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MODULATING AND DEMODULATING 
The present invention relates to method and circuits for 

processing components of an input signal to provide a highly 

S efficient 1inear amp11fier and/or modulator or a demodulator. 

A LINC amplifier has been proposed <see D.C. Cox, "linear 

Ampliflcation Using Non-linear Components 11
, 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 

10 constant envelopes which can be amplified separately using highly 

non-linear but power efficient amplifiers. Combining the two 

output signals yields the desired linearly amplified signal. With 

a LINC amplifier the potential for de to RF conversion efficiency 

can approach 100%, assuming ideal matching amplifiers. However, in 

15 practical LINC amplifiers, the suppression of broadband phase 

modulation relies on a very tight tolerance on the ga1n 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 impossible to achieve 1n a open loop system where much 

20 greater ga1n and phase variat1ons can occur with changes in 

operating frequency, output power and temperature, and the ageing 

of components. 

It is an object of this invent1on to provide a linear 

amplifier/modulator which does not suffer significantly from these 

25 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 feedback and phase comparators are used. 

In one embodiment the feedback signals ar·e taken from a point 

30 before the final summing circuit. In pra~ti~e.the summing circuit 

wi 11 be imperfect and any phase errors introduced by the summing 

circuit will degrade the performance of the system. The input 

si gna 1 is at or near the same frequency as the output s i gna 1 and 

where the output is to be at radio frequencies <RF> implementation 
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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 feedback signal is 
5 taken from a point after the final summing circuit. However 

comparisons with the input signal are made in terms of the 
amp 1 itude and phase and, when the input 1 s at Rf, such a system 
requires accurate RF envelope detection and subtraction and a wide 
dynamic range RF phase detector. Such devices are di ffi cult to 

10 construct. 
From US 5105168 an arrangement for a vector locked loop for 

modulat1on of an input stgnal ts already known. US 5105168 
incorporates a mixer in the feedback path so that comparisons may 
be made at or near the input s i gna 1 frequency, which may be a 

15 baseband signal with an output signal at RF. However the 
realisation of envelope detectors for such an arrangement presents 
problems as they require subsequent filtering of the carrier 
components. which introduces an unacceptable amount of time delay. 
Additional significant time delays are introduced by the phase 

20 detector which is required to generate the difference component and 
the filter which is required to remove the sum component. 

It i s another object of the invention to provide an 
amplifier/modulator which may use the Cartesian components of an 
input signal. The advantage of the a Cartesian signal is that a 

25 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, amplification 
and summation within a feedback loop, so ~ha~ there is compensation 

30 for any deficiencies in the system. 
According to one aspect of the invention there is provided 

apparatus for processing components of an input signal to provide a 
processed output signal, comprising 

flrst and second feedback control loops for generating 
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respective components for use in generating a processed output 
signal and ensuring that the components are correctly in phase for 
thl s purpose, 

each loop comprising means for generating a loop output signal 
5 having a. frequency or phase which is variable in response to a 

control signal, and which forms one of the components of the 
processed output signal, or from which one such component is 
derived, and a comparator for generating the control signal, and 

means for combining the loop output signals in deriving a 
10 resultant signal, and 

means for providing first and second feedback signals. 
dependent on the resultant signal and in phase quadrature with one 
another, 

the feedback signals being applied to one input of the 
15 comparators of the first and second loops, respectively, and 

another input of each comparator being coupled to receive a 
reference signal. 

According to a second aspect of the invention there is 
provided a method of processing the components of an input signal 

20 to provide a processed output signal by using flrst and second 
feedback control loops to generate respective components used in 
generating the processed output stgnal and ensuring that the 
components are correct in phase for this purpose, comprising 

generating a loop output s1gnal for each loop having a 
25 frequency which is vari ab 1 e in response to a respective contro 1 

signal and whtch forms one of the components of the processed 
output signal~ or from which one such component is derived, 

combining the loop output signals in deriving a resultant 
signal, 

30 generating feedback signals from the resultant signal. one for 
each loop, and 

comparing each feedback signal with a respective reference 
signal to provide the respective control signals. 

Processing carried out by the invention may, for example. be 
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modulation and/or amplification, or demodulation. 
The feedback signals may be provided by 

resultant signal with respective quadrature 
osci 1lator. 

mixing the said 
signals from an 

5 Where modulation is to be carried out, the Cartesian 
components of the 1 nput s i gna 1 s may be applied as the reference 
signals and the said resultant signal is the modulated output 
signal in which a signal at the frequency of the oscillator is 
modulated by the input sfgnal. that is frequency translation of the 

10 input signal to the frequency of the oscillator occurs. 
For amplification, each loop contains an amplifier to amplify 

the loop output signals before they are combined, and if any 
ampllflcation without modulation is requfred, then the osc11 lator 
output frequency is set to zero. 

15 To achieve demodulation the loop output signals are combined 
with a modulated s i gna 1 in such a way that frequency trans 1 ated 
signals derived from the resultant signal indicate any frequency or 
phase deviations of the loop output signals from respective 
components of the modulated signal. Also a zero magnitude signal 

20 1s applied as the respective reference signals. 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 output signals to provide components 
of the output signal which can then be combined in a known way to 

25 derive a signal representative of the modulation of the modulated 
s1gnal. 

One of the main advantages of the circuit is that 1t allows 
components of an output signal, or a signal from which such 
components can be derived, to be genera~ed. aod combined with f n a 

30 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 particularly when used in a 
transmitter, the ability to construct circuits according to the 
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invention with readily available, low cost. low tolerance 
components. and minimising or eliminating the use of complex 
digital signal processing. 

The demodulator also allows a vartable strength input signal. 
5 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 be 11 eved that the 1nput and I or output s i gna 1 s may be 
represented ·by other component systems than Cartesian components. 

10 For example polar components or non-rectangular components may 
possibly be used. 

Embodiments of the invention will now be described by 
reference to the fo 1l owing drawi n.gs, 1 n which:-

Figure l is a block diagram of an amplif1er/rnodulator 
15 embodying the invention, 

20 

Figure 2 is a block di a gram of a demodulator embodying the 
invention, and 

Figure 3 is a diagram showing regions of stability for 
Figure 1, 

Figure 4 is a block diagram of another ampl1fier/modulator 
embodying the invention, 

Figure 5 is a block diagram of a third amplifier/modulator 
embodying the invent1on, 

Figure 6 is a block diagram of an amplifier embodying the 
25 invention 

In Figure l, 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_ t~o ~omponents. s;<t) and 

30 sq<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 the form of 
separate I and Q signals. The first element in each loop is a 
comparator (Jl and 12) and each component signal is passed to the 
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inverting input of the comparator. The output signal of this 
comparator ts passed, in this example, by way of connections 41 and 
42 <which can be selected from connections 41 to 44 as is described 
below> to control the frequency of a voltage controlled oscillator 

5 CVCO> (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 explained below, a frequency translated amplified 
version of the input signal s<t>, at the frequency of the 

10 oscillator 22. 
Feedback control is created for each loop by taking the output 

of the summing circuit 18, demodulating that signal with a signal 
r1 Ct> and rq<t» at a mixer <20 and 21> and passing the resulting 
feedback s i gna 1 to the non-inverting input of the comparator of 

15 that loop. The signals r1<t> and rq<t> supplied to each mixer are 
the quadrature Cartesian components of a signal r<t> from an 
oscillator 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. 

20 In operation, the output of the mixer 20, for example, is 
compared by the comparator 11 with the signal s1<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 

25 demodulated by the mixer 20, it forms a r~plica of si(t). In a 
s i mi 1 ar way the output st gna 1 of the VCO J 5 when summed with the 
output of the VCO 14 and demodulated by the mixer 21 is a replica 
of sq<t>. Thus when the output signals of.the VCOs 14 and 15 are 
combined by the summing circuit 18 they p~o~ide a signal at the 

30 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 

-
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constant the amplifiers 16 and 17 can be non-linear, for example 

Class c. so that high efficiency amplification and modulation can 

be achieved. By providing feedback control the frequency and phase 
of each signal from the VCOs 14 and 15 is controlled to ensure that 

5 gain and amplitude matching is as required in combining these 

signals as components of· the required output signal 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. 
10 Where only modulation is required the amplifiers 16 and 17 can 

be omitted or of unity gain. Where only amplification is required, 

without frequency translat1on, then the frequency of the 

osc111 a tor 22 is set to zero. For example the oscll 1 a tor 22 and 

the mixers 20 and 21 may be om1 tted when the signals from the 

15 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 relation to· Figure 6. 

The modulator of flgure 1 can be viewed as a combination of 

two analogue phase locked .loops and a basic understanding of the 

20 factors affecting system performance can be drawn from conventional 

phase locked loop theory. Loop gain will in pract1ce be limited by 

stability of the feedback process. and loop capture range wi l1 

dictate the ultimate modulation bandwidth. 
Figure 3 is a diagram 1n which a vector 45 represents the sine 

25 signal rq<t> from the oscillator 22 and a v~ctor 46 represents the 
cosine signal r 1 <t>. It can be shown mathematically that. if the 
connections 41 and 42 are as shown 1n Figure l without any signal 

inversion, the stable region of lock for the combined loop system 

covers the semi-circle 49. This in effect_li_mits the application 

30 of the modulator to formats such as full carrier amplitude 

modulation and amplitude shift keying. 
A limited performance in one quadrant does not provide a 

universal modulator and stable operation in all four quadrants can 

be achieved if the sign of the feedback components is controlled as 

iii1iii1fiii 
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a function of the sign of the signals s1<t> and sq<t>. 
In order to determine the sign of s; <t> and sq<t>. the two 

outputs of the component separator 10 are coupled to comparators 50 
and 51, respectively, with each comparator providing a logic l for 

5 a positive input and a logtc o for a negative input. These logic 
signals are applied to a swltch control circuit 53 which controls 
the connections 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 

lO four-quadrant stable operation and one is given in the following 
table, by way of example, where a primed connection designation, 
for example 41 1

, indicates signal inversion and designations 
without primes indicate no inversion. 

15 si<t> sq<t> To VCO 14 To VCO 15 

1 1 44 43.1 

1 0 41 42 

0 41 I 42 1 

20 0 0 44 1 43 

It may be shown, rnathemati ca lly. that the stab 1 e region of 
lock for the combined loop system covers more than quadrant 48 and 

25 extends further to include the area up to line 48a. 
Figure 2 shows a demodulator according to the invention, in 

which an input signal to be demodulated is received by a summing 
circuit 25 from a source in this example illustrated by an 
antenna 26 but which could be any modulate~ _?ignal source. When 

30 VCOs 27 and 28 are operating at exactly the frequencies and phases 
of components of the input signal, the input signal is cancelled 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;{t) 



,~........,--.,•··,;;,,·· ·•· ":::Oi"";;;,;;:,,"'====~···a:;··•·.-· ...... ·------~-··-·;;;;;"•''&""'"'-~~ ....... ~------~"==='""";.ii" ···•=v.··o=;.·u··;;;;,;··• -----............ ---~--~----

.. 

- 9 -

and rq<t> from an osc111ator 34 at the frequency which carries the 
modulation to be detected <that is the carrier frequency>. These 
Cartesian components. which should be zero when perfect 
cancellation occurs in the summing circuit 25, are compared with a 

5 zero magn1tude signal in comparators 35 and 36 obtained by 

grounding the non-inverting inputs of these comparators, and the 
outputs obtained control the frequencies of the VCOs 27 and 28. As 
a result the output frequencies of these VCOs are replicas of the 
components of the input signal to the demodulator and are down 

10 converted by demodulators 37 and 38 using the respective quadrature 
outputs of the oscillator 34 to provide demodulated components of 
the modulation of the carrier signal. These components can be 
combined in a known way to provide a frequency translated replica 

of a radio-frequency input signal at the antenna 26. 
15 Problems of stability also arise with the demodulat1on circuit 

and can be overcome by the use of the same switched connections- as 
those of figure 1 control led 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 
20 the VCOs 27 and 28 and are useful in correcting 1 eve ls. To this 

end the gain of these amplifiers may be greater or less than unity, 
and in some circumstances they may not be required. 

F1gures 4 and 5 show embodiments of the invention which 
mainta1n stability in all four quadrants. The input signal is 

25 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 Aej«, having for example amplitude 
or phase variations, or both, is separated by a known component 
separator 61 in a manner as described in _r~lat1on to figure l. 

30 Alternatively the input signal 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 factor (3, 

which is the difference in phase between the input and the output 
signals. The absolute value of each phase shifted input component 

liiiiili1nr 
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signal is taken by the 'rectifier' circuits 63 and 64, leaving a 

signal containing mainly ampl1tude information. This ensures that 

each component signal is kept in a region for which the combined 

system is stable, as illustrated by quadrant 48 of figure 3 and 

5 described above. The output signals of the rect1fiers are passed 

to the inverting 1nputs of the comparators 65. 66 1n the latter 

after inversion. The output signal of the comparator controls the 

frequency of a VCO 67, 68 via switchable connecttons 69, 70, 71 and 

72. The res u 1 ting output s i gna 1 may be amp n fi ed by a non-11 near 

10 RF amplifier 73, 74. As before these amplifiers may be omitted or 

of unity gatn where only modulation 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. 

Feedback control is provided for each loop in a similar manner 

15 to that used in the embod1ment illustrated by figure l, by 

demodulat1ng the output of the summing circuit 75, Bej<f3~t> with 

quadrature s i gna 1 s cos (t1>t) , s 1 n (6'>t > produced by the osc i 11 a tor 7 6 

at the mixers 77, 78~ The phase of each input component is added 

back into the feedback loop by shifting the demodulated component 

20 of the output signal with the phase of the component of the input 

signal at a phase shifter 79; thus the signal from the mixer 77, 78 

are shifted in phase by a factor (3-o:. The feedback loop is 

completed by passing the resulting signal to the non-inverting 

input of the comparator. The frequency difference between the 

25 output signal and the input signal is that of the frequency of the 

osci 11 a tor 76. 

Figure 5 is a sirnpl if1ed version of the amplifier/modulator 

shown in figure 4. An input signal Aej«, of the type described in 

relation to figure 4 is separated by a known. c9mponent separator 85 

30 in a manner as described 1 n rel at ion to fl gure l. The absolute 

value of the input signal, ie the amplitude information, is 

selected by a 'rectifier 1 circuit 86 and this value is passed into 

the non-inverting 1nput of a comparator 88. The phase component of 

each s i gna 1 is selected by circuit 87 which 1 imits each component 

35 signal to unity, with phase information. The non-inverting input 
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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 comparator 88, 89 controls the frequency of a 
VCO 90. 91 via switchable connections 92. 93, 94 and 95. The 

5 resulting output signal may be amplified by a non-linear RF 
amplifier 96, 97. As before these amplifiers may be omitted or of 
unit gain where O£!lY modulation is required. The outputs of the 
two amplifiers are combined by summing circuit 98 to produce a 
frequency translated arnpl ified version of the input s1gnal at the 

10 frequency of the oscillator 99. 
Feedback control is provided for each loop in a similar manner 

so that used in the embodiment illustrated by figure 4, by 
demodulating the output of the summing circuit 98, Be j(~+6't> with 
quadrature signals cos c~t>, sinCMt) produced by the oscillator 99 

15 at mixers l 00, l 01 . The phase of each input component is added 
back into each feedback loop by shifting the demodulated component 
of the output signal with the phase of each component of the input 
signal at a phase shifter 102. The feedback loop is completed by 

passing the resulting signal to the non-inverting input of the 
20 comparator. The frequency difference between the output signal and 

the input signal is that of the frequency of the oscillator 98. 
Although the input to the loops is constrained to be within 

the stable regton of the system, VCO switching may be required to 
reduce impulse noise generated by the VCO. When the envelope of 

25 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 wi 11 cross from one quadrant to 
the diagonally opposite quadrant and wll l_ p11ss through the origin. 

30 The output of the VCOs. when summed at the swimming junction, 
produces a similar signal to that of the input and thus when the 
input phase changes by 180° the output wil 1 al so change by 180°. 
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° 
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as we 11. The voes introduce a finite de 1 ay into the sys tern and 
also generate an impulse no1se. Figures 4 and 5 include a phase 
detector 105 and a differentiator 106 which in combination produce 
a signal when the phase changes by 180°. The output of the 

5 d1fferentiator 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 differentiator 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 

10 in figure 4 and 92, 93, 94 and 95 in figure 5). 
The embodiment illustrated in figure l will also generate 

impulse noise when zero crossing occurs. for clarity the phase 
detector, differentiator, comparator and further switchable 
connections have been omitted. Alternatively the switch controls 

15 may take into account zero crossing and switch accordingly. 
If the system is to amplify without modulation (if the 

oscillator 1s set near to or at zero> an alternative arrangement is 
needed to create suitable phase quadrature feedback signals. 
Figure 6 is an illustratton of a modtfied version of the embodiment 

20 of the circuit shown in figure l, which works substantially as 
described above. Similar arrangements may be applied to the 
embodiments illustrated in figures 4 and 5. An input signal of the 
type described in relat1on to figure l is separated by a component 
separator, as described above. The component signals are passed to 

25 the inverttng input of the comparator 111, 112, the output of 
which is connected via swltchable connections <as described in 
relation to figure l> to a VCO 113, 114. The VCO generates at its 
output 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 

30 circuit 115. One output of the summing junction forms the feedback 
loop and is passed to the non-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 feedback 
loop and is passed to the non-inverting input of the comparator 
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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 

5 and zero crossing switching may also be appl,ed 1f desired. 
Some alternative arrangements relating to figure 6 will now be 

mentioned. In the first. the ampliffers 117 and 118, and the 
summing junction 119 are omitted, respective substitute amplifiers 
are connected in the I signal paths between the VCOs 113 and 114, 

10 and the summing junction 116. and the output signal 1s 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 futher amplifier is required to ensure that the two 
feedback signals are at corresponding levels at the comparators 111 

15 and 112. Substitute amplifiers may be used in both I and Q paths 
at the VCO outputs. Such arrangements have the advantage that the 
substitute amplifiers are included 1n 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 

20 substitute amplifiers in any of the substitute amplifier 
arrangements. 

It will be realised that the invention can be put into 
operation in many other ways than those specifically described. 
for example the VCOs may be any form of frequency generator having 

25 a.n 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 permenant conne~ti~ns which give a stable 

30 arrangemenr and prevent impulse noise on zero crossing. 
Since Cartesian components of an input signal, and some 

alternative kinds of components, are phase modulated, the invention 
can handle any other types of modulation in addition to those 
mentioned. 

-
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CLAIMS 
1. Apparatus for processing components of an input signal to 
provide a processed output signal, compr1stng 

first and second feedback control loops for generating 
5 respective components for use in generating a processed output 

signal and ensuring that the components are correctly in phase for 
this purpose, 

each loop comprising means for generating a loop output signal 
having a frequency or phase whlch is variable in response to a 

10 control signal, and which forms one of the components of the 
processed output signal, or from which one such component is 

derived, and a comparator for generating the control signal, and 
means for combining the loop output signals in deriving a 

resultant signal, and 
15 means for providing ffrst and second feedback signals, 

dependent on the resultant signal and in phase quadrature with one 
another, 

the feedback signals being applied to one input of the 
comparators of the first and second loops, respectively, and 

20 another input of each comparator being coupled to receive a 
reference signal. 
2. Apparatus according to Claim 1 wherein the means for providing 
the feedback signals includes 

an oscillator having quadrature output signals, and 
25 first and second mixers, one for each loop, for generating the 

first and second feedback signals, the mixers both being coupled to 
receive the said resultant signal as one input, and to receive 
respective quadrature output signals from the oscillator as another 
input. 

30 3. Apparatus according to Claim 1 or 2 including an amplifier for 
each loop connected between the means for generating the loop 
output signal for that loop and a repective input of the combining 
means. 
4. Apparatus according to Claim 2 or Claim 3, insofar as 

~ - ~ .•. . .. 
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dependent on Claim 2, arranged as a modulator including 
first and second input terminals for the application of first 

and second Cartesian components of an input signal connected as the 
reference signals for the comparators of the first and second 

5 loops, respectively, and 
an output terminal of the combining means, 
whereby a modulated signal appears at the said output terminal 

which is the input signal frequency translated by the oscillator 
frequency. 

10 5. Apparatus according to Claim 4 including a component separator 
for receiving a modulated input signal and deriving Cartesian 
components thereof for application to the said first and second 

input terminals. 
6. Apparatus according to Claim 3 or Claim 4 or 5 insofar as 

15 dependent on Claim 3 for amplifying a signal, wherein the 
oscillator output frequency is zero. 
7. Apparatus according to Claim 1 arranged as an amplifier 
wherein the means for providing the feedback signals comprises 

means for deriving quadrature-phase signals from the said resultant 
20 signal as the first and second feedback signals. 

8. Apparatus according to Claim 2 or 3 arranged as a demodulator 
wherein 

the combining means has first, second and third input 
terminals and an output terminal and is so constructed that if 

25 components nomi na 11 y equal to the compone~ts of a s i gna 1 to be 
processed are applied at the first and second input terminals, 
respectively, and the signal to be processed is applied at the 
third input terminal the said resultant signal appears at the 
output terminal and is indicative by its. resp.ective components of 

30 any frequency or phase deviations of the components applied to the 
first and second input terminals, 

means are provided for applying a zero magnitude signal as the 
said amplitude-reference signal to the comparators of both loops, 
and 
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a further mixer is provided for each loop for demodulating the 

loop output signal to derive one of the components of the said 

processed output signal representative of modulation carried by a 

signal applied to the third input terminal of the combining means. 

5 9. Apparatus according to Claim 8 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. 

10. Apparatus according to any preceding claim including control 

10 means for controlling respective connections within and/or between 

components for the two feedback control loops both tn 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 

15 operation occurs. 

11. Apparatus according to Claim 9 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 means for generating loop output signals. 

20 12. Apparatus according to any preceding c 1 aim wherein the 

reference signals are Cartesian components of the input signals, 

including phase control means for controlling the phases of the 

reference signals to ensure stable operation of the apparatus. 
13. Apparatus according to claim 12 wherein the phase control 

25 means comprises a first phase shifter for subtracting the phase of 

the resultant signal from that of both the reference sighals before 

application to the comparators. and 

a second phase shifter for subtracting the phase of the input 

signal from that of. both the first and s_econd feedback signals 

30 before application to the comparators. 
14. Apparatus according to claim 13 including rectifying means for 

taking the modulus of each output of the first phase shifter before 

application to the comparators. 
15. Apparatus according to claim 12 wherein the phase control 

35 means comprises 
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means for providing a signal representative of the arnptitude 

of the reference signals as one reference signal means for 
providing a constant signal as to other reference signal. 

a phase shifter for shifting the phases of the first and 
5 second feedback signals controlled by first and second phase 

control signals. respectively, and 
means for provid1ng s1gna1s representathe of the phases of 

the reference signals as the first and second phase control signals. 
16. Apparatus for processing components of an input signal to 

10 provide a processed output signal, comprising 
first and second feedback control loops for generating 

respective components for use in generating a processed output 
signal and ensuring that the components are correctly in phase for 
this purpose. 

15 each loop comprising means for generating a loop output signal 
having a frequency or phase which is variable in response to a 
control signal, and wh\ch forms one of .. the components of the 
processed output signal, or from which one such component is 
derived. and a comparator for generating the control signal, and 

20 means for combining the loop output signals fn deriving a 
resultant signal. and 

means for providing first and second feedback signals, 
representative of the resultant signal, 

the feedback signals being applied to one input of the 
25 comparators of the first and second loops, respectively, and 

another input of each comparator being coupled to receive a 
reference signal. 

detection means for detecting zero crossings in the input 
signal or the envelope thereof, and 

30 no1 se-reduction switching means for changing over the means 
for generating the loop output signals between loops when a said 
zero crossing occurs as indicated by the detector means. 
17. Apparatus according to any of claims 1 to 15 including 
detection means for detecting zero crossings in the input signal or 
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the envelope thereof, and 
noise-reduction switching means for chang1 ng over the means 

for generating the loop output sfgnals between loops when a said 
zero crossing occurs as ind1cated by the detector means. 

5 18. Apparatus according to claim t wherein the reference signals 
are Cartesian components of an input signal wherein each means for 
generating a loop output st.gnal generates Cartesian components of 
the loop output signal, and the apparatus includes 

first and second means for comb inf ng corresponding Cartesian 
10 components from the said means for generating, respectively, to 

provide the first and second feedback signals. and third combining 
means for combining the output of the first and second combining 
means to provide the resultant signal. 
19. Apparatus according to claim 18 including first and second 

15 amplifiers connected between the ·first combining means and the 
third combining means, and the second combining means and the 
second combining means, respecttvely. 
20. A method of pro<;essing the components of an input signal to 
provide a processed output signal by us1ng first and second 

20 feedback contro 1 1 oops to generate re spec ti ve components used in 
generating the processed output signal and ensuring that the 
components are correct in phase for this purpose, comprising 

generating a loop output signal for each loop having a 
frequency which is variable in response to a respective control 

25 signal and which forms one of the components of the processed 
output signal, or from which one such component is derived. 

combining the loop output signals in deriving a resultant 
signal, 

generating feedback signals from the re~u1tant signal, one for 
30 each loop, and 

comparing each feedback sjgnal with a respective reference 
signal to provide the respective control signals. 
21. A method according to Claim 20 wherein generating the 
feedback signals includes mixing the resultant signal wlth 
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respective quadrature signals to provide the feedback signals. 
22. A modulation method according to Claim 20 or 21 wherein 

the components of the input signal are Cartesian components, 
the Cartesian components are used as the respective reference 

5 signals. and 
the said resultant signal forms the processed output signal. 

23. A method according to Claim 20 including amplifying the loop 
output signals before combining them. 
24. A demodulator method according to Claim 21 comprising 

10 combining the loop output signals with a modulated signal in 
such a way that the feedback signals derived from the resultant 
signal indicate any frequency or phase deviations of the loop 
output signals from respective components of the modulated signal, 

applying a zero magnitude signal as the respective reference 
15 signals. and 

demodulating each loop output signal using a respective one of 
the quadrature phase signals to provide .the components of the 
processed output signal. 
25. An amplifying method accordfng to Claim 20 wherein quadrature 

20 phase versions of the said resultant signal form the feedback 
signals. 
26. Apparatus for processing Cartes1an components of an input 
signal to provide a processed output signal substantially as 
hereinbefore described with reference to Figure 1 or Figure 2 of 

25 the accompanying drawings. 
27. A method of processing Cartesian components of an input 
signal to provide a processed output signal substantially as 
herei nbefore described with reference to F1 gure 1 or Figure 2 of 
the accompanying 

30 drawings. 
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