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(57) Abstract: This distortion compensator apparatus is a distortion compensator apparatus compensating nonlinearity of an am-
plifier and includes: a memory storing a compensation parameter used for correcting an input signal of the amplifier; a compensator
correcting the input signal of the amplifier based on the compensation parameter; and an update controller updating the compensation
parameter according to an operation state of the amplifier.
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Description

DISTORTION COMPENSATOR APPARATUS, AMPLIFIER
APPARATUS, TRANSMITTER, AND METHOD OF COM-

[0001]

[0002]

[0003]

[0004]

PENSATING DISTORTION
Technical Field

The present invention relates to a distortion compensator apparatus, for example,
compensating nonlinearity of an amplifier, an amplifier apparatus and a transmitter
whose nonlinearity is compensated, and a method of compensating distortion.
Background Art

As speed and data volume of radio communication increases, there has arisen an in-
creasing demand for accurate linearity of an amplifier, in particular, a power amplifier,
but in the power amplifier, input power is in a trade-off relation with linearity and ef-
ficiency. That is, when an input signal is small, linearity and efficiency are high, and
when the input signal is large, linearity and efficiency are low. Therefore, there have
been proposed techniques to compensate nonlinearity of a power amplifier so as to
achieve high linearity and high efficiency even when an input signal is large.

As techniques to compensate nonlinearity of a power amplifier, there have been
known techniques such as a negative feedback method, a feed-forward method, an
analog pre-distortion method in which the nonlinearity is compensated in an analog
signal stage. In recent years, a digital pre-distortion method has been drawing attention
which estimates a characteristic of a power amplifier by using digital signal processing
and gives inverse distortion to a digital signal in advance (see, for example, JP-A
2001-36353 (KOKAD)).

A pre-distortion method disclosed in JP-A 2001-36353 (KOKAI) combines the com-
pensation of an amplitude characteristic and the compensation of a phase charac-
teristic. Specifically, as the compensation of the amplitude characteristic, amplitudes V;
, V, of output baseband signals I, Q of roll-off filters are first inputted to polynomial
operation units, which then perform a polynomial operation to compensate an
amplitude-amplitude characteristic (hereinafter, it will be referred to as an "amplitude
characteristic", and similarly, an "amplitude-phase characteristic" will be referred to as
a "phase characteristic".). Then, as the compensation of the phase characteristic, a
power calculator calculates power (square sum) by using signals g(V;), g(V,) resulting
from the compensation of the amplitude characteristic, and based on the calculation
result, a compensation value is read from a table storing an inverse characteristic of the
phase characteristic of the power amplifier, and the compensation value and the signals

resulting from the compensation of the amplitude characteristic are multiplied. With a
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[0005]

[0006]

[0007]

[0008]

[0009]

small-capacity table memory and a small-scale arithmetic logic, this procedure is

executed, thereby realizing the compensation of nonlinearity of the power amplifier.
Generally, the operation state of a power amplifier changes depending on a sur-

rounding environment and a characteristic of a signal to be amplified, and therefore,
according to such a change, a compensation value or a compensation coefficient used
for compensating the amplitude characteristic and the phase characteristic need to be
updated in order to ensure linearity of the power amplifier. However, since the update
of the compensation value or the compensation coefficient requires power con-
sumption, there is a demand for a technique to realize both linearity of the power
amplifier and reduced power consumption.

Patent Citation 1: Patent 2001-036353

Disclosure of Invention

Technical Problem

As described above, conventional distortion compensator apparatuses, amplifier ap-
paratuses, transmitters, and methods of compensating distortion have a problem that it
is difficult to realize both ensuring linearity and reducing power consumption. The
present invention was made to solve such a problem and an object thereof is to provide
a distortion compensator apparatus, an amplifier apparatus, a transmitter, and a method
of compensating distortion capable of both ensuring linearity of an amplifier and

reducing power consumption.

Technical Solution

To attain the above object, a distortion compensator apparatus of a first aspect of the
present invention is a distortion compensator apparatus compensating nonlinearity of
an amplifier and includes: a memory storing a compensation parameter used for com-
pensating an input signal of the amplifier; a compensator correcting the input signal of
the amplifier based on the compensation parameter; and an update controller updating
the compensation parameter according to an operation state of the amplifier.

An amplifier apparatus of a second aspect of the present invention includes: an
amplifier; a memory storing a compensation parameter used for correcting an input
signal of the amplifier in order to compensate nonlinearity of the amplifier; a com-
pensator correcting the input signal of the amplifier based on the compensation
parameter; and an update controller updating the compensation parameter according to
an operation state of the amplifier.

A transmitter of a third aspect of the present invention includes the amplifier
apparatus of the second aspect of the present invention; and a modulator modulating
the input signal corrected by the compensator to input the modulated input signal to the

amplifier.
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[0010] A method of compensating distortion of a fourth aspect of the present invention is a
method of compensating distortion for compensating nonlinearity of an amplifier and
includes: storing in a memory a compensation parameter used for correcting an input
signal of the amplifier; correcting the input signal of the amplifier based on the com-
pensation parameter; and updating the compensation parameter according to the
operation state of the amplifier.

Advantageous Effects

[0011]  According to the present invention, it is possible both to ensure linearity of an
amplifier and to reduce power consumption.
Brief Description of the Drawings

[0012] [fig.1]Fig. 1 is a block diagram showing the configuration of a transmitter according to
one embodiment of the present invention.

[fig.2]Fig. 2 is a block diagram showing an overview of a distortion compensator of
this embodiment.

[fig.3]Fig. 3 is a block diagram showing the configuration of the distortion com-
pensator of this embodiment in detail.

[fig.4]Fig. 4 is a flowchart showing an operation of the distortion compensator of this
embodiment.

[fig.5]Fig. 5 is a flowchart showing an operation of an update controller of this em-
bodiment.

[fig.6]Fig. 6 is a flowchart showing an operation of the update controller of this em-
bodiment.

[fig.7]Fig. 7 is a flowchart showing an operation of the update controller of this em-
bodiment.

[fig.8]Fig. 8 is a block diagram showing another example of the update controller of
this embodiment.

[fig.9]Fig. 9 is a block diagram showing a concrete example of a monitor signal
generator of this embodiment.

[fig.10]Fig. 10 is a block diagram showing a concrete example of the monitor signal
generator of this embodiment.

[fig.11]Fig. 11 is a block diagram showing a concrete example of the monitor signal
generator of this embodiment.

[fig.12]Fig. 12 is a block diagram showing a concrete example of the monitor signal
generator of this embodiment.

[fig.13]Fig. 13 is a block diagram showing a concrete example of the monitor signal
generator of this embodiment.

[fig.14]Fig. 14 is a block diagram showing a concrete example of the monitor signal
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[0013]

[0014]

[0015]

[0016]

generator of this embodiment.
[fig.15]Fig. 15 is a block diagram showing a concrete example of the monitor signal
generator of this embodiment.
Explanation of Reference

1 transmitter

10 data generator

20 distortion compensator

21 amplitude characteristic compensator

22 phase characteristic compensator

23 amplitude characteristic calculator

24 phase characteristic calculator

25 update controller

30 D/A converter

40 low pass filter

50 quadrature modulator

60 power amplifier

70 antenna

80 to 87 monitor signal generator

Best Mode for Carrying Out the Invention

In a distortion compensator apparatus, an amplifier apparatus, a transmitter, and a
method of compensating distortion according to an embodiment of the present
invention, compensation data of an amplitude characteristic and compensation data of
a phase characteristic are updated by utilizing a change in a nonlinear characteristic of
an amplifier which occurs according to a change in the amplifier and its surrounding
environment.

Hereinafter, an embodiment of the present invention will be described in detail with
reference to the drawings. Fig. 1 is a block diagram showing a transmitter according to
the embodiment of the present invention including a distortion compensator com-
pensating nonlinearity of a power amplifier. As shown in Fig. 1, a transmitter 1 of this
embodiment includes a data generator 10, a distortion compensator 20, a D/A
converter (DAC) 30, a lower pass filter (LPF) 40, a quadrature modulator 50, a power
amplifier 60, an antenna 70, and a monitor signal generator 80.

The data generator 10 generates a transmission signal to be transmitted by the
transmitter 1. Various types are usable as the data generator 10 depending on the kind
of transmitted information. For example, if the transmitted information is sound, the
data generator 10 is constituted by a microphone, an A/D converter, or the like. If the

transmitted information is digital data, the data generator 10 is constituted by a
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[0017]

[0018]

[0019]

[0020]

computer terminal or the like. Alternatively, information transmitted from an external
part of the transmitter 1 may be inputted as digital data. In this embodiment, as the
transmission signal, the data generator 10 outputs two signals, that is, digital baseband
signals I and Q.

The distortion compensator 20 is a signal processor compensating nonlinear
distortion occurring in the power amplifier 60 and is a so-called pre-distorter. The
distortion compensator 20 has a function of compensating an amplitude characteristic
and a phase characteristic of the inputted transmission signals in a predetermined
manner. Further, the distortion compensator 20 is capable of updating compensation
data (hereinafter, sometime referred to as a "compensation value" or a "compensation
coefficient") of the amplitude characteristic and compensation data of the phase char-
acteristic, based on a monitor signal obtained from the power amplifier 60 via the
monitor signal generator 80. The distortion compensator 20 processes the transmission
signals received from the data generator 10 so that the transmission signals have an
inverse characteristic of a nonlinear region of the power amplifier 60, and sends the
resultant signals to the D/A converter 30.

The D/A converter 30 converts the digital signals outputted from the distortion com-
pensator 20 to analog signals. The D/A converter 30 sends the analog-converted
transmission signals to the low pass filter 40. The low pass filter 40, which is intended
to remove noise and folding noise generated by the conversion processing in the D/A
converter 30, filters the received transmission signals to send the resultant signals to
the quadrature modulator 50.

The quadrature modulator 50 quadrature-modulates the inputted baseband signals I"
and Q" to output the resultant signal as the transmission signal to the power amplifier
60. The power amplifier 60 amplifies the transmission signal resulting from the
quadrature modulation to predetermined output power. The antenna 70 radiates the
transmission signal amplified by the power amplifier 60 as a radio wave.

The monitor signal generator 80 is an amplifier monitor monitoring the state of the
power amplifier 60. According to the state of the power amplifier 60, the monitor
signal generator 80 generates a monitor signal controlling the update of the com-
pensation data which are used by the distortion compensator 20 for distortion com-
pensation processing. As the monitor signal, usable are parameters correlated with a
change in a characteristic function in the power amplifier, such as, for example, power
of the transmission signal outputted from the power amplifier 60, an adjacent channel
leakage ratio of the power amplifier 60, a gain occurring in an analog signal processing
system such as the D/A converter 30 and the quadrature modulator 50, a phase
difference occurring in the analog signal processing system, a characteristic coefficient

of the power amplifier 60, temperature of the power amplifier 60, a frequency of the
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[0021]

(0022]

[0023]

[0024]

[0025]

transmission signal, and the like. The monitor signal generated by the monitor signal
generator 80 is sent to the distortion compensator 20.

In this transmitter 1, the digital baseband signals I, Q generated by the data generator
10 are inputted to the distortion compensator 20, and the distortion compensator 20
applies the distortion compensation processing to the baseband signals I, Q. The D/A
converter 30 converts the distortion-compensated baseband signals to analog baseband
signals to input them to the low pass filter 40. The low pass filter 40 cuts high-band
components (noise components) from the inputted signals to send the resultant signals
to the quadrature modulator 50. The quadrature modulator 50 quadrature-modulates
the received signals to send the resultant signal to the power amplifier 60. At this time,
the transmission signal is converted to a predetermined frequency. The power amplifier
60 amplifies the transmission signal to predetermined power to send the amplified
transmission signal to the antenna 70.

Here, the monitor signal generator 80 monitors the state of the power amplifier 60 to
generate the monitor signal indicating the state of the power amplifier 60, and sends
the generated monitor signal to the distortion compensator 20. According to the
monitor signal, the distortion compensator 20 updates the compensation data used in
the distortion compensator 20.

According to the transmitter of this embodiment, since the monitor signal indicating
the operation state of the power amplifier is generated and the compensation data of
the distortion compensator is updated based on the monitor signal, it is possible both to
ensure linearity of the power amplifier and to reduce power consumption.

Next, the configuration of the distortion compensator 20 of this embodiment will be
described with reference to Fig. 2 and Fig. 3. As shown in Fig. 2, the distortion com-
pensator 20 of this embodiment includes an amplitude characteristic compensator 21, a
phase characteristic compensator 22, an amplitude characteristic calculator 23, a phase
characteristic calculator 24, and an update controller 25.

The amplitude characteristic compensator 21 is a signal processor compensating the
amplitude characteristic of the baseband signals I, Q inputted from the data generator
10. The amplitude characteristic compensator 21 corrects the inputted baseband signals
with an inverse characteristic of the amplitude characteristic out of nonlinear charac-
teristics of the power amplifier 60, to ensure linearity of the power amplifier 60.
Further, the phase characteristic compensator 22 is a signal processor compensating the
phase characteristic of baseband signals I', Q' resulting from the correction by the
amplitude characteristic compensator 21. The phase characteristic compensator 22
corrects the baseband signals I', Q' with an inverse characteristic of the phase charac-
teristic out of the nonlinear characteristics of the power amplifier 60, to ensure linearity

of the power amplifier 60.
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[0026]

[0027]

[0028]

(0029]

The amplitude characteristic calculator 23 is an arithmetic processor for performing
predetermined arithmetic processing in order to update the compensation data used in
the amplitude characteristic compensator 21. Further, the phase characteristic
calculator 24 is an arithmetic processor for performing predetermined arithmetic
processing in order to update the compensation data used in the phase characteristic
compensator 22. The update controller 25 controls an update of the content to decide
the timing for updating the respective compensation data used in the amplitude charac-
teristic compensator 21 and the phase characteristic compensator 22, based on the
monitor signal sent from the monitor signal generator 80. The update controller 25 has
a function of determining which compensation data is appropriate as the content to be
updated. For example, the update controller 25 determines whether only the com-
pensation data of the amplitude characteristic should be updated, only the com-
pensation data of the phase characteristic should be updated, the compensation data of
both the amplitude characteristic and the phase characteristic should be updated, or the
like. The update controller 25 also has a function of instructing the amplitude charac-
teristic calculator 23 and/or the phase characteristic calculator 24 which timing each of
the compensation data is to be updated.

When receiving the monitor signal from the monitor signal generator 80, the update
controller 25 decides, based on the monitor signal, whether or not the compensation
data of the amplitude characteristic and/or the phase characteristic should be updated
and what is the timing of the update, and if the update is necessary, the update
controller 25 instructs the amplitude characteristic calculator 23 and the phase charac-
teristic calculator 24 to calculate the compensation data. The amplitude characteristic
calculator 23 and the phase characteristic calculator 24 receiving the instruction update
the compensation data used in the amplitude characteristic compensator 21 and the
phase characteristic compensator 22.

The amplitude characteristic compensator 21 compensates the amplitude charac-
teristic of the transmission signals to send the resultant transmission signals to the
phase characteristic compensator 22, and the phase characteristic compensator 22 com-
pensates the phase characteristic of the transmission signals whose amplitude charac-
teristics have been compensated. After the compensation data used in the amplitude
characteristic compensator 21 and the phase characteristic compensator 22 are updated,
the amplitude characteristic compensator 21 and the phase characteristic compensator
22 execute the compensation for the transmission signals based on the updated com-
pensation data.

In this manner, according to the distortion compensator apparatus of this em-
bodiment, since the amplitude characteristic and/or the phase characteristic are/is com-

pensated at a predetermined timing based on the monitor signal, each of the charac-
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[0030]

[0031]

[0032]

[0033]

teristics can be compensated at an independent timing, which can realize both effective
distortion compensation processing and reduced power consumption.

Next, the configurations of the amplitude characteristic compensator 21, the phase
characteristic compensator 22, the amplitude characteristic calculator 23, the phase
characteristic calculator 24, and the update controller 25 according to this embodiment
will be described in detail. As shown in Fig. 3, the amplitude characteristic com-
pensator 21 includes a real multiplier 211, an amplitude calculator 212, and an
amplitude inverse characteristic table 213. The phase characteristic compensator 22
includes a complex multiplier 221, an amplitude calculator 222, and a phase inverse
characteristic table 223. The update controller 25 includes a subtracter 251, a memory
252, a mode table 253, a determining unit 254, and a sequencer 255. The amplitude
characteristic calculator 23 functions as an amplitude characteristic calculator 231 cal-
culating the compensation data of the amplitude characteristic, and the phase charac-
teristic calculator 24 functions as a phase characteristic calculator 241 calculating the
compensation data of the phase characteristic.

The real multiplier 211 is an arithmetic processor for performing multiplication
processing on real number parts of the digital baseband signals as the transmission
signals. The amplitude calculator 212 is an arithmetic processor for calculating an
amplitude value of the above baseband signals. The amplitude inverse characteristic
table 213 is a definition memory storing the amplitude values of the baseband signals
and compensation coefficients of the corresponding amplitude characteristic in corres-
pondence to each other.

The complex multiplier 221 is an arithmetic processor for performing multiplication
processing on complex number parts of the baseband signals resulting from the multi-
plication processing by the real multiplier 211. The amplitude calculator 222 cor-
responds to the amplitude calculator 212, and is an arithmetic processor for calculating
an amplitude value of the baseband signals resulting from the multiplication processing
by the real multiplier 211. The phase inverse characteristic table 241 is a definition
memory storing the amplitude values of the baseband signals resulting from the multi-
plication processing by the real multiplier 211 and compensation coefficients of the
corresponding phase characteristic in correspondence to each other.

The subtracter 251 is an arithmetic processor for calculating a difference between a
monitor signal sent from the monitor signal generator 80 and a monitor signal received
at the time of the last update processing. That is, the subtracter 251 operates to
calculate a difference between the former monitor signal and the latter monitor signal
which are consecutive in time series, thereby calculating a variation width of the
monitor signals. The memory 252 is a memory storing, as a reference signal, the

monitor signal received at the time of the last update processing. The mode table 253 is
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[0034]

[0035]

[0036]

[0037]

[0038]

a memory storing the contents for which the compensation coefficient of the distortion
compensator 20 is to be updated (update modes). The determining unit 254 compares
the difference calculated by the subtracter 251 and a not-shown threshold value, and
when the difference exceeds the threshold value, selects an appropriate mode from the
update modes stored in the mode table 253. The sequencer 255 instructs the amplitude
characteristic calculator 231 and the phase characteristic calculator 241, based on the
update mode selected by the determining unit 254, that the compensation coefficient of
the amplitude characteristic and the phase characteristic be updated and at which
timing the update should be made.

When receiving the baseband signals I, Q as the transmission signals from the data
generator 10, the amplitude calculator 212 calculates the amplitude value of the
baseband signals I, Q to send the result to the real multiplier 211. Next, by using the
received amplitude value, the real multiplier 211 reads the compensation coefficient of
the amplitude characteristic from the amplitude inverse characteristic table 213. The
real multiplier 211 performs the multiplication processing on the baseband signals I, Q
and the read compensation coefficient to compensate the amplitude characteristic.

After the amplitude characteristic is compensated, the amplitude calculator 222
calculates the amplitude value of the signals I', Q' resulting from the compensation of
the amplitude characteristic to send the result to the complex multiplier 221. Next, by
using the received amplitude value, the complex multiplier 221 reads the compensation
coefficient of the phase characteristic from the phase inverse characteristic table 223.
Then, the complex multiplier 221 performs the complex multiplication processing on
the baseband signals I', Q' which result from the amplitude characteristic correction,
and the read compensation coefficient, thereby compensating the phase characteristic.
Transmission signals (baseband signals I", Q") resulting from the compensation of the
amplitude characteristic and the phase characteristic are sent to the D/A converter 30.

Here, an update determining operation of the update controller 25 will be described
in detail with reference to Fig. 4. When receiving a monitor signal from the monitor
signal generator 80, the subtracter 251 calculates a difference value "D" (called as
"delta") between the received monitor signal and a monitor signal received at the time
of the last update which is stored in the memory 252 (step 301. Such steps will be
hereinafter written as "S301" and the like). After calculating the difference value "D",
the subtracter 251 sends the difference result to the determining unit 254.

The determining unit 254 compares the received difference value "D" and a threshold
value "s" (called as "sigma") held by the determining unit 254 (S302).

When the difference value "D" is equal to or smaller than the threshold value "s" (No
at S302), the determining unit 254 does not give any instruction to update the com-

pensation data. The subtracter 251 continues the subtraction processing of monitor
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signals.

[0039] When the difference value "D" exceeds the threshold value "s" (Yes at S302), the de-
termining unit 254 reads an appropriate update mode corresponding to the threshold
value from the mode table 253 to send the read update mode to the sequencer 255.
According to the received update mode, the sequencer 255 instructs the amplitude
characteristic calculator 231 and/or the phase characteristic calculator 241 to calculate
the compensation data of the amplitude characteristic and/or the phase characteristic
(S303). For example, when receiving an update mode in which the amplitude charac-
teristic and the phase characteristic are both compensated, the sequencer 255 instructs
both the amplitude characteristic calculator 231 and the phase characteristic calculator
241 to calculate the respective compensation data at a predetermined timing.

[0040]  Next, a compensation data calculation instructing operation of the update controller
25 will be described in detail with reference to Fig. 5. When receiving the update mode
from the determining unit 254 (S310), the sequencer 255 determines which mode the
update mode is (S311).

[0041] When the update mode is an AM mode, that is, a mode in which only the com-
pensation data of the amplitude characteristic is updated (Yes at S311), the sequencer
255 instructs the amplitude characteristic calculator 231 to calculate the compensation
data of the amplitude characteristic. When receiving the instruction to calculate the
compensation data of the amplitude characteristic, the amplitude characteristic
calculator 231 calculates predetermined amplitude characteristic compensation data
(S312).

[0042]  After calculating the compensation data, the amplitude characteristic calculator 231
saves the compensation data in the amplitude inverse characteristic table 213 (S313).

[0043]  When the update mode is a PM mode, that is, a mode in which only the com-
pensation data of the phase characteristic is updated (Yes at S314), the sequencer 255
instructs the phase characteristic calculator 241 to calculate the compensation data of
the phase characteristic. When receiving the instruction to calculate the compensation
data of the phase characteristic, the phase characteristic calculator 241 calculates pre-
determined phase characteristic compensation data (S315).

[0044]  After calculating the compensation data, the phase characteristic calculator 241 saves
the compensation data in the phase inverse characteristic table 223 (S316).

[0045] When the update mode is an AM+PM mode, that is, a mode in which the com-
pensation data of the amplitude characteristic and the phase characteristic are updated
(No at S314), the sequencer 255 instructs the amplitude characteristic calculator 231 to
calculate the compensation data of the amplitude characteristic and also instructs the
phase characteristic calculator 241 to calculate the compensation data of the phase

characteristic.
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[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

When receiving the instruction to calculate the compensation data of the amplitude
characteristic, the amplitude characteristic calculator 231 calculates predetermined
amplitude characteristic compensation data (S317). Further, when receiving the in-
struction to calculate the compensation data of the phase characteristic, the phase char-
acteristic calculator 241 calculates predetermined phase characteristic compensation
data (S318).

After calculating the compensation data, the amplitude characteristic calculator 231
saves the compensation data in the amplitude inverse characteristic table 213 and the
phase characteristic calculator 241 saves the compensation data in the phase inverse
characteristic table 223 (S319).

As described above, in the distortion compensator apparatus, the amplifier apparatus,
the transmitter, and the method of compensating distortion of this embodiment, since
the compensation data for distortion compensation is updated based on the monitor
signal indicating the operation state of the power amplifier, it is possible both to ensure
linearity of the power amplifier and to reduce power consumption. Further, in the
distortion compensator apparatus, the amplifier apparatus, the transmitter, and the
method of compensating distortion of this embodiment, since the update of the com-
pensation data for the distortion compensation can be set in detail according to the
monitor signal, detailed setting can be made for the distortion compensation. That is,
according to the state of the power amplifier, it is possible to update only the com-
pensation data of the amplitude characteristic, update only the compensation data of
the phase characteristic, or update the compensation data of both the amplitude charac-
teristic and the phase characteristic together.

Here, the monitor signal indicating the operation state of the power amplifier can
indicate output power of the power amplifier, a gain of an analog stage, a phase
difference in the analog stage, temperature of the power amplifier, a used frequency, a
characteristic coefficient of the power amplifier, and an adjacent channel leakage ratio.
Further, the compensation data may be updated every predetermined time by using a
timer instead of using the monitor signal.

Next, another example of the update determining operation of the update controller
25 will be described in detail with reference to Fig. 6. In the operation example in Fig.
6, a monitor signal is obtained again immediately after the compensation data of the
amplitude characteristic is updated, and if a difference value still exceeds the threshold
value, the compensation data of the phase characteristic is updated.

The determining unit 254 sets in advance the update mode to the AM mode in which
the compensation data of the amplitude characteristic is updated (S320).

When receiving a monitor signal from the monitor signal generator 80, the subtracter

251 calculates a difference value "D" between the received monitor signal and a
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

monitor signal received at the time of the last update which is stored in the memory
253 (S321). After calculating the difference value "D", the subtracter 251 sends the
difference result to the determining unit 254.

The determining unit 254 compares the received difference value "D" and a threshold
value "s" held by the determining unit 254 (S322).

When the difference value "D" is equal to or smaller than the threshold value "s" (No
at S322), the determining unit 254 does not give any instruction to update the com-
pensation data, and when the processing should be continued, the determining unit 254
sets the update mode to the initial value, that is, the AM mode (No at S330), and the
subtracter 251 continues the subtraction processing of monitor signals.

When the difference value "D" exceeds the threshold value "s" (Yes at $322), the de-
termining unit 254 sends the current update mode to the sequencer 255. The sequencer
255 determines which mode the received update mode is (S323).

Since the update mode as the initial value is the AM mode (Yes at S323), the
sequencer 255 instructs the amplitude characteristic calculator 231 to calculate the
compensation data of the amplitude characteristic. The amplitude characteristic
calculator 231 receiving the instruction calculates predetermined amplitude charac-
teristic compensation data (S324).

After calculating the compensation data, the amplitude characteristic calculator 231
saves the compensation data in the amplitude inverse characteristic table (S325).

After sending the update mode to the sequencer 255, the determining unit 254 sets
the update mode to the PM mode in which the compensation data of the phase charac-
teristic is updated (S326).

When receiving a monitor signal from the monitor signal generator 80, the subtracter
251 continues to calculate a difference value "D" between the received monitor signal
and the monitor signal received at the time of the last update which is stored in the
memory 253 (S321). After calculating the difference value "D", the subtracter 251
sends the difference result to the determining unit 254.

The determining unit 254 compares the received difference value "D" and the
threshold value "s" held by the determining unit 254 (S322).

When the difference value "D" is equal to or smaller than the threshold value "s" (No
at S322), the determining unit 254 does not give any instruction to update the com-
pensation data, and when the processing should be continued, the determining unit 254
sets the update mode to the initial value, that is, the AM mode (No at S330), and the
subtracter 251 continues the subtraction processing of monitor signals.

When the difference value "D" still exceeds the threshold value "s" (Yes at S322),
the determining unit 254 sends the current update mode to the sequencer 255. The

sequencer 255 determines which mode the received update mode is (S323).
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Since the update mode is set to the PM mode at Step 326 (No at S323), the sequencer
255 instructs the phase characteristic calculator 241 to calculate the compensation data
of the phase characteristic. The phase characteristic calculator 241 receiving the in-
struction calculates predetermined phase characteristic compensation data (S327).

After calculating the compensation data, the phase characteristic calculator 241 saves
the compensation data in the phase inverse characteristic table 223 (S328).

After sending the update mode to the sequencer 255, the determining unit 254 sets
the update mode to the AM mode in which the compensation data of the amplitude
characteristic is updated (S329).

As described above, according to the update controller 25 of this operation example,
since the compensation data of the amplitude characteristic and the compensation data
of the phase characteristic are alternately updated, well-balanced update of the com-
pensation data can be realized.

Next, another example of the update determining operation of the update controller
25 will be described in detail with reference to Fig. 7. Fig. 7 shows an operation
example in a case where the same monitor signal is used for updating the com-
pensation data of the amplitude characteristic and for updating the compensation data
of the phase characteristic, and threshold values corresponding to the updates of the re-
spective characteristics are different.

When receiving a monitor signal from the monitor signal generator 80, the subtracter
251 calculates a difference value "D," between the received monitor signal and a
monitor signal received at the time of the last update which is stored in the memory
253 (S331). After calculating the difference value, the subtracter 251 sends the
difference result to the determining unit 254.

The determining unit 254 compares the received difference value "D;" and a first
threshold value "s," held by the determining unit 254 (S332).

When the difference value "D;" exceeds the threshold value "s;" (Yes at S332), the
determining unit 254 sends the sequencer 255 the PM mode as the update mode, and
the sequencer 255 instructs the phase characteristic calculator 241 to calculate the com-
pensation data of the phase characteristic, as the compensation data to be updated in
the PM mode selected from the mode table 253 (S333).

After calculating the compensation data, the phase characteristic calculator 241 saves
the compensation data in the phase inverse characteristic table 223 (S334).

When the difference value "D," is equal to or smaller than the threshold value "s;"
(No at S332), the determining unit 254 further compares the difference value "D," and
a second threshold value "s," held by the determining unit 254.

When the difference value "D," exceeds the threshold value "s," (Yes at S336), the

determining unit 254 sends the sequencer 255 the AM mode as the update mode, and
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the sequencer 255 instructs the amplitude characteristic calculator 231 to calculate the
compensation data of the amplitude characteristic, as the compensation data to be
updated in the AM mode selected from the mode table 253 (S337).

After calculating the compensation data, the amplitude characteristic calculator 231
saves the compensation data in the amplitude inverse characteristic table 213 (S338).
When the difference value "D;" is equal to or smaller than the threshold value "s,"

(No at S336), the determining unit 254 does not give any instruction to update the
compensation data, and the subtracter 251 continues the subtraction processing of
monitor signals.

When the update processing is to be finished (Yes at S335), the processing is ended.
In the operation example shown in Fig. 7, the threshold value "s;" is set higher than
the threshold value "s,", and the determining unit 254 operates so that the update of the

compensation data of the amplitude characteristic is executed (S338) with higher
priority over the update of the compensation data of the phase characteristic (S334) (is
executed even if the difference value "D" is small). This is because, in the power
amplifier, the amplitude characteristic has a stronger influence on characteristic de-
terioration than the phase characteristic, and setting the frequency of updating the com-
pensation data of the amplitude characteristic higher than the frequency of updating the
compensation data of the phase characteristic can more reduce power consumption
while preventing characteristic deterioration than simultaneously updating the com-
pensation data of the amplitude characteristic and the compensation data of the phase
characteristic. Incidentally, in the example shown in Fig. 7, the smaller threshold value
"s," is for the update of the compensation data of the amplitude characteristic and the
larger threshold value "s," is for the update of the compensation data of the phase char-
acteristic, but this is not restrictive. For example, the larger threshold value "s;" may
correspond to the update of the compensation data of the amplitude characteristic and
the phase characteristic. That is, when the difference value "D" exceeds the smaller
threshold value, only the compensation data of the amplitude characteristic is updated,
and when the difference value "D" exceeds the larger threshold value, the com-
pensation data of the phase characteristic in addition to the compensation data of the
amplitude characteristic is further updated. Consequently, when the difference value
"D" 1s small, only the compensation data of the amplitude characteristic can be
updated, and when the difference value "D" is large (when variation from a normal
state is large), all the compensation data of the amplitude characteristic and the phase
characteristic can be updated.

Here, a modified example of the update controller 25 will be described with
reference to Fig. 8. An update controller 250 shown in Fig. 8 further includes a

subtracter 256 in addition to the structure of the update controller 25 shown in Fig. 3.
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Common elements are denoted by the same reference numerals and symbols and
repeated description thereof will be omitted.

In the update controller 250 shown in Fig. 8, two kinds of monitor signals are
received from the monitor signal generator 80, and the subtracters 251 and 256
calculate difference values "D,", "D," between the monitor signals respectively
received from the monitor signal generator 80 and monitor signals received at the time
of the last update to send the difference values "D,", "D," to the determining unit 254.
Then, based on the two difference results, the determining unit 254 selects and reads an
appropriate update mode from the mode table 253. That is, according to the update
controller 250 shown in Fig. 8, the compensation data of each of the amplitude charac-
teristic and the phase characteristic is updated based on the two kinds of monitor
signals, and therefore detailed setting can be made for the update of the compensation
data, which enables further reduction in power consumption.

Incidentally, in the example shown in Fig. 8, the compensation data of each of the
amplitude characteristic and the phase characteristic is updated based on the two kinds
of monitor signals, but this is not restrictive. Another possible structure may be that a
first monitor signal is defined as a monitor signal for the update of the compensation
data of the amplitude characteristic and a second monitor signal is defined as a monitor
signal for the update of the compensation data of the phase characteristic, and the de-
termining unit 254 updates the compensation data of the amplitude characteristic and
the compensation data of the phase characteristic independently based on difference
results for the respective monitor signals.

For example, as for the amplitude characteristic, the determining unit 254 compares
the difference value "D," between monitor signal 1 and a corresponding threshold
value "s,", and when "D;" is larger, it determines that the compensation data of the
amplitude characteristic should be updated, and as for the phase characteristic, the de-
termining unit 254 compares the difference value "D," between monitor signal 2 and a
corresponding threshold value "s,", and when "D," is larger, it determines that the
compensation data of the phase characteristic should be updated. This is effective in a
case where a characteristic of the monitor signal is highly correlated with one of the
amplitude characteristic and the phase characteristic.

Next, examples of the configuration of the monitor signal generator generating the
monitor signal given to the distortion compensator 20 of this embodiment will be
described in detail with reference to Fig. 9 to Fig. 15. In the distortion compensator 20
of this embodiment, compensation data for distortion compensation is updated
according to the operation state of the power amplifier 60. Therefore, as the monitor
signal, a parameter influencing nonlinear distortion of the power amplifier 60 needs to

be generated. Monitor signal generators 80 to 87 shown in Fig. 9 to Fig. 15 re-
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spectively generate monitor signals which have numerical values representing an
increase/decrease of output power of the power amplifier (difference from rated output
power), an adjacent channel leakage ratio (difference from a rated value), the oc-
currence of a phase difference in an analog stage, the occurrence of a gain in the
analog stage, variation in characteristic coefficient of the power amplifier, temperature
increase of the power amplifier, a change in used frequency.

The monitor signal generator 81 shown in Fig. 9 includes: a quadrature demodulator
101 obtaining part of output signals of the power amplifier 60 to apply quadrature de-
modulation processing to the obtained output signal; a low pass filter 102 cutting high
frequency range of baseband signals resulting from the demodulation; an A/D
converter 103 analog-digital converting the baseband signals with the high frequency
range being cut; an FFT 104 applying fast Fourier transform to the digitally converted
baseband signals to convert time-axis signals to frequency axis-signals; an intra-
signal-band averaging unit 105 averaging powers in a desired signal band developed
on a frequency axis; and a synthesizer 106 adding up the powers of signals in the
signal band.

The quadrature demodulator 101, the low pass filter 102, and the A/D converter 103
correspond to the quadrature modulator 50, the low pass filter 40, and the D/A
converter 30 respectively. That is, part of the output signals taken from the power
amplifier 60 passes through the quadrature demodulator 101, the low pass filter 102,
and the A/D converter 103 to be restored to the output signals of the distortion com-
pensator 20. The restored signals are developed on the frequency axis by the FFT 104,
the powers in the desired signal band are averaged by the intra-signal-band averaging
unit 105, and power components of the respective signals are synthesized by the syn-
thesizer 106. With such a structure, it is possible to obtain the output power of the
power amplifier 60 in the desired signal band based on part of the output signals of the
power amplifier 60.

In a case where the monitor signal is generated by the monitor signal generator 81,
the threshold values "s,", "s," of the update controller 25 are set to, for example, +
2(plus or minus 2)[dB] and +1(plus or minus 1)[dB], and in the mode table 253, for
example, an update mode when +1(plus or minus 1)[dB] is exceeded is set to the AM
mode, and an update mode when +2(plus or minus 2)[dB] is exceeded is set to the
AM+PM mode. By such setting, the distortion compensator 20 updates the com-
pensation data of the amplitude characteristic when a variation width of the output
power exceeds +1(plus or minus 1) [dB], and updates the compensation data of the
phase characteristic in addition to the compensation data of the amplitude charac-
teristic when the variation width exceeds +2(plus or minus 2)[dB]. That is, since the

update contents and the update frequency are changed depending on whether the
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operation state of the power amplifier 60 is small or large, and therefore, it is possible
to reduce power consumption in the distortion compensator 20.

The monitor signal generator 82 shown in Fig. 10 includes, in addition to the
structure of the monitor signal generator 81 shown in Fig. 9, a whole-band averaging
unit 108 obtaining part of the signals developed to the frequency-axis signals by the
FFT 104 and averaging powers in the whole band of an operating frequency of the
power amplifier 60; a specific band extracting unit 109 extracting signals in a
frequency band adjacent to the desired frequency band, from the averaged signal in the
whole band; a synthesizer 110 adding up powers of the extracted signals in the band;
and a divider 107 performing division processing on an output of the synthesizer 110
by an output of the synthesizer 106.

The structures and operations of elements from the quadrature demodulator 101 to
the synthesizer 106 are the same as those of the monitor signal generator 81. That is,
part of the output signals taken from the power amplifier 60 passes through the
quadrature demodulator 101, the low pass filter 102, and the A/D converter 103 to be
restored to the output signals of the distortion compensator 20. The restored signals are
developed on the frequency axis by the FFT 104, the powers in the whole band of the
operating frequency of the power amplifier 60 are averaged by the whole-band
averaging unit 108, the signals in the frequency band adjacent to the desired frequency
band are extracted by the specific band extracting unit 109, and power components of
the extracted signals in the band are synthesized by the synthesizer 110. With such a
structure, it is possible to obtain the output power of the power amplifier 60 in the band
adjacent to a target frequency band, based on part of the output signals of the power
amplifier 60.

Then, the divider 107 divides the power in the adjacent frequency band outputted
from the synthesizer 110 by the power in the target frequency band outputted from the
synthesizer 106, whereby an adjacent channel leakage ratio can be obtained.

In a case where the monitor signal is generated by the monitor signal generator 82,
the threshold values "s;", "s," of the update controller 25 are set to, for example, -50
[dB] and -60 [dB], and in the mode table 253, for example, an update mode when -60
[dB] is exceeded is set to the AM mode, and an update mode when -50 [dB] is
exceeded is set to the AM+PM mode. By such setting, the distortion compensator 20
updates the compensation data of the amplitude characteristic when the adjacent
channel leakage ratio exceeds -60[dB], and updates the compensation data of the phase
characteristic in addition to the compensation data of the amplitude characteristic when
the adjacent channel leakage ratio exceeds -50 [dB].

The adjacent channel leakage ratio represents a characteristic of a system and its de-

terioration cannot be tolerated. Therefore, when the adjacent channel leakage ratio



WO 2007/141908 18 PCT/JP2007/000576

[0091]

[0092]

[0093]

[0094]

exceeds -60 [dB], the compensation data of the amplitude characteristic having a
strong influence on nonlinearity is first updated. Then, when the system characteristic
further deteriorates and the adjacent channel leakage ratio exceeds -50 [dB], the com-
pensation data of the phase characteristic in addition to the compensation data of the
amplitude characteristic is updated. According to the monitor signal generator 82,
since the compensation data used in the distortion compensator 20 is updated based on
the adjacent channel leakage ratio prescribed as the communication condition, it is
possible to reduce power consumption while more surely compensating nonlinear
distortion.

The monitor signal generator 83 shown in Fig. 11 includes: a quadrature demodulator
101 obtaining part of the output signals of the power amplifier 60 to apply quadrature
demodulation processing to the obtained signal; a low pass filter 102 cutting high
frequency range of baseband signals resulting from the demodulation; an A/D
converter 103 analog-digital converting the baseband signals with the high frequency
range being cut; and a phase comparator 111 comparing a phase of the digitized
baseband signals and a phase of the output signals of the distortion compensator 20.
The quadrature demodulator 101, the low pass filter 102, and the A/D converter 103
are the same as those of the monitor signal generator 81, and therefore repeated de-
scription thereof will be omitted.

The signals restored as a result of the processing from the quadrature demodulator
101 through the A/D converter 103 are inputted to the phase comparator 111.
Meanwhile, the output signals of the distortion compensator 20 are also inputted to the
phase comparator 111. Then, the phase comparator 111 compares the both input
signals to convert a phase difference therebetween to a numerical value and outputs the
numerical value as a monitor signal to the distortion compensator 20. That is, the
monitor signal generator 83 can detect a phase change in the power amplifier 60.

In a case where the monitor signal is generated by the monitor signal generator 83,
the threshold value "s" is set to 0, and in the mode table 253, for example, an update
mode when a phase difference occurs is set to the PM mode. By such setting, the
distortion compensator 20 updates the compensation data of the phase characteristic
when phase distortion occurs. Since the phase change in the power amplifier 60 is a
change arisen from the delay time, a nonlinear parameter need not be updated.
Therefore, unnecessary update of the compensation data is not performed, which can
reduce power consumption.

The monitor signal generator 84 shown in Fig. 12 includes: a level detector 112
detecting signal level of an input signal to the power amplifier 60 (an output signal of
the quadrature modulator 50); a RMS unit 113 performing a root mean square (RMS)

operation on the output signals of the distortion compensator 20; and a comparator 114
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comparing the signal level detected by the level detector 112 and the operation result
obtained by the RMS unit 113.

The transmission signal outputted from the quadrature modulator 50 is inputted to the
level detector 112, and the level detector 112 detects the signal level of the
transmission signal. Meanwhile, the baseband signals I", Q" outputted from the
distortion compensator 20 are inputted to the RMS unit 113, and the RMS unit 113
performs the root mean square operation on the baseband signals I", Q". Then, the
comparator 114 compares the detection result of the signal level and the result of the
root mean square operation and converts a difference therebetween to a numerical
value to output the numerical value as the monitor signal to the distortion compensator
20. That is, the monitor signal generator 84 can detect a gain occurring in an analog
stage from the D/A converter 30 to the quadrature modulator 50.

In a case where the monitor signal is generated by the monitor signal generator 84,
the threshold values "s,", "s," of the update controller 25 are set to, for example, +
0.6(plus or minus 0.6)[dB] and +0.3(plus or minus 0.3)[dB], and in the mode table
253, for example, an update mode when +0.3(plus or minus 0.3)[dB] is exceeded is set
to the AM mode, and an update mode when +0.6(plus or minus 0.6)[dB] is exceeded is
set to the AM+PM mode. By such setting, the distortion compensator 20 updates the
compensation data of the amplitude characteristic when the gain in the aforesaid
analog stage exceeds +0.3(plus or minus 0.3)[dB], and updates the compensation data
of the phase characteristic in addition to the compensation data of the amplitude char-
acteristic when the gain exceeds +0.6(plus or minus 0.6)[dB].

The gain occurring in the analog signal processing stage increases/decreases the
signal level. In the distortion compensator 20, the real multiplier 211 and the complex
multiplier 221 read the compensation data from the amplitude inverse characteristic
table 213 and the phase inverse characteristic table 223 in which the compensation data
are stored in correspondence to the amplitude values, as addresses, calculated by the
amplitude calculators 212 and 222, and therefore, the increase/decrease in the signal
level directly influences accuracy of distortion correction. Therefore, it is preferable
that the update of the compensation data of the amplitude characteristic is first
executed by the AM mode with higher priority, and the compensation data of the phase
characteristic is also updated when the state further deteriorates. Therefore, only the
necessary update of the compensation data can be sufficiently performed, which can
reduce power consumption.

The monitor signal generator 85 shown in Fig. 13 includes a quadrature demodulator
101 obtaining part of the output signals of the power amplifier 60 to apply quadrature
demodulation processing to the obtained signal; a low pass filter 102 cutting high

frequency range of the baseband signals generated by the demodulation; an A/D
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converter 103 analog-digital converting the baseband signals with the high frequency
range being cut; a complex divider 115 performing a complex division operation on
the digitized baseband signals; an amplitude component extracting unit 116 extracting
amplitude components of the baseband signals resulting from the complex division
processing; a phase component extracting unit 117 extracting phase components from
the same; an amplitude component extracting unit 120 extracting amplitude
components from the output baseband signals of the distortion compensator 20; and
coefficient estimating units 118 and 119 estimating a characteristic coefficient of the
power amplifier 60 based on the amplitude components/phase components extracted
by the amplitude component extracting unit 116/phase component extracting unit 117
and the amplitude components extracted by the amplitude component extracting unit
120. The quadrature demodulator 101, the low pass filter 102, and the A/D converter
103 are the same as those of the monitor signal generator 81, and therefore repeated
description thereof will be omitted.

Signals restored as a result of the processing from the quadrature demodulator 101
through the A/D converter 103 are inputted to the complex divider 115. Meanwhile,
the output signals of the distortion compensator 20 are also inputted to the complex
divider 115. The complex divider 115 performs the complex division operation on the
signals sent from the A/D converter 103 by the signals from the distortion compensator
20.

The amplitude component extracting unit 116 and the phase component extracting
unit 117 extract the amplitude components and the phase components of the signals
resulting from the complex division operation to send them to the coefficient es-
timating units 118 and 119 respectively. Meanwhile, the amplitude components are
extracted from the output signals of the distortion compensator 20 by the amplitude
component extracting unit 120 to be sent to the coefficient estimating units 118 and
119. The coefficient estimating units 118 and 119 calculate the characteristic
coefficient of the power amplifier 60 based on the signals from the amplitude
component extracting unit 116/phase component extracting unit 117 and the signals
from the amplitude component extracting unit 120 to send the characteristic coefficient
to the distortion compensator 20. In this manner, the monitor signal generator 85 is
capable of generating the characteristic coefficient of the power amplifier 60.

In a case where the monitor signal is generated by the monitor signal generator 85, in
the mode table 253, for example, an update mode when the characteristic coefficient of
the power amplifier 60 changes is set to the AM+PM mode. By such setting, the
distortion compensator 20 updates the compensation data of the amplitude charac-
teristic and the phase characteristic when the characteristic coefficient changes. When

the characteristic coefficient of the power amplifier 60 greatly changes, high-level
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nonlinear distortion occurs, and therefore, the compensation data of the amplitude
characteristic and the phase characteristic are both updated by the AM+PM mode.
However, when there occurs no change in the characteristic coefficient, the com-
pensation data is not updated. By such setting, unnecessary update of the compensation
data is not performed, which can reduce power consumption.

The monitor signal generator 86 shown in Fig. 14 includes: a temperature detector
121 disposed near an amplifying element of the power amplifier 60 to detect tem-
perature of the power amplifier 60; and a conversion table 122 giving corresponding
compensation data to the distortion compensator 20 based on the detected temperature.
The temperature detector 121 constantly monitors the temperature of the power
amplifier 60 and inputs a temperature signal corresponding to the temperature to the
conversion table 122. Based on the inputted temperature signal, the conversion table
122 inputs a corresponding monitor signal to the distortion compensator 20.

In a case where the monitor signal is generated by the monitor signal generator 86,
the threshold values "s,", "s," of the update controller 25 are set to, for example, +
50(plus or minus 50) degrees centigrade and +20(plus or minus 20) degrees centigrade
and in the mode table 253, for example, an update mode when +20(plus or minus 20)
degrees centigrade is exceeded is set to the AM mode, and an update mode when +
50(plus or minus 50) degrees centigrade is exceeded is set to the AM+PM mode. By
such setting, the distortion compensator 20 updates the compensation data of the
amplitude characteristic when a temperature change of the power amplifier 60 exceeds
+20(plus or minus 20) degrees centigrade, and updates the compensation data of the
phase characteristic in addition to the compensation data of the amplitude charac-
teristic when the temperature change exceeds +50(plus or minus 50) degrees
centigrade.

Generally, the power amplifier is treated so as to release heat and thus its temperature
change is slow, and if the temperature change is not sharp, a sharp change in the char-
acteristic of the power amplifier seldom occurs. Therefore, when the temperature
change is slow, only the compensation data of the amplitude characteristic is updated,
and when a sharp temperature change occurs, the compensation data of the amplitude
characteristic and the phase characteristic are both updated. Therefore, only the
necessary update of the compensation data is sufficiently updated, which can reduce
power consumption.

The monitor signal generator 87 shown in Fig. 15 includes a conversion table 123 to
which frequency information f of a transmission frequency (band) is inputted from the
data generator 10. The conversion table 123 obtains the frequency information f from
the data generator 10, and based on the frequency information f, the conversion table

123 inputs a corresponding monitor signal to the distortion compensator 20.



WO 2007/141908 29 PCT/JP2007/000576

[0106]

[0107]

[0108]

[0109]

In a case where the monitor signal is generated by the monitor signal generator 87, in
the mode table 253, for example, an update mode when the frequency information f
changes is set to the AM+PM mode. Generally, when a frequency band of a signal
amplified by the power amplifier 60 changes, nonlinear characteristics of the analog
signal processing stage and the power amplifier 60 change, and therefore, the com-
pensation data of the amplitude characteristic and the phase characteristic are both
updated. By such setting, unnecessary update of the compensation data is not
performed, which can reduce power consumption.

It should be noted that the structure of the monitor signal generator of this em-
bodiment is not limited to the structures of the monitor signal generators 81 to 87
described above. For example, by providing a timer in the distortion compensator, the
compensation data of both the amplitude characteristic and the phase characteristic
may be updated at fixed time intervals. Such structure enables the minimum necessary
update of the compensation data without generating a special monitor signal, which
can reduce power consumption.

In the description of the above embodiment, the distortion compensator includes the
amplitude inverse characteristic table and the phase inverse characteristic table as
memories storing the amplitude data, but this is not restrictive. That is, instead of
providing the table storing the compensation data, an arithmetic processor performing
the compensation by a polynomial operation may be provided, thereby updating the
compensation coefficient.

It should be noted that the present invention is not limited exactly to the above-
described embodiment, but when being implemented, the invention can be embodied
by modifying the constituent elements within a range not departing from the spirit of
the invention. Further, various inventions can be formed by appropriately combining
the plural constituent elements disclosed in the above-described embodiment. For
example, some constituent elements out of all the constituent elements shown in the
embodiment may be deleted. Moreover, constituent elements in different embodiments

may be appropriately combined.
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Claims

A distortion compensator apparatus compensating nonlinearity of an amplifier,
comprising:

a memory storing a compensation parameter used for correcting an input signal
of the amplifier;

a compensator correcting the input signal of the amplifier based on the com-
pensation parameter; and

an update controller updating the compensation parameter according to an
operation state of the amplifier.

The distortion compensator apparatus according to claim 1,

wherein said memory stores a first parameter used for correcting an amplitude
component of the input signal and a second parameter used for correcting a phase
component of the input signal,

wherein said compensator corrects the amplitude component and the phase
component of the input signal based on the first and second parameters, and
wherein said update controller updates the first and second parameters.

The distortion compensator apparatus according to claim 2,

wherein said compensator comprises:

a first amplitude calculator calculating an amplitude value of the input signal;

a real multiplier performing real multiplication processing on the first parameter
stored in said memory and the input signal, based on the amplitude value
calculated by said first amplitude calculator;

a second amplitude calculator calculating an amplitude value of a signal resulting
from the real multiplication processing; and

a complex multiplier performing complex multiplication processing on the
second parameter stored in said memory and the signal resulting from the real
multiplication processing, based on the amplitude value calculated by said
second amplitude calculator.

The distortion compensator apparatus according to claim 1, further comprising a
monitor signal generator generating a monitor signal indicating a characteristic
of the amplifier by monitoring the operation state of the amplifier,

wherein said update controller updates the compensation parameter based on the
monitor signal.

The distortion compensator apparatus according to claim 4, wherein said monitor
signal generator generates the monitor signal indicating at least one of output
power of the amplifier, an adjacent channel leakage ratio of the amplifier, a gain

occurring on a preceding stage of the amplifier, a phase difference occurring on
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the preceding stage of the amplifier, temperature of the amplifier, and a
frequency of the input signal.

The distortion compensator apparatus according to claim 1, further comprising a
timer outputting a timing signal indicating a timing for updating the com-
pensation parameter, and

wherein said update controller updates the compensation parameter based on the
timing signal outputted by said timer.

An amplifier apparatus comprising:

an amplifier;

a memory storing a compensation parameter used for correcting an input signal
of said amplifier in order to compensate nonlinearity of said amplifier;

a compensator correcting the input signal of said amplifier based on the com-
pensation parameter; and

an update controller updating the compensation parameter according to an
operation state of said amplifier.

The amplifier apparatus according to claim 7 further comprising a monitor signal
generator generating a monitor signal indicating a characteristic of said amplifier
by monitoring the operation state of said amplifier,

wherein said update controller updates the compensation parameter based on the
monitor signal.

A transmitter, comprising:

the amplifier apparatus according to claim 7; and

a modulator modulating the input signal corrected by said compensator to input
the modulated input signal to said amplifier.

A method of compensating distortion for compensating nonlinearity of an
amplifier, comprising:

storing in a memory a compensation parameter used for correcting an input
signal of the amplifier;

correcting the input signal of the amplifier based on the compensation parameter;
and

updating the compensation parameter according to an operation state of the

amplifier.
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