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(54) Communication device and antennas with high isolation characteristics
(57) The present invention is related to a communication device which includes a ground element
and an antenna system. The ground element includes a main ground plane and a protruded ground
plane. The antenna system includes a first antenna and a second antenna. The first antenna includes
a metal radiation element and is adjacent to the main ground plane of the ground element. The second
antenna is a slot antenna and is formed in the protruded ground plane of the ground element. The
protruded ground plane is adjacent to the first antenna.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 101134407 filed on September 20, 2012,
the entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The disclosure generally relates to a communi-
cation device, and more particularly, relates to a commu-
nication device comprising a dual-antenna system with
high isolation characteristics.

Description of the Related Art

[0003] When mobile technology transmission rates in-
crease, more and more antennas are required to be de-
signed into mobile devices in order to increase data trans-
mission amounts. Accordingly, a general antenna sys-
tem (e.g., a dual-antenna WWAN (Wireless Wide Area
Network) system which has functions of dual-SIM (Sub-
scriber Identity Module), dual-standby, and dual-talk) is
preferably disposed at one end of a handheld device
(e.g., the bottom of a mobile phone) so that the bandwidth
and the SAR (Specific Absorption Rate) of the antenna
system can easily meet requirements. However, it is dif-
ficult to improve the isolation of the antenna system for
WWAN high bands (e.g., a GSM1800/1900 band). The
main reason is for this, is that mutual coupling between
antennas increases since surface currents on a ground
plane of a mobile device are easily excited along an an-
tenna system operating at high bands. Thus, maintaining
a high amount of isolation and reducing mutual coupling
and interference between antennas in a limited space of
a mobile device are critical challenges for antenna de-
signers.

BRIEF SUMMARY OF THE INVENTION

[0004] To solve the problems in the prior art, the inven-
tion provides a communication device comprising a first
antenna and a second antenna that are both disposed
at one end of the communication device. The two anten-
nas have good isolation therebetween when operating
in the WWAN high bands (e.g., a GSM1800/1900 band).
[0005] In a preferred embodiment, the invention is di-
rected to a communication device, comprising: a ground
element, comprising a main ground plane and a protrud-
ed ground plane; and an antenna system, comprising: a
first antenna, comprising a metal radiation element, and
being adjacent to the main ground plane of the ground
element; and a second antenna, being a slot antenna,
wherein the second antenna is formed in the protruded
ground plane of the ground element, and the protruded

ground plane is adjacent to the first antenna.
[0006] In some embodiments, the ground element sub-
stantially has an L-shape and is formed on a circuit board
or on a dielectric substrate inside of the communication
device. The communication device may further comprise
an electronic component which is substantially disposed
between the first antenna and the second antenna. In
some embodiments, the electronic component is a data
transmission component or a microphone in such a man-
ner that the design space of the ground element is used
effectively. In some embodiments, the first antenna is a
monopole antenna, a shorted monopole antenna, or a
loop antenna, wherein at least two sides of the first an-
tenna are adjacent to the ground element. In some em-
bodiments, the second antenna is an open slot antenna
and has an open end disposed at a specific edge of the
protruded ground plane, wherein the specific edge is not
adjacent to the first antenna. The first antenna and the
second antenna may operate in at least one same mobile
communication band.
[0007] In the mobile communication band, since the
first antenna comprises the metal radiation element, the
first antenna is substantially a resonant antenna excited
by electric currents. On the other hand, since the second
antenna is a slot antenna, the second antenna is sub-
stantially another resonant antenna excited by magnetic
currents. Accordingly, the first antenna and the second
antenna of the invention can have good isolation there-
between. In some embodiments, the isolation in term of
transmission coefficient S21 between the first antenna
and the second antenna is lower than -16dB.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The invention can be more fully understood by
reading the subsequent detailed description and exam-
ples with references made to the accompanying draw-
ings, wherein:
[0009] FIG. 1A is a diagram for illustrating a commu-
nication device according to a first embodiment of the
invention;
[0010] FIG. 1B is a diagram for illustrating a commu-
nication device according to a second embodiment of the
invention;
[0011] FIG. 2 is a diagram for illustrating S parameters
of an antenna system of a communication device accord-
ing to a first embodiment of the invention;
[0012] FIG. 3 is a diagram for illustrating a communi-
cation device according to a third embodiment of the in-
vention;
[0013] FIG. 4 is a diagram for illustrating a communi-
cation device according to a fourth embodiment of the
invention; and
[0014] FIG. 5 is a diagram for illustrating a communi-
cation device according to a fifth embodiment of the in-
vention.
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DETAILED DESCRIPTION OF THE INVENTION

[0015] In order to illustrate the foregoing and other pur-
poses, features and advantages of the invention, the em-
bodiments and figures thereof in the invention are shown
in detail as follows.
[0016] FIG. 1A is a diagram for illustrating a commu-
nication device 100 according to a first embodiment of
the invention. As shown in FIG. 1A, the communication
device 100 comprises a ground element 10 and an an-
tenna system. The ground element 10 comprises a pro-
truded ground plane 101 and a main ground plane 104.
The main ground plane 104 and the protruded ground
plane 101 of the ground element 10 substantially form
an L-shape. The antenna system comprises a first an-
tenna 11 and a second antenna 12. In some embodi-
ments, the first antenna 11 comprises a metal radiation
element (not shown). The first antenna 11 is adjacent to
the main ground plane 104 of the ground element 10.
More particularly, at least two sides of the first antenna
11 are adjacent to the main ground plane 104 and the
protruded ground plane 101 of the ground element 10,
respectively. In some embodiments, the second antenna
12 is a slot antenna. The second antenna 12 is formed
in the protruded ground plane 101 of the ground element
10, and the protruded ground plane 101 is adjacent to
the first antenna 11. The first antenna 11 is excited by a
first signal source 14, and the second antenna 12 is ex-
cited by a second signal source 15 through a feeding
microstrip line 13. In some embodiments, the second an-
tenna 12 is an open slot antenna and has an open end
121. The open end 121 of the second antenna 12 is dis-
posed at a specific edge of the protruded ground plane
101, e.g., the edge 102, and the edge 102 is not adjacent
to the first antenna 11. In this embodiment, the second
antenna 12 further comprises a closed end 122, and the
closed end 122 of the second antenna 12 is closer to the
first antenna 11 than the open end 121 of the second
antenna 12.
[0017] FIG. 1B is a diagram for illustrating a commu-
nication device 150 according to a second embodiment
of the invention. The second embodiment is similar to
the first embodiment. As shown in FIG. 1B, the commu-
nication device 150 further comprises a circuit board 19
(or a dielectric substrate 19) which is disposed inside of
the communication device 150. The ground element 10
is formed on the circuit board 19. More particularly, the
circuit board 19 has two opposite surfaces E1 and E2.
The ground element 10 is disposed on the surface E1 of
the circuit board 19, and the feeding microstrip line 13 is
disposed on the surface E2 of the circuit board 19. In the
embodiment, the first antenna 11 comprises a metal ra-
diation element 112 which substantially has an inverted
J-shape. Note that the invention is not limited to the
above. In other embodiments, the metal radiation ele-
ment 112 may have other shapes, for example, a U-
shape, an L-shape, a spiral shape, or an irregular shape.
Other features of the communication device 150 in the

second embodiment are similar to those in the first em-
bodiment. Accordingly, the performance of the commu-
nication device 150 in the second embodiment is almost
the same as that of the first embodiment.
[0018] FIG. 2 is a diagram for illustrating S parameters
of the antenna system of the communication device 100
according to the first embodiment of the invention. The
horizontal axis represents operation frequency (MHz),
and the vertical axis represents S parameters (dB). As
shown in FIG. 2, the reflection coefficient (S11) curve 22
represents the reflection coefficient (S11) of the first an-
tenna 11, and the reflection coefficient (S22) curve 23
represents the reflection coefficient (S22) of the second
antenna 12, and the isolation (S21) curve 24 represents
the isolation (S21) between the first antenna 11 and the
second antenna 12. The first antenna 11 generates a
resonant mode in at least one mobile communication
band 21 (e.g., a GSM1800/1900 band). The second an-
tenna 12 also generates a resonant mode in at least the
mobile communication band 21. In a preferred embodi-
ment, the isolation (S21) between the first antenna 11
and the second antenna 12 is lower than about -16dB,
and lower than about -20dB, in the mobile communication
band 21.
[0019] In some embodiments, the element sizes are
as follows. The circuit board 19 has a length of about
110mm, a width of about 60mm, and a thickness of about
0.8mm. The first antenna 11 has a length of about 25mm,
a width of about 10mm, and a height of about 3mm. A
slot of the second antenna 12 has a length of about
23mm. In some embodiments, the area occupied by the
antenna system is merely about 600mm2 (60mm by
10mm). The antenna system of the invention is preferably
disposed at a same edge of a smart phone, and further-
more, the antenna system is very thin and can be man-
ufactured easily. Accordingly, the invention can be ap-
plied to a variety of slim mobile communication devices,
for example, a mobile phone, a tablet computer, or a note-
book computer. Note that the above element sizes, ele-
ment parameters and frequency ranges are not limita-
tions of the invention, and they may be adjusted by a
designer according to different requirements.
[0020] FIG. 3 is a diagram for illustrating a communi-
cation device 300 according to a third embodiment of the
invention. The third embodiment is similar to the first em-
bodiment. The difference from the first embodiment is
that an open end 321 of a second antenna 32 of the
communication device 300 is disposed at another spe-
cific edge of the protruded ground plane 101, e.g., an
edge 103. Similarly, the open end 321 of the second an-
tenna 32 is not adjacent to the first antenna 11. In this
embodiment, the second antenna 32 further comprises
a closed end 322, and the closed end 322 of the second
antenna 32 is closer to the first antenna 11 than the open
end 321 of the second antenna 32. Other features of the
communication device 300 in the third embodiment are
similar to those in the first embodiment. Accordingly, the
performance of the communication device 300 in the third
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embodiment is almost the same as that of the first em-
bodiment.
[0021] FIG. 4 is a diagram for illustrating a communi-
cation device 400 according to a fourth embodiment of
the invention. The fourth embodiment is similar to the
first embodiment. The difference from the first embodi-
ment is that an open end 421 of a second antenna 42 of
the communication device 400 is disposed at another
specific edge of the protruded ground plane 101, e.g., an
edge 103. Similarly, the open end 421 of the second an-
tenna 42 is not adjacent to the first antenna 11. In the
fourth embodiment, the open end 421 of the second an-
tenna 42 is closer to the first antenna 11 than a closed
end 422 of the second antenna 42. Other features of the
communication device 400 in the fourth embodiment are
similar to those in the first embodiment. Accordingly, the
performance of the communication device 400 in the
fourth embodiment is almost the same as that of the first
embodiment.
[0022] FIG. 5 is a diagram for illustrating a communi-
cation device 500 according to a fifth embodiment of the
invention. The fifth embodiment is similar to the first em-
bodiment. The difference from the first embodiment is
that the communication device 500 further comprises an
electronic component 56. As shown in FIG. 5, the elec-
tronic component 56 is disposed on the protruded ground
plane 101 of the ground element 10, and the electronic
component 56 is substantially disposed between the first
antenna 11 and the second antenna 12. In some embod-
iments, the electronic component 56 is a data transmis-
sion component or a microphone, and the electronic com-
ponent 56 is disposed in such a manner that the design
space of the ground element 10 is used effectively and
the antenna system is integrated with relative electronic
components. Other features of the communication de-
vice 500 in the fifth embodiment are similar to those in
the first embodiment. Accordingly, the performance of
the communication device 500 in the fifth embodiment is
almost the same as that of the first embodiment.
[0023] Use of ordinal terms such as "first", "second",
"third", etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order
of one claim element over another or the temporal order
in which acts of a method are performed, but are used
merely as labels to distinguish one claim element having
a certain name from another element having a same
name (but for use of the ordinal term) to distinguish the
claim elements.
[0024] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
invention. It is intended that the standard and examples
be considered as exemplary only, with a true scope of
the disclosed embodiments being indicated by the fol-
lowing claims and their equivalents.

Claims

1. A communication device, comprising:

a ground element, comprising a main ground
plane and a protruded ground plane; and
an antenna system, comprising:

a first antenna, comprising a metal radiation
element, and being adjacent to the main
ground plane of the ground element; and a
second antenna, being a slot antenna,
wherein the second antenna is formed in
the protruded ground plane of the ground
element, and the protruded ground plane is
adjacent to the first antenna.

2. The communication device as claimed in claim 1,
wherein the first antenna and the second antenna
operate in at least one same mobile communication
band, and the mobile communication band is a
GSM1800/1900 band.

3. The communication device as claimed in claim 1,
wherein the first antenna is a monopole antenna.

4. The communication device as claimed in claim 1,
wherein the first antenna is a shorted monopole an-
tenna.

5. The communication device as claimed in claim 1,
wherein the first antenna is a loop antenna.

6. The communication device as claimed in claim 1,
wherein the first antenna has an inverted J-shape.

7. The communication device as claimed in claim 1,
wherein at least two sides of the first antenna are
adjacent to the main ground plane and the protruded
ground plane of the ground element, respectively.

8. The communication device as claimed in claim 1,
wherein the second antenna is an open slot antenna
and has an open end disposed at a specific edge of
the protruded ground plane, wherein the specific
edge is not adjacent to the first antenna.

9. The communication device as claimed in claim 8,
wherein the second antenna further comprises a
closed end, and the closed end of the second anten-
na is closer to the first antenna than the open end of
the second antenna.

10. The communication device as claimed in claim 8,
wherein the second antenna further comprises a
closed end, and the open end of the second antenna
is closer to the first antenna than the closed end of
the second antenna.
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11. The communication device as claimed in claim 1,
wherein the main ground plane and the protruded
ground plane of the ground element substantially
form an L-shape.

12. The communication device as claimed in claim 1,
further comprising:

an electronic component, substantially dis-
posed between the first antenna and the second
antenna.
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