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EXTERNAL ANTENNA FOR VERICLE

RELATED APPLICATIONS

{6001} This application claimos priority to Korean Application No. 10-2015-0117469,

filed August 20, 2015, which 1s incorporated herein by reference in its entirety

TECHNICAL FIELD

[6002] This disclosure relates to an antenna for use in a vehicle, and more specifically to
an external anienna for a vehicle that is mounted on the exterior of the vehicle and receives or

transmits radio waves.

BACKGROUND ART

18003} With the development of wireless communications, various kinds of
communication devices have been installed in vehicles, including radios, navigation, DMB,

etc.; and for these devices, antennas also have to be mounted.

{6004] As numerous antennas have thus come to be installed on the inside and cutside of
vehicles, because of the vehicle’s shielding effect tending to reduce the reception rate for
internal antennas, antennas have been mounted on the outside of the vehicle, and external
antennas in the shape of a shark fin, which is an attractive shape with low air resistance, have

attracted growing attention.

{6005] Generally, shark-fin antennas consist of ceramic-chip-type GPS antennas, fixed to

a base, and AM/FM/DMB antennas in a coil or PCB shape.

10006} However, with the recent growth in multimedia, as demand has arisen for
“infotainment” services in which information can be gathered while in the vehicle, a need has
arisen for a plurality of antennas that can support such services, such as GSM, LTE, WiFi, AM,
and FM antennas.

{6007} Apart from AM/FM and WiF1 antennas, LTE antennas in particular require at the
same time both a main antenna and a diversity antenna, and only when the interference between

these two antennas is minimized is the data transmission speed good and data distortion
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reduced.

{6008} However, previously, when the two kinds of LTE antennas (main, diversity) have
been added in the narrow interior of the sharkfin antenna, especially in the low frequency band
(700 MHz — 1 GHz), signal interference has been severe, leading to data distortion and impaired

data transmission speed.

{6009] In addition, the problem has arisen of the limitations on the size to which the
sharkfin antenna mounted on the exterior of a vehicle can grow, in view of the need to keep all

of the antennas covering a plurality of frequency bands within a single sharkfin antenna.

18010} In addition, as electric power has been supplied by soldering the antenna contacts
to a circuit board, there has been the problem of power supply and inadequate electrical contact

at the solder sites due to external tmpact.

{6011} Patent Reference: Republic of Korea Registered Patent Gazette No. 10-0843150
(1ssued 2008.07.02)

SUMMARY

18012} The technical problem this disclosure attempts to selve is the provision of an
external antenna for vehicle use that can improve the radiative performance of the antennas by

increasing frequency bandwidth and minimizing signal interference between antennas.

{6013} Another technical problem this disclosure attempts to solve is the provision of an
external antenna for vehicle use that can simplify processes and design, and reduce

manufacturing costs, by arranging a plurality of antennas in a single housing.

10014} A further technical problem this disclosure attempts to solve is the provision of an
external antenna for vehicle use that has an improved electrical-feeding structure between the

antenna and circuit board.

{6015} To achieve the technical objectives, according to a preferred embodiment of this
disclosure, the external antenna for vehicle use according to this disclosure may comprise: a
case open at the bottom; a housing inserted within the case and formed in a shape corresponding
to the interior surface of the case, and furnished with a plurality of radiating bodies that send
and receive signals in a plurality of frequency bands, as well as coupling patches that increase
the frequency bandwidth while reducing signal interference among the radiating bodies; a

circuit board mounted in the case and furnished with feeding pads that transmit electricity to
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the radiating bodies; and a base, whereon the circuit board is mounted, that couples to the case

and blocks the open bottom of the case.

{0016} In addition, the radiating bodies may comprise: a first radiating body that is
formed as a pattern on one side of the housing and realizes a main band in the LTE frequency
band; and a second radiating body that is formed as a pattern on the other side of the housing
opposite the side on which the first radiating body is formed, and which realizes a diversity

band in the LTE frequency band.

{6017} In addition, the first radiating body and the second radiating body may comprise
a frequency high band and a low band; and the low band may be formed so as to adjoin the

coupling patch.

106018} In addition, the coupling patches may be formed on the inner surface and outer

surface of the housing between the first radiating body and the second radiating body.

{06019} Tn addition, the coupling patches may be formed so as to connect to at least one of

the plurality of radiating bodies formed as a pattern on the housing.

18020} The external antenna for vehicle use according to a preferred embodiment of this
disclosure, 1n order to achieve the technical task, may comprise: a case open at the bottom; a
housing inserted within the case and formed in a shape corresponding to the interior surface of
the case, and furnished with a plurality of radiating bodies that send and receive signals in a
plurality of frequency bands; a circuit board mounted in the case and furnished with feeding
pads that transmit electricity to the radiating bodies; and a base, whereon the circuit board is
mounted, that couples to the case and blocks the open bottom of the case; wherein the radiating
bodies comprise: a first radiating body that is formed as a pattern on one side of the housing
and realizes a main band in the LTE frequency band; and a second radiating body that is formed
as a pattern on the other side of the housing opposite the side on which the first radiating body

is formed, and which realizes a diversity band in the LTE frequency range.

{0021} In addition, a contact part may be furnished on the bottom of the housing,
connected to the radiating bodies, and also a conductive elastic part may be furnished on the
top of the circuit board, connected to the feeding pads; and the radiating bodies may be

electrically connected to the feeding pads by contact of the contact part with the elastic part.

10022} In addition, the elastic part may consist of a conductive foam or coil.
{0023] In addition, a projecting part may be formed on the bottom of the housing so as to



WO 2017/031272 PCT/US2016/047479

fit into a recessed part on the circuit board, and a hook part may be formed on the bottom of
either side of the housing so as to catch onto either edge of the circuit board; and the housing

may be fixed to the circuit board by the projecting part and the hook part.

10024} To achieve the technical objectives, according to a preferred embodiment of this
disclosure, the external antenna for vehicle use according to this disclosure may comprise: a
case open at the bottom; a housing inserted within the case and formed in a shape corresponding
to the 1nterior surface of the case, and furnished with a plurality of radiating bodies that send
and receive signals in a plurality of frequency bands; a circuit board mounted in the case and
furnished with feeding pads that transmit electricity to the radiating bodies; and a base, whereon
the circuit board is mounted, that couples to the case and blocks the open bottom of the case;
wherein a contact part 1s furnished on the bottom of the housing, connected to the radiating
bodies, and also furnished with a conductive elastic part on the top of the circuit board,
connected to the feeding pads; and wherein the radiating bodies are electrically connected to

the feeding pads by mutual contact of the contact part with the elastic past.

{0025] Because the external antenna for vehicle use of this disclosure uses a coupling
patch to find an optimal location for mutual interference between the antennas for a plurality
of frequency bands, it enables improvement in transmission speed without data distortion by
minimizing signal interference between the antennas covering a plurality of frequency bands
within a narrow space, particularly the LTE main antenna and the diversity antenna; and also
enables maximizing the antenna radiation efficiency and increasing the antenna frequency

bandwidth.

{0026} In addition, because this disclosure realizes radiating bodies for a plurality of
frequency bands within a single housing, the difficulty of having to design the antenna radiating
bodies separately and assemble them within a respective shark fin may be reduced, and
fabrication costs may be reduced by improving the inefficiencies in the use of space that arise
when each antenna is mounted separately; and an overall reduction in cost can be achieved due

to the simplification of the assembly process.

10027} In addition, this disclosure has the effect of enabling a power supply that is
resilient against physical impacts, because the radiating bodies for a plurality of frequency
bands are elastically connected to the feeding pads by means of a conductive foam or

conductive coil.
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BRIEF DESCRIPTION OF THE DRAWINGS
{6028} FIG. 1 is an exploded perspective view of the external antenna for vehicle use
according to a preferred embodiment of this disclosure.

18029} FIG. 2 1s a perspective view depicting an embodiment of the housing of the

external antenna for vehicle use.

[06030] FIG. 3 15 a left-side view of FIG. 2.
{0031} FIG. 4 is a right-side view of FiG. 2.
{6032} FIG. 5 1s a rear view of FIG. 2.
{6033] FIG. 615 a bottom view of FIG. 2.

{0034} FIG. 7 is a perspective view depicting another embodiment of the housing of the

external antenna for vehicle use.

18035} FIG. 8 15 a left-side view of FIG. 7.

10036} FIG. 915 a right-side view of FIG. 7.

{60371 FIG. 1013 a rear view of FIG. 7.

{0038} FIG. 11 is a perspective view depicting another erabodiment of the housing of the
external antenna for vehicle use.

{6039} FIG. 12 is a plan view depicting the circuit board and base of the external antenna
for vehicle use.

10040} FIG. 13 shows experimental resuits demonstrating the standing wave ratio of the
before and after applying the coupling patch for each LTE frequency band of the external
antenna for vehicle use of this disclosure.

{0041} FiG. 14 shows experimental results demonstrating the signal interference after
applying the coupling patch.

{0042} FIG. 15 19 a perspective view showing an embodiment of the feeding structure of
the external antenna for vehicle use of this disclosure.

0043} FIG. 16 1s a detailed configuration diagram of portions A and B of FIG. 15,

{0044} FIG. 17 is a perspective view showing another embodiment of the feeding

struciure of the external antenna for vehicle use of this disclosure.
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{0045] FIG. 18 is a detailed configuration drawing of portion C in FIG. 17.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{00406} Hereinbelow, preferred embodiments of this disclosure will be explained in detail
with reference to the attached diagrams. Please note that in describing this disclosure, the
detatled explanation is omitted of functions and components which are common knowledge

and are judged to unnecessarily obscure the core intent of the disclosure.

{0047} FIG. 1 is an exploded perspective view of the external antenna for vehicle use

according to a preferred embodiment of this disclosure.

{0048} As shown in FIG. 1, the external antenna for vehicle use according to a preferred
embodiment of this disclosure may comprise a case 100, housing 200, circuit board 300, and

base 400.

{¢049] The case 100 ts formed in a triangular shape that tapers toward the top, ¢.g. in the
shape of a shark fin, and is open at the bottom. The case 100 may be formed in various shapes

in addition to a shark-fin shape.

{6050} The housing 200 is inserted via the open bottom of the case 100. The housing 200
is formed in a shape corresponding to the internal surface of the case 100. For example,
although the housing 200 may be formed identically to the case 100 in the shape of shark fin,

it is not limited thereto but may have diverse other shapes.

{0051} Specifically, the external antenna for vehicle use according to this embodiment is
formed tn the shape of a shark fin, and the shape of the housing 200 according to this
embodiment may also be designed in a shark fin shape. This may be realized in diverse shapes
with respect to the antenna radiating body design described hereinbelow, compared to such
antennas of the prior art as helical-type or PCB-type antennas; and because the radiating bodies
can be designed to be as far as possible from the circuit board, optimal antenna performance
can be assured.

{00521 In the housing 200 may be furnished a plurality of antenna radiating bodies 210
that transmit and receive RF signals in a plurality of frequency bands, such as GPS, GSM,
CDMA, LTE, BT/WiFi, AM/FM, etc. In addition, there may be furnished in the housing 200 a
coupling patch 220 that increases the width of the frequency bands while mimimizing signal

interference between the radiating bodies.

{0053} A circuit board 300 1s mounted inside the case 100, and 1s furnished with a feeding
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pad 310 that 1s electrically connected to the radiating bodies 210.

{0054} The base 400 is mounted on the top of the circuit board 300, and coupled to the
case 100 so as to block the open bottom of the case 100. The base 400 is affixed to the roof of

the vehicle.

{0055] FIG. 2 15 a perspective view depicting an embodiment of the housing of the
external antenna for vehicle use; FIG. 3 is aleft-side view of FIG. 2; FIG. 4 15 aright-side view

of FIG. 2; FIG. 5 15 a rear view of FIG. 2; FIG. 615 a bottom view of FIG. 2.

{6056} As illustrated in FIGS. 2 through 6, the antenna housing 200 according to an
embodiment of this disclosure is furnished with a plurality of antenna radiating bodies 210 that
send and receive signals in a plurality of frequency bands. The radiating bodies 210 consist of

a conductive material, for example metal.

{0057} The radiating bodies 210 may comprise a first through fourth radiating body 211,
212,213, 214
{0058} The first radiating body 211 is formed on one side of the housing 200 as a pattern,

e.g it may be formed as a belt on the left side as shown in the drawing, and may comprise an

LTE main antenna that realizes a main band within the LTE frequency band.

{6059] The second radiating body 212 is formed as a pattern on the opposite side of the
housing 200 from where the first radiating body 211, e. ¢ it may be formed as a belt on the right
side as shown in the drawing, and may comprise an LTE diversity antenna that realizes a

diversity band within the LTE frequency band.

10060} The first radiating body 211 and second radiating body 212 in this embodiment
have been Hlustrated as an LTE frequency antenna configuration; however, they are not limited
thereto, and the first radiating body 211 and second radiating body 212 may also be contigured

as antennas for the GSM or CDMA frequency band.

{0061} In addition, the fust radiating body 211 and second radiating body 212 each
comprise a high band 211a, 212a and a low band 211b, 212b. Here, in particular, in order to
minimize signal interference in the low-frequency band, the length of the low band 211b, 212b

should preferably be greater than the length of the high band 211a, 212a.
{06062} The third radiating body 213 may comprise a WiFi antenna that realizes a WikFi
frequency band, formed as a pattern on one side of the same surface on which the first radiating

body 211 or second radiating body 212 is formed, e.g as in the drawing, it may be formed in
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the shape of a belt on the right side of the second radiating body 212. In this embodiment, the
third radiating body 213 has been tllustrated as a WiFi frequency antenna configuration;
however, it is not limited thereto, and the third radiating body 213 may also be configured as

an antenna for the Bluetooth frequency band.

[0063] The fourth radiating body 214 may comprise an AM/FM antenna formed on the

back and top surface of the housing 200 so as to realize the AM/FM frequency band.

{0064} Accordingly, because radiating bodies 211, 212, 213, 214 are realized for a
plurality of frequency bands within a single housing 200, the difficulty of having to design the
antenna radiating bodies 211, 212, 213, 214 separately and assemble them within a respective
shark fin may be reduced, and fabrication costs may also be reduced by improving the
inefficiencies in the use of space that arise when each antenna is mounted separately; by thus

siaplifying the assembly process, an overall reduction in cost may be obtained.

{0065} In addition, on the lower surface of the housing 200, a plurality of contact parts
230 are formed, connected to the respective radiating bodies 210, For example, there may be
respectively istalled on the edge of the bottom surface of the housing: a first contact part 231
connected to a first radiating body 211, a second contact part 212 connected to a second
radiating body 232, & third contact part 213 connected to a third radiating body 233, and a

fourth contact part 214 connected to a fourth radiating body 234,

{00661 In addition, on the lower surface of the housing 200, a plurality of hook parts 240
are formed on etther side of the lower surface of the housing 200 so as to detachably couple
the housing 200 to the circuit board 300,

{6067} FIG. 7 is a perspective view depicting another embodiment of the housing of the
external antenna for vehicle use; FIG. 8 15 a lefi-side view of FIG. 7, FIG. 9 15 a right-side view

of FIG. 7; FIG. 10 is a rear view of FIG. 7.

{0068} As shown in FIGS. 7 through 10, the antenna housing 200 according to a different
embodiment of this disclosure may be furnished with a coupling patch 220 that increases the
frequency bandwidth while reducing interference among the plurality of antenna radiating

bodies 210 that send and receive signals in a plurality of frequency bands.

{0069} In this embodiment, the radiating bodies 210 comprise a first through fourth
radiating body 211, 212, 213, 214; they are identical to the above embodiment described with
reference to FIGS. 2 through 6. Accordingly, hereinbelow, only the coupling patch 220, which

differs from the above embodiment, will be described in detail, while omitting the detailed



WO 2017/031272 PCT/US2016/047479

description of the configuration elements and first through fourth radiating bodies 211, 212,

213, 214 that perform the same function as in the above embodiment.
{6070} The coupling patch 220 consists of a conductive material, for example metal.

18071} The coupling patch 220 is formed on the outer surface of the housing 200, between
the first radiating body 211, which is the LTE main antenna, and the second radiating body 212,
which is the LTE diversity antenna. The coupling patch 220 in this embodiment has been
ilhustrated as being formed on the outer surface of the housing 200; however, it is not limited
to this configuration, and the coupling patch 220 may also be formed on the inner surface of

the housing 200.

10072} In addition, the coupling patch 220 may be formed on one side of the housing 200,
between the first radiating body 211 and third radiating body 213 on one side of the housing
200; and may also be formed on the other side of the housing, between the second radiating
body 212 and third radiating body 213, By this meauns, the coupling patch 220 may redundantly
couple the first radiating body 211 and third radiating body 213, so as to simultanecusly
increase the frequency bandwidth of the first radiating body 211 and third radiating body 213.
Additionally, the coupling patch 220 may redundantly couple the second radiating body 212
and third radiating body 213, so as to simultaneously increase the frequency bandwidth of the

second radiating body 212 and third radiating body 213.

18073} In addition, because the low bands 211b, 212b of the first radiating body 211,
which 15 the LTE main antenna, and the second radiating body 212, which is the LTE diversity
antenna, are formed adjacent to the coupling patch 220, signal interference in the low-

frequency band may be minimized, and frequency bandwidth may be increased.

{6074} In this embodiment, the coupling patch 220 has been illustrated as a pattern
formed in an approximately guadrilateral shape; however, it 1s not limited thereto, and although
not shown in the drawings, it may also be formed as a pattern in diverse other shapes, such as

screw or zig-zag shapes.

{6075} Accordingly, because the coupling patch 220 1s used to find an optimal location
for mutual interference between the antennas for a plurality of frequency bands, it enables
improvement in fransmission speed without data distortion by minimizing signal interference
between the auntennas covering a plurality of frequency bands within a narrow space,
particularly the LTE main antenna 211 and the diversity antenna 212; and alsc enables

maximizing the antenna radiation efficiency and increasing the antenna frequency bandwidth.
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{6076} FIG. 11 1s a perspective view depicting another embodiment of the housing of the

external antenna for vehicle use,

{6677 As shown in FIG. 11, the antenna housing 200 according to a fusther embodiment
of' this disclosure is furnished with a coupling patch 220 that increases the frequency bandwidth
while reducing interference between the plurality of antenva radiating bodies 210 that send and

recetve signals in a plurality of frequency bands.

{6078} In this embodiment, one portion of the coupling patch 220 may be formed so as
to connect to the antenna radiating body 210 of a different frequency band. For example, the
coupling patch 220 may be formed to connect 220a as a single unit with the fourth radiating
body 214 which is formed as a pattern on the top of the housing 200 and realizes the AM/FM

frequency band.

{6079} Accordingly AM/FM 1s expanded to the area of the existing AM/FM radiating
body 214 and the coupling patch 220, so as to increase the AM/FM bandwidth, and for LTE,
the area of the coupling patch 220 serves as a coupling patch between the LTE main antenna

211 and diversity antenna 212 so as to minimize sigoal wnterference and increase bandwidth,

{6080} FIG. 12 1s a plan view depicting the circuit board and base of the external antenna

for vehicle use.

{0081} As shown 1n FIG. 12, the circuit board 300 is installed affixed to the base 400, On
the circuit board 300, a plurality of feeding pads 310 are formed, electrically connected to the
radiating bodies 210 of the housing 200. For example, there may be respectively installed on
the top surface of the circuit board 300: a first feeding pad 311 electrically connected to the
first contact part 231 of the first radiating body 211, a second feeding pad 312 electrically
connected to the second contact part 212 of the second radiating body 232, a third feeding pad
313 electrically connected to the third contact part 213 of the third radiating body 233, and a
fourth feeding pad 314 electrically connected to the fourth contact part 214 of the fourth
radiating body 234.

{6082} In addition, on the circuit board 300, there may be mounted at least one or more
matching circuits 320 to modulate the first radiating body 211, which is the LTE main antenna,
and the second radiating body 212, which is the LTE diversity antenna, to a desired frequency.
The matching circuits 320 may be configured so as to cover one or roore of the frequency bands
2G (GSMB850, GSM900, DCS, PCS, CDMA, US-PCS), 3G
(WCDMASS0/900/1800/1900/2100) and 4G (LTE). Because these matching circuits 320 are

10
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understandable as a well-known technology, their detailed description is omitted.

{6083} Additionally, in the circuit board 300, there may be mounted one or more variable
capacitors to modulate the frequency of the antennas. The variable capacitors may optionally
be configured as a plurality of fixed capacitors having switches, a varactor, or a MEMS
capacitor. Because these variable capacitors are understandable as a well-known technology,

their detailed description is omiited.

{6084} FIG. 13 shows experimental results demonstrating the standing wave ratio (SWR)
of the before and after applying the coupling patch for each LTE frequency band of the external
antenna for vehicle use of this disclosure.

{0085} Referring to FIG. 13, it is apparent that when the coupling patch 220 is used, the
frequency bandwidth is increased and loss reduced compared to the situation tn which the

coupling patch 220 is not used, in the 698 MHz to 960 MHz band, 1710 MHz to 2170 MHz
band, and 2300 MHz to 2690 MHz band.

{6086} Table 1 below shows the antenna radiation efficiency before and after applying

the coupling patch.

{60871 [Table 1}

Frequency (MHz) Gain value (peak) Units: dBi
No coupling patch Using coupling
patch
NK1 698 -6.21 -4.29
NEK2 324 -1.12 -0.08
MK3 960 -3.16 -2.14
NK4 1710 1.67 2.64
MK?3 2170 1.75 302
NKB 2300 2.07 277
NK7 2400 2.18 2.93
MK9 2690 3.08 3.73
{0088} As shown in Table 1, it is apparent that when the coupling patch 220 is used, the

~ "

antenna gain increased compared to the situation in which the coupling patch 220 is not used,

in the 698 MHz to 960 MHz band, 1710 MHz to 2170 MHz band, and 2300 MHz to 2690 MHz

11



WO 2017/031272 PCT/US2016/047479

band.

{6089} FIG. 14 shows experimental results demonstrating the signal interference after

applying the coupling patch.

18090} Referring to FIG. 14, the signal interference (isolation value) typically required in
an LTE system is -8dB or less throughout the entire band. This indicates that throughout the
entire LTE band, data can be sent at high speed without distortion or deterioration in

transmission speed.

{6091} Tn the external antenva for vehicle use according to this disclosure, power 1s fed
to all radiating bodies 210 via the feeding pads 310 of the circuit board 300. Hereinbelow, for
convenence of explanation, the feeding structure of the tirst radiating body 211 is described;
because the feeding structures of the remaining second through fourth radiating bodies 212,
213, 214 are identical to that of the first radiating body 211, the detailed description thereof is

omitied.

18092} FIG. 15 1s a perspective view showing an embodiment of the feeding structure of
the external antenna for vehicle use of this disclosure; FIG. 16 is a detailed configuration

diagram of portions A and B of FIG. 15.

{0093} As shown in FIGS. 15 and 16, on one side of the housing 200, a first radiating
body 211, whichis the LTE main antenna, is formed as a pattern. On the bottom of the housing
200, a first contact part 231 is furnished that connects to a first radiating body 211, In addition,
on the top of the circuit board 300, a conductive first elastic part 321 is furnished that connects
to a furst feeding pad 311, In this embodiment, the elastic part may consist of a conductive foam
320. By this means, the first radiating body 211 may be elastically electrically connected to the
first feeding pad 311 by contact between the first contact part 231 and first elastic part 321, In
addition, although not shown in the drawings, the second radiating body 212, which is the LTE
diversity antenuna, is elastically connected to the second feeding pad 312 of the circuit board
300 by a second elastic part 322; the third radiating body 312, which is the WiFi antenna, is
elastically connected to the third feeding pad 313 of the circuit board 300 by a third elastic part
323; and the fourth radiating body 214, which is AM/FM antenna, is elastically connected to
the tourth teeding pad 3 14 of the circuit board 300 by a fourth elastic part 324 consisting of a

conductive foam.

{0094} In this embodiment, the conductive elastic part 320 has been illustrated as being

formed as a square shape, but it is not himited thereto, and may be formed in various other

12
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shapes such as a circle or ellipse.

{0095} On the bottom of the housing 200, a plurality of projecting parts 250 are tormed
to respectively fit into the recessed parts 301 formed on the circuit board 300, Additionally, on
the bottom of either side of the housing 200, a hook part 240 1s respectively formed to catch on
the respective side of the circuit board 300, Accordingly, using the projecting part 250 and hook

part 240, the housing 200 can be simply detachably coupled to the circuit board 300.

{06096} FIG. 17 is a perspective view showing another embodiment of the feeding
structure of the external antenna for vehicle use of this disclosure, FIG. 18 is a detailed

configuration drawing of portion C in FIG. 17,

10097} As shown in FIGS. 17 and 18, in this embodiment the elastic part may consist of
a conductive coil 330, By this means, the radiating body 210 may be elastically electrically
connected to the feeding pad 310 by mutual contact of the contact part 230 and the conductive

cotl 330,

16098 Accordingly, because the radiating bodies 210 for the plurality of frequency bands
are connected elastically to the feeding pad 310 by a conductive foam 320 or conductive coil

330, a power supply can be provided that is resilient against physical impact.

{06099] Hereinabove, embodiments of this disclosure were described with reference to the
attached drawings, but a person of ordinary skill in the art to which this disclosure pertains will
be able to understand that this disclosure can be implemented in different specific forms
without altering the necessary characteristics or technical idea thereof Therefore, the
embodiments described heretnabove must be understood as exemplary, rather than limiting, in
all respects. The scope of this disclosure is set forth in the claims below rather than in the
detailed description; all alterations or altered forms derived from the meaning, scope and

equivalents of the claims must be considered to be included within the scope of this disclosure.

13
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CLAIMS

I An external antenna for vehicle use, the external antenna comprising:

a case open at a bottom thereof;

a housing inserted within the case and formed in a shape corresponding to an interior
surface of the case, and furnished with a plurality of antenna radiating bodies that send and
recetve signals in a plurality of frequency bands, as well as coupling patches that increase the
frequency bandwidth while reducing signal interference among the radiating bodies,

a circuit board mounted in the case and turnished with feeding pads that transmit
electricity to the radiating bodies; and

a base, whereon the circuit board is mounted, that couples to the case and blocks the
open bottom of the case.

2. The external antenna as defined in claim 1, wherein the radiating bodies
comprise:

a first radiating body that 1s formed as a pattern on one side of the housing and
realizes a main band in the LTE frequency band; and

a second radiating body that is formed as a pattern on the other side of the housing
opposite the side on which the first radiating body 15 formed, and realizes a diversity band n

the LTE frequency range.

3. The external antenna as defined in claim 2, wherein the first radiating body
and the second radiating body comprise a trequency high band and a low band; and wherein

the low band is formed so as to adjoin the coupling patch.

4 The external antenna as defined in claim 2, wherein the coupling patches are
formed on the inner surface and outer surface of the housing between the first radiating body

and the second radiating body.
5. The external antenna as defined in claim 1, wherein the coupling patches are

formed so as to connect to at least one of the plurality of radiating bodies formed as a pattern

on the housing.

14
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6. The external antenna as defined in claim 1, furnished with a contact part on the
bottom of the housing, connected to the radiating bodies, and also furnished with a
conductive elastic part on the top of the circuit board, connected to the feeding pads;

and wheretn the radiating bodies are elecirically connected to the feeding pads by

mutual contact of the contact part with the elastic part.

7. The external antenna as defined in claim 6, wherein the elastic partisa

conductive foam or cotl.

8. The external antenna as defined in claim 7, wherein a projecting part is formed
on the bottom of the housing so as to fit into a recessed part on the circuit board, and a hook
part is formed on the bottom of either side of the housing so as to catch onto either edge of
the circuit board; and wherein the housing is fixed to the circuit board by the projecting part

and the hook part.

9. An external antenna for vehicie use, the external antenna comprising:

a case open at a bottom thereof;

a housing inserted within the case and formed in a shape corresponding to an interior
surface of the case, and furnished with a plurality of antenna radiating bodies that send and
receive signals in a plurality of frequency bands;

a circuit board mounted in the case and furnished with feeding pads that transmit
electricity to the radiating bodies; and

a base, whereon the circuit board 1s mounted, that couples to the case and blocks the
open bottom of the case;

wherein the radiating bodies comprise:

a first radiating body that is formed as a pattern on one side of the housing and
realizes a main band in the LTE frequency band; and

a second radiating body that is formed as a pattern on the other side of the housing
opposite the side on which the first radiating body s formed, and which realizes a diversity

band in the LTE frequency range.
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10, The external antenna as defined in claim 9, furnished with a contact part on the
bottom of the housing, connected to the radiating bodies, and also furnished with a
conductive elastic part on the top of the circuit board, connected to the feeding pads;

and wheretn the radiating bodies are elecirically connected to the feeding pads by

mutual contact of the contact part with the elastic part.

il. The external antenna as defined in claim 10, wherein the elastic part is a

conductive foam or cotl.

12, The external antenna as defined in claim 11, wherein a projecting part is
formed on the bottom of the housing s0 as to fit into a recessed part on the circuit board, and
a hook part is formed on the bottom of either side of the housing so as to catch onto either
edge of the circuit board; and wherein the housing is fixed to the circuit board by the

projecting part and the hook part.

13, An external antenna for vehicle use, the external antenna comprising

a case open at a bottom thereof;

a housing inserted within the case and formed in a shape corresponding to an interior
surface of the case, and furnished with a plurality of antenna radiating bodies that send and
receive signals in a plurality of frequency bands;

a circuit board mounted in the case and furnished with feeding pads that transmit
electricity to the radiating bodies; and

a base, whereon the circuit board 1s mounted, that couples to the case and blocks the
open bottom of the case;

wherein a contact part is furnished on the botiom of the housing, connected to the
radiating bodies, and a conductive elastic part is also furnished on the top of the circuit board,
connected to the feeding pads;

and wherein the radiating bodies are electrically connected to the feeding pads by

mutual contact of the contact part with the elastic part.
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