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(57) ABSTRACT 

The present invention provides a method and apparatus for 
supplying poWer to a load at a plurality of different poWer 
levels. The method includes changing betWeen high and loW 
poWer outputs of the poWer ampli?er When amplifying a 
signal having a common modulation format. A different bias 
is applied to the poWer ampli?er at the loW poWer output 
than the bias applied to the poWer ampli?er at the high 
poWer output. The output of the poWer ampli?er is loaded 
With a different impedance at the loW poWer output than the 
impedance loaded at the output of the poWer ampli?er 
output at the high poWer output. In at least one embodiment, 
the poWer ampli?er changes betWeen high and loW poWer 
outputs at a different threshold level dependant upon 
Whether the poWer ampli?er is transitioning from the high 
poWer output to the loW poWer output, or Whether the poWer 
ampli?er is transitioning from the loW poWer output to the 
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POWER AMPLIFICATION CIRCUIT AND 
METHOD FOR SUPPLYING POWER AT A 
PLURALITY OF DESIRED POWER OUTPUT 

LEVELS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a power 
ampli?cation circuit and method for supplying poWer at a 
plurality of desired poWer output levels, and more particu 
larly to a poWer ampli?cation circuit, Which adjusts the load 
coupled to the output of the poWer ampli?er, responsive to 
the desired poWer output levels, to enable further reductions 
in the ampli?er bias signal Without exceeding prede?ned 
distortion limits. 

BACKGROUND OF THE INVENTION 

[0002] Many Wireless communication protocols provide 
for transmitters, operating Within a communication netWork, 
Which are capable of transmitting at varying levels of output 
poWer. One reason for having varying levels of output poWer 
is to accommodate mobile transmitters, Which may be 
located at a varying distance from a base station. In some 
instances, the Wireless communication protocol requires that 
the signal being received by the base station is received at a 
relatively constant or ?xed poWer level. Examples of tWo 
such protocols include Code Division Multiple Access 
(CDMA) or Wideband Code Division Multiple Access 
(WCDMA). To accommodate this requirement, a mobile 
transmitter Will transmit at one of several poWer output 
levels, dependent upon the level at Which the signal is being 
received. 

[0003] Other examples, Where the transmitted output 
poWer can be varied, include the Global System for Mobile 
communications (GSM), Which provides for a range of 
output poWer control of mobile transmitters betWeen 20 dB 
and 30 dB, Which is controllable in steps of 2 dB, and earlier 
analog cellular standards, Which call for seven 4 dB steps in 
poWer output of the radio transmitter. 

[0004] Previously, poWer ampli?ers that Were capable of 
delivering a range of poWer outputs Were often designed to 
operate most ef?ciently at the highest poWer level. This is 
because relatively larger amounts of poWer are consumed, 
When the poWer ampli?ers are operating at the highest 
poWer levels, than When poWer ampli?ers are operating at 
loWer poWer levels. Consequently, this has generally 
resulted in poWer ampli?ers, Which sacri?ced poWer ef? 
ciencies at loWer poWer levels. HoWever, the mobile station 
is generally only required to transmit at its maximum poWer 
level When the path losses are the greatest. Correspondingly, 
the mobile station Will typically transmit at loWer poWer 
levels for a larger percentage of the time, that the mobile 
station is transmitting. 

[0005] One previous technique, Which has been used to 
enhance operating ef?ciencies at loWer poWer output values, 
has included reducing the bias signal supplied to the ampli 
?er. HoWever, there is a limit to the amount that the bias 
signal can be reduced. Reducing the bias too much Will lead 
to distortion, and increase the likelihood that adjacent chan 
nel poWer requirements Will not be met. 

[0006] A further technique, Which has been used to 
enhance operating ef?ciencies at loWer poWer output values, 
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is to adjust the load impedance coupled to the output of the 
poWer ampli?er. HoWever, as the poWer output value moves 
further aWay from the original maximum required, a greater 
impedance change becomes necessary to maintain perfor 
mance. 

[0007] At least one prior reference has attempted to 
accommodate changes in the transmitter operating environ 
ment by making adjustments in the poWer ampli?er circuit, 
namely, Klomsdorf et al., US. Pat. No. 6,281,748, entitled 
“Method And Apparatus for Modulation Dependent Signal 
Ampli?cation”, Which is assigned to Motorola, the disclo 
sure of Which is incorporated herein by reference. Kloms 
dorf et al. discloses a multi-mode communications transmit 
ter capable of transmitting a signal having different 
modulation formats, for example quaternary phase shift 
keying (QPSK), binary phase shift keying (BPSK), and/or 
quadrature amplitude modulation The transmitter 
comprises an ampli?er having a modulation format sWitch 
With different impedance values for the different communi 
cation modulation formats. 

[0008] Klomsdorf et al. also discloses reducing poWer 
consumption in the poWer ampli?er by adjusting a bias 
applied thereto. For further example, see US. Pat. No. 
5,625,322, entitled “Ampli?er Bias Control Device”, among 
other patents. 

[0009] HoWever, the present inventors have recogniZed, 
that at loW poWer output levels, by reducing the impedance 
coupled to the output of the poWer ampli?er, the bias signal 
can be reduced even further, While the amount of noise or 
poWer transmitted in an adjacent channel remains beloW the 
adjacent channel poWer requirements. As a result greater 
ef?ciencies at loWer poWer output levels can be realiZed 
Without sacri?cing poWer ef?ciencies at higher poWer output 
levels. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a method in a 
poWer ampli?er of supplying poWer to a load at a plurality 
of different poWer levels. The method includes changing 
betWeen high and loW poWer outputs of the poWer ampli?er 
When amplifying a signal having a common modulation 
format. A different bias is applied to the poWer ampli?er at 
the loW poWer output than the bias applied to the poWer 
ampli?er at the high poWer output. Additionally, the output 
of the poWer ampli?er is loaded With a different impedance 
at the loW poWer output than the impedance loaded at the 
output of the poWer ampli?er output at the high poWer 
output. 

[0011] In at least one embodiment, the poWer ampli?er 
changes betWeen high and loW poWer outputs at a different 
threshold level dependant upon Whether the poWer ampli?er 
is transitioning from the high poWer output to the loW poWer 
output, or Whether the poWer ampli?er is transitioning from 
the loW poWer output to the high poWer output. 

[0012] In a still further embodiment, a method of supply 
ing poWer to a load via a poWer ampli?cation circuit over an 
extended range includes de?ning a set of a plurality of 
desired poWer output levels, Where each poWer output level 
is a subset of the extended range. Abias signal supply level 
and an output impedance is associated With each desired 
poWer output levels. A desired poWer output level is then 
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selected. The bias signal supply level is then adjusted, and 
an output impedance is then selected, corresponding to the 
selected desired poWer output level. Asignal is then received 
by the poWer ampli?cation circuit and ampli?ed. 

[0013] The present invention further provides a poWer 
ampli?cation circuit, Which includes a poWer ampli?er 
having an output With high and loW output poWer levels 
Within an operating range of the poWer ampli?cation circuit. 
The poWer ampli?cation circuit further includes a variable 
bias circuit coupled to the poWer ampli?er, Where the 
variable bias circuit has at least a ?rst and second poWer 
ampli?er bias con?gurations, and a variable impedance 
circuit coupled to the output of the poWer ampli?er, Where 
the variable impedance circuit has at least a ?rst and second 
poWer ampli?er impedance con?gurations. The poWer 
ampli?er is con?gured in a reduced bias con?guration at the 
loW output poWer level relative to the bias con?guration of 
the poWer ampli?er at the high output poWer level, and the 
poWer ampli?er is loaded With an increased impedance at 
the loW output poWer level relative to the loading of the 
poWer ampli?er at the high output poWer level. 

[0014] In a further embodiment, the poWer ampli?cation 
circuit includes a control circuit including a bias adjust 
circuit, and an impedance select circuit, for receiving a 
signal, Which selects one of the desired output poWer levels, 
and for producing a bias adjust control signal and an 
impedance select control signal, Which are respectively 
received by the variable bias circuit and the variable imped 
ance circuit. 

[0015] The various aspects, features and advantages of the 
present invention Will become more fully apparent to those 
having ordinary skill in the art upon careful consideration of 
the folloWing Detailed Description of the Invention With the 
accompanying draWings described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram of a poWer ampli?cation 
circuit, in accordance With at least one embodiment of the 
present invention; 

[0017] FIG. 2 is a more detailed circuit schematic of the 
poWer ampli?cation circuit, illustrated in FIG. 1; 

[0018] FIG. 3 is a graph and eXample circuit illustrating 
the hysteretic sWitching betWeen prede?ned poWer output 
levels, in accordance With at least one embodiment of the 
present invention; 

[0019] FIG. 4 is a graph of a set of a plurality of 
prede?ned desired poWer output levels, in accordance With 
at least one embodiment, Where the desired poWer output 
levels correspond to a range of desired poWer output levels 
With overlapping sections; 

[0020] FIG. 5 is a circuit schematic of a variable imped 
ance circuit, in accordance With at least one embodiment, 
capable of selectively coupling one or tWo additional imped 
ances in parallel With an impedance already present in the 
load impedance netWork; 

[0021] FIG. 6 is a circuit schematic of an alternative 
impedance circuit, in accordance With at least one embodi 
ment, capable of selectively coupling an additional imped 
ance in series With an impedance already present in the load 
impedance netWork; 
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[0022] FIG. 7 is a circuit schematic of a still further 
alternative impedance circuit, in accordance With at least one 
embodiment, including an additional impedance, Which can 
be selectively coupled in parallel With an eXisting imped 
ance, and a further additional impedance, Which can be 
selectively coupled in series With an eXisting impedance; 

[0023] FIG. 8 is a block diagram of a transmitter, incor 
porating the poWer ampli?cation circuit illustrated in FIG. 
1; 
[0024] FIG. 9 is a block diagram of a Wireless commu 
nication device, Within Which the transmitter of FIG. 8, and 
the poWer ampli?cation circuit of FIG. 1, can be incorpo 
rated; 

[0025] FIG. 10 is a How diagram of a method for supply 
ing poWer at a plurality of desired poWer output levels in 
accordance With at least one embodiment of the present 
invention; and 

[0026] FIG. 11 is a more detailed ?oW diagram of the 
method illustrated in FIG. 10, including selecting a neW 
desired poWer output level. 

DETAILED DESCRIPTION OF THE 
INVENTIONS 

[0027] FIG. 1 illustrates a poWer ampli?cation circuit 100 
for supplying poWer to a load over an extended range 
including a set of a plurality of prede?ned desired poWer 
output levels in accordance With at least one embodiment of 
the present invention. The poWer ampli?cation circuit 100 
includes a poWer ampli?er 102, Which has an input 104 for 
receiving a signal to be ampli?ed, a second input 106 for 
receiving a bias signal, and an output 108 at Which an 
ampli?ed signal is produced. 

[0028] The output of the poWer ampli?er 102 is coupled to 
a variable impedance circuit 110. The variable impedance 
circuit 110 includes a plurality of impedance states, Which 
are separately selectable, each impedance state presents a 
potentially different impedance to the output 108 of the 
poWer ampli?er 102. Selection of the particular impedance 
state is controlled by an impedance select control signal 112. 
The output of the variable impedance circuit produces the 
ampli?ed output signal 114 of the poWer ampli?cation 
circuit 100, Which might be forWarded to an antenna for 
radiating a Wireless communication signal. 

[0029] The bias signal, received by the poWer ampli?er 
via the second input 106, is produced by a variable bias 
circuit 116. The variable bias circuit is capable of producing 
a variable supply level, Where the level of the supply is 
generally controlled by a bias adjust control signal 118. In at 
least the illustrated embodiment, the bias adjust control 
signal 118 and the impedance select control signal 112 are 
produced by a control circuit 120. The bias adjust control 
signal 118 is produced by a bias adjust circuit 122 and the 
impedance select control signal 112 is produced by an 
impedance select circuit 124. Both the bias adjust circuit 122 
and the impedance select circuit 124 receive a desired output 
poWer level signal 126 from Which the impedance select 
control signal and the bias adjust control signal 118 are 
produced. 

[0030] A more detailed circuit schematic 130 of at least 
one embodiment of the poWer ampli?cation circuit 100 of 
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FIG. 1 is illustrated in FIG. 2. The power ampli?er 102 of 
the more detailed circuit schematic 130 includes an input 
match circuit 132 coupled to the input 104. The input match 
circuit matches the input impedance of the poWer ampli?er 
102 to the input impedance of the driver stage ampli?er 134. 
The driver stage ampli?er includes an input 106A coupled to 
the bias input of the driver stage ampli?er 134 and a supply 
input 136 coupled to a voltage supply 138. The voltage 
supply 138 is coupled to the supply input of the driver stage 
ampli?er 134, via an inductor 140, Which ?lters portions of 
the signal having alternating current signal components. A 
capacitor 142 coupled betWeen the voltage supply level 138 
and ground 144 provides additional ?ltering. 

[0031] The output of the driver stage ampli?er 134 is 
coupled to the input of a ?nal stage ampli?er 146, via an 
interstage match circuit 148. The interstage match circuit 
148 is an impedance netWork that includes impedance 
elements, like inductors and capacitors, for providing radio 
frequency matching betWeen the ampli?er stages. 

[0032] Similar to the driver stage 134, the ?nal stage 
ampli?er 146 includes a bias signal input 106B coupled to 
the variable bias circuit 116. The bias signal received by the 
?nal stage in some instance may be the same signal, or 
different than the bias signal supplied to the driver stage. In 
instances Where the bias signals are different, the variable 
bias circuit may require separate or additional circuit ele 
ments for producing each of the different bias signals. While 
the poWer ampi?er 102 disclosed in the present embodiment 
illustrates a poWer ampli?er having at least tWo ampli?ca 
tion stages 134 and 146, the poWer ampli?er 102 could 
include any number of stages including a poWer ampli?er 
having a single stage or a poWer ampli?er having a number 
of stages, that eXceeds tWo. Generally, an interstage match 
circuit 148 Will eXist betWeen each sequential ampli?cation 
stage of the poWer ampli?er 102. 

[0033] The output of the ?nal stage ampli?er 146 is 
coupled to an output impedance circuit. In the illustrated 
embodiment, the output impedance circuit is a variable 
impedance circuit 110. The output impedance circuit can 
include one or more impedance stages. In the illustrated 
embodiment, the variable impedance circuit 110 includes 
tWo stages 150 and 152. In the illustrated eXample, only the 
second stage 152 is capable of being variably adjusted. In 
other instances it may be bene?cial to adapt additional 
impedance stages, Which are also capable of being variably 
adjusted. 

[0034] The ?rst stage 150 of the variable impedance 
circuit 110 includes a transmission line element 154 coupled 
in series With the output of the poWer ampli?er 102. The end 
of the transmission line element 154 not directly coupled to 
the output of the poWer ampli?er 102 is coupled to ground 
via capacitor 156, and is coupled to the supply poWer source, 
via inductor 158. Similar to inductor 140, Which is coupled 
betWeen the voltage supply source 138 and the supply input 
136 of the driver stage, inductor 158 ?lters portions of the 
signal having AC signal components. Capacitor 160, similar 
to capacitor 142, provides additional ?ltering. 

[0035] The second stage 152 of the variable impedance 
circuit 110, similar to the ?rst stage, includes a transmission 
line element 162. The transmission line element 162 is 
coupled in series With the transmission line element 154 of 
the ?rst stage 150 of the variable impedance circuit 110. A 
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capacitor 164, serving as an additional impedance element, 
couples the end of the transmission line element 162 not 
directly coupled to the transmission line element 154 of the 
?rst stage 150 to ground. A second capacitor 166, serves as 
a further impedance element, Which can be selectively 
coupled to the effective impedance netWork of the second 
stage 152 of the variable impedance netWork 110, When pin 
diode 168 is enabled. 

[0036] When pin diode 168 is enabled, the second capaci 
tor 166 is effectively coupled in parallel With capacitor 164. 
The pin diode 168 is enabled by applying a suf?cient DC 
voltage differential across the diode 168. One end of the 
diode is coupled to ground. The other end of the diode 168 
is coupled to a control signal 170 produced by the control 
circuit 120, via an inductor 172, Which is used to ?lter AC 
signal components. Other types of sWitching elements could 
alternatively be used in place of the pin diode 168. For 
eXample a transistor, like a ?eld effect transistor or a bi-polar 
transistor, or a microelectromechanical system (MEMs) 
could alternatively be used. A DC blocking capacitor 174 is 
coupled betWeen the output of the last (second) stage 152 of 
the variable impedance circuit 110 and the output 114 of the 
poWer ampli?cation circuit 100. 

[0037] In the illustrated embodiment, the control circuit 
120 is coupled to a microprocessor 174, Which supplies a 
signal corresponding to the desired poWer output level to the 
control circuit 120. The control circuit 120, then converts the 
desired output level received from the microprocessor 174 
into a bias adjust control signal and an impedance select 
control signal, Which is suitable for use by the variable bias 
circuit and the variable impedance netWork, respectively. 
Alternatively, a directional coupler 175, such as an electro 
magnetic coupler could be used to detect the signal levels of 
the input signal, and the detected signal 177 corresponding 
to the input signal could then be used by the control circuit 
120 to determine the bias adjust control signal and an 
impedance select control signal, especially Where the 
desired poWer output level is based upon a linear ampli? 
cation of the input signal 104. While in the illustrated 
embodiment, the control circuit 120 is separate from the 
microprocessor 174, in other embodiments, one skilled in 
the art Will readily recogniZe that the control circuit 120 and 
the microprocessor 174 could be incorporated into a single 
combined element. 

[0038] In accordance With at least one embodiment, at 
least one of the impedance select control signal and the 
variable bias adjust signal incorporates hysteretic sWitching. 
Speci?cally, the impedance select control signal and the 
variable bias adjust signal Will change values at a different 
threshold point dependent upon Whether the desired output 
poWer levels are transitioning 176 from a higher poWer level 
to a loWer poWer level or the desired output poWer levels are 
transitioning 178 from a loWer poWer level to a higher poWer 
level. By incorporating hysteretic sWitching at the threshold 
level that the circuit controlling the change in impedance or 
the change in bias current sWitches, the poWer ampli?cation 
circuit 100 can limit the number of sWitches that occur When 
the poWer levels are operating at or near one of the transition 
points. This can eliminate or reduce the occurrence of the 
ill-effects that sometimes occur in the transmitted signal, 
such as additional noise or a discontinuity being introduced 
into the signal, each time that a sWitch occurs. 
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[0039] An example of a circuit element that can be used to 
incorporate hysteretic switching includes a hysteretic com 
parator 180. In the exemplary embodiment, illustrated in 
FIG. 3, one input of the hysteretic comparator is coupled to 
the desired output poWer value, and the other input is 
coupled to a reference voltage. The corresponding control 
signal, for example the impedance select control signal 170, 
is then produced at the output of the hysteretic comparator 
180. This embodiment is particularly suitable, When sWitch 
ing betWeen tWo possible impedance states. In other 
instances a microprocessor can be programmed to produce 
the same or similar results, as Well as readily producing a 
control signal for distinguishing betWeen an even greater 
number of impedance states. 

[0040] FIG. 4 is a graph illustrating an example of a set 
190 of a plurality of prede?ned desired poWer output levels. 
Generally, each prede?ned desired poWer output level Will 
have associated With it, a corresponding bias adjustment 
value and an impedance select value, Which is optimiZed for 
more ef?cient operation over the de?ned operating range of 
the prede?ned desired poWer output level. 

[0041] As the desired output poWer changes, the neW 
desired output poWer is compared to the operating range of 
the currently selected prede?ned desired poWer output level. 
If the neW desired output poWer is less than the loWer limit 
of the currently selected prede?ned desired poWer output 
level, then a loWer prede?ned desired poWer output level, 
Which contains the neW desired output poWer is selected. If 
the neW desired output poWer is greater than the upper limit 
of the currently selected prede?ned desired poWer output 
level, then a higher prede?ned desired poWer output level, 
Which contains the neW desired output poWer level is 
selected. By overlapping at least portions of the range of 
prede?ned desired output poWer levels, a hysteretic sWitch 
ing effect can be similarly realiZed. 

[0042] In some instances the same impedance select value 
and/or bias adjust value can be associated With more than 
one prede?ned desired poWer output level. This Would alloW 
less than both of the impedance value and the bias value to 
change, in some circumstances, Where the currently selected 
prede?ned desired poWer output level is changing. 

[0043] Generally, as the desired poWer output level 
increases, the value of the bias signal is increased, and the 
value of the impedance coupled to the output of the poWer 
ampli?er is decreased. By controlling both the output 
impedance and the bias signal, together, certain limits in one 
or the other of the output impedance and the bias signal can 
be exceeded Without exceeding noise limits or the amount of 
spilled poWer produced in an adjacent channel. For example, 
at loW poWer ampli?cation levels, by increasing the load 
impedance at the output of the poWer ampli?er, the bias 
signal can be reduced to levels loWer then if the output 
impedance had not been changed. This in turn creates the 
opportunity for even greater poWer ef?ciencies. 

[0044] FIG. 5 illustrates an alternative embodiment of a 
variable impedance circuit 200 including a second stage 
202, Which has more than one control line 204, 206 for 
separately selectively coupling more than one additional 
impedance 208, 210 in parallel With an existing impedance 
212, respectively. 
[0045] FIG. 6 illustrates a further alternative embodiment 
of a variable impedance circuit 220 including a second stage 
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222, Which has a pair of control lines 224, 226 for selectively 
coupling an impedance 228 in series. Speci?cally, When a 
suf?cient voltage differential is applied, via control lines 
224, 226, across a pin diode 230, a loWer impedance 
alternative signal path is selectively enabled, Which alloWs 
impedance 228 to be suf?ciently bypassed. In the present 
embodiment impedance 228 includes a DC blocking capaci 
tor 232 in series With a transmission line element 234, and 
a DC blocking capacitor 233 in series With the pin diode 230. 

[0046] FIG. 7 illustrates a still further alternative embodi 
ment of a variable impedance circuit 240 including a second 
stage 242, Which in addition to selectively coupling an 
impedance 228 in series, as shoWn in FIG. 6, alloWs for an 
impedance 244 to be selectively coupled in parallel to an 
existing impedance 212, as shoWn in FIGS. 2 and 5. 

[0047] FIG. 8 illustrates an example of a transmitter, 
Which incorporates the features of the present invention. 
More speci?cally, FIG. 8 illustrates a block diagram 250 of 
a transmitter, Which incorporates RF input circuitry 252 and 
the poWer ampli?cation circuit 100 illustrated in FIGS. 1 
and 2. In particular, a voltage controlled oscillator (VCO) 
254 is used to combine an information signal With an 
oscillating signal at a predetermined frequency to create a 
frequency modulated information signal. The frequency 
modulated information signal is then coupled to a buffer 256 
that functions both as a ?lter, typically a passband ?lter, and 
an ampli?cation device that increases the magnitude of the 
frequency modulated information signal. After ampli?cation 
by the buffer 256, the output of the buffer is coupled through 
a variable attenuator 258 Which can be adjusted by an 
ampli?er control signal 260 to provide high attenuation 
When the transmitter 250 is not transmitting or loW attenu 
ation to permit transmission of an RF input signal 262. 

[0048] The RF input signal 262 is then coupled to a driver 
stage 134 that forms an initial stage of a poWer ampli?er 
102. The output of the driver stage 134 is coupled to an input 
of ampli?er 146, Which forms the ?nal stage of the poWer 
ampli?er 102. Upon receiving the RF signal from the driver 
stage 134 of the poWer ampli?er 102, the ?nal stage 146 of 
the poWer ampli?er 102 further ampli?es the RF signal to 
generate an RF output signal, Which is coupled to an antenna 
264, via the variable impedance circuit 110, coupled to the 
output of the poWer ampli?er 102. 

[0049] FIG. 9 illustrates a block diagram of a Wireless 
communication device 300, like a cellular telephone, Within 
Which the transmitter of FIG. 8, and the poWer ampli?cation 
circuit of FIG. 1 can be further incorporated to enable the 
Wireless communication device 300 to enjoy the bene?ts of 
the present invention. In the Wireless communication device 
300, illustrated in FIG. 9, the particular radio frequency is 
determined by the microprocessor 302. The particular radio 
frequency is conveyed to the frequency synthesiZer 304 via 
the interface circuitry 306. Data signals received by the 
receiver 308 are decoded and coupled to the microprocessor 
302 by the interface circuitry 306, and data signals to be 
transmitted by the transmitter 250 are generated by the 
microprocessor 302 and formatted by the interface circuitry 
306 before being transmitted by the transmitter 250. Opera 
tional status of the transmitter 250 and the receiver 308 is 
enabled or disabled by the interface circuitry 306. 

[0050] In the preferred embodiment, the microprocessor 
302 forms part of the processing unit 174, Which in con 
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junction With the interface circuitry 306 performs the nec 
essary processing functions under the control of programs 
stored in a memory section 310. Together, the microproces 
sor 302 and the interface circuitry 306 can include one or 
more microprocessors, one or more of Which may include a 

digital signal processor (DSP). The memory section 310 
includes one or more forms of volatile and/or non-volatile 
memory including conventional ROM 312, EPROM 314, 
RAM 316, or EEPROM 318. One skilled in the art Will 
readily recogniZe that other types of memory are possible. 

[0051] Characterizing features of the Wireless communi 
cation device are typically stored in EEPROM 318 (Which 
may also be stored in the microprocessor in an on-board 
EEPROM, if available) and can include the number assign 
ment (NAM) required for operation in a conventional cel 
lular system and/or the base identi?cation (BID) required for 
operation With a cordless base. Additionally stored in the 
memory section 310 are the multiple sets of prestored 
instructions used in supplying poWer to a load over an 
extended range including adjusting a bias signal supply level 
and selecting an output impedance dependent upon the 
selected desired poWer output level. 

[0052] Control of user audio, the microphone 320 and the 
speaker 322, is controlled by audio processing circuitry 324, 
Which forms part of a user interface circuit 326. The user 
interface circuit 326 additionally includes user interface 
processing circuitry 328, Which manages the operation of 
any keypad(s) 330 and/or display(s) 332. It is further envi 
sioned that any keypad operation could be included as part 
of a touch sensitive display. 

[0053] FIG. 10 illustrates a How diagram of a method 400 
directed to supplying poWer at a plurality of desired poWer 
output levels in accordance With at least one embodiment of 
the present invention. The method includes de?ning 402 a 
set of a plurality of desired poWer output levels, Where a bias 
signal supply level and an output impedance is associated 
404 With each desired poWer output level. Generally, each of 
the desired poWer output levels is a subset of the extended 
operating range of the poWer ampli?cation circuit. In at least 
one embodiment, each of the de?ned poWer output levels 
corresponds to a range of desired output poWer values. 

[0054] After the set of desired poWer output levels are 
de?ned, and a bias signal supply level and an output 
impedance is associated With each of the desired poWer 
output levels, a particular desired poWer output level is 
selected 406. Depending on the desired poWer output level 
that is selected, a bias signal supply level is adjusted 408 and 
an output impedance is selected 410, to correspond to the 
selected desired poWer output level. A signal to be ampli?ed 
is then received 412, and the received signal is ampli?ed 
414. The method continues to amplify a received signal, 
until a neW desired poWer output level is selected 416. 

[0055] FIG. 11 illustrates a more detailed ?oW diagram of 
selecting a neW desired poWer output level in association 
With the method illustrated in FIG. 10. Speci?cally, the 
method includes selecting 418 a neW desired poWer output 
value. The neW desired poWer output level is then compared 
420 to the previously selected desired poWer output level. If 
the neW desired poWer output level is not substantially 
equivalent to the previous poWer output level 422, then an 
output impedance corresponding to the neW poWer output 
level is selected 424, and a bias signal supply level corre 
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sponding to the neW poWer output level is adjusted 426. 
Where the de?ned desired poWer output levels correspond to 
a range of poWer output values, a determination is made as 
to Whether the neW desired poWer output value falls Within 
the ranges of values included in the present selected desired 
poWer output levels. If the neW poWer output value is 
substantially equivalent to the previously selected poWer 
output level, then the presently selected output impedance 
and the bias signal supply levels are maintained. 

[0056] While the present inventions and What are consid 
ered presently to be the best modes thereof have been 
described in a manner that establishes possession thereof by 
the inventors and that enables those of ordinary skill in the 
art to make and use the inventions, it Will be understood and 
appreciated that there are many equivalents to the exemplary 
embodiments disclosed herein and that myriad modi?ca 
tions and variations may be made thereto Without departing 
from the scope and spirit of the inventions, Which are to be 
limited not by the exemplary embodiments but by the 
appended claims. 

What is claimed is: 
1. A method in a poWer ampli?er, comprising: 

changing betWeen high and loW poWer outputs of the 
poWer ampli?er When amplifying a signal having a 
common modulation format; 

applying a different bias to the poWer ampli?er at the loW 
power output than a bias applied to the power ampli?er 
at the high poWer output; 

loading an output of the poWer ampli?er With a different 
impedance at the loW poWer output than an impedance 
loaded at the output of the poWer ampli?er output at the 
high poWer output. 

2. (cancelled) 
3. The method of claim 1 Wherein the poWer ampli?er 

linearly ampli?es a received signal at both the high and loW 
poWer outputs of the poWer ampli?er. 

4. (cancelled) 
5. The method of claim 1 Wherein applying a different bias 

to the poWer ampli?er and loading an output of the poWer 
ampli?er With a different impedance is based on the value of 
an input signal received by the poWer ampli?er. 

6. The method of claim 1 Wherein the bias applied to the 
poWer ampli?er and the impedance loaded to the poWer 
ampli?er output is controlled by a control circuit of the 
poWer ampli?er. 

7-15 (cancelled) 
16. A poWer ampli?cation circuit for supplying poWer to 

a load over an extended range including a set of a plurality 
of prede?ned desired poWer output levels, each desired 
poWer output level being a subset of the extended range, the 
poWer ampli?cation circuit comprising: 

a poWer ampli?er including a ?rst input for receiving a 
signal to be ampli?ed, a second input for receiving a 
bias signal, and an output for producing an ampli?ed 
signal; 

a control circuit including a bias adjust circuit, and an 
impedance select circuit, for receiving a signal, Which 
selects one of the desired output poWer levels, and for 
producing a bias adjust control signal and an imped 
ance select control signal; 
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a variable impedance circuit, coupled to the output of the 
power ampli?er and the impedance select circuit of the 
control circuit, the variable impedance circuit including 
a plurality of impedance states, Which are separately 
selectable, each impedance state corresponding to at 
least one of the ranges of desired poWer output levels; 
and 

a variable supply, coupled to the poWer ampli?er and the 
bias adjust circuit of the control circuit, for receiving 
the bias adjust control signal and supplying an adjusted 
bias signal to the second input of the poWer ampli?er. 

17. The poWer ampli?cation circuit of claim 16 Wherein 
the variable impedance circuit includes one or more output 
impedance stages coupled to the output of the poWer ampli 
?er, each output impedance stage including a load imped 
ance netWork. 

18. The poWer ampli?cation circuit of claim 17 Wherein 
the variable impedance circuit includes one or more imped 
ances and one or more sWitches, each sWitch corresponding 
to one of the one or more impedances, Which are selectively 
enabled for coupling the corresponding impedance to one of 
the one or more load impedance netWorks of the one or more 

output impedance stages. 
19. The poWer ampli?cation circuit of claim 18 Wherein 

at least some of the one or more impedances include a 

capacitor, Which is selectively coupled to one of the one or 
more load impedance netWorks. 

20. The poWer ampli?cation circuit of claim 18 Wherein 
the sWitch includes a pin diode. 

21. The poWer ampli?cation circuit of claim 18 Wherein 
the sWitch includes a transistor. 

22. The poWer ampli?cation circuit of claim 17 Wherein 
each of the load impedance netWorks includes a base imped 
ance. 

23. The poWer ampli?cation circuit of claim 22 Wherein 
the base impedance includes a transmission line element. 

24. The poWer ampli?cation circuit of claim 18 Wherein 
at least some of the one or more impedances and corre 

sponding sWitches, When enabled, couple an additional 
impedance in parallel With other impedances already present 
in the load impedance netWork. 

25. The poWer ampli?cation circuit of claim 18 Wherein 
at least some of the one or more impedances and corre 

sponding sWitches, When enabled, couple an additional 
impedance in series With other impedances already present 
in the load impedance netWork. 

26. The poWer ampli?cation circuit of claim 16 Wherein 
the poWer ampli?er includes one or more ampli?ers coupled 
in series, Wherein the output of an immediately preceding 
ampli?er is coupled to the input of any immediately subse 
quent ampli?er. 

27. The poWer ampli?cation circuit of claim 26 Wherein 
the output of an immediately preceding ampli?er is coupled 
to the input of any immediately subsequent ampli?er via an 
interstage match circuit. 

28. The poWer ampli?cation circuit of claim 27 Wherein 
the interstage match circuit includes a load impedance 
netWork. 

29. The poWer ampli?cation circuit of claim 28 Wherein 
the load impedance netWork is coupled to the impedance 
select control signal, and Where the impedance value of the 
load impedance netWork of the interstage match circuit can 
be adjusted, based upon the impedance select control signal. 
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30. The poWer ampli?cation circuit of claim 26 Wherein 
the bias adjust circuit controls the level of the bias signals 
supplied to each of the one or more ampli?ers. 

31. The poWer ampli?cation circuit of claim 16 Wherein 
each of the prede?ned poWer output levels is a range of 
desired poWer output levels. 

32. The poWer ampli?cation circuit of claim 31 Wherein 
portions of each of the desired poWer output level ranges 
overlap With portions of other desired output level ranges in 
the set of prede?ned poWer output levels. 

33. (cancelled) 
34. (cancelled) 
35. The poWer ampli?cation circuit of claim 16 Wherein 

the poWer ampli?cation circuit is used in a transmitter of a 
Wireless communication device. 

36. A method of supplying poWer to a load via a poWer 
ampli?cation circuit over an extended range comprising: 

de?ning a set of a plurality of desired poWer output levels, 
Where each poWer output level is a subset of the 
extended range; 

associating a bias signal supply level and an output 
impedance With each desired poWer output levels; 

selecting a desired poWer output level; 

adjusting the bias signal supply level, corresponding to 
the selected desired poWer output level; 

selecting an output impedance, corresponding to the 
selected desired poWer output level; 

receiving a signal to be ampli?ed; and 

amplifying the received signal. 
37. (cancelled) 
38. The method of claim 36 Wherein each de?ned desired 

poWer output level is a range of desired poWer output levels, 
corresponding to a subset of the eXtended range over Which 
the poWer ampli?cation circuit operates. 

39. The method of claim 38 Wherein de?ning a set of a 
plurality of desired poWer levels includes de?ning a plurality 
of ranges of desired poWer levels, Where a portion of each 
of the plurality of ranges overlap With portions of other 
desired output level ranges. 

40. (cancelled) 
41. (cancelled) 
42. The method of claim 36 Wherein selecting an output 

impedance includes sWitching in and out individual imped 
ances Within an impedance netWork. 

43. The method of claim 42 Wherein sWitching in and out 
individual impedances Within an impedance netWork 
includes sWitching in and out one or more individual imped 
ances in parallel With an eXisting impedance present in the 
impedance netWork. 

44. The method of claim 42 Wherein sWitching in and out 
individual impedances Within an impedance netWork 
includes sWitching in and out one or more individual imped 
ances in series With an eXisting impedance present in the 
impedance netWork. 

45. The method of claim 36 Wherein adjusting the bias 
signal supply level includes adjusting the output level of a 
variable supply circuit. 

* * * * * 


