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rﬁ"METHOﬁ AND”APPARATUS FOR AMPLIFYING,
MODULATING AND DEMODULATING

The present invention relates to method and circuits for

processing components of an finput signal to provide a highly
5 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 éplit into two phase modulated components with

10 constant envélopes which can be amplified separately using highly
non-linear but power efficient amplifiers. Combining the two
output signals yields the desired linearly amplified signal. Hith
a LINC amplifier the potential for dc 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 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 impossibie to achieve in a open loop system where much

20 greater gain and phase variations can occur with changes in
operating frequency, output power and temperature, 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
25 problems.

From GB 2073516 an arrangement for amplifying .a previously
modulated carrier signal using two phase lécked loops is already
known and in which phase feedback and phase comparators are used.
In one embodiment the feedback signals are taken from a point

30 before the final summing circuit. In praqtige.the summing circuit
will be imperfect and any phase ervors introduced by the summing
circuit will degrade the performance of the system. 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) impiementation
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a highby-efficient |inear anplifier and/or nodul ator or a

denodul &t or . A LINC anplifier has been proposed (see D.C
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Transacti ons on Conmuni cations, Vol. COM 22, 1974, pages 1942
1945) in which a nodul ating signal is split into two phase

nodul at ed conponents with con-
anplified separately us-

anplifiers.
l'i nearly

dc to RF converS|

stant envel opes which can be

bining the two oWt put signals yields the des

LRl A1 S, 007ks W Llga1E) N ARPIrEL B! Eolfl E0Yd2)

I cl'ency can

Cox,

to

red

ing highly non-linear but power efficient

for

i deal

mat chi ng anpl i P¥EY san HaRedgementy mld@tll&tl recewe a |basebandpl mneils anﬂhe

suppr essi on of jfERae

| erance on the mat ch_het ween
;glﬁ eror g?n a second embod1mé%t of GB 2073516, the feegbaeﬁos?gnal

5

10

15

20

25

30

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 feedback 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
realisation of envelope detectors for such an arrangement presents
problems as they require subsequent filtering of the carrier
components, which introduces an unacceptab]é 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 component.

It is 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
representation of the signal can be produced with a low sampling
rate, especiaily 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 that there is compensation
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
first and second feedback control 1loops for generating
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of 0.01 dB and a phase error of 0.1 give a conponent suppr essi on

of only 54 dB. Such a tolerance is | Npos- sible to achieve in a
open 4 oop system where nuch greater gain and phase variations can
occur with chang- es in operating frequency, output power and

t enper a- ture, and the agei ng of conponents. It is
an object of this invention to provide a |inear

anplifier/nodul ator which does not suffer significantly fromthese
probl ens. From GB 2073516 an -aBrangenent for anplifying a

previously modylgledy Sarc"oﬁﬁérh%'tg” r“ﬁﬁé‘%ﬁ"‘@er&?i‘%ﬁ»g a proceL‘?&J‘e&Jﬂ geps i's
al ready known and 1n ase feed- ase conparators
are used. In ofi@nghisd- ensuring thate ke taempeneath AR §‘?"g‘ﬁ&¥b’ dine PhaseeAoF r om a

poi nt before this purpbbe, final summing circuit. In practice the sunnrng

circuit will b nperfect and an hase errors I ntroduc b he
each ?bop compg%ssng means foP generating a lToop ou pu? si a%

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 éignals 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 apptied to one input of the
15 comparators of the first and second Toops, 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 first and second
feedback control loops to generate respective components used in
generating the processed output signal and ensuring that the
components are correct in phase for this purpose, comprising
generating a 1loop output signal for each 1loop having a
25 frequency which is variable in response to a respective controi
signal and which forms one of the components of the processed
output signal, or from which one such component is derived,
combining the Tloop output signals in deriving a resultant
signat, )
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 mixing the said
resultant signal with respective quadrature signrals from an
osciltlator.

Where modulation is to be carried out, the Cartesian
components of the finput signals may be appiied 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 signal, that is frequency translation of the
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
amplification without modulation is required, then the oscillator
output frequency is set to zero.

To achieve demodulation the loop output signals are combined
with a modulated signal in such a way that frequency translated
signals derived from the resultant signal indicate any frequency or
phase deviations of the Toop output signals from respective
components of the modulated signal. Also a zero magnitude signal
is applied as the respective reference signals, for example by
grounding one input terminal of each comparator, and the Tloop
output signals are demodulated wusing the respective quadrature
components of the oscillator outpuf 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 modulated
signal.

One of the main advantages of the circuit is that it allows
components of an output signal, or a sﬁgnal from which such
components can be derived, to be generated 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 particularly when used in a
transmitter, the ability to construct circuits according to the
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invention with readily avaiiable, 1low cost, 1low tolerance
components, and minimising or eliminating the use of complex
digital signal processing.

The demodulator also allows a variable strength input 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-rectanguiar components may
possibly be used.

Embodiments of the 1invention will now be described by
reference to the following drawings, in which:-

Figure 1 is a block diagram of an amplifier/modulator
embodying the invention,

Figure 2 is a block diagram of a demoduiator embodying tﬁe
invention, and .

Figure 3 1is 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/modulator
embodying the invention,

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

In Figure 1, an input signal s(t) haviﬁg 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;(t) and
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 (11 and 12> and each component signal is passed to the
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the |nput signal frequency, which may be a baseband signal wth an out put
signal at RF. However the realisa- tion of envel ope detectors for such an
arrangenent presents problens as they require subsequent filtering of the
carrier conponents, which introduces an unac- ceptable anount of tine
delay. Additional significant tine delays are introduced by the phase
detector which is required to generate the difference conponent and the
filter which is required to renove the sum conpo- nent. It is another
obj ect of the invention to provide an anpléf+ er/ nodul ator which nay use t

Cartesian Commpé’i“ﬁrr\g;s iRpufot NRHE 86 Bﬁ%tﬁrTheTﬁéng{f‘ﬁ;ﬁﬂe QhndNeof GRis

tesian signal is thaf a rep resentatlo of the sign
| ow sanpl i ng reRPRAradepels aM‘%P dwhish this jexadpisy by dﬁagl‘?falcoﬂ'i‘%éf’"%t%c%@sor
(DSP). 42 (which can be selected from connections 41 to 44 as is described

below) to control the frequency of a voltage controlled oscillator
5 (VCO) (14 and 15), and the resulting output signal is amplified by
an a non-linear radio-frequency ampiifier (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 finput 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
ry(t> and rq(t)) at a mixer (20 and 21) and passing the resulting
feedback signal to the non-inverting input of the comparator of

15 that Toop. The signals rj(t) and rq(t) supplied to each mixer are
the quadrature Cartestan 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 s;(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 replica of s;(t). 1In a
similar way the output signal of the VCO f5 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 provide 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

—
This Sheet Has Be - GLSB

LTy -

La

he

oo

can bé produced with a

o -[‘ uﬁ\”ﬂ\

"



|t isra - further obj ect of the invention to provide an anplifier/nodul ator
which i‘ncorporates nodul ation am plification and summation within

at eedback | oop, sothat there is conpensation 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
processi ng arrangenent conpri sing first and second feedback | oops for
generati ng, fromsaid input signal, respective output signal com
ponents and ensuring that the conponents- -af e cor- rectly in phase for

Lh' S Ppurpose, constaﬁ@C@h%OQ@I%WS' §6N9nd. 1"?0|c5§9@e GRALT Rlebfd ASCidxamd Yy -
aving a frequency or IS variab in re-
Class C, so that high efficiency amp11f1cat1on 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 combineﬂ 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 amptification is required,
without frequency transiation, 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

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 Figure 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 Tocked loop theory. Loop gain will in practice be limited by
stability of the feedback process, and loop capture range will
dictate the ultimate modulation bandwidth.

Figure 3 is a diagram in which a vector 45 represents the sine

25 signal rq(t) from the oscillator 22 and a vgctor 46 represents the
cosine signal r;(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 semi-circle 49. This in effect limits the appiication

30 of the modulator to formats such as' full carrier amplitude
modulation and amplitude shift keying.

A 1limited 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 controlied as
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a function of the sign of the signals s;(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 1 for
a positive input and a logic 0 for a negative input. These logic
signals are applied to a switch control circuit 53 which controils
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
four-quadrant stable operation and one is given in the following
table, by way of example, where a primed connection designation,
for example 41', indicates signal inversion and designations
without primes indicate no inversion.

si(t) sq(t) To VCO 14 To VCQ 15

1 1 44 43!
1 0 41 42
0 1 4 42
0 0 a4’ 43

It may be shown, mathematically, that the stable region of
lock for the combined loop system covers more than quadrant 48 and
extends further to include the area up to 1ine 48a.

Figure 2 shows a demoduiator accordiné 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 modulated signal source. When
VCOs 27 and 28 are operating at exactly the freguencies 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)
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conbining means for conbining the | oop output sig. nals to derive a

Signal representative of the output signal or signals representative of
conmponent s of t he out put signal, and nmeans for providing first and
second feedback | oop operating signals, dependent on the representative
signal or representative signals and in phase quad- rature with one

anot her, for each | oop, applying the feedback | oop operating si gnal
to one input of the conparator and anot her i nput of the conparator being
coupled to receive a conponent of the 4 @put signal. Processi ng
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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 magnitude 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 signai to the demoduiator 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 demodulation 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

20 the VCOs 27 and 28 and are useful in correcting levels. To this
end the gain of these amplifiers may be greater or less than unity,
and in some circumstances 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

25 confined to the quadrant where the amplifier/moduiator is stable
and the necessary phase shift is added back to the output signal.

In figure 4 an input signal Aej“, having for exampie amplitude
or phase variations, or both, is separated by a known component
separator 61 in a manner as described in relation to figure 1.

30 Alternatively the input signal may be supb]ied 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 B,
which is the difference in phase between the input and the output
signals. The absolute value of each phase shifted input component
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i S prQV|ded apparatus for denodul ating an input signal to generate an

dut put signal, the arrangenent conpris- ing first and second feedback
| oops for generating, fromsaid input signal, respective output signal
corn- ponents and ensurini that the conponents are cor- rectly in
phase for this purpose, each | oop conprising a voltage
controlled oscillator, having a fre- quency or phase which is
vari able in response to a control signal, for generating a | oop
out put signal, which fornms one ofigt he conmponents of t he

output signal, 51gna{r tWQ yor]c%esurect? ier' circuits an'at Ghs fie%rvlir\{gecjd

signal containing mainly amplitude 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 rectifiers are passed

to the inverting inputs of the comparators 65, 66 in the latter

after inversion. The output 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

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

of unity gain where only modulation is required. The outputs of

the two amplifiers are combined by summing circuit 75 to produce a
frequency transtated amplified version of the input signal.

Feedback control is provided for each Toop in a similar manner

15 to that wused in the embodiment illustrated by figure 1, by
demodulating the output of the summing circuit 75, Bed(B+ol) with
quadrature signals cos{wt), sinfet) producgd by the osciliator 76
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 B-a. The feedback 1loop 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 pf the frequency of the
oscillator 76.

Figure 5 is a simplified 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 component separator 85

30 in a manner as described in relation to figure 1. The absolute
value of the input signal, 1ie the amptitude information, is
selected by a 'rectifier’' circuit 86 and this value is passed into
the non-inverting input of a comparator 88. The phase component of
each signal is selected by circuit 87 which limits each component

35 signal to unity, with phase information. The non-inverting input
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and a~conparatorfor generatingthe control sig- nal, and

‘conbi ni ng nmeans for conbining the | oop output sig- nal s and the input
signal to derive a signal repre- sentative of the output signal or
signal s represent- ative of conmponents of the output signal, and

means for providing first and second feedback | oop operating signals,
dependent on the representative signal or representative signals, and

i n phase quad- rature wi th one anot her, t he feedback | oop operating
signal s being applied - 11 -

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 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
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 JB+et) yith
quadrature signals cos (wt), sin(wt) produced by the oscillator 99

15 at mixers 100, 101. 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.

Altthough 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

25 the input signal crosses zero (hereafter ‘zero crossing') the phase
of the input sighal changes by 180° and this can be illustrated by
plotting a vector of the input signal onto figure 3. MHhen the
envelope crosses zero the vector will cross from one quadrant to
the diagonaliy opposite quadrant and will pass 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 will also change by 180°.
Since the output is created by summing the output of the two V(COs,
it can be shown that the output of each VCO needs to change by 180°
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4 &40 one input of the conparators of the first and sac- ond | oops,
respectlvely and anot her input of each conpar at or being coupled to
recej ve a process ref- erence signal. According to a third aspect of
the invention there is provided a nethod of processing a input signal to
gen- erate an output signal including the steps of

- 12 -
as well. The VOCs introduce a finite delay into the system and
aiso generate an impulse noise. 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 differentiator is coupled to the non-inverting input of a
comparator 107, the finverting input of which is coupled to a
reference signal. HWhen 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 connectidns, {69, 70, 71 and 72
10 in figure 4 and 92, 93, 94 and 95 in figure 5).

The embodiment {illustrated in figure 1 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 1is to amplify without modulation (if the
oscillator is set near to or at zero) an alternative arrangement is
needed to create suitable phase quadrature feedback signals.
Figure 6 is an illustration of a modified version of the embodiment

20 of the circuit shown in figure 1, 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 relation to figure 1 is separated by a component
separator, as described above. The component signals are passed to

25 the inverting input of the comparator 111, 112, the output of
which is connected via switchable connections (as described in
relation to figure 1) 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) s 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
toop and is passed to the non-inverting input of the comparator
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u5|ng first and second feedback | oops to generate, fromsaid input
signal, -respective output signal com ponents and ensuring that the
components are cor- rectly in phase for this purpose, for each

| oop, generating froma voltage controlled oscil |l ator,

havi ngaf r equencyor phase which isvar- iable in response to a control
signal, a | oop output signal which forns one of the conponents of the
out put signal, or from which one such conponent is derived,

conbi ning the | oop output signals and the ipput sig- nal to derive a

components of T ¢ fBecattlc SitaRk or it IBmfY IiIEaRCRR oo Boperat i ng
signals, in paqsledséoqawjlnﬁewse Wi7t randnd@ 18 nanhethe famphifiled ségnads 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 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, 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 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 futher ampliifier 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 in the feedback loop before
summation to provide the output signal. The ampliifiers 117 and 118
and/or the summing junction 119 may be used in addition to the

20 substitute amplifiers 1in any of the substitute amplifier
arrangements.

It will be realised that the invention cah 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 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 repiaced by permenant connections which give a stable

30 arrangement and prevent impulse noise on zero crossing.

Since Cartesian components of an finput 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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senfaprve signal or representative signals, one for each | oop, and
f'or at teast one |oop, conparing the feedback | oop operating signal
wi th a conponent—ef—the—input—sig- nal to provide the respective

control si gnal n ﬂ ' ocessing a Input signal to generate an

out put Si gneﬂml 3 "l"l lm ‘mllsteps of using first and second

f eedback | oops td génekat®®, 5 * fromsaid input signal, respective output

signal com ponents and ensuring that the conponents are cor-

rectly in phase for this purpose, for- gach | oop, generating froma

vol tage controll ed oscillator, having guency or pnase which is var-
table in response to a control signal, out put signal which forns

one of the conponeApparatug h€or prdcessingi qrombonents f cbmanhiiopubneignath to
conponent provide a processed output signal, comprising
first and second feedback control Jloops 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 Toop comprising means for generating a loop output signal
having a frequency or phase which 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 1loop output signails in deriving a
resultant signal, and

15 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
comparators of the first and second 1loops, 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 gquadrature output signals, and

25 first and second mixers, one for each loop, for generating the
first and second feedback signals, the mixefs 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 1nc1ud1ng an amplifier for
each Tloop connected between the means for generating the Tloop
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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is derived,
‘derive a si
representati
| oop operati

10

15

20

25

30

conbining the | oop output signals and the input sig-
resentative of the output signal or signals

- 15 -

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
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. .
5. Apparatus according to Claim 4 including a component separator
for recetiving 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
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
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
components nominally equal to the components of a signal 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 respective components of
any freguency 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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phase quadrature with one another, fromthe repre- sentative signal or

‘representative signals.—ene—for— each | oop, and for at |east one

| oop, comparing t u ﬂﬁ u HBFBﬁ operating signal with a conponent of
the input sig- “I ﬂ“ nﬂ the respective control signal.

According to a fourthcaspect t'he invention there is provided a nethod of
denodul ati ng an i nput signal to generate an output signal including the

st eps of using first and second feedback | oops to generate, from
said input signal, respective output signd -com ponents and ensuring

that the conmponenf &3¢k CRixer 1s Pricvided rBr RARR 10D’ FoMemBIRLPRy 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 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

i5 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 claim 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 second 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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for ‘'each | oop, generating froma voltage controlled oscillator, having

“a frequency or phase which is var- i able in response to a contraol
signal, a | oop output signal which forns one of ﬂ £ f the
out put signal, or fromwhich one such conponent Hm Hmijﬁ“r
conbi ning the | oop output signals and the input 5|g- ¢ nalwtosderive
signal representative of the output signal or signals representatlve of
conmponent s of . t he out put signal, generating feedback | oop
operating signals, in phase quadrat ur@7w th one another, fromthe

repre- sentatl\égn 'f%'?aBrgJid resse.l%% #/eggg%eg@g{f%og?etﬂgr%mphtlﬁﬁCh

| oop, and

each 1 oo

signal with aOﬁrdzt\essreferen@nceima@malaﬂoor;erovefwefence s1gnal means for

10

15

20

25

30

providing a constant signal as to other reference signal,

a phase shifter for shifting the phases of the first and
second feedback signals controlled by first and second phase
control signals, respectively, and

means for providing signals representative 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
provide a processed output signal, comprising

first and second feedback control 1loops for generating
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 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
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
comparators of the first and second 1loops, 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

noise-reduction switching means for chang]ng 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

— e ——
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;pe.respective control signal. The feedback signals nmay be provided by
‘m xi ng the sai d-Tepresentatt+ve—signal wth respective quadra- ture signals

from an oscillatg'l" Il ulation is to be carried out, the
Cartesi an conpon [!mmm'mE"mn signals may be applied and the said
representative signaf is the®npdul ated output signal in which a signal at

the frequency of the oscillator is nod- ulated by the input signal, that is
frequency translation of the input signal to the frequency of the
oscillator oc- curs. For anplificationg each | oop contains an anplifier

to amplify theg,lLo | @n before they are com bined, and if any
anplificationqut OS?&#ggh?§¥?0§h§s re- quired, then the oscillator output

frequency is set tmpige-reduction switching means for changing over the means
for generating the loop output signals between 1loops when a said
zero crossing occurs as indicated by the detector means.

5 18. Apparatus according to claim 1 wherein the reference signals
are Cartesian components of an input signal wherein each means for
generating a loop output signal generates Cartesian components of
the loop output signal, and the apparatus includes .

first and second means for combining éorresponding 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, respectively.
20. A method of processing the components.of an input signal to
provide a processed output signal by using first and second
20 feedback control Toops to generate respective components used in
generating the processed output signal and ensuring that the
components are correct in phase for this purpose, comprising
generating a 1loop 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 componént is derived,
combining the Tloop output signals in deriving a resultant
signal, '
generating feedback signals from the resultant signal, one for
30 each loop, and ‘
comparing each feedback signal with a respective reference
signal to provide the respective control signals.
21. A method according to Cilaim 20 wherein generating the
feedback signals includes mixing the resultant signal with
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T - 6- To achi eve denodul ation the
I'6op output signals are combined with a nodul at ed—si-ghal—i-A—sueh-a—way t hat
frequency transl ated signals derived fromthe repr
i ndi cate any frequency or phase deviations of the

respective conponetnts

10

15

20

25

30

- 19 -

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
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

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
signals, and

demodutating 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 according to Claim 20 wherein quadrature
phase versions of the said resultant signal form the feedback
signals.
26. Apparatus for processing Cartesian components of an input
signal to provide a processed output signal substantially as
hereinbefore described with reference to Figure 1 or Figure 2 of
the accompanying drawings.
27. A method of processing Cartesian cbmponents of an input
signal to provide a processed output signal substantially as
hereinbefore described with reference to Figure 1 or Figure 2 of
the accompanying
drawings.
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of the modul ated signal. Also a zero magnitude signal is applied as the
process-reference signal, for exanple by grounding one input term nal of
each conparator, and the | oop output signals are denodul ated using the
respective quadrature conponents of the oscillator out- put signals to
provi de conponents of the output signal which can then be conbined in a
known way to derive a signal representative of the nodul ati on of the nodu-
| at ed signal . One of the main advantages of the circuit is that it

al l ows conponents of an output signal, or & signal from which such
conponents can be derived, to be gener giggypagbtand conbined within a control
| oop so that problens of errors in conbination are significantly reduced.
O her advant ages which may be achi eved include nmaximsing the efficiency of
the nodul ator/anpl ifi Righigr -effecient linear amplifier and/or modulator and

demodulator comprising first and second feedback loops is
provided. £ach loop processes a component of the input signal and
the 'component signals are recombined at, for example, a summing
junction 18. The feedback signals for each loop are dependent
upon the output signal and are in phase quadrature. The input
signal is separated into I and Q signals, which are also in phase
quadrature, by a component separator 10.
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ticularlyy when used in a transmtter, the ability to con- struct circuits
according to the invention with readily available, |ow cost, |ow tol erance
conponents, and mn- inmising or elimnating the use of conpleX@ @ §i Qak 7 ¢ g
si gnal processing. The denodul ator also allows a variable strength in-*
put signal, such as m ght be received by a radio system to be converted to
two phase nodul at ed conponents of constant anplitude which are easier to
process. It is believed that the inp%y5and/or out put signals may be
represented by ot her conponent systens t‘han Cartesi an conponents. For

exanpl e pol ar conponents or no r conponents may possibly be
used. Enbodi nents of the invention w || nowbe described by reference to
the foll owi ng drawi ngs, in which:- @,
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Figure.,l is a block diagramof an anplifier/nodul a-
Figure 2 is a block diagram of a denodul ator em

Figure 3 is a di agram showi ng regi ons $f
Figure 4 is a block diagram of another anplifier/

nvent i.on,
t he i nventi on,
for Figure 1,

and .

nodul at or enbodyi ng the invention,
ul at or enbodyi ng the invention,

2y5hg the invention

third anplifier/nod-

bl ock di agram of an anplifier enbod-

Fi gur

35

tor embodying the

e 5is a block diagramof a

g

Fig.2

This Sheet Has Been Replaced

I

Fig.3

~ 37
32
26\/
ri(t) -
3% 25~ —
“~OSCILLATOR 1 + |«
, 1
1 Pq( )
g t33 :
z8 30
B>
1,38

A SINE

ké?

P

COSINE
(r(H)

59

B

15 SHEET
L ot ACTRD
REE ,.-\,,A’wi«“

rebrmab s

39 b

Figure 6 is a

e
HAS BEEN

—



7 k4

In Figure 1, an input signal

s(t) having

aﬁplifudé or phase variations, or both, is separated by

separ-at or
but are in

10 into two conponent
phase quadrat ure.

s[err](t)

for exanple
a known conponent

signals which vary in anplitu md gphas e
These two conponents, gﬁ&?§1§ 7

r¥]

(t) are the Cartesian conmponents (I and Q of the input signal and each
conponent signal is passed to one of two feedback | oops. As an
alternative the input signal _3/5'
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oG
may be-supplied in tne formof separate | and Q signals. The gist SR
el enent *<in each loop is a conparator (11 and 12) and each conponent

signal is passed to the non- i nverting input of the conparator. The
out put signal of this conparator is passed, in this exanple, 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 r of Zﬁilng out put signal is
anplified by an a non-linear radio- frequenc&)anpllfler (16 and 17). The

output signals fromthe anplifie+s are conhi ped, by a summng circuit 18
to produce, as is explairied_bel ow. a ted anplified
version of the input sig- nal s(t), frequency of} the oscillator
22. Feedback control i$ created for epch logp by ta ing the output of
the summing circuit 18, §k79§ulat|n o
S a ‘
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éignal wth a signal r[err](t) and r[err](t)) at a m xer (20 angaag} and~ .
passi ng the resulting feedback signal to the non- inverting input” §f Jthe & . ¢
conparator of that loop. The sig- nals r[err](t) and r[err](t) supplied to
each m xer are the quad- rature Cartesian conponents of a signal r(t) from
an os- cillator 22, and the frequency difference between the nodul ated
signal at the output of the summng circuit 18 and the input to the

conponent separator 10 equal s the frequenﬁyEbf the oscillator 22. In
operation, the output of the m xer 20, for exanple, 1is conpared by the
conparator 11 with the signal s[err](t) and any difference. assum ng the
direct connections 41 and 42 are nade, controls the frequencies generated

by the VCO 14 so that its output signal is such that when sumed with the

out put of the VCO 15 and denodul at- ed by the m xer 20, it fornms a replica

of s[err](t). In a simlar
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may t he output signal of the VCO 15 when sunmed with t e~ott-pti--0f..t.he \CO
§i4 and denodul ated by the mixer 21 is a replica of s[eryFE -dwﬁfﬁﬁgﬂithe
output signals of the VCOs 14 and 15 are conbi ned by t suﬂﬁ1ﬂg Ehkemene CUIt
18 they provide a signal at the reference frequency : =

f
{
}

-1 -
METHOD AND APPARATUS FOR AMPLIFYING-
MODULATING AND DEMODULATING

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 §plit into two phase modulated components with
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 dc to RF conversion efficiency
can approach 100%, assuming 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 impossible to achieve in a open loop sysfem where much
greater gain and phase variations can occur with changes in
operating frequency, output power and temperature, and the ageing

e et s e et

.

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 amplﬁfying a previously
modulated carrier signal using two phase 16cked loops is already
known and in which phase feedback and phase comparators are used.
In one embodiment 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 iﬁtroduced by the summing
circuit will degrade the performance of the system. The input
signal i1s at or near the same frequency as the output signal -and
where the output is to be at radio frequencies (RF) implementation
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which is a frequency translated anplified version of s(t), assuming that
The denodul ation processes are exact (perfect gain and phase natching) and

tthat the loop gain is infinite giving feedback control g-wo;ggﬁ'ﬂ"t"ﬁ:{ar%{%@gyi-«
signal s of zero. Since the anplitudes of the outputs BF-£HE s are
i nherently constant the anplifiers 16 and 17 can be non: Ei'T faor

exanple G ass C, so that high efficiency am plification ang m’é&{ﬂ‘aﬁ?on can
be achi eved. By providing feedback control the frequency and phase of eac
sig- nal fromthe VOOs 14 and 15 is controfl ed to ensure that gain and

anpl i tude mabehitRg {EmaRg Feeuied i amanhEning thesecsi@nalcompbi @beponent-s
of the requigeqwoutput Séé{- nal friyn th sumyi ng Ci cuit'gfl .q$wiati ns i'n
gain as wel | *4§" pRRsETEAMIEEERY EPRE pIPHNEEE VG iat PHTORY SRS gffl s
conbi ned caudecbrippriteemoduliadiorobf fhatibsigkal within the phase locked loops.
In a second embodiment of GB 2073516, the feedback 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 feedback 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
realisation of envelope detectors for such an arrangement presents
problems as they require subsequent filtering of the carrier
components, which introduces an unacceptablé 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 component.

It 1is another object of the 1invention 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
representation of the signal can.be produced with a low sampling
rate, especially when derived by a digital s{gnal processor (DSP).

It is a further object of the invention to provide an
amplifier/modulator which tincorporates modulation, amplification
and summation within a feedback loop, so that there is compensation
for any deficiencies in the system. ‘

According to one aspect of the invention there 1is provided
apparatus for processing components of an inpﬁt signal to provide a
processed output signal, comprising

first and second feedback control 1loops for generating
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“Where only nodul ation is required the anplifiers 16 and 17 can be onitted
-or of unity gain. Were only am plification is required, wthout frequenc
.translation, then the frequency of the oscillator 22 is egw L0, 7 %'W'

exanpl e the oscillator 22 and the mixers 20 and 21 may b onf?%édimﬁeﬁ? e |
signals fromthe summing circuit 18 to the conparators 1 ﬁnd 127are ] ¢
arranged to be in phase quadrature, with the conparator V-6 |
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signal with a 90 phase shift, as describ below in re- Iathon to quurei6
The nodul ator of Figure 1 can be viewed as a com bination of two analogue*
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process, andthiopucposeure range will dic-
each Toop comprising means for generating a loop output signal

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 génerating the control signal, and

means for combining the loop output signals in deriving a
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
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
to provide a processed output signal by using first and second
feedback control loops to generate respective components used in
generating the processed output signal and ensuring that the
components are correct in phase for this purpose, comprising

generating a Tloop output signal for each 1oop having a
frequency which is variable in ;esponse to a respective control
signal and which forms one of the compoﬁents 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 resu1tant 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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tate the ultimate modul ati on bandwi dt h. Figure 3 is a diagramin which
a vector 45 repre- sents the sine signal rq(t) fromthe oscillator 22 and a
vector 46 represents the cosine signal r[err](t). It can be shown _

mat hematical ly that, if the connections 41 and- 42 are lag:sh@whcin &gy e 1
wi thout any signal inversion, the stable region of |ogk fof The cofbited
| oop system covers the shaded sem -circle. This in efflegt limits ,Lh?e ! 5

¥4 t ude

application of the nodulator to formats -sdach as full cari- ?r?e’rrérm@_gh :
modul ati on an l.i tude, shift.keyi i 7 perif.or.mance_i.n.ohe:
quadr ant does&ﬁgﬁg%-a%/% aﬂ’p&hﬁfgggja’ 0 %’%({ug?{goﬁd stabl e operation Ln

nts

al | four quadrantEhecafiedsbacichstgradsi fmay hdesiryavidedt yifeednghd8R ddithon

i's controll ed-ag)faftUneida? Of:thhersdpdbttle t headvaona s sHrns] (#domandn

Slerr](t).

oscillator.

Where modulation 1is to be «carried out, the Cartesian
components of the input signals 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 signal, that is frequency translation of the
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
amplification without modulation is required, then the oscillator
output frequency is set to zero.

To achieve demodulation the loop output signals are combined
with a modulated signal in such a way that frequency translated
signals derived from the resultant signal indicate any frequency or
phase deviations of the 1loop output signals from respective
components of the modulated signal. Also a zero magnitude signal
is applied as the respective reference signals, for example by
grounding one input terminal of each comparator, and the Toop
output signals are demoduiated 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
derive a signal representative of the modulation of the modulated
signal.

One of the main advantages of the circuit is that it allows
components of an output signal, or a s'ignal from which such
components can be derived, to be generated and combined within a
control Toop 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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-9- In order to determine the sign of s[err](t) and S[err](t),the two
out puts of the conponent separator 10 are cou ed to conparators 50 and 51,
respectively, with each com parator providing a logic 1 for a positive
input and a logic O for a negative input. These |ogic si.gnal.s.-are- app++ed
to a switch control circuit 52 which controls the connec-f}JLQmﬁ, ~;aﬁﬂ3
and whether inversion is to occur within [ .

-5- Y -
IR ¢ iiié
invention with readily available, 1low cost, {lavw tolerance i

components, and minimising or eliminating the Q§e of complex
digital signal processing. s

The demodulator also allows a variable strength input signal,
such as might be received by a radio system, to be converted to two
phase modulated components of constant amplitude which are easter

B o S e s A AP

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 now be described by
reference to the following drawings, in which:-

Figure 1 1is a block diagram of an ampiifier/modulator
embodying the invention, _

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

Figure 3 s 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/modulator
embodying the invention,

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

In Figure 1, an input signal s(t haviﬁg 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;{t) and
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 (11 and 12) and each component signal is passed to the

e
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t hese connections. Such connections may be provided by known circuits.
nunber of connection schenes are suitable for four-qgaﬂrantwsLabLa,m
eperation and one is given in the following table, b rrohaexagpie;
where a prinmed connection designation, for exanple iiﬁuﬂﬁwgabes ;
signal inversion and designations without prines in ic%tg nQ.. bn¥e§sh on.
S[err(t) S[err](t) To VCO To VCO fOTRS 4;
15 1 1 44 43’ ¢ 1t e Aﬂ‘
42 0 1 41 427 © © i 0 44'
43 inverting input of the comparator. The outpy this

comparator is 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
(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 explained below, a frequency translated amplified
version of the input signal 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
ri(t) and rg(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 signals r;(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.

In operation, the output of the mixer 20, for example, is
compared by the comparator 11 with the signal s;(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
demodulated by the mixer 20, it forms a replica of si(ti. In a
similar way the output signal of the VCO fS 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 provide a signal at the
reference frequency which is a frequehcy translated amplified
version of s(t), assuming that the demodulation processes are exact
(perfect gain and phase matching) and that the 1loop 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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It may be shown, mathematically, that the stablfe re- gion of lock for the
conbi ned | oop system covers nore than quadrant 48 and extends furtherto
include the area up to line 48a. Figure 2 shows a denodul ator... ...
according to the in- vention, in which an input S|gnafj; he-dampdukated is
received by a summing circuit 25 froma source in thip '&xeg nﬁta,Llluairaied
bv an antenna 26 but which could be any nodul at ed S|g al source, \«IB
27 and 28 are operating at exactly the_fvequencies an haé%gﬁﬁf"%gfgonents

of the input signal, the input signal can- nlth n cui t
25. At ot her®ds Fhenamligfesy ! &H%I re%?@h@% t’o?gég%w 33 |
wher e Cart esG1ass cO/moNaRas Iwifght bEfa:ﬁmd‘y smg hiefli caainengelhﬁr,mdﬂﬂianmngan_._a

guadrature reference,signals r d r ) n tor 34
at the frequb ng SMEREdy, % qogghf%]f%%%ba]%n L dnlk 8V thé el GRM AN aRE Prbb &
of each signal 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 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.

Where only modulation is required the amplifiers 16 and 17 can
be omitted or of unity gain. MWhere only amplification 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 gquadrature, with the comparator 12 receiving a signal with
a 90° phase shift, as described below in relation to Figure 6.

The modulator of Figure 1 can be viewed as a combination of
two analogue phase locked .loops and a basic understanding of the
factors affecting system performance 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
dictate the ultimate modulation bandwidth.

Figure 3 is a diagram in which a vector 45 represents the sine
signal rq(t) from the oscillator 22 and a vgctor 46 represents the
cosine signal r;(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 semi-~circle 49. This in effect limits the application
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 controlied as
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tion to be detected (that is the carrier frequency). These Cartesian
conponents, which should be zero when per- fect cancellation occurs in the
sunming circuit 25, are conpared with a zero nagnitude-ngnal,ja% N
conparators 35 and 36 obtai ned by groundi ng the non-i nyveEt| AeEikmy QﬁtS?df
t hese conparators, and the outputs obtained control the fLequenCLesmoL tthe
VCOs 27 and 28. As a result the outputfrequencies of ther 2\/'CJCENa_r, g §

replicas
p 8-

a function of the sign of the signats s;(t) and { .

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 1 for
a positive input and a logic O for a negative input. These logic
signals are applied to a switch 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
four-quadrant stable operation and one is given in the following
table, by way of example, where a primed connection designation,
for example 41', 1indicates signal inversion and designations

without primes indicate no inversion.

s;(t) Sq(t) To VCO 14 To VCO 15

1 1 44 43!
1 0 4 42
0 1 41! 42"
0 0 44! 43

It may be shown, mathematically, that the stable region of
lock for the combined loop system covers more than quadrant 48 and
extends further to include the area up to line 48a.

Figure 2 shows a demodulator accordin§ 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 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 cancelled in
the summing circuit 25. At other time§ a small error signal
reaches demodulators 32 and 33 where Cartesian components of the

error signal are generated using quadrature reference s1gna]s ri{t)
%TVHS SHERT HAS BEEN |
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-10- of the conmponents of the inputsignal to the denodul ator and are
down converted by denodul ators 37 and 38.us- ing the respective quadrature
outputs of the oscillator 34 to provide denodul ated conponents of the
nodul a- tion of the carrier signal. These conponents can be conbined in a
known way to provide a frequency trans- lated replica-of-a radio-fTeqliency
i nput signal at the an- tenna 26. Probl ems of st aliifii gﬁéoﬁé¥Ws?
with the denodula- tion circuit and can be overcone kyi;he use™of "t he sanme

swi tched connections as those of Figure I Sontrolled By | tshe g%gd@gbf;t@e
outputs of theantenpdtl #rof and3séidader 34 at fNEpFtéduendy dhiandcai®ies ethphown

in Figure 2 atm&d&?ation to be detected (that is the carrier f#éEGZZE}?T” These j
Cartesian components, which should be zevo—whén — perfect
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 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
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.

Problems of stability also arise with the demodulation 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 correcting levels. To this
end the gain of these amplifiers may be greater or less than unity,
and in some circumstances 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 amp]ifierlmodu]ato( 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 _re]ation to figure 1.
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 B,
which is the difference in phase between the input and the output
signals. The absolute value of each phase shifted input component

i
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out puts of the VCOs 27 and 28 and are useful in cor- recting |levels. To
this end the gain of these anplifiers my be greater or less than unity,
and in some circum stances they nmay not be required. Figures 4 and 5
show enbodi ments of the invention which naintain stability. in all f
quadrants. The input signal is confined to the quadrarnt ubete ﬁ‘a 3
anplifier/ nodulator is stable and the necessary phasg shift. ,”add@ﬁ

to the output signal. In Figure 4 q% i nput si gnal e[ eLr l Vi hg for
exanpl e anplitude or phase variations, Both, is separat®ed byaauknoyn
conponent sepignat ors Ghkem by rtxhanerecetsftbe' sirduigsl 6% iﬁé‘n—lﬁ.ﬁ_ﬂﬁjlﬁe

Al 't t I
A Lernat i vel Bt (oRdindhie Ty S R RRRY dR SIRRY Wrsulettiel

62 whi ch shi¢acd cerpophetsesighaledsh ksptgnw abyeama(fm which the combine -
system is stable, as illustrated by quadrant 48 of figure 3 and

described above. The output signals of the rectifiers are passed
to the inverting inputs of the comparators 65, 66 in the latter
after inversion. The output signal of the comparator controis 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 amplifiers may be omitted or
of unity gain 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
to that used in the embodiment illustrated by figure 1, by
demodulating the output of the summing circuit 75, Bed (B+wl) yi¢h
quadrature signals cos{wt), sin{wt) 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 component
of the output signal with tﬁe 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 B-«. The feedback Tloop is
completed by passing the resulting signal to the non-inverting
input of the comparator. The frequency difference between the
output signal and the input signa]'is that of the frequency of the
oscillator 76. '

Figure 5 is a simplified 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 component separator 85
in a2 manner as described in relation to figure 1. The absolute
value of the 1input signal, ie the amplitude information, is
selected by a 'rectifier' circuit 86 and this value is passed into
the non-inverting 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.

\
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tor [err], which is the difference in phase between the input and the

out put signals. The absol ute val ue of each phase shifted i nput conponent
signal is taken by the "rectifier' circuits 63 and 64, Ieaving a signal
contai ning mainly anplitude information. This ensures LP %ﬁfmtcpnpgnent
signal is kept in a region for which the com bined syS$te tstiablies’ as
I1lustrated by quadrant 48 of figure 3 and descri bed aGove The output
signals of the rectifiers are passed to {he non- |nvent|mg9€n§u@s 987 ﬂhe
comparators 65, 66 in the latter after “inversion. Th oy

t he conparatof eontamphsatione 8‘9r etuegegunged a a9dO thes ﬂew

connecti ons 7 Th S | o] 1By be o]
by a non-1i ngin aéig_tor 1'1“4? 17-he %A‘I‘Sl& %ﬁ)e?%r ehk%nﬁgg\é& rrpi ifi- i-é‘fﬁsfma
onitted or o@umﬁttwgai rpfmeeecqmayaﬁ%dﬁﬁa 9t FRRHETReS éﬁu. Fedpensgy P at puts

of the two ayg idg.erf afi@ switchable connections 92, 93, 94 and 95. The
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 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 oscillator 99.

Feedback control is provided for each loop in a similar manner
so that used in the embodiment illustrated by figqure 4, by
demodulating the output of the summing circuit 98, Be J{B+ol) with
quadrature signals cos (wt), sin{wt) produced by the osciilator 99
at mixers 100, 101. 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

' 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 Toops is constrained to be within
the stable region of the system, VCO switching may be required to
reduce impulse noise generated by the VCO. MWhen 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. MWhen the
envelope crosses zero the vector will cross from one quadrant to
the diagonally opposite quadrant and will pass through the origin.
The output of the VCOs, when summed at the swimming junction,
produces a similar signal fto that of the input and thus when the
input phase changes by 180° the output will also 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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conbi ned by sunming circuit 75 to produce a frequency translated anplified
version of the input signal.

11
manner

to that used in the enbodinment illustrated by inN@Hﬁ&E BY;
denodul ati ng the output of the sunmm n I

Feedback control is provided for each | oop,.in.a.sim...

- 12 -

as well. The VOCs introduce a finite delay 1n§? the system and

also generate an impulse noise. Figures 4 and
detector 105 and a differentiator 106 which in combination produce

a signal when the phase changes by 180°. 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 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
in figure 4 and 92, 93, 94 and 95 in figure 5).

The embodiment 11llustrated in figure 1 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
may take into account zero crossing and switch accordingly.

If the system is to amplify without modulation (if the
oscillator is set near to or at zero) an alternative arrangement 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 illustrated in figures 4 and 5. An input signal of the
type described in relation to figure 1 is separated by a component
separator, as described above. The component signals are passed to
the inverting input of the comparator 111, 112, the odtput of
which is connected via switchable connections (as described in
relation to figure 1) to a VCO 113, 174. The VCO generates at its
output two signals I and Q, which are in phése quadrature with each
other. The Q signal of each VCO (113, 14) is summed by summing
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) 1is 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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circuit 75, Be[err] with quadrature signals cos([err]), sin ([err])
produced by the oscillator 76 at the m xers 77, 78. The phase of each
ifnput component is added back into the feedback Ioop by shifting. the
denodul at ed conpo- nent of the output signal with theﬁ Q a4 of.. th@~qonpo-
nent of the input signal at a phase shifter 79; thus tihe™ = EgQ@L“tLQn1fhe
m xer 77, 78 are shifted in phase by a factor [err]‘The feedbacg Loop S
conpl eted by passing the resulting sigpal to the in er%|mg lhﬁ&ﬁ of the

conpa- rator. The frequency difference between the
the input sihHal iT8et R&kerofotREtS r@ﬁué’?ﬁcySW‘%eJ”"QE H I ﬁ% i% ?
iiedJs smamnwln

fFI gure 5 is gassedPlbf bl i¥essy on7ofanihe1g@nmnd fiter /amp
e e bt b Sl S o BB VR MR L
descri bed i nprovided in the same manner as described in relat1on to f1gure ]

" and zero crossing switching may also be applied if desired.

Some alternative arrangements relating fo figure 6 will now be
mentioned. In the first, the amplifiers 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,
and the summing 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 futher 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 advantage that the
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

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
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, S5 and 6 may in some
situations be replaced by permenant connections which give a stable
arrangement- 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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relation to figure 1. The absol ute value of the input sig- nal, ie the

anpl i tude infornatlon IS s Iected by a 'recti - fier circuit 86 and this
val ue i s pass verting input of a conparator 88. The
phase corrpmu |“ m gj |gnal is selected by cirqu th .-mﬁh Ig,m tf
each unity, with phase inforngt fgrt on

non- |nvert|ng |nput of a conparator 89 is grounded and 1thus the outpﬂt of
the conparator mrrors the input of pf non-i nver tji [FJZﬁpuiﬁ iwhé puﬁput
signal of the conpa- rator 88, 89 conttdols the frgquency of a VOO 90. 91

Vi a swi t chabl e connections 92, 93, COAIMSnd 95. The resultlng output

si gnal may a d by _a -l Jsnear pL ' 'g%l .heéfore
t hese anpli ?fergmrpét&égué elﬁrt t@ggeéglﬂg c?lﬁiﬁ)nﬂﬁfs a?% V\?lere on%/‘r nodull%grt ion is
requi red. ThRrovideoat pracessdd outputnet @bl |C10NB¥F1§1HGe combi ned by sunmi ng
circuit 98 to proguee ad r comACY rdddBRSK alcBltrA™Phédgsedfor generating

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

this purpose, _
each Toop comprising means for generating a Toop output signal
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
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 1input of the
comparators of the first and second 1loops, respectively, and
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
first and second mixers, one for each loop, for generatlng the
first and second feedback signals, the mixers both being coupled to
receive the said resultant signal as one 1input, and to receive
respective quadrature output signals from the oscillator as another
input. o
3. Apparatus according to Claim 1 or 2 fnciuding an amplifier for
each Tloop 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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version of the input signal at the frequency of the oscil- | at or 99.
Feedback control is prOV|ded for each laop in a sim i lar manner to that

Used in t trated by figure 4, by denodul ating the
out put of t \m “ ﬁi it 98, Be[err] with quadrature. signals.-6os-
([err]), sin ed by the oscillator 99 af mpxersiHO0S=EPN.;

The phase of eac |nput conponent I s added back into ieach.teedbaek«+oop
by shifting the denodul ated com ponent of the output SI ualdw idavt He
phase of each com ponent of the input_signal at a p aFe shlﬁfeﬁ“iOZ.'The

feedback |oop é%&?&?t' grtw ecqa% Zoagglarrlr e he ar?nsé ult tgrg 1nc uding

first and second input terminals for the a plication-of—First—
and second Cartesian components of an input signal connected as the
reference signals for the comparators of the first and second

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.
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
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 signais comprises
means for deriving quadrature-phase signals from the said resultant
signal as the first and second feedback signals.
8. Apparatus according to Claim 2 or 3 arranged as & demodulator
wherein

the combining means has first, second and third input
terminals and an output terminal and is so constructed that if
components nominally equal to the components of a signal 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 respective components of
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 1loops,
and
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12 - nal to the non- |nvert|ng i nput of the conparator. The fre-

sthat of th
| oops is c
swi t chi ng

quency dLLLeLeneeMbetmeeBB he out put signal and the in- put signa

crossing')

S

e

e oscillator 98, Al t hough” L”@

SRR

*may be PeqU|red to reduce inpul se noi se generated” by

within the stable region of thehsy%@&%

lU rne .

E’l\* V:{'-&

Theveo.
When the envel ope of the input signal crosses zero (hereaftep'gzerg @ §
t he phase of the input st dfat changes by 180.anﬂ thls can be

illustrated Dy 3 fyrther mixer is provided for each loop for demodyiating the
loop output signal to derive one of the components oft-the—said— i .

processed output signal representative of modulation carried by a
signal applied to the third input terminal of the combining means.
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. |

16.  Apparatus according to any preceding claim including control
means for controlling respective connections within and/or between
components for the two feedback control 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 occurs.

11. Apparatus according tfo 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.
12. Apparatus according to- any preceding claim 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
means comprises a first phase shifter for sybtracting the phase of
the resultant signal from that of both the reference signals 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 second feedback signals
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
means comprises
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plotting a vector of the input signal onto figure 3. Wien the envel ope
crosses zere-the vector wWill cross fromone guadrant to the diagonally

;opposi te quad 0 ss through the origin. The outputs of the
VCGs, when | ﬂ} ” En1ng junction, produces a S|n1larwm ngnaI to
t he i nput phase changeﬁﬁﬁ ﬂgﬁ

t hat ofthelnpUc.

outputs will also change by 180[err] Si nce the output™T's” Eré 'b¥
summ ng the out put of the two VCOs, _if7 can be shown that the outggi %f

B e e bt gty Y ghoan st soreseniairie G e BPETRaE o [t
i n(r:TL:Jﬁgt ;’ioﬁé‘fafehéietreﬁi@hce Jsﬁﬁnﬂrsd as d'IIOhé errefitteaicer ﬂz(géaWnlmehns: nfo:‘ . "
ggtput of t é’ngWe?éﬁﬁFéhéh' aéWﬂngdnﬁsppﬁzgﬁﬁﬁgpn erfrnlgn TL;ut 6?85
conpar ator 107,at pleasenwtifterg farputhiftinghitle phases of the first and
second feedback signals controlled by first and second phase
control signals, respectively, and
" means for p'roviding signals representative 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
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,

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 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

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

the feedback signals being applied to one input of the
comparators of the first and second 1loops, respectively, and
another 1input 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

noise-reduction switching means for changlng 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

e nn st e,
ot

i e
R
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I's coupled to a reference signal. When the output of the differentl ator
crosses a threshold, which is that of the reference signak;- vthe«’rr’rpﬁ‘t‘?to

the VCOs are syifched. . swi t chi ng connecti ons, ‘(?Mﬁ&zgerKaanﬁ 72 in
figure 4 anEmmlﬁ' lﬁﬂ}ﬁﬁ 95 in figure 5). The enbedi-rent-~—1
il lustrated in% £ 1%l so gen-  erate inpul seinai o WBeR Aa@ros ;

crossing occurs. For clarity the phase detector, difﬁere |at ¥, z
conparator and further swtchable connec%ions have b ehreﬁvt%ed"ﬁm”“
ternatively the switch controls may take'fPnto account ize- ro crossing énd
sw tch accor ¢h@®Hnyelope thdrebheagygstemis to anplify wi ltheut—rodut ~atTon(i f

needed to or oat e LA EBTE tpRAoE GaRTIG DS | Eef Aol N6 a e BRSSP
i | lustrati onfof genepdlinigedhe etaxiponutifutt Iségaalisodebwaen dpomevh@nr éuﬂ'dshown
in figure  zero crossing occurs as indicated by the detector means.
18. Apparatus according to claim 1 wherein the reference signals
are Cartesian components of an tnput signal wherein each means for
generating a loop output signal generates Cartesian components of
the Iobp output signal, and the apparatus includes _
first and second means for combining cbrresponding Cartesian
components from the said means for generating, respectively, fto
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 incliuding first and second
amplifiers connected between the first combining means and the
third combining means, and the second combining means and the
second combining means, respectively.
20. A method of processing the components' of an input signal to
provide a processed output signal by using first and second
feedback control loops to generate respective components used in
generating the processed output signal and ensuring that the
combbnents are correct in phase for this purpose, comprising
generating a 1loop output signal for each 1loop having a
frequency which is variable in response to a respective control
signal and which forms one of ‘the components of the "processed
output signal, or from which one such componént is derived,
combining the loop output signals in deriving a resultant

signal,

generating feedback signals from the resultant signail, one for
each loop, and ‘

comparing each feedback signal 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 with

0 A e kv
H At Al
s ks

1:—1” SL‘(L ] r;is BEE] \"’l
E“x”] A(J:D i

L . |
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1, which works substantially as described above. Sim | ar arrangenents may

be applied to the embodinents illus- trated in figures 4 and 5. An input
signal of the t ' a m VK ﬂwkn relation to figure 1 is separated by a
conpo- nent_sedmml ﬂ"l““ ﬁll bed above. The con@pqmﬁn"t{flgilhg;”[ééfe} passed
to the non-inverting tnput of * he corn- | PRt anest o

SIWE RS

- 19 - ! ?"} i

respective quadrature signals to provide the fied%ﬁtK‘?W@ﬁET??””"

22. A modulation method according to Claim 20or..21_wherein ...
the components of the input signal are Cartesian components,
the Cartesian components are used as the respective reference

k3

3

il

e

£y ]

] T,
A

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
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
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 according to Claim 20 wherein quadrature
phase versions of the said resultant signal form the feedback
signals.
26. Apparatus for processing Cartesian components of an input
signal to provide a processed output signal substantially as
hereinbefore described with reference to Figure 1 or Figure 2 of
the accompanying drawings. i )
27. A method of processing Cartesian cbmponents- of an input
signal to provide a processed output signal substantially as
hereinbefore described with reference to Figure 1 or Figure 2 of
the accompanying

drawings.
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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 | and Q which are,_JMn_‘phase
quadrature with each other. The Q signal of each VCO:(113; el wa}\g
sumed by summing circuit 115. One output of the sum i’n--ﬁg”‘j"tlﬁ‘
the feedback loop and is passed to thginverting |npdt o) the co :
112. The | signal of each VCO (113, 114) is sumred by, sprmn«ng B8 Fedi tf ¢
116. One out put of thexgelBbNiND UDSHATrTD FOR Lreedng, | back. loop.-and ils
passed to the inverting | NMgpMATING AN DEMODUBATING 11! The ot her out put
of the summ ng junctions 15,116 are passed to anplifiers 117 and.-118-&hd

t he anplified signals are summed by sunm ng junction ITS Switch
control for the VCOs may be provided in the
ABSTRACT

A highly effecient linear amplifier and/or modulator and
demodulator comprising first and second feedback loops is
provided. Each loop processes a component of the input signal and
the component signals are recombined at, for example, a summing
junction 18. The feedback signals for each Toop are dependent
upon the output signal and are in phase quadrature. The input
signal is separated into I and Q signafs, which are also in phase
quadrature, by a component separator 10.

FIGURE 1.

X——*
e ————
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same manner as described in relation to figure 1 and
switching may al so be applied if desired. Sonme alternative
arrangenments relating to figure 6 wll now be nmentioned. -

the anplifiers 117 and 118, and the summing junction 119 dtgiaffnged.grer
spective substitute anplifiers are connected in the | sig-,; na#~path ey
between the VCOs 113 and 114, and the sum m ng junctlon*116 g ‘
output signal is taken from the summing,junction 116. The sub té@ }
anplifiers may instead be in correspondiné positions in th 51gﬂa+ -pat-hd.
In both cases an attenuator or a-further anplifier is requi red to ensure

zero crossing

the first,

LIIC

that the two feedback signals aré at corresgpondi ng | evel s at-
conparators 111 and 112.

-Substitute agplifyers nay be used in both |

and Q

pat hs at the VCO outputs. Such arrangemwents e the ad- vantage thatthe
substitute anplifie f t -
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f eedback | oop before summation to provide the output signal. The anplifiers
117 and 118 and/or the summ ng junction 119 may be used in addition to the
substitute anplifiers in any of the substitute anplifier arrange- nents.

It will be reallsed that the invention can be put into operation in nany
ot her ways than those specifically de- scribed. For exawpheug@= M

be any formof fre- quency generator havigg an output signal.

controlled using a control signal, for ex |l e some forns jof unstable “]
anplifier or direct digital synthesizers. The smﬁtckiqg it FEBedbr |
figures 1, 4, 5 and. 6 nay in song sif@ati ons be repl aced by.-permanent
connec- tions which give a stabl¢ ﬁg%ﬁpnt and preveny Tnr purke noi se’ i
on zero crossing :

] o
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-14- Since Cartesian conponents of an input signal, sone alternative
ki nds of conponents, are phase nod- ul ated, the invention can handl e any
ot her types of nod- ulation in addition to those nmentioned.
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- 15 - Cl ai s 1. Apparatus for processing an input signal to gener-
ate an output signal, the processing arrangenent conpri si ng
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°* first and second feedback | oops for generating, fromsaid input

signal, respective output signal conponents and ensuring that the
~ conponent s are correctly in phase for this purpose, each

| oop conprising a voltage controlled os- ci lfator” 115&”164,27” 28;

67, 68; 90, 91; 113, 114), havi ng a frequency?%f*%ﬁhée“mﬁfth i's

variable in response to a control signal, for géheratlng !

a | oop output signal which fornms one of %he conpcmerﬁé} it He

out put signal, or from which one such compongnt I's derived, fand a
conpa- rator (11,12; 35, 36; 65, 66; 88, 89; 11I‘“I12) Tor
generating the control S|gnal and conbi ni ngi neans (18; 25;: 75;
98; 115, 116) for conbining t he | oop out put S|gnals to derive a
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signal representative of the output signal orézi,gﬂm
répresentative of conmponents of the out-
means for providing first and second feedback
signal s, dependent on the rep-
representative signals and

for each | oop, applying the. feedback l-opp- op-

& Vg

ut i gnal....
1705 copkoop @pm_[;ﬂ_“
resentative si gnal i

§%

_n‘a

472~ $ nals
ndwww'""“

one input of the corrparator and anot her input of t e'_

bei ng cou-
Appar at us accor

wErHB

ed to recejve

f eedback | oop operating signals i "REMODULATENG

Description

The present invention relates to method and circuits
tor processing components of an input signal to provide
a highly efficient linear amplifier and/or modulator or a
demodulator.

A LINC ampiifier 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
ampilified signal. With a LINC ampilifier the potential for
dc to RF conversion efficiency can approach 100%, as-
suming ideal matching amplifiers. However, in practical
LINC ampilifiers, the suppression of broadband phase
modulation relies on a very tight tolerance on the gain
and phase match between the two paths. A gain eitor
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-

onent of the inpuyl
D ANDARPARARYS FOR AMPLIEYNG, MOPBLATIL

es in operating frequency, output power and tempera-'

ture, and the ageing of components.

it is an object of this invention to prowde 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 phass
locked loops.

?:h?étb ;%
8o |




aﬂquédrature oscillator (22; 32; 76; 99) having

siFgnal s, and

first and second m xers (20, 21; 32,

100, 101), one for each | oop, for generating the
f eedback | oop operating sig- nal s, the m xers bot

recei ve

anot her input.

the said representative signal
receive respective quadrature out put si gral-s

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 detactor. Such devices are difficult to
construct.

From US 5105168 an arrangement for a vector

as one inp t,‘wand~ TR O
fromit hie @SCinhjatosd as

guadr at ur e out put

33; 77, 78;
hi ISt _aﬂd~- s-efcond"““’

herng g eatitlo

R

r.w-—w——ﬂ
i

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 detactors 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 ancther 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 a feedback loop, so that
" 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-
penents 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-
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-16- 3. Apparatus according to claim2 wherein t he i nput signal
Is anplified or nodul ated. 4. Apparatus according to Caim3 including an

anpli - fier (16, 17; 73, 74; 96, 97) for each | oop conneet-ed—... .
bet ween the voltage controlled oscillator for that IbGE{‘*‘aﬁda fENT !
respective input of the conbining nmeans. 5. Apparatus cordi-ng-t-e-Ll.aimj
or Claim4 arranged as a nodul at or wheBet n Eabhqlogpwl E}@Lu les

an input term nal, connect ent |sdenved and acomparatorforgeneratlng’thé_

control signal, and J i
combining means for combining the loop output'sigr—————___ |
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 com-
ponents and ensuring that the components are cor-
rectly in phase for this purpose,
each loop comprising -

a voltage controlled osciflator, having a fre- -
quency or phase which is variabie 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 comparator for generating the control sig-
nal, and

combining means for combining the loop output sig-
nals and the input signai 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 ancther,

the feedback loop cperating signals being applied



Y

ed.to the conparator, for application of a Car- t esi an conponent of

t he input signal, and wher eby a nodul ated signal appears at an out-
put termi nal of the conbining means which is t he i nput signal
frequency transl ated by the quadrature oscillator frequency. 6. _
Apparatus according to Caim3 including a conpo- nent ¢ :b“"ﬁr atpr (rlq“;;; »
61; 85) for receiving a nodul at - I ng Tr‘?’pUt si gnal and éie Vg e
Cartesi an conponents thereof for application to the i n@utf term nal Sae !

7. Apparatus according t ¥ @ednputsef thecotiparaterssf the fisst and segren Edabti:nﬂentw«r'
thereon, for anplifying and;!@ps.lraspe@wlglamdtdmtmmﬂwacimchasm 11ator. .out
frequency I's zero. comparator being coupled to receive a process ref--ri :

erence signal.  ———

According to a third aépect of the invention thers is
provided a method of processing a input signal to gen-
erate an output signal including the steps of

using first and second feedback lcops to generats,
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 voitage 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 s:gnals. 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 g generate
from said input signal, respectsve output signal com-
pcnents and ensuring that the components are cor—
rectly in phase for this purposs,

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
signai or signals representative of components of
the output signal,.
generating feedback loop operating signals, in
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8. ,Apparatus according to Caiml arranged with am plification of the
out put signal wherein the neans for providing the feedback |oop

operating signals
for derving quadrature-phase signals fromthe said representative
signal as the first and second | oop Eeratl ng feed‘bagk“'s,lrgw_ S g O
Apparatus for denmpdul ating an input sigra N !

|, th d d? db kil
o St 15 R o Vo a5 L

for generatl ng,

conponents and ensuri ng SeAELVe signglRfIePrese

for this purpose,

conpri ses neans 20, 21; 32, 33; 77, 78; 100, 101)

Uui’

to gen- | 6F

ative sngnalsaqr@ Pbrrect |y l,,n#phase

each loop, and

for at least one loop, comparing the feedbacki 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 methed 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 voitage controlled
osciliator, 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 lnput 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 representatwa 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 signalat 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 osciilator oc-
curs.

For ampiification, each loop contains an ampm'erto-
amphfy 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. :



each | oop conprising -17-

a voltage controlled oscillator (15, 16; 27, 28; 67, 68; 90,
91; 113,114), having afre- guency or phase which is variable in
re- sponse to a control signal, for generating a
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To achieve demodulation the loop output sugnats e
are combined with a modulated signal in such a way {hat 6 4 e 1550
frequency translated signals derived from tha repres nty Ut oRCY
ative signal indicate any frequency or phase deviati n.Jr
of the loop output signals from respective componeénts
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 compeonents 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 cutput signal, or a signal from
which such components can be derived, to be generat-

- ed and combined within a control locp 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 compiex dxgtta! sxgnal
processing.

The demodulator also allows a vanable 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.

1t is believed that the input and/or output signals
may be reprasented by other component systems than
Cartesian components. For example polar components
or non-rectangular components may possibly be used.
. Embodiments of the invention will now be described
by reference to the following drawings, in which:-

Sy s ominr 2

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 embaodying the invention,:

Figure 5 Is a block diagram of a third amplifisrimod-
ulator embodying the invention,

Figure 6 is a block diagram of an amplifier embod-
ving the invention



| oop out put signal, which forns one of the conponents of the

out put signal, or from whi ch one such conponent is derived,

and a conparator (11,12; 35, 36; 65, 66; 88, 89; 11 1, 112) for
generating the control signal, and cgﬁbrnrngwﬂeaﬂswi """"""
(18; 25; 75; 98; 115, 116) for conblnlng t he | oop! GHPEE-Si ghatts: §
and t he input signal to derive a Ai-gnal representét|v9 of rhe“““g
out put signal or signals representative of com pen nrsadg 1 hHest
out put signal, and means for providing first and $e¢ond feedback

| oop operating signals, depeRigand 1,amihput signat st) having for rTve signal or

representative signals, amplitude orphesé Vardilidse ol vath, &l d8paratdd by one anot her,,
a known component separator 10 into two component
signals which vary in amplitude and phase but are in
phase quadrature. These two components, s;(t) and Sq
(t} are the Cartesian components (I and Q) of the mput
signal and each component signal is passed to one of
two feedback ioops. As an altemative the input signal
may be supplied in the form of separate | and Q'signals.
The first element in each loop is a comparator (11 and
12) and each component signal is passed to the non-
invarting 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 bslow) 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 explained below,
afrequency translated amplified version of the input sig-
nal s(t), at the frequency of the osciliator 22.

Feedback control is created for each loop by taking
the output of the summing circuit 18, demodulating that
signal with a signal r(t) and () ata 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;(t) and rg(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 oomponent separator 10 equa!s 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;(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;(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

121 is areplica of s4(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 ther reference frequency




t he feedback | oop operating signals being ap- plied to one input of

t he conparators of the first and second | oops, respectively, and
anot her in- put of each conparator being coupl ed tQ.f8zw.
ceive a process reference signal. 10. Apparatus accordi ng rgsz@@%@@

I ncluding an anpli - fier (29, 30) for each | oop conneg
vol tage controlled oscillator (27, 28) fargthat |oop

i nput of the conbini ng_ neans (25) S accor
10 wherein hipafreqy foﬁ‘éﬁ]{%‘ Agg’f’[‘ﬂfﬁﬁ’g"eﬁ'?%?fs% €
third input term nal @smngrihamh dﬁmpéﬁlﬁi'%l’m&ﬁiﬁes are exact;

t ed-between.-t.he
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g it o iFih 9~0r
C Ongk- and- e
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t hat when the | oop oupetectgdimand 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 moduiation 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 signais 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 80° phase shift, as described below in re-
lation to Figure 6.

The modulator of Figure 1 can be v1ewed 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 fesdback 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 ry(t) from the oscillator 22 and a
vector 46 represents the cosine signal rt). It can be
shown mathematically that, if the connections 41 and
42 are as shown in Figure 1 withoutany 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.

S so constructed §

4

Alimited 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 controlied as a function of the sign
of the signals s.(t) and s4(t).



nals are applied at the first and second i nput term nal s,
respectively, and the input signal is applied at the third i nput
term nal the said rep- resentative signal appear siat—t-he- ~OUt-pUL.

term - nal and is indicative by its respective co;rrpa@c”"’f..sé ERT SH%;;'
of any frequency or phase devi ations of the | oop lout-purt
fromthe respective component s of- Bhe i nput S|gn |, f 81 Hoy ABANS

are provided for applyi nqn orczerodgagmnethesngn of s,{l)ugned ssql(t9 ﬁl” as ‘tHe” sai‘“d

process reference signal
two outputs of the component separator 10 are coupjed

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.

Si(t) | S40 | Tovco | Tovco
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 further to 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 iflustrated bv an antenna 26 but which could
be any modulated signal source. When VCOs 27 and”
28 are operating at exactiy 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(t) and rq(t) froman
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
resuit the output frequencies of these VCOs are replicas



18, to the conparators (35, 36) of both |oops, and

further mxer is provi ded for each | oop for de-
| oop output signal to derive one

a

nodul ating the
of the conponents of the said

output signal. 12. Apparatus according to Oaim1l including neans _for
conbining the outputs of the further mxers_to derive a. SigRal. - a &;:"r ;
representative of nodul ation carried byl8 si gnal appli‘ed t'6-t'he' thitd |
i nput term nal of the conbi ni ng neans. o
of the components of the input signal to the demogiut a%tq 4OV 158
and are down converted by demodulators 37 and 38 us- N

ing the respective quadrature outputs of the oj: illator

34 to provide demodulated components of the r
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 leveis. 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 Aei®, having for example
amplitude or phase variations, or both, is separated by
a known component separator 61 in a manner as de-

. scribed in relation to figure 1. Aitematively the input sig-

nal may be supplied as separate | and Q signals, cosa
and sinc. Each component signal is passed to a phase
shifter 62 which shifts the phase of each signal by a fac-
tor B, 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 befora these amplifi-

- ars 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.



13. 'Appar atus according to any precedi ng claiminclud-

neans (52; 107;) for controlling respec-

bet ween conpo-

I ncl ude si gnal
w th signal

t he sard—-econnrecti.ons,
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i ng control
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nents for the two feedback | oops both in respect of
determning the said connections and al so whet her
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circuit 75, Bei(B+®) with quadrature signals cos(at), sin
(ot) produced by the oscillater 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 B-o. 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 Sisa slmpllﬁed version of the amplifie/mod-
ulator shown in figure 4. An input signal Aei®, 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 moduiation 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 demodu!atmg the output of the summing
circuit 98, BeiB+o with quadrature signals cos («t), sin
(et) produced by the oscillator 99 at mixers 100, 101.
The phase of each input component is added back into

‘esach 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-



15.. Apparatus according to Caim1l wherein the input signal is

Cartesi an conponents of a signal to be processed and whereby one

conponent is applied to one conparator and the other conponent_is_ ap-
plied to the other. 16. Apparatus according to claim15 whereia fgh,@,{a Y
control neans, for ensuring stable operation of the appar at.u&*;:“__ oy i
conprises first and second phase shift- - 1l2rs (62, 79). 17} Ap arat us ]
according to claim 16 whererh: for each | oop, the fi rst ) eV 1B t i

shifter (62) sub- nal to thé A6k Shbfifg %ﬁ?&xﬁéééﬁﬁ%ﬁrh&h&ee“ ‘the input

quency difference between the output signal and the in- |
put signal is that of the fraquency 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. Whaen tha envelope of the input signal crosses
Zero (hereafter 'zero crossing') the phase of the input
signaf changes by 180° and this can be illustrated by
piotting a vector of the input signal onto figure 3. When
the envelope crosses zero the vector will cross from one
quadrant to the diagenally opposite quadrant and will
pass through the origin. The outputs of the VCOs, when
summed at tha 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°.
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 differentiator 106 which in combination pro-
duce a signal when the phase changes by 180°. 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
differentiator crosses a threshold, which is that of the
referance signal, the input to theé VCOs are switched by -

~ the switching connections, (69, 70, 71 and 72 i in figure
4 and 92, 93, 94 and 95 in figure 5). :

_ The embodiment fllustrated in figure 1 will also gen-
erate impulse noise when zero crossing occurs. For
ciarity 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 or at 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 iftus=
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 com-

D e —




signal and the output signal fromthe Cartesian | nput conponent
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parator 111, 112, the output of which is connected;l_v_ig\
switchable connections (as described in relation to fig-
ure 1)toa VCO 113, 114. The VCO generates at its out-
put two signals | 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 | 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 aitemative arrangements relating to figure 6
will now be mentioned. in the first, the ampiifiers 117
and 118, and the summing junction 119 are omitted, re-
spective substitute amplifiers are connected in the | 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 111and 112.-
-Substitute amplifiers may be used in both | and Q paths
at the VCO outputs. Such arrangements have the ad-
~ vantage that the 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-
rents. '

It will be realised 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.
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ponenf fromthe feedback | oop operating sigral bef ore application

to the other input of the com par ator. 18. Apparatus according

1

to claim17 including, for each | oop, rectifying nqa,n‘sﬂ,é YA

t aki ng t he nod- ulus of the output of the first phafse Q‘? %H‘;r
application to the conparator. 19. Appg rat usaccor di ngt bcl ai m 1 or
wher ei n phase control neans, for dr ng stable bperﬁt‘i dﬁ“of‘gﬁahd
apparatus, conprises : means (66) for providi ni a_signal

represent a- tive of the anplitude of the input signal to the

i nput of one conpar at 0ging8 CaRBSAR cofporsh\df 8n input signal, 2
some altemative kinds of components, are phase mod-
ulated, the invention can handle any other types of mod-
ulation in addition to those mentioned.




I ng a constant signal as the other input of said conpar at or,

a - phase shifter (102), controlled by first and .second phase
control signals, phases of the:gﬁfri ms;;;,za.;{ag Sgeond
feedback | oop H“ﬂﬂ"ﬂﬁmumm signals respectively,:a and oo eans
(87) for providing signals rsepresentative of the ghases of the !
Cartesian input conpo- nents as thé first and{s«nc@nd ‘fi{haé«a?rcqnt'r ol
si g- nals. 20. Apparatus according to any of alns. 110 19 3
i ncl ud- i ng detection neans for detecting zero cro%: ngs in thej
i nput signal or the &laim®pe thereof, and nokse-L.eductiQn _
swi tching neans (52, 107) for changi ng over the voltage controlled
oscillator be- 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 or sig-
nais 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 cne 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.



tween | oops when a said _zero crossing occurs as

controll ed os
| oop out put signal,

second neans (11.5, 116) forconbin-.

out put signals to'
ing signals, and thi3.d

4.

I ndi cated by the

s according to claim1l wherein Cartesian_

dét ection ne . el an_..
conmponent s of ]WH‘L' ;“ @ggumr are provi ded and vvher«eiuﬁ-'-"eat:‘h;,_;\"/"'Q,"Jlf':;;;@ge’%
' ralls, » ts”of the

114) generates Cartesi arRiCbApOIENt 7
and the apparat us.ijgcl udes | p—tTTST and
i ng correspondi Ng gCar¥@&¢iamw |

fafs
Lob

provi-de the first and second fegdhdack | oop oper at 4

ARpagitng accandiog to ¢laifrd? wherein  cdnbiniig The out put

of the first and second corhe input $igmal igarfipiiiiad of modutdde t he out put sj.gnal .
| S

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 respsctive input of the combining means.

Apparatus according to Claim 3 or Claim 4 arranged
as a modulator wherein

each loop includes an input teminal, connect-
ed to the comparator, for application of a Car-
tesian component of the input signal, and
whersby 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.

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.

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. :

Apparatus according to Claim 1 arranged with am-
plification of the output signal wharein the means
for providing the feedback loop operating signals
comprises means 20, 21; 32, 33; 77, 78; 100, 101)
for deriving quadrature-phase signals from the said
representative signal as the first and second loop
operating feedback signais.

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 purposs,

each loop comprising



20- Appar atus aceerding to claim21 including first and second

anpl i f | ers ted bet wee the first conbi ni ng neans and \
the third c H“ ““‘ , and the second conbi ni ng means—and. t-he .
third conbi gc meand, feshpectively. 23.° A nethod of proces$ERusZEFEIPURSEE

signal to generate -17 -

¢
i
f aTeyiy ANOEL 4
foe NIy EES
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a voltage controlled oscillator (15, 16, 27,
28; 67, 68; 90, 91; 113, 114), having a fre-
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; €5, 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 and the input
signal to derive a signal representative of the
output signal or signals representatlve of com-
ponents of the output signal, and

means for providing first and second feedback
loop cperating signals, dependent on the rep-
resentative signal or representative signals,
and in phase quadrature with one ancther, :
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
voitage 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 80 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 fraquency or phase deviations of
the locop output signals from the respective
components of the input signal,

means are provided for applying a zero magni-
tude signal as the said process reférence signal



an out put stgrat—nctuding-the steps of using first and second

feedback | oo u um erate, fromsaid input S|~gnaLMrespect I ve
out put ﬂ“l“mmu lﬂm nts and ensuring that the e:qmlmsw_ -
0o,

ponentare correcfly"in phase for this purpose, fog«maac
generating froma voltage con- trolled oscill atpr* ha‘w ng g
frequency or phase which is variabll@ in response to‘ a cont B8

£5h
si gnal , a | oop out ﬁut signal which forns one ofiﬁdhe ot

L
ot som s it

conponents of the out put toshgaempargtors (Im3@heldeth loops, andone such corrponente
is derived, conba hirthgr tixer Iseoqvidast fpueachilgerliosd ut :
signal to der| ve a si ghamoteptipaaicthioueudsighdlieo derive one out put si gnal or.
signal s representative obfth@dbmponents of tREBSIBIcHENL sighg. out put si gnal ,

12. Apparatus according to Claim 11 including means
for combining the ocutputs of the further mixers to
derive a signal representative of modulation carried
by a signal applied to the third input termmal 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
dstermining 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 whersin 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



gener at i ng +eedback—toop—-operating signals, in phase quadrature

representative

with one anotﬂ-m'lumclmtﬂ ! representative signal or
si gnal s, 11 ] , M] i | oop, and for at |east. one.loop.. .

conparing the feedback® * * |oop operating signal W|th a,gqqspgngﬂt gqf:_?

t he i nput signal to provide the respective contr@I
24. A nmethod according to Caim 23 incl udlfhg the steps |
generating respective quadr n

f eedback signals by m xing %% ?oc% ﬂ’erﬁ %‘;ﬁ‘f“s? sO'é‘eE.
respective quad- 35?8 T‘ﬁ%a'fﬁ'g"’tf
ponent from the feedback loop aperating sigral

SRS Y W 11 -1
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al_with. the

back | oop op-
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before application to the other input of-the com-
pa(ator.

18. Apparatus according to ¢laim 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. Apparatus according to claim 1 or 15 wherein phase
control means, for ensuring stable operation of the
apparatus, comprises

means (86) 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 leop
operating signals respectively, and B
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 1to 19 inciud- .

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 signai, and the apparatus inciudes

first and second means (115, 116) for combin-.

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.



erating signat—-25-—A-nethod according to claim23 or 24 characterised

in that u"mr!m! nal is nodulated or anplified. 26. A nethod
according to ""'qm dmﬁg anmplify- ing the | oop out put signal s
bef ore conbi ni'ng °t hém
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22. Apparatus according to claim 21 including first an v RUY W
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.
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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-
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 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 SIQnals in
phase quadrature with one another, from the
representative signal or representative signals,
one for each foop, 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 inciuding the steps
of

generating respective quadrature signals, and
generating the feedback signals by mixing the
representative signal with the respective quad-
rature signal to pravide 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 locp output signals befors combining them.



27.. A nmethod of nodul ation accord| ng to Caim25 or 26 wherein, for
each | oop, a Car'Te?T‘am— of the input signal is conpared with

t he feedback JMHW’ ignal. 28. A method accerding.to C ai m 23
in which the in mwg,aﬁnlzprow ded as Cartesian copptument: ﬁ,@

signal to be processed 9 s t hod of denodul ating an 1nputw.54__gha -’
gener - - 21 -
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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 o be processed.

29. A methed of demoduiating 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 signals-and the rnput
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
10 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-
soective process reference signals, and ‘



ate an output signal including the steps of using first and second
f eedback | oops to gen- erate, fromsaid input signal, respective

out put F nd ensuring that the com pon“e_nts
are correctly in §ﬂﬁ# lim WH iﬂr pose, for each Iooglpggﬁpg{@) B0

froma voltage co d oscillator, having a fre;qUen‘Cy ol _phass

which is variable in response to a cont pel. si gnal oop ou Lpu‘lﬁm
si gnal which fornms one of the conponent s of the out p;ut sﬁgﬁ B e
from whi ch one such conponent is derived, conbj ning t he

| oop out put signal send the input ) signal to derive a isi gnal
representative of the dmmﬂﬁtmglegmhodpromp@wgrﬁ[ usihg @sent arive of
com ponents of the okpattivé bdél the quadrature phase signais

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 mclude
signal inversion,

altering the said connect:ons to ensure stable
operation occurs.

3. A method according to claim 23 including

providing Cartesian components of the input
signal,

controlling the phases of the respectlve Carte-
sian input components to ensure stable opera-
tion. -

34. A method according to claim 23 including

detectlng Zero crossings of the mput S|gnal or
envelope thereof and

changing connections within and/or between
the two feedback loops when said zero cross-
ings occur.



generating feedback | oop operating signals, in phase quadrature

wi:th one another, fromthe representative signal or representative
si gnal s, one for each |oop, and for each | oop, conparing

t he feedback | oop op- erating signal with a process- reféf*“""f'"
si gnal to provide the respective control signal. 80 ‘AﬁﬁﬁhbﬁhFafo
nmet hod according to Claim29 com prising combi"AT g the | oop
output signals with the input -s¢ynal in such a y |t igat #dig 1593 OL
f eedback | oop op- erating signals derlved fromt ée irepresentativ

signal indicate any fr 2 LIFYENGnSs of the | oop
out put signals fromrespect WAOULATING AND Dmonumgme ]

ABSTRACT

A highly effecient linear amplifier and/or modulator and
demodulator comprising first and second feedback Tloops is
provided. Each loop processes a component of the input signal and
the component signals are recombined at, for example, a summing
junction 18. The feedback signals for each loop are dependent
upon the output signal and are in phase quadrature. The input
signal is separated into I and Q signais, which are also in phase
quadrature, by a éomponent separafor 10.

.FIGURE 1.
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denodul ati ng each | oop output signal using a

quadr at ure phase signals
signal. 31. An anplifying nmethod according to Claim 23 where-

guadr ature phase versions of said representative signal formthe
f eedback | oop operating signals.
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operéiion occurs. 33. A nethod according to claim 23 including

provi di ng Cartesian conponents of the input si gnal ,

controlling the phases of the respective Carte- si an i nput

conponents to ensure stable opera- tion. 34. A nethUd”a,qudh g to

claim 23 incl udi ng detecting zero crossings of thesﬁﬁ@u |gﬁ§j ar
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