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Device for demodulating an amplitude-modulated signal

Technical field

The present invention relates to the demodulation of
amplitude-modulated signals of the type received by a
portable contactless object reader after amplitude modulation
of the fundamental signal transmitted by the reader to the
portable contactless object, and relates particularly to such

a device having a low production cost.

Background art

At present, systems designed to identify portable
contactless objects are widely used in numerous applications.
One of these applications 1is the contactless ISO card which
is being increasingly used in wvarious sectors. In the
transport sector, such cards have been developed to provide
users with subscription possibilities and to simplify toll
booth payment operations.

Portable objects having dimensions different than those
of the ISC card have been considered, such as a small
transport ticket, for example. These portable objects of
varying dimensions require very different antennas and thus
optimal distances between the reader and the object. These
distances vwvary depending on the object. Furthermore, the
presentation of various types of portable objects in front of
the same reader may take place at a variable distance. In
this manner, an ISO format card may be presented at a reading
distance between 0 and 8cm while a ticket type transport
voucher requires that it be placed at a distance ranging from
0 to 3cm.

While the contactless terminal or reader emits an
amplitude-modulated signal having a constant factor (10%, for

example), the contactless object responds by a signal having
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the same fundamental frequency, amplitude-modulated at a
modulation factor which 1s not constant. The modulation
factor 1is the ratio between the energy absorbed by the
contactless object and the energy emitted by the reader.
Unfortunately, while the energy emitted is constant, this is
not the same for the energy absorbed, which depends on:

- the distance between the contactless object and the
terminal, the energy emitted by the terminal becoming weaker
as the distance increases; the same holds true for the energy
absorbed by the contactless object, and

- the size of the antenna enabling the object to be
remotely powered and to communicate. For a given inductance,
the higher the size of the antenna, the higher the absorption
by the contactless object. The modulation factor thus varies
depending on the position of the contactless object.

At present, several systems may be used to demodulate an
amplitude-modulated signal. A traditional device allowing an
amplitude-modulated signal to be demodulated uses peak
detection and consists of a diode in series with a parallel
RC circuit. While this system is relatively inexpensive, it
has a drawback in that the wvalues of R and C depend on the
modulation factor. In other words, 1f this device is
efficient for a given modulation factor, it Dbecomes
inefficient if the modulation factor varies as in the case of
the abovementioned contactless systems.

Another demodulation device uses a mixer. It multiplies
the amplitude-modulated fundamental signal by the unmodulated
fundamental signal. After filtering, the modulating signal is
isolated from the rest of the signal. Unlike the previous
device, this device enables demodulation regardless of the
modulation factor. However, it has the drawback of requiring,
in addition to the mixer circuit (generally a transistor), a
phase lock loop (PLL) which enables unmodulated phase

generation of the fundamental signal. Unfortunately, the
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production cost of such a device is very high due to the fact
that the cost of the phase lock loop is 100 times higher than
that of the mixing circuit.

Finally, document WO/42948 describes a complex device
for demodulating an amplitude-modulated signal by combining a
first demodulator featuring 2 field effect transistors to act
on a 100% modulated signal and a second modulator to act on a
signal modulated less than 100%, this second modulator having

not less than 7 field effect transistors.

Summary of the invention

The object of the invention is thus to supply a simple
device for demodulating an amplitude-modulated signal
regardless of the modulation factor applied during
modulation.

Another purpose of the invention is to supply a device
for demodulating an amplitude-modulated signal using only one
transistor.

Yet another purpose of the invention is to supply a
device for demodulating an amplitude-modulated signal
transmitted by a contactless object to a reader in a
contactless portable object identification system used as an
access system in a transport network, for example.

The object of the invention 1is thus a device for
demodulating a modulated signal resulting from the amplitude-
modulation of a sinusoidal signal having a frequency f, using
a signal having a frequency £, according to an unknown
modulation factor, such a device featuring a transistor, the
grid of which is connected to the modulated signal in order
to obtain at the transistor's output a derivative signal
equal to a power N (N being an integer greater than 1) of the
modulated signal and a filter connected to the output of the
transistor designed to select the frequency component £, in

the transistor's output signal.
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According to a preferred embodiment of the invention,
the demodulation device features a field effect transistor,
the signal of which includes a main component equal to the
square of the input signal and an antiresonant c¢ircuit
enabling the frequency component £, in the transistor's

output signal to be selected.

Brief description of the drawings

The objects, characteristics and advantages of the
invention will become more apparent from the following
description when taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a representation of a preferred embodiment of
the demodulation device according to the invention, and

FIG. 2 is a schematic block diagram of the functions to
be implemented in the demodulation device according to the

invention.

Detailed description of the invention

The electronic device illustrated in figure 1 represents
a preferred embodiment of the invention in which an input
signal E¢, resulting from an amplitude modulation of a
fundamental signal having a frequency f, by a modulating
signal having a frequency f,, 1is applied to the grid (point
1) of a field effect transistor 10 by means of a capacitor 12
designed to eliminate the continuous component of the input
signal.

The input signal is given by the equation:

E. = [Acos(20£,t)] * [1l+mcos(2@f,t)]

in which f, is the frequency of the fundamental signal
(for example, 13.56MHz} and £, is the frequency of the
modulating signal (for example, B847KHz).
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It should be noted that the grid is polarized owing to
the resistance points 1in series 14 and 16 between the
potential 0 and the potential Vdc.

Depending on the technology employed (MOS transistor
with N or P channel), the Vdc potential may be positive or
negative without departing from the principle of the
invention.

The drain current at the output of the transistor
(point 3) is thus given by the equation:

Idss
(Vo

2
Ig = (Vp + Ee)

in which Idss is the transistor's saturation current and
Vp is the transistor's pinch-off current.
As a result, one of the terms of the equation 1is equal

to:

Idss 2
(Vo

If By is replaced by its value and squared, we note that
one of the terms is equal to:

Az.m. Idss .
Vp)?

P

cos (2@f,t)

The transistor's output signal at point 3 is thus
applied to an antiresonant circuit made up of the inductance
18 and the capacity 20, the values of which were selected so
that this circuit 1is resonant at the frequency fi. It should
be noted that the resistance 22 in series with the inductance
18 forms part of the antiresonant circuit and has a value r,
and the resistance 24 between point 2 of the transistor 10
and the potential 0 is used for transistor polarization.

The antiresonant circuit formed by the inductance 18 and

the capacity 20 thus acts as a filter and enables the
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frequency component £, to be selected by means of the

capacity 26 intended to eliminate the signal's continuous

component. The equation for the output signal S¢ is thus:

S = R.A%.m. Ids)sz .cos (2@f,t)

P,

(L2nfn)?
2

in which R =

and L.C. (20f,t) = 1

The transistor's quadratic characteristic comes from the
characteristic of the transistor 10 (MOS, CMOS technology..),
and this type of transistor enables the best yield to be
obtained. It may, however, originate from a nonlinearity of a
bipolar transistor. The nonlinearity caused by bipolar
transistors, due to high level input signals (1 wvolt, for
example), is so high that much energy is lost in numerous
harmonics. The bipolar transistor can thus be compared to a
transfer function raising the input signal to a power N, and
where the harmonic levels 0 to N are present.

By using this property, we can thus design a
demodulating device as illustrated in figure 2, in which the
input signal E¢ 30 1is raised to the power N by a
transistor 32. This signal is thus filtered by a filter to
collect only an output signal 8¢ 36 having the desired
frequency fg.

It should be noted that the filter 34 may be a pass-band
filter insofar as the frequency signal £, is the signal of
lowest frequency, the other components of the signal Eg
raised to the power N having either frequencies that are
multiple of f, or frequencies near f, or a multiple of £f,, £,

being much larger than £f,.
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The transistors which may be used in the scope of the
invention enable amplitude demodulation regardless of the
modulation factor, with, however, a signal/noise ratio lower
than a transistor with quadratic characteristics, which
generate more harmonics.

The device described above may be used to demodulate the
amplitude-modulated signal received by the reader of a
contactless portable object identification system. It may
also be used to demodulate an amplitude-modulated signal
transmitted by the reader of such a system in the chip of a
card or a ticket.

While the device according to the invention 1is
preferably used in the scope of a contactless object
identification system, it may be used everywhere where an
amplitude-modulated signal for which the modulation factor is

not exactly known must be demodulated, and at low cost.
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CLAIMS

1. A device for demodulating a modulated signal
resulting from the amplitude modulation of a sinusoidal
signal having a frequency f, by a signal having a freqguency
fn according to an unknown modulation factor;

sald device being characterized in that it includes a

transistor (10) the grid of which is connected to said

modulated signal (E¢) so as to obtain a derivative signal

(S¢) at the output of said transistor equal to a power N of
said modulated signal, N being an integer greater than 1,
and a filter designed to select the frequency component fj

in the transistor's output signal.

2. The device according to claim 1, in which said
filter (34) 1is a pass-band filter enabling the single

frequency component f, to be selected in said output

signal (S¢)-

3. The device according to claim 1 or 2, in which said
transistor is a field effect transistor (10}, for which the
current of the output signal on the drain of said
transistor has the following equation:

Idss
(Va)?

in which Idss 1s the saturation current of said

2
Iq = (VP + E¢)° .

transistor and V, is the transistor's pinch-off current.

4. The device according to claim 3, in which said
pass-band filter is an antiresonant circuit (18, 20, 22)

resonating at the frequency fu.
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5. The device according to claim 1 or 2, in which said
transistor (10) is a bipolar transistor generating a

nonlinearity for a high level input signal.

6. A system for identifying contactless portable
objects by means of a reader according to any one of the
claims 1 to 5 used to demodulate the amplitude-modulated

signals received from portable obijects.



