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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an antenna of
a wireless device.

BACKGROUND ART

[0002] To meet the demand for wireless data traffic
having increased since deployment of 4G communica-
tion systems, efforts have been made to develop an im-
proved 5G or pre-5G communication system. Therefore,
the 5G or pre-5G communication system is also called a
’Beyond 4G Network’ or a ’Post LTE System’.
[0003] The 5G communication system is considered
to be implemented in higher frequency (mmWave)
bands, e.g., 60GHz bands, so as to accomplish higher
data rates. To decrease propagation loss of the radio
waves and increase the transmission distance, the
beamforming, massive multiple-input multiple-output
(MIMO), Full Dimensional MIMO (FD-MIMO), array an-
tenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.
[0004] In addition, in 5G communication systems, de-
velopment for system network improvement is under way
based on advanced small cells, cloud Radio Access Net-
works (RANs), ultra-dense networks, device-to-device
(D2D) communication, wireless backhaul, moving net-
work, cooperative communication, Coordinated Multi-
Points (CoMP), reception-end interference cancellation
and the like.
[0005] In the 5G system, Hybrid FSK and QAM Mod-
ulation (FQAM) and sliding window superposition coding
(SWSC) as an advanced coding modulation (ACM), and
filter bank multi carrier(FBMC), non-orthogonal multiple
access(NOMA), and sparse code multiple access (SC-
MA) as an advanced access technology have been de-
veloped.
[0006] With the advancement of communication tech-
nologies in recent years, wireless devices have been
gradually becoming smaller in size and lighter in weight.
To cope with such a trend, a built-in antenna is imple-
mented within a wireless device.
[0007] Meanwhile, an antenna of a wireless device
supports various services (e.g., 4th generation (4G) long
term evolution (LTE), global positioning system (GPS),
wireless fidelity (Wi-Fi, etc.). For this reason, there is re-
search for decreasing a volume of an antenna to de-
crease size and weight. Further, there is research for
improving antenna performance of the wireless device.
[0008] Antenna arrangements comprising a first anten-
na element which emits a signal to a second antenna
element for further transmission are known from US
2014/285385 A1, US 2001/021643 A1, US 2011/248895
A1, and US 2013/109435 A1.
[0009] The above information is presented as back-
ground information only to assist with an understanding

of the present disclosure. No determination has been
made, and no assertion is made, as to whether any of
the above might be applicable as prior art with regard to
the present disclosure.

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0010] Aspects of the present disclosure are to address
at least the above-mentioned problems and/or disadvan-
tages and to provide at least the advantages described
below.
[0011] In accordance with an aspect of the present dis-
closure, a wireless device according to claim 1 is provid-
ed.
[0012] Other aspects, advantages, and salient fea-
tures of the disclosure will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses various embodiments of the present disclo-
sure.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The above and other aspects, features, and ad-
vantages of certain embodiments of the present disclo-
sure will be more apparent from the following description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a block diagram of a wireless device ac-
cording to various embodiments of the present dis-
closure;
FIG. 2 is a block diagram of an antenna for use in a
wireless device according to various embodiments
of the present disclosure;
FIG. 3 is a cross-sectional view of an antenna for
use in a wireless device according to various em-
bodiments of the present disclosure;
FIG. 4 is a perspective view and cross-sectional view
of an antenna for use in a wireless device according
to various embodiments of the present disclosure;
FIG. 5 is a sectional view of a first antenna and a
second antenna for use in a wireless device accord-
ing to various embodiments of the present disclo-
sure;
FIGS. 6A, 6B, 6C, and 6D are drawings illustrating
a structure of a wireless device including an antenna
according to various embodiments of the present dis-
closure;
FIGS. 7A and 7B are graphs illustrating a vertical
polarization and a horizontal polarization;
FIG. 8 illustrates a structure of an antenna for use in
a wireless device according to an embodiment of the
present disclosure;
FIGS. 9A, 9B, 9C, and 9D are graphs illustrating a
gain obtained by an antenna for use in a wireless
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device according to various embodiments of the
present disclosure;
FIG. 10 illustrates a structure of an antenna for use
in a wireless device according to an embodiment of
the present disclosure;
FIGS. 11A and 11B are graphs illustrating a gain
obtained by an antenna for use in a wireless device
according to various embodiments of the present dis-
closure;
FIG. 12 illustrates a structure of an antenna for use
in a wireless device according to an embodiment of
the present disclosure;
FIGS. 13A and 13B are graphs illustrating a gain
obtained by an antenna for use in an wireless device
according to various embodiments of the present dis-
closure;
FIG. 14 illustrates a structure of an antenna for use
in a wireless device according to an embodiment of
the present disclosure;
FIG. 15 is a graph illustrating transmission/reception
beam control by an wireless device provided with an
antenna according to an embodiment of the present
disclosure;
FIGS. 16A and 16B are graphs illustrating gain of an
antenna for use in a wireless device according to
various embodiments of the present disclosure; and
FIGS. 17, 18, 19, 20, and 21 illustrate modified struc-
tures of an antenna for use in a wireless device ac-
cording to various embodiments of the present dis-
closure.

[0014] Throughout the drawings, like reference numer-
als will be understood to refer to like parts, components,
and structures.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] The following description with reference to the
accompanying drawings is provided to assist in a com-
prehensive understanding of various embodiments of the
present disclosure. It includes various specific details to
assist in that understanding but these are to be regarded
as merely exemplary. Accordingly, those of ordinary skill
in the art will recognize that various changes and modi-
fications of the various embodiments described herein
can be made without departing from the scope of the
appended claims. In addition, descriptions of well-known
functions and constructions may be omitted for clarity
and conciseness.
[0016] The terms and words used in the following de-
scription and claims are not limited to the bibliographical
meanings, but, are merely used by the inventor to enable
a clear and consistent understanding of the present dis-
closure. Accordingly, it should be apparent to those
skilled in the art that the following description of various
embodiments of the present disclosure is provided for
illustration purpose only and not for the purpose of limiting
the scope of protection of the appended claims.

[0017] It is to be understood that the singular forms "a,"
"an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference
to "a component surface" includes reference to one or
more of such surfaces.
[0018] Various embodiments of the present disclosure
relate to an antenna, for use in a wireless device of the
invention, for decreasing signal loss due to dielectric loss
in an antenna by decreasing the space consumed by the
antenna in a wireless device and improving performance
of the antenna.
[0019] The wireless device may be a portable electron-
ic device such as a smart phone having a wireless access
function. The wireless device may a portable terminal, a
mobile phone, a mobile pad, a tablet computer, a hand-
held computer, and a personal digital assistant (PDA).
The wireless device may a wireless accessenabled me-
dia player, a camera, a speaker, and a television. The
wireless device may be a wearable electronic device
such as a smart watch, a virtual reality device such as a
wearable head mounted display, and an augmented re-
ality device such as smart glasses. The wireless device
may be a point of sales (POS) device or a beacon device.
The wireless device may be a device implemented by
combining two or more functions of the aforementioned
devices.
[0020] FIG. 1 is a block diagram of a wireless device
according to various embodiments of the present disclo-
sure.
[0021] Referring to FIG. 1, a wireless device 10 in-
cludes an antenna 100 and a transceiver 200. The an-
tenna 100 outwardly radiates a radio signal transmitted
from the transceiver 200, receives the signal from anoth-
er source and provides the received signal to the trans-
ceiver 200. In an embodiment of the present disclosure,
the antenna 100 may include one of a 4th generation (4G)
long term evolution (LTE) antenna, a global positioning
system (GPS) antenna, and a Wi-Fi antenna. In an em-
bodiment of the present disclosure, the antenna 100 may
transmit/receive a signal of a 60 gigahertz (GHz) by using
a millimeter wave (mmWave) technique.
[0022] The transceiver 200 delivers a radio signal to
the antenna 100 to be transmitted, and receives a radio
signal received through the antenna 100. The transceiver
200 includes a radio frequency (RF) processing function
and/or a baseband (BB) processing function.
[0023] The transceiver 200 transmits and receives a
signal through a wireless channel by performing signal
band conversion, amplification, and the like. For this, the
transceiver 200 up-converts a baseband signal into an
RF signal, and down-converts an RF signal received
through the antenna 100 into a baseband signal. The
transceiver 200 may include a transmission filter, a re-
ception filter, an amplifier, a mixer, an oscillator, a digital
to analog converter (DAC), an analog to digital converter
(ADC), and the like. The transceiver 200 may include a
plurality of RF chains. Further, the transceiver 200 may
support beamforming. For the beamforming, the trans-
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ceiver 200 may adjust a phase and size of signals trans-
mitted and/or received through a plurality of antennas or
antenna elements.
[0024] The transceiver 200 including the baseband
processing function that converts between a baseband
signal and a bit-stream according to a physical layer pro-
tocol of a system. For example, in a data transmission
process, the transceiver 200 generates complex symbols
by coding and modulating a bit-stream. In addition, in a
data reception process, the transceiver 200 restores a
bit-stream by demodulating and decoding a baseband
signal.
[0025] The transceiver 200 may be referred to as a
transmission unit, a reception unit, a transceiver unit, or
a communication unit. The transceiver 200 may be re-
ferred to as an RF processor, and may include a BB proc-
essor and the RF processor. At least one of the baseband
processor and the RF processor may include communi-
cation modules to support different communication pro-
tocols. Further, at least one of the baseband processor
and the RF processor may include different communica-
tion modules to process signals of different frequency
bands. For example, communication protocols may in-
clude a wireless local area network (LAN) (e.g., Institute
of Electrical and Electronics Engineers (IEEE) 802.11),
a cellular network (e.g., LTE), and the like. Further, the
frequency bands may include a super high frequency
(SHF) (e.g., 2.5GHz, 5GHz) band and an mmWave (e.g.,
60GHz) band.
[0026] FIG. 2 is a block diagram of an antenna for use
in a wireless device according to various embodiments
of the present disclosure. It will be described for example
that this structure is included in the antenna 100 of FIG. 1.
[0027] Referring to FIG. 2, the antenna 100 includes a
first radiator 110 and a second radiator 120. The first
radiator 110 radiates a radio signal and functions as a
driver for driving the second radiator 120. The second
radiator 120, which faces the first radiator 110 and is
installed onto a cover of a wireless device to be separated
from the first radiator 110, radiates a radio signal radiated
by the first radiator 110. The second radiator 120 func-
tions as a director for determining a radiation direction of
the radio signal.
[0028] The first radiator 110 includes a feeding unit, a
ground plane, and an antenna pattern. The antenna pat-
tern may include an array antenna pattern. In an embod-
iment of the present disclosure, the antenna pattern may
include a plurality of capacitively coupled patterns. In an
embodiment of the present disclosure, the antenna pat-
tern may include patterns having a different polarization
characteristic. For example, the antenna pattern may in-
clude at least one of an inverted-F antenna (IFA) pattern,
a dipole antenna pattern, a loop antenna pattern, and a
helical antenna pattern.
[0029] In an exemplary embodiment of the present dis-
closure, the first radiator 110 includes a linear radiator.
The first radiator 110 may be included in a main body of
the wireless device 10. For example, the first radiator 110

may be included in a printed circuit board (PCB) built in
the main body of the wireless device 10.
[0030] In an embodiment of the present disclosure, the
second radiator includes a non-linear radiator (i.e., a non-
planar radiator or a curved radiator). The second radiator
120 includes one or more conductive parasitic patches
located in predetermined positions of the cover of the
wireless device 10. The position of the cover may be
determined based on a separation distance between the
first radiator 110 and the second radiator 120, a radius
of curvature of the second radiator, and a wavelength
corresponding to a radio signal. The cover may include
at least one material among PCB, silicon, low tempera-
ture co-fired ceramic (LTCC), and liquid crystal polymer
(LCP).
[0031] FIGS. 3, 4, 5, 6A, 6B, 6C, and 6D are drawings
illustrating a structure of an antenna for use in a wireless
device according to various embodiments of the present
disclosure. These drawings illustrate for example the
structure of the first radiator 110 and the second radiator
120 of FIG. 2 and are not necessarily drawn to scale.
The structure illustrated herein is for exemplary purposes
only and can be modified.
[0032] FIG. 3 is a cross-sectional view of an antenna
for use in a wireless device according to various embod-
iments of the present disclosure, and FIG. 4 is a perspec-
tive view and cross-sectional view of an antenna for use
in a wireless device according to various embodiments
of the present disclosure.
[0033] Referring to FIGS. 3 and 4, the first radiator 110
is included in a PCB 12 disposed in the main body of the
wireless device 10. The second radiator 120 is included
in a cover (or case) 14 of the wireless device 10. The
second radiator 120 is installed by being separated from
and facing the first radiator 110 to radiate a radio signal
radiated by the first radiator 110. That is, the second ra-
diator 120 is a non-contact radiator that does not physi-
cally contact the first radiator 110. The cover 14 may
include at least one material among a PCB, silicon,
LTCC, and LCP.
[0034] The first radiator 110 includes a feeding unit, a
ground plane, and an antenna pattern. The antenna pat-
tern radiates a radio signal from the transceiver 200. In
an embodiment of the present disclosure, the antenna
pattern may include an array antenna pattern. In an em-
bodiment of the present disclosure, the antenna pattern
may include a plurality of capacitively coupled patterns.
In an embodiment of the present disclosure, the antenna
pattern may include patterns having a different polariza-
tion characteristic. For example, the antenna pattern may
include at least one of an IFA pattern, a dipole antenna
pattern, a loop antenna pattern, and a helical antenna
pattern.
[0035] In an embodiment of the present disclosure, the
first radiator 110 may include a linear radiator.
[0036] In an embodiment of the present disclosure, the
second radiator 120 may include at least one of the linear
radiator and a non-linear radiator.
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[0037] FIG. 5 is a sectional view of a first antenna and
a second antenna according to various embodiments of
the present disclosure.
[0038] Referring to FIG. 5, the first radiator 110 is a
linear radiator, and the second radiator 120 is a non-
linear radiator. The second radiator 120 includes one or
more conductive parasitic patches located in predeter-
mined positions of the cover 14. The location of the con-
ductive parasitic patch may be determined on the basis
of a separation distance d between the first radiator 110
and the second radiator 120, a radius of curvature Ra of
the second radiator 120, and a wavelength λ correspond-
ing to a frequency f of a radio signal. For example, the
second radiator 120 may be located in a predetermined
separation distance (e.g., 0.2 lambda ∼1 lambda) while
being parallel to a surface of the first radiator 110.
[0039] FIGS. 6A, 6B, 6C, and 6D are drawings illus-
trating a structure of a wireless device including an an-
tenna according to various embodiments of the present
disclosure.
[0040] FIG. 6A, a top view of a wireless device includ-
ing an antenna according to various embodiments of the
present disclosure. FIG. 6B is a perspective view (or
three-dimensional (3D) view) of a wireless device includ-
ing an antenna according to various embodiments of the
present disclosure. FIG. 6C is a side view of a wireless
device including an antenna according to various em-
bodiments of the present disclosure. FIG. 6D is a view
illustrating an exterior of a cover of a wireless device in-
cluding an antenna according to various embodiments
of the present disclosure.
[0041] Referring to FIGS. 6A, 6B, 6C, and 6D, the cover
14 of the wireless device 10 includes the second radiator
120. The second radiator 120 faces the first radiator 110
and is separated by a separation distance Ych from the
first radiator 110. The first radiator 110 is included in the
PCB 12, and the PCB 12 includes a ground plane. As
such, the antenna according to various embodiments of
the present disclosure incorporates a part of the cover
(or case) as a part of the radiator to perform signal trans-
mission/reception. With the advancement of manufactur-
ing technologies, it is possible to form a conductive par-
asitic patch at a specific position of the cover of the wire-
less device. For example, the conductive parasitic patch
may be formed at the specific position of the cover of the
wireless device through bi-injection molding, 3D printing,
laser direct structuring (LDS), and the like.
[0042] FIGS. 7A and 7B are graphs illustrating a ver-
tical polarization and a horizontal polarization according
to various embodiments of the present disclosure.
[0043] Referring to FIGS. 7A and 7B, the antenna for
use in a wireless device according to various embodi-
ments of the present disclosure can support vertical po-
larization and horizontal polarization depending on a
shape of the second radiator 120. Graphs of the vertical
polarization and horizontal polarization shown in FIGS.
7A and 7B illustrate that the vertical polarization and the
horizontal polarization are different with respect to a radio

signal of a specific frequency band (e.g., 60GHz), de-
pending on a separation distance (e.g., 0.2 lambda (λ) ∼
1 lambda (λ)) between the first radiator 110 and the sec-
ond radiator 120. Table 1 illustrates a gain characteristic
over frequency for the horizontal polarization, depending
on a separation distance Ych between the first radiator
110 and the second radiator 120.

[0044] FIG. 8 illustrates a structure of an antenna for
use in a wireless device according to an embodiment of
the present disclosure.
[0045] Referring to FIG. 8, the second radiator 120 has
a symmetric-aligned structure with respect to the first ra-
diator 110. Herein, symmetric means that the second ra-
diator 120 is parallel to a surface of the first radiator 110,
and aligned means that a center position of the first ra-
diator 110 is aligned with a center position of the non-
linear cover 14. The second radiator 120 is separated by
a distance d from the first radiator 110, and the non-linear
cover 14 including the second radiator 120 has a radius
of curvature Ra. The second radiator 120 has a length Zp.
[0046] FIGS. 9A, 9B, 9C, and 9D are graphs illustrating
a gain obtained by an antenna for use in a wireless device
according to various embodiments of the present disclo-
sure.
[0047] Referring to FIG. 9A, if a radius of curvature Ra
of the cover 14 is 3mm, a vertical polarization gain is
based on a change of d/λ, i.e., a ratio of a separation
distance d to a wavelength λ. For example, if d/λ is 0.12,
the vertical polarization gain is about 5.4dBi. If d/λ is 0.24,
the vertical polarization gain is about 6.6dBi. If d/λ is 0.36,
the vertical polarization gain is about 5.8dBi. In an em-
bodiment of the present disclosure, the ratio d/λ of the
separation distance d (i.e., the distance between the first
radiator 110 and the second radiator 120) to the wave-
length λ may be in the range of 0.02 to 0.4.
[0048] Referring to FIG. 9B, a vertical polarization gain
is based on a change of Ra/λ, i.e., a ratio of a radius of
curvature Ra to a wavelength λ. For example, if Ra/λ is
0.8, the vertical polarization gain is about 6.3dBi. If Ra/λ
is 1, the vertical polarization gain is about 5.9dBi. If Ra/λ
is 1.2, the vertical polarization gain is about 5.8dBi. Thus,
the ratio Ra/λ of the radius of curvature to the wavelength
does not have a significant effect on design of the device.
[0049] Referring to FIG. 9C, if a radius of curvature Ra
of the cover 14 is 3mm, a vertical polarization gain is
based on a change of Zp/λ, i.e., a ratio of a length Zp
(i.e., the second radiator 120) to a wavelength λ. For
example, if Zp/λ is 0.092, the vertical polarization gain is
about 5.6dBi. If Zp/λ is 0.156, 0.176, 0.192, or 0.212, the
vertical polarization gain is about 6.1dBi. If Zp/λ is 0.272,
the vertical polarization gain is about 5.4dBi. In an em-

Table 1

Ych (mm) 0.3 0.4 0.5 0.6 0.7

Gain (dBi) 5.65 5.78 6.0 5.92 5.95
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bodiment of the present disclosure, the ratio Zp/λ of the
length Zp to the wavelength λ may be in the range of 0.1
to 0.3.
[0050] Referring to FIG. 9D, if a radius of curvature Ra
of the cover 14 is 5mm, a vertical polarization gain is
based on a change of Zp/λ, i.e., a ratio of a length Zp
(i.e., the second radiator 120) to a wavelength λ. For
example, if Zp/λ is 0.092, the vertical polarization gain is
about 5.6dBi. If Zp/λ is 0.156, 0.176, 0.192, or 0.212, the
vertical polarization gain is about 5.8dBi. If Zp/λ is about
0.272, the vertical polarization gain is about 5.4dBi. In an
embodiment of the present disclosure, the ratio Zp/λ of
the length Zp to the wavelength λ may be in the range
of 0.1 to 0.3.
[0051] FIG. 10 illustrates a structure of an antenna for
use in a wireless device according to an embodiment of
the present disclosure.
[0052] Referring to FIG. 10, the second radiator 120
has a symmetric-misaligned structure with respect to the
first radiator 110. Herein, symmetric means that a surface
of the second radiator 120 is parallel to a surface of the
first radiator 110, and misaligned means that a center
position of the first radiator 110 is not aligned with a center
position of the non-linear cover 14. The second radiator
120 is separated by a distance d from the first radiator
110, and the non-linear cover 14 including the second
radiator 120 has a radius of curvature Ra. The second
radiator 120 is located in a center position of the cover
14. A center position of the first radiator 110 is misaligned
by distance Zmisal from the center position of the cover
14.
[0053] FIGS. 11A and 11B are graphs illustrating a gain
obtained by an antenna for use in a wireless device ac-
cording to various embodiments of the present disclo-
sure.
[0054] Referring to FIG. 11A, if a radius of curvature
Ra of the cover 14 is 3mm, a vertical polarization gain is
based on a change of d/λ, i.e., a ratio of a separation
distance d to a wavelength λ. For example, if d/λ is 0.12,
the vertical polarization gain is about 5dBi. If d/λ is 0.24,
the vertical polarization gain is about 6.3dBi. If d/λ is 0.36,
the vertical polarization gain is about 5.5dBi. In an em-
bodiment of the present disclosure, the ratio d/λ of the
separation distance d (i.e., the distance between the first
radiator 110 and the second radiator 120) to the wave-
length λ may be in the range of 0.02 to 0.4.
[0055] Referring to FIG. 11B, a vertical polarization
gain is based on a change of Zmisal/λ, i.e., a ratio of a
misalignment distance Zmisal (i.e., a distance of a center
position of the first radiator 110 and a center position of
the cover 14) to a wavelength λ. For example, if Zmisal/λ
is 0.02, the vertical polarization gain is about 5.95dBi. If
Zmisal/λ is 0.06, the vertical polarization gain is about
5.82dBi. If Zmisal/λ is 0.1, the vertical polarization gain
is about 5.64dBi.
[0056] FIG. 12 illustrates a structure of an antenna for
use in a wireless device according to an embodiment of
the present disclosure.

[0057] Referring to FIG. 12, the second radiator 120
has an asymmetric-aligned structure with respect to the
first radiator 110. Herein, asymmetric means that the sec-
ond radiator 120 is not parallel to a surface of the first
radiator 110, and aligned means that a center position
of the first radiator 110 is aligned with a center position
of the non-linear cover 14. The non-linear cover 14 in-
cluding the second radiator 120 has a radius of curvature
Ra. A center position of the second radiator 120 is shifted
downwardly by a distance dz from the center position of
the cover 14.
[0058] FIGS. 13A and 13B are graphs illustrating a gain
obtained by an antenna for use in a wireless device ac-
cording to various embodiments of the present disclo-
sure.
[0059] Referring to FIG. 13A, if a radius of curvature
Ra of the cover 14 is 3mm, a vertical polarization gain is
based on a change of dz/λ, i.e., a ratio of a distance dz
(i.e., the distance between a center position of the second
radiator 120 and a center position of the cover 14) to a
wavelength λ. For example, if dz/λ is 0.12, the vertical
polarization gain is about 5.1dBi. If dz/λ is 0.18, the ver-
tical polarization gain is about 6.1dBi. If dz/λ is 0.24, the
vertical polarization gain is about 6.3dBi. If dz/λ is 0.36,
the vertical polarization gain is about 5.5dBi. In an em-
bodiment of the present disclosure, the ratio dz/λ, i.e.,
the ratio of the distance dz (i.e., the distance between
the center position of the second radiator 120 and the
center position of the cover 14) to the wavelength λ may
be determined in the range of 0.02 to 0.4.
[0060] Referring to FIG. 13B, if a radius of curvature
Ra of the cover 14 is 4mm, a vertical polarization gain is
based on a change of dz/λ, i.e., a ratio of a distance dz
(i.e., the distance between a center position of the second
radiator 120 and a center position of the cover 14) to a
wavelength λ. For example, if dz/λ is 0.12, the vertical
polarization gain is about 5.4dBi. If dz/λ is 0.18, the ver-
tical polarization gain is about 6.1dBi. If dz/λ is 0.24, the
vertical polarization gain is about 6.3dBi. If dz/λ is 0.36,
the vertical polarization gain is about 5.5dBi. In an em-
bodiment of the present disclosure, the ratio dz/λ of the
distance dz (i.e., the distance between the center position
of the second radiator 120 and the center position of the
cover 14) to the wavelength λ may be determined in the
range of 0.02 to 0.4.
[0061] FIG. 14 illustrates a structure of an antenna for
use in a wireless device according to an embodiment of
the present disclosure.
[0062] Referring to FIG. 14, the second radiator 120
has an asymmetric-misaligned structure with respect to
the first radiator 110. Herein, asymmetric means that the
second radiator 120 is not parallel to a surface of the first
radiator 110, and misaligned means that a center position
of the first radiator 110 is not aligned with a center position
of the non-linear cover 14. The non-linear cover 14 in-
cluding the second radiator 120 has a radius of curvature
Ra. A center position of the second radiator 120 is shifted
downwardly by a distance dz from the center position of
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the cover 14. The center position of the first radiator 110
is shifted downwardly by distance Zmisa (e.g., 0.8) from
the center position of the cover 14. An angle theta (θ) is
formed by an axis with an origin at the center position of
the second radiator 120 and parallel to an axis with an
origin at the center position of the cover 14 and by an
axis orthogonal to the center position of the second ra-
diator 120. A radio signal is radiated within the angle
formed in this manner. For example, if the radio signal is
radiated through beamforming, a beam control may be
achieved within the formed angle (e.g., 20 degrees (°)).
[0063] FIG. 15 is a graph illustrating transmission/re-
ception beam control by an antenna for use in a wireless
device according to an embodiment of the present dis-
closure.
[0064] Referring to FIG. 15, if a radius of curvature Ra
of the cover 14 is 3mm, an angle theta (θ), which is formed
by an axis with an origin at the center position of the
second radiator 120 and parallel to an axis with an origin
at the center position of the cover 14 and by an axis or-
thogonal to the center position of the second radiator
120, varies depending on a change of dz/λ, i.e., a ratio
of a distance dz (i.e., the distance between the center
position of the second radiator 120 and the center posi-
tion of the cover 14) to a wavelength λ. For example, if
dz/λ is 0.02, the angle theta (θ) is 89 degrees. If dz/λ is
0.06, the angle theta (θ) is 91 degrees. If dz/λ is 0.1, the
angle theta (θ) is 96. If dz/λ is 0.16, the angle theta (θ) is
109 degrees. In an embodiment, the ratio dz/λ of the
difference dz to the wavelength λ may be determined in
the range of 0.02 to 0.4.
[0065] FIGS. 16A and 16B are graphs illustrating gain
of an antenna for use in a wireless device according to
various embodiments of the present disclosure.
[0066] Referring to FIG. 16A, a horizontal polarization
gain is illustrated at a predetermined frequency band
(e.g., 60GHz) by an antenna included in a main body of
a wireless device. Point m1 denotes a horizontal polari-
zation gain (-8.7304dB) when the main body of the wire-
less device is coupled with a cover, and point m2 denotes
a horizontal polarization gain (-5.3096dB) when the main
body of the wireless device is separated (for example,
by 0.7mm) from the cover.
[0067] Referring to FIG. 16B, a vertical polarization
gain is illustrated at a predetermined frequency band
(e.g., 60GHz) by an antenna included in a main body of
a wireless device and a second radiator is included in a
cover. Point m1 denotes a vertical polarization gain
(-6.7389dB) when the main body of the wireless device
is coupled with the cover, and point m2 denotes a vertical
polarization gain (-6.0448dB) when the main body of the
wireless device is separated (for example, by 0.7mm)
from the cover. It can be seen that the antenna according
to the various embodiments of the present disclosure has
a vertical polarization improved by 1.9dBi (8.7304dB-
6.7389dB) in comparison with the antenna of the related
art.
[0068] FIGS. 17, 18, 19, 20, and 21 illustrate modified

structures of an antenna for use in a wireless device ac-
cording to various embodiments of the present disclo-
sure.
[0069] Referring to FIG. 17, a first radiator 110 is in-
cluded in a PCB 12 of a main body of a wireless device
10, and two radiators 121 and 122 are included in a cover
14. An angle of a beam to be radiated can be adjusted
depending on positions of the first radiator 110 and the
second radiators 121 and 122. The radiator 121 radiates
a beam radiated from the first radiator 110 as a beam
identification ID 1, so that the beam ID 1 is provided to a
wireless device 20. The radiator 122 radiates a beam
radiated from the first radiator 110 as a beam ID 2, so
that the beam ID 2 is provided to a wireless device 30.
[0070] Referring to FIG. 18, a first radiator (or driver)
110 is included in a PCB 12 of a wireless device 10. For
example, the first radiator 110 is disposed at an edge of
the PCB 12. A second radiator (or director) 120 is includ-
ed in a cover (or case) 14 of the wireless device 10. The
first radiator 110 and the second radiator 120 constitute
an array antenna for supporting multi-beam transmis-
sion/reception. For this, the first radiator 110 includes a
plurality of antenna patterns having a structure in which
a first antenna pattern 110A and a second antenna pat-
tern 110B are repeated, and the second radiator 120 in-
cludes a plurality of parasitic patches having a structure
in which a first parasitic patch 120A and a second para-
sitic patch 120B are repeated. The first parasitic patch
120A is installed on both of an upper portion and lower
portion of the cover 14. The second parasitic patch 120B
is installed on the upper portion of the cover 14. The first
antenna pattern 110A and the first parasitic patch 120A
are horizontal polarization (HP) elements, and the sec-
ond antenna pattern 110B and the second parasitic patch
120B are vertical polarization (VP) elements.
[0071] For example, a pair of a first antenna pattern
110A-1 and a first parasitic patch 120A-1, a pair of a first
antenna pattern 110A-2 and a first parasitic patch 120A-
2, and a pair of a first antenna pattern 110A-3 and a first
parasitic patch 120A-3 are HP antenna elements. Fur-
ther, a pair of a first antenna pattern 110A-4 and a first
parasitic patch 120A-4, a pair of a first antenna pattern
110A-5 and a first parasitic patch 120A-5, a pair of a first
antenna pattern 110A-6 and a first parasitic patch 120A-
6, a pair of a first antenna pattern 110A-7 and a first par-
asitic patch 120A-7, and a pair of a first antenna pattern
110A-8 and a first parasitic patch 120A-8 are HP antenna
elements.
[0072] For example, a pair of a second antenna pattern
110B-A and a second parasitic patch 120B-A, a pair of
a second antenna pattern 110B-B and a second parasitic
patch 120B-B, and a pair of a second antenna pattern
110B-C and a second parasitic patch 120B-A are VP
antenna elements. Further, a pair of a second antenna
pattern 110B-D and a second parasitic patch 120B-D, a
pair of a second antenna pattern 110B-E and a second
parasitic patch 120B-E, a pair of a first antenna pattern
110B-F and a second parasitic patch 120B-F, a pair of a
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second antenna pattern 110B-G and a second parasitic
patch 120B-G, and a pair of a second antenna pattern
110B-H and a first parasitic patch 120B-H are VP antenna
elements.
[0073] The plurality of antenna patterns and the plu-
rality of parasitic patches may operate as an array an-
tenna as shown in Table 2 below.

[0074] In an embodiment of the present disclosure, an-
tenna elements A to D are used for a vertical polarization
of a beam ID 1, and antenna elements 1 to 4 are used
for a horizontal polarization of the beam ID 1. In an em-
bodiment of the present disclosure, the antenna ele-
ments A to D are used for a vertical polarization of a beam
ID 2, and antenna elements 1 to 4 are used for a hori-
zontal polarization of the beam ID 2. In an embodiment
of the present disclosure, the antenna elements A to H
are used for a vertical polarization of a beam ID 3, and
antenna elements 1 to 8 are used for a horizontal polar-
ization of the beam ID 3.
[0075] Referring to FIG. 19, a first radiator 110 is in-
cluded in a PCB 12 of a wireless device 10. A second
radiator 120 is included in a cover (or case) 14 of the
wireless device 10. The second radiator 120 faces the
first radiator 110 and is installed by being separate from
the first radiator 110 and radiates a radio signal radiated
by the first radiator 110. That is, the second radiator 120
is a non-contact type radiator which is not in contact with
the first radiator 110. The cover 14 may include at least
one material among PCB, silicon, LTCC, and LCP.
[0076] A metal case 16 is located outside the cover 14,
and surrounds the cover 14. The metal case 16 includes
an opening 130. The opening 130 is located in a position
corresponding to the second radiator 120, and provides
a delivery path of a radio signal that is radiated by the
second radiator 120.
[0077] In an embodiment of the present disclosure, the
first radiator 110 includes a feeding unit, a ground plane,
and an antenna pattern. The antenna pattern radiates a
radio signal from the transceiver 200. The antenna pat-
tern may include an array antenna pattern. In an embod-
iment of the present disclosure, the antenna pattern may
include a plurality of capacitively coupled patterns. In an
embodiment of the present disclosure, the antenna pat-
tern may include patterns each having a different polar-
ization characteristic. For example, the antenna pattern

Table 2

Beam Antenna

Beam ID 1
VP: A∼D (4EA)
HP: 1∼4 (4EA)

Beam ID 2
VP: A∼D (4EA)

HP: 1∼4 (4EA)

Beam ID 3
VP: A∼H (8EA)
HP: 1∼8 (8EA)

may include at least one of an IFA pattern, a dipole an-
tenna pattern, a loop antenna pattern, and a helical an-
tenna pattern.
[0078] In an embodiment of the present disclosure, the
first radiator 110 may include a linear radiator.
[0079] In an embodiment of the present disclosure, the
second radiator 120 may include at least one of the linear
radiator and a non-linear radiator. The second radiator
120 includes one or more conductive parasitic patches
located at predetermined positions of the cover 14. The
location of the conductive parasitic patch may be deter-
mined on the basis of a separation distance d between
the first radiator 110 and the second radiator 120, a radius
of curvature Ra of the second radiator 120, and a wave-
length λ corresponding to a frequency f of a radio signal.
For example, the second radiator 120 may be located in
a predetermined separation distance (e.g., 02λ ∼1 λ)
while being parallel to a surface of the first radiator 110.
[0080] Referring to FIG. 20, a speaker installed to an
upper portion of a wireless device 10 functions as a sec-
ond radiator 120, and a logo "SAMSUNG" functions as
a first radiator 110. In an embodiment of the present dis-
closure, a part of the logo "SAMSUNG" may function as
the first radiator 110. Since the elements of the wireless
device 10 according to the related art are used as a part
of an antenna structure as described above, space in the
wireless device can be increased, and signal loss can be
decreased.
[0081] Referring to FIG. 21, a first radiator 110 is in-
cluded in a PCB in a wireless device 10. A second radiator
120 is included in a cover (or case) 14 of the wireless
device 10. The second radiator 120 facing the first radi-
ator 110 is installed by being separated from the first
radiator 110 and radiates a radio signal radiated by the
first radiator 110. A connector 140 connects the first ra-
diator 110 and the second radiator 120. The connector
140 delivers a current and does not affect a resonant
frequency. With this antenna structure, a log periodic an-
tenna is configured.
[0082] As described above, various embodiments of
the present disclosure propose an antenna having a
structure in which an antenna based on a cover (or case)
of a wireless device and an antenna based on a PCB
included in a main body are combined. The various em-
bodiments of the present disclosure form a part of a ra-
diator on the cover of the wireless device and thus in-
creases a space in the wireless device. In addition, the
various embodiments of the present disclosure form a
part of a radiator to the cover of the wireless device and
thus increase a signal throughput in comparison with the
antenna having a radiator formed only on the PCB of the
main body, according to the related art.
[0083] While the present disclosure has been shown
and described with reference to various embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the scope of the appended
claims.
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Claims

1. A wireless device comprising:

an antenna comprising a first radiator (110), and
two second radiators (120; 121,122);
a main body (12), wherein the first radiator is on
the main body (12); and
a cover (14), wherein the second radiators are
on the cover (14), the second radiators config-
ured to radiate a radio signal radiated by the first
radiator (110), the second radiators (120;
121,122) being separated from and facing the
first radiator (110),
wherein a first of said second radiators (121) is
adapted for transmitting a radio signal radiated
thereby by using a first beam generated by the
first radiator (110),
wherein a second of the second radiators (122)
is adapted for transmitting a radio signal radiated
thereby by using a second beam generated by
the first radiator (110),
characterized in that one or both of the second
radiators includes a conductive parasitic patch
in a predetermined position of the cover, the
wireless device further comprising:
a metal case (16) surrounding the cover (14),
wherein the metal case (16) comprises an open-
ing that is located in a position corresponding to
the conductive parasitic patch, for providing a
delivery path of the radio signal radiated by the
second radiator.

2. The wireless device of claim 1, wherein the first ra-
diator (110) comprises a linear radiator.

3. The wireless device of claim 1, wherein one of the
second radiators (120; 121,122) comprises a curved
radiator.

4. The wireless device of claim 1,
wherein the first radiator (110) comprises:

a feeding unit;
a ground plane; and
an antenna pattern, and

wherein the antenna pattern comprises an array an-
tenna pattern.

5. The wireless device of claim 1, wherein a ratio Zp/λ
of a length Zp of one of the second radiators to a
wavelength λ corresponding to the frequency of the
radio signal is in a range of 0.1 to 0.3.

6. The wireless device of claim 1, wherein a ratio d/λ
of a separation distance between the first radiator
(110) and one of the second radiators to a wave-

length λ corresponding to the frequency of the radio
signal is in a range of 0.02 to 0.4.

7. The wireless device of claim 1, wherein the cover
(14) comprises at least one material among a printed
circuit board, PCB, silicon, low temperature co-fired
ceramic, LTCC, and liquid crystal polymer, LCP.

8. The wireless device of claim 1,
wherein the first beam is a beam with a first beam
identification (ID1), and
wherein the second beam is a beam with a second
beam identification different from the first beam iden-
tification (ID2).

9. The wireless device of claim 1,
wherein the first beam corresponds to a horizontal
polarization of a beam with a first beam identification
(ID1), and
wherein the second beam corresponds to a vertical
polarization of the beam with the first beam identifi-
cation (ID1).

10. The wireless device of claim 1,
wherein a center position of the second radiator
(120) defined in respect to a first axis is aligned, on
a second axis that is orthogonal to the first axis, with
a center position of the cover (14) defined in respect
to the first axis, and
wherein a center position of at least one of the sec-
ond radiators defined in respect to the first axis is
aligned, on the second axis, with a center position
of the first radiator (110) defined in respect to the
first axis.

Patentansprüche

1. Drahtlose Vorrichtung, welche Folgendes umfasst:

eine Antenne, die einen ersten Strahler (110)
und zwei zweite Strahler (120;121,122) um-
fasst;
einen Hauptkörper (12), wobei der erste Strahler
auf dem Hauptkörper (12) ist; und
eine Abdeckung (14), wobei die zweiten Strahler
auf der Abdeckung (14) sind, wobei die zweiten
Strahler konfiguriert sind zum:
Ausstrahlen eines Funksignals, das von dem
ersten Strahler (110) ausgestrahlt wird, wobei
die zweiten Strahler (120;121,122) von dem ers-
ten Strahler (110) getrennt und diesem zuge-
wandt sind,
wobei ein erster der besagten zweiten Strahler
(121) zum Übertragen eines dadurch ausge-
strahlten Funksignals unter Verwenden eines
ersten Strahls angepasst ist, der von dem ersten
Strahler (110) erzeugt wird,
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wobei ein zweiter der zweiten Strahler (122) zum
Übertragen eines dadurch ausgestrahlten
Funksignals unter Verwenden eines zweiten
Strahls angepasst ist, der von dem ersten Strah-
ler (110) erzeugt wird,
dadurch gekennzeichnet, dass einer oder bei-
de der zweiten Strahler einen leitfähigen para-
sitären Patch in einer vorbestimmten Position
der Abdeckung enthält, wobei die drahtlose Vor-
richtung ferner Folgendes umfasst:
ein Metallgehäuse (16), das die Abdeckung (14)
umgibt, wobei das Metallgehäuse (16) eine Öff-
nung umfasst, die sich in einer Position befindet,
die dem leitfähigen parasitären Patch ent-
spricht, um einen Lieferweg des Funksignals be-
reitzustellen, das von dem zweiten Strahler aus-
gestrahlt wird.

2. Drahtlose Vorrichtung nach Anspruch 1, wobei der
erste Strahler (110) einen linearen Strahler umfasst.

3. Drahtlose Vorrichtung nach Anspruch 1, wobei einer
der zweiten Strahler (120;121,122) einen geboge-
nen Strahler umfasst.

4. Drahtlose Vorrichtung nach Anspruch 1,

wobei der erste Strahler (110) Folgendes um-
fasst:

eine Zuführeinheit;
eine Grundplatte; und
ein Antennenmuster, und

wobei das Antennenmuster ein Array-Anten-
nenmuster umfasst.

5. Drahtlose Vorrichtung nach Anspruch 1, wobei ein
Verhältnis Zp/λ einer Länge Zp von einem der zwei-
ten Strahler zu einer Wellenlänge λ, die der Fre-
quenz des Funksignals entspricht, in einem Bereich
von 0,1 bis 0,3 ist.

6. Drahtlose Vorrichtung nach Anspruch 1, wobei ein
Verhältnis d/λ eines Trennungsabstands zwischen
dem ersten Strahler (110) und einem der zweiten
Strahler zu einer Wellenlänge λ, die der Frequenz
des Funksignals entspricht, in einem Bereich von
0,02 bis 0,4 ist.

7. Drahtlose Vorrichtung nach Anspruch 1, wobei die
Abdeckung (14) ein Material aus einer Leiterplatte,
PCB, einem Silizium, einer Niedertemperatur-Ein-
brand-Keramik, LTCC, und/oder einem Flüssigkris-
tallpolymer, LCP, umfasst.

8. Drahtlose Vorrichtung nach Anspruch 1,

wobei der erste Strahl ein Strahl mit einer ersten
Strahlidentifizierung (ID1) ist, und
wobei der zweite Strahl ein Strahl mit einer zwei-
ten Strahlidentifizierung ist, die sich von der ers-
ten Strahlidentifizierung (ID2) unterscheidet.

9. Drahtlose Vorrichtung nach Anspruch 1,

wobei der erste Strahl einer horizontalen Pola-
risation eines Strahls mit einer ersten Strahli-
dentifizierung (ID1) entspricht, und
wobei der zweite Strahl einer vertikalen Polari-
sation des Strahls mit der ersten Strahlidentifi-
zierung (ID1) entspricht.

10. Drahtlose Vorrichtung nach Anspruch 1,

wobei eine Mittelposition des zweiten Strahlers
(120), die in Bezug auf eine erste Achse definiert
ist, auf einer zweiten Achse ausgerichtet ist, die
orthogonal zu der ersten Achse ist, mit einer Mit-
telposition der Abdeckung (14), die in Bezug auf
die erste Achse definiert ist, und
wobei eine Mittelposition von mindestens einem
der zweiten Strahler, die in Bezug auf die erste
Achse definiert ist, auf der zweiten Achse aus-
gerichtet ist, mit einer Mittelposition des ersten
Strahlers (110), die in Bezug auf die erste Achse
definiert ist.

Revendications

1. Dispositif sans fil comprenant :

une antenne comprenant un premier radiateur
(110) et deux deuxièmes radiateurs (120; 121,
122) ;
un corps principal (12), où le premier radiateur
est sur le corps principal (12) ; et
un couvercle (14), où les deuxièmes radiateurs
sont sur le couvercle (14), les deuxièmes radia-
teurs étant configurés pour rayonner un signal
radio rayonné par le premier radiateur (110), les
deuxièmes radiateurs (120 ; 121, 122) étant sé-
parés du premier radiateur et faisant face à ce-
lui-ci (110),
où l’un premier desdits deuxièmes radiateurs
(121) est adapté pour transmettre un signal ra-
dio ainsi rayonné en utilisant un premier fais-
ceau généré par le premier radiateur (110),
où l’un deuxième des deuxièmes radiateurs
(122) est adapté pour transmettre un signal ra-
dio ainsi rayonné en utilisant un deuxième fais-
ceau généré par le premier radiateur (110),
caractérisé en ce qu’un ou les deux des
deuxièmes radiateurs comprend un patch para-
site conducteur dans une position prédétermi-
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née du couvercle, le dispositif sans fil compre-
nant en outre :
un boîtier métallique (16) entourant le couvercle
(14), où le boîtier métallique (16) comprend une
ouverture qui est située dans une position cor-
respondant au patch parasite conducteur, pour
fournir un trajet de délivrance du signal radio
rayonné par le deuxième radiateur.

2. Dispositif sans fil selon la revendication 1, où le pre-
mier radiateur (110) comprend un radiateur linéaire.

3. Dispositif sans fil selon la revendication 1, où l’un
des deuxièmes radiateurs (120 ; 121, 122) com-
prend un radiateur incurvé.

4. Dispositif sans fil selon la revendication 1,

où le premier radiateur (110) comprend :

une unité d’alimentation ;
un plan au sol ; et
un diagramme d’antenne, et

où le diagramme d’antenne comprend un dia-
gramme d’antenne réseau.

5. Dispositif sans fil selon la revendication 1, où un rap-
port Zp / λ d’une longueur Zp d’un des deuxièmes
radiateurs à une longueur d’onde λ correspondant
à la fréquence du signal radio est compris entre 0,1
et 0,3.

6. Dispositif sans fil selon la revendication 1, où un rap-
port d / λ d’une distance de séparation entre le pre-
mier radiateur (110) et l’un des deuxièmes radiateurs
à une longueur d’onde λ correspondant à la fréquen-
ce du signal radio est compris entre 0,02 et 0,4.

7. Dispositif sans fil selon la revendication 1, où le cou-
vercle (14) comprend au moins un matériau parmi
une carte de circuit imprimé, PCB, le silicium, la cé-
ramique co-cuite à basse température, LTCC et le
polymère à cristaux liquides, LCP.

8. Dispositif sans fil selon la revendication 1,

où le premier faisceau est un faisceau avec une
première identification de faisceau (ID1), et
où le deuxième faisceau est un faisceau avec
une deuxième identification de faisceau diffé-
rente de la première identification de faisceau
(ID2).

9. Dispositif sans fil selon la revendication 1,

où le premier faisceau correspond à une pola-
risation horizontale d’un faisceau avec une pre-

mière identification de faisceau (ID1), et
où le deuxième faisceau correspond à une po-
larisation verticale du faisceau avec la première
identification de faisceau (ID1).

10. Dispositif sans fil selon la revendication 1,

où une position centrale du deuxième radiateur
(120) définie par rapport à un premier axe est
alignée, sur un deuxième axe orthogonal au pre-
mier axe, avec une position centrale du couver-
cle (14) définie par rapport au premier axe, et
où une position centrale d’au moins l’un des
deuxièmes radiateurs définie par rapport au pre-
mier axe est alignée, sur le deuxième axe, avec
une position centrale du premier radiateur (110)
définie par rapport au premier axe.
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