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Description
Title of Invention: GPS ANTENNA STRUCTURE FOR

ELECTRONIC TERMINAL AND ELECTRONIC TERMINAL
Technical Field

The present disclosure generally relates to an antenna structure, and more specifically
relates to a GPS (Global Positioning System) antenna structure for an electronic

terminal and an electronic terminal having the GPS antenna structure.

Background Art

With the continuous development of electronic communication technology, an
electronic terminal has increasingly abundant functions, and there are also increasing
antennas supporting the electronic terminal to achieve various data transmission and

communication functions.
Disclosure of Invention
Technical Problem

At present, a common antenna setting mode used in the electronic terminal is
configured by additionally providing an antenna stand in the electronic terminal, and
designing the antenna using LDS (Laser-Direct-structuring, LDS direct molding
technology) or a FPCB (Flexible Printed Circuit Board). However, this design
approach increases the material cost, and the antenna is designed on a printed circuit
board without clearance and height, thereby resulting in low antenna performance (the
antenna efficiency is generally 16% or less).

In addition to the above antenna design approach, a metal frame of the electronic
terminal may be further used as a portion of the antenna, and a plurality of functions
may be integrated onto the same antenna. For example, for a GPS dual-frequency
antenna of an electronic terminal, a portion of the metal frame of the electronic
terminal is used as the antenna, and supports a frequency band GPS L1/L5 and a BT/
WIFI frequency band, covering a frequency band range of 1170-2500 MHz, and such a
large span will bring a problem that it is difficult to debug the antenna. In addition,
since a plurality of functions is integrated, the use of combiners is increased on a
channel, resulting in increased channel losses.

An object of an example embodiment of the present disclosure is to provide a GPS
antenna structure for an electronic terminal and the electronic terminal, to overcome at

least one of the above defects.
Solution to Problem

An aspect of an example embodiment of the present disclosure provides a global po-

sitioning system (GPS) antenna structure for an electronic terminal, including: at least
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two antennas, separating a metal frame of the electronic terminal by at least one slit
into at least two portions, each portion of the at least two portions being made into a
separate antenna to form at least two antennas, one side of a first antenna of the at least
the two antennas being used for connecting to a first feeding point, the first antenna
being configured to receive a wireless signal in a first frequency band of a GPS, and a
first preset position of a second antenna of the at least two antennas being used for
connecting to a second feeding point, the second antenna being configured to receive a
wireless signal in a second frequency band of the GPS.

Alternatively, the first antenna may be further configured to receive or irradiate a
wireless signal in a third frequency band of long term evolution (LTE), and the second
antenna may be further configured to receive or irradiate a wireless signal in a fourth
frequency band of the LTE.

Alternatively, a second preset position of the second antenna may be used for
connecting to a third feeding point, such that the wireless signal in the fourth frequency
band of the LTE is activated via the third feeding point. The GPS antenna structure
may further include: a band pass filter, one terminal of the band pass filter is connected
to the first preset position, and another terminal of the band pass filter is connected to
the second feeding point, such that the wireless signal in the second frequency band of
the GPS is activated via the second feeding point.

Alternatively, the first frequency band of the GPS may be a frequency band GPSL1,
the second frequency band of the GPS may be a frequency band GPSLS, the third
frequency band of the LTE may be a medium-high frequency band of the LTE, and the
fourth frequency band of the LTE may be a low frequency band of the LTE.

Alternatively, the one side of the first antenna may be the one side of the first antenna
close to the second antenna, and another side of the first antenna away from the second
antenna may be grounded.

Alternatively, the GPS antenna structure may further include a frequency selecting
switch and a second grounding point, wherein, a common terminal of the frequency
selecting switch is connected to the second preset position, and a plurality of
connection terminals of the frequency selecting switch is connected to the second
grounding point respectively, wherein, the frequency selecting switch may be
controlled to connect, based on a current working frequency band of the second
antenna, a connection terminal corresponding to the current working frequency band to
the common terminal.

Alternatively, the at least two antennas may further include a third antenna, and the
first antenna, the second antenna and the third antenna are three portions of the metal
frame separated by two slits and ranked in sequence, where the third antenna is

configured to receive or irradiate a wireless signal in a Bluetooth and/or WIFI
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frequency band.
Alternatively, one side of the third antenna close to the second antenna may be used

for connecting to a Bluetooth and/or WIFI module, and another side of the third
antenna away from the second antenna may be grounded, wherein, the GPS antenna
structure may further include: a high pass filter and a third grounding point, wherein,
one terminal of the high pass filter may be connected to one side of the second antenna
close to the third antenna, and another terminal of the high pass filter may be
connected to the third grounding point, such that a wireless signal above a preset
frequency can be grounded via the high pass filter.

According to another aspect of an example embodiment of the present disclosure, an
electronic terminal is provided, including the above GPS antenna structure for an

electronic terminal.

Advantageous Effects of Invention

The GPS antenna structure for an electronic terminal and the electronic terminal of
example embodiments of the present disclosure can not only reduce the number of
antennas, and save space, but also effectively reduce the interference between
antennas, and improve the overall performance of the antennas.

Additional aspects and/or advantages of the general concept of the present disclosure
will be partially set forth in the following description. Another portion will be apparent
from the description, or may be known by implementing the general concept of the
present disclosure.

Brief Description of Drawings

The above and other objectives, features and advantages of example embodiments of
the present disclosure will become more apparent in conjunction with detailed de-
scription of the accompanying drawings of the embodiments illustratively shown
below.

Fig. 1 shows a schematic diagram of a metal frame of an electronic terminal
according to an example embodiment of the present disclosure;

Fig. 2 shows a schematic diagram of a GPS antenna structure for an electronic
terminal according to an example embodiment of the present disclosure;

Fig. 3 shows a schematic diagram of a trend of a wireless signal in a first antenna
according to an example embodiment of the present disclosure;

Fig. 4 shows a schematic diagram of a connection line of a frequency selecting
switch according to an example embodiment of the present disclosure;

Fig. 5 shows a schematic diagram of a trend of a wireless signal in a frequency band
GPS LS5 of a second antenna according to an example embodiment of the present

disclosure;
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Fig. 6 shows a schematic diagram of a trend of a wireless signal in a low frequency
band of LTE of a second antenna according to an example embodiment of the present

disclosure;
Fig. 7 shows a schematic diagram of a trend of a wireless signal in a Bluetooth/WIFI

frequency band of a third antenna according to an example embodiment of the present
disclosure; and

Fig. 8 shows a schematic diagram of an antenna efficiency of a GPS antenna
structure according to an example embodiment of the present disclosure.

Mode for the Invention

Examples of the embodiments will be shown in the accompanying drawings in detail
with reference to the embodiments of the present disclosure, where like reference
numerals refer to like components throughout. The embodiments will be described
below with reference to the accompanying drawings, in order to explain the present
disclosure.

Fig. 1 shows a schematic diagram of a metal frame of an electronic terminal
according to an example embodiment of the present disclosure. As an example, the
electronic terminal may be an electronic device with a metal frame, such as a smart
phone, a tablet computer, a personal digital assistant, and a game machine.

The metal frame of the electronic terminal according to an example embodiment of
the present disclosure is separated by at least one slit into at least two portions, each
slit may be filled with an insulating material (e.g., resin), and each portion of the at
least two portions is made into a separate antenna to form at least two antennas. As
shown in Fig. 1, the figure shows a schematic diagram of the metal frame of the
electronic terminal being separated by two slits into three portions, to form a first
antenna, a second antenna, and a third antenna.

Fig. 2 shows a schematic diagram of a GPS antenna structure for an electronic
terminal according to an example embodiment of the present disclosure. It should be
understood that, in an example embodiment of the present disclosure, introduction is
provided by taking a metal frame of the electronic terminal being separated into three
antennas as an example, but the present disclosure is not limited to the example. Those
skilled in the art may increase or decrease the number of antennas based on actual re-
quirements.

As show in Fig. 2, a first antenna T1, a second antennaT2, and a third antenna T3
may be three portions of the metal frame of the electronic terminal separated by two
slits and ranked in sequence, i.e., the separated antennas are close pairwise.

Preferably, the second antenna T2 may be located between the first antenna T1 and

the third antenna T3, because wireless signals received or irradiated by the first
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antenna T1 and the third antenna T3 are in close frequency bands, the first antenna T1
is separated from the third antenna T3 by the second antenna T2, which can reduce the
interference between the signals.

In the example shown in Fig. 2, the first antenna T1 is on the left side of the second
antenna T2, and the third antenna T3 is on the right side of the second antenna T2, but
the present disclosure is not limited to the example. The third antenna T3 may also be
on the left side of the second antenna T2, and the first antenna T1 may also be on the
right side of the second antenna T2.

One side of the first antenna T1 is used for connecting to a feeding point A1, a first
preset position on the second antenna T2 is used for connecting to a second frequency
band module of a GPS A2, the first antenna T1 is configured to receive a wireless
signal in a first frequency band of the GPS, and the second antenna T2 is configured to
receive a wireless signal in a second frequency band of the GPS. Here, the first preset
position on the second antenna T2 may be connected to the second frequency band
module of the GPS A2 by direct connection or coupling connection.

As an example, the first frequency band of the GPS may be a frequency band GPS
L1. Here, the frequency band GPS L1 is used for a low precision positioning system,
the positioning accuracy of which is generally 30 m. The second frequency band of the
GPS may be a frequency band GPS LS. Here, the frequency band GPS LS5 is used for a
high precision positioning system, the positioning accuracy of which may generally
reach 30 cm.

In the GPS antenna structure of an example embodiment of the present disclosure,
the frequency band GPS L1 and the frequency band GPS LS are designed on two
antennas respectively. Such a dual-frequency antenna design of the GPS can greatly
reduce the difficulty of antenna debugging, save space, and further ensure good
antenna performance.

In a preferable embodiment, the first antenna T1 and the second antenna T2 may be
further configured to consider other frequency bands. For example, the first antenna T1
may be further configured to receive or irradiate a wireless signal in a third frequency
band of LTE (long term evolution), and the second antenna T2 may be further
configured to receive or irradiate a wireless signal in a fourth frequency band of the
LTE.

As an example, the third frequency band of the LTE may be a medium-high
frequency band of the LTE (i.e., a frequency band satisfying requirements of a first
frequency band range). For example, the frequency band range covered by the third
frequency band of the LTE may include 1550 MHz-2700 MHz. The fourth frequency
band of the LTE may be a low frequency band of the LTE (i.e., a frequency band

satisfying requirements of a second frequency band range). For example, the frequency
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band range covered by the fourth frequency band of the LTE may include 850 MHz-
960 MHz.

Preferably, the one side of the first antenna T1 for connecting to the feeding point Al
is one side of the first antenna T1 close to the second antenna T2, i.e., one side of the
first antenna T1 close to the second antenna T2 is used for connecting to the feeding
point A1, and another side of the first antenna T1 away from the second antenna T2 is
grounded. In this case, the wireless signal in the first frequency band of the GPS and
the wireless signal in the third frequency band of the LTE may be activated via the
feeding point A1.

In a preferable embodiment, the GPS antenna structure according to an example em-
bodiment of the present disclosure may further include: a duplexer E, one terminal of
the duplexer E is connected to the feeding point Al (or connected to one side of the
first antenna T1 close to the second antenna T2), another terminal of the duplexer E is
connected to a GPS L1 module of the electronic terminal (i.e., a first frequency band
module of the GPS) and a medium-high frequency module of the LTE (i.e., a third
frequency band module of the LTE), respectively. The duplexer is configured to
integrate a link of the frequency band GPS L1 and a link of the medium-high
frequency band of the LTE. Here, the feeding point A1 may be connected to one
terminal of the duplexer E by direct connection or coupling connection.

Fig. 3 shows a schematic diagram of a trend of a wireless signal in a first antenna T1
according to an example embodiment of the present disclosure.

As shown in Fig. 3, the first antenna T1 uses a Loop feeding form, and wireless
signals in a frequency band GPS L1 and a medium-high frequency band of the LTE are
activated via a feeding point Al. By the above antenna design approach, the first
antenna T1 can achieve better antenna performance.

Preferably, the GPS antenna structure according to an example embodiment of the
present disclosure may further include: a first grounding point G1. A third preset
position on one side of a second antenna T2 close to the first antenna T1 is used for
connecting to the first grounding point G1. By providing the first grounding point G1,
the interference of the second antenna T2 with the first antenna T1 may be sub-
stantially eliminated.

In order to cause the second antenna T2 to be able to support a second frequency
band of a GPS and a fourth frequency band of LTE, in a preferable embodiment, a
GPS antenna circuit according to an example embodiment of the present disclosure
may further include a band pass filter (BPF).

A first preset position on the second antenna T2 is used for connecting to a GPS L5
module A2 (i.e., a second frequency band module of the GPS) in an electronic

terminal. A second preset position on the second antenna T2 may be used for
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connecting to a fourth frequency band module of the LTE A3, such that a wireless
signal in the fourth frequency band of the LTE is activated via the second preset
position. The second preset position may be located between the third preset position
for connecting to the first grounding point G1 and the first preset position on the
second antenna T2. Here, both the first preset position and the second preset position
on the second antenna T2 may be connected to the GPS L5 module A2 and the fourth
frequency band module of the LTE A3 by direct connection or coupling connection.

One terminal of the band pass filter (BPF) may be connected to the first preset
position on the second antenna T2, and another terminal of the band pass filter (BPF)
may be used for connecting to a second frequency band module of the GPS A2, such
that a wireless signal in the second frequency band of the GPS is activated via the first
preset position. Here, a frequency band range of signals allowed to pass through by the
band pass filter (BPF) may be a frequency band range of the second frequency band of
the GPS, i.e., 1176.45 MHz+1.023 MHz. That is, the band pass filter (BPF) only
allows wireless signals in the second frequency band of the GPS to pass through,
thereby avoiding the interference by other signals. Here, due to the frequency selection
characteristic of the band pass filter (BPF), the band pass filter (BPF) presents high re-
sistance to out-of-band signals, such that wireless signals at 700 MHz-960 MHz cannot
pass through, thereby avoiding mutual interference with the wireless signal in the
fourth frequency band of the LTE.

The wireless signal in the fourth frequency band of the LTE may be activated via the
second preset position. In a preferable embodiment, the GPS antenna structure
according to an example embodiment of the present disclosure may further include: a
frequency selecting switch S and a second grounding point G2.

Fig. 4 shows a schematic diagram of a connection line of a frequency selecting
switch according to an example embodiment of the present disclosure. It should be un-
derstood that Fig. 4 is introduced by taking a frequency selecting switch including
three connection terminals as an example, but the present disclosure is not limited to
the example. Those skilled in the art may adjust the number of connection terminals of
the frequency selecting switch according to actual requirements.

As show in Fig. 4, a common terminal S1 of the frequency selecting switch is
connected to a second preset position on a second antenna T2. Here, the second preset
position on the second antenna T2 may be connected to a low frequency module of
LTE in an electronic terminal, i.e., the common terminal S1 of the frequency selecting
switch may also be connected to a connection line between the second preset position
and a fourth frequency band module of the LTE. A plurality of connection terminals
(e.g., S2-S4) of the frequency selecting switch is connected to a second grounding

point G2 respectively.
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In this case, the electronic terminal may detect a current working frequency band of
the second antenna T2, and control the frequency selecting switch to connect a
connection terminal corresponding to the current working frequency band to the
common terminal based on the current working frequency band of the second antenna
T2.

That is, the frequency selecting switch may be used for frequency switching of 700
MHz-960 MHz, to meet the bandwidth requirements.

Fig. 5 shows a schematic diagram of a trend of a wireless signal in a frequency band
GPS LS5 of a second antenna according to an example embodiment of the present
disclosure. Fig. 6 shows a schematic diagram of a trend of a wireless signal in a low
frequency band of LTE of a second antenna according to an example embodiment of
the present disclosure.

As shown in Fig. 5 and Fig. 6, the second antenna uses dual feeding points and an
IFA feeding form, the wireless signal in the frequency band GPS LS5 is activated via a
second frequency band module of the GPS A2, and only the wireless signal in the
frequency band GPS L5 (i.e., 1176.45 MHz+1.023 MHz signal) passes through a band
pass filter (BPF), thereby avoiding the interference by other signals.

The wireless signal in the low frequency band of the LTE is activated via a fourth
frequency band module of the LTE A3, and performs frequency switching of 700
MHz-960 MHz in combination with use of a frequency selecting switch, to meet the
bandwidth requirements.

One side of a third antenna T3 close to the second antenna T2 is used for connecting
to a Bluetooth and/or WIFI module A4, and another side of the third antenna T3 away
from the second antenna T2 is grounded. Here, the one side of the third antenna T3
close to the second antenna T2 may be used for connecting to a Bluetooth and/or WIFI
module A4 by direct connection or coupling connection.

In a preferable embodiment, a GPS antenna structure for an electronic terminal
according to an example embodiment of the present disclosure may further include: a
high pass filter (HPF) and a third grounding point G3. One terminal of the high pass
filter (HPF) is connected to one side of the second antenna T2 close to the third
antenna T3, and another terminal of the high pass filter (HPF) is connected to the third
grounding point G3, such that a wireless signal above a preset frequency can be
grounded via the high pass filter (HPF).

Here, the high pass filter (HPF) is configured to filter out a wireless signal in a
frequency band supported by the third antenna T3 (i.e., a Bluetooth BT/WIFI
frequency band). As an example, the preset frequency may include, but is not limited
to, a frequency of 2 GHz.

Fig. 7 shows a schematic diagram of a trend of a wireless signal in a Bluetooth/WIFI
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frequency band of a third antenna according to an example embodiment of the present
disclosure.

As shown in Fig. 7, the third antenna T3 uses a Loop feeding form, and a high pass
filter (HPF) is provided on one side of a second antenna T2 close to the third antenna.
Due to the frequency selection characteristic of the high pass filter (HPF), a wireless
signal T2 above a preset frequency (e.g., 2 GHz) is grounded at an end of the second
antenna T2, and then the interference of the second antenna T2 with the third antenna
T3 is substantially eliminated. By the above antenna design approach, the third antenna
T3 can achieve better antenna performance.

For a low frequency signal of the second antenna T2, the high pass filter (HPF)
presents high resistance, equivalent to a disconnection effect. Therefore, addition of the
high pass filter (HPF) will substantially not affect the low frequency performance of
the second antenna T2.

The antenna design scheme according to the above example embodiments of the
present disclosure may divide specific functions of the above three antennas as
follows: the first antenna T1 supports a frequency band GPS L1 and a medium-high
frequency band of LTE, the second antenna T2 supports a frequency band GPS L5 and
a low frequency band of the LTE, and the third antenna T3 supports the BT/WIFI
frequency band. By the above division, the three antennas support different frequency
bands respectively, thereby contributing to improving the problem of mutual in-
terference and influence of the antennas.

Fig. 8 shows a schematic diagram of an antenna efficiency of a GPS antenna
structure according to an example embodiment of the present disclosure. In the present
example, the abscissa represents the frequency f (GHz), and the ordinate represents the
antenna efficiency Eff (%).

As show in Fig. 8, a curve 1 represents an antenna efficiency of a second antenna in
three frequency bands of the low frequency band of LTE, a curve 2 represents an
antenna efficiency of the second antenna in a frequency band GPS LS5, a curve 3
represents an antenna efficiency of a first antenna, and a curve 4 represents an antenna
efficiency of a third antenna.

As can be seen from Fig. 8, the antenna efficiency of the second antenna may sub-
stantially reach 25%, the antenna efficiency of the first antenna and the third antenna
may substantially reach 40%, and the antennas each has very good performance.

According to another aspect of an example embodiment of the present disclosure, an
electronic terminal is further provided. The electronic terminal includes the above GPS
antenna structure for an electronic terminal.

By using the GPS antenna structure for an electronic terminal and the electronic

terminal of example embodiments of the present disclosure, with the frequency band
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GPS L5 compatible on the antenna in the middle of a metal frame via dual feeding
points, and a frequency band GPS L1 is designed on the metal frame in a rim angle, in
combination with use of filters, the interference between the antennas is effectively
reduced, and the overall performance of the antennas is improved.

[66] The GPS antenna structure for an electronic terminal and the electronic terminal of
some example embodiments of the present disclosure can not only reduce the number
of antennas, and save space, but also reduce the channel losses, improve the isolation
degree, and flexibly adjust the overall performance of the antennas.

[67] The example embodiments of the present disclosure have been described above. It
should be understood that the above description is merely illustrative, rather than ex-
haustive, and the present disclosure is not limited to the disclosed example em-
bodiments. Numerous modifications and alterations are apparent to those of ordinary
skills in the technical field without departing from the scope and spirit of the em-
bodiments of the present disclosure. Therefore, the scope of protection of the present

disclosure should be subject to the scope of the appended claims.
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Claims

A GPS (Global Positioning System) antenna structure for an electronic
terminal, comprising:

at least two antennas, separating a metal frame of the electronic
terminal by at least one slit into at least two portions, each portion of
the at least two portions being made into a separate antenna to form at
least two antennas,

one side of a first antenna of the at least two antennas being used for
connecting to a feeding point, the first antenna being configured to
receive a wireless signal in a first frequency band of the GPS, and

a first preset position of a second antenna of the at least two antennas
being used for connecting to a second frequency band module of the
GPS, the second antenna being configured to receive a wireless signal
in the second frequency band of the GPS.

The GPS antenna structure according to claim 1, wherein the first
antenna is further configured to receive or irradiate a wireless signal in
a third frequency band of long term evolution (LTE), and the second
antenna is further configured to receive or irradiate a wireless signal in
a fourth frequency band of the LTE,

and/or, the GPS antenna structure further comprises:

a duplexer, one terminal of the duplexer being connected to the feeding
point, another terminal of the duplexer being connected to a first
frequency band module of the GPS and a third frequency band module
of the LTE, respectively.

The GPS antenna structure according to claim 2, wherein the GPS
antenna structure further comprises:

a band pass filter, one terminal of the band pass filter being connected
to the first preset position, another terminal of the band pass filter being
connected to the second frequency band module of the GPS.

The GPS antenna structure according to claim 3, wherein a second
preset position of the second antenna is used for connecting to a fourth
frequency band module of LTE,

and/or, the GPS antenna structure further comprises:

a first grounding point, a third preset position of the second antenna
close to one side of the first antenna being used for connecting to the
first grounding point,

wherein the second preset position is located between the third preset
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position and the first preset position.

The GPS antenna structure according to claim 4, wherein the first
frequency band of the GPS is a frequency band GPSL1, the second
frequency band of the GPS is a frequency band GPSLS, the third
frequency band of the LTE is a medium-high frequency band of the
LTE, and the fourth frequency band of the LTE is a low frequency
band of the LTE.

The GPS antenna structure according to claim 1, wherein the one side
of the first antenna is the side of the first antenna close to the second
antenna, and another side of the first antenna away from the second
antenna is grounded.

The GPS antenna structure according to claim 4, wherein the GPS
antenna structure further comprises a frequency selecting switch and a
second grounding point,

wherein a common terminal of the frequency selecting switch is
connected to the second preset position, and a plurality of connection
terminals of the frequency selecting switch is connected to the second
grounding point respectively,

wherein the frequency selecting switch is controlled to connect, based
on a current working frequency band of the second antenna, a
connection terminal corresponding to the current working frequency
band to the common terminal.

The GPS antenna structure according to any one of claims 1-7, wherein
the at least two antennas further comprise a third antenna, and the first
antenna, the second antenna and the third antenna are three portions of
the metal frame separated by two slits and ranked in sequence,

wherein the third antenna is configured to receive or irradiate a wireless
signal in a Bluetooth and/or WIFI frequency band.

The GPS antenna structure according to claim 8, wherein one side of
the third antenna close to the second antenna is used for connecting to a
Bluetooth and/or WIFI module, and another side of the third antenna
away from the second antenna is grounded,

and/or, the GPS antenna structure further comprises: a high pass filter
and a third grounding point,

wherein one terminal of the high pass filter is connected to one side of
the second antenna close to the third antenna, and another terminal of
the high pass filter is connected to the third grounding point, such that a

wireless signal above a preset frequency can be grounded via the high
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pass filter.
[Claim 10] An electronic terminal, comprising the GPS antenna structure

according to any one of claims 1-9.
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