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PATCH ANTENNA WITH ELECTROMAGNETIC SHIELD COUNTERPOISE

BACKGROUND

The invention relates in general to antennas and more specifically to a patch
antenna having an electromagnetic shield counterpoise.

Electromagnetic signals are transmitted and received through antennas. The
selection or design of an antenna for a particular device may depend on a variety of
factors including signal freqdencies, minimum antenna performance, and avatlable
space. In mobile wireless devices, the size and location of an antenna are important
considerations for the performance of the antenna. Conventional mobile devices utilize
embedded patch antennas such as a Planer Inverted “F" Antenna (PIFA) where a
radiating element is positioned parallel to a ground plane formed by a conductive ground
layer in a printed circuit board (PCB). The radiating element may be printed within a
conductive layer in the PCB or may be formed on a separate component that is attached
near the ground layer in the PCB. Conventional patch antenna designs are limited since
the location of the ground plane in the PCB as well as other\ mechanical constraints of
the mobile device design limits the potential location and position of the radiating
element. Performance characteristics of the patch antenna such as bandwidth and
efficiency are closely dependent on the spacing between the ground plane and the
radiator element. As a result, the location and position of the PCB in conventional mobile
devices limits the potential locations of the radiator element and often results in a larger
mobile communication device than otherwise required.

Accordingly, there is need for a patch antenna that maximizes the flexibility in
antenna location within a portable communication device and facilitates compact designs
of mobile communication devices.

In accordance with one aspect of the invention there is provided a patch antenna
including a radiating element positioned on a first side of a printed circuit board having a
ground. The patch antenna also includes an electromagnetic shield mounted on an
opposite side of the printed circuit board to position the electromagnetic shield within a
perimeter of the printed circuit board, the electromagnetic shield connected to the ground
of the printed circuit board on the opposite side of the printed circuit board. The

electromagnetic shield forms at least a portion of a counterpoise of the patch antenna.
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The counterpoise of the antenna may include the electromagnetic shield and a
ground of the printed circuit board.

The radiating element may be positioned at least partially over an opening within
the printed circuit board exposing at least a portion of the electromagnetic shield.

The radiating element and the electromagnetic shield may at least partially form a

planar inverted “F" antenna (PIFA).

The electromagnetic shield may be soldered to the ground of the printed circuit
board.

The electromagnetic shield may have four sides and may be soldered to the
ground along at least a portion of at least one of the four sides and the ground plane may

be connected to the ground.

The electromagnetic shield may be soldered to the ground along at least a portion
of only one of the four sides.

The electromagnetic shield may further include a top surface that is offset from
the opposite surface of the printed circuit board.

In accordance with another aspect of the invention there is provided a patch
antenna including a printed circuit board having a first side and a second side, a
conductive ground layer, and an opening extending from the first side to the second side
and having an opening area and a planar radiating element connected to the first side of
the printed circuit board and positioned at least partially over the opening in the printed
circuit board. The patch antenna also includes an electromagnetic shield connected to
the second side of the printed circuit board and positioned at least partially under the
opening, and within a perimeter of the printed circuit board. The electromagnetic shield is
connected to the conductive ground layer and forming at least a portion of a
counterpoise of the patch antenna.

The electromagnetic shield may have four sides and at least a portion of one side
of the four sides may be soldered to a conductive ground plane of the printed circuit

board that is connected to the conductive ground layer.

At least a portion of only one side of the four sides may be soldered to the
conductive ground plane.

At least a portion of at least two sides of the four sides may be soldered to the
conductive ground plane.
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At least a portion of at least three sides of the four sides may be soldered to the
conductive ground plane.

The electromagnetic shield may further include a top surface that is offset from
the second side of the printed circuit board.

The radiating element and the electromagnetic shield may at least partially form a
planar inverted “F” antenna (PIFA).
The PIFA may be a multiband PIFA.

The PIFA may be optimized to operate in a frequency band of 824-894 MH/Z, in a
frequency band of 1850-1990 MHZ and a frequency band including 1575 MHZ.

In accordance with another aspect of the invention there is provided a mobile
communication device assembly including a printed circuit board having a first side, a
second side, an opening that extends through the printed circuit board from the first side
to the second side and a conductive ground layer and a plurality of electrical components
mounted to the first and second sides of the printed circuit board. The mobile
communication device assembly also includes a planar radiating element coupled to at
least one of the plurality of electrical components and connected to the first side of the
printed circuit board. The planar radiating element is positioned at least partially over the
opening in the printed circuit board, and is positioned in an area of the printed circuit
board that does not include the conductive ground layer. An electromagnetic shield is
connected to the second side of the printed circuit board and is positioned under and
covering the opening. The planar radiating element and the electromagnetic shield form
at least a portion of a patch antenna, wherein the electromagnetic shield is a
counterpoise of the patch antenna.

The electromagnetic shield may have four sides and at least a portion of one side
of the four sides may be soldered to the conductive ground layer of the printed circuit
board.

At least portions of each of at least two sides of the four sides of the

electromagnetic shield may be soldered to the conductive ground layer.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 I1s a block diagram of a patch antenna apparatus in accordance with an
exemplary embodiment of the invention.
FIG. 2 is a mechanical schematic representation of a side view of the mobile
communication device assembly in accordance with the exemplary embodiment of the

invention.
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I-BIGI 3 isld:meéehanicall séhiematic representation of a bottom view of the mobile
communication device assembly in accordance with the exemplary embodiment of the
invention.

FIG. 4 is an illustration of a perspective view of an exemplary mobile
communication device assembly where the electromagnetic shield is a rectangular metal
shield.

DETAILED DESCRIPTION

In accordance with an exemplary embodiment of the invention, a patch antenna
Includes a radiating element positioned on one planar side of a printed circuit board and
an electromagnetic shield positioned on an opposite planar side of the printed circuit
board. The electromagnetic shield forms at least a portion of the counterpoise of the
antenna and is connected to the ground of the PCB in at least one location. The
exemplary patch antenna apparatus maximizes the flexibility in antenna location within a
mobile communication device while minimizing the size of the mobile communication
device.

FIG. 1 is a block diagram of a side view of a patch antenna 102 within a mobile
communication device assembly 100 in accordance with an exemplary embodiment of
the invention. The blocks in FIG. 1 generally represent an exemplary relative
configuration and do not necessarily represent relative sizes or positions of the
components illustrated. The patch antenna 102 includes a radiating element 104 and a
counterpoise at least partially formed by an electromagnetic shield 106. In the exemplary
embodiment, the patch antenna 102 is integra’ied with a printed circuit board 108 of a
mobile communication device such as, for example, a cellular telephone or wireless
PDA. In some circumstances, however, the patch antenna 102 may be integrated with
other devices or may be formed as a discrete component connectable to a mobile
communication device. The patch antenna 102 is configured to operate in one or more
frequency bandwidths. In the exemplary embodiment, the patch antenna 102 is a multi-
band Planer Inverted “F” Antenna (PIFA) optimized to operate in the 824-894 MHZ
frequency band (U.S. cellular), 1850-1990 MHZ frequency band (U.S. PCS) and the
1575 MHZ frequency band (GPS).

The radiating element 104 of the patch antenna 102 is positioned on one side of
the printed circuit board (PCB) 108 and the electromagnetic shield 106 is positioned on
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an oppdsite-sidezof e PEB o8 The electromagnetic shield 106 is connected to the
ground 110 of the PCB 108 and forms at least a portion of the counterpoise (ground
plane) for the patch antenna 102. In the exemplary embodiment, the counterpoise of the
paich antenna 102 is formed by the combination of the electromagnetic shield 106 and
5 the ground 110 of the PCB 108. The electromagnetic shield 106 may be formed from any

of several electrically conductive materials and may have any of several shapes and
sizes depending on the particular design oonstraihts, operating frequencies, and desired
performance. As discussed below in further detail, the dimensions of the
electromagnetic shield 106 are selected, at least in part, in accordance with the desired

10  position of the ground plane for the patch antenna 102.

As mentioned above, the electromagnetic shield 106 is connected to the ground
110 of the PCB 108. In the exemplary embddiment,.. at least a portion of the
electromagnetic shield 106 is soldered to a ground layer in the PCB 108. The
electromagnetic shield 106 may be connected using other techhiques iIn some

15 circumstances. For example, the electromagnetic shield 106 may be soldered to one or
more ground vias as discussed below.

The radiating element 104 is any conductive strip, plate, sheet, or device suitable
for radiating electromagnetic energy:in operation with a counterpoise (ground plane)
when appropriately excited with an electrical signal. As discussed below, the radiating

20 element 104 in the exemplary embodiment is a discrete PIFA radiating element including
a stamped element, a feed pin, a ground pin, and a support frame. In the exemplary
embodiment, the frame of the discrete PIFA radiating element is secured to the PCB 108
with an attachment mechanism such as plastic clip arrangemeﬁnt. The radiating element
104, however, may be secured to the PCB 108 in a variety of ways depending on the

25  particular type of radiating element design. For example, a radiating element 104 may be
etched, or otherwise formed, into a conductive layer of the PCB 108. Also, the radiating
element may be formed by more than one elements and/or parasitic elements in some
circumstances. Where the radiating element 104 is a discrete radiating element, flexible
tabs, pins, or other mechanisms suitable to connect the radiating element 104 to the

30 PCB 108 may be used. In some circumstances, the radiating element 104 may be
soldered to a copper trace or layer of the PCB 108. In the exemplary embodiment, feed
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and ﬁFc‘ﬂiHﬁ%1!5%@5@%6I@d@i%ﬂ&/"‘é’bnnect the radiating element feed and ground pins to
the appropriate circuit connections of the mobile communication device assembly 100.

The mobile communication device assémbly 100 inoludés electrical components
112 that are arranged and interconnected on the PCB 108 to form the circuits of the
mobile communication device. The patch antenna 102 is connected to one or more of
the circuits through copper traces, wires, eléotrioal components, or connectors. Copper
traces on the PCB 108 connect antenna circuitry to the connectors that engage the feed
pin and ground pin of the radiating element 104. |

In the exemplary embodiment, the PCB 108 includes an opening 114 between the
radiating element 104 and the electromagnetic shield 106. In some circumstances,
however, the area between the radiating element 104 and the electromagnetic shield 106
may at least partially include the dielectric material of the PCB 108. Accordingly, the
radiating element 104 in the exemplary embodiment is positioned at least partially over a
PCB opening 114 exposing at least a portion of the eIectrOmagnetic shield 106.

FIG. 2 is a mechanical schematic representation of a side view and FIG. 3 is a
mechanical schematic representation of a bottom view of the mobile communication
device assembly 100 in accordance with the exemplary embodiment of the invention. In
the interest of clarity, various details of the mobile communication device assembly 100
have been omitted in FIG.s 2 and 3. The components and elements represented by the
general depictions in FIG.s 2 and 3 apply to any of several components or devices. For
example, the circuit components are illustrated as réctangular blocks (112) in FIG. 2 and
Fig 3 although electrical components may have any of numerous shapes and sizes.
Those skilled in the art will readily recognize the various components that are
represented by the general depictions of the illustrations.

The radiating element 104 in the exemplary embodiment is a discrete device that
includes a plastic frame 206 supporting a copper sheet 204 arranged in a pattern that
creates a multiband PIFA patch antenna 102 when positioned at the proper distance
from a ground plane. As discussed above, hoWever, the radiating element 204 may be
any of several antenna design radiatin.g elements and may be formed within a conductive
layer of the PCB 108 in some circumstances. :

The attachment mechanism 208 in the exemplary embodiment includes two or
more plastic tabs that snap onto the PCB 1 08 A feed pin 210 engages a feed antenna
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connector on the PCB 108 that is connected to the antenna circuitry. A ground pin 212
engages a ground connector connected to the ground 110 of the PCB 108.

The electromagnetic shield 106 is folded sheet of conductive material such as
copper, steal, conductive plastics, plated plastic, or plastic with conductive paint. The
selection of material and the manufacturing technique used to form the electromagnetic
shield 106 depend on the particular implementation, cost considerations, and other
factors. Examples of suitable structures of the electromagnetic shield 106 include
structures that are adequately rigid to minimize deformations that result in antenna
performance degradation. The exemplary electromagnetic shield 106 is formed from a
0.2mm thick (38 gauge) sheet of cold rolied steel (1010-1008 series) using a sheet metal
stamping process. An example of a suitable technique for shaping the electromagnetic
shield 106 includes using a forming press. In the exemplary embodiment, the
electromagnetic shield 106 is plated with tin to improve soldering characteristics. The
height of the electromagnetic shield 106 is determined, at least in part, based on
oreferred separation between the radiating element 104 and a ground plane. The
oreferred separation is determined in accordance with known antenna design techniques
as applied to the particular implementation of the patch antenna 102.

At least a portion of the electromagnetic shield 106 is connected to the ground
110 of the PCB 108. In the exemplary embodiment, a portion of one of four equilateral
edges is soldered to a top conductive ground plane of the PCB 108. A suitable technique
for soldering the electromagnetic shield 106 includes applying solder paste between the
edge of the electromagnetic shield 106 and the PCB 108 and exposing the assembly In
a reflow oven at the appropriate temperature. In the exemplary embodiment, the
electromagnetic shield 106 includes one or more legs that have feet at right angles that
are soldered to solder pads on the PCB 108. The feet are paralle! to the PCB 108 and
secured with solder paste to the solder pads allowing the electromagnetic shield 106 to
remain positioned on the PCB 108 during the reflow soldering process. For additional
structural integrity, more than one side of the electromagnetic shield 106 may be
connected to the PCB 108. For example, at least portions of two sides, three sides, or all
four sides of a rectangular shield may be soldered to ground 110. In some situations,
soldering more than one side of the electromagnetic shield 106 to ground may degrade

antenna performance. Further, other techniques may be used to electrically connect the
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electromagnetic shield 106 to the ground of the PCB 108. For example, the connection
can be made using one or more conductive pillows or gaskets in some circumstances.
FIG. 4 is an illustration of perspective view of an exemplary mobile communication
device assembly 400 where the electromagnetic shield 106 is a rectangular metal shield.
The exemplary electromagnetic shield 106 includes four equilateral sides where at least
portions 406 of two of the sides are soldered to a ground 110 of the PCB 108. The
ground 110 includes a conductive ground layer 402 that is formed on the side of the PCB
108 where the electromagnetic shield 106 is connected. Ground vias 404 connect other
ground layers to the conductive ground layer 404. In some circumstances, the ground
vias 404 may be eliminated. Further, the electromagnetic shield 106 may connected
directly to ground vias 404 of the PCB ground 110. Although the exemplary
electromagnetic shield 106 is rectangular, other shapes and configurations may be used
where the shield 106 may have any number of sides and may be nonsymmetrical. For
example, the shield 106 may be elliptical, circular, triangular, trapezoidal, or hexagonal
and may have notches, grooves, indentation or other discontinuities on one more sides.
Therefore, the radiating element 104 and the electromagnetic shield 106 form a
patch antenna 102 where the radiating element 104 is positioned on a first side of the
PCB 108 and the electromagnetic shield 106 is attached to the opposite side. An
opening 114 in the PCB 108 minimizes loss. Although a single side of the
electromagnetic shield 106 may be connected to ground 110 of the PCB 108, multiple
sides may be soldered to a conductive ground plane 402 in some circumstances. The
electromagnetic shield 106 allows the ground plane of the exemplary antenna 102 to be
offset from the plane of the PCB 108 or offset from the surface of the PCB 108. As
compared to conventional antennas, additional flexibility is provided in positioning the
patch antenna 102 relative to various components of a mobile communication device.
For example, the thickness of a housing of a mobile communication device may be
reduced since the patch antenna 102 may be centered within the housing.
Clearly, other embodiments and modifications of this invention will occur readily to those
of ordinary skill in the art in view of these teachings. The above description is iliustrative
and not restrictive. This invention is to be limited only by the following claims, which
include all such embodiments and modifications when viewed in conjunction with the

above specification and accompanying drawings. While specific embodiments of the
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iInvention have been described and illustrated, such embodiments should be considered
llustrative of the invention only and not as limiting the invention as construed in

accordance with the accompanying claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:
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1. A patch antenna comprising:

a radiating element positioned on a first side of a printed circuit board, the

printed circuit board comprising a ground; and

an electromagnetic shield mounted on an opposite side of the printed
circuit board to position the electromagnetic shield within a perimeter of the
printed circuit board, the electromagnetic shield connected to the ground of
the printed circuit board on the opposite side of the printed circuit board,
wherein the electromagnetic shield forms at least a portion of a

counterpoise of the patch antenna.

The patch antenna in accordance with claim 1, wherein the counterpoise of the

antenna comprises the electromagnetic shield and a ground of the printed circuit
board.

The patch antenna in accordance with claim 1, wherein the radiating element is

positioned at least partially over an opening within the printed circuit board

exposing at least a portion of the electromagnetic shield.

The patch antenna in accordance with 1, wherein the radiating element and the

electromagnetic shiela at least partially form a planar inverted “F” antenna (PIFA).

The patch antenna in accordance with claim 1, wherein the electromagnetic shield

IS soldered to the ground of the printed circuit board.

The patch antenna in accordance with claim 5, wherein the electromagnetic shield
has four sides and is soldered to the ground along at least a portion of at least one

of the four sides, wherein the ground plane is connected to the ground.

8
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The patch antenna in accordance with claim 6, wherein the electromagnetic shield

Is soldered to the ground along at least a portion of only one of the four sides.

The patch antenna in accordance with claim 1, wherein the electromagnetic shield

further includes a top surface that is offset from the opposite surface of the printed
circuit board.

A patch antenna comprising:

a printed circuit board having a first side and a second side, a conductive

ground layer, and an opening extending from the first side to the second

side and having an opening area;

a planar radiating element connected to the first side of the printed circuit

board and positioned at least partially over the opening in the printed circuit
board; and

an electromagnetic shield connected to the second side of the printed
circuit board and positioned at least partially under the Opening,'and within
a perimeter of the printed circuit board, the electromagnetic shield
connected to the conductive ground layer and forming at least a portion of
a counterpoise of the patch antenna.

The patch antenna in accordance with claim 9, wherein the electromagnetic shield
has four sides and at least a portion of one side of the four sides is soldered to a

conductive ground plane of the printed circuit board that is connected to the

conductive ground layer.

The patch antenna in accordance with claim 10, wherein at least a portion of only

one side of the four sides is soldered to the conductive ground plane.
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The patch antenna in accordance with claim 10, wherein at least a portion of at

least two sides of the four sides are soldered to the conductive ground plane.

The patch antenna in accordance with claim 12, wherein at least a portion of at

least three sides of the four sides are soldered to the conductive ground plane.

The patch antenna in accordance with claim 9, wherein the electromagnetic shield

further includes a top surface that is offset from the second side of the printed
circuit board.

The patch antenna in accordance with claim 9, wherein the radiating element and

the electromagnetic shield at least partially form a planar inverted “F" antenna
(PIFA).

The patch antenna in accordance with claim 15, wherein the PIFA is a multiband
PIFA.

The patch antenna in accordance with claim 16, wherein the PIFA is optimized to
operate in a frequency band of 824-894 MHZ, in a frequency band of 1850-1990
MHZ and a frequency band including 1575 MHZ.

A mobile communication device assembly comprising:

a printed circuit board having a first side, a second side, an opening that

extends through the printed circuit board from the first side to the second

side and a conductive ground layer,

a plurality of electrical components mounted to the first and second sides of
the printed circuit board;

10
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a planar radiating element coupled to at least one of the plurality of
electrical components and connected to the first side of the printed circuit
board, the planar radiating element positioned at least partially over the
opening in the printed circuit board, and positioned in an area of the printed

circuit board that does not include the conductive ground layer; and

an electromagnetic shield connected to the second side of the printed
circuit board and positioned under and covering the opening, the planar
radiating element and the electromagnetic shield forming at least a portion

of a patch antenna, wherein the electromagnetic shield is a counterpoise of
the patch antenna.

The mobile communication device assembly in accordance with claim 18, wherein
the electromagnetic shield has four sides and at least a portion of one side of the

four sides is soldered to the conductive ground layer of the printed circuit board.
The mobile communication device assembly in accordance with claim 19, wherein

at least portions of each of at least two sides of the four sides of the

electromagnetic shield are soldered to the conductive ground layer.

11
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