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MOBILE COMMUNICATION HANDSET WITH ADAPTIVE ANTENNA
ARRAY

BACKGROUND OF THE INVENTION

Code Division Multiple Access (CDMA) modulation and other spread
spectrum techniques now find widespread application in wireless systems such as
cellular mobile telephones, wireless local area networks and sumilar systems. In

10 these systems a connection is provided between a central hub or base station and one
or more mobile or remote subscriber units. The base station typically includes a
specialized antenna for sending forward link radio signals to the mobile subscriber
units and for recerving reverse link radio signals transmitted from the mobile units.
BEach mobile subscriber unit also contains its own antenna for the reception of the

15  forward link signals and for transmission of reverse link signals. A typical mobile
subscriber unit may for example, be a digital cellular telephone handset or a personal
digital assistant having an incorporated cellular modem, or other wireless data
device. In CDMA systems, multiple mobile subscriber units are typically
transmitting and receiving signals on the same carrier frequency at the same time.

20 Unique modulation codes distinguish the signals origimating from or intended to be
sent to mdividual subscriber units.

Other wireless access techniques also use spread spectrum for
communications between a centralized unit and ene or more remote or mobile units.
These include the local area network standard promulgated by the Institute of the *

25 Electrical and Electronic Engineers (IEEE) 802.11 and the industry developed
wireless Bluetooth standard.

The most common antenna used in a mobile subscriber unit is a monopole.
A monopole antenna most often consists of a single wire or other elongated metallic
element. A signal transmitted from such a monopole antenna is generally

30 ommidirectional 1 nature. That is, the signal 1s sent with approximately the same

signal power 1n all directions in a generally horizontal plane. Reception of a signal

with a monopole antenna, element, 1s likewise omnidirectional. A monopole
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antenna therefore cannot differentiate between signals originating from one direction
versus a different signal originating from another direction. Although most
monopole antennas do not produce significant radiation in the elevation plane, the
expected antenna pattern in three dimensions is typically a donut-like toroidal shape,
with the antenna element located at the center of the donut hole.

Unfortunately, CDMA communication systems are typically mterference
limited. That is, as more and more subscriber units become active within a -
particular area and share access to the same base station, interference increases
among them, and thus so does the bit error rate they experience. To maintain system
integrity in the face of increasing error rates, often the maximum data rate available -
to one or more users must be decreased, or the number of active units must be

limited in order to clear the radio spectrum.

It is possible to eliminate excessive interference by using directive antenna at

either the base station and/or the mobile units. Typically, a directive antenna beam
pattern is achieved through the use of a phased array antenna at the base station.
The phased array is electronically scanned or steered in a desired direction by
controlling the phase angle of a signal input to each antenna element.

However, phased array antennas suffer decreased efficiency and gain as
arrays become electrically small as compared to the wavelength of the radiated
signals. When phased arrays are used or attempted to be used in conjunction with a
hand-held portable subscriber unit, the antenna arrays spacing must be relatively

small and therefore antenna performance 1s correspondingly compromised.

SUMMARY OF THE INVENTION

Several considerations should be taken into account when designmg an
antenna for a hand-held wireless device. For example, careful consideration should
be given to the electrical characteristics of the antenna so that propagating signals
satisfy predetermined standards requirements such as, for example, bit error rate,
signal to noise ratio or signal to noise plus interference ratio.

The antenna should also exhibit certain mechanical characteristics to satisty

the needs of a typical user. For example, the physical length of each element of the



CA 02482074 2004-10-13
WO 03/079561 PCT/US03/08306

3

antenna array depends upon the transmit and receive signal frequency. If the
antenna is configured as monopole, the length is typically a quarter wavelength of a
signal frequency; for operation at 800 MegaHertz (MHz) (one of the more popular
wireless frequency bands) a quarter wavelength monopole must typically be about
5 3.7" long.

The antenna should furthermore present an esthetically pleasing appearance.
Especially when used in a mobile or handheld portable unit, the whole device must
remain relatively small and light with a shape that allows it to be easily carried. The
antenna therefore must be mechanically simple and reliable.

10 Not only are the electrical, mechanical and aesthetic properties of the
antenna important, but it must also overcome unique performance problems 1n the
wireless environment. One such problem is called multipath fading. In multipath
fading, a radio signal transmitted from a sender (either a base station or mobile
subscriber unit) may encounter interference in route to the intended receiver. The

15  signal may, for example, be reflected from objects, such as buildings, thereby
directing a reflected version of the original signal to the receiver. In such instances,
two versions of the same radio signal are received; the original version and a
reflected version. Each received signals is at the same frequency, but the reflected
signal may be out of phase with the original due to the reflection and consequence

20 differential transmission path length to the receiver. As a result, the original and
reflected signals may partially cancel each other out (destructive iterference),
resulting in fading or dropouts in the received signal.

Single element antennas are highly susceptible to multipath fading. A single
element antenna cannot determine the direction from which a transmitted sin gle !

25 element is sent and therefore cannot be turned to more accurately detect and
received a transmitted signal. Its directional pattern is fixed by the physical
structure of the antenna components. Only the antenna position and orientation can
be changed in an effort to obviate the multipath fading effects.

The dual element antenna described in the aforementioned patent reference 1s

30 also susceptible to multipath fading due to the symmetrical and opposing nature of

the hemispherical lobes of the antenna pattern. Since the antenna pattern’s lobes,
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evident in the elevation cut, are more or less symmetrical and opposite from one
another, a signal reflected to the back side of the antenna may have the same
received power as a signal received at the front. That is, if the transmitted signal
reflects from an object beyond or behind the intended received and then reflects mto
the back side of the antenna, it will interfere with the signal received directly from
the source, at points in space where the phase difference in the two signals creates
destructive mterference due to multipath fading.

Another problem present in cellular communication systems 1s imnter-cell
signal interference. Most cellular systems are divided into individual cells, with
each cell having a base station located at its center. The placement of each base
station is arranged such that neighboring base stations are located at approximately
sixty degree intervals from each other. Each cell ﬁay be viewed as a six sided
polygon with a base station at the center. The edges of each cell abut the
neighboring cells and a group of cells form a honeycomb-like pattern. The distance
from the edge of a cell to its base station is typically driven by the minimum power
required to transmit an acceptable signal from a mobile subscriber unit located near

the edge of the cell to that cell's bases station (i.e., the power required to transmit an

4

acceptable signal a distance equal to the radius of one cell).

Intercell interference occurs when a mobile subscriber unit near the edge of
one cell transmits a signal that crosses over the edge into a neighboring cell and
interferes with communications taking place within the neighboring cell. Typically,
signals in neighboring cells on the same or closely spaced frequencies cause intercell
interference. The problem of intercell interference is compounded by the fact that
subscriber units near the edges of a cell typically transmit at higher power levels so
that the transmitted signals can be effectively received by the intended base station
located at the cell center. Also, the signal from another mobile subscriber unit
located beyond or behind the intended receiver may arrive at the base station at the
same power level, representing additional interference.

The intercell interference problem is exacerbated in CDMA systems since
the subscriber units in adjacent cells typically transmit on the same carrier or center

frequency. For example, two subscriber units in adjacent cells operating at the same
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carrier frequency but transmitting to different base stations interfere with each other
if both signals are received at one of the basse stations. One signal appears as noise
relative to the other. The degree of interference and the receiver's ability to detect

and demodulate the intended signal is also influenced by the power level at which

the subscribed units are operating. If one of the subscriber units 1s situated at the

edge of a cell, it transmits at a higher power level, relative to other units within its

cell and the adjacent cell, to reach the intended base stations. But, its signal 1s also
received by the unintended base station, i.e., the base station in the adjacent cell.
Depending on the relative power level of two same-carrier frequency signals
received at the unintended base station, it may not be able to properly differentiate a
signal transmitted from within its cell from the signal transmitted from the adjacent
cell. A mechanism is required to reduce the subscriber units antenna's apparent field
of view, which can have a marked effect on the operation of the reverse link
(subscriber to base) by reducing the number of interfering transmissions recerved at
a base station. A similar improvement in the antenna pattern for the forward link,
allows a reduction in the transmitted signal power to achieve a desired receive signal
quality.

In summary, it is clear that in the wireless communications technology, 1t 1s
of utmost importance to maximize antenna performance, while mmimizing size and
manufacturing complexity.

The present invention is a mobile communication handset including at least
one passive antenna element and an active antenna element adjacent to the passive
antenna elements protruding from a housing. Preferably, there are one or two
passive elements, resulting in two-element and three-element adaptive antenna
arrays, respectively. The active element is coupled to electronic radio
communication circuits and the passive antenna elements are coupled to circuit
elements that affect the directivity of communication signals coupled to the antenna
elements. Although not so limited, the antenna elements may be monopole or dipole
elements. According to various embodiments, the antenna elements may be (1) rigid
conductive strips, (ii) conductive strips adhered to a flexible film, or (ii1) conductive

segments disposed on portions of a dielectric substrate.
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Where the antenna elements are disposed on a dielectric substrate, the
passive and active antenna elements may be located on the same face of the
dielectric substrate providing a linear antenna array configuration. Alternatively, at
least one of the passive antenna elements may be located on an opposite face of the
dielectric substrate in order to facilitate a greater range of directive beam patterns
provided by a nonliner array configuration.

The handset may also include a ground structure and one or more switches.
The switch can be disposed between the passive element and the ground structure
controlling electromagnetic coupling therebetween. When the switch couples the
passive element to ground, the passive element operates in a reflective mode. When
the passive element is coupled to an open circuit, the passive element operates in a
directive mode. The switch may also have multiple positions controllably
connecting to other impedance elements. In this way, the switch controls the active
and passive elements to operate selectively as either an omnidirectional antenna
array in one state, or a directional antenna array having directive beams of different
shapes and pointing at different directions 1n other states.

In particular embodiments, the ground structure may have a shape that

localizes current or near fields of the antenna elements toward the base of the

antenna elements. In this way, negative performance effects imposed by the a

human hand holding the handset or the body of the handset itself can be reduced.
Where the antenna antenna array includes two antenna elements, a first
antenna element is active coupling to electronic radio communication circuits and a
second antenna element is passive coupling to circuit elements that atfect the
directivity of communication signals coupled to the antenna elements. According to
another embodiment, individual switches coupled to the antenna elements may be

synchronized in order to swap active and passive states between the elements.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages of the mvention

will be apparent from the following more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings i which
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like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis istead bemg placed upon
illustrating the principles of the invention.

FIGS. 1A, 1B, and 1C are high level schematic diagrams of wireless
communication devices incorporating a three-element adaptive directional antenna
array according to various embodiments.

FIG. 2 is an exploded view illustrating the integration of a three-element
adaptive directional antenna array into a handset according to one embodiment.

FIG. 3A is a more detailed plan of a three-element adaptive antenna array

according to one embodiment.

FIG. 3B 1s a more detailed plan of a three-element adaptive antenna array
according to an alternate embodiment. |

FIG. 3C is a more detailed plan of a three-clement adaptive antenna array
according to a further alternative embodiment.

FIG. 4 is a circuit diagram showing a possible feed structure for a three-
element adaptive array according to one embodiment.

FIG. 5A through 5D illustrate azimuthal radiation patterns for a three-
element adaptive array according to the embodiments of FIGS. 3A-3C..

FIG. 6A through 6C illustrate radiation patterns for a three-element adaptive
array as housed m a handset.

FIGS. 7A through 7D have high level schematic diagrams of alternate
eround structures for a three-element adaptive array according to various
embodiments.

FIG. 8 is a schematic diagram of a wireless communication device
incorporating a two-clement adaptive antenna array according to one embodiment.

FIG. 9 is a more detailed plan of a two-element adaptive antenna array
according to one embodiment.

FIGS. 10A through 10Ceillustrate alternate circuit diagrams showing feed

structures for a two-element adaptive antenna array according to various

embodiments.
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

FIGS. 1A, 1B, 1C are high level schematic diagrams of wireless
communication devices incorporating a three-element adaptive directional antenna
array :a,ccording to various embodiments. In general, the devices 100 are some form
of wireless communications device, such as a mobile communication handset (e.g.,
cellular handset) or a personal digital assistant (e.g., Palm Pilot). Each device 100
includes a housing 110 having incorporated therein an antenna array 120.

The antenna array 120 provides for directional reception and transmission of
radio communication signals with a base station, in the case of a cellular handset
100, or from an access point, in the case of a wireless data unit 100 making use of
wireless local area network (WLAN) protocols. By directively communicating
signals with a particular base station and/or access point, the antenna array 120
assists in reducing the overall effect of intercell interference and multipath fading for
the mobile unit 100. Moreover, as will be understood shortly, since antenna beam
patterns generated by the antenna array extend outward in a desired direction, but
are attenuated in most other directions, less power is required for effective

transmission by the base station.

In an example embodiment, the antenna array 120 includes an active center
element 102 and a pair of passive elements 104, one on each side thereof. As will be
understood shortly, the passive elements 104 can each be operated i either a
reflective or directive mode; it is through this expediency that the array 120 can be
steered to a particular direction. Although these embodiments show three elements,
it should be understood that the array 120 is not so limited, and that one, two, three,
or four, or even more passive elements may be included. Yet other embodiments are
possible for the antenna array such as phased array, where the center element 102 1s
absent and the other elements are themselves used as active elements, together with
active signal combining circuitry.

Although not so limited, the antenna elements may be monopole elements or
dipole elements. Dipole elements will enhance gain, but will require an Increase 1n
height. However, the height will be less of an issue in the future as the need for

access to clear spectrum drives system operators to use high carrier frequencies.
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Referring to FIGS. 1A and 1B, the antenna array may be mounted on top of
the handset with part of the antenna ground structure (not shown) hidden inside.
Alternatively, as 1 FIG. 1C, the antenna array may be mounted at the bottom of the
handset away from obstruction and absorption, such as the human brain.

The antenna elements protruding from the housing may be conductive
segments having a dielectric substrate backing and optionally covered with a
protective coating. The protruding portions of the antenna elements may also be
relatively rigid conductors, optionally covered with a protective coating or metal.

Alternatively, as i FIG. 1B, the antennas can be thin conductor strips adhered to a

film of different degrees of flexibility.

These antenna elements are suitable for resonating at PCS bands. However,
the active element 102 may be implemented with a pull-out whip antenna for |
communicating at 800 MHz. Relative to the extended length of the active element,
the passive (parasitic) elements are short and thus are transparent at 800 MHz. This _
antenna array configuration results i a single monopole radiating at 800 MHz.

FIG. 2 15 an exploded view 1illustrating the mtegration of a three-element
adaptive directional antenna array into a handset according to one embodiment. In
this embodiment, the three-element directional array 120 is formed on a printed
circuit board and placed within a rear cover 405 of a handset, for example. A center
module 410 may include electronic circuitry, radio reception and transmission
equipment, and the hike. A final module 420 may serve as, for example, a front
cover of the device. What 1s important to see here 1s that the printed circuit board
implementation of the antenna array 120 can be easily fit within a handset form
factor. In an alternate embodiment, the antenna array 120 may be formed as an
integral part of the center module 410, resulting 1 the array 120 and the center
module 410 being fabricated on the same printed circuit board.

FIG. 3A 1s more detailed view of a three element adaptive antenna array
according to one embodiment. Here the antenna array 120 1s disposed on portions of
a dielectric substrate such as a printed circuif board, including the center element

102 and passive elements 104a and 104c previously described. Each of the passive
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elements 104 can be operated in a reflective or directive mode as will be understood
shortly.

The center element 102 comprises a conductive radiator 106 disposed on the
dielectric substrate 108. The passive elements 104a and 104c themselves each have
an upper conductive segment 110a and 110c as well as a corresponding lower
conductive segment 112a and 112c. These segments 110a, 110c, 112a, and 112c are
also disposed on the dielectric substrate 108. The lower conductive segments 112a
and 112c are in general grounded at their upper ends. In this manner, the upper
conductive segments are effectively monopoles, so they do not need baluns to

balance their feeding or loading. Also, in general, the upper segments 110a and

110c and the lower 112a and 112c are of approximately equal length.

When the upper conductive segment of one of the passive elements 104, for

example, the upper conductive segment 110a, is connected to the respective lower

conductive segment 112a, the passive element 104a operates in a reflective mode.
This results in Radio Frequency (RF) energy being reflected back from the passive

element 104a towards 1ts source.

When the upper conductive segment 110a is open (1.¢., not connected to the

lower conductive segment 112a or other ground potential) the passive element 104a
operates in a directive mode in which the passive element 104a essentially 1s
invisible to the prop agating RF energy which passes therethrough.

In one embodiment, the center element 102 and the passive elements 104a
and 104c are fabricated from a single dielectric substrate such a printed circuit board
with the respective elements disposed thereon as shown 1n FIG. 3A. The antenna
elements can also be disposed on a deformable or flexible substrate or attached to
one surface of the center element 102 as well.

A microelectronics module 122, including respective switch modules 116a
and 116¢ may also be disposed on the same substrate 108 with conductive traces 124
being provided therebetween. The signals carried on the conductive traces 124
control the state of the components within the microelectronic modules 116a and
116c that achieve particular operating states for the passive elements 104a and 104c,

e.g., to place them in either the reflective or directive state as described above.
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Further connected to the microelectronics module 122 1s an mterface 125 for
providing electrical signal control connectivity between the array 120 and an
external controller device such as located in the remainder of the handset 100.
Interface 125 can be constructed from either a rigid or flexible material such as
ribbon cable or other connector, for example.

FIG. 3B is a more detailed view of a three-element adaptive antenna array
according to an alternate embodiment. The center element 102 and passive elements
104a and 104c are fabricated on the same dielectric substrate as the electronic radio
communication circuits 130 of the control module 410. This particular embodiment
avoids the need for connectors. Manufacturing costs are reduced 1n part because a
single printed board can be fabricated with the antenna and radio communication
circuitry. Further reductions are found in line loss due in part to the elimination of
connectors between the antenna and radio communication circuitry.

FI1G. 3C is a more detailed view of a three-element adaptive antenna array
according to a further alternative embodiment. In this embodiment, the active center
element 102 (shown as the dashed rectangle) is located on an opposite face of the
dielectric substrate than the passive antenna elements 104a and 104c. With this
nonlinear arraying configuration, the reception and transmission of radio
communication signals may be directed with more angular variations than the linear
antenna configurations of FIGS. 3A and 3B.

FIG. 4 is a circuit diagram showing a feed structure for a three-element
adaptive antenna array 120 according to one embodiment. A switch control and
driver 142 associated with the electronics module 122 provides logic control signals
to each of the respective control modules 116a and 116¢ associated with the
respective elements 104a and 104c. For example, each such control module 116
may have associated with it a switch S1 or S2 and two impedances Z1 and Z2. The
state of the switches S1 or S2 provides for connection states of either connecting the
first impedance Z1 or the second impedance Z2. In a preferred embodiment, the
second impedance Z2 may be 0 ohms and the first impedance Z1 may be infmite,
thus providing the desired short circuit to ground or open circuit. However, 1t

should be understood that other values of the impedances Z1 and Z2 are possible,
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such as various reactive values. In addition, other switch positions can be added to
provide other angular directions of radiation.

Here it is also evident that the center element 102 1s being directly driven to
the receiver circuitry 300 associated with the handset. Thus, unlike other types of
directive arrays, this particular directive array 120 has an advantage in that it is quite
simple in operation, and complex combiners and the like are not necessary.

FIGS. 5A through 5D illustrate azimuthal radiation patterns available from a
three-element adaptive antenna array. FIGS. 5SA and 5B show radiation patterns
having directive beams and deep nulls. The directive beams each covers roughly a
half-circle. Each direction beam has its own deep null, which results in suppression
of interfering signals to improve the signal to interference and noise ratio.

The beam pattern of FIG. SA directed along the negative-X direction results
with passive element 104a operating in directive mode and passive element 104c
operating in reflective mode. Conversely, the radiation pattern of FIG. 5B directed
along the +X direction results by swapping the operating modes for passive elements
104a and 104c.

FIG. 5C shows a bi-directional radiation pattern. The bi-directional pattern
can be used to add to the angular diversity, which has an equally good chance of
realizing a high signal to interference and noise ratio. The bi-directional radiation
pattern of
FIG. 5C results with passive elements 104a and 104c both operating in reflective
mode.

FIG. 5D shows an omni-directional radiation pattern, which 1s typically
needed for pilot search. This pattern results with both passive elements operating in
directive mode. By fabricating the three-element antenna array, in a non-linear
arrangement, as in FIG. 3C, and adjusting the impedance values of Z’s, the beam
patterns may be directed with more angular positions.

FIG. 6A and 6B are antenna patterns illustrating performance of the array
120 as housed in a handset. The gain achievable is about 3 dBi1. FIG. 6A 1s a three

dimensional radiation pattern (in the X, Y and Z directions with respect to the

referenced diagram shown for the handset 500).
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FIG. 6B illustrates the azimuthal radiation pattern achievable when one of
the elements 1s placed in directive mode and the other element is placed in reflective
mode. The conducting element (which 1s made electrically longer in the Z
direction), intercepts the received radio wave and reflects it. This creates a null mn
the negative X direction. Since there 1s no electromagnetic blockage m the +X
direction, the wave passes through and creates a peak. The dimension of the circuit
board in the X direction is not similar to the resonant wavelength, so that the signal
is able to circulate all the way around the azimuthal plane.

The pattern in FIG. 6C, an elevational pattern, should be compared to an
ideal symmetrical pattern to illustrate the effect of the housing 110. The comparison
shows that the overall effect on the azimuthal plane is a slight skewing of the beam,
about 15¢° awéy from the X-axis. The pattern of FIG. 6C also illustrates “necking-
down”, which is an effect of placing the radiating element in a handset. Good
directivity is seen, at least along an approximate 180 azimuthal plane, althoﬁgh
skewing 1s evident.

FIGS. 7A through 7D are high level schematics of alternate ground
structures for a three-element adaptive antenna array according to various
embodiments. In wireless communication devices, such as mobile communication
handsets, the body of the handset and the human hand can interfere with reception
and transmission of radio communication signals. For example, the human hand can
absorb RF energy reducing the gain of communication signals. In addition, the
reflective effect of the human hand can shift the resonant frequency of the antennas.
Also, if the near field of the antenna elements is not localized, RF current can spread
to the body of the handset interfering witlf the performance of the device. In order to
limit the interaction of the array with the body of the handset or human hand,

alternate ground structures may be implemented to localize the RF current or near

electromagnetic field at regions near the base of the antenna elements.

In particular, FIG. 7A illustrates a ground structure having mirror image
ground strips 112a, 112c¢, such that the strips mirror the shape and length of the
passive elements. FIG. 7B illustrates a ground structure having bent strips 112a,

112¢ with the same length as the passive antenna elements. FIG. 7C 1llustrates a
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oround structure shaped as a meander line 112a, 112¢ having an electrical length
equivalent to the corresponding passive elements. FIG. 7D illustrates a ground
structure as a short strip 112a, 112¢ which is located with inductive, dielectric or
ferrite materials.

5 FIG. 8 is a schematic diagram of a wireless communication device 200
incorporating a two-element adaptive directional antenna array 220 acc ording to one
embodiment. In an example embodiment, the antenna array 220 consists of two
monopole antenna elements 104 and 102.

Like the three-element array, the two-element array can be mounted either at

10 the top or bottom of the handset 110 with part of the antenna and all of the ground
structure hidden inside the housing. The two-element antenna array 220 may also be
of relatively rigid conductors with protective coatings in thin conductor strips
adhered to a film of different degrees of flexability.

The antenna array 220 can be operated such that one element is active, while

15 the other is passive. The designation of the active and passive elements may be
fixed, but the passive elements can be made directive or reflective with different
radiation phases, resulting in the antenna having multiple directive modes. The
designation of active and passive elements may also be swappable, resulting in the
antenna having dual directive modes. In the latter configuration, the two-element

20 array provides the same number of directive modes with approximately a half size
reduction as compared to the three element antenna array.

FIG. 9 is a more detailed view of a two-element adaptive antenna array
according to one embodiment. The fabrication of the two element antenna array 18
similar to the three-element array of FIG. 3A, with the exception of the number of

25 antenna elements and feed structure.

FIGS. 10A through 10C illustrate alternate circuit diagrams showing feed
structures for a two-element adaptive antenna array according to various
embodiments.

FIG. 10A is a circuit diagram for a feed structure where the designation of

30 the active and passive antenna elements are fixed. A switch and control driver 242

provides logic control signals to control module 116 associated with element 104.
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For example, control module 116 may have associated with 1t a switch S1 and two

impedances Z1 and Z2. The state of the switch S1 provides for connection states of
either connecting the first impedance Z1 or the second impedance Z2. The
achievable beam patterns achievable with this feed structure 1s limited to an
omnidirectional or a single directive mode beam pattern. When a third switch
position is added to cormect to a third impedance, then a second directive pattern can
be created, which can have an opposite direction and a different shape.

FIG. 10B is a circuit diagram for a feed structure in which the antenna

elements are swappable between active and passive states. In this embodiment, both
elements are directly coupled to the transceiver circuitry 300 associated with the
handset. The switch and control driver 242 provides logic control signals to control
modules 116 and 122 associated with elements 104 and 102 réspectively. For
example, each control module may have associated with it a switch S1 or S2 and
two impedances Z1 and Z2.

In a preferred embodiment, the second impedance may be zero (0) ohms and
the first impedance Z1 may be infinite, thus providing the desired short circuit to
sround (SC) or open circuit (OC). The two switches S1 and S2 are then
synchronized such that one of them may be connected to the open circuit and the
other connects to the short circuit. The antenna element (102, or 104) that 1s
shortened to ground is the passive element operating in reflective mode, while the
antenna element (104, or 102) that is coupled to the open circuit 1s the active
element. In this manner, the two-element array is able to provide two directive
mode beam paiterns and an omnidirectional beam patiern.

FIG. 10C is a circuit diagram for an alternate swappable feed structure n
which another position is added to switches S1 and S2. In this embodiment, the
switches S! and S2 can individually couple the antenna elements to either ground
(SC), the open circuit (OC) or to transceiver circuitry 300. With this feed structure,
the active and passive states can be swapped between the two elements. Further,

when an element is passive, it can operate in both reflective and directive modes.
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While this mmvention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



CA 02482074 2004-10-13
WO 03/079561 PCT/US03/08306

-17-

CLAIMS

What is claimed is:

1. A mobile communication handset, comprising:
a housing;

a dielectric substrate located within the housing;

at least one passive antenna element disposed on a first portion of the

10 dielectric substrate;
an active antenna element disposed on a second portion of the
dielectric substrate a"dj acent to the at least one passive antenna element, the
active element being coupled to electronic radio communication circuits; and
the at least one passive antenna element being coupled to circuit

15 elements that affect the directivity of communication signals coupled to the

antenna elements.

2. The handset of claim 1 wherein the at least one passive antenna element and

the active element are monopole antennas.

20

-

3. The handset of claim 1 wherein the at least one passive antenna element and

the active element are dipole antennas.

4. The handset of claim 1 further comprising:
25 a ground structure;
a switch disposed between the at least one passive element and the

ground structure, the switch controlling electromagnetic coupling

therebetween.
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The handset of claim 4 wherein the ground structure having a shape that

localizes current or an electromagnetic field of the antenna elements toward a

base of the antenna elements.

The handset of claim 5 wherein the shape of the ground structure is a bent

conductive strip.

The handset of claim 5 wherein the shape of the ground structure is a

conductive meander line.

The handset of claim 5 wherein the shape of the ground structure is an

inductor and a conductive strip.

The handset of claim 5 wherein the shape of the ground structure is a ferrite

loaded conductive strip.

The handset of claim 5 wherein the shape of the ground structure is a

dielectric loaded conductive strip.

The handset of claim 5 wherein the shape of the ground structure is an image

element.

The handset of claim 11 wherein-

the at least one passive antenna element comprises a first conductive

segment formed on the dielectric substrate;
the 1mage element comprises a second conductive segment formed on
the dielectric substrate, the at least one image element being disposed

vertically adjacent to the at least one passive antenna element.

The handset of claim 12 wherein:
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the switch 1s disposed between the first conductive segment of the at
least one passive antenna element and the second conductive segment of the
image element, the switch controlling electromagnetic coupling

therebetween.

14, The handset of claim 13 wherein the switch comprises a semiconductor

device.

15. The handset of claim 13 wherein the switch further comprises a first
10 impedance element 1n series with the second conductive segment of the
1mage element when 1n a first switch position and a second impedance

element in series with the second conductive segment of the image element

when 1 a second switch position.

15 16.  The handset of claim 13 wherein the switch further comprises plural
impedance elements, each of the plural impedance elements capable of being
1n series with the second conductive segment of the image element

depending on a switch position.

20 17.  The handset of claim 13 wherein the switch controllably connects the first
conductive segment to the second conductive segment such that the at least

one passive antenna element operates in a reflective mode, and wherein the

at least one passive antenna element otherwise operates in a directive mode.

25 18.  The handset of claim 1 wherein the at least one passive antenna element 1s

located on an opposite face of the dielectric substrate than the active antenna

element.

19.  The handset of claim 18 further comprising:
30 a ground structure;
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a switch disposed between the at least one passive element and the
ground structure;

the switch comprising plural impedance elements, the switch having
two or more switch positions for controllably connecting one of the plural
impedance elements in series between the at least one passive element and
the ground structure, affecting the directivity of communication signals

coupled to the antenna elements.

The handset of claim 13 wherein the switch controls the active and passive
elements to operate selectively as either an omnidirectional antenna array i

one state, or as a directive antenna array in another state.

A mobile communication handset, comprising:

a housing;

a dielectric substrate located within the housing;

first and second antenna elements disposed on portions of the
dielectric substrate;

the first antenna element being active, the active element being
coupled to electronic radio communication circuits; and

the second antenna element being passive, the passive element being

coupled to circuit elements that affect the directivity of communication

signals coupled to the antenna elements.

The handset of claim 21 further comprising:

a first switch controllably coupling the first antenna element to the

electronic radio communication circuits; and

a second switch controllably coupling the second antenna element to

the circuit elements that affect the directivity of communication signals

coupled to the antenna elements.
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The handset of claim 22 wherein the first switch and the second switch are

synchronized to swap active and passive states between the first and second

antenna elements.

A mobile communication handset, comprising:

a housing;

a dielectric substrate located within the housing;

two passive antenna elements disposed on first and second portions

of the dielectric substrate;

an active antenna element disposed on a third portion of the dielectric

~ substrate adjacent to at least one of the two passive antenna elements, the

active element being coupled to electronic radio communication circuits; and
the two passive antenna elements being coupled to circuit elements
that affect the directivity of communication signals coupled to the antenna

elements.

The handset of claim 24, wherein the two passive antenna elements are
driven 1n one of plural operating modes, the plural operating modes

including reflective mode and directive mode.

The handset of claim 24, wherem the two passive antenna elements are
driven independently 1n one of plural operating modes, the plural operating

modes mncluding reflective mode.and directive mode.

A mobile communication handset, comprising:

a housing;

at least one passive antenna element protruding from the housing;

an active antenna element protruding from the housing adjacent to the
at least one passive antenna element, the active element being coupled to

electronic radio communication circuits located within the housing; and
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the at least one passive antenna element being coupled to circuit

elements that affect the directivity of communication signals coupled to the

antenna elements.

The handset of claim 27, wherein the antenna elements are rigid conductive

strips.

The handset of claim 27, wherein the antenna elements are conductive strips

adhered to a flexible film.
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