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POWER AMPLIFIER CONTROL

Background of the Invention

(1) Field of the Invention
[0001] The present invention relates to controlling the output power of a
multistage radio frequency power amplifier by adjusting the power supply

voltage level applied to the final stages of the power amplifier.

(2) Description of the Prior Art
[0002] In recent years, worldwide demand for wireless cellular

communications has increased dramatically. Radiotelephones manufactured
to meet this burgeoning demand must adhere to standards such as the Global
System for Mobile Communications (GSM) standard. Another standard, the
Digital Cellular System (DCS) standard is based on GSM, but is directed
towards higher cell density and lower power. A third standard, Personal
Communications Services (PCS), is a “catch all” for many digital cellular
systems, including GSM, operating in North America. These standards all
require precise output power control over a large dynamic range in order to
prevent a transmitter located in one cell from interfering with the reception of
transmissions from other transmitters in neighboring cells.

[0003] A key component common to all radiotelephones is a radio
frequency (RF) power amplifier. In modern digital radiotelephones, power
amplifiers receive as input a frequency or phase modulated radio frequency
carrier. The radio frequency carrier is what “carries” digital information such
as digitized voice or data to a cellular base station. Before reaching the
power amplifier, the RF carrier is too weak to be received by a cellular base
station. Therefore it is the function of the power amplifier to boost the power
of the RF carrier to a level sufficient for reception by a cellular base station.
[0004] Unfortunately, a simple single fixed power level will not work within
a cellular network. Mobile users transmitting while traveling through multiple
cells at a single fixed high power setting would overwhelm several cellular
base stations. In contrast, a mobile user transmitting at a low power setting
would result in unreliable short-range communication with perhaps a single

cellular base station. To overcome this problem, engineers have designed

1



WO 02/101944 PCT/US02/16636

radiotelephones with power ampilifiers having multiple adjustably selectable
power levels.

[0005] Accurately and efficiently selecting and controlling output power
delivered by an RF amplifier remains a formidable task. For example, prior art
systems sample output power by diverting a portion of their output power
through the use of expensive components such as directional couplers. The
diverted power is wasted, resulting in inefficiency reducing battery life and talk
time.

[0006] Furthermore, most prior art systems also detect the RF power
sample with a peak power diode detector circuit used to rectify and sense
forward power. Through the rectification process, there is some squaring of
the shape of the output power waveform. This squaring leads to higher
harmonic content. The higher harmonic content requires additional and costly
filtering because harmonic frequencies must be suppressed in order to
comply with international communication regulations. Beyond detection,
various other components are employed to compare a reference power level
to the detected RF power sample. These components include buffers,
attenuators, and passives, such as resistors. '

[0007] Ultimately, a bias control circuit adjusts the gain of several amplifier
stages to adjust the output power to an appropriate level. Generally, prior art
bias control circuits involve substantial complexity due to large variations in
power control loop bandwidth. Most often, prior art power control systems
dedicate costly Application Specific Integrated Circuits (ASICs) to provide
complex bias adjustments necessary to hold selected discrete power levels.
[0008] Another problem faced by conventional amplifier architectures is
that of power control loop stability. [n prior art systems, the gain varies widely
across different power levels. It is common to find gain varying tenfold on a
decibel scale over a full range of power levels. Ampilifier gain is often referred
to as control slope when considered as a control variable.

[0009] Whenever a power control signal, commonly referred to as an
adjustable power control signal or APC, is applied to bias control circuitry, a
given amplifier gain should be established for a given APC voltage.
Unfortunately, highly nonlinear control slopes inherent in prior art systems are
constantly changing due to external influences such as power supply
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fluctuations, temperature variations and output load changes. As a result of
highly nonlinear and inconsistent control slope, it is difficult to design the
proper control loop bandwidth to maintain control loop stability over all control
slope regions. This results in increased design cycles, resulting in increased
time to market.

[0010] In GSM radiotelephones, the adjustable power control signal must
comply with a specification known as a “burst mask.” The burst mask
specifies the rise time, fall time, duration, and power levels associated with
the adjustable power control signal. The GSM signal consists of eight equal
time slots. Each time slot must conform to the burst mask specification.
Telephone software generates, by way of a digital-to-analog converter, an
adjustable power control signal referred to as Vrawe. The ramp up time and
ramp down time of Vrame must conform to the shape of the burst mask. The
amplitude of Vrawp dictates output power.

[0011]  Yet another problem common to the prior art is that of inconsistent
burst timing caused by input power fluctuations due to variations of
temperature and power supply voltage. Burst timing is delayed with a
decrease in input power and advanced with an increase in input power. Prior
art systems use software to attempt to correct this problem, causing valuable
code space to be consumed as a result.

[0012] Still another problem manifests itself in the prior art due to
undesirable switching transients that occur when the up and down ramp of the
burst is not smooth or changes shape. These switching transients also occur
if the control slope of the amplifier has an inflection point within the output
range, or if the slope is very steep. Consequently, it is difficult for a prior art
system to change bias and gain in such a way as to prevent switching
transients.

[0013] Thus, there remains a need for a power amplifier module with
power loop control eliminating the need for traditional designs, which
incorporate directional couplers, detector diodes, and power control ASICs,

along with the problems associated with the employment of such devices.



WO 02/101944 PCT/US02/16636

Summary of the Invention

[0014] The present invention provides for power amplifier control of
amplifier circuitry including an input stage and one or more output stages.
The input stage is powered separately from the output stage by a relatively
fixed power source. The one or more output stages are supplied with power
via a voltage regulator having a controllable output voltage. A closed loop
control integrated with the amplifier stages forces the voltage output of the
voltage regulator to track the profile of an adjustable control signal, such as
VRamp.
[0015] The closed loop control preferably includes an error amplifier, a

- feedback network, and a linear voltage regulator. The error amplifier
compares a sample of regulator output voltage, scaled by the feedback
network, with the voltage of the adjustable control signal. The voltage
difference between the sampled voltage and the control voltage signal is
amplified by the error amplifier and applied as a control signal for the voltage
regulator. The control loop bandwidth is preferably high enough that for all
practical purposes the voltage regulator instantaneously adjusts its output
such that the voltage applied to the collector of the output amplifier stage
corresponds to the control signal. Preferably, intermediate amplifier stages,
which are series connected between the input and output stages, are supplied
with power by way of the same voltage regulator controlled by the control
loop.
[0016] Other aspects of the invention will become apparent to one skilled
in the art upon a reading of the following detailed description of the invention,

taken with the drawings.

Brief Description of the Drawings

[0017] The accompanying drawing figures incorporated in and forming a
part of this specification illustrate several aspects of the invention, and
together with the description serve to explain the principles of the invention.
[0018] FIG. 1 is a schematic of a mobile terminal constructed according to
the present invention.

[0019] FIG. 2 is a circuit diagram depicting the preferred embodiment of

the present invention.
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[0020] FIG. 3 is a graph that depicts the profile of the adjustable power
control signal Vrawe.

[0021] FIG. 4 is a graph depicting the relationship between output power
and the Vravp adjustable power control signal.

[0022] FIG. 5is a graph showing power amplifier gain, also known as
control slope, for conventional prior art architecture.

[0023] FIG. 6 is a graph showing the control slope for the present

invention.

Description of the Preferred Embodiment

[0024]  Accurate and discrete power control can be achieved by varying the
dc voltage supplied to the collectors or drains of the final amplifier stages of a
power amplifier. As opposed to the prior art, radio frequency (RF) output
power for the present invention has very little dependence on frequency,
temperature, or input power when the supply voltage for the final amplifier
stages is regulated to control output power. Adjusting the supply voltage
rather than adjusting the bias of the amplifier stages results in smooth
predictable control over the full range of power. The circuitry used to
implement the invention may be incorporated into a single semiconductor or
may comprise multiple discrete components.

[0025] The embodiments set fortH below represent the necessary
information to enable those skilled in the art to practice the invention and
illustrate the best mode of practicing the invention. Upon reading the
following description in light of the accompanying drawing figures, those
skilled in the art will understand the concepts of the invention and will
recognize applications of these concepts not particularly addressed herein. It
should be understood that these concepts and applications fall within the
scope of the disclosure and the accompanying claims.

[0026] The present invention is preferably incorporated in a mobile
terminal 20, such a mobile telephone, personal digital assistant, or the like.
The basic architecture of a mobile terminal 20 is represented in Figure 1 and
may include a receiver front end 22, a radio frequency transmitter section 24,
an antenna 26, a duplexer or switch 28, a baseband processor 30, a control

system 32, a frequency synthesizer 34, and an interface 36. The receiver
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front end 22 receives information bearing radio frequency signals from one or
more remote transmitters provided by a base station. A low noise amplifier 37
amplifies the signal. A filter circuit 38 minimizes broadband interference in the
received signal, while a downconverter 40 downconverts the filtered, received
signal to an intermediate or baseband frequency signal, which is then digitized
into one or more digital streams. The receiver front end 22 typically uses one
or more mixing frequencies generated by the frequency synthesizer 34.
[0027] The baseband processor 30 processes the digitized received signal
to extract the information or data bits conveyed in the received signal. This
processing typically comprises demodulation, decoding, and error correction
operations. As such, the baseband processor 30 is generally implemented in
one or more digital signal processors (DSPs).

[0028] On the transmit side, the baseband processor 30 receives digitized
data from the control system 32, which it encodes for transmission. The
encoded data is output to the transmitter 24, where it is used by a modulator
42 to modulate a carrier signal that is at a desired transmit frequency. Power
amplifier circuitry 44 amplifies the modulated carrier signal to a level
appropriate for transmission from the antenna 26.

[0029] As described in further detail below, the power amplifier circuitry 44
provides gain for the signal to be transmitted under control of the power
control circuitry 46, which is preferably controlled by the control system 32
using the Vrawe signal 74. Preferably, the bias for the amplifier circuitry 44 is
relatively stable regardiess of power, and varying the voltage supplied to the
amplifier circuitry 44 controls actual power levels. The control system 32 may
also provide a transmit enable (TX ENABLE) 94 to effectively turn the power
amplifier circuitry 44 and power control circuitry 46 on during periods of
transmission.

[0030] A user may interact with the mobile terminal 20 via the interface 36,
which may include interface circuitry 48 associated with a microphone 50, a
speaker 52, a keypad 54, and a display 56. The interface circuitry 48 typically
includes analog-to-digital converters, digital-to-analog converters, amplifiers,
and the like. Additionally, it may include a voice encoder/decoder, in which

case it may communicate directly with the baseband processor 30.
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[0031]  The microphone 50 will typically convert audio input, such as the
user’s voice, into an electrical signal, which is then digitized and passed
directly or indirectly to the baseband processor 30. Audio information
encoded in the received signal is recovered by the baseband processor 30,
and converted into an analog signal suitable for driving speaker 52 by the /O
and interface circuitry 48. The keypad 54 and display 56 enable the user to
interact with the mobile terminal 20, input numbers to be dialed, address book
information, or the like, as well as monitor call progress information.

[0032] Turning now to Figure 2, the power amplifier circuitry 44 is
associated with power control circuitry 46. The power amplifier circuitry 44
primarily includes three amplifier stages, a first amplifier stage 60, a second
amplifier stage 62, and a third amplifier stage 64, as well as a bias network 66
providing bias for each of the three amplifier stages 60, 62, and 64. The
power control circuitry 46 will preferably include an error amplifier 68, a
voltage regulator 70, and a feedback network 72.

[0033] An adjustable power control signal 74 (Vrawr) may be received by a
negative input 76 of an operational amplifier forming error amplifier 68. The
output 78 of the voltage regulator 70 is fed back through the feedback network
72 and received by positive input 80 of error amplifier 68. An output signal 82
from error amplifier 68 is provided to a control input 84 of the voltage regulator
70 that controls the regulated output 78 of voltage regulator 70. The voltage
regulator 70 regulates the voltage supplied to the rails 86, 88 of the second
and third amplifier stages 62, 64, respectively. These rails 86, 88 will typically
be the collectors or drains of bipolar or field effect transistors forming the
respective amplifier stages, as will be appreciated by those skilled in the art.
[0034] The rail 90 of first amplifier stage 60 is connected directly to a fixed
or primary voltage supply Verim, Which will preferably also be connected to the
terminal for the positive potential of a battery. Verm is also preferably
connected to voltage regulator input terminal 92. As noted, the bias network
66 preferably supplies a fixed bias to the three power amplifier stages 60, 62,
64, regardless of the collector/drain voltage supplied to the second and third
amplifier stages 62, 64. The fixed bias incorporates traditional Vapc signals,

which are configured to maintain a constant bias.
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[0035] A transmitter control signal 94, TX ENABLE, is a logic signal used
to simultaneously enable or disable the error amplifier 68 and the amplifier
circuitry 44, by removing the bias from each of the three amplifier stages 60,
62, 64. A radio frequency signal to be amplified (RF ) is provided at the input
96 of the first stage amplifier 60 and amplified by the three amplifier stages
60, 62, 64 to provide an amplified output signal 98 (RFoyr) from the third
amplifier stage 64.

[0036] The voltage profile of a typical Vraupe signal is shown in Figure 3.
The current embodiment of the invention limits the Vrame signal to +1.8V,
however other embodiments of the invention may use less or more voltage to
drive the Vrawp input. Turning now to Figure 4, the output power level as a
function of the Vrawp signal of Figure 3 is illustrated. Notably, the power level
tracks the Vrawp signal and ranges from +5dBm at the minimum to +35dBm at
the maximum for the preferred embodiment.

[0037] Figure 5 illustrates the non-linear relationship between an
adjustable power control signal (Vapc), which typically controls bias to
traditional amplifier circuitry of the prior art, and output power. Voltage gain is
represented by the ratio of the RF output voltage to the power control signal of
the amplifier circuitry. The available output voltage of the amplifier circuitry
corresponds to the output power.

[0038] In contrast, Figures 6 illustrates the linear relationship between
VRramp, Which is used to control gain in the present invention, and the actual
output power. The present invention presents a much smaller variance in
slope, eliminating loop stability problems and the non-linear gain control
characteristics. Furthermore, the loop bandwidth is determined only by
internal bandwidth and RF output load, therefore, loop bandwidth does not
change with respect to an output power level.

[0039] The present invention preferably incorporates an indirect closed
loop voltage regulator to control the power transmitted by a triple-band
GSM/DCS/PCS power amplifier module. The indirectness of the closed loop
makes the method of control essentially invisible to third party design
engineers. This simplifies phone design by eliminating the need for lengthy

and complicated control loop design. Indeed, the indirect closed loop appears
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as an open loop to the user, and can be driven directly from the output of a
digital to analog converter.

[0040] Most prior art GSM power control systems either detect forward
power or sense collector/drain current. The present invention does not use a
power detector; instead, a high-speed control may be incorporated to regulate
collector or drain voltages applied to the output stages of the ampilifier, while
the input stage is held at constant bias.

[0041] By regulating power delivered, the output stages are held in
saturation across all power levels. Prior art control systems are unable to
keep output stages saturated throughout all power levels. As power levels
decrease from full power to zero, the collector or drain voltage applied to the
output stages is decreased. The relationship of output power versus collector

voltage can be seen in Equation 1.

(2-Vec = Var )’
8- Rioap 107

Pam =10~log|: :| (Eq.1)

[0042] Talk time and power management are key concerns in transmitter
design, since power amplifiers account for the highest current draw ina
mobile radiotelephone. Considering only the power amplifier's efficiency does
not provide a true assessment of total system efficiency. Effective efficiency
must be considered. Effective efficiency factors in the loss between the
power amplifier and antenna, and is a much better figure of merit for
evaluating power management and talk time. Effective efficiency can be

calculated with Equation 2, which follows.

iPN — P

TEFF =—’i;;(;—-100 (Eq. 2)

Where Py is the sum of all positive and negative RF power, Py is the input
power and Ppc is the delivered DC power. In decibels the formula becomes

Equation 3.
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Pra+Pross P
10 10 _1010

= Eq. 3
G Vaar - Ipar - 10 (Eq.3)

Where Ppa is the output power from the power amplifier, PLoss is insertion
loss, P is input power to the power amplifier, Vgar is the battery or source
voltage and Igar is the battery or source current.

[0043] The present invention improves the effective efficiency by
minimizing the Poss term in Equation 3. A directional coupler may introduce
0.4dB to 0.5dB insertion loss in the transmit path. Consider the effective
efficiency improvement provided by the present invention as demonstrated by

the following example:

VALUE PRIOR ART | PRESENT INVENTION
Pea +33 dBm +33 dBm
Pin +6 dBm +6 dBm
PLoss -0.4 dB 0dB
VAT 3.5V 3.5V
lBAT 1.1A 1.1A
TIEFF 47.2% 51.7%

In this example, the present invention improves efficiency by almost 5%.
[0044] With the present invention, output power does not vary due to
supply voltage under normal operating conditions providing Vrawe is
sufficiently lower than the source or battery voltage. Regulating the rail
voltage applied to the final amplifier stages practically eliminates voltage
sensitivity.

[0045] Typically, Vramp Will be sufficiently less than the source voltage;
however, as the source voltage gets lower due to battery discharge and
approaches its lower power range, the maximum output power from the power
amplifier will drop slightly. In this case, it is important to also decrease Vramp
to prevent the power control loop from inducing switching transients. These

switching transients occur as a result of the control loop slowing down and not

10



WO 02/101944 PCT/US02/16636

regulating power as a function of Vramp. Compensating software controls
switching transients due to low battery conditions for the extreme relationship

covered by Equation 4.

Veamp < 0.375-Vee +0.18 (Eq. 4)

[0046] Components coupled to the output of a power amplifier often have
insertion losses that vary with respect to frequency. Heretofore, third party
design engineers have to consider these variations. Due to their sensitivity to
changes in frequency, directional couplers and detector diodes create design
constraints. Additional design constraints result in increased design time.
Fortunately, the present invention does not need directional couplers or
detector diodes to control power effectively.

[0047] Input impedance variation is found in most GSM power amplifiers.
This is due to the variations in base-emitter and collector-base capacitance
with respect to bias voltage. This can present a problem in some prior art
designs by pulling the transmit voltage controlled oscillator (VCO) off
frequency. This problem cannot exist in the present invention, because the
bias point of the first or input amplifier stage 60 is held constant. This
presents a constant load to the VCO.

[0048] Noise power is often a problem when backing off power in prior art
power amplifiers. The reason for this is that changing bias voltages changes
the gain in all stages, and according to the noise formula as represented by
Equation 5, the noise figure depends on the noise factor and gain in all
stages. As an improvement over the prior art, the present invention always
keeps the gain to the first amplifier stage 60 constant and high, therefore the

overall noise power is not increased when decreasing output power.

FTOT=F1+F2—1+F3_1 (Eq. 5)
Gl Gl-G2

Additionally, the second and third amplifier stages 62, 64 are preferably kept
in saturation over all power levels. This prevents gain expansion at
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decreasing output power and consequently avoids the problem of increasing
noise at reduced power levels.
[0049] Power control circuitry stability often presents many challenges to
transmitter design. Designing power control circuitry 46 involves engineering
trade-offs affecting stability, transient spectrum, and burst timing. In prior art
systems the power amplifier gain, also referred to as control slope, varies
across different power levels, and as a result loop bandwidth also varies.
With some power ampilifiers it is possible for control slope, measured in
decibels per volt, to change tenfold. The challenge presented in designing
mobile terminals 20 incorporating prior art power ampilifiers is keeping the
loop bandwidth wide enough to meet burst mask specifications in low control
slope regions, while at the same time maintaining stability in high control
slope regions.
[0050] The present invention’s control loop bandwidth is determined only
by internal bandwidth and RF output load. Loop bandwidth does not change
with respect to power levels, because bias voltage does not vary, making it
easier to maintain loop stability with a high bandwidth loop.
[0051]  With prior art power amplifiers, burst timing is affected when the
input power from the VCO changes due to variations in temperature or supply
voltage. At low VCO power levels, the burst timing will be delayed, requiring
compensation by software. Code written to compensate for burst timing
delays takes up valuable code space that could otherwise be used for
additional phone features, or the like. The present invention is insensitive to
changes in input power as a result of constant bias applied to the first
amplifier stage 60; therefore, burst timing is constant and requires no
compensation.
[0052] In the preferred embodiment, a simple CMOS voltage regulator with
an on-resistance of less than 50 milliohms is used to adjust the voltage to the
second and third amplifier stages 62, 64. Using a voltage regulator 70 with
such low on-resistance greatly limits the efficiency drop at full power.
Furthermore, the voltage to the input or first amplifier stage 60 of the amplifier
circuitry 44 is unregulated in the preferred embodiment. Not varying the rail
90 for the first amplifier stage 60 leads to a lesser effect on noise figure, as
well as more constant input impedance.

12
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[0053] Switching transients is another problem inherent in the prior art.
Switching transients may occur when the rise and fall of the burst is not
smooth. They may also result from inflection points sometimes present within
the output power range. The steepness of the control slope itself can also
make it difficult to prevent switching transients. The present invention
prevents switching transients by constantly biasing all power amplifier stages.
[0054] Undesirable harmonic frequencies are unavoidable products of high
efficiency power amplifier design. An ideal class “F” saturated power amplifier
will produce a perfect square wave. Unfortunately, a square wave has high
harmonic content. This problem is compounded in prior art systems by the
use of peak power diodes used to rectify and sense forward power. The
present invention addresses this problem by eliminating the need for a peak
power diode. This is accomplished by eliminating most of the external
components of traditional designs used to control output power, including a
power control ASIC, direction coupler, buffers, attenuators, and various
passive components.

[0055] One embodiment of the present invention includes at least two
amplifier stages, an input stage and an output stage. The input stage is
powered separately from the output stage by a relatively fixed power source.
The output stage is supplied with power by way of a voltage regulator 70
connected to a battery or some other source of dc power. A closed loop
control integrated with the amplifier stages 60, 62, 64 forces the voltage
output of the voltage regulator 70 to track the profile of the adjustable control
signal 74, such as Vgawp.

[0056] The closed loop control includes an error amplifier 68, a voltage
feedback network, and a linear voltage regulator 70. The error amplifier 68
compares a sample of regulator output voltage, scaled by a feedback
network, with the voltage of the Vraup signal. The voltage difference between
the sampled voltage and the Vraup voltage signal is amplified by the error
amplifier 68 and applied as a control signal to the control input of the voltage
regulator 70. The control loop bandwidth is high enough that for all practical
purposes the voltage regulator 70 instantaneously adjusts its output such that
the voltage applied to the collector of the output amplifier stage is of the same
profile as Vrawmp.

13
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[0057] In another embodiment of the present invention, an intermediate
amplifier stage is connected in series between the input and output stages.
This intermediate stage is supplied with power by way of the same voltage
regulator 70 controlled by the same control loop mentioned in the previous
embodiment.

[0058] Further, a linearly controlled switching regulator may be used,
which will increase the overall efficiency of the amplifier.

[0059] One benefit of the present invention is that the integrated closed
loop regulation is in essence hidden from the user. In other words, because
of the integration, the user éan use the invention as if it had simple open loop
control. As a result of this feature the present invention is much more easily
implemented in mobile terminal design than the prior art allows.

[0060] Another benefit of the present invention is the simplicity of the
control slope curve. The control slope of prior art systems varies greatly,
making control loop stability tenuous at best for all power levels. Furthermore,
the accuracy of any discrete power level is governed in part by how steep the
control slope is at the region in which control is exercised.

[0061] Yet another benefit of the present invention deals with an often-
overlooked problem in power amplifier control loops, the problem of delay
between the adjustable power control signal and the response of changing the
output power. Also, because the input stage has fixed high gain, variations in
RF input power due to temperature or supply voltage variations do not cause
burst timing to shift rightward in time. For these reasons, burst timing is
constant in the present invention and requires no software compensation.
[0062] Another benefit of the present invention is a reduction in external
parts count, yielding a substantial savings in both price and board space. The
present invention does not require the use of a directional coupler or any
other type of radio frequency sampler or measurement. Additionally, the
present invention does not incorporate a peak power diode detector present in
many power control systems found in the prior art. The lack of the peak
power diode detector results in the added benefit of reducing harmonic
content of the output power frequency spectrum. Moreover, the present

invention can be controlled by software without having to use a costly power
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control ASIC interface. The reduction of active components results in a
reduction of passive components such as resistors, capacitors, and inductors.
[0063] Alternative uses for the invention can be realized with a modulation
technique known as log-polar modulation. Log-polar modulation consists of
amplitude and phase modulation applied to separate inputs. In the case of
the present invention, phase modulation is applied to the amplifier input stage
and amplitude modulation is superimposed on the Vrawe signal.

[0064] Certain modifications and improvements will occur to those skilled
in the art upon a reading of the foregoing description. Further, the present
invention has been realized using particular combinations of components, i.e.
resistors, capacitors, inductors, transistors, and the like. It can also be
appreciated that combinations of these components may be interchangeable
under specific conditions dependent upon factors such as operating
frequency. It should be understood that all such modifications and
improvements have been deleted herein for the sake of conciseness and

readability but are properly within the scope of the following claims.
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Claims

What is claimed is:

1. A power amplifier configuration comprising:

a) power control circuitry including a power regulator providing an
output voltage at an output node responsive to an adjustable
power control signal; and

b)  power amplifier circuitry including an input amplifier stage in series
with an output amplifier stage for amplifying a radio frequency
input signal, the input amplifier stage receiving power from a fixed
voltage node and the output amplifier stage receiving power via
the output node of the power regulator;

wherein the adjustable power control signal is adjusted to control

output power provided by the power amplifier circuitry by controlling the

voltage supplied to the output amplifier stage.

2, The power amplifier configuration of claim 1 further comprising bias
circuitry for providing a constant bias to the input and output amplifier

stages.

3. The power amplifier configuration of claim 1 wherein the power

regulator is a voltage regulator.

4, The power amplifier configuration of claim 3 wherein the power

regulator is a linear closed loop voltage regulator.

5. . The power amplifier configuration of claim 1 wherein the power control
circuitry further comprises:

a) an error amplifier having a first input for receiving the adjustable
power control signal, a second input, and an output coupled to the
power regulator to control the output voltage at the output node;
and

b) afeedback network coupled between the output node of the
power regulator and the second input of the error amplifier;
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wherein the output of the error amplifier is responsive to both the
adjustable power control signal and a voltage signal fed back from the

output node of the power regulator.

6. The power amplifier configuration of claim 1 wherein the power
amplifier circuitry further comprises a second output amplifier stage
between and in series with the input and output amplifier stages, the
second output amplifier stage receiving power via the output node of
the power regulator such that the adjustable power control signal is
adjusted to control output power provided by the power amplifier
circuitry by controlling the voltage supplied to the output amplifier stage
and the second output amplifier stage.

7. The power amplifier configuration of claim 6 wherein the bias circuitry
further provides a constant bias to the second output amplifier stage.

8. A mobile terminal comprising:
a) a control system providing an adjustable power control signal to
control output power for transmitted radio frequency signals;
b) communication electronics associated with the control system and
comprising:

i) power control circuitry including a power regulator providing
an output voltage at an output node responsive to an
adjustable power control signal; and

i) power amplifier circuitry including an input amplifier stage
in series with an output amplifier stage for amplifying a
radio frequency input signal, the input amplifier stage
receiving power from a fixed voltage node and the output
amplifier stage receiving power via the output node of the
power regulator;

wherein the adjustable power control signal is adjusted to control output
power provided by the power amplifier circuitry by controlling the voltage

supplied to the output amplifier stage.
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9.

10.

1.

12.

13.

14.
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The mobile terminal of claim 8 further comprising bias circuitry for
providing a constant bias to the input and output amplifier stages.

The mobile terminal of claim 8 wherein the power regulator is a voltage

regulator.

The mobile terminal of claim 10 wherein the power regulator is a linear

closed loop voltage regulator.

The mobile terminal of claim 8 wherein the power control circuitry

further comprises:

a) an error amplifier having a first input for receiving the adjustable
power control signal, a second input, and an output coupled to the
power regulator to control the output voltage at the output node;
and

b) afeedback network coupled between the output node of the
power regulator and the second input of the error amplifier;

wherein the output of the error amplifier is responsive to both the

adjustable power control signal and a voltage signal fed back from the
output node of the power regulator.

The mobile terminal of claim 8 wherein the power amplifier circuitry
further comprises a second output amplifier stage between and in
series with the input and output amplifier stages, the second output
amplifier stage receiving power via the output node of the power
regulator such that the adjustable power control signal is adjusted to
control output power provided by the power amplifier circuitry by
controlling the voltage supplied to the output amplifier stage and the
second output amplifier stage.

The mobile terminal of claim 13 wherein the bias circuitry further

provides a constant bias to the second amplifier output stage.
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15.

16.

17.

18.

19.

20.
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The mobile terminal of claim 8 wherein the adjustable power control

signal is VRAMP-

A semiconductor implementing a power amplifier configuration

comprising:

a) power control circuitry including a power regulator providing an
output voltage at an output node responsive to an adjustable
power control signal; and

b)  power amplifier circuitry including an input amplifier stage in series
with an output amplifier stage for amplifying a radio frequency
input signal, the input amplifier stage receiving power from a fixed
voltage node and the output amplifier stage receiving power via
the output node of the power regulator;

wherein the adjustable power control signal is adjusted to control

output power provided by the power amplifier circuitry by controlling

voltage supplied to the output amplifier stage.

The semiconductor of claim 16 further comprising bias circuitry for
providing a constant bias to the input and output amplifier stages.

The semiconductor of claim 16 wherein the power regulator is a

voltage regulator.

The semiconductor of claim 18 wherein the power regulator is a linear

closed loop voltage regulator.

The semiconductor of claim 16 wherein the power control circuitry

further comprises:

a) an error amplifier having a first input for receiving the adjustable
power control signal, a second input, and an output coupled to the
power regulator to control the output voltage at the output node;
and

b) afeedback network coupled between the output node of the

power regulator and the second input of the error amplifier;
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21.

22.

23.

24.

25.
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wherein the output of the error amplifier is responsive to both the
adjustable power control signal and a voltage signal fed back from the

output node of the power regulator.

The semiconductor of claim 16 wherein the power amplifier circuitry
further comprises a second output amplifier stage between and in
series with the input and output amplifier stages, the second output
amplifier stage receiving power via the output node of the power
regulator such that the adjustable power control signal is adjusted to
control output power provided by the power amplifier circuitry by
controlling voltage supplied to the output amplifier stage and the
second output amplifier stage.

The semiconductor of claim 21 wherein the bias circuitry further
provides a constant bias to the second amplifier output stage.

A method comprising:

a) providing a regulated output voltage responsive to an adjustable
power control signal;

b)  providing an input amplifier stage in series with an output amplifier
stage for amplifying a radio frequency input signal;

c) providing power to the input amplifier stage from a fixed voltage
node; and

d) providing power to the output amplifier stage via the regulated
output voltage;

wherein the adjustable power control signal is adjusted to control

output power provided by controlling voltage supplied to the output

amplifier stage.

The method of claim 23 further comprising providing a constant bias to
the input and output amplifier stages.

The method of claim 23 further comprising:
a) providing feedback from the regulated output voltage; and
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26.

27.
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b) generating a voltage control signal to control the regulated output
voltage responsive to both the adjustable power control signal and
feedback from the regulated output voltage.

The method of claim 23 wherein the amplifier circuitry further
comprises providing a second output amplifier stage between and in
series with the input and output amplifier stages, the second output
amplifier stage receiving power via the output node of the power
regulator such that the adjustable power control signal is adjusted to
control output power provided by the power amplifier circuitry by
controlling voltage supplied to the output amplifier stage and the
second output amplifier stage.

The method of claim 26 further comprising providing a constant bias to

the second amplifier output stage.
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