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(7) ABSTRACT

An antenna module for use with a mobile telecommunica-
tion device such as a mobile phone. The antenna module
includes an antenna element and, preferably, an RF (radio
frequency) chain having receive circuitry and perhaps an
analog-to-digital converter or other electrical components.
Transmit circuitry may be present as well. The antenna
module has a housing, in one or more parts, for supporting
these components, and a jack through which power and data
links can be formed. The jack may provide a means for
adjusting the antenna so that its orientation relative to the
mobile phone antenna may be altered.
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ANTENNA MODULE FOR MOBILE PHONE

FIELD OF THE INVENTION

[0001] The present invention relates generally to radio
telephony, and more specifically to an external antenna
module for a wireless mobile station that may be used to
increase receive diversity on the downlink of a CDMA or
W-CDMA wireless communication system.

BACKGROUND OF THE INVENTION

[0002] More and more people are using mobile tele-
phones. A telephone is a device that converts sounds, such
as a caller’s voice, into electrical signals that can be trans-
mitted to another telephone. The receiving telephone detects
the transmitted signals and converts them back into sounds
that another caller may hear. Typically, each of the tele-
phones involved can both transmit and receive so that the
callers may carry on a conversation. Traditional telephones
are connected to a telephone network by a wire or cable
through which the electrical signals are sent. The telephone
network, generally speaking, is a system of interconnected
wires and switches that create a transmission circuit from the
calling party to the called party. The mobility of a traditional
telephone is limited by the wire connecting it to the network.

[0003] A mobile phone is basically a portable radiotele-
phone that communicates with a telephone network using
radio-frequency electromagnetic waves to communicate
with a network though which call can be routed from source
to destination. (The call may or may not be targeted to
another mobile phone.) The advantages of a wireless com-
munication system are apparent. Users may take their
phones anywhere and use them to make calls, provided there
iS an appropriate receiving device within range. In many
cases, they are even relatively free to move about while
actively engaging in a conversation, the network being able
to adjust so that the conversation may proceed uninter-
rupted.

[0004] Telephone networks used by mobile phones are
similar but not the same as those used by traditional wire-
line telephones. As background for application of the
antenna module of the present invention, with reference to
FIG. 1, a typical mobile network will now be briefly
described. FIG. 1 is a simplified block diagram illustrating
the interrelationship of selected components of a typical
wireless communication network 100. Mobile phones 101,
102, and 103 are located in the network’s coverage area, that
is, they are within radio communication range of at least one
network device. In FIG. 1, mobile phone 101 is in commu-
nication with base station 111 over air interface 121. The air
interface 121 includes one or more radio channels through
which the two devices exchange the electrical signals car-
rying a voice conversation or other information. The com-
munication in the direction of the mobile phone is frequently
called the downlink, as opposed to the communications from
the mobile phone to the base station or the network device,
which are referred to as the uplink. In like fashion, mobile
phones 102 and 103 are communicating with base station
112 over air interfaces 122 and 123, respectively. A third
base station 113 is not in FIG. 1 in active communication
with any mobile device.

[0005] Although only three mobile phones are shown in
FIG. 1 there will typically be many more mobile phones
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accessing the network at any one time. By the same token,
a network will include many more base stations distributed
across (and defining) the network coverage area. The base
stations of a network are spread out geographically in order
for mobile stations to be able to communicate with base
stations that nearby. As should be apparent, short range radio
communication requires less power and, generally speaking,
the lower transmission-power requirements mean that there
is less risk of interference even where many mobile phone
transmissions are in progress. The area defined by a base
station’s regular communication area is often called a “cell”,
giving rise to the popular terms “cellular network™ and “cell
phone”. Note that in FIG. 1, each of the mobile phones
appears to be communicating with the base station that is
geographically nearest to it, but it is not necessary that it
does so. Of course, a base station must be within radio
communication range, but normally there will be several
base stations meeting this requirement, and a given mobile
phone may use one that is more distant if the local trans-
mission environment requires. Environmental factors affect-
ing the pairing of a base station to a mobile phone may
include the level of traffic, with one base station communi-
cating with a maximum number of mobiles, and may also
include natural or man-made obstacles interfering with
normal transmission.

[0006] In addition, as a mobile phone relocates from one
geographic area (cell) to another, it may change from
communicating through one base station to another one that
becomes more suitable utilizing a procedure called handoff
(or handover). During a typical handoff procedure, the
mobile and two (or more) base stations exchange appropri-
ate control signals so that the transfer may be made with as
little inconvenience to the callers as possible. In some
systems, simultaneous communication with multiple base
stations is used to prevent any noticeable interruption in the
conversation.

[0007] As this implies, the devices participating in a
wireless communication monitor the quality of calls in
progress (and other signals) to determine when handoff is
appropriate. Quality monitoring may also be used to ensure
that a certain level of service (often called “quality of
service” or “QoS”) is being maintained. Where a poor-
quality transmission results in the complete loss of trans-
mitted information, error checking and correction algo-
rithms are applied so that the transmitting station can be
notified and the lost portions can be re-transmitted.

[0008] Different QoSs may apply to different kinds of
communication sessions. For example, although voice calls
have been discussed thus far, wireless networks are increas-
ingly being used for data communication as well so that
mobile-phone users can access Internet-based resources,
send graphical images, and simply exchange text files. In
general, voice calls can tolerate much more error than data
transmissions, but they take place in “real time” and there-
fore do not tolerate interruptions as easily. Data, on the other
hand, may arrive divided into packets that can be properly
reassembled regardless of their order of arrival—but the
information in each packet must be determined with a high
degree of accuracy. Some modern applications involve
“streaming” audio and video, which is in one sense data that
will be used to create a presentation for the user almost as
soon as it arrives. In each case, different QoS standards may
apply. (Note that while flawless transmission may be the
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goal, achieving it often comes at great expense, and accept-
ing a lower QoS when it is appropriate to do so may help to
conserve system resources.)

[0009] Returning to FIG. 1, each base station is connected
to a mobile switching center (MSC), which will in turn
provide a connection to the rest of the network. Here, base
station 111 is shown connected to MSC 120, and base
stations 112 and 113 communicate via MSC 125. MSCs are
normally associated with a visitor location register (not
shown) that stores information about the mobile phones
operating within its area. MSCs, as their name implies, act
as switches to route calls to their appropriate destination. A
call from mobile phone 101 to mobile phone 102 might, for
example, be routed through MSC 120 and MSC 125. Again,
there will normally be a number of mobile switching centers
in a network, and calls that are not easily handled by two
adjacent MSCs will be routed through higher network levels
in hierarchical fashion. MSCs are in the network of FIG. 1
connected also to gateway MSC 130, which connects this
portion of the wireless network to a voice network such as
the traditional telephone network (often called a public
switched telephone network (PST). In similar fashion, gate-
way MSC 135 connects the wireless network to a data
communication network such as the Internet. (In some
networks, other components (not shown) may be present to
handle the transmission of data.)

[0010] The cellular network architecture described above
has enabled the widespread use of mobile telephones. As
previously mentioned, the mobile phones communicating
with nearby base stations are required to use far less trans-
mission power than if they were communicating through a
distant central antenna. The same, of course, is true of the
base-station transmissions as well. (Note that the base sta-
tions and other network-infrastructure components are gen-
erally, though not necessarily, in communication by some
other means than radio-frequency transmission.) The radio
channels on the air interface are often defined by a specific
radio frequency that is different than those used by other
mobile phones and base stations in the area. The use of
different frequency channels, often called frequency division
multiple access (FDMA) enables numerous mobile stations
to communicate with the same base station, for example
mobile stations 102 and 103 shown in FIG. 1. Available
frequencies for channelization are a limited resource, how-
ever, so the low power transmission enabled by the cellular
network architecture enables frequencies to be reused in
non-adjacent cells.

[0011] To enable even more mobile phone to base station
communications to occur in the same cell, each frequency
channel may be divided up into a number of time slots. Each
time slot recurs periodically and is assigned to a specific
communication channel. The time slots are of such duration
and recur often enough that even a voice conversation
transmitted in this way may appear uninterrupted. This type
of multiple access is frequently referred to as TDMA (time
division multiple access).

[0012] Yet another manner of providing for numerous
separate channels in a wireless communication system is the
use of spread spectrum technology. In these types of sys-
tems, individual transmissions are spread across the entire
available frequency spectrum (or a selected portion of it)
using a spreading code. A large number of spreading codes
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are normally made available for this purpose, meaning that
a number of different communications may take place in the
same frequency band. The target receiver will be able to
recognize the spreading code used for any particular trans-
mission, and therefore detects only those transmission
intended for it and discards any others. The spreading codes
used in a particular area are orthogonal to each other, thus
reducing or eliminating the interference between the differ-
ent channels (some interference will still occur because of
non-ideal conditions and other factors).

[0013] This type of channelization is often called code
division multiple access (CDMA). A variation of CDMA is
referred to as wide band CDMA (WCDMA), and involves
somewhat different transmission spreading process.
Although the specifics of the processes for spreading trans-
missions in CDMA and WCDMA are not directly relevant to
the present disclosure, it is worthy of note that transmissions
in such systems are spread somewhat differently in the
uplink from those downlink transmissions.

[0014] CDMA systems (including WCDMA systems) also
rely on power control mechanisms. To further avoid inter-
ference, each communicating device (mobile phone or base
station) will adjust its power level in order to use the
minimal amount of transmission power necessary to trans-
mit a reliable signal. In addition, regulatory agencies often
require a limit on the aggregate power used for transmission
in any given area. To reduce transmission power to a
minimum, measurements of received signals are taken in
order to judge the distance to another station, and as an
ongoing communication session proceeds, the power level is
adjusted as necessary to achieve the desired QoS. Naturally,
any other way to reduce the transmission power necessary in
a particular cell would also contribute to this advantage, and
other methods of reducing power requirements have
evolved. One particularly effective method is the use of
mobile receive diversity (MRD).

[0015] Intransmit and receive diversity, certain qualitative
advantages have been found in using multiple antennas to
transmit and multiple antennas to receive radio signals.
Some applications involve sending more than one transmis-
sion using each of the available antennas. Others involve
sending the same transmission over multiple antennas in
order to improve the chances that the signal will be properly
received. It is not necessary in all cases that the communi-
cating transmitters and receivers each use an identical num-
ber of antennas. MRD is simply the part of this general
scheme in which a mobile phone uses multiple antennas for
receiving transmissions from a base station or other source.
As alluded to above, this improves the transmission QoS and
permits lower transmit power to be used. Mobile phones,
however, present a particular challenge in the field of receive
(or transmit) diversity, because the space available for
additional antennas is not unlimited.

[0016] FIG. 2 is an illustration of a mobile phone 200. Its
well known features will be described here only briefly.
Mobile phone 200 has an externally-accessible power switch
205, which is used to turn the unit on and off. To interface
with the mobile phone to place or receive a call, or to
perform other operations, the user interface includes a
keypad, that is a set of keys shown generally at 210. Keypad
210 includes call control keys 212 and 213, and an alpha-
numeric keypad 217.
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[0017] Display 220 visually presents certain information
for the user’s benefit in operating the mobile phone. Scroll
key 215 is used to manipulate objects on the display for the
user’s benefit, and to alter the operation of mobile phone 200
in a predetermined way. Function keys 214 and 216 operate
in a similar manner, the effect of their next actuation being
displayed on the display 220 so that the user will know
which action is being selected. Mobile phone 200 is typi-
cally powered by a battery (not shown), but may also be
connected to an external power source through power port
225.

[0018] Peripheral devices (not shown in FIG. 2) may be
used with mobile phone 200, such as microphones and
speakers, which are connected in this illustration through
external device connector 230. Mobile phone 200 also
includes these features so that it can be used without any
external device. The microphone and speaker are not shown
in FIG. 2, but sound reaches these internal components
through microphone port 235 and speaker port 240, respec-
tively.

[0019] The mobile phone 200 of FIG. 2 is, of course,
exemplary; many types of mobile phones are in use today
and others are already planned for future deployment. For
this reason, it should be noted that as the terms for radio
telephones, such as “cellular (or cell) phone” and “mobile
phone” are often used interchangeably, they will be treated
as equivalent herein. Moreover, both terms refer to a sub-
group of a larger family of devices that also includes, for
example, certain computers and personal digital assistants
(PDAs) that are also capable of wireless radio communica-
tion in a wireless network. This larger family of devices will
for convenience be referred to as “mobile phones” or
“mobile stations” (regardless of whether a particular device
is actually moved about in normal operation). Mobile
phones may transmit voice or data, or both.

[0020] Mobile phones have recently increased in popular-
ity for many reasons, some of which have been alluded to
above. Naturally, their mobility is often an advantage, and
users appreciate the ability to communicate using their own
telephone regardless of their location. Initially, however,
mobile phones were quite expensive and only used by those
who could either afford them or absolutely needed them.
Network capacity was limited and quality of service was
often poor. The existing infrastructure of several years ago
could certainly not have supported the level of traffic that
exists today. The increased use of mobile phones, therefore,
has been facilitated by advancements both in mobile phone
and in network technology that have enabled many mobile
phones to effectively communicate at the about same time,
even in a relatively small geographic area.

[0021] In addition, modern mobile phones can perform
many more functions than their predecessors. For example,
many mobile phones are now capable of sending and
receiving short text messages (sometimes called SMS (short
message service) messages). Others can even send email
messages. Currently, many networks are even permitting the
sending of graphic images and other non-text information.
Two mobile devices may even exchange data files that were
traditionally exchanged only by hardwire connection. The
Internet has for several years been used for this purpose, and
many modern mobile phones may now access the Internet
for this purpose and to use World Wide Web applications and
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send email. Naturally, the increased functionality that
mobile phones now enjoy has also contributed to their
popularity. Needless to say, however, with increased popu-
larity and the number of different applications for which
mobile phones can be used, mobile networks constantly
need to increase their capacity. At the same time, operators
must supply the higher-quality services that consumers are
now demanding. Using MRD is one way to do this. Expense
and the physical limitations referred to above, however,
make universal application of MRD difficult.

[0022] Needed is a way to increase the capacity of wire-
less, and especially CDMA and W-CDMA mobile commu-
nications systems by providing an MRD option that over-
comes these limitations and is likely to be commercially
advantageous. The present invention provides just such a
solution.

SUMMARY OF THE INVENTION

[0023] The present invention provides a way to enable
MRD in wireless communication systems without necessar-
ily increasing the cost of basic mobile stations to the
operator. To accomplish this objective, the present invention
is directed to a detachable external antenna module for use
with a wireless mobile station. The mobile station, which
typically communicates on a radio frequency channel with a
base station connected to the fixed infrastructure of a wire-
less communication network, may be able to receive trans-
mission from the base station sent at lower power by
applying mobile receive diversity (MRD).

[0024] In one aspect, the present invention is an antenna
module including an antenna element supported by, and
preferably totally enclosed in a housing, which housing may
also contain radio frequency (RF) receive circuitry. The
antenna module may also include other electronics as well,
such as power management and authentication-related cir-
cuitry. In some embodiments, the antenna module is in a
single housing and in other embodiments, more than one
housing section may be used. The antenna module of the
present invention is intended for use with a mobile phone,
and the antenna-module receive circuitry may, in use, be
coupled with the digital processor of a mobile phone via an
analog-to-digital converter. The antenna module includes a
jack for attaching the antenna module to a mobile phone.
The jack provides for data, and preferably power links to be
established with the mobile phone. Control signals may be
passed through the jack as well. The jack preferably holds
the antenna module in the desired orientation with respect to
the mobile phone, and may permit adjustment in several
directions so that the orientation of the antenna element
relative to an antenna internal to a mobile phone can be
adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For a more complete understanding of the present
invention, and the advantages thereof, reference is made to
the following drawings in the detailed description below:

[0026] FIG. 1 is functional block diagram illustrating the
relationship of selected components of a typical CDMA
telecommunication network, such as one that might advan-
tageously employ the hybrid receiver of the present inven-
tion.
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[0027] FIG. 2 is an illustration of a typical mobile tele-
phone, such as one that may be used to communicate via a
wireless network such as the one illustrated in FIG. 1.

[0028] FIG. 3 is a simplified block diagram illustrating
selected components of an antenna module according to an
embodiment of the present invention.

[0029] FIG. 4 is a simplified block diagram illustrating
selected components of a mobile phone employing the
antenna module shown in FIG. 3.

[0030] FIG. 5 is a simplified block diagram illustrating
selected components of antenna module interface according
to an embodiment of the present invention.

[0031] FIG. 6 is an illustration of a mobile phone with an
attached antenna module according to an embodiment of the
present invention.

[0032] FIG. 7 is an illustration of the antenna module
shown in FIG. 6.

[0033] FIG. 8 is a simplified illustration of two antennas
for use in accordance with an embodiment of the present
invention.

[0034] FIG. 9 is an illustration of an adjustable antenna
module according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0035] FIGS. 1 though 9, discussed herein, and the various
embodiments used to describe the present invention are by
way of illustration only, and should not be construed to limit
the scope of the invention. Those skilled in the art will
understand the principles of the present invention may be
implemented in any similar radio-communication device, in
addition to those specifically discussed herein.

[0036] The present invention is directed to an antenna
module for using in connection with a mobile phone that
may be used to provide mobile receive diversity (MRD)
while at the same time overcoming many of the disadvan-
tages accompanying prior attempts to achieve this result.

[0037] FIG. 3 is a simplified block diagram illustrating an
antenna module 300 according to an embodiment of the
present invention. Antenna module 300 includes an antenna
element 305, which will provide diversity when used in
conjunction with the internal antenna of a mobile phone (not
shown in FIG. 3). Note that antenna element 305 is shown
schematically in FIG. 3, and no limitation on its physical
configuration is intended; antenna element 305 may be of
various designs. The antenna element 305 will normally be
partially or completely enclosed by a housing 310. Because
complete enclosure of the antenna element (or other com-
ponents of the antenna element, if present) is not required in
all embodiments of the present invention, the antenna ele-
ment will be said to be “supported” by the housing. The
housing may be in more than one physical portion.

[0038] In the embodiment of FIG. 3, circuitry for pro-
cessing the signal received at antenna element. The exact
configuration of this circuitry may vary, and in FIG. 3 it is
represented by the broken line denoting radio-frequency
(RF) chain 315. In a preferred embodiment, RF chain 315
includes not only an RF receiving circuit 320, but an
analog-to-digital (A/D) converter 325. A physical connector
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is present to function as a data link 330, which may be used
to couple the RF chain 315 to an appropriate mobile-phone
circuit for processing the received signal. Preferably, the
components of RF chain 315 receive their operating power
from a mobile phone via power link 335.

[0039] Note that mobile phones contain circuitry for
receiving radio signals and converting them to digital form
for processing, at least for their own internal antennas and
perhaps for multiple or additional antennas as well. Placing
the RF chain in antenna module 300, however, makes it
possible to more completely isolate the antenna element 305
(from the internal antenna of the mobile phone). This helps
to lower correlation between the antennas and enhances the
benefit received from using antenna module 300 to achieve
MRD. In an alternate embodiment, however, one or more
components of RF chain 315 may be located internally to a
mobile phone designed for use with an antenna module
without them. In yet another embodiment, RF components
may be housed in a device separate from both the mobile
phone and the antenna module (instead of or in addition to
those present in the antenna module itself). Other compo-
nents (not shown) may also be included in antenna module
300. For example, a power management function, with
appropriate circuitry may be included. Components support-
ing an authentication function may be present as well.

[0040] FIG. 4 is a simplified block diagram illustrating
selected components of a mobile phone 400 employing the
antenna module 300 shown in FIG. 3. In this embodiment,
mobile phone 400 includes an antenna element 405 such as
one normally found in mobile phones of the prior art. RF
circuitry 420 receives radio signals, which are converted to
digital form in A/D converter 425 for processing by digital
signal processor (DSP) 445. (An analogous digital-to-analog
(D/A) converter (not shown) may be present to convert
signals from DSP 445 for transmission via RF circuitry 420
and antenna element 405.) Controller 450 controls the
operation of the various components of mobile phone 400.
Memory module 455 (which may include more than one
physical device) is used for short- and long-term data
storage. When used with antenna module 300, data link 330
is coupled with an external antenna module interface 440
that provide the received signal, if any, to DSP 445. The data
link 330 is for passing data, and may be used for passing
control signals as well. A separate link (not shown) for
passing control signals between antenna module 300 and
mobile phone 400 may also be provided. Communications
between antenna module 300 and mobile phone 400 may be
accomplished according to a standard communication pro-
tocol, such as for USB (universal serial bus) or Firewire
(IEEE-1394) connections. Alternately, a manufacturer or
vendor-specific communication protocol may be imple-
mented, which enables the manufacturer or vendor to cus-
tomize the link and perhaps to limit the use of inappropriate
devices. Power link 335 is, in this embodiment, coupled with
an internal or external power source associated with mobile
phone 400.

[0041] DSP 445 is, of course, operable to process incom-
ing signals received at antenna element 405. In accordance
with the present invention, it is also operable to process
signals received at antenna element 305 when antenna
element 300 is coupled to mobile phone 400 via data link
330. Moreover, DSP 445 is operable to utilize the signals
received at both of the antennas to achieve MRD. Preferably,

Samsung Exhibit 1028
Page 10 of 13



US 2006/0017626 Al

mobile phone 400 may operate in either mode, that is, with
a single antenna or applying MRD, and can switch back and
forth from one mode of operation to the other when the
antenna module 300 is either removed or connected. In other
words, without antenna module 300, mobile phone 400 is
nevertheless capable of operation within a wireless commu-
nication network. When antenna module 300 is connected to
mobile phone 400, DSP 445 processes both signals applying
MRD techniques and the benefits of MRD can then be
realized. Note, however, that an actual performance
improvement, although expected, is not a requirement of the
present invention.

[0042] In one embodiment, antenna module interface 440
detects when an external antenna module such as antenna
module 300 has been attached to mobile phone 400. The data
link 330 may be, but is not necessarily established imme-
diately when the external antenna is present. Where the
phone is capable of switching to MRD processing even
while being used, it is generally preferred that it do so as
soon as antenna module 300 is detected. The creation of data
link 330 may require only the physical connection of
antenna module 300, or a separate switch (not shown) may
intervene. In the former case, when the connection is made
the signal from antenna module 300 is provided to DSP 445,
MRD processing begins.

[0043] According to another embodiment of the present
invention, a decision must be made to begin MRD process-
ing. FIG. 5 is a simplified block diagram illustrating
selected components of antenna module interface 440
according to one embodiment of the present invention. In the
illustrated embodiment, data link 330 is coupled to DSP 445
though a switching circuit 520. The switching circuit may be
controlled by controller 450 or detector 510, or both. In one
embodiment, when detector 510 detects that a signal is being
received from an external antenna, it notifies controller 450.
When controller 450 is notified that an external antenna
signal is available, it determines whether and how to make
use of the signal. Where user interface is desirable, control-
ler 450 may cause an indication that the external antenna is
attached to appear on display 220, or at another indicator
device such as an LED usable for such a purpose. The user
may be queried as to whether the signal from the external
antenna module 300 should be used. Upon receiving a
positive response from the user, controller 450 then directs
switch 520 to complete data link 330 to the DSP 445 (or to
another desired component).

[0044] In another embodiment, controller first directs
switching circuit 520 to couple the external antenna signal to
a test circuit 460. Test circuit 460, though not required,
provides the ability to test the incoming signal and it’s
impact. Testing the incoming signal may, for example con-
firm that the use of the additional antenna will in fact have
a helpful effect on processing. If the antenna is not func-
tioning or is not connected properly, for example, this can be
discovered before the input via data link 330 is allowed to
affect the signal processing. For another example, if the
input from data link 330 is substantially the same as the
output of A/D converter 425, then the positive effect of
MRD will not be realized.

[0045] The test circuit 460 might even be used to compare
the outputs of the antenna module antenna and the mobile
phone internal antenna and determine which should be used
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in the event MRD cannot be achieved. In some embodi-
ments, it may also be desirable to inform the user of the
results of any signal testing, especially where user confir-
mation of any change in signal processing is being
requested. If the test circuit indicates that the signal arriving
from the external antenna module via data link 330 is
advantageous to use, then the controller 450 directs that the
data link be completed to DSP 445, perhaps after querying
the user as described above. Other components may be
contained in the interface 440, including for example an
analog to digital converter in case one is not present in a
given antenna module. Note also, however, that the detector
and switch of FIG. 5 are not required unless called out in a
particular embodiment.

[0046] FIG. 6 is an illustration of a mobile phone with an
attached antenna module 600 according to an embodiment
of the present invention. In this embodiment the antenna-
module components, for example those shown in FIG. 3
(but not in FIG. 6), are enclosed in a housing 610. The
housing is not required to be identical to housing 610, but is
preferably sturdy enough the antenna module 600 can be
easily carried in the user’s pocket, purse, or briefcase
without fear of damage. The antenna module 600 in FIG. 6
is disposed immediately adjacent to a side 255 of mobile
phone 200. This is only one configuration, however, and
many others are possible. This configuration of FIG. 6 is not
necessarily preferred, but does allow the user of mobile
phone 200 to grip and the assembly in much the same
fashion as would be done without antenna module 600.

[0047] FIG. 7 is an illustration of the antenna module
shown in FIG. 6. From this view it is apparent that a
connection jack 620 extends outwardly from inner face 605
and includes contacts 625. In the assembled configuration
shown in FIG. 6, jack 620 is received into external antenna
port 250 shown in FIG. 2. Contacts 625, when so inserted,
make contact with corresponding contacts (not shown)
within mobile phone 200 and form parts of the data link 330
and the power link 335 (shown in FIG. 4). Note that in some
embodiments, the jack is formed integrally with the antenna
module housing, while in others it is separate and coupled
electronically to the antenna module components via a wire
or other connection.

[0048] FIG. 8 illustrates the relationship of the main
antenna 810 of a mobile phone and the diversity antenna 860
of an antenna module according to an embodiment of the
present invention. The housings and most of the internals of
each of these components of an assembly 800 are not shown
for clarity. The data link and the power link are also omitted.
Main antenna 810 is, for example, a dual-band planar
inverted-F antenna (PIFA) mounted in a spaced apart rela-
tionship to a printed wire board 820 forming the ground
plane for the main antenna 810. The diversity antenna 860
is, for example, an inverted-F antenna (IFA), having a
ground plane formed of printed wire board 870. Maintaining
separate ground planes for the two antennas helps to isolate
them from each other and reduces any correlation effect. The
relative sizes and orientation of the two antennas are exem-
plary and not limiting, other configurations are possible.
Note also that the number of antennas is not limited to two,
although any advantage from having more than two anten-
nas contributing to MRD may be small.

[0049] Although the configuration of FIG. 6 may provide
acceptable MRD and result in improved performance, other
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factors may affect this outcome such as antenna position
relative to the signal source or to the user’s body. Where the
antenna module of FIG. 7, for example, simply plugs into a
mobile phone, the resulting configuration may not be opti-
mal. Some flexibility may therefore prove to be advanta-
geous. FIG. 9 is an illustration of an adjustable antenna
module 900 according to an alternate embodiment of the
present invention.

[0050] Similar to the embodiment of FIG. 7, antenna
module 900 includes a jack 920 extending outwardly from
inner face 905 of antenna-module housing 910. When
inserted into port 250 of mobile phone 200, however,
external portion 940 remains outside of the housing of
mobile phone 200, while internal portion 915 of jack 920 is
actually received into port 250. When so installed, the
external portion 940 of housing 910 is free to rotate about
pin 930 with respect to internal portion 915 (and mobile
phone 200). In some designs, this will result in housing 910
of antenna module 900 being disposed somewhat spaced
apart from mobile phone 200 (unlike the illustration of FIG.
6). In another design, a recess (not shown) may be formed
on inner surface 905 such that external portion 940 of jack
920, situated within the recess, remains outside of antenna
port 250 even when inner face 905 is immediately adjacent
the side 255 of mobile station 200.

[0051] From these illustrations, it should be apparent that
other types of relative movement may be achieved with
variation in the design of the antenna module housing and
connector jack. For one example, the diversity antenna
element (represented as 305 in FIGS. 3 and 860 in FIG. 8)
may be moved nearer or farther away from the mobile phone
internal antenna. For another example, a hinge may be
provided to permit rotation about an axis different from that
of pin 930 (shown in FIG. 9). An elongated recess or slot
may also be provided in inner face 905 to permit antenna
housing 910 to slide toward one end of the phone or the
other. In other embodiments (not shown), as mentioned
above, the jack may not support the antenna module in
position at all, but simply from the connection point with the
mobile phone. In this case other means may be included for
maintaining or adjusting the orientation of the antenna
module antenna element.

[0052] This flexibility in diversity antenna positioning
allows the relative orientation of the multiple antennas to be
adjustable. Adjustment by the user is expected, although
some designs may encourage adjustment only by a techni-
cian. In any case a locking means, or at least some resistance
to repositioning, may be provided so that a stable configu-
ration is achievable. Flexibility in antenna configuration
provides a way to attempt optimization of the benefits of
MRP.

[0053] In one embodiment, testing circuit 460 is operable
to evaluate be benefit achieved using any particular orien-
tation. Controller 450 monitors this evaluation, and may
signal the user (for example using an appropriate indication
on display 220) when a relatively advantageous orientation
occurs. Although it may not always be practicable for the
user to continually readjust the position of the antenna
mobile, in other applications there may be a benefit to doing
S0.

[0054] In yet another embodiment, the antenna element
itself may be adjusted within the antenna module housing,
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either physically, electronically, or both. This internal adjust-
ability may be controlled by controller 450 based on the
evaluation performed by test circuit 460, permitting auto-
matic adjustment. Where automatic adjustment is enabled,
the user may be permitted to override any adjustments, or
elect to have the automatic adjustments disabled.

[0055] When testing or evaluation of the received signal is
performed, the results could also be provided to the network.
In this manner, the network becomes aware which stations
in its coverage area have this capability. Transmit power
calculations may (or may not) take this MRD capability into
account. In some applications, it may be advantageous for
the network to be able to direct a mobile phone equipped
with an antenna module how to use it.

[0056] While the mobile phone user benefits by using the
antenna module of the present invention, the network opera-
tor will also benefit. As MRD increases the QOS for the user,
it also permits the base station to transmit with less power
and still achieve an acceptable quality level. This lower-
power requirement reduces the total power required for
communicating with a given number of mobile stations, and
therefore increases the capacity of the network (where
aggregate power is limited). The external, detachable
antenna module of the present invention seeks to provide
MRD for a mobile phone using maximum practical antenna
isolation to reduce antenna correlation effects.

[0057] In addition, using the antenna module of the
present invention also means that aside from an antenna
module port and the capability to process signals from the
additional antenna element, few changes will be required to
existing mobile phones. Several options exist for allocating
the cost associated with the antenna module itself. First, of
course, it could simply be provided with the mobile phone
itself, although manufacturers and operators may prefer to
sell it as a separate accessory. In some cases, consumers may
be willing to bear the cost is a perceivable increase in
performance can be obtained. On the other hand, operators
needing to increase capacity may simply absorb the addi-
tional cost. Some discrimination may be appropriate. An
antenna module might be given (or sold) to users who
frequent high traffic areas, for example, while those living
and working in suburban areas may gain little from its use.
Or the antenna modules might be provided for subscribers
expected to use their phones a great deal, and for data-
intensive applications, as opposed to subscribers who antici-
pate only occasional voice use.

[0058] To encourage subscribers to purchase the antenna
module as a separate accessory, incentives may be provided.
For example, a lower rate may be applied when the module
is used, or used within a high traffic area (in which case use
of the antenna module would likely have to be in some way
monitored, and perhaps controlled by the system operator).
In other cases, the cost may be absorbed in a lower monthly
subscription price for a given period, or rebated to customers
who remain subscribers for a certain length of time. In any
event, offering the antenna module of the present invention
makes most or all of these options available, while at the
same time improving network capacity.

[0059] Note also that different antenna modules may be
designed for use with the same mobile phone. In this way,
the antenna module may, in addition to (or instead of)
providing MRD, make available an antenna suitable for
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alternate forms of communication. For example, one
antenna module may be well-suited for CDMA communi-
cations, while another is designed primarily for GSM net-
works. In another embodiment, an antenna module may
include an antenna element for short range communication,
such as in a Bluetooth or IEEE 802.111 system. As the
number of multi-mode phones increases, being able to select
from several antenna module choices might allow for opti-
mization in a variety of environments. Even in a single
mode, different antenna modules could be provided so that
the best for a particular geographic location can be selected.
The separate nature of the antenna module also facilitates, in
some cases, the implementation of upgrades. Finally, note
that there is no requirement that the antenna module of the
present invention be used continuously in all situations, or
always used only to provide MRD, even when attached to a
mobile phone. Intermittent use, or use in lieu of the main
mobile station antenna, may in some situations be desirable.

[0060] The preferred descriptions are of preferred
examples for implementing the invention, and the scope of
the invention should not necessarily be limited by this
description. Rather, the scope of the present invention is
defined by the following claims.

What is claimed is:
1. An antenna module for use with a mobile station,
comprising:

an antenna clement;
a radio-frequency (RF) chain;
a housing for supporting the antenna element;

a connector for removably coupling the antenna element

and the RF chain to the mobile station.

2. The antenna module of claim 1, wherein the mobile
station includes an installed antenna element and is operable
to utilize the antenna module for mobile receive diversity
(MRD).

3. The antenna module of claim 2, wherein the mobile
station is also operable to utilize the antenna module for
transmit diversity.

4. The antenna module of claim 1, wherein the RF chain
comprises an analog to digital converter (ADC).

5. The antenna module of claim 1, wherein the connector
is a universal serial bus (USB) connector.

6. The antenna module of claim 1, wherein the connector
is a Firewire (IEEE-1394) connector.

7. The antenna module of claim 1, wherein the connector
is operable according to a vendor-specific communication
protocol.
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8. The antenna module of claim 1, wherein the housing
substantially encloses the RF chain and the antenna element.

9. The antenna module of claim 8, wherein the housing
comprises a plurality of housing sections.

10. The antenna module of claim 9, wherein the antenna
element and the RF chain are enclosed in different housing
sections.

11. The antenna module of claim 1, wherein the connector
provides structural support for the housing when the antenna
element is coupled to the mobile station.

12. The antenna module of claim 11, wherein connector
permits the antenna element to be adjustable in orientation
with respect to the mobile station.

13. A mobile phone system, comprising:

a mobile phone comprising an internal antenna, wherein
the mobile phone is operable using the internal antenna;
and

at least one antenna module comprising an antenna ele-
ment and an RF chain for processing RF signals
received by the antenna element;

wherein the at least one antenna module includes a
coupling for releasably attaching the module to the
mobile phone; and

whereing the mobile phone is operable to implement
MRD when the at least one antenna module is attached
to the mobile phone.

14. The mobile phone system module of claim 13,
wherein the mobile phone is operable in a wireless commu-
nication system operable to utilize a power control function.

15. The mobile phone system module of claim 14,
wherein the wireless communication system is operable
according to a CDMA protocol.

16. The mobile phone system module of claim 13,
wherein the at least one antenna module is a plurality of
antenna modules.

17. The mobile phone system module of claim 16,
wherein the mobile is operable according to a plurality of
communications protocols and where each module of the
plurality of antenna modules is operable to create MRD
when the mobile phone is operating according to at least one
of the plurality of communications protocols.

18. The mobile phone system module of claim 13,
wherein the antenna module is adjustable when attached to
the mobile phone.

19. The mobile phone system module of claim 18,
wherein antenna module is automatically adjustable.

#* #* #* #* #*
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