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(54) MULTI BAND ANTENNA STRUCTURE

(57) A multi-band antenna structure includes a sub-
strate having a first wiring area located on one side sur-
face thereof. The first wiring area has a first metal trace,
a second metal trace and a connecting portion formed
therein. The first and the second metal trace are respec-
tively in an elongated spiral pattern; and the connecting

portion is electrically connected at two opposite ends to
the first and the second metal trace. The multi-band an-
tenna structure can be directly integrated into electrical
circuits on a circuit board to provide the advantages of
reduced manufacturing cost and capable of transmitting
or receiving multiple bands of signals.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a multi-band
antenna structure, and more particularly, to a multi-band
antenna structure that is directly integrated into electrical
circuits on a circuit board to save manufacturing cost and
ensure stable receiving or transmitting of signals.

BACKGROUND OF THE INVENTION

[0002] The currently available multi-band antennas are
manufactured by stamping a metal sheet into a desired
shape and bending each shaped metal sheet into an an-
tenna; and multiple shaped and bent antennas are then
electrically connected to a single piece of circuit board
to form a dual-polarized array multi-band antenna struc-
ture. Alternatively, the printing technique is used to print
a pattern on a copper film of a circuit board for forming
an antenna, and the exposure and development tech-
nique is used to produce the pattern of the antenna.
Thereafter, multiple pieces of circuit boards having the
antenna patterns formed thereon are stacked to form a
dual-polarized array multi-band antenna structure. The
multi-band antenna structure so formed can be used in
different bands to receive or transmit signals. Either the
stamp formed or the printed conventional multi-band an-
tenna structure is assembled from multiple pieces of an-
tennas to have a relatively large volume and size and
requires an increased manufacturing cost. In addition, it
is difficult to manufacture and install the conventional
multi-band antenna structures because the multiple piec-
es of antennas have signal feed-in points that are not
located on the same plane or at the same position.
[0003] To allow simultaneous receiving of signals in
multiple bands, it is inevitably the conventional multi-
band antenna structures will disadvantageously produce
multiple noises when receiving multiple bands of signals.
Moreover, the conventional multi-band antenna struc-
tures with the three-dimensional configuration tend to vi-
brate in use, which has an adverse influence on the signal
transmission or receiving.
[0004] To overcome the above disadvantage, there
are antenna manufacturers who try to hold the conven-
tional multi-band antenna structures immovable or pro-
tect the same through packaging technology. Basically,
the packaging can be performed via injection molding or
epoxy potting. However, once the multi-band antenna
structure is packaged, it could not be reworked. There-
fore, it is a target of persons skilled in the art to improve
the conventional multi-band antenna structures.

SUMMARY OF THE INVENTION

[0005] A primary object of the present invention is to
solve the problems in the prior art multi-band antenna
structures by providing a multi-band antenna structure

that can be manufactured at reduced cost and can re-
ceive multiple bands of signals with reduced noise.
[0006] To achieve the above and other objects, the
multi-band antenna structure provided according to the
present invention includes a substrate.
[0007] The substrate has a first wiring area located on
one side surface thereof. The first wiring area has a first
metal trace, a second metal trace and a connecting por-
tion formed thereon. The first and the second metal trace
are respectively in an elongated spiral pattern; and the
connecting portion is electrically connected at two oppo-
site ends to the first and the second metal trace.
[0008] The multi-band antenna structure of the present
invention improves the problems in the conventional mul-
ti-band antenna structures. Since the multi-band struc-
ture of the present invention can be integrated into elec-
trical circuits on a circuit board to be manufactured along
with the electrical circuits at the same time, it can be
produced at increased yield and reduced manufacturing
cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The structure and the technical means adopted
by the present invention to achieve the above and other
objects can be best understood by referring to the follow-
ing detailed description of the preferred embodiments
and the accompanying drawings, wherein

Fig. 1 is a perspective view of a multi-band antenna
structure according to a first embodiment of the
present invention;

Fig. 2 is a top view of the multi-band antenna struc-
ture according to the first embodiment of the present
invention;

Fig. 3 is a perspective view of a multi-band antenna
structure according to a second embodiment of the
present invention; and

Fig. 4 is an exploded perspective view of a multi-
band antenna structure according to a third embod-
iment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The present invention will now be described
with some preferred embodiments thereof and by refer-
ring to the accompanying drawings. For the purpose of
easy to understand, elements that are the same in the
preferred embodiments are denoted by the same refer-
ence numerals.
[0011] Please refer to Figs. 1 and 2 that are perspective
and top views, respectively, of a multi-band antenna
structure according to a first embodiment of the present
invention. As shown, the multi-band antenna structure
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according to the first embodiment of the present invention
includes a substrate 1.
[0012] The substrate 1 has a first wiring area 11 located
on one side surface thereof. In the first wiring area 11,
there are provided a first metal trace 12, a second metal
trace 13 and a connecting portion 14. The first and the
second metal trace 12, 13 are respectively in an elongat-
ed spiral pattern, and the connecting portion 14 is elec-
trically connected at two opposite ends to the first and
the second trace 12, 13. The substrate 1 has a thickness
ranged between 0.1 mm and 1 mm.
[0013] The first metal trace 12 has a first end 121, a
second end 122, and a first intermediate portion 123 lo-
cated and extended between the first and the second
end 121, 122. The first end 121 is located at a distance
away from the second end 122. The first intermediate
portion 123 is in an elongated spiral pattern with the first
end 121 located at an outer side thereof and the second
end 122 located at an inner side thereof.
[0014] The second metal trace 13 has a third end 131,
a fourth end 132, and a second intermediate portion 133
located and extended between the third and the fourth
end 131, 132. The third end 131 is located at a distance
away from the fourth end 132. The second intermediate
portion 133 is in an elongated spiral pattern with the third
end 131 located at an outer side thereof and the fourth
end 132 located at an inner side thereof.
[0015] The first end 121 of the first metal trace 12 is
located adjacent to the third end 131 of the second metal
trace 13. The substrate 1 can be a circuit board, a thin
membrane material, or a flexible circuit board. The first
metal trace 12 can receive or transmit a frequency of 315
MHz; and the second metal trace 13 can receive or trans-
mit a frequency of 433.92 MHz. The first and the second
metal trace 12, 13 respectively have a trace width of 0.5
mm and a trace spacing of 0.3 mm.
[0016] The first intermediate portion 123 of the first
metal trace 12 can be divided into a first section 1231, a
second section 1232, a third section 1233, a fourth sec-
tion 1234, a fifth section 1235, a sixth section 1236, a
seventh section 1237, an eighth section 1238, a ninth
section 1239, a tenth section 1240 and an eleventh sec-
tion 1241 of the first intermediate portion.
[0017] The second section 1232 of the first intermedi-
ate portion is located between and connected at two op-
posite ends to the first and the third section 1231, 1233
of the first intermediate portion at rounded or right angles;
the fourth section 1234 of the first intermediate portion
is located between and connected at two opposite ends
to the third and the fifth section 1233, 1235 of the first
intermediate portion at rounded or right angles; the sixth
section 1236 of the first intermediate portion is located
between and connected at two opposite ends to the fifth
and the seventh section 1235, 1237 of the first interme-
diate portion at rounded or right angles; the eighth section
1238 of the first intermediate portion is located between
and connected at two opposite ends to the seventh and
the ninth section 1237, 1239 of the first intermediate por-

tion at rounded or right angles; and the tenth section 1240
of the first intermediate portion is located between and
connected at two opposite ends to the ninth and the elev-
enth section 1239, 1241 of the first intermediate portion
at rounded or right angles. An overall width measured
from an outer side of the first section 1231 of the first
intermediate portion to an outer side of the third section
1233 of the first intermediate portion is 8 mm; and an
overall width measured from the outer side of the third
section 1233 of the first intermediate portion to an outer
side of the fifth section 1235 of the first intermediate por-
tion is 3.4 mm.
[0018] The second intermediate portion 133 of the sec-
ond metal trace 13 can be divided into a first section
1331, a second section 1332, a third section 1333, a
fourth section 1334, a fifth section 1335, a sixth section
1336 and a seventh section 1337 of the second interme-
diate portion.
[0019] The second section 1332 of the second inter-
mediate portion is located between and connected at two
opposite ends to the first and the third section 1331, 1333
of the second intermediate portion at rounded or right
angles; the fourth section 1334 of the second intermedi-
ate portion is located between and connected at two op-
posite ends to the third and the fifth section 1333, 1335
of the second intermediate portion at rounded or right
angles; and the sixth section 1336 of the second inter-
mediate portion is located between and connected at two
opposite ends to the fifth and the seventh section 1335,
1337 of the second intermediate portion at rounded or
right angles. An overall width measured from an outer
side of the third section 1333 of the second intermediate
portion to an outer side of the firth section 1335 of the
second intermediate portion is 2.6 mm.
[0020] The connecting portion 14 is connected at two
opposite ends to the first section 1231 of the first inter-
mediate portion and the first section 1331 of the second
intermediate portion.
[0021] Please refer to Fig. 3 that is a perspective view
of a multi-band antenna structure according to a second
embodiment of the present invention. Since the second
embodiment is generally structurally similar to the first
embodiment, the structures of the second embodiment
that are the same as the first embodiment are not repeat-
edly described herein. The second embodiment is differ-
ent from the first one in further including a second wiring
area 15 on the substrate 1. As shown, the second wiring
area 15 is located adjacent to one side of the first wiring
area 11. In the second wiring area 15, there are provided
a plurality of third metal traces 151 or a plurality of elec-
tronic elements 152. That is, according to the second
embodiment, the first and the second metal trace 12, 13
for use as the multi-band antenna structure are formed
in the first wiring area 11 while metal circuit traces are
formed in the second wiring area 15 by printing or etching.
In this way, the time and costs for manufacturing the mul-
ti-band antenna structure can be largely reduced.
[0022] Please refer to Fig. 4 that is an exploded per-
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spective view of a multi-band antenna structure accord-
ing to a third embodiment of the present invention. Since
the third embodiment is generally structurally similar to
the first embodiment, the structures of the third embod-
iment that are the same as the first embodiment are not
repeatedly described herein. The third embodiment is
different from the first one in including a substrate 1 con-
figured as a multilayer circuit board. In this case, the sub-
strate 1 includes a first part 1a and a second part 1b
superposed on each other. In the third embodiment, the
first wiring area 11 is provided on a side surface of the
first part 1a, and the second part 1b covers the side sur-
face of the first part 1a having the first wiring area 11
provided thereon; and the second wiring area 15 is pro-
vided on a side surface of the second part 1b facing away
from the first part 1a. According to the third embodiment,
the multi-band antenna structure is integrated into one
of multiple layers of electrical circuits, so that the multi-
band antenna structure can be manufactured at reduced
cost while the multilayer circuit board provides protection
to the multi-band antenna structure.
[0023] The multi-band antenna structure of the present
invention improves the conventional multi-band antenna
structures and includes printed or etched metal traces
that are directly formed on a circuit board to be integrated
into electrical circuits on the circuit board when being
manufactured. In this manner, the multi-band antenna
structure can be manufactured at reduced cost and inte-
grated into the multilayer circuit board to save a lot of
space. Further, the multi-band antenna structure of the
present invention overcomes the disadvantage of insuf-
ficient structural strength as found in the conventional
three-dimensional multi-band antenna structures.
[0024] The multi-band antenna structure of the present
invention is particularly suitable for applying to the trans-
mitter or receiver antennas for tire pressure monitoring
systems (TPMS) to achieve the effect of receiving and
transmitting multiple bands using one single antenna
structure. And, more particularly, the multi-band antenna
structure of the present invention can improve the noise
problem as found in the conventional tire pressure mon-
itoring systems and lower the manufacturing cost thereof.
[0025] The present invention has been described with
some preferred embodiments thereof and it is under-
stood that many changes and modifications in the de-
scribed embodiments can be carried out without depart-
ing from the scope and the spirit of the invention that is
intended to be limited only by the appended claims.

Claims

1. A multi-band antenna structure, comprising:

a substrate having a first wiring area located on
one side surface thereof; in the first wiring area,
there being provided a first metal trace, a second
metal trace and a connecting portion; the first

and the second metal trace being respectively
in an elongated spiral pattern; and the connect-
ing portion being electrically connected at two
opposite ends to the first and the second metal
trace.

2. The multi-band antenna structure as claimed in claim
1, wherein the first metal trace has a first end, a sec-
ond end located at a distance away from the second
end, and a first intermediate portion located and ex-
tended between the first and the second end and
being in an elongated spiral pattern with the first end
located at an outer side thereof and the second end
located at an inner side thereof; and wherein the sec-
ond metal trace has a third end, a fourth end located
at a distance away from the third end, and a second
intermediate portion located and extended between
the third and the fourth end and being in an elongated
spiral pattern with the third end located at an outer
side thereof and the fourth end located at an inner
side thereof.

3. The multi-band antenna structure as claimed in claim
2, wherein the first end of the first metal trace is lo-
cated adjacent to the third end of the second metal
trace.

4. The multi-band antenna structure as claimed in claim
1, wherein the substrate is selected from the group
consisting of a circuit board, a thin membrane ma-
terial, and a flexible circuit board.

5. The multi-band antenna structure as claimed in claim
1, wherein the first metal trace can receive or transmit
a frequency of 315 MHz; and the second metal trace
13 can receive or transmit a frequency of 433.92
MHz.

6. The multi-band antenna structure as claimed in claim
1, wherein the first and the second metal trace re-
spectively have a trace width of 0.5 mm.

7. The multi-band antenna structure as claimed in claim
1, wherein the first and the second metal trace re-
spectively have a trace spacing of 0.3 mm.

8. The multi-band antenna structure as claimed in claim
2, wherein the first intermediate portion of the first
metal trace is divided into a first section, a second
section, a third section, a fourth section, a fifth sec-
tion, a sixth section, a seventh section, an eighth
section, a ninth section, a tenth section and an elev-
enth section of the first intermediate portion; the sec-
ond section of the first intermediate portion being
located between and connected at two opposite
ends to the first and the third section of the first in-
termediate portion at rounded or right angles, the
fourth section of the first intermediate portion being
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located between and connected at two opposite
ends to the third and the fifth section of the first in-
termediate portion at rounded or right angles, the
sixth section of the first intermediate portion being
located between and connected at two opposite
ends to the fifth and the seventh section of the first
intermediate portion at rounded or right angles, the
eighth section of the first intermediate portion being
located between and connected at two opposite
ends to the seventh and the ninth section of the first
intermediate portion at rounded or right angles, and
the tenth section of the first intermediate portion be-
ing located between and connected at two opposite
ends to the ninth and the eleventh section of the first
intermediate portion at rounded or right angles; an
overall width measured from an outer side of the first
section of the first intermediate portion to an outer
side of the third section of the first intermediate por-
tion being 8 mm; and an overall width measured from
the outer side of the third section of the first interme-
diate portion to an outer side of the fifth section of
the first intermediate portion being 3.4 mm.

9. The multi-band antenna structure as claimed in claim
2, wherein the second intermediate portion of the
second metal trace is divided into a first section, a
second section, a third section, a fourth section, a
fifth section, a sixth section and a seventh section of
the second intermediate portion; the second section
of the second intermediate portion being located be-
tween and connected at two opposite ends to the
first and the third section of the second intermediate
portion at rounded or right angles, the fourth section
of the second intermediate portion being located be-
tween and connected at two opposite ends to the
third and the fifth section of the second intermediate
portion at rounded or right angles, and the sixth sec-
tion of the second intermediate portion being located
between and connected at two opposite ends to the
fifth and the seventh section of the second interme-
diate portion at rounded or right angles; and an over-
all width measured from an outer side of the third
section of the second intermediate portion to an outer
side of the firth section of the second intermediate
portion being 2.6 mm.

10. The multi-band antenna structure as claimed in claim
2, wherein the substrate has a thickness ranged be-
tween 0.1 mm and 1 mm.

11. The multi-band antenna structure as claimed in claim
2, wherein the connecting portion is connected at
two opposite ends to the first section of the first in-
termediate portion and the first section of the second
intermediate portion.

12. The multi-band antenna structure as claimed in claim
1, wherein the substrate is a multilayer circuit board

including a first part and a second part superposed
on each other; the first wiring area being provided
on a side surface of the first part, and the second
part covering the side surface of the first part that
has the first wiring area provided thereon; and the
second wiring area being provided on a side surface
of the second part that faces away from the first part.

13. The multi-band antenna structure as claimed in claim
1, wherein the substrate further has a second wiring
area located adjacent to one side of the first wiring
area; and the second wiring area having a plurality
of third metal traces or a plurality of electronic ele-
ments provided thereon.
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