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Description

[0001] The invention concerns generally the technol-
ogy of power amplifiers or PAs used in radio frequency
transmitters. Especially the invention concerns an ar-
rangement for producing linear amplification effectively
throughout a large dynamic range.

[0002] A power amplifier is the component in a radio
frequency transmitter that amplifies the signal to be
transmitted to a power level high enough to be conduct-
ed to the output port (e.g. antenna port) of the transmit-
ter. In systems employing digital linear modulation
schemes the linearity of the power amplifier is a very
important factor. Digital linear modulation means that
the signal to be transmitted has a number of allowed
phase- and amplitude states, whereby each allowed
phase-amplitude combination represents a certain bit
pattern in a bit stream used as the source of the modu-
lation and constitutes a so-called constellation point in
a phase-amplitude diagram. The power amplifier has to
reproduce the phase-amplitude combinations of the sig-
nal to be transmitted so that the relative distances be-
tween the constellation points is not distorted; hence the
strict requirements for linearity in the operation of the
power amplifier.

[0003] A traditional linear power amplifier is a so-
called Class A amplifier meaning that the amplifying
component is not driven to output current cutoff at any
allowed value of the driving voltage. If the driving voltage
is a sinusoidal oscillation, the conduction angle of a
Class A amplifier is said to be 360 degrees. The draw-
back of Class A amplifiers is their poor efficiency, which
may theoretically be 50% but falls in most practical cir-
cuits to the order of 25 to 30%. The problem is made
worse by the requirement of a large dynamic range
which is typical to the mobile terminals of digital cellular
radio systems. As an example we may consider a mo-
bile telephone, where the difference between the lowest
and highest values of transmitted power may be several
tens of decibels. If the linear power amplifier is designed
for maximal efficiency at one end (usually the high end)
of the dynamic range by selecting the structural param-
eters of the amplifying semiconductor component in a
suitable way, efficiency at the other end (the low end) of
the dynamic range is bound to be poor. Correspondingly
a relatively large amount of electric energy is wasted
during operation in the latter end of the dynamic range.
In portable radio devices like mobile telephones wasting
energy means unnecessarily shortening the operating
time before the next required recharging of batteries.
[0004] From the European patent EP-A-0 883 241
published in December 1998, there is known an ar-
rangement consisting of at least two parallel amplifier
stages, of which only one is selected for use at any mo-
ment of time by setting the bias voltages of the amplifier
stages to suitable values. In such a structure each of the
parallel amplifier stages may have a different optimal
power range which is a subset of the required dynamic
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range of the whole amplifier arrangement. A separate
control circuit selects for use the amplifier stage whose
optimal power range is closest to the momentarily re-
quired output power of the amplifier arrangement. A re-
markable saving is achievable in comparison to a single
linear power amplifier stage, but there remains the prob-
lem of the efficiency remaining under 50% even if con-
tinuous optimal operation is assumed. Additionally it has
been shown that immediately after changing the select-
ed amplifier branch a phase distortion occurs in the out-
put signal, which is a detrimental effect in systems using
continuous phase modulation.

[0005] A patent publication US-A-5 191 338 is known
to disclose a multichannel satellite transceiver where
there are a number of parallel amplifier branches. Each
of the parallel amplifier branches constitutes an inde-
pendent amplification unit optimised for a certain fre-
quency range. An input switch arrangement has the task
of separating the frequency bands from each other and
directing each separated frequency band into its own
amplifier, or to a spare amplifier. if the original amplifier
was found to be defective.

[0006] Another publication EP-A-0 883 241 is known
to disclose a method for selecting one of a number of
parallel amplifier branches into use by suitably biasing
active components in said parallel amplifier branches.
[0007] It is an object of the present invention to pro-
vide a power amplifier arrangement with a relatively
wide dynamic range and a good efficiency throughout
it. It is a further object of the invention to realise the in-
ventive amplifier arrangement with a small number of
inexpensive components. Additionally it is an object of
the invention to provide a method for operating such a
power amplifier arrangement effectively throughout the
dynamic range. A still further object of the invention is
to reduce phase distortions in the power amplifier ar-
rangement.

[0008] The objects of the invention are achieved by
arranging the power amplifier arrangement to comprise
at least two parallel amplifier branches, of which at least
one comprises a nonlinear amplifier, and by predistort-
ing the input signal of the nonlinear amplifier(s). The pur-
sued reduction in phase distortions is achieved by using
an adjustable phase shifter in at least one of the parallel
amplifier branches.

[0009] The features characteristic to the power ampli-
fier arrangement according to the invention are recited
in the characterising part of the independent claim di-
rected to a power amplifier arrangement.

[0010] The invention applies also to a radio commu-
nication device. The characteristic features of the radio
communication device are recited in the characterising
part of the independent claim directed to a radio com-
munication device.

[0011] Additionally the invention applies to a method,
having as its characteristic features the steps that are
recited in the characterising part of the independent
claim directed to a method.
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[0012] The general idea of composing the power am-
plifier arrangement from a number of parallel selectable
amplifier branches is known as such, as we may see e.
g. from the European patent application cited above in
the description of prior art. In the present invention this
basic principle has been developed further by employ-
ing at least one nonlinear power amplifier in at least one
of the parallel amplifier branches. By biasing an ampli-
fier for nonlinear operation it is possible to obtain a high-
er efficiency than with traditional linear Class A amplifi-
ers. To compensate for the nonlinearity of the amplifier
proper a predistorter is inserted in front of it to implement
a similar nonlinearity with an opposite sign. The distort-
ing impacts of the predistorter and the nonlinear ampli-
fier cancel each other to a large extent and their combi-
nation works like a linear power amplifier.

[0013] The invention does not limit the number of the
parallel amplifier branches in the power amplifier ar-
rangement. Also the number of branches with a nonlin-
ear amplifier is not specified by the invention, as long as
there is at least one such branch. A switching arrange-
ment or a functionally equivalent circuit is provided for
selectively conducting the signal to be amplified through
one of the parallel amplifier branches at any given mo-
ment. One functionally equivalent circuit could be a bi-
asing arrangement according to the European patent
application cited above in the description of prior art. A
control block controls the operation of the switching ar-
rangement so that the selection of the amplifier branch
takes place according to the required output power of
the power amplifier arrangement. To eliminate the
phase distortion related to the moment of changing the
selected amplifier branch the invention employs a phase
detecting and correcting arrangement consisting of at
least one phase detector and at least one phase shifter.
The phase detector compares the relative phase differ-
ence between the "old" and "new" amplifier branches
for a moment before the actual change from the old am-
plifier branch to the new amplifier branch is made. The
output signal of the phase detector is coupled to at least
one phase shifter that drives the detected phase differ-
ence towards zero. An advantageous location for the
phase shifter(s) is in each parallel amplifier branch im-
mediately before or after the amplifying component of
that branch.

[0014] The novel features which are considered as
characteristic of the invention are set forth in particular
in the appended Claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages thereof,
will be best understood from the following description of
specific embodiments when read in connection with the
accompanying drawings.

Fig. 1 illustrates an advantageous structure
employing the principle of the state of
the art,
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Fig. 2ato 2e  show the conduction cycles of different-
ly biased amplifiers and one resultant
waveform,

Fig. 3 illustrates a generalisation of the struc-
ture of Fig. 1,

Fig. 4 illustrates an advantageous phase de-
tection and correction arrangementin a
structure according to the invention,

Fig. 5 illustrates a detail of the structure in Fig.
4,

Fig. 6 illustrates another detail of the structure
in Fig. 4,

Fig. 7 illustrates a radio communication de-
vice according to the invention and

Fig. 8 is a flow diagram representation of a
method according to the invention.

[0015] Like parts in Figs. 1 to 7 are designated with

the same reference designators.

[0016] Fig. 1is a simplified block diagram of a certain
linear power amplifier arrangement 100. It comprises an
input port 101 for inputting a modulated radio frequency
signal, a first switch 102 for directing the input signal into
either the upper parallel amplifier branch or the lower
amplifier branch, a second switch 103 for conducting an
amplified signal out of either the upper parallel amplifier
branch or the lower amplifier branch and an output port
104 for outputting an amplified version of the input sig-
nal. The lower parallel amplifier branch comprises a lin-
ear power amplifier 105 designed for optimal operation
at the low end of the dynamic range of the linear power
amplifier arrangement 100, and the upper parallel am-
plifier branch comprises a nonlinear power amplifier 106
designed for optimal operation at the high end of the dy-
namic range as well as a predistorter 107 coupled be-
tween the first switch 102 and the nonlinear power am-
plifier 106. Outside the actual power amplifier arrange-
ment there is a control block 108 for controlling the op-
eration of the switches 102 and 103 and adjusting the
gain factor of the amplifiers 106 and 107. The terms "up-
per" and "lower" refer only to the graphical layout of Fig.
1 and does not restrict the structure or operation of the
power amplifier arrangement in any way.

[0017] The linear power amplifier 105 may be a Class
A amplifier known as such. Its structural parameters are
selected so that its saturated power level lies relatively
low in the required dynamic range of the whole linear
power amplifier arrangement 100. Choosing the satu-
rated power level of a linear amplifier by selecting its
structural parameters is a technique known as such to
the person skilled in the art. Because of its linearity, the
linear power amplifier 105 does not have an efficiency
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over 50%. However, even this is a remarkable improve-
ment in comparison to a prior art arrangement where
there is only a single linear power amplifier for the whole
dynamic range; the efficiency of such a prior art single
linear power amplifier in the lower part of the dynamic
range may be even below 10%.

[0018] For the selection of the nonlinear power ampli-
fier 106 a variety of amplifier classes and designs are
available. Figs. 2a to 2d present a comparison of the
theoretical conducting cycles of Class A, Class AB,
Class B and Class C amplifiers in this order. Class AB
refers to a conduction angle of less than 360 but con-
siderably greater than 180 degrees, Class B refers to a
conduction angle of exactly 180 degrees and Class C
refers to a conduction angle of less than 180 degrees.
In each diagram the horizontal axis represents time and
the vertical axis represents the output current of the am-
plifier. Units of the axes are arbitrary and not relevant to
the following discussion. A sinusoidal input signal to the
amplifier is assumed. The generally sinusoidal graphs
shows the variation of the output current; dashed por-
tions of the graphs in Figs. 2b, 2c and 2d illustrate for
graphical clarity the sinusoidal form during the intervals
when no output current flows. Figs. 2a and 2b show also
the level of quiescent current as a straight horizontal
line.

[0019] Fig. 2e illustrates an examplary resultant out-
put waveform of a nonlinear amplifier. Here the horizon-
tal axis represents time and the vertical axis represents
the output voltage in some arbitrary units. The reduced
amplitude of each positive wave section indicates the
nonlinearity of the amplifier. Knowing the effect of the
nonlinearity is essential for selecting the predistorter
107. If the nonlinear power amplifier 106 is of the type
that produces a resultant output waveform like that in
Fig. 2e, the predistorter 107 must provide an overem-
phasis of each positive wave section of the signal prior
to it being input to the nonlinear power amplifier 106.
This way the nonlinear impacts of the predistorter 107
and the nonlinear power amplifier 106 will cancel each
other and their series connection will appear as a single
linear power amplifier. Selecting a nonlinear power am-
plifier and a predistorter so that such cancellation occurs
is called matching. The technique of matching a predis-
torter to a nonlinear power amplifier is known as such
to the person skilled in the art. Care must be taken to
match the frequency and amplitude dependencies of the
two nonlinear components to each other.

[0020] The operation of the structure of Fig. 1 goes as
follows. The control block 108 acquires knowledge
about the currently required output power level of the
linear power amplifier arrangement 100. Depending on
the magnitude of the required output power level the
control block 108 sets the switches 102 and 103 so that
either the lower or the upper parallel amplifier branch is
available as a signal path between the input port 101
and the output port 104. As a general rule, if the required
output power level is higher than the saturated power
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level of the (low-power) linear power amplifier 105, the
upper parallel amplifier branch is selected, and for re-
quired output power levels lower than said saturated
power level the lower parallel amplifier branch is select-
ed. The invention does not limit the algorithm that the
control block uses for selecting the correct parallel am-
plifier branch. For fine-tuning the actual output power
level to a value as close as possible to the required value
the control block tunes the gain factor of the amplifier in
the selected parallel amplifier branch.

[0021] If the control block 108 has set the switches
102 and 103 to the "low" position, the input signal is fed
from the input port 101 through the first switch 102 to
the linear power amplifier 105 and amplified to the de-
sired output power level (actually as much higher than
the desired output power level as is the expected atten-
uation in the second switch 103). The resulting signal is
fed through the second switch 103 to the output port 104
and further to the antenna or output line of the radio ap-
paratus where the arrangement 100 is located. Corre-
spondingly, if the control block 108 has set the switches
102 and 103 to the "high" position, the input signal is fed
from the input port 101 through the first switch 102 to
the predistorter 107 and the resulting predistorted signal
is fed into the nonlinear power amplifier 106 for amplifi-
cation. The resulting signal is again fed through the sec-
ond switch 103 to the output port 104 and further to the
antenna or output line.

[0022] For assuring that the output power level re-
mains at the desired value, a feedback loop is usually
provided, although such feedback loop is not shown in
Fig. 1. It comprises a directional coupler either between
each amplifier 105 or 106 and the second switch 103 or
between the second switch 103 and the output port 104
or even beyond the output port 104. Additionally the
feedback loop comprises a feedback connection from
the directional coupler to the control block 108. By using
the directional coupler the control block continuously
monitors the actual achieved output power level and
tunes the amplifier in the selected parallel amplifier
branch so that the measured output power level stays
within a predetermined error marginal from its desired
value.

[0023] Fig. 3 illustrates a generalisation of the struc-
ture shown in Fig. 1. In Fig. 3, the linear power amplifier
arrangement 300 comprises an input port 101, a first
multiposition switch 301, a second multiposition switch
302 and an output port 104. Between the multiposition
switches 301 and 302 the arrangement comprises M+N
parallel amplifier branches, of which M branches com-
prise a linear power amplifier LPA and N branches com-
prise a series connection of a predistorter PRED and a
nonlinear power amplifier NPA. The integers M and N
are selected to that M is greater than or equal to zero
and N is greater than zero. M and N need not be equal.
By selecting M=1 and N=1 we would get the structure
of Fig. 1. A control block 303 controls the operation of
the switches 301 and 302 and tunes the amplifiersin the
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parallel amplifier branches.

[0024] In the structure of Fig. 3, all amplifiers LPA and
NPA have differently dimensioned structural parameters
so that one of the nonlinear power amplifiers NPA is di-
mensioned for optimal operation at the highest power
level of them all, and one of the linear power amplifiers
LPA is dimensioned for optimal operation at the lowest
power level of them all. The dimensioning of the other
amplifiers fall between these extremes preferably so
that somewhere in the middle of the required dynamic
range of the whole linear power amplifier arrangement
300 there is a limit which is greater than or equal to the
saturated power level of all linear power amplifiers and
smaller than or equal to the saturated power level of all
nonlinear power amplifiers. The operation of the struc-
ture illustrated in Fig. 3 follows the description given
above in connection with Fig. 1 with the exception that
the control block 303 now has more alternatives for se-
lecting the optimal one of the parallel amplifier branches.
[0025] In the description above we have referred ex-
clusively to switches as the arrangement that conducts
the signal to be transmitted through only one of the par-
allel amplifier branches at a time. Although the switches
represent the most readily understood means of selec-
tively conducting a signal between certain parts of an
electrical circuit, the invention is in no way limiting in this
respect. The selection of a certain parallel amplifier
branch may be achieved for example by suitable biasing
of some active components in the parallel amplifier
branches. To realise an embodiment based on biasing,
the control lines connecting the control block to the
switches in Figs. 1 and 3 must be replaced by biasing
lines from a controlling unit to the corresponding active
components.

[0026] Although the controlling functions have been
shown in Figs. 1 and 3 as incorporated into a single con-
trol block, it is perfectly possible to distribute the same
functions to two or more locations in the circuitry around
the linear power amplifier arrangement.

[0027] If the arrangement of Fig. 1 or Fig. 3 is used
for the amplification of continuous phase modulated sig-
nals, the problem of potential phase distortion emerges
in association with changing the selected parallel ampli-
fier branch. Fig. 4 illustrates a way of reducing such
phase distortion to a negligible value. For graphical clar-
ity the linear power amplifier arrangement Fig. 4 con-
sists again of only two parallel amplifier branches; it is
clear to the person skilled in the art that the same idea
is easily generalised to a multi-branch arrangement like
that in Fig. 3.

[0028] The linear power amplifier arrangement of Fig.
4 comprises an input port 101, a first switch 401, a sec-
ond switch 402, a third switch 403 and an output port
102. The first and second switches 401 and 402 take
the place of a first switch 102 in Fig. 1 or the first multi-
position switch 301 in Fig. 3. Between the first switch
401 and the third switch 403 there is a lower amplifier
branch comprising a low-power linear power amplifier
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LPA and between the second switch 402 and the third
switch 403 there is an upper amplifier branch comprising
a predistorter PRED and a high-power nonlinear power
amplifier NPA. Both branches comprise additionally an
adjustable phase shifter 404 and 405 and from each
branch there is a connection to a phase detector 406,
the output signal of which is arranged to adjust the
phase shift implemented by either the phase shifter 404
or the phase shifter 405. The selection of which phase
shifter is adjusted takes place according to the position
of a selection switch 407. The mutual order of the com-
ponents in each parallel amplifier branch is not impor-
tant to the invention as long as the connection to the
phase detector 406 is made from a point that is later in
relation to the progress of a signal than the phase shifter
in the respective branch (in other words, it does not
make sense to measure the phase of a signal prior to
the phase shifter). A control block 408 is arranged to set
the switches and tune the amplifiers.

[0029] The operation of the arrangement illustrated in
Fig. 4 is as follows. Under unchanging conditions one
of the parallel amplifier branches is selected for use by
closing the respective one of the switches 401 and 402
and opening the other and by setting the third switch
403 to conduct the signal from the selected branch to
the output port 104. When the control block 408 realizes
that it has to change the selected branch, it commences
the change by initiating a so-called phase correction
mode. During this mode both the first switch 401 and
the second switch 402 are closed so that half of the pow-
er of the input signal is fed into each of the parallel am-
plifier branches. The gain factor of the amplifier in the
old branch is simultaneously increased to compensate
for the drop in input power; this may be an automatic
procedure for execution by the control block or it will fol-
low from the normal operation of the feedback control
loop which is not shown in Fig. 4 but which has been
described above.

[0030] During the phase correction mode the phase
detector 406 compares the phase of the signal in the
new branch to that of the signal in the old branch. Si-
multaneously or nearly simultaneously with closing both
switches 401 and 402 the control block 408 has set the
selection switch 407 to conduct the output signal of the
phase detector 406 to the phase shifter in the new
branch. The phase detector 406 produces an output sig-
nal that is proportional to the detected phase difference.
When conducted to the adjustable phase shifter in the
new branch this output signals serves to shift the phase
inthe new branch so that the phases in the two branches
become equal. Only after the phase difference has been
eliminated does the control block end the phase correc-
tion mode and actually select the new branch by chang-
ing the position of the third switch 403. Thereafter (or
simultaneously) the control block may open the one of
the switches 401 and 402 that leads to the old branch,
and simultaneously decrease the gain factor of the am-
plifier in the new branch because the whole input power
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will now be conducted to the new branch. The gain factor
adjustment may again take place either as a prepro-
grammed procedure or as a consequence of the normal
feedback loop power control.

[0031] A suitable latch arrangement is easily con-
structed to hold the correct control signal value for the
phase shifter in the selected branch even after the
phase correction mode has ended. As with the arrange-
ments of Figs. 1 and 3, a person skilled in the art may
easily replace the switches by some other known means
of conducting a signal between desired locations in a
circuit. The ending of the phase correction mode may
take place after a preprogrammed time period which is
long enough for the phase detector + phase shifter ar-
rangement to eliminate the phase difference, or there
may be a connection from the phase detector to the con-
trol block for indicating to the control block the moment
when suitable phase correction has been established.
The latter arrangement is more flexible in taking into ac-
count the actual operation of the circuit, but it necessi-
tates a slightly more complicated structure.

[0032] Several arrangements suitable for use as the
phase detector 406 and the phase shifters 404 and 405
are known as such from prior art. Fig. 5 illustrates a mix-
er that is also applicable as a phase detector. It com-
prises a first inductance 501 and a second inductance
502 electromagnetically coupled to the first inductance.
One end of the first inductance and the middle point of
the second inductance are grounded and a pair of di-
odes 503 and 504 connected in series connect the ends
of the second inductance. The input points of the mixer/
phase detector are at the other end 505 of the first in-
ductance and at the middle point 506 of the diode con-
nection. An output signal is obtained at an output port
507 which is coupled through a third inductance 508 to
the middle point of the diode connection. When the sig-
nals brought to the inputs 505 and 506 have the same
frequency, a DC signal is obtained at the output port 507;
the level of this DC signal is proportional to the phase
difference of the input signals.

[0033] A simple adjustable phase shifter which is ap-
plicable to the circuit of Fig. 4 is seen in Fig. 6 and com-
prises an input port 601, an output port 602, a reactance
603 between the input port and the output port, a capac-
itance diode 604 reversely connected between the out-
put port and the ground potential, and a tuning port 605
at the cathode of the capacitance diode. The phase shift
experienced by a signal on its way from the input port
to the output port is proportional to the value of the DC
voltage brought to the tuning port.

[0034] Fig. 7 is a simplified block diagram of a mobile
telephone which serves as an exemplary radio commu-
nication device where the invention is applicable. The
mobile telephone comprises an antenna 701, a duplex-
ing block 702, a receiving branch 703, a speech decoder
704, a loudspeaker 705, a microphone 706, a speech
encoder 707, a transmitting branch 708 and a control
block 709. The mobile telephone may naturally com-
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prise a large number of other functional blocks. Accord-
ing to the invention, the transmitting branch 708 is oth-
erwise comparable to the transmitting branches in prior
art mobile telephones but comprises, as its final ampli-
fication stage before the connection between the trans-
mitting branch 708 and the duplexing block 702, a linear
power amplifier arrangement 710 according to the in-
vention as described above. The control block 709 is
arranged to, among other things, exchange power con-
trol messages with a base station of the cellular radio
system in which the mobile telephone is arranged to op-
erate. After having received a power control message
from the base station (not shown) the control block
checks, whether the power control message contains
an order to change the transmission power level of the
mobile telephone so that a change of selected branch
in the linear power amplifier arrangement 710 should be
accomplished. If it does, the control block executes the
change by implementing the functions that have been
allocated to the control block in the previously given ex-
planation of the embodiments in Fig. 1, 3 and 4.
[0035] To conclude with we will summarize an advan-
tageous embodiment of the method according to the in-
vention by reference to Fig. 8. Here we will assume that
phase distortion correction is applied and that gain fac-
tor adjustment is a preprogrammed part of the method.
At stage 801 there is realised a need for changing the
output power level of a linear power amplifier arrange-
ment. At stage 802 a check is made to see whether the
change will imply a change from an old selected ampli-
fier branch to a new one. A negative finding causes an
adjustment to be made in the currently selected ampli-
fier branch at stage 803 followed by a jump to the end
state 899. A positive finding at stage 802 causes the sys-
tem to enter a phase correction mode, where the con-
duction of the input signal to both the old and new
branches is accompanied with an adjustment of the gain
factor in the old branch at stage 804. During the loop
through stages 805 and 806 the phase difference will be
eliminated. After stage 806 the new branch will be se-
lected for use at stage 807, and the old branch is dis-
connected at stage 808 together with a respective ad-
justment in the gain factor of the amplifier in the new
branch.

Claims

1. Linear power amplifier arrangement (100, 300) for
providing a selectable amount of amplification to a
radio frequency signal to be amplified, comprising
afirst parallel amplifier branch and a second parallel
amplifier branch and selection means (102, 103,
301, 302, 401, 402, 403) for conducting the radio
frequency signal to be amplified selectably to one
of the parallel amplifier branches, characterised in
that:
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- the first parallel amplifier branch comprises a
series connection of a predistorter (107, PRED)
and a nonlinear amplifier (106, NPA), where
said predistorter is arranged to compensate for
the nonlinearity of said nonlinear amplifier,

- the first parallel amplifier branch is dimen-
sioned for maximal efficiency at a high end of
a dynamic range of the power amplifier ar-
rangement,

- the second parallel amplifier branch is dimen-
sioned for maximal efficiency at a low end of
the dynamic range and

- the linear power amplifier arrangement (100,
300) comprises an adjustable phase shifter
(404, 405) in at least one of the parallel ampli-
fier branches and a phase detector (407) ar-
ranged to compare phases of signals in the first
and second parallel amplifier branches and to
adjust said adjustable phase shifter (404, 405)
as a response to said comparison of phases.

The linear power amplifier arrangement of claim 1,
characterised in that it comprises in the second
parallel amplifier branch a linear amplifier (105,
LPA).

The linear power amplifier arrangement of claim 1,
characterised in that it comprises in the second
parallel amplifier branch a series connection of a
predistorter (PRED) and a nonlinear amplifier
(NPA).

The linear power amplifier arrangement of claim 1,
characterised in that it comprises at least two par-
allel amplifier branches with a separate series con-
nection of a predistorter (PRED) and a nonlinear
amplifier (NPA) in each of them, and additionally a
nonzero integer number of parallel amplifier
branches with a linear amplifier (LPA) in each of
them.

The linear power amplifier arrangement of claim 1,
characterised in that it comprises a first adjustable
phase shifter (405) in the first parallel amplifier
branch, a second adjustable phase shifter (404) in
the second parallel amplifier branch and a phase
detector (407) arranged to compare the phases of
signals in the first and second parallel amplifier
branches and to adjust at least one of said first and
second adjustable phase shifters as a response to
said comparison of phases.

Radio communication device for processing and
transmitting a radio frequency signal with a selecta-
ble transmission power, comprising a linear power
amplifier arrangement (710) according to claim 1.

The radio communication device of claim 6, char-
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acterised in that it is a terminal of a cellular radio
system comprising a number of base stations and
comprises a control block (108, 303, 408, 709) for
controlling the operation of said selection means for
selectively establishing the conduction of the radio
frequency signal to be transmitted through either
the first or the second parallel amplifier branch ac-
cording to a desired transmission power level of the
radio communication device, whereby said control
block is arranged to process power control messag-
es received from a base station and to establish the
need for selecting a new parallel amplifier branch in
the linear power amplifier arrangement on the basis
of processed power control messages.

Patentanspriiche

1.

Lineare Leistungsverstarkeranordnung (100, 300)
zum Bereitstellen eines auswahlbaren Verstar-
kungsgrades fiir ein zu verstarkendes Hochfre-
quenzsignal, mit einem ersten parallelen Verstar-
kerzweig und einem zweiten parallelen Verstarker-
zweig sowie mit Auswahlmitteln (102, 103, 301,
302, 401, 402, 403) zum wahlweisen Leiten des zu
verstarkenden Hochfrequenzsignals an einen der
parallelen Verstarkerzweige, dadurch gekenn-
zeichnet, dass:

- der erste parallele Verstarkerzweig eine Rei-
henschaltung aus einem Vorverzerrer (107,
PRED) und einem nichtlinearen Verstarker
(106, NPA) umfasst, wobei der Vorverzerrer so
beschaffen ist, dass er die Nichtlinearitat des
nichtlinearen Verstarkers kompensiert,

- der erste parallele Verstarkerzweig fir einen
maximalen Wirkungsgrad am oberen Ende ei-
nes dynamischen Bereichs der Leistungsver-
stérkeranordnung dimensioniert ist,

- der zweite parallele Verstarkerzweig flr einen
maximalen Wirkungsgrad am unteren Ende
des dynamischen Bereichs dimensioniert ist
und

- die Linearleistungsverstarkeranordnung (100,
300) einen einstellbaren Phasenschieber (404,
405) in wenigstens einem der parallelen Ver-
starkerzweige sowie einen Phasendetektor
(407), der so beschaffenist, dass er die Phasen
von Signalen in dem ersten und in dem zweiten
parallelen Verstéarkerzweig vergleicht und den
einstellbaren Phasenschieber (404, 405) in Re-
aktion auf den Vergleich der Phasen einstellt,
umfasst.

Linearleistungsverstarkeranordnung nach An-
spruch 1, dadurch gekennzeichnet, dass sie in
dem zweiten parallelen Verstarkerzweig einen li-
nearen Verstarker (105, LPA) umfasst.
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Linearleistungsverstarkeranordnung nach An-
spruch 1, dadurch gekennzeichnet, dass sie in
dem zweiten parallelen Verstarkerzweig eine Rei-
henschaltung aus einem Vorverzerrer (PRED) und
einem nichtlinearen Verstarker (NPA) umfasst.

Linearleistungsverstarkeranordnung nach An-
spruch 1, dadurch gekennzeichnet, dass sie we-
nigstens zwei parallele Verstarkerzweige, die je-
weils eine getrennte Reihenschaltung aus einem
Vorverzerrer (PRED) und einem nichtlinearen Ver-
starker (NPA) aufweisen, umfasst und zusatzlich
parallele Verstarkerzweige in einer Anzahl umfasst,
die gleich einer von null verschiedenen ganzen Zahl
ist, die jeweils einen linearen Verstarker (LPA) auf-
weisen.

Linearleistungsverstarkeranordnung nach An-
spruch 1, dadurch gekennzeichnet, dass sie ei-
nen ersten einstellbaren Phasenschieber (405) in
dem ersten parallelen Verstarkerzweig, einen zwei-
ten einstellbaren Phasenschieber (404) in dem
zweiten parallelen Verstarkerzweig und einen Pha-
sendetektor (407), der so beschaffen ist, dass er die
Phasen von Signalen in dem ersten und in dem
zweiten parallelen Verstarkerzweig vergleicht und
zumindest einen der ersten und zweiten einstellba-
ren Phasenschieber in Reaktion auf den Vergleich
der Phasen einstellt, umfasst.

Funkkommunikationsvorrichtung zum Verarbeiten
und Senden eines Hochfrequenzsignals mit einer
auswahlbaren Sendeleistung, die eine Linearlei-
stungsverstarkeranordnung (710) nach Anspruch 1
umfasst.

Funkkommunikationsvorrichtung nach Anspruch 6,
dadurch gekennzeichnet, dass sie ein Endgeréat
eines Zellenfunksystems ist, das mehrere Basissta-
tionen umfasst und einen Steuerblock (108, 303,
408, 709) zum Steuern des Betriebs der Auswahl-
mittel, um die wahlweise Lenkung des zu senden-
den Hochfrequenzsignals entweder durch den er-
sten oder durch den zweiten parallelen Verstarker-
zweig in Ubereinstimmung mit einem gew(inschten
Sendeleistungspegel der Funkkommunikationsvor-
richtung auszufiihren, enthalt, wobei der Steuer-
block so beschaffen ist, dass er Leistungssteue-
rungsnachrichten, die von einer Basisstation emp-
fangen werden, verarbeitet und den Bedarf an der
Auswahl eines neuen parallelen Verstarkerzweigs
in der Linearleistungsverstarkeranordnung anhand
der verarbeiteten Leistungsteuerungsnachrichten
ermittelt.

Funkkommunikationsvorrichtung nach Anspruch 7,
dadurch gekennzeichnet, dass sie ein Endgerét
eines Zellenfunksystems ist, das eine kontinuierli-
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10.

che Phasenmodulation verwendet, wobei die Funk-
kommunikationsvorrichtung in Verbindung mit der
Linearleistungsverstarkeranordnung einen ersten
einstellbaren Phasenschieber (405) in dem ersten
parallelen Verstarkerzweig, einen zweiten einstell-
baren Phasenschieber (404) in dem zweiten paral-
lelen Verstarkerzweig sowie einen Phasendetektor
(406), der so beschaffen ist, dass er die Phasen von
Signalen in dem ersten und in dem zweiten paral-
lelen Verstarkerzweig vergleicht und wenigstens ei-
nen der ersten und zweiten einstellbaren Phasen-
schieber in Reaktion auf den Vergleich der Phasen
einstellt, umfasst.

Verfahren zum Einstellen der Ausgangsleistung ei-
ner Linearleistungsverstarkeranordnung, die einen
ersten parallelen Verstarkerzweig und einen zwei-
ten parallelen Verstarkerzweig umfasst, dadurch
gekennzeichnet, dass es die folgenden Schritte
umfasst:

- zunadchst Wahlen des zweiten parallelen Ver-
starkerzweigs flr den Betrieb,

- Wahlen des ersten parallelen Verstarkerzweigs
fur den Betrieb in Ubereinstimmung mit einer
erforderlichen Ausgangsleistung der Lei-
stungsverstarkeranordnung,

- im ersten parallelen Verstarkerzweig nichtli-
neares Vorverzerren des zu verstarkenden Si-
gnals und anschlieRend nichtlineares Verstar-
ken dieses Signals, so dass sich die Nichtlinea-
ritdten der Vorverzerrung und der Verstarkung
im Wesentlichen gegenseitig aufheben,

- Ermoglichen (804) der Lenkung des zu verstar-
kenden Signals sowohl zu dem ersten paralle-
len Verstarkerzweig als auch zu dem zweiten
parallelen Verstarkerzweig,

- Messen (805, 806) einer Phasendifferenz zwi-
schen den Signalen in dem ersten parallelen
Verstarkerzweig und in dem zweiten parallelen
Verstarkerzweig,

- Verschieben (805, 806) der Phase des Signals
in wenigstens einem der parallelen Verstarker-
zweige, damit sie mit der Phase des Signals in
dem jeweils anderen parallelen Verstarker-
zweig Ubereinstimmt,

- Lenken (807) des in dem ersten parallelen Ver-
starkerzweig verstarkten Signals aus der
Linearleistungsverstarkeranordnung als deren
Ausgangssignal und

- Sperren (808) der Lenkung des zu verstarken-
den Signals zu dem zweiten parallelen Verstar-
kerzweig.

Verfahren nach Anspruch 9, dadurch gekenn-
zeichnet, dass es ferner die folgenden Schritte um-
fasst:
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- in Verbindung mit der Freigabe der Lenkung
des zu verstarkenden Signals sowohl zu dem
ersten parallelen Verstarkerzweig als auch zu
dem zweiten parallelen Verstarkerzweig Erho-
hen (804) des Verstarkungsfaktors des zweiten
parallelen Verstarkerzweigs und

- in Verbindung mit dem Sperren der Lenkung
des zu verstarkenden Signals zu dem zweiten
parallelen Verstarkerzweig Erniedrigen (808)
des Verstarkungsfaktors des ersten parallelen
Verstarkerzweigs.

Revendications

Montage amplificateur a puissance linéaire (100,
300) pour fournir une quantité sélectionnable d'am-
plification a un signal radioélectrique devant étre
amplifié, comprenant une premiére branche d'am-
plification paralléle et une deuxiéme branche d'am-
plification paralléle et des moyens de sélection
(102, 103, 301, 302, 401, 402, 403) pour acheminer
a l'une des branches d'amplification paralléles le si-
gnal radioélectrique devant étre amplifié, caracté-
risé en ce que:

- la premiére branche d'amplification paralléle
comprend un montage en série d'un dispositif
de distorsion préalable (107 PRED) et d'un am-
plificateur non-linéaire (106 NPA), ledit dispo-
sitif de distorsion préalable étant configuré pour
compenser la non-linéarité dudit amplificateur
non-linéaire,

- la premiére branche d'amplification paralléle
est dimensionnée pour une efficacité maximale
a l'extrémité supérieure d'une gamme dynami-
que du montage amplificateur de puissance,

- la deuxiéme branche d'amplification paralléle
est dimensionnée pour une efficacité maximale
al'extrémité inférieure de la gamme dynamique
et

- le montage amplificateur a puissance linéaire
(100, 300) comprend un déphaseur réglable
(404, 405) dans I'une au moins des branches
d'amplification paralléles et un détecteur de
phase (407) configuré pour comparer les pha-
ses des signaux dans la premiére et dans la
deuxiéme branche d'amplification paralléle et
pour régler ledit déphaseur (404, 405) en ré-
ponse a ladite comparaison des phases.

Le montage amplificateur a puissance linéaire se-
lon la revendication 1, caractérisé en ce qu'il com-
prend, dans la deuxiéme branche d'amplification
paralléle, un amplificateur linéaire (105, LPA)
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3.

Le montage amplificateur a puissance linéaire se-
lon la revendication 1, caractérisé en ce qu'il com-
prend, dans la deuxiéme branche d'amplification
paralléle, un montage en série d'un dispositif de dis-
torsion préalable (PRED) et d'un amplificateur non-
linéaire (NPA).

Le montage amplificateur a puissance linéaire se-
lon la revendication 1, caractérisé en ce qu'il com-
prend au moins deux branches d'amplification pa-
ralléles comportant chacune un montage en série,
distinct, d'un dispositif de distorsion préalable
(PRED) et d'un amplificateur non-linéaire (NPA), et
en plus, un nombre entier non nul de branches
d'amplification paralléles ayant chacune un ampli-
ficateur linéaire (LPA).

Le montage amplificateur a puissance linéaire se-
lon la revendication 1, caractérisé en ce qu'il com-
prend un premier déphaseur réglable (405) dans la
premiére branche d'amplification parallele, un
deuxiéme déphaseur réglable (404) dans la deuxie-
me branche d'amplification paralléle et un détecteur
de phase (407).

Un dispositif de radiocommunication pour traiter et
émettre un signal de radiofréquence a une puissan-
ce d'émission sélectionnable, comprenant un mon-
tage amplificateur a puissance linéaire (710) selon
la revendication 1.

Le dispositif de radiocommunication selon la reven-
dication 6, caractérisé en ce qu'il s'agit d'un termi-
nal d'un systéme radio cellulaire comprenant un
certain nombre de stations de base et qu'il com-
prend un bloc de commande (108, 303, 408, 709)
pour commander le fonctionnement dudit moyen de
sélection afin d'établir 'acheminement du signal de
radiofréquence devant étre transmis par la premie-
re ou par la deuxieme branche d'amplification pa-
ralléle en fonction du niveau souhaité de puissance
d'émission du dispositif de radiocommunication, le-
dit bloc de commande étant de ce fait configuré
pour traiter des messages de commande de puis-
sance regus en provenance d'une station de base
et établir la nécessité de sélectionner une nouvelle
branche d'amplification paralléle dans le montage
amplificateur a puissance linéaire en fonction des
messages de commande de puissance traités.

Le dispositif de radiocommunication selon la reven-
dication 7, caractérisé en ce qu'il s'agit d'un termi-
nal d'un systéme radio cellulaire utilisant une mo-
dulation de phase continue, le dispositif de radio-
communication comprenant de ce fait, conjointe-
ment au montage amplificateur a puissance linéai-
re, un premier déphaseur réglable (405) dans la
premiére branche d'amplification paralléle, un se-
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cond déphaseur réglable (404) dans la deuxiéme
branche d'amplification paralléle et un détecteur de
phase (406) configuré pour comparer les phases de
signaux dans les premiére et deuxiéme branches
d'amplification paralléles et régler au moins I'un
desdits premier et second déphaseurs réglables en
réponse a ladite comparaison de phases.

Procédé pour régler la puissance de sortie d'un
montage amplificateur a puissance linéaire com-
prenant une premiére branche d'amplification pa-
ralléle et une deuxiéme branche d'amplification pa-
ralléle, caractérisé en ce qu'il comprend les éta-
pes consistant a :

sélectionner la deuxiéme branche d'amplifica-
tion paralléle pour sa mise en marche,

- sélectionner la premiére branche d'amplifica-
tion paralléle pour sa mise en marche en fonc-
tion d'une puissance de sortie requise du mon-
tage amplificateur de puissance,

- dans la premiere branche d'amplification paral-
lele, exécuter une distorsion préalable du si-
gnal devant étre amplifié et ensuite I'amplifier
non-linéairement de sorte que les non-linéari-
tés de la distorsion préalable et de I'amplifica-
tion s'annulent essentiellement I'une l'autre,

- activer (804) I'acheminement du signal devant
étre amplifié tant vers la premiére branche
d'amplification paralléle que vers la deuxieme
branche d'amplification paralléle,

- mesurer (805, 806) une différence de phase
entre les signaux dans la premiére branche
d'amplification paralléle et dans la deuxiéme
branche d'amplification paralléle.

- décaler (805, 806) la phase du signal dans I'une
au moins des branches d'amplification paralle-
les pour la faire coincider avec la phase du si-
gnal dans l'autre branche d'amplification paral-
léle,

- acheminer (807) le signal amplifié dans la pre-
miere branche d'amplification paralléle hors du
montage amplificateur a puissance linéaire en
tant que son signal de sortie et

- désactiver (808) I'acheminement du signal de-
vant étre amplifié vers la deuxieme branche
d'amplification parallele.

Le procédé selon la revendication 9, caractérisé
en ce qu'il comprend les étapes consistant a :
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10

en association avec l'opération d'activation de
I'acheminement du signal devant étre amplifié
tant vers la premiére branche d'amplification
paralléle que vers la deuxieme branche d'am-
plification paralléle, augmenter (804) le facteur
de gain de la deuxieme branche d'amplification
paralléle et

en association avec l'opération de désactiva-
tion de I'acheminement du signal devant étre
amplifié vers la deuxieme branche d'amplifica-
tion paralléle, diminuer (808) le facteur de gain
de la premiere branche d'amplification parallé-
le.
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