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(87) Abstract

A printed monopole antenna (10) is dis- %4
closed including a first printed circuit board (12)
having a first side (14) and a second side (16),
a first monopole radiating element in the form
of a conductive trace (18) formed on a side of
the first printed circuit board (12), and a second
monopole radiating element (20) in the form of
a conductive trace positioned adjacent the first
monopole radiating element, wherein the first
monopole radiating element is resonant within
a first frequency band and the second monopole
radiating element is resonant within a second fre-
quency band. In order for the first and second
radiating elements to be resonant within different
frequency bands, the conductive traces for each /8
have different electrical lengths. No direct elec-
trical connection exists between the monopole
radiating elements, but the second radiating ele-
ment dominates at a frequency in which the sec-
ond radiating element is approximately a half-
wavelength so that coupling with the first ra-
diating element occurs. The first and second
monopole radiating elements are formed on the
same side of the first printed circuit board, sepa-
rate sides of the first printed circuit board, or on
separate printed circuit boards.
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MULTIPLE BAND PRINTED MONOPOLE ANTENNA

BACKGROUND OF THE INVENTION

5 1. Field of the Invention

The present invention relates to monopole

antennas for radiating electromagnetic signals and,
more particularly, to a printed monopole antenna
including a plurality of radiating elements of

10 different electrical lengths formed adjacent to each
other so the monopole antenna is resonant within a

plurality of frequency bands.

2. Description of Related Art

15 It has been found that a monopole antenna
mounted perpendicularly to a conducting surface
provides an antenna having good radiation
characteristics, desirable drive point impedance, and
relatively simple construction. As a consequence,

20 monopole antennas have been utilized with portable
radios, cellular telephones, and other personal
communication systems. To date, however, such
monopole antennas have generally been limited to wire
designs (e.g., the helical configuration in U.S.

25 Patent 5,231,412 to Eberhardt et al.), which operate
at a single frequency within an associated bandwidth.

In order to minimize size requirements and
permit multi-band operation, microstrip and lamina
antennas have been developed for use with certain

30 communication applications. More specifically, U.S.
Patent 4,356,492 to Kaloi discloses a microstrip
antenna system including separate microstrip radiating
elements which operate at different and widely
separated frequencies while being fed from a single

35 common input point. However, these radiating elements
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are directly connected with each other and require a
ground plane which fully covers the opposite side of a
dielectric substrate from such radiating elements.
Clearly, this design is impractical for monopole
antenna applications, and indeed functions in a
completely different manner. Likewise, the lamina
antennas disclosed by U.S. Patents 5,075,691 and
4,800,392 to Garay et al. require both a direct
connection between radiating elements and a ground
plane in order to provide multi-band operation.

Further, U.S. Patent 5,363,114 to Shoemaker
discloses a planar serpentine antenna which includes a
generally flat, non-conductive carrier layer and a
generally flat radiator of a preselected length
arranged in a generally serpentine pattern secured to
the surface of the carrier layer. One form of this
antenna has a sinuous pattern with radiator sections
in parallel spaced relation in order to provide dual
frequency band operation. However, it is seen that
the two frequencies at which resonance takes place
involves the length of each radiator section and the
total length between first and second ends. While
this arrangement is suitable for its intended purpose,
it likewise is incapable of operating in the fashion
of a monopole antenna.

Accordingly, it would be desirable for a
monopole antenna to be developed which not only is
operable within more than one frequency band, but also
avoids the associated limitations of microstrip’and
lamina antennas. Further, it would be desirable for a
printed monopole antenna to be developed which
operates within more than one frequency band and is
configured to permit spacing of radiating elements
within a single plane.

In light of the foregoing, a primary object
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of the present invention is to provide a monopole
antenna which is operable within more than one
frequency band.

Another object of the present invention is
to provide a monopole antenna which can be constructed
within very tight tolerances.

Still another object of the present
invention is to provide a printed monopole antenna
operable within more than one frequency band.

Yet another object of the present invention
is to provide a printed monopole antenna which
operates as a half-wavelength antenna within a first
frequency band and as a quarter-wavelength or half-
wavelength antenna within a second frequency band.

Another object of the present invention is
to provide a monopole antenna which eliminates ground
plane requirements found in microstrip and lamina
antennas.

Still another object of the present
invention is to eliminate direct electric connection
between radiating elements of a multi-band antenna.

A further object of the present invention is
to provide a printed monopole antenna which can be
easily configured for operation at a variety of
frequency bands.

These objects and other features of the
present invention will become more readily apparent
upon reference to the following description when taken

in conjunction with the following drawing.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present

invention, a printed monopole antenna is disclosed
including a first printed circuit board having a first

side and a second side, a first monopole radiating
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element in the form of a conductive trace formed on a
side of the first printed circuit board, and a second
monopole radiating element in the form of a conductive
trace positioned adjacent the first monopole radiating
element. The first monopole radiating element has an
electrical length which is resonant within a first
frequency band and the second monopole radiating
element has an electrical length which is resonant
within a second frequency band. 1In order for the
first and second monopole radiating elements to be
resonant within different frequency bands, the
conductive traces for each have different electrical
lengths. No direct electrical connection exists
between the monopole radiating elements, but the
second radiating element dominates at a frequency in
which the second radiating element is approximately a
half-wavelength so that coupling with the first
radiating element occurs. This particular
configuration involves the first and second monopole
radiating elements being formed on the same side of
the first printed circuit board, but may alternatively
involve the second monopole radiating element being
formed on the side of the printed circuit board

opposite that on which the first monopole radiating

"element is formed.

In accordance with a second aspect of the
present invention, first and second printed circuit
boards are provided with each having a first-side and
a second side, wherein the second printed circuit
board second side is positioned adjacent the first
printed circuit board first side. A first monopole
radiating element in the form of a conductive trace is
formed on the first printed circuit board first side,
where the first conductive trace has an electrical

length which is resonant within a first specified
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frequency band. A second monopole radiating element

in the form of a second conductive trace is formed on
the second printed circuit board first side, where the
second conductive trace has an electrical length which

is resonant within a second specified frequency band.

BRIEF DESCRIPTION OF THE DRAWING

While the specification concludes with

claims particularly pointing out and distinctly
claiming the present invention, it is believed that
the same will be better understood from the following
description taken in conjunction with the accompanying
drawing in which:

Fig. 1. is a schematic left side view of a
multiple band printed monopole antenna in accordance
with the present invention;

Fig. 2 is a schematic right side view of the
multiple band printed monopole antenna depicted in
Fig. 1;

Fig. 3 is a schematic view of the multiple
band printed monopole antenna depicted in Figs. 1 and
2 mounted on a transceiver after it has been
overmolded;

Fig. 4 is a schematic left side view of an
alternative embodiment for a multiple band printed
monopole antenna in accordance with the present
invention; and

Fig. 5 is an exploded, schematic left side
view of a second alternative embodiment for a multiple
band printed monopole antenna involving more than one

printed circuit board.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings in detail,

wherein identical numerals indicate the same elements
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WO 96/38881 PCT/US96/08057

10

15

20

25

30

35

-6-

throughout the figures, Figs. 1-3 depict a printed
monopole antenna 10 of the type which can be utilized
with radio transceivers, cellular phones, and other
personal communication equipment having multiple
frequency bands of operation. As seen in Figs. 1 and
2, printed monopole antenna 10 includes a printed
circuit board 12, which preferably is planar in
configuration and has a first side 14 (see Fig. 1) and
a second side 16 (see Fig. 2). It will be noted that
printed monopole antenna 10 includes a first monopole
radiating element in the form of a first conductive
trace 18 formed on first side 14 of printed circuit
board 12. 1In addition, a second monopole radiating
element in the form of a second conductive trace 20 is
formed on first side 14 of printed circuit board 12.
Alternatively, second conductive trace 20 may be
formed on second side 16 of printed circuit board 12.

More specifically, it will be seen that
first conductive trace 18 has a physical length 1; from
a feed end 22 to an opposite open end 24. Likewise,
second conductive trace 20 has a physical length 1,
from a first end 26 (adjacent to feed end 22 of first
conductive trace 18) and a second end 28 (adjacent to
open end 24 of first conductive trace 18). As seen in
Fig. 1, it is preferred that first and second
conductive traces 18 and 20, respectively, be oriented
substantially parallel to each other and the
respective physical lengths 1; and 1, be substantially
equivalent.

Due to the non-linear configuration of first
conductive trace 18, it will have an electrical length
greater than physical length 1;. This type of
conductive trace is explained in greater detail in a
patent application entitled "Antenna Having Electrical

Length Greater Than Its Physical Length," filed
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concurrently herewith, which is also owned by the
assignee of the present invention and hereby
incorporated by reference. It will be noted that
second conductive trace 20 has a linear configuration
so that it has an electrical length substantially
equivalent to physical length 1l,. Accordingly, it will
be understood that first conductive trace 18 has an
electrical length greater than that for second
conductive trace 20, whereby first conductive trace 18
will be resonant within a lower frequency band than
second conductive trace 20. As seen in Fig. 4, second
conductive trace 20 may have a non-linear
configuration similar to that of first conductive
trace 18, wherein second conductive trace 20 would
have an electrical length greater than physical length
1, thereof. 1In either event, it will be recognized
that first conductive trace 18 will preferably have an
electrical length greater than that of second
conductive trace 20.

By differentiating the electrical lengths of
first and second conductive traces 18 and 20,
respectively, printed monopole antenna 10 will be able
to operate within first and second frequency bands.
Preferably, the first frequency band will be
approximately 800 MegaHertz to approximately 1000
MegaHertz while the second frequency band will be
approximately 1800 MegaHertz to approximately 2000
MegaHertz. Alternatively, other frequency bands may
be utilized for the second frequency band so that
printed monopole antenna 10 can communicate with
satellites, such as between approximately 1500
MegaHertz and approximately 1600 MegaHertz or between
approximately 2400 MegaHertz and 2500 MegaHertz. In
order to better accomplish this multi-band operation,

it will be understood that first conductive trace 18
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will preferably have an electrical length
substantially equivalent to a quarter-wavelength or a
half-wavelength of a center frequency within the first
frequency band. Correspondingly, second conductive
trace 20 will preferably have an electrical length
substantially equivalent toia half-wavelength for a
center frequency within the second frequency band.

Contrary to prior art antennas, printed
monopole antenna 10 requires no direct electrical
connection between the first and second monopole
radiating elements (first and second conductive traces
18 and 20). Accordingly, second conductive trace 20
will have very little effect on antenna response when
first conductive trace 18 is resonant. Moreover, at a
higher frequency in which second conductive trace 20
is approximately a half-wavelength thereof, the
response of second conductive trace 20 dominates and
significant coupling occurs with first conductive
trace 18. Since the two responses of first and second
conductive traces 18 and 20 are very independent, dual
frequency band performance can be obtained by merely
adjusting the electrical lengths thereof.

Printed monopole antenna 10 also preferably
includes a feed port 30, such as in the form of a
coaxial connector, which includes a signal feed
portion 32 and a ground portion 34. As best seen in
Fig. 1, signal feed portion 32 of feed port 30 is
coupled only to first conductive trace 18. By this,
it is seen that second conductive trace 20 has no
means of receiving a signal other than through the
aforementioned coupling with first conductive trace
18. Alternatively, first conductive trace 18 may be
coupled to the center conductor of a coaxial
connector.

With respect to the construction of printed
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monopole antenna 10, it is preferred that first
printed circuit board 12 be made of a flexible
dielectric material, such as polyamide, polyester, or
the like. It is also preferred that first conductive
trace 18, second conductive trace 20, and first
printed circuit board 12 be overmolded with a low-loss
dielectric material, as further described in a patent
application entitled "Method of Manufacturing a
Printed Antenna," filed concurrently herewith, which
is also owned by the assignee of the present invention
and hereby incorporated by reference. Printed
monopole antenna 10 is schematically depicted in Fig.
3 as being attached in its final form to radio
transceiver 40.

An alternative configuration for printed
monopole antenna 10 is to include a second printed
circuit board 36 positioned adjacent to first printed
circuit board 12. Second printed circuit board 36 has
a first side 38 and a second side (not seen), wherein
second conductive trace 20 is formed on second printed
circuit board first side 38 instead of on first
printed circuit board first side 14 as shown in Fig.
1. It will be understood that second printed circuit
board 36 will be positioned adjacent to but a distance
from first printed circuit board 12 so that they 1lie
in planes oriented substantially parallel to each
other. The distance between first printed circuit
board 12 and second printed circuit board 36 is
adjusted to maintain a minimum voltage standing wave
ratio at a feed point for printed monopole antenna 10.
Consistent with the aforementioned embodiment, second
printed circuit board 36 also is preferably made of a
flexible dielectric material, with first conductive
trace 18, second conductive trace 20, first printed

circuit board 12, and second printed circuit board 36
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being overmolded.

Having shown and described the preferred
embodiment of the present invention, further
adaptations of the multiple band printed monopole
antenna can be accomplished by appropriate
modifications by one of ordinary skill in the art
without departing from the scope of the invention. In
particular, it will be understood that more than two
monopole radiating elements may be utilized with the
printed monopole antenna of the present invention,
whereby all of such radiating elements may be formed
on one side of a single printed circuit board, split
between both sides of a single printed circuit board,
or allocated between a plurality of printed circuit
boards positioned in substantially parallel
relationship.

What is claimed is:
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1. A printed monopole antenna, comprising:

(a) a first printed circuit board having a
first side and a second side;

(b) a first monopole radiating element
comprising a first conductive trace
formed on said first printed circuit
board first side, said first conductive
trace having a physical length from a
feed end to an opposite end; and

(c) a second monopole radiating element
positioned adjacent said first monopole
radiating element, said second monopole
radiating element comprising a second
conductive trace having a physical
length from a first end to a second
end;

wherein said first monopole radiating element is
resonant within a first frequency band and said second
monopole radiating element is resonant within a second
frequency band.

2. The printed monopole antenna of claim 1,
wherein said second conductive trace is formed on said
first printed circuit board first side.

3. The printed monopole antenna of claim 1,
wherein said second conductive trace is formed on said
first printed circuit board second side.

4, The printed monopole antenna of clainm 1,
wherein said first and second conductive traces are
oriented substantially parallel to each other.

5. The printed monopole antenna of claim 1,
wherein the physical lengths of said first and second
conductive traces are substantially equivalent.

6. The printed monopole antenna of claim 1,
wherein said first frequency band is approximately 800

MegaHertz to approximately 1000 MegaHertz.
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7. " The printed monopole antenna of claim 1,
wherein said second frequency band is approximately
1800 MegaHertz to approximately 2000 MegaHertz.
8. The printed monopole antenna of claim 1,
wherein said first conductive trace has an electrical
length greater than said physical length of said first
conductive trace.
9. The printed monopole antenna of claim 1,
wherein said first conductive trace has an electrical
length greater than an electrical length of said
second conductive trace.
10. The printed monopole antenna of claim 1,
wherein said second conductive trace has an electrical
length substantially equivalent to said physical
length of said second conductive trace.
11. The printed monopole antenna of claim 1,
wherein said second conductive trace has an electrical
length greater than said physical length of said
second conductive trace.
12. The printed monopole antenna of claim 1,
wherein said second conductive trace has an electrical
length substantially equivalent to a half wavelength
for a frequency within said second frequency band.
13. The printed monopole antenna of claim 1,
wherein said first conductive trace has an electrical
length substantially equivalent to a quarter
wavelength for a frequency within said first frequency
5 band.
14, The printed monopole antenna of claim 1,
wherein said first conductive trace has an electrical
length substantially equivalent to a half wavelength
for a frequency within said first frequency band.
15. The printed monopole antenna of claim 1,
wherein no direct electrical connection exists between

said first and second monopole radiating elements.
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16. The printed monopole antenna of claim 1,
further comprising a feed port including a signal feed
portion and a ground portion, said signal feed portion
being coupled only to said first conductive trace.

17. The printed monopole antenna of claim 16,
wherein said feed port comprises a coaxial connector.
18. The printed monopole antenna of claim 1,
wherein said first printed circuit board is made of a
flexible dielectric material.

19. The printed monopole antenna of claim 2,
wherein said first conductive trace, said second
conductive trace, and said first printed circuit board
are overmolded with a dielectric material.

20. The printed monopole antenna of claim 1,
further comprising a second printed circuit board
positioned adjacent to said first printed circuit
board, said second printed circuit board having a’

5 first side and a second side, wherein said second
conductive trace is formed on said second printed
circuit board first side.

21. The printed monopole antenna of claim 20,
wherein said second printed circuit board second side
is positioned adjacent said first printed circuit
board first side.

22. The printed monopole antenna of claim 20,
wherein said first and second printed circuit boards
lie in planes oriented substantially parallel to each
other.

23. The printed monopole antenna of claim 20,
wherein said second printed circuit board is spaced a
specified distance from said first printed circuit
board to maintain a minimum voltage standing wave

5 ratio at an antenna feed point.

24. The printed monopole antenna of claim 20,

wherein said first and second printed circuit boards
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are made of a flexible dielectric material.

25. The printed monopole antenna of claim 20,

wherein said first conductive trace, said second

conductive trace, said first printed circuit board,

and said second printed circuit board are overmolded.

26. A printed monopole antenna, comprising:

(a)

(b)

a substantially planar printed circuit
board having a first side and a second
side;

a first monopole radiating element
comprising a first conductive trace
formed on said printed circuit board
first side, said first conductive trace
having an electrical length so as to be
resonant within a first specified
frequency band; and

a second monopole radiating element
comprising a second conductive trace
formed on said printed circuit board
first side adjacent said first
conductive trace, said second
conductive trace having an electrical
length so as to be resonant within a

second specified frequency band.

27. A printed monopole antenna, comprising:

(a)

a substantially planar printed circuit
board having a first side and a second
side;

a first monopole radiating element
comprising a first conductive trace
formed on said printed circuit board
first side, said first conductive trace
having an electrical length so as to be
resonant within a first specified

frequency band; and
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(c) a second monopole radiating element
comprising a second conductive trace
formed on said printed circuit board

15 second side adjacent said first
conductive trace, said second
conductive trace having
an electrical length so as to be
resonant within a second specified

20 frequency band.

28. A printed mohopole antenna, comprising:

(a) a first substantially planar printed
circuit board having a first side and a
second side;

5 (b) a first monopole radiating element
comprising a first conductive trace
formed on said first printed circuit
board first side, said first conductive
trace having an electrical length so as

10 to be resonant within a first specified
frequency band;

(c) a second substantially planar printed
circuit board having a first side and a
second side, wherein said second

15 printed circuit board second side is
positioned adjacent said first printed
circuit board first side; and

(d) a second monopole radiating element
comprising a second conductive trace

20 formed on said second printed circuit
board first side, said second
conductive trace having an electrical
length so as to be resonant within a
second specified frequency band.

29, A printed monopole antenna, comprising:

(a) a substantially planar printed circuit
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board having a first side and a second
side;

(b) a plurality of monopole radiating
elements, each said monopole radiating
element comprising a conductive trace
formed on one of said printed circuit
board sides adjacent each other,
wherein each conductive trace has a
specified electrical length so as to be
resonant within a specified frequency
band.

30. . The printed monopole antenna of claim 29,
wherein said conductive traces are oriented
substantially parallel to each other.

31. The printed monopole antenna of claim 29,
wherein said conductive traces have substantially
equivalent physical lengths.

32. The printed monopole antenna of claim 29,
wherein at least one of said conductive traces has a
physical length different than said remaining
conductive traces.

33. The printed monopole antenna of claim 29,
wherein no direct electrical connection exists between
said plurality of monopole radiating elements.

34, The printed monopole antenna of claim 29,
further comprising a feed port including a signal feed
portion and a ground portion, said signal feed portion
being coupled to only one of said conductive traces.
35. A printed monopole antenna, comprising:

(a) a substantially planar first printed
circuit board having a first side and a
second side;

(b) a substantially planar second printed
circuit board having a first side and a

second side, said second side of said
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second printed circuit board being
positioned adjacent said first side of
said first printed circuit board;

(c) at least one monopole radiating element
associated with said first printed
circuit board, each of said monopole
radiating elements comprising a
conductive trace formed on said first
printed circuit board first side,
wherein each conductive trace has an
electrical length so as to be resonant
within a specified frequency band; and

(d) at least one monopole radiating element
associated with said second printed
circuit board, each of said monopole
radiating elements comprising a
conductive trace formed on said second
circuit board first side, wherein each
conductive trace has an electrical
length so as to be resonant within a
specified frequency band.

36. The printed monopole antenna of claim 35,
wherein said conductive traces are oriented
substantially parallel to each other. _

37. The printed monopole antenna of claim 35,
wherein said conductive traces have substantially
equivalent physical lengths.

38. The printed monopole antenna of claim 35,
wherein at least one of said conductive traces has a
physical length different than said remaining
conductive traces.

39. The printed monopole antenna of claim 35,
wherein no direct electrical connection exists between
said plurality of monopole radiating elements.

40, The printed monopole antenna of claim 35,
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further comprising a feed port including a signal feed
portion and a ground portion, said signal feed portion
being coupled to only one of said conductive traces.
41, The printed monopole antenna of claim 35,
wherein said first and second printed circuit boards
lie in planes oriented substantially parallel to each
other.

42. The printed monopole antenna of claim 35,
wherein said second printed circuit board is spaced a
specified distance from said first printed circuit
board to maintain a minimum voltage standing wave

5 ratio.
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