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Methods, systems and computer program products are provided
which control the operation of a receiver of a wireless device so as to
reduce the power consumption of the receiver by setting the third order
intercept point of a low noise amplifier based upon at least one of a SET LNATO
strength of a signal received by the wireless device or a transmission
power of a transmitter of the wireless device. Furthermore, the gain
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strength or transmitter power. Also, the gain of an amplifier associated
with a mixer of the receiver may be set based upon received signal
strength or transmitter power. Preferably, multiple power modes are
provided to tailor the power consumption to the operating conditions of

the wireless device.
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SYSTEMS AND METHODS FOR MANAGEMENT OF CURRENT
CONSUMPTION AND PERFORMANCE IN A RECEIVER
DOWN CONVERTER OF A WIRELESS DEVICE

Field of the Invention

The present invention relates to receiver
down converters and more particularly to receiver down
converters for use in radiotelephones and

5 radiotelephone egquipment.

Backaground of the Invention

With ever increasing demands for increased
talk time and standby time in wireless telephones, the
10 power consumption of each circuit in the telephone can
be critical to the overall performance of the
telephone. Thus, it has become more important to
assure that each circuit uses as little current as
possible to thereby extend battery life of the
15 telephone.

While reducing power usage in the telephone
is important, this goal is generally at odds with other
performance goals for the telephone. For example, as
the number of wireless telephone users utilizing fixed

20 amount of radio spectrum increase, the need to reject
undesired interference can become very important.
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However, when operating in strong signal environments
higher current is generally required by the down
converter of the telephone receiver to compensate for
the strong signal environment.

In particular in wireless telephone modes
such as Code Division Multiple Access (CDMA) mode the
linearity of the low noise amplifier, as reflected by
the third order intercept point of the amplifier, may
be critical to meeting the requirements of CDMA.
However, increasing the third order intercept point to
increase the linearity of the amplifier generally
requires an increase in the current drawn by the
amplifier. Thus, the requirements of CDMA may directly
conflict with the goal of low power consumption.

Previous attempts to address the strong
signal condition have included switching off the low
noise amplifier of the receiver down converter. When
the low noise amplifier is switched off it acts like an
attenuator which would increase the signal handling
ability of the telephone. Furthermore, since the low
noise amplifier is off the power consumed may be
reduced. However, such an approach not meet the
performance requirements of CDMA.

Other possible solutions to the strong signal
problem may include switching an attenuator in the
signal path in the down converter. While this solution
may provide a solution to the strong signal problem it
would not reduce the power consumption of the down

converter.
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Similarly, down converter integrated circuits

have been developed to accommodate multi-mode wireless

telephones. Thus, for example, the RF Micro Devices

RF9906 down converter includes adjustable mixer gain
which allows for high gain to overcome the higher
filter loss of CDMA mode and a low gain for use in
AMPS/DAMPS mode. Similarly, the RF9986 device of RF
Micro Devices allows for strong signal conditions in
CDMA mode by having a switchable third order intercept
point which may be increased by 10db by connecting Vcc
to the IP3 pin of the device which causes the LNA
current consumption to increase by 10 mA. While these
devices allow the wireless telephone to meeﬁ the
various requirements of the modes of operation of the
wireless telephone, there continues to be a need to
reduce the down converter's power requirements while
still meeting the Qperational requirements of the
wireless telephone.

In view of the above discussion, there exists
a need for improvement in power maﬁagement in wireless
telephones while still meeting the signal handling
requirements of the modes of operation of the wireless

telephone.

Summary of the invention

In view of the above discussion, it is an
object of the present invention to allow reduced power

consumption of a down converter.
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A further object of the present invention is
to provide a down converter capable of handling strong
signal conditions.

Still another object of the present invention
is to allow an increase in the battery life of
radiotelephones.

Another object of the present invention is to
provide a down converter with reduced power consumption
in multiple modes of operation of a radiotelephone.

These and other objects of the present
invention are provided by methods and systems which
control the operation of a receiver of a radiotelephone
so as to reduce the power consumption of the receiver
by setting the third order intercept point of a low
noise amplifier based upon at least one of a strength
of a signal received by the radiotelephone or a
transmission power of a transmitter of the
radiotelephone. Furthermore, the gain of the low noise
amplifier may also be set based upon the received
signal strength or the transmission power of the
transmitter of the radiotelephone. Also, the gain of
an amplifier associated with a mixer of the receiver of
the radiotelephone may be set based upon the strength
of the signal received by the radiotelephone or the
transmission power of a transmitter of the
radiotelephone.

By adjusting the third order intercept and/or
gain of the low noise amplifier and the gain of the
mixer amplifier based on the transmitter power or the

received signal strength, the performance of the down
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converter may be adjusted to the operating conditions
cf the telephone. Furthermore, the gains and third
order intercept point may be adjusted to reduce the
power consumption of the down converter. Thus, as the
signal strength increases the performance of the down
converter may be maintained while reducing the power
required by the down converter. The total power
required to operate the radiotelephone may be decreased
and battery life correspondingly increased.

In certain embodiments of the present
invention the gains of the low noise amplifier and
mixer amplifier of the down converter may be set by
bypassing the amplifiers. Thus, the gains are selected
between two gain levels for the amplifiers.

In particular embodiments of the present
invention, the third order intercept point of the low
noise amplifier is set to a low third order intercept
point, the gain of the low noise amplifier to a high
gain and the gain of the mixer amplifier to a high gainb
if the transmitter is off.

In alternative embodiments of the present
invention in which the radiotelephone is operating in
CDMA mode, if the transmitter is operating at an output
power above a predefined threshcld or the received
signal strength is below a predefined threshold, the
third order intercept point of the low noise amplifier
may be set to a high third order intercept point, the
gain of the low noise amplifier set to a high gain and
the gain of the mixer amplifier set to a high gain. If

the transmitter is operating at an output power below
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the predefined threshold or the received signal
strength is above a predefined threshold, the third
order intercept point of the low noise amplifier may
also be set to a high third order intercept point, the
gain of the low noise amplifier set to a high gain and
the gain of the mixer amplifier set to a low gain. The
third order intercept point of the low noise amplifier
may also be set to a high third order intercept point,
the gain of the low noise amplifier set to a high gain
and the gain of the mixer amplifier set to a low gain
if the transmitter is operating at an output power
below the predefined threshold output power and the
received signal strength i1s greater than a first
predefined signal strength threshold and less than a
second predefined signal strength threshold. The gain
of the low noise amplifier may be set to a low gain and
the gain of the mixer amplifier set to a high gain if
the transmitter is operating at an output power below
the predefined threshold output power and the received
signal strength is greater than the second predefined
signal strength threshold and less than a third
predefined signal strength threshold. Finally, the
gain of the low noise amplifier may be set to a low
gain and the gain of the mixer amplifier to a low gain
if the transmitter is operating at an output power
below the predefined threshold output power and the
received signal strength is greater than the third
predefined signal strength threshold.

By providing several thresholds of power

conservation, the present invention may provide the
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high linearity required by the CDMA mode of operation
while still reducing the total power consumed by the
down converter. Thus, the present invention can allow
the down converter to meet the performance criteria of
CDMA while still conserving power.

In another embodiment of the present
invention, the receiver of the radiotelephone is
disabled if the radiotelephone is in sleep mode.

In an embodiment of the present invention
where the radiotelephone is operating in Advanced
Mobile Phone Service/Digital Advanced Mobile Phone
Service (AMPS/DAMPS) mode, the third order intercept
point of the low noise amplifier may be set to a low
third order intercept point, the gain of the low noise
amplifier set to a high gain and the gain of the mixer
amplifier set to a low gain if the received signal
strength is less than a first predefined signal
strength threshold. The third order intercept of the
low noise amplifier may be set to a low third order
intercept point, the gain of the low noise amplifier
set to a high gain and the gaih of the mixer amplifier
set to a low gain if the received signal strength is
greater than the first predefined signal strength
threshold an less than a second predefined signal
strength threshold. The gain of the low noise
amplifier may also be set to a low gain and the gain of
the mixer amplifier set to a low gain if the received
signal strength is greater than the second predefined

signal strength threshold.
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In still another embodiment of the present
invention, the operation of a receiver of a
radiotelephone so as to reduce the power consumption of
the receiver by determining the received signal
strength of a signal received by the radiotelephone and
controlling the power consumption of a down converter
of the receiver of the radiotelephone based upon the
determined received signal strength. This
determination may include determining if the received
signal strength is above a first threshold value, if
the received signal strength is between the first
threshold value and a second threshold value and if the
received signal strength is above the second threshold
value. The gain of the low noise amplifier may then be
set to a low gain and the gain of the mixer amplifier
to a low gain if the signal strength is above the
second threshold value, the gain of a low noise
amplifier of the down converter set to a high gain and
the gain of a mixer amplifier of the down converter set
to a low gain if the received signal strength is
between the first threshold value and the second
threshold value and the gain of a low noise amplifier
of the down converter set to a high gain and the gain
of a mixer amplifier of the down converter set to a
high gain if the received signal strength is below the
first threshold value. 1In a particular embodiment, the
first threshold value is about -94 dBm, and the second
threshold value is about -60 dBm.

By controlling the gains of amplifiers in

AMPS/DAMPS mode based upon several threshold values the
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power consumption of the down converter may be reduced

without sacrificing performance.

Brief Description of the Drawings

Figure 1 is a block diagram of a
radiotelephone incorporating a down converter of the
present invention;

Figure 2 is a block diagram of a down
converter according to the present invention; and

Figure 3 is a flow chart illustrating

operation of a down converter according to the present

invention.

Detailed Description of the Invention

The present invention now will be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should
not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like
elements throughout. As will be appreciated by one of
skill in the art, the present invention may be embodied
as methods or devices. Accordingly, the present
invention may take the form of an entirely hardware
embodiment or an embodiment combining software and

hardware aspects.
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An embodiment of a radiotelephone 10 which
includes a down converter 15 according to the present
invention is depicted in the block diagram of Figure 1.
As shown in Figure 1, radiotelephone 10 typically
includes a transmitter 12, a receiver 14, a user
interface 16 and an antenna system 18. The antenna
system 18 may include an antenna feed structure 22 and
an antenna 20. As is well known to those of skill in
the art, transmitter 12 converts the information which
is to be transmitted by radiotelephone 10 into an
electromagnetic signal suitable for radio
communications. Receiver 14 demodulates
electromagnetic signals which are received by
radiotelephone 10 so as to provide the information
contained in the signals to user interface 16 in a
format which is understandable to the user. A wide
variety of transmitters 12, receivers 14, user
interfaces 16 (e.g., microphones, keypads, rotary
dials) which are suitable for use with handheld:
radiotelephones are known to those of skill in the art,
and such devices may be implemented in radiotelephone
10. The design of radiotelephone 10 is well‘known to
those of skill in the art and will not be further
described herein.

The present invention relates to the down
convertexr 15 incorporated in receiver 14. As seen in
Figure 1, the radiotelephone 10 includes as part of the
receiver 14 a down converter 15. A radiotelephone
incorporating the present invention also preferably

includes circuitry and programming for measuring the

10



WO 00/08752 - PCT/US99/14433

10

15

20

25

30

signal strength received by the radiotelephone. Such
circuitry and programming are well known to those of
skill in the art and, therefore, will not be described
in detail herein. Furthermore, it is preferable that
such circuitry also contribute to the control of the
output power of the transmitter portion of the
radiotelephone. Thus, the output power of the
transmitter 12 is preferably controlled, at least in
part, by the received signal strength such that when
the received signal strength is low the output power of
the transmitter 12 is high and when the received signal
strength is high the output power of the transmitter 12
is reduced.

In operation, a down converter 15 of the
present invention utilizes information about the signal
conditions and operational state of the radiotelephone
to control the operation of the down converter 15 to
reduce power consumption. Such control may be
accomplished by selectively changing the linearity of
an amplifier or amplifiers by changing the third order
intercept of an amplifier or amplifiers in the down
converter 15, by adjusting the gain of an amplifier or
amplifiers in the down converter 15 or by selectively
bypassing portions of the down converter 15. One
embodiment of a down converter 15 which allows for such
control is illustrated in Figure 2.

As seen in Figure 2, the down converter 15
preferably includes a low noise amplifier (LNA) 30
which may receive and amplify the incoming signal. A

switch 32 allows the LNA 30 to be bypassed. As will be
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appreciated by those of skill in the art, any number of
switching devices may be utilized to bypass the LNA 30
such as a transistor, relay or other such switching
devices known to those of skill in the art. By
bypassing the LNA 30, the LNA 30 may be disabled so
that it draws no power. Accordingly, bypassing LNA 30
may reduce the total power requirements of the
radiotelephone 10.

The output of the LNA 30 or the switch 32 is
provided to an interstage filter, such as a band pass
filter 34 and the output of the filter 34 provided to a
variable gain mixer 46. The variable gain mixer 46 is
illustrated as having an amplifier component 38 and a
mixer component 40. The amplifier 38 of the wvariable
gain mixer 46 may also be bypassed by a switch 42. By
bypassing amplifier 38, the amplifier may be disabled
so that it does not add to the power requirements of
radiotelephone 10.

Amplifiers 30 and 38 may be variable gain
amplifiers and amplifier 30 may have an adjustable
third order intercept point. Alternatively, fixed gain
amplifiers may be utilized and the amplifier bypassed
as described herein to provide two gain settings
including a high gain when the amplifier is
incorporated in the down converter and a low or no gain
when the amplifier is bypassed. Amplifiers which
provide an adjustable third order intercept point or
variable gain include, for example, the PCS Low Noise
Amplifier/Mixer RF9986 and the CDMA/FM Low Noise

Amplifier/Mixer RF9906 of RF Micro Devices of
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Greensboro, North Carolina. While these devices may
allow for variable gain or variable intercept points,
there is no indication of how these devices may be
intelligently controlled to provide the optimum
tradecff between power consumption and signal handling
over the operating range of the radiotelephone 10.. By
adjusting the gain and third order intercept point the
power requirements of the amplifiers may be adjusted.
Thus, for example, by decreasing the third order
intercept point of LNA 30 the power required by LNA 30
may be reduced, although, the linearity of LNA 30 may
also be reduced by reducing the third order intercept
point. Similarly, by reducing the gain of the
amplifiers 30 and 38 the power required by these
amplifiers may be reduced.

While the present invention is described as
bypassing amplifiers 30 and 38 with a switch, as will
be appreciated by those of skill in the art, other
methods of allowing a signal through the amplifier
without requiring the amplifier to be active may be
utilized while still benefiting from the teachings of
the present invention. Furthermore, the present
invention is not limited to two amplifier systems but
may be utilized in systems having any number of
amplifiers including single amplifier systems such as
systems without an amplifier 38 in the mixer 46.

The operation of the present invention will
now be described with respect to Figure 3 which is a
flowchart illustrating the operation of a down

converter utilizing the present invention. It will be
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understood that each block of the flowchart
illustration, and combinations of blocks in the
flowchart illustration, can be implemented by computer
program instructions. These program instructions may
be provided to a processor to produce a machine, such
that the instructions which execute on the processor
create means for implementing the functions .specified
in the flowchart block or blocks. The computer program
instructions may be executed by a processor to cause a
series of operational steps to be performed by the
processor to produce a computer implemented process
such that the instructions which execute on the
processor provide steps for implementing the functions
specified in the flowchart block or blocks.

Accordingly, blocks of the flowchart
illustration support combinations of means for
performing the specified functions, combinations of
steps for performing the specified functions and
program instruction means for performing the specified
functions. It will also be understood that each block
of the flowchart illustration, and combinations of
blocks in the flowchart illustration, can be
implemented by special purpose hardware-based systems
which perform the specified functions or steps, or
combinations of special purpose hardware and computer
instructions.

Figure 3 illustrates the operations of a
radiotelephone according to the present invention which
is capable of operating in either CDMA mode or

AMPS/DAMPS mode. As will be appreciated by those of
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skill in the art, the present invention may be suitable
for use in radiotelephones implementing a single
communication mode.

As seen in Figure 3, if the radiotelephone 10
is in sleep mode, then the receiver 14, including the
down converter 15, is turned off (blocks 50 and 52).

If the radiotelephone 10 is not in sleep mode, then it
is determined if the radiotelephone is in standby mode
(block 54). If the radiotelephone is in standby mode
then the LNA 30 is set to a high gain with a low
intercept point and the mixer or inter-stage amplifier
38 is not bypassed (block 56). Thus, switch 32 and
switch 42 would both be open. This mode of operation
may be used to listen to a base station while the
transmitter is turned off and is suitable for either
CDMA or AMPS/DAMPS mode of operation. 1In this mode the
current required by the down converter 15 is reduced by
using a low third order intercept for the LNA 30.
Furthermore, while not illustrated in Figure 3, if the
control channel signal is sufficiently strong, then the
down converter 15 may be placed in one of TX-2, TX-3 or
TX-4 modes described below.

If the radiotelephone 10 is not in standby
mode, then it is determined if the transmitter is
transmitting at maximum power (block 58).
Alternatively, it could be determined if the received
signal strength is below a minimum threshold. If the
transmitter is transmitting at maximum power, then it
may be determined if the radiotelephone 10 is operating

in CDMA mode (block 60). If not, then the

15



WO 00/08752 - PCT/US99/14433

10

15

20

25

30

radiotelephone is operating in AMPS/DAMPS mode
(AMPS/DAMPS Maximum Gain Mode) and the LNA 30 is set to
a high gain with a. low intercept point and the mixer or
inter-stage amplifier 38 is not bypassed (block 62) as
described above with regard to standby mode. If,
however, the radiotelephone 10 is in CDMA mode (CDMA
TX-1 Mode), then the LNA is set to a high gain and a
high intercept point and the mixer amplifier 38 is not
bypassed (block 64).

If the transmitter is not transmitting at
maximum power or the received signal strength is above
the minimum threshold, then it is determined if the
received signal strength is between -84 and -94 dBm
(block 66). If this is the case, then it is determined
if the radiotelephone is operating in CDMA mode (block
68) . If not, then the radiotelephone is operating in
AMPS/DAMPS mode (AMPS/DAMPS Reduced Gain Mode) and the
LNA 30 is set to a high gain with a low intercept point
and the mixer or inter-stage amplifier 38 is bypassed
(block 72). Thus, switch 32 would be open and switch
42 would be closed. This provides a high gain for the
LNA 30 and a low gain for the mixer amplifier 38.
Because mixer amplifier 38 is bypassed, as described
above it may be disabled so that it requires no
current. If radiotelephone 10 is in CDMA mode (CDMA TX-
2 Mode), the LNA 30 is set to a high gain with a high
intercept point and the mixer or inter-stage amplifier
38 is bypassed (block 70) as described above. This
mode of operation may be used in full duplex operation

with the transmitter in the mid power range.
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If the received signal Strength is not
between -84 and -94 dBm, then it is determined if the
received signal strength is between -60 and -84 dBm
(block 74). 1If this is the case, then it is determined
if the radiotelephone is operating in CDMA mode (block
76) . If not, then the radiotelephone is operating in
AMPS/DAMPS mode (AMPS/DAMPS Reduced Gain Mode) and the
LNA 30 is set to a high gain with a low intercept point
and the mixer or inter-stage amplifier 38 is bypassed
(block 72) as described above. If radiotelephone 10 is
in CDMA mode (CDMA TX-3 Mode), the LNA 30 is bypassed
and the mixer or inter-stage amplifier 38 is active
(block 78). Thus, switch 32 would be closed and switch
42 would be open. This provides a low gain for the LNA
30 and a high gain for the mixer amplifier 38. Because
LNA 30 is bypassed, as described above it may be
disabled so that it requires no‘current. This mode of
operation may be used in full duplex operation with the
transmitter in the mid to low power range.

If the rece;yed signal strength is not
between -60 and -84 dBm, then it is determined if the
received signal strength is greater than -60 dBm (block
80). If this is the case, then in either mode
(AMPS/DAMPS Minimum Gain Mode, CDMA TX-4 Mode) both the
LNA 30 and the mixer amplifier 38 are bypassed and may
be disable to draw no current. Thus, switch 32 would be
closed and switch 42 would be closed. This provides a
low gain for the LNA 30 and a low gain for the mixer
amplifier 38. This mode of operation may be used to

protect the receiver from high signal levels.

17
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As an example of the operation of the present
invention in 1900 MHz CDMA mode, Table 1 illustrates
the gain, intercept point

(IP) and current drawn for

each of the six CDMA modes of operation.

Table 1 - CDMA 1900 MHz Operation

Mode LNA | LNA | Mixer Receiver Receiver | Current
IP Gain | Gain Sensitivity IP (ma)
(dBm) | (dB) | (dB) (dBM) (dBm)
Sleep X X X X X 0
Standby +6 14 15 -106.3 -1.6 29.5
TX-1 +12 14 15 -106.0 -1.4 38
TX-2 +12 14 5 -101.8 +7.0 33
TX-3 X -5 15 -92.9 +16.4 26
TX-4 X -5 5 -84.2 +21.2 21
As an example of the operation of the present
invention in 800 MHz AMPS/DAMPS mode, Table 2

10 illustrates the gain,

intercept point and current

required for each of the modes of operation.

Table 2 - AMPS/DAMPS 800 MHz Operation

15 1linearity of the LNA 30 is of less concern in

AMPS /DAMPS mode,

the power savings,

Mode LNA | LNA | Mixer Receiver Receiver | Current
IP Gain | Gain Sensitivity IP (ma)
(dBm) | (dB) | (dB) (dBM) (dBm)
Sleep X X X X X 0
Maximum +7 14 15 -118.4 -15.7 25.5
Gain
Reduced +7 14 5 -113.7 -5.8 20.5
Gain
Minimum | +18 -5 5 -95.9 +12.7 17
Gain
As can be seen from Figure 3, because

and thus the impact
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on battery life, may be less than achieved in CDMA
mode .

As described herein, changes in third order
intercept point are described as setting a "high" third
order intercept point and a. "low" third order intercept
point. While these specific values may change from
system to system, the present invention should not be
limited to any specific set of values. Furthermore,
while particular ranges of signal strength are
described herein, the present invention should not be
construed as limited to those ranges or to the
particular number of power levels described herein.

The present invention has been described with respect
to CDMA and AMPS/DAMPS but should not be limited to
such modes. Finally, while the present invention has
been described with respect to a radiotelephone, as
will be appreciated by those of skill in the art, the
present invention may also be suitable for use in other
wireless devices such as a Personal Data Assistant
(PDA) .

In the drawings and specification, there have
been disclosed typical preferred embodiments of the
invention and, although specific ﬁerms are employed,
they are used in a generic and descriptive sense only
and not for purposes of limitation, the scope of the

invention being set forth in the following claims.
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THAT WHICH IS CLAIMED IS:

1. A method of controlling the operation of
a receiver of a wi;eless device so as to reduce the
power consumption of the receiver, the method
comprising:

setting the third order intercept point of a
low noise amplifier based upon at least one of a
strength of a signal received by the wireless device
and a transmission power of a transmitter of the
wireless device; and

setting the gain of the low noise amplifier
based upon at least one of a strength of a signal
received by the wireless device and a transmission

power of a transmitter of the wireless device.

2. A method according to Claim 1, wherein
said step of setting the gain of a low noise amplifier
comprises the step of selectively bypassing the low

noise amplifier.

3. A method according to Claim 1, further
comprising the step of setting the gain of an amplifier
associated with a mixer of the receiver of the wireless
device based upon at least one of a strength of a
signal received by the wireless device and a
transmission power of a transmitter of the wireless

device.

4. A method according to Claim 3, wherein

the step of setting the gain of an amplifier associated

20
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with a mixer comprises the step of selectively

bypassing the amplifier associated with the mixer.

5. :y mgthod according Claim 3, wherein the
steps of setting the third order intercept point,
setting the gain of the low noise amplifier and setting
the gain of the mixer amplifier, comprise the step of:

setting the third order intercept point of
the low noise amplifier to a low third order intercept
point, the gain of the low noise amplifier to a high
gain and the gain of the mixerbamplifier to a high gain

if the transmitter is off.

6. A method according Claim 3, wherein the
steps of sétting the third order intercept point,
setting the gain of the low noise amplifier and setting
the gain of the mixer amplifier, comprise the step of:

setting the third order intercept point of
the low noise amplifier to a high third order intercept
point, the gain of the low noise amplifier to a high
gain and the gain of the mixer amplifier to a high gain
if wireless device is operating in a CDMA mode and the
transmitter is operating at an output power above a

predefined threshold output power.

7. A method according Claim 6, wherein the
steps of setting the third order intercept point,
setting the gain of the low noise amplifier and setting
the gain of the mixer amplifier, further comprise the
step of:

setting the third order intercept point of

the low noise amplifier to a high third order intercept
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point, the gain of the low noise amplifier to a high
gain and the gain of the mixer amplifier to a low gain
if wireless device is operating in a CDMA mode and the
transmitter is operating at an output power below the

predefined threshold output power.

8. A method according Claim 6, wherein the
steps of setting the third order intercept point,
setting the gain of the low noise amplifier and setting
the gain of the mixer amplifier, further comprise the
steps of:

setting the third order intercept point of
the low noise amplifier to a high third order intercept
point, the gain of the low noise amplifier to a high
gain and the gain of the mixer amplifier to a low gain
if wireless device is operating in a CDMA mode, the
transmitter is operating at an output power below the
predefined threshold output power and the received
signal strength is greater than a first predefined
signal strength threshold and less than a second
predefined signal strength threshold; and

setting the gain of the low noise amplifier
to a low gain and the gain of the mixer amplifier to a
high gain if wireless device is operating in a CDMA
mode, the transmitter is operating at an output power
below the predefined threshold output power and the
received signal strength is greater than the second
predefined signal strength threshcld and less than a

third predefined signal strength threshold.

9. A method according Claim 8, wherein the

steps of setting the third order intercept point,

22



WO 00/08752 B PCT/US99/14433

10

10

setting the gain of the low noise amplifier and setting
the gain of the mixer amplifier, further comprise the
step of:

setting the gain of the low noise amplifier
to a low gain and the gain of the mixer amplifier to a
low gain if the wireless device is operating in a CDMA
mode, the transmitter is operating at an output power

below the predefined threshold output power and the

received signal strength is greater than the third

predefined signal strength threshold.

10. A method according to Claim 3, further
comprising the steps of:

determining if the wireless device is in a
sleep mode; and

disabling the receiver if the wireless device

is in sleep mode.

11. A method according Claim 3, wherein the
steps of setting the third order intercept point,
setting the gain of the low noise amplifier and setting
the gain of the mixer amplifier, comprise the step of:

setting the third order intercept point of
the low noise amplifier to a low third order intercept
point, the gain of the low noise amplifier to a high
gain and the gain of the mixer amplifier to a low gain
if wireless device is operating in a AMPS/DAMPS mode
and the received signal strength is greater than a
first predefined signal strength threshold and less
than a second predefined signal strength threshold; and

setting the gain of the low noise amplifier

to a low gain and the gain of the mixer amplifier to a
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15 low gain if wireless device is operating in a
AMPS/DAMPS mode and the received signal strength is
greater than the second predefined signal strength

threshold.

12. A method of controlling the operation of
a receiver so as to reduce the power consumption of the
receiver, the method comprising:
determining a received signal strength of a
5 signal received by the wireless device; and
controlling the power consumption of a down
converter of the receiver of the wireless device based

upon the determined received signal strength.

13. A method according to Claim 12, wherein
said step of determining comprises the steps of:

determining if the received signal strength
is below a first threshold wvalue;

5 determining if the received signal strength
is between the first threshold value and a second
threshold value; and

determining if the received signal strength

is above the second threshold value.

14. A method according to Claim 13, wherein
said controlling step comprises:
setting the gain of the low noise amplifier
to a low gain and the gain of the mixer amplifier to a
5 low gain if the signal strength is above the second
threshold value;
setting the gain of a low noise amplifier of

the down converter to a high gain and the gain of a
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mixer amplifier of the down converter to a low gain if
the received signal strength is between the first
threshold value and the second threshold value; and

setting the gain of a low noise amplifier of
the down converter to a high gain and the gain of a
mixer amplifier of the down converter to a high gain if
the received signal strength is below the first

threshold value.

15. A method according to Claim 14, wherein
the first threshold value is about -94 dBm, and the

second threshold value is about -60 dBm.

16. A down converter for a receiver of a
wireless device, comprising:

a low noise amplifier;

means for setting the third order intercept
point of the low noise amplifier based upon at least
one of a strength of a signal received by the wireless
device and a transmission power of a transmitter of the
wireless device; and

means for setting the gain of the low noise
amplifier based upon at least one of a strength of a
signal received by the wireless device and a
transmission power of a transmitter of the wireless

device.

17. A down converter according to Claim 16,
wherein said means for setting the gain of the low
noise amplifier comprises means for selectively

bypassing the low noise amplifier.
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18. A down converter according to Claim 17,

wherein said means for bypassing comprises a switch.

19. A down converter according to Claim 16,
further comprising:

an amplifier associated with a mixer of the
receiver;

means for setting the gain of the amplifier
associated with a mixer of the receiver of the wireless
device based upon at least one of a strength of a
signal received by the wireless device and a
transmission power of a transmitter of the wireless

device.

20. A system according to Claim 19, wherein
said means for setting the gain of an amplifier
associated with the mixer comprises means for
selectively bypassing the amplifier associated with the

mixer.

21. A down converter according to Claim 20,
wherein said means for bypassing the amplifier

associated with the mixer comprises a switch.

22. A down converter according Claim 19,
wherein said means for setting the third order
intercept point, means for setting the gain of the low
noise amplifier and means for setting the gain of the
mixer amplifier, comprise:

means for setting the third order intercept
point of the low noise amplifier to a low third order

intercept point, the gain of the low noise amplifier to
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a high gain and the gain of the mixer amplifier to a

high gain if the transmitter is off.

23. A down converter according Claim 19,
wherein said means for setting the third order
intercept point, means for setting the gain of the low
noise amplifier and means for setting the gain of the
mixer amplifier, comprise:

means for setting the third order intercept
point of the low noise amplifier to a high third order
intercept point, the gain of the low noise amplifier to
a high gain and the gain of the mixer amplifier to a
high gain if wireless device is operating in a CDMA
mode and the transmitter is operating at an output

power above a predefined threshold output power.

24. A down converter according Claim 23,
wherein said means for setting the third order
intercept point, means for setting the gain of the low
noise amplifier and means for setting the gain of the
mixer amplifier, further comprise:

means for setting the third order intercept
point of the low noise amplifier to a high third order
intercept point, the gain of the low noise amplifier to
a high gain and the gain of the mixer amplifier to a
low gain if wireless device is operating in a CDMA mode
and the transmitter is operating at an output power

below the predefined threshold output power.

25. A down converter according Claim 23,
wherein said means for setting the third order

intercept point, means for setting the gain of the low
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noise amplifier and means for setting the gain of the
mixer amplifier, further comprise:

means for setting the third order intercept
point of the low noise amplifier to a high third order
intercept point, the gain of the low noise amplifier to
a high gain and the gain of the mixer amplifier to a
low gain if wireless device is operating in a CDMA
mode, the transmitter is operating at an output power
below the predefined threshold output power and the
received signal strength is greater than a first
predefined signal strength threshold and less than a
second predefined signal strength threshold; and

means for setting the gain of the low noise
amplifier to a low gain and the gain of the mixer
amplifier to a high gain if wireless device is
operating in a CDMA mode, the transmitter is operating
at an output power below the predefined threshold
output power and the received signal strength is
greater than the second predefined signal strength
threshold and less than a third predefined signal
strength threshold.

26. A down converter according Claim 25,
wherein said means for setting the third order
intercept point, means for setting the gain of the low
noise amplifier and means for setting the gain of the
mixer amplifier, further comprise:

means for setting the gain of the low noise
amplifier to a low gain and the gain of the mixer
amplifier to a low gain if wireless device is operating
in a CDMA mode, the transmitter is operating at an
output power below the predefined threshold output
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power and the received signal strength is greater than

the third predefined signal strength threshold.

27. A down converter according to Claim 19,

further comprising:
means for determining if the wireless device
is in a sleep mode; and -
means for disabling the receiver if the

wireless device is in sleep mode.

28. A down converter according Claim 19,
wherein said means for setting the third order
intercept point, means for setting the gain of the low
noise amplifier and means for setting the gain of the
mixer amplifier, comprise:

means for setting the third order intercept
point of the low noise amplifier to a low third order
intercept point, the gain of the low noise amplifier to
a high gain and the gain of the mixer amplifier to a
low gain if wireless device is operating in a
AMPS/DAMPS mode and the received signal strength is
greater than a first predefined signal strength
threshold and less than a second predefined signal
strength threshold; and

means for setting the gain of the low noise
amplifier to a low gain and the gain of the mixer
amplifier to a low gain if wireless device is operating
in a AMPS/DAMPS mode and the received signal strength
is greater than the second predefined signal strength

threshold.
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29. A down converter according te Claim 16,

wherein the wireless device is a radiotelephone.

30. A down converter for a receiver of a
wireless device, comprising:

means for determining a received signal
strength of a signal received by the wireless device;

5 and

means for controlling the power consumption
of a down converter of the receiver of the wireless
device based upon the determined received signal

strength.

31. A down converter according to Claim 30,
wherein said means for determining comprises:

means for determining if the received signal
strength is below a first threshold value;

5 means for determining if the received signal
strength is between the first threshold value and a
second threshold value; and

means for determining if the received signal

strength is above the second threshold value.

32. A down converter according to Claim 31,
wherein said means for controlling comprises:

means for setting the gain of the low noise
amplifier to a low gain and the gain of the mixer

5 amplifier to a low gain if the signal strength is above

the second threshold value;

means for setting the gain of a low noise
amplifier of the down converter to a high gain and the

gain of a mixer amplifier of the down converter to a
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low gain if the received signal strength is between the
first threshold value and the second threshold value;
and

means for setting the gain of a low noise
amplifier of the down converter to a high gain and the
gain of a mixer amplifier of the down converter to a
high gain if the received signal strength is below the

first threshold value.

33. A down converter according to Claim 32,
wherein the first threshold value is about -94 dBm, and

the second threshcld value is about -60 dBm.

34. A down converter according to Claim 30,

wherein the wireless device is a radiotelephone.

35. A radiotelephone, comprising:

a transmitter circuit;

a user interface circuit;

an antenna system;

a receiver circuit including a down converter
wherein the down converter of a receiver of the
radiotelephone comprises:

a low noise amplifier;

means for setting the third order intercept
point of the low noise amplifier based upon at least
one of a strength of a signal received by the wireless
device and a transmission power of the transmitter: and

means for setting the gain of the low noise
amplifier based upon at least one of a strength of a
signal received by the wireless device and a

transmission power of the transmitter.
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36. A radiotelephone, comprising:

a transmitter circuit;

a user interface circuit;

an antenna system;

a receiver circuit having a down converter
wherein the down converter of the receiver of the
radiotelephone comprises:

means for determining a received signal
strength of a signal received by the wireless device;
and

means for controlling the power consumption
of a down converter of the receiver of the wireless
device based upon the determined received signal

strength.
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