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Description

[0001] The present invention 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 appli-
cations, 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 a limited operating lifetime,
especially if they are required to power their associated
tags continuously. Moreover, the sources can make the
tags unacceptably bulky for some applications, for ex-
ample where tags are implemented as film strips for in-
corporating 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] From DE 197 55 893, it is known to transmit
energy and information via an ultrasound connection and
to transfer the received acoustic energy into electric en-
ergy using piezo-electric converters.
[0007] The use of received 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.
[0008] A power supply for a transponder is also dis-

closed in a published patent application no. GB2 303 767
A. The supply described provides power to a response
circuit of the transponder, the supply generating direct
current (d. c.) from received electromagnetic energy. The
supply comprises a capacitor charged from a rectifier di-
ode, the diode having a characteristic such that its re-
verse 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 reversely com-
pared to a conventional diode, its anode being connected
to a positive plate of the capacitor. The arrangement al-
lows the transponder to remain functional even when the
received electromagnetic energy is relatively weak. The
required characteristic for the diode can be implemented
by the avalanche or tunnel effect. Moreover, a voltage
multiplier may be provided by using a plurality of the di-
odes with associated capacitors for generating higher
supply potentials. The supply does not employ any form
of transformer for increasing the potential of signals gen-
erated in response to receiving the electromagnetic en-
ergy.
[0009] Piezo-electric transformers capable of stepping
up potentials are also known in the art, for example as
described in European patent application no. EP 898313
and US patent nos. US 5 828 160 and US 5 389 852.
Such transformers are operable to resonate at a frequen-
cy typically in a range of several tens of kHz to 300 kHz
when stepping up potentials. This range of frequencies
is considerably less than that used for electromagnetic
radiation conventionally employed to interrogate elec-
tronic tags, for example 10 MHz to 30 GHz. Although
piezo-electric transformers operating at frequencies
above 300 kHz can be fabricated, for example 600 kHz,
their cost and difficulty of fabrication renders them unat-
tractive for items such as electronic tags.
[0010] Non-contact energy 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 unit and 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
[0011] The inventor has appreciated that a principal
problem associated with tags operated from radiation in-
cident thereupon is that it is 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 of several volts
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to function.
[0012] The inventor has devised a tag which address-
es this principal problem and which is operable, for ex-
ample, from moderate levels of incident radiation there-
upon in the order of 10 PW. Such moderate levels of
radiation rarely represent any health and safety risk.
[0013] US patent no. 5 457 447 discloses a RF tag
which may be supplied with power, either using a high
frequency radio signal, a low frequency radio signal or
vibrational energy.
[0014] US 5,491,468 discloses a portable tag receiving
via a magnetic coupling energy from a read-ing device.
A voltage doubler serves to boost the received voltage
to enable power supply of the tag electronics.
[0015] According to a first aspect of the present inven-
tion, there is provided a piezo-electric tag according to
claim 1.
[0016] 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.
[0017] Furthermore, according to the invention, the tag
is arranged such that the receiving means incorporates
first and second antennae for generating the received
signal for exciting the vibrating means, the first antenna
being adapted to respond to microwave radiation and the
second antenna being adapted to respond to radiation
having a carrier frequency corresponding to a resonant
frequency of the vibrating means. Incorporation of two
antennae for generating the received signal provides the
advantage that the tag is powerable from radiation having
different carrier frequencies.
[0018] For the purpose of describing the invention, mi-
crowave frequencies means frequencies substantially in
a range of 1 GHz to 30 GHz.
[0019] Advantageously, the vibrating means compris-
es a piezo-electric transformer incorporating mutually vi-
brationally coupled primary and secondary regions, the
transformer operable to be excited into vibration by the
received signal at the primary region and to generate a
corresponding output signal at the secondary region for
use in generating the supply potential.
[0020] The piezo-electric transformer provides the ad-
vantage that it is capable of being compact, inexpensive
and providing a considerable increase in signal voltage
amplitude from its primary region to its secondary region,
the increase approaching 100 times or more.
[0021] Alternatively, the vibrating means comprises a
piezo-electric bi-morph operable to be excited into vibra-
tion by the received signal and to generate a correspond-
ing output signal for use in generating the supply poten-
tial.
[0022] As a further alternative, 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 generate an element signal in re-
sponse to vibration of its associated element, the trans-

ducers connected in series to add their element signals
to provide an overall output from which the supply poten-
tial 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:

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

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.

[0023] Moreover, to obtain even greater voltage mag-
nification, the resonant elements are housed in an evac-
uated environment. Operation in the evacuated environ-
ment increases Q-factor of the resonant elements, there-
by increasing voltage magnification provided by the sili-
con device.
[0024] Conveniently, the receiving means in the tag
incorporates demodulating means for demodulating
modulation components present in the received radiation
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.
[0025] 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.
[0026] 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.
[0027] The tag beneficially 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.
[0028] In some practical applications of the tag, it is
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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.
[0029] When the tag is personnel wearable or attach-
able to items of merchandise, it is 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
a degree of potential compatibility with existing card read-
ing equipment.
[0030] When the tag is implemented in a planar card
form, it conveniently incorporates recesses for accom-
modating the receiving means, the vibrating means and
the responding means. Such recesses provide protection
for the receiving means and the responding means,
thereby making the tag more robust.
[0031] In the tag, the circuit means can comprise 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.
Conveniently, the responding means is a transponder
operable to receive input radiation to the tag and emit
output radiation in response from the tag. Incorporation
of the transponder enables the tag to be selectively re-
sponsive to interrogating radiation in an environment
which is flood illuminated with radiation for exciting the
vibrating means.
[0032] 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.
[0033] 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.
[0034] 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.
[0035] In a second aspect of the invention, there is
provided 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.

[0036] One embodiment of the invention will now be
described, by way of example only, with reference to the
following diagrams in which:

Figure 1 is a schematic of a tag showing the basic
sections of a tag usable for the invention;

Figure 2 is an exterior perspective view of the tag
shown in Figure 1;

Figure 3 is an illustration of an embodiment of the in-
vention;

Figure 4 is an illustration of a tag for the explanation
of the invention incorporating a simplified cir-
cuit utilising loop antennae;

Figure 5 is an illustration of a tag for the explanation
of an operation with Manchester encoded
signals; and

Figure 6 is an illustration of a tag incorporating a single
antenna for use in emitting and receiving ra-
diation.

[0037] Referring to Figure 1, there is shown a piezo-
electric tag indicated by 10. The tag 10 incorporates a
number of sections, namely a first dipole antenna indi-
cated 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 region 42 and a secondary
region 44, a second rectification circuit indicated by 50
and included within a dotted line 52, and a transponder
circuit indicated by 60 and included within a dotted line
62. The sections are incorporated into a plastic card hav-
ing external dimensions of 55 mm width, 85 mm length
and 1 mm thickness; this will be further described later
with reference to Figure 2.
[0038] 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.
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[0039] 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.
[0040] Operation of the tag 10 will now be described
in broad overview after which its sections will be de-
scribed in further detail.
[0041] 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 5mW/m2 at the antenna 20. The radia-
tion 100 couples to the antenna 20 and generates a cor-
responding signal Sa across output terminals T1, T2 of
the antenna 20; the signal Sa has a frequency of 1 GHz
and an amplitude in the order of 80 mV. The signal Sa
propagates to the first circuit 30 which demodulates it
and then filters it to substantially remove signal compo-
nents above 1MHz to generate a unipolar modulated sig-
nal Sb having signal components at 300 kHz. The trans-
former 40 receives the signal Sb across its primary region
terminals P1, P2. The signal Sb stimulates the primary
and secondary regions 42, 44 to resonate at 300 kHz in
their longitudinal mode of vibration. At resonance, the
transformer 40 magnifies the signal Sb received at its
primary region 42 to generate a bipolar alternating signal
Sc at a secondary region terminal S1, the signal Sc having
an amplitude in the order of 3 volts. The second circuit
50 receives the signal Sc and demodulates and filters it
to generate a substantially smoothed unipolar signal Sd
at an output terminal of the circuit 50. The transponder
60 receives the signal Sd and uses it as a supply potential
to power active circuits incorporated thereinto.
[0042] 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 Sd 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 Sa of relatively lower
voltage amplitude from the antenna 20 which is unsuit-
able for powering circuits is thereby converted into the
signal Sd of relatively high voltage, namely several volts,
which is suitable for powering circuits.
[0043] 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 Se at its terminals
which passes to the delay line 68 and propagates there-
through whilst being delayed therein to provide a signal
Sf at an input to the reflection amplifier 70. The amplifier
70 presents a modulated negative resistance at its input/
output terminal and thereby reflectively amplifies the sig-
nal Sf to generate a corresponding modulated amplified
signal Sg. The signal Sg propagates back through the
delay line 68 whilst being delayed therein to the antenna
64 from where it is emitted as return radiation. The inter-
rogating source receives the return radiation and deter-
mines that it is modulated, thereby detecting the pres-
ence of the tag 10.
[0044] The tag 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
periods of time, for example several years.
[0045] Sections of the tag 10 will now be described in
more detail.
[0046] 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 T2 of the antenna 20 is connected to a signal
ground on the card, and the terminal T1 is connected to
the first circuit 30.
[0047] The circuit 30 incorporates two zero-bias
Schottky diodes D1, D2 and a filter capacitor C1. The
diode D2 is connected by its anode to the diode D1 at its
cathode to form an input terminal; the terminal is con-
nected to the terminal T1 of the antenna 20. The diode
D2 is connected at its cathode to a first terminal of the
capacitor C1. The capacitor C1 incorporates a second
terminal which is connected to the signal ground. The
diode D1 incorporates an anode which is also connected
to the signal ground.
[0048] The diodes D1, D2 are operable to provide sig-
nal 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 D1, D2 because of their relatively greater
voltage drop when operating under forward bias. The ca-
pacitor C1 is operable to shunt signal components at mi-
crowave frequencies to the signal ground. An output from
the circuit 30 is extracted from across the capacitor C1,
namely from the first terminal of the capacitor C1 relative
to the signal ground.
[0049] The transformer 40 is fabricated from a hard
piezo-electric 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
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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
piezo-electric 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 second
region 44 are mutually joined by sintering them together
or using an epoxy resin of comparable rigidity to the PZT
material.
[0050] 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
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.
[0051] The circuit 50 employs an identical configura-
tion to the circuit 30. The capacitor C1 and the diodes D1,
D2 in the circuit 30 correspond to a capacitor C2 and
diodes D3, D4 in the circuit 50 respectively.
[0052] 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 C2
which is not connected to the signal ground. Electrical
power is thereby supplied to the amplifier 70 in operation.
[0053] 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 2τ and the low gain state
for a period of 2τ. In the low gain state, the amplifier 70
is incapable of sustaining spontaneous oscillation within
the transponder 60. The period of 2τ 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.
[0054] 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
major face is bonded a conductive earth-plane layer 210
of aluminium material in a range of 30 Pm to 100 Pm
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, 210 have a combined thickness of 1 mm in a z-
direction indicated by an arrow 216.
[0055] 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 connect the antennae
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.
[0056] When fabricated, a 100 Pm 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.
[0057] Referring now to Figure 3, there is shown a pi-
ezo-electric tag according to an embodiment of the in-
vention indicated by 300. The tag 300 is identical to the
tag 10 except that it additionally includes a planar coil
310 in parallel connection with the capacitor C1. The earth
plane layer 210 can be selectively absent in a vicinity of
the coil 310 so as not to excessively screen the coil 310.
The coil 310 is formed onto the second major face of the
layer 200 shown in Figure 2 adjacent to the circuits 30,
50 and the transformer 40. The capacitor C1, in parallel
with an electrical capacitance presented by the trans-
former 40 between its terminals P1, P2, and the coil 310
are operable to parallel resonate at the resonant frequen-
cy of the transformer 40, namely 300 kHz. Inclusion of
the coil 310 enables the tag 300 to be powered not only
from 1 GHz radiation received at the antenna 20 but also
from inductively coupled magnetic fields at 300 kHz cou-
pling to the coil 310. The tag 300 can thereby be powered
in two different modes so that it can be used in environ-
ments where radiation at either or both frequencies, 300
kHz and 1 GHz, are present; for example, in environ-
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ments where microwave radiation cannot be tolerated
for safety reasons.
[0058] As an alternative to using the diodes D1 to D4
in the tags 10, 300, FETs functioning as asynchronous
detectors may be employed. FETS operating in this mode
exhibit a voltage, drop thereacross in the order of micro-
volts.
[0059] Moreover, the antennae 20, 64 may be substi-
tuted by a single patch antenna or a single loop antenna
operable to receive and emit radiation 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.
[0060] 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-
er 60 can be operable to emit radiation during a first 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.
[0061] 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 em-
bodiment shown in Fig. 4 is useful for the understanding
of the invention shown in Fig. 3 as especially the func-
tionality of the coil 310 of tag 300 is explained. 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.
[0062] The antenna 410 includes first and 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 P1 of the transformer 40. The terminal
P2 of the transformer 40 is connected to the signal earth
plane. The terminal S1 of the transformer 40 is connected
to the circuit 50, and the output from the circuit 50 is
connected to a Vs 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.
[0063] 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 P1, P2 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.
[0064] 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
P1, P2 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 S1.
The signal passes to the circuit 50 which rectifies it to
provide a d. c. potential across the capacitor C2. This
potential is supplied to the transmitter 420 at its Vs 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.
[0065] 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.
[0066] Modifications can be made to the tag 400. For
example, the transformer 40 can be replaced by a piezo-
electric vibrating bi-morph or a silicon micromachined vi-
brating structure capable of providing an increased signal
voltage at its secondary region relative to its primary re-
gion.
[0067] 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
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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 C2 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 S1 and P1 of the
transformer 40 respectively.
[0068] The unit 510 incorporates an output Do which
is connected to an input Di 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.
[0069] 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 2τ where τ is
a time constant. The signal D is then exclusive-ORed
with a clock signal K having a frequency of 1/2 τ to gen-
erate 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.
[0070] 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
P1 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 S1. The signal
at the terminal S1 then passes to the circuit 50 which
rectifies it to generate a d.c. potential across the capacitor
C2. The potential passes to power supply inputs Vs 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 S1 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 Do. 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.
[0071] 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.
[0072] 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, which may be useful
for understanding the invention. The tag 600 further com-
prises the circuits 30, 50, the transformer 40 and a trans-
mitter (TX) 610. The terminals T1, T2 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 con-
nected to the terminal P1 of the transformer 40. The ter-
minal P2 of the transformer 40 is connected to the signal
earth. An output B of the transmitter 610 is connected
through a resistor R1 to the terminal P1 of the transformer
40. The secondary terminal S1 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 C3 to the
terminal T1 of the antenna 20.
[0073] 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 T1, T2.
[0074] The signal is rectified to generate a 300 kHz
signal across the capacitor C1 which then passes to the
primary region 42 of the transformer 40 to excite it into
resonance. The transformer 40 generates a voltage-en-
hanced output signal at a frequency of 300 kHz at the
terminal S1 which is subsequently demodulated by the
circuit 50 to provide a potential for operating the trans-
mitter 610.
[0075] 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 D1, D2 thereby disabling the circuit 30. The trans-
mitter then outputs a burst signal through the capacitor
C3 to the antenna 20 from whence it is radiated as radi-
ation. At the 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 C2 charged until a next burst of radiation is to
be emitted.
[0076] 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.
[0077] It will be appreciated by one skilled in the art
that modifications can be made to the tag 300, without
departing from the scope of the invention.
[0078] For example, the tags 10, 300, 400, 500, 600
can be moulded into a plastic block rather than being
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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.
[0079] As an alternative to using the diodes D1 to D4
in the tags 10, 300, 400, 500, 600, FETs functioning as
asynchronous detectors may be employed. FETS oper-
ating in this mode exhibit a voltage drop thereacross in
the order of microvolts which is less than a forward bias
voltage drop associated with diodes.
[0080] 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.
[0081] The tags 10, 300, 400, 500, 600 can be used
in a similar manner to "magic eye" reflectors used to de-
lineate lanes on motorways; a plurality of the tags 10,
300, 400, 500, 600 can be employed as interrogatable
markers for marking out a path. Such use is potentially
valuable, for example, for defining routes for automati-
cally guided robotic vehicles around manufacturing and
storage sites. The guided vehicles can be equipped with
interrogating 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.
[0082] 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 the 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. Another example of an alternative 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 signal in response to
vibration of the cantilever. The transducers are connect-
ed in series to add their signal voltages together to pro-
vide 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 excit-
ing the one or more cantilevers into vibration, preferable

at resonance of the cantilevers. Silicon cantilevers are
capable of exhibiting high resonance Q-factors ap-
proaching several million when operating in a miniature
evacuated housing, thereby providing a considerable in-
crease in signal voltage amplitude at the overall output
compared to the drive signal. Silicon micromachining is
a well known mass production process and involves fab-
rication of mechanical structures in silicon material using
batch lithographic, deposition and etching techniques.
[0083] The tags 10, 300, 400, 500, 600 can be 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.
[0084] 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
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.

Claims

1. A tag (300) including receiving means (20, 30, 310)
for receiving input radiation and generating a corre-
sponding received signal, characterized in that the
tag (3 00) is a piezo-electric tag including piezo-elec-
tric vibrating means (40, 50) being capable of pro-
viding voltage magnification for increasing voltage
magnitude of the received signal to generate a sup-
ply potential and electronic circuit means (60) pow-
erable by the supply potential, wherein the receiving
means (20, 30, 310) incorporates first and second
antennae (20, 310) for generating the received signal
for exciting the vibrating means (40), the first antenna
(20) being adapted to respond to microwave radia-
tion and the second antenna (310) being adapted to
respond to radiation having a carrier frequency cor-
responding to a resonant frequency of the vibrating
means (40).

2. A tag according to Claim 1 wherein the vibrating
means (3 0,40) comprises a piezo-electric trans-
former (40) incorporating mutually vibrationally cou-
pled primary and secondary regions (42,44), the
transformer (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.
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3. A tag according to Claim 1 wherein the vibrating
means (40) comprises a piezo-electric 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. A tag according to Claim 1 wherein the vibrating
means comprises a silicon micromachined device
comprising an array of one or more resonant ele-
ments, each element incorporating 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. A tag according to Claim 4 wherein the resonant el-
ements are operable at resonance to generate the
supply potential.

6. A tag according to Claim 4 or 5 wherein the resonant
elements are housed in an evacuated environment
for increasing their resonance Q factor.

7. A tag according to any one of Claims 1 to 6 wherein
the receiving means incorporates demodulating
means (30) for demodulating modulation compo-
nents present in the received radiation to generate
the received signal.

8. A tag according to Claim 7 wherein the demodulating
means (30) incorporates zero bias Schottky diodes
(D1, D2) for demodulating the received radiation to
generate the received signal.

9. A tag according to Claim 7 wherein the demodulating
means incorporates transistors operable as syn-
chronous demodulators for demodulating the re-
ceived radiation to generate the received signal.

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

11. A tag according to any one of Claims 1 to 10 wherein
the receiving means (20, 310, 410, 430) incorporates
at least one of a metallic film dipole antenna, a loop
antenna and a patch antenna for one or more of re-
ceiving and emitting radiation.

12. A tag according to any one or Claims 1 to 11 wherein
the circuit means comprises responding means (64,
68, 70; 420, 430; 510, 520, 530) for emitting output
radiation from the tag (10; 400; 500), the responding

means powerable by the supply potential.

13. A tag according to Claim 12 wherein the vibrating
means is operable to recover a clock component of
Manchester bi-phase encoded radiation received at
the tag and the responding means is operable to use
the clock component to demodulate the encoded ra-
diation to generate corresponding demodulated data
for use in the tag.

14. A tag according to Claim 12 wherein the tag incor-
porates two antennae (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.

15. A tag according to Claim 12 wherein the antennae
are conductive metallic film dipole antennae.

16. A tag according to any preceding claim in the form
of a block

17. A tag according to any one or Claims 1 to 15 in the
form of a planar card.

18. A tag according to Claim 17 wherein the card incor-
porates recesses (230, 240, 250, 260) for accom-
modating the receiving means, the vibrating means
and the responding means.

19. A tag according to Claims 12 wherein the responding
means is a transponder operable to receive input
radiation to the tag and emit output radiation in re-
sponse from the tag.

20. A tag according to Claim 19 wherein the transponder
is operable to modulate the output radiation with a
signature code by which the tag can be individually
identified.

21. A tag (10) according to Claim 19 or 20 wherein the
transponder incorporates a reflection amplifier (70)
for amplifying the input radiation to generate the out-
put radiation.

22. A tag (300) according to Claim 19,20 or 21 wherein
the transponder is operable in a pseudo-continuous
mode and incorporates a delay line (68) for delaying
the output ra diation relative to the input radiation,
thereby counteracting spontaneous oscillation from
arising within the transponder from feedback therein.

23. A tag according to any preceding claim incorporating
a metallic earthing plane for providing a common sig-
nal earth for the tag.

24. A tag according to any preceding claim adapted for
implantation into a biological system and operable
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to at least one of monitor and stimulate the biological
system.

25. A method of guiding vehicles along a path to a des-
tination, the method comprising the steps of:

(a) distributing a plurality of tags according to
any one of Claims 1 to 23 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;
(c) moving the vehicle along the path; and
(d) repeating steps (b) and (c) until the vehicle
reaches the destination.

Patentansprüche

1. Etikett (300), einschließend Empfangsmittel (20, 30,
310) zum Empfang einer Eingangsstrahlung und Er-
zeugung eines entsprechenden Empfangssignals,
dadurch gekennzeichnet, daß
das Etikett (300) ein piezoelektrisches Etikett ist, ein-
schließend piezoelektrische Vibrationsmittel (40,
50), die zur Bereitstellung einer Spannungsverstär-
kung zur Erhöhung der Spannungsgröße des Emp-
fangssignals zur Erzeugung eines Speisepotentials
in der Lage sind, und elektronische Schaltkreismittel
(60), die durch das Speisepotential mit Strom ver-
sorgbar sind, wobei das Empfangsmittel (20, 30,
310) eine erste und eine zweite Antenne (20, 310)
zur Erzeugung des Empfangssignals zur Erregung
des Vibrationsmittels (40) einschließt, wobei die er-
ste Antenne (20) so ausgelegt ist, daß sie auf Mikro-
wellenstrahlung anspricht, und die zweite Antenne
(310) so ausgelegt ist, daß sie auf eine Strahlung
anspricht, die eine Trägerfrequenz hat, die einer Re-
sonanzfrequenz des Vibrationsmittels (40) ent-
spricht.

2. Etikett nach Anspruch 1, dadurch gekennzeichnet,
daß das Vibrationsmittel (30, 40) einen piezoelektri-
schen Umsetzer (40) umfaßt, der einen primären
und einen sekundären Bereich (42, 44) einschließt,
die so gekoppelt sind, daß sie sich gegenseitig in
Schwingungen versetzen, wobei der Umsetzer (40)
so betreibbar ist, daß er durch das Empfangssignal
am primären Bereich (42) zu Schwingungen ange-
regt wird und am sekundären Bereich (44) ein ent-
sprechendes Ausgangssignal zur Verwendung bei
der Erzeugung des Speisepotentials erzeugt.

3. Etikett nach Anspruch 1, dadurch gekennzeichnet,

daß das Vibrationsmittel (40) einen piezoelektri-
schen Bimorph umfaßt, der so betreibbar ist, daß er
durch das Empfangssignal zu Schwingungen ange-
regt wird und ein entsprechendes Ausgangssignal
zur Verwendung bei der Erzeugung des Speisepo-
tentials erzeugt.

4. Etikett nach Anspruch 1, dadurch gekennzeichnet,
daß das Vibrationsmittel ein durch Mikro-Material-
bearbeitung hergestelltes Siliziumbauteil umfaßt,
das eine Gruppe von einem oder mehreren Reso-
nanzelementen umfaßt, wobei jedes Element einen
zugehörigen piezoelektrischen Wandler einschließt,
der so betreibbar ist, daß er ein Elementsignal als
Reaktion auf die Schwingung seines zugehörigen
Elements erzeugt, wobei die Wandler in Reihe ge-
schaltet sind, um ihre Elementsignale zur Bereitstel-
lung eines Gesamtausgangssignals zu summieren,
aus dem das Speisepotential erzeugt wird, und Trei-
bermittel, die so betreibbar sind, daß sie durch das
Empfangssignal getrieben werden, um das eine
oder die mehreren Elemente zu Schwingungen an-
zuregen und dadurch das Speisepotential zu erzeu-
gen.

5. Etikett nach Anspruch 4, dadurch gekennzeichnet,
daß die Resonanzelemente in Resonanz betreibbar
sind, um das Speisepotential zu erzeugen.

6. Etikett nach Anspruch 4 oder 5, dadurch gekenn-
zeichnet, daß die Resonanzelemente von einem
Vakuum umgeben sind, um ihre Resonanzschärfe
zu erhöhen.

7. Etikett nach einem der Ansprüche 1 bis 6, dadurch
gekennzeichnet, daß das Empfangsmittel Demo-
duliermittel (30) zum Demodulieren von in der emp-
fangenen Strahlung enthaltenen Modulationskom-
ponenten zur Erzeugung des Empfangssignals ein-
schließt.

8. Etikett nach Anspruch 7, dadurch gekennzeichnet,
daß das Demoduliermittel (30) Nullvorspannungs-
Schottky-Dioden (D1, D2) zum Demodulieren der
empfangenen Strahlung zur Erzeugung des Emp-
fangssignals einschließt.

9. Etikett nach Anspruch 7, dadurch gekennzeichnet,
daß das Demoduliermittel Transistoren einschließt,
die als Synchrondemodulatoren zum Demodulieren
der empfangenen Strahlung zur Erzeugung des
Empfangssignals betreibbar sind.

10. Etikett nach einem der vorangehenden Ansprüche,
dadurch gekennzeichnet, daß das Schaltkreismit-
tel zur Reduzierung der Leistungsaufnahme des Eti-
ketts im C-Modus betreibbar ist.
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11. Etikett nach einem der Ansprüche 1 bis 10, dadurch
gekennzeichnet, daß das Empfangsmittel (20, 310,
410, 430) eine Metallfilmdipolantenne und/oder eine
Schleifenantenne und/oder eine Patch-Antenne
zum Empfangen und/oder Aussenden von Strahlung
einschließt.

12. Etikett nach einem der Ansprüche 1 bis 11, dadurch
gekennzeichnet, daß das Schaltkreismittel Ant-
wortmittel (64, 68, 70; 420, 430; 510, 520, 530) zum
Aussenden einer Ausgangsstrahlung aus dem Eti-
kett (10; 400; 500) umfaßt, wobei die Antwortmittel
durch das Speisepotential mit Strom versorgbar
sind.

13. Etikett nach Anspruch 12, dadurch gekennzeich-
net, daß das Vibrationsmittel so betreibbar ist, daß
es eine Taktkomponente der am Etikett empfange-
nen Manchester-zweiphasencodierten Strahlung
wiederherstellt, und das Antwortmittel so betreibbar
ist, daß es die Taktkomponente zum Demodulieren
der codierten Strahlung zur Erzeugung entspre-
chender demodulierter Daten zur Verwendung im
Etikett verwendet.

14. Etikett nach Anspruch 12, dadurch gekennzeich-
net, daß das Etikett zwei Antennen (20, 64) ein-
schließt, wobei die eine Antenne (20) zur Erzeugung
des Empfangssignals verwendet wird und die ande-
re Antenne (64) zum Aussenden und/oder Empfan-
gen von Strahlung in die Antwortmittel (60) einge-
schlossen ist.

15. Etikett nach Anspruch 12, dadurch gekennzeich-
net, daß die Antennen leitfähige Metallfilmdipolan-
tennen sind.

16. Etikett nach einem der vorangehenden Ansprüche
in Form eines Blocks.

17. Etikett nach einem der Ansprüche 1 bis 15 in Form
einer ebenen Karte.

18. Etikett nach Anspruch 17, dadurch gekennzeich-
net, daß die Karte Vertiefungen (230, 240, 250, 260)
zur Aufnahme der Empfangs-, Vibrations- und Ant-
wortmittel einschließt.

19. Etikett nach Anspruch 12, dadurch gekennzeich-
net, daß das Antwortmittel ein Transponder ist, der
so betreibbar ist, daß er in das Etikett eintretende
Eingangsstrahlung empfängt und als Reaktion dar-
auf Ausgangsstrahlung aus dem Etikett aussendet.

20. Etikett nach Anspruch 19, dadurch gekennzeich-
net, daß der Transponder so betreibbar ist, daß er
die Ausgangsstrahlung mit einem Signaturcode mo-
duliert, mit dem das Etikett individuell identifizierbar

ist.

21. Etikett (10) nach Anspruch 19 oder 20, dadurch ge-
kennzeichnet, daß der Transponder einen Reflexi-
onsverstärker (70) zur Verstärkung der Eingangs-
strahlung zur Erzeugung der Ausgangsstrahlung
einschließt.

22. Etikett (300) nach Anspruch 19, 20 oder 21, dadurch
gekennzeichnet, daß der Transponder in einem
pseudokontinuierlichen Modus betreibbar ist und ei-
ne Verzögerungsleitung (68) zur Verzögerung der
Ausgangsstrahlung relativ zur Eingangsstrahlung
einschließt, wodurch im Transponder dem Auftreten
von spontanen, aus der Rückkopplung im Transpon-
der herrührenden Schwingungen entgegengewirkt
wird.

23. Etikett nach einem der vorangehenden Ansprüche,
einschließend eine metallische Erdungsebene zur
Bereitstellung einer Massebetriebserde für das Eti-
kett.

24. Etikett nach einem der vorangehenden Ansprüche,
das zur Implantation in ein biologisches System aus-
gelegt und zur Überwachung und/oder Stimulierung
des biologischen Systems betreibbar ist.

25. Verfahren zur Führung von Fahrzeugen entlang ei-
nes Wegs bis zu einem Ziel, wobei das Verfahren
die folgenden Schritte umfaßt:

a) Verteilen einer Mehrzahl von Etiketten nach
einem der Ansprüche 1 bis 23 entlang des Wegs
und Ausrüsten des Fahrzeugs mit einer rich-
tungsempfindlichen Abfragequelle, die für eine
Transponderverbindung mit den Etiketten aus-
gelegt ist;
b) Abfragen der Etiketten von der Quelle aus
durch Aussenden von Strahlung an die Etiketten
und Empfangen von Strahlung von diesen, wo-
durch die Richtung der Etiketten relativ zur Quel-
le und somit der Weg bestimmt wird;
c) Bewegen des Fahrzeugs entlang des Wegs;
und
d) Wiederholen der Schritte b) und c), bis das
Fahrzeug das Ziel erreicht hat.

Revendications

1. Etiquette (300) comprenant un moyen de réception
(20, 30, 310) pour recevoir un rayonnement d’entrée
et pour générer un signal reçu correspondant, ca-
ractérisée en ce que
l’étiquette (300) est une étiquette piézo-électrique
comprenant des moyens de vibration piézo-électri-
que (40, 50) qui peuvent fournir une augmentation
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de tension pour augmenter l’amplitude de tension
du signal reçu afin de générer un potentiel d’alimen-
tation et un moyen de circuit électronique (60) pou-
vant être alimenté par le potentiel d’alimentation,
dans laquelle le moyen de réception (20, 30, 310)
comporte une première et une seconde antenne (20,
310) pour générer le signal reçu afin d’exciter le
moyen de vibration (40), la première antenne (20)
étant adaptée afin de répondre à un rayonnement
de micro-ondes et la deuxième antenne (310) étant
adaptée afin de répondre au rayonnement ayant une
fréquence porteuse correspondant à une fréquence
de résonance du moyen de vibration (40).

2. Etiquette selon la revendication 1, dans laquelle le
moyen de vibration (30, 40) comprend un transfor-
mateur piézo-électrique (40) comprenant des ré-
gions primaires et secondaires (42,44) couplées afin
de pouvoir vibrer mutuellement, le transformateur
(40) peut être utilisé pour être excité dans la vibration
par le signal reçu dans la région primaire (42) et pour
générer un signal de sortie correspondant dans la
région secondaire (44) destiné à générer le potentiel
d’alimentation.

3. Etiquette selon la revendication 1 dans laquelle le
moyen de vibration (40) comprend un bimorphe pié-
zo-électrique qui peut être utilisé pour être excité
dans la vibration par le signal reçu et pour générer
un signal de sortie correspondant destiné à générer
le potentiel d’alimentation.

4. Etiquette selon la revendication 1 dans laquelle le
moyen de vibration comprend un microsystème
électromécanique en silicium comprenant un réseau
d’un ou plusieurs éléments de résonance, chaque
élément comprenant un transducteur piézo-électri-
que associé pouvant être utilisé pour générer un si-
gnal d’élément en réponse à une vibration de son
élément associé, les transducteurs reliés en série
pour ajouter leurs signaux d’élément afin de fournir
une sortie globale à partir de laquelle le potentiel
d’alimentation est généré, et des moyens d’entraî-
nement pouvant être utilisés pour être entraînés par
le signal reçu afin de stimuler le ou plusieurs élé-
ments dans la vibration et générer ainsi le potentiel
d’alimentation.

5. Etiquette selon la revendication 4 dans laquelle les
éléments de résonance sont utilisables en résonan-
ce pour générer le potentiel d’alimentation.

6. Etiquette selon la revendication 4 ou 5 dans laquelle
les éléments de résonance sont logés dans un en-
vironnement sous vide afin d’augmenter leur facteur
Q de résonance.

7. Etiquette selon l’une quelconque des revendications

1 à 6, dans laquelle le moyen de réception comprend
un moyen de démodulation (30) pour démoduler des
composants de modulation présents dans le rayon-
nement reçu afin de générer le signal reçu.

8. Etiquette selon la revendication 7 dans laquelle le
moyen de démodulation (30) comprend des diodes
Schottky à polarisation nulle (D1, D2) pour démodu-
ler le rayonnement reçu afin de générer le signal
reçu.

9. Etiquette selon la revendication 7 dans laquelle le
moyen de démodulation comprend des transistors
pouvant être utilisés comme des démodulateurs
synchrones pour démoduler le rayonnement reçu
afin de générer le signal reçu.

10. Etiquette selon l’une quelconque des revendications
précédentes dans laquelle le moyen de circuit peut
être utilisé pour fonctionner dans un mode de classe
C afin de réduire la consommation d’énergie de l’éti-
quette.

11. Etiquette selon l’une quelconque des revendications
1 à 10 dans laquelle le moyen de réception (20, 310,
410, 430) comprend au moins une antenne dipôle
en film métallique, une antenne cadre et une antenne
patch pour un ou plusieurs des rayonnements
d’émission et de réception.

12. Etiquette selon l’une quelconque des revendications
1 à 11 dans laquelle le moyen de circuit comprend
des moyens de réponse (64, 68, 70, 420, 430, 510,
520, 530) pour émettre un rayonnement de sortie à
partir de l’étiquette (10, 400, 500), les moyens de
réponse pouvant être alimentés par le potentiel d’ali-
mentation.

13. Etiquette selon la revendication 12 dans laquelle le
moyen de vibration peut être utilisé pour recouvrir
un composant d’horloge d’un rayonnement encodé
en biphasé Manchester reçu au niveau de l’étiquette
et le moyen de réponse peut être utilisé pour utiliser
le composant d’horloge afin de démoduler le rayon-
nement encodé pour générer une donnée démodu-
lée correspondante pouvant être utilisée dans l’éti-
quette.

14. Etiquette selon la revendication 12 dans laquelle
l’étiquette comprend deux antennes (20, 64), une
antenne (20) destinée à générer le signal reçu et
l’autre (64) intégrée dans le moyen de réponse (60)
pour au moins l’un des rayonnements d’émission et
de réception.

15. Etiquette selon la revendication 12 dans laquelle les
antennes sont des antennes dipôles munies d’un film
métallique conducteur.
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16. Etiquette selon l’une quelconque des revendications
précédentes sous la forme d’un bloc.

17. Etiquette selon l’une quelconque revendications 1 à
15 sous la forme d’une carte plane.

18. Etiquette selon la revendication 17 dans laquelle la
carte comprend des cavités (230, 240, 250, 260)
pour accueillir le moyen de réception, le moyen de
vibration et le moyen de réponse.

19. Etiquette selon la revendication 12 dans laquelle le
moyen de réponse est un transpondeur qui peut être
utilisé pour recevoir le rayonnement d’entrée vers
l’étiquette et émettre le rayonnement de sortie en
réponse à partir de l’étiquette.

20. Etiquette selon la revendication 19 dans laquelle le
transpondeur est destiné à moduler le rayonnement
de sortie avec un codage à signature grâce auquel
l’étiquette peut être identifiée individuellement.

21. Etiquette (10) selon la revendication 19 ou 20 dans
laquelle le transpondeur comprend un amplificateur
de réflexion (70) pour amplifier le rayonnement d’en-
trée afin de générer le rayonnement de sortie.

22. Etiquette (300) selon la revendication 19, 20 ou 21
dans laquelle le transpondeur peut être utilisé dans
un mode pseudo-continu et comprend une ligne à
retard (68) pour retarder le rayonnement de sortie
par rapport au rayonnement d’entrée, empêchant de
ce fait l’oscillation spontanée de se produire à l’inté-
rieur du transpondeur à partir d’un retour dans celui-
ci.

23. Etiquette selon l’une quelconque des revendications
précédentes comprenant un plan de masse métalli-
que pour fournir un signal de masse courant pour
l’étiquette.

24. Etiquette selon l’une quelconque des revendications
précédentes adaptée pour l’implantation dans un
système biologique et pouvant être utilisée au moins
pour contrôler et stimuler le système biologique.

25. Procédé de guidage de véhicules le long d’une voie
vers une destination, le procédé comprenant les éta-
pes consistant à :

(a) distribuer une pluralité d’étiquettes selon
l’une quelconque des revendications 1 à 23 le
long de la voie et fournir au véhicule une source
d’interrogation sensible à la direction adaptée
pour assurer une transmission aux étiquettes.
(b) interroger les étiquettes à partir de la source
en émettant des rayonnements vers les étiquet-
tes et en recevant des rayonnements à partir de

celles-ci, déterminant ainsi la direction des éti-
quettes par rapport à la source et permettant
donc de déterminer la voie.
(c) déplacer le véhicule le long de la voie et
(d) répéter les étapes (b) et (c) jusqu’à ce que
le véhicule atteigne la destination.
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