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Passive Communication Device and Passive Access Control System
Description

Field of the invention

This invention relates to a communication system in which a communication
device transmits data to a base station in response to an interrogation from the
base station, the communication device and the base station communicating
remotely, by transmitted signals. The invention is particularly, but not exclusively,
applicable to communication by electromagnetic signals, which expression is to be
understood as covering signals in which the magnetic field compbnent is
predominant as well as signals in which the magnetic and electric field
components are of comparable magnitude.

Background of the invention

In some known communication systems, the portable device is of the active
kind, in which an action of the user on the portable device, such as pressing a
button on the portable device, is required to actuate the transmission of a signal
over an electromagnetic transmission path to the base station. The portable device
may therefore' be totally de-energised untif the user actuates transmission of the
signal, which avoids unwanted consumption of energy except when the user
actuates the device. However, actuation of the device in this way by the user is
additional to the actions associated with his primary purpose (such as opening a
door, starting an engine or starting use of the data processing equipment for
example) and accordingly is inconvenient.

_The present invention relates to a communication system of the so-called
‘passive’ kind comprising a communication device capable of transmitting a coded
identification signal to the base station without specific action of the user on the
communication device in response to reception of an interrogation signal from the
base station. As used herein, the expression ‘passive communication device’
includes a device provided with means that may be actuated by a user to trigger
transmission to the base station without reception of an interrogation signal from

the base station, in addition to its normal passive operation.
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A _communication system in accordance with the present invention is
particularly, but not exclusively, applicable to an access control system and, more
particularly, to an access control system of the kind including a portable device
which identifies the user of the device to the base station by transmitting a coded
identification signal to the base station. The base station may include a
mechanism coupled to a door or other closure in order to unlock the door and
enable physical entry of the user in response to a valid identification signal
received from the portable device; the base station may perform other types of
access control, such as control of the enabling of an operational function, and in
particular starting an engine or access to use of data processing equipment, for
example.

Since the communication device in a passive system must be ready to
receive the interrogation signal from the base station and so is energised normally
at all times, this can require significant power consumption which is a problem
particularly for battery operated devices.

An access control system including a passive communication system is
described in the article reference 980381 by Stephan Schmitz and Christopher
Roser entitled “A New State-of-the-Art Keyless Entry System, published by the
Society of Automotive Engineers in 1998. This publication recognises the need to
reduce the power consumption of the transponder described to very low levels but
fails to indicate how this objective can be achieved by the internal construction of
the transponder.

The present invention is also applicable to other communication systems in
which a passive battery powered communication device is responsive to an
interrogation signal from a base station, for example, in a system for monitoring
the pressure of the tyres of a vehicle: the base station is installed on the bodywork
of the vehicle while the communication device is installed in the tyre, coupled with
a pressure sensor.

There is therefore a need to obtain a low level of power consumption of the
communication device, especially in a standby mode and in the case of an

integrated circuit structure, to achieve low cost of the communication device.
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Summary of the invention

The present invention provides a passive communication device comprising
an internal power source, receiver means for receiving signals transmitted from the
base station, and processing means selectively responsive to an interrogation
signal received from a base station to generate a data signal for transmission to
the base station. The receiver means comprises a first receiver element and a
second receiver element, the first receiver element having lower power
consumption than the second receiver element does when energised. At least
during a standby state of the device, the internal power source energises the first
receiver element so as to detect the presence of a received signal, the second
receiver element and the processing means not being energised from the internal
power source. The first receiver element is responsive to detection of a received
signal to trigger an active state of operation of the communication device in which
the internal power source energises the second receiver element so that the
second receiver element is selectively responsive to a characteristic of the signal

received fo actuate the processing means.

The characteristic to which the second receiver element is selectively
responsive is preferably a frequency of the signal received, the second receiver
element being arranged to actuate the processing means if the frequency is
between upper and lower limits. The processing means preferably comprises
demodulator means responsive o a modulation of the received signal, said
internal power source being arranged to energise said demodulator means in said
active state in response to actuation by said second receiver element. The
receiver means preferably comprises reset means for triggering said standby state
in the absence of a signal received by said first receiver element and of the
transmission of a signal by the communication device.

Brief description of the drawings

Figure 1 is a schematic diagram of a vehicle equipped with an access control
system comprising including a communication system in accordance with one
embodiment of the invention,

Figure 2 is a block diagram of a transceiver stage in the communication
system of Figure 1,
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Figure 3 is a more detailed block diagram of an automatic shutdown
comparator in the transceiver stage of Figure 2,

Figure 4 is a diagram of the encoding format in an interrogation signal in
operation of the access control system of Figure 1,

Figure 5 is a flow chart of the operation of the comparator of Figure 3,

Figure 6 is a schematic diagram of a vehicle equipped with a tyre pressure
monitoring system including a communication system in accordance with another
embodiment of the invention

Detailed description of preferred embodiments of the invention

The wireless access and control system shown in Figure 1 and Figure 2 of
the accompanying drawings comprises a communication system including a base
station 1 installed on a vehicle 2 and a portable device 3, which may be in the form
of a badge or key fob, and includes a communication device comprising a
transceiver 4. The vehicle has door lock mechanisms 5, including handles, latches
and locks, mounted on doors 6. The system is operative to unlock the doors 6 in
response to movement of one of the handles of the door lock mechanisms 5 by a
user seeking to open the door, provided that the user is carrying the portable
device 3 and it is validated as identifying the user by the base station 1. The
portable device 3 is passive, so that no specific action of the user on the portable

device 3 is necessary to unlock the doors in normal operation of the system.

The base station 1 is coupled to the handles of the door lock mechanisms 5
so as to transmit a challenge in the form of an interrogation signal in response to
movement of a door handle. The communication is two way: the portable device 3
transmits back a reply in the form of a data signal including an identification code
in response to reception of the interrogation signal if the interrogation signal
received is valid. The base station 1 is also coupled to the door lock mechanisms 5
so as to trigger unlocking of the doors 6 of the vehicle so as to enable the user's

movement of a door handle 5 to open the corresponding door 6 if the reply is valid.

The challenge is an electromagnetic signal, preferably in the Low Frequency
(‘LF’)range (30 to 300 kHz). The portable device 3 comprises an internal battery 7
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as primary power source so that a predefined communication range (typically
about 1.5 m) with the base station 1 is made possible; the portable device 3 is
normally energized by the battery 7 and not by the electromagnetic field generated
by the base station. The portable device reply is an electromagnetic data signal at
a carrier frequency in the Ultra High Frequency (‘UHF’) range (300 to 3000 MHz).

The portable device 3 includes an LF receiver 8 that must normally be
energised permanently so that the portable device 3 does not miss any LF
challenge. Therefore a key objective for such a portable device is a very low
current consumption by the LF receiver. The transceiver 4 has an active state, in
which it is capable of processing the interrogation signal and generating the data
signal and a standby mode in which only the receiver 8 is energised so that its
power consumption is reduced to optimise the lifetime of the battery 7.

The portable device 3 also includes a micro-controller 9, a modulation stage
10 and a transmission stage 11, operating in the UHF range, which implies higher
power consumption than at lower frequencies; however these elements are only
energised intermittently, at the moments when transmission of data is required in
response to an interrogation, that is to say when the challenge data are recognised
as valid by the portable device.

In the present embodiment of the invention the LF challenge is at a frequency
of 125 kHz although other frequencies may be used. The currently targeted

standby current for the LF receiver 8, and hence for the whole transceiver, is less
than 5 OA.

Referring now to Figure 2 of the drawings in more detail, the portable device
3 includes two (or more) magnetic antennas (loop antennas or ferrite antennas) 12
and 13 in order to guarantee good electromagnetic reception irrespective of the
orientation of the antennas and which are coupled to respective input channels of
the LF receiver 8, only one of which is shown in the drawings, the other channels
being similar.

Each channel of the LF receiver 8 comprises a series of modules that are
energised or activated sequentially if and only if a predefined condition is filled and

which are automatically shut down afterwards.



WO 02/100666 PCT/EP02/06067
6

The LF receiver 8 comprises receiver means including an LF carrier
frequency detector 14 and a data demodulator 15 (if security requirements
necessitate decoding a signal modulated on the carrier), as shown, and an input
stage 16. The input stage comprises a channel for each of the antennas 12 and 13
(only one being shown in the drawing); the data demodulator 15 is common to the
receiver channels. When the receiver 8 detects the presence of an LF field on one
or other of the antennas 12 and 13, it outputs a wake-up signal to trigger the active
state of the transceiver 4 in which the micro-controller 9 is awoken and the
demodulator 15 activated to receive the challenge data. Moreover, the other
receiver modules inside the LF receiver 8 are not all permanently turned on but are
also turned on sequentially.

The LF electromagnetic up-link signal consists of a wake-up signal, which
may be a non-modulated LF 125kHz signal and then (if required by the security
level of the application) encoded challenge data modulated onto the carrier signal.

The input stage 16 for each of the receiver channels includes respective
comparator modules 17 and 18, as shown in Figure 3. Each of the comparator
modules 17 and 18 produces a simple binary output in response to the presence
or absence of an input signal without any capacitor.

More specifically, as shown in Figure 3, each input stage includes a front-end
comparator module 17 that is permanently energised by the internal battery 7 in
the standby state, unless the battery is discharged. In fact, in the preferred
embodiments of the invention, this is the only module in the whole transceiver that
is energised (and therefore activated) in the standby mode. The front-end
comparator module 17 is a low-speed comparator (it is not able to transmit the LF
carrier frequency); the second comparator module 18 is a higher-speed
comparator and in particular it is able to pass an electrical signal which is at the
same frequency as the LF carrier or higher. The front-end comparator module 17
is able to have lower power consumption than the second comparator module 18
does (when energised) because its bandwidth is low. In the current embodiment,
both comparator modules 17 and 18 have very low and fixed thresholds (in the
range of a few millivolts) so that they are able to detect a LF carrier at the targeted
distance.
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In standby (when there is no LF field), the higher-speed, higher power-
consumption comparétor modules 18 are switched off (de-energised) and the
lower-speed, low power-consumption comparator modules 17 of both receiver
channels are switched on. The LF antennas 12 and 13 are coupled to the low-
power comparators 17.

When the portable device 3 receives an LF electromagnetic field, an LF
current flows in the magnetic antennas 12 and 13 and feeds the low power-
consumption comparators 17. The low power-consumption, lower-speed
comparators 17 are not able to follow the frequency of variation of the current but
constitute a first receiver element that detects the presence of a signal received at
the antennas and produce a binary ‘enable’ signal 19 that is passed to the higher-
speed comparator modules 18 and the LF carrier frequency detector 14 to trigger
an active state of the device.

In response to the enable éignal 19, the higher-speed comparator modules
18 are enabled (energised). The LF carrier frequency detector 14 also includes a
switch 20 that normally connects the respective antenna to the corresponding low
power comparator 17 but which responds to the enable signal 19 to connect the
antenna to the higher speed comparator 18. The higher speed comparator 18 then
outputs a shaped LF clock signal 21 that is at the same frequency as the LF
carrier. In the preferred embodiment of the invention, the low power-consumption
comparators 17 are de-energised during the remainder of the active state of the
transceiver; however, the reduction of power consumption is not large and in an
alternative embodiment of the invention they are left energised during the active
state also.

The LF carrier frequency detector 14 also includes a control unit 22 and a
counter 23. The control unit 22 is common to the two receiver channels and
includes a capacitive timer circuit 24. The higher speed comparator 18, together
with the control unit 22, the counter 23 and the timer circuit 24 form a second
receiver element selectively responsive to a characteristic of the signal received,
namely its carrier frequency, for pursuing the wake-up sequence by triggering
energisation of the processing means comprising the micro-controller 9 and the
demodulator 15.
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When the first edge (falling or rising edge) detected by the low-speed
comparator 17 produces the enable signal 19 to turn on the higher speed
comparator 18, it also enables the control unit 22. The control unit 22 is connected
to the counter 23 and sends it a start signal 25 and also simultaneously starts the
timer circuit 24 to time a period of time of T Os defined by the external capacitance
of the timer circuit. In practice, there is a different counter 23 for each receiver
channel and the control unit 22 sends the start signal 25 only to the counter 23 that
is associated with the channel where the enable signal 19 is produced.

During time period T, the counter 23 counts the corresponding number of LF
clock pulses 21, detected from the periodic alternations of the received input
current. The counter 23 is connected to the control unit 22, which reads the
counting result 26. When the time-out is complete, if a valid LF carrier was
detected, the counting result is expected to be within two limits around a pre-
determined value N (limits depend on the timer accuracy), N being such that:

N/ Fir =T, where F¢ is the frequency of the carrier;

If the counting result is within these two limits, the control unit 22 outputs a wake-
up signal 27 that awakens the following stages of the transceiver 4.

If the counting result is not within the expected limits at the end of the time-
out, the control unit 22 does not output the wake-up signal 27 but, instead,
generates a reset signal 33 that is dispatched to the higher power-consufnption
comparator modules 18, the low-power comparator modules 17 and the counters
23. The reset signal 33 resets the input stage 16 so that the higher power-
consumption comparator modules 18 are turned off and the low-power comparator
modules 17 are turned on. It also activates the switch 20 to couple the magnetic
antennas 12 and 13 back to the low-power comparator modules 17 and de-
energises the counters 23 and the control unit 22 itself. Accordingly, intermittent
noise at the wrong frequency only energises part of the detector higher power
elements and only energises them for the duration of the noise.

The control unit 22 is connected to send the wake-up signal 27 to the micro-
controller 9, so as to energise it, if the counting result is within the expected limits;
the micro-controller is typically woken up by ‘pulling down’ a wake-up pin of the
micro-controller, that is to say applying a negative pulse to it. The control unit 22 is
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also connected to send the wake-up signal 27 to the data demodulator 15 to
energise it and the control unit 22 also connects the input of the demodulator 15 to

the receiver channel which first responded to a valid LF carrier on its antenna.

The demodulator 15 is responsive to a challenge signal encoded on the
carrier 21, preferably by modulation, such as pulse-position modulation, that does
not necessitate automatic gain control in the transceiver 4. The preferred
modulation, which is shown in Figure 4, is a variant in which each pulse is followed
by a gap of longer duration. More particularly, each field is of length (n+1) bits, a
‘1" being represented by a pulse of length one bit followed by the absence of a
pulse during n bits and a ‘0’ being represented by the absence of a pulse during
(n+1) bits. The choice of this latter modulation is due to the observation that the
thresholds of the comparators are fixed and very low. The rise time and fall times
of a LF system are usually long so that a LF electromagnetic pulse is recovered as
a longer pulse because of the low thresholds. That is the reason why it is preferred
to shut down the LF field before the end of a logical high data, so that it does not
spread over the time slot of any logical low data in the next field.

The architecture of the challenge demodulator 15 is simple. It does not need
automatic gain control (AGC) as the input signal amplitude is controlled by the
output voltage swing of the high-speed comparators 18. It consists in a simple low-
pass filter and a data slicer that corrects the shape of the digital signal and
converts it into a digital demodulated signal 28 that the micro-controller can
process. This demodulator 15 is enabled by the wake-up signal 27 only when the
control unit 22 has detected an LF carrier whose frequency is between the upper
and lower limits in one of the antennas 12 and 13.

The micro-controller 9 is connected to receive the demodulated signal 28
from the demodulator 15 and checks whether it contains a valid challenge signal.
The micro-controller 9 is connected to the control unit 22 to send it a shutdown
signal 29 if there is no valid challenge signal. It is also connected to the modulator
10 to send it identification data 30 in response to a valid challenge in the
demodulated signal 28, the modulator 10 is connected to the transmitter 11 to
send it a signal 31 modulated with the identification data 30, and the transmitter is
connected to the antennas 12 and 13 to send them a transmission signal 32
modulated by the modulation signal 31, constituting the reply to the challenge.
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The operation of the vehicle access control system described above is as
follows. The operation is normally triggered in the passive mode in response to a
single natural ancillary gesture of the user, such as turning or pulling the handle of
the locked vehicle door 6 to open it. The user accordingly does not need
previously to take hold of nor actuate the portable communication device 3 as well
in order to unlock the door 6, its presence within the electromagnetic field of the
base station and validation of its identity by the base station being sufficient. The
base station 1 senses the gesture of the user (the initial movement of the door
handle mechanism 5), transmits the interrogation signal 21 and unlocks the doors
6 if (and only if) a valid coded identification reply signal 32 is received from the
portable device 3 in response to the interrogation signal corresponding with a pre-
set encoding protocol or definition of valid codes.

The sequence of the wake-up and automatic shutdown operation of the LF
carrier frequency detector 14 is summarised in Figure 5.

Initially, the receiver is in the state 34 ‘waiting for carrier: only the front-end
stage 8 is turned on and, within the front-end stage, only the low-speed, low-power

comparators 17 are turned on; they are coupled to the antennas 12 and 13.

On detecting an edge, the receiver passes to the ‘count’ state 35: the enable
signal 19 is sent to all the modules of the LF carrier frequency detector 14, which
are energised, and to the high-speed and high-power comparators 18, which are
turned on and are coupled to the magnetic antennas 12 and 13.

Lastly, if the carrier frequency corresponds to the interrogation signal carrier
frequency, the receiver passes to the ‘awake the device’ state 36: the wake-up
signal 27 is sent to the demodulator 15, micro-controller 9, modulator 10 and UHF
transmitter 11 stages to awaken them. Additionally, the challenge demodulator 15
(if required) is turned on.

If the challenge signal is invalid, the micro-controller 9 outputs the shut-down
signal 29 to the control unit 22, which triggers the generation of the reset signal 33
to put the detector back into standby mode and the demodulator 15 and micro-
controller 9, modulator 10 and UHF transmitter 11 stages to de-energise them.

If the challenge signal is valid, the micro-controller 9 outputs the identification
code data 30 to the modulator 10 and the UHF transmitter stage 11 transmits the
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identification data in the transmitted reply 32 to the base station 1, which unlocks
the doors 6 of the vehicle 2 to enable the user's movement of the door handie 5 to
open the corresponding door. The micro-controller 9 then sends the shutdown
signal 29 to the control unit 22, which triggers the generation of the reset signal 33
to put the detector back into standby mode and de-energise the demodulator 15
and micro-controller 9, modulator 10 and UHF transmitter 11.

Although the communication device is energised by the battery in normal
operation, it is capable of functioning also when the battery is discharged. The
communication device is accordingly arranged to be capable of remote powering
by the base station field if it is presented within one or two centimetres of the base
station. This implies however that the difference between the maximum received

signal when the communication device is very close to the base station antenna
| and the minimum when it"is at its max‘iﬁwum operational range may be as high as
100 dB. The use of comparators for the input receiver elements accommodates
such variation in the input signal.

The communication system of the present invention described above is a
passive system, that is to say it is capable of functioning in the passive mode.
However, even though this is the mode the user will usually choose, the portable
device 3 is also capable of functioning as an active device, for long range
operation at several metres, for example, and incorporates a push-button (not
shown) for triggering fransmission of the identification signal to the base station 1
independently of its normal mode of passive operation in response to the
interrogation by the base station.

The low power consumption of the transceiver 4 described above is
particularly advantageous in a passive communication device, where the input
receiver stage of the communication device is normally energised in order to
sense the interrogation signal and its power consumption must accordingly be low,
especially in the standby state, so that the discharge of the battery is slow and the
battery life is prolonged.

The receiver input stages 16 for the receiver channels each include two
comparator modules 17 and 18, as shown in Figure 3. This structure consumes
considerably less current, especially in the standby mode, than would an input

receiver section comprising a permanently energised LF amplifier stage with AGC.
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The use of comparators as the receiver modules avoids the necessity for a
capacitor (as in an AGC amplifier), which would bccupy a large area on an
integrated circuit in the case of an internal capacitor, or would require connection
pads on the integrated circuit in the case of an external capacitor, again occupying

a large area on the integrated circuit, with consequent cost disadvantages.

A communication system as described above can also be used in a tyre
pressure monitoring system as in another embodiment of the present invention
shown in Figure 6. In such an application, a body controller unit 37 is coupled with
LF base stations 38 and 39 mounted on the vehicle bodywork, which is a non-
rotating part of the vehicle, close to respective vehicle wheels. In the preferred
embodiment of the invention, the body controller unit 37 and base stations 38 and
39 are coupled through direct wired connections; however, in a variant they are
coupled through a CAN bljS. The wheels of the vehicle incorporate communication
devices 40 and 41 comprising transceivers 4, similar to those described above
with reference to the access control system and including LF receivers 8, micro-
controllers 9 and UHF transmitters 11 as previously described with reference to
Figure 1 to Figure 6 of the accompanying drawings. The communication devices
40 and 41 also comprise sensors (not shown) responsive to the air preésure in the
tyres of the respective wheels and connected to the micro-controllers 9 to supply
data thereto for transmission to the base stations 38 and 39 instead of the
identification data 30 of the access control system previously described. In a
preferred embodiment of the system the sensors of the communication devices 40
and 41 are also responsive to the tyre temperature.

While the vehicle is immobilised, the system is de-energised, to avoid
unnecessary power consumption. At periodic time intervals when the vehicle
engine is started, the body controller unit 37 instructs one of the base stations 38
and 39 to transmit an LF field comprising an interrogation signal 21 to the adjacent
one of the communication devices 40 and 41. This field presence will be detected
by an LF receiver 8 as described previously which is integrated in this one of the
communication devices 40 and 41 and it will be detected only by the receiver of
this communication device as the ranges of the LF fields transmitted by the base
stations 38 and 3%are arranged to be too short to activate any of the other
communication devices 40 and 41. After checking the frequency of the received
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signal, to avoid unnecessary wake-up due to noise and interference, the receiver 8
will then awaken the micro-controller 9 and the UHF transmitter 11 of the
communication device. The pressure and temperature data of the interrogated tyre
are then transmitted to the body controller 37.

To minimise the power drain on the battery, the communication device and
pressure sensor are only activated to transmit data in response to an interrogation
signal from the base station. A system where the tyre installation transmitted at
regular intervals, without any signal transmitted from the base station to trigger its
operation would consume power during the periods when the vehicle was
immobile and out of use as well as when it was moving; as the tyre preésure
monitoring function is required primarily during use of the vehicle, and a very high
proportion of most vehicles’ lives is spent out of use, the power consumption of
such a system would be unnecessarily high compared to the system of the present
invention, in which the communication device's operation is triggered by the base
station only when required. Moreover, the system described in which selected
ones of the tyre pressure monitoring communication devices are interrogated in
turn under the control of the body controller is preferable to implementations where
the tyre pressure monitoring communication devices transmits the pressure and
femperature data at self-timed regular intervals without central interrogation, since
it avoids data collision between the responses of two wheels which occurs when
two tyres transmit simultaneously their pressure and temperature. Additionally, it
minimizes the current consumption of the tyre pressure monitoring systems and
thus improves the lifetime of the tyre pressure monitoring communication devices,
and it offers a simple solution to the issue of tyre identification enabling pressure to
be associated with the wheel's position on the vehicle even if two wheels of the
vehicle have been exchanged.
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Claims

1.

A passive communication device for a communication system having a base
station (1; 38, 39), the communication device comprising an internal power
source (7), receiver means (8) for receiving signals (21) transmitted from the
base station, processing means (9, 10, 11, 14, 15) selectively responsive to an
interrogation signal received from the base station by said receiver means (8)
to generate a data signal (30, 32) for transmission to the base station, and said
communication device being selectively responsive to detection of a signal by
said receiver means (8) to enable said internal power source (7) to energise
said processing means (9, 10, 11, 14, 15)

characterised in that said receiver means (8) comprises a first receiver element
(17) and a second receiver element (18), said first receiver element (17)
having lower power consumption than said second receiver element (18)
when energised,

said communication device being arranged so that, at least during a standby
state of the device, said internal power source (7) energises said first receiver
element (17) so as to detect the presence of a received signal (21), said
second receiver element (18) and said processing means (9, 10, 11, 14, 15)
not being energised from said internal power source (7),

said first receiver element (17) being responsive to detection of a received
signal (21) to trigger an active state of operation of said communication device
in which said internal power source (7) energises said second receiver
element (18) so that said second receiver element is selectively responsive to
a characteristic of the signal received to actuate said processing means (9, 10,
11, 14, 15).

A passive communication device as claimed in claim 1, characterised in that
said characteristic to which said second receiver element (18) is selectively
responsive is a carrier frequency of the signal (21) received, said second
receiver element being arranged to actuate said processing means (9, 10, 11,

14, 15) if said carrier frequency is between upper and lower limits.



WO 02/100666 PCT/EP02/06067

1/2

ENABLE
12 | r———-:s'—'l 19 reree e - -;
Vo Iy 1 I |
IR e — 127 '
|
5 <'L K | [RESET ~ ENABLE _ll_éWAKE_Up |
= | $—T1-==I= CONTROL UNIT
[ | '
|16 | RESET [N starr counr ,—@——JI——I |
L | S I
: 77 | 25/~' 22 126 24 I
| L | ] :
[ = 21 -|ENABLE :“14 |
| \_»CLK COUNTER , '
8- Ay < | '
| | 23 | :
' L oo o o o e o e e o '
l .
, 21 27 :
| } ENABLE 28 .
! DEMODULATOR —éCHALLENGE l
| > ,\_15 |
[ |
b o e o o o o [ e e e e - - — . o W o — —— — .
? ~21
28 MICRO- MODULATOR
—3» CONTROLLER |24~ > UHFTS | pepry
ENABLE 30 |ENABLE 31 | ENABLE 32

27’T kzg 27AT 0 27'1 i

SHUT-DOWN FIG. 2 \4



WO 02/100666 PCT/EP02/06067

2/2
17 EnaBLE 19
2 jL -t
12,131 ’ FIG. =3
‘ 21
1t
18-
91, ’09
‘— FHF1GE. <
e -~ e P
tp n*tp (nt1)*tg
34-{ WAITING FOR CARRIER |«
Y +N

35 COUNT & TIME-OUT

~N FI1G. 5
36-{ AWAKEN DEVICE




INTERNATIONAL SEARCH REPORT

Inr“*tional Application No

Pui/EP 02/06067

A, CLASSIFICATION OF SUBJECT MATTER
IPC 7 B60C23/04 G07€9/00

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

B. FIELDS SEARCHED

IPC 7 EO05B B60C GO7C

Minimum documentation searched (classificalion system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

figures
4 May 1994 (1994-05-04)

figures

7 March 1996 (1996-03-07)

figure 1

page 5, Tine 2 -page 9, line 6

page 18, line 4 -page 22, 1ine 25

X EP 0 502 566 A (DELCO ELECTRONICS CORP) 1,2
9 September 1992 (1992-09-09)

cotumn 1, line 41 -column 2, line 35
column 3, Tine 45 -column 6, line 32

X GB 2 272 135 A (SCHLUMBERGER IND LTD) 1

A WO 96 06747 A (DAVIES SEAN PATRICK ;GIBSON 1
EDWARD CHARLES (GB); RICHARDS JOHN KIT)

.

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

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

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

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

*0O" document referring to an oral disclosure, use, exhibition or
other means

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

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited 1o understand the principle or theory underiying the
invention

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

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-—
_mc-mls, ﬁuch combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

7 October 2002

Date of mailing of the international search report

15/10/2002

Name and mailing address of the I1SA

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

Tel. (+31-70) 3402040, Tx. 31 657 epo i,
Fax: (+31-70) 340~-3016

Authorized officer

Miltgen, E

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Inl& onal Application No

Pui/7EP 02/06067

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

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

Relevant to claim No.

GB 2 351 618 A (SIEMENS AG)
3 January 2001 (2001-01-03)
abstract
page 2, line 5 —page 3, Tine 9
figures
DE 195 03 756 A (AUDI NSU AUTO UNION AG)
8 August 1996 (1996-08-08)
the whole document

EP 0 808 971 A (TRW INC)

26 November 1997 (1997-11-26)

abstract; claims; figures

US 5 973 617 A (COLANDREA FRANCESCO ET
AL) 26 October 1999 (1999-10-26)

US 5 790 946 A (ROTZOLL ROBERT R)
4 August 1998 (1998-08-04)

Form PCT/SA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

formation on patent family members

Iq“‘ tional Application No

Fui/EP 02/06067

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

EP 0502566 A 09-09-1992 US 5252965 A 12-10-1993
DE 69202281 D1 08-06-1995
DE 69202281 T2 07-09-1995
EP 0502566 Al 09-09-1992
EP 0502567 Al 09-09-1992
JpP 2825388 B2 18-11-1998
JP 5071257 A 23-03-1993
JP 5067995 A 19-03-1993
DE 69206450 D1 18-01-1996
DE 69206450 T2 25-04-1996
EP 0503695 Al 16-09-1992
JP 2095726 C 02-10-1996
JP 5086759 A 06-04-1993
JP 8006518 B 24-01-1996
GB 2272135 A 04-05-1994 GB 2239571 A 03-07-1991
AT 140317 T 15-07-1996
DE 69027756 D1 14-08-1996
DE 69027756 T2 16-01-1997
DK 435607 T3 18-11-1996
EP 0435607 A2 03-07-1991
JP 4142122 A 15-05-1992
us 5355513 A 11-10-1994
WO 9606747 A 07-03-1996 AU 3392695 A 22-03-1996
CA 2197447 Al 07-03-1996
EP 0778803 A2 18-06-1997
Wo 9606747 A2 07-03-1996
JP 10504783 T 12-05-1998
us 6271748 Bl 07-08-2001
US 2002044050 Al 18-04-2002
GB 2351618 A 03-01-2001 DE 19917819 Al 09-11-2000
FR 2792782 Al 27-10-2000
DE 19503756 A 08-08-1996 DE 19503756 Al 08-08-1996
EP 0808971 A 26-11-1997 US 5838257 A 17-11-1998
EP 0808971 A2 26-11-1997
JP 10046891 A 17-02-1998
US 5973617 A 26-10-1999 DE 19618094 Al 20-11-1997
EP 0806713 Al 12-11-1997
US 5790946 A 04-08-1998 US 2001041551 Al 15-11-2001

Form PCT/ISA/210 (patent family annex) {July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

