1 METHOD OF MANAG NG A PLURALI TY OF ELECTRONI C M CRCCI RCUI T CHI P READERS
"AND EQUI PMENTS FOR | MPLEMENTI NG SAI D METHOD. The present invention rel ates
~generally to the field of chips incorporating an electronic mcrocircuit
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memory) which stores information concerning the chip, in particular its serial number
20  or identification code and its value. Chips of this kind equipped with electronic

& ' circuits and memory are also known as electronic microcircuit chips or electronic
memory chips. Depending on the design of the chip, the electronic circuits are of the
basic read-only memory (PROM) type, the reprogrammable memory (EEPROM)
type, that can be read and/or written, or even of the type with a microprocessor and

25 accompanying memory. Finally, the electronic circuits of the microcircuits or
electronic circuits include a coil forming part of a contactless radio-frequency
transponder for communicating by means of magnetic coupling to the antennas of
the radio-frequency readers, the electric field radiated by the antennas of the readers
being also used to generate the electrical energy necessary for the microcircuits. In

30 practice, signals carrying information are communicated by modulation/demodulation
of a carrier wave at a predetermined frequency, for example 125 kHz (this value is
not limiting on the invention).




2 In the remainder of the description, and without limting the invention
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In any way, the termreader is to be understood in the w dest sense as
meani ng a device intended in particular for reading and/or witing the

~menory of the microcircuit. Each reader is associated with a

m croprocessor - based control unit that sends commands 5 and data to a
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reader to t h@nmst;mg)m eqHIpRIRG the tables concerned with an electromagnetic shield around
the antennas is inconvenient or even difficult to put into practice, often through lack

of space, and in the final analysis would not appear to be highly effective.
An object of the invention is to propose a method of managing a plurality of

25 contactless radio-frequency gaming chip readers that eliminates interference
between readers caused by uncoordinated transmission and reception, in particular
via antennas that are close together, or at least to reduce very significantly the
effects of interference on go and/or return communications between readers and
microcircuits.

30 To this end, the invention proposes a method for coordinated management
of a plurality of contactless radio-frequency readers of gaming chips incorporating an
electronic microcircuit, wherein a current transmit/receive cycle TYRx between a
reader and the microcircuits accessible by the reader includes a transmit operation
Tx of transmitting a command instruction from the reader to the microcircuits

35 followed by a receive operation Rx of the reader receiving the responses from the




35 followed by a receive operation Rx of the reader receiving the responses
fromthe 3 mcrocircuits, characterized in that the transmt/receive
cycles Tx/Rx of the active readers are synchronized to group the transmt
.operations Tx in a first tine interval and to group the receive operations
Rx in a second time interval with no oveglap between the two tine
intervals. 5 Thus synchroni zing Tx/ Rx cycles by separately grouping
transmt operations Tx, on the one hand, and receive operations Rx, on the
ot her hand, enables a plurality of readers with antennas that are close
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grouped in this way (in this instance the longest duration of a transmission operation
Tx} and permits that the receive operations Rx are started immediately after the time
at which the transmit operations Tx end, so as also to reduce the time necessary for
the receive operations Rx grouped in this way to the longest receive time.
25 In a first advantageous variant of the method of the invention, the
synchronization process includes:

- a step of collecting the durations TxL of the transmit operations Tx for
sending command instructions of the first awaiting Tx/Rx cycles of the active
readers, (certain command protocols being able to take the form of a succession of

30 several TX/Rx cycles) and

- a step of sending the active readers instructions to execute the transmit
operations Tx for sending the command instructions of the Tx/Rx cycles spread over
time in order of decreasing duration TxL, beginning with the reader assigned the
command instruction of the Tx/Rx cycle having the greatest duration TxL, the delay

35 between one execution instruction and the next being equal to the difference




command instruction of the Tx/Rx cycle having the greatest duration TxL,
the delay 35 between one execution instruction and the next being equal to
the difference 4 between the durations TxL of the Tx/Rx cycle conmmand
.nstructions to be transmtted by the corresponding two readers, up to the
execution instruction associated with thhe shortest duration TxL. A process
of the above kind structured in the abové manner nmay be 5 inplenented by
har dwar e and/ or software solutions, as will becone apparent in nore detai
herei nafter. Moreover, it is desirable or necessary to di sconnect the power

fromthe antenna for reasons of p r sayn nd/ or of returning the
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- these instructions CA simulating command instructions of a Tx/Rx cycle to

an active reader,

20 - the time for the antenna current to stabilize after the execution of an
instruction CA simulating the time TxL of the transmit operation Tx sending the Tx/Rx
cycle command instruction to the active reader, said stabilization time being referred
to hereinafter as the simulated duration TxL, and the instruction CA being referred to
hereinafter as the simulated transmit operation Tx, and

25 - an instruction to execute an instruction CA simulating an instruction to
execute a transmit operation Tx of a Tx/Rx cycle in which the receive operation Rx
has a null duration, hereinafter referred to as a simulated Tx/Rx cycle, the reader
concerned by an instruction CA then simulating an active reader.

This variant eliminates the interference caused by disconnecting and

30 reconnecting the power to the antenna and achieves this without impeding the
coordinated management of the plurality of readers and at lower cost in terms of
hardware and software resources.

To improve further the synchronization between readers, the real and/or
simufated durations TxL take the form of multiples of the period of the carrier used

35 by the readers.




_To inprove further the synchronization between readers, the real and/or
‘simul ated durations TxL take the formof nultiples of the period of the
carrier used 35 by the readers. 5 The synchronization process is

.advant ageously effected by a synchronization circuit in accordance with a
synchroni zation cycle CSinitiated eith by the first request for

aut hori zation to execute a real or simulated Tx/Rx cycle submtted by a
reader followi ng a request froma central control unit of the reader, or 5
automatically at the end of the last receive operation Rx of real Tx/Rx
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This embodiment of the method of the invention enables automatic
20  processing of series of Tx/Rx cycles for the same reader with no risk of interruption.
For each synchronization cycle CS, the step of collecting real andfor
simulated durations TxL is advantageously effected for all the NL readers of the
plurality of readers, with determination of the number Nx of readers for which an
instruction to execute the real or simulated transmit operation Tx must be sent, and
25  the step of sending instructions to execute the transmit operation Tx is adapted as a
function of Nx.
This embodiment of the method of the invention saves time in the execution
of the synchronization cycle.
In another optional but advantageous variant of the method of the invention,
30 the clock signals of each reader of the plurality of readers are synchronized to the
same timebase.
This variant enables the readers to generate carrier waves synchronized to
the selected frequency, for example 125 kHz (this example is not limiting on the
invention).




This variant enables the readers to generate carrier waves synchroni zed to

‘the selected frequency, for exanple 125 kHz (this exanple is not linmiting

on the invention). 6 According to a further optional but advantageous

.variant of the nethod of the invention in which it is intended to be used
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obt ai ned by tdndenmdf ior theaesporsad @and ahps debet ar high deved hedirinegrtaihtyeishrelation
associ at%j Wjchtepeto) are eliminated from processing in the first iteration. One non-limiting
example of this processing is obtaining confirmation by targeted interrogations of
certain serial number fields of the number of the gaming chip originating the
response, even if that means eliminating the incriminated gaming chip by "silencing”
it {(inhibiting the receive operation Rx), if the latter is not one of the gaming chips
25 looked for. This embodiment very significantly accelerates the management of real
collisions and chip reading and/or writing times. it is to be noted that each false
collision increases the reading time unnecessarily because of the resulting attempts
to discover serial numbers SNR that in reality do not exist; hence the necessity of
avoiding such collisions.
30 Discrimination between "strong" and "weak" collisions is advantageously
obtained by fixing for each reader a predetermined sharing threshold associated with
the level of uncertainty as to the detected value of the response bit concerned.
This embodiment adapts the sharing threshold to each reader and to its
immediate environment (distance between reader antennas, shapes and/or
35 disposition of the antennas, real power dissipated, etc).
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unit. The invention also ont ac ess r requency rea
reader 30 s%\ﬁféhﬁeéﬂefdﬁawelni*ﬁf@)%'bratl ng an electronic mcrocircuit adapted

to inplement the The interface circuit advantageously includes means for demultiplexing data
20  transmission lines from the readers.

The interface circuit optionally and advantageously includes means for
delivering to the readers clock signals synchronized to the timebase of said
processing unit of the synchronization circuit.

The invention also provides a contactless radio-frequency read/write reader

25 system of chips incorporating an electronic microcircuit adapted to implement the
method according to the invention in conjunction with a synchronization circuit as
defined hereinabove, the reader including clock signal switching means for switching
from an internal timebase to the timebase of said processing unit.

The invention also provides a contactless radio-frequency read/write reader

30 system of chips incorporating an electronic microcircuit adapted to implement the
method according to the invention in conjunction with a synchronization circuit as
defined hereinabove, the reader having hardware and software means enabling it to
effect synchronization within a plurality of readers, the coordinated management of
read and/or write cycles Tx/Rx, in particular in the variant controliing connection of

35 power to and/or disconnection of power from the antennas andfor in the variant
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t he prot ocol witwelectrams hiroLirdittinteRSedtolod Gsddha coﬁmH@tIUnQMtrzmblnﬁchSd bOHEL -
Figure 4 is ﬁ‘%a*rtlal flowchart of operations effected by t

synchroni zat % rcuit duri ng execution of the synchroni zat ion cycle CS
shown in Figure 3,-Figurep@r is cul gemetdieflguaiadcof ther opsrbtiest ieffectedl Bynther s

TXL by 138 SYMRAFAYaBES bPitSh 154 Ebntext of implementation of a variant of the method of
the invention featuring predetermination of the number of readers of the plurality to
be synchronized in the next synchronization cycle CS;

- Figure 3 is a flowchart of operations effected by a reader during the
execution of a synchronization cycle CS in the context of implementation of the

25 method of the invention, in particular the protocol for transferring times TxL to the
synchronization circuit;

- Figure 4 is a partial flowchart of operations effected by the synchronization
circuit during execution of the synchronization cycle CS shown in Figure 3, in
particular the protocol for collection of numbers TxL by the synchronization circuit;

30 and

- Figure 5 is a diagram of a clock switching circuit for changing a reader
from an ‘independent reader' mode to a 'synchronized reader’ mode.

The embodiment of a contactless radio-frequency system 10 according to
the invention for reading and/or writing chips incorporating an electronic microcircuit

35 intended to be used in conjunction with the method of the invention shown




30 and - Figure 5 is a diagramof a clock switching circuit for changing a

‘reader froman 'independent reader' node to a 'synchronized reader' node.
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The enbodi nent of a contactl ess radi o-frequency system 10 according to the

.invention for reading and/or witing chips incorporating an electronic

mcrocircuit 35 intended to be used ianonjunction with the nethod of the
I nvention shown 9 diagrammatically in Figure 3 includes, by way of non
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m croci r cui t oBythe seergyaf the( 'T‘Z%f‘“"'ﬂ'zﬁa%‘r repden may haye étﬁtoé‘ﬂi‘ eRntf F?Jﬁ&" ””'t
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's det eCé(F d be%d@?s an%cthre% héespelllgeﬁt%o%%ﬁteré @Jll-fi Etagﬁfea%er 12a, 12b or 12¢ includes
in particular a reader microprocessor pP (not shown) and a digital signal processor
DSP (not shown), used in particular for executing the anticollision algorithm. The
three readers 12a, 12b and 12c are generally loaded with the same software and
configured identically so that the operating characteristics of the three readers 12a,
25 12b and 12c are identical (except for the identity specific to each reader).

Thus the transmission Tx of a command to the microcircuits by a reader
(12a, 12b or 12¢) is effected by strong medulation of the current of the antenna
associated with the reader, which is detected by microcircuits 16 in the field thereof.
Similarly, the reception Rx by the reader of the response from the microcircuits to a

30 command is effected by the reader detecting the weak modulation of the antenna
voltage.

The energy necessary for the microcircuit 16 to function is supplied by the
magnetic field of the antenna of the corresponding reader. The reader (12a, 12b or
12¢) sends commands to the microcircuits by modulating the amplitude of the

35  oscillations of the magnetic field. The microcircuits respond by modulating an internal




Simlarly, the reception Rx by the reader of the response fromthe
mcrocircuits to a 30 conmand is effected by the reader detecting the weak
nodul ati on of the antenna voltage. The energy necessary for the
-mcrocircuit 16 to function is supplied by the nagnetic field of the
antenna of the correspondi ng reader. Th eader (12a, 12b or 12c) sends
commands to the mcrocircuits by nodul ating the anplitude of the 35
oscillations of the magnetic field. The m crocircuits respond by nodul ating
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data and the command Halt, after which it goes to the Silent state.

20  Sifent. In this state the microcircuit does not respond to any command, thus enabling
the reader to communicate with the other microcircuits. The only way to quit this
state is to return to the Off state.

It can happen that a plurality of microcircuits send their responses at the
same time following the commands SetCC and ReadlD. The responses of the

25  microcircuits are synchronized, in particular by the clock of the reader when the latter
is operating in the independent reader mode; they therefore contain 32 bits for the
SetCC command and 32-N bits for the ReadiD command. If the responses differ at
certain bit positions, then collisions are said to occur at the corresponding positions.
The reader detects and processes these collisions by means of the anticollision

30 algorithm.

To enable the microcircuits 16 to exit the Silent state, the reader can use
the command HFReset to temporarily disconnect power from the antenna. It can
also use the command SetPowerDown to disconnect power from the antenna
during periods of inactivity.
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certain bit positions, then collisions are said to occur at the

correspondi ng positions. The reader detects and processes these collisions
by neans of the anticollision 30 algorithm To enable the mcrocircuits 16

to exit the Silent state, the reader can use the command HFReset to

tenporarily di sconnect power fromthe antenna. It can al so use the comuand
Set Power Down to di sconnect power fromthe antenna during periods of
inactivity. 11 The three readers 12a, 12b and 12c are al so connected to a
synchroni zation circuit CSL 20 taking the formof an electronic circuit
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by 20 the readers a, 1

synchr oni zeooﬁ%at‘offé%mﬁ% &IMENUPBs t he mi croprocessor 22 on power
up and reinitial i ZBs% interfabe theuit BVieay thefolloingoiuAgtionsl | ocki ng up. To this
end, thegdnterface i
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the m cropr %@@?&c&goﬂ@fgnd’l% BofA Ndse the input of the sub-
- It distributes to the readers a 4 MHz signal obtained by dividing down the
20 MHz frequency of the timebase of the microprocessor 22. This signal is used by
20 the readers 12a, 12b and 12c¢ to generate the carrier waves synchronized to
125 kHz.
- [t initializes the microprocessor 22 on power up and reinitializes it in the
event of the program locking up. To this end, the interface circuit includes a
"watchdog" type subcircuit (not shown) for this purpose having an input controlled by
25 the microprocessor 22 and an output that controls the RESET signal of the
microprocessor. If the microprocessor 22 does not activate the input of the sub-
circuit for a certain time period, the sub-circuit activates the RESET signal. This
solution is preferred over using the watchdog circuit integrated into the
microprocessor or a capacitor associated with the RESET line because the latter two
30  options are unable to start up the microprocessor correctly on power up because one
reader 12a, 12b or 12¢ may be powered up before the circuit 24 and a few logic lines
connecting that reader to the circuit 24 might happen to be high (the reader normally
resets them to low when it is powered up). Under these conditions, it is possible for
the voltage present on these lines to generate a partial start-up of the
35 microprocessor 22, sufficient to discharge a capacitor connected to its RESET line




circuit for a certain time period, the sub-circuit activates the RESET
signal. This solution is preferred over using the watchdog circuit
integrated into the mcroprocessor or a capacitor associated with the
-RESET | i ne because the latter two 30 options are unable to start up the
m croprocessor correctly on power up beﬁguse one reader 12a, 12b or 12c
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that reader to the circuit 24 m ght happen to be high (the reader nornally
resets themto |l ow when it is powered up). Under these conditions, it is
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supplied by the circuit 24 (line 33) passes through the divider by 2 (CKA/QA); there
is therefore obtained on the line 34 the signal at 2 MHz needed by the reader:
passing this signal through the divider (CKA/QA) also has the object of ensuring
25 clean transitions in the signal, eliminating possible interference introduced by the
. transmission cable. To this end, the single jumper 36 and the jumper 38a are open
and the jumper 38b is closed.
The 2 MHz signals are therefore synchronized for all the readers 12a, 12b
and 12c¢ because they come from a common timebase, that of the microprocessor of
30 the central processing unit 22 of the synchronization circuit 20.
The method of the invention for coordinated management of the plurality of
readers (three readers) 12a, 12b and 12c is implemented in the following manner.
Each reader 12a, 12b or 12¢ acts in response to commands received from
the central management unit 18 (also referred to hereinafter as the computer OH).
35  Atfter any such command, the reader undertakes actions comprising zero, one or
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cal cul ates the duration TxL of the corresponding transmt operation
20 transmlflt operations Tx o; the active reaggrs nlshgat the same tim%, allowing the

receive operations Rx to begin at the same time. The process is implemented by
executing a synchronization cycle CS described hereinafter.
Initially each reader 12a, 12b, 12¢, activated by a command from the
computer OH 18, calculates the duration TxL of the corresponding transmit operation
25 Tx as a 16-bit integer expressing the duration of the command in multiples of the
period of the 125 kHz carrier (8 microseconds). This duration is then communicated
via the interface circuit 24 to the synchronization circuit CSL 20, after which the
reader waits for the START signal. Only after it has received this START signal from
the CSL circuit 20 does the reader execute the Tx/Rx cycle, i.e. the operation Tx of
30 transmitting the command to the microcircuit 16 and the operation Rx of receiving
from the microcircuit.
To be able to communicate the numbers TxL to the circuit CSL 20, each of
the three readers 12a, 12b and 12¢ is connected to the interface circuit 24 by means
of the following logic lines (see figure 1):
35 8 DATA lines in the reader-CSL circuit direction;




25 Tx as a 16-bit integer expressing the duration of the command in
multiples of the period of the 125 kHz carrier (8 m croseconds). This
duration is then communicated via the interface circuit 24 to the
.synchroni zation circuit CSL 20, after which the reader waits for the START
signal. Only after it has received this START signal from the CSL circuit
20 does the reader execute the Tx/RX cyc]}Ae, I .e. the operation Tx of 30
transmtting the conmand to the microcircuit 16 and the operation Rx of
receiving fromthe mcrocircuit. To be able to communicate the nunbers TxL
to the circuit CSL 20, each of the three readers 12a, 12b and 12c is
connect ed t o1 BH&Y) lifedn thegeader ik cirqut difechienins of the fol lowing | ogic

lines (see f{ gcRIEST lindPin8hdrebel-CRESircht biktibgader - CSL circuit direction;
14 1 BUSY Ii ircuj,t direction; 1 REQUEST line in the

ne rn the re r-CSl c ,
reader - CSL ci ﬁ%ﬁ‘ﬁt-r '@Pr"égle?‘gﬁ: cirquitSeAEEr 4ifeRlPN-n the CSL circuit-reader
di rec]'E i on. f | |[fr tﬁdeﬁghérgimh omb?uﬁaﬁtiohhmd%,aq hamn\]:aTu@, ttﬁt!aﬁaﬁsfét%f! Tﬂfiblﬂﬁh ckhe
transfer x|t . i [ cui,t is, e .ina.sin st ep,
using thé s TRPAZD hafrepa i Snaf fip NS e  BATA 1k BrablrdbS e does
not have a nbyte. i dheibighehbyte rdoes frot hage efrfulloteée, ithe tramsder issdffepted id threke
equal to O i r & &t | 5l : i r :
duration Txit,e bﬁw tE @FIerg%tg htfg. dC%I}racrfgfeéte{atfﬁi%a? m% Is:n_c%{%o\f%fj \é%h‘té?gflgfd er t’PE to
fol | ow, namel¥httHelhihgHeIl cipsuit2h thaha twerstepteansisy isstodpllowenamatathednigheeL. 10
The val ues apgpk @R tht ovidt®yRUEI haAtralisPRST |1 nes by the reader 12a, 12b
or 12c concerned (see figure.l ave t fol | ow ani ngs: BUSY = 0,
REQUEST D0t he TnutliStiaRstes e HUs v ane NEa RS drd B ine reater 124,
synchr oni zat il Bmorcy2d @n€&ned ¢sadefigura Arhaveahe fdioaYigmdanifsQUEST = 1 - the
reader had | t rapsf he Lo of, TxL or a..15 hyte that has a
nul | val ue; égg\y =1 Fﬁi@ﬁ%# = 36 - ﬁgg%(gegdg?esnggpjp@?\ﬂcqa&%n@f r & ¢ He
hi gher byt e 8fncimanizatigueycle-C8, (rerEl@URsTIve);1 - the reader is waiting for the
START si gnal gygyamy tReqpeistt= ot e rYasf hég;?asat%f,s@‘asaagﬁémgy@%f%t%Hgt 20,

a synchronization cycle CS conmences wh etected on at | east
one of tHRe bByefahhes? NYINaWE: The cycle conprises two main steps: i)
col l ecting tBeISYunbeREQUEBT =ext grecieBderf Hagfudt hanserree mér mte MBLES cycle

(see 11 gur o, BYSYTASRUER] <<t Budsnty Reingo ‘e TaRTRANe as o unct on
of the nunbers TxLFroafttbe tphinteolt wiewrabh tbe efS]. tsimmchronization circuit 20, a
synchronization cycle CS commences when a '1' is detected on at least one of the

20 REQUEST lines. The cycle comprises two main steps: i} collecting the numbers TxL,
extending from the commencement of the CS cycle (see figure 4, step 400) to the
detection of a '0' on all the BUSY lines (see figure, step 404); ii) distributing the
START signals as a function of the numbers TxL. After these two main steps, the
CSL circuit 20 returns to the idle state until a new cycle commences.

25 In Figures 3 and 4, the symbol <- (small arrow pointing to the left) is used to
designate either the transfer of values of variables or of constants situated to the
right of the sign on the logic lines on the left or the storage in memory of the values
of the logic lines on the right in the variables on the left. The symbol [T] signifies that
the wait for a certain logic condition to be satisfied is not extended to infinity, but until

30 a time-out expires that is reset to 0 on the first verification of the condition in
question; the object of this is to avoid the system locking up in an infinite loop in the
event of defective operation of one of its components or connecting cables.

The program associated with the CSL synchronization circuit 20 and the
readers 12a, 12b and 12¢ incorporates the infinite loop shown in figure 2. The

35  protocol for transferring the numbers TxL to the CSL circuit 20 used by the reader is
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a three-entry table TxLSET(1 - 3);
the auxiliary variable D.

The tables TxL and TxLSET are reset to 'O at the end of each
synchronization cycle CS. A "' in the i entry of TXLSET signifies that the transfer of
the number TxL for the i" reader is finished.

The synchronization process shown in figure 3 {on the side of the reader
12a, 12b or 12¢, hereinafter referred to as the i reader) and in figure 4 (on the side
of the CSL circuit 20, by an iterative process for which i spans the range from 1 to
NL=3 in this example) is described next;

After receiving a command from the computer OH 18, the i" reader places a
'1 on the BUSY line (step 301), thereby informing the CSL synchronization circuit 20
of its intention to participate in the synchronization cycle CS. If the higher byte of its
number TxL has a null value (condition 301", the i" reader transfers the lower byte of
its TxL by placing that byte on the DATA lines (step 302), and then by placing a '1’
on the REQUEST line (step 303). After the '1’ is detected on the request line of the i"
reader (step 401), the CSL circuit 20 reads the value of the port DATAC() (step 402);
as this does not have a null value, the CSL circuit places it in the lower byte of TxL(i)
and writes a "' in TxLSET(i) (step 403), the TxL transfer thus being completed for




The synchroni zati on process shown in figure 3 (on the side of the reader
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receiving a command fromthe conputer OH .18, the ith reader places a '1'
on the BUSY line (step 301), thereby m%érm ng the CSL synchronization
circuit 20 of its intention to participate in the synchronization cycle
CS. If the higher byte of its 30 number TxL has a null value (condition
301'), the i " reader transfers the |ower byte of its TxL by pl aci ng t hat
byte on t hetmafreadefies (step 302), and then by placing a '1' on the
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circuit 20 plages, hhe NalUe  vite of TxL() and writes a ' in TXLSET() (step 403), this
completing the TxL transfer for the i*' reader.

At this point the i" reader begins to wait for permission to send the

25 command to the microcircuits (execution of the transmit operation Tx). To this end it
resets the BUSY line to '0', whiist maintaining the '1' on the REQUEST line (step
308). Permission is granted by the CSL circuit placing a '1' on the START line of the
i" reader (condition 308"); at this time, the i" reader resets its REQUEST line to '0’
(step 309), then places a '1' on its BUSY line (step 310). The reader then executes

30 its Tx/Rx cycle, sends its command to the microcircuits and receives the response.
This completes the current Tx/Rx cycle.

However the START signal for the i" reader will be sent only upon the
synchronization process proper (with the distribution of the START signals as a
function of the numbers TxL) following the iterative process shown in figure 4

35 (collection of the numbers TxL) has ended, i.e. after interrogation of ail the other
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.mcrocircuits (execution of the transmt operation Tx). To this end it
resets the BUSY line to '0', whilst maintaining the '1' on the REQUEST |ine
(step 308). Perm ssion is granted by the CSL circuit placing a '1'" on the
START line of the ith reader (condition 308"); at this tine, the ith
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fromthe corrgetaelof appragmatal SQvrilkisegondsyrghis tlme-deiay enab!es the computer OH 18
to send a new command immediately to the reader, which will therefore not miss the
next synchronization cycle CS. If the computer OH 18 does not wish to send a new
command, it can request the reader to reset the BUSY line to '0'.

25 Commands from the computer OH 18 having the object of connecting
power to and disconnecting power from the antennas 13a, 13b and 13¢ do not
contain any real Tx/Rx cycle. However, these commands are preferably also
synchronized. To this end, the reader indicates to the CSL circuit a simulated value
of TxL of sufficient duration for the antenna current to stabilize, and then executes

30 the command concerning the current (command CA simulating a transmit operation
Tx) after reception of the START signal.

The CSL synchronization circuit 20 also commences the synchronization of
the current cycle CS at the moment at which aill the BUSY lines coming from the
three readers 12a, 12b and 12c¢ are set to '0". This condition is distinguished from the

35  situation in which all the readers are idle in that there is at least one REQUEST line




del ay of approximately 80 mlliseconds. This tinme-delay enables the

w«conputer OH 18 to send a new command i mediately to the reader, which will

therefore not mss the next synchronization cycle CS. |If the conmputer OH

.18 does not wish to send a new command, it can request the reader to reset

——

the BUSY line to '0'. 25 Commands from the conputer OH 18 havi ng t he obj ect
of connecting power to and di sconnecti power fromthe antennas 13a, 13b
and 13c do not <contain any real Tx/Rx cycle. However, these commands are
preferably also synchronized. To this end, the reader indicates to the CSL
circuit a simnmy La ed value of TxL of sufficient duration for the_ antenna
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entries so tREADERIS(REmmomWQ to-sentingRBADERSCRY) toexeTute(tREARIERSYBE)af 10 -
A'l is pl afhedreaaem?vﬁi&whé 'traﬁs@ﬁ c{p@?atfoﬁaﬂ??o WS S WBRR andSinkf: uéu[-llﬁ“ in

READERS( 1), correspond n to send H;g he I nstruction to execute t
cycle of thi@ P%@ﬂé?“f(%’ﬁ keRfeHavnhed}l-ansnit operation Tx to send the
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reader whose nu witien in READERS( 22 (second reader |aunched).
-A'1' is placed on the START line of the reader whose number is written in

READERS(2) (second reader launched).

20 -There is then a wait for a time equal to (TxL(READERS(2)) -
TxL(READERS(3))) times the period of the carrier, corresponding to the delay in
sending the instruction to execute the Tx/Rx cycle of the third reader relative to the
second reader launched.

- A't"is placed on the START line of the reader whose number is written in

25 READERS(3) (third reader launched).

- There is then a wait [T] for the BUSY lines of all three readers to be at '1".

- The START lines of the three readers are reset to '0'.

- The tables TxL(1 - 3) and TXLSET(1 - 3} are reset to '0'.

The process is similar in the case of two participating readers, the only

30 difference being that it concerns two readers instead of three.

In the case of a single participating reader, the process consists in giving
the START signal immediately, waiting [T] for the BUSY line of the reader to go to
'Y, resetting the START line of the reader to '0', and resetting the tables TxL(1 - 3)
and TxLSET(1 - 3)to '0".




20 - There is then a wait for a tinme equal to (TxL(READERS(2)) -

"TxL( READERS(3))) times the period of the carrier, corresponding to the

delay in sending the instruction to execute the Tx/Rx cycle of the third

.reader relative to the second reader |aunched. F - A1 is placed on the
START line of the reader whose nunber i'ﬁgwritten in 25 READERS(3) (third
reader |aunched). - There is then a wait”[T] for the BUSY |lines of all
three readers to be at '1'. - The START lines of the three readers are

e

reset to V. - The tables TxL(1 - 3) and TxLSET(1 - 3) are reset to '0'. The
process is simlar in the case of two participating readers, e onl 30
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20 adapted to the readers, from the hardware and software point of view, in each of the

situations referred to above.




20 adapted to the readers,
“each of the
coordi nat ed managenent of a plurality (12) of contactless

situations referred to above. | 20 CLAIMS 1. Method for

.readers (12a, 12b, 12c) of chips (15a, 15b, 15c) incorporating an

el ectronic mcrocircuit (16), wherein a

urrent transmt/receive cycle

Tx/ Rx between a 5 reader (12a, 12b, 12c)28and the mcrocircuits (16)
accessible by the reader includes a transmt operation Tx of transmtting

a command instruction fromthe reader to the
receive operation Rx of the reader (12a, b, 12c)
fromthe mcrocircuits (16), characters n that the transmt/receive
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(12a, 12b, 12c), and Y

- a step of sending the active readers instructions to execute the transmit
operations Tx for sending the command instructions of the Tx/Rx cycles spread over
time and in order of decreasing duration TxL, beginning with the reader assigned the
command instruction of the Tx/Rx cycle having the greatest duration TxL, the delay
hetween one execution instruction and the next being equal to the difference
between the durations TxL of the Tx/Rx cycle command instructions to be
transmitted by the corresponding two readers, up to the execution instruction
associated with the shortest duration TxL.

4. Method according to claim 3, characterized in that the synchronization
process includes synchronizing instructions CA for connecting power to or
disconnecting power from the antenna (13a, 13b, 13c) of one or more readers of
said plurality of readers:

- these instructions CA simulating command instructions of a Tx/Rx cycle to
an active reader,

- the time for the antenna current fo stabilize after the execution of an
instruction CA simulating the time TxL of the transmit operation Tx sending the Tx/Rx
cycle command instruction to the active reader, said stabilization time being referred




an active reader, - the tine for the antenna current to stabilize after the

"execution of an instruction CA sinulating the tine TxL of the transmt

operation Tx sending the Tx/Rx 35 cycle command instruction to the active

.reader, said stabilization time being referred 21 to hereinafter as the

——

simul ated duration TxL, and the instruc%ion CA being referred to
hereinafter as the sinulated transmt operation Tx, and - an instruction to
execute an instruction CA sinmulating an instruction to execute a transmt
operation Tx of a Tx/Rx cycle in which the receive operation Rx 5 has a
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20 cycle CS participate in a new synchronization cycle CS.

8. Method according to claim 7, characterized in that all active readers that
have participated in the preceding synchronization cycle also participate in the new
synchronization cycle CS.

9. Method according to any one of claims 6 to 8, characterized in that, for

25  each synchronization cycle CS, the step of collecting real and/or simulated durations
TxL is effected for afl the NL readers of the plurality (12) of readers, with
determination of the number Nx of readers for which an instruction to execute the
real or simulated transmit operation Tx must be sent, and the step of sending
instructions to execute the transmit operation Tx is adapted as a function of Nx.

30 10. Method according to any one of the preceding claims, characterized in
that the clock signals of each reader of the plurality of readers (12a, 12b, 12¢) are
synchronized to the same timebase.

11. Method according to any one of the preceding claims, adapted to be
used with readers having the function of detecting and managing collisions at the

35 level of simultaneous responses of a plurality of microcircuits to the same command




that the clock signals of each reader of the plurality of readers (12a,

“12b, 12c) are synchronized to the sane tinebase. 11. Method according to
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any one of the preceding clains, adapted to be wused with readers having

: .the function of detecting and managi ng collisions at the 35 |level of
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20 14. Synchronization circuit (20) for a plurality (12) of contactless radio-

frequency readers of chips (15a, 15b, 15¢) incorporating an electronic microcircuit
adapted to implement the method according to any one of the preceding claims,
characterized in that it includes a microprocessor-based processing unit (22) that is
adapted to effect the synchronization and is associated with an interface circuit (24)

25 adapted to be readily connected to each of the readers (12a, 12b, 12¢) of said
plurality (12) of readers.

15. Synchronization circuit (20) according to claim 14, characterized in that
the interface circuit (24) includes means for demuitiplexing data transmission lines
from the readers.

30 16. Synchronization circuit (20) according to either claim 14 or claim 15,
characterized in that the interface circuit (24) includes means for delivering to the
readers (12a, 12b, 12c¢) clock signals synchronized to the timebase of said
processing unit (22).

17. Contactless radio-frequency reader (12a, 12b, 12¢) of chips (15a, 15b,

35 15c) incorporating an electronic microcircuit (16) adapted to implement the method




30 16. Synchronization circuit (20) according to either claim 14 or claim
~15, characterized in that the interface circuit (24) includes neans for
delivering to the readers (12a, 12b, 12c) clock signals synchronized to

. .the tinebase of said processing unit (22). 17. Contactless radio-frequency
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electronic mcrocircuit (16) adapted to“Fnplenent the nmethod 23 according
to any one of clainms | to 13 in conjunction with a synchroni zation circuit
(20) according to any one of clainms 14 to 16, characterized in that it has
access to or includes hardware and software neans t«ﬁnabll it to eff? ct
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20 20. System of contactless radio-frequency read/write reader (10) of chips
(15a, 15b, 15¢) incorporating an electronic microcircuit (16) adapted to implement
the method according to any one of claims 1 to 13, characterized in that it includes a
plurality (12) of readers according to claim 17 using adaptation of the clock signal
and synchronized by the timebase of a synchronization circuit (20) according to

25 claim 186.




