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BUILT-IN ANTENNA FOR MOBILE COMMUNICATION DEVICE

Background of the Invention

The invention disclosed and claimed herein generally pertains to an antenna
configuration for a mobile communication device such as a mobile telephone. More
particularly, the invention pertains to an in-built antenna, that is, an antenna of the
above type which is contained entirely within the case or housing of the
communication device. Even more particularly, the invention pertains to an antenna
of the above type which reduces cost and communication losses, and is characterized
by enhanced manufacturability.

In designing mobile phones, it is frequently desirable to place or enclose the
antenna entirely within the interior of the phone case. An arrangement of this type,
referred to in the art as an in-built antenna, comprises a radiator or antenna pattern and
an antenna ground plane. Typically, the antenna pattern is located above the ground
plane, in spaced-apart relationship. The ground plane usually comprises one of the
layers of the main printed circuit board of the mobile phone, and the antenna pattern
comprises a stamped sheet metal part, or a layer of copper or other conductive
material formed upon a flexible printed circuit board. The antenna pattern and its
flexible printed circuit board are securely fixed in position with respect to the ground
plane and the main printed circuit board, at the required spacing, by means of a plastic
carrier.

In the prior art arrangement described above, the spaced-apart antenna pattern
is generally connected to radio signal transmit and receive components, located on the
main circuit board, by means of a connector having two or more contact pins. This
antenna connection is a critical parameter in the operation of the antenna.
Accordingly, the antenna pattern connector is usually of a high performance type.

However, the need for high performance connectors tends to significantly increase
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antenna costs. Moreover, the connectors tend to cause losses in transmission and
reception of radio signals.

The above disadvantages in conventional in-built antennas are difficult to
overcome. An in-built antenna must be capable of being contained within the case or
housing of a mobile phone. A mobile phone housing has very limited interior space
or volume, and must be able to contain other components in addition to the in-built

antenna.

Summary of the Invention

The present invention provides an in-built antenna which eliminates the
conventional antenna connector between the antenna pattern and radio signal transmit
and receive components described above. Thus, the costs associated with such
connectors, as well as losses between the antenna pattern and the radio transceiver
components caused by the connector, are likewise eliminated. Moreover,
manufacturability of the antenna, and in particular the manufacture of the radiator or
antenna pattern, is significantly enhanced as described hereinafter in further detail.

One embodiment of the invention is directed to an in-built antenna apparatus
for a mobile communication device having a case, wherein a main printed circuit
board within the case is employed to mount electronic transmit and receive
components. The apparatus comprises an antenna pattern formed on a planar surface
of the main printed circuit board, a ground plane formed of selected electrically
conductive material, and structure for supporting the ground plane within the case, in
facing spaced-apart parallel relationship with the antenna pattern. An element of the
antenna pattern extends along the planar surface from the antenna pattern to at least
one of the signal communication components.

In a preferred embodiment of the invention, the ground plane comprises a
flexible printed circuit board connected to the main printed circuit in spaced-apart
relationship. Preferably, the ground plane is connected to the surface of the main
printed circuit board opposing the board surface on which the antenna pattern is

formed.
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Brief Description of the Drawings

Figure 1 is a perspective view showing a mobile phone of exemplary type
using an embodiment of the invention.

Figure 2 is a perspective view showing the front side of a main printed circuit
board carrying an embodiment of the invention disposed for use in the mobile phone
shown in Figure 1.

Figure 3 is a perspective view showing the opposing side of the printed circuit

board depicted in Figure 2.

Detailed Description of the Preferred Embodiment

Referring to Figure 1, there is shown a foldable "clam shell" mobile phone 10
comprising upper and lower phone members 10a and 10b, respectively. Upper phone
member 10a is providéd with a case or housing 12 for protectively enclosing certain
electronic components (not shown). A display window 14 is included in case 12 to
enable a phone user to view text or pictorial matter generated by a conventional
display device (not shown) located behind window 14.

Referring further to Figure 1, there is shown a main printed circuit board 16
fixably positioned within upper phone member 10a to supportably mount the display
behind window 14. Circuit board 16 also supports electronic components (not shown
in Figure 1) required for the transmission and reception of radio signals during
operation of mobile phone 10. As described hereinafter, main printed circuit board 16
is also used to mount the antenna required for operation of phone 10, the antenna

comprising an in-built antenna contained entirely within case 12.
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Referring to Figures 2 and 3 together, there is shown main printed circuit
board 16 having a front side 16a and an opposing rear side 16b. Electronic
components for transmitting radio signals from mobile phone 10, as well as for
receiving radio signals directed thereto, which respectively carry voice and other
information, are fixably mounted to side 16a of main printed circuit board 16.
However, only one of such electrical components, a transmission or receiving
component 18, is shown in Figure 2 for purposes of illustration.

Referring further to Figure 2, there is shown an in-built antenna component
comprising an antenna pattern or radiator 20. Antenna pattern 20 is etched into or
printed on main printed circuit board 16 in a pre-specified pattern, in order to provide
particular desired antenna characteristics for signal transmission and reception.
Preferably, antenna pattern 20 is etched using the same technique employed to
fabricate conductive paths between electronic components on circuit board surface
16a, and also to fabricate the components themselves, either entirely or in part. Thus,
the cost of manufacturing antenna pattern 20 can be substantially reduced. This is
achieved by forming the antenna pattern as part of the process of manufacturing
conductive paths on circuit board surface 16a for respective components, such as
component 18.

Figure 2 further shows an elongated element 20a of antenna pattern 20
extended to component 18, to electronically connect antenna pattern 20 to the
electronic transmit and receive components on circuit board surface 16a. Thus, the
arrangement shown in Figure 2 eliminates the connector pins required in prior art
devices of the type described above. Losses in signal transmissions and receptions
caused by the use of such connector pins are thereby also eliminated.

Referring to Figure 3, there is shown a ground plane 22 supported above
surface 16b of main printed circuit board 16, in facing, spaced-apart parallel
relationship with antenna pattern 20. That is, ground plane 22 and antenna pattern 20
respectively lie in planes which are parallel with one another and with surfaces 16a
and 16b. By placing ground plane 22 and antenna pattern 20 in facing relationship
with one another, rather than an off-set relationship, a hypothetical axis which is

orthogonal to their respective planes and passes through antenna pattern 20 at any

4
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point will also pass through ground plane 22. Antenna pattern 20 and ground plane
22 are separated by a spacing s, which is usefully on the order of 8 mm for a
conventional mobile phone 10 as shown in Figure 1. Antenna pattern 20 and ground
plane 22, collectively, form the components of an in-built antenna 24 for mobile
phone 10, as best shown by Figure 2. It is to be understood that the scope of the
invention is not limited to use with mobile phones of the type shown in Figure 1, but
may be used with a wide range of other mobile communication devices as well.

Referring further to Figure 3, there is shown ground plane 22 supported upon
printed circuit board surface 16b and spaced apart therefrom by means of a mounting
device 26. In one embodiment mounting device 26 comprises a plastic carrier.
Ground plane 22 preferably comprises a flexible printed circuit board, formed of
copper or other conductive material. An additional portion 28 of such flexible printed
circuit board is bent at 90 degrees to extend downward along the side of mounting
device 26, as viewed in Figure 3, to printed circuit board surface 16b. A further
portion of the flexible circuit board, comprising a strip or end portion 32, is bent at 90
degrees to portion 28 to abut printed circuit board surface 16b. Ground plane 22 is
joined to printed circuit board surface 16b by attaching end portion 32 thereto, such as
by means of heat sealing or hot bar soldering.

Preferably, the mounting device 26 is attached to printed circuit board surface
16b by means of snap features or fittings, or by gluing. Portions of ground plane 22
which are adjacent to mounting device 26 are attached thereto by gluing or heat
staking.

Alternatively, ground plane 22 may comprise a portion of either a sheet metal
part or a plastic part plated with conductive metal. The end portion 32 is then '
connected to circuit board surface 16b by means of soldering or by means of a
conductive gasket 34, positioned between surface 16b and end portion 32 and held in
place by mounting device 26.

Referring further to Figure 3, there is shown ground plane 22 electrically
connected to the main printed circuit board by means of portion 28, portion 32 and a
linear microstrip of conductive material 30. Microstrip 30 is in closely spaced

relationship, through main printed circuit board 16, with element 20b of antenna

5
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pattern 20, which defines a boundary of antenna pattern 20 on surface 16a of the main
printed circuit board. The close spacing between microstrip 30 and antenna pattern
element 20b is necessary for effective operation of in-built antenna 24.

It is to be emphasized that the antenna pattern shown in the drawings is just
one exemplary pattern of many possible configurations, and is not intended to limit
the scope of the invention in any way. Many other modifications and variations of the
present invention are possible in light of the above teachings. It is therefore to be
understood that within the scope of the disclosed concept, the invention may be

practiced otherwise than as has been specifically described.
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Claims

What is Claimed is:

1. In a mobile communication device having a case and a main printed
circuit board within the case for mounting electronic communication components,
5  antenna apparatus comprising:

an antenna pattern formed of conductive material located on a
specified planar surface of said main printed circuit board, an element of said antenna
pattern extending to at least one of said communication components to provide a
conductive path between said at least one component and said antenna pattern:

10 a ground plane formed of selected electrically conductive material, and

a mounting device for supporting said ground plane within said case in

facing spaced-apart parallel relationship with said antenna pattern and in spaced-apart

relationship with said main printed circuit board.

2. The apparatus of Claim 1 wherein:
15 said antenna pattern is etched on said specified planar surface of said

main printed circuit board.

3. The apparatus of Claim 1 wherein:
said ground plane comprises a portion of a flexible sheet of conductive
material, and an end portion of said flexible sheet is extended from said ground plane

20  to said main printed circuit board.

4. The apparatus of Claim 3 wherein:
said end portion of said flexible sheet joins said ground plane to the

surface of said main printed circuit board opposing said specified surface.

25 5. The apparatus of Claim 4 wherein:

said ground plane comprises a flexible printed circuit board.
7
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6. The apparatus of Claim 4 wherein:
said end portion is joined to said opposing surface of said main printed

circuit board by means of heat sealing.

7. The apparatus of Claim 4 wherein:
5 said end portion is joined to said opposing surface of said main printed

circuit board by means of hot bar soldering.

8. The apparatus of Claim 4 wherein:

said ground plane comprises a sheet metal part.

9. The apparatus of Claim 4 wherein:

10 said ground plane comprises a metal plated plastic part.

10.  The apparatus of Claim 4 wherein:
said end portion is joined to said main printed circuit board by means

of a conductive gasket.

11.  The apparatus of Claim 4 wherein:
15 an element of said antenna pattern defines a boundary thereof, and
said ground plane is electrically connected to said main printed circuit
by means of a microstrip of conductive material joined to said opposing surface in

closely spaced relationship with said element defining said antenna pattern boundary.
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12.  Ina mobile communication device having a case and a main printed

circuit board within the case for mounting electronic communication components, a
method for configuring an antenna comprising the steps of:

forming an antenna pattern of conductive material on a specified planar

5  surface of said main printed circuit board and extending an element of said pattern to

at least one of said communication components; and

mounting a ground plane within said case in facing spaced-apart
parallel relationship with said antenna pattern and in spaced-apart relationship with

said main printed circuit board.

10 13.  The method of Claim 12 wherein:
said forming step comprises etching said antenna pattern on said

specified planar surface of said main printed circuit board.

14.  The method of Claim 12 wherein:
said mounting step comprises positioning a mounting device between
15 said ground plane and the surface of said main printed circuit board opposing said

specified surface.

15. The method of Claim 14 wherein:
said ground plane comprises a portion of a flexible printed circuit

20  board.

16.  The method of Claim 15 wherein:
an end portion of said flexible circuit board is extended from said
ground plane to said opposing surface of said main printed circuit board, and is joined

25  thereto by means of heat sealing.
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17.  The method of Claim 15 wherein:
an end portion of said flexible circuit board is extended from said
ground plane to said opposing surface of said main printed circuit board, and is joined

thereto by means of hot bar soldering.

5 18. The method of Claim 14 wherein:

said ground plane comprises a sheet metal part.

19. The method of Claim 14 wherein:

said ground plane comprises a metal plated plastic part.

20.  The method of Claim 15 wherein:
10 an end portion of said flexible circuit board is extended from said
ground plane to connect said ground plane to said main printed circuit board by means

of a conductive gasket.

10
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