit elements
(not shown). The laminate 2 is provided on its four side
- surfaces, for example, with external electrodes 3

respectively. These external electrodes 3 are
electrically connected with the internal circuit elements
which are located in the interior of the laminate 2. The
external electrodes 3 are formed by applying proper metal

- paste to specific bositions of the respective side
surfaces of the laminate 2, and parts of the external
electrodes 3 necessarily extend circumferentially on upper
and lower surfaces of the laminate 2 at this time.

Fig. 16 is a perspective view showing the appearance

of another type of conventional multilayer electronic

. component 4. This multilayer electronic component 4 also
comprises a laminate 5 which is obtainedlby stacking a
plurality of insulating sheets with interposition of
internal circuit elements (not showp). The laminate 5 is
.provided on its four side surfaces, for example, with
external electrodes 6 Whlch are electrlcally connected
with the lnternal c1rcu1t elements ﬂmese;external
electrodes 6 are provided by dividing through holes 7, as
shown by phantom lines in Fig. 16. Namely, a mother

laminate is so prepared that a plurality of multilayer

is Sheet Has Been R"*ﬁace“ . This is the replacement sheet
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electroni c conponénts 10 are electrically independent of each other.
Preferably, slits 21 and 22 are fornmed in - 12- bottom surfaces of the
grooves 20 and | ower surface

electronic components 4 can be obtained when the same is
cut along prescribed cutting lines. The through holes 7
are formed in this mother laminate so that conductor films
are formed on innex peripheral surfaces thereof for
defining the external electrodes 6, and the mother
laminate is thereafter cut to divide the through holes 7.
Also in such a multilayer electronic component 4, parts of
the external electrodes 6 extend circumfeientially on .
upper and lower surfaces of the laminate 5, due to the
method of forming the conductor films for defining the
external electrodes 6.

These multilayer electronic components 1 and 4 are
surface-mounted on.proper circuit boards through the
external eléctrodes 3 and 6, in the form of chips.

In both of the aforementioned_multilayer electronic
components 1 and 4, however, the external electrodes 3 and
6 are formed to extend toward the upper and lower surfaces
of the lamipates 2 and 5. When other components are
mounted on the upper and/or lowexr surface(s) of such
multilayer electronic components 1 and 4 to be composited
with the same, therefore,'areas capable of mounting such
components are restricted.

| Furthexr, the parts of the external electrodes 3 and 6
extending toward thé upper and lower surfaces of the

laminates 2 and 5 inhibit reduction of arrangement pitches

eet Has Been Re laced This is the replacemsnt sheet
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portions of the nother |am nate 14 opposite thereto respectively. Either

the slits 21 or

22 may be omtted. Fig. 3 shows sone conductor filnms 23 and

24 for serving as internal circuit elenents. This figure also shows states
of " the conductor filns 23 electrically connected with the conductive
materials 18. Then, .the nother lamnate 14 is fired to sinter

- 4 -

for the external electrodes 3 and 6. In addition, it is

relatively difficult to form such parts of the external

electrodes 3 and 5 in constant sizes and shapes, and this

also inhibits reduction of the arrangement pitches for the

external electrodes 3 and 6.

Particularly in the multilayer electronic component 4 -

shown in Fig. 16, it is difficult to reduce the diameters

of the through holes 7, which are formed by a drill, below

0.3 mm, and this also restricts the arrangement pitches

for the external electrodes 6. Further, the drill for

forming the through holes 7 has a relatively short life,

leading to increase in cost.

Fig.

In the multilayer electronic component 1 shown in

15, on the othex hand, the external electrodes 3 are

forﬁed on the four side surfaces of the laminate 2

respectively and hence it is hecessary to carry out at

least application of the metal paste onto the respective

side surfaces independently of each other. As the xesult,

the number of steps for forming the external electrodes 3

.is increased.

On the other hand, it is necessary to measure

characteristics of the multilayer electronic components 1

and 4 at least in advance of shipping. In both of the

multilayer electronic components 1 and 4, however, the

-characteristics cannot be measured unless the same are

T'nis Sheet Has Been R.eﬂlaced
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céramc materials formng the nother insulating sheets 16 and 17.
Thereafter surfaces of the nother lamnate 14 are provided with conductor
films and/or resistor filnms, covered with an overcoat, and coated with
sdl der resist. If necessary, the conductive materials 18 for formng
external electrodes 3 and other conductor filns are plated.

. -5 -

brought into states of chips in principle. 1In the
multilayer electronic component 1 shown in Fig. 15,
measurement of the characteristics is enabled after
formation of the external electrodes 3. Also in the case
shown in Fig. 16, the characteristics of each multilayexr
electronic component 4 cannot be measured in the stage of.
the mother laminate. Such measurement of the
characteristics is enabled only when the mother laminate
is cut to divide the through holes 7.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a multilayer electronic component which can reduce
arrangement pitches for external electrodes, and a method
of manufactﬁring the same.

Another object of the present invention is to provide
a characteristic measuring method which can efficiently
measure characteristics of a plurality of multilayer
electronic components.

A multilayer electronic component according to the
present invention éomprises a laminate which is obtained
by stackiné a plurality of insulating sheets with
interposition of internal circuit elements, and external
electrodes which are formed on outer surfaces of the
laminate to be electrically connected with the internal

circuit elements. The external electrodes.are formed by

This is the replacement sheet
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Wren the aforementi oned steps are conpleted, the plurality of multilayer

el ectronic conponents 10 included in the nother lamnate 14 are so

el ectrically independent of each other that it is possible to neasure
characteristics of each nultilayer electronic conponent 10 while treating
t he conductive materials 18 provided in the respective portions of the via
hol es 19 parted by the -6 -

exposing at least side portions of via holes, which are
provided in the insulating sheets and coated with
conductive materials, by cutting the insulating sheets.

A method of manufacturing a multilayer electronic
component according to the present invention comprises a
step of preparing a mother laminate, which is to be cut
along prescribed cutting lines for obtaining a plurality
of multilayer electronic components, being obtained by
stacking a plurality of mother insulating sheets with
interposition'of internal circuit elements for the
respective multilayer electronic Components to distribute
the internal circuif elements in regions parted by the
cutting lines and having wvia holes, coated with conductive
materials being electrically connected with the internal
circuit elements, provided in positions to be exposed on
.cut surfaces by cutting along the cutting lines, and a
step of cutting the mother laminate along the cutting
lines. |

A method of measuring characteristics of a multilayer
Jelectronie component according to the present invention
comprises e step of preparing a mother laminate, which is
to be cut along prescribed cutting lines for obtaining a
plurality of multilayer electronic components, obtained by
stacking a plurality of mother insulating sheets with

interposition of internal circuit elements for the
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gr-ooves 20 as external electrodes. After the characteristics are neasured,
ot her el ectronic conponents are nounted on those of the mul til ayer
el ectroni c conponents 10 which are determ ned

respective multilayer electronic components to distribute
the intermal circuit elements in regions parted by the

- cutting lines and provided with via holes, coated with
conductive materiais being electrically connected with the
internal circuit elements, in positions to be exposed on
cut sﬁrfacgs by cutting along the cutting lines, a step of
forming grooves in the mother laminate along the cutting
lines thereby exposing at least the via ho;es on 4inner
side surfaces of the grooves, and a step of measuring
characteristics of each multilayer eléctronic component
while treating the via holes being exposed on the innerxr
side surfaces of the grooves as external electrodes.

The configuration of the multilayer electronic

components provided in the aforementioned characteristic

i

measuring method, i.e., an assembly of the multilayer
electronic components consisting of the mother laminate
provided with the grooves, can be shipped in this state.
According to the inventive multilayer electronic
component, the external electrodes are provided by
exposing at least side portions of the via hole which are
coated wifh conductive ﬁaterials. In this case, the via
holes can be readily formed in small diameters by punching
with no employment of a drill, whexreby arrangement pitches
for the external electrodes can be reduced. Further, it

is possible to avoid increase in cost resulting from a
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as nondefective, to be conposited with the sane. The steps heretofore
described can be efficiently carried out in the state of the nother

| am nate 14. The multilayer electronic conmponents 10 nay be shipped in this
st-age. Then, the nother |am nate 14 is conpletely cut along the cutting
lines 15 (Fig. 2), i.e., the grooves 20 (Fig. 3), in order to obtain a
plurality of nmultilayer. -8 -

short life of a drill since it is not necessary to employ
such a drill.

The external electrodes provided by the via holes
require no mode of formation 6f extending |
circumferentially on at least one mafor surface of the
laminate, whereby at least one major surface of the
laminate can be widely employed as a surface for mounting
another component to be composited with the same.. Thus,
it is possible to improve density in component mounting.

Since the external electrodes are provided by the
conductive materials which are applied to the via holes,
it is possible to attain relatively large dimensions
corresponding to film thicknesses of the external
electrodes bf fiiling up the via holes with the conductive
materials. Thus, it is possible to reduce a problem of
solder leaching when the multilayer electronic component
is soldered to a circuit board. Since the conductive
materials for defining'the external electrodes are
embedded in parts of the via holes, it is possible to
improve strength of soldering.

According to the inventive method of manufacturing a
multilayer electronic component, the via holes coated with
the conductive materials for providing the external
electrodes are already formed in the mother laminate so

that the conductive materials are exposed to define the
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electroni ¢ conponents 10 which ‘are nechanically i ndependent of each other.
Such cutting is readily attained by dividing the nother lamnate 14 |like a
chocol ate- bar al ong the grooves 20. The aforenentioned slits 21 and 22
facilitate such division. Thus, the nultilayer electronic conponent 10
shown in Fig. 1 is obtained. As understood fromthe above

- 9 -

external electrodes by cutting the mother laminate,
whereby no specific step is reqﬁired for providing the
external electrodes.

According to the inventive method of measuring
characteristics of a multilayer electronic component,
further, it is possible to independentiy measure
characteristics of a plurality of multilayer electronic
components, which are mechanically integrated with each
other in the form of a mother laminate in a state being
electrically ihdependent of each other, due to formation
of the grooves. Therefore, it is not necessary to handle
mechanically independent multilayer electronic components,
but characteristics of a number of multilayer electronic
components ean be efficiently measured by screening, foxr
example.

When the assembly of the multilayer electronic
components consisting of a mother laminate provided with
the groovee, which is a configuration to be subjected to
the aforementioned measurement of characteristics, is
,shipped in this state, the user can take out the
respective multilayer electronic components from the
mother laminate by simply dividing the same along the
grooves. It is to be noted that each multilayer
electronic component can be subjected to mounting with no

problem in this case since the same can be through with
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description, the steps 13 result fromthe formation of the aforenentioned
grooves 20. When the lamnate 11 is classified into upper and | ower half
portions through a boundary surface corresponding to the positions of the
stéps 13, the external electrodes 12 are exposed only on the upper half
portion. Then, the nmultil ayer electronlc conponent 10 is

- 10 -

measurement of its characteristics, and the assembly of
such multilayer electronic cémponents is easy to pack and
handle as compared with multilayer electronic components
which are separated from each othex.

The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with .the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the appearance
of a multilayer electronic component 10 according to an
embodiment of the presént invention;

Fig. 2.is a perspective view showing a mother
laminate 14 which is prepared for obtaining the multilayer
electronic component 10 shown in Fig. 1;

Fig. 3 is an enlarged perspective view illustrating
grooves 20 which are formed in the mother laminate 14
shown in Fig. 2 for enabling measurement of

Icharacteristics}

Fig..4 is a perspective view showing the appearance
of a multilayer electronic component 10a accoxding to
another embodiment of the present invention;

Fig. 5 is a sectional view illustrating the

multilayer electronic component l0a shown in Fig. 4 which
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covered with a case at need. This case is adapted to cover other conponents
whi ch may be nounted on a | ower surface of the nmultilayer electronic

conmponent 10 - 14 -

- 11 -

is mounted on a circuit board 31;

Fig. 6 is a sectional view illustrating a terminal

member 33 which is mounted on the multilayer electronic
‘compénent 10a shown in Fig. 4;

Fig. 7 is a perspective view showing'the appearance
of a multilayer electronic component 10b according to
still another embodiment of the present invention;

Fig. 8 is a perspective view showing the appearance
of a multilayer electronic component 10c aécording to a
further embodiment of the present invention;

Fig. 9 is a perspective view showing the appearance
of a multilayer electronic component 104 according to a
further embodiment of the present invention;

Fig. 10'15 a perspective view showing the appearance
of a muitilayer electronic component 10e according to a
further embodiment of the present invention;

FPig. 11 is a perspective view showipg the appearance
of a multilayer électronic component 10f according to a
further embodiment of the presenﬁ invention;

Fig. 12 is a plan view showing a part of a mother
laminate 14 for.illustrating a further embodiment of the
present invention;

Fig. 13 is a sectional view shoﬁing a cased
multilayer electronic component 42 according to a further

embodiment of the present invention;
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appearing in Fig. 1. This case is described later with reference to Figs.
13 and 14. While the present invention has been described with reference to
t he enbodi nent shown in Figs. 1 to 3, various nodifications are avail able
within the scope of the present invention. Wile the external electrodes 12
shown in Fig. 1 are

) - 12 -

Fig. 14 is a sectional view showing a cased
multilayer electronic component 42a according to a further
embodiment of the present invention;

Fig. 15 is a perspective view showing the appearance
of a conventional multilayer electronic component 1; and

Fig. 16 is a perspective view showing the appearance
of another type of conventional multilayer electronic
component 4. .
DESCRIPTION OF THE PREfERRED EMBODIMENTS

Fig. 1 is a perspective view showing the appearance
of a multilayer electronic component 10 according to an
embodiment of the present invention. While the multilayer
electronic component 10 is mounted on a proper circuit
board in thelchip—type configuration as illustrated, Fig.
1 shows the multilayer electronic component 10 in a state
upwardly directing its surface which is faced toward such
a circuit board.

The muitilayer electronic component 10 comprises a
laminate 11, which is formed by stacking a plurality of
'}nsulating sheets with interposition of intermal circuit
Helements (ﬁot shown). The laminate 11 is provided on
respective ones of its four side surfaces, for example,
with external electrodes 12 which are exposed on outer
surfaces of the laminate 11. These external electrodes 12

are electrically connected with the internal circuit
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fermed to be exposed not only on the side surfaces of the |lamnate 11 but
on the upper surface appearing in Fig. 1, such external electrodes 12a nmay
be formed to be exposed only on side surfaces of a lamnate 11 in a

nul tilayer el ectronic conponent 10a shown in Fig. 4,- for exanple.
Referring to Fig. 4, elenents corresponding to those shown in Fig. 1 are
denoted by simlar reference nunerals,13 0

elements (not shown).

The aforementioned external electrodes 12 are formed
by exposing at least side portions of via holes, which are
provided in the insulating sheets and filled up with
conductivermaterials, by cutting the insulating sheets, as
clearly understood from the following description of a
manufacturing method. The laminate 11 is provided on
respective ones of its four side surfaces, for example,
with steps 13, while the reason why such steps 13 are
formed is also clarified by the following description of
the manufacturing method.

In order to obtain the aforementioned multilayer
electronic component 10, a mother laminate 14 is prepared
as shown in fig. é, The mother laminate 14, which is to
be cut along prescribed cutting lines 15 shown by ore-dot
chain lines to provide a plurality of multilayer
electronic components 10, is obtained by stacking a
plurality of mother insulating sheets 16 and a plurality
of mother insulating sheets 17 with interposition of
_internal circuit elements (not shown) for the respective

.multilayef electronic components 10 to distribute the
internal circuit elements in respective regions parted
through the cutting lines 15. This mother laminate 14 is
provided with via holes 19 filled up with conductive

materials 18 which are electrically connected with the
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orit redundant description. - According:to the nultilayer electronic

conponent 10a shown in Fig. 4, it is possible to widely utilize not only a

| ower surface of the lamnate 11 appearing in this figure but the upper

surface as nmounting surfaces for other conponents to be conposited with

this corrponent 10a, with no interference by the external electrodes 12a. In
- 14 -

internal circuit elements (not shown) in positions to be
partitioned by cutting along the cutting lines 15. The
external electrodes 12 shown in Fig. 1 are provided by the
conductive materials 18 which are filled up in the via
holes 19.

In order to obtain the aforementioned mother laminate
14, the following steps are carried out, for example.
According to this embodiment, the mother insulating sheets
16 and 17 are formed by ceramic sheets.

First, sheet forming is carried out by a doctor blade
coater or the like, to obtain ceramic green sheets for
defining the mother insulating sheets 16 and 17. Specific
ones of these ceramic green sheets are provided with via
holes by puﬁching or the like, in order to enable
electrical conduction through the sheets along the
difection of thickness. At this time, the ceramic green
sheets for defining the mother insulating sheets 16, which
are located on relétively upper portions in Fig. 2, are
further provided with wvia holes 19. Then, conductor films

_and/ox resiétor'films for serving as internal circuit
elements ére printed on specific ones of the ceramic green
sheets. At this time, the already formed wvia holes axe
filled up with conductive materials, while the via holes
19 shown in Fig. 2 are filled up with conductive materials

18. When the conductor films are printed from lower
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orter to obtain such a nultilayer electronic conponent 10a, nother

I nsul ating sheets having no via holes 19 for form ng external el ectrodes
may be enpl oyed to form sone of those |located on an upper portion of the
mot her

- 15 -

surface sides of the mother insulating sheets 16 shown in
Fig. 2, it is possible to prevent the conductive materials
18 from forming.conductive lands in peripheral edge
portions of the via holes 19 on upper surface sides of the
g mother insulating sheets 16. It is pointed out that even
such conductive lands are within the scope of the present
invention. |
Then, the aforementioned mother insulating sheets 16
and 17 are stacked with each other and pressed. Thus, the
mother laminate 14 is obtained. In this mother laminate
14, the via holes 19 provided in the respective ones of
the pluraliﬁy of mother insulating sheets 16 are aligned
along the direction of thickness, whereby the conductive
materials 1é filled up in the wvia holes 19 are connected
in series with each other. |
Then, grooves 20 are formed in the mother laminate 14
along cuttlng lines 15 (Fig. 2) with a dlClng saw, for
example, so that at least the via holes 19 are parted, for
example. With such formation of the grooves 20, the via
~holes 19 are exposed on inner side surfaces of the grooves
20, while the conductive materials 18 which are filled up
in the via holes 19 are parted so that portions enclosed
by the grooves 20 for defining individual multilayer
electronic components 10 are electrically independent of

each other. Preferably, slits 21 and 22 are formed in
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| am nate 14 in a stage of manufacturing the nother |am nate 14 shown in
Fig. 2. Wen the aforenentioned multilayer electronic conponent 10a is
placed on a circuit board 31 as shown in Fig. 5 a gap is defined between
the circuit board 31 and each external electrode 12a. In order to nmount the
mul til ayer electronic conponent 10a on the circuit board

- 16 -

bottom surfaces of the grooves 20 and lower surface
portions of the mother laminate 14 opposite thereto
respectively. Either the slits 21 or 22 may be omitted.

Fig. 3 shows some conductor films 23 and 24 for
serving as internal circuit elements. This figure also
shows states of the conductor films 23 electrically
connected with the conductive materials 18.

Then, the mother laminate 14 is fired to sinter
ceramic materials forming the mother insulating sheets 16
and 17. Thereafter surfaces of the mother laminate 14 are
provided with conductor films and/or resistor films,
covered with an overcoat, and coated with solder resist.
If necessary, the qonductive materials 18 for forming
external eleétrodes 3 and other conductor films are
plated.

When the aforementioned steps are completed, the
plurality of multilayer electronic components 10 included
in the mother laminate 14 are so electrically independent
of each other that it is possible to measure
.Characteristics of each multilayer electronic component 10
while treéfing the conductive materials 18 provided in the
respective portions of the via holes 19 parted by the
grooves 20 as external electrodes.

After the characteristics are measured, other

electronic components are mounted on those of the
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31"in such a state, a solder fillet 32 is advantageously enpl oyed in order
to electrically connect the external electrode 12a with a conductive | and
(not shown) on the circuit board 31. Alternatively, a term nal nmenber 33 of
a fretal may be nounted on each external el ectrode 12a of such a multilayer
el ectronic conponent 10a, as shown in Fig. 6.

- 17 -

multilayer electronic components 10 which are determined
as nondeféctive, to be composited with the same. The
steps heretofore descr;bed can be efficiently carried out
in the state of the mothexr laminate 14. The multilayer
electronic components 10 may be shipped in this stage.

Then, the mother laminate 14 is completely cut along

 the cutting lines 15 (Fig. 2), i.e., the grooves 20 (Fig.

3), in order to obtain a plurality of multilayer .
electronic components 10 which are mechanically
independent of each other. Such cutting is readily
attained by dividing the mother laminate 14 like a
chocolate bar along the grooves 20. The aforementioned
slits 21 and 22 facilitate such division. |

Thus, the multilayer electronic component 10 shown in
Fig. 1 is obtained. As understood from the above
description, the steps 13 result from the formation of the
aforementioned grooves 20.. When the laminate 11 is
classified into upper and lower half portions through a
boundary surface correspondiﬁg to the positions of the
steps 13, the external electrodes 12 are exposed only on
the upper half portion.

Then, the multilayer electronic component 10 is
covered with a case at need.. This case is adapted to
cover other components which may be mounted on a lower

surface of the multilayer electronic component 10
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The external electrodes 12 of the node shown in Fig. 1.may be mxed with
the external electrodes 12a of the nbde shown in Fig. 4 in a single
mul tilayer electronic conponent. - While the via holes 19 for providing
t He external electrodes 12 have circular sections in the enbodi nrent shown
in Figs. 1 to 3, such sections may be changed to

- 18 -

appearing in Fig. 1. This case is described later with
reference to Figs. 13 and 14.

While the present invention has been described with

reference to the embodiment showﬁ in Figs. 1 to 3, wvarious
. modifications are available within the scope of the
present inQention.

While the external electrodes 12 shown in Fig. 1 are
formed to be exposed not only on the side surfaces of the
laminate 11 but on the upper surface appearing in Fig. 1,
such external electrodes 12a may be formed to be exposed
only on side surfaces of a laminate 1l in a multilayer
electronic component 10a shown in Fig. 4, for example.
Referring to Fig. 4, elements corresponding to those shown
in Fig. 1 are denoted by similar reference numerals, to
omit redundant description.

According to the multilayer electronic component 1l0a
shown ih Fig. 4, it is possible to widely utilize not only
a lower sufféce of thé laminate 11 appearing in this
figure but the upper surface as mounting surfaces for
_other components to be composited with this component 10a,
with no inferference by the external electrodes l2a. In
6rder to obtain such a multilayer electronic component
l0a, mother insulating sheets having no via holes 19 for
forming external electrodes may be employed to form some

of those located on an upper portion of the mother
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other forms such as rectangul ar shapes. Further, a single external
el ectrode nmay be provided by a plurality of via holes which are partially
over |l apped with each other in section, or by a via hole long fromside to

side, in order

- 19 -

laminate 14 in a stage of manufacturing the mother
laminate 14 shown in Fig. 2.

When the aforementioned multilayer electronic
component 10a is placed on a circuit board 31 as shown in
Fig. 5, a gap'is defined between the circuit board 31 and
each external electrode l2a. In order to mount the
multilayer electronic component 10a on the circuit board
31 in such a state, a solder fillet 32 is advantageously
employed in oxrder to electrically connect the external
electrode 12a with a conductive land (not shown) on the
circuit board 31.

Alternatively, a terminal member 33 of a metal may be
mounted on each external electrode 12a of such a
multilayer electronic component 10a, as shown in Fig. 6.

The external electrodes 12 of the mode shown in Fig.
1 may be mixed with the external electrodes 12a of the
mode shown in Fig. 4 in a single multilayei electronic
component.

While the via holes 19 for providing the external
lelectrodes 12 have circular sections in the embodiment
shown in Figs. 1 to 3, such sections may be changed to
other forms such as rectangular shapes. Further, a single
external.electrode may be provided by a plurality of via
holes which are partially overlapped with each other in

section, oxr by a via hole long from side to side, in oxder
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"16 - to expose such external electrodes in w der areas. The grooves 20
and the slits 21 and 22 may be forned after firing of the nother |am nate
14. If no efficiency in formation of the conductor filns/resistor filns on
the fired laminate 14 or plating or characteristic neasurenent is taken
I nto consideration, the nother |am nate 14 may be

- 20 -

to expose such external electrodes in wider areas.

The grooves 20 and the slits 21 and 22 may be forméd
after firing of the mother laminate 14. If no efficiency
in formation of the conductor films/resistor films on the
fired laminate 14 or plating or characferistic measurement
is taken into consideration, the mother laminate 14 may be
cut along the cutting lines 15 before firing, so that the
multilayer electronic components 10 are fired in.
mechanically separated states. Further, the mother
laminate 14 may be cut along the cutting lines 15
immediately after firing, through no stage of forming the

.grooves 20.

The conductive materials 18 to be filled up in the
via holes 1§ may not be applied simultanéously with
printing of the conductor films, but the wvia holes 19 may
be filled up with metal paste in another step. In this
case, it is also poésible_to simultaneously £ill up the
conductive materials 18 in the plurality of via holes 19
being aligned in series with each other in the plurality
of mother insulatin§ sheets 16 which are stacked with each
other. |

The insulating sheets are not restricted to ceramic
sheets, but may be prepared from other materials.

As shown in Fig. 7, further, external electrodes 12b

of a multilayer electronic component 10b may be provided
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cut along the cutting lines 15 before firing, so that the nultilayer
el ectronic conponents 10 are fired in nechanically separated states.
Further, the nother lam nate 14 may be cut along the cutting lines 15
i mredi ately after firing, through no stage of forming the grooves 20. The
conductive materials 18 to be filled up in the

- 21 -

by conductive materials which are layered on.inner
peripheral surfaces of the via holes 19 (Figs. 2 and 3).
In this case, the external electrodes 12b define cavities
on outer surfaces thereof.

The present invention is not restricted to a
multilayer electronic component having a plurality of
external electrodes all of which are formed on the basis
of via holes, but is also applicable to a multilayer'
electronic componenf including some external electrodes
which are formed by another method.

As shown in Fig. 8, for example, a multilayer
electronic component 10c may have some external electrodes
12 which are formed on the basis of via holes and other
external eleétrodes, such as shielding electrodes 25, for
example, which are formed by another method. In formation
of the érooves 20 as shown in Fig. 3, for example, grooves
20 having inner side surfaces to be provided with such
shielding eiectrodes 25 are first prepared so that metal

~paste is filled up in these grooves 20 by injection.
fFinally the grooves 20 are cut again to part conductive
materials brovided by the metal paste, thereby forming the
shielding electrodes 25. These shielding electrodes 25
are often electrically connected with ground-side internal
circuit elements (not shown) of the laminate 11.

The aforementioned shielding electrodes 25 may
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via holes 19 may not be applied sinultaneously with printing of the
conductor filnms, but the via holes 19 may be filled up with netal paste in
another step. In this case, it is also possible to simultaneously fill up
the conductive materials 18 in the plurality of via holes 19 being aligned
in series with each other in the plurality of nother insulating sheets 16
whi ch are stacked with each - 22 -

alternatively be formed on the basis of via holes, as a
matter of course. In this case, the via holes are formed
by slots longitudinally extending along the shielding
electrodes 25. Such shielding electrodes 25 may be formed

- after the individual multilayer electronic components 10c
are obtained.

As shown in Fig. 9, shielding electrodes 25a may be
formed to extend downwardly beyond steps 13, in oxder to
improve shielding performance. Such shielding electrodes

" 25a can be forméd by any of the following methods, for
example:

(a) A method of.forming the overall shielding
electrodes 25a on ﬁhe basis of wvia holes.

(b) A method of formisg only lower half portions of
the shielding electrodes 25a beyond the steps 13 on the
basis of wvia holes while forming upper hélf portions by
£illing up the.grooves 20 shown in Fig. 3 with metal
paste.

(c) A method of forming upper half portions of the
;shielding electrodes 25a by filling up the grooves 20 with
metal pasfe, obtaining individual multilayer electronic
components 1l0a, and thereafter forming lower half
portions.

(d) A method of forming upper half portions of the

shielding electrodes 25a on the basis of wvia holes,
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ot'her. The insulating sheets are not restricted to ceranic sheets, but may
be prepared fromother materials. As shown in Fig. 7, further, external
el ectrodes 12b of a nultilayer electronic conponent 10b may be provided

- 23 -

obtaining individual multilayer electronic éomponents 10d,
and thereafter forming lower half portions.

(e) A method of forming the overall shielding
electrodes 25a after obtaining individual multilayer
electronic components 10d.

When the method (a) or (b) is employed among the
aforementioned methods of forming the shielding electrodes
25a, the plurality of multilayer electronic components 10d
are electrically connected with each other through the
shielding electrodes 25a and not yet completely
electrically independent of each 6ther in a stage provided
with the grooves 20 shown in Fig. 3. However, no
hindrance is caused in measurement of characteristics of
the individuél muitilayer electronic components 10d in the
aforementioned state of the mother laminate 14 when the
shielding electrodes 25a are adapted to serve as a common
earthed electrode in such characteristics measurement.

In the multilayer electronic component 10d shown in
Fig. 9, an area which is provided on the lowexr surface of
the laminate 11 for mounting other components may be
narrowed by the shleldlng electrodes 25a In order to
avoid such inconvenience, shleldlng electrodes 25b may be
formed not to reach a lower surface of a laminate 11
provided in a multilayer electronic component 10e, as

shown in Fig. 10.

N A



by conductive materials which are |ayered on inner peripheral surfaces of
the via holes 19 (Figs. 2 and 3). In this case, the external electrodes 12b
define cavities on outer surfaces thereof. The present invention is not
restricted to a multilayer electronic conmponent having a plurality of

- 24 -

In relation to each mode of formation of the
shielding electrodes 25, 25a and 25b shown in Figs. 8 to
10, the upper half portion(s) of the shielding
electrode(s) may be formed on only one or three side
surfaces of the laminate 11. The lower half portions of
the shielding electrodes may be formed on three or four
side surfaces of the laminate 11.. Although only the
shielding electrodes 25 corresponding to upper half
portions are provided in Fig. 8, only Shielding electrodes
corresponding to lower half portions may alternatively be
provided.

As shown in Fig. 11, further, a shielding electrode

" 25¢ may be provided on a multilayer electronic component
10f to covéf only a part of one side surface of a laminate
11 along the cross directién.

In each of the aforementionéd embodiments, each via
hole 19 is so parted as to define external electrodes 12
for respecfive ones of two multilayer electronic
components 10. When the width of each groove 20 shown in
Fig. 3 occupies a considerable part along the diameter of
each via Hble 19, however, a single via hole 19a may be
adapted to define a single external electrode, as shown in
Fig. 12. Fig. 12 shows parts of the via holes 19a before
formation of the groove 20 with two-dot chain lines.

Fig. 13 is a sectional view showing a multilayer

I —
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external electrodes all of which are forned on the basis of via holes, but
Is also applicable to a nultilayer el ectronic conponent i ncluding sone
external electrodes which are fornmed by anot her nmethod. As shown in Fig. 8,
for exanple, a nultilayer electronic conponent 10c may have sone external
el ectrodes 12 which are fornmed on the basis of via holes and ot her

- 25 -

electronic componehﬁ 42 which is covered with a case 41.

A laminate 43 provided in the multilayer electroniq
component 42 has steps 44, and external electrodes 45 are
formed under thesé.steps 44. Some electronic components
46 are mounted on an upper surface of the laminate 4¢3
appearing in Fig. 13 for compositing this multilayer
electronic component 42. The case 41 is made of a metal.
This case 41 is provided with steps 47 in conformity with
side surfaces of the laminate 43, and soldered to the
external electrodes 45, for example.

Fig. 14 shows another multilayer electronic component
42a which is covered with a case 4la. -Referring to Fig.
14, elements corresponding to those shown in Fig. 13 are
denoted by Qimilar reference numerals, to omit redundant
description.

Referring to Fig. 14, a laminate 43 which is provided
in the multilayer electronic component 42a is formed not
only with steps 44 but with further steps 48. On the
other hand, the case 4la is provided with steps 49 which

B ‘are engaged with the steps 48. The steps 49 of the case
4la are sa engaged with the steps 48 of the laminate 43
that the case 4la is further strongly mounted on the
laminate 43. Even if force is applied to the upper
surface of the case 4la to downwardly press the same, in

particular, the case 4la is not disengaged from the
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external electrodes, such as shielding electrodes 25, for exanple, which
are formed by another nmethod. In formation of the grooves 20 as shown in
Fig. 3, for exanple, grooves 20 having inner side surfaces to be provided
wi th such shielding electrodes 25 are first prepared so that netal paste is
filled up in these grooves 20-by injection. Finally the grooves 20 are cut
again to part conductive - 26 -

external electrodes 45. Such force of downwardly pressing
the case 4la is often applied from a vacuum suction chuck
(not shown) which sucks the multilayer electronic
component 42a toward the upper surface of the case 41 for
holding the same. The steps 48 can be formed on the
laminate 43 by a method similar to that for the steps 44.
Namely, grooves similar to the grooves 20 may be formed
from below in positions corresponding to the grooves 20 in
the stage of the mother laminate 14 shown in Fig. 3.

B Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the scope of the present
invention béing limited only by the terms of the appendea

claims.
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materials provided by the netal paste, thereby form ng the shielding

el ectrodes 25. These shielding el ectrodes 25 are often electrically
connected with ground-side internal circuit elenments (not shown) of the
| ami nate 11. The af orenentioned shiel ding el ectrodes 25 nmay

- 27 -
. This Sheet Has Been R

T i

WHAT IS CLAIMED IS:

1. A multilayer electronic component comprising:

a laminate (11) being obtained by stacking a
plurality of insulating sheets (16, 17) with intexrposition
of internal circuit elements (23, 24), said laminate

- having first and second opposite major surfaces and side
surfaces coupling said major surfaces with each other; and
external electrodes (12) being formed on outer
surfaces of said laminate (11) to be electrically.
connected with said intermal circuit elements (23, 24),
said external electrodes (12) being formed by
exposing at least side portions of via holes (19), being
provided in said insulating sheets (16, 17) and coated
with conductive matexrials (18), by cutting said insulating

sheets (16, 17).

2. A multilayer electronic component in accordance
with claim 1, wherein said conductive matexials (18) are

filled up in said via holes (19).

3. A multilayer electronic component in accordance
with claim 1, wherein said conductive materials (18) are
layered on inner peripheral surfaces of said wvia holes
(19).

This is the replacement sheet
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alternatively be forned on the basis of via holes, as a matter of course.
In this case, the via holes are fornmed by slots |ongitudinally extending
along the shielding el ectrodes 25. Such shielding el ectrodes 25 may be
formed after the individual nultilayer electronic conponeiiSheet as BeeeReplaced

obt ai ned.

N III

- 28 - |

4. A multilayer electronic component in accordance
with claim 1, wherein said laminate (11) is classified
into a first half portion being closer to said first major
surface and a second half portion being closer to said
second major surface by a boundary surface extending in
parallel with said major surfaces, said external
electrodes (12) being exposed only on said first half

portion. ' N

5. A multilayer electronic component in accordance
with claim 4, further comprising a second electronic
cbmponent (46) being formed on said second major surface

of said laminate (43).

6. A multilayer electronic component in accordance
with claim 4, wherein steps (13) are formed on said side
surfaces of said laminate (11) in correspondence to the
position of said boundary surface between said first and

second half portions.

7. A multilayer electronic component in accordance
with claim 5, further comprising a case (41) being so
mounted on said laminate (43) as to cover said second

electronic component (46).

R This i6 the replacamant shoet
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As shown in Fig. 9, shielding electrodes 25a nmay be forned to extend

downwardly beyond steps 13, in order to inprove shiel dimg—performance-—Stch
shi el ding el ectrodes 25a can be fornmed by any of the f

] | Qwi t hpd for
exXanpl e: (a)A nethod of forming the overall shielding ehls(ge be Kt he
basi s of via holes. ﬂ lnﬂ nm

' - 29 -

8. A multilayer electronic component in accordance
with claim 4, wherein said external electrodes are exposed

on said side surfaces and said first major surface of said

laminate.

9. A multilayer electronic component in accordance
with claim 4, wherein said external electrodes (l2a) are

exposed only on said side surfaces of said laminate (11).

10. A method of manufacturing a multilayer
electronic component, comprising the steps of:

preparing a mother laminate (14), to be cut along
prescribed cutting lines (15) for obtaining a plurality of
multilayer electronic components (10), being formed by
stacking a plurality of mother insulating sheets (16, 17)
with interposition-of internal circuit elements (23, 24)
for respective said multilayer electronic components (10)
to distribute said internal circuit elements in respective
regions parted by said cutting lines (15) and having via
“holes (19), coated with conductive materials (18) being
electricaily connected with said internal circuit elements
(23, 24), provided on positions to be exposed on cut
surfaces by said cutting along said cutting lines (45);
and

cutting said mother laminate (14) along said cutting

This is the replacement sheet .
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(b) A nmethod of formng only |ower half portions of the shielding
el ectrodes 25a beyond the steps 13 on the basis of via holes while formng

upper half portions by filling up the grooves 20 shown in Flg 3 with netal

paste. (c) A method of form ng upper half portions of thers afiBeen Replaced

el ectrodes 25a by filling up the grooves 20 with H“mm“““““m“
~- 30 -

lines (15).

11. A method of manufacturing a multilayer
electronic component in accordance with claim 10, wherein
said step of cutting said mother laminate (14) comprises a
step of forming grooves (20) in said mother laminate (14)
to expose said via holes (19) on said cut surfaces, and a
'step of. dividing said mothexr laminate (14), being prévided

with said grooves (20), in positions of said grooves (20).

12; A method of manufacturing a multilayer
electronic component in accordance with claim 10, wherein
said mother insuiating sheets (16, 17) are ceramic green
sheets, sai& method further comprising a step of firing

said mother laminate (14).

13. A method of measuxring characteristics of a
multilayef'électronic component, comprising the steps of:
preparing a mother laminate (14), to be cut along
_ prescribed cutting lineé (15) for obtaining a plurality of
multilayef electronic components (10), being formed by
stacking a plurality of mother insulating sheets (16, 17)
with interposition of internal circuit elements (23, 24)
for respective said muitilayer electronic components (10)

to distribute said internal circuit elements in respective

This is the replacement sheet
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met al paste, obtaining individual nultilayer electronic conponents 10a, and
thereafter formng lower half portions. (d) A method of form ng upper half
partions of the shielding el ectrodes 25a on the basis of via hol es,

is Sheet Has Been e[ilaced
s TR

regions parted by said cutting lines (15) and having via
holes (19), coated with conductive materials (18) being
electrically connected with said internal circuit elements
(23, 24), provided on positions to be exposed on cut
surfaces by said cutting along said cutting-lines (45);
forming grooves (20) in said mother laminate (14)
along said cutting lines (15), thereby exposing at least
said via holes (19) on inner side surfaces of said grooves
(20); and
measuring characteristics of each said multilayer
T electronic component (10) while treating sa;d via holes
(19), being exposed.on said inner side surfaces of said

grooves (20), as external electrodes (12).

14. An assembly of multilayer electronic components,
comprising:

a mother laminate (14), to be cut along prescribed
cutting lines (15) for obtaining a plurality of multilayer
electronic components (10), being formed by stacking a
plurality of mother insulating sheets (16, 17) with
interposition of intermal circuit elements (23, 24) for
respective said multilayer electronic components (10) to
distribute said internal circuit elements in respective
regions parted by said cutting lines (15) and having via

holes (19), coated with conductive materials (18) being

This is the replacement sheet
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- 19 - obtaining individual nultilayer electronic conponents 10d, and
thereafter formng | ower half portions. (e) A nethod of form ng the overal
shi.el ding el ectrodes 25a after obtaining individual nultilayer electronic
conponents 10d. :

- 32 -

electrically connected with said internal circuit elements
(23, 24), provided on positions to be exposed on cut .
surfaces by said cutting along said cutting lines (45)[
said mother laminate (14) being formed with grooves
(20) along said cutting lines (15), thereby exposing at
least said wvia holes (19) on inner side surfaces of said

grooves (20).
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Wren the method (a) or (b) is enployed anmong the aforenentioned nethods of
formng the shielding el ectrodes 25a, the plurality of multilayer

el ectroni c conponents 10d are electrically connected with each other

t hrough the shielding el ectrodes 25a and not yet conpletely electrically

i ndependent of each other in a stage pPovi.ded with the grooves 20. shown in
Fig. 3. However, no

METHOD OF MANUFACTURING

NT
Ul ILAYER ELECTRONIC COMPONENT,
o CHARACTERISTICS THEREOF

THE SAME AND METHOD OF MEASURING

ABSTRACT OF THE DISCLOSURE

In order to provide a multilayer electronic component
(10) which can reduce arrangement pitches for external
electrodes (12), via holes (19) filled up with conductive
materials (18) are_provided in a mother laminate (14),
which is obtained by stackiﬁg.a plurality of insulating
sheets (16 s 1) -with- interposition.of ‘conductor films (23
24), in positions parted by cutting. The conductlve
materials (18) define external electrodes (12) of
individual multilayerxr electronic components (10) which are
obtained by cutting the mother laminate (14). No specific
step is required for forming the external electrodes (12),
and characteristics of each multilayer electronic
component (16) can be efficiently measured in the state of

the-mother laminate (14).

FIGURE 3.

Lot
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hi'ndrance is caused in. measurenent of characteristics of the individual
nul tilayer electronic conponents 10d in the aforementi oned state of the
not her | am nate 14 when the shielding el ectrodes 25a are adapted.to serve
as a common earthed el ectrode in such characteristics neasurenent. In the
mul tilayer el ectronic conponent 10d shown in Fig. 9, an area which is
provi ded on the | ower surface of -1 -

FIG. T

This Sheet Has Been Reilaced
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the laminate 11 for nounting other conponents nay be narrowed by the

shiel ding el ectrodes 25a. In order to avoid such inconveni ence, shielding
el ectrodes 25b may be forned not to reach a |ower surface of a |lam nate 11
provided in a nultilayer electronic conponent 10e, as shown in Fig. 10.

-2 -

o
O
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T
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- 20 - Inrelation to each node of formation of the shielding el ectrodes
25, 25a and 25b shown in Figs. 8 to 10, the upper half portion(s) of the
shi el ding el ectrode(s) may be fornmed on only one or three side

- 3 -

FIG.3
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surfaces of the lanmnate 11. The |ower half portions of the shielding
elzectrodes may be fornmed on three or four side surfaces of the lamnate 11.
Al t hough only the shielding el ectrodes 25 correspondi ng to upper half
portions are provided in Fig. 8, only shielding electrodes corresponding to
| ower half portions may alternatively be provided.

: - 4 -

12a
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As shown in Fig. 11, further, a shielding el ectrode 25c nmay be provided on
aultilayer electronic conponent 10f to cover only a part of one side
surface of a lamnate 11 along the cross direction. In each of the
af orenenti oned enbodi nents, each via hole 19 is so parted as to define
external electrodes 12 for respective ones of two nultilayer electronic

- 5 -

FIG.7
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conponents 10. When -the width of each groove 20 shown in Fig. 3 occupies
a consi derabl e part along the dianeter of each via hole 19, however, a
single via hole 19a may be adapted to define a single external electrode,
as shown in Fig. 12. Fig. 12 shows parts of the via holes 19a before
formation of the groove 20 with two-dot chain lines. Fig. 13 is a sectional
view showing a nmultil ayer - 6 -

FIG.9

—
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el’ectroni ¢ conponent 42 which is covered with a case 41. A lanminate 43
prsovided in the nultilayer electronic conponent 42 has steps 44, and
external electrodes 45 are fornmed under these steps 44. Sone el ectronic
conponent s '

—_—
This Sheet Has Beg;

T

This is the replacemant sheet

Date; = @ OCT‘ 1096



46 are nounted on an upper surface of the | aminate 43 appearing in Fig. 13
for conpositing this nultilayer electronic conmponent 42. The case 41 is
made of a metal. This case 41 is provided with steps 47 in conformty with
side surfaces of the lam nate 43, and soldered to the external electrodes
45, for exanple. Fig. 14 shows another nultilayer electronic conponent

- 8 -

FIG. 13
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42a which is covered with a case 4la. Referring to Fig. 14, elenents
carresponding to those shown in Fig. 13 are denoted by simlar reference
nunerals,. to onit redundant description. Referring to Fig. 14, a lanm nate
43 whi ch |s provided in the nultilayer electronic conponent 42a is forned
not only with steps 44 but with further steps 48. On the

-9 -

FIG. 15
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Manufacturi ame and Method of Measuring
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BACKGROUND OF THE INVENTION

Field of the Invention

Thé present énvention_relates to a multilayer
electronic component having internal circuit elements
arranged therein, a meihod of manufacturing the same and a
method of measuring characteristics thereof, and more
particularly, it relates to an improvement in a mode of
forming external electrodes in a multilayer electronic
componeht.
Description of the Background Art

| A multilayer electronic component, which is

represented by a multilayer capacitor, a multilayer
inductor, a multilayer circuit board or a multilayer
composite electronic component, for example, comprises a
laminate which is obtained by stacking a plurality of
insulating sheets with interposition of internal circuit
elements such as conducfor films and/or resistor films.
The insulating sheets are typically prepared from ceramic
sheets.

Fig. 15 is a perspectivé view showing the appi?iénce

of a conventional multilayer electrxonic component ]L/ The

< et oL, /« -'u_-s-/au'rr. bwre /w& s -A-§¢ 790 £9¢ >
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Thi.s is the replacenent sheet - 22 - external electrodes 45. Such force
of downwardly pressing the case 4la is often applied froma vacuum sucti on

chuck

multilayer electronic component 1 comprises a laminate 2
which is obtained by stacking a plurality of insulating
sheets with interposition 6f iﬁternal circuit elements
(not shown). The laminate 2 is provided on its four side
surfaces, for example, with external electrodes 3
respectively.' These external electrodes 3 are
electrically connected with the internal circuit elements
which are located in the interior of the laminate 2. The
external electrodes 3 are formed by applyihg proper metal
paste to specific positions of the réspective side
surfaces of the laminate 2, and parts of the external
electrodes 3 necessarily extend circumferentially on upper
and lower surfaées of the laminate 2 at this time.

Fig. 16 is a perspective view showing the appearance
of another type of conventional multilayer electronic
component 4. This multilayer electronic component 4 also
comnr;ses a 1am1nate 5 which is obtalned by stacking a
plurality of insulating sheets with interposition of
internal circuit elements (not shown). The laminate 5 is
provided on its four side surfaces, for example, with
external electrodes 6 which are electrically connected
with the internal circuit elements. These external
electrodes 6 are provided bf aividing through holes 7, as
shown by phantom lines in Fig. 16. Naﬁely,}a mother

laminate is so prepared that a plurality of multilayer

This is the replacement sheet
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(not shown) which sucks the nultilayer electronic conponent 42a toward the
upper surface of the case 41 for holding the same. The steps 48 can be
formed on the lamnate 43 by a nethod simlar to that for the steps 44.
Nanely, grooves simlar to the grooves 20 may be formed from below in
positions corresponding to the grooves32Q in the stage of the nother

| am nat.e 14 shown in Fig. 3.

electronic components 4 can be obtained when the same is
cut along prescribed cutting lines. The through holes 7
are formed in this mother laminate so that conductor films
are formed on inner peripheral surfaces thereof for |
defining the external electrodes 6, and the méther
laminate is thereafter cut to divide the thfough holes 7.
Also in such a multilayer electronic component 4, parts of
the external electrodes 6 extend circumferentially on
upper and lower surfaces of the laminate 5, due to the
method of forming the conductor films for defining the
external electrodes 6.

| These multilayer electronic components 1 and 4 are
surface-mounted on proper circuit boards through the
external electrodes 3 and 6, in the form of chips.

. In both of the aforementioned multilayer electronic
components 1 and 4, however, the external electrodes 3 and
6 are formed to exténq toward the upper and lower surxfaces
qf the laminates 2 and S. When other components are
mounted on the upper and/or lower surface(s) of such
multilayer electronic components 1 and 4  to be composited
with the séme, therefore, areas capable of mounting such
components are restricted.

Further, the parts of the external electrocdes 3 and 6

extending toward the upper and lower surfaces of the

laminates 2 and 5 inhibit reduction of arrangement pitches

- . This is the replacement sheet

Date: 2 0 \JUN ’997



Al t hough the present invention has been described and illustrated in
detail, it is clearly understood that the sane is by way of illustration
and exanple only and is not to be taken by way of limtation, the scope of
the present invention being limted only by the terns of the appended

cl ai ns. _ -4 -

for the external electrodes 3 and 6. In addition, it is
relatively difficult to form such parts of the external
electrodes 3 and 5 in constant sizes and shapes, and this
also inhibits reduction of the arrangement pitches for the
external electrodes 3 and 6.

Particularly in the multilayer electronic component 4
shown in fig. 16, it is difficult to reduce the diameters
of the through holes 7, which are formed by a drill, below
0.3 mm, and.this also restricts the arrangemeht-pitche§
for the extermal electrodes 6. Further, the drill for
forming the through holes 7 has a relatively short life,
leading to increase in cost.

In the multilayer electronic component 1 shown in
Fig. 15, on the other hand, the external electrodes 3 are
formed on the four side surfaces of the laminate 2

~respectively and hence it is necessary to carry out at
least application of the metal paste onto the respective
side surfaces independently of each other. As the result,
the number of steps for forming the.external electrodes 3
is increased. o

On the.other hand, it is necessarj to measure
characteristics of the mﬁltilayer electronic components 1
and 4 at least in advance of'shipping. In both of the
multilayer electronic components 1 and 4, however, thé

characteristics cannot be measured unless the same are

This is the replacement sheet
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REPLACEMENT SHEET 23 CLAIMS: 1. A nmultilayer electronic conponent
conprising: a laminate (11) conprising a stack of a first

-5 -

brought into states of chips in principle. In the
multilayer electronic component 1 shown in Fig. 15,
measurement of the characteristics is enabled after
formation of the external electrodes 3. Also in the case
" shown in Fig. 16, the characteristics of each multilayer
electronic component 4 cannot be measured in the stagé of
the mother laminate. Such measurement of the
characteristics is enabled only when the mother laminate
is cut to divide the through holes 7.

SUMMARY OF THE INVENTION

Accoxdingly, an object of the present invention is to
provi@e a multilayer electropic component which can reduce
arrﬁngément pitches for external.electrodes, and a method
of manufacturing the same.

Another object of the present invention is to provide
a characteristic measuring method which can efficiently

measure characteristics of a plurality of multilayer

electronic components.
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plurality of insulating sheets (16) and a stack of a second plurality of

i nsul ating sheets (17) with interposition of internal circuit elenents (23,
24), said lam nate having first and second opposite major surfaces and side
surfaces coupling said najor surfaces with each other; and external

el ectrod 12 ing formed on sai 8 side surface said lamnate (11) to
be el ect %ﬁm@%q;og%rﬁﬁ%a e@re achfelveé dby a muitgtlayer electroni(c )
component according to claim 1, a2 method for manufacturing a

multilayer electronic component according to claim 9, a
method of measuring characteristics of a multilayer
electronic component, and an assembly of multilayef

electronic components.

The foregoing and othexr objects, features, aspects
and advantages of the present invention will become more
apparent from the f?llowing detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the appearance
of a multilayer electronic component 10 according to an
embodiment of the present invention;

Fig..2 is a perspective view showing a mother
laminate 14 which is prepared for obtaining the multilayer
electronic componen£ 10 shown in Fig. 1;

Fig. 3 is an enlarged perspective view illustrating
grooves 20 which are formed in the mother laminate 14
shown in Fig. 2 for enabling measurement of

characteristics;

Fig. 4 is a perspective view showing the appearance
of a multilayer electronic component l0a according to
another embodiment of the present invention;

Fig. 5 is a sectional view illustrating the

. multilayer electronic component 10a shown in Fig. 4 which

This is the replacement sheet
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with said internal circuit elenments (23, 24), said external electrodes (12)
bei ng formed by exposing at |east side portions of via holes (19), being
coated with conductive materials (18), by cutting said insulating sheets
(16, 17), characterized in that said via holes (19) are provided only in

said first -7 -

is mounted on a circuit board 31;

Fig. 6 is a sectional view illustrating a terminal
member 33 which is mounted on the multilayer electronic
component 10a shown in Fig. 4;

Fig. 7 is a perspective view showing the appearance
of a multilayer electronic component 10b according to
still another embodiment of the present invention;

Fig. 8 is a éerspective view showing the éppeérance
of a multilayer electronic component 10c according to a
further embodiment of the present invention;

Fig. 9 is a perspective view showing the appearance

~of a muifilayer electronic componeﬁt 10d according to a
further embodiment of the present invention;

Fig. 10 is a perspective view_showing the appearance
of a multilayer electronic component ibe accordihg to a
further embodiment of the present ihvention; .

fig. 11 is a perspective view showing the appearance
of a multilayer electronic component 10f accoxding to a
further embodiment of the present invention;

Fig. 12 is a plan view showing a part of a mother
laminate 14 for illustrating a further embodiment of the
present invention;

Fig. 13 is a sectional view showing a cased
multilayer electronic cémponent 42 according to a further

embodiment of the present invention;
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plurality of insulating sheets (16). 2. A multilayer electronic conponent
I-n accordance with claim1l1, wherein said conductive materials (18) are
filled up in said via holes (19). 3. A multilayer electronic conponent in
accordance with claim 1, wherein said conductive nmaterials (18) are |ayered
on inner peripheral surfaces of said vga holes (19).

Fig. 14 is a sectional view showing a cased
multilayer electronic component 42a according to a_further
embodiment of the present invehtion;

Fig. 15 is a perspective.view showing the appearance
of a conventional multilayer electronic component 1l; and’

Fig. 16 is a perspective view showing the appearance
of another type of conventional multilayer electronic
component 4. i _ .
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a perspective view showing the appearance
of a multilayer electronic component 10 according to an
embodiment of the present iﬁvention. While.ﬁhg multilayer
electronic component 10 is mounted on a proper circuit
board in the chip-type configuration as illustrated, Fig.
1 shows the multilayer electronic component 10 in a state
upwardly directing its surfacé which is faced toward such
a circuit boaxd.

The multilayer electronic component 10 comprises a
laminate 11, which is formed by stacking a plurality of
insulating sheets with interposition of internal circuit
elements (not shown). The laminate 11 is provided on
respective ones of its four side surfaces, for example,
with external electrodes 12 which are exposed on outer
'surfaces of the laminate 11. These external electrodes 12

are electrically connected with the internal circuit
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24 4. A multilayer electronic conponent in accordance with claim1,
further conprising a second el ectronic conponent (46) being fornmed on said

stack of a second plurality of

elements (not shown).

The aforementioned externmal electrodes 12 are formed
by exposing at least side portions of wia holes, which are
provided in the insulating sheets and filled up with
conductive materials, by cutting the insulating sheets, as
clearly understood from the following description of a
manufacturing method. The laminate 11 is provided on
respective ones of its four side surfaces, for example,
with steps 13, while the reason why such steps 13 are

-_fcrmed is also clarified by the following description of

-

the manufacturing method.

In order to obtain the aforementioned multilayer
electroﬁic component 10, a mother laminate 14 is. prepared
as shown in Fig. 2. The mother laminate 14, which is to
be cut along prescrlbed cutting lines 15 shown by one-dot
chain lines to provide a plurality of mnltllayer
electronic components 10, is obtained by stacking a
'plurality of mother insulating-éheets 16 and a plurality
of mother insulating sheets 17 with interposition of
intérnal circuit elements (not shown) for the respective
multilayer electronic components 10 to distribute the
internal circuit elements in respective regions parted
through the cutting lines 15." This mother laminate 14 is
provided with via holes 19 filled up with conductive

materials 18 which are electrically connected with the
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I nsul ating sheets (17) of said |lam nate (43). 5. A multilayer electronic
conponent in accordance with claim1l, wherein steps (13) are fornmed on said
side surfaces of said lamnate (11) in correspondence to the position of
sai d boundary surface between said stack of a first plurality of insulating
sheet and said stack of a second plurglgity of insulating sheets (17).

internal circuit elements (not shown) in positions to be
partitioned by cutting along the cutting lines 15. The
external electrodes 12 shown in Fig. 1 are provided by the
conductive materials 18 which are filled up in the via
holes 19.

In order to obtain the aforementioned mother laminate
14, the following steps are carried out, for example.
According to this embodiment, the mother insulating sheets
16 and 17 are formed by ceramic sheets.

First, sheet_forming is carried out by a doctor blade
coater or the like, to obtain ceramic green sheets fof‘
defining the mother insulafing sheets 16 and 17, Specific
ones .0of these ceramic green sheets are provided with via
holes byfpunchiné or the like, in order to enable
electrical conduction through the sheets along the
direction of thickness. A; this time, the ceramic green
sheets for defining the mother insulating sheets 16, which
are located on rélatively upper portions in Fig. 2, are
further provided with wvia holes 19. Then, conductor films

~and/or resistor films for serving as internal circuit
elements are printed on specific ones of the ceramic green
sheets. At this time, the already formed via holes are
filled up with conductive materials, while the wvia holes
19 shown in Fig. 2 are filled up with conductive materials

18. When the conductor films are printed from lower
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6. A multilayer electronic conponent in accordance with claim4, further
conprising a case (41) being so nounted on said lamnate (43) as to cover
sai d second el ectroni c conponent (46). 7. A multilayer electronic
conponent in accordance with claim1, wherein said external electrodes are
exposed on said side surfaces and saidistack of a first plurality of

surface sides of the mother insulating sheets 16 shown in
Fig. 2, it is possible to prevent the conductive materials
18 from forming conductive lands in peripheral edge
portionslof the via holes 19 on upper surface sides of the
mother insulating sheets 16. It is pointed out that even
such conductive lands are within the scope of the present
invention.

Then, the aforementioned mother insulating sheets 16
and 17 are stacked with each other and pressed. Thus, the
mother laminate 14 is obtained. In this mother laminate
14, the via holes 19 provided in the respective ones of
the plurality of mother insﬁlating sheets 16 are aligned .
along.the direction of thickness, whereby the conductive
‘materials 18 filled up in the via holes 19 are connected
in series with each other.

Then, grooves 20 are formed in the mother laminate 14
along cutting lines 15 (Fig. 2) with a dicing saw, for
example, so that at least the via holes 19 are parted, for
example. With such formation_of'the'grooves 20, the via
holes 19 are exposed on inﬁer side surfaces of the grooves
20, whilewthe conductive materiais.18 which are filled up
in the via holes 19 are parted so that portions enclosed
by the grooves 20 for defining individual multilayer
electronic components 10 are electrically independent of

each other. Preferably, slits 21 and 22 are formed in
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i nsul ating sheets (16) of said |aninate. 8. A multilayer electronic
conponent in accordance with claim1, wherein said external el ectrodes

(12a) are exposed only on said side surfaces of said lamnate (11). 9. A
met hod of manufacturing a nultilayer electronic conmponent, conprising the
steps of: - 12°-

bottom surfaces of the grooves 20 and lower surface
portions 6f the mother laminate 14 opposite thereto
respectively. Either the slits 21 or 22 may be omitted.
Fig. 3 shows some conductor films 23 and 24 for
serving as internal circuit elements. This figure also
shows states of the conductor films 23 electrically

connected with the conductive materials 18.

Then, the mother laminate 14 is fired to sinter
ceramic materials forming the mother insulating sheets 16
and 17. Thereafter surfaces of the mother iaminate_14 are
provided with conductor films and/or resistorffilmé,
covered with an overcoat, and coated with solder resist.
If necessary, the conductive materiais 18 for forhihg |
external electrodes 3 and other conductoxr filﬁs are
piated. |

When the aforementioned steps are completed, the
plu;ality of multilayer elecfronic components 10 included
in the mother.laminatg'l4 are so electrically independent
of each oﬁher that it is possible to measure
characteristics of each multilayer electronic component 10
while treating the conductive materials 18 provided in the
respective portions of the via holes 19 parted by the
grooves 20 as external electrodes.

After the characteristics are measﬁred, other

electronic components are mounted on those of the
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25 breparing a nother lamnate (14), to be cut'along prescribed cutting
Irines (15) for obtaining a plurality of nmultilayer electronic conponents
(10), being formed by stacking a plurality of nother insulating sheets (16,
17) :

- 13 -

multilayer electronic components 10 which are determined
as nondefective, to be composited with the same. The
steps heretofore described can be efficiently carried out
in the state of the mother laminate 14. The multilayer
.electronic components iO may be shipped in this stage.

Then, the mother laminate 14 is completely cut along
the cutting lines 15 (Fig. 2}, i.e., the grooves-20 (Fig.
3), in order to obtain a plurality of multilayer .
electronic components 10 which are mechanically
independent of each other. Such cutting is readily
attained by dividing the mother laminate 14 like a
chocolate bar along the grooves 20. The aforementioned
slits 21 and 22 facilitate such division.

Thus, the multilayer electronic component 10 shown in
Fig. 1 is obtained. As understood from the above
description, the steps 13 result from the formation of the
aforementioned grooves 20. When the laminate 11 is |
Elassified into upper and lower half portions through a
boundary surface corresponding to the positions of the
steps 13, the external electrodes 12 are exposed only on
the upper half portion. |

Then, the multilayer electronic component 10 is
covered with a case at need. This case is adapted to
cover other components which may be mounted on a lower

surface of the multilayer electronic component 10
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conprising a first plurality of nother insulating sheets (16) and a second
plurality of nother insulating sheets (17) with interposition of internal
circuit elements (23, 24) for respective said multilayer electronic
conponents (10) to distribute said internal circuit elements in respective

regions parted by said cutting lines. (3%45)- and having via holes (19),
coated with conductive materials

appearing in Fig. 1. This case is described later with
reference to Figs. 13 and 14.

While the present invention has been described with
reference to the embodimenﬁ showﬁ in Figs. 1 to 3, various
modifications are available within the scope of the
present invention. |

While the external electrodes 12 shown in Fig. 1 are
formed to be exposed not only on the side surfaces of the
laminate 11 but on the upper surface appearing in Fig. 1,
such external electrodes 12a may be formed to be exposed
only on side surfaces of a laminate 11 in a multilayer
electronic component 10a shown in Fig. 4, for example.
Referriﬂg to Fig. 4, elements corresponding to those shown
in Fig. 1 are denoted by similar reference numerals, to
oﬁit redundant description. ' -

-According to the multilayer electronic component 10a
shown in Fig. 4, it is possible to widely utilize not only
a lower_surface of .the laminate 11 appearing in this
‘figure but.the upper surface as mounting surfaces for
‘other components to be composited with this component 10a,
Qith no interference by the external electrodes 12a. 1In
orxder to obtaiﬁ such a multilayer electronic component
10a, mother insulating sheets having no via holes 19 for
forming external. electrodes may be employed to form some

of those located on an upper portion of the mother
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(18) being electrically connected with said internal circuit elenents (23,
24), provided on positions to be exposed on cut surfaces by said cutting
along said cutting line (45); and cutting said nother |am nate (14) al ong

said cutting lines (15), characterized in that
' - 15 -

laminate 14 in a stage of manufacturing the mother
laminate 14 shown in Fig. 2.

When the aforementioned multilayer electronic
component l0a is placed on a circuit board 31 as shown in
Fig. 5, a gap is defined between the circuit board 31 and
each external electrode'12a. In order to mount the
multilayer elect;pnic component 1l0a on the circuit board
31 in such a staﬁe,'a solder :illet 32 is advantqgeodsly
eﬁployed in order to electrically connect the external
electrode 12a with a conductive land (not shown) on the

* circuit -boaxd 31.

Alternatively, a terminal member 33 of a metal may be
ﬁounted on each external electrode 12a of such a
multilayer electronic component 1l0a, as shown in Fig. 6.

The external electrodes 12 of-the mode shown in Fig.
1. may be mixed with the external electrodes 12a of the
mode shown in Fig. 4 in a single multilayer electronic
component.

While the via holes 19 for providing the external

" electrodes 12 have circular sections in the embodiment
shown in Figs. 1 to 3, such sections may be changed to
other forms such as reétangular shapes. Further, a single
external electrode may be provided by a plurality of via
holes which are partially overlapped with each other in

section, or by a via hole long from side to side, in oxder
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said via holes (19) are provided only in said first plurality of nother
IFnsul ating sheets (16). 10. A nethod of manufacturing a nultilayer

el ectroni c conponent in accordance with claim9, wherein said step of
cutting said nother |amnate (14) conprises a step of form ng grooves (20)
in said nother lamnate (14) to expasgqgsai d via holes (19) on said cut
surfaces, and a step of

to expose such external electrodes in wider areas.

The grooves 20‘and the slits 21 and 22 may be formed
after firing of the mother laminate 14. If no efficiency
in formation of the conductor films/resistor films on the
fired laminate 14 or plating orx characteristic measurement -
is taken ;;pq_considerafion, the mother laminate 14 may be
cut along the cutting lines 15 before firing, so that the
multilayer electronic components 10 are fired in.
mechanically separated states. Further, the mother

" laminate 14 may be cut along fhe cutting lines 15
immediately after firing,.through no stage of forming the
grooves 20.

The.conducﬁive materials 18 to be filled up in the
.via holes 19 may not be applied simultaneously with
p%inting of the conductor films, but the via holes 19 may
be filled up with metal paste in another .step. In this |

. case, it is also possible to simnitaneously £ill up the
conductive materials 18 in the plurality of wvia holes 19
being aligned in series-with each other 'in the plurality
of mother insulating sheets 16 which are stacked with each
other.

The insulating sheets are not restricted to ceramic
sheets, but may be prepared from other materials.

As shown in Fig. 7, further, externmal electrodes 12b

of a multilayer electronic component 10b may be provided
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divfding said nother lamnate (14), being provided with said grooves (20),
I-n positions of said grooves (20). 26 11." A method of manufacturing a
mul til ayer electronic

- 17 =

by conductive materials'which are layered on inner
peripheral surfaces of the via holes 19 (Figs. 2 and 3).
In ﬁhis case, the external electrodes 12b define cavities
on outer surfaces thereof.

The present invention is not restricted to a
multilayer electronic component having a plurality of
external electrodgs all of which are formed on the basis
of via holes, but is also applicable to a multilayer
electronic component.inclﬁding some external electrodes
which are formed by another method.

As shown in Fig. 8, for example, a multilayer
electronic component 10c may have some external electrodes
12 which are formed on the basis of via holes and other
external_elecirodes, such as shielding electrodes 25, for

,eﬁample, which are. formed by another method. In formation
~ of the grooves 20 as shown in Fig. 3, for example, grooves
20 having inner side surfaces to be provided with such :-
shielding electrodes 25 are first prepared so that metﬁl

paste is filled up in these grobves ZO-Sy'injection.
Finally the grooves 20 are cut again to part .conductive
materials provided by the metal pqste,.thereby forming the
shielding electrodes 25. These shielding electrodes 25
are often electrically connected with ground-side internal
circuit elements (not shown) of the laminate 11.

The aforementioned shielding electrodes 25 may
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Conmponent in accordance with claim9, wherein said nother insulating sheets
(16, 17) are ceram c green sheets, said nethod further conprising a step of
firing said nother lamnate (14). 12. A nmethod of neasuring characteristics
of a multilayer electronic conponent, conprising the steps of: preparing a
not her | aminate (14), to be cut alongig -

alternafively be formed on the basis of via holes, as a
matter of course. In this case, the via holes are formed
by slots longitudinally extending along the shielding
electrodes 25. Such shielding electrodes 25 may be formed

-

after the individuai multila?er electronic components 10c

are obtained.

As shown in F.ig. 9, shielding electrodes 25a may be
formed to extend downwardly beyond steps 13, in oxder to
improve shielding performance. Such shielding electrodes
25a can be formed by any of the following methods,'for'
example:

(2)- A method of forming the overall shielding
electrodes 25a on the basis of via holes.

(b) A.ﬁethod of forming only lower half portions of
the shielding electrodes 25a beyond the steps 13 on the
basis of via holes while forming upper half portions by
filling up the grooves 20 shown in Fig. 3 with metal

paste.

(¢) A method of forming upper half portidns of the
shielding -electrodes 25a by filling up the grooves 20 with
metal paste, bbtaining individual multilayer electronic
components 10a, and the:eafter forming lower half
portions. _ |

(d) A method of forming uppét half portions of the

shielding electrodes 25a on the basis of via holés,
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prescribed cutting lines (15) for obtaining a plurality of multilayer

el ectroni c conponents (10), being forned by stacking a plurality of nother
i nsul ating sheets (16, 17) conprising a first plurality of nother

i nsul ating sheets (16) and a second plurality of nother insulating sheets
(17) wth interpasition of internal —cilocwi t el enents (23, 24) for
respective said nmultilayer electronic conponents '

obtaining individual multilayer electronic components 10d,
and thereafter forming lower half portioms.

(e) A method of forming the overall shielding
electrodes 25a after obtaining individual multilayer
electronic components 10d.

When the method (a) or (b) is employed among the
aforementioned metpods of forming the shielding electrodes
25a, the plurality of multilayer electronic components 10d
are electrically connected with each other through the
shielding electrodes 25a and not yet completely
electrically independent of each other in a stage provided
with the grooves 20 shown in Fig. 3. Howevexr, no
hindrance  is caused in. measurement of characteristics of
the individua} multilayer electronic components 10d in the
aforementioned state of the mother laminate 14 when the
-snielding_electredes 25a are adapted to serve as a common
earthed electrode in such characteristics measurement.

In the multilayer electronic component 10d shown in
Fig. 9, an.area which is provided on the lower surface of
the laminate 11 for mounting other components may be
narrowed by the shieiding electrodes 25a. In order to
avoid such inconvenience, shielding electrodes 25b may be
forned not to reach a lower surface of a laminate 11
provided in a multilayer electronic component 10e, as

shown in Fig. 10.
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(10) to distribute said internal circuit elenments I n respective regions
parted by said cutting lines (15) and having via hole (19), coated with
conductive materials (18) being electrically connected with said internal
circuit elements (23, 24), provided on positions to be exposed on cut
surfaces by said cutting along said cupping lines (45); characterized by
the fol [ow ng steps:

In relation to each mode of formation of the
shielding electrodes 25, 25a and 25b shown in Figs. 8 to
10, the upper half portion(s) of the shielding
electrode(s) may be formed on only one oxr three side
surfaces of the laminate 11l. The lower half portions of
the shielding electrodes may be formed on three or four
side surfaces of the laminate 11. Although only the
shielding electrodes 25 corresponding to upper half
pqrtions are provided in Fig. 8, only shielding electrodes
corresponding to lower ﬁalf portions may alternatively be

.- provided. |

-AS §hown in Fig. 11, further, a shielding electrode
25c may belprovided on é multilayer electronic component
lpf to cover only a part of one side surface of a laminate

- 11 along the cross direction.

"In each of the aforementioned embodiments, each via
hole 19 is so parted as to define external electrodes 12 o
for respective ones of two multilayer electronic
components 10.:tﬁhen—the'width of each groove 20 shown in
Fig. 3 occupies a considerable part along the diameter of
each via hole 19, however, a single via hole 19a may be
adapted to define a single external electrode, as shown in
Fig. 12;' Fig. 12 shows parts of the via holes 19a before

formation of the groove 20 with two-dot chain lines.

Fig. 13 is a sectional view showing a multilayer
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form ng grooves (20) in said nother |amnate (14) along said cutting |ines
(15), thereby exposing at |east said via holes (19) on inner side surfaces
of said grooves (20); and nmeasuring characteristics of each said multilayer

- 21 =

electronic component 42 which is covered with a case 41.

A laminate 43 provided in the multilayer electronic

'component 42 has steps 44, and external electrodes 45 are
formed unde£ these steps 44. Some electronic compoﬁents
46 are mounted on an upper surface of the laminate 43
appearing in Fig. 13 for compositing this multilayer
electronic compon?nt 42. The case 41 is made of.a metal.
This case 41 is provided with steps 47 in conformity with
side surfaces of the laminate 43, and soldered to the
external electrodes 45, for example.

Fig. 14 shows another multilayer electronic component
42a which is covered with a case 41&. Referring to Fig..
14, elements corresponding to those shown in Fig. 13 are
denoted by similar reference. numerals, to omit redundant
déscription. |

Referring to Fig. 14, a laminate 43 which is provided
in the multilayer electronic component 42a is formed‘not
only with steps 44 but with further steps 48. On the
other hand, the case 4la is provided with steps 49 which
are engaged with the steps 45. The steps 49 of the case
4la are so engaged with the steps 48 of the laminate 43
that the case 4la is further strongly mounted on the
laminate 43. Even if force is applied to the upper
surface of_the case 4la to downwardly press the same, in

particular, the case 4la is not disengaged from the
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27 el ectronic conponent (10) while treating said via holes (19), being
.exposed on said inner side surfaces of said grooves (20), as external
el ectrodes (12), wherein said via holes (19) are provided only in said
first plurality of nother insulating sheets (16).

- 22 -

external electrodes 45. Such force of downwardly pfessing
the case 4la is often applied from a vacuum suction chuck
(not shown) which sucks the multilayer electronic
component 42a toward the uppér surface of the case 41 for
holding the same. The steps 48 can be formed on the
laminate 43 by a method similar to that for the steps 44.
Namely, grooves similaxr to the grooves 20 may be formed
from below in positions corresponding to.the groowes 20 in
the stage of the mother laminate 14 shown in Fig. 3.
Although the present invention has been described and
illustrated in detail, it is clearly unnderstood that the
same is yy way of illustration and example only and is not
to be taken by way of limitation, the scope of the preseht

invention being limited'only by the terms of the appended

claims.
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13. An assenbly of multilayer electronic conponents, conprising: a nother
am nate (14), to be cut along prescribed cutting lines (15) for obtaining
a plurality of rmultilayer el ectronic conponents (10), being forned by
stacking a plurality of nother insulating sheets (16, 17) conprising a
first plurality of nother insulating gheets (16) and a

Claims:

i. A multilayer electronic component comprising:

a laminate (11) comprising a stack of a first plurality of
insulating sheets (16) and a stack of a second plurality of
insulating sheets (17) with interposition of internal circuit
elements (23,24), said laminate having first and second
opposite major surfaces and side surfaces coupling said major

surfaces with each'other; and

external electrodes (12) being formed on said side surfaces
of said laminate (11) to be electrically connected with said

jnternal circuit elements (23,24),

said external electrodes (12) being formed by exposing at
least side portions of via holes (19), being coated with
conductive materials (18), by cutting said insulating sheets

(16,17),
characterized in that

said wvia holes (19) are provided only in said first
Plurality of insulating shee?{(ls).

Thls Sheet Has Been Replaced
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second plurality of nother insulating sheets (17) with interposition of
.nternal circuit elenments (23, 24) for respective said nmultil ayer

el ectronic conponents (10) to distribute said internal circuit elenents in
respective regions parted by said cutting lines (15) a ' '

nd—havitvg—vta—hotes—
(19), coated with conductive material 54(18) being electr&ﬁgﬁk&}ﬁgﬁa§§7ﬁ%mi

with said internal circuit el enments . ”Il,ll”l"l”"”ll III -

a laminate (11) being obtained by stacking a
plurality of insulating sheets (16, 17) with jfiterposition
of internal circuit elements (23, 24), saifl laminate
having first and second opposite majox’ surfaces and side
surfaces coupiing said major surfZces with each other; and

external electrodes (12)”being formed on outer
surfaces of said laminate/(1l) to be electrically
connected with said jirternal circuit elements (23, 24),

said externgd electrodes (12) being formed by
exposiné at )Jéast side portions of via holes (19), being

providedAn said insulating sheets (16, 17) and coated

with/conductive materials (18), by cutting said insulating

.‘ - ’
2. A multilayer electronic component in accordance

with claim 1, wherein said conductive materials (18) are

filled up in said via holes (19).

3. A multilayer electronic component in accoxrdance
with claim 1, wherein ‘said conductive materials (18) are
layered on inner peripheral surfaces of said via holes

(19).

[

BT .
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(23,. 24), provided on positions to be exposed on cut surfaces by said
cutting along said cutting lines (45), characterized in that said nother
lam nate (14) is fornmed with grooves (20) along said cutting lines (15),
t hereby exposing at |east said via RoR& -19) on inner side surfaces of
said grooves . (20), and

into a first half portion being closer td said first major

surface and a second half portierf being closer to said

second major surface by« boundary surface extending in
parallel with said major surfaces, said external

electrodes (12) being exposed only on said first half

.51 A multilayer electronic component in accordance
with clalﬁgﬂ further comprising a second electronic
shockofa,  plurality of duselatiiy sheels (17)
component_ (46) being formed on said second mpajex—suxrfasd

of said laminate (43).

S. 5| A multilayer electronic component in accordance
p .
with claiﬁﬁ4, wherein steps (13) are formed on said side
surfaces of said laminate (11) in correspondence to th .
( ) stae =, ﬁg‘!wn&{“jf‘«u
position of said boundary surface between sald flrst'and

aid stack of «
75‘&:‘()’:1_‘5)11&4.-5-—?95—%:0115'& plurality of I.uﬂ&chn, eecks (13].

6. Bl A multilayer electronxc component in accordance
with claxﬁ*b further compr;s;ng a case (41) being so

mounted on.said laminate (43) as to cover said second

electronic component (46).
Sheet Has Been R laced
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said via holes (19) are provided only in said first plurality of nother
insul ating sheets (16). A nethod of anUfaCrUling a ot ayer
el ectroni c conmponent in accordance wth clai m 9q WaRLSDBeen Replaced

e NN

3. 8{ A multilayer electronic component in accorxdance

1
with claimVH, wherein said external electrodes are exposed
stack o, . pluvatily of Cuscflatisy Avdeicl

on said side surfaces and said first'ajer—surfecd of said

laminate.

& ¥ A multilayer electronic7component in accordance
' A
with claiﬁ“ﬁ, wherein said external electrodes (l2a) are

exposed only on said side surfaces of said laminate (11).

1O ST 2 WLV LT -fa = A = =

electronic component, comprising the steps ofg

preparing a mother laminate (14), to »é cut along
prescribed cutting lines (15) for obtaiming a plurality of
multilayer electronic components (10j), being formed by
stacking a plurality of mother ipdulating sheets (16, 17)
with interposition of interna) circuit elements (23, 24)
for respective said multilz§er electronic components (10)
to distribute said intefnal circuit elements in respective
regions parted by sgid cutting lines (15) and having via
holes (19), coategd with conductive materials (18) being
electrically Lonnected with said iﬁternal circuit elements
(23, 24), Provided on poeitions to be exposed on cut
surfac#s by said cutting along said cutting lines (45){

ang

TR " This is the replacemant shoet
|

Date: 20 N ‘997



said step of cutting said nother |amnate (14) conprises a step of formng
grooves (20) in said nother lamnate (14) to expose said via holes (19) on
said cut surfaces, and a step of dividing said nother |am nate (14), being
provi ded with said grooves (20), in positions of said grooves (20). [err] A
met hod of manufacturing a nultilayer _.ehectronic conponent in accordance

wthclaim9, wherein, of manufacturing a multilayer electronic

_component, comprising the steps of:

preparing a mother laminate (14), to be cut along prescribed
éutting lines (15) for obtaining a plurality of multilayer
electronic components (10), being formed by stacking a
plurality of mother insulating sheets (16,17) comprising a
first plurality of mother insulating sheets (16) and a second
plurality of mother insulating sheets (17) with interposif:ion
of internal circuit elements (23,24) for respective said -
multilayer electronic components (10) to distribute said
internal circuit elements in respective regions parted by said
cutting lines (15) and having via holes (19), coated with
conductive materials (18) being electrically connected with
said internal circuit elements (23,24), provided on positions
to be exposed on cut surfaces by said cutting along said

cutting line (45); and

'cutting said mother laminate (14) alohg said cutting lines

(15),
characterized in that

said via holes (19) are provided only in said first
plurality of mother insulating sheets (16).

e
eet Has Been Reraced
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said nother insulating sheets (16, 17) are ceram c green sheets, said

met hod further conprising a step of firing said nother |aninate (14).

mul til ayer el ectronic conponent, conprising teps of: preparing a
not her | am nate (14) be cut along prescribed cuttin lines (15) for

obtaining a plurality of nultilayer elggironic conponentd! Iiﬁiﬂ Iﬁﬁ"ll(iefil o

f ormed by

Rrres—25H

>“1 #3+] A method of manufacturing a multilayer
electronic component in accordance with claim é;, wherein
said step of cutting said mother laminate (14) comprises a
step of forming grooves-(20) in said mother laminate (14)
to expose said via hoiés (19) on said cut surfaceé; and a

'step of dividing said mother laminate (14), being provided

with said grooves (20), in positions of said grooves (20).

A4. 2{ A method of manufacturing a multilayer
electronic_ component in accordance with claiﬁeﬁG, wherein
said mother insulating sheets (16, 17) are ceramic green
sheets, said method further comprising a step of firing

said mother laminate (14).

e *
o PEY o aWa - - -

multilayer electronic component, comprising the”steps of:
preparing a mother laminate (14), £0 be cut along
prescribed cutting lines (15) fox-Obtaining a Qlurality of
multilayer electronic compefients (10), being formed 5y'
stacking a plurali of mother insulating sheets (16, 17)
with interposition of interﬁal_circuit elements (23, 24)

for resfective said multilayer electronic components (10)

TR TS p——
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stacking a plurality of nmother insulating sheets (16, 17) Wiflspeet Has Been laced
Fnterposition of internal circuit elenments (23, 24) for res
mul tilayer el ectronic conponents (10) to distribute said int qm H’"IIHH-I I

el ements in respective

- 29 -
12. A method of measuring characteristics of a multilayer

electronic component, comprising the steps of:

preparing a mother laminate (14), to be cut along prescribed
cutting lines (15) for obtaining a plurality of multilayer
electronic components (10), being formed by stacking a
plurality of mother insulating sheets (16,17) comprising a
first plurality of mother insulating sheets (16) and a second
plurality of mother insulating sheets (17) with interposition
of internal circuit elements (23,24) for respective said
multilayer electronic components (10) to distribute said
internal circuit elements in respective regions partéd by said
cutting lines (15) and having  via hole (19), coated with
conductive materials (18) being electrically connected with
said internal circuit elements (23,24), provided on positions
to be exposed on cut surfaces by said cutting along said

cutting lines (45);
characterized by the following steps:

forming grooves (20) in said mother laminate (14) along said '
cutting‘lines (15) , thereby exposing at least said wvia holes
(19) on inner side surfaces of said grooves (20); and

measuring characteristics of each said multilayer electronic
component (10) while treating said via holes (19), being
exposed on said inner side surfaces of said grooves (20), as

external electrodes (12),

wherein said via holes (19) are provided only in said first
plurality of mother insulating sheets (16).

13. An assembly of multilayer electronic components,

comprising:

a mother laminate (14), to be cut along prescribed cutting

lines (15) for obtaining a plurality of multilayer electronic .
| This is the replacement sheet
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- 29 - 12. A nethod of neasuring characteristics of a nultilayer electronic
conmponent, conprising the steps of: preparing a nother |lamnate (14), to be
cut along prescribed cutting lines (15) for obtaining a plurality of

mul til ayer el ectronic conponents (10), being fornmed by stacking a plurality

of nother insulating sheets (16,17) conprising a

components (10), being form;dm%J stagking a plurality of mother
jnsulating sheets (16,17) comprising a first plurality of
mother insulating sheets (16) and a second plurality of mother
insulating sheets (17) with interposition of internal circuit
elements (23,24) for respective said multilayer electronic
components (10) to distribute said internal circuit elements in-
respective regions parted by said cutting lines (15) and having
via holes (19), coated with conductive materials (18) being
electrically connected with said internal circuit elements
(23,24), provided on positions to be exposed on cut surfaces by
said cutting along said cutting lines (45),

characterized in that

said mother laminate (14) is formed with grooves (20) along
said cutting lines (15), thereby exposing at least said via
holes (19) on inner side surfaces of said grooves (20), and

said via holes (19) are provided only in said first
plurality of mother insulating sheets (16).

This Sheet Has Been Replace
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first plurality of nother insulating sheets (16) and a second plurality of
mot her insulating sheets (17) with interposition of internal circuit
elements (23,24) for respective said nultilayer electronic conponents
(10) to distribute said internal circuit elements in respective regions
parted by said cutting lines (15) _and having via hole (19), coated
with conductive materials (18) being electrically connected with

This is the replagcement sheet
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said internal circuit elenments (23,24), provided on positions to be exposed

on cut surfaces by said cutting along said cutting lines (45);
characterized by the follow ng steps: form ng grooves (20) in said nother
| am nate (14) along said cutting |lines (15), thereby exposing at |east said

via holes (19) on inner side surfaces- @& -said grooves (20); and

FIG.2

This is the replacement sheet
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Measuring characteristics of each said nultilayer electronic conponent (10)
while treating said via holes (19), being exposed on said inner side
surfaces of said grooves (20), as external electrodes (12), wherein said
via holes (19) are provided only in said first plurality of nother

i nsul ating sheets (16). 13. An asgenbl y of nultilayer el ectronic
conponent s,

FIG.3
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conprising: a nother lanminate (14), to be cut along prescribed cutting
lines (15) for obtaining a plurality of multilayer electronic This is the
repl acenent sheet

FIG.5

FIG.6
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- 30 - components (10), being formed by stacking a plurality of nother
fnsul ating sheets (16,17) conprising a first plurality of nother insulating
sheets (16) and a second plurality of nother insulating sheets (17) with
interposition of internal circuit elements (23,24) for respective said

mul tilayer electronic conponents (1Q) ga distribute said internal circuit
el enments in

FIG.7
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respective regions parted by said cutting lines (15) and having via hol es
(19), coated with conductive materials (18) being electrically connected
with said internal circuit elenents (23,24), provided on positions to be
exposed on cut surfaces by said cutting along said cutting lines (45),
characterized in that said nother lamgnate (14) is fornmed with grooves (20)
al ong

FIG.S

FIG. 10
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sai d cutting lines (15), thereby exposing at |east said via holes (19) on
Fnner side surfaces of said grooves (20), and said via holes (19) are

provided only in said first plurality of nother insulating sheets (16).
Thi s Sheet Has Been Repl aced
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FIG. 13
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MULTILAYER ELECTRONIC COMPONENT, METHOD OF MANUFACTURING
THE SAME AND METHOD OF MEASURING CHARACTERISTICS THEREOF

ABSTRACT OF THE DISCLOSURE
In order to provide a multilayer electronic component

(10) which can reduce arrangement pitches for external
electrodes (12), via holes (19) filled up with conductive
materials (18) are provided in a mother laminate (14),
which is obtained by stackiﬁg.a plurality éf insulating
sheets. (16,.17)-with interposition.of conductor films (23,
24), in positions parted by cutting. Theicopdﬁétiéé '
materials (18) define external electrodes (12) of
. individual multilayer electronic components (10) which are
obtained by cutting the mother laminate (14). No specific
istép is reéuired for forming the external electro&es (12),
and characteristic§ of each multilayer electronic

component (10) can be eff:.cn.ently measured in the state of

the mother laminate (14).

FIGURE 3.
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MULTILAYER ELECTRONIC COMPONENET, METHOD OF

MANUFACTURING THE SAME AND METHOD OF MEASURING
CHARACTERISTICS THEREOF

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a multilayer
electronic component having internal circuit elements
arranged therein, a method of manufacturing the same and a
method of measuring characteristics thereof, and more
particularly, it relates to an improvement in a mode of
forming external electrodes in a multilayer electronic

component .

Description of the Background Art

A . multilayer electronic 'component, which is
represented by a multilayer capacitor, a multilayer
inductor, a multilayer circuit board or a multilayer
composite electronic component, for example, comprises a
laminate which is obtained by stacking a plurality of
insulating sheets with interposition of internal circuit
elements such as conductor films and/or resistors films.
The insulating sheets are typically prepared from ceramic

sheets.

Fig. 15 is a perspective view showing the appearance
of a conventional multilayer electronic component 1 as it

is, for instance, known from US-A-4 790 894. The

This is the replacement sheet
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5 .
brought into states of chips in principle. In the
multilaYer electronic component 1 shown in Fig. 15,
measurement of the. characteristics is enabled after
formation of the external electrodes 3. Also in the case
shown in Fig. 16, the characteristics of each multilayer
electronic component 4 cannot be measured in the stage of
the wmother laminate. Sﬁch measurement of the
éharacteristics igs enabled only when the mother laminate is

cut to divide the through holes 7.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a multilayer electronic component which can reduce
arrangement pitches for external electrodes, and a method
of manufacturing the same.

Another object of the present invention is to provide
a characteristic measuring method which_can efficiently

measure characteristics of a plurality of multilayer

electronic components. : A

This is the replacement sheet
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CLATIMS ;
1. A multilayer electronic component comprising:

a laminate (11) comprising a stack of a first

plurality of insulating sheets (16) and a stack of a second

plurality of insulating sheets (17) with interposition of

internal circuit elements (23, 24), said laminate having
first and second opposite major surfaces and side surfaces
coupling said major surfaces with each other; and

external electrodes (12) being formed on said side
surfaces of said laminate (11) to be electrically connected
with said internal circuit elements (23, 24),

said external electrodes (12) being formed by exposing
at least side portions of via holes (19), being coated with
conductive materials (18), by cutting said insulating
sheets (16, 17),

characterized in that

gaid via holes (19) are provided only in said first

plurality of insulating sheets (16).

2. A multilayer electronic component in accordance with
claim 1, wherein said conductive materials (18) are filled

up in said via holes (19).

3. A multilayer electronic component in accordance with
claim 1, wherein said conductive materials (18) ére layered

on inner peripheral surfaces of said via holes (19).
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4. A multilayer electronic component in accordance with
claim 1, further comprising a second electronic component
(46) being formed on said stack of a second plurality of

insulating sheets (17) of said laminate (43).

5. A multilayer electronic component in accordance with
"claim 1, wherein steps (13) are formed on said side
surfaces of said laminate (11) in correspondence to the
position of said boundary surface between said stack of a
first plurality of insulating sheet and said stack of a

second plurality of insulating sheets (17).

6. A multilayer electronic component in accordance with
¢laim 4, further comprising a case (41) being so mounted on
said laminate (43) as to cover said second electronic

component (46) .

7. A multilayer electronic component in accordance with
claim 1, wherein said external electrodes are exposed on
said side surfaces and said stack of a first plurality of

insulating sheets (16) of said laminate.
8. A multilayer electronic component in accordance with
claim 1, wherein said external electrodes (12a) are exposed

only on said side surfaces of said laminate (11).

9. A method of manufacturing a multilayer -electronic

component, comprising the steps of:

This is the replacement sﬁeet
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preparing a mother laminate (14), to be cut along

prescribed cutting lines (15) for obtaining a plurality of

—

multilayer electronic éomponents (10), being formed by

stacking a plurality of mother insulating sheets (16, 17)

comprising a first plurality of mother insulating sheets

(16) and a second plurality of mother insulating sheets'

(17) with interposition of internal circuit elements (23,

24) for respective said multiléyer electronic components

(10) to distribute said internal circuit elements in

respective regions parted by said cutting iines (15) and

having via holes (19), coated with'conductive materials

(18) being electrically connected with said internal

circuit elements (23, 24), provided on positions to be

exposed on cut surfaces by said cutting along said cutting

line (45); and

cutting said mother laminate (14) along said cutting

lines  (15),

characterized in that

said via holes (19) are provided only in said first

plurality of mother insulating sheets (16).

10. A method of manufacturing a multilayer electronic

component in accordance with claim 9, wherein said step of
cutting said mother laminate (14) comprises a step of
forming grooves (20) in said mother laminate (14) to expose
said via holes (19) on said cut surfaces, and a step of
dividing said mother laminate (14), being provided with

said grooves (20), in positions of said grooves (20).

This is the replacement sheét
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11. A method of manufacturing a multilayer electronic

T
component in accordance with claim 9, wherein said mother

insulating sheets (16, 17) are ceramic green sheets, said
method further comprising a step of firing said mother

laminate (14).

12. A method of measuring characteristics of a multilayer

electronic component, comprising the steps of:

preparing a mother laminate (14), to be cut along

prescribed cutting lines (15) for obtaining a plurality of

multilayef electronic components (10), being formed by

stacking a plurality of mother insulating sheets (16, 17)

comprising a first plurality of mother insulating sheets

(16) and a second plurality of mother insulating sheets

(17) with interposition of internal circuit elements (23,

24) for respective said multilayer electronic components

(10) to distribute said intefnal circuit ‘elements in

respective regions parted by said cutting lines (15) and

having via hole (19), coated with conductive materials (18)

being electrically connected with said internal circuit

elements (23, 24), provided on positions to be exposed on

cut surfaces by said cutting along said cutting lines (45);

characterized by the following steps:

forming grooves (20) in said mother laminate (14)

along said cutting lines (15), thereby exposing at least

said via holes (19) on inner side surfaces of said grooves

(20); and

measuring characteristics of each said multilayer

(W This s the replacemant shast
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electronic component (10) while treating said via holes

(19), being exposed on said inner side surfaces of said

grooves (20), as external electrodes (12),

wherein said via holes (19) are providéd only in said first

plurality of mother insulating sheets (16).

13. An assembly of multilayer electronic components,

comprising:

a mother laminate (14), to be cut along prescribed
cutting lines (15) for obtaining a plurality of multilayer
electronic components (10), being formed by stacking a

plurality of mother insulating sheets (16, 17) comprising

a first plurality of mother insulating sheets (16) and a

second plurality of mother iﬁsulating sheets (17) with

interposition of internal circuit elements (23, 24) for

respective said multilayer electronic components (10) to

distribute said internal circuit elements in respective

regions parted by said cutting lines. (15) and having via

holes (19), coated with conductive materials (18) being

electrically connected with said internal circuit elements

(23,. 24), provided on positions to be exposed on cut

surfaces by said cutting along said cutting lines (45),

characterized in that

said mother laminate (14) is formed with grooves (20)

aléng said cutting lines (15), thereby exposing at least

said via holes (19) on inner side surfaces of said grooves

- (20), and

said via holes (19) are provided only in said first

plurality of mother insulating sheets (16).
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MULTILAYER ELECTRONIC COMPONENET, METHOD OF
MANUFACTURING THE SAME AND METHOD OF MEASURING
CHARACTERISTICS THEREOF

ABSTRACT OF THE DISCLOSURE

In order to provide a multilayer electrode component
(10) which can reduce arrangement pitches.for external
electrodes (12), via holes (19) filled up with conductive
materials (18} are provided in a mother laminate (14),
. which is obtained by stacking a plurality of insulating
sheets (16, 17) with interposition of conductor films (23,
24),- in positions parted by cutting. The conductive
materials (18) define external electrodes (12) of
individual multilayer electronic components (10) which are
obtained by cutting the mother laminate (14). No specific
step is required for forming the external electrodes (12),
and characteristics of each multilayer electronic component
(10) can be efficiently measured in the state of the mother

laminate (14).

FIGURE 3.

3
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