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AMPLITUDE AND PHASE MODULATION SCHEME WITH PHASE
TRANSITION CONTROL, AND ADAPTED RECEIVER

FIELD OF THE INVENTION

The present invention relates to a method of and apparatus for modulating a carrier to

provide both power and data trans mission to a device irradiated by the carrier.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a modulation scheme
for modulating a signal transmitted from a first device to a second device which is
energised by the signal, wherein the first device is further arranged to amplitude modulate
the signal at a data rate, and wherein the method further comprises phase modulating the
signal at a clock rate synchronised with the data rate, and wherein the phase modul ation is

arranged to cause a non -monotonic change in the signal amplitude.

It is thus possible to provide a transmission scheme which adds a phase modulation to an
amplitude modulation signal such that the phase modulation spreads the transmitted signal
in the frequency domain and reduces the peak in the power spectral density of the
transmitted signal compared to an equivalent signal in which no phase modulation has been

applied.

According to a second aspect of the present invention there is provided a reader/writer
device for use with a passive device arranged to be irradiated with RF energy by the
reader/writer device, wherein the reader/writer device modulates an RF carrier in

accordance with the first aspect of the present invention.

According to a third aspect of the present invention there is provided a receiver for

recovering timing and data information from a signal, comprising an envelope detector for
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demodulating the signal to produce a demodulated signal, a filter for filtering the
demodulated signal to remove or attenuate amplitude variations due to the timing
information so as to produce a data signal; and a timing recovery circuit for forming a
difference between time aligned versions of the demodulated signal and the data signal so

as to recover the timing information.

According to a fourth aspect of the present invention there is provided a passive device

including a receiver according to the third aspect of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will further be described, by way of non -limiting example only, with

reference to the accompanying Figures, in which:

Figure 1 schematically illustrates a memory spot device in communication with a

reader/writer device.

Figure 2 schematically illustrates the power spectral density of an amplitude modula ted
signal used to transmit a Manchester encoded data stream and power from a terminal to a
device such as an RF ID tag, memory spot or near field communications device which

derives its power from the tra nsmitted signal;

Figure 3 schematically illustrates a low index modulation, amplitude modulation scheme
for use in transmitting data to such a passive device which derives its power from the

signal irradiating it;

Figure 4 schematically illustrates a modul ation scheme on a phasor diagram and transitions

within the modulation scheme;

Figure 5 schematically shows a modulator as described in the prior art;
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Figure 6 schematically illustrates an apparatus for generating the phase control signal;

Figure 7 sche matically illustrates an example of a phase modulation signal supplied to a

modulator adapted to work in accordance with the present invention;

Figure 8 illustrates the modulation vector amplitude as a function of position in the

transition from constellation point 100 to point 102 in Figure 7;

Figure 9 is a plot comparing the amplitude profiles of the different transitions;

Figure 10 is a plot of phase angle versus time for a plurality of phase transitions;

Figure 1la is a constellation diagram showing tra nsitions when no data modulation is

applied;

Figure 11D is a constellation diagram showing transitions when data modulation is applied;

Figure 12 is a graph of transmit data as a function of time;

Figure 13 is a graph of phase angle versus time;

Figure 14 is a graph of the power envelop e of a signal transmitted in accordance with the

present invention;

Figure 15 is a circuit diagram of a receiver constituting an embodiment of the present

invention;

Figure 16 is a graph of the signal occurring at the output of the moving average filter in the

receiver shown in Figure 15; and

Figure 17 is a graph of the recovered timing signal.
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DESCRIPTION OF PREFERRED EMBODIMENTS OF THE PRESENT INVENTION

Devices such as RF ID tags or memory spots are known or proposed wh ereby some
memory, optionally some data processing facility and a transmitter/receiver are integrated
into a single device, usually a silicon chip. The device does not include an onboard power
supply and instead is adapted to be irradiated, for example by radio frequency energy, and
to extract sufficient energy from the irradiating signal to power the device up such that it
can perform its task. A problem for such devices is that they must receive sufficient
energy from the reader/writer device irradiating them that they can function whilst
simultancously there is a desire for these devices to be as inexpensive as possi ble such that

they may be extensively deployed without incurring significant cost.

The radio frequency spectrum is becoming an increasing ly congested resource. Therefore
the possibility of mutual interference from different systems co -existing within the same
physical region can become a real and significant problem. One of the measures used to
evaluate an RF transmission is power spectra 1 density, PSD, which refers to the bandwidth
over which the signal power from a transmitter is distributed. In general, a transmission
with a high power spectral density is more likely to cause interference to other users and
devices than a transmission with a low power spectral density. Systems of the type
described hereinbefore that use radio frequency transmissions to provide power to passive
devices, such as RF ID and memory spot devices, are prone to having a high peak power
spectral density because when they are transferring power (without data) to receive a
response from the device that they are irradiating, then the transmission is effectively just a
single tone. Thus all of the power is concentrated into a very narrow bandwidth and the
peak power spectral density can become relatively high. Furthermore, it is also the case
that when transferring data from the irradiating device to the passive device the peak power
spectral density may still be high because the desire to implement low cost receiv ers within
the passive devices means that AM receivers are used. Furthermore, the requirement to

transmit power at all times means that low index amplitude modulation schemes are used.
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A reader/writer terminal 10 in conjunction with a memory spot device 12 is schematically
shown in Figure 1. The reader/writer includes a transmitter so as to irradiate the memory
spot device 12. The reader/writer 10 also includes a receiver for receiving any

transmissions from the memory spot device 12.

As noted hereinbefore, the current modulator/demodulator used in reader/writer units for
memory spot, RF ID tags and other passive computing devices (being passive in the sense
that they have no onboard power and must receive their power from the signal irradiating
them) can result in a transmitted signal having a high peak power spectral density that has
the potential to cause interference with other users. The reader/writer units, out of
economic convenience, are often arranged to work in frequency bands which have bee n
designated for general use. Therefore, for example, the reader/writer unit for memory spot
operates in the 2.4 GHz band. This band is also shared by other users, such as WiFi
networks. The transmission scheme is amplitude modulation with a low modulat ion index,
with the result that the transmission has many of the characteristics of an unmodulated RF
carrier. Figure 2 schematically illustrates a plot of the power spectral density of the signal
transmitted by the reader/writer unit 10 of Figure 1 w hen transmitting a Manchester
encoded data stream. It can be seen that the majority of the power is located in a central
peak 20. Side lobes 22a, 22b, 24a and 24b extend in symmetrical manner around the
central peak 20. Assuming, for example, that the data transmission rate is 10 MBs !
(megabits a second ) then it can be seen that the peaks in the side lobes 22 a and 22b occur
approximately 3.8 MHz away from the central peak 20 and that nulls occur 10 MHz away

from the central peak.

It can be seen that the maximum amplitude of the side lobes 22a and 22b are approximately
40 dB lower than the height of the central peak 20. This means that the overwhelming
majority of the signal power is concentrated in the spectral tone due to the carrier. The
bandwidth of the carrier is very narrow, so when transmitting a signal of the power
required to make the memory spot chip function, the peak power spectral density is very

high.
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The memory spot is produced in a cost conscious regime As a result its components are

not trimmed for accuracy. It is therefore advantageous to provide a timing signal such that
data is correctly written into memory without, for example, a bit being written twice due to

a clock error. The Manchester coding is a self clocking data stream as a signal transition
always occurs in the middle of each transmitted bit. From one viewpoint each bit of data
supplied to a Manchester encoder gets converted into a pair of bits. As a consequence each
transmitted data bit takes twice as long to transmit com pared to the un-encoded data

stream.

It would be possible to reduce the peak power spectral density by reducing the transmitted
power. However this has the problem that the power available to the passive device
becomes reduced and it is therefore likely that it would cease to function. Alternatively,
more complex modulation schemes could be used which have better power spectral density
characteristics. However these are economically unsatisfactory as the existing amplitude
modulation scheme used by RF I D tag and memory spot devices is a very good solution to
the dual requirements of transferring both power and data to a chip in the manner which
uses the minimum amount of silicon area on the chip (which relates directly to the cost
thercof) and which also avoids complex and power hungry receiver circuitry. Therefore
any change in the modulation scheme away from simple amplitude modulation is likely to
have a direct and negative impact on both the price and performance of the system as a

whole.

The prese nt inventor s has already realised that it is possible to modify the modulation
scheme used in readers/writers for such passive systems so as to reduce the power spectral
density transmitted thereby without impacting on the performance of the simple amplitu de
modulation receiver used within the passive device itself. The teachings are disclosed in

GB 2437350 but are summarised here.

Figure 3 schematically shows a phasor diagram representing the prior art modulation

scheme used for memory spot devices and t he like. Given that no phase modulation occurs
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in a conventional amplitude modulation scheme, then for simplicity the modulation can be
represented as lying along the real (in -phase) axis 30 of the phasor diagram. Furthermore,
as a low modulation index is used, then the variation in the transmitted power is relatively
small. In this example, a “1” is transmitted with a first power, as indicated 32 on Figure 3,
and the “0” is located with a second power level, in this case a reduced power level,
designated 34 in Figure 3. If the index of modulation is relatively low, for example 20% or
less, then it can be intuitively seen that most of the transmitted power is effectively an
unmodulated signal. In fact, we can also tell intuitively that the average trans mitted power

will lie somewhere between the values for the “1” and the “0”.

The phase insensitivity of an amplitude modulation detector can be exploi ted so as to allow
a phase modulation to be imposed on the transmitted signal such that values correspond ing
to a “I” and a “0” occur on both sides of the quadrature axis 36. It can then intuitively be
seen that the average of the modulation signal can be reduced below that of the “0” and in

fact can be brought close to a position at the origin of the phasor diagram.

Such a modified transmission scheme is shown in Figure 4. Here two values
corresponding to a “1” exist, namely the value de signated 32 as shown in Figure 3 and a
corresponding value 32a having the same magnitude but the opposite phase such that it
occurs on the negative side of the in -phase axis in the phasor diagram. Similarly the value
corresponding to the zero 34 has a complimentary value 34a having the same magnitude
but a 180° phase shift such that it occurs on the negative side of the in -phase axis in the
phasor diagram. It can therefore be seen that, in amplitude terms, the greater amplitude
always corresponds to a “1” and the lesser amplitude always corresponds to a “0” so that a
receiver that only demodulates the amplitude component of the signal and which ignores
the phase will not be affected by whether the transmitted constellation point is on the
positive or negative side of the origin. Thus, for such a receiver, constellation point 32a is

identical to constellation point 3 2.
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As part of the modulation scheme a determination has to be made as to whether to use the
in-phase constellation points, 32 and 34, or the anti -phase constellation points 32a and 34a
to transmit the data. This choice can advantageously be made from a random d ata source,
such as a random number generator, which is uncorrelated with the data which is being
transmitted. Thus a “1” bit from the random number generator might correspond to use of
the in-phase set and a “0” from the random number generator might cor respond to use of
the anti-phase set. However the opposite mapping could equally be used. It is, however,
important to ensure that both pairs of constellation points are used substantially equally in
order to obtain a zero DC condition and also to ensure that there are no strong patter ns or
correlations which might themselves produce unwanted spectral components. These
conditions are generally s atisfied by the use of a pseudo -random binary sequence which, in

trials, has been found to work satisfactorily.

In practice, instantanecous changes of the amplitude and phase cannot be achieved.
Therefore the signal cannot instantaneously hop between the points 32, 34, 34a and 32a. It
therefore has to follow a trajectory from one point to the next. Furthermore, it is not
desirable for the signal amplitude to merely traverse along the in -phase axis between, for
example, point 32a and point 34 as in so doing the signal would pass through both point
34a which might lead to transmission of corrupt data and also thro ugh the origin thereby
creating a signal with a very large (100%) modulation index. Large modulation indexes
are not desirable as they interfere with the transfer of power from the reader/writer to the

passive device.

The solution chosen in GB 2437350 is a trajectory (which is implemented as a phase
modulation) which substantially maintains the amplitude between that of the zero bit and
one bit levels but which rotates the phase of the modulation signal around the constellation
(phasor) diagram through su bstantially 180 ° to change between the in -phase and anti-phase
sets of constellation points. Such a trajectory is schematically shown in Figure 4. Starting
at point 32, it can be seen that anti -clockwise rotation around the phasor diagram can be

used to follow trajectories 40 or 42 to constellation points 32a or 34a, respectively.
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However from point 32 it can also be seen that rotation in the clockwise direction can be
used such that trajectories 44 and 46 may be followed to the anti -phase constellation points
32a and 34a respectively. Similar trajectory paths exist from the constellation point 34 to
the constellation points 32a and 34a, but have not been numbered so as to improve the
clarity of the Figure. It can therefore be seen that, during the tran sition period from, for
example, constellation point 32 to constellation point 32a, the magnitude of the transmitted
signal remains substantially invariant or varies monotonically and hence ripple is not
introduced into the power supply of the passive devi ce. It is, of course, necessary to
modify the reader/writer unit in order to be able to transmit a signal in accordance with the
constellation diagrams shown in Figure 4 and hence it is necessary to be able to modulate
the phase of the signal to introduce phase changes into the transmitted signal. This could
be achieved using a quadrature modulator fed by appropriate in -phase and quadrature
phase signals. Indeed, the scheme is in principle extendable to large numbers of
constellation points, as long as o ne set lie on a circle have a radius representing a “0” and
the other set liec on a circle having a radius representing a “1”. I -Q modulators are
especially suited for encoding schemes having lots of constellation points. However, the
transmission scheme can also be introduced by a relatively simple modification of the AM
modulators already embedded in the reader/writer units for use with the passive devices.
This modification is particularly suited to schemes having low numbers of constellation
points. Such reader/writer units already include an amplitude modulator and a frequency
synthesiser in order to generate the RF carrier. So all that is needed is to add phase
modulation. However, since frequency and phase are closely related and in fact frequenc y
is the rate of change of phase, then the phase component of the modulation signal can be
differentiated and this differentiated signal applied to a voltage controlled oscillator input

as a frequency modulation to achieve the same result.

Figure 5 schema tically shows a modulator within a reader/writer unit which has been
modified in order to enable a phase variation to be superimposed upon the amplitude
modulated signal. The phase lock loop comprises a phase sensitive detector S0 which has a

first input 51 which receives a frequency reference signal from a stable frequency source,
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such as a crystal controlled oscillator. The phase sensitive detector 50 also has a second
input 52 which receives an output from a frequency divider 54 which in turn has its i nput
connected to the output 58 of a voltage controlled oscillator 60. The voltage controlled
oscillator has an input 62 which is connected to the output 64 of the phase sensitive
detector 50 via a filter network generally designated 70. In use, the freq uency output of the
voltage controlled oscillator is divided down by the frequency divider 54 by a divide ratio
N and supplied to the phase sensitive detector 50. The action of the phase sensitive
detector is to try and match the frequencies and phases of the signals occurring at its inputs
51 and 52 and it produces a voltage output which is indicative of the error between the
phases of the signals at its inputs. This error is low pass filtered in order to derive a control
voltage for the voltage controll ed oscillator therefore, providing the phase lock loop is
appropriately designed, it will act so as to set the output frequency of the voltage controlled
oscillator to be N time s the frequency of the reference frequency. Given that the reference
frequency is highly frequency stable, then the output frequency of the voltage controlled
oscillator 60 can also be made to be relatively stable in frequency and well defined in

frequency. The output of the oscillator is then provided to an amplitude modulator 80.

In order to allow the phase shift to be added to the signal, a further connection is made to
the input of the voltage controlled oscillator, via a resistor 72 such that a further control
voltage can be superimposed onto the oscillator input. Providing an appropriate
conversion gain is applied then this further control signal can be used to make small
perturbations to the voltage controlled oscillator’s frequency output so as to in troduce

appropriate phase modulation to the oscillator output signal .

Given that the amplitude and phase components of the modulation signal are treated
independently, and are cffectively uncorrelated, it is worth considering in little more detail
how they are generated. The amplitude component is generally straight forward, a digital
data signal that is to be transmitted is simply filtered an d DC shifted such that its mean

signal level is the mean level between the two amplitudes in the constellation diagram.
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As regards the phase component, we may assume that the modulation vector starts at an
angle of zero degrees (that is lies along the positive axis of the in -phase component of the
constellation diagram), and then one or more bits later swings with either a positive or a
negative rotation through 180°. After a further one or more bits it swings back again
preferably taking a reverse rotation to that which previously happened, such that it
effectively retraces its path. Therefore, returning to Figure 4, if a first phase rotation is
anti-clockwise such that the modulation vector 48 follows the paths 40 or 42 into the anti -
phase section of the phasor diagram, then the phase rotation will be a clockwise one so as
to return the vector back to the in-phase section. Thus, the modulation vector does

not travel through a complete 360° in any given direction of rotation .

The behaviour of the modulation vector can be produced from a random bit stream by
using duo binary encoding. A circuit suitable for generating such a phase change signal

using duo binary encoding is schem atically illustrated in Figure 6.

A pseudo random binary signal generator 80, is used to generate a pseudo random binary
sequence in response to timing signals from a clock 82. The pseudo random binary
sequence is sent to a first adding input of an adder 84. T he pseudo random binary
sequence is also provided to a delay element 86 which introduces a delay of one or more
clock pulses. The output of the delay element 86 is provided to a second adding input of
the adder 84. Given that, in broad terms, the output of the binary random number
generator 80 could either take a zero or a one then it can be seen that the output of the
adder 84 can take the values zero, one or two. An output of the adder 84 is provided to an
input of a second adder 86 which receives an o ffset signal for an offset generator 88, the
offset corresponding in this example to a value of -1 such that the output of the adder 86
can take the values -1, zero or +1. These output values may, or may not, be low pass
filtered and are then supplied to the input of the VCO via the resistor 72 . Apart form the
optional low pass filtering, if the phase signal is to be used with the VCO in a frequency
modulation implementation, then it should be differentiated to convert the phase

modulation to an equivalent frequency modulation. The size of the resistor 72 is selected,



10

15

20

25

WO 2009/129846 PCT/EP2008/054848

12

based on a knowledge of the transfer characteristics of the voltage control led oscillator 60
so as to set an appropriate gain between the output of the adder 86 and the input of the

voltage controlled oscillator 60 such that a desired phase of 180 ° is substantially achieved
over the duration of one bit period of the duo-binary output signal at the output of the adder
86.

In the present invention the transitions from one constellation point to another are modified
such that the transition is itself also going to give rise to a non -monotonic amplitude
variation. Thus the transitions shown in Figure 4 may be distorted slightly so as to follow
a more bowed bath within the constellation diagram. This concept is easier to see when

considering a more complex phasor diagram.

Figure 7 shows a constellation diagram having four constellation points 100, 102, 104, and
106. If we consider a transition from point 100 to 102, in a regime where we are onl y
seeking to change phase, i.e. we are not considering amplitude modulating the phase vector
to encode data, then in the regime described hereinbefore the vector would progress doing

path 110 representing a path of constant amplitude.

However, in the present invention the trajectory chosen deviates from the path of constant
amplitude, for example, but not necessarily, along a path of direct translation 112. It can
be seen that progression between the constellation points 100 and 102 along this path
causes variations in the distance to the origin, and hence gives rise to an amplitude
variation, as shown more clearly by the plot of amplitude versus rotation in Figure 8. In
Figure 8 the plot of amplitude decreases with increasing distance from the constellat ion
points, which occur at the 0 ° and 90° positions in this plot. Hence changes in amplitude are

not monotonic.

One consequence is that the rate of change of modulation vector amplitude is not

continuous, which does not prevent this technique from being u sed. However performance
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is improved if the modulation vector phase trajectory is modified to be more sinusoidal, as

indicated by chain line 122 in Figure 9.

The production of the sinusoidal or substantially sinusoidal path 122 can be achieved by
adding a further amplitude modulation to the carrier signal, but is most preferably done by
varying the rate of rotation of the phase vector such that it rotates more quickly around the
mid-point of its transition between adjacent constellation points and more slowly at the
beginning and end of its transition between constellation points. The phase transition r ate
can be shaped with a Gaussian filter. The path 120 corresponds to a MSK modulation
scheme whereas the filtering of the signal corresponds to a GMSK mod ulation scheme,

both of which are known to the person skilled in the art.

Figure 10 shows exemplary plots of phase versus time for a series of phase transitions
having a transition period T. This confirms that the MSK scheme gives rise to abrupt
changes in the rate of change of phase, whereas GMSK does not. As a result GMSK has a

better constrained spectrum.

The desire to convey amplitude and modulated data complicates the transition paths within
the constellation diagram. Initially consider an AM sign al modulated to a modulation
depth of 0.5 (compared to an arbitrary reference). Assuming that there are four
constellation points 100, 102, 104 and 106 then we can represe nt the constellation points in
the constellation diagram shown in Figure 11a. The c hain lines 130, 132, 134 and 136

represent transition paths within the constellation diagram.

Suppose now that we wish to convey data by way of amplitude modulation such that '0's
are represented by a modulation amplitude of 0.4 and '1's are represented b y a modulation

amplitude of 0.6. In such a scheme cach constellation point splits into a pair with, for

' '

example point 100a representing a '0' and point 100b representing a 'l'. The resultant
constellation diagram is shown in Figure 11b, with the possible transition paths being

shown by solid lines.
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The transmission scheme has a phase transition occurring in each T, and also can support

transmitting a data bit in each period T. Each phase transition encodes a clock signal.

Figure 12 represents a sampled filtered data sequence. In this example the data rate is eight
times over sampled. During the period up to sample 1984 or so no data is being encoded.
This might be because a memory spot reader/writer unit is receiving data from the memory
spot. However a data sequence starts which encodes the bit sequence 101001010111 up to
2080. The sequence continues but need not be considered further. The effect of the filter
is to smooth the transitions from a bit at one logic level to a bit at another. This is
advantageous as it gives improved tolerance to delay element errors in a data recovery

circuit of the receiver.

Meanwhile the phase of the carrier signal is also being varied by £90° in synchronisation
with the transmission slot for each data bit (irrespec tive of whether the data is being
transmitted or not). This is shown in Figure 13. Four modul ation phase states labelled PO
to P3 are shown. Thus a rotation of —90° may make a phase transition from phase state PO
to P1. Similarly another —90° rotation from P3 takes us back to PO and not P4 due to the
modulo nature of the phase transitions. The phase changes give rise to spectr um spreading

as described hereinbefore.

The transitions from one constellation point to an adjacent one in the absence of data, by
+90° phase rotations, are selected to take the paths shown in Figure 11a. Thus even in the
period preceding sample 1984 the phase transitions give rise to a modest amplitude change
in the carrier wave as shown in Figure 14. Once the data transmission is commenced then
the amplitude is a combination of the data and amplitude variations due to phase transitions

as set out by transitions within the constellation diagram in Figure 11b.

Figure 14 also represents, to a good approximation the signal obtained at an output of an

envelope detector within, for example, a memory spot chip or an RFID chip.
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In order for the memory spot device to derive the benefit from the transmission scheme it
needs to recover both the data and the clock signal from the signal at the output of its

envelope detector (AM demodulator).

In keeping with the cost sensitivity in the manufacture of such de vices the apparatus for
recovering the clock and the data from the combined signal needs to be simple -and

inexpensive.

The inventor realised that as there is exactly one cycle of amplitude variation encoding the
timing data per phase transition, then a moving averager with a window 1 bit long will

produce a constant level output.

Figure 15 shows an embodiment of the data and clock recovery circuit within a memory
spot device. The memory spot device includes an AM demodulator 150 having an output

provided to an input 152 of the data and clock recovery circuit 154.

The data and clock recovery circuit 154 can be implemented in the analogue or digital
domains. The implementation described herein is in the digital domain.  This is an
appropriate decision as the memory spot will be fabricated to include digital memory and
limited processing capability so the formation of a digital clock and data recovery circuit
will not incur extra processing steps at manufacture. The demodulated signal is provided
to an analog to digital converter 160 such that all subsequent processing can be done in the
digital domain. The analog to digital converter may over sample the output of the
demodulator such that several conversions are made per bit of data transmitted from a

reader/writer to the memory spot device.

An output of the analog to digital converter 160 is provided to a moving averager 162 and
a delay element 164. The moving averager comprises a plurality of delay elements 170 to
176 arranged in series. The outputs of s everal of the elements are combined at a summer

180 so as to form a finite impulse filter as is well known to the person skilled in the art. In
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fact to form a moving average all the delayed versions are weighted equally by N where N

is the number of delay taps and summed together.

Thus the contribution to amplitude changes resulting from the clock signal are removed by
the moving averager. The signal at an output 182 of the moving averager 162 is shown in
Figure 16. For clarity the waveforms in Figure 12, 14 and 16 are plotted against a common
time axis as represented by the sample number. It can be seen that the output of the
averager 162 is slightly delayed in time compared to the output of the demodulator. The
purpose of the delay element 164 is to introduce a matching delay in the path of the signal
that has not passed through the moving averager. The recovered data signal is then
subtracted from a time aligned version of the demodulator output at a subtractor 190 to

recover the clock signal. A plot of the recovered clock signal is shown in Figure 17.

The clock signal can then be used as a reference for a phase locked loop and associated
voltage controlled oscillator, generally designated 200, so as to generate an internal clo ck
CLK which may be used to control the timing of various functions within the memory
spot, such as sampling times of the analog to digital converter 160 and read and write

events to the memory of within the memory spot.

It should be noted that minor errors in the length of the filter time constant or timing errors
in the moving averager can be tolerated as only a small bit of the timing signal remains

mixed into the data signal.

The receiver of Figure 15 can be modified, for example by passing the average d signal
through a decision threshold to generate a squared data signal prior to providing it to the

subtractor 190.

It is thus possible to encode timing information in a way that does not restrict the data
throughput and which does not degrade the power s pectral density of a reader/writer for

use with passive devices such as RFID tags or memory spots.
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CLAIMS

A modulation scheme for modulating a signal transmitted from a first device to a
second device which is energised by the signal, wherein the first device is further
arranged to amplitude modulate the signal at a data rate, and wherein the method
further comprises phase modulating the signal at a clock rate synchronised with the
data rate, and wherein the phase modulation is arranged to cause a non -monotonic

change in the signal amplitude.

A modulation scheme as claimed in claim 1, in which the phase modulation
comprises a plurality of transitions between adjacent constellation points in a
constellation diagram when the phase of the carrier signal is represented on the

constellation diagram.

A modulation scheme as claimed in claim 2, in which the transitions occur along a
trajectory such that a magnitude of the signal initially diminishes before increasing

again.

A modulation scheme as claimed in any of the preceding claims, in which the phase

transitions are a rotation by substantially 90 degrees.

A modulation scheme as claimed in claim 4, in which the rate of rotation varies

during transition.

A reader/writer device for use with a passive device a rranged to be irradiated with
RF energy by the reader/writer device, wherein the re ader/writer device modulates

an RF carrier in accordance with the method of any of the preceding claims.

A receiver for recovering timing and data information from a signal ,

comprising an envelope detec tor for demodulating the signal
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to produce a demodulated signal;

a filter for filtering the demodulated signal to remove or attenuate amplitude
variations due to the timing information so as to produce a data signal; and

a timing recovery circuit for forming a difference between time aligned
versions of the demodulated signal and the data signal so as to recover the timing

information.

A receiver as claimed in claim 7, in which the filter is a moving average filter.

A receiver as claimed in claim 7 or 8, in which the filter is a digital filter.

A receiver as claimed in any of claims 7 to 9, in which the timing recovery circuit
includes a delay line to bring the output of the envelope detector into time

alignment with the data signal.

A passive device arranged to be irradiated with an RF signal and to recover energy
from the signal so as to derive power to operate the device, further including a

receiver as claimed in any of claims 7 to 10.

A passive device as claimed in cl aim 11, wherein the passive device is a memory

spot.



WO 2009/129846

1/13

o,
oo
o
o
o
e
e
o
o
~
-~
e

FIG. 1

PCT/EP2008/054848

Tx

Ry

10




WO 2009/129846 PCT/EP2008/054848

2113

Transmitted Signal Spectrum

-50

aB

00 4

-150

0 -10MHz 0 +10MHz

FIG. 2



WO 2009/129846 PCT/EP2008/054848

3/13

36

34 32 30

FIG. 3



WO 2009/129846 PCT/EP2008/054848

4/13

FIG 4



WO 2009/129846 PCT/EP2008/054848

5/13

Y

8

H

AM
modulator

Frequency
input

W
Q
L.
<
TORAN BN
-
P
<
< (2
o]
\‘"‘“‘\
-]
To IV ;-_%
3.
_ON
&’\ J

Fref



PCT/EP2008/054848

WO 2009/129846

6/13

88~

138440

im\.*.

e

9 Ol

€84 MO010

HOLVHANTD TYNDOIS
AHVNIE WOONYY
GEERT

_\L.

08




WO 2009/129846

PCT/EP2008/054848

Q
110 4 path of constant amplitude
e T é:':// path of direct fransition
Afrannegnefananes =

100~ \\ P ’x’ 109
B &

106~ “104

FIG 7
&
modulation | J
vector “
amplitude ;
0 9 rotation

Change in amplitude during a single state transition

FIG 8



WO 2009/129846 PCT/EP2008/054848

8/13

&
modulation | 122 '
vector |
amplitude i - filtered phase trajectory
! ' inear phase trajsctory
0 T 2T fime

T=phase bit period

Amplitude changes join to become a continuous
waveform over several bit periods

FIG. 9
phase
N 7 VARV L
135 0

T=phase hit period

Example phase trajectories for MSK {solid straight line segments)
and GMSK {dotted smooth curve)

FIG. 10



WO 2009/129846

imag {No_Data)

imag (With_Data)

“06 ]

0.6 #& JZW ¥ ¥

PCT/EP2008/054848

0.6 > > -

wwwww ax xx wu oo do ook Ak XN U oo oo X RX

~132

\

-136

N

106 134

A\

% A

104

%ﬂ e

of xx xc 0 b0 fo ox sx ¢ w0 oo 0o oo ok mcjoa oo oo o of

,;%...
\

06 04 02 00 02 04
real (No_Data)

FIG. 11a

)
(s}

06 04 02 006 02 04 08

real {With_Data)
FIG. 11b



PCT/EP2008/054848

WO 2009/129846

10/13

000G

0561

rgrd

0061

0581

0081

el Old

soidwes s1L1e

0gil

0041

0581

0081

-

0561

001

0S¥

b
Od

-
£

N
Q.

0
£

SIEIS PO



PCT/EP2008/054848

WO 2009/129846

1 9Old

0lez et

791

A0

8l

€d
80
e
J

N A

.F:\ mmw 0L1L
mm.w AN




PCT/EP2008/054848
12/13

WO 2009/129846

9t ©lid
sodwes pubig
0812 091¢ Ovle 0212 001 0BOC 0902 Op0Z 020C 000C 08Bl 096L Ov6L 0261 0061 088L 0981

4%
NN N N ) a5
JA\VAIAN SV A\RY/RVAVRVAIV, o

Al
vl Old

saidweg rubig
0812 0917 OplZ 0218 001 0802 0902 O¥0C 0202 G002 0BGL 0961 OvelL 0261 0061 088L 0981

70
A A M VW B A AAAAANANAANAANA mm
IVARVERYVLTERVIRT\VIVRVIRVERVIRVAAAS AM AL AA A4 A g0

o)

A I E

saidweg rubig

0BlE 0017 Ovld 0218 OO0l 0BOC 0802 OF0Z 0207 0004 086l (096l Ol 026l 006L (8BL 0981
i ] 3 3 § i 3 3 § i } i ] i } § WQ!
] gy | £ 7% i) o 1 iN.Q;
iwiim i iwiwiiwi 5
NIlVERN A YA B AVIAVERVY 00

¥

{leubigx i) Bew RS cilTy

X1 eeg



PCT/EP2008/054848
13/13

WO 2009/129846

Ll Old

saidweg rubig

OBLC 091¢ O¥le OZi¢ O0LE 080¢ 0802 Ov0E 0207 000C 086L 0861 Obl 0Z6L CO6L 0881 0981

-0
A At 354
kﬁmq%@w<¢m@WMm @ﬂmﬂ%mﬁm<m< VVVVVVVEVLY i
ad

eufig T Buru



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2008/054848

A. CLASSIFICATION OF SUBJECT MATTER
INV.  HoAL27/3d o HOAL27/36

G06K7/00 H04L27/38

According to Internalional Patent Classification (IPC) or 10 both national classification and IPC

B. FIELDS SEARCHED

HO4L GO6K HO3C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, INSPEC

Electronic dala base consulled during the international search (name of data base and, where practical, search terms used)

C.‘DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document. with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 03/062861 A (TAGSYS AU
31 July 2003 (2003-07-31)

[AU]; COLE PETER HAROLD [AU])

STRALIA PTY LTD 1-4,6

page 3, line 28 - page 4, line 10

page 7, line 4 - line 5

page 20, line 25 - page 21, line 13

figure 8
Y 5
Y US 5 541 953 A (HIBEN BRADLEY M [US] ET 5

AL) 30 July 1996 (1996-07-30) :

column 3, line 45 - last line

column 5, line 18 - last line

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is ciled to establish the publication date of another
citation or other special reason (as specified)

*0* document referring 1o an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannol be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

°Y* documeni of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
metr‘ns, l's1uch combination being obvious to a person skilled
in the art.

*&* document member of the same patent family

Date of the actual completion of the international search

15 June 2009

Date of mailing of the intemational search report

26/06/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340~3016

Authorized officer

Moreno, Marta

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2008/054848

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passagés

Relevant {o claim No.

Y

US 2006/238301 Al (WU JIANGFENG [US] ET
AL) 26 October 2006 (2006-10-26)
paragraph [0005]

paragraph [0011]

paragraph [0060] - paragraph [0065]

GB 2 437 350 A (HEWLETT PACKARD
DEVELOPMENT CO [US])

24 October 2007 (2007-10-24)

figures 4,10

14 June 1994 (1994-06-14)

column 2, tine 10 - Tine 30

column 2, Tine 59 - last line

figure 3b

WO 99/56414 A (MICRON COMMUNICATIONS INC
[US]) 4 November 1999 (1999-11-04) '
page 4, line 6 - line 20

page 9, line 24 - page 10, line 2

figure 4

JENKS F G ET AL: "Use of Four-Level Phase
Modulation for Digital Mobile Radio"
IEEE TRANSACTIONS ON ELECTROMAGNETIC
COMPATIBILITY,

vol. EMC-10, no. 4,

1 November 1972 (1972-11-01), pages
113-128, XP011164568

IEEE SERVICE CENTER, NEW YORK, NY, US
ISSN: 0018-9375

page 114, column 2, line 1 - line 14

7-12

7-12

1-5

1,5

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2008/054848
Patent document Publication Patent family Publication
‘Cited in search report date member(s) date
WO 03062861 A 31-07-2003  CN 1610842 A 27-04-2005
EP 1466193 Al 13-10-2004
JP 2005515739 T 26-05-2005
US 2004246101 Al 09-12-2004
US 5541953 A 30-07-1996  NONE
US 2006238301 Al 26-10-2006  NONE
GB 2437350 A 24-10-2007  EP 2008423 A2 31-12-2008
WO 2007118906 A2 25-10-2007
US 2007248188 Al 25-10-2007
US 5321799 A 14-06-1994  NONE
WO 9956414 A 04-11-1999 AU 3560899 A 16-11-1999
: : US 6459726 Bl 01-10-2002
Us 2008180253 Al 31-07-2008
US 2002015436 Al 07-02-2002

Form PCT/ISA/210 (patent tamily annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

