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Low-Profile Multiband Antenna For a Wireless
Communication Device

Background

[0001] Many wireless communications devices require
the ability to transmit and receive in various frequency
bands in order to accommodate users’ desire to connect to
both newer and older networks, and to networks in
different geographic areas, using a single device. 1In
order to facilitate such portability between areas and
networks, devices need to include antennas capable of
communicating in various frequency bands. In such
devices, it is desirable to minimize antenna size and
profile while simultaneously maximizing radiation and

frequency range.

Summary of the Invention

[0002] A device for wireless communication includes a
wireless transceiver, a printed circuit board (PCB)
coupled to the wireless transceiver, a first antenna and
a second antenna. The first antenna is coupled to the
PCB at a feed point and grounded at a ground point. The
first antenna is a quarter-wavelength antenna
communicating signals with the wireless transceiver at a
first frequency band. The second antenna is coupled to
the first antenna at the feed point and grounded at a
further ground point. The second antenna is a half-
wavelength antenna communicating signals with the

wireless transceiver at a second frequency band.

[0003] An antenna arrangement includes a first antenna

adapted to be coupled to a printed circuit board at a
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feed point and adapted to be grounded at a ground point.
The first antenna is a quarter-wavelength antenna adapted
to communicate signals in a first frequency band. The
antenna arrangement also includes a second antenna
adapted to be coupled to the first antenna at the feed
point and adapted to be grounded at a further ground
point. The second antenna is a half-wavelength antenna
adapted to communicate signals in a second frequency

band.

[0004] A device for wireless communication includes a
wireless transceiver and a printed circuit board (PCB)
coupled to the wireless transceiver. The device also
includes a first antenna capacitively coupled to the PCB
at a feed point and grounded at a first ground point.
The first antenna is a quarter-wavelength antenna
conveying first signals to and from the wireless
transceiver. The first signals being signals at a first
frequency band. The device also includes a second
antenna coupled to the first antenna at the feed point
and grounded at one of the first ground point and a
second ground point. The second antenna is a half-
wavelength antenna communicating second signals with the
wireless transceiver. The second signals are signals at a
second frequency band. The device also includes a third
antenna coupled to the first antenna at the feed point
and grounded at a third ground point. The third antenna
is a half-wavelength antenna receiving the second signals
and third signals. The third signals are signals at a
third frequency band. The device also includes one of a
filter and a shunt LC circuit coupled between the third

antenna and the further ground point filtering the second
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signals and communicating the third signals with the

wireless transceiver.

[0005] An antenna arrangement includes a first antenna
adapted to be capacitively coupled to a PCB at a feed
point and grounded at a first ground point. The first
antenna is a guarter-wavelength antenna adapted to
communicate at a first frequency band. The antenna
arrangement also includes a second antenna coupled to the
first antenna at the feed point and adapted to be
grounded at one of the first ground point and a second
ground point. The second antenna is a half-wavelength
antenna adapted to communicate at a second frequency
band. The antenna arrangement also includes a third
antenna coupled to the first antenna at the feed point
and adapted to be grounded at a third ground point. The
third antenna is a half-wavelength antenna adapted to
receive signals at the second freguency band and signals
at a third frequency band. The antenna arrangement also
includes one of a filter and a shunt LC circuit coupled
between the third antenna and the further ground point
filtering signals at the second frequency band and

communicating signals at the third frequency band.

Brief Description of the Drawings

[0006] Figure 1 shows a partial view of a first
exemplary embodiment of a wireless communications device
including the first exemplary antenna array of Figure 2

according to the present invention.

[0007] Figure 2 shows a first exemplary embodiment of

an antenna array according to the present invention.
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[0008] Figure 3 shows a partial view of a second
exemplary embodiment of a wireless communications device
including the second exemplary antenna array of Figure 4

according to the present invention.

[0009] Figure 4 shows a second exemplary embodiment of

an antenna array according to the present invention.
[0010] Figure 5 shows an exemplary embodiment of a
system including an antenna array such as those of

Figures 2 or 4 according to the present invention.

Detailed Description

[0011] The exemplary embodiments of the present
invention may be further understood with reference to the
following description and the appended drawings, wherein
like elements are referred to with the same reference
numerals. The exemplary embodiments describe wireless
communications devices and antenna arrays for wireless
communications devices that provide multi-band

communications capabilities.

[0012] Users of wireless communications devices (also
referred to herein as “wireless devices” or “devices”)
may wish for such devices to be usable on a variety of
wireless communications networks. Varying communications
networks may use varying wireless frequency ranges to
transmit communications signals; the signals may vary
depending on factors including the generation of the
network and the geographic area in which the network
operates. Such networks may include AMPS and GSM
networks in the 824 MHz to 960 MHz range, DCS, PCS and
UMTS networks in the 1710 MHz to 2170 MHz range, US LTE
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networks in the 704 MHz to 798 MHz range, and EU LTE
networks in the 2500 MHz to 2690 MHz range. In order for
a wireless device to have maximal compatibility with
various networks, it may be desirable for the device to
include antennas capable of communicating in all of the
above frequency ranges. Further, such antennas should
maximize efficiency in all such ranges in order to
achieve acceptable performance while maintaining energy
levels within FCC regulations and maintaining hearing aid

compliance.

[0013] In order to provide multiband compatibility,
prior multiband-capable wireless devices used tunable
antennas capable of switching between LTE signals and
signals in the 850 MHz frequency band. However, such
switches can create harmful harmonics and require
additional hardware that may add undesirable size and
weight to a wireless device. The exemplary embodiments
provide exemplary antenna arrays and exemplary wireless
devices using antenna arrays in order to provide

multiband compatibility without the use of switching.

[0014] Figure 1 illustrates a first exemplary
embodiment of a wireless device 100 according to the
present invention. The wireless device 100 includes an
antenna array 200 that will be described below with
reference to Figure 2. The wireless device 100 may also
include other elements of a wireless communication device
(e.g., transceiver, memory, processor, display, user
interface, etc). Those of skill in the art will
understand that the above list is not intended to be
exhaustive and that the wireless device 100 may also

include any other appropriate components. Through the

5
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use of the antenna array 200, the wireless device 100 may
be capable of simultaneously communicating in the 704 MHz
to 798 MHz, 824 MHz to 960 MHz and 1710 MHz to 2170 MHz

frequency bands.

[0015] Figure 2 illustrates a first exemplary
embodiment of an antenna array 200 according to the
present invention. The antenna array 200 includes a
planar inverted F-type antenna (“PIFA”) 210. The PIFA
210 may be a quarter-wavelength antenna that may be
capable of receiving pentaband (e.g., AMPS, GSM, DCS, PCS
and UMTS) signals. Those of skill in the art will
understand that the specific shape and contours of the
PIFA 210 shown in Figure 2 are only exemplary, and that
various other specific implementations of a PIFA are
possible. Further, though the antenna array includes a
PIFA 210, other embodiments may include any type of
quarter-wavelength antenna capable of receiving the
signals described above. The PIFA 210 may include a
ground point 212 and a feed point 214, and may be adapted
to be supported by an antenna carrier that is, in turn,
adapted to be supported by a PCB of a wireless device
using the antenna array 200. In another embodiment, the
feed point 214 may be a capacitively coupled feed point.
Those of skill in the art will understand that a PIFA of
an appropriate size to be accommodated within a wireless
communications device may typically not be large enough

to receive LTE signals.

[0016] Therefore, the antenna array 200 also includes
a loop antenna 220 providing a further passive radiation
mode for the antenna array 200. The loop antenna 220 may

be a half-wavelength antenna that may be adapted to

6
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receive LTE (e.g., 704 MHz to 798 MHz) signals. Those of
skill in the art will understand that the specific size,
shape and placement of the loop antenna 220 are only
exemplary and that other half-wavelength loop antennas
may be equally applicable without departing from the
broader principles described herein. The loop antenna
220 may utilize the same feed point 212 used by the PIFA
210, and may include a separate ground point 222. Ry
coupling the PIFA 210 with the loop antenna 220, the
antenna array 200 may be capable of simultaneously
providing for communication in the 704 MHz to 798 MHz,
824 MHz to 960 MHz and 1710 MHz to 2170 MHz frequency
bands. Further, the antenna array 200 may provide such
cross-compatibility without the use of a switch to change
between LTE signals and other signals, and at energy

levels within FCC regulations.

[0017] Figure 3 illustrates a second exemplary
embodiment of a wireless device 300 according to the
present invention. The wireless device 300 includes an
antenna array 400 that will be described below with
reference to Figure 4. The wireless device 300 may also
include other elements of a wireless communication device
(e.g., transceiver, memory, processor, display, user
interface, etc). Those of skill in the art will
understand that the above list is not intended to be
exhaustive and that the wireless device 300 may include
any other appropriate components. Through the use of the
antenna array 400, the wireless device 300 may be capable
of simultaneously communicating in the 704 MHz to 798
MHz, 824 MHz to 960 MHz, 1710 MHz to 2170 MHz and 2500
MHz to 2690 MHz frequency bands.



WO 2012/166409 PCT/US2012/038788

[0018] Figure 4 illustrates a second exemplary
embodiment of an antenna array 400 according to the
present invention. The antenna array 400 includes a PIFA
410. The PIFA 410 may be a quarter-wavelength antenna
that may be capable of receiving pentaband (e.g., AMPS,
GSM, DCS, PCS and UMTS) signals. As described above with
reference to Figure 2, those of skill in the art will
understand that the specific PIFA 310 shown in Figure 4
is only exemplary, and that another embodiment may use a
different PIFA, or a different type of quarter-wavelength
antenna capable of receiving the same signals received by
the PIFA 410. The PIFA 410 includes a first ground point
412 and a feed point 414. The feed point 414 of the PIFA
410 may differ from the feed point 214 of the PIFA 210 in
that the feed point 414 may be a coupled feed that
capactively couples the PIFA 410 with a feed point of a
PCB of a wireless device using the antenna array 400.

The use of a coupled feed may help to provide additional
bandwidth for the antenna array 400 in order to provide
improved performance. Those of skill in the art will
understand that, in other embodiments, a direct feed may

also be used.

[0019] The antenna array 400 includes a first loop
antenna 420. The first loop antenna 420 may be a half-
wavelength antenna that may be adapted to receive low-
band LTE (e.g., 704 MHz to 798 MHz) signals. Those of
skill in the art will understand that the specific size,
shape and placement of the first loop antenna 420 are
only exemplary and that other half-wavelength loop
antennas may be equally applicable without departing from

the broader principles described herein. The first loop
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antenna 420 may utilize the same first ground point 412

and coupled feed point 414 used by the PIFA 410.

[0020] The antenna array 400 also includes a second
loop antenna 430. The second loop antenna 430, like the
first loop antenna 420, may be a half-wavelength antenna.
Those of skill in the art will understand that the
specific size, shape and placement of the second loop
antenna 430 are only exemplary and that other half-
wavelength loop antennas may be equally applicable
without departing from the broader principles described
herein. The second loop antenna 430 may use a second
ground point 432 and the feed point 414. In another
embodiment, the first loop antenna 420 may include a
second ground point separate from the first ground point
412 and the third loop antenna 430 may include a separate

third ground point.

[0021] Unlike the first loop antenna 420, the second
loop antenna 430 may be adapted to receive high-band LTE
(e.g., 2500 MHz to 2690 MHz) signals. Because the second
loop antenna 430 may also radiate in the low-band LTE
(e.g., 704 MHz to 798 MHz) frequency range, it may be
desirable to filter low-band LTE signals from those
received by the second loop antenna 430. Therefore, the
antenna array 400 may include a filter 440 coupled
between the second loop antenna 430 and the second ground
point 432 performing such filtering. In another
exemplary embodiment, a shunt LC circuit may be used in

place of the filter 440.

[0022] By coupling the PIFA 410 with the first loop

antenna 420 and the second loop antenna 430, the antenna

9
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array 400 may be capable of simultaneously providing for
communication in the 704 MHz to 798 MHz, 824 MHz to 960
MHz, 1710 MHz to 2170 MHz and 2500 MHz to 2690 MHz
frequency bands. Further, the antenna array 400 may
provide such cross-compatibility without the use of a
switch to change between LTE signals and other signals,

and at energy levels within FCC regulations.

[0023] Figure 5 illustrates an exemplary embodiment of
a system 500 according to the present invention. The
wireless device includes a peripheral wireless device
510, which may include an antenna array such as the
antenna array 200 or the antenna array 400 as described
above, as well as an appropriate wireless transceiver.
The wireless device 510 may be coupled to a computing
system 520 including a display 530 in order to provide
wireless communication capability to the computing system
520. The computing system 520 may be, for example, a
stationary desktop computer, a notebook computer, a
tablet computer, a mobile computing device, or any other
type of computing system to which a user may wish to add
wireless communications capabilities as described above.
In one exemplary embodiment, the wireless device 510 may
be detachably coupled to the computing system 520 using a
universal serial bus (USB) connection, but those of skill
in the art will understand that other coupling means are
possible without departing from the broader spirit of the

exemplary embodiments.

[0024] Thus, those of skill in the art will understand
that the exemplary embodiments described herein may
provide wireless communications devices to communicate in

multiple frequency bands using only passive antenna

10
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arrays. The exemplary embodiments may also accomplish
such fregquency breadth without the use of a switch to
access LTE band frequencies, and may do so while limiting

energy radiated to within FCC regulations.

[0025] It will be apparent to those skilled in the art
that various modifications may be made in the present
invention, without departing from the spirit or the scope
of the invention. Thus, it is intended that the present
invention cover modifications and variations of this
invention provided they come within the scope of the

appended claims and their equivalents.

11
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What 1s claimed is:

Claim 1 A device for wireless communication,
comprising:

a wireless transceiver;

a printed circuit board (PCB) coupled to the
wireless transceiver;

a first antenna coupled to the PCB at a feed point
and grounded at a ground point, the first antenna being a
quarter-wavelength antenna communicating signals with the
wireless transceiver at a first frequency band; and

a second antenna coupled to the first antenna at the
feed point and grounded at a further ground point, the
second antenna being a half-wavelength antenna
communicating signals with the wireless transceiver at a

second frequency band.

Claim 2 The device of claim 1, wherein the first

antenna is a planar inverted F-type antenna (PIFA).

Claim 3 The device of claim 1, wherein the second

antenna is a loop antenna.

Claim 4 The device of claim 1, wherein the first
frequency band includes one of AMPS signals, GSM signals,

DCS signals, PCS signals and UMTS signals.

Claim 5 The device of claim 4, wherein the first
frequency band includes one of signals in the range of
824 to 960 MHz and signals in the range of 1710 to 2170
MHz.

12
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Claim © The device of claim 1, wherein the second

frequency band includes LTE signals.

Claim 7 The device of claim 6, wherein the second
frequency band includes signals in the range of 704 to

798 MHz.

Claim 8 An antenna arrangement, comprising:

a first antenna adapted to be coupled to a printed
circuit board at a feed point and adapted to be grounded
at a ground point, the first antenna being a quarter-
wavelength antenna adapted to communicate signals in a
first frequency band; and

a second antenna adapted to be coupled to the first
antenna at the feed point and adapted to be grounded at a
further ground point, the second antenna being a half-
wavelength antenna adapted to communicate signals in a

second frequency band.

Claim 9 A device for wireless communication,
comprising:

a wireless transceiver;

a printed circuit board (PCB) coupled to the
wireless transceiver;

a first antenna capacitively coupled to the PCB at a
feed point and grounded at a first ground point, the
first antenna being a quarter-wavelength antenna
conveying first signals to and from the wireless
transceiver, the first signals being signals at a first
frequency band;

a second antenna coupled to the first antenna at the
feed point and grounded at one of the first ground point

and a second ground point, the second antenna being a

13
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half-wavelength antenna communicating second signals with
the wireless transceiver, the second signals being
signals at a second frequency band;

a third antenna coupled to the first antenna at the
feed point and grounded at a third ground point, the
third antenna being a half-wavelength antenna receiving
the second signals and third signals, the third signals

being signals at a third frequency band; and

one of a filter and a shunt LC circuit coupled
between the third antenna and the further ground point
filtering the second signals and communicating the third

signals with the wireless transceiver.

Claim 10 The device of claim 9, wherein the first

antenna is a planar inverted F-type antenna (PIFA).

Claim 11 The device of claim 9, wherein the second

antenna is a loop antenna.

Claim 12 The device of claim 11, wherein the third

antenna is a loop antenna.

Claim 13 The device of claim 9, wherein the first
frequency band includes one of AMPS signals, GSM signals,

DCS signals, PCS signals and UMTS signals.

Claim 14 The device of claim 13, wherein the first
frequency band includes one of signals in the range of
824 to 960 MHz and signals in the range of 1710 to 2170
MHz.

14
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Claim 15 The device of claim 9, wherein the second
frequency band and the third frequency band include LTE

signals.

Claim 16 The device of claim 15, wherein the second
frequency band includes signals in the range of 704 to

798 MHz.

Claim 17 The device of claim 15, wherein the third
frequency band includes signals in the range of 2500 to

2690 MHz.

Claim 18 The device of claim 9, wherein the first
antenna, the second antenna and the third antenna are

detachably coupled to the PCB.

Claim 19 The device of claim 9, wherein the device 1is
one of a handheld mobile computing device and a

stationary computing device.

Claim 20 An antenna arrangement, comprising:

a first antenna adapted to be capacitively coupled
to a PCB at a feed point and grounded at a first ground
point, the first antenna being a quarter-wavelength
antenna adapted to communicate at a first freguency band;

a second antenna coupled to the first antenna at the
feed point and adapted to be grounded at one of the first
ground point and a second ground point, the second
antenna being a half-wavelength antenna adapted to
communicate at a second frequency band;

a third antenna coupled to the first antenna at the
feed point and adapted to be grounded at a third ground

point, the third antenna being a half-wavelength antenna

15
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adapted to receive signals at the second frequency band
and signals at a third frequency band; and

one of a filter and a shunt LC circuit coupled
between the third antenna and the further ground point
filtering signals at the second frequency band and

communicating signals at the third frequency band.

16
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AMENDED CLAIMS
received by the International Bureau on 08 October 2012 (08.10.2012)

What is claimed is:

1. A device (100) for wireless communication,
comprising:

a wireless transceiver;

a printed circuit board (PCB) coupled to the
wireless transceiver;

a first antenna (210) coupled to the PCB at a feed
point (214) and grounded at a ground point (212), the
first antenna (210) being a quarter-wavelength antenna
communicating signals with the wireless transceiver at a
first frequency band; and

a second antenna (220) coupled to the first antenna
(210) at the feed point (214) and grounded at a further
ground point (222), the second antenna being a half-
wavelength antenna communicating signals with the
wireless transceiver at a second frequency band,

wherein the first antenna (210) and the second
antenna (220) operate simultaneously to communicate with
the wireless transceiver at the first frequency band and

the second frequency band respectively.

2. The device (100) of claim 1, wherein the first

antenna (210) is a planar inverted F-type antenna (PIFA).

3. The device (100) of claim 1, wherein the second

antenna (220) is a loop antenna.

4, The device (100) of claim 1, wherein the first
frequency band includes one of AMPS signals, GSM signals,

DCS signals, PCS signals and UMTS signals.

17
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5. The device (100) of claim 4, wherein the first
frequency band includes one of signals in the range of
824 to 960 MHz and signals in the range of 1710 to 2170
MHz.

6. The device (100) of claim 1, wherein the second

frequency band includes LTE signals.

7. The device (100) of claim 6, wherein the second
frequency band includes signals in the range of 704 to

798 MHz.

8. An antenna arrangement (200), comprising:

a first antenna (210) adapted to be coupled to a
printed circuit board at a feed point (214) and adapted
to be grounded at a ground point (212), the first antenna
(210) being a quarter-wavelength antenna adapted to
communicate signals in a first frequency band; and

a second antenna (220) adapted to be coupled to the
first antenna (210) at the feed point (214) and adapted
to be grounded at a further ground point (222), the
second antenna (220) being a half-wavelength antenna
adapted to communicate signals in a second frequency
band,

wherein the first antenna (210) and the second
antenna (220) communicate simultaneously at the first
frequency band and the second frequency band

respectively.

18
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9. A device (300) for wireless communication,
comprising:

a wireless transceiver;

a printed circuit board (PCB) coupled to the
wireless transceiver;

a first antenna (410) capacitively coupled to the
PCB at a feed point (414) and grounded at a first ground
point (412), the first antenna (410) being a quarter-
wavelength antenna conveying first signals to and from
the wireless transceiver, the first signals being signals
at a first frequency band;

a second antenna (420) coupled to the first antenna
(410) at the feed point (414) and grounded at one of the
first ground point (412) and a second ground point, the
second antenna (420) being a half-wavelength antenna
communicating second signals with the wireless
transceiver, the second signals being signals at a second
frequency band;

a third antenna (430) coupled to the first antenna
(410) at the feed point (414) and grounded at a third
ground point (432), the third antenna (430) being a half-
wavelength antenna receiving the second signals and third
signals, the third signals being signals at a third
frequency band; and

one of a filter (440) and a shunt LC circuit coupled
between the third antenna (430) and the further ground
point filtering the second signals and communicating the
third signals with the wireless transceiver,

wherein at least two of the first antenna (410), the
second antenna (420), and the third antenna (430) operate

simultaneously to communicate with the wireless

19
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transceiver at the first frequency band, the second
frequency band, and the third frequency band

respectively.

10. The device (300) of claim 9, wherein the first

antenna (410) is a planar inverted F-type antenna (PIFA).

11. The device (300) of claim 9, wherein the second

antenna (420) is a loop antenna.

12. The device (300) of claim 11, wherein the third

antenna (430) is a loop antenna.

13. The device (300) of claim 9, wherein the first
frequency band includes one of AMPS signals, GSM signals,

DCS signals, PCS signals and UMTS signals.

14. The device (300) of claim 13, wherein the first
frequency band includes one of signals in the range of
824 to 960 MHz and signals in the range of 1710 to 2170
MHz.

15. The device (300) of claim 9, wherein the second
frequency band and the third frequency band include LTE

signals.

16. The device (300) of claim 15, wherein the second
frequency band includes signals in the range of 704 to

798 MHz.

20
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17. The device (300) of claim 15, wherein the third
frequency band includes signals in the range of 2500 to

2690 MHz.

18. The device (300) of claim 9, wherein the first
antenna (410), the second antenna (420) and the third
antenna (430) are detachably coupled to the PCB.

19. The device (300) of claim 9, wherein the device
(300) is one of a handheld mobile computing device and a

stationary computing device.

21
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20. An antenna arrangement (400), comprising:

a first antenna (410) adapted to be capacitively
coupled to a PCB at a feed point (414) and grounded at a
first ground point (412), the first antenna (410) being a
quarter-wavelength antenna adapted to communicate at a
first frequency band;

a second antenna (420) coupled to the first antenna
(410) at the feed point (414) and adapted to be grounded
at one of the first ground point (412) and a second
ground point, the second antenna (420) being a half-
wavelength antenna adapted to communicate at a second
frequency band;

a third antenna (430) coupled to the first antenna
(410) at the feed point (414) and adapted to be grounded
at a third ground point (432), the third antenna (430)
being a half-wavelength antenna adapted to receive
signals at the second frequency band and signals at a
third frequency band; and

one of a filter (440) and a shunt LC circuit coupled
between the third antenna (430) and the further ground
point filtering signals at the second frequency band and
communicating signals at the third frequency band,

wherein at least two of the first antenna (410), the
second antenna (420), and the third antenna (430)
communicate simultaneously at the first frequency band,
the second frequency band, and the third frequency band

respectively.
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