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FULLY DIFFERENTIAL DEMODULATOR
WITH VARIABLE GAIN, AND METHOD FOR
DEMODULATING A SIGNAL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND

1. Technical Field

The present disclosure relates to a fully differential
demodulator with variable gain and to a method for demodu-
lating a signal.

2. Description of the Related Art

As 1s known, demodulators find an extremely wide range
ol applications 1n numerous sectors of electronics and tele-
communications. Just to provide an example, 1n addition to
the well-known uses for transmission and reception of
clectromagnetic signals, demodulators are used i1n read
chains of microelectromechanical gyroscopes. In these
devices, a first movable mass 1s set 1n oscillation along an
axis at a predetermined frequency and draws 1n the oscilla-
tory motion a second mass, which 1s constrained to the first
mass so as to have one relative degree of freedom. When the
gyroscope undergoes a rotation about a given axis at an
angular velocity, the second mass 1s subjected to a Coriolis
force as a result of the drawing action and moves according
to the relative degree of freedom. The displacement of the
second mass can be detected and transduced into electrical
signals amplitude-modulated in a way proportional to the
angular velocity, with a carrier at the oscillation frequency
of the first mass. The use of a demodulator enables the
modulating signal to be obtained and hence tracing back to
the 1nstantaneous angular velocity.

Known demodulators perform a multiplication between
the modulated signal and the carrier signal 1n order to bring
the modulating signal back into baseband. They are rather
complex devices that require the use of various operational
amplifiers, filters and sophisticated synchronization circuits.
In particular, discrete-time analog demodulators are fre-
quently particularly complex because driving thereof
requires a large number of timing signals appropriately
synchronized with the carrier frequency. Consequently, not
only 1s design dithicult, but also the practical implementation
can pose serious problems. For this reason, currently avail-
able demodulators, especially discrete-time analog demodu-
lators, are not suitable for use in applications that, like
microelectromechanical gyroscopes, call for extremely low
levels of consumption and small overall dimensions.

BRIEF SUMMARY

The present disclosure provides a demodulator and a
method of demodulation that overcome the drawbacks out-
lined above.

According to the present disclosure, a demodulator and a
method for demodulating a signal are provided.

In accordance with the present disclosure, a demodulator
for an amplitude-modulated iput signal defined by a carrier
signal having a carrier frequency modulated by a modulating
signal 1s provided. The demodulator includes an amplifier
stage having a gain and structured to receive the amplitude-

10

15

20

25

30

35

40

45

50

55

60

65

2

modulated input signal; and a gain-control stage coupled to
the amplifier stage and configured to vary the gain of the

amplifier stage according to the carrier frequency of the
carrier signal.

In accordance with another aspect of the present disclo-
sure, the gain control stage 1s coupled to at least one
controllable capacitive network for modifying a variable
capacitance with a periodic signal equal to the carrier
frequency.

In accordance with the present disclosure, a method for
demodulating a signal 1s provided, the method including
receiving an amplitude-modulated mput signal, defined by a
carrier signal at a carrier frequency and a modulating signal;
and amplifying the mput signal with a gain that 1s varied
according to the carrier frequency of the carrier signal.

In accordance with the present disclosure, a circuit 1s
provided that includes a variable gain amplifier stage
adapted to receive an amplitude modulated signal and to
generate an output signal having a gain; and a gain control
stage coupled to the variable gain amplifier stage, the gain
control stage adapted to receive as mput a carrier signal of
the amplitude modulated signal and to generate a gain
control signal to control the gain of the variable gain
amplifier stage 1 response to a frequency of the carrier
signal and to bring the amplitude modulated signal into a
baseband in the output signal.

In accordance with the present disclosure, a gyroscopic
apparatus 1s provided that includes a gyroscope device
generating a modulated signal, the gyroscope device com-
prising two microstructure movable masses and a read
interface, the modulated signal comprising a discrete-time
analog voltage given by a product of a modulating signal and
a carrier signal having a carrier ifrequency, the carrier
frequency comprising a mechanical resonance frequency of
the two movable masses and an amplitude modulation that
1s proportional to an angular velocity of the gyroscope
device; and a demodulator of the discrete-time analog type,
the demodulator comprising: a variable gain amplifier stage
adapted to receive an amplitude modulated signal and to
generate an output signal having a gain; and a gain control
stage coupled to the variable gain amplifier stage, the gain
control stage adapted to receive as mput a carrier signal of
the amplitude modulated signal and to generate a gain
control signal to control the gain of the vanable gain
amplifier stage 1n response to a frequency of the carrier
signal and to bring the amplitude modulated signal into a
baseband in the output signal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For a better understanding of the disclosure, some
embodiments thereof are now described, purely by way of a
non-limiting example and with reference to the attached
drawings, wherein:

FIG. 1 1s a simplified block diagram of an electronic
apparatus ncorporating a demodulator according to a first

embodiment of the present disclosure;
FIG. 2 shows graphs that illustrate quantities regarding

the demodulator of FIG. 1;
FIG. 3 1s a simplified circuit diagram of the demodulator

of FIG. 1;
FIGS. 4a and 4b show a first portion of the demodulator
of FIG. 1 1n respective different operating configurations;
FIGS. 5a and 5b show a second portion of the demodu-
lator of FIG. 1 1n respective diflerent operating configura-
tions;
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FIG. 6 shows graphs that illustrate quantities regarding
the demodulator of FIG. 1;

FIG. 7 1s a more detailed circuit diagram of the demodu-
lator of FIG. 1;

FIG. 8 1s a simplified circuit diagram of a demodulator
according to a second embodiment of the present disclosure;
and

FIG. 9 shows graphs that illustrate quantities regarding
the demodulator of FIG. 8.

DETAILED DESCRIPTION

FIG. 1 1s a schematic 1illustration of an electronic appa-
ratus 1 comprising a device 2, which generates a modulated
signal S, ,, and a demodulator 3 coupled to the device 2 for
demodulating the modulated signal S,, and generating a
corresponding output signal S, 1n baseband. The modulated
signal S, 1s given by the product of a modulating signal S, /
(not 1illustrated) and a carrier signal S, having a carrier
frequency 1,:

(1)

In one embodiment, 1n which the electronic apparatus 1 1s
a microelectromechanical gyroscope, the device 2 15 a
microstructure, 1n itself known and not shown in detail,
having two movable masses (one for driving and one for
detection) and provided with a read interface. The modu-
lated signal S, , detected by the read interface 1s 1n this case
a discrete-time analog voltage. The carner frequency 1s a
mechanical resonance frequency of the microstructure, and
the amplitude modulation 1s proportional to an angular
velocity of the gyroscope.

The demodulator 3 1s of a discrete-time analog type and
1s based upon the use of switched-capacitor circuits. Signal
inputs 3a, 3b of the demodulator 3 are connected to outputs
of the device 2 for receiving the modulated signal S,,. A
turther output of the device 2 supplies the carrier signal S
to a demodulation mput 3¢ of the demodulator 3. The output
signal S, 1s supplied on outputs 3d, 3¢ of the demodulator
3.

The demodulator 3 has a variable-gain amplifier stage 4
and a control stage 5 for controlling the gain G of the
amplifier stage 4.

In the embodiment of the disclosure described herein, the
amplifier stage 4 1s of a fully differential switched-capacitor
type. Inputs of the amplifier stage 4 are coupled to the signal
inputs 3a, 3b for receiving the modulated signal S, ..

The control stage 3 receives from the device 2 the carrier
signal S ., and uses 1t for varying the gain G of the amplifier
stage 4 according to a zero-mean discrete sinusoid, at the
carrier frequency 1, and synchronous with the carrier signal
S itself, as shown in FIG. 2.

The gain G 1s used as a demodulating quantity. The output
signal S, 1n fact, 1s proportional both to the modulated
signal S, . and to the gain G of the amplifier stage 4, which,
by the action of the control stage 5, 1s a sinusoid at the carrier
frequency {,.5. In practice, the processing of the modulated
signal S, , performed by the demodulator 3 1s equivalent to
a multiplication by the carrier signal S5, and hence the
resulting signal, 1.e., the output signal S, 15 brought back
into baseband.

FI1G. 3 illustrates 1n greater detail the demodulator 3. The
amplifier stage 4 comprises an operational amplifier 6, with
negative feedback obtained by two capacitive-type feedback
networks 7, and controllable capacitive input networks 10.
Each feedback network 7 1s connected between a respective
input and a respective output of the operational amplifier 6,

SM:SMISCR:SMI Siﬂ 2J'|:fCRt
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between which an 1nverting action 1s exerted. Both of the
feedback networks 7 have a feedback capacitance C,.. The
operational amplifier 6 moreover uses a common-mode line
8, supplying a common-mode voltage V -, ,. A reset switch
9 15 set between the mputs of the operational amplifier 6.

The controllable capacitive networks 10 are connected
cach between a respective signal input 3a, 3b of the demodu-
lator 3 and a respective input of the operational amplifier 6.
In addition, the controllable capacitive networks 10 have an
equal variable capacitance C,;, which can assume 1n
sequence a plurality of discrete values, as explamned 1n
greater detail hereinafter, and are controlled by the synchro-
nization device 13 through of a plurality of timing signals
B,-B,. The modulus of the gain G of the operational
amplifier 6 1s equal to C,/C..

The control stage 5 comprises a zero circuit 11, a sign-
iverting circuit 12 and a synchronization device 13.

The zero circuit 11 and the sign-inverting circuit 12 are
cascaded between the operational amplifier 6 and the outputs
3d, 3¢ of the demodulator 3. Both are controlled by the
synchronization device 13, respectively, through a zero
signal 7Z and a sign-inversion signal SGN, and have two
respective operating configurations. In particular, i a first
operating configuration (FIG. 4a) the inputs of the zero
circuit 11 are directly connected to respective outputs 1n
such a way that incoming signals can transit unaltered. In a
second operating configuration (FIG. 4b), the outputs are
decoupled from the inputs and are connected to the com-
mon-mode line 8. In this way, a zero signal 1s supplied at
output, irrespective of the signal present at input. As shown
in FIG. 5a, the sign-inverting circuit 12 has a first input 12a,
a second input 12b, a first output 12¢, and a second output
12d. In the first operating configuration of the sign-inverting
circuit 12, the first input 12a and the second input 12b are
connected to the first output 12¢ and to the second output
12d, respectively. The incoming signals can thus pass with-
out being modified. In the second operating configuration
(FIG. 3b), instead, the first input 12a and the second input
12b are connected to the second output 12d and to the first
output 12c¢, respectively. In practice, the connections
between the inputs and the outputs of the sign-inverting
circuit 12 are inverted, and consequently the output signals
have the same amplitude, but opposite sign with respect to
the 1ncoming signals.

The synchronization device 13 comprises a comparator
15, a delay block 17, and a timing signal generator 18.

The comparator 15 receives at input the carrier signal S -,
and generates at output a binary timing signal CK, which
switches at each half-period of the carrier signal S, (in
practice, at instants of zero-crossing thereof, FIG. 6). The
timing signal CK 1s hence synchronous with the carrier
signal S5, and its period T . 1s equal to 1/1 .

The delay block 17 receives the timing signal CK and
generates a delayed timing signal CK,,, 90° out of phase,
which 1s used to obtain possible quadrature components
superimposed on the modulated signal S, ..

The timing signal generator 18, for example a logic unit,
receives the timing signal CK and the delayed timing signal
CK,, and generates the timing signals B,-B,, so as to modity
the gain G of the amplifier stage 4 an mteger number M of
times for each period T,,, synchronously with the timing
signal CK (i.e., M control cycles of the gain G are carried out
tfor each period T .. of the timing signal CK, FIGS. 2 and 6;
the control cycles of the gain G hence have a period equal
to T, x/M). In addition, the timing signal generator 18
supplies the zero signal Z, the sign-inversion signal SGN, a
reset signal RES, and a sampling-control signal CDS, which
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are respectively supplied to the zero circuit 11, to the
sign-inverting circuit 12, to the reset switch 9, and to the
teedback networks 7. The timing signals B,-B,, and the zero
signal 7 are generated by the timing signal generator 18
using an internal counter (known and not shown herein),
whereas switching of the sign-inversion signal SGN 1s
caused directly by the variations of the timing signal CK.

During operation of the demodulator 3, the timing signals
B,-B, are applied to the controllable capacitive networks 10
for selecting, at each control cycle of the gain G, values of
the variable capacitance C;. according to a sinusoid of
frequency equal to the carrier frequency {,.,. The values of
the variable capacitance C,- selected 1n each control cycle of
the gain G are given by:

CJ)=Crp sin(2nt /T x) (2)

where t,1s the 1nitial instant of the generic J-th control cycle
of the gain G (see also FIG. 2). The zero circuit 11 1s
normally 1n the first operating configuration (FIG. 4a) and 1s
brought 1into the second operating configuration (FIG. 4b) by
the zero signal Z for the duration of one control cycle of the
gain G at each halt-period of the timing signal CK. In these
conditions, the zero circuit 11 prevents the transmission of
signals and sets the gain G to zero. As a result of the
sign-inversion signal SGN, moreover, the sign-inverting
circuit 12 switches between 1ts first and second operating
configurations (FIGS. S5a and 3b, respectively) at each
half-period of the timing signal CK, in effect changing the
sign of the gain G. Consequently, in the generic J-th control
cycle of the gain G, the gain G 1s given by

G(I)=C D)/ C pp=sin( 275t / T rx)=sin(27f -5t ) (3)

since the timing signal CK 1s synchronous with the carrier
signal S, (T ~=1/1-5).

The output signal S, 1s the product of the gain G of the
amplifier stage 4 and the modulated signal S, ,

So=S3/G 7)=S4,S crG(I)=S,/ sin” (2ntcgts) (4)

As previously mentioned, then, the gain G 1s used as
demodulating quantity for the modulated signal S, which
already contains the carrier signal S ., and the output signal
S, 1s brought back into the baseband.

A detailed diagram of the demodulator 3 1s illustrated 1n
FIG. 7.

The controllable capacitive networks 10 each comprise a
plurality of respective control capacitors 20, which can be
selectively connected between the signal inputs 3a, 3b of the
demodulator 3 and the mputs of the operational amplifier 6.
Each control capacitor 20 i1s provided with two enable
switches 21, simultaneously controlled by a respective tim-
ing signal B,-B,; and arranged one upstream and one down-
stream of the control capacitor 20 itself. In addition, the
terminals of each control capacitor 20 are selectively con-
nectable to the common-mode line 8 through two wait
switches 22, which are controlled 1n phase opposition with
respect to the enable switches 21 by corresponding inverted
timing signals B, ~Ban-

The inverted timing signals B,,~-B.., can be supplied
directly by the generator of timing signals 18, or else can be
dertved from the corresponding timing signals B,-B.; using
conventional logic inverters (not shown herein). In the
embodiment described herein, the control capacitors 20 have
respective capacitances C,-C,, defined by Eq. (2), where
I=0, 1, . .., N, and the timing signals B,-B,, are configured
to select 1n sequence a single control capacitor 20 for each
control cycle of the gain G of the amplifier stage 4.
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With reference also to FIG. 6, after the zero signal Z has
brought the zero circuit 11 to 1ts first operating configu-
ration (FIG. 4a), the control capacitor 20 having lowest
capacitance C, 1s inserted, while all the others are connected
with both terminals to the common-mode line 8. In the
subsequent control cycles of the gain G, control capacitors
20 with always increasing capacitance C ; are 1mserted selec-
tively and 1n sequence, until the carrier signal S ., reaches
the peak value and the control capacitor 20 of maximum
capacitance C,;1s inserted (first quarter of period). Then, the
control capacitors 20 are again mserted 1n reverse order (1.e.,
in decreasing order of capacitance) until the carrier signal
S-» 1s set to zero. In this way, 1n practice, each control
capacitor 20 1s used four times for each cycle of the timing
signal CK (the control capacitor 20 with maximum capaci-
tance C,; 1s used twice).

With reference once again to FIG. 7, the zero circuit 11
comprises two enable switches 24, each connected between
a respective mput and a respective output and controlled
simultaneously by means of a negated zero signal ZN. In
addition, the outputs of the zero circuit 11 are selectively
connectable to the common-mode line 8 through respective
zero switches 23, controlled simultaneously by the zero
signal 7. In the first operating configuration, the enable
switches 24 are closed, 1n such a way that the inputs and the
respective outputs of the zero circuit 11 are connected
directly. The zero switches 235 are instead open. Instead, 1n
the second operating configuration, the enable switches 24
are open, and the zero switches 25 are closed. The signal
supplied by the zero circuit 11 1s hence zero, given that both
of 1ts outputs are at the common-mode voltage V -, .

The sign-imnverting circuit 12 comprises two forward-
connection switches 27 and two reverse-connection
switches 28, respectively controlled by the sign-inversion
signal SGN and by a negated sign-inversion signal SGNN.
The forward-connection switches 27 are connected one
between the first input 12a and the first output 12¢ and the
other between the second mput 12b and the second output
12d of the sign-inverting circuit 12 (in the embodiment
described herein, the outputs 12¢, 12d of the sign-inverting
circuit 12 coincide with the outputs 3d, 3e of the demodu-
lator 3). The reverse-connection switches 28 are, instead,
connected one between the first input 12a and the second
output 12d and the other between the second mput 12b and
the first output 12c¢ of the sign-inverting circuit 12. In
practice, the forward-connection switches 27 and the
reverse-connection switches 28 are controlled in phase
opposition for mverting the connections between the iputs
12a, 12b and the outputs 12¢, 12d of the sign-inverting
circuit 12 during passage from the first to the second
operating configuration (illustrated in FIGS. 3a and 3$b).

Each of the feedback networks 7 comprises a feedback
capacitor 30, having the feedback capacitance C.,. First
terminals of the feedback capacitors 30 are connected to
respective mputs of the operational amplifier 6. First oflset-
sampling switches 31 and feedback switches 32, controlled
in phase opposition through the sampling-control signal
CDS and, respectively, a negated sampling-control signal
CDSN, enable connection of second terminals of the feed-
back capacitors 30 alternately to the common-mode line 8
and to respective outputs of the operational amplifier 6. Each
teedback network 7 further comprises a second oflset-
sampling switch 33, connected between the respective input
and the respective output of the operational amplifier 6. The
second oflset-sampling switches are controlled by the sam-
pling-control signal CDS.
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The reset switch 9 fixes the terminals of the operational
amplifier 6 to the common-mode voltage, in such a way that
the operational amplifier 6 1tself will work 1n the linear area.
The first and second offset-sampling switches 31, 33 and the
teedback switches 32 are controlled so as to implement the
correlated double sampling (CDS) technique at each interval
of control of the gain G of the amplifier stage 4. In order to
balance all the nodes of the operational amplifier 6 to the
common-mode voltage V -, . 1n a first step, the reset switch
9 and the first and second offset-sampling switches 31, 33
are closed, while the feedback switches 32 are open. Next,
the reset switch 9 1s opened, so that only the signal contri-
bution due to oflset of the operational amplifier 6 and to
tflicker noise 1s stored 1n the teedback capacitors 30. Finally,
the first and second offset-sampling switches 31, 33 are
opened, and, after a brief decoupling 1nterval, the feedback
switches 32 are closed to enable amplification of the entire
signal supplied to the operational amplifier 6. However, the
contribution of the offset and of the flicker noise, previously
stored 1n the feedback capacitors 30, 1s now subtracted, and
hence only the useful signal 1s supplied on the outputs of the
operational amplifier 6.

The disclosed circuit advantageously enables demodula-
tors of a simple structure, with reduced occupation of area,
and with low levels of consumption to be obtained. The
demodulator according to the disclosure requires, 1n fact,
1ust one operational amplifier and, since the demodulation 1s
obtained by varying the gain of the amplification stage, no
turther circuits such as multipliers are necessary. In addition,
the control capacitors can be used four times for each cycle
of the carrier signal S, and of the timing signal CK.
Consequently, M/4 control capacitors and (M/4)+3 timing
signals are suflicient for demodulation. The overall dimen-
sions due to the control capacitors 1s hence contained, and
also the synchronization and driving operations can be
performed 1n a simple way. The demodulator according to
the disclosure 1s particularly suitable for being implemented
by means of (discrete-time analog) switched-capacitor cir-
cuits.

A second embodiment 1s 1llustrated 1n FIG. 8, where parts
that are the same as those already shown are designated by
the same reference numbers.

In this case, a demodulator 103 comprises the amplifier
stage 4, with the operational amplifier 8, the feedback
networks 7 and controllable capacitive networks 110, and a
control stage 105, which includes the zero circuit 11, the
sign-inverting circuit 12, and the synchronization device 13.
In this case, the sign-inverting circuit 12 1s set between the
inputs 103a, 103b of the demodulator 103 and the control-
lable capacitive networks 110, albeit having the same struc-
ture and operating in the same way already described with
reference 1n particular to FIGS. 3, 5a, 3b and 7.

The controllable capacitive networks 110 are each con-
nected between a respective output of the sign-inverting
circuit 12 and a respective mput of the operational amplifier
6 and are controlled by the synchronization device 13 1n
such a way that their variable capacitance C;' assumes a
plurality of values according to a zero-mean discrete sinu-
so1d and to the carrier frequency 1, as indicated by Eq. (2).

The controllable capacitive networks 110 each comprise a
plurality of respective control capacitors 120, selectively
connectable between the sign-inverting circuit 12 and
respective mputs of the operational amplifier 6. Each control
capacitor 120 1s equipped with two enable switches 121,
controlled simultaneously by a respective timing signal
B,-B,;' and set one upstream and one downstream of the
control capacitor 20 itself. In addition, the terminals of each
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control capacitor 120 are selectively connectable to the
common-mode line 8 through two wait switches 122, which
are controlled in phase opposition with respect to the enable
switches 121 by means of corresponding negated timing
signals B,.'-Bsa'. In the embodiment described here, 1n
particular, the timing signals B,'-B ;' and the negated timing
signals B,,/-B ../ are configured so as to select, in diflerent
cycles of control of the gain G, just one control capacitor 120
or else a number of control capacitors 120 1n parallel in each
controllable capacitive network 110. In this way, it 15 pos-
sible to reduce both the number of control capacitors 120
necessary and their capacitances, which can be added
together. There 1s thus a further reduction also 1n the overall
dimensions. Purely by way of example, a possible timing
diagram of the controllable capacitive networks 110 1s given
in FIG. 9, 1n the case where four control capacitors 120 and
as many timing signals B,'-B,' (P=3) are present.

Finally, 1t 1s clearly evident that modifications and varia-
tions may be made to the demodulator and to the method of
demodulation described herein, without thereby departing
from the scope of the present disclosure, as defined in the
annexed claims. In particular, the demodulator could be of a
continuous-time analog type.

The various embodiments described above can be com-
bined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to 1n this specification and/
or listed 1n the Application Data Sheet, are incorporated
herein by reference, 1n their entirety. Aspects of the embodi-
ments can be modified, 1f necessary to employ concepts of
the various patents, applications and publications to provide
yet Turther embodiments.

These and other changes can be made to the embodiments
in light of the above-detailed description. In general, 1n the
following claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed 1n the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope
of equivalents to which such claims are entitled. Accord-
ingly, the claims are not limited by the disclosure.

The mnvention claimed 1s:

1. A demodulator [for an amplitude-modulated input
signal defined by a carrier signal having a carrier frequency
modulated by a modulating signal, the demodulator], com-
prising:

an amplifier stage [having a gain and structured to receive

the amplitude-modulated] including circuitry which, in
operation, receives a modulated mput signal that
includes a carrvier signal modulated by a modulating
signal;, and

a [gain-control] control stage electrically coupled to an

input and an output of the amplifier stage[and config-

ured], the control stage including circuitry which, in

operation,

generates timing signals according a frequency of the
carvier signal,

provides the timing signals to the input of the amplifier
stage to vary [the] a gain of the amplifier stage
according to the [carrier] frequency of the carrier
signal,

receives an output signal from the output of the ampli-
fier stage, and

varies the output signal according to the frequency of
the carrier signal.

2. The demodulator of claim 1 wherein the amplifier stage
comprises a negative-feedback operational amplifier and
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controllable capacitive networks coupled to inputs of the
operational amplifier and having variable capacitance.

3. The demodulator of claim 2 wherein the [gain-control]
control stage 1s coupled to the controllable capacitive net-
works and provides the timing signals to the controllable
capacitive networks for moditying the variable capacitance
[with a periodic signal equal to the carrier frequency].

4. The demodulator of claim 3 wherein the [gain-control]
control stage 1s configured to modily the variable capaci-

tance of the controllable capacitive networks according to a
discrete sinusoid.

5. The demodulator of claim 3 wherein the [gain-control]
control stage 1s configured to execute an 1nteger number of
control cycles of the gain 1n each cycle of the carrier signal
and to select a respective value of the variable capacitance
ol the controllable capacitive networks 1n each control cycle
of the gain.

6. The demodulator of claim 5 wherein the controllable
capacitive networks each comprise a plurality of respective
control capacitors that are each selectively connectable to
the 1nputs of the operational amplifier.

7. The demodulator of claim 6 wherein the [gain-control]
control stage 1s configured to connect a single control
capacitor to each mput of the operational amplifier.

8. The demodulator of claim 6 wherein the [gain-control]
control stage 1s configured to connect 1n parallel a plurality
of control capacitors to each input of the operational ampli-
fier at least 1n a control cycle of the gain.

9. The demodulator of claim 1 wherein the [gain-control]
control stage comprises a sign-inverting circuit cascaded to
the amplifier stage and having a first input, a second input,
a first output, and a second output and wherein, in a first
operating configuration, the first input and the second 1nput
are connected to the first output and to the second output,
respectively, and, 1n a second operating configuration, the
first input and the second nput are connected to the second
output and to the first output, respectively.

10. The demodulator of claim 9 wherein the [gain-control}
control stage controls the sign-mnverting circuit 1n the first
operating configuration in a first half-period of the [carrier
signal] frequency and in the second operating configuration
in a second half-period of the [carrier signal] frequency.

11. The demodulator of claam 1, comprising outputs
wherein the [gain-control] control stage comprises a zero
circuit cascaded to the amplifier stage and controlled so as
to couple the amplifier stage to the outputs 1 a first
operating configuration and uncouple the amplifier stage
from the outputs 1n a second operating configuration.

12. The demodulator of claim 1 wherein the amplifier
stage comprises an oflset-sampling circuit structured to store
an offset of [the] ar operational amplifier in a first step of
operation, and a feedback circuit configured to erase the
oflset 1n a second step of operation.

13. A method for demodulation of a signal, comprising:

receiving, by an amplifier stage, an amplitude-modulated

input signal, defined by a carrier signal at a carrier
frequency and a modulating signal; [and]

generating, by a control stage, timing signals according

to the carrier frequency of the carrier signal;

amplifying, by the amplifier stage, the mput signal with a

gain that 1s varied according to the carrier frequency of
the carrier signal;

receiving, by the control stage, an output signal from the

amplifier stage; and

varying the output signal accovding to the carrier fre-

quency of the carrier signal.
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14. The method of claim 13 wherein the step of varying
the gain comprises executing an integer number of control
cycles of the gain 1n each cycle of the carrier signal.

15. The method of claim 14 wherein the step of varying
the gain comprises|:] includes modifying a variable capaci-
tance of a capacitive network defining the gain at each
control cycle of the gain[;l, and the step of varying the output
signal comprises inverting a sign of the [gain] output signal
at each half-period of the carrier signal.

16. The method of claim 14 wherein the step of modifying
comprises selecting a capacitor from amongst a plurality of
capacitors at each control cycle of the gain.

17. The method of claim 16 wherein the step of modifying
comprises selecting a plurality of capacitors in parallel 1n at
least one control cycle of the gain.

18. A [circuit] system, comprising:

a microelectromechanical device;

a variable gain amplifier stage [adapted to receive]
coupled to the microelectromechanical device, the vari-
able gain amplifier stage including civcuitry which, in
operation, receives an amplitude modulated signal from:
the microelectromechanical device, and [to generate}
generates an output signal having a gain; and

a [gain] control stage coupled to the variable gain ampli-
fier stage, the [gain] control stage [adapted to receive as
input], in operation, receives a carrier signal of the
amplitude modulated signal from the microelectrome-
chanical device, the control stage including:

a timing signal genevator which, in operation, gener-
ates timing signals based on a frequency of the
carrvier signal, and provides the timing signals to the
variable gain amplifier stage, the variable gain
amplifier stage, in operation, varies the gain of the
output signal based on the timing signals;

[and to generate a gain control signal to control the gain
of the variable gain amplifier stage 1n response to a
frequency of] a sign-inverting circuit which, in
operation, veceives the output signal, and inverts the
output signal at each half-period of the carrier signal
[and to bring the amplitude modulated signal into a
baseband in the output signall, and

a zero circuit which, in operation, couples and
uncouples the sign-inverting circuit from the vari-
able gain amplifier stage at each half-period of the
carrvier signal.

19. The [circuit] system of claim 18 wherein the [gain]
control stage varies [the] a gain of the variable gain amplifier
stage according to a zero-mean discrete sinusoid at the
[carrier] frequency of the carrier signal, and [the gain control
signal 1s applied to the amplitude modulated signal to
demodulate] brings the amplitude modulated signal into
[the] a baseband in the output signal.

20. The [circuit] system of claim 19 wherein the [gain
control stage is adapted to generate] timing signals [that] are
applied to a controllable capacitance network circuit in the
variable gain amplifier stage to select values of a varniable
capacitance according to a periodic signal having a fre-
quency equal to the [carrier] frequency of the carrier signal
in which the values of the variable capacitance are given by:

Cp(J)=Crp sin(@at /T x) [(2)]

where t ;15 an 1n1tial instant of a J-th control cycle of the gain,
C.5 1s the feedback capacitance, and T .- 1s the period of the
timing signals.

21. The [circuit] system of claim 19 wherein the variable
gain amplifier stage comprises a negative feedback opera-
tional amplifier, and a controllable capacitive network [com-
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prising the] circuit having a variable capacitance is coupled
to inputs of the operational amplifier, and wherein the [gain]
control stage 1s coupled to the controllable capacitive net-
work circuit and 1s configured to execute an integer number
of control cycles of the gain 1 each cycle of the carrier
signal and to select a respective value of the variable
capacitance of the controllable capacitive network circuit,
the controllable capacitive network circuit comprising con-
trollable capacitive networks having a plurality of respective
control capacitors selectively connectable to inputs of the
operational amplifier, wherein the [gain] control stage is
configured to connect in parallel a plurality of control
capacitors to each input of the operational amplifier at least
in a control cycle of the gain.

22. [A gyroscopic] Ar apparatus, comprising:

a [gyroscope] device [generating] kaving a first moveable
mass and a second movable mass, the device, in
operation, generates a modulated signall, the gyro-
scope device comprising two microstructure movable
masses and a read interface, the modulated signal
comprising a discrete-time analog voltage given by a
product of a modulating signal and a carrier signal
having a carrier frequency, the carrier frequency com-
prising a mechanical resonance frequency of the two
movable masses and an amplitude modulation that 1s
proportional to an angular velocity of the gyroscope
device]; and

a demodulator Jof the discrete-time analog type, the
demodulator comprising] that includes:

[a variable gain] an amplifier stage [adapted to receive
an amplitude] having a gain, the amplifier stage
including civcuitry which, in operation, receives the
modulated signal and [to generate] gererates an
output signal having [a] #2e gain; and

a [gain] control stage coupled to the [variable gain]
amplifier stage, the [gain] control stage [adapted to
receive as input], in operation, receives a carrier
signal of the [amplitude] modulated signal from the
device, the control stage including:

[and to generate a gain] a signal generator which, in
operation, generates a control signal [to control
the gain of the vanable gain amplifier stage 1n
response to] based on a frequency of the carrier
signal [and to bring the amplitude modulated
signal into a baseband in the output signal], and
provides the control signal to the amplifier stage,
the amplifier stage, in operation, controls the gain
based on the control signal; and

a sign-inverting cirvcuit which, in operation receives
the output signal and inverts the output signal at
each half-period of the carrvier signal.

23. The apparatus of claim 22, wherein the [demodulator
comprises: a] sign-inverting circuit [cascaded to the ampli-
fier stage and having] includes a first input, a second input,
a first output, and a second output and wherein, 1n a first
operating configuration, the first input and the second 1nput
are connected to the first output and to the second output,
respectively, and, 1n a second operating configuration, the
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first input and the second 1nput are connected to the second
output and to the first output, respectively.

24. The apparatus of claim 22 wherein the [gain] control
stage is structured to vary the gain of the [variable gain]
amplifier stage according to a zero-mean discrete sinusoid at
the frequency of the carrier signal, and the [gain] control
signal 1s used as a demodulating quantity applied to the
[amplitude] modulated signal to demodulate the [amplitude]
modulated signal into the baseband.

25. The apparatus of claim 24 wherein the [gain control
stage is structured to generate timing signals that are] control
signal is applied to a controllable capacitance network
circuit in the [variable gain] amplifier stage to select values
of a variable capacitance according to a signal having a
frequency equal to the [carrier] frequency of the carrier
signal 1n which the values of the variable capacitance are
given by:

CplI)=Cprp sm2at /T -x) (2)

where t ;1s an mitial instant of a J-th control cycle of the gain,
C .5 1s the feedback capacitance, and T .- 1s the period of the
timing signals.

26. The apparatus of claim 24 wherein the [variable gain]
amplifier stage comprises a negative feedback operational
amplifier and the controllable capacitive network coupled to
inputs of the operational amplifier and having the variable
capacitance, and wherein the [gain] control stage is coupled
to the controllable capacitive networks and 1s configured to
execute an 1teger number of control cycles of the gain 1n
cach cycle of the carrier signal and for selecting a respective
value of the variable capacitance of the controllable capaci-
tive network circuit, the controllable capacitive network
circuit comprising controllable capacitive networks having a
plurality of respective control capacitors selectively con-
nectable to mputs of the operational amplifier, wherein the
[gain] control stage is configured to connect in parallel a
plurality of control capacitors to each mput of the opera-
tional amplifier at least 1n a control cycle of the gain.

27. A device, comprising:

means for receiving a modulated input signal that

includes a carvier signal modulated by a modulating
input signal;

means for generating timing signals according to a fre-

quency of the carvier signal,;

means for amplifying the modulated input signal with a

gain using the timing signals; and

means for rveceiving the amplified modulated input signal,

and inverting the amplified modulated signal accorvding
to the frequency of the carvier signal.

28. The device of claim 27, further comprising means for
executing an integer number of control cycles of the gain in
each cycle of the carrier signal.

29. The device of claim 27 wherein the means for invert-
ing the amplified modulated signal inverts the amplified
modulated input signal at each half-period of the carrier
signal.
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