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TRANSFORMER AND METHOD OF
MANUFACTURING THE SAME

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(S) TO RELATED
APPLICATIONS

This application is a Reissue Application from U.S. Pat.
No. 8,493,169 issued on Jul. 23, 2013 and filed Nov. 20,
2012, which claims the benefit under 35 U.S.C. Section 119
of Korean Patent Application Serial No. 10-2011-0122338,
entitled “Transformer and Method of Manufacturing the
Same” filed on Nov. 22, 2011, which [is] are hereby incor-
porated by reference in [its entirety] their entireties into this
application.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a transformer and a
method of manufacturing the same, and more particularly, to
a transformer 1n which three or more lines of a primary side
and a secondary side intersect with each other 1n a two-layer
structure, and a method of manufacturing the same.

2. Description of the Related Art

The present mvention relates to a transformer used for
matching and impedance conversion of a high frequency
power amplifier used in a communication system. In a power
amplifying module or a transceiving module, a power com-
biner necessarily used together with an amplifier device
manufactured by a complementary metal oxide semiconduc-
tor (CMOS) process 1s generally an integrated passive
device (IPD) type transformer. For example, 1n the case of
a CMOS one-chip power amplifier, a method of combining
parallel-amplified signals with each other 1s required. In this
case, a transformer for combining power 1s required. The
transformer for combining power serves to minimize loss
while combining amplified powers with each other.

Describing a structure of a transformer according to the
related art, 1t may be understood that an intersecting section
shown 1n FIG. 2A 1s replaced with an intersecting section of
FIG. 1. Here, an mput side primary winding and an output
side secondary winding are designed to be electromagneti-
cally coupled to each other 1n a form in which they are
opened. In the case 1n which the twisted turn number of
output side or input side conductive lines 1s 2 or more, three
or more connection line layers are generally used as shown
in FIG. 2A.

In the case of a general semiconductor process, a thick
metal layer through which a passive device may be designed
1s mainly configured of two layers. Therefore, 1n the case of
using three or more layers as 1n the related art, a thickness
of the metal layer becomes thin, such that efliciency of the
transformer may be signmificantly deteriorated at the time of
design of the transformer.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a trans-
former capable of having improved efliciency by allowing a
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line intersecting structure including three or more lines of a
primary side and a secondary side to become a two-layer
structure.

According to an exemplary embodiment of the present
invention, there 1s provided a transformer including: a
primary side winding having a loop shape; a secondary side
winding formed on the same plane as that of the primary side
winding 1n a remaining section except for at least a section
at which 1t intersects with the primary side winding and
having the same loop shape as that of the primary side
winding so as to be electromagnetically coupled to the
primary side winding; and an intersecting section formed so
that the primary side and secondary side windings having
the sum of the turn numbers of 3 or more 1ntersect with each
other 1n a two-layer structure, wherein the intersecting
section includes at least one point of intermediate node
having one side connected in a first layer and the other side
connected 1n a second layer.

At least one pair of outermost lines facing each other 1n
a diagonal direction in the intersecting section among the
three or more winding turns may be connected to each other
in the first or second layer in the diagonal direction.

At least one sub-outermost line among the three or more
winding turns may be connected to the intermediate node 1n
the first or second layer in the intersecting section.

The sum of the turn numbers of the primary and second-
ary side windings may be an odd number, at least one pair
ol outermost lines facing each other in a diagonal direction
in the 1intersecting section among the odd winding turns may
be connected to each other 1n the first or second layer 1in the
diagonal direction, and a pair of sub-outermost lines facing
cach other normally directly or obliquely 1n the intersecting
section among the odd winding turns may be connected to
cach other through the intermediate node so as not to contact
a connection line of the pair of outermost lines i1n the
intersecting section, wherein one of the pair of sub-outer-
most lines 1s connected to the intermediate node 1n the first
layer and the other thereof 1s connected to the intermediate
node 1n the second layer.

The sum of the turn numbers of the primary and second-
ary side windings may be an odd number of 5 or more, and
one of the pair of sub-outermost lines facing each other
obliquely 1n the intersecting section among the odd winding
turns 1s connected to the intermediate node 1n the first layer
and the other thereof may be connected to the intermediate
node 1n the second layer, wherein remaining lines among the
odd winding turns are obliquely connected to each other 1n
the other layer unlike that of the connection line of the pair
of outermost lines so as to 1mtersect with the connection line
on a tloor plane in the intersecting section.

The sum of the turn numbers of the primary and second-
ary side windings may be an even number, the intermediate
nodes may be two points and face each other based on the
center of the intersecting section, at least one pair of
outermost lines facing each other in a diagonal direction 1n
the 1ntersecting section among the even winding turns may
be connected to each other 1n the first or second layer in the
diagonal direction, and at least one pair of sub-outermost
lines facing each other normally directly or obliquely in the
intersecting section among the even winding turns may be
connected to each other through the intermediate node so as
not to contact a connection line of the pair of outermost lines
in the intersecting section, wherein one of the pair of
sub-outermost lines 1s connected to the intermediate node 1n
the first layer and the other thereof 1s connected to the
intermediate node 1n the second layer.
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The sum of the turn numbers of the primary and second-
ary side windings may be an even number of 6 or more, one
of the pair of sub-outermost lines facing each other
obliquely 1n the intersecting section among the even winding
turns may be connected to one intermediate node in the first
layer and the other thereol may be connected to one inter-
mediate node 1n the second layer, and one of another pair of
lines facing each other normally directly or obliquely in the
intersecting section among the even winding turns may be
connected to the other intermediate node in the first layer
and the other thereol may be connected to the other inter-
mediate node 1n the second layer, wherein remaining lines
among the even winding turns are obliquely connected to
cach other in the other layer unlike that of the connection
line of the pair of outermost lines so as to intersect with the
connection line on a floor plane in the intersecting section.

Any one of the primary and secondary side windings may
be a balanced signal line and the other thereof may be an
unbalanced signal line.

According to another exemplary embodiment of the pres-
ent invention, there 1s provided a method of manufacturing
a transformer including a primary side winding having a
loop shape and a secondary side winding formed on the
same plane as that of the primary side winding and having
the same loop shape as that of the primary side winding so
as to be electromagnetically coupled to the primary side
winding, the method including: forming an intersecting
section so that the primary side and secondary side windings
having the sum of the turn numbers of 3 or more intersect
with each other 1n a two-layer structure, wherein the inter-
secting section includes at least one point of intermediate
node having one side connected 1n a first layer and the other
side connected 1n a second layer.

At least one pair of outermost lines facing each other 1n
a diagonal direction in the intersecting section among the
three or more winding turns may be connected to each other
in the first or second layer in the diagonal direction.

At least one sub-outermost line among the three or more
winding turns may be connected to the intermediate node in
the first or second layer 1n the intersecting section.

The sum of the turn numbers of the primary and second-
ary side windings may be an odd number, at least one pair
ol outermost lines facing each other in a diagonal direction
in the intersecting section among the odd winding turns may
be connected to each other 1n the first or second layer 1n the
diagonal direction, and a pair of sub-outermost lines facing
cach other normally directly or obliquely 1n the intersecting
section among the odd winding turns may be connected to
cach other through the intermediate node so as not to contact
a connection line of the pair of outermost lines 1n the
intersecting section, wherein one of the pair of sub-outer-
most lines 1s connected to the intermediate node in the first
layer and the other thereof 1s connected to the intermediate
node 1n the second layer.

The sum of the turn numbers of the primary and second-
ary side windings may be an even number, the intermediate
nodes may be two points and face each other based on the
center ol the intersecting section, at least one pair of
outermost lines facing each other in a diagonal direction 1n
the intersecting section among the even winding turns may
be connected to each other 1n the first or second layer 1n the
diagonal direction, and at least one pair of sub-outermost
lines facing each other normally directly or obliquely in the
intersecting section among the even winding turns may be
connected to each other through the intermediate node so as
not to contact a connection line of the pair of outermost lines
in the intersecting section, wherein one of the pair of
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4

sub-outermost lines 1s connected to the intermediate node 1n
the first layer and the other thereof 1s connected to the
intermediate node 1n the second layer.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s a view schematically showing a transformer
according to an exemplary embodiment of the present
invention;

FIGS. 2A and 2B are, respectively, a view schematically
showing an intersecting section of a transformer according
to the related art and a view schematically showing an
intersecting section of the transformer of FIG. 1;

FIG. 3 1s a view schematically showing an intersecting
section of a transformer according to another exemplary
embodiment of the present invention;

FIG. 4 1s a view schematically showing an intersecting
section of a transformer according to still another exemplary
embodiment of the present invention;

FIG. § 1s a view schematically showing an intersecting
section of a transformer according to still another exemplary
embodiment of the present invention; and

FIG. 6 1s a view schematically showing an intersecting
section of a transformer according to still another exemplary
embodiment of the present invention.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

Exemplary embodiments of the present invention for
accomplishing the above-mentioned objects will be
described with reference to the accompanying drawings. In
describing exemplary embodiments of the present invention,
the same reference numerals will be used to describe the
same components and an additional description that 1s
overlapped or allow the meaning of the present invention to
be restrictively interpreted will be omuatted.

In the specification, it will be understood that unless a
term such as ‘directly’ 1s not used 1n a connection, coupling,
or disposition relationship between one component and
another component, one component may be ‘directly con-
nected to’, ‘directly coupled to” or ‘directly disposed to’
another element or be connected to, coupled to, or disposed
to another element, having the other element interveming
therebetween. In addition, this may also be applied to terms
including the meaning of contact such as ‘on’, ‘above’,
‘below’, ‘under’, or the like. In the case 1n which a standard
clement 1s upset or 1s changed 1n a direction, terms related
to a direction may be interpreted to including a relative
direction concept.

Although a singular form 1s used 1n the present descrip-
tion, 1t may include a plural form as long as it 1s opposite to
the concept of the present invention and 1s not contradictory
in view ol interpretation or 1s used as clearly difierent
meaning. It should be understood that “include”, “have”,
“comprise”, “be configured to include”, and the like, used 1n
the present description do not exclude presence or addition
of one or more other characteristic, component, or a com-
bination thereof.

The accompanying drawings referred in the present
description may be 1deal or abstract examples for describing
exemplary embodiments of the present invention. In the
accompanying drawings, a shape, a size, a thickness, and the
like, may be exaggerated 1n order to eflectively describe
technical characteristics.
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First, a transformer according to a first exemplary
embodiment of the present invention will be described 1n
detail with reference to the accompanying drawings.

FIG. 1 1s a view schematically showing a transformer
according to an exemplary embodiment of the present
invention; FIGS. 2A and 2B are, respectively, a view sche-
matically showing an intersecting section of a transformer
according to the related art and a view schematically show-
ing an mtersecting section of the transtormer of FIG. 1; FIG.
3 1s a view schematically showing an intersecting section of
a transformer according to another exemplary embodiment
of the present invention; FIG. 4 1s a view schematically
showing an intersecting section of a transformer according
to still another exemplary embodiment of the present inven-
tion; FIG. 5 1s a view schematically showing an intersecting
section of a transformer according to still another exemplary
embodiment of the present invention; and FIG. 6 1s a view
schematically showing an intersecting section of a trans-
former according to still another exemplary embodiment of
the present ivention.

The transformer according to the first exemplary embodi-
ment of the present invention will be described with refer-
ence to FIGS. 1, 2B, and 3 to 6.

The transformer according to the present embodiment 1s
configured to include a primary side winding and a second-
ary side winding, wherein the primary side winding has a
loop shape, and the secondary side winding formed on the
same plane as that of the primary side winding 1in a remain-
ing section except for at least a section at which it intersects
with the primary side winding and having the same loop
shape as that of the primary side winding so as to be
clectromagnetically coupled to the primary side winding.
The present invention relates to a transformer in the case 1n
which the sum of the turn numbers of primary side and
secondary side windings on the same plane 1s 3 or more.

Here, the transformer according to the present embodi-
ment includes an intersecting section 10 at which the pri-
mary side winding and the secondary side winding intersect
with each other. Referring to FIG. 1, the primary side and
secondary side windings of which the sum of the turn
number 1s 3 or more 1ntersect with each other 1n a two-layer
structure 1n the intersecting section 10. In FIG. 1, a reference
numeral 10 indicates the intersecting section. Referring to
FIGS. 2B and 3 to 6, 1t may be appreciated that three or more
primary and secondary side winding lines intersect with
cach other 1n a two-layer structure.

Further, referring to FIGS. 2B and 3 to 6, 1n the present
embodiment, the intersecting section 10 includes at least one
point of intermediate node 1 having one side connected 1n a
first layer and the other side connected in a second layer.

In the present embodiment, the intersecting section 10
includes at least one point of intermediate node 1, such that
the intersecting section 10 may have a two-layer structure
unlike the case according to the related art even though the
primary side and the secondary side have three or more
winding turns. Two points of intermediate nodes 1 and 1' are
shown 1n FIGS. 2B and 4 to 6, and one point of intermediate
node 1 1s shown i FIG. 3. Although not shown, the
intersecting section 10 may also have three points of inter-
mediate nodes. For example, as a modified example of FIG.
5, lines b and b' may also be connected to each other through
a first point 1 of itermediate node, lines d and d' may also
be connected to each other through a second point 1' of
intermediate node, and the lines d and d' may also be again
connected to each other through a third point (not shown) of
intermediate node formed at a region at which they do not
contact connection lines of the first layer 1n the intersecting
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section 10. In this case, each of the lines b and b' and the line
d and d' 1s not connected to each other, but may be connected
to another terminal. As an example, 1n the case 1n which each
of the primary and secondary sides has only a pair of
terminals, the number of points of the intermediate nodes
may be one or two, and in the case in which any one of the
primary and secondary sides has two pairs of terminals, the
number of points of the intermediate nodes may be added.

For example, the mtermediate nodes 1 and 1' may be
positioned at an edge portion of the intersecting section 10
rather than a central portion thereof. In this case, the
intermediate nodes 1 and 1' may be positioned on extension
lines of outermost lines of primary and secondary sides.

In addition, referring to FIG. 2B, a case 1n which each of
signals 1s transmitted to first and second layers 1n lines b and
b'. In this case, an 1nsulation layer may be provided between
the first and second layers in each line of the primary and
secondary sides. Also 1 FIGS. 3 to 6, each of signals may
be transmitted to first and second layers as 1n the lines b and
b' of FIG. 2B. In this case, an msulation layer may be
provided between the first and second layers. In addition,
referring to FIG. 2B, in the case 1n which the respective lines
connected to each other by a connection line 1n the first or
second layer 1n the intersecting section 10 are multilayer
transmission lines, they are conducted through a conductor
before being connected to each other by the connection line,
such that the signal may be transmitted through the connec-
tion line 1n each of the multilayer lines. For example, 1n FIG.
2B, a line a and a line ¢' are connected to each other only 1n
the second layer. However, 1in the case in which the line a
and the line ¢' are multilayer transmission lines, a signal 1n
a transmission line of a lower first layer may be transmuitted
from the line a side to a connection line of a second layer via
a conductor (not shown) and be then transmitted from the
line ¢' side to an original transmission line of the first layer
through a conductor (not shown) before the line a and the
line ¢' are connected to each other by the connection line.
This 1s also applied to the cases of FIGS. 3 to 6.

According to the present embodiment, a transformer
generally connected to an output terminal of a power ampli-
fier 1s 1mproved to reduce power loss, thereby making 1t
possible to improve an output of the power amplifier.

As an example, any one of winding lines of the primary
side and the secondary side windings may be a balanced
signal line and the other thereof may be an unbalanced signal
line.

In addition, referring to FIGS. 2B and 3 to 6, as an
example, at least one pair of outermost lines facing each
other in a diagonal direction 1n the intersecting section 10
among three or more winding turns may be connected to
cach other in the first or second layer in the diagonal
direction. Here, the outermost line means an outermost
portion that 1s 1n a range of the 1ntersecting section 10 rather
than an outermost portion 1n the entire transformer structure
as shown 1n FIG. 1. For example, in the entire transformer
structure of FIG. 1, an outermost line and an 1nnermost line
correspond to the outermost line. Therefore, each of two
pairs ol outermost lines faces each other in the intersecting
section 10. According to the present embodiment, at least
one pair of outermost lines facing each other 1n the diagonal
direction are connected to each other in the diagonal direc-
tion. In FIGS. 2B, 3, and 4, a case 1n which each of two pairs
of outermost lines facing each other 1n the diagonal direction
are connected to each other 1n the first and second layers 1n
the diagonal direction 1s shown. Meanwhile, 1n FIGS. 5§ and
6, a case 1n which a pair of outermost lines facing each other
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in the diagonal direction are connected to each other in the
first layer 1n the diagonal direction 1s shown.

Referring to FIGS. 2B, 3 to 6 in detail, as another
example, at least one sub-outermost line among three wind-
ing lines may be connected to the central node 1 1n the first
or second layer 1n the itersecting section. Here, the sub-
outermost line means an nner side directly adjacent to the
outermost line described above. In FIGS. 2B and 3, only a
pair of sub-outermost lines 1s present 1n the intersecting
section 10, and FIGS. 4 to 6, each of two pairs of sub-
outermost lines faces each other 1n the intersecting section
10. In FIG. 2B, a case in which each of the pair of
sub-outermost lines 1s connected to two points of nterme-
diate nodes 1 and 1' in the first and second layers, and 1n FIG.
3, a case 1 which one of the pair of sub-outermost lines 1s
connected to one point of mtermediate node 1 1n the first
layer and the other thereof i1s connected to one point of
intermediate node 1 1n the second. In FIGS. 4 and 5, a case
in which each of two pairs of sub-outermost lines 1s con-
nected to two points of intermediate nodes 1 and 1', and in
FIG. 6, a case 1n which a pair of sub-outermost lines is
connected to one point of intermediate node 1. In FIG. 6, the
other node 1' connects a pair of lines other than the outer-
most line and the sub-outermost line to each other.

Further referring to FIGS. 2B, 3, and 5, as an example, the
sum of the turn numbers of the primary and secondary side
windings 1s an odd number. In this case, at least one pair of
outermost lines facing each other 1n the diagonal direction 1n
the intersecting section 10 among the odd winding turns may
be connected to each other 1n the first or second layer 1n the
diagonal direction. In FIGS. 2B and 3, a pair of outermost
lines are connected to each other in the diagonal direction,
and 1 FIG. §, each of two pairs of outermost lines are
connected to each other 1n the diagonal direction. Further, 1n
the case 1n which the sum of the turn numbers of the primary
and secondary side windings 1s an odd number, the pair of
sub-outermost lines facing each other normally directly or
obliquely 1n the intersecting section 10 among the odd
winding turns may be connected to each other through the
intermediate node 1 so as not to contact a connection line of
the pair of outermost lines in the intersecting section 10. In
FIGS. 2B and 3, a pair of sub-outermost lines faces each
other horizontally, and in FIG. 5, each of two pairs of
sub-outermost lines faces each other obliquely and one of
the two pairs of sub-outermost lines are connected to each
other through two points of intermediate nodes 1 and 1'. In
addition, one of the pair of sub-outermost lines may be
connected to the mtermediate node 1 in the first layer, and
the other thereol may be connected to the intermediate node
1 1n the second layer. Here, as an example, in the case 1n
which the sum of the turn numbers of the primary and
secondary side windings 1s an odd number, the pair of
sub-outermost lines may be connected to each other at one
point of mtermediate node 1 or two points of intermediate
nodes 1 and 1'. Although FIG. 5 shows that the pair of
sub-outermost lines are connected to each other at two
points of intermediate nodes 1 and 1', the pair of sub-
outermost lines may also be connected to each other at one
point of intermediate node 1 as shown in FIG. 3.

Further, 1n the case 1n which the sum of the turn numbers
of the primary and secondary side windings i1s an odd
number, for example, 1n the case 1n which the sum of the turn
numbers of the primary and secondary side windings 1s 3,
one of the primary and secondary side forms a single line,
and the other thereof forms two lines to have the turn
number of 2. In the case in which the sum of the turn
numbers of the primary and secondary side windings 1s 5,
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one of the primary or secondary side may form two lines to
have the turn number of 2, and the other thereol may form
three lines to have the turn number of 3. In the case in which
the sum of the turn numbers of the primary and secondary
side windings 1s 5, any one side having the turn number of
2 may be disposed between lines having the turn number of
3. For example, referring to FIG. 5, a signal transmitted
through a line d 1n any one side of the primary and secondary
sides may be moved through lines b', b and d'. Alternatively,
when signals are input through lines d and d' in an opposite
direction to each other, they are exit from the other terminal
or a ground (not shown) through lines b' and b. Here,
remaining lines may form the other side of the primary and
secondary sides, and a transmission signal in a line a may
exit while being turned three times through lines ¢', c, €', e,
and a'.

Referring to FIG. 5, as another example, the sum of the
turn numbers of the primary and secondary side windings 1s
an odd number of 5 or more. Here, one of the pair of
sub-outermost lines facing each other obliquely in the inter-
secting section 10 among the odd winding turns may be
connected to the mtermediate node 1 in the first layer, and
the other thereol may be connected to the intermediate node
1 1n the second layer. In addition, the remaining lines of the
odd winding lines may be obliquely connected to a connec-
tion line of the pair of outermost lines in the other layer so
as to intersect with the connection line of the outermost lines
on a tloor plane in the intersecting section 10. In FIG. 5, lines
e and a', which are the outermost lines, are connected to each
other in the first layer, lines d and b', which are the
sub-outermost lines, are obliquely connected to each other
through two points of intermediate nodes 1, and lines a and
¢, lines b and d', and lines ¢ and ¢', which are the remaining
lines, are connected to each other 1n the second layer, which
1s a layer different from the first layer in which the lines ¢
and a' corresponding to the outermost lines are connected to
cach other so as to intersect with a connection line of the line
¢ and €' on the floor plane.

Further referring to FIGS. 4 and 6, as an example, the sum
of the turn numbers of the primary and secondary side
windings 1s an even number. Here, the intermediate nodes 1
and 1' may be two points. The two points of the intermediate
nodes 1 and 1' may face each other based on the center of the
intersecting section 10. In addition, at least one pair of
outermost lines facing each other 1n the diagonal direction 1n
the intersecting section 10 among the even winding turns
may be connected to each other 1n the first or second layer
in the diagonal direction. In FIG. 4, each of two pairs of
outermost lines are connected to each other in the diagonal
direction, and 1 FIG. 6, only a pair of outermost lines are
connected to each other 1n the diagonal direction.

Further, at least one pair of sub-outermost lines facing
cach other normally directly or obliquely 1n the intersecting
section 10 among the even winding turns may be connected
to each other through the mtermediate node 1 so as not to
contact a connection line of the pair of outermost lines in the
intersecting section 10. Here, one of the pair of sub-outer-
most lines may be connected to the intermediate node 1 1n
the first layer, and the other thereof may be connected to the
intermediate node 1 1n the second layer.

Further referring to FIG. 6, as an example, the sum of the
turn numbers of the primary and secondary side windings 1s
an even number of 6 or more. Here, one of the pair of
sub-outermost lines facing each other obliquely in the inter-
secting section 10 among the even winding turns may be
connected to one point of mtermediate node 1 1n the first
layer, and the other thereof may be connected to one point
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of intermediate node 1 1n the second layer. In addition, one
ol another pair of lines (lines d and ¢' of FIG. 6) facing each
other obliquely 1n the intersecting section 10 among the even
winding turns may be connected to the intermediate node 1'
in the first layer, and the other thereof may be connected to
the intermediate node 1' 1in the second layer. In addition, the
remaining lines of the even winding lines may be obliquely
connected to a connection line of the pair of outermost lines
in the other layer so as to intersect with the connection line
on the floor plane in the intersecting section 10.

Hereinafter, a method of manufacturing a transformer
according to a second exemplary embodiment of the present
invention will be described.

In describing the present embodiment, the transformer
according to the first exemplary embodiment of the present
invention described above and FIGS. 1, 2B, and 3 to 6 will
be referred. In this case, a description overlapped with that
of the first exemplary embodiment of the present invention
will be omitted.

Referring to FIGS. 1, 2B, 3 to 6, a method of manufac-
turing a transiormer according to the second exemplary
embodiment of the present invention, the transformer
including a primary side winding having a loop shape and a
secondary side winding formed on the same plane as that of
the primary side winding and having the same loop shape as
that of the primary side winding so as to be electromagneti-
cally coupled to the primary side winding, the method
includes: forming an intersecting section 10 so that the
primary side and secondary side windings having the sum of
the turn numbers of 3 or more 1ntersect with each other in a
two-layer structure. Here, the secondary side winding 1s
formed on the same plane as that of the primary side winding
in a remaining section except for at least a section at which
it intersects with the primary side winding.

Referring to FIGS. 2B and 3 to 6, 1n the present embodi-
ment, the intersecting section 10 includes at least one point
of intermediate node having one side connected 1n a {first
layer and the other side connected 1n a second layer. In the
present embodiment, the mtersecting section 10 includes at
least one point of itermediate node 1, such that the inter-
secting section 10 may have a two-layer structure unlike the
case according to the related art even though the primary
side and the secondary side have three or more winding
turns. Two points of intermediate nodes 1 and 1' are shown
in FIGS. 2B and 4 to 6, and one point of intermediate node
1 1s shown 1 FIG. 3.

As an example, any one of the primary and secondary side
windings may be a balanced signal line and the other thereof
may be an unbalanced signal line.

Further referring to FIGS. 2B and 3 to 6, as an example,
at least one pair of outermost lines facing each other 1n a
diagonal direction 1n the intersecting section 10 among three
or more winding turns may be connected to each other 1n the
first or second layer 1n the diagonal direction.

In addition, further referring to FIGS. 2B, 3 to 6, as
another example, at least one sub-outermost line among
three winding lines may be connected to the central node 1
in the first or second layer in the intersecting section 10.

Referring to FIGS. 2B, 3, and 5 in detail, as an example,
the sum of the turn numbers of the primary and secondary
side windings 1s an odd number. In this case, at least one pair
of outermost lines facing each other 1n the diagonal direction
in the intersecting section 10 among the odd winding turns
may be connected to each other in the first or second layer
in the diagonal direction. Further, the pair of sub-outermost
lines facing each other normally directly or obliquely in the
intersecting section 10 among the odd winding turns may be
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connected to each other through the intermediate node 1 so
as not to contact a connection line of the pair of outermost
lines 1n the intersecting section 10. In addition, one of the
pair of sub-outermost lines may be connected to the inter-
mediate node 1 1n the first layer, and the other thereol may
be connected to the intermediate node 1 in the second layer.

Further referring to FIGS. 4 and 6, as an example, the sum
of the turn numbers of the primary and secondary side
windings 1s an even number. Here, the intermediate nodes 1
and 1' may be two points. Here, the two points of the
intermediate nodes 1 and 1' may face each other based on the
center of the intersecting section 10. In addition, at least one
pair of outermost lines facing each other in the diagonal
direction 1n the intersecting section 10 among the even
winding turns may be connected to each other 1n the first or
second layer in the diagonal direction. Further, at least one
pair of sub-outermost lines facing each other normally
directly or obliquely 1n the intersecting section 10 among the
even winding turns may be connected to each other through
the mtermediate node 1 so as not to contact a connection line
of the pair of outermost lines 1n the intersecting section 10.
In addition, one of the pair of sub-outermost lines may be
connected to the intermediate node 1 1n the first layer, and
the other thereol may be connected to the intermediate node
1 in the second layer.

As set forth above, according to the exemplary embodi-
ments of the present invention, the line intersecting structure
of the transformer including three or more lines of the
primary and secondary sides becomes a two-layer structure,
making 1t possible to improve efliciency of the transformer.

According to the exemplary embodiment of the present
invention, a transformer generally connected to an output
terminal of a power amplifier 1s improved to reduce power
loss, thereby making it possible to improve an output of the
power amplifier.

It 1s obvious that various eflects directly stated according
to various exemplary embodiment of the present invention
may be derived by those skilled in the art from various
configurations according to the exemplary embodiments of
the present invention.

The accompanying drawings and the above-mentioned
exemplary embodiments have been illustratively provided 1n
order to assist 1n understanding of those skilled in the art to
which the present invention pertains rather than limiting a
scope ol the present invention. In addition, exemplary
embodiments according to a combination of the above-
mentioned configurations may be obviously implemented by
those skilled in the art. Therefore, various exemplary
embodiments of the present invention may be implemented
in modified forms without departing from an essential
feature of the present invention. In addition, a scope of the
present invention should be mterpreted according to claims

and includes various modifications, alterations, and equiva-
lences made by those skilled in the art.

What 1s claimed 1s:

1. A transformer comprising:

a primary side winding having a loop shape;

a secondary side winding [formed on the same plane as
that of the primary side winding in a remaining section
except for at least a section at which 1t intersects with
the primary side winding and] having the same loop
shape as that of the primary side winding so as to be
clectromagnetically coupled to the primary side wind-
ing; and
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an intersecting section formed so that the primary side and
secondary side windings having the sum of the turn
numbers of 3 or more intersect with each other in a
two-layer structure,

wherein the 1intersecting section includes at least one point

of mtermediate node having one side connected 1n a
first layer and the other side connected mn a second
layer,

wherein the secondary side winding intevsects with the

primary side winding,

whevrein the secondary side winding is formed on the same

plane as that of the primary side winding in a remain-
ing section except for at least a section of the inter-
secting section at which it intersects with the primary
side winding.

2. The transtormer according to claim 1, wherein at least
one pair ol outermost lines facing each other 1n a diagonal
direction 1n the intersecting section among the three or more
winding turns are connected to each other in the first or
second layer 1n the diagonal direction.

3. The transformer according to claim 1, wherein at least
one sub-outermost line among the three or more winding
turns 1s connected to the intermediate node 1n the first or
second layer 1n the intersecting section.

4. The transtformer according to claim 1, wherein the sum
of the turn numbers of the primary and secondary side
windings 1s an odd number,

at least one pair of outermost lines facing each other 1n a

diagonal direction 1n the mtersecting section among the
odd winding turns are connected to each other in the
first or second layer in the diagonal direction, and

a pair of sub-outermost lines facing each other normally

directly or obliquely in the intersecting section among
the odd winding turns are connected to each other
through the intermediate node so as not to contact a
connection line of the pair of outermost lines 1n the
intersecting section, one of the pair of sub-outermost
lines being connected to the mtermediate node 1n the
first layer and the other thereof being connected to the
intermediate node 1n the second layer.

5. The transformer according to claim 4, wherein the sum
of the turn numbers of the primary and secondary side
windings 1s an odd number of 5 or more, and

one of the pair of sub-outermost lines facing each other

obliquely 1n the intersecting section among the odd
winding turns 1s connected to the mtermediate node 1n
the first layer and the other thereotf i1s connected to the
intermediate node 1n the second layer, remaining lines
among the odd winding turns being obliquely con-
nected to each other in the other layer unlike that of the
connection line of the pair of outermost lines so as to
intersect with the connection line on a floor plane 1n the
intersecting section.

6. The transformer according to claim 1, wherein the sum
of the turn numbers of the primary and secondary side
windings 1s an even number,

the intermediate nodes are two points and face each other

based on the center of the intersecting section,

at least one pair of outermost lines facing each other in a

diagonal direction 1n the intersecting section among the
even winding turns are connected to each other in the
first or second layer in the diagonal direction, and

at least one pair of sub-outermost lines facing each other

normally directly or obliquely 1n the intersecting sec-
tion among the even winding turns are connected to
cach other through the intermediate node so as not to
contact a connection line of the pair of outermost lines
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in the intersecting section, one of the pair of sub-
outermost lines being connected to the intermediate
node in the first layer and the other thereol being
connected to the intermediate node 1n the second layer.

7. The transformer according to claim 6, wherein the sum
of the turn numbers of the primary and secondary side
windings 1s an even number of 6 or more,

one ol the pair of sub-outermost lines facing each other

obliquely 1n the intersecting section among the even
winding turns 1s connected to one intermediate node 1n
the first layer and the other thereof 1s connected to one
intermediate node 1n the second layer, and

one of another pair of lines facing each other normally

directly or obliquely 1n the mtersecting section among,
the even winding turns 1s connected to the other inter-
mediate node 1n the first layer and the other thereof 1s
connected to the other intermediate node 1n the second

layer, remaining lines among the even winding turns

being obliquely connected to each other in the other

layer unlike that of the connection line of the pair of
outermost lines so as to intersect with the connection
line on a floor plane in the intersecting section.

8. The transtormer according to claim 1, wherein any one
of the primary and secondary side windings i1s a balanced
signal line and the other thereof 1s an unbalanced signal line.

9. The transformer according to claim 2, wherein any one
of the primary and secondary side windings 1s a balanced
signal line and the other thereof 1s an unbalanced signal line.

10. The transformer according to claim 3, wherein any
one of the primary and secondary side windings 1s a bal-
anced signal line and the other thereof 1s an unbalanced
signal line.

11. The transformer according to claim 4, wherein any one
of the primary and secondary side windings i1s a balanced
signal line and the other thereof 1s an unbalanced signal line.

12. The transformer according to claim 3, wherein any
one of the primary and secondary side windings 1s a bal-
anced signal line and the other thereof 1s an unbalanced
signal line.

13. The transformer according to claim 6, wherein any
one of the primary and secondary side windings 1s a bal-
anced signal line and the other thereof 1s an unbalanced
signal line.

14. The transformer according to claim 7, wherein any
one of the primary and secondary side windings 1s a bal-
anced signal line and the other thereof 1s an unbalanced
signal line.

15. A method of manufacturing a transformer 1including a
primary side winding having a loop shape and a secondary
side winding formed on the same plane as that of the primary
side winding and having the same loop shape as that of the
primary side winding so as to be electromagnetically
coupled to the primary side winding, the method compris-
ng:

forming an intersecting section so that the primary side

and secondary side windings having the sum of the turn
numbers of 3 or more intersect with each other 1n a
two-layer structure,

wherein the intersecting section includes at least one point

of mtermediate node having one side connected 1n a
first layer and the other side connected 1mn a second
layer.

16. The method according to claim 15, wherein at least
one pair ol outermost lines facing each other in a diagonal
direction 1n the intersecting section among the three or more
winding turns are connected to each other in the first or
second layer 1n the diagonal direction.
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17. The method according to claim 15, wherein at least
one sub-outermost line among the three or more winding
turns 1s connected to the intermediate node 1n the first or
second layer 1n the intersecting section.

18. The method according to claim 15, wherein the sum
of the turn numbers of the primary and secondary side
windings 1s an odd number,

at least one pair of outermost lines facing each other in a

diagonal direction in the intersecting section among the
odd winding turns are connected to each other in the
first or second layer in the diagonal direction, and

a pair of sub-outermost lines facing each other normally

directly or obliquely 1n the intersecting section among
the odd winding turns are connected to each other
through the intermediate node so as not to contact a
connection line of the pair of outermost lines 1n the
intersecting section, one of the pair of sub-outermost
lines being connected to the mtermediate node 1n the
first layer and the other thereof being connected to the
intermediate node 1n the second layer.

19. The method according to claim 15, wherein the sum
of the turn numbers of the primary and secondary side
windings 1s an even number,

the intermediate nodes are two points and face each other

based on the center of the intersecting section,

at least one pair of outermost lines facing each other in a

diagonal direction 1n the mtersecting section among the
even winding turns are connected to each other in the
first or second layer in the diagonal direction, and

at least one pair of sub-outermost lines facing each other

normally directly or obliquely 1n the intersecting sec-
tion among the even winding turns are connected to
cach other through the intermediate node so as not to
contact a connection line of the pair of outermost lines
in the intersecting section, one of the pair of sub-
outermost lines being connected to the intermediate
node in the first layer and the other thereof being
connected to the intermediate node 1n the second layer.

20. The transformer accovding to claim I, wherein the
intersecting section comprises a first winding of the primary
and secondary side windings on the first layver of the
two-laver structure crossing a second winding of the pvi-
mary and secondary side windings on the second layver of the
two-layer structure and the one side of the at least one point
of intermediate node comnnects to a third winding of the
primary and secondary side windings in the first layer
crossing the second winding and the other side of the at least
one point of intevmediate node connects to the thivd winding
in the second laver crossing the first winding.

21. The transformer according to claim 20, wherein the
third winding is disposed between the first winding and the
second winding on the same plane in the remaining section.

22. The transformer according to claim 21, wherein the at
least one point of intevmediate node is disposed innermost to
the first and second windings in the intersecting section.
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23. The method according to claim 15, wherein the
intersecting section comprises a first winding of the primary
and secondary side windings on the first laver of the
two-laver structure crossing a second winding of the pri-
mary and secondary side windings on the second layer of the
two-layer structure and the one side of the at least one point
of intermediate node connects to a third winding of the

primary and secondary side windings in the first layer to

crossing the second winding and the other side of the at least
one point of intermediate node connects to the thivd winding
in the second laver to cross the first winding.

24. The method according to claim 23, whevein the third
winding is disposed between the first winding and the second
winding on the same plane in the remaining section.

25. The method according to claim 24, wherein the at
least one point of intevmediate node is disposed innermost to
the first and second windings in the intersecting section.

20. A transformer comprising:

a primary side winding having a loop shape;

a secondary side winding having the same loop shape as
that of the primary side winding so that the primary and
the secondary side windings electromagnetically
couple,

wherein the secondary side winding intersects with the
primary side winding,

wherein the secondary side winding is formed on the same
plane as that of the primary side winding in a vemain-
ing section except for at least a section of the inter-
secting section at which it intersects with the primary
side winding,

wherein the intersecting section includes plural windings,
of the primary and secondary side windings, intersect-
ing each other with rvespect to different lavers of a
corresponding two-layer structure,

wherein the intersecting section includes at least one
point of intermediate node having vespective sides
connected in the different layers, and

wherein the plural windings of the primary and secondary
side windings in the intersecting section include a total
of 3 or more turns, so as to include at least a first, a
second, and a third winding.

27. The transformer accovding to claim 26, wherein the
transformer includes plural primary side windings alternat-
ingly formed with plural secondary side windings except in
corresponding intersecting sections.

28. The transformer according to claim 26,

wherein respective sides of the at least one point of
intermediate node arve connected to the third winding in
a first layer to cross the second winding and in the
second layer to cross the first winding, and

wherein the third winding is disposed between the first
winding and the second winding on the same plane in
the remaining section.
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