
METHOD AND APPARATUS FOR AMPLIFYING, MODULATING AND
DEMODULATING           Description               The present invention
relates to method and circuits          for processing components of an
input signal to provide 



a highly efficient linear amplifier and/or modulator or a
demodulator.              A LINC amplifier has been proposed (see D.C. Cox,
"Linear Amplification Using Non-Linear Components',          IEEE
Transactions on Communications, Vol. COM-22,          1974, pages 1942 to
1945) in which a modulating signal          is split into two phase
modulated components with con-          stant envelopes which can be
amplified separately us-          ing highly non-linear but power efficient
amplifiers. Com-          bining the two output signals yields the desired
linearly          amplified signal. With a LINC amplifier the potential for
dc to RF conversion efficiency can approach 100%, as-          suming ideal
matching amplifiers. However, in practical          LINC amplifiers, the
suppression of broadband phase          modulation relies on a very tight
tolerance on the gain          and phase match between the two paths. A
gain error 



of 0.01 dB and a phase error of 0.1 give a component          suppression
of only 54 dB. Such a tolerance is impos-          sible to achieve in a
open loop system where much          greater gain and phase variations can
occur with chang-          es in operating frequency, output power and
tempera-          ture, and the ageing of components.               It is
an object of this invention to provide a linear
amplifier/modulator which does not suffer significantly          from these
problems.             From GB 2073516 an arrangement for amplifying a
previously modulated carrier signal using two phase         locked loops is
already known and in which phase feed-         back and phase comparators
are used. In one embod-         iment the feedback signals are taken from a
point before         the final summing circuit. In practice the summing
circuit         will be imperfect and any phase errors introduced by the 



summing circuit will degrade the performance of the sys-         tem. The
input signal is at or near the same frequency         as the output signal
and where the output is to be at         radio frequencies (RF)
implementation of the summing         circuits 14 and 15 is, in practice,
complicated. Such an         arrangement could not receive a baseband
signal and         incorporate modulation of that signal within the phase
locked loops.         



In a second embodiment of GB 2073516, the feed- back signal is taken from a
point after the final summing circuit. However comparisons with the input
signal are made in. terms of the amplitude and phase and, when the input is
at RF, such a system requires accurate RF envelope detection and
subtraction and a wide dynamic range RF phase detector. Such devices are
difficult to construct.      From US 5105168 an arrangement for a vector
locked loop for modulation of an input signal is already known. US 5105168
incorporates a mixer in the feed- back path so that comparisons may be made
at or near 



the input signal frequency, which may be a baseband signal with an output
signal at RF. However the realisa- tion of envelope detectors for such an
arrangement presents problems as they require subsequent filtering of the
carrier components, which introduces an unac- ceptable amount of time
delay. Additional significant time delays are introduced by the phase
detector which is required to generate the difference component and the
filter which is required to remove the sum compo- nent.     It is another
object of the invention to provide an amplifier/modulator which may use the
Cartesian com- ponents of an input signal. The advantage of the a Car-
tesian signal is that a representation of the signal can be produced with a
low sampling rate, especially when derived by a digital signal processor
(DSP). 



It is a further object of the invention to provide an amplifier/modulator
which incorporates modulation am- plification and summation within
ateedback loop, sothat there is compensation for any deficiencies in the
sys- tem.     According to one aspect of the invention there is provided
apparatus for processing an input signal to generate an output signal, the
processing arrangement comprising      first and second feedback loops for
generating,     from said input signal, respective output signal com-
ponents and ensuring that the components are cor-     rectly in phase for
this purpose,     each loop comprising a voltage controlled oscillator,
having a frequency or phase which is variable in re- 



sponse to a control signal, for generating a loop out-     put signal which
forms one of the components of     the output signal, or from which one
such compo-                                       -3-    nent is derived,
and a comparator for generating the    control signal, and 



combining means for combining the loop output sig.    nals to derive a
signal representative of the output    signal or signals representative of
components of    the output signal, and    means for providing first and
second feedback loop    operating signals, dependent on the representative
signal or representative signals and in phase quad-    rature with one
another,    for each loop, applying the feedback loop operating    signal
to one input of the comparator and another    input of the comparator being
coupled to receive a    component of the input signal.     Processing
carried out by the invention may; for ex- ample, be modulation and/or
amplification.     According to a second aspect of the invention there 



is provided apparatus for demodulating an input signal to generate an
output signal, the arrangement compris- ing      first and second feedback
loops for generating,     from said input signal, respective output signal
corn-     ponents and ensurini that the components are cor-     rectly in
phase for this purpose,     each loop comprising           a voltage
controlled oscillator, having a fre-          quency or phase which is
variable in response          to a control signal, for generating a loop
output          signal, which forms one of the components of          the
output signal, or from which one such com-          ponent is derived, 



and a comparatorfor generatingthe control sig-          nal, and
combining means for combining the loop output sig-     nals and the input
signal to derive a signal repre-     sentative of the output signal or
signals represent-     ative of components of the output signal, and
means for providing first and second feedback loop     operating signals,
dependent on the representative     signal or representative signals, and
in phase quad-     rature with one another,     the feedback loop operating
signals being applied     



4     to one input of the comparators of the first and sac-    ond loops,
respectively, and another input of each    comparator being coupled to
receive a process ref-    erence signal.     According to a third aspect of
the invention there is provided a method of processing a input signal to
gen- erate an output signal including the steps of  



using first and second feedback loops to generate,     from said input
signal, respective output signal com-     ponents and ensuring that the
components are cor-     rectly in phase for this purpose,     for each
loop, generating from a voltage controlled     oscillator,
havingafrequencyor phase which isvar-     iable in response to a control
signal, a loop output     signal which forms one of the components of the
output signal, or from which one such component     is derived,
combining the loop output signals and the input sig-     nal to derive a
signal representative of the output     signal or signals representative of
components of     the output signal,     generating feedback loop operating
signals, in     phase quadrature with one another, from the repre- 



sentative signal or representative signals, one for     each loop, and
for at least one loop, comparing the feedback loop     operating signal
with a component of the input sig-     nal to provide the respective
control signal. method     of processing a Input signal to generate an
output     signal including the steps of     using first and second
feedback loops to generate,     from said input signal, respective output
signal com-     ponents and ensuring that the components are cor-
rectly in phase for this purpose,     for each loop, generating from a
voltage controlled   oscillator, having a frequency or pnase which is var-
table in response to a control signal, a loop output   signal which forms
one of the components of the   output signal, or from which one such
component 



is derived,   combining the loop output signals and the input sig-   nal to
derive a signal representative of the output   signal or signals
representative of components of   the output signal,   generating feedback
loop operating signals, in                                             5 



phase quadrature with one another, from the repre-      sentative signal or
representative signals, one for      each loop, and      for at least one
loop, comparing the feedback loop      operating signal with a component of
the input sig-      nal to provide the respective control signal.
According to a fourth aspect of the invention there is provided a method of
demodulating an input signal to generate an output signal including the
steps of      using first and second feedback loops to generate,     from
said input signal, respective output signal com-     ponents and ensuring
that the components are cor-     rectly in phase for this purpose, 



for each loop, generating from a voltage controlled     oscillator, having
a frequency or phase which is var-     iable in response to a control
signal, a loop output     signal which forms one of the components of the
output signal, or from which one such component     is derived,
combining the loop output signals and the input sig-     nal to derive a
signal representative of the output     signal or signals representative of
components of.     the output signal,     generating feedback loop
operating signals, in     phase quadrature with one another, from the
repre-     sentative signal or representative signals, one for     each
loop, and     for each loop, comparing the feedback loop operat-     ing
signal with a process reference signal to provide 



the respective control signal.      The feedback signals may be provided by
mixing the said representative signal with respective quadra- ture signals
from an oscillator.     Where modulation is to be carried out, the
Cartesian components of the input signals may be applied and the said
representative signal is the modulated output signal in which a signal at
the frequency of the oscillator is mod- ulated by the input signal, that is
frequency translation of the input signal to the frequency of the
oscillator oc- curs.     For amplification, each loop contains an amplifier
to amplify the loop output signals before they are com- bined, and if any
amplification without modulation is re- quired, then the oscillator output
frequency is set to ze- 



ro.                                  -6-      To achieve demodulation the
loop output signals are combined with a modulated signal in such a way that
frequency translated signals derived from the represent ative signal
indicate any frequency or phase deviations of the loop output signals from
respective componetnts 



of the modulated signal. Also a zero magnitude signal is applied as the
process reference signal, for example by grounding one input terminal of
each comparator, and the loop output signals are demodulated using the
respective quadrature components of the oscillator out- put signals to
provide components of the output signal which can then be combined in a
known way to derive a signal representative of the modulation of the modu-
lated signal.     One of the main advantages of the circuit is that it
allows components of an output signal, or a signal from which such
components can be derived, to be generat- ed and combined within a control
loop so that problems of errors in combination are significantly reduced.
Other advantages which may be achieved include maximising the efficiency of
the modulator/amplifier par- 



ticularly when used in a transmitter, the ability to con- struct circuits
according to the invention with readily available, low cost, low tolerance
components, and min- imising or eliminating the use of complex digital
signal processing.     The demodulator also allows a variable strength in-
put signal, such as might be received by a radio system, to be converted to
two phase modulated components of constant amplitude which are easier to
process.    It is believed that the input and/or output signals may be
represented by other component systems than Cartesian components. For
example polar components or non-rectangular components may possibly be
used.     Embodiments of the invention will nowbe described by reference to
the following drawings, in which:-  



Figure 1 is a block diagram of an amplifier/modula-     tor embodying the
invention,     Figure 2 is a block diagram of a demodulator em-     bodying
the invention, and     Figure 3 is a diagram showing regions of stability
for Figure 1,     Figure 4 is a block diagram of another amplifier/
modulator embodying the invention,     Figure 5 is a block diagram of a
third amplifier/mod-     ulator embodying the invention,     Figure 6 is a
block diagram of an amplifier embod-     ving the invention     



7              In Figure 1, an input signal s(t) having for example
amplitude or phase variations, or both, is separated by   a known component
separator 10 into two component   signals which vary in amplitude and phase
but are in   phase quadrature. These two components, s[err](t) and s[err]
(t) are the Cartesian components (I and Q) of the input   signal and each
component signal is passed to one of   two feedback loops. As an
alternative the input signal 



may be supplied in tne form of separate I and Q signals.   The first
element in each loop is a comparator (11 and   12) and each component
signal is passed to the non-   inverting input of the comparator. The
output signal of   this comparator is passed, in this example, by way of
connections 41 and 42 (which can be selected from con-   nections 41 to 44
as is described below) to control the   frequency of a voltage controlled
oscillator (VCO) (14   and 15), and the resulting output signal is
amplified by   an a non-linear radio-frequency amplifier (16 and 17).   The
output signals from the amplifiers are combined, by   a summing circuit 18
to produce, as is explairied below,   a frequency translated amplified
version of the input sig-   nal s(t), at the frequency of the oscillator
22.      Feedback control is created for each loop by taking  the output of
the summing circuit 18, demodulating that 



signal with a signal r[err](t) and r[err](t)) at a mixer (20 and 21)  and
passing the resulting feedback signal to the non-  inverting input of the
comparator of that loop. The sig-  nals r[err](t) and r[err](t) supplied to
each mixer are the quad-  rature Cartesian components of a signal r(t) from
an os-  cillator 22, and the frequency difference between the  modulated
signal at the output of the summing circuit 18  and the input to the
component separator 10 equals the  frequency of the oscillator 22.      In
operation, the output of the mixer 20, for example,  is compared by the
comparator 11 with the signal s[err](t)  and any difference. assuming the
direct connections 41  and 42 are made, controls the frequencies generated
by the VCO 14 so that its output signal is such that when  summed with the
output of the VCO 15 and demodulat-  ed by the mixer 20, it forms a replica
of s[err](t). In a similar 



way the output signal of the VCO 15 when summed with  the output of the VCO
14 and demodulated by the mixer 21 is a replica of s[err](t). Thus when the
output signals of the VCOs 14 and 15 are combined by the summing cir- cuit
18 they provide a signal at the reference frequency            



which is a frequency translated amplified version of s(t), assuming that
the demodulation processes are exact (perfect gain and phase matching) and
that the loop gain is infinite giving feedback control loops with error
signals of zero.     Since the amplitudes of the outputs of the VCOs are
inherently constant the amplifiers 16 and 17 can be non- linear, for
example Class C, so that high efficiency am- plification and modulation can
be achieved. By providing feedback control the frequency and phase of each
sig- nal from the VCOs 14 and 15 is controlled to ensure that gain and
amplitude matching is as required in combining these signals as components
of the required output sig- nal from the summing circuit 18. Deviations in
gain as well as phase are corrected by phase variations in the signals
combined caused by the action of feedback 



Where only modulation is required the amplifiers 16 and 17 can be omitted
or of unity gain. Where only am- plification is required, without frequency
translation, then the frequency of the oscillator 22 is set to zero. For
example the oscillator 22 and the mixers 20 and 21 may be omitted when the
signals from the summing circuit 18 to the comparators 11 and 12 are
arranged to be in phase quadrature, with the comparator 12 receiving a
signal with a 90 phase shift, as described below in re- lation to Figure 6.
The modulator of Figure 1 can be viewed as a com- bination of two analogue
phase locked loops and a basic understanding of the factors affecting
system perform- ance can be drawn from conventional phase locked loop
theory. Loop gain will in practice be limited by stability of the feedback
process, and loop capture range will dic- 



tate the ultimate modulation bandwidth.     Figure 3 is a diagram in which
a vector 45 repre- sents the sine signal rq(t) from the oscillator 22 and a
vector 46 represents the cosine signal r[err](t). It can be shown
mathematically that, if the connections 41 and 42 are as shown in Figure 1
without any signal inversion, the stable region of lock for the combined
loop system covers the shaded semi-circle. This in effect limits the
application of the modulator to formats such as full car- rier amplitude
modulation and amplitude shift keying.     A limited performance in one
quadrant does not pro- vide a universal modulator and stable operation in
all four quadrants can be achieved if the sign of the feed- back components
is controlled as a function of the sign of the signals S[err](t) and
S[err](t).  



-9-      In order to determine the sign of s[err](t) and S[err](t),the  two
outputs of the component separator 10 are cou ed  to comparators 50 and 51,
respectively, with each com-  parator providing a logic 1 for a positive
input and a logic  0 for a negative input. These logic signals are applied
to a switch control circuit 52 which controls the connec-  tions 41 to 43
and whether inversion is to occur within 



these connections. Such connections may be provided  by known circuits. A
number of connection schemes are  suitable for four-quadrant stable
operation and one is  given in the following table, by way of example,
where  a primed connection designation, for example 41', indi-  cates
signal inversion and designations without primes  indicate no inversion.
S[err(t)  S[err](t)  To VCO   To VCO                              14
15              1     1     44       43'              1     0     41
42              0     1     41'      42'              0     0     44'
43  



It may be shown, mathematically, that the stable re-  gion of lock for the
combined loop system covers more  than quadrant 48 and extends furtherto
include the area  up to line 48a.      Figure 2 shows a demodulator
according to the in- vention, in which an input signal to be demodulated is
received by a summing circuit 25 from a source in this example illustrated
bv an antenna 26 but which could be any modulated signal source. When VCOs
27 and 28 are operating at exactly the frequencies and phases of components
of the input signal, the input signal is can- celled in the summing circuit
25. At other times a small error signal reaches demodulators 32 and 33
where Cartesian components of the error signal are generated using
quadrature reference signals r[err](t) and r[err](t) from an oscillator 34
at the frequency which carries the modula- 



tion to be detected (that is the carrier frequency). These Cartesian
components, which should be zero when per- fect cancellation occurs in the
summing circuit 25, are compared with a zero magnitude signal in
comparators 35 and 36 obtained by grounding the non-inverting In- puts of
these comparators, and the outputs obtained control the frequencies of the
VCOs 27 and 28. As a result the outputfrequencies of these VCOs are
replicas         



-10-   of the components of the inputsignal to the demodulator  and are
down converted by demodulators 37 and 38 us-  ing the respective quadrature
outputs of the oscillator  34 to provide demodulated components of the
modula-  tion of the carrier signal. These components can be  combined in a
known way to provide a frequency trans-  lated replica of a radio-frequency
input signal at the an-  tenna 26.      Problems of stability also arise
with the demodula-  tion circuit and can be overcome by the use of the same
switched connections as those of Figure 1 controlled by  the signs of the
outputs of the demodulators 32 and 33.      Amplifiers 29 and 30 are shown
in Figure 2 at the 



outputs of the VCOs 27 and 28 and are useful in cor-  recting levels. To
this end the gain of these amplifiers  may be greater or less than unity,
and in some circum-  stances they may not be required.      Figures 4 and 5
show embodiments of the invention which maintain stability in all four
quadrants. The input signal is confined to the quadrant where the
amplifier/ modulator is stable and the necessary phase shift is added back
to the output signal.      In Figure 4 an input signal Ae[err], having for
example amplitude or phase variations, or both, is separated by a known
component separator 61 in a manner as de- scribed in retion to figure 1.
Alternatively the input sig- nal may be supplied as separate I and Q
signals, cosa and sina Each component signal is passed to a phase shifter
62 which shifts the phase of each signal by a fac- 



tor [err], which is the difference in phase between the input and the
output signals. The absolute value of each phase shifted input component
signal is taken by the 'rectifier' circuits 63 and 64, leaving a signal
containing mainly amplitude information. This ensures that each component
signal is kept in a region for which the com- bined system is stable, as
illustrated by quadrant 48 of figure 3 and described above. The output
signals of the rectifiers are passed to the non-inverting inputs of the
comparators 65, 66 in the latter after inversion. The out- put signal of
the comparator controls the frequency of a VCO 67. 68 via switchable
connections 69, 70, 71 and 72. The resulting output signal may be amplified
by a non-linear RF amplifier 73, 74. As before these amplifi- ers may be
omitted or of unity gain where only modula- tion is required. The outputs
of the two amplifiers are 



combined by summing circuit 75 to produce a frequency translated amplified
version of the input signal.
11         Feedback control is provided for each loop in a sim-   ilar
manner to that used in the embodiment illustrated   by figure 1, by
demodulating the output of the summin 



circuit 75, Be[err] with quadrature signals cos([err]), sin   ([err])
produced by the oscillator 76 at the mixers 77, 78.   The phase of each
input component is added back into   the feedback loop by shifting the
demodulated compo-   nent of the output signal with the phase of the compo-
nent of the input signal at a phase shifter 79; thus the   signal from the
mixer 77, 78 are shifted in phase by a   factor [err] The feedback loop is
completed by passing   the resulting signal to the inverting input of the
compa-   rator. The frequency difference between the output sig-   nal and
the input signal is that of the frequency of the   oscillator 76.
Figure 5 is a simplified version of the amplifier/mod-    ulator shown in
figure 4. An input signal Ae[err], of the type    described in relation to
figure 4 is separated by a known    component separator 85 in a manner as
described in 



relation to figure 1. The absolute value of the input sig-    nal, ie the
amplitude information, is selected by a 'recti-    fier circuit 86 and this
value is passed into the non-in-    verting input of a comparator 88. The
phase component    of each signal is selected by circuit 87 which limits
each    component signal to unity, with phase information. The
non-inverting input of a comparator 89 is grounded and thus the output of
the comparator mirrors the input of    the non-inverting input. The output
signal of the compa-    rator 88, 89 controls the frequency of a VCO 90. 91
via    switchable connections 92, 93, 94 and 95. The resulting    output
signal may be amplified by a non-linear RF am-    plifier 96, 97. As before
these amplifiers may be omitted    or of unit gain where only modulation is
required. The    outputs of the two amplifiers are combined by summing
circuit 98 to produce a frequency translated' amplified 



version of the input signal at the frequency of the oscil-    lator 99.
Feedback control is provided for each loop in a sim-   ilar manner to that
used in the embodiment illustrated   by figure 4, by demodulating the
output of the summing   circuit 98, Be[err] with quadrature signals cos
([err]), sin   ([err]) produced by the oscillator 99 at mixers 100, 101.
The phase of each input component is added back into   each feedback loop
by shifting the demodulated com-   ponent of the output signal with the
phase of each com-   ponent of the input signal at a phase shifter 102. The
feedback loop is completed by passing the resulting sig-     



- 12 -    nal to the non-inverting input of the comparator. The fre-
quency difference between the output signal and the in-   put signal is
that of the frequency of the oscillator 98.       Although the input to the
loops is constrained to be   within the stable region of the system, VCO
switching   may be required to reduce impulse noise generated by   the VCO.
When the envelope of the input signal crosses   zero (hereafter'zero
crossing') the phase of the input   signal changes by 180 and this can be
illustrated by 



plotting a vector of the input signal onto figure 3. When   the envelope
crosses zero the vector will cross from one   quadrant to the diagonally
opposite quadrant and will   pass through the origin. The outputs of the
VCOs, when   summed at the summing junction, produces a similar   signal to
that of the input and thus when the input phase   changes by 180 the
outputs will also change by 180[err].   Since the output is created by
summing the output of   the two VCOs, it can be shown that the output of
each   VCO needs to change by 180 as well. The VCOs intro-   duce a finite
delay into the system and also generate an   impulse noise. Figures 4 and 5
include a phase detector   105 and a differentlator 106 which in
combination pro-   duce a signal when the phase changes by 180[err]. The
output of the differentiator is coupled to the non-inverting   input of a
comparator 107, the inverting input of which 



is coupled to a reference signal. When the output of the   differentlator
crosses a threshold, which is that of the   reference signal, the input to
the VCOs are switched by   the switching connections, (69, 70, 71 and 72 in
figure   4 and 92, 93, 94 and 95 in figure 5).      The embodiment
illustrated in figure 1 will also gen-  erate impulse noise when zero
crossing occurs. For  clarity the phase detector, differentiator,
comparator and  further switchable connections have been omitted. Al-
ternatively the switch controls may take into account ze-  ro crossing and
switch accordingly.     If the system is to amplify without modulation (if
the oscillator is set nearto orat zero) an alternative arrange- ment is
needed to create suitable phase quadrature feedback signals. Figure 6 is an
illustration of a modified version of the embodiment of the circuit shown
in figure 



1, which works substantially as described above. Similar arrangements may
be applied to the embodiments illus- trated in figures 4 and 5. An input
signal of the type de- scribed in relation to figure 1 is separated by a
compo- nent separator, as described above. The component signals are passed
to the non-inverting input of the corn-           



13   parator 111, 112, the output of which is connected via   switchable
connections (as described in relation to fig-   ure 1) to a VCO 113,114.
The VCO generates at its out-   put two signals I and Q, which are in phase
quadrature   with each other. The Q signal of each VCO (113, 114) is
summed by summing circuit 115. One output of the sum-   ming junction forms
the feedback loop and is passed to   the inverting input of the comparator
112. The I signal   of each VCO (113, 114) is summed by summing circuit
116. One output of the summing junction forms the feed-   back loop and is
passed to the inverting input of the com-   parator 111. The other outputs
of the summing junctions   115,116 are passed to amplifiers 117 and 118 and
the   amplified signals are summed by summing junction 119.   Switch
control for the VCOs may be provided in the 



same manner as described in relation to figure 1 and   zero crossing
switching may also be applied if desired.       Some alternative
arrangements relating to figure 6   will now be mentioned. In the first,
the amplifiers 117   and 118, and the summing junction 119 are omitted, re-
spective substitute amplifiers are connected in the I sig-   nal paths
between the VCOs 113 and 114, and the sum-   ming junction 116, and the
output signal is taken from   the summing junction 116. The substitute
amplifiers may instead be in corresponding positions in the Q signal paths.
In both cases an attenuator or a further amplifier is required to ensure
that the two feedback signals are at corresponding levels at the
comparators 111 and 112. -Substitute amplifiers may be used in both I and Q
paths at the VCO outputs. Such arrangements have the ad- vantage thatthe
substitute amplifiers are included in the 



feedback loop before summation to provide the output signal. The amplifiers
117 and 118 and/or the summing junction 119 may be used in addition to the
substitute amplifiers in any of the substitute amplifier arrange- ments.
It will be reallsed that the invention can be put into  operation in many
other ways than those specifically de-  scribed. For example the VCOs may
be any form of fre-  quency generator having an output signal which can be
controlled using a control signal, for example some  forms of unstable
amplifier or direct digital synthesizers.      The switching matrices of
figures 1, 4, 5 and 6 may in some situations be replaced by permanent
connec- tions which give a stable arrangement and prevent im- pulse noise
on zero crossing  



-14-       Since Cartesian components of an input signal, some alternative
kinds of components, are phase mod- ulated, the invention can handle any
other types of mod- ulation in addition to those mentioned.  



- 15 -    Claims   1. Apparatus for processing an input signal to gener-
ate an output signal, the processing arrangement      comprising 



first and second feedback loops for generating,          from said input
signal, respective output signal          components and ensuring that the
components          are correctly in phase for this purpose,          each
loop comprising a voltage controlled os-          cillator (15, 16; 27, 28;
67, 68; 90, 91; 113, 114),          having a frequency or phase which is
variable          in response to a control signal, for generating
a loop output signal which forms one of the          components of the
output signal, or from which          one such component is derived, and a
compa-          rator (11,12; 35, 36; 65, 66; 88,89; 111, 112) for
generating the control signal, and          combining means (18; 25; 75;
98; 115, 116) for          combining the loop output signals to derive a 



signal representative of the output signal orsig-          nals
representative of components of the out-          put signal, and
means for providing first and second feedback          loop operating
signals, dependent on the rep-          resentative signal or
representative signals and          in phase quadrature with one another,
for each loop, applying the feedback loop op-          erating signal to
one input of the comparator          and another input of the comparator
being cou-          pled to receive a component of the input signal.  2.
Apparatus according to claim 2 wherein the means     for providing the
feedback loop operating signals in-     cludes  



a quadrature oscillator (22; 32; 76; 99) having         quadrature output
signals, and         first and second mixers (20, 21; 32, 33; 77, 78;
100, 101), one for each loop, for generating the         first and second
feedback loop operating sig-         nals, the mixers both being coupled to
receive         the said representative signal as one input, and         to
receive respective quadrature output signals         from the oscillator as
another input.        



-16-  3. Apparatus according to claim 2 wherein          the input signal
is amplified or modulated.  4. Apparatus according to Claim 3 including an
ampli-     fier (16, 17; 73, 74; 96, 97) for each loop connected
between the voltage controlled oscillator for that     loop and a
respective input of the combining means.  5. Apparatus according to Claim 3
or Claim 4 arranged     as a modulator wherein          each loop includes
an input terminal, connect- 



ed to the comparator, for application of a Car-         tesian component of
the input signal, and         whereby a modulated signal appears at an out-
put terminal of the combining means which is         the input signal
frequency translated by the         quadrature oscillator frequency.  6.
Apparatus according to Claim 3 including a compo-     nent separator (10;
61; 85) for receiving a modulat-     ing input signal and deriving
Cartesian components     thereof for application to the input terminals.
7. Apparatus according to Claim 4, or Claims 5 or 6     when dependent
thereon, for amplifying a signal,  wherein the quadrature oscillator output
frequency     is zero. 



8. Apparatus according to Claim I arranged with am-     plification of the
output signal wherein the means     for providing the feedback loop
operating signals     comprises means 20, 21; 32, 33; 77, 78; 100, 101)
for derving quadrature-phase signals from the said     representative
signal as the first and second loop     operating feedback signals.  9.
Apparatus for demodulating an input signal to gen-     erate an output
signal, the arrangement comprising          first and second feedback loops
for generating,         from said input signal, respective output signal
components and ensuring that the components         are correctly in phase
for this purpose, 



each loop comprising                                          -17-
a voltage controlled oscillator (15, 16; 27,             28; 67, 68; 90,
91; 113,114), having afre-             quency or phase which is variable in
re-             sponse to a control signal, for generating a 



loop output signal, which forms one of the             components of the
output signal, or from             which one such component is derived,
and a comparator (11,12; 35, 36; 65, 66;             88, 89; 11 1, 112) for
generating the control             signal, and          combining means
(18; 25; 75; 98; 115, 116) for         combining the loop output signals
and the input         signal to derive a signal representative of the
output signal or signals representative of com-         ponents of the
output signal, and         means for providing first and second feedback
loop operating signals, dependent on the rep-         resentative signal or
representative signals,         and in phase quadrature with one another, 



the feedback loop operating signals being ap-         plied to one input of
the comparators of the first         and second loops, respectively, and
another in-         put of each comparator being coupled to re-
ceive a process reference signal.  10. Apparatus according to Claim 9
including an ampli-     fier (29, 30) for each loop connected between the
voltage controlled oscillator (27, 28) for that loop     and a respective
input of the combining means (25).  11. Apparatus according to Claim 9 or
10 wherein          the combining means (25) has first, second and
third input terminals and an output terminal and         is so constructed
that when the loop output sig- 



nals are applied at the first and second input         terminals,
respectively, and the input signal is         applied at the third input
terminal the said rep-         resentative signal appears at the output
termi-         nal and is indicative by its respective compo-         nents
of any frequency or phase deviations of         the loop output signals
from the respective         components of the input signal,         means
are provided for applying a zero magni-         tude signal as the said
process reference signal       



18           to the comparators (35, 36) of both loops, and          a
further mixer is provided for each loop for de-          modulating the
loop output signal to derive one          of the components of the said
output signal.  12. Apparatus according to Claim 11 including means     for
combining the outputs of the further mixers to     derive a signal
representative of modulation carried     by a signal applied to the third
input terminal of the     combining means. 



13. Apparatus according to any preceding claim includ-     ing control
means (52; 107;) for controlling respec-     tive connections within and/or
between compo-     nents for the two feedback loops both in respect of
determining the said connections and also whether     the said connections
include signal inversion, the     control means operating in accordance
with signal     characteristics to ensure that stable operation oc-
curs.  14. Apparatus according to Claim 13 wherein the signal
characteristics are the signs of one input signal of     each comparator,
and the respective connections     are connections between the comparators
and the     voltage controlled oscillators. 



15. Apparatus according to Claim 1 wherein the input     signal is
Cartesian components of a signal to be     processed and whereby one
component is applied     to one comparator and the other component is ap-
plied to the other.  16. Apparatus according to claim 15 wherein phase
control means, for ensuring stable operation of the     apparatus,
comprises first and second phase shift-     ers (62, 79).  17. Apparatus
according to claim 16 wherein          for each loop, the first phase
shifter (62) sub-         tracts the phase difference between the input 



signal and the output signal from the Cartesian         input component
before application to one input         of the comparator, and
for each loop, the second phase shifter (79)          subtracts the phase
of the Cartesian input com- 



ponent from the feedback loop operating sigral          before application
to the other input of the com-          parator.   18. Apparatus according
to claim 17 including, for each      loop, rectifying means (63, 64) for
taking the mod-      ulus of the output of the first phase shifter before
application to the comparator.   19. Apparatusaccordingtoclaim 1 or 15
wherein phase      control means, for ensuring stable operation of the
apparatus, comprises           means (66) for providing a signal
representa-          tive of the amplitude of the input signal to the
input of one comparator and means for provid- 



ing a constant signal as the other input of said          comparator,
a phase shifter (102), controlled by first and          second phase
control signals, for shifting the          phases of the first and second
feedback loop          operating signals respectively, and          means
(87) for providing signals representative          of the phases of the
Cartesian input compo-          nents as the first and second phase control
sig-          nals.  20. Apparatus according to any of claims 1 to 19
includ-     ing detection means for detecting zero crossings in     the
input signal or the envelope thereof, and           noise-reduction
switching means (52,107) for     changing over the voltage controlled
oscillator be- 



tween loops when a said zero crossing occurs as     indicated by the
detection means.  21. Apparatus according to claim 1 wherein Cartesian
components of the input signal are provided and     wherein each voltage
controlled oscillator (113,     114) generates Cartesian components of the
loop     output signal, and the apparatus includes          first and
second means (11.5, 116) forcombin-.     ing corresponding Cartesian loop
output signals to'     provide the first and second feedback loop operat-
ing signals, and third combining means (119) for     combining the output
of the first and second com-     bining means to provide the output signal.



20-  22. Apparatus according to claim 21 including first and     second
amplifiers (117, 118) connected betwee     the first combining means and
the third combinin     means, and the second combining means and the
third combining means, respectively.  23. A method of processing a input
signal to generate 



an output signal including the steps of          using first and second
feedback loops to gen-         erate, from said input signal, respective
output         signal components and ensuring that the com-
ponentare correctly in phase for this purpose,         for each loop,
generating from a voltage con-         trolled oscillator, having a
frequency or phase         which is variable in response to a control
signal,         a loop output signal which forms one of the
components of the output signal, or from which         one such component
is derived,         combining the loop output signals and the input
signal to derive a signal representative of the         output signal or
signals representative of com-         ponents of the output signal, 



generating feedback loop operating signals, in         phase quadrature
with one another, from the         representative signal or representative
signals,         one for each loop, and         for at least one loop,
comparing the feedback         loop operating signal with a component of
the         input signal to provide the respective control         signal.
24. A method according to Claim 23 including the steps     of
generating respective quadrature signals, and         generating the
feedback signals by mixing the         representative signal with the
respective quad-         rature signal to provide the feedback loop op- 



erating signal.  25. A method according to claim 23 or 24 characterised
in that          the input signal is modulated or amplified.  26. A method
according to Claim 25 including amplify-     ing the loop output signals
before combining them.         



27. A method of modulation according to Claim 25 or     26 wherein, for
each loop, a Cartesian component     of the input signal is compared with
the feedback     loop operating signal.  28. A method according to Claim 23
in which the input     signal is provided as Cartesian components of a
signal to be processed.  29. A method of demodulating an input signal to
gener- 



ate an output signal including the steps of          using first and second
feedback loops to gen-         erate, from said input signal, respective
output         signal components and ensuring that the com-         ponents
are correctly in phase for this purpose,         for each loop, generating
from a voltage con-         trolled oscillator, having a frequency or phase
which is variable in response to a control signal,         a loop output
signal which forms one of the         components of the output signal, or
from which         one such component is derived,         combining the
loop output signalsend the input         signal to derive a signal
representative of the         output signal or signals representative of
com-         ponents of the output signal, 



generating feedback loop operating signals, in         phase quadrature
with one another, from the         representative signal or representative
signals,         one for each loop, and         for each loop, comparing
the feedback loop op-         erating signal with a process reference
signal         to provide the respective control signal.  30. A demodulator
method according to Claim 29 com-     prising          combining the loop
output signals with the input         signal in such a way that the
feedback loop op-         erating signals derived from the representative
signal indicate any frequency or phase devia-         tions of the loop
output signals from respective 



components of the input signal,         applying a zero magnitude signal as
the re-         saective process reference signals, and
22   



demodulating each loop output signal using a         respective one of the
quadrature phase signals         to provide components of the output
signal.  31. An amplifying method according to Claim 23 where-     in
quadrature phase versions of said representative     signal form the
feedback loop operating signals.  32. A method according to claim 23
including          controlling connections within and/or between
the two feedback loops,         determining whether said connections
include         signal inversion,         altering the said connections to
ensure stable 



operation occurs.  33. A method according to claim 23 including
providing Cartesian components of the input         signal,
controlling the phases of the respective Carte-         sian input
components to ensure stable opera-         tion.  34. A method according to
claim 23 including          detecting zero crossings of the input signal or
envelope thereof and         changing connections within and/or between
the two feedback loops when said zero cross- 



ings occur.    




