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Abstract

An amplifier for controlling or reducing broadband noise is disclosed. An amplifier

determines whether a useful signal is being amplified and controls the gain of the amplifier at
least when useful signals are not being amplified to prevent or minimize the amplification of

noise.
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RADIO FREQUENCY AMPLIFIER
NOISE REDUCTION SYSTEM

Background

Booster amplifiers are bi-directional amplifiers used for increasing the
sensitivity and power output of cell phones and other devices that are communicating
through them. The use of a booster amplifier, however, may disrupt cellular systems
of both the network through which the device is communicating and other cellular
networks that the device is not communicating through.

The potentially adverse effects of a booster amplifier can result in situations
where other devices are dropped or disconnected or in situations that interfere with
the operation of base stations in a wireless network. A booster amplifier, for example,
can increase the noise floor, which decreases the sensitivity of a base station.
Increasing the noise floor often decreases the coverage area of a base station and
impairs cellular service.

For example, an amplifier generates amplified thermal noise even when no
input signal i1s present or when the amplifier is 1dle. In high gain RF (Radio
Frequency) amplifiers such as those used in signal boosters for cellular devices (cell
phones, PDAs, etc.), such amplified noise can be especially problematic. Amplified
thermal noise can increase the noise floor of base stations and in so doing it can mask
weaker signals thereby precluding the base stations from communicating with base
stations (and with other subscribers or devices communicating through base stations).

There 1s therefore a need for amplifiers that can enable devices to
communicate in an RF network while reducing or minimizing the impact of the

amplifiers on the network itsel.
SUMMARY

Embodiments of the invention relate to systems and methods for reducing

noise in an amplifier or in an amplification system such as a booster amplifier.
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Embodiments of the invention reduce noise in a radio frequency (RF) system, such as
amplified noise generated by an amplifier operating in the RF system, by controlling
aspects of the amplifier. Embodiments of the invention detect whether or not an RF
amplifier is actually being used to amplify useful or desirable signals. When
embodiments detect that no useful or desirable signals are present, the amplifier can
be turned off or the gain of the amplifier can be reduced so that the amplifier does not
interfere with other users of the radio spectrum (e.g. cellular base stations). In one
embodiment, a method for controlling an output of an amplifier to reduce an effect of
amplified noise or a noise floor of a base station in a wireless network is provided.
The method samples an input to the booster amplifier. The input can be sampled at an
output of a preamplifier or at another amplification stage. The method then
determines whether a desirable signal 1s present at the input of the booster amplifier
based on the samples. The method then controls an output of the amplifier according
to the sampled input.

In another example, an amplifier for reducing an effect of amplified thermal
noise in a wireless system 1s provided. The amplifier includes a preamplificr that
recelves an input and provides an output. A broadband detector samples the output of
the preamplifier (and/or at another location in the amplifier) and generates a DC level
for each sample. Control circuitry determines whether a desirable signal is present in
the input by comparing each sample (or at least one or more of the samples) with at
least one value stored in a memory. An amplifier chain, which may include one or
more amplifiers, is controlled according to the determination of whether the desirable
signal is present in the input to the amplifier. The samples can be compared to one or

more stored values, an average of stored values, or another analysis of the stored

values.

In another example, an amplifier for reducing an effect of amplified thermal
noise in a wireless system is provided. The amplifier, which may be a booster
amplifier, includes a preamplifier that receives an input and an amplifier chain
including one or more amplifiers. The input, which includes a signal amplified by the
preamplifier and the amplifier chain, is amplified such that the amplifier chain
generates an output of the amplifier. The output is transmitted in the wireless

network. A broadband detector takes one or more samples of the signal being
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amplified at any point in the amplifier from an output of the preamplifier to the output
of the amplifier chain and generates a DC level for each sample. Control circuitry
determines whether a desirable signal is present 1n the input by comparing each
sample or an analysis of multiple samples with at least one value stored in a memory
or an analysis (e.g., average) of the values stored in the memory. A switching circuit
may be configured to shut off the amplifier or reduce a gain of the amplifier according
to the determination of whether the desirable signal is present in the input.

These and other advantages and features of the present invention will become
more fully apparent from the following description and appended claims, or may be
learned by the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clanfy at least some of the advantages and features of the present

mvention, a more particular description of the invention will be rendered by reference
to specific embodiments thereof which are illustrated in the appended drawings. It is
appreciated that these drawings depict only illustrated embodiments of the invention
and are therefore not to be considered limiting of 1its scope. The invention will be
described and explained with additional specificity and detail through the use of the
accompanying drawings in which;

Figure 1 illustrates an example of a device that communicates with a base
station using an amplifier;

Figure 2 illustrates an example of an amplifier;

Figure 3 illustrates another example of an amplifier configured to reduce noise
in a network; and

Figure 4 illustrates an example method for reducing amplifier noise.

DETAILED DESCRIPTION

Embodiments of the invention relate generally to systems and methods for

reducing noise in an amplifier or in an amplification system such as a booster
amplifier. Embodiments of the invention reduce noise in a radio frequency (RF)
system, such as amplified noise generated by an amplifier operating in the RF system,
by controlling aspects of the amplifier.

For example, embodiments of the invention detect whether or not an RF

amplifier is actually being used to amplify useful or desirable signals. When
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embodiments detect that no useful or desirable signals are present or that undesirable
or other signals that do not carry data (e.g., voice signals, data signals) are not present,
the amplifier can be turned off or the gain of the amplifier can be reduced so that the
amplifier does not interfere with other users of the radio spectrum (e.g. cellular base
stations).

A properly functioning amplifier (also referred to herein as a booster
amplifier) should be transparent to the cellular system in which the amplifier is
operating such that base stations do not perceive any significant differences for either
the case of a cell phone communicating by itself, or a cell phone (or other wireless
device) communicating through the amplifier. Additionally, any emissions from the
amplifier should always be within limits acceptable to cellular systems, even without
a cell phone communicating through the amplifier.

Embodiments of the invention may be discussed with reference to a cell phone
operating in a cellular network and transmatting voice, data, lossy or lossless signals,
or combination thereof, although embodiments are applicable to other RF networks
and/or other devices or other useful signals operating in RF networks.

One of skill in the art, with the benefit of the present disclosure, can appreciate
that embodiments of the invention can be used with or included in other devices
operating in a wireless network. Exemplary devices include, by way of example only,
cell phones, personal digital assistants, smart phones, laptop computers, modems, or
other network enabled devices. Wireless networks include cellular networks as well
as other wireless networks.

“Cell site” and “base station” are used herein interchangeably. Cell site and
base station refer to the systems and/or locations where the wireless network antenna
and communications equipment is placed. The wireless network typically has many
base stations in operation. A base station typically includes a transmitter/receiver,
antenna tower, transmussion radios and radio controllers for maintaining
communications with wireless devices within a given range.

Embodiments of the amplifier, for example, may amplify signals for one or
more devices (e.g., cell phones) in communication with one or more base stations.
Embodiments of the invention relate to amplifiers, including booster amplifiers, that

enhance the ability of a device such as a cellular telephone (or other device configured
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to communicate over a wireless network) to communicate in a wireless network.
Embodiments extend to a booster amplifier that adjusts the gain, dynamically in some
embodiments, that is applied to a wireless signal such as a cellular or other wireless
signal. Embodiments of the invention also aid in reducing the noise floor of base
stations by reducing the amplification of noise including thermal noise, particularly
when the booster amplifier is not amplifying useful or desirable signals.

Figure 1 generally illustrates a system 100. The system 100 may be
configured to allow wireless communication in one Oor more spectrums. Some
portions of the system 100 may include wired connections as well. In addition, the
system 100 (or components thereof) may interface and communicate with other
systems, such as the Internet.

Figure | illustrates a device 110 that communicates with a base station 130
using a booster amplifier 120. The base station 130 is typically one of many base
stations that may be present in a wireless system such as a cellular system. Similarly,
the device 110 may be one of many that is communicating with the base station 130
or with other base stations in the wireless cellular system. The device 110 may be a
cell phone, smart phone, handset, computer, tablet, or other wireless (or wired)
device.

The amplifier 120 typically amplifies signals received from a base station as
well as signals transmitted to the base station. The amplification for these signals
may be the same or different. Stated another way, the amplifier 120 can apply gains
to uplink signals that are different from gains applied to downlink signals.

The amplifier 120 typically communicates wirelessly with the base station
130. The communication between the device 110 and the amplifier 120 can be via a
wireless connection or a wired connection. The booster amplifier 120 may include
one or more antennas that enable communication between the device 110 and the base
station 130.

During operation, the amplifier 120 can dynamically amplify signals
transmitted to the base station 130 as well as signals received from the base station
130. The gain applied to the signals being amplified can be dynamically adjusted
over time and in accordance with various factors. For example, the gain may be set to

account for or to mitigate potential issues that may arise in the wireless environment.
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The amplifier 120 may be configured to prevent the amplifier itself from interfering
with the operation of the cellular system 100 or of the base station 130 or of other
devices operating in the system 100 or with other wireless systems that may be 1n
operation.

For example, embodiments of the invention consider parameters that may
have an impact on the operation of the amplifier 120 when setting the amplifier’s
gain. Embodiments of the invention contemplate situations where the amplifier 120 is
not being used or when desirable signals are not being transmitted and/or received.
More specifically, the amplifier 120 may broadcast amplified noise when not in use
and embodiments of the invention control the amplifier 120 to reduce or eliminate this
effect. By way of example only, a desirable signal may be present when the device
110 is used to communicate in the system 100 or transmit/receive signals (e.g., a
cellular phone call, Internet access, etc., are examples of when a desirable signal is
present). When the device is idle or not be being used are examples of when a
desirable signal is not present at the input to the booster amplifier 120.

The amplifier includes circuitry, modules and/or components (e.g., hardware,
software, firmware, etc.) that determine an optimum gain or optimum configuration
(including off) under various circumstances. The amplifier 120 can be configured, for
example, to reduce or eliminate the gain applied by the amplifier 120 when a
desirable signal is not present at the input to the amphifier 120.

Figure 2 generally illustrates an embodiment of a booster amplifier 200, which
1s an example of the amplifier 120. The amplifier 200 may include one or more
stages (e.g2., amplifier stages) and may be configured to amplify signals transmitted to
the base station as well as received from the base station. When embodiments of the
invention operate in the uplink path and the downlink path, the circuitry can be
adapted to account for the signal path. For example, one amplifier (or set of
amplifiers) may amplify in the uplink direction while another amplifier (or set of
amplifiers) may be used to amplify in the other direction. The uplink path and the
downlink path can be separated inside the amplifier 200 such that uplink
transmissions do not interfere with downlink transmissions. Some components can be
shared, such as a microcontroller (or other circuitry configured to provide similar

functionality), that has the ability to control amplification in either direction. Suitable
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hardware may be provided in order to route these signals as necessary within the
amplifier 200.

In this example, an input 206 is provided to a preamplifier 202. An output of
the preamplifier 202 usually includes amplified input signals (examples of desired
signals) and amplified thermal noise such as amplified broadband thermal noise. By
way of example only, in the 800 MHz Cellular band, the uplink bandwidth would be
at least from 824 to 849 MHz, and in the 1900 MHz PCS band, the uplink bandwidth
would be at least from 1850 to 1910 MHz. The uplink and/or downlink transmissions
may occur in other bands or 1n other frequency ranges.

The output of the preamplifier 202 is applied to the broadband detector 210.
The broadband detector 210 may be configured to operate with specific frequencies
(e.g., the cellular band). Further, the preamplifier 202 may include a filter that
restricts or controls which frequencies or bands are passed.

The output of the broadband detector 210 may be a DC level that has different
values depending on whether or not a desirable signal is present in a passband of the
preamplifier 202. For example, when the device 110 is in use, the device 110 is
transmitting signals (e.g., voice and/or data) in the cellular band. As a result, the DC
level is likely to be different from instances where the device 110 1s not transmitting
signals that correspond to use of the device 110. As a result, the DC level can be used
to determine whether or not a desmrable signal i1s present at the input 206 to the
preamplifier 202. By monitoring the DC level(s) of the output of the preamplifier 202
(or of another stage of the amplifier), the booster amplifier 200 can determine whether
a desirable signal i1s present in the input. For example, the input to the amplifier can
be sampled by sampling the output of the preamplifier 202.

The DC level output from the broadband detector 210 that corresponds to a
desirable signal can be determined in various ways. Previous measurements of the
DC level can be used to determine threshold levels. When the DC level exceeds the
threshold level, a desirable signal is present. Alternatively or in addition, the DC
levels of a particular device can also be stored and used to determine when a desirable
signal should be amplified. In other words, the history of DC levels for a particular
device or group of similar or asimilar devices can be used to determine whether the

currently sampled DC level i1s indicative of a desirable signal at the input. In one
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example the multiple samples are taken and the resulting DC values can be stored in a
memory. A group of the samples can then be evaluated or analyzed to determine
whether a desirable signal is being amplified.

The history of DC values can be maintained for one or more devices, or for
specific devices (each phone model may be associated with a certain or expected DC
level), or the like. In addition, usage patterns of the device that correspond to actions
that may or may not actively involve a user can be considered 1n determining whether
a desirable signal is present in the input. Automatic device updates, data pushes, or
the like are examples of desirable signals that may not be dependent on user action.

If a desirable signal is determined to not be present and the amplifier is shut
off or the gain is substantially reduced, embodiments of the invention are able to
quickly adapt the booster amplifier 200 such that service is not affected. The user
may not be aware of the operations conducted by the amplifier 200 to prevent the
amplification of noise such as broadband noise.

In this example, the DC level output from the broadband detector 210 is
provided to a microcontroller 214. In one example, the microcontroller 214 regularly
samples the DC level output by the broadband detector 210 and compares the sampled
output with previous samples of the output of the broadband detector 210.

Alternatively, the microcontroller 214 (or equivalent circultry) compares the output to
a threshold DC level. The output may be a composite or average of many samples in
one example.

The microcontroller 214 may maintain a history of present and past DC levels
(for example in a memory available to the microcontroller 214). The current output
of the broadband detector 210, in light of the history of present and/or past DC levels,
enables the microcontrolier 214 to determine whether or not a desirable signal is
present at the input. The current output of the broadband detector 210 or an analysis
of multiple samples (e.g., an average), for example, may be compared to one of more
of the values in the history of DC levels to determine if a desirable signal is present at
the input 206.  As previously stated, the microcontroller 215 may be able to account
for phone models or makes.

The output of the microcontroller 214 may be a command to a switching

circutt 212 that turns the amplifier 204 (which may be an amplifier chain or other
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amplification arrangement) on when a desirable signal 1s determined to be present at
the input 206. This enables the ampliﬁér 204 to generate an amplified output 208.
When a desirable signal is not detected or determined to be present at the input 206,
the switching circuit 212 is controlled to turn the amplifier 204 off or ensure that the
gain of the chain amplifier 204 1s reduced. Alternatively stated, the output of the
switching circuit 212 determines whether the chain amplifier 204 is on or off or if the
eain is reduced. The switching circuit 212 may also reduce the gain of the chain
amplifier 204 significantly when a desirable signal 1s not present at the input 206
without turning the amplifier 204 completely off.

The output of the preamplifier 202 can be sampled at any rate that is desirable,
but typically at a rate that ensures that the amplifier 200 is available when needed for
use. For example, when a user initiates usage of a device, a broadband signal is
generated and transmitted by the device and is thus included in the input received at
the device. The broadband detector 210 outputs a DC level and the microcontroller
214 determines that a desirable signal 1s present at the tnput 206. The microcontroller
214 causes the switching circuit 212 to provide an output that turns the amplifier 204
on or increases the gain. In one embodiment, the amplifier 204 is able to operate
normally when a desirable signal is detected. Normal operation may allow other
modules included in the amplifier 200 to dynamically adjust the gain, In one
embodiment, the ability of other modules to dynamically adjust the gain of the
amplifier 204 may be restricted or reduced when the output of the switching circuit

212 indicates that the amplifier 204 is off or has reduced gain.

For example, when the booster amplifier 200 is operating normally, the gain of
the amplifier may be altered or varied for other reasons in order to mitigate against
other 1ssues that may occur when operating the booster amplifier 200 in a wireless
system or network. The gain may be controlled to mitigate the impact of the amplifier
on notse floor control even when the amplifier is on because a desirable signal is
present. In one embodiment, the amplifier 200 thus includes one or more layers of
controls that enable the amplifier to mitigate potentially adverse effects of signal
and/or noise amplification.

Figure 3 illustrates another embodiment of the invention. Figure 3 illustrates

an example of a booster amplifier 300, which is an example of the booster amplifier
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120. In this example, the booster amplifier 300 includes a preamplifier 304 and a
preamplifier 306, both of which receive an input 302.

An output of the preamplifier 304 includes amplitied input signals (when
present) and amplified broadband thermal noise or other noise. An output of the
preamplifier 304 is applied to the broadband detector 310. An output of the
broadband detector is a DC level that has different values depending upon whether or
not a signal is present in the passband of the preamplifier 304 as previously described.
The DC level from the broadband detector 310 is an input to a microcontroller 312,

The microcontroller 312 dynamically controls a gain of the preamplifier 306
(based upon various considerations and algorithms). In consideration of the present
(e.g., currently sampled DC levels) and past DC levels, which may be stored in a
memory, from the broadband detector 310, the gain of the preamplifier 306 and other
parameters that are presented to the microcontroller 312, the microcontroller 312
determines whether or not a desirable signal is present at the input 302, and whether
or not an excessive amount of noise could appear at the output of a final amplifier 308
(which may be an amplifier chain or other amplifier arrangement) if the amplifier 308
were switched on or if the gain were increased.

If a desirable signal 1s determined to be present at the input 302, the
microcontroller 312 sends a command to the switching circuit 314 that fully turns on
the final amplifier (or other preceding stage) in the amplifier chain 308 (the gain may
still be adjusted dynamically by other modules of the amplifier). If a desirable signal
1S not present and/or noise output would be excessive at the output of the final
amplifier 308, the amplifier 308 has reduced gain because the microcontroller 312
sends a command to the switching circuit 314 that turns off the amplifier 308 or that
restricts gain of the amplifier 308. The reduced gain can be controlled by using the
switching circuit 314 to turn the amplifier 308 off or to control a gain applied to the
final amplifier 308 (and/or other amplification stages of the booster amplifier 300).
When the amplifier 308 includes one or more amplifiers or an amplifier chain, the
switching circuit 314 can control any (or more) amplifier in the amplifier chain
including the final amphifier.

As discussed herein, embodiments of the invention can reduce the effect of

amplified noise, including amplified broadband thermal noise) on a wireless system.
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The amplifier is controlled by determining whether a desirable signal i1s being
transmitted (or received). When the amplifier is being used to amplify a desirable
signal, the amplifier is enabled to operate normally. When the amplifier 1s not
amplifying a desirable signal, the gain i1s reduced or eliminated. This can
advantageously reduce the impact of the amplifier on at least the noise floor of a base
station, for example.

The amplifier 200 or 300 may also include, for example, a vaniable attenuator
and/or a variable gain amplifier in the amplifier chain. The switching circuit or the
microcontroller can operate to control the gain (e.g., reduce the gain or turn the
amplifier off) of the amplifier via the variable gain amplifier or the variable
attenuator. The gain can also be controlled by controlling the gain of the preamplifier.
The gain can be reduced using the variable attenuator or by decreasing the bias
voltage to the amplifier chain, or by other methods known to one of skill in the art.

Figure 4 illustrates an exemplary method for reducing amplifier noise. For
example, amplified broadband thermal noise can impact at least a noise floor of a base
station. A method 400 for reducing amplifier noise may begin by receiving 402 an
input to an amphfier. Often, the input is received at a first amplification stage or at a
preamplifier. However, when an input i1s not being received and the output of the
amplifier corresponds to amplified noise, the method may begin by sampling the
mnput.

The method then samples 404 the input, for example by sampling 408 an
output of a preamplifier. In other words, the input (which may include a desirable
signal or which may not include a desirable signal) is sampled by sampling the output
of the preamplifier or the output of another amplification stage. Often the input is
sampled after the first amplification stage or after preamplification. The method then
controls 406 the amplifier based at least on a result of the sampled input or based on
an analysis of multiple samples. The sampled input, when sampled at the output of
the preamplifier, has a DC level. The DC level of the input is different when a
desirable signal is received compared to when the desirable signal is not received at
the input.

Thus, the amplifier determines whether a desirable signal is present at the

mput. More specifically, control circuitry or a microcontroller can compare the DC
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level to present and/or historical values of the DC level to determine whether a
desirable signal is present. The final amplification of the signal 1s then controlled.
For example, the final amplifier is turned off or the gain is substantially reduced. Asa
result, the impact of amplified thermal noise is reduced when a desirable signal 1s not
present.

In one embodiment, the microcontroller can us¢ a sample and hold
arrangement to control the final amplification. When the DC level indicates that a
desirable signal is not present (by sampling the DC level), a switching circuit is held
at a level that turns the amplifier off or that reduces or restricts the gain of the
amplifier.

In another embodiment, the decision of whether to turn the amplifier off or to
substantially reduce the gain such that the noise does not attect the noise floor of the
base station is made based on the likely impact of the amplifier on the noise floor. In
this case, the DC level, a gain of a preamplifier, the likely amount of noise appearing
at the output of the booster amplifier if switched on or if allowed to operate normally,
and/or other factors may be used to determine how to control the amplifier or to
determine whether a desirable signal is present at the input.

The embodiments of the present invention may comprise a special purpose or
general-purpose computing device including various computer hardware. The control
circuit or other processor included in embodiments of the amplifier are examples of a
computing device.

Embodiments within the scope of the present invention also include computer-
readable media for carrying or having computer-executable instructions or data
structures stored thereon. Such computer-readable media can be any available media
that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, such computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium which can be used to carry or
store destred program code means in the form of computer-executable instructions or
data structures and which can be accessed by a general purpose or special purpose
computer. Combinations of the above should also be included within the scope of

computer-readable media. Computer-executable instructions comprise, for example,
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instructions and data which cause a general purpose computer, special purpose
computer, or special purpose processing device to perform a certain tfunction or group
of functions.

The following discussion is intended to provide a briet, general description of
a suitable computing environment in which the invention may be implemented.
Although not required, the invention will be described in the general context of
computer-executable instructions, such as program modules, being executed by
computers in network environments. Generally, program modules include routines,
programs, objects, components, data structures, etc. that perform particular tasks or
implement particular abstract data types.  Computer-executable instructions,
associated data structures, and program modules represent examples of the program
code means for executing steps of the methods disclosed herein. The particular
sequence of such executable instructions or associated data structures represents
examples of corresponding acts for implementing the functions described in such
steps.

Those skilled 1n the art will appreciate that the invention may be practiced in
network computing environments with many types of computer system
configurations, including personal computers, hand-held devices, multi-processor
systems, microprocessor-based or programmable consumer electronics, network PCs,
minicomputers, mainframe computers, and the like. The invention may also be
practiced in distributed computing environments where tasks are performed by local
and remote processing devices that are linked (etther by hardwired links, wireless
links, or by a combination of hardwired or wireless links) through a communications
network. In a distributed computing environment, program modules may be located

in both local and remote memory storage devices.

The described embodiments are to be considered in all respects only as
illustrative and not restrictive. The scope of the invention is, therefore, indicated by
the appended claims rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the claims are to be embraced

within their scope.
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CLAIMS

1. A booster amplifier to reduce an effect of amplified thermal noise in a wireless
network, the booster amplifier comprising:

a first preamplifier that receives a first input and provides a first output;

an amplifier chain including one or more amplifiers, wherein an input to the amplifier
chain includes the first output of the first preamplifier and the amplifier chain generates an
output of the booster amplifier that is transmitted in the wireless network;

a second preamplifier that receives the first input and provides a second output,
wherein the second preamplifier i1s not located in a signal path coupled to the output of the
booster amplifier;

a broadband detector that takes samples of the second output of the second
preamplifier and that generates a DC level for each sample;

a memory that stores the DC levels of a first plurality of samples previously taken by
the broadband detector; and

control circuitry that determines whether a data signal is present at an input of the
booster amplifier by comparing an analysis of the DC levels of a second plurality of samples
taken by the broadband detector with an analysis of the DC levels of the first plurality of
samples previously taken by the broadband detector and stored in the memory, wherein the
control circuitry directs that a gain of the first preamplifier or one or more of the one or more
amplifiers of the amplifier chain be decreased when the data signal is determined to not be

present at the input of the booster amplifier.

2. The booster amplifier of claim 1, wherein the data signal is received directly

from a base station or a wireless device in the wireless network.

3. The booster amplifier of claim 1, further comprising a switching circuit that
decreases the gain of the one or more of the one or more amplifiers of the amplifier chain

when the data signal is determined to not be present at the input of the booster amplifier.

4, The booster amplifier of claim 1, wherein the control circuitry directs that the

gain of the first preamplifier and that the gain of the one or more of the one or more
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amplifiers of the amplifier chain be decreased when the data signal is determined to not be

present at the input of the booster amplifier.

WSLegal\067325\00035\11042834v1
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