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RADIO FREQUENCY SIGNAL
TRANSMISSION METHOD AND DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to French Patent Applica-
tion No. 13/51307, filed Feb. 15, 2013, which 1s hereby incor-
porated by reference to the maximum extent allowable by
law.

BACKGROUND

1. Technical Field

The present disclosure relates to the field of wireless com-
munications, and more specifically aims at methods and
devices for transmitting radio frequency signals.

2. Discussion of the Related Art

FIG. 1 1s a simplified block diagram of a radio frequency
signal transceiver device 100 where the processing of the
radio frequency signals 1s of essentially digital nature.

Device 100 comprises an antenna 102 and a digital signal
processor 104 (DSP) for example comprising a microproces-
sor. In the receiwve direction, the analog signal received by
antenna 102 crosses a low-noise amplifier 106 (LNA), and 1s
then directly converted mto a digital signal by an analog-to-
digital converter 108 (ADC) having its output connected to an
input of digital processor 104. The basic signal processing
operations, and especially carrier demodulation operations,
are digitally carried out by device 104. In the transmait direc-
tion, device 104 directly generates a digital signal having the
shape of a carrier wave modulated by the data to be transmit-
ted, ready to be transmitted over the network. This signal 1s
simply converted into an analog signal by a digital-to-analog
converter 110 (DAC) placed at the output of device 104, and
then amplified by a power amplifier 112 (PA), before being,
transmitted by antenna 102.

This type of device 1s sometimes called “radio software”™
since the processing implemented by the recerver and by the
transmitter are essentially software 1n nature.

An advantage of such a device 1s that it 1s sufficient to
reprogram the software part to make the device compatible
with new communication standards (new carrier frequencies,
new modulations, etc.).

However, 1n practice, the use of transcerver devices of
purely software nature often may not be considered since this
may require extremely fast converters and a digital processor
capable of providing considerable computing power. Indeed,
present communication standards use carrier frequencies on
the order of a few GHz. To be able to process such signals in
real time, the bandwidth of the converters and of the calcula-
tion device should be atleast equal to 10 GHz. Further, to have
satisfactory signal quality, a sampling over at least 16 bits
should generally be provided. Converters and calculation
devices capable of fulfilling such constraints have a consid-
erable power consumption, conventionally ranging from 500
to 1,000 watts. Such a power consumption 1s mncompatible
with most network devices, and 1n particular with portable
terminals.

FIG. 2 15 a simplified block diagram of a radio frequency
signal transceiver device 200, illustrating a solution which
has been provided to decrease the constraints on converters
and on the signal digital processor.

On the recerve chain side, device 200 comprises the same
clements as device 100 of FIG. 1, and further comprises a
device 202 (SASP—Sampled Analog Signal Processor) for

pre-processing the analog signal, arranged between the out-
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put of low-noise amplifier 106 and the mput of analog-to-
digital converter 108. Device 202 1s configured to perform an
analog pre-processing of the signal, enabling to lower the
operating {requency to be able to return to conditions com-
patible with low power consumption conversion and digital
processing devices. Functionally, device 202 selects a fre-
quency envelope (or several envelopes 1n the case of a multi-
standard terminal) of the signal received by antenna 102, and
lowers the frequency of the signal contained 1n this envelope.
To achieve this, device 202 comprises a sampling circuit
capable of delivering analog samples of the mnput signal, and
a processing circuit capable of performing a discrete Fourier
transform processing on the signal samples and of delivering
first intermediate analog samples. Device 202 further com-
prises a processing circuit capable of modifying the spectral
distribution of the first intermediate samples and of delivering
second intermediate analog samples, and a processing circuit
capable of performing an inverse discrete Fourier transform
on the second intermediate samples and of delivering analog
samples of an output signal having a lower frequency than the
input signal. Detalled examples of embodiment of device 202
are described 1n patent application WO 2008/152322 and 1n
article “65 nm CMOS Circuit Design of a Sampled Analog
Signal Processor dedicated to RF Applications” by Frangois
Rivet et al.

The recerve chain of device 200 has the advantage of pro-
viding a particularly advantageous rapidity and consumed
power saving, especially in mobile telephony applications,
while allowing a multistandard use and being easily recon-
figurable 1n case of a modification of a communication stan-
dard or 1n case of the occurrence of a new standard.

On the transmit chain side, device 200 comprises conven-
tional means for modulating a carrier signal with digital data.
In the shown example, device 200 can alternately or simulta-
neously transmit data on two carrier waves P1 and P2 having
different frequencies. Carrier signals P1 and P2 are respec-
tively generated by a wave generator 204 and by a wave
generator 206. Each wave generator for example comprises a
voltage-controlled oscillator controlled by a quartz. A first
modulator 205, for example comprising a multiplier, receives
on the one hand signal P1 provided by generator 204, and on
the other hand a bit train D1 of data to be transmitted provided
by digital processor 104. Modulator 205 generates a signal
P1' corresponding to carrier P1 modulated by data D1 to be
transmitted. A second modulator 207, for example compris-
ing a multiplier, recerves on the one hand signal P2 provided
by generator 206, and on the other hand a bit train D2 of data
to be transmitted provided by digital processor 104. Modula-
tor 207 generates a signal P2' corresponding to carrier P2
modulated by data D2 to be transmitted. Signals P1' and P2’
are added by an adder 208, and the resulting signal 1s ampli-
fied by power amplifier 112, and then emitted by antenna 102.

The transmit chain of device 200 i1s fast and saves con-
sumed power but has the disadvantage of not being easily
reconfigurable i case of a modification of communication
standards or 1n the case where new standards appear.

In the example of FIG. 2, the transmit chain of device 200
turther comprises a counter-feedback loop enabling to verity
that the signal transmitted by antenna 102 comprises no error.
The counter-feedback loop comprises a coupler 210 which
samples part of the output signal of power amplifier 112
(signal transmitted by antenna 102). The signal sampled by
coupler 210 crosses a low-noise amplifier 212 (LNA) and a
demodulation and digitization circuit 214. The digitized sig-
nal provided by circuit 214 1s sent to digital processor 104,
which verifies whether the signal actually coincides with that
which was desired to be transmitted.
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The provision of the counter-feedback loop, which actually
corresponds to a simplified recerve chain arranged 1n parallel
with the main receive chain, has the disadvantage of increas-
ing the bulk, the cost, and the power consumption of the
device.

Another disadvantage 1s that circuit 214 generally com-
prises, for each communication standard capable of being
used 1n transmit mode, a specific analog hardware demodu-
lator. Circuit 214 1s thus not easily reconfigurable 1n the case
ol a modification of communication standards.

SUMMARY

Thus, an embodiment provides methods and devices for
transmitting radio frequency signals at least partly overcom-
ing some of the disadvantages of known methods and devices
for transmitting radio frequency signals.

A firstembodiment provides a device for generating aradio
frequency signal capable of operating according to one or
several communication standards, and easily reconfigurable
in the case where a standard should be modified or where a
new standard should appear.

Another embodiment provides a device for transmitting a
radio frequency signal, comprising means for verifying the
integrity of the transmitted signal.

A second embodiment provides a device capable of sum-
ming up analog periodic input signals by assigning a weight-
ing coelficient to each of them.

Thus, an embodiment provides a method for generating a
radio frequency signal, wherein a signal to be transmitted 1s
decomposed 1nto a weighted sum of periodic basic signals of
different frequencies.

According to an embodiment, the highest carrier frequency
comprised in said signal to be transmitted 1s lower than the
frequency of at least one of the periodic basic signals of the
decomposition.

According to an embodiment, the highest carrier frequency
comprised 1n said signal to be transmitted 1s lower by at least
a factor ten than the frequency of at least one of the periodic
basic signals of the decomposition.

According to an embodiment, the coelflicients of the
decomposition are calculated by means of a digital processor.

According to an embodiment, the above-mentioned
method comprises the analog generation of the basic signals,
and further comprises a step of summing of said analog basic
signals weighted by the coetlicients calculated by the digital
Processor.

Another embodiment provides a device for generating a
radio frequency signal, comprising a digital processing cir-
cuit configured to decompose a signal to be transmitted into a
welghted sum of periodic basic signals of different frequen-
CIECS.

According to an embodiment, the highest carrier frequency
comprised in said signal to be transmitted 1s lower than the
frequency of at least one of the periodic basic signals of the
decomposition.

According to an embodiment, the above-mentioned device
comprises means for generating 1n analog fashion the peri-
odic basic signals, and means for summing up the analog
signals by applying to each of them a weighting coetlicient
calculated by the digital processor.

According to an embodiment, the means for generating the
periodic basic signals comprise a single voltage-controlled
oscillator assembled in a phase-locked loop and, 1n series
with the oscillator, a plurality of frequency dividers.
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According to an embodiment, the basic signals are sinu-
soidal signals and the decomposition 1s a Fourier series
decomposition.

According to an embodiment, the basic signals are square
signals.

Another embodiment provides a radio frequency trans-
ceiver device, comprising a transmit device of the above-
mentioned type; and a receive device comprising at least an
analog pre-processing device comprising sampling means
capable of delivering analog samples of an input radio fre-
quency signal, and processing means capable of performing a
discrete Fourier transform on the analog samples.

According to an embodiment, the transceiver device is
configured to, during transmission phases, sample a signal
representative of the transmitted signal, determine the dis-
crete transform of this signal by means of the analog pre-
processing device, digitize the discrete Fourier transform sig-
nal, and send the digitized signal to the digital processing
means.

According to an embodiment, the digital processing means
are configured to verity whether the received digital Fourier
transform signal coincides with the decomposition 1 peri-
odic basic signals calculated before the transmission.

The foregoing and other features and advantages will be
discussed in detail 1n the following non-limiting description
ol specific embodiments 1n connection with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, previously described, 1s a simplified block diagram
illustrating the operation of a radio frequency signal trans-
celver device;

FIG. 2, previously described, 1s a simplified block diagram
illustrating the operation of another radio frequency signal
transceiver device;

FIG. 3 1s a sitmplified block diagram illustrating the opera-
tion of an embodiment of a radio frequency signal transmit
device;

FIG. 4 1s a block diagram illustrating the operation of an
embodiment of a generator of analog periodic signals;

FIG. 515 a simplified block diagram 1llustrating an embodi-
ment of a radio frequency signal transceiver device; and

FIG. 6 1s a schematic diagram of an embodiment of a
device capable of summing up periodic analog input signals
by assigning a weighting coetlicient to each of them.

For clarity, the same elements have been designated with
the same reference numerals 1n the different drawings.

DETAILED DESCRIPTION

FIG. 3 1s a simplified block diagram 1llustrating the opera-
tion of an embodiment of a device 300 for transmitting radio
frequency signals, capable of being easily reconfigured in the
case where a communication standard should be modified or
where one or several new standards should appear.

[ike devices 100 of FIGS. 1 and 200 of FIG. 2, device 300
comprises an antenna 102, and a device 104 for digitally
processing the signal for example comprising a microproces-
sor. Device 300 further comprises means for generating a
range of a plurality of analog periodic basic signals of differ-
ent frequencies. In the shown example, device 300 comprises
n periodic signal generators (n being an integer greater than 1)
bearing references 302, to 302 . Each generator 302, (with 1
ranging from 1 to n) provides a periodic signal S, of frequency
t., for example, a sinusoidal signal or a square signal. Each
generator 302, for example comprises a voltage-controlled
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oscillator, controlled by a reference source which may com-
prise a quartz, by means of a phase-locked loop. Device 300
turther comprises a circuit 304 capable of performing a
weighted sum of the n periodic signals S, i the range, by
assigning a weighting coelficient a, to each of them. In the
shown example, device 304 comprises n inputs connected to
generators 302, to 302 and intended to respectively receive
the n signals S, to S 1n the range, and further comprises n
inputs connected to the output of digital processing device
104 and mtended to respectively receive the n weighting
coellicients a, to a, to be assigned to signals S, to S . Digital-
to-analog converters, not shown, may be provided between
the output of device 104 and inputs a, to a, of device 304. The
output of circuit 304 1s connected to antenna 102, for
example, via a power amplifier 112.

When the range of basic signals contains a sufficient num-
ber of basic frequencies 1, any signal capable of being trans-
mitted by device 300 may be approximated by a weighted
sum of signals S, to S, .

According to a first aspect, digital processor 104 1s config-
ured, for example, by means of an adapted software, to cal-
culate coellicients a, to a, so that the weighted sum of basic
signals S, of the range corresponds to the radio frequency
signal which 1s desired to be transmitted or, 1n other words, to
decompose the signal to be transmitted into a weighted sum of
basic signals S, of the range.

In the specific case where signals S, to S, are sinusoidal
signals, the decomposition 1s a Fourier series decomposition.
Weighting coellicients a, may be determined by calculation
by digital processing unit 104, by means ol mathematical
formulas, by taking into account the data to be transmitted,
the frequency of the carrier wave(s) to be transmitted, and the
type of modulation used.

In the case where signals S, to S, have a shape other than
sinusoidal, for example, a square shape, weighting coelli-
cients a, to a, may be calculated by digital processing unit 104
either directly, by means of mathematical decomposition for-
mulas, or, 1f such formulas cannot be easily determined, by
means of an iterative method of minimization of the error
function between the signal to be transmitted and the decom-
position into the series of basic signals. As an example, it may
be provided, 1n an 1n1tial step, to use as weighting coellicients
the coetlicients of the Fourier series decomposition of the
signal to be transmitted, and then to iteratively adjust the
coellicients to minimize the error between the weighted sum
of the basic signals and the signal which 1s effectively desired
to be transmitted.

In practice, the decomposition of the signal to be transmut-
ted may be calculated i1n successive time windows, for
example, windows having a duration ranging between a few
microseconds and a few hundreds of microseconds, for
example, between 10 and 200 microseconds. To accelerate
the processing, 1t may be provided to implement the decom-
position calculation on a sliding window, that 1s, between two
successive steps of calculation of the weighting coellicients,
the processing slot 1s offset by a number of samples smaller
than 1its total width.

Number n of basic signals S, of the range preferably ranges
between S and 20, and each signal S, has a frequency 1, equal
to half frequency 1._, of signal S,_, of previous rank. Fre-
quency I, of signal S,, provided by generator 302, having the
lowest rank, i1s preferably selected to be at least ten times
greater than the highest carrier frequency on which the device
should be able to transmit. Frequency 1, 1s for example on the
order of 60 GHz for mobile telephony applications. The
described embodiments are not however limited to the
described examples, and 1t will be within the abilities of those
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skilled 1n the art to provide other adapted choices for the basic
signal range. Anyway, at least part of basic signals S, of the
range have a frequency 1, greater than the highest carrier
frequency at which the device 1s capable of transmitting.
An advantage of the transmit device described 1n relation
with FIG. 3 1s that, 1n case of a modification of one or several

transmission standards (carrier frequency, modulation type,
etc.), the device can easily be reconfigured, for example, by
simple software reprogramming, to be made compatible with
the new standard(s).

Another advantage 1s that the determination of the n
weighting coeflicients a, corresponding to the radio 1re-
quency signal to be transmitted only requires a lower calcu-
lation power, and 1n particular does not require generating a
tull digital version of the radio frequency signal to be trans-
mitted.

Another advantage 1s that the selection of the hardware
components provided between digital processor 104 and
power amplifier 112 (and the selection of generators 302, in
the example of FIG. 3) 1s independent from the number of
communication standards with which device 300 should be
able to transmit. Thus, a transmission chain provided to trans-
mit 1 a large number of standards will not be more bulky,
expensive, or power consuming than a transmit chain pro-
vided to transmit 1n a single standard.

FIG. 4 illustrates a preferred embodiment where a single
generator 400 1s used to provide all the basic signals S, to S,
of the range. FIG. 4 15 a block diagram 1llustrating an embodi-
ment of such a generator.

Generator 400 comprises a voltage-controlled oscillator
402, providing a periodic analog signal S, of frequency 1, for
example, a square signal at 60 GHz. Generator 400 further
comprises n—1 frequency dividers, bearing references 404, to
404 . 1 the drawing. Dividers 404, to 404 are series—
connected, first divider 404, of the series receiving signal S,
as an iput. Fach divider 404, delivers a signal S, ,, for
example, square, having a frequency 1, ; equal to half fre-
quency 1, of signal S, that it receives. Oscillator 402 1s for
example controlled by a signal provided by areference source
which may comprise a quartz. In the shown example, oscil-
lator 402 and dividers 404, to 404 _, are assembled 1n a
phase-locked loop comprising a phase comparator 406
(PFD—Phase Frequency Detector) receiving, on the one
hand, signal S, provided by last divider 404, _, of the series
and, on the other hand, a reference signal provided by a
reference source 408 (REF) comprising a quartz. In this
example, the output of phase comparator 406 1s connected to
the input of a charge pump 410 (CP), and the signal provided
by charge pump 410 passes through a loop filter 412 having its
output connected to the voltage control 1nput of oscillator
402. In operation, basic analog signals S, to S, are respec-
tively available at the output of oscillator 402 and at the output
of frequency dividers 404, to 404, _,.

An advantage of the embodiment of FIG. 4 1s that all the
basic signals S, 1n the range are generated by using a single
voltage-controlled oscillator, and a single phase-locked loop,
which decreases the bulk, the cost, and the power consump-
tion of the transmit device.

It will be within the abilities of those skilled 1n the art to
adapt the generator described in relation with FI1G. 4 to obtain
other ranges of basic signals S,, for example, by varying the
division ratios of frequency dividers 404..

FIG. 515 a simplified block diagram 1llustrating an embodi-
ment of a radio frequency transmit/receive device 500, this
device comprising control circuits for verifying the integrity
of the signals that 1t transmits over the network.
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Device 500 comprises a transmit chain of the type
described 1n relation with FIGS. 3 and 4, that 1s, where the
transmitted signal 1s generated by weighted summing of a
plurality of analog periodic basic signals S, the weighting
coellicients being determined by means of a digital processor.
In the shown example, the transmit chain of device 500 com-
prises the same elements as transmit chamn 300 of FIG. 3.
Device 500 further comprises a receive chain of the type
described 1n relation with FIG. 2, that 1s, comprising a pre-
processor for processing analog samples ol the signal,
capable of selecting one or several frequency envelope(s) of
the radio frequency signal received by the antenna and of
lowering the frequency of the signal contained 1n these enve-
lope(s). Inthe shown example, the receive chain of device 500
comprises the same elements as the recerve chain of device
200 of FIG. 2.

In the embodiment of FIG. 5, when device 500 operates in
transmission mode, a signal representative of the signal trans-
mitted by antenna 102 1s sampled from the transmit chain,
processed by analog pre-processor 202 (SASP) of the receive
chain, and sent to digital processor 104, which verifies 1ts
integrity. In the shown example, a portion of the output signal
of circuit 304 (that 1s, the weighted sum of analog basic
signals S;) 1s sampled via a coupler 502, and sent to analog
pre-processing device 202. As previously discussed 1n rela-
tion with FIG. 2, device 202 comprises a sampling circuit
capable of delivering analog samples of an input signal, and a
processing circuit capable of performing a discrete Fourier
transform processing on the signal samples. It 1s provided,
when device 500 operates in transmission mode, to activate
device 202 to calculate the discrete Fourier transform of the
signal provided by coupler 502. The discrete Fourier trans-
form signal generated by device 202 1s then digitized by
converter 108, and then sent to digital processor 104. Device
104 1s configured, for example, by means of an adapted soft-
ware, to verily that the recerved Fourier transform signal 1s
coherent with the previously-calculated decomposition into
periodic basic signals S..

An advantage of the transcerver device of FIG. 3 1s that 1t
cnables to verily the itegrity of the signal transmitted by
antenna 102 without requiring, for this purpose, providing a
specific counter-teedback loop of the type described 1n rela-
tion with FIG. 2. This enables to decrease the bulk, the cost,
and the power consumption with respect to the device of FIG.
2.

Another advantage of device 500 is that, in case one or
several communication standards have been modified, it can
casily be made compatible with the new standard(s). In par-
ticular, the function of verification of the integrity of the
transmitted signal requires no specific update or reconfigura-
tion to operate with new transmission standards.

FIG. 6 1s a schematic diagram 1llustrating an embodiment
of a circuit 304 according to the second aspect, capable of
summing up a plurality ot analog periodic input signals S, by
assigning a weighting coetlficient a, to each of them. Circuit
304 of FIG. 6 may for example be used as a weighted sum-
ming circuit in the radio frequency transmit devices of FIGS.
3 and 5.

Circuit 304 comprises a high power supply terminal or line
601 (V ) and a low power supply terminal or line 603 (or
ground terminal). It further comprises n puts S, to S,
intended to respectively recerve n periodic analog signals to
be summed up and n 1nputs S,'to S ' intended to respectively
receive the complementaries of the signals to be summed up,
that is, signals having the same characteristics as the signals to
be summed up, but with a 180° phase shift. Circuit 304
comprises a balun comprising two conductive windings E1
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and E2 coupled to each other. The ends of winding E1 define
differential access terminals N1 and N2, an intermediate
point of winding E1 being connected to a reference terminal,
for example, high power supply terminal 601. The ends of
common-mode winding E2 are respectively connected to an
output terminal OUT and to a reference terminal, for
example, low power supply terminal 603. Circuit 304 further
comprises, associated with each of mput terminals S,, a
switch 605, and a variable current source 607 . A first con-
duction electrode of switch 605, 1s connected to node N1, and
the second conduction electrode of switch 605, 1s connected
to low power supply terminal 603 via variable current source
607 . The control terminal of switch 605, 1s connected to input
terminal S,. In the example of FIG. 6, switch 6035, 1s an
N-channel MOS transistor having its drain connected to node
N1 and having 1ts gate connected to terminal S,, and current
source 607 1s an N-channel MOS transistor having 1ts source
and 1ts drain respectively connected to low power supply
terminal 603 and to the source of transistor 605,. Circuit 304
turther comprises, associated with each of input terminals S ',
aswitch 605 having a first conduction electrode connected to
node N2 and having 1ts second conduction electrode con-
nected to the second conduction electrode of switch 605,. The
control terminal of switch 603" 1s connected to input terminal
S'. In the example of FIG. 6, switch 603 1s an N-channel
MOS transistor having its drain connected to node N2, having
its gate connected to terminal S/, and having its source con-
nected to the source of transistor 605,. Circuit 304 further
comprises n inputs a, to a, intended to receive voltage refer-
ences proportional to the absolute values of the weighting
coellicients to be applied to the signals to be summed up.
Inputs a, to a, are successively connected to the control ter-
minals of variable current sources 607, to 607 , that 1s, to the
gates of N-channel MOS transistors 607, a 607 in the shown
example.

In operation, input terminals S, to S, and S,'to S, ' recerve
the signals to be summed up and their complementaries, and
input terminals a, to a, receive voltage references propor-
tional to the absolute values of the weighting coelificients to be
applied to the signals to be summed up. As an example, in the
case where circuit 304 1s used 1n a radio frequency transmis-
s10on circuit of the type described 1n relation with FIGS. 3 and
5, thereferences to be applied to terminals a, to a, are digitally
determined by digital processor 104, and digital-to-analog
converters, not shown, convert the digital reference values
into analog values applicable to terminals a, to a,.. To take into
account, 1n the weighted sum, the sign of the weighting coet-
ficients, the fact of having, at the input, not only basic signals
S. to be summed up, but also their complementaries S/, 1s
used. When the coellicient to be applied to a given input
signal S, 1s negative, the complementary signal S to which
the absolute value of the weighting coetlicient 1s applied 1s
used to generate the corresponding term of the weighted sum.
To achieve this, between input terminals S, and S/, on the one
hand, and the control terminals of switches 605, and 605,' on
the other hand, a circuit 609 configured to activate terminal S,
and deactivate S." 1s provided when coelficient a, to be applied
has a positive sign, and to deactivate terminal S, and activate
terminal S,' when coellicient a, to be applied has a negative
sign. Circuit 609 comprises an input 611 for receiving the sign
information of coeflicients a,, for example, from digital pro-
cessor 104 1n the case where circuit 304 1s used 1n a radio
frequency transmission circuit of the type described 1n rela-
tion with FIGS. 3 and 5. If the coetlicient to be applied to a
given mput signal S, 1s positive, switch 603,' connected to the
corresponding complementary mput S, 1s deactivated, that s,
it 1s forced to the off state by circuit 609, and switch 603,
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remains active, that 1s, 1ts state 1s a function of the state of
signal S.. Ifthe coetficient to be applied to a given input signal
S’ 1s negative, switch 603, connected to input S, 1s deactivated
(forced to the off state by circuit 609) and switch 605/
remains active (state depending on the state of complemen-
tary signal S').

Input signals S, and S;' being periodic A.C. signals (for
example, sinusoidal or square signals), active switches 605, or
603 (according to whether the sign of weighting coetlicient
a. 1s positive or negative) periodically switch from an on state
to an off state. In the case of a positive weighting coelficient
a. (switch 605, active), when switch 605, 1s conductive (high
state of 1mput signal S,), a current tlows from high power
supply terminal 601 to low power supply terminal 603,

through the portion of winding E1 located between terminal
601 and node N1, through switch 603, and through current
source 607.. The intensity of this current depends on the
voltage applied to control terminal a, of variable voltage
source 607.. When switch 605, 1s non-conductive (low state of
input signal S)), this current stops. In the case of a negative
welghting coellicient a, (switch 605 active), when switch
605' 1s conductive (high state of input signal S.'), a current
flows from high power supply terminal 601 to low power
supply terminal 603, through the portion of winding El
located between terminal 601 and node N2, through switch
605, and through current source 607.. The intensity of this
current depends on the voltage applied to control terminal a,
of variable voltage source 607. When switch 605 1s non-
conductive (low state of input signal S.'), this current stops.

The currents provided by current sources 607, add at the
level of nodes N1 (for positive weighting coelfficients a,) and
N2 (for negative weighting coellicients a,). The current which
flows through winding E1 is representative of the sum of input
signals S, weighted by coetlicients a,. This current 1s copied,
by inductive coupling, on winding E2. The voltage variation
across winding E2 1s thus representative of the weighted sum
of input signals S..

In the case where circuit 304 1s used 1n a transmit circuit of
the type described in relation with FIGS. 3 and 5, node OUT
may be connected to a transmit antenna 102. IT transistors
605, 605/, 607 and windings E1 and E2 are properly sized, it
may advantageously be done without a power amplifier
between the output of circuit 304 and antenna 102.

An advantage of circuit 304 is that 1t 1s easy to form and
cnables to elliciently perform a weighted summing of peri-
odic A.C. mput signals.

The embodiments described 1n relation with FIG. 6 are not
limited to the case where the transistors used to form switches
605,605/, and 607, are N-channel MOS transistors. It will be
within the abilities of those skilled 1n the art to implement the
desired operation by using P-channel MOS transistors and by
iverting, 1f need be, the biasing of the circuit power supply
terminals.

Further, the embodiments described in relation with FIG. 6
are not limited to a use of circuit 304 in a radio frequency
signal transmit device of the type described 1n relation with
FIGS. 3 and 5. Such a circuit may also be used 1n any other
application requiring the implementation of a weighted sum
of periodic analog signals.

Various embodiments with different variations have been
described hereabove. It should be noted that those skilled 1n
the art may combine various clements of these various
embodiments and variations.

Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be
within the spirit and the scope of the present mvention.
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Accordingly, the foregoing description 1s by way of example
only and 1s not intended to be limiting. The present invention
1s limited only as defined in the following claims and the
equivalents thereto.

What 1s claimed 1s:

1. A method for generating a radio frequency signal to be
transmitted comprising:

generating a plurality of periodic basic signals of different
frequencies;

decomposing a digital signal into a weighted sum of the
plurality of periodic basic signals of different frequen-
cies and;

adjusting weighting coeflicients based on a sample of the
weilghted sum of the plurality of periodic basic signals to
verily the radio frequency signal being transmitted.

2. The method of claim 1, wherein a frequency of a highest
carrier component 1s lower than a frequency of at least one of
the plurality of periodic basic signals.

3. The method of claim 2, wherein the frequency of the
highest carrier component 1s lower by at least a factor of ten
than the frequency of the at least one of the plurality of
periodic basic signals.

4. The method of claim 1 wherein the weighting coelli-
cients assigned to the plurality of periodic basic signals are
calculated by a digital processor.

5. The method of claim 4, comprising analog generation of
the plurality of periodic basic signals, wherein the summing
of said plurality of periodic basic signals weighted by the
welghting coellicients 1s calculated by the digital processor.

6. A device for generating a radio frequency signal to be
transmitted comprising:

a processing circuit configured to

generate a plurality of periodic basic signals of different
frequencies;

decompose a signal to be transmitted into a weighted
sum of the plurality of periodic basic signals or dif-
terent frequencies and;

adjust weighting coefficients based on a sample of the
weighted sum of the plurality of periodic basic signals
to verity the radio frequency signal being transmitted.

7. The device of claim 6, wherein a frequency of the highest
carrier component 1s lower than a frequency of at least one of
the plurality of periodic basic signals of the decomposition.

8. The device of claim 6, wherein the processing circuit
comprises an analog circuit for analog generation of the plu-
rality of periodic basic signals, and for summing up the plu-
rality of periodic basic signals by applying to each of them a
weilghting coelficient.

9. The device of claim 8, wherein the processing circuit
comprises a voltage-controlled oscillator (VCO) assembled
in a phase-locked loop, and a plurality of frequency dividers
coupled to the VCO.

10. The device of claim 6, wherein said plurality of peri-
odic basic signals comprises sinusoidal signals and said
decomposition comprises a Fourier series decomposition.

11. The device of claim 6, wherein said plurality of peri-
odic basic signals comprises square wave signals.

12. The device of claim 6, further comprising:

a recerve device comprising at least one analog pre-pro-
cessing device coupled to the processing circuit and
configured for delivering analog samples of an 1nput
radio frequency signal, and for performing a discrete
Fourier transform on said analog samples.

13. The device claim 12, wherein the at least one analog

preprocessing device 1s configured to, 1n transmission phases,
sample a signal representative of the transmaitted signal, deter-
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mine the discrete Fourier transform of this signal, digitize the
discrete Fourier transform signal, and send the digitized sig-
nal to said processing circuit.

14. The device of claim 13, wherein said processing circuit
1s configured to verity whether the received digital Fourier 5
transform signal coincides with the decomposition into the
plurality of periodic basic signals calculated before the trans-
mission.
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