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(54) Monopole antennas

(57) Monopole antennas are provided. A monopole
antenna transmitting radio signals within a specific fre-
quency range includes a substrate, a ground, a first
sleeve portion, a second sleeve portion, a first conductive
element, a second conductive element and a cable. The
first conductive element and the ground are formed on
the substrate. The first and second sleeves electrically
connect the ground and project from a side of the ground
in a first direction. The first conductive element comprises
a feed end and a connection portion adjacent to an edge
of the substrate. The second conductive element con-
nects the connection portion and projects from the edge
of the substrate substantially in the first direction. The
cable connects the ground and the feed end to transmit
the radio signal.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates in general to monopole
antennas and in particular to monopole antennas for
UHF/VHF radio signals.

Description of the Related Art

[0002] Embedded antennas, such as chip antennas
and planar antennas, are widely applied in wireless com-
munication devices. A conventional type is a ceramic chip
antenna produced by LTCC (Low Temperature Co-fired
Ceramic) technology. Conventional planar antennas
such as microstrip antennas, printed antennas and pla-
nar Inverted F Antennas (PIFAs), are generally applied
in GSM, DCS, UMTS, WLAN, and Bluetooth wireless
equipment such as mobile phones and wireless LAN
adapters.
[0003] Referring to FIG. 1, a conventional planar mo-
nopole antenna primarily comprises a substrate S, a
ground G, a conductive element R and a cable W. The
ground G and the conductive element R are formed on
a surface S1 of the substrate S with the conductive ele-
ment R longitudinal in direction Y.
[0004] The cable W, such as a coaxial cable, compris-
es a signal wire W1 enclosed by a ground wire W2. As
shown in FIG. 1, the conductive element R comprises a
feed end RF adjacent to the ground G. The feed end RF
is connected to the signal wire W1, and the ground G is
connected to the ground wire W2, respectively.
[0005] With regard to typical frequency range of Digital
Video Broadcasting, the frequency coverage ratio of a
conventional planar monopole antenna is usually less
than 30%, adversely affecting communication efficiency.
Moreover, it is not convenient to switch between VHF
and UHF during usage due to bandwidth limitations of
conventional planar monopole antennas.

BRIEF SUMMARY OF THE INVENTION

[0006] Monopole antennas are provided. An embodi-
ment of a monopole antenna transmitting radio signals
within a specific frequency range includes a substrate, a
ground, a first sleeve portion, a second sleeve portion, a
first conductive element, a second conductive element
and a cable. The first conductive element and the ground
are formed on the substrate. The first and second sleeves
electrically connect the ground and project from a side
of the ground in a first direction. The first conductive el-
ement comprises a feed end and a connection portion
adjacent to an edge of the substrate. The second con-
ductive element connects the connection portion and
projects from the edge of the substrate substantially in
the first direction. The cable connects the ground and the

feed end to transmit the radio signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] 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:
[0008] FIG. 1 is a perspective diagram of a conven-
tional monopole antenna;
[0009] FIGS. 2A and 2B are perspective diagrams of
an embodiment of a monopole antenna;
[0010] FIG. 3A is a perspective diagram illustrating
VSWR between 100-900MHz of the monopole antenna
in FIG. 2A;
[0011] FIG. 3B is a perspective diagram illustrating
VSWR between 100-900MHz of the monopole antenna
in FIG. 2B;
[0012] FIG. 4 is a perspective diagram of another em-
bodiment of a monopole antenna;
[0013] FIG. 5 is a perspective diagram of another em-
bodiment of a monopole antenna;
[0014] FIG. 6 is a perspective diagram of another em-
bodiment of a monopole antenna;
[0015] FIG. 7 is a perspective diagram of another em-
bodiment of a monopole antenna;
[0016] FIG. 8 is a perspective diagram of another em-
bodiment of a monopole antenna;
[0017] FIG. 9 is a perspective diagram of another em-
bodiment of a monopole antenna; and
[0018] FIG. 10 is a perspective diagram of another em-
bodiment of a monopole antenna.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Referring to FIGS. 2A and 2B, an exemplary
embodiment of a monopole antenna transmitting radio
signals within a specific frequency range includes a sub-
strate S, a ground G, a first sleeve G1, a second sleeve
G2, a first conductive element R1, a second conductive
element R2 and a cable W. The ground G and the con-
ductive element R1 are formed on a surface S1 of the
substrate S. The second conductive element R2 is re-
tractable along Y axis and connected to a connection
portion RC of the first conductive element R1, wherein
the connection portion RC is adjacent to an edge of the
substrate S. Specifically, the second conductive element
R2 projects from the edge of the substrate S.
[0020] As shown in FIG. 2A, the first conductive ele-
ment R1 is longitudinal in direction Y and comprises a
feed end RF at an end thereof. The feed end RF is ad-
jacent to a side G’ of the ground G, substantially parallel
to the X axis. The cable W, such as a coaxial cable, com-
prises a signal wire W1 and enclosed by a ground wire
W2. The signal wire W1 is connected to the feed end RF,
and the ground wire W2 is connected to the ground G,
respectively.
[0021] The first and second sleeves G1 and G2 are
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parallel and formed on the surface S1 with the first con-
ductive element R disposed therebetween. As shown in
FIG. 2A, the first sleeve G1 has a first length L1, and the
second sleeve G2 has a second length L2, both project-
ing from the side G’ of the ground G in direction Y, wherein
the first length L1 is substantially equal to the second
length L2. In some embodiments, the substrate S is FR4
(Flame Retardant Type 4), and the ground G, the first
and second sleeves G1 and G2 are metal, integrally
formed on the surface S 1 by PCB fabrication.
[0022] When the second conductive element R2 is re-
tracted, as shown in FIG. 2A, total length L4 of the first
and second conductive elements R1 and R2 is substan-
tially equal to 1/4 of a specific UHF radio signal wave-
length. Further, the length L4 is also substantially equal
to the sum of the first, second and third lengths L1, L2
and L3 (L4=L1+L2+L3), wherein the third length L3 indi-
cates the length of the side G’ (the distance between the
sleeves G1 and G2). Thus, the first conductive element
R1, the first and second sleeves G1 and G2 can exhibit
capacitive effect and facilitate broader bandwidth for
wireless communication.
[0023] Referring to FIG. 2B, when the monopole an-
tenna is applied for VHF radio signal communications,
the second conductive element R2 is extended from
length L4 to L4’ (L4’>L4) in a first direction (direction Y),
wherein length L4’ is substantially equal to 1/4 of a spe-
cific. VHF radio signal wavelength. In some embodi-
ments, total length of the first and second conductive
elements R1 and R2 can also be adjusted substantially
to 1/4 of a GSM radio signal wavelength for wireless com-
munication.
[0024] As shown in FIG. 2B, the second conductive
element R2 is retractable and comprises a first section
R21, a second section R22 and a third section R23 tel-
escopically connected along Y axis. When the second
conductive element R2 is extended, total length of the
first and second conductive elements R1 and R2 is in-
creased along Y axis, facilitating wireless communication
efficiency of VHP radio signals. In some embodiments,
the second conductive element R2 comprises two or
more sections telescopically connected along Y axis,
such that the length of the second conductive element
R2 is adjustable.
[0025] FIGS. 3A and 3B illustrate Voltage Standing
Wave Ratio (VSWR) between 100-900MHz of the mo-
nopole antenna in FIGS. 2A and 2B, respectively. In gen-
eral, a standard antenna requires an available VSWR
less than 3. With respect to FIG. 3A, when the second
conductive element R2 is retracted as shown in FIG. 2A,
available frequency range under VSWR<3 is between
400-860MHZ, substantially covering the bandwidth of
UHF (460-860MHZ). Referring to FIG. 3B, when the sec-
ond conductive element R2 is extended as shown in FIG.
2B, available frequency range under VSWR<3 substan-
tially covers two bandwidths of UHF (460-860MHZ) and
VHF (170-2300MHZ).
[0026] With extension of the second conductive ele-

ment R2 in FIG. 2B, communication efficiency of UHF
(460-860MHZ) may decrease slightly, however, it can
still meet the requirement of VSWR<3. Since both band-
widths of UHF (460-860MHZ) and VHF (170-2300MHZ)
can be substantially covered by extension of the second
conductive element R2, it is not necessary to provide
antennas for UHF and VHF individually, reducing pro-
duction cost and facilitating convenience.
[0027] FIG. 4 shows another embodiment of a monop-
ole antenna. Unlike the monopole antenna in FIGS. 2A
and 2B, here, the second conductive element R2’ is a
spiral conductor, substituted for the telescopic conduc-
tive element R2 in FIGS. 2A and 2B. In FIG. 4, the second
conductive element R2’ connects a connection portion
RC at an end of the first conductive element R1 and
projects from an edge of the substrate S in the first di-
rection (direction Y). In this embodiment, the length L5
of the first conductive element R1 is substantially equal
to 1/4 of a specific UHF radio signal wavelength. Further,
the length L5 is also substantially equal to the sum of the
lengths of the first sleeve G1, the second sleeve G2 and
the side G’ (the distance between the sleeves G1 and
G2).
[0028] Referring to FIG. 4, total length L5’ of the first
and second conductive elements R1 and R2’ in direction
Y exceeds the length L5 of the first conductive element
R1, providing analogous functions such as the extenda-
ble conductive element R2 in FIG. 2B, capable of wireless
communications for UHF (460-860MHZ) and VHF
(170-2300MHZ). In this embodiment, the length L5’ of
the first and second conductive elements R1 and R2’ is
configured corresponding to 1/4 of a specific VHF radio
signal wavelength, and the length of the second conduc-
tive element R2’ in direction Y is configured according to
its spiral radius and actual extended length. As the length
of the spiral-shaped conductive element R2’ along Y axis
is less than its actual extended length, the extent of the
antenna is reduced.
[0029] FIG. 5 shows another embodiment of a monop-
ole antenna. In FIG. 5, the first conductive element R1
comprises a main body R1 and a pair of L-shaped angle
portions R12 and R13 symmetrically disposed with re-
spect to the main body R1. Specifically, the angle portions
R12 and R13 connect an end of the main body R11 and
extend opposite to direction Y. In this embodiment, total
length L6 of the main body R11 and each of the angle
portions R12 and R13 is substantially equal to 1/4 of a
specific UHF radio signal wavelength. Further, total
length L6’ of the first and second conductive elements
R1 and R2’ in direction Y is configured corresponding to
a specific VHF radio signal wavelength, and the length
of the second conductive element R2’ in direction Y is
configured according to its spiral radius and actual ex-
tended length. Owing to the configuration of the first con-
ductive elements R1 with the angle portions R2 and R3
extended opposite to direction Y, the extent of substrate
S and the first conductive element R1 of the antenna is
reduced in direction Y.
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[0030] FIG. 6 shows another embodiment of a monop-
ole antenna. As shown in FIG. 6, a substrate S comprises
a slot H, and the main body R11 of the first conductive
element R1 comprises a depression h corresponding to
the slot H. In this embodiment, total length L7 of the main
body R11 and each of the angle portions R2 and R3 is
substantially equal to 1/4 of a specific UHF radio signal
wavelength. Further, total length L7’ of the first and sec-
ond conductive elements R1 and R2’ along Y axis is con-
figured corresponding to a specific VHF radio signal
wavelength, and the length of the second conductive el-
ement R2’ in direction Y is configured according to its
spiral radius and actual extended length. Since the sec-
ond conductive element R2’ is received in the slot H and
connected to the connection portion RC, the extent of
the antenna in direction Y is reduced.
[0031] FIG. 7 shows another embodiment of a monop-
ole antenna. As shown in FIG. 7, the L-shaped angle
portions R12 and R13 are symmetrically disposed on op-
posite sides of the main body R11 of the first conductive
element R1. Unlike the monopole antenna in FIG. 5, here,
the two angle portions R12 and R13 connect to the middle
of the main body R11 and extend in the first direction
(direction Y), however, the angle portions R12 and R13
can also connect to other portions of the main body R11.
In some embodiments, total length L8 of the main body
R11 and each of the angle portions R12 and R13 is sub-
stantially equal to 1/4 of a specific UHF radio signal wave-
length. Further, total length L8’ of the first and second
conductive elements R1 and R2’ in direction Y is config-
ured corresponding to a specific VHF radio signal wave-
length, and the length of the second conductive element
R2’ in direction Y is configured according to its spiral ra-
dius and actual extended length.
[0032] FIG. 8 shows another embodiment of a monop-
ole antenna combined with FIGS. 6 and 7. As shown in
FIG. 8, the substrate S comprises a slot H, and the main
body R11 of the first conductive element R1 comprises
a depression h corresponding to the slot H. The second
conductive element R2’ is received in the slot H and con-
nected to a connection portion RC of the first conductive
element R1, wherein the connection portion RC is located
at the bottom of the depression h. The two angle portions
R12 and R13 symmetrically connect the main body R11
and extend in the first direction (direction Y).
[0033] In this embodiment, total length L9 of the main
body R11 and each of the angle portions R12 and R13
is substantially equal to 1/4 of a specific UHF radio signal
wavelength. Further, total length L9’ of the first and sec-
ond conductive elements R1 and R2’ in direction Y is
configured corresponding to a specific VHF radio signal
wavelength, and the length of the second conductive el-
ement R2’ in direction Y is configured according to its
spiral radius and actual extended length. Since the sec-
ond conductive element R2’ is received in the slot H, the
extent of substrate S and the first conductive element R1
of the antenna is reduced in direction Y.
[0034] FIG. 9 shows another embodiment of a monop-

ole antenna. The monopole antenna, such as a microstrip
antenna, comprises two angle portions R12 and R13 with
zigzag structures symmetrically disposed on both sides
of the main body R11. As shown in FIG. 9, the first sleeve
G1, the second sleeve G2 and the ground G are formed
on a different surface from the first conductive element
R1. In this embodiment, the first sleeve G1, the second
sleeve G2 and the ground G are formed on a surface of
the substrate S different opposite to the first conductive
element R1. A signal wire of a cable (not shown) is con-
nected to the feed end RF at the bottom of the first con-
ductive element R1 , and a ground wire of the cable (not
shown) is connected to the ground G on the opposite
surface different from the feed end RF.
[0035] FIG. 10 shows another embodiment of a mo-
nopole antenna. As shown in FIG. 10, the monopole an-
tenna has a Coplanar Waveguide (CPW) feed configu-
ration with the first conductive element R1 and parts of
the ground G disposed on the same surface S1 of the
substrate S. In this embodiment, the first and second
sleeves G1, G2 and parts of the ground G are disposed
on a surface of the substrate S opposite to the first con-
ductive element R1, wherein the ground G, and the first
and second sleeves G1 and G2 are electrically connect-
ed. A signal wire of a cable (not shown) is connected to
the feed end RF at the bottom of the first conductive el-
ement R1, and a ground wire of the cable (not shown) is
connected to the ground G on the same surface as the
feed end RF.
[0036] With respect to the two embodiments in FIGS.
9 and 10, total length of the main body R11 and each
actual extended length of the angle portions R12 and
R13 is substantially equal to 1/4 of a specific UHF radio
signal wavelength. Further, total length of the first and
second conductive elements R1 and R2’ in direction Y
is configured corresponding to a specific VHF radio signal
wavelength, and the length of the second conductive el-
ement R2’ in direction Y is configured according to its
spiral radius and actual extended length.
[0037] Monopole antennas with symmetrical sleeve
structures are provided according to the embodiments.
The sleeve structures, ground and a first conductive el-
ement can be formed on a substrate by PCB fabrication,
exhibiting capacitive effect and facilitating broader band-
width for wireless communication. In some embodi-
ments, the first conductive element is configured in dif-
ferent formations to facilitate miniaturization of the an-
tenna. The second conductive element, such as the re-
tractable conductor R2’ in FIG. 2B or the spiral-shaped
conductor R2’ in FIGS. 4-10, connects the first conduc-
tive element and projects from an edge of the substrate,
to facilitate wireless communication efficiency for VHF
radio signals and provide a multifunctional monopole an-
tenna for UHF/VFEF radio signals. In some embodi-
ments, the monopole antenna can also be used for GSM
signal communications. As the monopole antenna pro-
vides better communication efficiency for UBF/VBF radio
signals, it can be widely applied for UHF/VHF and DVB
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broadcast devices, such as digital TVs.
[0038] While the invention has been described by way
of example and in terms of the preferred embodiment, it
is to be understood that the invention is not limited there-
to. To the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent
to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest inter-
pretation so as to encompass all such modifications and
similar arrangements.

Claims

1. A monopole antenna transmitting a radio signal,
comprising:

a substrate;
a ground formed on the substrate;
a first sleeve portion, formed on the substrate
and electrically connected to the ground, where-
in the first sleeve portion projects from a side of
the ground in a first direction;
a second sleeve portion, formed on the sub-
strate and electrically connected to the ground,
wherein the second sleeve portion projects from
the side of the ground in the first direction;
a first conductive element, formed on the sub-
strate, comprising a feed end and a connection
portion adjacent to an edge of the substrate;
a second conductive element, connecting the
connection portion and projecting from the edge
of the substrate in substantially the first direction;
and
a cable, connecting the ground and the feed end
to transmit the radio signal.

2. The monopole antenna as claimed in claim 1, where-
in the second conductive element is retractable.

3. The monopole antenna as claimed in claim 2, where-
in the second conductive element comprises a plu-
rality of sections telescopically connected along the
first direction.

4. The monopole antenna as claimed in claim 2, where-
in the second conductive element comprises two
sections.

5. The monopole antenna as claimed in claim 1, where-
in the second conductive element is spiral and
projects from the edge of the substrate substantially
in the first direction.

6. The monopole antenna as claimed in claim 1, where-
in total length of the first and second conductive el-
ements in the first direction is substantially 1/4 of the
radio signal wavelength.

7. The monopole antenna as claimed in claim 1, where-
in the length of the first conductive element in the
first direction is substantially 1/4 of the radio signal
wavelength.

8. The monopole antenna as claimed in claim 1, where-
in the substrate comprises a slot with the second
conductive element disposed therein, and the con-
nection portion is located at the bottom of the slot
and connected to the second conductive element.

9. The monopole antenna as claimed in claim 1, where-
in the first conductive element comprises a longitu-
dinal main body extending in the first direction and
two angle portions connected to the main body, sym-
metrically disposed on opposite sides of the main
body.

10. The monopole antenna as claimed in claim 9, where-
in the angle portions are L-shaped.

11. The monopole antenna as claimed in claim 9, where-
in the angle portions substantially extend along the
first direction.

12. The monopole antenna as claimed in claim 9, where-
in the angle portions substantially extend opposite
to the first direction.

13. The monopole antenna as claimed in claim 9, where-
in the angle portions connect the middle of the main
body.

14. The monopole antenna as claimed in claim 9, where-
in each of the angle portions comprises a zigzag
structure symmetrically disposed with respect to the
main body.

15. The monopole antenna as claimed in claim 9, where-
in total length of the main body and each of the angle
portions is substantially 1/4 of the radio signal wave-
length.

16. The monopole antenna as claimed in claim 9, where-
in the substrate comprises a slot with the second
conductive element disposed therein.

17. The monopole antenna as claimed in claim 16,
wherein the main body comprises a depression cor-
responding to the slot; and the connection portion is
located at the bottom of the depression and connect-
ed to the second conductive element.

18. The monopole antenna as claimed in claim 1, where-
in the cable comprises a signal wire connecting the
feed end and a ground wire connecting the ground,
and the signal wire is enclosed by the ground wire.
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19. The monopole antenna as claimed in claim 18,
wherein the ground wire connects the ground at a
first point, the signal wire connects the ground at a
second point, and the first and second points are
situated on different planes.

20. The monopole antenna as claimed in claim 18,
wherein the first and second sleeve portions are sit-
uated on different planes from the first conductive
element.

21. A monopole antenna transmitting a radio signal,
comprising:

a substrate;
a ground, formed on the substrate;
a first conductive element, formed on the sub-
strate, comprising a feed end and a connection
portion adjacent to an edge of the substrate;
a second conductive element, connecting the
connection portion and projecting from the edge
of the substrate substantially in a first direction;
and
a cable, connecting the ground and the feed end
to transmit the radio signal.

22. The monopole antenna as claimed in claim 21,
wherein the second conductive element is retracta-
ble.

23. The monopole antenna as claimed in claim 22,
wherein the second conductive element comprises
a plurality of sections telescopically connected along
the first direction.

24. The monopole antenna as claimed in claim 21,
wherein the second conductive element is spiral and
projects from the edge of the substrate substantially
in the first direction.

25. The monopole antenna as claimed in claim 21,
wherein total length of the first and second conduc-
tive elements in the first direction is substantially 1/4
of the radio signal wavelength.

26. The monopole antenna as claimed in claim 25,
wherein the radio signal is a VHF radio signal.

27. The monopole antenna as claimed in claim 21,
wherein the length of the first conductive element in
the first direction is substantially 1/4 of the radio sig-
nal wavelength.

28. The monopole antenna as claimed in claim 27,
wherein the radio signal is a UHF radio signal.

29. The monopole antenna as claimed in claim 21,
wherein the substrate comprises a slot with the sec-

ond conductive element disposed therein, and the
connection portion is located at the bottom of the slot
and connected to the second conductive element.

30. The monopole antenna as claimed in claim 21,
wherein the first conductive element comprises a
longitudinal main body extending in the first direction
and two angle portions connected to the main body,
symmetrically disposed on opposite sides of the
main body.

31. The monopole antenna as claimed in claim 30,
wherein the angle portions are L-shaped.

32. The monopole antenna as claimed in claim 31,
wherein each of the angle portions comprises a zig-
zag structure symmetrically disposed with respect
to the main body.

33. The monopole antenna as claimed in claim 30,
wherein total length of the main body and each of
the angle portions is substantially 1/4 of the radio
signal wavelength.
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