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ABSTRACT 

A coil assembly includes: a substrate; and a coil wiring 
coupled to the substrate and including a spiral wiring and a 
lead wiring, wherein the spiral wiring includes a first section 
forming an outer portion of the spiral wiring and a second 
section, disposed inside the first section, and having a line 
width narrower than a line width of the first section. 
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COIL ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the benefit under 35 U.S.C. 
§ 119(a) of Korean Patent Application No. 10-2017-
0129978 filed on Oct. 11, 2017 in the Korean Intellectual 
Property Office, the entire disclosure of which is incorpo­
rated herein by reference for all purposes. 

BACKGROUND 

1. Field 

[0002] The present disclosure relates to a coil assembly. 

2. Description of Related Art 

[0003] Recently, systems for wirelessly transm1ttmg 
power in addition to performing functions such as radio 
frequency identification (RFID), near field communication 
(NFC), magnetic secure transmission (MST), in order to 
charge batteries of portable terminals with the power, have 
been added to portable terminals. In addition, such functions 
are generally performed by a coil, and a plurality of coils are 
therefore mounted in the portable terminals. 
[0004] Since the plurality of coils are often mounted in a 
thin portable terminal, a coil structure capable of signifi­
cantly decreasing a size of a coil assembly and providing 
high efficiency is desirable. 

SUMMARY 

[0005] This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This S=ary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed subject matter. 
[0006] In one general aspect, a coil assembly includes: a 
substrate; and a coil wiring coupled to the substrate and 
including a spiral wiring and a lead wiring, wherein the 
spiral wiring includes a first section forming an outer portion 
of the spiral wiring and a second section, disposed inside the 
first section, and having a line width narrower than a line 
width of the first section. 
[0007] The spiral wiring may satisfy 0.2*PlsP2<Pl, 
wherein Pl is a line width of a wiring part forming the first 
section and P2 is a line width of a wiring part forming the 
second section. 
[0008] A number of turns of the spiral wiring disposed in 
the second section may be 75% or less of a total number of 
turns of the spiral wiring. 
[0009] Spiral wiring parts constituting the first section 
may be disposed on opposite surfaces of the substrate, 
respectively, and end portions of the spiral wiring parts may 
be connected to each other. 
[0010] Spiral wiring parts constituting the second section 
may be disposed on opposite surfaces of the substrate, 
respectively, and end portions of the spiral wiring parts may 
be connected to each other. 
[0011] Spiral wiring parts constituting the second section 
may be disposed on opposite surfaces of the substrate, 
respectively, and may be connected to each other in series. 
[0012] The lead wire may traverse the spiral wiring in a 
diameter direction of the spiral wiring. 
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[0013] The lead wire may be disposed on a first surface of 
the substrate, and may be connected to a wiring of the 
second section disposed on a second surface of the substrate 
through an interlayer connection conductor formed in the 
substrate. 
[0014] The spiral wiring may include any one of a press 
coil formed by pressing a metal plate in a coil shape, a flat 
type wire, and an insulated wire. 
[0015] The lead wire may be disposed outside of the 
second section. 
[0016] The coil assembly may further include a connec­
tion substrate coupled to one surface of the substrate and 
having the lead wired formed thereon. 
[0017] The spiral wiring may include at least one turn of 
a connection wiring connecting the first section and the 
second section to each other, and the connection wiring may 
have a line width gradually decreasing toward the second 
section. 
[0018] The coil wiring may be configured to transmit and 
receive power for wireless charging. 
[0019] The coil assembly may further include a second 
coil wiring and a third coil wiring disposed in a vicinity of 
the spiral wiring, wherein each of the second and third coil 
wirings are configured to perform any one of a radio 
frequency identification (RFID) function, a near field com­
munications (NFC) function, and a magnetic secure trans­
mission (MST) function. 
[0020] In another general aspect, a coil assembly includes: 
a connection substrate including a lead wiring having a first 
end connected to a connection pad; and a coil wiring 
including a first section extending from a second end of the 
lead wiring, and a second section disposed inside the first 
section, extending spirally from the first section, and having 
a line width narrower than a line width of the first section. 
[0021] A line width of a wiring part forming the second 
section may be 20% or more of a line width of a wiring part 
forming the first section. 
[0022] A number of turns of the coil wiring disposed in the 
second section may be 7 5% or less of a total number of turns 
of the coil wiring disposed in the first section. 
[0023] The coil assembly may further include another coil 
wiring disposed outside of the coil wiring, wherein the coil 
wiring is configured to transmit or receive power for wire­
less charging, and the other coil wiring is configured to 
operate as an antenna. 
[0024] Other features and aspects will be apparent from 
the following detailed description, the drawings, and the 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] FIG. 1 is a schematic perspective view illustrating 
an electronic device, according to an embodiment. 
[0026] FIG. 2 is a cross-sectional view taken along line I-I' 
of FIG. 1. 
[0027] FIG. 3 is a schematic plan view illustrating a coil 
assembly of FIG. 2. 
[0028] FIG. 4 is a rear view of the coil assembly illustrated 
in FIGS. 2 and 3. 
[0029] FIG. 5 is a cross-sectional view taken along line 
II-II' of FIG. 3. 
[0030] FIG. 6 is a schematic plan view illustrating a coil 
assembly, according to an embodiment. 
[0031] FIG. 7 is a rear view of the coil assembly illustrated 
in FIG. 6. 
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[0032] FIG. 8 is a schematic exploded perspective view 
illustrating a coil assembly, according to an embodiment. 
[0033] FIG. 9 is a schematic perspective view illustrating 
a coil assembly, according to an embodiment. 
[0034] FIG. 10 is a schematic perspective view illustrating 
a coil assembly, according to an embodiment. 
[0035] Throughout the drawings and the detailed descrip­
tion, the same reference numerals refer to the same ele­
ments. The drawings may not be to scale, and the relative 
size, proportions, and depiction of elements in the drawings 
may be exaggerated for clarity, illustration, and conve­
mence. 

DETAILED DESCRIPTION 

[0036] The following detailed description is provided to 
assist the reader in gaining a comprehensive understanding 
of the methods, apparatuses, and/or systems described 
herein. However, various changes, modifications, and 
equivalents of the methods, apparatuses, and/or systems 
described herein will be apparent after an understanding of 
the disclosure of this application. For example, the 
sequences of operations described herein are merely 
examples, and are not limited to those set forth herein, but 
may be changed as will be apparent after an understanding 
of the disclosure of this application, with the exception of 
operations necessarily occurring in a certain order. Also, 
descriptions of features that are known in the art may be 
omitted for increased clarity and conciseness. 
[0037] The features described herein may be embodied in 
different forms, and are not to be construed as being limited 
to the examples described herein. Rather, the examples 
described herein have been provided merely to illustrate 
some of the many possible ways of implementing the 
methods, apparatuses, and/or systems described herein that 
will be apparent after an understanding of the disclosure of 
this application. 
[0038] Throughout the specification, when an element, 
such as a layer, region, or substrate, is described as being 
"on," "connected to," or "coupled to" another element, it 
may be directly "on," "connected to," or "coupled to" the 
other element, or there may be one or more other elements 
intervening therebetween. In contrast, when an element is 
described as being "directly on," "directly connected to," or 
"directly coupled to" another element, there can be no other 
elements intervening therebetween. 
[0039] As used herein, the term "and/or" includes any one 
and any combination of any two or more of the associated 
listed items. 
[0040] Although terms such as "first," "second," and 
"third" may be used herein to describe various members, 
components, regions, layers, or sections, these members, 
components, regions, layers, or sections are not to be limited 
by these terms. Rather, these terms are only used to distin­
guish one member, component, region, layer, or section 
from another member, component, region, layer, or section. 
Thus, a first member, component, region, layer, or section 
referred to in examples described herein may also be 
referred to as a second member, component, region, layer, or 
section without departing from the teachings of the 
examples. 
[0041] Spatially relative terms such as "above," "upper," 
"below," and "lower" may be used herein for ease of 
description to describe one element's relationship to another 
element as shown in the figures. Such spatially relative terms 
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are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, an element described as being "above" 
or "upper" relative to another element will then be "below" 
or "lower" relative to the other element. Thus, the term 
"above" encompasses both the above and below orientations 
depending on the spatial orientation of the device. The 
device may also be oriented in other ways (for example, 
rotated 90 degrees or at other orientations), and the spatially 
relative terms used herein are to be interpreted accordingly. 
[0042] The terminology used herein is for describing 
various examples only, and is not to be used to limit the 
disclosure. The articles "a," "an," and "the" are intended to 
include the plural forms as well, unless the context clearly 
indicates otherwise. The terms "comprises," "includes," and 
"has" specify the presence of stated features, numbers, 
operations, members, elements, and/or combinations 
thereof, but do not preclude the presence or addition of one 
or more other features, numbers, operations, members, ele­
ments, and/or combinations thereof. 
[0043] Herein, it is noted that use of the term "may" with 
respect to an example or embodiment, e.g., as to what an 
example or embodiment may include or implement, means 
that at least one example or embodiment exists in which 
such a feature is included or implemented while all 
examples and embodiments are not limited thereto. 
[0044] Due to manufacturing techniques and/or toler­
ances, variations of the shapes shown in the drawings may 
occur. Thus, the examples described herein are not limited to 
the specific shapes shown in the drawings, but include 
changes in shape that occur during manufacturing. 
[0045] The features of the examples described herein may 
be combined in various ways as will be apparent after an 
understanding of the disclosure of this application. Further, 
although the examples described herein have a variety of 
configurations, other configurations are possible as will be 
apparent after an understanding of the disclosure of this 
application. 
[0046] In the following description, a wireless power 
charging device may be a power transmitting device trans­
mitting power and a power receiving device configured to 
receive and store power therein. 
[0047] FIG. 1 is a schematic perspective view illustrating 
an electronic device, according to an embodiment in. FIG. 2 
is a cross-sectional view taken along line I-I' of FIG. 1. 
[0048] Referring to FIGS. 1 and 2, the electronic device, 
which is a wireless power charging device, may be a 
charging device 20 configured to wirelessly transmit power 
or a portable terminal 10 configured to wirelessly receive 
and store the power therein. 
[0049] The portable terminal 10 includes a battery 12 and 
a power receiving device 100 configured to supply power to 
the battery 12 to charge the battery 12 with the power. 
[0050] The battery 12 may be a secondary battery that is 
rechargeable and may be configured to be detachable from 
the portable terminal 10, but is not limited thereto. 
[0051] The power receiving device 100 may be accom­
modated in a case 11 of the portable terminal 10 and be 
directly attached to an inner surface of the case 11 or be 
disposed as adjacent to the inner surface of the case 11 as 
possible. 
[0052] The power receiving device 100 includes a mag­
netic portion 102 and a coil assembly 110. 
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[0053] The magnetic portion 102 may have a flat plate 
shape ( or a sheet shape), and may be disposed on one surface 
of the coil assembly 110 and be fixed and attached to the coil 
assembly 110. The magnetic portion 102 is provided in order 
to efficiently form a magnetic path of a magnetic field 
generated by a coil wiring of the coil assembly 110. To this 
end, the magnetic portion 102 is formed of a material in 
which a magnetic path may be easily formed, such as a 
ferrite sheet. 
[0054] Although not illustrated, a metal sheet may be 
added between the magnetic portion 102 and the battery 12 
in order to block electromagnetic waves or a leaked mag­
netic flux, if necessary. The metal sheet may be formed of 
aluminum, but is not limited thereto. 
[0055] In addition, an adhesion portion 104 may be inter­
posed between the coil assembly 110 and the magnetic 
portion 102 so that the coil assembly 110 and the magnetic 
portion 102 are firmly fixed and adhered to each other. 
[0056] The adhesion portion 104 may be disposed 
between the coil assembly 110 and the magnetic portion 102, 
and may bond the magnetic portion 102 and the coil assem­
bly 110 to each other. The adhesion portion 104 may be 
formed of an adhesive sheet or an adhesive tape, and may be 
formed by applying an adhesive or a resin having an 
adhesive property to a surface of the coil assembly 110 or the 
magnetic portion 102. 
[0057] In addition, the adhesion portion 104 may contain 
ferrite powders, such that the adhesion portion 104 may have 
a magnetic property together with the magnetic portion 102. 
[0058] The charging device 20 may be provided in order 
to charge the battery 12 of the portable terminal 10 with the 
power. To this end, the charging device 20 includes a voltage 
converting portion 22 and a power transmitting device 200 
disposed in a case 21. 
[0059] The voltage converting portion 22 may convert 
household alternating current (AC) power supplied from an 
external source to direct current (DC) power, then convert 
the DC power into an AC voltage having a specific fre­
quency, and then supply the AC voltage having the specific 
frequency to the power transmitting device 200. 
[0060] When the AC voltage is applied to the power 
transmitting device 200, a magnetic field in the vicinity of 
the power transmitting device 200 is changed. Therefore, a 
voltage may be applied to the power receiving apparatus 100 
of the portable terminal 10 disposed adjacent to the power 
transmitting apparatus 200 depending on the change in the 
magnetic field. Therefore, the battery 12 may be charged 
with the power. 
[0061] The power transmitting device 200 may be config­
ured similarly to the power receiving device 100 described 
above. Therefore, a detailed description for the power trans­
mitting device 200 is omitted. 
[0062] The coil assembly 110 of the power receiving 
device 100 will hereinafter be described in detail. 
[0063] FIG. 3 is a schematic plan view illustrating the coil 
assembly 110 of FIG. 2. FIG. 4 is a rear view of the coil 
assembly 110. FIG. 5 is a cross-sectional view taken along 
line II-II' of FIG. 3. 
[0064] Referring to FIGS. 3 through 5, the coil assembly 
110 includes a substrate 120 and a coil wiring 130 disposed 
on at least one surface of the substrate 120. 
[0065] The substrate 120, which is an insulating substrate 
having circuit wirings formed on opposite surfaces thereof, 
may be an insulating film such as a polyimide film. How-
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ever, the substrate 120 is not limited to such a polyimide 
film, and various materials may be used as the substrate 120 
as long as they have a small thickness and the circuit wirings 
may be formed on opposite surfaces of them. 
[0066] The coil wiring 130 may be formed using the 
opposite surfaces of the substrate 120, and may have some 
of circuit wirings formed of a copper foil, as an example, on 
the substrate 120. 
[0067] The coil assembly 110 may be manufactured by 
patterning a double-sided copper clad laminate (CCL). In 
addition, the coil assembly 110 may be formed on opposite 
surfaces of a flexible insulating substrate such as a film by 
photolithography, and may be manufactured using, for 
example, a double-sided flexible printed circuit board 
(FPCB). 
[0068] Therefore, the coil assembly 110 may be formed to 
have a very small thickness. However, the coil assembly 110 
may also be may be manufactured using a multilayer sub­
strate or using a PCB having rigidity, if necessary. 
[0069] Referring to FIGS. 3 and 4, the coil wiring 130 may 
be formed of a thin metal layer, and may include spiral 
wirings 131a and 131b (collectively referred to as "spiral 
wiring 131" for convenience) forming a coil shape, lead 
wirings 137, and connection pads 138. 
[0070] The connection pads 138 may be contact points 
electrically connecting the coil assembly 110 to another 
component. 
[0071] Still referring to FIGS. 3 and 4, the spiral wirings 
131a and 131b may be disposed on the opposite surfaces of 
the substrate 120, respectively, to face each other. That is, 
the spiral wiring 131a may be a first spiral wiring 131a 
formed on a first surface 120a of the substrate 120, and the 
spiral wiring 131b may be a second spiral wiring 131b 
formed on a second surface 120b of the substrate 120. 
[0072] The first spiral wiring 131a may be partially dis­
connected, and the lead wirings 137 may be disposed in a 
disconnected region of the first spiral wiring 131a. 
[0073] Therefore, the lead wirings 137 may be disposed to 
traverse the first spiral wiring 13 la through the disconnected 
region in a diameter (radial) direction of the first spiral 
wiring 131a. The lead wirings 137 are wirings connecting 
one end of the first spiral wiring 131a disposed at the center 
( e.g., the innermost turn) of the first spiral wiring 13 la and 
one of the connection pads 138 to each other, and connecting 
another end of the first spiral wiring 131 disposed at an outer 
portion (e.g., the outermost turn) and another one of the 
connection pads 138 to each other. 
[0074] In addition, as shown in FIGS. 3 and 4, the first 
spiral wiring 13 la and the second spiral wiring 13 lb are 
electrically connected to each other through interlayer con­
nection conductors 139. The interlayer connection conduc­
tors 139 may be disposed at a position adjacent to the 
disconnected region. Therefore, the first spiral wiring 13 la 
and the second spiral wiring 131b may be disposed in 
parallel with each other on the opposite surfaces of the 
substrate 120, respectively. In addition, the first spiral wiring 
131a may be electrically connected through the interlayer 
connection conductors 139 and the second spiral wiring 
131b in the disconnected region in which the lead wirings 
137 are disposed. 
[0075] As illustrated in FIG. 5, an insulating protecting 
layer 140 may be formed on the coil wiring 130. The 
insulating protecting layer 140 may protect the coil wiring 
130 from external impact, and may be provided to provide 
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insulation from an external component. The connection pads 
138 may be in contact with the external component, and may 
be electrically connected to the external component. There­
fore, the insulating protecting layer 140 may be partially 
removed on the connection pads 138, and at least portions of 
the connection pads 138 may thus be externally exposed. 
[0076] In addition, as shown in FIGS. 3 to 5, the coil 
wiring 130 includes a first section 1311 constituting outer 
portions of the spiral wirings 131a and 131b and a second 
section 1312 constituting inner portions of the spiral wirings 
131a and 131b. The first section 1311 and the second section 
1312 may have different widths. In detail, the first section 
1311 may have a width greater than that of the second 
section 1312. 
[0077] Therefore, the first section 1311 may include at 
least one turn of wiring, and the second section 1312 may 
include at least one turn of wiring having a width less than 
a width of the wiring of the first section 1311. Therefore, the 
spiral wirings 131a and 131b may include two wirings 
having different widths and connected to each other in 
series. In addition, the spiral wirings may include at least one 
turn of a connection wiring 1313 connecting the first section 
1311 and the second section 1312 to each other. The 
connection wiring 1313 may be formed to have a line width 
gradually decreased toward the second section 1312. How­
ever, the coil wiring 130 is not limited to such a configu­
ration, and may be modified in various ways. For example, 
as illustrated in FIG. 6, a line width of the coil wiring may 
be changed using a step. 
[0078] The coil wiring 130 may satisfy the following 
Equation 1 in relation to a line width of the wiring forming 
the second section 1312. 

0.2*Pl,;P2<Pl (Equation 1) 

[0079] Pl: Line Width of Wiring Forming First Section 
[0080] P2: Line Width of Wiring Forming Second Section 
[0081] Since line loss in the second section 1312 is greater 
than that in the first section 1311, when an entire width W2 
of the second section 1312 is increased, entire line loss of the 
spiral wiring may be increased. 
[0082] As a result of measuring line loss in state in which 
the second section 1312 consisted of two turns and the first 
section 1311 consisted of nine turns, it was measured that 
when the line width P2 of the wiring of the second section 
1312 was formed to be 20% or more of the line width Pl of 
the wiring of the first section 1311, the entire line loss of the 
spiral wiring was similar to or smaller than the line loss of 
a spiral wiring according to the related art (for example, a 
spiral wiring having the same line width). 
[0083] Therefore, in the embodiment disclosed herein, the 
line width P2 of the wiring of the second section 1312 may 
be formed to be smaller than the line width Pl of the wiring 
of the first section 1311, and may be formed to be 20% or 
more of the line width Pl of the wiring of the first section 
1311. Therefore, a maximum line width of the wiring of the 
first section 1311 may be four times the line width of the 
wiring of the second section 1312. 
[0084] For example, the line width P2 of the wiring of the 
second section 1312 may be 300 µm or more. However, the 
line width P2 of the wiring of the second section 1312 is not 
limited to this example. 
[0085] In addition, the line width P2 of the wiring of the 
second section 1312 may increase as the number of turns of 
the second section 1312 are increased. Therefore, the line 
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width P2 of the wiring of the second section 1312 and the 
number of turns of the second section 1312 may be in 
proportion to each other. 

[0086] For example, when the number of turns of the 
second section 1312 is one, the line width P2 of the wiring 
of the second section 1312 may be 20% of the line width Pl 
of the wiring of the first section 1311. On the other hand, 
when the number of turns of the second section 1312 is eight 
and the total number of turns is eleven, the line width P2 of 
the wiring of the second section 1312 may be 80% or more 
of the line width Pl of the wiring of the first section 1311. 

[0087] In addition, in the coil wiring 130, the number of 
turns of the spiral wiring disposed in the second section 1312 
may be 75% or less of the total number of turns of the spiral 
wiring 131a/131b. 

[0088] It was measured that in the spiral wiring according 
to the related art (for example, the spiral wiring having the 
same line width), an inner wiring and an outer wiring 
divided on the basis of a point of¾ in a direction from an 
inner portion of the spiral wiring toward an outer portion of 
the spiral wiring have similar line loss. 

[0089] Therefore, when the number of turns of the second 
section 1312 is greater than ¾ of the total number of turns 
of the spiral wiring 131a/131b, the entire line loss of the 
spiral wirings 131a and 131b may be increased as compared 
to the case according to the related art described above, due 
to the line loss generated in the second section 1312. 
Therefore, in an embodiment, the number of turns of the 
second section 1312 may be within a range of 75% or less 
of the total number of turns of the spiral wirings 13 la and 
131b. 

[0090] For example, in the embodiment illustrated in FIG. 
3, the spiral wirings 131a and 131b may have a total of 
thirteen turns. Therefore, a range corresponding to 75% or 
less of the thirteen turns is approximately nine or less turns. 
Therefore, the second section 1312 may include at most nine 
turns, and the first turns 1311 may include at least four turns. 

[0091] According to an embodiment, a line loss increased 
due to the line width P2 of the wiring of the second section 
1312 being small may be compensated for by forming the 
line width Pl of the wiring of the first section 1311 to be 
greater than that of the wiring according to the related art. 

[0092] Sizing of the widths Pl and P2 will be described in 
more detail. In the coil assembly 110, the line width P2 of 
the wiring of the second section 1312 is small, and the entire 
width W2 of the second section 1312 may thus occupy a 
smaller region as compared to the spiral wiring according to 
the related art having the same number of turns (for 
example, the spiral wiring having the same line width). 
Therefore, when an entire width WO of the spiral wiring 
131a/131b is the same as the entire width of the spiral wiring 
according to the related art, an entire width Wl of the first 
section 1311 may be wider in comparison to the spiral wiring 
according to the related art. Therefore, the wirings of the first 
section 1311 may be formed to have the line width Pl 
greater than a line width of the spiral wiring according to the 
related art. 

[0093] Due to the configuration as described above, the 
coil assembly 110 may significantly decrease loss generated 
in a wireless power charging process as compared to a coil 
assembly according to the related art in which all of the coil 
wirings are have the same width. 
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[0094] Generally, in a case of a spiral coil, a higher voltage 
may be induced in a wiring close to a central portion of the 
spiral coil than in a wiring of an outer portion of the spiral 
coil. 
[0095] Since line loss is in inverse proportion to a voltage, 
in the related art in which all of the coil wirings have the 
same width, line loss may be small in the wiring disposed 
closely to the central portion of the spiral coil, and may be 
great in the wiring of the outer portions of the spiral coil. 
[0096] However, in the embodiment disclosed above, the 
wiring of the second section 1312 disposed closely to the 
central portion may have the small line width, and the line 
loss in the second section 1312 may thus be increased as 
compared to the related art. However, the wiring of the first 
section 1311 may have the greater line width Pl as compared 
to the related art, and the line loss in the first section 1311 
may thus be decreased as compared to the related art. 
[0097] The following Table 1 represents measurement 
results of wireless transmission efficiency of the coil assem­
bly 110 (first coil assembly) according to the embodiment 
disclosed above and the coil assembly (second coil assem­
bly) according to the related art described above. 

TABLE 1 

In12ut Ou!J2ut 

V(V) !(A) V(V) !(A) Efficiency(%) 

First Coil Assembly 8.41 1.44 8.83 0.998 72.77 
Second Coil Assembly 8.38 1.465 8.82 0.999 71.77 

[0098] In the comparison above, each of the first and 
second coil assemblies included eleven turns of spiral wir­
ing, and in the first coil assembly, two turns disposed at the 
innermost portion among the eleven turns were formed in a 
second section in which the line width of the wiring was 
small. In addition, the line width P2 of the wiring of the 
second section 1312 was 50% of the line width Pl of the 
wiring of the first section 1311. 
[0099] Referring to Table 1, it can be observed that when 
the second section 1312 in which the line width of the wiring 
was small was disposed at the central portion of the spiral 
wiring 131 as in the embodiment described above, wireless 
transmission efficiency was increased. 
[0100] As described above, the coil assembly 110 may 
include the second section 1312 in which the line width of 
the wiring is small to provide higher wireless transmission 
efficiency as compared to the related art. 
[0101] In addition, the coil assembly 110 may include the 
second section 1312 to also significantly decrease an eddy 
current generated in the coil wiring 130. 
[0102] Since the coil wiring 130 is disposed in a magnetic 
field in a form of a conductor plate, the eddy current may be 
generated on a surface of the coil wiring 130 in the wireless 
power charging process. 
[0103] In the spiral wiring 131, a magnetic flux is con­
centrated on a central region of the spiral wiring 131, and the 
eddy current may thus be concentrated on the wiring (for 
example, the wiring of the second section) close to the 
central region. In addition, generally, the eddy current 
increase as a size (for example, a width) of the wiring 
becomes large. 
[0104] However, in the coil assembly 110, the line width 
P2 of the wiring of the second section 1312 close to the 
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central region may be smaller than the line width Pl of the 
wiring of the first section 1311. Therefore, an area of a 
conductor (for example, the width of the wiring) in the 
second section 1312 is significantly decreased, and the 
generation of the eddy current may thus be suppressed. 
Therefore, loss due to the eddy current may also be signifi­
cantly decreased. 
[0105] The disclosure herein is not limited to the above­
mentioned embodiment, but may be modified in various 
ways. 
[0106] FIG. 6 is a schematic plan view illustrating a coil 
assembly 210, according to an embodiment. FIG. 7 is a rear 
view of the coil assembly 210. 
[0107] Referring to FIGS. 6 and 7, in a coil wiring 230 of 
the coil assembly 210, a second section 2312 of the first 
spiral wiring 231a formed on the first surface 120a of the 
substrate 120 and a second section 2312 of the spiral wiring 
231b formed on the second surface 120b of the substrate 120 
may be connected to each other in series. The first and 
second spiral wirings 231a and 231b are collectively 
referred to as spiral wiring 231. 
[0108] Therefore, the second surface 2312 formed on the 
first surface 120a may extend from the first section 2311, 
and the second section 2312 formed on the second surface 
120b may be connected to the lead wirings 137 through the 
interlayer connection conductors 139. 
[0109] In this case, a number of turns of the second section 
2312 may be decreased as compared to the embodiment of 
FIGS. 2 through 5. In addition, since an entire width of the 
second section 2312 is decreased, a line width of the wiring 
of the first section 2311 may be further increased to further 
decrease line loss. 
[0110] FIG. 8 is a schematic exploded perspective view 
illustrating a coil assembly 310, according to an embodi­
ment. 
[0111] Referring to FIG. 8, in a coil wiring 330 of the coil 
assembly 310, the lead wires 137 and connection pads 138 
formed of a thin film metal layer are disposed on the 
substrate 120. In addition, a press coil formed by pressing a 
metal plate may be used as the spiral wiring 331. The spiral 
wiring 331 is not limited to such a construction, and may be 
modified in various ways. For example, a flat type coil (or 
an edge wise coil) coated with an insulating coating may be 
used as the spiral wiring 331 or a general insulated wire may 
be used as the spiral wiring 331. 
[0112] As in the embodiment of FIGS. 6 and 7, the spiral 
wiring 331 may include a first section 3311 and a second 
section 3312 having different widths. In addition, the first 
section 3311 and the second 3312 may be continuously 
formed without being disconnected. In addition, the spiral 
wiring 331 may include at least one tum of a connection 
wiring 3313 connecting the first section 3311 and the second 
section 3312 to each other. 
[0113] In FIG. 8, an example in which the spiral wiring 
331 is disposed on only one surface of the substrate 120 is 
described, but the spiral wiring 331 may also include first 
and second spiral wirings disposed on opposite surfaces of 
the substrate 120, if necessary. In this case, the first and 
second spiral wirings may be connected to each other in 
series or in parallel, and interlayer connection conductors 
connecting the first and second spiral wirings to each other 
may be included in the substrate 120. 
[0114] FIG. 9 is a schematic perspective view illustrating 
a coil assembly 410, according to an embodiment. 
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[0115] Referring to FIG. 9, in a coil wiring 430 of the coil 
assembly 410, a spiral wiring 431 formed of a thin film metal 
layer is disposed on the substrate 120. 
[0116] As in the abovementioned exemplary embodi­
ments, the spiral wiring 431 may include a first section 4311 
and a second section 4312 having different widths. In 
addition, the first section 4311 and the second 4312 may be 
continuously formed without being disconnected. 
[0117] In addition, the coil assembly 410 may include a 
connection substrate 190. 
[0118] The connection substrate 190 may be provided in 
order to electrically externally connect the spiral wiring 431. 
To this end, the connection substrate 190 may include a 
plurality of wirings and the connection pads 138. Here, the 
plurality of wirings may include the lead wirings 137. 
[0119] A flexible printed circuit board (FPCB) may be 
used as the connection substrate 190. However, the connec­
tion substrate 190 is not limited to an FPCB. 
[0120] In the embodiment of FIG. 9, an example in which 
the spiral wiring 431 is formed on only one surface of the 
substrate 120 is described by way of example, but the spiral 
wiring 431 may also include first and second spiral wirings 
formed on opposite surfaces of the substrate 120, if neces­
sary. In this case, the first and second spiral wirings may be 
connected to each other in series or in parallel, and interlayer 
connection conductors connecting the first and second spiral 
wirings to each other may be included in the substrate 120. 
[0121] FIG. 10 is a schematic perspective view illustrating 
a coil assembly 510, according to an embodiment. 
[0122] Referring to FIG. 10, the coil assembly 510 
includes a plurality of spiral wirings 130, 132 and 133. 
[0123] The coil assembly 510 includes a second coil 
wiring 132 and a second coil wiring 133 disposed outside of 
the first coil wiring 130. The first coil wiring 130 may have 
the same structure described above with reference to FIG. 3. 
However, the coil wirings 230, 330, and 430 according to the 
other embodiments described above may also be used. 
[0124] Each of the second coil wiring 132 and the third 
coil wiring 133 is illustrated such that the entire section 
thereof has the same line width, but each of the second coil 
wiring 132 and the third coil wiring 133 may also include 
first and second sections having different widths, as in the 
first coil wiring 130, if necessary. In addition, both ends of 
the second wiring coil 132 and the third wiring coils 133 also 
need to be connected to the connection pads 138, which is 
omitted in FIG. 10 for convenience of explanation. 
[0125] The first coil wiring 130 according may be used to 
transmit and receive power for wireless charging. In addi­
tion, the second coil wiring 132 and the third coil wiring 133 
may be used as antennas. For example, each of the second 
and third coil wirings 132 and 133 may perform at least one 
of a radio frequency identification (RFID) function, a near 
field communications (NFC) function, and a magnetic 
secure transmission (MST) function. 
[0126] FIG. 10 illustrates an example in which the first 
coil wiring 130 is disposed in central regions of the second 
coil wiring 132 and the third coil wiring 133 is described by 
way of example, but the coil wirings 130, 132, and 133 are 
not limited to such a configuration. That is, the second coil 
wiring 132 or the third coil wiring 133 may also be disposed 
at the center of the first coil wiring 130. In addition, the coil 
assembly 510 may also be configured to include only any 
one of the second coil wiring 132 and the third coil wiring 
133. 
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[0127] As set forth above, a coil assembly according to the 
disclosure herein may provide higher transmission effi­
ciency as compared to the related art by disposing the wiring 
having a small line width at the center of the spiral wring. 
[0128] In addition, in the embodiments described herein, 
an example in which the connection pads are disposed 
outside of the coil wiring is described, but the connection 
pads may also be disposed inside the coil wirings, if nec­
essary or desired. 
[0129] While this disclosure includes specific examples, it 
will be apparent after an understanding of the disclosure of 
this application that various changes in form and details may 
be made in these examples without departing from the spirit 
and scope of the claims and their equivalents. The examples 
described herein are to be considered in a descriptive sense 
only, and not for purposes of limitation. Descriptions of 
features or aspects in each example are to be considered as 
being applicable to similar features or aspects in other 
examples. Suitable results may be achieved if the described 
techniques are performed in a different order, and/or if 
components in a described system, architecture, device, or 
circuit are combined in a different manner, and/or replaced 
or supplemented by other components or their equivalents. 
Therefore, the scope of the disclosure is defined not by the 
detailed description, but by the claims and their equivalents, 
and all variations within the scope of the claims and their 
equivalents are to be construed as being included in the 
disclosure. 

What is claimed is: 
1. A coil assembly, comprising: 
a substrate; and 
a coil wiring coupled to the substrate and comprising a 

spiral wiring and a lead wiring, 
wherein the spiral wiring comprises a first section forming 

an outer portion of the spiral wiring and a second 
section, disposed inside the first section, and having a 
line width narrower than a line width of the first 
section. 

2. The coil assembly of claim 1, wherein the spiral wiring 
satisfies 0.2*PhP2<Pl, wherein Pl is a line width of a 
wiring part forming the first section and P2 is a line width 
of a wiring part forming the second section. 

3. The coil assembly of claim 1, wherein a number of 
turns of the spiral wiring disposed in the second section is 
7 5% or less of a total number of turns of the spiral wiring. 

4. The coil assembly of claim 1, wherein spiral wiring 
parts constituting the first section are disposed on opposite 
surfaces of the substrate, respectively, and end portions of 
the spiral wiring parts are connected to each other. 

5. The coil assembly of claim 1, wherein spiral wiring 
parts constituting the second section are disposed on oppo­
site surfaces of the substrate, respectively, and end portions 
of the spiral wiring parts are connected to each other. 

6. The coil assembly of claim 1, wherein spiral wiring 
parts constituting the second section are disposed on oppo­
site surfaces of the substrate, respectively, and are connected 
to each other in series. 

7. The coil assembly of claim 1, wherein the lead wire 
traverses the spiral wiring in a diameter direction of the 
spiral wiring. 

8. The coil assembly of claim 7, wherein the lead wire is 
disposed on a first surface of the substrate, and is connected 
to a wiring of the second section disposed on a second 
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surface of the substrate through an interlayer connection 
conductor formed in the substrate. 

9. The coil assembly of claim 1, wherein the spiral wiring 
comprises any one of a press coil formed by pressing a metal 
plate in a coil shape, a flat type wire, and an insulated wire. 

10. The coil assembly of claim 1, wherein the lead wire 
is disposed outside of the second section. 

11. The coil assembly of claim 1, further comprising a 
connection substrate coupled to one surface of the substrate 
and having the lead wired formed thereon. 

12. The coil assembly of claim 1, wherein 
the spiral wiring comprises at least one tum of a connec­

tion wiring connecting the first section and the second 
section to each other, and 

the connection wiring has a line width gradually decreas­
ing toward the second section. 

13. The coil assembly of claim 1, wherein the coil wiring 
is configured to transmit and receive power for wireless 
charging. 

14. The coil assembly of claim 13, further comprising a 
second coil wiring and a third coil wiring disposed in a 
vicinity of the spiral wiring, 

wherein each of the second and third coil wirings are 
configured to perform any one of a radio frequency 
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identification (RFID) function, a near field communi­
cations (NFC) function, and a magnetic secure trans­
mission (MST) function. 

15. A coil assembly, comprising: 
a connection substrate comprising a lead wiring having a 

first end connected to a connection pad; and 
a coil wiring comprising a first section extending from a 

second end of the lead wiring, and a second section 
disposed inside the first section, extending spirally 
from the first section, and having a line width narrower 
than a line width of the first section. 

16. The coil assembly of claim 15, wherein a line width 
of a wiring part forming the second section is 20% or more 
of a line width of a wiring part forming the first section. 

17. The coil assembly of claim 16, wherein a number of 
turns of the coil wiring disposed in the second section is 75% 
or less of a total number of turns of the coil wiring disposed 
in the first section. 

18. The coil assembly of claim 15, further comprising 
another coil wiring disposed outside of the coil wiring, 

wherein the coil wiring is configured to transmit or 
receive power for wireless charging, and the other coil 
wiring is configured to operate as an antenna. 

* * * * * 
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