A contactl ess identification and conmmuni cation system and net hogpgfs Gpy
Operating the sane TH S | NVENTI ON rel ates to a
“contactl ess identification and communication system and nethod of operating
the sanme and nore particularfy to a contactless identification and
comuni cation systemw th | ow power requirenents and consunpti on.
Contactless identification and conmmuni cation systens can be used in a
nunber of applications such as inventory cobntrol, access control,
super mar ket checkout systens, road tolls, vehicle telemetry, tracking
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operating the same and more particularly to a contactless
identification and communication system with low power

requirements and consumption.

Contactless  identification and communication
systems can be used in a number of applications such as
inventory control, access control, supermarket checkout
systems, road tolls, vehicle telemetry, tracking animals
and other forms of tagging. In each case, an active or
passive transponder attached to or associated with an
object to be tagged is able to be interrogated by a reader.
Each tag has its own identification code and is able to

transmit data including the identification code back to the
reader. '

The transponder can be active in that it has its
own internal power source or can be passive in which case
its power is derived inductively from the RF power of the
interrogating signal from the reader. |

One of the main disadvantages with current
contactless identification and communication systems is the
slow data rate (in order of Kbits/sec) with which the
transponder is able to transmit data to the reader. Such
slow data rates mean that if a large number of transponders
are to be interrogated, then the time taken to interrogate
all transponders in the system is also going to be high.
However, if a high data rate is used (in order of hundreds
of Kbits/sec), then the transponder would consume more
power than lower clock rate sYstems.
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One qf the main di sadvantages with current contactless identification and
*conmmuni cation systens is the slow data rate (in order of Kbits/sec) with
“which the transponder is able to transnmit data to the reader. Such sl ow
data rates nmean that if a large nunber of transponders are to be

interrogated, then the tinme taken to interrogate all transponders in the
systemis also going to be high. However, if a high data rate is used (in

order of hundreds of Kbits/sec), then the transponder would consume nore
power than | ower clock rate systens. 97 03 4

69 8 2 A nunber of earlier
attenpts at savi ng power when operating at? hi gh cl ock rates have been
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operating at hlgh clock rates have been proposed but none
have been found to be acceptable for use in contactless
identification and communication system applications where
the concern is not.just the saving of power available from
a particular power source such as a battery but rather
operating at extremely low voltages and currents (i.e. low
power) using available low power sources, in particular
those associated with passive transponders which are

reliant upon using power which is inductively derived from
an FR interrogating signal.

It is an object of the present invention to seek to
provide a contactless identification communication system
having low power requirements and consumption.

It is a further object of the present invention to
provide a method of operating a contactless identification

and communication system at high data rates but using low
power.

Accordingly, one aspect of the present invention
provides a method of operating a contactless identification
and communication system a method of operating a
contactless identification communication system comprising
a reader and one or more transponders, wherein the or each
transponder is operable to be in RF communication with the
reader, which method comprises the steps of: operating the
transponder at a first clock rate when the transponder is
not transmitting to the reader; and operating the
transponder at a second clock rate during transmission of
the data from the transponder to the'reader, the second
clock rate being higher than the first clock rate.



thé concern is not just the saving of power available froma particul ar
“power source such as a battery but rather operating at extrenely | ow

vol tages and currents (i.e. |ow power) using avail able | ow power sources,
in particular those associated with passive transponders which are reliant
upon using power which is inductively derived froman FR interrogating

si gnal . It is an object of the present invention to seek to
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first clock rateecond clock rate and means operable to switch off the
low speed clock and switch on the high speed clock during
transmission of data from the transponder and means
operable to switch off the high speed clock and switch on
the low speed clock after data transmission, the second
clock rate being higher than the first clock rate.

A further aspect of the present invention provides
a- transponder for use in a contactless identification and
communication system each transponder having a low speed
clock to operate the transponder at a first clock rate and
a high speed clock to operate the transponder at a second
clock rate and means operable to switch off the low speed
clock and switch on the high speed clock during
transmission of data from the transponder and means
operable to switch off the high speed clock and switch on
the low speed clock after data transmission, the second
clock rate being higher than the first clock rate.

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a schematic representation of a reader
and transponder of a contactless identification system
embodyinq the present invention;

Figure 2 1is a schematic representation of a
transponder for use with the contactless identification and
communication system of Figure 1;



3 ., Anot her aspect of the present invention provides a contactl ess
sidentification and conmunication system conprising one or nore
“transponders operable to be in RF communication with a reader, each

transponder having a | ow speed clock to operate the transponder at a first

clock rate and a high speed clock to operate the transponder at a second
clock rate and neans operable to swwtch off the | ow speed cl ock and switch
on the high speed clock during transm ssion of data fromthe transponder
and neans operable to switch off the high speed clock and switch on the | ow
speed clock after data transm ssion, the second clock rate being higher
than the first clock rate. A further aspect of the present
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Referring to Figure 1, a contactless identification
communication system embodying the present invention
comprises a reader 1 which is in RF communication with one
or more transponders 2. Each transponder 2 is attached to
or carried by an object 3 to be tagged such as a car, an
item of stock, personnel, a vehicle, an animal, etc.

Usually the reader 1 is connected to a mains power
supply or a dgenerator. The reader 1 can, therefore,
generate high power RF signals, the power of which is only
limited by the RF signal power allowed by the relevant
telecommunication authorities in the area of operation.

Interrogation signal generated by the reader 1 is
received by the transponders 2. In the case of active
transponders, the transponder 2 generates and sends a
signal back to the reader 1, the signal incorporating an
identification code associated with the respective
transponder. The active transponder 2 uses its own power
supply such as a battery or the like to meet its power
requirements. Typically, the signal transmitted by the
transponder 2 to the reader 1 is of a lower power than that
transmitted from the reader 1 to the transponder 2.

In the case of a passive transponder, the RF energy
of the interrogation signal from the reader 1 is converted
to a DC voltage within the transponder. Only limited DC
power is available from this source (in the order of
microWatts) since the RF signal power of the interrogating
signal is regulated by telecommunications authorities to



the l.ow speed clock after data transm ssion, the second clock rate being

‘higher than the first clock rate. In order that the present
“invention may be nore readily understood, enbodi nents thereof wll now be
descri bed, by way of exanple, with reference to the acconpanying draw ngs,
I n whi ch: Figure 1 is a schematic representation of a reader and
transponder of a contactless identification system enbodying the present

i nventi on; Figure 2 is a schematic representation of a transponder
for use with the contactless identification and comruni cati on system of
Figure 1, 5 4 ~Figure 3 is a
schemati ¢ bl ock di agram of the conponents of the transponder of Figure 2;
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minimal compared to that available using an active
transponder which would:consume in the order of miliWatts

(about 100 times more than that available to passive
transponders) .

Referring to Figure 2, a transponder 2 embodying
the present invention comprises an antenna 4 for receiving
and transmitting RF signals, an RF circuit for receiving
signals transmitted from the reader 1 and for transmitting
signals from the transponder 2, which ‘RF circuit also .
incorporates the power source which is either a battery for
an active transponder or an RF energy derived power source
such as diode rectified RF power in the case of a passive
transponder. The RF circuit receives and sends signals to

a base band circuit which is described in greater detail
below.

Referring to Figure 3, the base band circuit 6 is
centred around a microcontroller 7 which processes signals
received and to be transmitted and the operation of the
base band circuit and RF circuiﬁ.

The base band circuit 6 has two clocks. A low
speed clock 8 wiich operates in the kilohertz range and a
high speed clock 9 which operates in the kilohertz to the
megahertz range. Preferably, the low speed clock 8
operates in the 32-50 KHz range and the high speed clock 9
operates in the 100 KHz to I MHz range.

The low speed clock 8 drives the microcontroller 7
at the low frequency clock speed. The high speed clock 92
is controlled by a control signal from the microcontroller
7. When the high speed clock 9 is on, the high speed clock



communi cati on 'system enbodyi ng the present invention conprises a reader 1
swhich is in RF communication with one or nore transponders 2. Each
>transponder 2 is attached to or carried by an object 3 to be tagged such as

a car, an itemof stock, personnel, a vehicle, an animal, etc.

Usually the reader 1 is connected to a mains power supply or a generator.
The reader 1 can, therefore, generate high power RF signals, the power of

which is only limted by the RF signal power allowed by the rel evant
t el econmuni cation authorities in the area of operation.

I nterrogation signal generated by the reaqgr 1 is received by the
transponders 2. In the case of active transponders, the transponder 2
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The microcontroller 7 is also operable to switch

off the high speed clock 9.

In operation, the transponder 2 is normally in a
monitoring state in which the low speed clock 8 drives the
microcontroller 7 such that the transponder 2 is operating
in a low power mode. Upon reception of an interrogation
signal from the reader 1 or at a predetermined data
transmission time, the microcontroller 7 switches thé high
speed clock 9 on. The low speed clock 8 is stopped. The
high speed clock 9 drives the serial buffer 10 and
transmits the contents of the serial buffer 10 through the
RF circuit 5 to the reader 1. The data rate of the signal
sent by the transponder 2 is dictated by the high speed
clock rate and is, therefore, in the order of hundreds of
Kbits/Sec. Once the contents of the serial buffer 10 have
been transmitted to the reader 1, the serial buffer 10
generates a wake-up interrupt to the microcontroller 7
which triggers a control signal to be sent to the high
speed clock 9 to turn off the high speed clock 9 and to
wake up the low speed clock 8 so that the transponder 2
returns to its monitoring state operating at a low speed
and therefore 1low power. During the high speed bit
transmission of the contents of the serial buffer 10, the
transponder 2 1is operating at a higher clock speed, at
maximum power but for the minimum amount of tine.



5 'Tininise health hazards. The maxi num DC power  achieved is in, for
gxanple, a diode rectified RF power source W th mninimal conmpared to that
avai |l abl e using an active transponder which would consune in the order of
mliWatts (about 100 tines nore than that available to passive _
transponders). Referring to Figure 2, a transponder 2 embodying
the present invention conprises an antenna 4 for receiving and transmtting
RF signals, an RF circuit for receiving signals transmitted fromthe reader
1 and for transmtting signals fromthe transponder 2, which RF circuit

al so incorporates the power source which is either a battery for an active
transponder or an RF energy derived power Source such as diode rectified RF
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around a m cr @UMiner 16wWhERePr GGESERE SHBAEFS of microWatts. The
' transponder is always able to monitor signals from the
reader 1 whilst operating at the low speed clock rate and
can initiate communication with the reader 1 whenever
'required. This allows the system to work at reduced peak
power levels which are especially desirable for the
operation of passive transponders where only limited RF
energy is available for conversion to DC power.

The base band circuit 6 is also provided with a
voltage level comparator 12 and a clock recovery circuit 13
so that signals received from the RF circuit can be
properly synchronised for transmission to the serial buffer
10 for interpretation by the microcontroller 7.

Another embodiment of the base band circuit 6 is
shown in Figure 4. The low speed clock 8 still drives the
microcontroller 7 but the high ‘speed clock rather than
driving the serial buffer 10 drives the memory 11 such that
the memory contents are sent directly to the RF circuit
without passing through the serial buffer. The high speed
clock is still only activated by the microcontroller 7
either at predetermined times or in response to an
interrogation signal from the reader 1. At all other
times, the transponder 2 is being driven by the low speed
clock 8. Signals received from the reader 1 are
interpreted in the same manner as described above with
relation to the base band circuit 6 shown in Figure 3.



recejved and to be transmtted and the operation of the base band circuit

-and RF circuit. The base band circuit 6 has two cl ocks. ‘Al ow
"speed clock 8 which operates in the kilohertz range and a hi gh speed cl ock
9 which operates in the kilohertz to the negahertz range. Preferably,

the low speed clock 8 operates in the 32-50 KHz range and the high
speed clock 9 operates in the 100 KHz to | MHz range: The—l-ow
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speed clock 8 drives the microcontroller 7 at the | owf ( )
speed. The high speed clock 9 is controlled by a cont-rlﬂmnmﬁﬂim@ "'e.
m crocontroller 7. Wien the high speed claock 9 is on, c ock

6 drives a serial buffer 10 which outputggserial data stored in the serial

buffer to at ﬂg@ﬁgtter in the RF circuit 5 for transm ssion to the reader
1. The data he I'n the serial buffer conprises the particul ar

I dentification code of the transponder 2 as well as other information held
in 1. ° A method of operating a contactless identification
communication system comprising a reader and one or more
transponders, wherein the or each transponder is operable
to be in RF communication with the reader, which method
comprises the steps of: operating the transponder at a
first clock rate when the transponder is not transmitting
to the readér; and operating the transponder at a second
clock rate during transmission of data from the transponder

to the reader, the second clock rate being higher than the
first clock rate.

2. A method according to Claim 1, wherein the first
clock rate .is in the order of kilohertz and the second
clock rate is in the order of kilohertz to megahertz.

3. A method according to Claim 1 or 2, wherein the or
each transponder has a passive power supply derived from
the RF energy of an interrogation signal from the reader.

4. A method according to any preceding claim, wherein
the or each transponder includes a microprocessor, the
microprocessor switching off a first clock generating the
first clock signal and switching on a second clock
generating a second clock signal upon reception of an
interrogation signal from the reader.

5. A method according to Claim 4, wherein a wake-up
signal is generated at the end of a data transmission to

turn off the second clock and to wake up the first clock.



a frenpry 11. Preferably, the nenory is a non-volatile nmenory such as
EEPROM PROM FRAM The m crocontroller 7 is also operable to
"switch off the high speed cl ock 9. I n operation, the transponder
2is normally in a nmonitoring state in which the | ow speed clock 8 drives
the mcrocontroller_7 such that the transponder 2 is operating in a | ow
power node. Upon reception of:

. ogation signal~h¥$ f aﬁg or
at a predeterm ned dmﬁm’” NN G time, the m crocpn (F%‘L% Ql, es
t he hi gh speed cl ock nmmm:’a"ieed clock 8 is oppe j.ah_gpeed
clock 9 drives the sefiaf BuffersiO~and transnmits the contents of the

serial buffer 10 through the RF circuit 59to the reader 1. The data rate of
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rate and is, therefore, in the order ndreds o I t's/ Sec.
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which triggers cont rol s%gna% go be sent to thﬁ hi gh speed clock 9 to
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a hi gher cl ockwibebdof &t tivexiomirspead clngk fand tswi tdnionuhenbagh speedne.
clock during transmission of data from the transponder and
means operable to switch off the high speed .clock and
switch on the low speed clock after data transmission, the
second clock rate being higher than the first clock rate.

-

7. A transponder for use in a contactless
identification and communication system each transponder
having a low speed clock to operate the transponder at a
first clock rate and a high speed clock to operate the
transponder at a second clock rate and means operable to
switch off the low speed clock and switch on the high speed
clock during transmission of data from the transponder and
means operable to switch off the high speed clock and
switch on the low speed clock after data transmission, the
second clock rate being higher than the first clock rate.

8. A method of operating a contactless identification
communication system substantially as hereinbefore
described and with reference shown in the accompanying
drawings.

9. A contactless identification and communication
system substantially as hereinbefore described with
reference to and as shown in the accompanying drawings.
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7 Thi s arrangenent allows a high comuni cation data rate in the
.order of hundreds of Kbit/Sec whilst only consuming | ow power in the order
“of mcrowatts. The transponder- is always able to nonitor signals fromthe
reader 1 whilst operating at the | ow speed clock rate and can initiate
comuni cati on wit+h-the-reader 1 whenever required. This allows the system
to work at reduce r levels which are especially desirable for the
operation of passf'!ﬂi@m@iﬁmﬁ” Ilvvhere only limted RF energy is avail able
for conversion to w o s The base band circuit 6 is also
provided with a voltage | evel conparator é% and a clock recovery circuit 13
so that signals received fromthe RF circuit can be properly synchroni sed
for transm ssi@gn to the seLi rl j etatdon :
nicrocontroll%?'?.. 2 @Eh%%g?ﬁg%ﬁénb%a%%%g#ﬁ%?i?ge %%%elggﬁggﬁkﬁﬁﬁﬁeG
i s shown in FAggsexibedThawiWy speferemsek &atipnddriafes $ewn in  the
m crocontrol | gecompahylit® x@ixRaed clock rather than driving the seri al
buffer 10 drives the nmenory 11 such that the nenory contents are sent
directly to the RF circuit

11. Any novel feature or combination of features

disclosed herein.
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wi t hout passing through the serial buffer. The high speed clock is stil
only activated by the microcontroller 7 -either at predeternmined tinmes or in
response to an interrogation signdl fromthe reader 1. At all other
times, the transponder 2 is being driven by the | ow speed clock 8.

Signals received from the reader 1 are interpreted in the sanme manner
as descri.bed above with relation to the base band circuit 6 shown in Figure
3. CLAIMS 1. A net hod of operating a contactl ess
identification communication system conprising a reader and one or nore
“transponders, wherein the or each trangggnder I's operable to be in RF
comuni cation with the reader, which nmethod conprises the steps of:
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2. ~ A nmethod according to Claiml1, wherein the first clock rate is in

t he order of kilohertz and the second clock rate is in the order of

kil ohertz to negahertz. 3. A method according to aiml or 2,
wherein the .or each transponder has a passive power supply derived fromthe
RF energy of an interrogation signal fromthe reader. 4. A net hod
according to any preceding claim wherein the or each transponder i ncludes
a mcroprocessor, the mcroprocessor switching off a first clock generating
the first clock signal and switching og,3 second clock generating a second
cl ock signal upon reception of an |nter(ogation signal fromthe reader.

5. A nethod according to Caim4, wherein a wake-up signal is generated
at the end of a data transm ssion to turn off the second cl ock and to wake
up the first clock. _ 3
Power from RF or vDD
Battery + ;
8 ) I' . . N "
\ - 2
oret Low Spend] O ] / 1 _/
| Clock Micso controller or Logic Cireuit. This circuit process Non volatile
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communication . This clock is on or off by memory ae
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R
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\ % Figure 4



6. A contactless identification and communication system conprising
ong or nore transponders operable to be in RF communication with a reader,
each transponder having a | ow speed clock to operate the transponder at a
first clock rate and a high speed clock to operate the transponder at a
second cl ock rate and neans operable to switch off the | ow speed cl ock and
switch on the high speed clock during transm ssion of data fromthe
transponder and neans operable to switch off the high speed clock and
switch on the | ow speed clock after data tkhnsmi ssion, .the second clock
rate being higher than the first clock rate. 7. A transponder for
use in a Ragd ess identification and communication system each
transponder having a | ow speed clock to operate the transponder at a first
clock rate and a high speed clock to operate the transponder at a second

cl ock rate and wreanmtepdidsisise identificatién amd ¢coumuppicsticinocysheth awd ch
on the high qugﬁﬁgé) ' aﬁﬁg1§§&gn of data fromthe transponder
and nmeans operable toQé%ﬁ?%hﬂg%%ét e high speed clock and switch on the | ow
speed cl ock after data transm ssion, the second clock rate being higher

t han _thf Li ][fSt E:c@ﬁﬂiti@ﬁ_mss ﬁientz“ifﬂ][ﬁait_ angfar@m’cﬁﬁdumc?t&bﬂnwéﬂr_diﬁ/i Eg
a serial buffer r storing dat ..rLst an . S rat.i.ng the
t ransponder at Tpee tiﬁgpclggfgﬁgﬁbg, a%d a%gﬁggg}géggt iié%Téﬁﬁ%fgyfg%
transmtter, téommptivaticonmystieny cammpritdpyg of reademgankt anen oXhd@one i al
buf fer incl udi ng-dfetiidd.cat iudeeade thdf WM € urRderY ftd&perable

transponder and outputting the data stored jn the serigl buffer to the
transnitter in $hePRFi& (R eommenicalion s&idh EBearragssr mPiedi MPt
second cl ock incémprisemsphedateps of: operating the transponder at a

first clock rate when the transponder is not transmitting
to the reader; and operating the transponder at a second
clock rate during transmission of data from the
transponder to the reader, the second clock rate being
higher than the first clock rate.

(Figure 3]
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10 10. A transponder substantlally as hereinb

reference to and as shown in the accorpanying dr WHEPEACEMENI SHEETA y novel
feature or corbi-ration—of |edtures di stl osed herg n

|

6. A contactless identification. and communication
system comprising one or more transponders operable to be
in RF communication with a reader, each transponder having
a low speed clock to operate the transponder at a first
clock rate and a high speed clock to operate the
transponder at a second clock rate and means operabie to
switch off the low speed clock -and switch on the high speed
clock during transmission of data from the transponder and
means operable to switch off the high speed .clock and
switch on the low speed clock after data transmission, the
second clock rate being higher than the first clock rate.

7. A transponder for use in a contactless
identification and communication system each transponder
having a low speed clock to operate the transponder at a
first clock rate and a high speed clock to operate the
transponder at a second clock rate and means operable to
switch off the low speed clock and switch on the high speed
clock during transmission of data from the transponder and
means operable to switch off the high speed clock and
switch on the low speed clock after data transmission, the
second clock rate being higher than the first clock rate.

8. A method of operating a transponder having a serial buffer
for storing data, first and second clocks for operating the
transponder at respective clock rates, and an RF circuit
including a transmitter, the method comprising ‘the steps of
storing data in the serial buffer including identification code
information to identify the transponder and outputting the data
stored in the serial buffer to the transmitter inﬁEhe RF circuit
for transmission to a reader by using the second clock in the

transponder.
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