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1
LAMINATION INDUCTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation reissue of application
Ser. No. 17/233,321, which is an application for reissue of
U.S. Pat. No. 10,269,482, which claims benefit of priority to
Japanese Patent Application 2015-199150 filed [Oct. 17,
2015] Oct. 7, 2015, and to Japanese Patent Application No.
2016-108037 filed May 31, 2016, the entire content of which
is incorporated herein by reference. Notice: More than one
reissue application has been filed for the reissue of U.S. Pat.
No. 10,269,482. The reissue applications are application
Ser. No. 17/233,321, and application Ser. No. 17/236,245
and the present application, which are both a continuation
reissue of application Ser. No. 17/233,321.

TECHNICAL FIELD

The present disclosure relates to lamination inductors, and
particularly relates to a lamination inductor that has a coil
conductor built-in in a lamination structure.

BACKGROUND

A lamination inductor disclosed in Japanese Unexamined
Patent Application Publication No. 2010-165975 includes a
component main-body having a lamination structure in
which a plurality of insulator layers are laminated, and a coil
conductor is provided inside the stated component main-
body. The coil conductor is constituted of a plurality of loop
conductor layers each extending so as to form part of a
circular path along an interface between the insulator layers
and a plurality of via hole conductors passing through the
insulator layer in a thickness direction thereof, and has a
shape that is helically extended by alternately connecting the
loop conductor layers and the via hole conductors.

Electrical characteristics of such a lamination inductor are
closely related to an inside diameter of the coil conductor
having a helically extending shape in the component main-
body, and it has been known that the Q-value can be made
higher by making the inside diameter of the coil conductor
larger.

Based on the above understanding, a technique proposed
to provide a higher Q-value as a main purpose is disclosed
in Japanese Unexamined Patent Application Publication No.
2010-165975, for example.

In a lamination inductor disclosed in Japanese Unexam-
ined Patent Application Publication No. 2010-165975, first
and second outer terminal electrodes are so formed as to
extend in the form of a substantially L. shape while being
respectively embedded inside a component main-body. In
addition, a loop conductor layer constituting a main section
of a coil conductor extends with its outer edge being along
not only an outer surface of the component main-body but
also inner edges of the first and second outer terminal
electrodes that are extended in the form of a substantially L.
shape. In this case, the loop conductor is made to have a
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shape being bent at a plurality of portions so that the loop
conductor comes close to the respective inner edges of the
first and second outer terminal electrodes, thereby realizing
a large inside diameter of the coil conductor as much as
possible.

SUMMARY

According to the lamination inductor disclosed in Japa-
nese Unexamined Patent Application Publication No. 2010-
165975, since the inside diameter of the coil conductor is
made larger, a higher Q-value can be obtained. However, it
has been understood that making the inside diameter of the
coil conductor larger raises another problem.

That is, because an electrical potential difference is gen-
erated between the respective outer terminal electrodes and
the coil conductor, generation of stray capacitance therebe-
tween cannot be avoided. In the lamination inductor dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2010-165975, in order to make the inside
diameter of the coil conductor larger, the outer edge of the
loop conductor layer constituting the main section of the coil
conductor is made to come close to the inner edges of the
respective outer terminal electrodes. Because of this, a
relatively large stray capacitance is generated between the
respective outer terminal electrodes and the coil conductor.

This stray capacitance causes a self-resonant frequency of
the lamination inductor to be lowered, thereby decreasing a
Q-value in a high frequency region.

Accordingly, it is an object of the present disclosure to
solve the above problem and provide a lamination inductor
capable of obtaining a higher Q-value.

A lamination inductor according to an embodiment of the
present disclosure includes a component main-body. The
component main-body is formed in a substantially rectan-
gular parallelepiped shape having an upper surface and a
lower surface opposing each other, first and second side
surfaces opposing each other and connecting the upper
surface and the lower surface, and first and second end
surfaces opposing each other and also connecting the upper
surface and the lower surface, and has a lamination structure
in which a plurality of insulator layers are laminated in a
direction perpendicular to the side surfaces.

A coil conductor is disposed inside the component main-
body. The coil conductor is constituted of a plurality of loop
conductor layers each extending so as to form part of a
circular path along an interface between the insulator layers
and a plurality of via hole conductors passing through the
insulator layer in a thickness direction thereof, and has a
shape that is helically extended by alternately connecting the
loop conductors and the via hole conductors.

First and second outer terminal electrodes are electrically
connected to one end and the other end of the coil conductor,
respectively.

First and second extended conductor layers are formed
along an interface between the insulator layers and connect
the one and other ends of the coil conductor with the first and
second outer terminal electrodes, respectively.

The first outer terminal electrode is so provided as to form
an exposed surface that extends in the form of a substantially
L shape from a lower half portion of the first end surface to
a midway portion of the lower surface in a state where at
least part of the first outer terminal electrode is embedded in
the component main-body. The second outer terminal elec-
trode is so provided as to form an exposed surface that
extends in the form of a substantially L. shape from a lower
half portion of the second end surface to a midway portion
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of the lower surface while leaving a gap from the first outer
terminal electrode on the lower surface in a state where at
least part of the second outer terminal electrode is embedded
in the component main-body.

The loop conductor layer includes a lower side portion
extending along the lower surface; first and second lateral
side portions extending along an upper half portion of the
first end surface and an upper half portion of the second end
surface, respectively; a first oblique side portion connecting
an end portion of the lower side portion on the first end
surface side and a lower end portion of the first lateral side
portion in an oblique direction relative to the lower surface;
and a second oblique side portion connecting an end portion
of the lower side portion on the second end surface side and
a lower end portion of the second lateral side portion in an
oblique direction relative to the lower surface.

The lower side portion has a length shorter than the gap
and is positioned within a range of the gap.

As discussed above, in the embodiment of the present
disclosure, an appropriate size of each interval formed
between the outer terminal electrodes and the loop conduc-
tor layer, which has an influence on the magnitude of stray
capacitance, is secured with the shapes of the first and
second oblique side portions and the position of the lower
side portion, whereby it is attempted to suppress the stray
capacitance generated between the outer terminal electrodes
and the loop conductor layer to be small.

In an embodiment of the present disclosure, it is prefer-
able that both a length A1 of a perpendicular line drawn from
a substantially L-shaped internal corner portion of the first
outer terminal electrode to an outer edge of the first oblique
side portion and a length A2 of a perpendicular line drawn
from a substantially L-shaped internal corner portion of the
second outer terminal electrode to an outer edge of the
second oblique side portion, be equal to or larger than
approximately 80 pum.

Further, in an embodiment of the present disclosure, it is
preferable that both a length B1 of a perpendicular line
drawn from a first nearest portion, that is the nearest portion
to the first oblique side portion in an extending section along
the lower surface of the first outer terminal electrode, to the
outer edge of the first oblique side portion, and a length B2
of'a perpendicular line drawn from a second nearest portion,
that is the nearest portion to the second oblique side portion
in an extending section along the lower surface of the second
outer terminal electrode, to the outer edge of the second
oblique side portion are no less than approximately 10 um
and no more than approximately 50 pm.

As in the above preferred embodiments of the disclosure,
with regard to some dimension values that define the sizes
of intervals formed between the outer terminal electrodes
and the loop conductor layer, which have an influence on the
magnitude of stray capacitance, the conditions under which
the stray capacitance can be more surely suppressed to be
small or the inside diameter of the coil conductor can be
secured to be longer without some risk are provided. There-
fore, advantageous design guidelines can be given for the
design of the lamination inductor.

In an embodiment of the present disclosure, it is prefer-
able that the length A1 and the length A2 be equal to each
other and/or that the length B1 and the length B2 be equal
to each other. This configuration makes it possible to remove
directivity for the mounting of the lamination inductor.

With the lamination inductor according to the embodi-
ments of the present disclosure, as discussed above, because
stray capacitance generated between the outer terminal
electrodes and the loop conductor layer can be suppressed to
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be small, stray capacitance that can be generated in the
overall lamination inductor can be suppressed to be small,
whereby the self-resonant frequency can be increased. As a
result, the Q-value in a high frequency region can be raised.

Other features, elements, characteristics and advantages
of the present disclosure will become more apparent from
the following detailed description of the present disclosure
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating an external
appearance of a lamination inductor 1 according to an
embodiment of the present disclosure.

FIG. 2 is an exploded perspective view of the lamination
inductor 1 shown in FIG. 1.

FIG. 3 is a diagram schematically illustrating the lami-
nation inductor 1 shown in FIG. 1 when the lamination
inductor 1 is viewed in a central axis line direction of a coil
conductor in a see-through manner.

FIG. 4 is a graph indicating a result obtained by an
electromagnetic field simulation to observe a change in a
self-resonant frequency when a length “A” of a perpendicu-
lar line drawn from a substantially [.-shaped internal corner
portion of an outer terminal electrode to an outer edge of an
oblique side portion of a loop conductor layer was varied.

DETAILED DESCRIPTION

As shown in FIG. 1, a lamination inductor 1 according to
an embodiment of the present disclosure includes a compo-
nent main-body 2. The component main-body 2 is formed in
a substantially rectangular parallelepiped shape having an
upper surface 3 and a lower surface 4 opposing each other,
first and second side surfaces 5 and 6 opposing each other
and connecting the upper surface 3 and the lower surface 4,
and first and second end surfaces 7 and 8 opposing each
other and also connecting the upper surface 3 and the lower
surface 4.

The component main-body 2 has a lamination structure in
which a plurality of insulator layers 9A through 9F are
laminated. These insulator layers 9A through 9F are lami-
nated in a direction perpendicular to the side surfaces 5 and
6 (see FIG. 1). As can be understood from a structure in
which, among the insulator layers 9A through 9F, the
insulator layers 9A and 9F positioned at both ends thereof
are thicker in thickness than the other insulator layers 9B
through 9E, the component main-body 2 is illustrated as a
multilayer body formed of a plurality of insulator layers.

Inside the component main-body 2, disposed is a coil
conductor 12 that is helically extended by alternately con-
necting a plurality of loop conductor layers 10A through 10E
each extending so as to form part of a circular path along one
of interfaces formed among the insulator layers 9A through
9F and a plurality of via hole conductors 11A through 11D
each passing through one of the insulator layers 9B through
9E in a thickness direction thereof. Further, the loop con-
ductor layers 10A through 10E have relatively wide via pads
13A through 13H formed at portions for connection with the
via hole conductors 11A through 11D.

To be more specific, the coil conductor 12 is constituted
of'the loop conductor layer 10A, the via hole conductor 11A,
the loop conductor layer 10B, the via hole conductor 11B,
the loop conductor layer 10C, the via hole conductor 11C,
the loop conductor layer 10D, the via hole conductor 11D,
and the loop conductor layer 10E that are connected to each
other in this sequence.
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The via hole conductor 11A is connected to the loop
conductor layer 10A through the via pad 13A, and is
connected to the loop conductor layer 10B through the via
pad 13B.

Next, the via hole conductor 11B is connected to the loop
conductor layer 10B through the via pad 13C, and is
connected to the loop conductor layer 10C through the via
pad 13D.

Next, the via hole conductor 11C is connected to the loop
conductor layer 10C through the via pad 13E, and is
connected to the loop conductor layer 10D through the via
pad 13F.

Subsequently, the via hole conductor 11D is connected to
the loop conductor layer 10D through the via pad 13G, and
is connected to the loop conductor layer 10E through the via
pad 13H.

Note that the numbers of the loop conductor layers 10A
through 10E and the via hole conductors 11A through 11D
that are sequentially connected so as to constitute the coil
conductor 12, the number of turns of the coil conductor 12,
and the number of laminated layers of the insulator layers
9A through 9F are not limited to those illustrated in the
drawings, and can be arbitrarily changed.

The lamination inductor 1 includes first and second outer
terminal electrodes 15 and 16. As specifically shown in FIG.
1, the first outer terminal electrodes 15 is so provided as to
form an exposed surface that extends in the form of a
substantially L shape from a lower half portion of the first
end surface 7 to a midway portion of the lower surface 4.
The second outer terminal electrode 16 is so provided as to
form an exposed surface that extends in the form of a
substantially L shape from a lower half portion of the second
end surface 8 to a midway portion of the lower surface 4
while leaving a gap with a predetermined length from the
first outer terminal electrode 15 on the lower surface 4. In the
present embodiment, the outer terminal electrodes 15 and
16, except the above-mentioned exposed surfaces, are
respectively embedded in the component main-body 2.

A first extended conductor layer 17 integrally extended
from the loop conductor layer 10A that is provided along an
interface between the insulator layers 9A and 9B, is con-
nected to the first outer terminal electrode 15. Meanwhile, a
second extended conductor layer 18 integrally extended
from the loop conductor layer 10E that is provided along an
interface between the insulator layers 9E and 9F, is con-
nected to the second outer terminal electrode 16. In this
manner, the first extended conductor layer 17 connects one
end of the coil conductor 12 with the outer terminal elec-
trode 15, while the second extended conductor layer 18
connects the other end of the coil conductor 12 with the
second outer electrode 16.

When the lamination inductor 1 is mounted on a circuit
board (not shown), the lower surface 4 is taken as a
mounting surface that faces the circuit board. Accordingly,
the direction of magnetic flux given by the coil conductor 12
is parallel to the mounting surface.

The lamination inductor 1 is preferably manufactured as
follows.

Basically, the following techniques are applied in the
manufacture of the lamination inductor 1: a technique in
which a plurality of insulator paste layers to become the
insulator layers 9A through 9F are formed by applying a
photosensitive insulator paste whose main ingredient is
borosilicate glass, for example, on a carrier film by printing;
a technique in which wiring conductors such as the loop
conductor layers 10A through 10E or the like are formed in
the specific insulator paste layers by using a photosensitive
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6

conductive paste whose main ingredient is Ag, for example;
a technique in which holes or grooves for disposing the via
hole conductors 11A through 11D or the outer terminal
electrodes 15, 16 are formed in the specific insulator paste
layers; and a technique in which the plurality of insulator
paste layers are laminated, cut in a predetermined size, and
thereafter calcined.

1. In order to make the insulator layer 9A as shown in FIG.
2, printing with the photosensitive insulator paste is repeated
on the carrier film. With this, a photosensitive insulator paste
layer made of multiple layers is formed.

The entire surface of the photosensitive insulator paste
layer which is part of the insulator layer 9A and is to become
the insulator layer to serve as the outermost layer, is exposed
to ultraviolet rays. It is preferable that the obtained insulator
layer to serve as the outermost layer be colored with a
different color from the other insulator layers in order to
make it easy to detect an unfavorable case such as rolling or
the like at the time of mounting the lamination inductor 1.

Further, in the photosensitive insulator paste layer which
is a remaining part of the insulator layer 9A and is to become
the insulator layer to form the outer terminal electrodes 15
and 16 therein, a photolithography technique is applied so as
to form the grooves for disposing the outer terminal elec-
trodes 15 and 16 therein, and the grooves are filled with the
photosensitive conductive paste.

2. In order to make the insulator layers 9B through 9E as
shown in FIG. 2, respective photosensitive insulator paste
layers to become the insulator layers 9B through 9E are
formed on the carrier film, and the holes for disposing the via
hole conductors 11 A through 11D as well as the grooves for
disposing the outer terminal electrodes 15 and 16 are formed
in the photosensitive insulator paste layers by applying the
photolithography technique.

Next, a photosensitive conductive paste layer is applied to
the photosensitive insulator paste layers by printing. At this
time, the photosensitive conductive paste is filled into the
holes for disposing the via hole conductors 11 A through 11D
and the grooves for disposing outer terminal electrodes 15
and 16. Subsequently, the photolithography technique is
applied to the photosensitive conductive paste layers to carry
out patterning so as to obtain the loop conductor layers 10A
through 10D having the via pads 13A through 13G.

3. In order to make the insulator layer 9F as shown in FIG.
2, printing with the photosensitive insulator paste is repeated
on the carrier film. With this, a photosensitive insulator paste
layer made of multiple layers is formed.

Like in the case of the insulator layer 9A, the entire
surface of the photosensitive insulator paste layer which is
part of the insulator layer 9F and is to become the insulator
layer to serve as the outermost layer, is exposed to ultraviolet
rays. In addition, it is preferable that the insulator layer to
serve as the outermost layer be colored with a different color
from the other insulator layers.

Further, in the photosensitive insulator paste layer, which
is a remaining part of the insulator layer 9F and is to become
the insulator layer to form only the outer terminal electrodes
15 and 16 therein, the photolithography technique is applied
so as to form the grooves for disposing the outer terminal
electrodes 15 and 16, and the grooves are filled with the
photosensitive conductive paste.

In the photosensitive insulator paste layer in which the
outer terminal electrodes 15, 16 and the loop conductor layer
10E including the via pad 13H are to be formed, the
photolithography technique is applied to the stated photo-
sensitive insulator paste layer so as to form the grooves for
disposing the outer terminal electrodes 15 and 16, first. Next,
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the photosensitive conductive paste layer is applied onto the
photosensitive insulator paste layer by printing. At this time,
the photosensitive conductive paste is filled into the grooves
for disposing the outer terminal electrodes 15 and 16.
Subsequently, the photolithography technique is applied to
the above photosensitive conductive paste layer to carry out
patterning so as to obtain the loop conductor layer 10E
including the via pad 13H.

4. Next, the above-mentioned photosensitive insulator
paste layers are laminated in sequence so that the insulator
layers 9A through 9F are laminated in the order as shown in
FIG. 2, thereby obtaining a mother multilayer body.

5. The mother multilayer body is cut with a dicing
machine, a press-cutter, or the like so that a plurality of
component main-bodies before calcination are obtained. The
outer terminal electrodes 15 and 16 are each exposed to a cut
surface obtained by the above cutting.

6. The component main-body before calcination is cal-
cined under predetermined conditions, whereby the compo-
nent main-body 2 is obtained. The component main-body 2
is contracted through the calcination. Barrel polishing, for
example, is carried out on the component main-body 2.

7. A plating film is formed, as needed, on the portions of
the outer terminal electrodes 15 and 16 that are exposed
from the component main-body 2. The plating film is formed
of'a Ni or Cu plating layer and a Sn plating layer formed on
the stated Ni or Cu plating layer.

8. In the manner described above, the lamination inductor
1 is completed.

A configuration of the lamination inductor 1 as a feature
of the present embodiment is as follows. That is, the
configuration as a feature of the embodiment will be
described mainly referring to FIG. 3. FIG. 3 is a diagram
schematically illustrating the lamination inductor 1 when
viewed in a central axis line direction of the coil conductor
12 in a see-through manner. In FIG. 3, only the first and
second outer terminal electrodes 15 and 16, and the loop
conductor layers 10A through 10E of the coil conductor 12
are illustrated, while the via hole conductors 11A through
11D and the via pads 13A through 13H are not illustrated.
Note that in FIG. 3, the loop conductor layers 10A through
10E overlapping with each other are collectively indicated
by a reference sign of “10”.

As shown in FIG. 3, the loop conductor layer 10 included
in the lamination inductor 1 is formed in a substantially
hexagonal shape including a lower side portion 19, first and
second lateral side portions 20 and 21, first and second
oblique side portions 22 and 23, and an upper side portion

The lower side portion 19 extends along the lower surface
4, more specifically, linearly extends in parallel to the lower
surface 4. Further, the lower side portion 19 has a length
shorter than the gap G, and is positioned within a range of
the gap G.

The first lateral side surface portion 20 and the second
lateral side portion 21 extend along an upper half portion of
the first end surface 7 and an upper half portion of the second
end surface 8, respectively. More specifically, the first and
second lateral side portions 20 and 21 linearly extend in
parallel to upper half portions of the first and second end
surfaces 7 and 8, respectively.

The first oblique side portion 22 connects an end portion
of the lower side portion 19 on the first end surface 7 side
and a lower end portion of the first lateral side portion in an
oblique direction relative to the lower surface 4, while the
second oblique side portion 23 connects an end portion of
the lower side portion 19 on the second end surface side and
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a lower end portion of the second lateral side portion 21 in
an oblique direction relative to the lower surface 4.

As discussed above, the first and second oblique side
portions 22 and 23 of the loop conductor layer 10 in the
lamination inductor 1 do not have shapes bending along
inner edges of the substantially [-shaped first and second
outer terminal electrodes 15 and 16. Further, because the
loop conductor layer 10 includes the lower side portion 19
present at the position as mentioned before, the first and
second oblique side portions 22 and 23 are formed in the
shapes being distanced from the outer terminal electrodes 15
and 16, respectively, on the lower surface 4 side. In the
embodiment illustrated, as can be understood from the
configuration in which the first and second oblique side
portions 22 and 23 shown in FIG. 3, are each formed in a
linearly extending shape, the first oblique side portion 22
and second oblique side portion 23 have the shapes con-
necting the end portions of the lower side portion 19 on the
end surface 7 side and end surface 8 side to the lower end
portions of the lateral side portions 20 and 21 at the shortest
distance, respectively.

The upper side portion 24 extends along the upper surface
3, more specifically, linearly extends in parallel to the upper
surface 3.

Since the upper side portion 24 is relatively distanced
from the first and second outer terminal electrodes 15 and 16
regarding a positional relationship therebetween, the upper
side portion 24 has an insignificant influence on the afore-
mentioned stray capacitance problem. Accordingly, the
shape of the upper side portion 24 can be arbitrarily deter-
mined, and the upper side portion 24 is not necessarily
required to linearly extend in parallel to the upper surface 3.

It is preferable that both a length Al of a perpendicular
line drawn from a substantially [-shaped internal corner
portion 15a of'the first outer terminal electrode 15 to an outer
edge 22a of the first oblique side portion 22 and a length A2
of a perpendicular line drawn from a substantially [.-shaped
internal corner portion 16a of the second outer terminal
electrode 16 to an outer edge 23a of the second oblique side
portion 23, be equal to or larger than approximately 80 um.
According to the lamination inductor 1 in which the lengths
Al and A2 are secured to be no less than a predetermined
length as discussed above, stray capacitance generated
between the outer terminal electrodes 15, 16 and the loop
conductor layer 10 can be more surely suppressed to be
small, as will be described later.

Further, both a length B1 of a perpendicular line drawn
from a first nearest portion 15b, that is the nearest portion to
the first oblique side portion 22 in an extending section along
the lower surface 4 of the first outer terminal electrode 15,
to the outer edge 22a of the first oblique side portion 22 and
a length B2 of a perpendicular line drawn from a second
nearest portion 16b, that is the nearest portion to the second
oblique side portion 23 in an extending section along the
lower surface 4 of the second outer terminal electrode 16, to
the outer edge 23a of the second oblique side portion 23 are
no less than approximately 10 pm and no more than approxi-
mately 50 um. According to the lamination inductor 1 in
which the lengths B1 and B2 are no more than a predeter-
mined size as discussed above, the inside diameter of the
coil conductor 12 can be secured to be longer. The length B1
and the length B2 are shorter than the lengths A1 and A2 in
FIG. 3.

Although there is an advantage that the inside diameter of
the coil conductor 12 can be secured to be longer as the
lengths B1 and B2 are shorter, there arises a high risk that,
if the lengths B1 and B2 are excessively short, a signal is
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caused to pass through between the loop conductor layer 10
(10A through 10E) and the outer terminal electrodes 15 and
16 at a high frequency, thereby consequently causing a
short-circuit failure. In addition, in the case where conduc-
tive powder contained in the photosensitive conductive paste
used for forming the outer terminal electrodes 15, 16 and the
loop conductor layers has not been sufficiently removed by
the photolithography method in the aforementioned manu-
facturing method, a short-circuit failure is also caused in
some case if the lengths B1 and B2 are excessively short. To
reduce these failures, it is preferable that the lengths B1 and
B2 are secured to be no less than 10 pm.

In the embodiment illustrated, as can be understood from
the drawing of FIG. 3 having a geometric shape of bilateral
symmetry, the lengths A1 and A2 are equal to each other and
the lengths B1 and B2 are also equal to each other.

In the case where the internal corner portions 15a and 16a
of the outer terminal electrodes 15 and 16, respectively
serving as starting points of the lengths A1 and A2, are made
to be curved, the starting points are respectively positioned
on the curved portions of the internal corner portions.
Further, in the case where the end portions 15b and 16b of
the outer terminal electrodes 15 and 16, respectively serving
as starting points of the lengths B1 and B2, are made to be
curved, the starting points are respectively positioned on the
curved portions of the end portions.

Further, the loop conductor layer included in the lamina-
tion inductor may have a shape that extends more than one
turn in a spiral form at a single interface between the
insulator layers. In this case, the outer edges 22a and 23a of
the oblique side portions 22 and 23, serving as ending points
of the lengths A1 and A2 as well as the lengths B1 and B2,
are defined by the outer edges of the loop conductor layer
positioned in the outermost side portion.

According to the lamination inductor 1 having the above-
described dimension conditions, it was understood from a
simulation result, which will be explained later, that the stray
capacitance generated between the outer terminal electrodes
15, 16 and the loop conductor layer 10 (10A through 10E)
can be suppressed to be small. As such, stray capacitance
that can be generated in the overall lamination inductor 1 can
be suppressed to be small, whereby the self-resonant fre-
quency can be increased and consequently the Q-value in a
high frequency range can be raised.

The following simulation was carried out.

As for a lamination inductor equipped with a coil con-
ductor in a structure of 16 layers and 21 turns, that is, a coil
conductor including loop conductor layers each having a
shape extending more than one turn in a spiral form at a
single interface between the insulator layers, the simulation
was carried out using an electromagnetic field simulator to
observe a change in the self-resonant frequency when the
above-mentioned length A (=A1=A2) was varied in a range
from 66.2 um to 155.2 pm, as shown in Chart 1 below. In this
simulation, on the assumption that the above-mentioned
length B (=B1=B2) was fixed to 10 um, the length A was
varied while making fine adjustment by an amount of a
space width of the loop conductor layer having a shape that
extends more than one turn in a spiral form so that a value
of L became 170 nH.

A result obtained by the simulation is illustrated in Chart
1 and FIG. 4.
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CHART 1
Length A [um] Self-Resonant Frequency [MHz]
66.2 987
81.6 1012
137.2 1030
155.2 1033

As can be understood from Chart 1 and FIG. 4, as the
length A is longer, the self-resonant frequency becomes
higher. In particular, the gradient of a graph in FIG. 4 is
considerably smaller in the case where the length A is in a
range of no less than 80 um than in the case where the length
is less than 80 pum, which means that an effect of improve-
ment in the self-resonant frequency is saturated to some
extent. In other words, in the case where the length A is no
less than 80 um, stray capacitance generated between the
outer terminal electrodes and the loop conductor layer can
be suppressed to be small and a higher self-resonant fre-
quency is realized.

Although descriptions related to the embodiment illus-
trating the present disclosure have been given thus far, other
types of variations can be made within the range and scope
of the present disclosure. Further, the embodiment and
variations described in this specification are merely
examples, and between the embodiment and the variations,
configurations thereof can partially replace each other or be
combined as well.

While embodiments of the disclosure have been described
above, it is to be understood that variations and modifica-
tions will be apparent to those skilled in the art without
departing from the scope and spirit of the disclosure. The
scope of the disclosure, therefore, is to be determined solely
by the following claims.

What is claimed is:

[1. A lamination inductor comprising:

a component main-body that is formed in a rectangular
parallelepiped shape including an upper surface and a
lower surface opposing each other, first and second side
surfaces opposing each other and connecting the upper
surface and the lower surface, and first and second end
surfaces opposing each other and also connecting the
upper surface and the lower surface, and that has a
lamination structure in which a plurality of insulator
layers are laminated in a direction perpendicular to the
side surfaces;

a coil conductor that is disposed inside the component
main-body, is constituted of a plurality of loop con-
ductor layers each extending so as to form part of a
circular path along an interface between the insulator
layers and a plurality of via hole conductors passing
through the insulator layers in a thickness direction of
the insulator layers, and has a shape that is helically
extended by alternately connecting the loop conductor
layers and the via hole conductors;

first outer terminal electrode and second outer terminal
electrode that are electrically connected to one end and
the other end of the coil conductor, respectively; and

first extended conductor layer and second extended con-
ductor layer that are formed along an interface between
the insulator layers, and connect the one end and the
other end of the coil conductor with the first outer
terminal electrode and second outer terminal electrode,
respectively,

wherein the first outer terminal electrode is so provided as
to form an exposed surface that extends in an L. shape
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form from a lower half portion of the first end surface
to a midway portion of the lower surface in a state
where at least part of the first outer terminal electrode
is embedded in the component main-body,

the second outer terminal electrode is so provided as to

form an exposed surface that extends in an L shape
form from a lower half portion of the second end
surface to a midway portion of the lower surface while
leaving a gap from the first outer terminal electrode on
the lower surface in a state where at least part of the
second outer terminal electrode is embedded in the
component main-body,

the loop conductor layer includes a lower side portion

extending along the lower surface; a first lateral side
portion and a second lateral side portion extending
along an upper half portion of the first end surface and
an upper half portion of the second end surface, respec-
tively; a first oblique side portion connecting an end
portion of the lower side portion on the first end surface
side and a lower end portion of the first lateral side
portion in an oblique direction relative to the lower
surface; and a second oblique side portion connecting
an end portion of the lower side portion on the second
end surface side and a lower end portion of the second
lateral side portion in an oblique direction relative to
the lower surface,

the lower side portion has a length shorter than the gap

and is positioned within a range of the gap, and

inner edges of the first and second lateral side portions do

not overlap with the first and second outer terminal
electrodes in a direction along the first and second end
surfaces when viewed in a direction perpendicular to
the first and second end surfaces and parallel to the first
and second side surfaces.]

[2. A lamination inductor comprising:

a component main-body that is formed in a rectangular

parallelepiped shape including an upper surface and a
lower surface opposing each other, first and second side
surfaces opposing each other and connecting the upper
surface and the lower surface, and first and second end
surfaces opposing each other and also connecting the
upper surface and the lower surface, and that has a
lamination structure in which a plurality of insulator
layers are laminated in a direction perpendicular to the
side surfaces;

a coil conductor that is disposed inside the component

main-body, is constituted of a plurality of loop con-
ductor layers each extending so as to form part of a
circular path along an interface between the insulator
layers and a plurality of via hole conductors passing
through the insulator layers in a thickness direction of
the insulator layers, and has a shape that is helically
extended by alternately connecting the loop conductor
layers and the via hole conductors;

first outer terminal electrode and second outer terminal

electrode that are electrically connected to one end and
the other end of the coil conductor, respectively; and

first extended conductor layer and second extended con-

ductor layer that are formed along an interface between
the insulator layers, and connect the one end and the
other end of the coil conductor with the first outer
terminal electrode and second outer terminal electrode,
respectively,

wherein the first outer terminal electrode is so provided as

to form an exposed surface that extends in an L. shape
form from a lower half portion of the first end surface
to a midway portion of the lower surface in a state
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where at least part of the first outer terminal electrode
is embedded in the component main-body,

the second outer terminal electrode is so provided as to
form an exposed surface that extends in an L shape
form from a lower half portion of the second end
surface to a midway portion of the lower surface while
leaving a gap from the first outer terminal electrode on
the lower surface in a state where at least part of the
second outer terminal electrode is embedded in the
component main-body,

the loop conductor layer includes a lower side portion
extending along the lower surface; a first lateral side
portion and a second lateral side portion extending
along an upper half portion of the first end surface and
an upper half portion of the second end surface, respec-
tively; a first oblique side portion connecting an end
portion of the lower side portion on the first end surface
side and a lower end portion of the first lateral side
portion in an oblique direction relative to the lower
surface; and a second oblique side portion connecting
an end portion of the lower side portion on the second
end surface side and a lower end portion of the second
lateral side portion in an oblique direction relative to
the lower surface, and

the lower side portion has a length shorter than the gap
and is positioned within a range of the gap,

wherein both a length A 1 of a perpendicular line drawn
from an L-shaped internal corner portion of the first
outer terminal electrode to an outer edge of the first
oblique side portion and a length A2 of a perpendicular
line drawn from an [-shaped internal corner portion of
the second outer terminal electrode to an outer edge of
the second oblique side portion, are equal to or larger
than 80 pum.]

[3. The lamination inductor according to claim 2,

wherein the length A1 and the length A2 are equal to each
other.]

[4. A lamination inductor comprising:

a component main-body that is formed in a rectangular
parallelepiped shape including an upper surface and a
lower surface opposing each other, first and second side
surfaces opposing each other and connecting the upper
surface and the lower surface, and first and second end
surfaces opposing each other and also connecting the
upper surface and the lower surface, and that has a
lamination structure in which a plurality of insulator
layers are laminated in a direction perpendicular to the
side surfaces;

a coil conductor that is disposed inside the component
main-body, is constituted of a plurality of loop con-
ductor layers each extending so as to form part of a
circular path along an interface between the insulator
layers and a plurality of via hole conductors passing
through the insulator layers in a thickness direction of
the insulator layers, and has a shape that is helically
extended by alternately connecting the loop conductor
layers and the via hole conductors;

first outer terminal electrode and second outer terminal
electrode that are electrically connected to one end and
the other end of the coil conductor, respectively; and

first extended conductor layer and second extended con-
ductor layer that are formed along an interface between
the insulator layers, and connect the one end and the
other end of the coil conductor with the first outer
terminal electrode and second outer terminal electrode,
respectively,
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wherein the first outer terminal electrode is so provided as
to form an exposed surface that extends in an L. shape
form from a lower half portion of the first end surface
to a midway portion of the lower surface in a state
where at least part of the first outer terminal electrode
is embedded in the component main-body,

the second outer terminal electrode is so provided as to
form an exposed surface that extends in an L shape
form from a lower half portion of the second end
surface to a midway portion of the lower surface while
leaving a gap from the first outer terminal electrode on
the lower surface in a state where at least part of the
second outer terminal electrode is embedded in the
component main-body,

the loop conductor layer includes a lower side portion
extending along the lower surface; a first lateral side
portion and a second lateral side portion extending
along an upper half portion of the first end surface and
an upper half portion of the second end surface, respec-
tively; a first oblique side portion connecting an end
portion of the lower side portion on the first end surface
side and a lower end portion of the first lateral side
portion in an oblique direction relative to the lower
surface; and a second oblique side portion connecting
an end portion of the lower side portion on the second
end surface side and a lower end portion of the second
lateral side portion in an oblique direction relative to
the lower surface, and

the lower side portion has a length shorter than the gap
and is positioned within a range of the gap,

wherein both a length B1 of a perpendicular line drawn
from a first nearest portion, that is the nearest portion
to the first oblique side portion in an extending section
along the lower surface of the first outer terminal
electrode, to the outer edge of the first oblique side
portion and a length B2 of a perpendicular line drawn
from a second nearest portion, that is the nearest
portion to the second oblique side portion in an extend-
ing section along the lower surface of the second outer
terminal electrode, to the outer edge of the second
oblique side portion are no less than 10 um and no more
than 50 um.]

[5. The lamination inductor according to claim 4,

wherein the length B1 and the length B2 are equal to each
other.]

6. A lamination inductor comprising:

a component main-body formed in a substantially rect-

angular parallelepiped shape including a lower sur-

face, a first end surface and a second end surface,

wherein the first and second end surfaces oppose each

other and are each connected to the lower surface and

wherein the component main-body has a lamination

structure in which a plurality of insulator layers are

laminated together;

coil conductor disposed inside the component main-

body, wherein the coil conductor extends helically by

alternately connecting a plurality of loop conductor

layers and a plurality of via hole conductors, wherein

one of the plurality of loop conductor layers extends

morve than one turn in a spiral form; and

a first outer terminal electrode electrically connected to a
first end of the coil conductor and a second outer
terminal electrode electrically connected to a second
end of the coil conductor;

wherein a first portion of the first outer terminal electrode
is embedded in the component main-body and a second
portion of the first outer terminal electrode forms a first
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exposed surface that extends in a substantially
L-shaped form and is exposed from a portion of the first
end surface and from a portion of the lower surface,
wherein a first portion of the second outer terminal
electrode is embedded in the component main-body and
a second portion of the second outer terminal electrode
forms a second exposed surface that extends in a
substantially L-shaped form and is exposed from a
portion of the second end surface and from a portion of
the lower surface,
wherein the first outer terminal electrode and the second
outer terminal electrode are separated from each other
by a gap,
wherein the plurality of the loop conductor layers collec-
tively includes a lower side portion extended along the
lower surface,
wherein at least one of the plurality of the loop conductor
layers includes: a first lateral side portion extended
along the first end surface, and a first oblique side
portion connecting a first end portion of the lower side
portion to a first end portion of the first lateral side
portion, the first oblique side portion oriented in a first
oblique dirvection relative to the lower surface,
wherein the lower side portion is positioned within a
range of the gap and has a length shorter than the gap,
wherein inner edges of the first lateral side portion do not
overlap with an imaginary line connecting the first
outer terminal electrode and the second outer terminal
electrode in a direction parallel to the lower surface,
and
wherein, for each loop conductor layer of the plurality of
loop conductor layers, in a view normal to a plane
containing the loop conductor layer:
in a portion of the first exposed surface that extends in
a direction of the first end surface, a first location
that is farthest from the lower surface defines a first
point,
in a portion of the first exposed surface that extends in
a direction of the lower surface, a second location
that is farthest from the first end surface defines a
second point,
a first imaginary line contains the first point and the
second point, and
the first imaginary line does not intersect the coil
conductor.
7. The lamination inductor according to claim 6, wherein,

in the view normal to the plane containing one of the
plurality of loop conductor layers:

the plurality of loop conductor layers form part of a
circular path along an interface between the laminated
insulator layers, and

the plurality of via hole conductors pass through the
insulator layers in a direction parallel to the lower
surface and the first and second end surfaces.

8. The lamination inductor according to claim 6, further

including a first extended conductor layer disposed inside

60 the component main-body and a second extended conductor

65

layer disposed inside the component main-body,

wherein, within the first extended conductor layer, the first
outer terminal electrode is electrically connected to the
first end of the coil conductor, and

wherein, within the second extended conductor layer, the
second outer terminal electrode is electrically con-
nected to the second end of the coil conductor.
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9. The lamination inductor according to claim 6, further
including a first plating film formed on the first exposed
surface and a second plating film formed on the second
exposed surface.

10. The lamination inductor according to claim 6,
wherein a length Bl of a perpendicular line drawn from an
outer edge of the first oblique side portion to a nearest
portion of the first outer terminal electrode is no less than 10
pm and no more than 50 um.

11. The lamination inductor according to claim 6, wherein
the first outer electrode or the second outer electrode do not
protrude out from the component main-body.

12. The lamination inductor according to claim 6,
wherein the lower side portion linearly extends in parallel to
the lower surface.

13. The lamination inductor according to claim 6,
wherein the first lateral side portion or a second lateral side
portion linearly extend in parallel to the first end surface.

14. The lamination inductor according to claim 6,
wherein the first oblique side portion is linear.

15. The lamination inductor according to claim 6,
wherein the plurality of the loop conductor layers collec-
tively includes an upper side portion, and the upper side
portion linearly extends in parallel to the upper surface.

16. The lamination inductor according to claim 15,
wherein the upper side portion has a length longer than the
gap.
17. The lamination inductor according to claim 15,
wherein the upper side portion is comnected to the first
lateral side portion or a second lateral side portion at a
right angle.

18. The lamination inductor according to claim 6,
wherein the plurality of the loop conductor layers collec-
tively further includes a second lateral side portion extended
along the second end surface; a second oblique side portion
connecting a second end portion of the lower side portion to
a first end portion of the second lateral side portion, the
second oblique side portion oriented in a second oblique
direction relative to the lower surface.

19. The lamination inductor according to claim 18,
wherein, in a view normal to the plane containing the loop
conductor layer:

in a portion of the second exposed surface that extends in

a dirvection of the second end surface, a third location
that is farthest from the lower surface defines a third
point,

in a portion of the second exposed surface that extends in

the direction of the lower surface, a fourth location that
is farthest from the second end surface defines a fourth
point,

a second imaginary line contains the third point and the

fourth point, and

the second imaginary line does not intersect the coil

conductor.

20. The lamination inductor according to claim 19,
wherein a length B2 of a perpendicular line drawn from an
outer edge of the second oblique side portion to a nearest
portion of the second outer terminal electrode is no less than
10 um and no more than 50 um.

21. The lamination inductor according to claim 20,
wherein a length Bl of a perpendicular line drawn from an
outer edge of the first oblique side portion to a nearest
portion of the first outer terminal electrode is no less than 10
pm and no more than 50 um.

22. The lamination inductor according to claim 21,
wherein the length Bl and the length B2 are equal to each
other.

5

10

20

25

30

35

40

45

50

55

60

65

16

23. The lamination inductor according to claim 19,
wherein the thivd point is at an inward most location relative
to the second end surface.

24. The lamination inductor according to claim 19,
wherein:

the first point is at an inward most location rvelative to the
first end surface,

the second point is at an inward most location relative to
the lower surface,

the third point is at an inward most location relative to the
second end surface, and

the fourth point is at an inward most location relative to
the lower surface.

25. The lamination inductor according to claim 6,
wherein a self-resonant frequency of the lamination inductor
exceeds 1000 MHz.

26. The lamination inductor according to claim 6,
wherein the first point is at an inward most location relative
to the first end surface.

27. A lamination inductor comprising:

a component main-body formed in a substantially rect-
angular parallelepiped shape including a lower sur-
face, a first end surface and a second end surface,
wherein the first and second end surfaces oppose each
other and are each connected to the lower surface and
wherein the component main-body has a lamination
structure in which a plurality of insulator layers are
laminated together;

a coil conductor disposed inside the component main-
body, wherein the coil conductor extends helically by
alternately connecting a plurality of loop conductor
layers and a plurality of via hole conductors; and

a first outer terminal electrode electrically connected to a
first end of the coil conductor and a second outer
terminal electrode electrically connected to a second
end of the coil conductor;

wherein a first portion of the first outer terminal electrode
is embedded in the component main-body and a second
portion of the first outer terminal electrode forms a first
exposed surface that is exposed from a portion of the
first end surface and from a portion of the lower
surface,

wherein a first portion of the second outer terminal
electrode is embedded in the component main-body and
a second portion of the second outer terminal electrode
forms a second exposed surface that is exposed from a
portion of the second end surface and from a portion of
the lower surface,

wherein the first outer terminal electrode and the second
outer terminal electrode are separated from each other
by a gap,

wherein the plurality of the loop conductor layers collec-
tively includes a lower side portion extended along the
lower surface,

wherein at least one of the plurality of the loop conductor
layers includes: a first lateral side portion extended
along the first end surface, and a first oblique side
portion connecting a first end portion of the lower side
portion to a first end portion of the first lateral side
portion, the first oblique side portion oriented in a first
oblique dirvection relative to the lower surface,

wherein the lower side portion is positioned within a
range of the gap and has a length shorter than the gap,
and

wherein a length Bl of a perpendicular line drawn from
an outer edge of the first oblique side portion to a
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nearest portion of the first outer terminal electrode is
no less than 10 um and no more than 50 um.

28. A lamination inductor comprising:

a component main-body formed in a substantially rect-
angular parallelepiped shape including a lower sur-
face, a first end surface and a second end surface,
wherein the first and second end surfaces oppose each
other and are each connected to the lower surface and
wherein the component main-body has a lamination
structure in which a plurality of insulator layers are
laminated together;

a coil conductor disposed inside the component main-
body, wherein the coil conductor extends helically by
alternately connecting a plurality of loop conductor
layers and a plurality of via hole conductors; and

a first outer terminal electrode electrically connected to a
first end of the coil conductor and a second outer
terminal electrode electrically connected to a second
end of the coil conductor;

wherein a first portion of the first outer terminal electrode
is embedded in the component main-body and a second
portion of the first outer terminal electrode forms a first
exposed surface that is exposed from a portion of the
first end surface and from a portion of the lower
surface,

wherein a first portion of the second outer terminal
electrode is embedded in the component main-body and
a second portion of the second outer terminal electrode
forms a second exposed surface that is exposed from a
portion of the second end surface and from a portion of
the lower surface,

wherein the first outer terminal electrode and the second
outer terminal electrode are separated from each other
by a gap,

wherein the plurality of the loop conductor layers collec-
tively includes: a lower side portion extended along the
lower surface, a first lateral side portion extended
along the first end surface, a first oblique side portion
connecting a first end portion of the lower side portion
to a first end portion of the first lateral side portion, the
first oblique side portion oriented in a first oblique
direction relative to the lower surface, a second lateral
side portion extended along the second end surface,
and a second oblique side portion connecting a second
end portion of the lower side portion to a first end
portion of the second lateral side portion, the second
oblique side portion oriented in a second oblique
direction relative to the lower surface,

wherein the lower side portion is positioned within a
range of the gap and has a length shorter than the gap,
and

wherein a length B2 of a perpendicular line drawn from
an outer edge of the second oblique side portion to a
nearest portion of the second outer terminal electrode
is no less than 10 um and no more than 50 um.

29. A lamination inductor comprising:

a component main-body formed in a substantially rect-
angular parallelepiped shape including a lower sur-
face, a first end surface and a second end surface,
wherein the first and second end surfaces oppose each
other and are each connected to the lower surface and
wherein the component main-body has a lamination
structure in which a plurality of insulator layers are
laminated together;

a coil conductor disposed inside the component main-
body, wherein the coil conductor extends helically by

20

30

35

40

45

65

18

alternately connecting a plurality of loop conductor
layers and a plurality of via hole conductors; and

a first outer terminal electrode electrically connected to a
first end of the coil conductor and a second outer
terminal electrode electrically connected to a second
end of the coil conductor;

wherein a first portion of the first outer terminal electrode
is embedded in the component main-body and a second
portion of the first outer terminal electrode forms a first
exposed surface that is exposed from a portion of the
first end surface and from a portion of the lower
surface,

wherein a first portion of the second outer terminal
electrode is embedded in the component main-body and
a second portion of the second outer terminal electrode
forms a second exposed surface that is exposed from a
portion of the second end surface and from a portion of
the lower surface,

wherein the first outer terminal electrode and the second
outer terminal electrode are separated from each other
by a gap,

wherein the plurality of the loop conductor layers collec-
tively includes a lower side portion extended along the
lower surface,

wherein at least one of the plurality of the loop conductor
layers includes: a first lateral side portion extended
along the first end surface, and a first oblique side
portion connecting a first end portion of the lower side
portion to a first end portion of the first lateral side
portion, the first oblique side portion oriented in a first
oblique dirvection relative to the lower surface,

wherein the lower side portion is positioned within a
range of the gap and has a length shorter than the gap,
and

wherein a length Al of a perpendicular line drawn from
a substantially L-shaped internal corner portion of the
first outer terminal electrode to an outer edge of the
first oblique side portion is equal to or larger than 80
m.

30. A lamination inductor comprising:

a component main-body formed in a substantially rect-
angular parallelepiped shape including a lower sur-
face, a first end surface and a second end surface,
wherein the first and second end surfaces oppose each
other and are each connected to the lower surface and
wherein the component main-body has a lamination
structure in which a plurality of insulator layers are
laminated together;

a coil conductor disposed inside the component main-
body, wherein the coil conductor extends helically by
alternately connecting a plurality of loop conductor
layers and a plurality of via hole conductors; and

a first outer terminal electrode electrically connected to a
first end of the coil conductor and a second outer
terminal electrode electrically connected to a second
end of the coil conductor;

wherein a first portion of the first outer terminal electrode
is embedded in the component main-body and a second
portion of the first outer terminal electrode forms a first
exposed surface that is exposed from a portion of the
first end surface and from a portion of the lower
surface,

wherein a first portion of the second outer terminal
electrode is embedded in the component main-body and
a second portion of the second outer terminal electrode
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forms a second exposed surface that is exposed from a
portion of the second end surface and from a portion of
the lower surface,
wherein the first outer terminal electrode and the second
outer terminal electrode are separated from each other
by a gap,
wherein the plurality of the loop conductor layers collec-
tively includes a lower side portion extended along the
lower surface,
wherein at least one of the plurality of the loop conductor
layers includes: a first lateral side portion extended
along the first end surface, and a first oblique side
portion connecting a first end portion of the lower side
portion to a first end portion of the first lateral side
portion, the first oblique side portion oriented in a first
oblique direction relative to the lower surface,
wherein the lower side portion is positioned within a
range of the gap and has a length shorter than the gap,
and
wherein a length Al of a perpendicular line drawn from
an outer edge of the first oblique side portion to a
substantially L-shaped internal corner portion of the
first outer terminal electrode is equal to or larger than
80 um.
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