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(57) ABSTRACT 

This invention relates to a phase and amplitude detector 
(160) required to identify small signal errors in a signal 
envelope having a large dynamic range, especially in the 
context of lineariZation of a poWer ampli?er (122) arrange 
ment employing a pre-distortion technique. A vector gen 
erator (300, 352, 372) responsive to a reference signal R 
(110) produces a frame of reference vectors R1 -Rn (274-280) 
generated by a combination of the reference signal R (110) 
With ?rst A (270) and second P (272) offset vectors that 
provide an amplitude and phase displacement of the refer 
ence signal R (110). A signal combiner (290-296, 360-366, 
390-396) is arranged to generate difference vectors E1-En by 
combining the frame of reference vectors gl-Rn (274-280) 
and the feedback signal F (124, 150), With the difference 
vectors E1-En expressing the phase (p, 254) and the gain (a, 
252) error terms relative to the reference signal R (110) and 
the ?rst A (270) and second P (272) offset vectors. An error 
signal detector, (330-336) responsive to the difference vec 
tors E1 -EU and arranged to provide a measure of the phase (p, 
254) and the gain (a, 252) error terms, provides signal 
amplitudes that can be combined to generate error signals 
(182 (Y), 184 The error signals take the general form: 
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PHASE AND AMPLITUDE DETECTOR AND 
METHOD OF DETERMINING ERRORS 

FIELD OF THE INVENTION 

[0001] This invention relates, in general, to a phase and 
amplitude detector and a method of determining errors, and 
is particularly, but not exclusively, applicable to the mea 
surement of phase and amplitude errors for compensation 
purposes in the linearisation of poWer ampli?ers. 

BACKGROUND OF THE INVENTION 

[0002] First and second generation cellular systems have 
historically used forms of signal modulation Which are either 
constant envelope (e.g. Gaussian Minimum Shift Keying 
(GMSK) in the global system for mobile communication 
(GSM) or Which result in relatively loW levels of amplitude 
modulation. The linearity of the high poWer ampli?ers used 
for such systems has therefore not been an important tech 
nical issue. Indeed, for constant envelope systems, it is 
standard practice to operate ampli?ers either close to or 
actually in compression in order to maximise poWer ef? 
ciency. That is to say, the ampli?ers are intentionally 
employed in a non-linear mode. 

[0003] Third generation cellular systems, hoWever, typi 
cally use linear spread-spectrum modulation schemes With a 
large amount of amplitude modulation on the signal enve 
lope. When passed through a high poWer ampli?er, the 
output is typically distorted in amplitude and phase by the 
inherent non-linearity of the ampli?er. The amplitude and 
phase distortion effects are commonly referred to as AM 
AM conversion and AM-PM conversion, respectively. Both 
distortion effects are principally a function of the amplitude 
envelope of the input signal and are insensitive to the input 
phase envelope. 
[0004] In Code Division Multiple Access (CDMA) modu 
lation schemes, quadrature amplitude modulation (QAM) 
and systems employing similar linear transmission mecha 
nisms, a plurality of signals are simultaneously ampli?ed 
and transmitted Which cause the generation of a large 
amplitude component in the signal envelope. Unfortunately, 
When a large amplitude component is applied to a linear 
ampli?er, its non-linear characteristics Will tend to produce 
intermodulation products that reduce signal quality and can 
cause spectral spillage outside a particular licensed spec 
trum. Intermodulation products must, therefore, be con 
trolled, but such control, as Will be appreciated, should not 
be at the expense of reducing Wanted signal strength. 

[0005] Intermodulation products and associated distortion 
can be reduced by negative feedback of the distortion 
components, pre-distortion of the signal to be ampli?ed to 
cancel the ampli?er generated distortion, or by separating 
the distortion components from the ampli?er output and 
feeding forWard the distortion components to cancel the 
distortion of the ampli?er output signal. 

[0006] In a poWer ampli?er, Where linearisation is per 
formed by correction as a function of signal envelope (either 
via feedback or via pre-distortion), there is a need for an 
accurate amplitude and phase comparator that can operate 
over the full dynamic range of the input signal. In addition, 
it is desirable for the detector to have a high processing 
speed to cope With Wideband spread spectrum signals. In 
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other Words, Whilst maintaining loW cost and high ef?ciency 
design, poWer ampli?ers require ancillary error detection 
circuitry that can identify and alloW correction for non 
linearity. Indeed, such correction circuitry is critically 
dependent upon an ability to measure accurately the phase 
and amplitude of both the input and output signals to the 
poWer ampli?er, Which signals generally (and, in the exem 
plary case of CDMA-based systems, inherently) have signal 
envelopes With associated large dynamic ranges (typically 
~20 decibels). In fact, With this ancillary error detection 
circuitry, there is a requirement to measure small error 
components (typically of the order of a feW tenths of a 
decibel) in amplitude and phase With respect to relatively 
large Wanted signal excursions/envelopes. 

[0007] Typical ampli?er architectures incorporate a sloW 
feedback loop to track out unit-to-unit variations, thermal 
drift and long-term component drift. The sloW feedback loop 
eases ampli?er set-up and alloWs a fast feedback or a 
pre-distortion mechanism to operate only on the ampli?er 
induced, envelope-dependant distortion components. HoW 
ever, conventional phase and amplitude detectors of suf? 
cient performance (associated With linearisation and speci? 
cally phase and amplitude error correction in a fast loop) 
have proven to be extremely dif?cult to set-up and to 
replicate on a commercial basis. In any event, it is desirable 
that a common detector mechanism is used to close both the 
fast error loop and the (someWhat auxiliary) sloW feedback 
loop to ensure that both loops converge on a single phase/ 
amplitude state. 

SUMMARY OF THE INVENTION 

[0008] In accordance With a ?rst aspect of the present 
invention there is provided a detector operable to provide at 
least one error signal associated With at least one of a phase 
error term and an gain error term betWeen a reference signal 
R and a feedback signal F, the detector characterised by: a 
vector generator responsive to the reference signal R, the 
vector generator producing a frame of reference vectors 
R -Rn generated by a combination of the reference signal R 
With ?rst A and second R offset vectors that provide an 
amplitude and phase displacement of the reference signal R; 
a signal combiner arranged to generate difference vectors 
E1-En by combining the frame of reference vectors Rl-Rn 
and the feedback signal F, the difference vectors Ell-En. 
expressing the phase and the gain (a) error terms relative 
to the reference signal R and the ?rst A and second R offset 
vectors; and an error signal detector responsive to the 
difference vectors El-En and arranged to provide a measure 
of the phase (p) and the gain (a) error terms required to 
support subsequent generation of the at least one error 
signal. 
[0009] In a preferred embodiment, a combinatory circuitry 
coupled to the error signal detector is arranged to receive 
output signals from the error signal detector, the combina 
tory circuitry con?gured to isolate the phase error term and 
the gain error term in terms of the ?rst A and second R offset 
vectors and the reference carrier vector R. 

[0010] Preferably, the combinatory circuitry generates the 
at least one error signal through isolation of the phase error 
term from the gain error term, the at least one error term 
satisfying the general form: 
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[0011] Where a is the gain error term, p is the phase error 
term and PD are output amplitudes from the signal error 
detector for corresponding difference vectors El-gn. 

[0012] In another aspect of the present invention there is 
provided a phase and amplitude comparator operable to 
provide signals relating to the difference in phase and 
amplitude betWeen a reference signal R and a feedback 
signal F, Wherein the comparator comprises vector generat 
ing means to produce four reference vectors Rl-Rn Which are 
related to the input reference vector signal R by the addition 
of further vectors +é and +R Which are, respectively, in 
phase and in quadrature With R such that: 

[0013] Wherein the four reference vectors Rl-Rn are added 
to four samples of the feedback signal F to produce four 
corresponding error vectors El-E4 Whereby the vectors El-E4 
can be used to generate phase and amplitude (Y) 
comparative signals. 

[0014] In another aspect of the present invention there is 
provided an ampli?er circuit comprising: an input coupled to 
receive, in use, a reference signal R; phase and gain modu 
lators coupled to the input; an ampli?er coupled to the phase 
and gain modulators; a ?rst directional coupler coupled to 
the input and arranged to sample the reference signal R; a 
second directional coupler coupled to the ampli?er and 
arranged to sample an ampli?ed version of the reference 
signal R, thereby to provide a feedback signal F; and a 
detector according to the ?rst aspect, the detector coupled to 
the ?rst directional coupler and the second directional cou 
pler to receive, in use, the reference signal R and the 
feedback signal F; Wherein the phase and gain modulators 
are arranged to receive phase and gain corrections signals 
derived from the at least one error signal (Y, X) generated by 
the detector. 

[0015] In a preferred embodiment the ampli?er circuit 
further comprises an adaptive pre-distorter coupled to 
receive the at least one error signal from the detector, the 
adaptive pre-distorter further coupled to the phase and gain 
modulators, the adaptive pre-distorter arranged to determine 
the gain and phase error correction signals With respect to a 
set of look-up values, thereby to linearise performance of the 
ampli?er. 

[0016] Preferably, a sloW feedback loop containing a 
phase/ amplitude equaliZer having a second amplitude modu 
lator and a second phase modulator coupled to the ampli?er, 
the phase/amplitude equaliZer further containing baseband 
processing elements coupled to the detector and arranged to 
receive, in use, the at least one error signal as a control signal 
for the baseband processing elements, Whereby the phase/ 
amplitude equalizer is arranged to track out circuit variations 
arising from at least one of unit-to-unit variations, thermal 
drift and long-term component drift through amplitude and 
phase control of, respectively, the second amplitude modu 
lator and the second phase modulator. 

[0017] The phase amplitude equalizer may further 
include: a quadrature to amplitude/phase (R, 0) domain 
converter coupled to receive the at least one error signal and 
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arranged to provide distinct phase angle 0 and amplitude R 
components; a phase integrator coupled to the quadrature to 
amplitude/phase (R, 0) domain converter and arranged to 
receive, in use, the phase angle 0 component, thereby to 
provide a ?rst time-integrated signal having a Wrap-around 
phase correction function; an amplitude integrator coupled 
to the quadrature to amplitude/phase (R, 0) domain con 
verter and arranged to receive, in use, the phase angle 0 
component, thereby to provide a second time-integrated 
signal; and an amplitude/phase (R, 0) domain to quadrature 
converter coupled to the phase integrator and the amplitude 
integrator and arranged, in use, to combine the ?rst time 
integrated signal and the second time-integrated signal to 
exercise control of the sloW feedback loop. 

[0018] The ampli?er circuit may have at least one delay 
line operable to compensate for any delay skeW induced by 
processing delay in a correction path betWeen the reference 
signal and correction signals. 

[0019] The detector, the phase and amplitude comparator 
or the ampli?er circuit may be incorporated Within a base 
station or a subscriber unit of a cellular communication 
system or other signaling scheme requiring linear perfor 
mance. 

[0020] In a further aspect of the present invention there is 
provided a method of detecting at least one of a phase error 
term and an amplitude error term betWeen a reference signal 
R and a feedback signal F and generating a corresponding 
error signal in response to the least one of the phase error 
term and the amplitude error term, the method characterised 
by: producing a frame of reference vectors Rl-Rn generated 
by a combination of the reference signal R With ?rst Q and 
second R offset vectors that provide an amplitude and phase 
displacement of the reference signal R; generating difference 
vectors E1-Rn by combining the frame of reference vectors 
Rl-Rn and the feedback signal F, the difference vectors 
E1-Rn expressing the phase and the amplitude error terms 
relative to the reference signal R and the ?rst Q and second 
R offset vectors; and providing a measure of the phase and 
the amplitude error terms in response to the difference 
vectors El-gn, the phase and the amplitude error terms 
required to support subsequent generation of the at least one 
error signal. 

[0021] In a particular embodiment, the method further 
comprises: generating the at least one error signa through 
isolation of the phase error term from the amplitude error 
term, the at least one error term satisfying the general form: 

[0022] Where a is the amplitude error term, p is the phase 
error term and PD are output amplitudes from the signal error 
detector for corresponding difference vectors El-gn. 

[0023] The detector of the present invention and its cor 
responding method of operation may be employed Within, 
for example, a cellular base station or the like to improve 
linearity. 

[0024] The present invention therefore provides an 
improved phase and amplitude comparator particularly, but 
not exclusively, useful in an ampli?er linearisation process. 
In overvieW, the preferred embodiments of the present 
invention operate to isolate small error terms from large 
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signal terms and then to cause corrective operation on the 
small error terms only. In accordance With the preferred 
embodiments of the present invention, an improved linear 
poWer ampli?er is bene?cially provided in Which linearisa 
tion is performed by correction to the signal envelope. 
Indeed, in contrast With prior art systems, the present 
invention advantageously overcomes tWo effects exhibited 
by conventional phase and amplitude comparator tech 
niques, namely an ability to resolve accurately small differ 
ences betWeen relatively large signals With high dynamic 
range and, second, an ability to reduce dynamic range 
requirements of detectors employed to ease their associated 
tracking requirements. 

[0025] While the detector of the preferred embodiment is 
optimiZed to resolve small signal error/offsets in large 
dynamic ranges, the detector can, bene?cially, still provide 
useful output even When offsets are large. Consequently, the 
present invention can be used in a complementary sense 
Within a sloW feedback loop. 

[0026] The detector of the preferred embodiment is able to 
operate suf?ciently fast to cope With Wideband spread spec 
trum signals and, bene?cially, has a generally simpli?ed and 
robust circuit design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] In order that the present invention can be more 
fully understood and to shoW hoW the same may be carried 
into effect, reference shall noW be made, by Way of eXample 
only, to the ?gures in the accompanying drawing sheets, in 
Which: 

[0028] FIG. 1 shoWs an embodiment of a linear poWer 
ampli?er arrangement able to support the underlying con 
cepts and principles of the present invention; 

[0029] FIG. 2 shoWs, in detail, a conventional architecture 
of a gain and phase error detector suitable for use in FIG. 1; 

[0030] FIG. 3 shoWs an alternative linear poWer ampli?er 
arrangement able to support the underlying concepts and 
principles of the present invention; 

[0031] FIG. 4 shoWs an analysis of signals input to a 
linear poWer ampli?er and phase comparator of FIG. 1; 

[0032] FIGS. 5a and 5b shoW the construction of refer 
ence vectors R1-R4 and their inter-relationship With a main 
reference vector R of FIG. 4. 

[0033] FIGS. 6a and 6b diagrammatically illustrate hoW 
difference vectors El-E4 are determined for use in the linear 
poWer ampli?er arrangement of FIGS. 1 and 3; 

[0034] FIG. 7 shoWs an application of the difference 
vectors El-E4 of FIGS. 6a and 6b; 

[0035] FIGS. 8a and 8b shoW, in accordance With the 
principles of the present invention, plots of variations in 
amplitude detector output X and phase detector output Y, 
respectively, as functions of phase error for different ampli 
tude errors; 

[0036] FIGS. 9 and 10 illustrate alternative mechanism 
for generating reference vectors BIL-R4; 

[0037] FIG. 11 shoWs a schematic block diagram of the 
phase-amplitude comparator of FIGS. 1 and 3; 
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[0038] FIG. 12 shoWs a sloW feedback loop of FIG. 1; 

[0039] FIG. 13 shoWs a schematic block diagram of an IQ 
modulator block used in FIGS. 1 and 3; 

[0040] FIG. 14 shoWs a preferred functional con?guration 
of a sloW loop control circuit for FIG. 3; 

[0041] FIG. 15 shoW graphical representations of varia 
tions in phase, amplitude, calculated phase offset and ampli 
tude offset of a perfect poWer detector arranged to support 
implementation of the preferred embodiment of the present 
invention; 
[0042] FIG. 16 shoWs the phase; amplitude; calculated 
phase offset; and calculated amplitude offset for a voltage 
laW detector arranged to support implementation of the 
preferred embodiment of the present invention; 

[0043] FIG. 17 shoWs a preferred ?oW chart of an aided 
loop acquisition scheme in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] There Will noW be described, by Way of eXample 
only, at least a best mode contemplated by the inventors for 
carrying out the invention. In the folloWing description, 
numerous speci?c details are set out in order to provide a 
complete understanding of the present invention. It Will be 
apparent, hoWever, to those skilled in the art that the present 
invention may be put into practice With variations of the 
speci?c. 
[0045] FIG. 1 shoWs a block diagram of a linear poWer 
ampli?er 100 constructed in accordance With a preferred 
embodiment of the present invention. In use, an RF input 
signal 110 is applied to a high poWer ampli?er 122 via a 
directional coupler 112, a ?rst delay line 114, an amplitude 
modulator 116 and a phase modulator 118. An output of the 
ampli?er 122 provides an ampli?ed output signal 128 Which 
is sampled by a directional coupler 126. The sampled RF 
output from the directional coupler 112 is applied to a poWer 
splitter 132, the outputs of Which are connected to an 
envelope detector 134 and a second delay line 140. The 
output of the envelope detector is connected to an adaptive 
pre-distorter subsystem 170. The adaptive pre-distorter sub 
system 170 generates tWo outputs: a gain correction signal 
192 Which is connected to the control port of ?rst amplitude 
modulator 116; and a phase correction signal 194 Which is 
connected to the control port of phase modulator 118. 

[0046] The adaptive pre-distorter 170 generates the ampli 
tude and phase correction signals 192, 194 as functions of 
input 136 in such a Way that the input signal, delayed by 114 
and modulated by modulators 116, 118, on passing through 
the high poWer ampli?er 122, emerges With loWer distortion 
than if no pre-distortion subsystem had been employed. The 
purpose of the adaptive pre-distorter’s gain and phase trans 
fer functions is therefore to cancel the gain and phase 
distortion produced in the poWer ampli?er 122. The purpose 
of delay line 114 is to compensate for any delay skeW 
betWeen the signal 110 modulation and the correction sig 
nals 192, 194 induced by processing delay in the correction 
path 112, 130, 134, 170. 

[0047] A gain and phase error detection subsystem 160 
requires, as inputs, a sample 142 of the input signal 110 and 
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a sample 154 of the output signal 128, normalised to the 
same signal level and aligned in time. Output sample 154 is 
normalised to the same level as sample 142 by attenuating 
the coupled output of coupler 126 in attenuator 152. Input 
sample 142 is time-aligned With 154 by delaying one output 
of poWer splitter 132 in delay line 140. 

[0048] In order to compensate for changes in the high 
poWer ampli?er 122 gain and phase distortion characteristic, 
for eXample due to temperature or channel frequency 
changes, the pre-distorter 170 operates on an adaptive basis. 
That is, the pre-distorter 170 adaptively adjusts its gain and 
phase transfer functions in response to residual gain error 
182 and residual phase error 184 signals fed back from the 
error detection subsystem 160. The pre-distortion functions 
therefore optimally converge as the system operates. 

[0049] The path that generates the amplitude and phase 
correction signals 192, 194 (i.e. the path from the directional 
coupler 126 through the attenuator 152 and then through the 
gain and phase error detector 160 and the adaptive pre 
distorter subsystem 170) is not a classic feedback loop. The 
path, in fact, is used to update coef?cients in a look-up table 
over a relatively long period of time and so the path 
supports, inherently, a Wideband technique. More speci? 
cally, the gain and phase error detector 160 is arranged to 
update the look-up table to optimiZe tracking of the adaptive 
pre-distorter to a requisite transfer function. The adaptive 
pre-distorter 170 looks at an input envelope emanating from 
the envelope detector 134 and then, With knoWledge of the 
requisite transfer function that the circuit needs to attain to 
provide phase and amplitude compensation, the adaptive 
pre-distorter 170 selects an appropriate coefficient from the 
look-up table to improve ampli?er linearity. 

[0050] Reference signal 142, as Will be appreciated, is an 
accurate representation of the input signal 110 that is to be 
ampli?ed. Any deviation (in phase or amplitude) betWeen 
the reference signal 142 and the sampled output signal 154, 
subject to the taking into account of ?Xed gain requirements 
and offset provided by the ampli?er 122 and the attenuator 
152, is therefore representative of error. 

[0051] According to the present invention, the residual 
gain error signal 182 and the residual phase error 184 signal, 
produced by the gain and phase error detector 160, operate 
linearly over small differences in the phase and amplitude; 
the generation mechanism Will be described in greater detail 
later. 

[0052] To frame the invention in conteXt, FIG. 2 shoWs, in 
detail, a typical architecture of a gain and phase error 
detector 160 that has been used conventionally. The input 
signals 142 and 154 are each split by poWer splitters 602 and 
604, respectively. An output of splitter 602 is fed to envelope 
detector 610 and an output of splitter 604 is fed to envelope 
detector 612. The envelope detectors 610, 612 produce 
output voltages proportional to the amplitude envelope of 
signals 142 and 154, respectively. The output voltage of 
detector 610 is subtracted from the output of detector 612 by 
a differential ampli?er 616 to produce a signal 618 propor 
tional to the amplitude error betWeen 142 and 154. 

[0053] The difference signal 618 is divided in analogue 
divider block 620 by signal 614 being the output of envelope 
detector 610 to produce a signal 182 that is proportional to 
the gain error betWeen 142 and 154. The implication of this 
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is that the residual gain error signal 182 is a metric only of 
the gain distortion (amplitude compression or expansion) in 
the poWer ampli?er and is independent of the input signal 
envelope level. This can improve the stability of an ampli 
tude adaptation loop alloWing parameter pg to be set more 
closely for rapid conversions. 

[0054] Derivation of the residual gain error signal 182 and 
the residual phase error signal 184 Will become apparent in 
the description relating to FIG. 4. 

[0055] The remaining outputs of splitters 602 and 604 are 
fed to a phase comparator 630 Which has tWo outputs 632 
and 634. If the RF input from splitter 602 is represented in 
polar form by R1. cos (WCI+(X) and the RF input from splitter 
604 is represented by R2. cos (Wct+[3), then the response of 
phase comparator 630 is such that output 632 is proportional 
to R1.R2. cos ([3-ot) and output 634 is proportional to R1.R2. 
sin ([3-ot). Analogue divider block 636 divides output 634 by 
632 to give phase error signal 184. It should be noted that 
this divider is merely correcting for the amplitude response 
of the differential phase detector and hence performs a 
different role to that 620 in the gain error loop. Phase error 
signal 184 is then equal to tan ([3-ot), but for small values of 
([3-ot) then tan ([3-ot) approximates to ([3-ot). 

[0056] FIG. 3 shoWs a block diagram of the second linear 
poWer ampli?er in Which the system includes second ampli 
tude 120 and second phase 121 modulators and baseband 
processing elements 186, 187, 188, 189. These form a sloW 
feedback loop 191 operating in the gain and phase domains, 
the sloW feedback loop 191 arranged to centre the operation 
of the adaptive pre-distorter 170 and to alloW system com 
ponents of greatly reduced operating range to be used. The 
sloW feedback loop 191 provides circuit stabiliZation for 
gross error, e.g. unit-to-unit variations and component tem 
perature dependence. 

[0057] In previous, prior art systems, operation of a sloW 
gain feedback loop Was as folloWs. The gain error signal 182 
is integrated by integrator 188 and ampli?ed by gain block 
189. A resultant loop gain correction signal (“y”) is then 
applied to a second amplitude modulator 120 that adjusts the 
signal level into the second phase modulator 121 and high 
poWer ampli?er 122. The arrangement forms a control loop 
With integral action such that the output level is adjusted to 
set the sampled output 152 at the same average envelope 
voltage as the sampled input 142. Similarly, operation of a 
sloW phase feedback loop Was as folloWs. The phase error 
signal 184 is integrated by integrator 186 and ampli?ed by 
gain block 187. A resultant loop phase correction signal 
(“X”) is then applied to a sloW phase modulator 121 that 
adjusts the phase of the signal into the high poWer ampli?er 
122. The arrangement forms a control loop With integral 
action Whereby the average phase of the sampled output 152 
is adjusted to the same average phase as the sampled input 
142. 

[0058] The sampled RF output from directional coupler 
112 is applied to a poWer splitter 132, the outputs of Which 
are connected to an envelope detector 134 and a delay line 
140. The output of the envelope detector is connected to an 
adaptive pre-distorter subsystem 170. The adaptive pre 
distorter subsystem 170 generates tWo outputs: i) a gain 
correction signal 192 Which is connected to the control port 
of ?rst amplitude modulator 116; and ii) a phase correction 
signal 194 Which is connected to the control port of ?rst 
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phase modulator 118. As described in relation to the ?rst 
embodiment, the pre-distorter 170 adaptively adjusts its gain 
and phase transfer functions in response to residual gain 
error 182 (“Y”) and residual phase error 184 (“X”) signals 
fed back from an error detection subsystem 160 that operates 
as described above. 

[0059] The ‘sloW feedback’ control system nulls out the 
average gain and phase errors in the adaptation loop. The 
output of the gain error detector mentioned above is inte 
grated and ampli?ed to provide a control signal that modu 
lates a gain control element betWeen the pre-distorter and the 
poWer ampli?er itself. Similarly, the output of the phase 
error detector mentioned above is integrated and ampli?ed 
to provide a control signal that modulates a phase control 
element betWeen the pre-distorter and the poWer ampli?er. 
These feedback control loops adjust to trim out the ampli 
tude and phase errors betWeen the tWo signal paths into the 
gain and phase error detectors 160, ensuring that these the 
fast modulators 116, 118 and the pre-distorter 170 are 
operated at their optimum operating point. A further bene?t 
is that With the sloW loops controlling the average gain and 
phase response of the high poWer ampli?er, the range of gain 
and phase adjustment required from the adaptive pre-dis 
torter 170 is greatly reduced. 

[0060] As Will be appreciated, the mechanism adopted in 
the preferred embodiment for providing pre-distorted ampli 
?cation is relatively easily realisable in discrete form and 
provides a completely polar-domain design Which is capable 
of providing pre-distortion to a standalone radio frequency 
poWer ampli?er rather than necessarily being incorporated 
into an eXisting DSP system. The analogue signal processing 
used to condition error signals and to provide input signals 
eliminates the need accurately to digitise Wideband signals 
at the carrier frequency in order to drive DSP implementa 
tions of the error feedback system and pre-distorter. The 
correction signals from the pre-distorter are applied to the 
input signal via analogue radio frequency control elements 
such that, at no stage, is the input signal to the poWer 
ampli?er required to be in the digital domain. The use of 
sloW loops can be used to stabilise the poWer ampli?er gain 
and phase response, thereby reducing the dynamic range 
required from a corrective look-up table of the adaptive 
pre-distorter 170. This is of advantage for many applications 
such as in the provision of high poWer linear ampli?ers in 
the transmission of signals in cellular radio base stations. 

[0061] To this point, the description has concentrated on 
the structural con?guration of a linear ampli?cation circuit 
(e.g. FIGS. 1 to 3), With an overvieW provided in terms of 
functional operation of the various circuit components 
thereof. It is noW appropriate to discuss in detail a preferred 
mechanism for generating correction signals (X and Y) for 
compensating for phase error and amplitude (i.e. gain) error. 

[0062] FIG. 4 shoWs the construction and generation of 
vector components 250-256 that are subject to amplitude 
and phase comparison in accordance With the present inven 
tion. From an illustrative perspective, it is assumed that 
voltage components of carrier vectors (namely reference 
carrier vector R and feedback carrier vector F) can be 
represented as voltage vectors. The tWo carrier vectors R and 
F are nominally in anti-phase; this eases implementation and 
does not compromise generality. The reference carrier vector 
R can be described as having an amplitude R. The feedback 
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carrier vector F can be described as having a Wanted 
component equal to, but in anti-phase With, the reference 
vector (i.e. —R), With the feedback carrier vector F further 
having an amplitude error term a.(-R) and a phase error term 
p.(—@ orthogonal to the amplitude error term. E is equal 
in amplitude but orthogonal to R. The vector summation of 
the reference carrier vector R With the orthogonal error 
terms a.(-R) and p.(—@ therefore de?nes feedback carrier 
vector F. 

[0063] According to the underlying principle of the 
present invention (FIG. 5), phase and amplitude errors 
isolated by a vector manipulation technique involving the 
generation of a frame of reference vectors Rlm related to the 
reference carrier vector R by amplitude and phase vector of 
predetermined magnitude. More speci?cally, the present 
invention undertakes an addition or subtraction of tWo 
further offset vectors A and B of knoWn magnitude to the 
reference carrier vector R, Where A (reference numeral 270) 
is an amplitude offset in-phase With R and 2 (reference 
numeral 272) is a phase offset in quadrature With A; this is 
shoWn in FIGS. 5a and 5b. In other Words, |R|=R, |A=A and 
|B|=P. The frame of reference vectors R1 to Rn is therefore 
bounded by the knoWn :A and 1B offset vectors. 

[0064] According to the present invention, there are tWo 
alternative prepositions to consider in relation to the gen 
eration of the frame of reference vectors Rh“. Speci?cally, 
in a ?rst instance, the reference carrier amplitude offset and 
the reference carrier phase offset can both be proportional to 
R. Alternatively, A can be generated by limiting R to a 
constant amplitude so that A is ?Xed in amplitude and is not 
proportional to R. In the latter instance, B is preferably then 
simply in phase quadrature offset With respect to A and B. 

[0065] It should be noted that a quadrature relationship 
betWeen the amplitude offset and phase offset vectors A and 
B is desirable, but not essential, With the quadrature rela 
tionship merely simplifying vectorial computation associ 
ated With isolation of the actual amplitude (gain) and phase 
errors and the generation of suitable correction coef?cients. 
Indeed, an in-phase relationship betWeen one of the ampli 
tude offset and phase offset vectors A and B With the 
reference carrier vector is desirable, but not essential, 
although the computational mathematics involved With the 
isolation of the amplitude and phase error is again increased 
in its complexity. 

[0066] In accordance With a preferred embodiment, a 
frame of reference vectors R1 to R4 (reference numerals 
274-280) is produced relative to reference carrier vector R 
(reference numeral 250) through the vector additional and 
subtraction of amplitude offset and phase offset vectors A 
and B. The construction of reference vector R1 is shoWn in 
FIG. 5b in some detail, i.e. through the inclusion of the 
constituent vector components of R+A+B The frame of 
reference vectors R1 to R4 can be represented mathemati 
cally as: 

[0067] It has been appreciated that error terms in phase 
and amplitude can be isolated by a combinatorial mecha 
nism in Which the Wanted feedback carrier vector F is added 














