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(57)  The presentinvention relates to a transformerin
which parasitic capacitance is reduced by dividing a
second conductive pattern, the transformer including: a
core unit including an upper core and a lower core; a first
conductive pattern substrate printed with a first conduc-
tive pattern forming at least one turn around a through-
hole through which a center leg of the core unit passes;
and a second conductive pattern substrate that is printed
with the second conductive pattern composed of a plur-
ality of metal plates divided on one plane and is disposed
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multiple parts on a single substrate and connecting the
multiple parts using a center tap, it is possible to reduce
the inter-winding capacitance between a primary coil and
secondary coils and the capacitance (parasitic capaci-
tance) between the secondary coils, and lower the tem-
perature of the generated heat while designing the stack
height of the secondary coils to be low.
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Description
[Technical Field]

[0001] The present disclosure relates to a transformer
and, more particularly, to a transformer in which a second
conductive pattern is divided to reduce parasitic capaci-
tance.

[Background Art]

[0002] Magnetic elements are also referred to as mag-
netic coupling devices, and representative examples of
magnetic elements may include an inductor, a transfor-
mer, and an EMI filter in which aninductor and a capacitor
are connected. Such magnetic elements may be
mounted on various types of circuit boards, for example,
on a board of a power supply unit (PSU).

[0003] Recently, according to a trend toward slimmer
electronic products, a slim magnetic element in which a
coil constituting the magnetic element has a printed
circuit board (PCB) form and shares a center leg of a
magnetic core has been widely adopted.

[0004] Atransformer may include a core unit, a primary
coil unit, and a secondary coil unit. The core unit may
include an upper core and a lower core, and a coil unitina
PCB form shown in FIG. 1 is disposed between the upper
core and the lower core.

[0005] In the coil unit, conductive patterns of the pri-
mary coil and the secondary coil are stacked to perform a
function of a coil. However, the conductive patterns have
a problem in that loss may increase due to increase in
resistance caused by a skin effect or due to an influence
of a proximity effect between the conductive patterns.
Such a problem may be alleviated to some extent by
increasing a thickness of the conductive patterns. How-
ever, because the conductive patterns are generally
formed of copper, increase in the thickness leads to
increase in cost of the magnetic element, and a thickness
of a pattern formed on a substrate is also limited.

[Disclosure]
[Technical Problem]

[0006] Anaspectofthe presentdisclosure is to provide
a transformer capable of increasing efficiency by redu-
cing leakage inductance.

[0007] Another aspect of the present disclosure is to
provide a transformer capable of reducing parasitic ca-
pacitance and heat generation.

[Technical Solution]

[0008] According to an aspect of the present disclo-
sure, a transformer includes a core unit including an
upper core and a lower core and a coil unit at least
partially disposed inside the core unit. The coil unit in-
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cludes afirst conductive pattern substrate including a first
through-hole formed to allow a center leg of the core unit
to pass through the first through-hole and a first conduc-
tive pattern forming at least one turn around the first
through-hole and a second conductive pattern substrate
including a second through-hole formed to allow the
center leg of the core unit to pass through the second
through-hole and a plurality of second conductive pat-
terns forming at least one turn around the second
through-hole. The second conductive pattern substrate
is disposed in at least one of a region above the first
conductive pattern substrate or a region below the first
conductive pattern substrate.

[0009] In the transformer according to the present dis-
closure, the second conductive patterns include a first
metal plate pattern NS1 and second metal plate patterns
NS2 disposed to be spaced apart from each other with
the first metal plate pattern NS1 interposed between the
second metal plate patterns NS2.

[0010] In the transformer according to the present dis-
closure, the plurality of second metal plate patterns NS2
includes a 2-1st metal plate pattern NS2-1 disposed
between the first metal plate pattern NS1 and the second
through-hole and a 2-2nd metal plate pattern NS2-2 dis-
posed to be spaced apart from the 2-1st metal plate
pattern NS2-1.

[0011] In the transformer according to the present dis-
closure, the first conductive pattern substrate includes a
first connection pattern CP1 formed adjacent to the first
conductive pattern, and the first connection pattern CP1
includes a first via hole and a second via hole.

[0012] Inthe transformer according to the present dis-
closure, each of the plurality of second metal plate pat-
terns NS2 includes a via hole. The via hole in the 2-1st
metal plate pattern NS2-1 is electrically connected to the
first via hole, and the via hole in the 2-2"d metal plate
pattern NS2-2 is electrically connected to the second via
hole.

[0013] Inthe transformer according to the present dis-
closure, the first conductive pattern substrate includes a
first upper substrate including a first wire pattern having a
center tap formed at one side of the first wire patternand a
first lower substrate disposed below the first upper sub-
strate and including a second wire pattern formed sym-
metrically to the first wire pattern.

[0014] In the transformer according to the present dis-
closure, the second conductive pattern substrate in-
cludes a second upper substrate disposed above the
first conductive pattern substrate and a second lower
substrate disposed below the first conductive pattern
substrate and including a plurality of second conductive
patterns.

[0015] In the transformer according to the present dis-
closure, the plurality of second conductive patterns of the
second lower substrate includes a third metal plate pat-
tern NS3 and a plurality of fourth metal plate patterns NS4
disposed to be spaced apart from each other with the
third metal plate pattern NS3 interposed between the
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plurality of fourth metal plate patterns NS4.

[0016] In the transformer according to the present dis-
closure, the 4-1st metal plate pattern and the 4-2nd metal
plate pattern are electrically connected to each other.
[0017] Inthe transformer according to the present dis-
closure, the first lower substrate includes a second con-
nection pattern CP2 formed adjacent to the second wire
pattern, and the second connection pattern CP2 includes
a third via hole and a fourth via hole.

[0018] Inthe transformer according to the present dis-
closure, each of the 4-1st metal plate pattern and the
4-2nd metal plate pattern includes a via hole. The via hole
in the 4-1st metal plate pattern is electrically connected to
the third via hole, and the via hole in the 4-2nd metal plate
pattern is electrically connected to the fourth via hole.
[0019] The transformer according to the present dis-
closure may further include a conductive line disposed on
the second conductive pattern substrate and configured
to electrically connect the 2-1st metal plate pattern and
the 2-2nd metal plate pattern to each other.

[0020] Inthe transformer according to the present dis-
closure, the first metal plate pattern NS1 and the second
metal plate patterns NS2 may have different areas.

[Advantageous Effects]

[0021] In the transformer according to the present dis-
closure, distribution of magnetic flux may be uniform, and
accordingly, heatgeneration may be reduced. Further, an
overlapping area between coils may be minimized, and
accordingly, parasitic capacitance may be reduced.
[0022] The effects achievable through the disclosure
are not limited to the above-mentioned effects, and other
effects not mentioned herein will be clearly understood by
those skilled in the art from the following description.

[Description of Drawings]
[0023]

FIG. 1 is a view showing an example of the config-
uration of a general transformer.

FIG. 2 is a perspective view of a transformer accord-
ing to the present disclosure.

FIG. 3 is an exploded perspective view of the trans-
former according to the present disclosure.

FIG. 4 is a divided plan view schematically showing
arrangement of conductive pattern substrates in a
transformer according to a first embodiment of the
present disclosure.

FIG. 5 is a view showing a cross-section of the
transformer according to the first embodiment and
distribution of magnetic flux.

FIG. 6 is a divided plan view schematically showing
arrangement of conductive pattern substrates in a
transformer according to a second embodiment of
the present disclosure.

FIG. 7 is a view showing a cross-section of the
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transformer according to the related art and distribu-
tion of magnetic flux.

FIG. 8 is a divided plan view schematically showing
arrangement of conductive pattern substrates in a
transformer according to a third embodiment of the
present disclosure.

FIG. 9 is a divided plan view schematically showing
arrangement of conductive pattern substrates in a
transformer according to a fourth embodiment of the
present disclosure.

FIG. 10is a divided plan view schematically showing
arrangement of conductive pattern substrates in a
transformer according to a fifth embodiment of the
present disclosure.

FIG. 11 is a divided plan view schematically showing
arrangement of conductive pattern substrates in a
transformer according to a sixth embodiment of the
present disclosure.

FIG. 12A is a view showing a noise waveform in the
transformer according to the related art, and FIG.
12B is a view showing a noise waveform in the
transformer according to the first embodiment.

[Best Mode]

[0024] Various exemplary embodiments will now be
described more fully with reference to the accompanying
drawings, in which only some exemplary embodiments
are shown. Specific structural and functional details dis-
closed herein are merely representative for the purpose
of describing exemplary embodiments. The present dis-
closure, however, may be embodied in many alternative
forms, and should not be construed as being limited to the
exemplary embodiments set forth herein.

[0025] Accordingly, while exemplary embodiments of
the disclosure are capable of being variously modified
and taking alternative forms, embodiments thereof are
shown by way of example in the drawings and will herein
be described in detail. It should be understood, however,
that there is no intent to limit the present disclosure to the
particular exemplary embodiments disclosed. On the
contrary, exemplary embodiments are to cover all mod-
ifications, equivalents, and alternatives falling within the
scope of the disclosure.

[0026] It will be understood that, although the terms
"first," "second," etc. may be used herein to describe
various elements, these elements should not be limited
by these terms. These terms are only used to distinguish
one element from another. For example, a first element
could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of exemplary embodiments of
the present disclosure.

[0027] It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, or intervening elements may be present.
In contrast, when an element is referred to as being
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"directly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present. Other
words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g. "be-
tween" versus "directly between," "adjacent" versus "di-
rectly adjacent," etc.).

[0028] The terminology used herein is for the purpose
of describing particular embodiments only and is not
intended to be limiting of exemplary embodiments of
the disclosure. As used herein, the singular forms are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further un-
derstood that the term "include" or "have", when used
herein, specifies the presence of stated features, inte-
gers, steps, operations, elements, components, or com-
binations thereof, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, or combinations
thereof.

[0029] Unless otherwise defined, all terms used here-
in, which include technical or scientific terms, have the
same meanings as those generally appreciated by those
skilled in the art. The terms, such as ones defined in
common dictionaries, should be interpreted as having the
same meanings as terms in the context of pertinent
technology, and should not be interpreted as having ideal
or excessively formal meanings unless clearly defined in
the specification.

[0030] Meanwhile, when a certain embodiment is cap-
able of being realized in a different manner, functions or
operations specified in a specific block may be executed
in an order different from that shown in a flowchart. For
example, two consecutive blocks may be executed si-
multaneously, or may be executed in the reverse order,
depending on the related function or operation.

[0031] Hereinafter, a magnetic element according to
an embodiment will be described in detail with reference
to the accompanying drawings. For convenience of de-
scription, a transformer will be described as an example
of a magnetic coupling device with reference to FIGs. 2 to
10. However, the transformer is merely an example of the
magnetic element according to the embodiment, and the
disclosure is not necessarily limited thereto. For exam-
ple, the magnetic element according to the embodiment
may be a component of an inductor or an EMI filter.
[0032] FIG. 2 is a perspective view of the transformer
according to the present disclosure, and FIG. 3 is an
exploded perspective view of the transformer according
to the present disclosure.

[0033] As shown, the transformer according to the
present disclosure includes a core unit 100 and a coil
unit 200. The core unit 100 has a characteristic of a
magnetic circuit and thus may serve as a path of mag-
netic flux. The core unit 100 may include an upper core
110 coupled at an upper side and a lower core 120
coupled at a lower side.

[0034] The two cores 110 and 120 may have shapes
that are vertically symmetrical to each other or asymme-
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trical to each other. One of the upper core 110 and the
lower core 120 may be removed. However, in the follow-
ing description, for convenience of description, it is as-
sumed that the two cores 110 and 120 have vertically
symmetrical shapes.

[0035] Each of the upper core 110 and the lower core
120 may include a body portion having a plate shape and
a plurality of leg portions OL1-1, OL1-2, OL2-1, OL2-2,
CL1, and CL2 protruding from the body portion in a first
direction (i.e., a first-axis direction) and extending in a
predetermined direction. For example, the plurality of leg
portions OL1-1, OL1-2, and CL1 of the upper core 110
may include two outer legs OL1-1 and OL1-2 spaced
apart from each other in a second direction (i.e., a sec-
ond-axis direction) intersecting the first direction in a
plane and one center leg CL1 disposed between the
two outer legs OL1-1 and OL1-2. In addition, each of
the plurality of leg portions OL1-1, OL1-2, OL2-1, OL2-2,
CL1, and CL2 may extend in a third direction (i.e., a
thirdaxis direction) intersecting the first and second di-
rections in a plane.

[0036] When the upper core 110 and the lower core
120 are coupled in the vertical direction, each of the outer
legs OL1-1and OL1-2 and the centerleg CL1 ofthe upper
core 110 faces a corresponding one of the outer legs
OL2-1and OL2-2 and the centerleg CL2 of the lower core
120. A pair of outer legs OL1-1 and OL2-1 facing each
other on one side may be referred to as a first outer leg
portion, a pair of outer legs OL1-2 and OL2-2 facing each
other on the other side may be referred to as a second
outer leg portion, and a pair of center legs CL1 and CL2
may be referred to as a center leg portion.

[0037] Agaphavingapredetermineddistance (e.g., 10
to 200 m, but not necessarily limited thereto) may be
defined between at least some of the pairs of outer legs
facing each other or the pair of center legs facing each
other. Inductance of the core unit 100 may be controlled
by adjusting the size of the gap of each of one pair of
center legs and two pairs of outer legs, and heat genera-
tion may be controlled according to the number of gaps.
[0038] In addition, the core unit 100 may include a
magnetic material, for example, iron or ferrite, but is
not necessarily limited thereto.

[0039] Since the core unit 100 surrounds a portion of
the coil unit 200, the portion of the coil unit 200 may be
considered to be disposed within the core unit 100.
[0040] The coil unit 200 includes a first conductive
pattern substrate 210 and a second conductive pattern
substrate 220.

[0041] Each of the first conductive pattern substrate
210 andthe second conductive pattern substrate 220 has
a through-hole TH through which the center leg portion
CL1 and CL2 of the core unit 100 passes.

[0042] The first conductive pattern substrate 210 in-
cludes a first upper conductive pattern substrate 211 and
a first lower conductive pattern substrate 212 disposed
below the first upper conductive pattern substrate 211.
[0043] The second conductive pattern substrate 220
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includes a second upper conductive pattern substrate
221 stacked on the first upper conductive pattern sub-
strate 211 of the first conductive pattern substrate 210 in
an insulated manner and a second lower conductive
pattern substrate 222 disposed below the first lower
conductive pattern 212 of the first conductive pattern
substrate 210 in an insulated manner. Alternatively, each
of the first conductive pattern substrate 210 and the
second conductive pattern substrate 220 may be imple-
mented as a single substrate.

[0044] The first conductive pattern substrate 210 may
constitute a primary coil of the transformer, and the
second conductive pattern substrate 220 may constitute
a secondary coil of the transformer. Alternatively, in some
embodiments, the first conductive pattern substrate 210
may constitute a secondary coil of the transformer, and
the second conductive pattern substrate 220 may con-
stitute a primary coil of the transformer.

[0045] The second conductive pattern substrate 220
may include the second upper conductive pattern sub-
strate 221 and the second lower conductive pattern
substrate 222.

[0046] At one end of the coil unit 200 in a long-axis
direction, first terminal portions TP1 may be disposed
side by side so as to be spaced apart from each otherina
short-axis direction of the coil unit 200. At the other end of
the coil unit 200 opposite the one end in the long-axis
direction, second terminal portions TP2 may be disposed
side by side so as to be spaced apart from each other in
the short-axis direction.

[0047] Theterminal portions TP1and TP2 may include
aplurality ofterminal pads TP1_1to TP1_4and TP2_1to
TP2_8inorderto electrically connect the transformerto a
circuit portion formed on a substrate of an apparatus.
[0048] The terminal pads TP1_1to TP1_4 and TP2_1
to TP2_8 may be disposed on each of the plurality of
conductive pattern substrates 211, 212, 221, and 222.
The terminal pads of the conductive patterns may be
vertically aligned and conductively connected to each
other.

[0049] FIG. 4 is a divided plan view schematically
showing arrangement of conductive pattern substrates
in a transformer according to a first embodiment of the
present disclosure. In the drawing, a plurality of conduc-
tive pattern substrates 221A, 211A, 212A, and 222A
stacked from above to form the coil unit 200 is illustrated
as being sequentially arranged from left to right. In this
case, a first metal plate pattern NS1 and second metal
plate patterns NS2-1 and NS2-2 on the second upper
conductive pattern substrate 221A are disposed symme-
trically to those on the second lower conductive pattern
substrate 222A. In the transformer according to the pre-
sent disclosure, the first metal plate pattern NS1 and the
second metal plate patterns NS2 may have different
areas.

[0050] On the second upper conductive pattern sub-
strate 221A of the second conductive pattern substrate
220 that is disposed at an uppermost position, a 2-1st
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metal plate pattern NS2-1 and a 2-2"d metal plate pattern
NS2-2 are disposed to be spaced apart from each other
with the first metal plate pattern NS1 interposed there-
between. In this case, the 2-15t metal plate pattern NS2-1
is disposed to surround a second through-hole TH2. The
2-1st metal plate pattern NS2-1 and the 2-2"d metal plate
pattern NS2-2 spaced apart from each other include via
holes VH1 and VH2, respectively, through which the 2-1st
metal plate pattern NS2-1 and the 2-2nd metal plate
pattern NS2-2 are electrically connected to each other.
In this case, electrical connection is achieved through
first via holes VH1 and second via holes VH2 in a first
connection pattern CP1 formed on the first upper con-
ductive pattern substrate 211A disposed below the sec-
ond upper conductive pattern substrate 221A.

[0051] The first upper conductive pattern substrate
211A includes a first wire pattern 201A forming at least
one turn in the counterclockwise direction around a first
through-hole TH1 formed at a center thereof. The first
lower conductive pattern substrate 212A includes a sec-
ond wire pattern 202A forming at least one turn in the
clockwise direction around the first through-hole TH1
formed at a center thereof. The first wire pattern 201A
is electrically connected to the second wire pattern 202A
disposed on the first lower conductive pattern substrate
212A. To this end, fifth via holes VH5 are formed at one
end of the first wire pattern 201A and at one end of the
second wire pattern 202A.

[0052] Among the first to fifth via holes formed in the
conductive patterns and the wire patterns on the respec-
tive conductive pattern substrates, via holes that overlap
in the vertical direction and are electrically connected to
each other are denoted by the same reference numerals.
[0053] Meanwhile, for the same purpose as the first
connection pattern CP1 formed on the first upper con-
ductive pattern substrate 211A, a second connection
pattern CP2 is formed on the first lower conductive pat-
tern substrate 212A. Third via holes VH3 and fourth via
holes VH4 are formed in the second connection pattern
CP2. A 4-1st metal plate pattern NS4-1 and a 4-2"d metal
plate pattern NS4-2, which are formed to be spaced apart
from each other on the second lower conductive pattern
substrate 222A, are electrically connected to each other
via the third via holes VH3 and the fourth via holes VH4. In
this case, electrical connection is achieved through the
third via holes VH3 and the fourth via holes VH4 formed in
the first lower conductive pattern substrate 212A.
[0054] FIG. 5 is a view showing a cross-section of the
transformer according to the first embodiment and dis-
tribution of magnetic flux. As shown in FIG. 5, in the
transformer according to the present disclosure, the first
metal plate pattern NS1 and the second metal plate
patterns NS2 disposed on the second upper conductive
pattern substrate may have a structure symmetrical tothe
first metal plate pattern NS1 and the second metal plate
patterns NS2 disposed on the second lower conductive
pattern substrate with respect to the primary coil.
[0055] FIG. 6 is a divided plan view schematically
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showing arrangement of conductive pattern substratesin
a transformer according to a second embodiment of the
present disclosure, and FIG. 7 is a view showing a cross-
section of the transformer according to the second em-
bodiment and distribution of magnetic flux. In FIG. 6, a
plurality of conductive pattern substrates 221B, 211B,
212B, and 222B stacked from above to form the coil unit,
similarly to the first embodiment shown in FIG. 4, is
illustrated as being sequentially arranged from left to
right. In this case, a first metal plate pattern NS1 and
second metal plate patterns NS2-1 and NS2-2 on the
second upper conductive pattern substrate 221B are
disposed at the same positions as and vertically overlap
those on the second lower conductive pattern substrate
222B.

[0056] On the second upper conductive pattern sub-
strate 221B of the second conductive pattern substrate
220 that is disposed at an uppermost position, a first
metal plate pattern NS1 and second metal plate patterns
NS2 are formed. The second metal plate patterns NS2
include a 2-1st metal plate pattern NS2-1 and a 2-2nd
metal plate pattern NS2-2 disposed to be spaced apart
from each other with the first metal plate pattern NS1
interposed therebetween. In this case, the 2-1st metal
plate pattern NS2-1, which is one of the second metal
plate patterns, is disposed to surround a second through-
hole TH2. The second metal plate patterns NS2-1 and
NS2-2 spaced apart from each other are electrically
connected to each other via first via holes VH1 and
second via holes VH2 formed in the respective patterns.
In this case, electrical connection is achieved through
first via holes VH1 and second via holes VH2 in a first
connection substrate CP1 formed on the first upper con-
ductive pattern substrate 211B disposed below the sec-
ond upper conductive pattern substrate 221B.

[0057] The first upper conductive pattern substrate
211B includes a first wire pattern 201B forming at least
one turn in the counterclockwise direction around a first
through-hole TH1 formed at a center thereof. The first
lower conductive pattern substrate 212B includes a sec-
ond wire pattern 202B forming at least one turn in the
clockwise direction around the first through-hole TH1
formed at a center thereof. The first wire pattern 201B
is electrically connected to the second wire pattern 202B
disposed on the first lower conductive pattern substrate
212B. To this end, fifth via holes VH5 are formed at one
end of the first wire pattern 201B and at one end of the
second wire pattern 202B.

[0058] Meanwhile, unlike the first embodiment, on the
first lower conductive pattern substrate 212B according
to the second embodiment, a second connection pattern
CP2 having the same shape as the first connection
pattern CP1 of the first upper conductive pattern sub-
strate 211B is formed at the same position in the vertical
direction as the first connection pattern CP1. Third via
holes VH3 and fourth via holes VH4 for electrical con-
nection to the second lower conductive pattern substrate
222B are formed in the second connection pattern CP2.
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[0059] Fourth metal plate patterns NS4-1 and NS4-2,
which are formed on the second lower conductive pattern
substrate 222B so as to be spaced apart from each other,
include three via holes VH3 and fourth via holes VH4
formed at positions overlapping the aforementioned third
via holes VH3 and fourth via holes VH4 in the vertical
direction.

[0060] The via holes VH3 in the 4-1st metal plate pat-
tern NS4-1 of the second lower conductive pattern sub-
strate 222B are electrically connected to the third via
holes VH3 in the first lower conductive pattern substrate
212B, and the fourth via holes VH4 in the 4-2nd metal
plate pattern NS4-2 of the second lower conductive
pattern substrate 222B are electrically connected to
the fourth via holes VH4 in the first lower conductive
pattern substrate 212B.

[0061] The transformer according to the present dis-
closure may have a structure in which the first metal plate
pattern NS1 and the second metal plate patterns NS2-1
and NS2-2 disposed on the second upper conductive
pattern substrate 221B are disposed to overlap the third
metal pattern NS3 and the fourth metal plate patterns
NS4-1 and NS4-2 disposed on the second lower con-
ductive pattern substrate 222B in the vertical direction.
[0062] Referring to FIGs. 5 and 7, in the transformer
according to the related art having the structure shown in
FIG. 7, current flowing in the secondary coil alternately
flows through the upper and lower portions NS1 and NS2.
Accordingly, magnetic flux is not uniformly distributed
throughout an entire core but is non-uniformly biased
in one direction. However, in the first and second embo-
diments of the present disclosure, the secondary coil is
configured such that the first metal plate pattern NS1 and
the second metal plate patterns NS2 are disposed on the
same plane, and thus current alternately flows through
the patterns NS1 disposed in vertically symmetrical posi-
tions and the patterns NS2 disposed in vertically symme-
trical positions. Accordingly, as compared with the con-
ventional structure, magnetic flux is distributed relatively
uniformly, and heat generation is reduced.

[0063] FIG. 8 is a divided plan view schematically
showing arrangement of conductive pattern substrates
in a transformer according to a third embodiment of the
present disclosure, and FIG. 9 is a divided plan view
schematically showing arrangement of conductive pat-
tern substrates in a transformer according to a fourth
embodiment of the present disclosure.

[0064] The common feature of the first and second
embodiments is that the second metal plate patterns
NS2-1and NS2-2 divided with the first metal plate pattern
NS1 interposed therebetween on the second upper con-
ductive pattern substrate 221A or 221B are electrically
connected to each other via thefirstviaholes VH1 and the
second via holes VH2 formed in the first connection
pattern CP1 formed on the first upper conductive pattern
substrate 211A or 211B. In addition, the fourth metal plate
patterns NS4-1 and NS4-2 divided with the third metal
plate pattern NS3 interposed therebetween on the sec-
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ond lower conductive pattern substrate 222A or 222B are
electrically connected to each other via the third via holes
VH3 and the fourth via holes VH4 formed in the second
connection pattern CP2 formed on the first lower con-
ductive pattern substrate 212A or 212B.

[0065] In the third and fourth embodiments shown in
FIGs. 8 and 9, electrical connection between the divided
second metal plate patterns NS2-1 and NS2-2 and be-
tween the divided fourth metal plate patterns NS4-1 and
NS4-2 is achieved using conductive lines, for example,
busbars.

[0066] Referring to FIG. 8, the third embodiment is
configured such that a first metal plate pattern NS1
and second metal plate patterns NS2-1 and NS2-2
spaced apart from each other with the first metal plate
pattern NS1 interposed therebetween are disposed on a
second upper conductive pattern substrate 221C dis-
posed at an uppermost position. In this case, the 2-1st
metal plate pattern NS2-1, which is one of the second
metal plate patterns, is disposed to surround a second
through-hole TH2. In this case, the 2-1st metal plate
pattern NS2-1 and the 2-2"d metal plate pattern NS2-2,
which are spaced apart from each other, are electrically
connected to each other via a first upper conductive line
L11.

[0067] A first upper conductive pattern substrate 211C
includes afirst wire pattern 201C forming atleastone turn
in the counterclockwise direction around a first through-
hole TH1 formed at a center thereof. A first lower con-
ductive pattern substrate 212C includes a second wire
pattern 202C forming at least one turn in the clockwise
direction around the first through-hole TH1 formed at a
center thereof. The first wire pattern 201C of the first
upper conductive pattern substrate 212C is electrically
connected to the second wire pattern 202C disposed on
the first lower conductive pattern substrate 212C. To this
end, fifth via holes VH5 are formed at one end of the first
wire pattern 201C and at one end of the second wire
pattern 202C.

[0068] Metal plate patterns NS3, NS4-1, and NS4-2
are formed on a second lower conductive pattern sub-
strate 222C so as to be symmetrical to those on the
second upper conductive pattern substrate 221C in the
second direction with respect to the second through-hole
TH2. In this case, the 4-15t metal pattern NS4-1 and the
4-2nd metal plate pattern NS4-2, which are spaced apart
from each other on the second lower substrate 222C, are
electrically connected to each other via a first lower
conductive line L21.

[0069] Referring to FIG. 9, the fourth embodiment is
configured such that second metal plate patterns NS2-1
and NS2-2 spaced apart from each other with a first metal
plate pattern NS1 interposed therebetween are disposed
on a second upper conductive pattern substrate 221D
disposed at an uppermost position. In this case, the 2-1st
metal plate pattern NS2-1, which is one of the second
metal plate patterns, is disposed to surround a second
through-hole TH2. In this case, the 2-1st metal plate
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pattern NS2-1 and the 2-2"d metal plate pattern NS2-2,
which are spaced apart from each other, are electrically
connected to each other via a second upper conductive
line L21.

[0070] A first upper conductive pattern substrate 211D
includes afirst wire pattern 201D forming atleastone turn
in the counterclockwise direction around a first through-
hole TH1 formed at a center thereof. A first lower con-
ductive pattern substrate 212D includes a second wire
pattern 202D forming at least one turn in the clockwise
direction around the first through-hole TH1 formed at a
center thereof. The first wire pattern 201D is electrically
connected to the second wire pattern 202D disposed on
the first lower conductive pattern substrate 212D. To this
end, fifth via holes VH5 are formed at one end of the first
wire pattern 201D and at one end of the second wire
pattern 202D. Metal plate patterns having the same
shape as those on the second upper conductive pattern
substrate 221D are disposed on a second lower con-
ductive pattern substrate 222D. That is, on the second
lower conductive pattern substrate 222D, a 4-1st metal
plate pattern NS4-1 and a 4-2nd metal plate pattern
NS4-2 are disposed to be spaced apart from each other
with a third metal plate pattern NS3 interposed there-
between. In this case, the 4-15t metal plate pattern NS4-1
and the 4-2"d metal plate pattern NS4-2, which are
spaced apart from each other on the second lower con-
ductive pattern substrate 222D, are electrically con-
nected to each other via a second lower conductive line
L22.

[0071] FIG. 10 is a divided plan view schematically
showing arrangement of conductive pattern substrates
in a transformer according to a fifth embodiment of the
present disclosure. Unlike the transformers according to
the first to fourth embodiments, a second conductive
pattern substrate is configured as a single second con-
ductive pattern substrate 220E. A first conductive pattern
substrate 210 includes a first upper conductive pattern
substrate 211E and a first lower conductive pattern sub-
strate 212E. A first metal plate pattern NS1 and second
metal plate patterns NS2 are formed on the second
conductive pattern substrate 220E. The second metal
plate patterns NS2 include a 2-1st metal pattern NS2-1
and a 2-2"d metal pattern NS2-2. The 2-1st metal pattern
NS2-1 and the 2-2nd metal pattern NS2-2 are disposed to
be spaced apart from each other with the first metal plate
pattern NS1 interposed therebetween. In this case, the
2-1stmetal plate pattern NS2-1 is disposed to surround a
second through-hole TH2. The 2-1st metal plate pattern
NS2-1 and the 2-2nd metal plate pattern NS2-2, which are
spaced apart from each other, are electrically connected
to each other via first via holes VH1 and second via holes
VH2 formed in the respective patterns. In this case,
electrical connection is achieved through first via holes
VH1 and second via holes VH2 in a first connection
pattern CP1 formed on the first upper conductive pattern
substrate 211E disposed below the second conductive
pattern substrate 220E.
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[0072] The first upper conductive pattern substrate
211E includes a first wire pattern 201E forming at least
one turn in the counterclockwise direction around a first
through-hole TH1 formed at a center thereof. The first
lower conductive pattern substrate 212E includes a sec-
ond wire pattern 202E forming at least one turn in the
clockwise direction around the first through-hole TH1
formed at a center thereof. The first wire pattern 201E
is electrically connected to the second wire pattern 202E
disposed on the first lower conductive pattern substrate
212EA. To this end, fifth via holes VH5 are formed at one
end of the first wire pattern 201E and at one end of the
second wire pattern 202E.

[0073] FIG. 11 is a divided plan view schematically
showing arrangement of conductive pattern substrates
in a transformer according to a sixth embodiment of the
present disclosure. In this embodiment, each of a first
conductive pattern substrate and a second conductive
pattern substrate is configured as a single substrate. In
this case, the second conductive pattern substrate 220F
includes a first metal plate pattern NS1 and second metal
plate patterns NS2. The second metal plate patterns NS2
include a 2-1st metal plate pattern NS2-1 and a 2-2nd
metal plate pattern NS2-2. The 2-1st metal plate pattern
NS2-1 and the 2-2"d metal plate pattern NS2-2 are dis-
posed to be spaced apart from each other with the first
metal plate pattern NS1 interposed therebetween. The
2-1st metal plate pattern NS2-1 and the 2-2nd metal plate
pattern NS2-2, which are spaced apart from each other,
are electrically connected to each other via first via holes
VH1 and second via holes VH2 formed in the respective
patterns. In this case, electrical connection is achieved
through first via holes VH1 and second via holes VH2 in a
first connection pattern CP1 formed on the first conduc-
tive pattern substrate 210F. The first conductive pattern
substrate 210F includes a first wire pattern 201F forming
atleastone turn in the counterclockwise direction around
a first through-hole TH1 formed at a center thereof.
[0074] In the transformer according to the related art
having a structure in which pattern substrates of a printed
circuit board-type secondary coil vertically overlap each
other, when capacitance between the primary coil and
the secondary coil is 230 pF, capacitance between the
substrates of the secondary coil is measured to be 90.44
pF, and temperature is measured to be 81.2°C. FIG. 12A
is a view showing a noise waveform in the transformer
according to the related art.

[0075] Meanwhile, in the first embodiment of the pre-
sent disclosure in which the secondary coil is configured
such that the first metal plate pattern NS1 and the second
metal plate patterns NS2 are disposed on the same plane
and the second metal plate patterns NS2 include the 2-1st
metal plate pattern NS2-1 and the 2-2nd metal plate
pattern NS2-2 spaced apart from each other with the first
metal plate pattern NS1 interposed therebetween, when
capacitance between the primary coil and the secondary
coil is 120 pF, capacitance between the substrates of the
secondary coil is measured to be 79.9 pF, and tempera-
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ture is measured to be 73.7°C. That is, since current is
transmitted in vertically symmetrical directions, distribu-
tion of magnetic flux becomes uniform as compared with
the conventional structure, and thus parasitic capaci-
tance and temperature are reduced as compared with
the related art. Accordingly, referring to the noise wave-
formillustrated in FIG. 12B, it can be confirmed that noise
in a waveform is reduced.

[0076] As described above, since the divided second-
ary coil patterns are disposed on one substrate and are
connected to each other using a center tap, inter-winding
capacitance between the primary coil and the secondary
coil and parasitic capacitance between the substrates of
the secondary coil may be reduced. Further, as a stacked
height of the secondary coil is designed to be low, heat
generation may be reduced.

[0077] Although the exemplary embodiments of the
present disclosure have been disclosed for illustrative
purposes, those skilled in the art will appreciate that
various modifications, additions and substitutions are
possible, without departing from the scope and spirit of
the disclosure as disclosed in the accompanying claims.

[Industrial Applicability]

[0078] The transformer according to the present dis-
closure may be applied to various electronic devices.

Claims
1. A transformer, comprising:

a core unit comprising an upper core and a lower
core; and

a coil unit at least partially disposed inside the
core unit,

wherein the coil unit comprises:

afirstconductive pattern substrate compris-
ing a first through-hole formed to allow a
center leg of the core unit to pass through
the first through-hole and a first conductive
pattern forming at least one turn around the
first through-hole; and

asecond conductive pattern substrate com-
prising a second through-hole formed to
allow the center leg of the core unit to pass
through the second through-hole and a plur-
ality of second conductive patterns forming
at least one turn around the second
through-hole,

wherein the second conductive pattern sub-
strate is disposed in at least one of a region
above the first conductive pattern substrate
oraregion below the first conductive pattern
substrate.



15 EP 4 819 172 A1 16

2. The transformer according to claim 1, wherein the

plurality of second conductive patterns comprises:

a first metal plate pattern (NS1); and

a plurality of second metal plate patterns (NS2)
disposed to be spaced apart from each other
with the first metal plate pattern (NS1) inter-
posed between the plurality of second metal
plate patterns (NS2).

The transformer according to claim 2, wherein the
first metal plate pattern (NS1) and the second metal
plate patterns (NS2) have different areas.

The transformer according to claim 2, wherein the
plurality of second metal plate patterns (NS2) com-
prises:

a 2-1st metal plate pattern (NS2-1) disposed
between the first metal plate pattern (NS1)
and the second through-hole; and

a 2-2nd metal plate pattern (NS2-2) disposed to
be spaced apart from the 2-1st metal plate pat-
tern (NS2-1).

The transformer according to claim 4, wherein the
2-1st metal plate pattern (NS2-1) and the 2-2nd metal
plate pattern (NS2-2) are electrically connected to
each other.

The transformer according to claim 5, further com-
prising a conductive line disposed on the second
conductive pattern substrate, the conductive line
being configured to electrically connect the 2-1st
metal plate pattern and the 2-2"d metal plate pattern
to each other.

The transformer according to claim 5, wherein the
first conductive pattern substrate comprises a first
connection pattern (CP1) formed adjacent to the first
conductive pattern, and the first connection pattern
(CP1) comprises a first via hole and a second via
hole.

The transformer according to claim 7, wherein each
of the plurality of second metal plate patterns (NS2)
comprises a via hole, and

wherein the via hole in the 2-1st metal plate pattern
(NS2-1) is electrically connected to the first via hole,
and the via hole in the 2-2"d metal plate pattern
(NS2-2) is electrically connected to the second via
hole.

The transformer according to claim 8, wherein the
first conductive pattern substrate comprises:

a first upper substrate comprising a first wire
pattern having a center tap formed at one side
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of the first wire pattern; and
a first lower substrate disposed below the first
upper substrate, the first lower substrate com-
prising a second wire pattern formed symmetri-
cally to the first wire pattern.

10. The transformer according to claim 9, wherein the

second conductive pattern substrate comprises:

a second upper substrate disposed above the
first conductive pattern substrate; and

a second lower substrate disposed below the
first conductive pattern substrate, the second
lower substrate comprising a plurality of second
conductive patterns.
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