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The invention relates to a device for demodulating a frequency-modulated
signal, of the type using a phase-locked loop, comprising an oscillator which supplies an
output signal having a frequency which is controllable by means of a control voltage, and a
phase comparator having two inputs, one input receiving the signal to be demodulated and

5 the other input receiving the output signal from the oscillator, the output of said phase
comparator supplying a signal to filtering means which supply said control voltage for the
oscillator, and an output signal for the demodulation device.

Such a device is known, inter alia, from the document FR-A-2 556 526,
in which tﬁe principle, advantages and drawbacks of this type of circuit are compared with

10 another type of demodulator circuit using a filter and a phase comparator only.
The requirements imposed on the quality of frequency demodulation
. principally concern the absence of distortion of the demodulated signal. Particularly, strict
requirements apply to the demodulation of a television signal, for example a signal
transmitted by satellite, because a linearity fault generates intermodulation products between
15 the sound subcarriers an.d/or between a sound subcarrier and the chrominance signal. This
fault appears iﬁ the spectrum of the demodulated video frequency as parasitic rays producing
particularly annoying Moiré effects in the image. To avoid this kind of fault, it is-necessary
that, in the useful range of frequencies used, the derivative of the voltage of the output signal
with respect to the frequency of the input signal does not vary by more than + 1%.
©20 Such a linearity performance is achieved with greater difficulty as the

deviation of the frequency of the signal to be demodulated is larger. If this deviation is 19%5& ' j,
or more, of the central operating frequency, a demodulation with a weak distortion hédﬁ HES %
very difficult due to the fact that the frequency response of the voltage controllable oﬁcﬂlﬁtor
is not a linear function of its control voltage.
25 It is an object of the invention to provide a demodulation device having an

improved linearity in a relatively wide range of frequency variations of the input signal, of
the order of + 10% of the central frequency of the signal.

According to the invention, the demodulation device is characterized in

that the oscillator comprises a resonant circuit of the type formed by a parallel connection of
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control voltage and the value of the variable capacitance, the invention enables the frequency
10 response of the oscillator to be made linear as a function of this control voltage in at least a

range of frequencies scanned by the frequency-modulated signal. By means of an appropriate

control, a practically perfect compensation can be obtained for generating an oscillator

frequency which is linear as a function of the control voltage. For lack of a perfect

compensation, it is always possible, by means of control, to obtain an inflection point in the
15 frequency response curve of the oscillator as a function of its control voltage, and to place

this inflection point in the vicinity of the central frequency of the signal to be demodulated.

A very satisfactory compensation of the linearity can be obtained in a useful range of

_ variations around this central frequency.
As a variable capacitance, one of the known circuits based on a coupling

20 with one or several fixed capacitors may be used for supplying the équivalent of a variable

capacitance having a value which varies in a precise and reproducible manner with an

appropriate control signal.

In accordance with a preferred embodiment of the invention, the device is
characterized in that the electronic module comprises an amplifier of the differential output

25 transconductance type and a Gilbert cell symmetrically coupled to two fixed capacitors, and
the amplifier is charged at the output by diodes having a voltage which is applied to the
inputs of the Gilbert cell. '

The use of a Gilbert cell for realizing the equivalent of a variable
capacitance provides particular advantages concerning the precision and reproducibility of the

30 results.

The elements constituting this cell can easily be integrated, as well as the
fixed capacitors when the frequency of the signal to be demodulated is high enough and this
allows the use of capacitors of several pF only. When the capacitors are integrated together
with the demodulation device, the implementation of this device is all the more simplified.
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may be used, for example a parabolic function which has a positive growth. However, in a
preferred embodiment, the device according to the invention is characterized in that the law
for varying the variable capacitance as a function of the control volfage is of the hyperbolic
type.

A correction of this type is perfectly adapted for linearizing the frequency
response of the oscillator. Moreover, an amplifier which has a hyperbolic transfer function is
not only easy to realize in the form of an integrated circuit but also allows the use of a
sufficient number of parameters to optimally adapt the realized function to the searched
linearity correction.

In accordance with a practical embodiment of the invention, and for
realizing a transfer function of the amplifier of the hyperbolic type, the demodulation device
is characterized in that the amplifier comprises a differential output stage constituted by a
pair of transistors having output electrodes which are connected to said diodes, and reference
electrodes which are intercoupled via a linearity resistance and fed by two current sources, in
that said amplifier comprises two input stages each receiving said control voltage, a first
input stage being of a differential type featuring a substantially linear transfer function, and
having outputs which are complementary in voltage and are coupled to the inputs of the '
output stage, and a second input stage also featuring a substantially linear transfer function,
and having a single voltage output which supplies a command which is proportional to the
current supplied by the two current sources feeding the output stage.

Moreover, the first and the second input stage of the amplifier each
provide a predetermined offset voltage.

In accordance with this embodiment, there are four control parameters for
realizing the optimally adapted transfer function, parameters among which only three are
really independent.

The invention also relates to an apparatus for receiving television signals,
for example an apparatus for decoding satellite signals, and is characterized in that it
comprises a demodulation device according to the invention and as described hereinbefore.

\ These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.
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10 demodulation circuit according to the invention,

Fig. 1 shows diagrammatically a device of the phase-locked loop type for
demodulating a frequency-modulated signal. This device comprises an oscillator 11 which
supplies an output signal Vo, a phase comparator 12 having two inputs, one input 14
receiving a signal Vi to be demodulated and one input 16 réceiving the signal Vo from the

15 . oscillator 11. The oscillator 11 comprises a resonant circuit of the type constituted by a -
parallel connection of an inductance L, a fixed capacitance Cf and a variable capacitance Cv
which is implemented by means of an electronic module 20 supplying the equivalent of a
variable capacitance as a function of a control voltage Vb applied to said module 20.

The control voltage Vb of the oscillator 11 is applied to an output

20 terminal 22 of the demodulation device. This voltage Vb is deduced from a voltage Va
obtained at the output of the phase comparator 12 after filtering in a low-pass filter 18 which
ensures the stability of the phase-locked loop, and after amplification in an amplifier 19.

According to the invention, to obtain a good linearity between the control
signal Vb and the frequency of the output signal Vo of the oscillator 11, the value of the

25 variable capacitance Cv as a function of the control voltage Vb which is applied to the
module 20 features a linearity deviation which is chosen for compensating, in the relevant
range of frequencies, a linearity deviation of the frequency responée of the oscillator 11 as a
function of the value of this variable capacitance Cv. '

A linearity fault of the frequency response of the oscillator 11 is shown in

30 Fig. 2. It has been supposed that a variable capacitance Cv varies linearly as a function of
the control voltage Vb, plotted on the abscissa. In the example, this capacitance Cv varies
from 0.5 to 3 pF and is connected in parallel with a fixed capacitance of approximately 2.5
pF. The frequency F obtained by the oscillator 11 varies between 550 and 410 MHz. The
curve F of the frequency has a function which deviates from a straight line and is slightly
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electronic module 20 for non-linear correction. According to the invention, the curve Cv of
the variable capacitance as a function of the control voltage Vb has a linearity deviation as

5 compared with the corresponding curve of Fig. 2. This deviation is determiﬁed in order that
the curve representing the frequency curve F of the oscillator becomes linear, at least in a
frequency range F1-F2 around a central frequency FO.

An electronic module such as the module 20 in Flg 1 may be
implemented in different manners. It is based on the use of at least one capacitor of fixed

10 value which, incorporated in this module, provides an effect which is equivalent to that of a
variable capacitance. It comprises a transistor amplifier A controlling the variation of the
equivalent variable capacitance in accordance with a non-linear function with respect to the
voltage Vb applied to the input of this amplifier A.

Fig. 4 shows a detailed electric circuit diagram of an embodlment of an

15 electromc module such as the module 20 shown in F1g 1.

In this embodiment, the variable capacitance is implemented by means of
a Gilbert cell 30 composed of transistor pairs T1-T2, T3-T4 whose cofnbined emitters in
each pair are fed by the current source S1 and the current source S2, respectively. The
collector of transistor T1 is connected to the collector of transistor T3, while the assembly is

20 coupled to a supply line Vcc by means of a load resistance Rcl. In a symmetrical manner,
the collector of transistor T2 is connected to the collector of transistor T4, while the
assembly is coupled to the line Vcc by means of a load resistance Rc2.

The combined bases of transistors T2 and T3 are connected to a first input
terminal 35 of the Gilbert cell, while the combined bases of the transistors T1 and T4 are

25 connected to a second input terminal 36. A fixed capacitor C1 connects the collector of
transistor T1 to its emitter and another fixed capacitor C2 connects the collector of the
transistor T4 to its emitter. '

' The Gilbert cell 30 is controlled by an amplifier A supplying a load at the
output, which load is constituted by diodes D1, D2 whose combined anodes are coupled to

30 the supply line Vcc via an offset voltage device 38.

The amplifier A is of the transconductance type and has a differential
output stage constituted by a pair of transistors T11, T12 whose collectors are connected to
the cathodes of the diodes D1 and D2 and to the input terminals 35 and 36, respectively, of
the Gilbert cell 30.
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the transistors constituting the current sources S11 and S12, respectively, and thus realizes

the current control of these current sources.
10 Input stages 42 and 44 receive, in parallel, input voltages Vbl and Vb2
representing, in a differential form, the control voltage Vb as mentioned in Fig. 1.

The two input stages 42 and 44 each have a given offset voltage. The
input stage 44 has such an offset voltage that, for a signal Vb = Vb1-Vb2 = 0, the current
sources S11 and S12 supply a quiescent current Ir, while for an input voltage Vb1-Vb2

15 different from zero, the current Iee of the current sources S11-and S12 has the form of Iee =
Ir+k1.Vb. The input stage 42 has such an offset voltage that, for an input voltage Vb1-Vb2
of zero, the transistor T11 supplies a higher current than the current supplied by the

 transistor T12.

When ignoring the base currents, the collector current Ic11 of the

20 transistor T11 can be written in the form of _

Icll = K2.(Vb+AV)/Re+Iee )]

with Iee = k1.Vb+Ir 2)

i.e. a linear form with respect to Vb, in which expressions,

k2 is a coefficient related to the gain of the first input stage 42 and AV is the offset voltage
25 of this stage.

In another connection, one has:

Ic11+Icl2 = 2.Jee = 2.(k1.Vb+Ir) 3

i.e. the sum of the collector currents of the transistors T11 and T12 is equal to the sum of

the currents of the sources S11 and S12.-

30 The voltage difference (VD1-VD?2) at the terminals of the diodes D1 and
D2 can be written as:
VDI1-VD2 = V1 Ln(Ic11/Ic12) ' 4)

with V1 = 26 mV at 300 °K.
This voltage difference, applied to the input terminals of the Gilbert cell 30, gives rise to the
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5 ' [
or, by using the relations (1), (2) and (3) ’

Ic2 - Icll _ k1Vb+Ir+k2.Vb/Re+k2AVIRe
Icl+lc2  Icll+Icl2 2k1.Vb+2Ir

10

k1+k2/Re).Vb+k2AVIRe+Ir
Ic2= Ic2 (
c2=(icl+Ic2) %1 Vb +2Ir ©)

Relation (6) shows that Ic2 is of the hyperbolic form:

aVb+b

cVb+d
15

and may be adjusted by means of three independent parameters so as to optimally adapt them
to the searched form of the curve.

In the example shown in Fig. 4, one may arbitrarily choose the gain of
the first input stage 42, the gain of the second input stage 44, the offset voltages of each of

20 these input stages.

Fig. 5 is a block diagram of an example of a receiver incorporating a
demodulation device as described hereinbefore. A parabolic reflector antenna 50 receives
satellite signals transmitted at a frequency of 10 to 12 GHz. After amplification in an antenna
amplifier 51, the signals received are applied to a first mixer 52 receiving also the signal

25 from a first oscillator 53 having a frequency which is chosen to supply, at the output of this
first mixer 52, a range of frequencies between 920 and 2,150 MHz. The elements 51, 52 and
53 are located at the level of the antenna 50 and are shown separately, only for the purpose
of better clarity of the Figure.

The receiver referred to is bounded by a square 70 shown in a broken

30 Tline. It comprises an input amplifier 54, followed by a bandpass filter 55 ensuring a

preselection of the channels to be received. At the output of this filter 55 , the signal is again
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type. 5 demodulation device 62 in accordance with the invention. It supplies an output voltage Vb
representing the demodulated reception signal. By means of the demodulation device
according to the invention, it is possible to obtain a frequency response having an excellent
linearity, corresponding to a value of intermodulation products of -55 dBc for the second
order and of -60 dBc for the third order.
10 The composite video signal Vb is processed in a de-emphasis filter 64 at
whose output a separation circuit 65 extracts the sound signals which are demodulated in a
demodulator 66 and available at the output 67 of the apparatus, while the picture signals
composed of luminance signals and chrominance signals are applied to an output 68.
The receiver, which has been concisely described by way of example for
15 the purpose of illustrating the invention, may have a slightly different set-up without
departing from the scope of the invention. Modifications in this respect are known to those
skilled in the art.

heet Has Been Replaced

T

SB
e REPLACED BEEN



15PHF 95.581 A correction of this type is perfectly adapted for

| i nearizing the frequency response of the oscillator. Mor eover,
anplifier which has a hyperbolic transfer function is not opgepbge@%ﬁ
torealize in the formof an |nteg|9ated circuit but also al

use of a&L gl ent nunber of paraneters to opti mally—adapt the

real i zed Tunctlon t0 The searched |inearity correcti !

In accordance wWith a pPraghd.tilsn oent of the r{mm”mt,!lt"rﬂ!""m,
I Cs *

realizing a transfer fu ) anplifier of the hypek

type, the denodul ation Hmlﬁﬂlﬁ)l ﬂ] characterized in that the anplifier
conprises a differentia stage constituted by a pair of
transi stors having out put el ectrodes which are connected to said

di odes, and reference el ectrodes which are intercoupled via a
Ilnearlty resi stance and fed bi/ two current sources, in that said 30
anplifierl corrprl ses t b devigaforsdempdulating i frequencyrmedulated signal, of Eentype|

o)

LT B R TS e S i o o 0

frequency which is controllable by means of a control voltage, and a phase comparator
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having two inputs, one input receiving the signal to be demodulated and the other input
5 receiving the output signal from the oscillator, the output of said phase comparator supplying

a signal to filtering means which supply said control voltage for the oscillator, and an output
signal for the demodulation device, characterized in that the oscillator comprises a resonant
circuit of the type formed by a parallel connection of an inductance, a fixed capacitance and
a variable capacitance formed by an electronic module coupled to at least a fixed capacitor

10 and' supplying the equivalent of a variable capacitance which, as a function of the control
voltage applied to said module, has a value featuring a linearity deviation for compensating,
in a fixed frequency range, a linearity deviation of the frequency. response of the oscillator as
a function of the value of the variable capacitance.
2. A demodulation device as claimed in Claim 1, characterized in that the

15 electronic module comprises an amplifier of the differential output transconductance type and
a Gilbert cell symmetrically coupled to two fixed capacitors, and the amplifier is charged at
the output by diodes having a voltage which is applied to the inputs of the Gilbert cell.
3, ‘A demodulation device as claimed in Claim 2, characterized in that the
law for varying the variable capacitance as a function of the control voltage is of the

20 hyperbolic type. '
4, A demodulation device as claimed in Claim 3, characterized in that the
amplifier comprises a differential output stage constituted by a pair of transistors having
output electrodes which are connected to said diodes, and reference electrodes which are
intercoupled via a linearity resistance and fed by two current sources, in that said amplifier

25 comprises two input stagés each receiving said control voltage, a first input stage being of a
differential type featuring a substantially linear transfer function, and having outputs which
are complementary in voltage and are coupled to the inputs of the output stage, and a second
input stage also featuring a substantially linear transfer function, and having a single voltage
output which supplies a command which is proportional to the current supplied by the two
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5. A demodulation device as claimed in Claim 4, characterized in that the
first and the second input stage of the amplifier each provide a predetermined offset voltage.
6. ~ An apparatus for receiving television signals, characterized in that it

5 comprises a demodulation device as claimed in any one of Claims 1 to 5.
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and ot her aspects of the invention wll be apparent from and
elucidated wwth reference to the 20 enbodi nents descri bed hereinafter.
In the draw ngs: Fig. 1 is a general circuit diagramof a
25 denodul ati on device of the phase-locked | oop type, with reference

to which the principle of the invention will be
' Device for frequency demodulation, using a phase-locked loop.

According to the invention, for linearizing the variation of the frequency of a local oscillator
(11) as a function of its control signal (Vb), a variable capacitance (Cv} is formed by an
electronic module (20) which supplies the equivalent of a capacitance whose variation as a

5 function of the control voltage (Vb) has a linearity deviation which is established for
compensating the linearity deviation of the frequency of the oscillator as a function of the
value of the capacitance (Cv).
Application: Demodulation of frequency-modulated signals, notably satellite television’
signals.

Reference: Fig. 1.
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type constituted b rall ecti-on.qof. — —~ ——an-inductance L, a fixed

capaci tance Cf and}laeari abl capaci tance Cv ich is inplenented by

means of an #tronic nodul e 20 I},/ingth eqpi val ent of a

vari abl e cap4ci e_as fu orof{ a Q.th?ql ol tage Vb applied
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to
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20 sai d nodul e 20. The control voltage Vb of the
oscillator 11 is applied to an output term nal 22 of the denodul ation
devi ce. This voltage Vb is deduced froma voltage Va obtained at the
out put of the phase conparator 12 after filtering in a |low_ 25 pass

filter 18 which ensures the stability 3 he phase- | ocked T oop,

after anplification in an anplifier 1 AC C DOESISHRY HhBeb A Yunlaced
i nvention, to obtain a good Ilnearlty bet ween t he cont

and the frequency of t he out put signal Vo of the osci ”Eﬂwm ,fﬁ
val ue of the 30 vari abl e capacitance Cv as a function of t

vol t age Vb which is applied to the nodule 20 features a linearity
devi ation which is chosen for conpensating, in the rel evant
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7 range of frequencies a linearity deviation of the fﬁgﬂﬁ@ﬁ
response of the oscillator 11 as a function of the val ue aof this
vari abl e capacitance Cv. Alinearity fault of 2R¢HEB @ffency
response of the 5 oscillator 11 is shown in Fig. 2. It has been
supposed t hat a variabl e capacitance Cv varies linearl yas—a functiion
of the control voltage Vb, plotted on the abscissa. Iljn the
exanpl e, this capacitance Cv varies from0.5 to 3 pF and is connect ed
in parallel with a fixed capacitance of 10 approximately 2.5 pF. The
frequency Fpevigéneel the tjtase- locmllbbﬁt fypdlryar demodelaeniy 350 and 410
WMHz. The curve F of t he frequenc a function which deviates from
a strai ght frequengymmodnlated;|gighaly curved Fig. 3 shows
the effect obtained according to the

The invention relates to a device for demodulating
a frequency-modulated signal, of the type using a phase-
locked loop, comprising an oscillator which supplies an
output signal having a frequency which is controllable by

5 means of a control voltage, and a phase comparator having
two inputs, one input receiving the signal to be demodulated
and the other input receiving the output signal from the
oscillator, the output of said phase comparator supplying a
signal to filtering means which supply said control voltage

10 for the oscillator, and an output signal for the
demodulation device.

Such a device is known, inter alia, from the
document FR-A-2 556 526, in which the principle, advantages
and drawbacks of thisg type of circuit are compared with

15 another type of demodulator circuit using a filter and a
phase comparator only.

The requirements imposed on the quality of
frequency demodulation principally concern the absence of
distortion of the demodulated signal. Particularly, strict

20 requirements apply to the demodulation of a television
signal, for example a signal transmitted by satellite,
because a linearity fault generates intermodulation products
between the sound subcarriers and/or between a sound
subcarrier and the chrominance gsignal. This fault appears in

25 the spectrum of the demodulated video frequency as parasitic
rays producing particularly annoying Moiré effects in the
image. To avoid this kind of fault, it is necessary that, in

the useful range of frequencies used, the derivative of the




15 I nvention by the electronic nodule 20 for non-Ilinear REPLACEM@% isﬁﬁﬁ

correction. According to the invention, the curve Cv of the e
capaci tance as a function of the control voltage Vb a$ a linearity
devi ation as conpared with the correspondi ng curve off Fi @ 2FETNS
deviation is determned in order that 20 the curve repreé¢sénting the
frequency curve F of the oscill ator becones |inear, at astin a
frequency range F1- F2 around a cemtral frequency FO.

An el ectronic nodul e such as the nodule 20 in Fig. 1 may be

i pl ement edvbe8ibf 8 e MBS -silgndlS Withede8Pedl to thE ﬂﬁ@q@én@* | east
one capacitor of fixed val ue which, I ncorporated in this nodule, :

provi des anc&f fhetinprehsignal doeaqfty Bt byomergt thanat vh¥i abl e
variation of the T SS8E & inenntf R dnalil 1k REnferel kbth Te with
a non- 30 greabeardifificdubty vdd [theesizadiattiiont b€ thet Agegqhéneappdf ethé o
telhgcltp gt C?;Eéph%.fdgggl?%mgnﬁoﬁilated is larger. IEI ghié 32\9 atforge:{sal | ed
10%, or more, of the central operating frequency, a
demodulation with a weak distortion becomes very difficult
due’ to the fact that the frequency response of the voltage
controllable oscillator is not a linear function of its
10 control voltage.
It is an object of the invention to provide a
demodulation device having an improved linearity in a
relatively wide range of frequency variations of the input
signal, of the orxrder of i 10% of the central frequency of
15 the sigmal.
According to the invention, the demodulation
device is characterized in that the oscillator comprises a
resonant circuit of the type formed by a parallel connection
of an inductance, a fixed capacitance and a variable
20 capacitance formed by an electronic module coupled to at
least a fixed capacitor and supplying the equivalent of a
variable capacitance which, as a function of the control
voltage applied to gaid module, has a value featuring a
linearity deviation for compensating, in a fixed frequency
25 range, a linearity deviation of the frequency response of
the oscillator as a function of the value of the variable
capacitance.
The demodulation device according to the invention
thus uses an electronic module as a variable capacitance,
30 which value obeys a precise law with respect to the control
voltage applied to this module. By providing a non-linear

relation between the control voltage and the value of the



8 of an enbodi nent of an el ectronic nodul e such as the nodul e
20 shown in Fig. 1. In this enbodi nent,
capacitance is i npl emented by neans of a Glbert c
5 transi stor pairs T1-T2, T3-T4 whose conbined emtte
pair are fed by the current source S1 and the current
respectively. The collector of transistor Tl is cannected to the
collector of transistor T3, while the 3 %

variable capacitance, the invention enables the frequency
response of the oscillator to be made linear as a function
of this control voltage in at least a range of frequencies
scanned by the frequency-modulated signal. By means of an
5 appropriate control, a practically perfect compensation can

be obtained for generating an oscillator frequency which is
linear as a function of the control voltage. For lack of a
perfect compensation, it is always possible, by means of
control, to obtain an inflection point in the frequency

10 response curve of the oscillator as a function of its
control voltage, and to place this inflection point in the
vicinity of the cemtral frequency of the signal to be
demodulated. A very satisfactory compensation of the
linearity can be obtained in a useful range of variations

15 around this central frequency.

As a variable capacitance, one of the known
circuits based on a coupling with one or several fixed
capacitors may be used for supplying the equivalent of a
variable capacitance having a value which varies in a

20 precise and reproducible manner with an appropriate control
signal.

In accordance with a preferred embodiment of the
invention, the device is characterized in that the
electronic module comprises an amplifier of the differential

25 output transconductance type and a Gilbert cell
symmetrically coupled to two fixed capacitors, and the
amplifier is charged at the output by diodes having a
voltage which is applied to the inputs of the Gilbert cell.

The use of a Gilbert cell for realizing the

30 equivalent of a variable capacitance provides particular
advantages concerning the precision and reproducibility of

the results.



assenbly is coupled to a supply line Vcc by means of a | aﬂﬁﬁﬁﬁEM@&?SHEE

resistance Rcl. In a symmetrical nmanner, the collector o nsLst.or
T2 is connected to the collector of transi st or T4, ile the assenplly
is coupled to the line Vcc by means of a load resi $t ndE2$EB‘WW7

The conbi ned bases of transistors T2 and T3 are 15 comneécted to a firjst

I nput termnal 35 of the Gl bert cell, whi | e the cofbied bases of th
transistors Tl and T4 are connectedgto a second inpdt term nal 36
fixed capacitor Cl connects the collector of transistor Tl to its

em tter and anoiigy eflenRetsaB8hkt LEuting OMNES te TN a0 daiNg bef the
20 transistor T4 to its emtter. The G lbert cell 30 i's

fonérolled igtqgraﬁ?dd1a5ewell asAtbepfiyed gcaprokeprg whan dh®ut, which
oad is constitute |od s, DL | ed
to the f‘s TSP 9 t%}c% ; tgf?ggevoﬁﬁg‘ggﬁﬁ?@%ﬂ%ﬁ SndtPt €

gh]g%f anpl itf |l|§i’£:.s°~td1§l.difs 1)) Us%n&QOadyat:ﬁﬁGfatcyf)eseveral R d:ﬂ.'y.a When
ifferential output stage constituted By a pair ansj staor,s T11,
T12 whdse cehe QARA oz @é‘mwééttéar?-ﬁeflh5°9'ether c‘ﬁ’t‘?’fbofe?se 9#&51&%61?@5 D1

gﬂﬁbgft agglcig?o&e Ut Qe B2hEion of BRiAewfoe IESRECH it Ynoxdf the

simplified.

To apply the searched linearity correction, a
function of the conic type may be used, for example a

10 parabolic function which has a positive growth. However, in
a preferred embodiment, the device according to the
invention is characterized in that the law for varying the
variable capacitance as a function of the control voltage is
of the hyperbolic type.

15 A correction of this type is perfectly adapted for
linearizing the frequency response of the oscillator.
Moreover, an amplifier which has a hyperbolic transfer
function is not only easy to realize in .the form of an
integrated circuit but also allows the use of a sufficient

20 number of parameters to optimally adapt the realized
function to the searched linearity correction.

In accordance with a practical embodiment of the
invention, and for realizing a transfer function of the
amplifier of the hyperbolic type, the demodulation device is

25 characterized in that the amplifier comprises a differential
output stage constituted by a pair of transistors having
output electrodes which are connected to said diodes, and
reference electrodes which are intercoupled via a linearity
resistance and fed by two current sources, in that said

30 amplifier comprises two input stages each receiving said
control voltage, a first input stage being of a differential

type featuring a substantially linear transfer function, and



30

by nmeans of an emitter resistor Re and are each fed
source S11, S12, respectively, which can supply REPLRUEMENTSHEEY

9 a variable current which remains identical befween the two
current sources. The anmplifier A also cam?rz 68 1AW | nput
st ages, first stage 42 of the differential type{having a 5

substantially linear transfer function, gnd outputs which
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The emtters of transistors T1l1l and T12_ are coupl ed

having outputs which are complementary in voltage and are
coupled to the inputs of the output stage, and a second
input stage also featuring a substantially linear transfer
function, and having a single voltage output which supplies
a command which is proportional to the current supplied by
the two current sources feeding the output stage.

Moreover, the first and the second input stage of
the' amplifier each provide a predetermined offset voltage.

In accordance with this embodiment, there are four
control parameters for realizing the optimally adapted
transfer function, parameters among which only three are
really independent.

The invention also relates to an apparatus for
receiving television signals, for example an apparatus for
decoding satellite signals, and is characterized in that it
comprises a demodulation device according to the invention
and as described hereinbefore.

These and other aspects of the invention will be
apparent from and elucidated with reference to the

embodiments described hereinafter.

In the drawings:

Fig. 1 is a general circuit diagram of a
demodulation device of the phase-locked loop type, with
reference to which the principle of the invention will be
described,

Fig. 2 shows capacitance and frequency curves as a
function of a control voltage in the case where no
correction is applied to this control voltage, whereas Fig.
3 shows analog curves obtained in accordance with the

invention,



are coupl ed 22 tpe bases of transistors T1l1l and T12, and a second

| nput stage of the differential type having a Tl | i near
transfer function and a single outpu%/p mh?ch C nBE%$§§M§$f§§§€§ of the
transi stors constituting the 10 current sourcesjSl1l and S12,
respectively, and thus realizes the current ¢ontrod pdR t190gseg qurrent
sour ces. | nput stages 42 and 44 regeijve, in parallieli input
vol tages Vbl and Vb2 representing, in a ¢gifferential “orm tte jcontr ol
voltage Vb as nentioned in Fig. 1. 15 The two input staiges 42
and 44 each have a gipgfl 4 showef ithet eszebtage cTheul a@taﬁge:ﬂlh has such
an of f set vol tage that, for a sig Vbl- t he current

sour ces SllG%ﬂfMEISizc%MprﬂV%ﬂGuﬁ&’é@'ﬁtleﬁﬁr F@n? Y?ria}\?\}ﬁl%?‘ﬂ?ﬁltance' an
i nput vol t age . %éfe fd}ﬁ%‘?ﬂ}; €L0n hhhﬁ{défe&&r:?&t;od ek of the
T

current sources rmo 1. Vb. The input
stage 42 hasomsticdi asngrfaﬂse.tf \mmsaganable bhna;:lf:@mcen ambut vol t age

Vbl - Vb2 of
Uhe woBront suoni | od HgY Wrdvs a stmptieldBPoifdufe WAL MY AN

incorporating.a frequency demodulation circuit according to

the inventiom.
Fig. 1 shows diagrammatically a device of the
phase-locked loop type for demodulating a frequency-

10 modulated signal. This device comprises an oscillator 11
which supplies an output signal Vo, a phase comparator 12
having two inputs, one input 14 receiving a signal Vi to be
demodulated and one input 16 receiving the signal Vo from
the oscillator 11. The oscillator 11 comprises a resonant

15 circuit of the type constituted by a parallel connection of
an inductance L, a fixed capacitance Cf and a variable
capacitance Cv which is implemented by means of an
electronic module 20 supplying the equivalent of a variable
capacitance as a function of a control voltage Vb applied to

20 said module 20.

The control voltage Vb of the oscillator 1l is
applied to an output terminal 22 of the demodulation device.
This voltage Vb is deduced from a voltage Va obtained at the
output of the phase comparator 12 after filtering in a low-

25 pass filter 18 which ensures the stability of the phase-
locked loop, and after amplification in an amplifier 19.

According to the invention, to obtain a good
linearity between the control signal Vb and the frequency of
the output signal Vo of the oscillator 11, the value of the

30 variable capacitance Cv as a function of the control voltage
Vb which is applied to the module 20 features a linearity

deviation which is chosen for compensating, in the relevant
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k2 is a coefficient related to the gain of the first inpu
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When ignoring the base. currents, the

current Icll of the transistor T1ll can teﬂwﬂmCEﬁQNf@H%?F

lcll = k2. (Vb+[err]V)/ Re+l ee

with lee = kl.Vb+lr
a linear formwith respect to Vb, in which ekpfes? &&B 1997
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range of frequencies, a linearity deviation of the frequency
response of the oscillator 11 as a function of the value of
this variable capacitance Cv.

A linearity fault of the frequency response of the
oscillator 11 -.is shown in Fig. 2. It has been supposed that
a variable capacitance Cv varies linearly as a function of
the control voltage Vb, plotted on the abscissa. In the
example, this capacitance Cv varies from 0.5 to 3 pF and is
connected in parallel with a fixed capacitance of
approximately 2.5 pF. The frequency F obtained by the
oscillator 11 varies between 550 and 410 MHz. The curve F of
the frequency has a function which deviates from a straight
line and is slightly curved.

Fig. 3 shows the effect obtained according to the
invention by the electronic module 20 for non-linear
correction. According to the invention, the curve Cv of the
vaiiable capacitance as a function of the control voltage Vb
has a linearity deviation as compared with the corresponding
curve of Fig.: 2. This deviation is determined in order that
the curve representing the frequency curve F of the
oscillator becomes linear, at least in a frequency range Fl-
F2 around a central frequency FO.

An electronic module such as the module 20 in Fig.
1 may be implemented in different.manners. It is based on
the use of at least one capacitor of fixed value which,
incorporated in this module, provides an effect which is
equivalent to that of a variable capacitance. It comprises a
transistor amplifier A controlling the variation of the
equivalent variable capacitance in accordance with a non-
linear function with respect to the voltage Vb applied to
the input of this amplifier A.

Fig. 4 shows a detailed electric circuit diagram




10 stage 42 and [err]V is the offset voltage of thi %ﬂ¥@@£MENTSH§€T
anot her connection, one has: lcll+lcl2 = 2. 1ee = 2. (kIf Ty

(3) i.e. the sumof the collector currents of the trlansi q& 5 1
and T12 is equal to the sumof the currents of the o] rd%? é%i?ﬂﬁa
S12. The vol tage di fference (VD1-VD2) at the )

of the diodes D1 and D2 can be witten as: VD1- VD2}= V[err]
Ln(1cl1/1cl2) 8 (4) 10 WTmviertt=-

at 300 [err]K This voltage difference, applied to the input termnals
of t hes 3 b &b JeRmlent0 o £0LKE 81 6L E Lok Lc tHGII BE taddiftad the modud@ | ect or
currents Icl and Ic2 in the transistors Tl and T2 are defined by 15
VD1- VD2 = \g&rgHovwmn @dinc Figs| 1L . (5)

In this embodiment, the variable capacitance is
implemented by means of a Gilbert cell 30 composed of
5 transistor pairs T1-T2, T3-T4 whose combined emitters in
each pair are fed by the current source S1 and the current
source S2, respectively. The collector of transistor Tl is
conhected to the collector of transistor T3, while the
assembly is coupled to a supply line Vcc by means of a load

10 resistance Rcl. In a symmetrical manner, the collector of
transistor T2 is connected to the collector of transistor
T4, while the assembly is coupled to the line Vcc by means
of a load resistance Rc2.

The combined bases of transistors T2 and T3 are

15 connected to a first input terminal 35 of the Gilbert cell,
while the combined bases of the transistors Tl and T4 are
connected to a second input terminal 36. A fixed capacitor
Cl connects the collector of transistor Tl to its emitter
and another fixed capacitor C2 connects the collector of the

20 transistor T4 to its emitter.

The Gilbert cell 30 is controlled by an amplifier
A supplying a load at the output, which load is constituted
by diodes D1, D2 whose combined anodes are coupled to the
supply line Vcc via an offset voltage device 38.

25 The amplifier A is of the transconductance type
and has a differential output stage constituted by a pair of
transistors Tll, T12 whose collectors are connected to the
cathodes of the diodes D1 and D2 and to the input terminals
35 and 36, respectively, of the Gilbert cell 30.

30 The emitters of transistors Tll and T1l2 are
coupled by means of an emitter resistor Re and are each fed

by a current source S11, S12, respectively, which can supply



It'_ fol lows froma conpari son between (4) and (5) that: [ erjr REPLACEMENIT , SHEFT
using the relations (1), (2) and (3) 20 [err] 251§ |
Rel ation (6) shows that I1c2 is of the hyperbolic form 22 FER 1997
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a variable current which remains identical between the two
current sources.

The amplifier A also comprises two input stages, a
first stage 42 of the differential type having a
substantially linear transfer function, and outputs which
are coupled to the bases of transistors T1ll and T12, and a
second input stage 44 of the differential type having a
gsubstantially linear transfer function and a single output
which controls the bases of the transistors constituting the
current sources S11 and S12, respectively, and thus realizes
the current control of these current sources.

Input stages 42 and 44 receive, in parallel, input
voltages Vbl and Vb2 representing, in a differential form,
the control voltage Vb as mentioned in Fig. 1.

The two input stages 42 and 44 each have a given
offset voltage. The input stage 44 has such an offset
voltage that, for a signal Vb = Vbl-Vb2 = 0, the current
gources S11 and S12 supply a quiescent current Ir, while for
an input voltage Vbl-Vb2 different from zero, the current
Iee of the current sources S11 and S12 has the form of Iee =
Ir+kl.Vb. The input stage 42 has such an offset voltage
that, for an input voltage Vbl-Vb2 of zero, the transistor
T11l supplies a higher current than the current supplied by
the transistor T12.

When ignoring the base currents, the collector

current Icll of the transistor Tll can be written in the

form of
Tell = k2. (Vb+AV) /Re+Iee (1)
with Iee = k1.Vb+Ir (2)

i.e. a linear form with respect to Vb, in which expressions,

k2 is a coefficient related to the gain of the first input
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c and may be adjusted by neans o Eie |ﬁ§ﬁ£8nu
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stage 42 and AV is the offset voltage of this stage.
In another connection, one has:
Icll+Icl2 = 2.Iee = 2, (kl.Vb+Ir) (3)
i.e. the sum of the collector currents of the transistors
Tll and Tl12 is equal to the sum of the currents of the
sources S11 and S12.

The voltage difference (VD1l-VD2) at the terminals
of the diodes D1 and D2 can be written as:
VD1-VD2 = V, Ln(Icll/Icl2) (4)
with V., = 26 mV at 300 °K.
This voltage difference, applied to the input terminals of
the Gilbert cell 30, gives rise to the fact that the
collector currents Icl and Ic2 in the transistors Tl and T2
are defined by
VD1-VD2 = V, In{Ic2/Icl) (5)

It follows from a comparison between (4) and (5) that:
EE% _ Iell
Ict Ic12

or, by using the relations (1), (2) and. (3)

Ic2  _ Icll _ k1Vb+Ir+k2.Vb/Re+k2AV/Re
Icl+Ic2 . Icll+Iclz 2k1.Vb+2Ir
Te2=(Icl+Ic2). (k1+k2/Re) .Vb+k2AV/Re+Ir (6)

2k1 .Vb+2Ir

Relation (6) shows that Ic2 is of the hyperbolic

form:

avb+b
aVb+d

and may be adjusted by means of three independent parameters




curve. In the exanple shown in Fig. 4, one &E@LﬁCEMENT SHEET
arbitrarily choose the gain of the first input stage 42, tjh 5 garn o
t he second input stage 44, the offset voltages of agh 2H F@?S@g]
I nput st ages. Fig. 5 is a block diagram off an exanpl e of
receiver incorporating a denodul ati on devi ce as descri bed
her ei nbefore. A parabolic reflector antenna 50 receives 10 satellite
signals transmtted at a frequency of 1@io 12 GHz. Arter
anplification in an antenna anplifier 51, the signals received are
appl i ed to go fdd Ho Eptdmaidy’ adapti BHem to thé Seedivhed givatm foforeha fir st
oscillator 53 having a frequency which is chosen to supply, at the~
out put of tHEVES first mxer 52, a range of frequencies between 920 and
2,150 MHz. The gl Sxahp1a2sh 5§na§§?j ofat&th fay he | evel of
the antenna 50 and are shown seBarate y, only Tor the pur pose of
better cl aratbitofartily Ehgpose the gain of the fiftmt rinyuityertagsf di2,edheo s
g(r)rglr]?? ePyﬁﬁisrguoatr e!:1).7e0 sze%ond %Q%u L:@aé‘ebli&)l(e{hé'é‘&séé vo rg)arglessesofan | nput
each of these input stages.

(0))

Fig. 5 is a block diagram of an example of a
receiver incorporating a demodulation device as described
hereinbefore. A parabolic reflector antenna 50 receives

10 satellite signals transmitted at a frequency of 10 to 12
GHz. After amplification in an antenna amplifier 51, the
signals received are applied to a first mixer 52 receiving
also the signal from a first oscillator 53 having a
frequency which is chosen to supply, at the output of this

15 first mixer 52, a range of frequencies between 920 and 2,150
MHz. The elements 51, 52 and 53 are located at the level of
the antenna 50 and are shown separately, only for the
purpose of better clarity of the Figure.

The receiver referred to is bounded by a square 70

20 shown in a broken line. It comprises an input amplifier 54,
followed by a bandpass filter 55 ensuring a preselection of
the channels to be received. At the output of this filter
55, the signal is again combined in a second mixer 56 with
the signal produced by a second oscillator 57 so as to

25 produce a signal at an intermediate frequency of the order
of 480 MHz.

The IF signal is amplified in an amplifier 58
having an automatic gain control, then filtered in a
bandpass filter 60 and applied to the input of a frequency

30 demodulation device 62 in accordance with the invention. It
supplies an output voltage Vb representing the demodulated

reception signal. By means of the demodulation device




foll owed by a bandpass filter 55 ensuring a preselection of 3]

channels to be received. At the output o? thPs filter ,%EAE@EME%EﬁHEET
is again conmbined in a second m xer 56 with t he signal prpduced by a
second oscillator 57 so as to 25 produce a signal at an int r redi AFER 1997
frequency of the order of 480 MHz. The § F.signal is
anplified in an anplifier 58 havi ng an automatic gain control, then
filtered in a bandpass filter 60 and applied to the input—ef..a
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By neans of the denodul ati on device

frequency response having an excellent linearity,
corresponding to a value of intermodulation products of -55

dBc for the second order and of -60 dBec for the third order.

The composite video signal Vb is processed in a
de-emphasis filter 64 at whose output a separation circuit
65 extracts the sound signals which are demodulated in a
demodulator 66 and available at the output 67 of the
apparatus, while the picture signals composed of luminance

signals and chrominance gignals are applied to an output 68,

The receiver, which has been concisely described
by way of example for the purpose of illustrating the
invention, may have a slightly different set-up without
departing from the scope of the invention. Modifications in

this respect are known to those skilled in the art.



12 according to the invention, it is possible to obta ¢
frequency response having an excellent linearity, corr e;R@L CEMENT SHEET
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1. A device for demodulating a frequency-modulated
signal, of the type using a phase-locked loop, comprising an
oscillator which supplies an output signal having a
frequency which is controllable by means of a control
voltage, and a phase comparator having two inputs, one input
receiving the signal to be demodulated and the other input
receiving the output signal from the oscillator, the output
of said phase comparator supplying a signal to filtering
means which supply said control voltage for the oscillator,
and an output signal for the demodulation device,
characterized in that the oscillator comprises a resonant
circuit of the type formed by a parallel connection of an
inductance, a fixed capacitance and a variable capacitance
formed by an electronic module coupled to at least a fixed
capacitor and supplying the equivalent of a variable
capacitance which, as a function of the control voltage
applied to said module, has a value featuring a linearity
deviation for compensating, in a fixed frequency range, a
linearity deviation of the frequency response of the
oscillator as a function of the value of the variable
capacitance.

2. A demodulation device as claimed in Claim 1,
characterized in that the electronic module comprises an
amplifier of the differential output transconductance type
and a Gilbert cell symmetrically coupled to two fixed
capacitors, and the amplifier is charged at the output by
diodes having a voltage which is applied to the inputs of
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the Gilbert cell.
3. A demodulation device as claimed in Claim 2,
characterized in that the law for varying the variable
capacitance as a function of the control voltage is of the

5 hyperbolic type.
4. A demodulation device as claimed in Claim 3,
characterized in that the amplifier comprises a differential
output stage constituted by a pair of transistors having
output electrodes which are connected to said diodes, and

10 reference electrodes which are intercoupled via a linearity
resistance and fed by two current sources, in that said
amplifier comprises two input stages each receiving said
control voltage, a first input stage being of a differential
type featuring a substantially linear transfer function, and

15 having outputs which are complementary in voltage and are
coupled to the inputs of the output stage, and a second
input stage also featuring a substantially linear transfer
function, and having a single voltage output which supplies.
a command which is proportional toc the current supplied by

20 the two current sources feeding the output stage.
5. A demodulation device as claimed in Claim 4,
characterized in that the first and the second input stage
of the amplifier each provide a predetermined offset
voltage.

25 6. An apparatus for receiving television signals,
characterized in that it comprises a demodulation device as

claimed in any one of Claims 1 to 5.
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1. A device for denodul ating a frequency-nodul at ed
the type using a phase-|ocked | oop, conprising an 0s
suppl i es an out put signal having a frequency which

nmeans of a control 5 vol tage, and a phase conparator havi n

one i nput receiving the signal to be denodul ated and tih

receiving the output signal fromthe oscillator, the output

phase conparator supplying a signal to figtering nmeans

said control voltage for the oscillator, 10 and an output signal for t ;
denodul at i GBSERACE: characterized in that the oscill ater—cOfpri ses a
resonant )

Device of the phase-locked loop type for demodulating a
frequency-modulated signal.

Device for frequency demodulation, using a phase-
locked loop.
According to the invention, for linearizing the variation of
the frequency of a local oscillator (11) as a function of
5 its control signal (Vb), a variable capacitance (Cv) is
formed by an electronic module (20) which supplies the
equivalent of a capacitance whose variation as a function of
the control voltage (Vb) has a linearity deviation which is
establighed for compensating the linearity deviation of the
10 frequency of the oscillator as a function of the value of

the capacitance (Cv}.

Application: Demodulation of frequency-modulated signals,
notably satellite television signals.

Reference: Fig. 1.
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14 the Glbert cell. 3. A denodul ati on

‘device as cl ai ned

in Claim2, characterized in that the law for varying the variable
capaci tance as a function of the control voltage is of the _5 hyper bol i ¢
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resi stance and fed by two current sources, in that said - anplifier
conprises two input stages each receiving said control voltage, a
first input stage being of a differential type featurg
substantially linear transfer function, and 15 havi ng o tﬁeﬁéeﬁ,ﬁﬁf\%sgﬁ
conplenmentary in voltage and are coupled to the inputs of the output
stage, and a second i nput stage32(‘§o featuring a supsft adtd BEBYI997 neal
transfer function, and having a“éingle voltage output{ whi ch suppli ¢s
a command which is proportional to the current supplied by 20 the TwWo
current sources feeding the output stage. - 5. A-demdul at i on
device as clained in Cdaim4, characterized in that the first and the
second i nput stage of the anplifier each provide a predetermined
of f set vol t age. :
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the Gilbert cell,

3. A demodulation device as claimed in Claim 2,
characterized in that the law for varying the variable
capacitance as a function of the control voltage is of the
hyperbolic type.

4. A demodulation device as c¢laimed in Claim 3,
characterized in that the amplifier comprises a differential
output stage constituted by a pair of tramsistors having
output electrodes which are connected to said diodes, and
reference electrodes which are intercoupled via a linearity
resistance and fed by two current sources, in that said
amplifier comprises two input stages each receiving said
control voltage, a first input stage being of a differential
type featuring a substantially linear transfer function, and
having outputs which are complementary in voltage and are
coupled to the inputs of the output stage, and a second
input stage also featuring a substantially linear transfer
function, and having a single voltage output which supplies
a command which is proportional to the current supplied by
the two current sources feeding the output stage.

5. A demodulation device as claimed in Claim 4,
characterized in that the first and the second input stage
of the amplifier each provide a predetermined offset

voltage.
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