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)] ABSTRACT

An amplifier pre-distorter method and apparatus squares an
input signal and splits the signal into inphase and quadrature
parts which are processed to generate a polynominal pre-

distortion signal. This simplifies the apparatus and enables
implementation in an application specific integrated circuit.

15 Claims, 5 Drawing Sheets
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FIG 1 1
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1 2
AMPLIFIER PRE-DISTORTER METHOD the figure and since the form of the stages will be well
AND APPARATUS known to a person skilled in the art they will not be

This invention relates to a pre-distorter for use with an
amplifier to pre-distort an input signal to compensate for
non-linear performance of the amplifier.

The performance of a notional ideal power amplifier
results in a straight-line relationship of input to output
current or voltage. Practical power amplifiers depart from
the ideal straight-line characteristics with the gain varying
over the input voltage after an initial linear region. This
variation will also vary with changes in the applied fre-
quency and in particular between different orders of modu-
lation products which are harmonics of the frequency of the
applied signal. The non-linearity results in the generation of
sums and differences of integer multiples of the frequencies
of the input signal which is referred to as inter-modulation
distortion. These inter-modulation products can cause a
significant interference problem in broadband communica-
tion systems where the inter-modulation products may lie
naturally within the band.

In order to alleviate these problems it is known to pre-
distort the input signal applied to the power amplifier in
order to compensate for the performance of the amplifier.
The performance may vary in terms of amplitude and in
phase. A typical pre-distortion signal will be based on a
polynomial expansion hence giving rise to the name given to
such a technique of polynomial pre-distortion.

GB 2335813 discloses a pre-distortion technique in which
part of the input signal is directed to a second compensating
signal path. This signal is split into different modulation
products and each product trimmed and shifted in phase as
required. The individual products are multiplied and ampli-
fied to provide a compensation signal. The compensation
signal is multiplied with the rf input signal before applica-
tion to a non-linear power amplifier. A problem with the
disclosed arrangement is that time delay circuitry is required
to compensate for the different signal path lengths to ensure
that the input signal and the compensation signal arrive at
the non-linear power amplifier at the same time. Since the
time delay can vary according to the frequency of the
products a practical implementation is very difficult. A
further requirement of the disclosed design is that filtering is
required to eliminate the second harmonics of the correction
signal.

According to the invention there is provided a method of
pre-distorting an input signal to an amplifier comprising the
steps of squaring an applied input signal to obtain a poly-
nomial pre-distortion signal and combining the pre-distor-
tion signal with the input signal and applying the combina-
tion to the amplifier.

A specific embodiment of the invention will now be
described, by way of example only, with reference to the
drawing in which:

FIG. 1 shows in schematic block diagram form a poly-
nomial pre-distorter in accordance with the invention in
association with a power amplifier of a transmitter section of
a broad band communication apparatus;

FIG. 2 shows in schematic form the predistorter of FIG.
1 in greater detail;

FIGS. 3 to 9 are explanatory diagrams; and

FIG. 10 is a block diagram of an alternative embodiment
of the invention.

With reference to FIG. 1, a transmitter section 1 of a wide
band communications apparatus includes an RF input 2
which receives from earlier stages a signal to be transmitted
by the apparatus. The earlier stages are depicted as a box in
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described further. The input 2 is connected to a main signal
path which includes a multiplier 3, a power amplifier 4 and
an antenna 5. A part of the input signal power is coupled to
a second signal path by a coupler 6. The second signal path
includes a pre-distorter 7 in accordance with the invention
and the earlier mentioned multiplier 3. Thus at this level an
RF signal represented by arrow 8 is used to derive a
polynomial pre-distortion correction signal 9. These are
multiplied at the multiplier 3 to produce a predistorted RF
signal which is amplified by the non-linear power amplifier
4 to produce an output signal 11 which is radiated by the
antenna. The predistorter 7 is operably coupled to a memory
7a that holds parameters to be used in the predistortion
process.

The predistorter 7 is shown in greater detail in FIG. 2. It
is implemented on an RF-ASIC (application specific inte-
gration circuit). The RF signal coupled by the coupler 6 is
passed to an input 12 of the pre-distorter 7. There they are
split into inphase and quadrature signals by a hybrid splitter
13. The inphase signal is coupled a multiplier 14 however
here it should be noted that the signal is split into two paths
14a and 145 and hence the signal is multiplied with itself.
The inphase signal is thus squared by this multiplier 14. The
squared signal is passed to a summer 15. The inphase signal
is also coupled prior to the multiplier 14 to a vector
modulator 16 the operation of which will be described later.
The vector modulator 16 corresponds to the multiplier 3 of
FIG. 1.

The quadrature signal is coupled to a second multiplier 17
again the signal is coupled to both inputs and thus the
multiplier 17 provides an output which is the quadrature
signal squared. The squared quadrature signal is coupled to
the summer 15 which produces the magnitude % term of the
required polynomial pre-distortion signal. The quadrature
signal is also coupled to the vector modulator 16.

The 5 signal is coupled to both inputs of a multiplier 18
and is thus multiplied with itself to produce the %* term of
the pre-distortion signal. The ? is also split into inphase and
quadrature components along branches 20 and 21.

Branch 20 couples the signal to a multiplier 22 where it
is multiplied with a value K;; obtained from memory 7a to
produce as an output a signal K,x>. The output of the
multiplier 22 is coupled to a summer 23.

Branch 21 couples the signal to multiplier 24 where it is
multiplied with a value K37 again obtained from memory 7a
to produce an output K; qxz. This output is coupled to a
summer 25.

The x* signal is split into two paths 26 and 27. Path 26
couples the signal to a multiplier 28 where it is multiplied by
a value K, from memory 7a to produce an output signal
Ky qx4. This output signal is coupled to the summer 25.

The path 27 couples the y* signal to the multiplier 29
where it is multiplied with a value K, from memory 7a to
produce an output signal Ks,*. This signal is coupled to the
summer 23.

The y* signal is also coupled to multiplier 30 where it is
multiplied by the % signal coupled from the branch 21. This
provides an output signal %® which is coupled by branches
31 and 32 to multipliers 33 and 34. At multiplier 33 the %°
signal is multiplied with a value K, from memory 7a to
produce an output signal K7qx6 which is coupled to the
summer 25. Whilst at multiplier 34 the y° signal is multi-
plied with a value K, form memory 74 to produce an output
signal K, x® which is coupled to the summer 23.
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A further signal K,; from memory 7a is applied to the
summer 23 and a further signal K, , form the memory 7a
applied to summer 25.

Thus it will be understood that the summer 23 will
produce the polynomial expression K, +Ks5+Ksy*+
K. 5. This is output to a multiplier 35 in the vector
modulator 16 where it is multiplied by the inphase signal
to produce an output signal (K, +K;0+Ks " +K;%%)
which is coupled to a summer 37.

The summer 25 will similarly produce the polynomial
expression K, q+K3qX2+K5 qx4+K7qX6 which is output to a
multiplier 36 in the vector modulator 16 where it is multi-
plied by a quadrature signal ¢ from the splitter 13 to produce
an output signal of the form (K, ,+K; qX2+K5qx4+K7qX6)
which is coupled to the summer 37.

The summer 37 outputs the combined inphase and
quadrature signals to produce the pre-distorted signal % (K, +
K2 +K o *+K %) which is applied to the power amplifier

The way in which the predistortion caters for the power
amplifier performance will now be described with reference
to FIGS. 3 to 9. As is shown in FIG. 3 when the magnitude
of an output signal produced by a power amplifier is
compared with the input signal level a characteristic is
obtained which is linear over an initial region 40 but then
departs in a curve region 41 before saturation of the ampli-
fier is reached when an increase in input power no longer
leads to a useful increase in the output power level. The ideal
amplifier characteristic is shown as a broken line which
projects with the same gradient as the linear region 40. The
task of the pre-distortion will be to anticipate the amplifier
characteristic to compensate for the tail-off in performance
over region 41.
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in FIG. 6 since at an input level c the real amplifier
performance is close to ideal whereas the departure from
ideal at level d is greater.

FIG. 8 shows a plot of the function K, for values of K,
between 1 and -1. It will be seen that by using a value of 1
and combining the predistortion to the signal a plot as shown
in FIG. 9 is produced which is close to the desired perfor-
mance.

It will be appreciated that the other parts of the polyno-
mial predistortion expression can provide greater refine-
ments to the correction process.

The values for K in the aforementioned embodiment are
set during manufacture of the equipment with a knowledge
ofthe performance characteristics of the amplifier and stored
in the memory 7a.

In an alternative embodiment of the invention an adaptive
control is provided to vary the stored parameters in order to
cater for changes in component performance due to envi-
ronmental changes for example temperature variation or
component ageing. As is shown in FIG. 10, the source of the
radio frequency radiation couples the rf signal to the asic 7
which includes the components illustrated in FIG. 2. The
output of the asic is coupled to the power amplifier 4 and
hence after amplification to the antenna 5. The output of the
asic is the rf signal predistorted to cater of the characteristics
of the power amplifier 4 as in the earlier described embodi-
ment. The values for K to be used in the predistortion are
held in a memory 7a as before linked by a bus 100 to the asic
7. However, a controller 101 (a suitably programmed micro-
processor) is arranged to update the values via a data bus 102

The invention claimed is:
1. A method of pre-distorting an RF input signal to an
amplifier, said method comprising:

FIG. 4 shows the way in which a real amplifier’s perfor- . squaring Sai(.i RF. inpl.lt signal to obtain a polynomial
mance in terms of phase varies from the ideal. The y axis pre- d.l stortion signal, . . . . .
represents the output phase and the x axis represents the comblmng the polynomial pre-.dlst.ort?on signal with the
input signal level. For the ideal power amplifier there will be mp}lt signal to f’orm‘ a comblnatlon,’ an(.1 .
no difference between the phase of the input and the phase 40 applying the.combm'fmon .to the amphﬁer, \fvhereu.l
of the output signals. Thus, for the ideal amplifier the plot th? polynqmlal pre-distortion signal 15 combmed Wl,th the
would lie on the x axis as represented by arrowed line 42. input signal by a step of .multlplymg Fhe signals
However, for a real amplifier the performance will vary over toge?her to producc? a combined output signal to be
the input power levels. Typically, as the input power apphed .to th? aml?h,ﬁer 5. .
increases the phase difference at the output will increase in the input signal is split into inphase and quadrature signals

the manner of plot 43. With a knowledge of this performance
the predistortion signal is arrange to reduce the phase
difference. The way in which the phase is controlled
involves the application of the values K. For the inphase and
quadrature branch the values are varied to give a resultant
phase when the signals are combined that provides the
required pre-distortion. This is broadly depicted in FIG. 5
where a quadrature signal Q is combined with an inphase
signal I to give a resultant signal R. By varying Q and I it
is possible for R to lie on any plane in 360 degrees.

50

and processed to produce inphase and quadrature poly-
nomial pre-distortion signals which are combined to
form the polynomial pre-distortion signal.

2. A method as claimed in claim 1, wherein the squared
input signal is used to generate even powers of a polynomial
pre-distortion signal.

3. A method as claimed in claim 2, wherein the input
signal is squared by multiplying the signal by itself.

4. Apparatus for pre-distorting an RF input signal input to
an amplifier, said apparatus comprising:

55

FIGS. 6 to 9 show the way in which a signal is predis- an RF input for receiving an RF signal to be pre-distorted;
torted by the value K. a squarer for squaring the input signal to obtain a poly-

FIG. 6 shows how an amplifier characteristic shown in nomial pre-distortion signal; and
broken outline varies in terms of output magnitude on the y a signal splitter for splitting the input signal into inphase
axis against applied input power on the x axis. The desired 60 and quadrature s1g{1als and inputting the inphase and
characteristic is shown as a solid line. It will be seen that as quadrature signals into the squarer;
the applied input power level approaches d the characteristic wherein the squarer comprises at least one multiplier for
curves downwards. Consideration should be given to the %> multiplying the input signal by itself, to create a
signal plotted in FIG. 7. Being a square function it is centre squared signal.
on zero and its gradient increases as the input power levelis 65 5. A pre-distorter as claimed in claim 4, wherein the

increased. Thus its magnitude at d is far greater than at a
lower level c. This matches well with the correction required

squarer comprises a multiplier for each of the inphase and
quadrature signals.
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6. A pre-distorter as claimed in claim 5, wherein each
multiplier has an output operably coupled to a summer
which sums the squared inphase and quadrature signals.

7. A pre-distorter as claimed in claim 6, wherein the
summed signal is applied to both inputs of a multiplier to
generate a signal to the power four.

8. A pre-distorter as claimed in claim 7, comprising a
further multiplier to which the squared signal and the signal
to the power four are applied to generate a signal to the
power six.

9. A pre-distorter as claimed in claim 8, comprising at
least one further multiplier for further multiplying the signal
from previous multipliers to generate a further signal.

10. A pre-distorter as claimed in claim 9, wherein the
further signal is one of an inphase signal and a quadrature
signal.

11. A pre-distorter as claimed in claim 10, comprising an
inphase branch for multiplying the signal with inphase

10

15

6

signals, and a quadrature signal branch for multiplying the
signal with quadrature signals.

12. A pre-distorter as claimed in claim 11, wherein the
inphase branch and the quadrature branch both have a
summer to combine the multiplied signals.

13. A pre-distorter as claimed in claim 12, wherein the
combined multiplied signals are input to a vector modulator.

14. A pre-distorter as claimed in claim 13, wherein the
vector modulator further comprises a multiplier for multi-
plying the combined multiplied signals with the input signal
and a summer for combining the inphase and quadrature
signals to provide a pre-distortion signal to be applied to the
amplifier.

15. Radio communications apparatus comprising a signal
predistorter as claimed in claim 4, operably coupled to a
power amplifier to provide a predistorted signal thereto.

Ed #* & #* #*
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