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VARIABLE GAIN AMPLIFIER EMBEDDED
IN A RECEPTION CHAIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to French Patent
Application No. 1857957, filed on Sep. 5, 2018, which
application is hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] Embodiments of the invention relate to communi-
cation devices and, in particular embodiments, to a variable
gain amplifier embedded in a reception chain.

BACKGROUND

[0003] Generally speaking, a near-field communication
device comprises a reception chain in order to receive, via
an associated antenna, a radio frequency signal that is
modulated around 13.56 MHz.

[0004] In order to perform subsequent processing opera-
tions on the received signal, it is necessary beforehand to
adjust its amplitude within a predetermined range.

[0005] FIG. 1illustrates a conventional reception chain Rx
including an antenna coupling stage 1 comprising linking
capacitors and a balun.

[0006] The antenna coupling stage 1 includes an input
coupled to an antenna 2 and an output differential pair
coupled to a differential input of an amplifier stage 3.
[0007] The amplifier stage 3 includes a variable-gain
amplifier 3a and a capacitive attenuator 35, and is coupled
to an analog-to-digital converter 4 by way of an anti-aliasing
filter 5 that is known to those skilled in the art.

[0008] The reception chain Rx furthermore includes a
variable-gain controller 6, commonly known to those skilled
in the art under the English acronym “AGC” (“automatic
gain control”). The controller 6 is coupled to the converter
4, and the amplifier stage 3 is configured to drive the
amplifier 3a and the attenuator 35 on the basis of the
resolution of the converter 4 such that the amplitude of a
signal received via the antenna 2 does not exceed the
maximum resolution of the converter 4.

[0009] To this end, the controller 6 is configured to attenu-
ate the amplitude of the received signal via the attenuator 35
if this amplitude is too high, and increase the amplitude of
the received signal via the amplifier 3a if this amplitude is
too low.

[0010] A conventional variable-gain amplifier generally
includes a drivable resistor array that allows the voltage gain
of the amplifier to be adjusted by modifying the resistance
of the drivable resistor array.

[0011] The use of such a resistor array introduces variable
stray capacitances that slow the signal processing time of the
amplifier to a greater or lesser extent.

[0012] Furthermore, such a variable-gain amplifier is gen-
erally configured to directly generate an amplified output
voltage from an amplified DC current, and this amplified
output voltage is generally limited by the supply voltage of
the amplifier.

[0013] As the supply voltage of integrated circuits has
been constantly decreasing in recent years in order to reduce
overall power consumption, the voltage gain of the variable-
gain amplifier is rapidly reaching the ceiling that is limited
by the supply voltage.
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SUMMARY

[0014] Embodiments of the invention relate to communi-
cation devices. Particular embodiments relate to radio fre-
quency communication devices, for example, to near-field
communication devices known under the acronym “NFC” in
the technical field. In a particular example a variable-gain
amplifier (VGA) devices can be incorporated into reception
chains within these near-field communication devices.
[0015] Embodiments can provide a technical solution with
low complexity and with low power consumption that
makes it possible to ensure low distortion on a signal
amplified by a variable-gain amplifier, notably with a very
low supply voltage, for example less than 2.5 V, and to
reduce the silicon surface of the amplifier, while at the same
time stabilizing its signal processing time.

[0016] According to one aspect, what is proposed is a
variable-gain amplifier comprising two amplification
branches, and a first and a second resistive element that are
coupled between the two branches, respectively.

[0017] Each branch includes a voltage follower stage and
a configurable amplification stage.

[0018] The voltage follower stages are intended to receive
a differential signal and are configured to deliver, via the first
resistive element, an intermediate differential current signal.
[0019] The amplification stages are intended to receive the
intermediate differential current signal and a digital control
word, and configured to deliver, via the second resistive
element, an output differential voltage signal depending on
the value of the digital control word.

[0020] Advantageously, such an amplifier uses two volt-
age follower stages that are able to perform impedance
matching on the differential signal so as to achieve virtual
unity gain.

[0021] Moreover, the use of the first resistive element
advantageously allows a first conversion of the differential
voltage signal into an AC differential current signal. The
intermediate differential current signal is the combination of
the AC differential current signal and a DC current signal.
[0022] The configurable amplification stages are driven by
the digital control word so as to make it possible to amplify
the intermediate differential current signal depending on the
value of the digital control word. It should be noted that it
is also possible to attenuate the intermediate differential
current signal by receiving an appropriate value of the
digital control word.

[0023] It is therefore advantageously possible to no longer
use a capacitive attenuator in a reception chain as illustrated
in FIG. 1.

[0024] Here again, the use of the second resistive element
advantageously allows a second conversion of the amplified
intermediate differential current signal into an output differ-
ential voltage signal.

[0025] What is more, the fact that such a second conver-
sion has been performed in a delayed manner reduces
possible distortions on the output differential voltage signal.
[0026] According to one embodiment, each amplification
stage includes a first current mirror array coupled to a first
output terminal, a second current mirror array coupled to a
second output terminal, and a third current mirror array
coupled between the first and second output terminals.
[0027] Each voltage follower stage is coupled to the
corresponding first output terminal. The first resistive ele-
ment is coupled between the first output terminals. The
second resistive element is coupled between the second
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output terminals. Plus, the first, second and third current
mirror arrays are able to be driven depending on the value
of the digital control word.

[0028] According to another embodiment, the first, second
and third current mirror arrays are configured to have a first,
a second and a third current transfer rate, respectively, and
the first transfer rate multiplied by the third transfer rate is
equal to the second transfer rate.

[0029] This relationship between the first, second and
third transfer rates advantageously makes it possible to keep
the DC portion of the intermediate differential current signal
stable.

[0030] By way of non-limiting example, the first resistive
element may have a first fixed equivalent resistance and the
second resistive element may have a second fixed equivalent
resistance.

[0031] The absence of variable resistances, for example a
resistor array driven by a digital control word, allows a
stable period between the reception of a differential signal
and the delivery of an output differential voltage signal and
an unobtrusive silicon surface of the amplifier.

[0032] According to yet another embodiment, the first
fixed equivalent resistance is substantially equal to the
second fixed equivalent resistance.

[0033] In this case, all of the variations with regard to the
gain of the amplifier are performed by the first, second and
third current mirror arrays depending on the value of the
digital control word.

[0034] According to another aspect, what is proposed is a
reception chain comprising a variable-gain amplifier such as
defined above, and a variable-gain controller configured to
deliver the digital control word to the variable-gain ampli-
fier.

[0035] According to yet another aspect, what is proposed
is a radio frequency communication device comprising a
reception chain such as defined above.

[0036] The radio frequency communication device may be
for example a near-field communication device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Other advantages and features of the invention will
become apparent upon examining the detailed description of
completely non-limiting embodiments and the appended
drawings, in which:

[0038] FIG. 1, described above, schematically illustrates
one embodiment of a reception chain according to the prior
art, and

[0039] FIGS. 2 to 7 schematically illustrate embodiments
of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0040] Reference is made first of all to FIG. 2 in order to
illustrate one exemplary embodiment of a radio frequency
communication device ACOM, in this case for example a
near-field communication (NFC) device including an
antenna ANT and a reception chain CR connected to the
antenna ANT.

[0041] The reception chain CR includes an input stage EE,
an amplification and attenuation stage EA, an anti-aliasing
filter FA, an analog-to-digital converter CAN and a variable-
gain controller CGV.
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[0042] The input stage EE is coupled to the antenna ANT
and comprises a differential amplifier connected as a fol-
lower and including an output differential pair SEE1, SEE2.
[0043] The amplification and attenuation stage EA
includes an input differential pair EEA1, EEA2 coupled to
the output differential pair SEE1, SEE2, respectively, and an
output differential pair SEA1, SEA2 coupled to the con-
verter CAN via the anti-aliasing filter FA, known to those
skilled in the art.

[0044] The controller CGV is coupled between the con-
verter CAN and the amplification and attenuation stage EA,
and configured to deliver a digital control word MNC
depending on the resolution of the converter CAN.

[0045] The value of the gain of the stage EA is driven by
the digital control word MNC such that the amplitude of a
signal received by the converter CAN is within the maxi-
mum resolution of the converter CAN.

[0046] The amplification and attenuation stage EA in this
case includes a variable-gain amplifier AGV intended to
receive a differential signal SSM1, SSD2 via the input
differential pair EEA1, EEA2 and the digital control word
MNC, and configured to adjust the value of the gain of the
stage EA depending on the digital control word MNC.
[0047] It should be noted that the amplification and attenu-
ation stage EA does not include a capacitive attenuator that
is generally incorporated into an equivalent conventional
stage as illustrated in FIG. 1, because the variable-gain
amplifier AGV is advantageously configured to make it
possible not only to amplify but also to attenuate the
differential signal SSD1, SSD2 depending on the value of
the digital control word MNC.

[0048] Reference is now made to FIG. 3 in order to
illustrate one exemplary embodiment of the variable-gain
amplifier AGV.

[0049] The amplifier AGV includes two amplification
branches BA1, BA2, a first resistive element MR1 and a
second resistive element MR2.

[0050] Each amplification branch BA1, BA2 includes a
voltage follower stage EST1, EST2 and a configurable
amplifier stage EC1, EC2.

[0051] The voltage follower stages EST1, EST2 are
intended to receive the differential signal SSD1, SSD2.
[0052] Each amplifier stage EC1, EC2 includes a first
output terminal PBS1, PBS2 and a second output terminal
DBS1, DBS2.

[0053] Each amplification stage EC1, EC2 is coupled to a
corresponding voltage follower stage EST1, EST2 via the
first output terminal PBS1, PBS2.

[0054] The first resistive element MR1 is coupled between
the first output terminals PBS1, PBS2 of the two branches
BA1, BA2.

[0055] The second resistive element MR2 is coupled
between the second output terminals DBS1, DBS2 of the
two branches BA1, BA2.

[0056] Reference is now made to FIG. 4 in order to
illustrate one exemplary embodiment of the structure of the
amplifier AGV.

[0057] Each voltage follower stage EST1, EST2 of the
amplifier AGV in this case includes for example an amplifier
connected as a follower AS1, AS2, the first input of which
is coupled to the corresponding input EEA1, EEA2, the
second input of which is coupled to the output, and the
output of which is coupled to the first output terminal PBS1,
PBS2.
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[0058] The use of such a follower amplifier AS1, AS2
advantageously makes it possible to achieve impedance
matching and unity gain on the corresponding differential
signal SSD1, SSD2.

[0059] As a result, each follower amplifier AS1, AS2 is
configured to deliver an intermediate voltage Vintl, Vint2 to
the corresponding first output terminal PBS1, PBS2. The
difference between these intermediate voltages Vintl, Vint2
follows the variation in the voltage of the differential signal
SSM1, SSD2.

[0060] The first resistive element MR1 has a first fixed
equivalent resistance 2Ra, for example formed by two
identical first resistors Ra coupled in series.

[0061] Due to the difference between the intermediate
voltages Vintl, Vint2, a first output differential current signal
Issdl is then obtained via the first resistive element MR1, the
value of which current signal is equal to (Vintl-Vint2)/
(2*Ra).

[0062] It should be noted that the signal Issdl is an AC
current.
[0063] Each amplification stage EC1, EC2 includes a first

current mirror array PRMC1, PRMC2 coupled between a
current source SC and the corresponding first output termi-
nal PBS1, PBS2, a second current mirror array DRMCI1,
DRMC2 coupled between the current source SC and the
corresponding second output terminal DBS1, DBS2, and a
third current mirror array TRMC1, TRMC2 coupled
between the corresponding first and second output terminals
PBS1, PBS2, DBS1, DBS2.

[0064] It should be noted that the first, second and third
arrays PRMC1, PRMC2, DRMC1, DRMC2, TRMC(I,
TRMC?2 are illustrated by way of indication and function in
FIG. 4, and their structures will be illustrated in more detail
in FIGS. 5to0 7.

[0065] The current source SC is configured to supply the
first and second current mirror arrays PRMC1, PRMC2,
DRMC1, DRMC2 with a DC-current bias current Ibias.
[0066] Each first current mirror array PRMC1, PMRC2 is
intended to receive the digital control word MNC and
configured to deliver a corresponding first auxiliary current
PCA1, PCA2 to the corresponding first output terminal
PBS1, PBS2.

[0067] Each first auxiliary current PCA1, PCA2 is gener-
ated from the bias current Ibias with a first transfer rate TT1
determined by the value of the digital control word MNC,
that is to say PCA1=PCA2=Ibias*TT1.

[0068] FEach second current mirror array DRMCI,
DMRC2 is intended to receive the digital control word MNC
and configured to deliver a corresponding second auxiliary
current DCA1, DCA2 to the corresponding second output
terminal DBS1, DBS2.

[0069] Each second auxiliary current DCA1, DCA2 is
generated from the bias current Ibias with a second transfer
rate TT2 determined by the value of the digital control word
MNC, that is to say DCA1=DCA2=Ibias*TT2.

[0070] Each third current mirror array TRMC1, TRMC2 is
intended to receive, at the corresponding first output termi-
nal PBS1, PBS2, the combination of the corresponding first
auxiliary signal PCA1, PCA2 and part of the first output
differential current signal Issdl1.

[0071] Each third current mirror array TRMC1, TRMC2 is
configured to deliver, to the corresponding second output
terminal DBS1, DBS2 via the second resistive element
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MR2, the combination of the corresponding second auxil-
iary current DCA1, DCA2 and part of a second output
differential signal Issd2.

[0072] The second resistive element MR2 has a second
fixed equivalent resistance 2Rb, for example formed by two
identical second resistors Rb coupled in series.

[0073] It should be noted that the first and second auxiliary
currents PCA1, PCA2, DCA1, DCA2 are the DC currents
and the first and second output differential signals Issdl,
Issd2 are the AC currents.

[0074] The ratio between the first and second auxiliary
currents PCA1, PCA2, DCA1, DCA2 and the ratio between
the first and second output differential signals Issd1, Issd2
are all equal to the third transfer rate TT3 of the third current
mirror array TRMC1, TRMC2, determined by the value of
the digital control word MNC.

[0075] Advantageously, the first transfer rate TT1 multi-
plied by the third transfer rate TT3 is equal to the second
transfer rate TT2, so as to ensure that the ratio between the
first and second auxiliary currents PCA1, PCA2, DCA1,
DCA2 is always equal to the third transfer rate TT3.
[0076] Due to this, an output differential voltage signal
Vssd=Voutl-Vout2 is obtained via the second resistive
element MR2, and the value of this signal Vssd is equal to
2Rb*Issd2. The second DC-current auxiliary currents
DCA1, DCA2 are therefore kept stable.

[0077] The gain G value of the amplifier AGV is thus
equal to G=(Voutl-Vout2)/(Vintl-Vint2)=TT3*Rb/Ra.
[0078] If the first and second resistors Ra, Rb are config-
ured to be equal, the gain G value depends only on the third
transfer rate TT3, which is itself dependent on the value of
the digital control word MNC.

[0079] It should be noted that, if the third transfer rate TT3
is less than Ra/Rb, the gain G value is less than 1 and the
amplifier AGV then attenuates the differential signal SSD1,
SSD2.

[0080] The use of the first resistive element MR1 makes it
possible to convert the intermediate differential voltage
Vint1-Vint2 into a first output differential signal Issd1, and
the use of the amplification stages EC1, EC2 including the
first, second and third current mirror arrays PRMCI,
PRMC2, DRMC1, DRMC2, TRMC1, TRMC2 advanta-
geously makes it possible to amplify the first signal Issdl
instead of a direct voltage amplification on the basis of the
first signal Issd1.

[0081] Furthermore, the use of the second resistive ele-
ment MR2 makes it possible to reconvert the amplified
current, that is to say the second output differential signal
Issd2 into an output differential voltage signal Vssd=Voutl-
Vout2.

[0082] Here again, it should be noted that the use of the
first and second resistive element MR1, MR2 having fixed
resistances instead of variable resistances, as normally pro-
posed in the prior art, advantageously allows a reduction in
the silicon surface of the amplifier AGV and stabilization
with regard to the period between the reception of the
differential signal SSM1, SSD2 and the delivery of the
output differential voltage signal Vssd. This period is gen-
erally greatly influenced by stray capacitances of a variable
resistive element.

[0083] Reference is now made to FIG. 5 in order to
illustrate in more detail one exemplary embodiment of one
of the first current mirror arrays PRMC1, PRMC2.
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[0084] The first current mirror array PRMC1, PRMC2
includes an input terminal BE1 coupled to the current source
SC, an output terminal BS1 coupled to the corresponding
first output terminal PBS1, PBS2, a first number N1 of
NMOS transistors cascode-coupled between the input ter-
minal BE1 and ground GND, and a second number N2 of
NMOS transistors coupled between the output terminal BS1
and ground GND.

[0085] All of these NMOS transistors are identical, for
example.
[0086] The gate and the drain of each of the N2 NMOS

transistors are coupled. The gate of each of the N1, N2
NMOS transistors is coupled to a first intermediate node NI1
via a corresponding switch.

[0087] Each switch is controlled by the value of the digital
control word MNC and embodied for example in the form
of a transistor, known to those skilled in the art.

[0088] If the switches associated with nl transistors out of
the N1 NMOS transistors and with n2 transistors out of the
N2 NMOS transistors are configured to be in the on state
depending on the value of the digital control word MNC, the
first transfer rate TT1 is equal to n2/nl.

[0089] Reference is now made to FIG. 6 in order to
illustrate in more detail one exemplary embodiment of one
of the second current mirror arrays DRMC1, DRMC2.
[0090] To increase the minimum output voltage and the
output resistance, the second current mirror arrays DRMC1,
DRMC?2 use for example a cascode-connected current mir-
ror structure and each include an input terminal BE2 coupled
to the current source SC, an output terminal BS2 coupled to
the corresponding second output terminal DBS1, DBS2, a
third number N3 of NMOS transistors cascode-coupled
between the input terminal BE2 and ground GND, and a
fourth number N4 of NMOS transistors cascode-coupled
between the output terminal BS2 and ground GND.

[0091] All of these NMOS transistors are identical, for
example.
[0092] The gate and the drain of each of the N3 cascode

NMOS transistors are coupled. The gate of each of the N3,
N4 cascode NMOS transistors is coupled to a corresponding
second intermediate node NI2a, NI2b, respectively, via a
corresponding switch.

[0093] Each switch is controlled by the value of the digital
control word MNC and embodied for example in the form
of a transistor, known to those skilled in the art.

[0094] If the switches associated with n3 transistors out of
the N3 NMOS transistors and with n4 transistors out of the
N, NMOS transistors are configured to be in the on state
depending on the value of the digital control word MNC, the
second transfer rate TT2 is equal to n4/n3.

[0095] Reference is now made to FIG. 7 in order to
illustrate in more detail one exemplary embodiment of one
of the third current mirror arrays TRMC1, TRMC2.

[0096] Each third current mirror array TRMC1, TRMC2
includes an input terminal BE3 coupled to the corresponding
amplifier connected as a follower AS1, AS2, an output
terminal BS3 coupled to the corresponding second output
terminal DBS1, DBS2, a fifth number N5 of PMOS tran-
sistors coupled between a supply voltage VDD and the input
terminal BE3, and a sixth number N6 of PMOS transistors
coupled between the supply voltage VDD and ground GND.
[0097] All of these PMOS transistors are identical, for
example.
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[0098] The gate and the drain of each of the N5 PMOS
transistors are coupled. The gate of each of the N5, N6
PMOS transistors is coupled to a third intermediate node
NI3 via a corresponding switch.

[0099] Each switch is controlled by the value of the digital
control word MNC and embodied for example in the form
of a transistor, known to those skilled in the art.

[0100] Ifthe switches associated with n5 transistors out of
the N5 PMOS transistors and with n6 transistors out of the
N6 PMOS transistors are configured to be in the on state
depending on the value of the digital control word MNC, the
third transfer rate TT3 is equal to n6/n5.

[0101] It should be noted that the first transfer rate TT1
multiplied by the third transfer rate TT3 is equal to the
second transfer rate TT2. In the cases illustrated in FIGS. 5
to 7, (n2*n6)/(n1*n5)=n4/n3.

[0102] As a variant, the first, second and third numbers
N1, N2 and N3 may all be equal to 1 in order to further
reduce the consumption and the silicon surface of the
amplifier AGV.

[0103] In this case, if the switches associated with N-
transistors out of the Ny PMOS transistors and with N+
transistors out of the N6 PMOS transistors are configured to
be in the on state depending on the value of the digital
control word MNC, each second current mirror array
DRMC1, DRMC2 is configured to have a second transfer
rate TT2=N+/N-.

[0104] In other words, the switches associated with the
N+/N- transistors out of the Ny NMOS transistors are
configured to be in an on state depending on the value of the
digital control word MNC.

What is claimed is:

1. A variable-gain amplifier comprising:

a first amplification and attenuation branch;

a second amplification and attenuation branch;

a first resistive element coupled between the first ampli-
fication and attenuation branch and the second ampli-
fication and attenuation branch;

a second resistive element coupled between the first
amplification and attenuation branch and the second
amplification and attenuation branch;

wherein the first and second amplification and attenuation
branches each include a voltage follower stage and a
configurable amplification stage;

wherein the voltage follower stages are configured to
receive a differential signal and to deliver, via the first
resistive element, an intermediate differential current
signal; and

wherein the amplification stages are configured to receive
the intermediate differential current signal and a digital
control word, and to deliver, via the second resistive
element, an output differential voltage signal that
depends on the value of the digital control word.

2. The amplifier according to claim 1, wherein each

amplification stage comprises:

a first current mirror array coupled to a first output
terminal;

a second current mirror array coupled to a second output
terminal; and

a third current mirror array coupled between the first and
second output terminals.
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3. The amplifier according to claim 2, wherein:

the voltage follower stage of the amplification stage of the
first branch is coupled to the first output terminal of the
first branch;

the voltage follower stage of the amplification stage of the
second branch is coupled to the first output terminal of
the second branch; and

the second resistive element is coupled between the
second output terminal of the first branch and the
second output terminal of the second branch.

4. The amplifier according to claim 3, wherein the first,
second and third current mirror arrays are to be driven
depending on the value of the digital control word.

5. The amplifier according to claim 4, wherein the first,
second and third current mirror arrays are configured to have
a first, a second and a third current transfer rate, respectively,
the first transfer rate multiplied by the third transfer rate
being equal to the second transfer rate.

6. The amplifier according to claim 1, wherein the first
resistive element has a first fixed equivalent resistance and
the second resistive element has a second fixed equivalent
resistance.

7. The amplifier according to claim 6, wherein the first
fixed equivalent resistance is substantially equal to the
second fixed equivalent resistance.

8. A circuit comprising:

a first voltage follower stage with an input coupled to

receive a first differential signal;

a second voltage follower stage with an input coupled to
receive a second differential signal;

a first resistive element coupled between the first voltage
follower stage and the second voltage follower stage;

a first configurable amplification stage coupled to the first
and second voltage follower stages via the first resistive
element;

a second configurable amplification stage coupled to the
first and second voltage follower stages via the first
resistive element;

a second resistive element coupled between the first
configurable amplification stage and the second con-
figurable amplification stage; and

a variable-gain controller with a digital word output
coupled to the first and second configurable amplifica-
tion stages.

9. The circuit according to claim 8, wherein the first and

second configurable amplification stages each comprise:

a first current mirror array coupled to a first output
terminal;

a second current mirror array coupled to a second output
terminal; and

a third current mirror array coupled between the first and
second output terminals.

10. The circuit according to claim 9, wherein:

the first voltage follower stage is coupled to the first
output terminal of the first configurable amplification
stage;

the first voltage follower stage is coupled to the first
output terminal of the second configurable amplifica-
tion stage; and
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the second resistive element is coupled between the
second output terminal of the first configurable ampli-
fication stage and the second output terminal of the
second configurable amplification stage.

11. The circuit according to claim 10, wherein the first,
second and third current mirror arrays are configured to be
driven depending on digital control word carried on the
digital word output of the variable-gain controller.

12. The circuit according to claim 11, wherein the first,
second and third current mirror arrays are configured to have
a first, a second and a third current transfer rate, respectively,
wherein the first transfer rate multiplied by the third transfer
rate is equal to the second transfer rate.

13. The circuit according to claim 8, wherein the first
resistive element has a first fixed equivalent resistance and
the second resistive element has a second fixed equivalent
resistance, the first fixed equivalent resistance being sub-
stantially equal to the second fixed equivalent resistance.

14. The circuit according to claim 8, wherein the circuit
is part of a radio frequency communication device.

15. The circuit according to claim 14, wherein the radio
frequency communication device is a near-field communi-
cation device.

16. A method of operating variable-gain that comprises a
first amplification and attenuation branch, a second ampli-
fication and attenuation branch, a first resistive element
coupled between the first amplification and attenuation
branch and the second amplification and attenuation branch,
a second resistive element coupled between the first ampli-
fication and attenuation branch and the second amplification
and attenuation branch, wherein the first and second ampli-
fication and attenuation branches each include a voltage
follower stage and a configurable amplification stage, the
method comprising:

receiving a differential signal at the voltage follower

stages;

delivering an intermediate differential current signal from

the voltage follower stages via the first resistive ele-
ment;

receiving the intermediate differential current signal at the

amplification stages;

receiving a digital control word at the amplification

stages; and

generating an output differential voltage signal that

depends on the value of the digital control word.

17. The method according to claim 16, wherein the digital
control word is received from a variable-gain controller.

18. The method according to claim 16, wherein the
differential signal is received from an antenna.

19. The method according to claim 18, wherein the
amplifier is part of a near-field communication device.

20. The method according to claim 16, wherein the first
resistive element has a first fixed equivalent resistance and
the second resistive element has a second fixed equivalent
resistance, wherein the first fixed equivalent resistance is
substantially equal to the second fixed equivalent resistance.
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