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(57) Abstract: According to one embodiment dis-
closed herein, there is provided an antenna mod-
ule including a self-identification mechanism that
may be used by one or more wireless circuits for
management  purposes. The self-identification
mechanism may, for example, take the form of an
integrated circuit (IC) device or chip that stores a
serial number that may function as a unique iden-
tifier for an antenna on which it ismounted or as-
sociated. In one embodiment, a wireless module,
for example containing RF components for send-
ing and receiving signals from the antenna, quer-
ies the serial number device, and acquires the seri-
al number for the antenna. The wireless module
can use the serial number for any number of pur-
poses, and in particular to verify that the antenna
connected is a compliant antenna that will operate
within the range, within the limits, and/or with the
performance specified for the radio circuits within
the wireless module.
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ANTENNA SYSTEM WITH SELF-IDENTIFYING ANTENNA

’ TECHNICAL FIELD
[0001] The present technology relates generally to the field of wireless
communications, and more particularly to antennas used in wireless
communications.
10

BACKGROUND

[0002] Regulatory compliance for awirgless device is procured with acertain
antenna paired to the device. Intheory, itisdifficult for auser to replace the
original antenna with an aftermarket antenna which offers increased

15 performance. However, itisincreasingly easy to find aftermarket antennas for
both desktop PCs and notebooks PCs with (SubMiniature version A) SMA,
Reverse SMA or Micro-coax connectors. Care must be taken when matching
antennas with certain devices as the devices may not meet regulatory standards
when paired with certain antennas. Also, antenna tuners and matching networks

20 arebeng integrated into wireless modules (or antennas) to enable 'per device
optimization (e.g., optimizing wireless transmission characteristics per specific
device) and 'in use' optimization (e.g., optimizing wireless transmission
characteristics based upon sensed usages that would result in VSWR (voltage
standing wave ratio) changes) of VSWR and efficiency for notebooks, tablets

25 and phones. Typically asingle radio module may be integrated with severa

different antennas based on the device form factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A shows a schematic of an antenna module according to some
30 examples of the present disclosure.
[0004] FIG. IB shows a schematic of awireless module according to some

examples of the present disclosure.
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[0005] FIG. 2 shows aflowchart of amethod of verifying antenna compliance
and taking appropriate action according to some examples of the present
disclosure.

[0006] FIG. 3 shows aflowchart of amethod of loading specific configuration
information based upon identifying the antenna according to some examples of
the present disclosure.

[0007] FIG. 4 shows a schematic of awireless transmission system according
to some examples of the present disclosure.

[0008] FIG. 5 shows a schematic of awireless transmission system according
to some examples of the present disclosure.

[0009] FIG. 6 shows a schematic of awireless transmission system according
to some examples of the present disclosure.

[0010] FIG. 7 shows a schematic of awireless device according to some
examples of the present disclosure.

[0011] FIG. 8 shows a schematic of amachine according to some examples of
the present disclosure.

[0012] Inthe drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals
having different letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way of example, but not by

way of limitation, various embodiments discussed in the present document.

DESCRIPTION

[0013] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments.

[0014] Disclosed in some examples are methods, devices, and machine-
readable media which allow awireless module to identify the antenna to which it
isconnected. Based on the connected antenna the wireless module may modify

one or more parameters.
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[0015]  According to one embodiment, illustrated in FIGS. 1A and IB, there is
provided an antenna module 100 and awireless module 110, wherein the
antenna module 100 includes abuilt-in self-identification device, such as an
integrated circuit (IC) device or chip 105 that stores aunique identifier 107, for
example a 64-bit serial number for an antenna on which it is attached, mounted,
fastened together, glued together, contained together, or otherwise physically
paired, for example in aplastic module. More generaly, the unique identifier
107 is alternatively referred to herein as machine-readable identification data.
The wireless module 110 may contain radio frequency (RF) processing circuits
or components, such as an RF chip 115 and abaseband chip 120. The wireless
module 110 may query the device 105 and acquire the unique identifier 107, for
example the serial number, for the antenna. This query may be done one-time at
initialization of the wireless module 110, periodically upon detection of a change
in the antenna or antenna module, or at other times.

[0016] FIG. 2illustrates one example method 200 of verifying antenna
compliance. The wireless module 110 may receive the connected antennas
identification (205). The reception of the identification, e.g., the unique
identifier, may be the result of arequest sent by the wireless module 110, or may
be received without arequest from the wireless module from the antenna module
(e.g., upon power up, or at apredetermined interval, or the like). The wireless
module 110 can use the unique identifier for any number of purposes, for
example to verify that the antenna connected is an appropriate antenna (210) that
will operate within the range, within the limits, and/or with the performance
specified for the radio circuits within the wireless module 110. This may be
accomplished, for instance, by ensuring that the unique identifier matches an
expected number or iswithin apredefined or approved range of unique
identifiers, for example arange of serial numbers. The unique number of set of
unique numbers that are expected or approved may be pre-determined based
upon earlier testing and may be programmed into the wireless module 110. In
some examples, the set of unique numbers that are expected or approved may be
updated by an external computing device. Thus for example, if additional

antennae are tested and found to operate within the range, limits, or performance
3
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required, the serial numbers (or range of serial numbers) for that antennae may
be added to the approved list of devices.

[0017] Additionally, in another example embodiment, the unique identifier
can be categorized in various ways (even or odd, modulo (n) (the remainder
when divided by a number 'n’), and the like), and be used to distinguish between
one or many types of compliant antennas. Example antennas may include
dipole, slot, monopole, loop, patch, and PIFA (planar inverted F) antenna types.
These antennas may have applications in tablet computers, notebook computers,
cellular telephones, smart phones, Frequency Modulation (FM) radios,
Amplitude Modulation (AM) radios, televisions, or any other application in
which an antenna is used to receive electromagnetic waves. The techniques
presently disclosed alows for regulatory compliance of these antennas to be
ensured and/or for changes to various parameters to be made so asto ensure
compliance or optimal performance. |f the antenna isacompliant antenna 225,
then no further action may need to be taken.

[0018] According to another example embodiment, also illustrated in FIG. 2,
if (215) the antenna module 110 does not respond with the correct unique
identifier, however determined by the wireless module 110, the module 110 will
react with appropriate action (220), for example asmay be programmed in the
wireless module. For example, the wireless module may throttle its power or
disable itself in order to minimize the risk of functioning outside of its approved
parameters (e.g., inviolation of United States FCC Regulation Part 15). For
instance, transmission power can be reduced, when ahigh gain antenna is
indicated by the identification, while the transmission power can be enhanced
when aweaker omni antenna isindicated by the identification.

[0019] In another embodiment illustrated in FIG. 3, the wireless module 110
may receive the identification of the connected antenna (305), identify the
antenna (310), and use the acquired identity of the antenna to optimize various
wireless configuration parameters (315). In some examples, each antenna
identification number or arange of identification numbers may be associated
with aparameter profile. The parameter profile may include one or more

parameter changes to the wireless module. Example parameter changes may
4
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include: the power level, frequency, or firmware configuration. Each target
device in which the antenna is to be integrated may have adifferent unique
identifier programmed into the connected antenna 100. Each different device
may require different tuning based upon the different impedance characteristics
of the device. ldentifying the unique identifier of the antenna will allow the
wireless module 110 to optimize the wireless configuration parameters to best
suit the particular device in which itisinstalled. In some examples, to
accomplish this, the wireless module may load a specific configuration of
firmware or tunable/switchable matching components. This alows for operation
at adesired efficiency, such as adefined optimum or maximum efficiency.
Various example end products may include laptops, mobile devices, other
consumer products, industrial devices, household appliances, control system
components, or the like.

[0020]  According to one example embodiment, the antenna management
functions described with respect to the figures described above and below
herein, are performed by the baseband chip 120, which, in one embodiment,
includes microprocessor system components 121 capable of executing one or
more computer programs configured to carry out the described methodologies,
and/or other programmable circuit components that are configured to acquire the
unique identifier 107, and perform any of the management functions herein
described, including applying control signals or configuration parameters to
other internal circuits of the baseband chip 120 or to the RF chip 115. In other
examples, the antenna management functions may be performed by the RF chip
115, or other microprocessors or control logic present on the wireless module
110. In still other examples, the antenna module 100 may contain a
microprocessor which may receive an expected identification number, range, or
other indicator and make the necessary adjustments at the antenna side or
communicate the necessary adjustment to the wireless module 110.
Alternatively, the antenna ID can be forwarded to a computing platform separate
from the wireless module 110, such asthe microprocessor board and associated
components of acomputing system in the device on which the wireless module

110 is deployed. The management functions are then performed on the separate
5
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computing system and control and configuration signals applied back to the
wireless module 110.

[0021] In one embodiment, for example, the device 105 may be a Maxim
DS2401 one wire protocol chip, available from Maxim Integrated Products, Inc.,
of Sunnyvale, California. The DS2401 is an enhanced "silicon serial number"
providing alow-cost, electronic registration number that provides an absolutely
unique identity that can be determined with aminimal electronic interface,
typically, a single port pin of amicrocontroller. The DS2401 includes afactory-
lasered, 64-bit ROM that includes aunique 48-bit serial number, an 8-bhit CRC,
and an 8-bit Family Code (Olh). Data istransferred serialy via a I-Wire®-type
protocol that requires only a single data lead and aground return. Power for
reading and writing the device is derived from the data line itself with no need
for an external power source. The DS2401 isfully reverse-compatible with the
DS2400 but provides an additional multi-drop capability that enables many
devices to reside on asingle data line. In other embodiments, any device or chip
providing serial number identification capabilities may be used, such as other
wireline chips, radio frequency identification (RFID) chips, bar coded chips, or
any other devices having similar or different serial number identification
capabilities.

[0022] According to another example embodiment illustrated in FIG. 4, the
antenna module 100 and wireless module 110 are used on a desktop computer
400 having achassis 402. Inthis embodiment, the serial number device 105, for
example the DS2401, is supplied with apower signal 405 and shares the ground
410 with the antenna 415. The control signal 430 for the serial number device
105 may be sent from the wireless module 110 over the center conductor 435 of
acoax cable 440 connecting the antenna to the module through the use of aBias-
T 445. |In the antenna module 110, another Bias-T 450 isused to separate the
low frequency control signal from the RF signal 455, which isrouted to the
antenna feed 460. Additional cables to supply the identification device are thus
kept to aminimum.

[0023] According to another example embodiment illustrated in FIG. 5, the

antenna module 100 and wireless module 110 are used on alaptop, notebook,
6
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tablet PC or another other computing device or computer 500 having case 502.
In this embodiment, the antenna module(s) 100 is embedded inside the case of
the laptop, in this example on ahinged cover 503 of the device. Otherwise, the
configuration of FIG. 5is similar to the configuration of FIG. 4.

[0024]  According to another example embodiment illustrated in FIG. 6, a
single baseband chip 120 and intermediate frequency chip may interface with
one or more remote RF chips 615. In these examples, the antenna array is part
of, or connected to, the RF chip. In some examples, these antenna modules 600
may operate at 60 GHz, and utilize phased antenna arrays. These antenna
modules 600 require detailed calibration parameters pertaining to the calibration
and operation of the antenna array 620 to be employed based upon the exact RF
remote chip 615 and the particular influence of the chassis that hosts the RF
chip. In some examples, the same SKU (Stock Keeping Unit) of the base band
chip 120 may be configured to control multiple different RF remote chips 615.
By utilizing the remote RF chip 615 to store aunique identifier identifying the
exact antenna array and the particular host chassis, the base band chip may
configure the remote RF module embedded in the chassis accordingly. In
addition, the cost isreduced as an additional chip to store the unique identifier is
not required asthe RF chip 615 may be utilized.

[0025]  Accordingly, with use of the antenna identification and management
system herein described, it isnot necessary to use obscure or difficult to procure
connectors to make it harder to connect aftermarket antennas that may make the
wireless solution non-compliant. These connectors can be many times more
expensive compared to ageneric, easy to find connector. Additionally, for
embedded antennas connected to tuner modules, the ready ability to load
predefined profiles based on different antenna types is advantageous. The tuning
profiles are typically developed for one specific antenna model, and the ability to
match the profiles automatically assures good performance and in some cases
greater ease or lesser risk of mismatch of antenna to the module during
assembly.

[0026] Thus, asdescribed above, the present solution uses a serial number

chip to associate each antenna with aunique identifier that can be queried by
7
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either the module or the host. With the knowledge of the exact antenna
connected to it, the module 110 can determine its behavior, transmission and
matching settings to optimize performance while maintaining regulatory
compliance. Also, non-compliant antennas may result in the module lowering
the output power delivered or disabling itself to minimize the risk of operating in
anon-compliant state. When used with embedded antennas for laptops, the
invention allows for the optimized matching between amodule and any one of
several types of antennas by allowing the module to alter its configuration to
match aparticular antenna type without requiring the maintenance of several
custom SKUs for each antenna type.

[0027]  According to one example embodiment, any of the above or below
described software or hardware elements and functionality, may be implemented
as acombination of one or more modules, asdefined further herein below.
Further, various methods or techniques, or certain aspects or portions thereof,
may take the form of program code (i.e., instructions) embodied in tangible
media, such as floppy diskettes, CD-ROMs, hard drives, or any other machine-
readable storage medium wherein, when the program code isloaded into and
executed by amachine, such as acomputer, the machine becomes an apparatus
for practicing the various techniques. In the case of program code execution on
programmable computers, the computing device may include aprocessor, a
storage medium readable by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device, and at least one
output device. One or more programs that may implement or utilize the various
techniques described herein may use an application programming interface
(API), reusable controls, and the like. Such programs may be implemented in a
high level procedural or object oriented programming language to communicate
with acomputer system. However, the program(s) may be implemented in
assembly or machine language, if desired. In any case, the language may be a
compiled or interpreted language, and combined with hardware
implementations.

[0028] FIG. 7 provides an example illustration of a mobile device 700, such

as auser equipment (UE), amobile station (MS), a mobile wireless device, a
8
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mobile communication device, atablet, ahandset, or other type of mobile
wireless device with which the wireless module and/or antenna module may be
integrated. The mobile device may include one or more antennas 708 configured
to communicate with abase station (BS), an evolved Node B (eNB), or other
type of wireless wide area network (WWAN) access point. The mobile device
may be configured to communicate using at least one wireless communication
standard including 3GPP LTE, WiMAX, High Speed Packet Access (HSPA),
Bluetooth, and WiFi (e.g., in accordance with an IEEE 802.11 family of
standards, for example, |IEEE 802.11n-2009). The mobile device 700 may
communicate using separate antennas for each wireless communication standard
or shared antennas for multiple wireless communication standards. The mobile
device may communicate in awireless local area network (WLAN), awireless
personal area network (WPAN), and/or awireless wide area network (WWAN).
The mobile device 700 may communicate using any number of physical
techniques, including Orthogonal Frequency Division Multiplexing (OFDM),
Code Division Multiple Access (CDMA), Wideband- CDOMA(WCDM A), Time
Division Multiple Access (TDMA), or the like.

[0029] FIG. 7 also provides an illustration of amicrophone 720 and one or
more speakers 712 that may be used for audio input and output from the mobile
device 700. The display screen 704 may be aliquid crystal display (LCD)
screen, or other type of display screen such as an organic light emitting diode
(OLED) display. The display screen 704 may be configured as atouch screen.
The touch screen may use capacitive, resistive, or another type of touch screen
technology. An application processor 714 and agraphics processor 718 may be
coupled to internal memory 716 to provide processing and display capabilities.
A non-volatile memory port 710 may also be used to provide data input/output
options to auser. The non-volatile memory port 710 may also be used to expand
the memory capabilities of the mobile device 700. A keyboard 706 may be
integrated with the mobile device 700 or wirelessly connected to the mobile
device 700 to provide additional user input. A virtual keyboard may also be

provided using the touch screen.
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[0030] FIG. 8isablock diagram illustrating an example computing machine
upon which any one or more of the methodologies herein discussed can berun,
for example to perform any one of the antenna identification and management
operations described above. Alternatively, the computing machine of FIG. 8 may
5 form al or part of the computer platform for any of the computer systems or

other devices herein described on which the antenna management solution may
be deployed. In alternative embodiments, the machine operates as a standalone
device or can be connected (e.g., networked) to other machines. In anetworked
deployment, the machine can operate in the capacity of either a server or aclient

10 machine in server-client network environments, or it can act as apeer machine in
peer-to-peer (or distributed) network environments. The machine can be a
personal computer (PC), atablet PC, a set-top box (STB), aPersonal Digital
Assistant (PDA), amobile telephone, aweb appliance, anetwork router, switch
or bridge, or any machine capable of executing instructions (sequential or

15 otherwise) that specify actions to be taken by that machine. Further, while only
asingle machine isillustrated, the term "machine’ shall also be taken to include
any collection of machines that individually orjointly execute a set (or multiple
sets) of instructions to perform any one or more of the methodologies discussed
herein.

20 [0031] Example computer system 800 includes aprocessor 802 (e.g., a
central processing unit (CPU), agraphics processing unit (GPU) or both), amain
memory 804 and a static memory 806, which communicate with each other via a
link or interconnect 808 (e.g., abus). The computer system 800 can further
include avideo display unit 810, an aphanumeric input device 812 (e.g., a

25  keyboard), and auser interface (Ul) navigation device 814 (e.g., amouse). In
one embodiment, the video display unit 810, input device 812 and Ul navigation
device 814 are atouch screen display. The computer system 800 can
additionally include a storage device 816 (e.g., adrive unit), asigna generation
device 818 (e.g., a speaker), anetwork interface device 820 (which may include

30  or operably communicate with one or more antennas 836, 840, transceivers, or

other wireless communications hardware) to connect to a network 826 (e.g., the

10
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internet), and one or more sensors (not shown), such as agloba positioning
system (GPS) sensor, compass, accelerometer, or other sensor.
[0032] The storage device 816 includes a machine-readable medium 822 on
which is stored one or more sets of data structures and instructions 824 (e.g.,
5  software) embodying or utilized by any one or more of the methodologies or

functions described herein. The instructions 824 can also reside, completely or
a least partialy, within the main memory 804, static memory 806, and/or within
the processor 802 during execution thereof by the computer system 800, with the
main memory 804, static memory 806, and the processor 802 also constituting

10 machine-readable media.
[0033] While the machine -readable medium 822 isillustrated in an example
embodiment to be a single medium, the term "machine-readable medium" can
include a single medium or multiple media (e.g., acentralized or distributed
database, and/or associated caches and servers) that store the one or more

15  instructions 824. The term "machine-readable medium" shall also be taken to
include any tangible medium that is capable of storing, encoding or carrying
instructions for execution by the machine and that cause the machine to perform
any one or more of the methodologies of the present disclosure or that is capable
of storing, encoding or carrying data structures utilized by or associated with

20  such instructions. The term "machine-readable medium" shall accordingly be
taken to include, but not be limited to, solid-state memories, and optical and
magnetic media. Specific examples of machine-readable media include non-
volatile memory, including, by way of example, semiconductor memory devices
(e.g., Electrically Programmable Read-Only Memory (EPROM), Electrically

25  FErasable Programmable Read-Only Memory (EEPROM)) and flash memory
devices, magnetic disks such asinternal hard disks and removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks.
[0034] The instructions 824 can further be transmitted or received over a
communications network 826 using atransmission medium via the network

30 interface device 820 utilizing any one of a number of well-known transfer
protocols (e.g., HTTP). Examples of communication networks include aLAN,

WAN, the Internet, mobile telephone networks, Plain Old Telephone (POTS)
11
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networks, and wireless data networks (e.g., Wi-Fi, 3G, and 7G LTE/LTE-Aor
WiMAX networks). The term "transmission medium” shall be taken to include
any intangible medium that is capable of storing, encoding, or carrying
instructions for execution by the machine, and includes digital or analog
communications signals or other intangible medium to facilitate communication
of such software.

[0035]  Other applicable network configurations may be included within the
scope of the presently described communication networks. Although examples
were provided with reference to alocal areawireless network configuration and
awide areainternet network connection, it will be understood that
communications may also be facilitated using any number of personal area
networks, local area networks (LANSs), and wide area networks (WANS), using
any combination of wired or wireless transmission mediums.

[0036]  The embodiments described above may be implemented in one or a
combination of hardware, firmware, and software. Embodiments may also be
implemented as instructions stored on a computer-readable storage device,
which may be read and executed by at least one processor to perform the
operations described herein. A computer-readable storage device may include
any non-transitory mechanism for storing information in aform readable by a
machine (e.g., acomputer). For example, acomputer-readable storage device
may include read-only memory (ROM), random-access memory (RAM),
magnetic disk storage media, optical storage media, flash-memory devices, and
other storage devices and media. In some embodiments, the base station or the
UE may include one or more processors and may be configured with instructions
stored on a computer-readable storage device.

[0037] It should be understood that the functional units or capabilities
described in this specification may have been referred to or labeled as modules,
in order to more particularly emphasize their implementation independence. For
example, amodule may be implemented as a hardware circuit comprising
custom VLSI circuits or gate arrays, off-the-shelf semiconductors such aslogic
chips, transistors, or other discrete components. A module may also be

implemented in programmable hardware devices such asfield programmable
12
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gate arrays, programmable array logic, programmable logic devices, or the like.
Modules may also be implemented in software for execution by various types of
processors. An identified module of executable code may, for instance, comprise
one or more physical or logical blocks of computer instructions, which may, for
instance, be organized as an object, procedure, or function. Nevertheless, the
executables of an identified module need not be physically located together, but
may comprise disparate instructions stored in different locations which, when
joined logically together, comprise the module and achieve the stated purpose for
the module.

[0038] Indeed, amodule of executable code may be a single instruction, or
many instructions, and may even be distributed over several different code
segments, among different programs, and across several memory devices.
Similarly, operational data may be identified and illustrated herein within
modules, and may be embodied in any suitable form and organized within any
suitable type of data structure. The operational data may be collected asasingle
data set, or may be distributed over different locations including over different
storage devices, and may exist, at least partialy, merely as electronic signals on
a system or network. The modules may be passive or active, including agents
operable to perform desired functions.

[0039] Additional examples of the presently described method, system, and
device embodiments include the following, non-limiting configurations. Each of
the following non-limiting examples can stand on its own, or can be combined in
any permutation or combination with any one or more of the other examples
provided below or throughout the present disclosure.

[0040]  Additional Examples:

[0041] Example 1: An antenna module comprising: an antenna; an
identification circuit physically paired with the wireless antenna, the
identification circuit storing machine-readable identification data and to provide
the machine-readable identification data responsive to arequest for the machine-
readable identification data.

[0042] Example 2: The antenna module of example 1, wherein the machine-

readable identification datais a serial number and isused by aphysically
13
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coupled wireless module to verify that the antenna is acompliant antenna.
[0043] Example 3: The antenna module of any one of examples 1and 2,
wherein the request is sent over acoaxial connection between the antenna
module and the wireless module along with an RF signal and wherein the
wireless module includes aBIAS-T which is to separate the request from the RF
signal.

[0044] Example4: The antennamodule of claim 3, wherein the request is
routed to the identification circuit and the RF signal isrouted to the antenna.
[0045] Example 5: A wireless module coupled via aphysical connection to
an antenna module including machine-readable identification information, the
wireless module comprising: ahardware processor to: receive the machine-
readable identification data viathe physical connection from the antenna
module; modify one or more parameters of the wireless module based on the
received machine-readable identification data.

[0046] Example 6:  The wireless module of example 5, wherein the one or
more parameters includes at least one of: an amplitude, afrequency, afirmware
configuration, or atuning profile.

[0047] Example7:  The wireless module of any of the previous examples,
comprising aradio frequency processor and abaseband processor to output a
radio frequency signal to the antenna module, and wherein to modify one or
more parameters of the wireless module, the hardware processor isto inhibit the
output of the radio frequency signal to the antenna module.

[0048] Example 8:  The wireless module of any one of the previous examples,
wherein the hardware processor isto modify one or more parameters of the
wireless module based on the received machine-readable identification
information by comparing the received machine-readable identification
information to one or more expected values, and responsive to determining that
the received machine-readable identification information equals one of the
expected values, selecting aparameter profile which indicates modifications to
the one or more parameters of the wireless module.

[0049] Example 9:  The wireless module of any one of the previous examples,

wherein the hardware processor isto: send areguest from the wireless module to
14
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the antenna module for requesting the machine-readable identification data.
[0050] Example 10: The wireless module of any one of the previous examples,
wherein the physical connection comprises acoaxia cable and wherein the
hardware processor is to receive the machine-readable identification information
over acenter conductor of the coax cable, and wherein the wireless module
comprises aBIAS-T, which isto separate asignal containing the machine-
readable identification datafrom aradio frequency signal.

[0051] Example 11:A method of modifying parameters of awireless module,
the method comprising: receiving at the wireless module, a machine-readable
identification data from an antenna module coupled to the wireless module via a
physical connection; and modifying one or more parameters of the wireless
module based on the received machine-readable identification data.

[0052] Example 12.  The method of example 11, wherein the one or more
parameters includes at least one of: an amplitude, afrequency, afirmware
configuration, or atuning profile.

[0053] Example 13: The method of any one of the previous examples, wherein
modifying one or more parameters of the wireless module includes inhibiting the
output of aradio frequency signal generated by aradio frequency processor and
abaseband processor to the antenna module.

[0054] Example 14: The method of any one of the previous examples, wherein
modifying one or more parameters of the wireless module based on the received
machine-readable identification information comprises comparing the received
machine-readable identification information to one or more expected values, and
responsive to determining that the received machine-readable identification
information equals one of the expected values, selecting a parameter profile
which indicates modifications to the one or more parameters of the wireless
module.

[0055] Example 15: The method of any one of the previous examples,
comprising: sending arequest from the wireless module to the antenna module
for requesting the machine-readable identification data.

[0056] Example 16: The method of any one of the previous examples, wherein

the physical connection comprises acoaxia cable and wherein the machine-
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readable identification information isreceived over acenter conductor of the
coax cable, and wherein asignal containing the machine-readable identification
datais separated from aradio frequency signal sent over the coxial cable by a
BIAST.

[0057] Example 17: A machine-readable medium that stores instructions which
when performed by amachine, cause the machine to perform operations
comprising: receiving at awireless module, a machine-readable identification
data from an antenna module coupled to the wireless module via a physical
connection; modifying one or more parameters of the wireless module based on
the received machine-readable identification data.

[0058] Example 18: The machine-readable medium of example 17, wherein
the one or more parameters includes at least one of: an amplitude, afrequency, a
firmware configuration, or atuning profile.

[0059] Example 19: The machine-readable medium of any one of the previous
examples, wherein the instructions for modifying one or more parameters of the
wireless module includes instructions, which when performed by the machine,
cause the machine to perform the operations comprising: inhibiting the output of
aradio frequency signal generated by aradio frequency processor and a
baseband processor to the antenna module.

[0060] Example 20. The machine-readable medium of any one of the previous
examples, wherein the instructions for modifying one or more parameters of the
wireless module includes instructions, which when performed by the machine,
cause the machine to perform the operations comprising: comparing the
received identification information to one or more expected values, and
responsive to determining that the received identification information equals one
of the expected values, selecting aparameter profile which indicates
modifications to the one or more parameters of the wireless module.

[0061] Example 21: The machine-readable medium of any one of the previous
examples, wherein the instructions include instructions which when performed
by the machine, cause the machine to perform the operations comprising:
sending arequest from the wireless module to the antenna module for requesting

the machine-readable identification data.
16
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[0062] Example 22: The machine-readable medium of any one of the previous
examples, wherein the identification isreceived over a center conductor of a
coax cable coupling the wireless module to the antenna module, and wherein the
wireless module separates a signal containing the machine-readable
identification data from aradio frequency signal using aBIAS-T.
[0063] Example 23: A wireless communication device for sending and
receiving data, the wireless communication device comprising: awireless
module coupled via aphysical connection to an antenna module including
machine-readable identification information, the wireless module comprising a
hardware processor to: receive the machine-readable identification data viathe
physical connection from the antenna module; modify one or more parameters of
the wireless module based on the received machine-readable identification data;
generate one or more outgoing wireless signals for transmission via the antenna
module, acharacteristic of the one or more outgoing wireless signals based upon
the one or more parameters of the wireless module; and

receive one or more incoming wireless signals from the antenna module;
and process the one or more incoming wireless signals from the antenna module.
[0064] Example 24: The wireless communication device of example 23,
wherein the hardware processor is adapted to communicate within alEEE
802. 11 n network by generating the one or more outgoing signals, and receiving
the one or more incoming wireless signals by utilizing orthogonal frequency
division multiplexing (OFDM).
[0065] Example 25: The wireless communication device of any one of the
previous examples, wherein a characteristic of the one or more incoming
wireless signals is based upon the one or more parameters of the wireless
module.
[0066] TheAbstract isprovided to allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be used to limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed description, with each

claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed is:

1. An antenna module comprising:
an antenng;

an identification circuit physically paired with the wireless antenna, the
identification circuit storing machine-readable identification data and to provide
the machine-readable identification data responsive to arequest for the machine-
readable identification data.

2. The antenna module of claim 1, wherein the machine-readable
identification datais a serial number and is used by aphysically coupled wireless

module to verify that the antennais acompliant antenna

3. The antenna module of any one of claims 1and 2, wherein the request
is sent over acoaxial connection between the antenna module and the wireless
module along with an RF signal and wherein the wireless module includes a

BIAS-T which is to separate the request from the RF signal.

4. The antenna module of claim 3, wherein the request is routed to the

identification circuit and the RF signal is routed to the antenna

5. A wireless module coupled viaaphysical connection to an antenna
module including machine-readable identification information, the wireless
module comprising:

ahardware processor to:

receive the machine-readable identification data viathe physical
connection from the antenna module;

modify one or more parameters of the wireless module based on the

received machine-readable identification data.
18
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6. The wireless module of claim 5, wherein the one or more parameters
includes at least one of: an amplitude, afrequency, afirmware configuration, or

atuning profile.

7. The wireless module of claim 5, comprising aradio frequency processor
and abaseband processor to output aradio frequency signal to the antenna
module, and wherein to modify one or more parameters of the wireless module,
the hardware processor is to inhibit the output of the radio frequency signal to

10  the antennamodule.

8. The wireless module of any one of claims 5- 7, wherein the hardware
processor isto modify one or more parameters of the wireless module based on
the received machine-readable identification information by comparing the

15  received machine-readable identification information to one or more expected
values, and responsive to determining that the received machine-readable
identification information equals one of the expected values, selecting a
parameter profile which indicates modifications to the one or more parameters of
the wireless module.

20
9. The wireless module of any one of claims 5- 7, wherein the hardware
processor isto: send arequest from the wireless module to the antenna module

for requesting the machine-readable identification data.

25 10 The wireless module of any one of claams 5- 7, wherein the physical
connection comprises acoaxia cable and wherein the hardware processor isto
receive the machine-readable identification information over acenter conductor
of the coax cable, and wherein the wireless module comprises aBIAS-T, which
isto separate asignal containing the machine-readable identification datafrom a

30 radio frequency signal.
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11. A method of modifying parameters of awireless module, the method
comprising:

receiving at the wireless module, a machine-readable identification data
from an antenna module coupled to the wireless module via a physical
connection; and

modifying one or more parameters of the wireless module based on the

received machine-readable identification data.

12. The method of claim 11, wherein the one or more parameters includes at
least one of: an amplitude, afrequency, afirmware configuration, or atuning

profile.

13. The method of claim 11, wherein modifying one or more parameters of
the wireless module includes inhibiting the output of aradio frequency signal
generated by aradio frequency processor and abaseband processor to the

antenna module.

14. The method of any one of claims 11- 13, wherein modifying one or
more parameters of the wireless module based on the received machine-readable
identification information comprises comparing the received machine-readable
identification information to one or more expected values, and responsive to
determining that the received machine-readable identification information equals
one of the expected values, selecting aparameter profile which indicates

modifications to the one or more parameters of the wireless module.

15. The method of any one of claims 11- 13, comprising: sending arequest
from the wireless module to the antenna module for requesting the machine-
readable identification data.

16. The method of any one of claims 11- 13, wherein the physical
connection comprises acoaxial cable and wherein the machine-readable

identification information isreceived over acenter conductor of the coax cable,
20



WO 2013/101099 PCT/US2011/067913

10

15

20

25

30

and wherein asignal containing the machine-readable identification datais

separated from aradio frequency signal sent over the coxia cable by aBIAS-T.

17. A wireless communication device for sending and receiving data, the
wireless communication device comprising:
awireless module coupled via aphysical connection to an antenna
module including machine-readable identification information, the
wireless module comprising ahardware processor to:
receive the machine-readable identification data via the physical
connection from the antenna module;
modify one or more parameters of the wireless module based on
the received machine-readable identification data;
generate one or more outgoing wireless signals for transmission
via the antenna module, a characteristic of the one or more outgoing
wireless signals based upon the one or more parameters of the wireless
module; and
receive one or more incoming wireless signals from the antenna
module; and
process the one or more incoming wireless signals from the antenna

module.

18. The wireless communication device of claim 17, wherein the hardware
processor is adapted to communicate within alEEE 802.11n network by
generating the one or more outgoing signals, and receiving the one or more
incoming wireless signals by utilizing orthogonal frequency division
multiplexing (OFDM).

19. The wireless communication device of claim 17, wherein a characteristic

of the one or more incoming wireless signals is based upon the one or more

parameters of the wireless module.

21
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