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Description

[0001] The presentinvention relates to a piezo-electric
tag.

[0002] Tags are portable devices which are capable of
being attached to items or personnel wearable. They can
be used, for example, for remotely identifying the items
or receiving information therefrom. In many applications,
the tags must be compact and be capable of responding
after long periods of inactivity, for example where the
tags are incorporated into items placed into storage for
periods of several years.

[0003] Conventionally, tags can be passive devices
which modify and reflect interrogating radiation directed
thereto from associated interrogating sources. Because
the tags do not provide power gain, their operating range
from the sources is often limited to a few metres.
[0004] Active tags are known which incorporate on-
board power sources such as a miniature electrical cell.
Such power sources have limited operating lifetime, es-
pecially if they are required to power their associated tags
continuously. Moreover, the sources can make the tags
unacceptably bulky for some applications, for example
where tags are implemented as film strips for incorporat-
ing into spines of library books.

[0005] Although it is feasible to power tags from radi-
ation incident thereupon, for example using solar cells
incorporated into the tags or by inductively coupling en-
ergy from associated interrogating sources to the tags,
it is not practicable in some circumstances to do this for
safety reasons, for reasons of restricted operating range
or for reasons of obscuration in the case of solar cells.
[0006] The use ofreceived radio radiation for powering
electronic tags is known in the art, for example as dis-
closed in a published patent application no. GB 2 306
081A. In the application, there is described a passive
electrical power supply for providing electrical power to
an electronic tag, the supply comprising an antenna for
converting received radio frequency radiation into a first
electrical signal, and a transformer including wire-wound
coils for transforming the first signal into a second signal
capable of altering the impedance of a field effect tran-
sistor (FET). In operation, the FET provides at its drain
electrode a quasi half-wave rectified representation of
the second signal which is converted to a unipolar signal
by a capacitor connected to the drain electrode, the un-
ipolar signal providing a power supply potential for oper-
ating the tag. The supply is operable to convert the re-
ceived radiation into the unipolar signal such that the
transformer operates at the frequency of the received
radiation received at the antenna. The transformer can
optionally be an autotransformer comprising a single
wire-wound coil.

[0007] A power supply for a transponder is also dis-
closed in a published patent application no. GB 2 303
767 A. The supply described provides power to a re-
sponse circuit of the transponder, the supply generating
direct current (d.c.) from received electromagnetic ener-
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gy. The supply comprises a capacitor charged from a
rectifier diode, the diode having a characteristic such that
its reverse resistance against a reverse current directed
at its n region to its p region is lower than its forward
resistance against a reverse current directed from its p
region to its n region. The diode is thus connected re-
versely compared to a conventional diode, its anode be-
ing connected to a positive plate of the capacitor. The
arrangement allows the transponder to remain functional
even when the received electromagnetic energy is rela-
tively weak. The required characteristic for the diode can
be implemented by the avalanche or tunnel effect. More-
over, a voltage multiplier may be provided by using a
plurality of the diodes with associated capacitors for gen-
erating higher supply potentials. The supply does notem-
ploy any form of transformer for increasing the potential
of signals generated in response to receiving the elec-
tromagnetic energy.

[0008] Piezo-electric transformers capable of stepping
up potentials are also known in the art, for example as
described in US patent nos. US 5 828 160 and US 5 389
852. Such transformers are operable to resonate at a
frequency typically in a range of several tens of kHz to
300 kHz when stepping up potentials. This range of fre-
quencies is considerably less than that used for electro-
magnetic radiation conventionally employed to interro-
gate electronic tags, for example 10 MHz to 30 GHz.
Although piezo-electric transformers operating at fre-
quencies above 300 kHz can be fabricated, for example
600 kHz, their cost and difficulty of fabrication renders
them unattractive for items such as electronic tags.
[0009] Non-contactenergy coupling schemes employ-
ing piezo-electric devices are known in other technical
fields, for example as disclosed in a US patent no. 5 749
909 concerning medically implanted devices. In the pat-
ent, there is described an energy transmission system
for transmitting energy non-invasively from an external
unit to an implanted medical device to recharge a battery
in the medical device. An alternating magnetic field is
generated by the external unitand a piezo-electric device
in the implanted medical device vibrates in response to
the magnetic flux to generate a voltage. The voltage is
rectified and regulated to provide charging current to a
rechargeable battery in the medical device. In the ar-
rangement, the piezo-electric device is stimulated by the
magnetic flux at a resonant frequency of the device,
namely in the order of tens of kHz.

[0010] The inventor has appreciated that a principal
problem associated with tags operated from radiation in-
cidentthereuponis thatitis difficult to generate potentials
on the tags of sufficient magnitude to operate semicon-
ductor integrated circuits incorporated therein. Such cir-
cuits frequently require a supply potential a several volts
to function.

[0011] Theinventorhasdevised atagwhichaddresses
this principal problem and which is Operable, for exam-
ple, from moderate levels of incident radiation thereupon
in the order of 10 wW. Such moderate levels of radiation
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rarely represent any health and safety risk.

[0012] According to a first aspect of the present inven-
tion, there is provided a piezo-electric tag (10) for receiv-
ing input radiation (100) and generating a corresponding
output signal therefrom, the tag (10) comprising a piezo-
electric device (40) comprising one or more suspended
cantilevers (42,44), each cantilever incorporating an as-
sociated piezo-electric transducer operable to generate
an element signal in response to vibration of its associ-
ated cantilever, the transducers connected in series to
add their element signals to provide the output signal to
an input of a second rectification circuit (50), the second
rectification circuit (50) incorporating an output which is
connected to a power supply input of a transponder circuit
(60), characterized in that the device (40) is silicon mi-
cromachined and comprises an excitation transducer op-
erable to be driven by a drive signal from a first rectifica-
tion circuit (30) connected to an antenna (20) to receive
the input radiation for stimulating the one or more canti-
levers (42. 44) into vibration and thereby generating a
voltage magnitude enhanced output signal to generate
a supply potential for the transponder circuit (60).
[0013] The invention provides the advantage that the
vibrating means is capable of providing voltage magnifi-
cation, thereby enabling the tag to be powered from ra-
diation incident thereupon.

[0014] Forthe purpose of describing the invention, mi-
crowave frequencies means frequencies substantially in
arange of 1 GHz to 30 GHz.

[0015] The vibrating means conveniently comprises a
silicon micromachined device comprising an array of one
or more resonant elements, each element incorporating
an associated piezo-electric transducer operable to gen-
erate an element signal in response to vibration of its
associated element, the transducers connected in series
to add their element signals to provide an overall output
from which the supply potential is generated, and driving
means operable to be driven by the received signal for
stimulating the one or more elements into vibration and
thereby generating the supply potential.

[0016] The silicon device provides the advantage that
it capable of being mass-produced and being highly com-
pact, for example 2 mm wide by 2 mm long by 0.6 mm
thick.

[0017] Advantageously, the resonant elements in the
silicon device are operable at resonance to generate the
supply potential. Operation at resonance provides the
benefit that voltage magnification in the device is greater
than off-resonance.

[0018] Moreover, to obtain even greater voltage mag-
nification, the resonant elements are housed in an evac-
uated environment. Operation in the evacuated environ-
mentincreases Q-factor of the resonant elements, there-
by increasing voltage magnification provided by the sili-
con device.

[0019] Conveniently, the receiving means in the tag
incorporates demodulating means for demodulating
modulation components presentin the received radiation
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to generate the received signal. Inclusion of the demod-
ulating means provides the benefit of signal frequency
transformation, thereby enabling the tag to receive radi-
ation providing power thereto at a different carrier fre-
quency to the frequency of vibration required for exciting
the vibrating means.

[0020] Advantageously, the demodulating means in-
corporates zero-bias Schottky diodes for demodulating
the received radiation to generate the received signal.
The zero-bias Schottky diodes provide the advantage of
exhibiting a smaller forward conduction voltage drop
compared to p-n silicon junction diodes, thereby enabling
the tag to function with lower levels of received radiation
power, for example 10 pW.

[0021] Conveniently, the receiving means incorpo-
rates one or more conductive metallic film dipole anten-
nae for one or more of receiving and emitting radiation.
Such dipoles provide the advantage of being potentially
compact and inexpensive to mass-produce.

[0022] The tagbeneficially incorporates two antennae,
one antenna for use in generating the received signal
and the other incorporated into the responding means
for at least one of emitting and receiving radiation. Incor-
porating two antennae provides the advantage that each
antennae can be optimized to function at its respective
radiation frequency. Conveniently, the antennae are con-
ductive metallic film dipole antennae for reasons of in-
creased compactness and reduced manufacturing cost.
Alternatively, the antennae can also be patch antennae
or loop antennae.

[0023] In some practical applications of the tag, it is
advantageous that the tag is implemented in the form of
a block, for example a cuboid block. This form provides
the tag with enhanced mechanical robustness and there-
by increases its reliability.

[0024] When the tag is personnel wearable or attach-
able to items of merchandise, itis convenient that the tag
is in the form of a planar card. This form provides the
advantage that the tag can be of similar size to existing
planar cards, for example debit cards, thereby providing
adegree of potential compatibility with existing card read-
ing equipment.

[0025] When the tag is implemented in a planar card
form, it conveniently incorporates recesses for accom-
modating the receiving means, the vibrating means and
theresponding means. Such recesses provide protection
for the receiving means and the responding means,
thereby making the tag more robust.

[0026] In the tag, the circuit means can comprises re-
sponding means for emitting output radiation from the
tag, the responding means powerable by the supply po-
tential. Incorporation of the responding means enables
the tag to be remotely identified when interrogated.
[0027] Conveniently, the responding means is a trans-
ponder operable to receive input radiation to the tag and
emit output radiation in response from the tag. Incorpo-
ration of the transponder enables the tag to be selectively
responsive to interrogating radiation in an environment
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which is flood illuminated with radiation for exciting the
vibrating means.

[0028] Advantageously, the transponder is operable to
modulate the output radiation with a signature code by
which the tag can be individually identified. The code
enables the tag to be individually recognised which is
highly advantageous where the tag is personnel weara-
ble and used to identify its wearer, for example as in
personal identification tags worn by employees in a com-
mercial establishment.

[0029] When operating with high frequency radiation,
for example at UHF frequencies from 300 MHz to 1 GHz
and from microwave frequencies from 1 GHz to 30 GHz,
the tag advantageously has the transponder incorporat-
ing a reflection amplifier for amplifying the input radiation
to generate the output radiation. The reflection amplifier
provides the advantage that it is capable of providing a
high gain, for example in a range of +10 dB to +30 dB,
for relatively low current consumption, for example in the
order of a few microamperes.

[0030] Advantageously, especially when the trans-
ponder provides considerable gain, the transponder is
operable in a pseudo-continuous mode and incorporates
a delay line for delaying the output radiation relative to
the input radiation, thereby counteracting spontaneous
oscillation from arising within the transponder from feed-
back therein.

[0031] Conveniently, the tag is arranged such that the
receiving means incorporates first and second antennae
for generating the received signal for exciting the vibrat-
ing means, the first antenna adapted to respond to mi-
crowave radiation and the second antenna adapted to
respond to radiation having a carrier frequency corre-
sponding to aresonant frequency of the vibrating means.
Incorporation oftwo antennae for generating the received
signal provides the advantage that the tag is powerable
from radiation having a number of possible carrier fre-
quencies.

[0032] Inasecond aspectof the invention, there is pro-
vided a method of guiding a vehicle along a path to a
destination, the method comprising the steps of:

(a) distributing a plurality of tags according to the first
aspect along the path and providing the vehicle with
a direction sensitive interrogating source adapted to
transpond with the tags;

(b) interrogating the tags from the source by emitting
radiation to the tags and receiving radiation there-
from, thereby determining direction of the tags rela-
tive to the source and hence determining the path;
(c) moving the vehicle along the path; and

(d) repeating steps (b) and (c) until the vehicle reach-
es the destination.

[0033] Examples and Embodiments of the invention
will now be described, by way of example only, with ref-
erence to the following diagrams in which:
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Figure 1 is a schematic of a first example;

Figure 2 is an exterior perspective view of the first ex-
ample shown in Figure 1;

Figure 3  is an illustration of a second example;

Figure 4 is an illustration of a third example incorpo-
rating a simplified circuit utilising loop anten-
nae:

Figure 5 s anillustration of a fourth example adapted
for operating with Manchester encoded sig-
nals; and

Figure 6 is an illustration of a fifth example incorpo-
rating a single antenna for use in emitting
and receiving radiation.

[0034] Referring to Figure 1, there is shown a piezo-

electric tag according to a first example indicated by 10.
The tag 10 incorporates a number of sections, namely a
first dipole antenna indicated by 20 and included within
a dotted line 22, a first rectification circuit indicated by 30
and included within a dotted line 32, a piezo-electric
transformer indicated by 40 incorporating a primary re-
gion 42 and a secondary region 44, a second rectification
circuit indicated by 50 and included within a dotted line
52, and atransponder circuitindicated by 60 and included
within a dotted line 62. The sections are incorporated into
aplastic card having external dimensions of 55 mm width,
85 mm length and 1 mm thickness; this will be further
described later with reference to Figure 2.

[0035] The transponder 60 incorporates a dipole an-
tenna indicated by 64 and included within a dotted line
66, a bi-directional surface acoustic wave (SAW) delay
line 68 and a reflection amplifier 70.

[0036] The first dipole antenna 20 is connected to an
input of the first rectification circuit 30. The circuit 30 in-
cludes an output which is connected to the primary region
42 of the transformer 40. The secondary region 44 thereof
is connected to an input of the second rectification circuit
50. The second circuit 50 incorporates an output which
is connected to a power supply input to the transponder
60.

[0037] Operation of the tag 10 will now be described
in broad overview after which its sections will be de-
scribed in further detail.

[0038] The antenna 20 receives incoming radiation
100 from an interrogating source (not shown). The radi-
ation 100 has a carrier frequency of 1 GHz which is am-
plitude modulated to a modulation depth in a range of
50% to 100% by a modulating signal which has a fre-
quency of 300 kHz. Moreover, the radiation 100 has a
power density of 5 mW/m2 at the antenna 20. The radi-
ation 100 couples to the antenna 20 and generates a
corresponding signal S, across output terminals T4, T,
of the antenna 20; the signal S, has a frequency of 1
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GHz and an amplitude in the order of 80 mV. The signal
S, propagates to the first circuit 30 which demodulates
it and then filters it to substantially remove signal com-
ponents above 1 MHz to generate a unipolar modulated
signal S, having signal components at 300 kHz. The
transformer 40 receives the signal S, across its primary
region terminals P, P,. The signal S, stimulates the pri-
mary and secondary regions 42, 44 to resonate at 300
kHz in their longitudinal mode of vibration. At resonance,
the transformer 40 magnifies the signal S, received at
its primary region 42 to generate a bipolar alternating
signal S, at a secondary region terminal S, the signal
S, having an amplitude in the order of 3 volts. The second
circuit 50 receives the signal S, and demodulates and
filters it to generate a substantially smoothed unipolar
signal Sy at an output terminal of the circuit 50. The trans-
ponder 60 receives the signal Sy and uses it as a supply
potential to power active circuits incorporated thereinto.
[0039] The transformer 40 provides the advantage of
performing a step-up voltage conversion function from
its primary region 42 to its secondary region 44 at reso-
nance, thereby providing the signal S of sufficient mag-
nitude of several volts to power active electronic devices
incorporated into the transponder 60, namely the reflec-
tion amplifier 70. Although the transformer 40 cannot pro-
vide power gain, it is effective to provide an impedance
conversion for matching an input impedance presented
by the second circuit 50 to an output impedance present-
ed by the first circuit 30; the signal S, of relatively lower
voltage amplitude from the antenna 20 which is unsuit-
able for powering circuits is thereby converted into the
signal S of relatively high voltage, namely several volts,
which is suitable for powering circuits.

[0040] The transponder 60 receives incoming contin-
uous-wave radiation 102 from the interrogating source.
The radiation 102 has a carrier frequency of 1.5 GHz. In
response to receiving the radiation 102, the antenna 64
generates a corresponding signal S; at its terminals
which passes to the delay line 68 and propagates there-
through whilst being delayed therein to provide a signal
S; at an input to the reflection amplifier 70. The ampilifier
70 presents a modulated negative resistance at its in-
put/output terminal and thereby reflectively amplifies the
signal S; to generate a corresponding modulated ampli-
fied signal Sg. The signal Sg propagates back through
the delay line 68 whilst being delayed therein to the an-
tenna 64 from where it is emitted as return radiation. The
interrogating source receives the return radiation and de-
termines that it is modulated, thereby detecting the pres-
ence of the tag 10.

[0041] Thetag 10 provides the benefit that it is capable
of providing the modulated return radiation without there
being a need for the tag 10 to incorporate limited lifetime
power sources such as batteries for powering its active
circuits. Avoidance of the need for batteries provides the
tag 10 with a potentially useable lifetime of several dec-
ades or more. Thus, the tag 10 is thereby suitable for
attachment to products which are to be stored for lengthy
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periods of time, for example several years.

[0042] Sections of the tag 10 will now be described in
more detail.

[0043] The antenna 20 is a thin film dipole formed by
conductive tracks on a major surface of the card. It is
designed to operate at a radiation frequency of 1 GHz.
The terminal T, of the antenna 20 is connected to a signal
ground on the card, and the terminal T, is connected to
the first circuit 30.

[0044] The circuit 30 incorporates two zero-bias
Schottky diodes D4, D, and a filter capacitor C4. The
diode D, is connected by its anode to the diode D, at its
cathode to form an input terminal; the terminal is con-
nected to the terminal T, of the antenna 20. The diode
D, is connected at its cathode to a first terminal of the
capacitor C4. The capacitor C4 incorporates a second
terminal which is connected to the signal ground. The
diode D, incorporates an anode which is also connected
to the signal ground.

[0045] Thediodes D4, D,are operable to provide signal
rectification at microwave frequencies, for example 1
GHz, and be responsive to signal amplitudes in the order
of mV. They incorporate metal-semiconductor junctions
for performing rectification. Ordinary p-n silicon junction
diodes are not as desirable for use in substitution for the
diodes D4, D, because of their relatively greater voltage
drop when operating under forward bias. The capacitor
C, is operable to shunt signal components at microwave
frequencies to the signal ground. An output from the cir-
cuit 30 is extracted from across the capacitor C4, namely
from the first terminal of the capacitor C, relative to the
signal ground.

[0046] The transformer 40 is fabricated from a hard
piezoelectric lead zirconate titanate (PZT) material
whose dielectric loss coefficient is less than 0.02; the
dielectric loss coefficient is defined as a ratio of energy
dissipated per cycle to energy stored per cycle. It has
exterior dimensions of 3 mm width, 6 mm length and 1
mm thickness and is therefore of an elongate form having
an elongate axis. In operation, it is designed to periodi-
cally vibrate in a longitudinal manner along the elongate
axis at a resonant frequency of approximately 300 kHz.
The primary region 42 comprises a multilayer stack of
piezoelectric elements, each element having exterior di-
mensions of 3 mm length, 3 mm width and 0.1 mm thick-
ness and polarised in its thickness direction. The sec-
ondary region 44 comprises a single element having ex-
terior dimensions of 3 mm width, 3 mm length and 1 mm
thickness; the region 44 is polarised in a direction parallel
to the elongate axis when assembled in the transformer
40., The elements of the primary region 42 and the sec-
ond region 44 are mutually joined by sintering them to-
gether or using an epoxy resin of comparable rigidity to
the PZT material.

[0047] In operation, the transformer 40 exhibits a lon-
gitudinal resonance mode at 300 kHz frequency having
an associated Q-factor in the order of 100. It functions at
its resonance to magnify the voltage amplitude of signals
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applied to its primary region 42 by generating corre-
sponding signals at its secondary region 44 of relatively
greater voltage amplitude. This magnification arises at
the expense of reduced signal current at the secondary
region 44 compared to the primary region 42; in other
words, the transformer 40 provides an impedance match
but does not impart power gain.

[0048] The circuit 50 employs an identical configura-
tion to the circuit 30. The capacitor C, and the diodes D4,
D, in the circuit 30 correspond to a capacitor C, and
diodes D3, D, in the circuit 50 respectively.

[0049] The reflection amplifier 70 of the transponder
60 is connected at its power supply connections to the
signal ground and to the first terminal of the capacitor C,
which is not connected to the signal ground. Electrical
power is thereby supplied to the amplifier 70 in operation.
[0050] The reflection amplifier 70 incorporates a
switching oscillator which periodically switches reflective
gain provided by the amplifier 70 between a high gain
state and a low gain state. The oscillator is operable to
switch the amplifier 70 in a cyclical manner between the
high gain state for a period of 2t and the low gain state
for a period of 21. In the low gain state, the amplifier 70
is incapable of sustaining spontaneous oscillation within
the transponder 60. The period of 2t corresponds to twice
a time duration for signals to propagate in one direction
through the delay line 68. Periodic switching of gain pro-
vided by the amplifier 70 counteracts the formation of
spontaneous oscillation within the transponder 60 be-
cause amplified signals from the amplifier 70 are reflect-
ed from the antenna 64 and return to the amplifier 70
when it is switched to its low gain state. In its high gain
state, the amplifier 70 provides +23 dB gain which could
result in the formation of spontaneous oscillation if the
amplifier 70 were not periodically gain switched to the
lower gain state as described above.

[0051] Referring now to Figure 2, there is provided an
exterior perspective illustration of the tag 10. The tag 10
incorporates a non-conducting plastic substrate layer
200 having first and second major faces. Onto the first
maijor face is bonded a conductive earth-plane layer 210
of aluminium material in a range of 30 um to 100 um
thick. The layers 200, 210 have a length of 85 mm in an
x-direction indicated by an arrow 212, and a width of 55
mm in a y-direction indicated by an arrow 214. The layers
200, 2 10 have a combined thickness of 1 mm in a z-
direction indicated by an arrow 216.

[0052] The substrate layer 200 incorporates recesses
230, 240, 250, 260 moulded thereinto to accommodate
the circuits 30, 50, the transformer 40, the amplifier 70
and the delay line 68 respectively. Being elongate, the
tag 10 has an elongate axis in the x-direction. At first and
second elongate ends of the tag 10, there are formed the
antennae 20, 64 respectively. The antennae 20, 64 are
both bow-tie dipole antennae incorporating deposited
metallic regions formed onto the second major face of
the layer 200. Connecting conductive tracks are also
formed on the second major face to connectthe antennae
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20, 64 to the circuits 30, 50 and the delay line 68 respec-
tively. Further tracks are included to connect the circuits
30, 50 to the transformer 40 and the amplifier 70, and
the delay line 68 to the amplifier 70. Wire bonding tech-
niques are employed for bonding from the tracks to the
recesses 230, 240, 250, 260.

[0053] When fabricated, a 100 wm thick protective
plastic layer (not shown) is added onto the second major
face to protect the antennae 20, 64, the tracking, the cir-
cuits 30, 50, the transformer 40, the amplifier 70 and the
delay line 68. Graphical information, for example optically
readable bar codes or a photographic image, can be op-
tionally printed onto the protective layer. The photograph-
ic image is particularly relevant when the tag 10 is per-
sonnel wearable and used as a remotely interrogatable
identity tag.

[0054] Referring now to Figure 3, there is shown a pi-
ezoelectric tag according to a second example indicated
by 300. The tag 300 is identical to the tag 10 except that
it additionally includes a planar coil 310 in parallel con-
nection with the capacitor C,.

[0055] The earth plane layer 210 can be selectively
absentin a vicinity of the coil 310 so as not to excessively
screen the coil 310. The coil 310 is formed onto the sec-
ond major face of the layer 200 shown in Figure 2 adja-
cent to the circuits 30, 50 and the transformer 40. The
capacitor Cy4, in parallel with an electrical capacitance
presented by the transformer 40 between its terminals
P4, P5, and the coil 320 are operable to parallel resonate
at the resonant frequency of the transformer 40, namely
300 kHz. Inclusion of the coil 320 enables the tag 300 to
be powered not only from 1 GHz radiation received at
the antenna 20 but also from inductively coupled mag-
netic fields at 300 kHz coupling to the coil 320. The tag
300 can thereby be powered in two different modes so
that it can be used in environments where radiation at
either or both frequencies, 300 kHz and 1 GHz, are
present; for example, in environments where microwave
radiation cannot be tolerated for safety reasons.

[0056] As an alternative to using the diodes D1 to D4
in the tags 10, 300, FETs functioning as asynchronous
detectors may be employed. FETS operatingin this mode
exhibit a voltage drop thereacross in the order of micro-
volts.

[0057] Moreover, the antennae 20, 64 may be substi-
tuted by a single patch antenna or a single loop antenna
operable toreceive and emitradiation and convey signals
to the circuit 30, and to and from the delay line 68. Al-
though the tags 10, 300 are described as being receptive
and emissive at radiation frequencies of 1 GHz and 1.5
GHz, they can be operated at other microwave frequen-
cies by modifying dimensions of features of the antennae
20, 64 and the delay line 68. At microwave frequencies
in excess of 10 GHz, the delay line 68 is advantageously
replaced by a magnetostatic wave delay line (MWDL),
for example a delay line incorporating a film of yttrium
iron garnet (YIG) providing a signal propagation path in
the delay line.
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[0058] Furthermore, the tags 10, 300 can be modified
by replacing the transponder 60 with, for example, a sim-
ple oscillator emitting through its antenna encoded radi-
ation unique to the oscillator, thereby enabling the tags
10, 300 when modified to be uniquely identified from the
radiation emitted therefrom. Additionally, the transpond-
er60 canbe operable to emitradiation during afirst period
and be inactive during a second period, the transponder
arranged to switch cyclically between the first and second
period; this provides the advantage that the transponder
60 can respond by emitting bursts of relatively more pow-
erful radiation during the first period and conserve energy
during the second period.

[0059] Referring now to Figure 4, is an illustration of a
piezo-electric tag indicated by 400 which incorporates a
simplified circuit utilising a first loop antenna 410 for re-
ceiving radiation, a transmitter module (TX) 420 and a
second loop antenna 430 for emitting radiation. The tag
400 further comprises the transformer 40 and the second
rectification circuit 50. In a similar manner to the tags 10,
300, the tag 400 is powered from radiation incident there-
upon.

[0060] Theantenna410includes firstand second con-
nections, the first connection connected to a signal earth
plane of the tag 400 and the second connection connect-
ed to the terminal P, of the transformer 40. The terminal
P, of the transformer 40 is connected to the signal earth
plane. The terminal S, of the transformer 40 is connected
to the circuit 50, and the output from the circuit 50 is
connected to a Vg power input of a pulsed transmitter
420. The transmitter 420 is also connected to the signal
earth plane. Moreover, the transmitter 420 includes an
output Q which is connected to a first connection of the
antenna 430. A second connection of the antenna 430
is connected to the signal earth plane.

[0061] The antenna 410 provides an inductance at its
connections which is arranged to electrically resonate
with a capacitance exhibited by the transformer 40 across
its terminals P4, P, at a frequency corresponding to input
radiation to the tag 400 and also to a vibrational mode of
the transformer 40 when functioning to increasing signal
voltage from its primary region to its secondary region.
The transmitter 420 incorporates a transistor biased into
class C mode of operation such that it only conducts for
part of a signal cycle when functional when an output
from the circuit 50 to the transmitter 420 exceeds a
threshold value. When the output from the circuit 50 is
less than the threshold value, the transistor is non-con-
ducting, thereby conserving power and providing the cir-
cuit 50 with maximum opportunity to develop a potential.
[0062] Operation of the tag 400 will now be described
with reference to Figure 4. The antenna 410 receives
radiation incident on the tag 400 at a frequency of 300
kHz and provides a 300 kHz signal across the terminals
P4, Po which excites the transformer 40 into resonance.
The transformer 40 provides a voltage stepped-up signal
at a frequency of 300 kHz at its secondary terminal S,.
The signal passes to the circuit 50 which rectifies it to
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provide a d.c. potential across the capacitor C,. This po-
tential is supplied to the transmitter 420 at its V4 power
input. When the potential exceeds a value of 2 volts rel-
ative to the signal earth, the transmitter 420 becomes
active and generates at its output Q an output signal in
the form of bursts of signal, each burst comprising a se-
quence of 500 kHz pulses, each burst having a duration
of 50 psec and the bursts having a repetition rate of 2
Hz. The output signal couples from the transmitter 420
to the antenna 430 from where it is emitted as radiation.
[0063] The tag 400 provides the advantage that it is
simpler and potentially cheaper to manufacture than the
tags 10, 300. When the tag 400 is manufactured in vol-
ume, the transmitter 420 of each tag 400 can be custom-
ized to generate bursts of 500 kHz radiation at a repetition
rate unique to the tag 420, thereby distinguishing it from
other tags of identical design. Class C operation provides
the advantage that the transistor does not consume pow-
er until radiation above a threshold amplitude is received
at the tag 400 which causes the transistor to be driven
into an active region of its characteristics.

[0064] Modifications can be made to the tag 400 with-
out departing from the scope of the invention. For exam-
ple, the transformer 40 can be replaced by a piezo-elec-
tric vibrating bi-morph or a silicon micromachined vibrat-
ing structure capable of providing an increased signal
voltage at its secondary region relative to its primary re-
gion.

[0065] Referring now to Figure 5, there is shown a tag
indicated by 500 for operating with Manchester bi-phase
encoded signals. The tag 500 comprises the antenna 20,
the circuits 30, 50, and the transformer 40. It further com-
prises a logic unit 510 and a transmitter 520 linked to a
loop antenna 530. The antenna 20 is connected to the
circuit 30 which is in turn connected to the transformer
40 and then to the circuit 50 in an identical manner to the
tag 10. An output from the circuit 50 generated across
the capacitor C, is connected to the logic unit 510 and
the transmitter 520. Inputs Clk and "Data input" of the
unit 510 are connected to the terminals S; and P, of the
transformer 40 respectively.

[0066] The unit 510 incorporates an output D, which
is connected to an input D; of the transmitter 520. The
transmitter 520 includes an output U which is connected
to one connection of the antenna 530; another connec-
tion of the antenna 530 is connected to a signal earth of
the tag 500.

[0067] A Manchester bi-phase encoded signal M will
now be described. A digital data signal D has two states
corresponding to logic 0 and logic 1. The signal D switch-
es between these two states to convey a stream of data
comprising 0’s and 1’s. The signal D remains in either of
the two states for periods of not less than 2t where 1 is
a time constant. The signal D is then exclusive-ORed
with a clock signal K having a frequency of '/, to generate
the signal M. The advantage of the Manchester bi-phase
signal is that it is constantly changing even when the
signal D is in a constant 0 or 1 state.
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[0068] Operation of the tag 500 will now be described
decoding the signal M. Radiation having a carrier fre-
quency of 1 GHz and modulated by the signal M is re-
ceived at the antenna 20 which generates a correspond-
ing 1 GHz modulated signal. The circuit 30 demodulates
the 1 GHz signal to generate the signal M at the terminal
P, of the transformer 40. The clock signal K is arranged
to have a principal frequency component corresponding
to a resonance mode of the transformer 40 at which it
provides voltage increase from its primary region 42 to
its secondary region 44. Because the transformer 40 ex-
hibits a relatively narrow resonance peak, it is effective
at stripping out the signal D from the signal M to output
predominantly the signal K at the terminal S4. The signal
at the terminal S, then passes to the circuit 50 which
rectifies itto generate ad.c. potential across the capacitor
C,. The potential passes to power supply inputs V, of
the unit 510 and the transmitter 520 to apply power there-
to. The signal M present at the terminal P1 and the signal
K present at the terminal S; are also conveyed to the
inputs Clk and "Data input" respectively of the unit 510
which performs an exclusive-OR function to recover the
signal D which is then output at the output D,. The signal
D propagates from the unit 510 to the transmitter 520
which is controlled by data conveyed in the signal D. The
transmitter 520 responds to the data by emitting modu-
lated 1 MHz radiation from the antenna 530.

[0069] The tag 500 provides the advantage that the
transformer 40 performs a dual function, namely to gen-
erate a supply potential to power the tag 500 and also to
provide signal filtration.

[0070] In order to reduce manufacturing cost and in-
crease compactness, the inventor has appreciated that
it is desirable that a tag should only incorporate a single
antenna for both receiving and emitting radiation. In Fig-
ure 6, there is shown a tag indicated by 600 incorporating
the antenna 20 and operable to both emit radiation there-
from and receive radiation thererat. The tag 600 further
comprises the circuits 30, 50, the transformer 40 and a
transmitter (TX) 610. The terminals T4, T, of the antenna
20 are connected to an input to the circuit 30 and to a
signal earth respectively. An output from the circuit 30 is
connected to the terminal P of the transformer 40. The
terminal P, of the transformer 40 is connected to the sig-
nal earth. An output B of the transmitter 610 is connected
through a resistor R to the terminal P, of the transformer
40. The secondary terminal S, of the transformer 40 is
connected to the circuit 50 in a similar manner to the tag
10. Moreover, the transmitter 610 further comprises an
output V which is coupled through a capacitor C5 to the
terminal T of the antenna 20.

[0071] Operation of the tag 600 will now be described
with reference to Figure 6. Initially, the transmitter 610 is
not energised such that its output B is at a potential of
the signal earth. Radiation having a carrier frequency of
1 GHz and modulated with a signal of 300 kHz is received
at the antenna 20 which generates a corresponding sig-
nal across its terminals T4, T,. The signal is rectified to
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generate a 300 kHz signal across the capacitor C4 which
then passes to the primary region 42 of the transformer
40 to excite it into resonance. The transformer 40 gen-
erates a voltage-enhanced output signal at a frequency
of 300 kHz at the terminal S; which is subsequently de-
modulated by the circuit 50 to provide a potential for op-
erating the transmitter 610.

[0072] The transmitter 610 functions to generate 100
psec duration bursts of 1 GHz signal at a repetition rate
of 2 Hz at its output V. When the transmitter 610 is about
to emit a burst of 1 GHz radiation from the antenna 20,
it firstly switches its output B to a potential approaching
that supplied by the circuit 50 which reverse biases the
diodes D4, D, thereby disabling the circuit 30. The trans-
mitter then outputs a burst signal through the capacitor
C; to the antenna 20 from whence it is radiated as radi-
ation. Atthe end of the burst signal, the transmitter switch-
es its output B back to a potential of the signal earth so
that the circuit 30 can continue to function to keep the
capacitor C, charged until a next burst of radiation is to
be emitted.

[0073] The tag 600 provides a further advantage that,
because only one antenna 20 is required, the antenna
20 can, if required, be enlarged to occupy a majority of
a major surface area of the tag 600. Such enlargement
is not possible to achieve when two or more antennae
are incorporated into a tag, each antenna requiring more
than 50% of the major surface area of the tag 600.
[0074] It will be appreciated by one skilled in the art
that modifications can be made to the tags 10, 300, 400,
500, 600 without departing from the scope of the inven-
tion.

[0075] For example, the tags 10, 300, 400, 500, 600
can be moulded into a plastic block rather than being
implemented in card-like form as illustrated in Figure 2.
The block is a more robust shape compared to a card,
thereby enable the tags 10, 300, 400, 500, 600 in block
form to be deployed in rugged environments, for marking
out a path in a smoke-filled burning building. A block is
distinguishable from a card in that the ratio of the block’s
length, width and thickness dimensions are less than 1:3.
A block form also includes a cuboid form, a pyramidal
form and a near-spherical or spherical form.

[0076] As an alternative to using the diodes D 1 to D4
in the tags 10, 300, 400, 500, 600, FETs functioning as
asynchronous detectors may be employed. FETS oper-
ating in this made exhibit a voltage drop thereacross in
the order of microvolts which is less than a forward bias
voltage drop associated with diodes.

[0077] The tags 10, 300, 400, 500, 600 can be used
as personnel wearable identity tags. They may be at-
tached to items of merchandise and used in conjunction
with an associated interrogating source to provide a mer-
chandise anti-theft system.

[0078] The tags 10, 300, 400, 500, 600 can be used in
a similar manner to "magic eye" reflectors used to delin-
eate lanes on motorways; a plurality of the tags 10, 300,
400, 500, 600 can be employed as interrogatable mark-
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ers for marking out a path. Such use is potentially valu-
able, for example, for defining routes for automatically
guided robotic vehicles around manufacturing and stor-
age sites. The guided vehicles can be equipped with in-
terrogating sources which are sensitive to direction of
radiation emitted from the tags 10, 300, 400, 500, 600
thereby determining direction of the tags 10, 300, 400,
500, 600 relative to the vehicles. Each tag 10, 300, 400,
500, 600 can be provided with its own unique signature
code, thereby enabling the vehicle to determine its posi-
tion along the path from the signature codes. Such a
method of vehicle guidance is preferable to wire guided
vehicle systems where greater installation cost can arise
when installing guiding wires compared to distributing
tags.

[0079] In the tags 10, 300, 400, 500, 600, the trans-
former 40 can be replaced by an alternative piezo-electric
device operable to increase voltage. One example of an
alternative piezo-electric device is a ceramic bi-morph in
the form of an elongate member supported at one of its
end and free to vibrate at its other end; such a bi-morph
is capable of exhibiting a higher Q-factor than the trans-
former 40, thereby providing an enhanced voltage in-
crease. According to an embodiment of the invention the
piezo-electric device is a micromachined silicon device
comprising an array of one or more suspended silicon
cantilevers, each cantilever incorporating a deposited
film piezo-electric transducer operable to generate a sig-
nal in response to vibration of the cantilever. The trans-
ducers are connected in series to add their signal volt-
ages together to provide an overall output for the circuit
50. An excitation transducer operable to be driven by a
drive signal from the circuit 30 is also incorporated for
mechanically exciting the one or more cantilevers into
vibration, preferable at resonance of the cantilevers. Sil-
icon cantilevers are capable of exhibiting high resonance
Q-factors approaching several million when operating in
a miniature evacuated housing, thereby providing a con-
siderable increase in signal voltage amplitude at the over-
all output compared to the drive signal. Silicon microma-
chining is a well known mass production process and
involves fabrication of mechanical structures in silicon
material using batch lithographic, deposition and etching
techniques.

[0080] Thetags 10,300,400, 500,600 canbe modified
to include other types of electronic circuits, for example
memory circuits and environmental sensors, for example
radiation and chemical sensors. Such electronic circuits
enable the tags to function as miniature personal data
loggers which are personnel wearable and useable for
monitoring the safety of personnel in working environ-
ments, for example in chemical laboratories where haz-
ardous chemicals are handled.

[0081] The tags 10, 300, 400, 500, 600 can be further
miniaturised and adapted for inclusion within biological
systems, for example for use as remotely controlled in-
sulin dispensers, as heart-stimulating pace-makers or as
artificial retina. Use of piezo-transformers powered from
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received modulated radiation avoids the need for batter-
ies in the tags and thereby enables the tags to be im-
planted permanently within biological systems without
needing to be periodically removed.

[0082] In the following, further examples are de-
scribed.

EXAMPLES

[0083]

1. A piezo-electrictag (10) including receiving means
(20, 30) for receiving input radiation and generating
a corresponding received signal, piezo-electric vi-
brating means (40, 50) for increasing voltage mag-
nitude of the received signal to generate a supply
potential and electronic circuit means (60) powera-
ble by the supply potential.

2. Atag according to example 1 wherein the vibrating
means (30, 40) comprises a piezoelectric transform-
er (40) incorporating mutually vibrationally coupled
primary and secondary regions (42, 44), the trans-
former (40) operable to be excited into vibration by
the received signal at the primary region (42) and to
generate a corresponding output signal at the sec-
ondary region (44) for use in generating the supply
potential.

3. Atag according to example 1 wherein the vibrating
means (40) comprises a piezoelectric bi-morph op-
erable to be excited into vibration by the received
signal and to generate a corresponding output signal
for use in generating the supply potential.

4. Atag according to example 1 wherein the vibrating
means comprises a silicon micromachined device
comprising an array of one or more resonant ele-
ments, each elementincorporating an associated pi-
ezo-electric transducer operable to generate an el-
ement signal in response to vibration of its associat-
ed element, the transducers connected in series to
add their element signals to provide an overall output
from which the supply potential is generated, and
driving means operable to be driven by the received
signal for stimulating the one or more elements into
vibration and thereby generating the supply poten-
tial.

5. Atag according to example 4 wherein the resonant
elements are operable at resonance to generate the
supply potential.

6. A tag according to example 4 or 5 wherein the
resonant elements are housed in an evacuated en-

vironment for increasing their resonance Q factor.

7. A tag according to any one of examples 1 to 6
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wherein the receiving means incorporates demodu-
lating means (30) for demodulating modulation com-
ponents present in the received radiation to generate
the received signal.

8. A tag according to example 7 wherein the demod-
ulating means (30) incorporates zero-bias Schottky
diodes for demodulating the received radiation to
generate the received signal.

9. A tag according to example 7 wherein the demod-
ulating means incorporates transistors operable as
synchronous demodulators for demodulating the re-
ceived signal to generate the received signal.

10. A tag according to any preceding examples
wherein the circuit means is operable to function in
aclass C mode for reducing tag power consumption.

11. A tag according to any one of examples 1 to 10
wherein the receiving means (20, 310) incorporates
firstand second antenna (20, 310) for generating the
received signal for exciting the vibrating means (40),
the first antenna adapted (20) to respond to micro-
wave radiation and the second antenna (310) adapt-
ed to respond to radiation having a carrier frequency
corresponding to a resonant frequency of the vibrat-
ing means (40).

12. A tag according to any one of examples 1 to 11
wherein the receiving means (20, 310, 410, 430) in-
corporates at least one of a metallic film dipole an-
tenna, a loop antenna and a patch antenna for one
or more of receiving and emitting radiation.

13. A tag according to any one or examples 1 to 12
wherein the circuit means comprises, responding
means (64, 68, 70, 420, 430, 510, 520, 530) for emit-
ting output radiation from the tag (10, 400, 500), the
responding means powerable by the supply poten-
tial.

14. A tag according to example 13 wherein the vi-
brating means is operable to recover a clock com-
ponent of Manchester bi-phase encoded radiation
received at the tag and the responding means is op-
erable to use the clock component to demodulate
the encoded radiation to generate corresponding de-
modulated data for use in the tag.

15. A tag according to example 13 wherein the tag
incorporates two antennas (20, 64), one antenna
(20) for use in generating the received signal and
the other (64) incorporated into the responding
means (60) for at least one of emitting and receiving
radiation.

16. A tag according to example 13 wherein the an-
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10

tennae are conductive metallic film dipole antenna.

17. A tag according to any preceding example in the
form of a block.

18. A tag according to any one of examples 1 to 16
in the form of a planar card (Fig. 2).

19. A tag according to example 18 wherein the card
incorporates recesses (230, 240, 250, 260) for ac-
commodating the receiving means, the vibrating
means and the responding means.

20. A tag according to example 13 wherein the re-
sponding means is a transponder operable to re-
ceive input radiation to the tag and emit output radi-
ation in response from the tag.

21. Atagaccording to example 20 wherein the trans-
ponder is operable to modulate the output radiation
with a signature code by which the tag can be indi-
vidually identified.

22. Atag (10) according to example 20 or 21 wherein
the transponder incorporates a reflection amplifier
(70) for amplifying the input radiation to generate the
output radiation.

23. A tag (10) according to example 20, 21 or 22
wherein the transponder is operable in a pseudo-
continuous mode and incorporates a delay line (68)
for delaying the output radiation relative to the input
radiation, thereby counteracting spontaneous oscil-
lation from arising within the transponder from feed-
back therein.

24. A tag according to any preceding example incor-
porating a metallic earthing plane for providing a
common signal earth for the tag.

25. Atag according to any preceding example adapt-
ed for implantation into a biological system and op-
erable to at least one of monitor and stimulate the
biological system.

26. A method of guiding vehicles along a path to a
destination, the method comprising the steps of:

(a) distributing a plurality of tags according to
any one of examples 1 to 24 along the path and
providing the vehicle with a direction sensitive
interrogating source adapted to transpond with
the tags;

(b) interrogating the tags from the source by
emitting radiation to the tags and receiving ra-
diation therefrom, thereby determining direction
of the tags relative to the source and hence de-
termining the path;
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(c) moving the vehicle along the path; and
(d) repeating steps (b) and (c) until the vehicle
reaches the destination.

27. A silicon micromachined device for receiving an
input signal and generating a corresponding voltage
magnitude enhanced output signal therefrom, the
device comprising an array of one or more resonant
elements, each elementincorporating an associated
piezo-electric transducer operable to generate an el-
ement signal in response to vibration of its associat-
ed element, the transducers connected in series to
add their element signals to provide the output signal
and driving means operable to be driven by the input
signal for stimulating the one or more elements into
vibration and thereby generating the output signal.

Claims

A piezo-electric tag (10) for receiving electro-mag-
netic radiation (100) and generating a corresponding
output signal therefrom, the tag (10) comprising a
piezo-electric device (40) comprising an array of sus-
pended cantilevers,

each cantilever incorporating an associated piezo-
electric transducer operable to generate an element
signal in response to vibration of its associated can-
tilever, the transducers connected in series to add
their element signals to provide the output signal to
an input of a second rectification circuit (50), the sec-
ond rectification circuit (50) incorporating an output
whichis connected to a power supply input of a trans-
ponder circuit (60), wherein

the device (40) is silicon micromachined and com-
prises an excitation transducer operable to be driven
by a drive signal from a first rectification circuit (30)
connected to an antenna (20) to receive the electro-
magnetic radiation for stimulating the cantilevers into
vibration and thereby generating a voltage magni-
tude enhanced output signal to generate a supply
potential for the transponder circuit (60).

A piezo-electric tag (10) as claimed in claim 1, the
tag being capable of being attached to items or being
personnel

wearable, wherein the transponder circuit (60) gen-
erates and transmits an output signal through the
antenna arrangement (64).

The tag of Claim 1 or 2, wherein

the transponder circuit (60) comprises an oscillator
(70) configured to generate and transmit the output
signal in the form of encoded radiation that identifies
the tag (10), wherein the encoded radiation is unique
to the oscillator (70).

The tag of Claim 1, 2 or 3, wherein
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the transponder circuit includes a pulsed transmitter
(420) arranged to communicate with the antenna ar-
rangement (410, 430), the pulsed transmitter (420)
being operable to generate the output signal in the
form of bursts of signal that are emitted as radiation
from the antenna arrangement (430), wherein pref-
erably

the bursts of signal are repeated at a rate that is
unique to the tag (420).

The tag of one of the preceding Claims, wherein
the transponder circuit (420) includes a transistor
configured to conduct an electrical signal for only
part of a signal cycle when the supply potential ex-
ceeds a threshold value.

The tag of one of the preceding Claims, wherein

in a first alternative the antenna arrangement in-
cludes a loop antenna (430) coupled to the piezo-
electric device (40), the loop antenna (430) having
an inductance that, in combination with a capaci-
tance exhibited by the piezo-electric device (40),
electrically resonates at an input radiation frequency
corresponding to a vibrational mode of the piezo-
electricdevice (40) or whereinin a second alternative
the antenna arrangement is comprised of a single
antenna (20) and the transponder has a transmitter
with a first transmitter output coupled to the output
of the first rectifier circuit (30) and a second trans-
mitter output (B) coupled to the antenna (20), where-
in during transmission of the output signal, the trans-
mitter (610) is configured to deliver a signal via the
first transmitter output (B) to reverse bias the first
rectifier circuit (30) and deliver the output signal via
the second transmitter output (V) to the antenna (20).

The tag of Claim 6, wherein

in the second alternative the tag (600) has a major
surface and the antenna (20) is sized to occupy a
majority of the major surface of the tag (600).

The tag of one of any preceding Claim, wherein

the antenna arrangement includes a demodulator
(30) operable to demodulate the received electro-
magnetic radiation, the demodulation providing a
signal frequency transformation that enables the tag
(10) to receive an input signal (100) at a different
carrier frequency than a frequency of vibration re-
quired for exciting the piezo-electric device (40).

The tag of one of any preceding Claim, wherein

in the piezo-electric device (40) that is comprised of
an array of suspended silicon cantilevers, each can-
tilever incorporating a deposited film piezo-electric
transducer operable to generate a signalin response
to vibration of the cantilever, wherein the transducers
are connected in series to add their signal voltages
to provide the supply potential.
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The tag of Claim 9, further comprising an excitation
transducer operable to be driven by a drive signal
derived from the electro-magnetic radiation received
by the antenna arrangement for mechanically excit-
ing the one or more cantilevers into vibration, where-
in preferably the vibration is at a resonant frequency
of the one or more cantilevers.

A merchandise anti-theft device incorporating a tag
(10,300,400, 500, 600) defined according to anyone
of Claims 1 to 10.

A personnel wearable data logger incorporating a
tag (10,300,400,500,600) defined according to any-
one of Claims 1 to 10, wherein the tag further com-
prises a sensor and a memory coupled to the sensor
for recording data sensed by the sensor.

The personnel wearable data logger of Claim 12,
wherein the sensor comprises an environmental
sensor and the datalogger is usable to monitor safety
of an environment of a person wearing the data log-
ger.

A wireless communication system, comprising a tag
(10) defined according to any one of Claims 2 to 10
and an interrogator configured to emit the electro-
magnetic radiation (100, 102) received by the anten-
na arrangement (20, 64) of the tag (10) and receive
the output signal (100, 102) transmitted by the an-
tenna arrangement of the tag (10).

A method of wireless communication, comprising:

- generating an interrogating signal in the form
of electro-magnetic radiation (100);

- transmitting the interrogating signal to a tag
(10) defined according to anyone of Claims 1 to
10;

- receiving an output signal (102) transmitted by
the tag (10); and

- processing the received output signal.

Patentanspriiche

1.

Piezoelektrisches Etikett (10) zum Empfangen von
elektromagnetischer Strahlung (100) und Erzeugen
eines entsprechenden Ausgangssignals daraus,
wobei das Etikett (10) eine piezoelektrische Vorrich-
tung (40) umfasst, die eine Anordnung von aufge-
hangten Auslegern umfasst, wobei jeder Ausleger
einen zugehdrigen piezoelektrischen Wandler um-
fasst, der als Reaktion auf Schwingungen seines zu-
geordneten Auslegers ein Elementsignal erzeugen
kann, wobei die Wandler in Reihe geschaltet sind,
um ihre Elementsignale zu addieren, um das Aus-
gangssignal an einen Eingang einer zweiten Gleich-
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richterschaltung (50) anzulegen, wobei die zweite
Gleichrichterschaltung (50) einen Ausgang umfasst,
der mit einem Stromversorgungseingang einer
Transponderschaltung (60) verbunden ist, wobei die
Vorrichtung (40) mikrobearbeitetes Silizium ist und
einen Erregungswandler umfasst, der von einem
Treibersignal von einer ersten Gleichrichterschal-
tung (30) angesteuert werden kann, die mit einer An-
tenne (20) verbundenist, um die elektromagnetische
Strahlung zu empfangen und die Ausleger in
Schwingung zu versetzen und dadurch ein Span-
nungsamplituden-optimiertes Ausgangssignal zu
erzeugen, um ein Versorgungspotential fir die
Transponderschaltschaltung (60) zu erzeugen.

Piezoelektrisches Etikett (10) nach Anspruch 1, wo-
bei das Etikett an Gegenstanden angebracht oder
von Personen getragen werden kann, wobei die
Transponderschaltung (60) ein Ausgangssignal
durch die Antennenanordnung (64) erzeugt und
Ubertragt.

Etikett nach Anspruch 1 oder 2, wobei die Transpon-
derschaltung (60) einen Oszillator (70) umfasst, der
so konfiguriert ist, dass er das Ausgangssignal in
Form von codierter Strahlung erzeugt und Ubertragt,
die das Etikett (10) identifiziert, wobei die codierte
Strahlung flr den Oszillator (70) spezifisch ist.

Etikett nach Anspruch 1, 2 oder 3, wobei die Trans-
ponderschaltung einen Impulssender (420) umfasst,
der so angeordnet ist, dass er mit der Antennenan-
ordnung (410, 430) kommuniziert, wobei der Impuls-
sender (420) das Ausgangssignal in Form von Sig-
nalblécken erzeugen kann, die von der Antennena-
nordnung (430) als Strahlung abgegeben werden,
wobei die Signalblécke vorzugsweise mit einer Rate
wiederholt werden, die fiir das Etikett (420) spezi-
fisch ist.

Etikett nach einem der vorhergehenden Anspriche,
wobei die Transponderschaltung (420) einen Tran-
sistor umfasst, der so konfiguriert ist, dass er ein
elektrisches Signal nur flr einen Teil eines Signal-
zyklus leitet, wenn das Versorgungspotential einen
Schwellenwert lberschreitet.

Etikett nach einem der vorhergehenden Anspriche,
wobei die Antennenanordnung in einer ersten Alter-
native eine Schleifenantenne (430) umfasst, die mit
der piezoelektrischen Vorrichtung (40) gekoppelt ist,
wobei die Schleifenantenne (430) eine Induktivitat
aufweist, die in Kombination mit einer Kapazitat der
piezoelektrischen Vorrichtung (40) mit einer Ein-
gangsstrahlungsfrequenz elektrisch schwingt, die
einem Schwingungsmodus der piezoelektrischen
Vorrichtung (40) entspricht, oder wobei die Anten-
nenanordnung in einer zweiten Alternative aus einer
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einzelnen Antenne (20) besteht und der Transpon-
der einen Sender aufweist, wobei ein erster Sender-
ausgang mit dem Ausgang der ersten Gleichrichter-
schaltung (30) gekoppelt ist und ein zweiter Sender-
ausgang (B) mit der Antenne (20) gekoppelt ist, wo-
bei der Sender (610) wahrend der Ubertragung des
Ausgangssignals so konfiguriert ist, dass er ein Si-
gnal tber den ersten Senderausgang (B) liefert, um
die erste Gleichrichterschaltung (30) umgekehrt vor-
zuspannen und das Ausgangssignal Uiber den zwei-
ten Senderausgang (V) an die Antenne (20) zu lie-
fern.

Etikett nach Anspruch 6, wobei bei der zweiten Al-
ternative das Etikett (600) eine groRere Flache auf-
weist und die Antenne (20) so bemessen ist, dass
sie den Hauptteil der grofReren Flache des Etiketts
(600) einnimmt.

Etikett nach einem der vorhergehenden Anspriiche,
wobei die Antennenanordnung einen Demodulator
(30) umfasst, der die empfangene elektromagneti-
sche Strahlung demodulieren kann, wobei die De-
modulation eine Signalfrequenz-Transformation be-
reitstellt, die ermdglicht, dass das Etikett (10) ein Ein-
gangssignal (100) auf einer anderen Tragerfrequenz
als eine Schwingungsfrequenz empfangt, die zur
Anregung der piezoelektrischen Vorrichtung (40) er-
forderlich ist.

Etikett nach einem der vorhergehenden Anspriiche,
wobei bei der piezoelektrischen Vorrichtung (40), die
aus einer Anordnung von aufgehangten Siliziumaus-
legern besteht, jeder Ausleger einen piezoelektri-
schen Wandler aus abgeschiedenem Film umfasst,
der ein Signal als Reaktion aufdie Vibration des Aus-
legers erzeugen kann, wobei die Wandler in Reihe
geschaltet sind, um ihre Signalspannungen zu ad-
dieren und das Versorgungspotential bereitzustel-
len.

Etikett nach Anspruch 9, das ferner einen Erre-
gungswandler umfasst, der durch ein Antriebssignal
angesteuert werden kann, das von der elektromag-
netischen Strahlung abgeleitet ist, die von der An-
tennenanordnung empfangen wird, um den einen
oder die mehreren Ausleger mechanisch in Schwin-
gung zu versetzen, wobei die Schwingung bevorzugt
einer Resonanzfrequenz des einen oder der mehre-
ren Ausleger entspricht.

Warendiebstahlschutzvorrichtung, die ein Etikett
(10, 300, 400, 500, 600) umfasst, dass nach einem
der Anspriiche 1 bis 10 definiert ist.

Von Personal tragbarer Datenlogger, der ein Etikett
(10, 300, 400, 500, 600) nach einem der Anspriiche
1 bis 10 umfasst, wobei das Etikett ferner einen Sen-
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sor und einen Speicher, der mit dem Sensor gekop-
pelt ist, umfasst, um Daten aufzuzeichnen, die von
dem Sensor erfasst werden.

Von Personal tragbarer Datenlogger nach Anspruch
12, wobei der Sensor einen Umgebungssensor um-
fasst und der Datenlogger zur Uberwachung der Si-
cherheit einer Umgebung eines Tragers des Daten-
loggers verwendet werden kann.

Drahtloses Kommunikationssystem, das Folgendes
umfasst: ein Etikett (10) nach einem der Anspriiche
2 bis 10 und einen Abfrager, der fiir Folgendes kon-
figuriert ist: Emittieren der elektromagnetischen
Strahlung (100, 102), die von der Antennenanord-
nung (20, 64) des Etiketts (10) empfangen wird, und
Empfangen des Ausgangssignals (100, 102), das
von der Antennenanordnung des Etiketts (10) ge-
sendet wird.

Verfahren zur drahtlosen Kommunikation, das Fol-
gendes umfasst:

- Erzeugen eines Abfragesignals in Form von
elektromagnetischer Strahlung (100);

- Ubertragen des Abfragesignals zu einem Eti-
kett (10) nach einem der Anspriiche 1 bis 10;

- Empfangen eines Ausgangssignals (102), das
von dem Etikett (10) gesendet wird, und

- Verarbeiten des empfangenen Ausgangssig-
nals.

Revendications

Etiquette piézoélectrique (10) permettant de rece-
voir un rayonnement électromagnétique (100) et
permettant de générer un signal de sortie correspon-
dant en provenance de celui-ci, I'étiquette (10) com-
portant un dispositif piézoélectrique (40) constitué a
partir d’'un ensemble de dispositifs en porte-a-faux
suspendus, chaque dispositif en porte-a-faux incor-
porant un transducteur piézoélectrique associé ser-
vant a générer un signal élémentaire en réponse a
une vibration de son dispositif en porte-a-faux asso-
cié, les transducteurs étant connectés en série pour
ajouter leurs signaux élémentaires afin de fournir le
signal de sortie a une entrée d’un second circuit de
redressement (50), le second circuit de redresse-
ment (50) incorporant une sortie qui est connectée
a une entrée d’alimentation électrique d’un circuit
transpondeur (60), dans laquelle le dispositif (40) est
en silice micro-usinée et comporte un transducteur
d’excitation servant a étre entrainé par un signal
d’entrainement en provenance d’un premier circuit
de redressement (30) connecté a une antenne (20)
afin de recevoir le rayonnement électromagnétique
pour stimuler les dispositifs en porte-a-faux a des
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fins de vibration et pour ainsi générer un signal de
sortie amélioré par l'intensité de la tension afin de
générer un potentiel d’alimentation au circuit trans-
pondeur (60).

Etiquette piézoélectrique (10) selon la revendication
1, I'étiquette étant en mesure d’étre attachée a des
articles ou pouvant étre portée par du personnel,
dans laquelle le circuit transpondeur (60) génere et
émet un signal de sortie par le biais de 'agencement
d’antenne (64).

Etiquette selon la revendication 1 ou 2, dans laquelle
le circuit transpondeur (60) comporte un oscillateur
(70) configuré afin de générer et d’émettre le signal
de sortie sous la forme d’'un rayonnement codé qui
identifie I'étiquette (10), dans laquelle le rayonne-
ment codé est unique a l'oscillateur (70).

Etiquette selon la revendication 1, 2 ou 3, dans la-
quelle

le circuit transpondeur comprend un émetteur d’'im-
pulsions (420) agencé a des fins de communication
avec 'agencement d’antenne (410, 430), I'émetteur
d’'impulsions (420) servant a générer le signal de sor-
tie sous la forme de salves de signal qui sont émises
sous la forme de rayonnement en provenance de
'agencement d’antenne (430), dans laquelle, de
préférence, les salves de signal sont répétées a un
taux qui est unique a I'étiquette (420).

Etiquette selon I'une quelconque des revendications
précédentes, dans laquelle

le circuit transpondeur (420) comprend un transistor
configuré afin de conduire un signal électrique au
cours de seulement une partie d’'un cycle de signaux
quand le potentiel d’alimentation dépasse une valeur
de seuil.

Etiquette selon I'une quelconque des revendications
précédentes, dans laquelle

dans une premiere variante, 'agencement d’anten-
ne comprend une antenne a cadre (430) accouplée
au dispositif piézoélectrique (40), 'antenne a cadre
(430) ayant une inductance qui, en combinaison
avec une capacitance présentée par le dispositif pié-
zoélectrique (40), résonne électriquement a une fré-
quence de rayonnement d’entrée correspondant a
un mode de vibration du dispositif piézoélectrique
(40) ou dans laquelle dans une seconde variante,
'agencement d’antenne est constitué a partir d’'une
antenne unique (20) et le transpondeur a un émet-
teur avec une premiére sortie d’émetteur accouplée
a la sortie du premier circuit de redressement (30)
et une seconde sortie d’émetteur (B) accouplée a
'antenne (20), dans laquelle lors de I'émission du
signal de sortie, '’émetteur (610) est configuré afin
d’acheminer un signal par le biais de la premiére
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sortie d’émetteur (B) a des fins de polarisation inver-
se du premier circuit de redressement (30) etd’ache-
miner le signal de sortie par le biais de la seconde
sortie d’émetteur (V) a I’ antenne (20).

Etiquette selon la revendication 6, dans laquelle
dans la seconde variante, I'étiquette (600) a une sur-
face majeure et I'antenne (20) est dimensionnée
pour occuper une majorité de la surface majeure de
I'étiquette (600).

Etiquette selon 'une quelconque des revendications
précédentes, dans laquelle

I'agencement d’antenne comprend un démodula-
teur (30) servant a démoduler le rayonnement élec-
tromagnétique regu, la démodulation fournissant
une transformation de fréquence de signal qui per-
met a I'étiquette (10) de recevoir un signal d’entrée
(100) a une fréquence porteuse différente par rap-
port a la fréquence de vibration requise a des fins
d’excitation du dispositif piézoélectrique (40).

Etiquette selon 'une quelconque des revendications
précédentes, dans laquelle

dans le dispositif piézoélectrique (40) qui est cons-
titué a partir d’'un ensemble de dispositifs en porte-
a-faux en silice suspendus, chaque dispositif en por-
te-a-faux incorpore un transducteur piézoélectrique
a film réalisé par dépét servant a générer un signal
en réponse aux vibrations du dispositif en porte-a-
faux, dans laquelle les transducteurs sont connectés
en série afin d’ajouter leurs tensions de signal pour
fournir le potentiel d’alimentation.

Etiquette selon la revendication 9, comportant par
ailleurs un transducteur d’excitation servant a étre
entrainé par un signal d’entrainement dérivé en pro-
venance du rayonnement électromagnétique regu
par 'agencement d’antenne afin d’exciter mécani-
quement lesdits un ou plusieurs dispositifs en porte-
a-faux a des fins de vibration, dans laquelle, de pré-
férence, la vibration se fait a une fréquence de ré-
sonance d’un ou de plusieurs dispositifs en porte-a-
faux.

Dispositif antivol de marchandise incorporant une
étiquette (10, 300, 400, 500, 600) définie selon 'une
quelconque des revendications 1 a 10.

Enregistreur de données pouvant étre porté par du
personnel incorporant une étiquette (10, 300, 400,
500, 600) définie selon I'une quelconque des reven-
dications 1a 10, dans lequel I'étiquette comporte par
ailleurs un capteur et une mémoire accouplée au
capteurades fins d’enregistrement des données dé-
tectées par le capteur.

Enregistreur de données pouvant étre porté par du
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personnel selon la revendication 12, dans lequel le
capteur comporte un capteur d’environnement et
I'enregistreur de données sert a surveiller la streté
d’'un environnement d’'une personne portant I'enre-
gistreur de données. 5

14. Systéme de communication sans fil, comportant une
étiquette (10) définie selon 'une quelconque des re-
vendications 2 a 10 et un interrogateur configuré a
des fins d’émission du rayonnement électromagné- 10
tique (100, 102) recu par 'agencement d’antenne
(20, 64) de I'étiquette (10) et a des fins de réception
du signal de sortie (100, 102) émis par 'agencement
d’antenne de I'étiquette (10).

15

15. Procédé de communication sans fil, comportant .

- 'étape consistant a générer un signal d’inter-
rogation sous la forme d’un rayonnement élec-
tromagnétique (100) ; 20
- 'étape consistant a émettre le signal d’interro-
gation a une étiquette (10) définie selon l'une
quelconque des revendications 1 a 10 ;

- I'étape consistant a recevoir un signal de sortie
(102) émis par I'étiquette (10) ; et 25
- I'étape consistant a traiter le signal de sortie
regu.
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